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State of the arts of additive manufacturing by selective electron 
beam melting 

Georgi Mladenov, Elena Koleva, Lilyana Koleva, Volodya Dzharov  

 
In this paper the applications of electron beam additive manufacturing systems are reviewed. 

There by selective electron beam melting of welding wires or of some area of the upper powder layer 
of a sandwich structure, 2D soldered slices are built by consequently depositing powder layers. The 
deposited metal powder is selectively melted by electron beam in vacuum in a common powder bed 
and in this way metal or metal alloy 3D components are created by CAD technology. Additive 
manufacturing − also called 3D printing – is being seen as the technology of the future for 
manufacturing small number of low-weight components with complex geometric structures and high 
stability. It allows freedom of design to create objects in three dimensions, leading to entirely new 
ways of producing custom-made components and structural elements that are impossible to produce 
with the conventional technologies. 

Състояние на изкуството на адитивното производство (с добавяне  на метал) чрез 
селективно електроннолъчево топене (Георги Младенов, Елена Колева, Лиляна Колева, 
Володя Джаров). В тази работа се разглеждат приложенията на електроннолъчеви 
адитивни (с нарастване количеството на метала върху детайлите) производствени системи. 
Тук чрез електроннолъчево топене на заваръчен проводник във вакуум или чрез селективно 
топене на участък метален прах от горния слой на многослойна структура, се изграждат 
двумерни споени плоскости чрез последователно добавяне на  слоеве метален прах. 
Депозираният в общо корито метален прах се стопява селективно с електронен лъч във 
вакуум и се получават 3D детайли чрез CAD технология. Адитивните технологии – наричани 
също 3D печат – се разглеждат като технологии на бъдещето за производство на неголеми 
серии леки детайли с комплексна геометрична структура и с висока стабилност. Те 
позволяват чрез свободно конструиране да създават тримерни обекти, което води до нови 
пътища на производство на детайли по поръчка на клиента, както и за създаване на 
структурни елементи, които е невъзможно да се произведат чрез конвенционалните методи. 

 

Introduction 
Additive Manufacturing or 3D printing is a process 

of making a three-dimensional solid objects of 
virtually any shape from a digital model by melting 
(and then solidifying) areas of thin layers that are 
upgrading the previously built in this way structure [1-
3]. The 3D printing is considered distinct from 
traditional machining techniques, which mostly rely 
on the removal of material by methods such as 
cutting, milling or drilling. This differs dramatically 
also from more conventional powder metallurgy 
process of machine component building, where high 
temperature metal powder sintering is realized during 
pressing of powder in the whole volume of the 
component. 

The basic concept behind all additive 
manufacturing is to take mass produced raw material, 

and through the use of an innovative processing 
technique, generate a finished component minimizing 
the use of specialized or dedicated tools. 

Additive manufacturing, using melting of 
welding wires 

Welding engineers use repair technique, based on 
welding wires melting, aiming to close holes, gaps, 
voids etc. on the detail surface. Modern electron beam 
welding machines are equipped by wire feeding (wire 
feedstock) devices, which are used for adding fused 
wire material during EBW joining. Current 
development efforts are connected with expanding 
these repair techniques and applying the principles 
from computer-aided design (CAD) and 
manufacturing as well as from rapid prototyping for 
wider applications. These development efforts are 
resulting in the production of a new class of solid free 
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form fabrication by layer-additive processes to build 
structural metallic parts directly from CAD data. 

In this method, metallic preforms can be 
manufactured on the base of a computer-generated 3D 
model. For this aim wire feedstock and electron beam 
are utilized. As a result a near-net shape part inside the 
vacuum chamber is produced. Starting with the 
mentioned 3D model, which is converted to CNC 
code, electron beam gun deposits metal, via the wire 
feedstock, layer by layer, until the part reaches near-
net shape (Fig. 1). Once the part reaches near-net 
shape, it undergoes finish heat treatment and 
machining. The process itself is scalable for 
components from millimeters to multiple meters in 
size, limited only by the size of the vacuum chamber. 
In this operation, the deposition path and process 
parameters are generated from post-processing the 
virtual 3D model and executed by a real-time 
computer control. The deposition takes place in a 
vacuum environment, typically in the range of 1×10-4 
to 1×10-5 Torr. The wire is directed toward the molten 
pool and melted by focused EB. Parts are built up 
layer by layer by moving the EB and wire source 
across the surface of the underlying material that is 
commonly referred to as the substrate, as shown in 
Fig. 1. The substrate material can become an integral 
part of the finished product. 

