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Abstract: The electron beam melting is a process applied in case of some electron beam machining meth-
ods. Essentially, the electron beam machining is based on the effects generated in the workpiece surface
layers as a consequence of the penetration in this layer of electrons included in a high energy electron
beam. For this reason, it is important to better know the characteristics of the melting processes devel-
oped in the workpiece material under the action of high energy electron beam. The method of systemic
analysis was applied in order to highlight the factors able to exert influence on the output parameters
specific to the electron beam melting process. A complete factorial experiment was thought and devel-
oped; by mathematical processing of experimental results, empirical models being determined. The anal-
ysis of empirical mathematical models and some graphical representations elaborated on the base of the-
se empirical models allowed formulating some remarks concerning the variation of the weld depth and
width at the variation of electron beam current intensity and speed of relative motion between electron
beam and test piece.

Key words: electron beam melting, systemic analysis, beam current intensity, relative motion speed, em-
pirical models.

1. INTRODUCTION ods of the workpiece material is so low, that redfie
classical machining methods cannot be applied rdero
to obtain certain surfaces of the part. Anotheeoaken
nonconventional machining methods are applied eorre

Generally, the name afonconventional or nontradi-
tional is attributed to a machining method or technique

When it presents ch.ar.acteristics distinct in. corspar sponds to the situation when the part to be obdaiees

with the know_n machlnmg methods-or technigues. . complex surfaces, difficult or even impossible ® db-
Hoyvgver, in the field of machining methods, thege i tained by classical machining methods.

th? opinion to use the concept mrlinconventlor)a! ma- In such situations, a research concerning the Ipitissi

chmmg methods in the case when these machining mem'ties to apply some of nonconventional machininghmet

ods involves a supplementary transfer of energjheo ods could be developed. If the phenomena foundheat t

machining zone [4, 9], so that either a classicatim- base of nonconventional machining methods is censid

ing method develops in better conditions or a maE0l o104 one can notice that these phenomena couldebe
method based on other phenomena than the plastic d%han’ical physical (heating) and chemical

formation (which is con_sidered a_s_phenomenon foaind If the existence of a proper tool is taken intosidn
the base of so-calledassical machining methods, where eration, one can notice that there are nonconwvetio

techniques such as cutting — turning, milling, larg, machining methods which use a materialized tool and

grinding etc. are included — or sheet machiningmfr nonconventional machining methods where there isano

which machining methods such as punching, drawingsond body having the roll of the tool. In the lagbup
etc. are taken into consideration to be included)ap- the so calledectron beam machining is included. '

plied; such other phenomena are electrical dis&sarg This machining method — electron beam machining —

chemical reactions, heating by means of plasma bean?s based on the physical and chemical effects géediat
laser beam, electron beam etc. : .
the contact with the surface of the workpiece byeam

_ Usually, these nonconventional machining technolo- ¢ g|ectrons accelerated and directed to certamegf
gies are applied when the workpiece material ishaal the workpiece

to be machined in_conpl_itions accep_table for t_he_dmer The most applied electron beam machining methods
or even the machinability by classical machiningthme are based on heating of the workpiece materialaup t

" Corresponding author: Margareta CaoedGheorghe Asachi” f[emperatures when this material is melted O.r e PO
Technical University of Ik, Bivd. D. Mangeron, 39A, 700050 iz€d, but there are also electron beam machinirthode

lasi, Romania when chemical reactions are developed under thenact
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Coteas) methods develop usually in a vacuum medium, up to
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Fig. 1. Devéloping of welding process.

now there are not known machining methods in whichmelting [7]. They showed that in this way some ad-

the workpiece material could react with the envinemt
found in contact with the workpiece material, scame
chemical reactions develop in the case of othecon
ventional machining methods (electrical dischargya
ing, laser beam alloying, plasma beam alloying) etc.

vantages concerning cooling time and dimensionali-ac
racy could be ensured just by applying the elecheam
melting.

