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The electron beam additive manufacturing technology named xBeam 3D Metal Printing was 

presented at EBT-2016 Conference in Varna in summer of 2016. It was announced an expectation that 
this new technology can solve the most critical problems of numerous existing metal additive 
manufacturing processes and systems, including conflicts between accuracy and productivity, high 
quality and production cost, availability and price of raw materials and equipment, numerous after-
processing operations as well.  

Authors will present the technical and technological progress in development of the xBeam 3D 
Metal Printing achieved on the base of the pilot xBeam 3D Metal Printer in near production 
environment since that time. Results of numerous experiments with the most important materials for 
metal additive manufacturing like titanium alloys which have proved possibility to produce defect-free 
material with good metal structure and high mechanical properties will be demonstrated. Numerous 
exclusive technological opportunities provided by xBeam 3D Metal Printing will be presented.  

Economic efficiency of the xBeam 3D Metal Printing will be also analyzed on the base of testing 
manufacture of real industrial parts from titanium alloys. 

Keywords – defect free structure, hollow electron beam, low voltage gas discharge electron 
beam gun, wire feeding, xBeam 3D metal printing. 

 

Introduction. 3D Metal Printing as 
Breakthrough Manufacturing Technology 

Recently Additive Manufacturing (AM), also 
known as 3D printing, has become one of the most 
interesting and prospective trends in the development 
of production technologies. Additive Manufacturing is 
already used in various industries as a quick and 
convenient method of making prototypes and testing 
samples, both from polymer materials and from 
metals [1]. Many industrial and financial analytics are 
using even such definition of this new manufacturing 
approach as part of the Third Industrial Revolution [2, 
3]. 

3D Metal Printing probably is the most important 
sector of Additive Manufacturing industry because it 
can really become large scale production solution in 
different industries which can make product cheaper 
and supplies faster. For example the annual rate “10 
Breakthrough Technologies 2018” published by 
Massachusetts Institute of Technology in MIT 
Technology Review placed 3D Metal Printing on the 
top position [4]. 

Some 3D metal printing technologies, first of all 
that which are based on the methods of selective 

melting of the prepared powder layer using laser or 
electron beam as power source ("powder bed" 
technology), are already widely used in the production 
of real products, for example, various medical 
implants [5]. There are also examples of the 
manufacture of some products for aerospace [6], as a 
rule, these are parts that do not carry critical loads. 
General growth rate of additive manufacturing 
industry demonstrated during last years was exciting – 
for example sales of metal 3D printing systems in 
2017 have exceeded the same indicator of 2016 more 
than 80% [1].    

However, this highly impressive current market 
growth rates is due to very small previous base of 
comparison. Real application of metal additive 
manufacturing in mentioned industries and especially 
in wide conventional manufacturing sector is still very 
limited, and it represents only less than 0.1% of the 
total manufacturing market [1].  

According to opinion of AM experts, much more 
manufacturers of metal parts would become the users 
of 3D metal printing if developers of metal AM 
technologies and equipment provide the following:   
1) will reduce cost of AM parts, 2) will streamline 
process validation and quality assurance, and 3) will 
extend the capability of AM equipment [7, 8].  
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But real possibilities of the most mature metal AM 
technologies to meet these expectations look quite 
limited.  

For example the most advanced powder-bed metal 
AM technologies allow manufacturing of very 
complex and fine parts with rather high accuracy up to 
20 – 30 microns. But there are number of significant 
issues in these technologies. They have very low 
productivity and limited size of 3D printed parts 
aggravated by quite limited possibilities to improve 
these characteristics because of physical and 
metallurgical reasons. In spite of possibility to build 
quite fine shapes, these technologies have significant 
problems in providing of correct correspondence with 
initial part’s models due to residual stresses and 
distortions. Metal structure and properties of as-built 
material often do not meet requirements of appropriate 
standards which require proper improvement by 
application of numerous additional post-processing 
operations like heat treatment and HIP (hot isostatic 
pressing) [8, 9]. Also such technologies have very 
high requirements to applied powder, resulting in high 
price of consumed materials. All together such 
drawbacks result in very high production cost of final 
parts which are not acceptable for wide industrial 
application [10].   