 
Fig.1. Block scheme of freeform fabrication a plate 

In this manner, free-standing shapes, or preforms, 
are generated without molds or dies. 

Conventional techniques are then used to machine 
the preform to the final part geometry. 

There are some hundreds of commercially 
distributed steel and nickel alloys welding wires, as 
well as Titanium and Titanium Alloys, Inconel 600, 
625, 718, Copper-Nickel Alloys, Stainless Steels 300 
Series, Aluminum Alloys 1100, 2318, 2319, 3000 and 
4043, 4047, 5183, 5356, 5554, 5556 series;  Stainless 
Steel 300 Series, Cobalt Alloys, Zircalloy, Tantalum, 
Tungsten, Niobium, and Molybdenum. AM-grade 

Titanium 6AI-4V powder is 54% more expensive than 
the average cost of Titanium 6AI-4V wire. 

 Wire costs (in the US) of AM-grade Tantalum 
powder is 7% more expensive than the average cost of 
Tantalum wire. Dramatically, both AM-grade Inconel 
625 powder and AM-grade Stainless Steel 316 powder 
are double the average cost of their wire counterparts 
(see Table 1 bellow). 

On Fig. 2 as examples some shapes from Al built 
in 40 - 60 kW (60 kV) standard welding equipment 
are shown. It demonstrates the variation of wire 
diameter and high deposition rate, the change of angle 
of feeding wire, the complex curvature, the 
unsupported overhangs and the transition from one 
geometry to another. 

 
Fig.2. 2219 Al shapes built by EBM free form method 

Additive manufacturing, using selective electron 
beam melting of one part of powder layer, 
deposited upon next powder layer 

Laser or electron beam selective melting of a 
powder layer are used as instruments and material for 
building 3D object in most cases of metallic additive 
technologies. The ‘’key patents’’ by Carl R. Deckard 
[4 - 6] referenced by hundreds of articles spread out 
all over the Internet (from 1986/1987) involve 
selective laser sintering (SLS) but cover base process 
of laser and electron beam selective melting. What is 
SLS, as this had been described in these patents: take 
some powder, shoot it with an energy beam (laser as 
example), let the powder melt, and put a dusting of 
new powder over the mess you just created. Note, that 
SLS in that description uses a directed energy beam to 
sinter or melt powdered material. It is the most widely 
used for manufacturing real parts and tools and is 
offering the widest selection of used powder 
materials. 

Electron beam selective melting or EBSM is a type 
of additive manufacturing that is classified as a 
powder bed fusion technique that was originally 
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developed by Arcam AB (Sweden) and EOS 
(Germany). Available from 2005 commercial EBSM 
systems, produced by Arcam AB uses electron beam 
as the power source to print 3D metal sample (Fig. 3 
and Fig. 4). 

 
Fig. 3. Arcam - 2X 

 
Fig. 4.  Arcam - Q10 

The SEBM-2X system used for this study provides 
a maximum beam power of 3500 W, a spot size of 
about 0.1 mm to 0.4 mm, and a maximum build size 
of 200 x 200 x 350 mm3. During the generation 
process a vacuum pressure of 10-4 to 10-5 mbar is 
employed. Dimensions: 1850 x 900 x 2200 mm, 
weight: 1420 kg. 

SEBM system- Q10 uses 3 kW, 60 kV electron 
beam; powder bed is 200 x 200 x 180 mm3 , scan 
speed is up to 1000 m/s and build rate is up to 80 
cm3/hr. Dimensions: 1850 x 900 x 2200 mm. weight: 

1420 kg. Minimal beam diameter:  1 mm. 
The electron beam melts one area (or some local 

areas) of the surface metal powder layer in a high 
vacuum and achieved full melting of the metal powder 
in base part of heated volumes. After the first layer is 
finished, the platform on which the product is being 
built is moved down and covered with new powder 
which, when melted, will become the second layer. 
The process is repeated until the whole three-
dimensional product is completed. This method of 
building and treating layer by layer can produce fully 
dense metal parts and can retain the characteristics of 
the material. Because the melting occurs in layers of 
prealloyed metal powders forming small melt  
volumes which rapidly solidify, the resulting solid 
component microstructures can achieve unique, 
directional growth features far from equilibrium from 
conventional thermodynamic point of view. Fig. 5 
shows simple schematic views for an electron beam 
selective melting (EBSM) system. 

