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Electron beam additive manufacturing with wire 
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Electron beam additive manufacturing (EBAM) process with a deposited material in the form of a 

wire is an efficient method enabling the making of component parts. The scope of the presented work 
was to investigate the influence of selected technological parameters of EBAM such as: wire feed rate, 
beam current, travelling speed, acceleration voltage on stability of the deposition process and geometric 
dimensions of the padding welds. The achieved results and gained knowledge allowed for the production 
of a whole structure from stainless steel. The macrostructure, microstructure and hardness profiles of 
final additive manufacturing parts are also presented. 
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Introduction 

Nowadays, the main goals of developing 
manufacturing technologies are flexibility of 
production, efficiency and guaranteeing of high 
quality of the final product. Additive manufacturing – 
AM (rapid prototyping) technologies are promising 
solutions. For years, the progress in the field of 
devices and filler materials that would enable the 
production of final parts at a given shape and 
mechanical, physical and functional properties has 
been observed. It should be noted, that there are two 
main groups of additive manufacturing methods 
available, namely methods using powder bed 
technologies, and those using wire as a filler material. 
In the first case, it is necessary to have a sophisticated 
device in which the final part with a desired shape is 
produced. However, the geometrical dimensions of 
these parts are limited by the size of the working 
chamber. In the second case, it is possible to produce 
elements of much larger dimensions, however, their 
geometry cannot be too complicated, for example 
mesh structures cannot be produced. AM technologies 
using wire as a deposited material are based on well-
known welding technologies such as: TIG, 
MIG/MAG, plasma, laser or electron beam processes. 
For years, these technologies for welding, cladding 
and repairs of machines and structures have been 
used. However, these processes have been recently 
developed from the point of view of the requirements 
of AM. In the paper the results of electron beam 
additive manufacturing (EBAM) with wire as a filler 
material are presented. 

A concentrated electron beam is characterized by 

more than 90% energy efficiency which makes it an 
attractive source of energy for the production of 
components with AM technologies. Studies carried 
out so far [1, 2] have shown that AM technologies 
using wire and electron beam can be used, among 
others in various missions carried out in space. 
Mitzner et al. [3] have shown that the use of electron 
beam modulation allows the fragmentation of the 
microstructure in the titanium alloy. Gonzales et al. 
[4] have shown that the use of powder wires 
containing increased aluminum, iron and boron 
content allows Ti-6Al-4V titanium alloys with a more 
stable and finer microstructure to be produced. 
Phinazee [5] describes the benefits of using the Sciaky 
EBAM process to fabricate a typical Ti-6Al-4V 
airframe component. The AM process was found to 
have 79% greater material utilization efficiency, and 
the fabrication cost was reduced from $17,430 to 
$9,810. Kinsella [6] investigated the deposition of 
IN718 alloy features on a forged engine case. A 30% 
cost savings were realized using electron beam wire 
deposition as compared to conventional fabrication 
methods. The EBAM supplies a very efficient, high 
power energy source, which easily couples with 
metals promising one of the highest deposition rates 
for all metal AM technologies. Simultaneously, the 
processing in high vacuum is ideal for reactive alloys 
such as titanium alloys [7]. Thus, EBAM achieves 
increasingly more acceptance for purpose of industrial 
applications [8]. The detailed analysis of influence of 
metal-vapor jet force on the physical behavior of 
melting wire transfer in EBAM was presented 
previously [9].    

It should be noted, that CNC is standard for most 
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of the electron beam welding set-ups allowing for 
easy application of an automated build strategy. A 
variety of complex shaped components made out of 
different materials can be manufactured. The 
limitation of technology may be the necessity of using 
a working chamber and vacuum. However, at 
atmospheric pressure the EBAM technologies can also 
be carried out. But in this case the device has a 
different construction [10]. 

The goal of the presented work was to carry out 
experimental trails on EBAM with a wire as a filler 
material. The scope of the work was to investigate the 
influence of selected technological parameters such 
as: wire feed rate, beam current, travelling speed, 
acceleration voltage on stability of deposition process 
and geometric dimensions of the single padding 
welds. The macrostructure, microstructure and 
hardness profiles of final additive manufacturing parts 
are also presented.  

Experimental procedure 

The experimental trails of EBAM with wire 
process were conducted based on universal electron 
beam machine CVE XW150 model: 30/756 installed 
at the Institute of Welding in Gliwice, Poland. The 
machine was equipped with a wire feeder system, 
working chamber with a volume of 4.9 m3 as well as a 
system monitoring and recording process parameters. 
The following parameters were applied during 
experimental trails: feeding angle 30°, working 
pressure 5•10-5 mbar (constant), beam current in the 
range of 1 - 30 mA, accelerating voltage from 60 to 
150 kV, wire feed rate from 600 to 3600 mm/min, 
travelling speed from 200 to 7000 mm/min. To 
produce the single padding welds as well as additive 
manufacturing parts welding wire 1.2 mm in diameter 
(LNM307 Lincoln Electric: C 0.07%, Mn 7.1%,      Si 
0.8%, Cr 18.6%, Ni 8.0% wt.) was applied. The steel 
plate of S355JR grade (10 mm in thickness) was 
adopted for a substrate. The measurements of with and 
high of reinforcements of padding welds were carried 
out on macro-section. The mean values of three 
measurements for each experimental trails were 
calculated. For all measurements the digital slide 
caliper was adopted. The macrostructure, micro-
structure as well as mechanical properties of additive 
manufacturing parts were evaluated. The 
microstructure was examined on the cross sections 
after grinding, polishing and etching (100ml ethyl 
alcohol + 100 ml HCl + 5g CuCl2). The investigations 
were performed by Leica DM IRM / Neophot 32 Carl 
Zeiss (light microscopy) and FEI Quanta 3D 
FEGSEM (SEM). 