Additive manufacturing technologies where wire is 
used as feedstock material cover an opposite sector of 
AM market providing production of large parts with 
high productivity. Electron beam, plasma, welding arc 
or laser can be applied as power source in such 
technologies with different efficiency. But parts 
produced by any of these technologies require 
significant post-processing because of very rough 
surfaces and low accuracy of printed shapes. In 
addition equipment for running such technologies is 
very expensive. From the point of view of material 
properties electron beam methods look more reliable 
solution especially for reactive metals due to operation 
in vacuum [11, 12]. 

Potential demand on large metal parts which can 
be produced by wire-based AM methods is rather 
high. It is proved by huge number of different 
investigations which are executed by leading R&D 
organizations worldwide and by strong private and 
state investments in development of this technology 
[1]. But real progress in wide implementation of these 
technologies is still quite limited because of numerous 
technological issues and still high production cost of 
final parts initially produced by 3D printing. 

Technological problems mainly concerns still 
much post-processing and providing of good and 
repeatable metal structure of produced parts [8]. Both 

problems are resulted from limited control of power 
input into deposition area which is character for all 
existing wire-based metal AM methods. In addition all 
such existing methods require very complicated 
control solutions because of complex configuration of 
the elements of deposition process. 

xBeam 3D Metal Printing - The new exclusive 
solution for additive manufacturing 

xBeam 3D Metal Printing is an advanced additive 
manufacturing technology which can become the real 
solution of many of above mentioned drawbacks of 
existing additive manufacturing technologies [1, 13]. 
It is based on direct energy deposition approach with 
exclusive profile electron beam as source of heating 
and wire as feedstock material. The technology has 
been invented and patented [14] by NVO Chervona 
Hvilya (Ukraine) – company with long history and 
great experience in the development of the electron 
beam technologies of different applications using gas-
discharge electron beam guns.  

The effectiveness of the technology is attributed to 
key physical and engineering ideas: 1) hollow conical 
electron beam is used for creation of molten pool on 
the substrate and for melting of feedstock material; 2) 
feedstock is supplied exactly in the center of molten 
pool through feedstock guide coaxially with electron 
beam; 3) low voltage gas discharge EB gun and 
feedstock guide are forming together a common 
functional assembly (see general scheme of xBeam 
technical concept on Fig. 1). 

 
Fig. 1. General technical concept of the xBeam. 

The unique configuration of the electron beam, the 
mutual arrangement of this beam and the fed 
consumable wire, the possibility of fine regulation of 
the electron beam power generated by gas-discharge 
electron guns and automatic control of motion of wire 
and substrate, all together provide exclusive 
capabilities for controlled layer-by-layer formation of 
three-dimensional products with specified geometric 
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parameters and the required metal structure of the 
deposited material. 

The axisymmetric almost round shape of the 
molten pool and vertical supply of the feedstock wire 
to the center of this molten pool (see Fig. 2) ensure an 
absence of any shaded areas on the substrate which 
prevents the formation of porosity and lack-of-fusions 
in the deposited layers. 

 
Fig. 2. Schematic view of melting zone in xBeam printing. 

The feedstock wire in such configuration is 
completely enclosed by the precisely and flexibly 
regulated energy flow with gradually distributing 
power concentration, providing absolutely 
axisymmetric and uniform preheating and controlled 
melting of the consumable material. 

Such an axisymmetric configuration of thermal 
fields and mass transfer greatly simplifies the 
mathematical modeling of the process, which is very 
important for improving the control of the 
technological process in order to obtain the predicted 
and specified material properties [15]. 

One of the most important and exclusive features 
of  the xBeam 3D Metal Printing is the continuous 
transfer of liquid metal from the end of fed 
consumable wire to the substrate. As soon as the 
liquid metal formed at the end of the supplied wire 
touches the liquid metal in the pool on the substrate, 
the liquid “bridge” is immediately formed between the 
end of the wire and the substrate. Liquid metal from 
the end of the wire smoothly and uniformly flows onto 
the substrate under the influence of the gravity forces 
via this “bridge” which is reliably maintained by the 
surface tension forces (see Fig. 3). The liquid metal 
which has reached the substrate immediately spreads 
within the boundaries of the currently existing melt 
pool, which is determined by the boundaries of the 
focus area of the electron beam to the substrate, due to 
complete adhesion between homogeneous liquids. 
Once the liquid metal reaches the solid metal on the 
substrate outside the pool, it immediately stops further 
movement and solidifies. Thus, a reliable and at the 
same time flexible mechanism for forming a 
deposition bead of a predetermined width and, 

correspondingly, the wall thickness of the three-
dimensional part to be produced is realized. 