 
Fig. 5. Principle scheme of the EBSM system 

The EBSM systems creates a powder bed by 
raking or rolling powder layers, new material for 
which is being fed from powder container. The every 
new compacted layer is several powder particles 
dimension thick (of order 0.1 mm at average particle 
size of 40 µm). In the EBM system in Fig. 5, electrons 
are generated in a gun and accelerated with a 60 keV 
energy, focused using electromagnetic lenses, and 
electromagnetically scanned by deflection coils, 
controlled by an embedded CAD program. The 
electron beam is initially scanned in multiple passes at 
a scan rate of  ~104 mm/s with a high beam current 
(~30 mA) and focusing spot of about 1 mm to preheat 
the powder bed to roughly 0.6 - 0.7 Tm (where Tm is 
the melting temperature of powder material). The final 
melt scan with maximally focused beam is realized 
with reduced speed of ~102 mm/s and at reduced beam 
current to ~5 to 10 mA. The beam scans directions x 
and y, and the final melt scan produces melt pools or 
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molten zones, related to the beam power, diameter and 
scan line spacing. The melt scan melts only selected 
powder layer areas as this is prescribed in the CAD 
model. After all the desired powder within the current 
layer are melted and solidified, and then the build 
platform is lowered by one layer thickness and a new 
layer of metal powder is spread. The process is 
repeated layer by layer until the 3D part is built up 
completely. 

 The Arcam EBM machines utilize an electron 
beam that generates the energy needed for high 
melting capacity that provides equipment high 
productivity. The electron beam is managed as usually 
by electromagnetic focusing and deflection coils 
providing fast and accurate beam control that allows 
several melt pools to be maintained simultaneously. 

In the EBM system shown schematically in Fig. 5, 
powder is gravity fed from powder container and 
rolled or raked onto the build platform which had been 
lowered (moved down) after each successive melt 
layer treatment. The corresponding build direction of 
additive built up 3D machine part or implant is 
denoted in Fig. 5 that are in the z-direction relative to 
the x-y beam scanning of the powder layers. Mean or 
average powder particle sizes can range as example 
from ~10 µm to 60 µm; with nominal sizes mentioned 
before of ~40 µm.  

Like any electron beam system, the EBSM system 
operates under vacuum. The vacuum system provides 
a base pressure of 1×10-5 mbar or better throughout 
the entire build cycle. During the actual melting 
process a partial pressure of He is introduced to 2×10-3 
mbar (namely < 10-4 Torr). The helium gas enhances 
heat conduction and more uniform heating and 
cooling of the powder bed. The clean and controlled 
build environment is important to maintain the 
chemical specification of the built material. 

The building platform and its maximal z-
movement distance constitute powder bed volume, 
which is filling with powder. The heating of powder 
bed during multi-pas pre-heating and final heating 
permit to reach a uniform temperature of powder bed 
and a slow decrease of temperature after building of 
additive grooving part. The lack of temperature 
gradients in powder bed avoid stress and deformation 
generation in manufactured 3 dimensional built parts. 

During heating of each layer of the build detail the 
electron beam heats the entire powder bed surface to 
an optimal ambient temperature, specific for the 
material used. There are two reasons for this pre-
heating of powder bed: a) beam can spread powder 
particles at heating the raw powder and b) thermal 
cycles can lead to residual stresses and not optimal 

structure  
 One of the well known phenomena during the 

SEBM process is powder spreading or ”pushing" 
which means that the powder’s particles spread like in 
an explosion when they been  hitting  by the electron 
beam [7, 8]. This phenomenon gets more serious for 
higher beam currents. Milberg et al. [32] considered 
three different physical effects resulting in the powder 
spreading; water residues on the powder surface, 
momentum transfer of electrons to the powder, and 
electrostatic charge and electrostatic forces. They 
examined the listed effects and showed that water 
residues and momentum transfer are not relevant to 
the spreading and the reason for spreading is 
potentially the electrostatic charge of the powder 
particles. On the other hand, Qi et al. [8] claim that the 
impact force produced by the electron beam is the 
main reason for spreading. Reactive force of 
evaporating atom from more heated side of particles is 
another forth reason. Pre-heating of the powders 
reduces this effect in an effcient manner [7]. Soft 
thermal cycle and lack of temperature gradients in 
powder bed improve structure and minimize 
distortions in the build part. As a result, the parts 
produced with the EBM process are free from residual 
stresses in build parts and have a microstructure free 
from martensitic structures. 