Results and discussion 

The goal of the work was to carry out experimental 
trails on EBAM with a LNM307 wire as a filler 
material. To this end, firstly, the influence of selected 
technological parameters (wire feed rate, beam 
current, travelling speed, acceleration voltage) on 
stability of the deposition process and geometric 
dimensions of the single padding welds were 
determined. The trails revealed that for constant 
accelerating voltage, beam current and travelling 
speed the determination of the technological 
parameters for which the deposition process is stable 
can be achieved. At too low wire feed rate, the process 
was unstable. Too high power of the electron beam 
causes melting the deposited material on longer length 
and penetration depth is too high. Thus, the dilution of 
substrate material (S355JR) can be observed.  

Therefore, the penetration depth (melting of the 
substrate material) should be controlled and kept at a 
minimum because high dilution may reduce the 
mechanical and corrosion properties of the deposited 
layers. This may also cause interruption of the 
forming of the liquid metal bridge, the formation of 
drops on the wire end and the momentary disturbance 
of the stability of the deposition process. When the 
wire feed rate is too high, the amount of energy 
supplied is insufficient to stabilize the fusion process 
of the wire. The wire is feeding deeper into the pool 
and limits the possibility of creating of a channel. The 
increased volume of filler material floods the channel 
and causes that the pool becomes wider. The excess of 
filler material also causes that the liquid metal is 
pushed out in an uncontrollable way and forms an 
excess padding welds.  

 
Fig. 1. Influence of wire feed rate Vd on the high of weld 
reinforcement h and width of weld reinforcement b for       

U = 120 kV, Vs = 800 mm. 

The experimental tests have also shown that the 
deposited material fed into the area of deposition 
process is mainly consumed in the production of 
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reinforcement. The height of reinforcement increases 
with the increase of the wire feed rate (Fig. 1). 
However, if the accelerating voltage reaches 150 kV 
and the beam current is 30 mA, the beam power is so 
large that the 10 mm thick support plate melts 
throughout and leakage of the deposited and raw 
material outside the root area can be observed. The 
detailed analysis of other technological parameters 
was presented in the previous paper [11]. 

Based on preliminary experimental trials the 
selection of technological parameter for AM was 
performed as follows: accelerating voltage = 60 kV, 
beam current 15 mA, travelling speed 2000 mm/min, 
wire feed rate 1000 mm/min. The fully dense metallic 
parts based on EBAM with wire were manufactured 
(Fig. 2). 

 
Fig. 2. EBAM parts, a) three layers, b) two layers c) single 

layer. 

The macrostructure examination was carried out 
(Fig. 3). The results indicated that too high penetration 
depth can be observed. The penetration depth 
significantly exceeds the thickness of the deposited 
layers - the depth of the remelting zone is on average 
4 mm with a layer thickness of 0.53 mm. The 
hardness profile is presented in Fig. 4. The results 
indicated that near the substrate the hardness is high 
(over 400HV5). This is caused by the dilution of 
substrate in AM first two layers (the penetration depth 
is high). However, in the distance of 2 mm the 
hardness become much lower (about 200 HV5). 

 
Fig. 3. Macro-sections of EBAM part, (Fig. 2a). 

 
Fig. 4. Hardness profile of the EBAM part, (Fig. 2a). 

Based on experimental trials the travelling speed 
decreased from 2000 mm/min to 1000 mm/min. The 
other AM technological parameters were the same. 
The macro-sections of four different fully dense 
metallic parts are presented on Fig. 5. 
A metallographic examination did not reveal any 
imperfection in AM parts. The slit observed in 
specimens Fig. 5d is a result of improper geometrical 
configuration of wired feeder. A significant reduction 
in the remelting zone as well as its shape along with 
the change of the travelling speed was observed. The 
change of the melted zone size influenced also the 
method of heat abstraction, and thus also the 
microstructure of the AM material. As in the case of 
the previously  discussed  samples, the  microstructure 
of materials can be described as cell-dendritic. 
However, due to the reduction of the melting zone the 
microstructure is much more homogeneous. 
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Fig. 5. Macro-section of EBAM parts, a) single pass – 10 
layers, b, c) three passes – 10 layers, d) five passes – 10 

layers. 

The measurement of hardness on the cross-section 
of the AM sample (Fig. 5d) also indicates that these 
materials are much more homogeneous. The hardness 
of the sample on the cross-section is constant and 
amounts to an average of 210 HV5. Hardness grows 
only in the areas being in contact with the substrate 
due to the change in chemical composition (dilution of 
the substrate). 

The knowledge gained from the previous results 
allowed the production of the fully dense metallic 
parts based on EBAM process with wire. The results 
are presented in Fig. 6. The spacing between two 
adjacent tracks (overlap) was 1.3 mm. The scanning 
directions were alternated layer to layer and the time 
interval was 2 min. Eighteen layers were deposited 
and average height of each layer was approximately 
1.0 mm. The following technological parameters were  
applicable and recommenced for EB additive 
manufacturing process: accelerating voltage U = 60 
kV, beam current 15 mA, travelling speed 1000 
mm/min, wire feed rate 1000 mm/min, feeding angle 
30°. Number of padding welds in one layer was 42. 

 
Fig. 6. Hardness profile of the EBAM part. 

 
Fig. 7. Samples from experiments, 18 layers, 40 runs in one 

layers. 

Conclusions 

EBAM process has been used in conjunction with 
„cold” wire feed to successfully manufacture 
additively steel samples (LNM307). Results show that 
the increase in wire feed rate at constant acceleration 
voltage and beam current cause the increase in the 
height of the reinforcement and decrease in the width 
of the reinforcement. A proper selection of 
technological parameters of EBAM with wire process 
allowed the production of the high quality final 
product. 
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