 
Fig. 3. Photo of the spreading of liquid metal from the end 

of the wire along the substrate. 

The main deposition parameters in xBeam process, 
including deposition rate, bead’s width, layer 
thickness as well, are controlled by only a few easily 
regulated technological parameters:  

- EB power which can be fast and precisely 
regulated; 

- The gap between the wire outlet hole and the 
substrate (called Z-factor) which determine the 
distribution of total electron beam power 
between wire and substrate (see Fig. 4); 

- Substrate translation speed. 

 
Fig. 4. The gap between the wire outlet hole and the 

substrate (Z-factor). 

 Fixed Z-factor under steady power exactly 
determines the share of total power which drops onto 
the wire and possible amount of the wire which can be 
melted per unit time that is the deposition rate. It 
means that maintaining of the fixed levels of these two 
parameters provide reliable setting up of the 
deposition rate. Also Z-factor determines the width of 
electron beam footprint – that is approximate width of 
the deposition bead. Then by change of substrate 
speed we can spread the same fixed amount of added 
material along the different distance per unit time but 
within fixed width of the bead. So only by change of 
these few parameters the number of different bead 
configurations can be provided (see Fig. 5). 

This approach allows very flexible capabilities to 
form different deposited walls and to provide different 
cooling/solidification conditions with proper influence 
on material properties. For example as fine as 0.6 mm 
layer thickness was received by deposition of the 
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stainless steel wire Ø2 mm using this approach 
resulting in very high cooling rate of deposited metal. 
In another experiment as thick as 1.75 mm layer was 
received from titanium wire Ø3 mm under conditions 
when wire was not completely melted and deposition 
was realized in semi-liquid (soft) state (see Fig. 6). 

 
Fig. 5. Different configurations of the deposited beads 

depending on deposition conditions. 

 
a                    b 

   Fig. 6. Walls formed under different deposition strategy: 
a - stainless steel 304L, wire Ø2 mm, layer thickness 0.6 

mm; b - titanium alloy Ti-6Al-4V, Ø3 mm, layer thickness 
1.2 mm. 

Such easy control of the main deposition 
parameters provides very high repeatability both of 
the geometry of built parts and their internal 
properties. All built walls demonstrated good accuracy 
and low roughness of the side surfaces independently 
on height and thickness of the samples (see Fig. 7).  

 
Fig. 7. Sample of Ti-6Al-4V, wire ø3 mm,  

1st and 3rd walls – single-bead, W ~ 4.1 – 4.2 mm, 

2nd wall – triple-bead, W ~ 12.1 – 12.3 mm,  

4th wall – double-bead, W ~ 8.0 – 8.2 mm 

 
    Fig. 8. Sample of Ti-6Al-4V, wire ø3 mm, single bead, 70 
layers, H ~ 120 mm, productivity ~ 3 kg/h - wall thickness 
3.1 – 3.3 mm with maximum deviation in thickness 0.3 mm. 

Usually roughness did not exceed 0.5 mm which 
results in highly reduced amount of material and time 
losses for post-processing machining (see Fig. 8). 

An extremely important feature of the xBeam 3D 
Metal Printing technology is the significantly lower 
power concentration of the heating source (electron 
beam) generated by the low-voltage gas-discharge 
electron-beam gun in comparison with the heating 
sources of all other currently known metal additive 
manufacturing processes. As a rule, developers of 3D 
metal printers are using the heating sources 
(thermionic type electron beam guns, lasers, plasma 
torches as well) designed for welding processes where 
high power concentration (up to 105 ... 106 kW/cm2) 
was required. In case of laser and welding electron 
beam guns the low nominal power was compensated 
by very small focus (usually from tens to hundreds of 
microns). In additive manufacturing an excessive 
power concentration can lead to creation of too deep 
(and sometimes wide) melting pool which can melt a 
few previous layers down, resulting even in formation 
of defects in the product. Therefore, the power of high 
concentration must be distributed over the surface by 
means of scanning with a high frequency, which is a 
complicated technical problem first, and secondly, it 
breaks the continuity of the process of formation of 
the deposited layer. 