After cooling of the powder bed, a removal of the 
sintered block of the powder bed from the machine 
must be done. Than a blow off surplus powder is need 
to obtain the built part. For this that block of sintered 
powder material is placed inside a grit blaster, which 
uses the same metal powder as the blasting media.The 
unused powder is simply (or after sieving) put back in 
the powder container for the next print. This powder 
has to be blended with a batch of virgin powder due to 
the fact that thermal cycling can degrades the treated 
powder. 

Materials and EB regimes, used in SEBM 
additional manufacture 

In principle, all conductive materials can be used 
in the SEBM process but the popular materials are 
steel, titanium, and cobalt - chromium alloys. Arcam 
and Jeol designed plants for concrete material. 
Another powders can be adapted to the process in 
terms of particle size distribution and shape. The 
following materials have been qualified for SEBM: 

• Grade 2 Titanium; 
• Ti-6Al-4V [2, 9, 10, 21]; 
• CoCr and Co-Cr-Mo super alloy [2, 11, 12, 24, 

25]; 
• Titanium aluminide [13, 14, 20]. 
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Fig. 6а.  Schema of VIGA plant for powder production 

 
Fig. 6b. Photography of  upper part of installation for 

powder production VIGA 

Other possible materials, which can be developed 
for EBM within the frame of further R&D work, are: 

• Aluminium and its alloys; 
• Fe [2] and Steels [15]; 
• Ni-base super alloy systems (Inconel 625, 718, 

CMSX-4  and Rene 142) [2, 16, 23]; 
• Copper and copper alloys [17 - 19]; 
• Refractory metals and alloys as example niobium 

[2, 28] or tantalum.  
Powders for SEBM are produced by gas 

atomization (about 90%) or by plasma rotation sample 

technology. The inert gas is Ar or N2. Schema of 
installation is given on Fig. 6a. The liquid metal flow 
is atomized by gas flows moving in perpendicular 
direction. Melting of raw material is realized by 
induction furnace with tilting (rotated) pot. The 
formation of the liquid metal flow is realized by 
“thundish” (a cylinder heated by resistance heater). 
The liquid droplets, generating during liquid metal 
flow breaking by gas flows interaction, are 
crystallized before to hit the cold polished wall of big 
cylindrical vacuum chambers with conical bottom 
were powder is collected in air or inert gas atmosphere 
(Fig. 6b, Fig. 6c and Fig. 6d).  

 

 
Fig. 6c. Rotated pot of induction furnace in top part of 

VIGA 

 
Fig. 6d.  Installation for spherical powder atomization 

VIGA 
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The shape of produces powder particles is 
spherical (Fig. 7). Idea for prices of powders in US 
and Europe is given in Table1. 

 
Fig. 7. Scanning electron microscopy image of the Ti–6Al–

4V powder. 

Table 1 
Powder prices 

Powder Price-US  Price Europe 
Ti6Al4V USD 77/lb. EUR 200/kg 
Ta USD 522/lb.  
Inconel 625 USD 48/lb. EUR 200/kg 
S. Steel 316 USD 10/lb.  

For Ti-6Al-4V the EBM process operates at an 
elevated temperature of the powder bed, typically 
between 700 and 1 000 °C, producing parts that are 
virtually free from residual stress. The melt rate is up 
to 80 cm3/h., Minimal layer thickness is 0.05 
millimetres (0.0020 in). Tolerance capability: +/- 0.2 
mm. The electron beam technology doesn't require 
additional thermal treatment to obtain the full 
mechanical properties of the parts. 

Ref. [20 - 22] are focused on choice of regimes, 
suitable for SEBM manufacture. There is variations 
related with powder particles dimension and material, 
dimensions of built parts and modification of plant 
used (powder bed dimensions), beam power, velocity 
and scanning’s features. But there is a simple 
empirical way to choose EB regime, which give 
optimal sample structure – without pores. On Fig. 8 
the top surfaces of the built samples, fabricated at 
various beam powers are shown. Optimal regime is on 
average sample, were surface is melted, but not rough 
as in the third sample (and not as sintered surface in 
the case of first sample). The processing windows are 
demonstrated in Fig. 9. There the area enclosed by 
dashed lines constitutes the processing window with 
smooth and rough upper surface of the built parts. 

