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BEHAVIOR OF SOME DISTINCT METALLIC MATERIALS DURING THE
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ABSTRACT: The electrochemical machining with forced hydrodynamic depassivation allows the material removal from workpiece
by electrochemical erosion. The products resulted as a consequence of the electrochemical reactions developed between the
workpiece material and electrolyte are removed from the machining zone by forced circulation of the electrolyte. A theoretical
analysis led to formulation of several hypothesis concerning the behaviour of some metallic materials when test samples presenting a
conical surface are affected by the electrochemical machining process with forced hydrodynamic depassivation. In the paper, the
results of some experimental researches developed on test samples from steel, bronze and aluminium are presented. By mathematical
processing of the experimental results, some empirical mathematical models were established. The empirical models highlight the
influence exerted by the gap size, by the size of angle corresponding to the conical surface and by the voltage applied to the two
electrodes on the size of the final gap and on the quantity of material removed from the test piece, for a certain duration of the
machining process.
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The performances of the electrochemical erosion are
1. INTRODUCTION not influenced by the hardness of the material
Electrochemical machining is a machining technique affected by the machining process; thus, the
which supposes a process of changing electrical machining method could be applied inclusively in
charges and mass among anode, cathode and  the case of hard and very hard metallic materials,
electrolyte. The workpiece is connected to one of the which could not be machined by the so-called
poles of a direct current supply. If one considers the classical machining methods (cutting, stamping,

phenomena which develop on the workpiece surface,  plastic deformation etc.). The unique condition is
two categories of technics could be mentioned;

- Machining techniques by electrochemical erosion,
where there is a material removal from workpiece;

al

- Machining techniques width material addition,
when electrochemical deposition of a material layer
IS achieved.

In the case of electrochemical erosion, both the
workpiece and the tool electrode are introduced in
electrolyte [1, 2, 8].
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The workpiece is connected to the positive pole of a : ‘
direct current supply which could offer a voltage of “’% 47 =

about 6-20 V and currents of high values (10 —
50000 A). The tool electrode is connected to the |
negative pole of the same direct current supply. The

evolution of the electrolyses process determines the a
dissolution of a quantity of workpiece material in the
electrolyte, as a consequence of the electrical field
existing between workpiece and tool electrode.

Figure 1. Test sample shape for electrochemical machining
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that the workpiece material is electroconductive. The
electrochemical machining is also very efficient
when parts with complex configurations must be
obtained or the deburring must be applied to
workpieces obtained previously by classical
machining methods.

In the case of electrochemical machining by using
the erosion, the parameters of technological interest
(output parameters) could be: diminishing of the
height of asperities resulted by applying previous
roughing machining methods; the material removal
rate (the volume of material removed by
electrochemical dissolution from the workpiece in a
pre-established time); the machining accuracy,
which depends on the working conditions; the
degree of electrolyte purity, needing a continuous
filtering, in order to remove the substances resulted
as a consequence of the machining process; the
eventual deterioration of the tool electrode, which is
not affected by a wear process, but an oxidation
process could affect the intensity of the machining
technique [3, 5, 6, 7].

As input factors able to influence the sizes of output
parameters, one can consider the type and the

Work tank

chemical composition of the workpiece material, the
chemical composition and some physical properties
of the tool electrode material, the geometrical shape
and the position of the tool electrode in relation to
the workpiece position, the work movement (in this
case, the relative movement of diminishing the
distance between the workpiece and tool electrode is
considered as main movement), the electrolyte
temperature (maintaining of this temperature at an
imposed value or within a certain temperature
interval could be necessary), the parameters of the
electric current circulating between the two
electrodes (voltage, current intensity, eventual pulse
work, inclusively by changing the polarity, in order
to remove the passivating layer, the circulation of
the electrolyte in the work gap, in the case of forced
hydrodynamic depassivation, in a single direction or
in many directions, eventually by changing
inclusively the flow direction; the size of the work
gap, which could be set by considering the material
removal rate or other technological parameters etc.