Special gas-discharge electron beam gun designed 
for the xBeam 3D Metal Printing technology (xGun) 
generates an electron beam at a low accelerating 
voltage less than 20 kV, which at ultimate power level 
about 20 kW and minimum focus of about 1.5 mm in 
diameter provides very soft and smooth heating of 
processed surfaces without scanning. Power 
concentration in the focus of such electron beam does 
not exceed 103 kW/cm2. The impact of such a beam 
on the surface makes it possible to form very shallow 
molten pool on it, which is sufficient to create 
conditions for spreading the incoming liquid metal 
above maintained liquid phase on the substrate with 
minimal heat affected zone on the substrate, around 
and below the deposition area.  

This feature provides a few very important 
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technological effects. 
Low specific power input of xBeam process 

strongly reduces residual stresses and distortions of 
produced parts which currently is one of the critical 
problems of existing wire-based metal AM methods.  
A mathematical model of the formation of a three-
dimensional object by layer-by-layer deposition using 
xBeam 3D Metal Printing technology was developed 
to study the three-dimensional kinetics of temperature 
fields and the stress-strain state of three-dimensional 
objects [15]. The calculations have demonstrated the 
possibility to provide relatively small level of residual 
distortions in the substrate (see Fig. 9a) which is also 
confirmed by experiments (Fig. 9b). 

 
Fig. 9a. Dependence of substrate bending (residual 

distortion) from the length of the sample according to 
mathematical model. 

 
Fig. 9b. Sample made by deposition of Ti 6Al-4V wire ø3.0 

mm, base Ti 6Al-4V plate 5.0 mm. 

Special experiment was made in order to 
demonstrate really low power input on the substrate. 
In this experiment the CP titanium wire Ø3 mm was 
used as substrate instead traditional plate.  Deposition 
process was run under the same strategies and 
parameters as usual. Received samples demonstrated 
that substrate wire practically was not melted outside 
deposition area, it kept the straightness and round 
shape of the substrate wire along built walls (see Fig. 
10). 

In addition to technology demonstration purposes 
this experiment has showed the opportunity to save a 

lot of material in cases when substrate plate is not a 
part of the final 3D printed parts. 

 

 
Fig. 10. Sample of Ti-6Al-4V, substrate wire ø3 mm, 

deposited wire ø3 mm. 

The experiments where samples with overhangs 
were built without forming of special supports (like in 
powder-bed processes) was another demonstration of 
the same technological feature. In these experiments 
each next layer was deposited onto the previous one 
with the shift which was increased with each next 
layer from initial 0.1 mm up to 1.9 mm (see Fig. 11). 
Finally, the inclining angle about 60° from the vertical 
was reached with the deposited wire Ø3 mm. Such 
technological approach can be used for creation of 
quite complex shapes of 3D printed parts, which is 
traditionally difficult for wire-based AM processes. 

 
Fig. 11. Sample of Ti-6Al-4V, wire ø3 mm, maximum shift 

1.9 mm from the previous layer. 

Creation of the rough column structure in 
deposited materials is one of the serious problems of 
the existing AM technologies. Such character of 
structure causes non-uniform properties of deposited 
material in different directions. This problem 
sometimes is so critical that additional thermo-
mechanical processing like rolling or forging is 
applied in order to break these columns and to form 
fine uniform metal structure similar to wrought 
material [16, 17]. These unavoidable steps lead to 
growth of general operation costs and lead time 
resulting in general reduction of additive 
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manufacturing attractiveness.  
Possibility to form very shallow molten pool on the 

substrate and to deposit quite thin layers accordingly 
provided by xBeam 3D Metal Printing results in much 
higher achievable cooling rate than in any other AM 
technologies. High solidification rate of the metal on 
the substrate and in deposited layer results in much 
better metal structure of 3D printed metal materials.      

Fig. 12a and Fig. 12b show a macro- and 
microstructure of the sample made of titanium alloy 
Ti-6Al-4V by xBeam 3D Metal Printing. A casting 
type structure with equiaxed type grains growing 
through the one-two nearest layers boundaries was 
obtained, which demonstrate absence of any interlayer 
character differences, segregations and defects. 
Deposited material has typical intragrain two-phase 
(α+β) microstructure. 

 

 
 

 

a b 

Fig. 12. Metal structure of the specimen made of Ti-6Al-4V: 
a – macro, b –micro. 