 
Fig. 8. Upper surface of built by SEBM sample at three 

beam powers 

 Fig. 9.   Processing window of Ti–6Al–4V processed by 
SEBM. 

Trends in designs of machine parts and bio-
medical implants, fabricated by additive electron 
beam technology 

Impossible with any other method, SEBM can 
deliver the required mechanical strength of the 
fabricated sample with much less mass. At present 
time SEBM has an increasing number of production 
applications within both the aerospace and the medical 
implant industries. Production cases usually revolve 
around parts with complex geometries or when the 
conventional methods are dificult or expensive. In 
aerospace industry the light-weight designs also lead 
to parts with very complex geometries [26] (Fig. 10 -
Fig. 13). In medical field such challenges are present 
in two obvious areas, patient-specific implants based 
on Computed Tomography (CT) data (Fig.14), and 
implants with advanced cellular structures [29] (Fig. 
15). The cellular porous structure is generated from 
repeating unit cells allowing designed porosity across 
the structure. Porous titanium draws attention as 
structural material for biomedical applications (bone 
substitutes - Fig. 16 and dental implants - Fig. 17). 
Titanium alloys, specifically Ti-6Al-4V, are widely 
used as an implant material due to their relatively low 
modulus, good biocompatibility, and corrosion 
resistance compared to other conventional alloys. 
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Fig. 10.  Example of lightening component 

 
Fig. 11. Turbine blades for the aircraft engines. Weight 4.5 
kg, dimensions 8 x 12 х 325 mm, time of built 7 hr./blade 

 
Fig. 12.  Piece from airplane; weigh 4.5 kg 

 
Fig. 13.  Pump  impeller 

 
Fig. 14.  Medical  implant 

 
Fig.  15. Acetabular cup, created by SEBM, withmagnified 

view of the porous lattice structure. 
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Fig. 16. Titanium hip prosthesis with porous structure 

 
Fig. 17. Dental implant produced by additive technology 

 
Fig. 18. GE’s additively manufactured fuel nozzle 

Additive manufacturing also reduces assembly 
requirements by integrating number of parts required 
in assembly into a single part. It reduces overall 
weight, decreases manufacturing time, reduces 
number of manufacturing processes required, reduces 
cost and material requirements and optimizes required 
mechanical properties. GE Aviation has integrated 
fuel nozzle assembly of 20 small parts into single fuel 
nozzle part of cobalt chrome material (Fig. 18). It is 

25 % lighter and five times more durable than 
conventional assembly. The calculated fuel economy 
is 15%. There are need for manufacture of 25 000 
nozzles per year for new engine LEAP-1A. In 2020 
GE Aviation plans 100 000 nozles for engines LEAP 
and GE9X to be produced by additive fabrications 

Let it be noted, that in the conventional 
technology, the tool cost per unit decreases as the total 
number of produced parts increase. Additive 
technology on the other hand will have an almost 
constant cost regardless of the number of units 
produced. For single unit production, the AM will be 
more advantageous (Fig. 19). 

 
Fig. 19. Relative unit cost dependence on number of total 

units comparing AM and conventional manufacturing 

State of the art and prognoses for future 
development of systems for additive manufacture 
for metal 3D printing by selective laser and EB 
melting 

Metal use in 3D printing is grooving rapidly, and 
metals are being used for prototypes, mass production 
and custom design by a variety of industries. More 
often applications of the additive manufacturing 
metals in use or under investigations are these of 
titanium, nickel, aluminum and cobalt as well as 
alloys of these metals. The design complexity no 
longer adds cost. This opens design room and enables 
economic production of lighter components. This 
aspect is critical to the aerospace and automotive 
industries. GE Aviation invests 3 billion to produce 
100 000 fuel nozzles by 2020. High value, low 
volume industries as aerospace and biomedical have 
been earliest adopters of additive metallic 
manufacture based to the electron beam melting.  
Arcam manufacture more than 50 000 orthopedic 
implants for medical purposes. Dental supplier Argen 
Digital is producing metal substructures to make 
copings and bridges with the same properties as cast 
parts. In jewelry industry gold powder is used for 
fabrication due to artistic freedom and unusual 
designs, lack of heavy requirements and skill in 
computer designing and in finishing and polishing. In 
automotive industry also are looking to additive 
fabrication as to a near future option. 
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Fig. 20. Increase of the 3D printers in 2014 in comparison 

with installed base of printers in 2013 

The metal additive electron beam and laser beam 
technologies are fastest grooving segment of 3D 
printing. Equipment sales grow at 48% and material 
sales grows at 32%. In Fig. 20 is shown growth of 3D 
printers in 2014, in comparison with installed base of 
printers during 2013. 