Zah and Lutzmann noticed that within the additive
manufacturing technology, the use of laser bearmsee

If the mass changes during the electron beam machinto be limited, due to the inertial beam deflectevice

ing are considered, one can notice that theresidateac-
tive machining methods, where there is a material remov-
al from workpieceadditive machining methods, in which
the workpiece mass increases as a consequencelgf ap
ing an electron beam machining method and, on tier o
hand, there arelectron beam machining methods when
the mass of the workpiece does not significantly change
(for example, this is the case of electronoresipbsure,
within e more complex chemical machining methods).

and a solution to improve this situation could be tise
of electron beam. They developed a thermal model on
the base of finite element method and develope@réexp
mental researches finalized by elaboration of dieda
process window, by taking into consideration thftuin
ence exerted on the melting process by the scaedspe
and beam power [10].

Rafi et al. developed a comparison of the seledtive
ser melting and electron beam melting, by considgeri

Among the additive electron beam machining meth-the microstructure and some mechanical propertfes o

od, one can meet the electron beam welding; thisuma
facturing method involves the melting of the matksrito
be welded by means of the heat generated in theaacton
zone of workpieces by means of a high energy @actr
beam.
The first knowledge concerning the possibility &eu

the electron beam in order to develop a manufagjuri
process was suggested in the first half of the tyvean-

Ti6Al4V parts produced by the two melting processes
and explained the noticed differences by the distin
cooling rates [6].

Ammer et al. used a three dimensional thermakthatti
Boltzmann method in order to simulate the melting-p
cess generated under the action of electron betey T
offered adequate explanations based on takingcois
sideration the absorption rate and the energy miish

tury, by the German researchers Manfred von Ardenngl]. The validation of the established model waslenby
and Rudolf Kuhle; they proposed to use the electrorthe comparison of analytical and numerical solidiof
beam applied in electron beam microscopy in order t the heat equation.

develop some subtractive machining methods, bygusin

the vaporizing of the workpiece material, under dwe
tion of an intense electron beam.

Scharowsky et al. used a high speed camera ard an i
lumination laser in order to better observe thetimgl
process and obtained information characterizedidpyehn

The electron beam seems to be applied first time irresolution about the spatial and temporal evolutibthe

order to develop a welding process by J. A. Stolg
defended a doctoral thesis and published resuftsero-
ing electron beam welding in the in the fiftiestbé last
century.

process [

In Romania, ample researches concerning the use of
electron beam in order to materialize machiningcpss-
es were developed within doctoral activities by @en

The electron beam melting was used by Ré&nnar et aPircea (doctoral thesis defended in 1982), EugatarT

in order to obtain free-form cooling channels bg th-
rect-metal rapid tooling method using the electo@am

(1982), Anghel Troat (1990), Ovidiu Htaru (1995),
Dumitru Neagu (1999) [5], Adriana Munteanu [3].
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2. THEORETICAL CONSIDERATIONS
CONCERNING ELECTRON BEAM MELTING

As above mentioned, the electron beam welding uses
the heat developed in the contact zone between two
workpieces to melt their material and to achievasth

welding seams, for example. It could be interestiram
this point of view, to have deeper knowledge conicey
the phenomena which develop in the zone affectetthdoy
action of the high energy electron beam.

The electron speed could be estimated [4, 8] if the
voltageU applied to electrodes and the electric charge
of the electrond = 1.60210™ As) are known:

v= —. (2)

The thickness of the layer initially penetrated thg
electron beam layer could be estimated [4, 8] bymse

Essentially, the electron beam is achieved by mean8f the relation:

of an electronic tube, as a consequence of the Volh

age applied between the thermocathode and a pexdiora

anode; focusing deflection coils direct the elettb@am

2
5= 22&0‘12U—,
p

®)

to the contact zone between workpieces. The process
develops in a vacuum work chamber, in order to cavoi wherep is the material density, in g/ém

the energy waste by collision of electrons with gase-
cules and the possible contamination of molten ieta
material by these gas molecules. Due to low dinoessi
of electrons, they could penetrate the workpieaéasa
layer, passing between the metallic ions placedhin
crystalline net nodes. Subsequently, the electha@jsc-
tory and speeds could be affected by the collisioits
or by influence exerted by metallic ions, to whorpaat
of electrons kinetic energy is transferred.

It is known that as particles found in motion, tlec-
trons have the kinetic enerd defined by the relation:

2
W =% (1)

wherem is the electron massn{= 9.106610%° g) and
Ve is the electron speed.