Highly dynamic deposition process provided by 
xBeam 3D Metal Printing significantly reduces the 
specific amount of material that remains in the liquid 
phase per unit time. In addition liquid metal is not too 
much overheated above melting point thanks to mild 
heating and smooth power distribution around 
deposition area. These character features significantly 
reduce the loss of volatile alloying elements by 
evaporation in vacuum. Losses of alloying elements 
during deposition is quite painful problem of another 
metal AM technologies first of all of that which are 
running in vacuum, sometimes even special 
composition of initial material is required in order to 
compensate future losses and to produce final 3D 
printed material within standard specification. 

Chemical analysis of samples from titanium alloy Ti-
6Al-4V received in numerous experiments with 
xBeam 3D Metal printing have demonstrated only a 
little decrease of the aluminum content from initial 
5.99% in the wire to final 5.72 – 5.93% (depending on 
the process parameters) in the deposited material, 
which ensures compliance with the requirements of 
standards for this grade. This feature allows the usage 
of standard industrial wire which is available in a free 
competitive market. 

Good and practically uniform metal structure 
together with good chemical composition of the 
material produced by xBeam 3D Metal Printing result 
in good level of mechanical properties. The set of 
special samples of titanium alloy Ti-6Al-4V and CP 
Titanium Grade 4 was produced on the pilot 
installation for basic mechanical testing (tensile 
strength, yield strength, elongation, reduction of area 
as well). The set included samples with different 
thickness and produced under different deposition 
strategies and parameters. Specimens were cut from 
each sample both in the direction of deposition of the 
layers (horizontal direction X) and across the layers 
(in the vertical direction X). Testing results presented 
in the Table 1 (for Ti-6Al-4V) and Table 2 (for CP TI 
Grade 4) demonstrates correspondence of all 
specimens with requirements of the main standards. 

xBeam 3D Metal Printing equipment 

 The pilot installation xBeam-01 was designed and 
built for exploration study of capabilities of xBeam 
3D Metal Printing technology and for testing of the 
developed engineering, monitoring and control 
solutions (see Fig. 13). Three dimensional objects up 
to 300×300×300 mm can be produced on this 
equipment. Recharging of feedstock from outside 
operating chamber save a lot of time during 
experiments. Deposition process can be carried out 
within a vacuum range 10-2 ... 10-1 mbar thanks to 
ability of a gas-discharge electron beam gun to 
operate in a low vacuum. That’s why the installation 
is equipped only by one mechanical fore-pump. 
Operating of special gas-discharge electron beam gun 
under low accelerating voltage about 10 – 18 kV 
provides safety working conditions for staff from X-
ray radiation from operating chamber. 

During experimental operation of the pilot 
installation xBeam-01 deposition rate up to 700 cm3 
per hour was achieved only under nominal power of 
special gas-discharge EB gun about 6 kW. It 
corresponds to productivity of more than 3 kg per 
hour for titanium alloys. 
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Table 1 
Testing results  for Ti-6Al-4V 

Specification Tensile strength, MPA (ksi) 
0.2% Yield strength, 

MPa (ksi) 
Elongation, % 

 (X-Y) (Z) (X-Y) (Z) (X-Y) (Z) 

AMS 4999, min 
889 

(129) 

855 

(124) 

800 

(116) 

765 

(111) 
6 5 

AMS 4928 (Forging Annealed) 

 

896 

(130) 
 

827 

(120) 
 10  

AMS 4905 (Beta Annealed) 

 

841 

(122) 
 

745 

(108) 
   

xBeam 3D Metal Printing 

(thick walls) 

940-949 

(136-138) 

913-926 

(132-134) 

848-873 

(123-127) 

829-842 

(120-122) 
12-17 12-17 

xBeam 3D Metal Printing 

(thin walls) 

906-917 

(131-133) 

907-934 

(132-133) 

825-837 

(120-121) 

827-850 

(120-123) 
14-15 13-14 

 
Table 2 

Testing results  for CP TI Grade 4 

 
Composition 

(control elements) 
Tensile requirements 

 O Fe 
Tensile strength, 

MPa 
0.2% Yield 

strength , MPa 
Elongation, % 

CP Ti Grade C-2, ASTM 
B367 

< 0.4 < 0.2 > 345 > 275 > 15 

CP Ti Grade 4, 
xBeam 3D Metal Printing 

0.24 0.24 ~ 690 ~ 580 ~ 25.5 

 

 
Fig. 13. Pilot xBeam 3D Metal Printer xBeam-01. 

