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Abstract

The paper presents a brief study of electro-discharge mechanical machining with an elastic, discrete electrode. The factors
causing the chemical composition and surface roughness of superficial layer have also been taken into consideration.
Attention has also been given to the relation between the material of electrode and the superficial layer composition.

The superficial layer obtained by BEDMM consist of several layers. At the top, a molten and resolidified layer, called
recast layer, is observed. This layer is usually present because material removal in BEDMM is mainly based on melting
process of the workpiece material. In the recast layer in machining condition the mixing and diffusion of the material hot

electrode and the workpart can occur.
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1. Introduction

due to the present trend in constructing machines,
alloys of special properties are often used. These
materials are characterised by mechanical durability
and high resistance to abrasion and corrosion. Cutting
such materials may prove difficult because most of
them are hard to cut. The process is made even more
difficult by the fact that parts made of these alloys are of
complex shapes. In these circumstances it is advisable
to use BEDMM as the surface finishing process.

BEDMM involves gradual removal of the extra
material from the surface of the part being machined
by electro-erosive, electro-chemical and mechanical
processes [10]. Apart from the removal of the material,
mass exchange processes between the hot electrode
and the machined part take place, being the result
of the mixing of the partially melted electrodes and
diffusion processes. As a result of those processes the
chemical composition and geometrical structure of the
superficial layer of the part is formed. Consequently,
the resulting layer exhibits new properties [2, 5, 7].

2. Experimental investigations

The investigations aim to explain the phenomena
occurring in the process of electrodischarge
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mechanical machining with the brush electrode as
well as to determine the influence of the machining
conditions on the surface layer conditions.

The following factors (Fig. 1) influencing the
machining results have been examined:

— kinematics parameters (v, — rotational speed of

the brush electrode, v, — feed-rate),

— electric parameters (U — voltage, E — impulse

energy, t — impulse time duration),

— material of brush electrodes (tungsten, molybdenum,

chromium-nickel steel) and diameter of wires,

— value of the deflection (A) of the hot electrode

components.

The layer is shaped by the energetic effect of
the discharge on the electrodes and the following
phenomena are caused by such a discharge:

— superficial melting of the anode and cathode,

— expulsion of the material into the inter-electrode

area and its consequent solidification,

— transfer of the melted material from the hot

electrode onto the part surface,

— mixing and diffusion of the particles of the

transferred material into the workpiece material,

— temperature increase of the surrounding layers,

— very fast cooling of the superficial layer due to
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Fig. 1. BEDMM process as a subject investigation

the heat transfer through the part core.
The above factors have influenced the following

output parameters:
— productivity

— surface texture
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— microhardness distribution in the superficial layer.
In the BEDMM process [2] a rotating metal brush is

used as atool and the process is performed in the presence
of a machining fluid, which is water-glass in water

solution with composition ratio lower than that used in
erosion-mechanical cutting (< 10%). The position of the

brush should be properly chosen, as shown in Figure
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2a to ensure deflection (A) of the tool components big
enough to allow mechanical rupture of the anodic layer

Fig. 2. Electrical discharge occurs in BEDMM process
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on the surface of the workpiece and an initiation of
an electrical discharge. After the initiation is achieved
and the plasma channel is built a rapid local increase
in temperature occurs on the peak of roughness which
causes melting, evaporation and metal removal. Figure
2b shows the principle of this process. Electrochemical,
electro discharge and mechanical phenomena and their
interaction can be found in BEDMM.

In electrical discharge machining spark discharges
are the main factor influencing the formation of
the superficial layer [10, 11]. As a result of single
discharges local melting and material evaporation
occur, resulting in roughening of the surface in the
form of craters. They are determined, but as the
craters overlap and are randomly distributed their
structure must be random in nature.

a)

b)

Fig. 3. SEM photograph of the BEDMM machined
surface with a visible trace of the discharges, single wire
d = 0.185 mm (the diameter of the wire), v, = 0.7 m/s,
a) U = 8 V, magnification 300x,

b) U =4V, magnification 300x.

With typical parameters of machining the mechanical
contact of the brush with the melted metal can cause
the liquid metal to spread over the machined surface,
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as a result of which the peaks of roughness are
flattened. An increase in pressure, with low voltage
applied, can cause the depassivated layer to be torn off.
Eventually, it leads to a direct contact of the electrodes
and the fading of the discharges. That, in turn, changes
the nature of the process to electromechanical. In
these circumstances the main process that forms the
geometrical structure of the surface layer is furrowing
the surface with each part of the brush.