Taking into consideration a voltagd = 5 0006
60 000 V and the density =7.8 g/cni valid in case of
iron, one can notice that= 7.110° — 0.001015 cm.

In zones placed at depth higher thgrthe electrons
transfer their energy to the ions whose vibratiomph:
tude increases and this means that the local teyver
increases fast, due to the thermal source thusaapge

A part of the electrons are probably reflected Iy t
workpieces surfaces and only the electrons whiatepe
trated in the workpiece surface layer will transfieeir
kinetic energy to the workpieces materials, gemnegyaa
heating phenomenon. Not all the thermal energysedu
for materials melting; a part of thermal energydissi-
pated in the workpiece material by conduction. Bna
one can consider that only a pl«f the electrons kinetic
energy is used for materializing the melting pheaem
non:
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Fig. 2. Graphical representation corresponding to theesyistanalysis of electron beam melting process.
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m.v..2 The steel HS 18-4-1 includes 0.72 % carbon, 17.257

W :k%- (4) % tungsten, 3.87 % chromium, 0.92 % vanadium, 0.169

% molybdenum, 0.127 % copper. The test pieces were
The volume of the material melted under the actibn cut by means of a water jet cutting equipment edst
electron beam is dependent on many factors; amieste also in the National Research and Developmenttirnsti
analysis could be developed in order to highlight t for Welding and Material Testing of Tigtara. The sur-

main factors able to affect the melting procesg.(B). faces placed perpendicularly on the weld were subse
One can appreciate that two groupsimgut factors  quently polished and a metallographic reactive gljit
could affect the melting process: was applied for highlighting the structure of thesefac-

a) Electron beam characteristics, electrons speed, es. A Carl Zeiss Jena digital microscope was used t
electron beam diameter and imposed variation afeotir  study the surfaces at magnifications changeablen fro
intensity in electron beam could be included here; 100% to 600x.

b) Workpieces materials properties (capacity of the As independent variable during the machining pro-

workpiece surface to reflect the electron beamen®@t o5 one used the beam current intengi(@0—-50 mA)
densities, materials thermal conductivities etc.); and the machining speed0.2-0.8 m/min)

Z)Sporﬁ{ eggr::srongwg :(())o\lﬁzl':grg(.)nsi deration the The experimental results were inscribed in Table 1.
Ut p S A specialized software [2] based on the use of the

maximum temperature reached by materials and this

; method of least squares was applied in order tdhenat
temperature must exceed the melting temperaturéseof icall th : tal its. Th :
workpieces materials eventually found in contactl an matically process the experimental results.

volumes of materials which are melted, respectivaly ~ llows evaluating the adequacy of the determinegiem

the same time, the temperature has to not exceedath €@l models by means of the so-called Gauss'srwiie
porizing temperature, in order to avoid generatain this criterion takes into consideration the sunsgfiares

microexplosions, by sudden increase of the worlgsiec corresponding to differences between the valuessmea
materials volumes; such an increase could sigmifiga ured and the values allocated on the basis of jsexpo

affect the welds quality. function, for the same experimental points.

Some ofthe disturbing parameters could be the non By using the above mentioned software, the follgwin
controlled variation of the current intensity beand of empirical mathematical relations were determined:
the workpiece materials properties, if one accepp®s- h=19747.0879, +00134 b2 — 50v +000023% ,(5)

sible inhomogeneity of these materials.

for which the Gauss’'s criterion has the value
3. EXPERIMENTAL RESEARCH

S=0.5318182, and

Some experimental researches were designed and de-
veloped in order to highlight the influence exerbdthe b= -3698+ 03891, —0.003991, 2 - 625V + 125[V2 , (6)
input factors on the dimensions of zone affecteadniajt- b b
ing process. One considered the déptand the widtiB in this case the Gauss’s criterion having the value
e Squiament for electron b iding (ELA 60/60 S=,2-184009-18.
h equipment for electron beam welding ( Since within the manufacturing processes frequently

—AFE) existing in the National Research and Develop power type functions are preferred, by means oftmee

ment Institute for Welding and Material Testing of goyare the following mathematical relations wetso
Timisoara was used in order to estimate effect exenyed b ggtapiished:

the electron beam on the test piece made of highdsp
steel HS18-4-1. The equipment is able to ensurevé-m _ 1.721-.-0.579
mum acceleration voltagd = 60 kV; the welding cur- h'0'004425]b v '
rent can be changed in the interval 5-1000 mA. Jde
uum pressure is of 1010° Pa.