Next generation of xBeam 3D Metak Printers are 
developing now in three base configurations: 

- xBeamLab - laboratory scale system for R&D 
and small parts with useful build size 
300×300×400mm (Fig.  14a),  

- xBeamWorks - medium size industrial system 
with useful build size 750×600×400mm (Fig. 

14b), 
- xBeamGrand – customized systems for large 

parts with any size by customer’s request. 

 
Fig. 14a. xBeamLab Fig. 14b. xBeamWorks 

Economic efficiency 

Evaluation of direct and indirect operation costs of 
manufacturing of 3D parts by xBeam 3D Metal 
Printing technology was made during production of 
trial real industrial parts as well as calculation of yield 
and general material balance through complete 
production chain.  The obtained estimation showed 
the operating cost for titanium alloys at rate about $40 
per kg of finished product, including final machining 
of parts to its final form. This corresponds to less than 
$0.2 per 1 cm3 of deposited material. It is the lowest 
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value of operating cost among all currently existing 
metal AM processes. 

Conclusions 

Any industry has the same set of ideal 
requirements for any production technology - High 
quality, Easy operation, Low cost. Only technologies 
which provide this “3 in 1” set can reach really deep 
and wide industrial application.    

Different industries have different priorities. 
Aircraft requires high quality, sometimes for any cost. 
Producers of metal parts for wide range of civil 
application are thinking first of all about production 
cost because of competition with numerous alternative 
manufacturing solutions. All industries worry about 
simplicity in operation and maintenance because it 
influences both on quality (due to reduction of human 
factor) and on operating cost.   

xBeam 3D Metal Printing is able to provide this 
complete set of requirements for metal Additive 
Manufacturing, mainly thanks to: 

- Minimum material losses during final processing 
thanks to good deposition accuracy, low surface 
roughness and low residual distortions; 

- Defect-free metal structure providing good 
material properties comparative with 
conventional standard requirements for casting 
and wrought material; 

- The lowest in metal AM industry operating cost 
less than $0.2 per 1 cm3 of deposited material; 

- Possibility to use cheap standard industrial wire 
including larger diameters up to 3 mm as 
feedstock;  

- Easy and safe running of 3D printing process; 
- Reasonable cost of equipment. 
xBeam 3D Metal Printing will move metal additive 

manufacturing forward to real industrialization. 

REFERENCES 

[1] Wohlers Report 2018. 3D Printing and Additive 
Manufacturing State of the Industry 
Annual Worldwide Progress Report. ISBN ISBN 978-0-
9913332-4-0, 2018. 

[2]  A third industrial revolution. The Economist. 
April,21,2012.    
<http://www.economist.com/node/21552901> 

[3] Is 3D Printing The Next Industrial Revolution? 
TechCrunch. Feb 26,2016. 
<https://techcrunch.com/2016/02/26/is-3d-printing-the-
next-industrial-revolution/>. 

[4] 10 Breakthrough Technologies 2018. MIT 
Technology Review. March/April 2016. 
https://www.technologyreview.com/lists/technologies/2018
/  

[5]    Medical Additive Manufacturing/3D Printing 
Annual Report for 2018”. – SME (Society of 
Manufacturing Engineers). - www.sme.org/medical-
additive. 

[6] Norsk Titanium to Deliver the World’s First FAA-
Approved, 3D-Printed, Structural Titanium Components to 
Boeing. – BusinessWire - 
https://www.businesswire.com/news/home/2017041000533
0/en/Norsk-Titanium-Deliver-World%E2%80%99s-FAA-
Approved-3D-Printed-Structural 

[7] Marc Saunders. Boosting AM adoption - the next 
phase of market growth. - May 29, 2018. - 
https://www.linkedin.com/pulse/boosting-am-adoption-
next-phase-market-growth-marc-
saunders/?lipi=urn%3Ali%3Apage%3Ad_flagship3_feed%
3BWi308Uv1SqusaSo4Gsyydw%3D%3D 

[8] Decaillet, Cr. Additive Manufacturing – 
Challenges to Face. - TITANIUM 2017 Conference, 
October 8-11, Florida, USA, 2017. 