Taking into consideration the above mentioned
aspects, the present paper describes the influence of
some input factors on the values of some parameters
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Figure 3. Hydraulic scheme of equipment for electrochemical machining with forced hydrodynamic depassivation



of technological interest (gap work or the quantity of
material removed from workpiece.

2. CONDITIONS SPECIFIQUE TO THE
ELECTROCHEMICAL EROSION WITH
FORCED HYDRODYNAMICAL
DEPASSIVATION

The generation of the passivating layer during the
machining process by electrochemical erosion is
considered as a not convenient phenomenon, able to
affect the efficient development of the machining
process. As a result of this situation, the problem of
avoiding or diminishing the passivating layer
thickness or avoiding the polarization of the
electrolyte concentration was formulated. One of the
methods aiming the removal of the passivating layer
is the forced hydrodynamic depassivation. The
method supposes the forced circulation of the
electrolyte in the work gap, at a pressure p=7-28
daN/cm?; this determines the braking and removal of
the passivating layer. Adequate pumps must be

included in the hydraulic circuit (fig. 1), in order to
ensure the necessary high pressure.

In order to study the influence of distinct factors on
the sizes of some output parameters of technological
interest, an experimental research was designed and
achieved. The test samples had the shape showed in
figure 2 and they were made of distinct materials
(brass, aluminium, steels).

One can remark that the shape of the workpiece
active zone was conical, in order to better observe
the evolution of the material removal process.

As parameters of technological interest, one can
mention the linear size of test piece electrode length
diminishing over the process time and the mass of
the material removed from workpiece. The mass was
determined by means of an analytical balance. The
mass of the test piece was determined before and
after applying the process of material removal from
test piece by electrochemical machining process.
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Figure 4. Block scheme of equipment for electrochemical machining
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Figure 5. Equipment for experimental study of the gap evolution
during the electrochemical machining process

As above mentioned, during the electrochemical sun
machining process, due to the phenomenon of
electrolyte concentration polarization, on the
workpiece surface a layer with more and more
reduced electrical conductivity or just an insulating
layer is generated and, thus, a passivating film
appears. In order to ensure the continuity of the
machining process, the passivating film must be
removed. This request is met by acting on the
pressure and flow speed of the electrolyte in the
work gap, so that the desired results are obtained.

One must mention that during the electrochemical
machining process, disturbing factors could generate
negative and uncontrolled effects; such factors are
the inhomogeneity of the workpiece material, the
uncontrolled  variation of the  parameters
characterizing the work conditions etc. If it is not
possible to avoid the influence of such factors, the
minimization of their effects could be taken into
consideration.

3. EXPERIMENTAL CONDITIONS

In order to highlight the influence exerted by some
input factors acting during the electrochemical
machining process on the sizes of some parameters
of technological interest, an equipment able to
materialize the electrochemical machining process
was designed and achieved. The principle schema of
this equipment is presented in figure 3, while in
figure 4 an image of the equipment could be
observed.

As a material for tool electrode, the copper was
used. Three distinct materials (carbon steel, brass
and aluminium) were used as materials for test
samples. The electrolyte was an aqueous solution of
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sodium chloride (20%). A thermostatic subsystem
was included in equipment, in order to maintain a
temperature of about 25 ° C.

The research objective was to investigate the
influence exerted by some process input factors on
the evolution of the machining process, estimated by
the distance h between the test sample and the
cathode. As process input factors, the angle o of test
sample cone, the voltage U applied to the two
electrodes and the value so of the initial work gap
were used. The test duration was of 3 minutes.

4. EXPERIMENTAL RESULTS AND THEIR
PROCESSING

The experimental results were used in order to
establish an empirical mathematical model, able to
characterize the evolution of the electrochemical
machining process in the above mentioned
experimental conditions. Since it is expected a
monotone variation of the process output parameter
s for the variation interval of the process input
factors, as empirical mathematical model, the power
type function was preferred:
z

s=Ca’s,U , 1)

where s is the size of the gap after a process duration
of 3 minutes, a — the initial angle of the test sample
cone (degrees), U — voltage applied to the two
electrodes (V), C is a constant and x, y, z are
exponents whose values could be established by
mathematical processing of the experimental results.