 
Fig. 21. Increase of sold plants for SEBM before 2015 

 
Fig. 22. Geography  sold plant for SEBM (Arcam AB) 

The number of sold plant for SEBM yearly is 
shown on Fig. 21. In 2013 and 2014 one can see a 
considerable increase of the number of installed plants 
for metal additive manufacturing. The geographic 
distribution of the sold plant during 2013 and 2014 is 
shown on Fig. 22.  Europe is the leading player, USA 

takes the second position, but in 2014 Asia buys 36 % 
SEBM plants from Arcam AB. 

On base of the data for 2014 the biggest market 
volume of 85 million USD (1) is to SEBM plants (Fig. 
23). Service of equipment costs 31 million USD (2) 
which is a big quantity. The next amount of 27 million 
USD is for the use of SEBM technology at parts built 
(3). The total cost of powders 19 million USD (4) are 
for production of parts. The 71.4% from the 
production costs is the cost for utilized powders that 
give no room for quick re-payment of invested money 
in equipment and providing the appointed big amount 
for service. It can be assumed, that service is mainly 
for machines, which has been produced 5-6 year 
before and first 5-6 year are more fruitful for 
reimbursement of plant cost, but are enough to cover 
only 28% of capital investment. 

 
Fig. 23. Volume of market, mln.US D: 1) plants 2) service, 

3) contracts for parts, 4) powders. 

 
Fig. 24. Distribution of applications in branches: Medical 

industry, 2) aviation-space, 3) custom design, 4) others 
branches, 5) research, 6) cars. 
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On Fig. 24 is shown the distribution of applications 
in branches: 1) Medical industry, 2) aviation and 
space devices, 3) custom design of parts, 4) others 
branches, 5) research, 6) automotive industry. In 
section V of this paper are given examples of concrete 
samples, built utilizing SEBM. 

Two prognoses for optimistic development of 
SEBM plant market (30 % increase yearly) and 
pessimistic development (18 % increase yearly) are 
given in Fig. 25. 

 
Fig. 25.  Prognosis of additive technologies market volume 

increase at 18 % and 30 % increases yearly 

Conclusions 
The implementation of additive manufacturing 

leads to greater speed, lower costs and easily achieved 
repeatability. There are also a number of other 
advantages, such as greater freedom: freedom of 
geometry, freedom of choosing complex materials, 
freedom from the constant manning of machinery, and 
freedom to change the design during development, 
without impacting on the cost and timings. Additive 
manufacturing is particularly useful in cases, when the 
production volumes are relatively low, geometries are 
complex and the used materials are expensive or 
difficult to process by conventional means. 

REFERENCES 
[1] K. M. B. Taminger, R. A. Hafley. Electron beam 

freeform fabrication: a rapid metal deposition process. 
Proceedings of 3-rd Annual automotive composite 
conference, September 9-10 2003, Troy, MI, Society of 
plastics engineers, 2003, pp. 1 – 6. 

[2] L. E. Murr. Metallurgy of additive manufacturing: 
Examples from electron beam  melting.Additive 
Manufacturing 5, 2015, pp. 40 – 53. 

[3] G. N. Levy, R. Schindel, and J.P. Kruth. J. Rapid 
Manufacturing and Rapid Tooling With Layer 
Manufacturing Technologie. State of the Art and Future 
Perspectives, CIRP Ann., 52(2), 2003, pp. 589 – 609. 

[4] C. R. Deckard. Selective Laser Sintering with 
Assisted Powder Handling (U.S. Patent 4, 938, 816). 

[5] C. R. Deckard. Method and Apparatus for 
Producing Parts by Selective Sintering (U.S. Patent 4, 863, 
538). 

[6] C. R. Deckard. Multiple Material Systems for 
Selective Beam Sintering (U.S. Patent 4, 944, 817). 

[7] J. Milberg and M. Sigl. Electron beam sintering of 
metal powder. Production Engineering, 2, 2008, pp. 117 - 
122. 