Detailed examinations of the superficial layer carried
out by means of X-ray diffraction microanalysis
have shown that apart from the removal of the
material from the machined surface, particles of
the hot electrode are transferred to the machined
part. As a result of these processes a 5—10 um thick
modified layer is created. When molybdenum,
tungsten or chromium nickel steel electrodes are
used, the concentration level of these elements in the
superficial layer increase up to 10%.

Some wires affect the surface by electrical discharges
and by the above-described process of mass transfer
from the cathode to the anode and thermochemical
modification of the superficial layer. Other wires
affect the surface in an electromechanical way [1]. The
mechanical contact of the wires with the machined
surface is accompanied by an electric current without
any discharges. This electromechanical influence
results in smoothing the roughness peaks created by
the electric discharges and in the temperature increase
of the machined surface.

The electrical erosion phenomena, which occur
during machining with the brush electrode, are
accompanied by a mechanical contact of the elastic
brush wires, which are pressed against the machined
surface and move at high speed. It results in removing
the machined part particles, which do not adhere
closely to the surface and cause surface smoothing.

The surface texture is random and consists of micro-
craters covered by micro-irregularities resulting from
the dynamic effects of the melted metals particles
transfer, thermocapillary waves, etc. with the distinct
summit levelling due to the mechanical effect of the
brush elements.

The final effect of the process is shown in Figure 4a.
It is a surface machined with voltage applied U=12 V.
The results of the research have been supplemented by
the profilogram of a surface machined in the BEDMM
process. Its analysis shows that removal of material
occurs mainly at the peaks of the roughness.

On closer inspection [5] the profile (Fig. 4b) of the
surface appears to be asymmetrical. Two structures
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Fig. 4. SEM photograph of a surface: a) and profilogram of a layer, b) after being BEDMM machined, the voltage applied
U =12V, d = 0.3 mm (the diameter of a single wire), v, = 3.6 m/s (tangential velocity), v, = 12 mm/min (feed rate)

can be distinguished, the primary one, being the result
of spark discharges and seen as craters in the shape of
spherical caps, and the secondary one, being the result
of mechanical and electrochemical processes, mainly
seen at the peaks of roughness. The peaks being flat,
the roughness of the layer has an advantageous profile.
The range of roughness produced by the process
(Fig. 5) is R, = 0.5-5 um, the lower values being
comparable to the values produced by grinding.

Fig. 5. The effect of the voltage and tangential velocity
of the hot electrode on R, with chromium cast-iron being
the machined alloy, d = 0.3 mm (the diameter of a single
wire), deflection A = 0.4 m/s, v, = 12 mm/min (feed rate)

Residual stresses in the superficial layer usually
occur as a result of the melting and solidifying of the
superficial layer. Examinations carried out using the
Philips-Weisman method have demonstrated that the
stresses are positive. They occur at a depth of no more
than 100 um. After BEDMM roughening machining
(U = 16 V) maximum tensile stress achieved is
1500 MPa. Applying mechanical machining with
a rotating brush to a part that has been BEDMM-

machined creates compressive (negative) stresses in
the superficial layer about 500 MPa. Some result of
the investigation shows Figure 6.

Fig. 6. Residual stresses BEDMM machined workpieces
U =5.6, 8, 16 V, parameters of machining
A=1mm,v,=3.6 m/s, v, = 12 mm/min, material of
workpiece carbon steel (0.45%C)

Fig. 7. SEM photographs of the metallographic
microstructures of the surface layers after the machining
process (U = 8 Vb) using the made of chromium nickel steel
(1H18NO9) electrode; material of workpiece carbon steel
(0.45%C), magnification 3500x
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The metallographicstructure Figure 7 shows features
typical of a surface machined by BEDMM. Superficial
layer has a gradient structure with an increase of
chromium and nickel content. At the top, a molten
and resolidifier layer, called recast layer, is observed.
This layer is usually present because material removal
in BEDMM is mainly based on melting process of the
workpiece material. In the recast layer in BEDMM
condition mixing and diffusion of material working
electrode and workpart can occur due to temporary,
directly contact electrodes. Below the recast layer a
heat affected zone is present. This zone comprises the
workpart material which has undergone an influence
by heat and has not been molten. In the case of steel,
usually hardened [3].