One considered also that due to the monotone
variation of the parameter s, only two levels of the
process input factors could be used.

The coefficients and the exponents corresponding to
the power functions could be determined by using
graphical representations, but at present, the
simultaneous influence exerted by many input
factors on the output parameter could be more
precisely estimated by using the method of factorial
experiments and the method of the least squares. For
the three independent variables and two
experimental levels, a set of 8 experiments is
necessary to be made. Adequate software facilitates
the operative determination of the empirical
functions corresponding to the process investigated

[4].

In the case of the experimental research presented in
this paper, the following values were used for the
process input factors: amin=60 ° and omax=120 °,
Umin=12 V and Umax=20 V, Somin=0.1 mm and
Somax=0.3 mm.
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Figure 7. Influence of the initial gap size so on the final gap size s, after a machining duration of 3 minutes, in the case of three
distinct materials (electrolyte: aqueous solution 20 %, NaCl, a=60 °, U=12 V)

By mathematical processing of the experimental
results, the following empirical power type functions
were determined:

- In the case of low carbon steel:

S:]..627*10'2*06'0'386*80'0'905*U1'838' (2)
- In the case of bras:
S:6.872*10'2*06'0'598*80'1'008*U0'859' (3)
- In the case of test samples made of aluminium:
S:O.231*a'0'325*so'0'128*U°'989. (4)
On the base of the empirical functions defined by the
relations (2), (3) and (4), the graphical
representations from figure 5 and 6 were elaborated.
The analysis of the power type functions

corresponding to the three tested materials showed
that in the case of low carbon steel, the most
important factor from the point of view of its
influence on the final gap size s is the voltage U,
whose exponent has the maximum value (z=1.838);
the statement is valid also in the case of aluminium,
when the exponent has the value z=0.989. In the case
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of brass, the maximum influence is exerted by the
size of the initial gap so, whose exponent has the
value y=-1.808.

As expected, the increase of the initial gap size So
determines the diminishing of the final gap size s,
while the increase of the voltage U applied to the
electrodes has an effect of increasing the size s of
the final machining gap.

One could also notice that in the case of all tested
materials, the increase of the angle corresponding to
the test sample cone determines a decrease of the
final gap s, since the exponent x has negative values
for all the test samples materials.

In the diagram from figure 6, one can observe that
the decrease of the final gap size s is more intense in
the case of test samples made of aluminium and
brass and less intense in the case when the low
carbon steel was the material for test samples.
Among the tested material, the aluminium was
characterized by a higher value of the final
machining gap s, while the low carbon steel proved
a lower decrease of the work gap size.
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Figure 6. Influence of the angle a of the test sample cone on the final gap size s, after a machining process duration of 3 minutes, in the case of
three distinct materials (electrolyte: aqueous solution 20 % NaCl, so=0.1 mm, U=12 V)



5. CONCUSIONS

The electrochemical machining is based on the
material removal process when the tool electrode
and workpiece are immersed in an electrolyte
solution and the both electrodes are connected in the
circuit of a direct current supply. There are many
factors able to exert influence on the parameters of
technological interest (material removal rate,
roughness and accuracy of the machined surfaces,
machining gap evolution etc.). In order to investigate
the influence exerted by some process input factors,
an equipment able to facilitate the study of the gap
size evolution was designed and achieved. A
factorial experiment with three independent
variables (initial gap size, angle of the test sample
cone and the voltage applied to the two electrodes at
two levels was used, taking into consideration a
monotone variation of the output parameter in
relation to the variation of the process input factors.
A software based on the method of least square was
used, in order to establish the mathematical
empirical models. One considered that power type
functions could offer a direct and operative image
concerning the influence of the considered process
input factors on the final gap size. The experimental
results showed that the test sample made of
aluminium were more intense affected by the
material removal process, while the test samples
made of low carbon steel proved a less intense
material removal process. A stronger influence is
exerted by the size of the initial work gap sO and by
the voltage U applied to electrodes. In the future,
there is the intention to extend the experimental
research, taking into consideration other test samples
materials and other shapes of the test samples active
zones.
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