[8] H. B. Qi, Y. N. Yan, F. Lin, W. He and R. J. 
Zhang. Direct metal part forming of 316L stainless steel 
powder by electron beam selective melting . Proceedings of 
the Institution of Mechanical Engineers. Part B: Journal of 
Engineering Manufacture, 220, 2006, pp. 1845 - 1853. 

[9] D. Cormier, et al., Characterization of Thin Walled 
Ti-6Al-4V Components Produced via Electron Beam 
Melting, Proceedings of the Solid Freeform Fabrication 
Symposium, 2004, pp. 440 - 447. 

[10] L.E. Murr, et al., Next Generation Biomedical 
Implant Using Additive Layer Manufacturing of Complex, 
Cellular and Functional Mesh Arrays, Philos. T. Roy. Soc. 
A, Vol 368, 2010, pp. 1999 - 2032.. 

[11] S.M. Gaytan, L.E. Murr, E. Martinez, J.L. 
Martinez, B.I.Machado, D.A. Ramirez, F. Medina, S. 
Collins, R.B. Wicker, Comparison of Microstructures and 
Mechanical Properties for Solid and Mesh Cobalt-Base 
Alloy Prototypes Fabricated by Electron Beam Melting, 
Metall. Mater. Trans. A,Vol 41A, 2010, pp. 3216 - 3227. 

[12] O. Harrysson, et al., Direct Fabrication of Metal 
Orthopedic Implants Using Electron Beam Melting, 
Proceedings of the Solid Freeform Fabrication Symposium, 
2003, pp. 339 - 446. 

[13] D. Cormier, et al., Freeform Fabrication of 
Titanium Aluminide via Electron Beam Melting Using 
Prealloyed and Blended Powders, Research Letters in Mat. 
Sci. , 2007, pp. 1 - 4. 

[14] L.E. Murr, S.M. Gaytan, A.Ceylan et al,. 
Characterization of Titanium Aluminide Alloy Components 
Fabricated by Additive Manufacturing Using Electron 
Beam Melting, Acta Mater., Vol 58, 2010, pp. 1887 - 1894. 

[15] Cormier, et al., Characterization of H13 Steel 
Produced via Electron Beam Melting, Rapid Prototyping J, 
Vol. 10.1, 2004, pp. 35 - 41. 

[16] L.E. Murr, E. Martinez,, S. M. Graytan, et al., 
Microstructural Architecture, Microstructures and 
Mechanical Properties for a Nickel-Base Superalloy 
Fabricated by Electron Beam Melting, Metall. Mater. 
Trans. A,Vol 42, 2011, pp. 3491 - 3508. 

[17] P. Frigola, et al., A Novel Fabrication Technique 
for the Production of RF Photoinjectors, Proceedings of 
EPAC08, Genoa, Italy, 2008, pp. 751 - 753. 

[18] D.A. Ramirez, et al., Open-Cellular Copper 
Structures Fabricated by Additive Manufacturing Using 
Electron Beam Melting, Mater. Sci. and Eng. A, J28A, 
2011pp. 5379 - 5386. 



 
 “E+E”, 5-6/2016 24

[19] D.A. Ramirez, et al., Novel Precipitate-
Microstructural Architecture Developed in the Fabrication 
of Solid Copper Components by Additive Manufacturing 
Using Electron Beam Melting, Acta Mater.,Vol 59, 2011, 
pp. 4088 - 4099. 

[20] W. Ge, C. Guo, F. Lin, Effect of process 
parameters on microstructure of TiAl alloy produced by 
electron beam selective melting, 11th International 
Conference on Technology of Plasticity, ICTP 2014, 19-24 
October 2014, Nagoya Congress Center, Nagoya, Japan, 
Procedia Engineering 81, 2014,  pp. 1192 – 1197. 

[21] V. Juechter , T. Scharowsky, R.F. Singer, C. 
Corner, Processing window and evaporation phenomena for 
Ti–6Al–4V produced by selective electron beam melting, 
Acta Materialia 76, 2014, pp. 252 – 258. 

[22] Ch. Guo, W. Ge, F. Lin. Effects of scanning 
parameters on material deposition during Electron Beam 
Selective Melting of Ti-6Al-4V powder, Journal of 
Materials Processing Technology 217, 2015, pp. 148 – 157. 