[9] Adams, R. The Benefit of HIP and Heat Treating 
on Titanium Additive Manufactured Components. - 
TITANIUM 2016 Conference, September 25-28, 2016, 
Phoenix, Arizona, USA, 2016. 

[10] Beyer, St. Industrialization of Additive 
Manufacturing for Space Parts – Hurdles and Challenges. – 
International Symposium of Additive Manufacturing, 
February 25-26, Dresden, Germany. 

[11] Taminger, K., R. Hafley. Electron Beam Freeform 
Fabrication: A Rapid Metal Deposition Process. – 
Proceedings of the 3rd Annual Automotive Composites 
Conference, September, 9 - 10, 2003. 

[12] Henn, D. S., Patent US 7073561. 

[13] Kovalchuk, Dm., V. Melnyk, I. Melnyk, B. Tugai. 
Prospects of Application of Gas-Discharge Electron Beam 
Guns in Additive Manufacturing. Electrotechnic and 
Electronic (E+E). № 5-6, 2016. pp.36-42. 

[14] Patent of Ukraine No.112682 „Method and 
Apparatus for manufacturing of three dimensional objects”. 

[15] Makhnenko, O. V., A. S. Milenin, E. A. 
Velikoivanenko, N. I. Pivtorak, D. V. Kovalchuk. 
Modelling of temperature fields and stress-strain state of 
small 3D sample in its layer-by-layer forming. The Paton 
Welding Journal. Issue #3, 2017 (March), pp.7-14. 

[16] Colegrove, P., St. Williams.  High deposition rate 
high quality metal additive manufacture using wire + arc 
technology. Presentation by Cranfield University, UK. 

[17] Arconic Offers Hybrid Ampliforge Process for 
High-Performance Aerospace Components. – Additive 
Manufacturing Magazine. May 4, 2018. - 
https://www.additivemanufacturing.media/products/arconic
-offers-hybrid-ampliforge-process-for-high-performance-
aerospace-components. 

 

Dmytro V. Kovalchuk is owner and director of JSC 
NVO Chervona Hvilya since Company foundation in 1997. 



 

 
 “Е+Е”, vol. 53, 3-4, 2018 68

He has 26 years experience in development of electron 
beam technologies and their implementation to industrial 
application.  

For many years JSC NVO Chervona Hvilya under his 
general management has being developed advanced 
electron beam equipment which was supplied to leading 
companies in Ukraine, USA, Russia, Europe, China as well.  

Dmytro Kovalchuk has graduated from Moscow 
Institute of Physics and Technology in 1991 with Master of 
Science degree in Physical Metallurgy and Material 
Science.  

JSC NVO Chervona Hvilya,  
15,Bozhenko str., Kyiv, 03680, Ukraine.  
Tel/fax: +380-44-2008946 

e-mail: dv_kovalchuk@yahoo.com 

Vitalii G. Melnyk - PhD, Chief Engineer of JSC NVO 
Chervona Hvilya. He is one of the founders of scientific and 
engineering school of development of gas-discharge 
electron beam guns. A large number of gas-discharge 
electron beam guns with a wide range of power and 
industrial application were developed under his leadership.   

Vitalii Melnyk has graduated from the Kyiv Polytechnic 
Institute in 1963 as an electronic engineer.  

Vitalii Melnyk is the author of over 100 scientific papers 
and 36 patents. 

e-mail: imelnik@edd.ntu-kpi.kiev.ua 

Ihor V. Melnyk, PhD, Scientific Consultant of JSC 
NVO Chervona Hvilya.  

His research interests include computer techniques, 
mathematical simulation of electron beam and plasma 
devices, network technologies including parallel 
computing.  

Ihor Melnyk has graduated from the Kyiv Polytechnic 
Institute in 1989 as an engineer of electron devices. 

e-mail: imelnik@edd.ntu-kpi.kiev.ua 

Borys A. Tugai, PhD, Chief Technologist of JSC NVO 
Chervona Hvilya.  

He is involved more than 35 years in research and 
development of gas-discharge electron beam guns. He has 
great experience in industrial implementation of gas-
discharge electron beam guns in different technologies 
including melting and refining of different materials, EB-
PVD, electron beam welding and others.   

Borys Tugai has graduated from the Kyiv Polytechnic 
Institute in 1978 as an engineer of electron devices. 

e-mail: tugai.ba@gmail.com 

 