(@)

the Gauss'’s criterion having the valig=1.503082 and

Table 1
Experimental results
Beam current intensity |,, mA | Machining speed v, m/min Depth of weld, h, mm Width of weld, b, mm
30 0.2 4.10 3.2
30 0.4 3.7 2.1
30 0.6 2.8 1.1
30 0.8 1.4 0.2
40 0.2 5.5 4.3
40 0.4 5.1 3.2
40 0.6 1.2 2.2
40 0.8 2.8 1.3
50 0.2 8.1 4.6
50 0.4 7.7 35
50 0.6 6.8 2.5
50 0.8 5.4 1.6
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¥, MmN

Fig. 3. Influence exerted by the beam current intengignd machining speedon the depth of welld .

b=00007771, 1894y~ 1102 8)

for which the Gauss'’s criterion &= 1.059839.

could be highlighted at the increase of machinipeesiv
and the explanation shown in the case of the vanaif
the weld deptln could be considered as valid also in this
case.

Even the power type function is not the most adegua 4 coONCLUSIONS

model, it facilitates the obtaining a general imags-
cerning the influence exerted by the independerniiva
bles on the output parameters by analyzing theegahi

One of the nonconventional machining methods
based on the effects generated at the contact with

the exponents attached to the independent variables Workpiece material of a high energy electron beaithé

the empirical models.
On the bases of the relations (7) and (8), thehicap
representations from figures 3 and 4 were elabdrate

electron beam machining. Among the larger group of
electron beam machining methods, there are sonhe tec
nigues which take into consideration the melting-ph

The analysis of the mathematical empirical relation nomena; for example, such a phenomenon has an im-

(7) and (8) and of the graphical representatiotmal
formulating some remarks.

portant role in the welding processes. The studyhef
specialty literature highlighted the existence o&nm

Thus, in accordance with the diagram from figure 3,research preoccupations directed to the better lauge
the depth of weldh has a minimum for a low value of the of aspects specific to the melting processes dpeeldn
beam current intensity, and afterwards it is affected by Workpieces surface layers under the action of leigér-

an increase, as expected. At the same time, thé Hey

weld decreases when the machining speettreases in
the interval 0.2 — 0.8 m/min; the fact could be lakmd

by the short duration of action exerted by the tetec
beam on the test piece, in case of higher valumauthin-

ing speed.

gy electron beam. In order to highlight the influerex-
erted by some input factors on the output parameiér
electron beam melting process, a systemic analyas
thought and elaborated. Some theoretical considesat
facilitated a better highlighting of the temperatun-
crease as a consequence of electrons penetratithre in

The graphical representation from figure 4 highiigh workpiece material. An experimenta}l research b_med
a maximum of the weld width when the beam current design of complete factorial experiment by usinge¢h
intensityl, increases, but the increase of the weld wirth input factors at two levels was thought and maliegé.

is more pronounced at the increase of beam cument

In this way, some empirical mathematical modelsewer

tensityl,. As expected, the decrease of the weld dbpth established by mathematical processing of expetahen

5 R i e—
: =S
c 3 ~ |~
E_ ) —
L2
1 —
0 06
- 2 v, mimin

Iy A

Fig. 4. Influence exerted by the beam current intengignd machining speadon the width of weld.
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Fig. 5. Aspects of surfaces obtained by electron beam mgelti

results. One preferred the power type functionsrapir-
ical models due to the fact that the sizes of egptm
attached to each independent variable offer a rdiveet
image concerning the influence exerted by the ifigct
tors on the depth and width of melted zone. Theiemp
cal mathematical models and the graphical reprasent
tions achieved on the base of empirical modelsaaitb
formulating some observations concerning the eimiut
of the output parameters at the variation of thextebn
beam current intensity and motion speed.
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