[23] M. Ramsperger, R. F. Singer, and C. Koerner, 
Microstructure of the Nickel-Base Superalloy CMSX-4 
Fabricated by Selective Electron Beam Melting, 
Metallurgical and Materials Transaction A V47A, MARCH 
2016, pp. 1469 – 1480. 

[24] L.E. Murr, K.N. Amato, S.J. Li, Y.X. Tian, X.Y. 
Cheng, S.M. Gaytan, E. Martinez, P.W. Shindo, F. Medina, 
R.B. Wicker, Microstructure and mechanical properties of 
open-cellular biomaterials prototypes for total knee 
replacement implants fabricated by electron beam melting, 
Journal of the Mechanical Behavior of Biomedical 
Materials 4, 2011, pp. 1396 – 1411. 

[25] S.H. Sun, Y. Koizumi, S. Kurosu, Y.P. Li, H. 
Matsumoto, A. Chiba, Build direction dependence of 
microstructure and high-temperature tensile property of Co-
Cr-Mo alloy fabricated by electron beam melting, Acta 
Materialia 64, 2014, pp. 154 – 168. 

[26] X. Tan, Y. Kok, S.B. Tor, C.K. Chua,   
Application of Electron Beam Melting (EBM) in Additive 
Manufacturing of an Impeller,   Proc. of the Intl. Conf. on 
Progress in Additive Manufacturing, Edited by Chua Chee 
Kai, Yeong Wai Yee, Tan Ming Jen and Liu Erjia  , 2014, 
pp. 327 - 335 ,    doi:10.3850/978-981-09-0446-3 076. 

[27] V. Petrovic, J. V. Haro, O. Jorda, J. Delgado, 
J.Ramon Blasco, et al.. Additive Layer Manufacturing: 
State of the art in industrial applications through case 
studies. International Journal of Production Research, 
Taylor & Francis, 2010, pp. 1 - 25. 

[28] C.A. Terrazas, S.M. Gaytan, J. Mireles, P. Frigola, 
D. Espalin, R.B. Wicker. 

[29] EBM fabrication and characterization of high 
purity niobium for superconductor applications, Solid 
Freeform Fabrication Symposium, The University of Texas, 
2014, pp. 605 – 616. 

[30] L. E. Murr, S. M. Gaytan, E. Martinez, F. Medina, 
and R. B. Wicker, Next Generation Orthopedic Implants by 
Additive Manufacturing Using Electron Beam Melting, 
International Journal of Biomaterials, Volume 2012, Article 
ID 245727, 14 pages, doi:10.1155/2012/245727. 

 

Corr. Memb. of BAS, Prof. DSc. Georgi Mladenov - 
Institute of Electronics – Bulgarian Academy of Sciences, 
Bulgaria 

Technological Center on Electron Beam and Plasma 
Technologies and Techniques, Bulgaria  

He is the author of 10 books, 27 inventions and more 
than 350 articles. His research interests include electron 
beam microscope accelerators, electron beam technologies, 
electron device physics, electron beam welding, melting 
and refining of metals in vacuum, electron spectroscopy 
simulation, electron lithography, additive technologies 
vacuum technology. 

Tel. +359 899902510, е-mail: gmmladenov@abv.bg 

Assoc Prof. Dr. Eng. Elena Koleva - Institute of 
Electronics, laboratory “Physical problems of electron 
beam technologies” – Bulgarian Academy of Sciences, 
Bulgaria,  

Director of Technological Center on Electron Beam and 
Plasma Technologies and Techniques – TC EPTT Ltd., 
Bulgaria, 

Lecturer at University of Chemical Technology and 
Metallurgy – Sofia, Bulgaria 

Scientific research areas: electron beam technologies – 
welding, melting and refining, lithography, selective 
melting, surface modification, electron beam 
characterization, automation, modeling, optimization, 
standardization. 

Tel. : +359 895537899, е-mail: eligeorg@abv.bg 

Lilyana Koleva – She is a PhD student at the University 
of Chemical Technology and Metallurgy, Sofia. Her fields 
of interest are: modeling, parameter optimization, 
automation, electron beam technologies. 

е-mail: sura@abv.bg 

Volodya Dzharov - PhD student at the Institute of 
electronics, Bulgarian Academy of Sciences - laboratory 
“Physical problems of electron beam technologies”. His 
fields of interest are: automation of production, process 
control devices, electron beam technologies. 

е-mail: djaki_6@gbg.bg 

 