Fig 8. Microhardness distribution in a crossection of
the surface layer after the BEDMM process (U =16 V),
hardened steel (NC 10)

Microhardness distribution in a cross —section of the
surface layer after the BEDMM process (U= 16 V) is
shown in Figure 8, material of workpiece — hardened
steel (NC 10).

X-ray diffraction pattern obtained from the surface
layer after the BEDMM process using a chromium
nickel steel electrode shows Figure 9. The chemical
composition of the superficial layer after the BEDMM
process (U = 8 V, DC current generator) using a
chromium nickel steel (1H18N9) obtained by an X-—
ray diffraction analysis:

a) workpiece — native material (steel 0.45% C)

Cr 0.09%, Ni 0.08%
b) superficial layer machined by 1H18N9 — steel
electrode Cr 9.91%, Ni 5.25%

¢) chemical composition hot electrode (1IHI8N9 —
steel) electrode Cr 18.0%, Ni 9.0%
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Fig. 9. X-ray diffraction pattern obtained from the surface
layer after the BEDMM process using a chromium nickel
steel (1H18ND9) electrode (U = 8 V)

Fig. 10. X-ray line scan of the superficial layer after the
BEDMM process (U = 8 V) using a chromium nickel steel
(1H18ND9) electrode — a (magnification 3500x); chemical
elements distribution in the sub-surface layer — b



INVESTIGATION OF THE SURFACE QUALITY ALLOYING WITH THE ELECTRODES OF CHROMIUM-NICKEL STEEL

environment

Figure 10a shows microstructure and line scan of
X-ray diffraction microanalysis of the surface layer
after the BEDMM process using a chromium nickel
steel electrode. Figure 10b shows chemical elements
distribution in the superficial layer with an increase of
chromium and nickel content.

3. Conclusions

The investigations into electro-discharge machining

with rotating brush electrodes have shown that:

— the surface layer subjected to the BEDMM
process contains chemical components of the hot
electrode (cathode);

— analysis of the molten and resolidified layer
shows an increase of chromium (up to 10 %) and
nickel (up to 5%) content;

— thickness recast layer achieved about 5 — 10
micrometers;

— the metallographic structure of the superficial
layer reveals properties that are typical of
electroerosion discharge machining;

— the physical properties of the hot electrode
and level of voltage significantly influence the
machining process and its results;

— if the process is well controlled higher hardness,
higher wear resistance of the superficial layer can
be achieved.
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Badania stanu warstwy wierzchniej stopowanej
elektrodami ze stali chromowo-niklowych

1. Wstep

W budowie maszyn coraz czgsciej stosuje si¢ 10z-
nego rodzaju stopy o specjalnych wilasciwosciach.
Materiaty te charakteryzuja si¢ wyzsza wytrzyma-
toscia mechaniczng, odpornoscia na Scieranie oraz
odpornoscia korozyjna. Metody obrobki konwencjo-
nalnej takich materiatdw moze okazac si¢ trudne, lub
nieoplacalne ekonomicznie. W tych okolicznos$ciach,
zaleca si¢ stosowanie obrobek niekonwencjonalnych,
takich jak obrébka elektroerozyjna, obrébki hybrydo-
we w tym BEDMM.

BEDMM polega na stopniowym usuwaniu naddatku
materiatu z powierzchni czesci obrabianej w wyniku
oddziatywan elektroerozyjnych, elektrochemicznych
1 mechanicznych. Oprocz usuwania materiatu, proce-
sowi towarzyszy wymiana masy pomiedzy elektroda
a czegScig obrabianej powierzchni. W wyniku tych pro-
cesOw zmienia si¢ sktad warstwy wierzchnie;j.

2. Badania doswiadczalne

Badania majg na celu wyjasnienie zjawisk zacho-
dzacych w trakcie obrobki elektroerozyjno-mecha-
nicznej elektroda szczotkowa, jak rowniez okreslenie
wptywu warunkow obrobki na stan warstwy wierzch-
niej obrabianego przedmiotu.

W procesie BEDMM [2], jako narzedzie stosowana
jest obracajaca si¢ metalowa szczotka, jako dielek-
tryk zastosowano roztwor szkta wodnego. W procesie
obrobki elektroerozyjno-mechanicznej wytadowania
elektryczne sg glownym czynnikiem wptywajacym
na modyfikowanie warstwy wierzchniej [10, 11].
W wyniku pojedynczych wytadowan nastepuje lo-
kalne topnienie i odparowywanie materiatu, skut-
kiem tych oddziatywan sa kratery na powierzchni
obrabianej, co zostato przedstawione na rysunku 3.
W przypadku oddziatywan mechanicznych szczot-
ki nastepuje redystrybucja cieklego metalu na po-
wierzchni materiatu obrabianego, w wyniku tych
oddziatywan wierzchotki chropowatosci sg wygta-
dzane. Wzrost nacisku elementéw elektrody robo-
czej, przy niskiej wartosci napigcia zasilajacego
moze spowodowac zerwanie warstwy pasywnej
1 bezposredni metaliczny kontakt elektrod.
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Szczegdlowe badania warstwy wierzchniej wyko-
nanego za wykorzystaniem techniki dyfrakcji rent-
genowskiej wykazaty, ze oprocz usuwania materiatu
z obrabianej powierzchni, czastki elektrody roboczej
sa przekazywane do powierzchni obrabianej. W wy-
niku tych procesow okoto powstaje warstwa wierzch-
nia zmodyfikowana na grubosci 5—10 pum.

Czes¢ drucikow elektrody szczotkowej oddziatu-
je na powierzchni¢ obrabiang poprzez wytadowania
elektryczne i przenoszenie masy, czgs¢ natomiast od-
dziatuje elektromechanicznie [1]. Mechanicznemu
kontaktowi drutu z obrabiang powierzchnia towarzy-
szy przewodzenie pradu bez wytadowania. Wptywa
to na wygladzania pikow chropowatosci powstatych
podczas wytadowan elektrycznych, ponadto nastepuje
wzrost temperatury obrabianej powierzchni.

W skutek nacisku elementow elektrody na po-
wierzchnie obrabiang oraz ruchu obrotowego elektro-
dy szczotkowej z duza predkoscia nastepuje usuwanie
czastek roztopionego materiatu z obrabianych czesci.
Opisywany sposob oddziatywan elektrody roboczej
powoduje dodatkowe wygladzanie powierzchni.

Efekty finalnego procesu mozemy zaobserwowac
na rysunku 4a, przy napigciu U = 12 V. Podczas bliz-
szego przyjrzenia sie profilowi [5] powierzchnia (rys.
4b), wydaje si¢ by¢ asymetryczny. Wyrdzni¢ mozna
tutaj dwie struktury, gldowna spowodowana wytado-
waniami, druga bedaca wynikiem oddziatywan me-
chanicznych oraz elektrochemicznych.

Struktura metalograficzna zostata przedstawiona
na rysunku 7 dla powierzchni po typowej obrébce
BEDMM.

Sktad chemiczny (rys. 9) warstwy wierzchnich po
obrébce BEDMM (U =8V, generator pradu DC), przy
uzyciu stali niklowo chromowej (1H18N9) otrzyma-
nego w wyniku mikroanalizy rentgenowskiej:

— przedmiot obrabiany —materiatu (stal C45, 0,45% C)

Cr 0,09%, 0,08% Ni
— WW obrabiana przez 1H18N9 — elektroda stalowa
Cr 9,91%, 5,25% Ni

— sklad chemiczny rozgrzanej elektrody (1H18N9
—stal) elektroda  Cr 18,0%, 9,0% Ni
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3. Wnioski

Badania obrobki elektroerozyjnej z zastosowaniem

obrotowych szczotek, pokazuja, ze:

— warstwa powierzchni poddana procesowi obrobki
BEDMM zawiera sktadniki chemiczne elektrody
(katoda);

— analiza roztopionej i zakrzeplej warstwy wyka-
zuje wzrost chromu do 10% i nikielu do 5%;

— grubo$¢ zmodyfikowanej warstwy moze o0sig-
gnac¢ okoto 5—-0 mikrometrow;

— struktura metalograficzna warstwy wierzchniej
posiada wtasciwosci, ktore sg typowe dla obrob-
ki elektroerozyjnej;

— wiasciwosci fizyczne elektrody roboczej 1 poziom
napiecia znaczaco wplywa na proces obrobki
i jego wyniki;

— wlasciwy dobor warunkéw procesu stopowania
umozliwia osiggnigcie wyzszej twardosci oraz
wigkszej odpornos¢ na $cieranie zmodyfikowa-
nej warstwy wierzchniej.
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