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ABSTRACT

Mathematical model of wear pattern of tool electrode (TE) upon processing of dissimilar materials enables
forecasting of output processing parameters and provides preset precision indices. At present simulation of TE wear upon
processing of dissimilar materials is not sufficiently studied. In the course of electrical discharge machining (EDM) of
dissimilar materials physical processes at interface between two materials differ from those peculiar upon processing of
uniform material. Taking into account that electrical discharge resistance of bimetal components is different, TE is exposed
to heterogeneous wear upon electrical discharge machining. We developed theoretical model facilitating estimation of
EDM rate of steel-copper bimetal. On the basis of theoretical and experimental studies it is established that during
processing of steel-copper bimetal maximum heterogeneity is achieved in min mode and equals to 2.44 mm. Taking in
account that electrical discharge resistance of copper exceeds similar properties of Dural electrode, intensive wear of
electrode is observed upon processing of copper. Minimum processing heterogeneity has been detected for med mode.
Intensive TE wear is observed upon processing of item in maximum mode. Upon processing by copper electrode
maximum heterogeneity has been achieved in min mode equaling to 0.89 mm. Minimum heterogeneity in med mode is
0.11 mm. It would be reasonable to process bimetal alloy in med mode with minimum processing heterogeneity.
Experimental data confirm satisfactory agreement with theoretical calculations concerning occurrence of step on bimetal
surface after processing. It is demonstrated that the amount of material removed per one pulse depends on pulse energy as

well as on thermophysical constants of processed material.
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INTRODUCTION

Engineering development requires for necessity
to create materials characterized by numerous properties
providing high strength, corrosion resistance, heat
conductance, wear resistance and others. Quite often
individual metals and alloys cannot provide the required
range of properties. Thus, layered metal composition is
widely applied. Such materials can be produced by joining
of dissimilar materials into solid composition preserving
reliable connection of constituents upon subsequent
engineering processing and operation [1-3]. Such materials
include bimetals.

Electrical discharge workability of materials
depends on their physicochemical properties. It is
demonstrated in [4-6] that, assigning electrical discharge
processability of steel to unity, electrical discharge
workability of other metals (other conditions being equal)
can be presented in the following relative units: tungsten -
0.3; solid carbide - 0.5; titanium - 0.6; nickel - 0.8; copper
- 1.1; brass - 1.6; aluminum - 4; magnesium - 6. Thus,
EDM of bimetals characterized by different electrical
discharge machinability will run in heterogeneous manner.

In [6-12] interrelation between wear of tool
electrode (TE) and error of shape of processed surface
upon processing of similar materials is described.

The TE material is one of major elements
participating in electrical discharge. Efficiency and quality
of EDM depend on TE material. TE should be made of
erosion resistant material, provide steady operation in
overall range of EDM operation modes, and maximum
efficiency with minor wear. Amount of thermal energy

evolved at each electrode upon pulse discharge is
different; as well as the amount of removed material from
electrode surfaces.

Less intensive electric erosion will be peculiar for
materials characterized by high melting points. Materials
used for production of TEs in ascending order of their
erosion resistance are as follows: aluminum and its alloys,
gray cast iron, brass, copper, tungsten, graphitized
materials [3, 4, 6].

It is demonstrated in [3] that upon processing of
steel-copper bimetal by brass electrode the TE wear is
heterogeneous: in copper processing point the electrode is
worn more intensively than in steel processing point.
Maximum difference in the electrode wear is 3.24 mm. It
is established that upon processing by copper electrode in
med, max modes the electrode wear is minimum and
equals to 0.06 mm and 0.03 mm, respectively. It is
demonstrated that upon processing of steel—copper bimetal
by Dural electrode the TE wear is heterogeneous: in
copper processing point the electrode is worn more
intensively than in steel processing point. Maximum
difference in the electrode wear is 2.64 mm. It is
demonstrated that upon processing of steel-copper bimetal
by steel electrode the TE wear is heterogeneous: in copper
processing point the electrode is worn more intensively
than in steel processing point. Maximum difference in the
electrode wear is 1.82 mm.

Despite the performed experimental tests, the
problem of simulation of bimetal processing is still urgent.
Development of mathematical model enabling description
of wear pattern of TE makes it possible to forecast output
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processing parameters and to provide preset precisions. At
present simulation of TE wear upon processing of
dissimilar materials is not sufficiently studied.

MATERIALS AND METHODS

Steel-copper bimetal has been selected as
experimental material. Steel: grade 09G2S according to
Russian Standard GOST 19281 - 89. Copper: grade M1
according to Russian Standard GOST 859-2001.

A billet was processed with Electronica Smart
CNC punching machine.

Processing modes are summarized in Table-1.

Table-1. Processing modes.

Processing modes Min med max
Ton, pus 1 100 750
Ip, A 0.5 3 20
U,B 50 50 50
Depth of processing, mm 5 5 5
Processing modes in
codes of Smart CNC E13 ES5S5 E96
machine

TEs were as follows: steel 20, Russian Standard
GOST 1050-8; Dural, grade D16, Russian Standard GOST
4784-74; copper M2, Russian Standard GOST 859-2001.
Electrode diameter: 8 mm. Operating fluid: EDM Oil -
IPOL SEO 450.

Simulation of EDM of item with fused coating

The following assumptions were made for
theoretical study:
a) No diffusion layer exists at material interface.

b) TE consists of homogeneous material.
¢) TE moves only progressively upon processing.

d) Properties of operating fluid are uniform along overall
length of inter-electrode gap.

e) Electrode surfaces are parallel at the start of
processing.

The inter-electrode gap is uniform over total
surface of processing at initial time. When operating pulse
is fed, the breakage occurs in any point of operating
region. Removal of material will vary depending on its
thermomechanical properties. Components of bimetal
items are usually characterized by significantly different
properties, that is, by their electrical discharge
machinability.

In the course of time some material is removed
from each billet part. Minimum value of inter-electrode
gap on one of the materials will exceed the value required
for breakage which leads to heterogeneous wear of TE [3].

Since the electrode surfaces are worn equally, the
inter-electrode gap above one of the bimetal materials will
be lower. Hence, this material will be processed first. Step
by step distribution of the inter-electrode gap will vary,
and material will be removed from the second bimetal
part.

In the course of processing the electrode surfaces
will obtain more and more pronounced step-like shape
with rounded profile edges.

Further on, let us denote the parameters using the
following postscripts: 1 - relating to EDM, 2 - relating to
TE, 3 - relating to billet.

In general case the surfaces of TE and billet can
be described by the following implicit functions:

CDZ(x,y,z+h,h)=O,

<I)3(x, v, z,h): 0, M

where X, y, z are the Cartesian coordinates of points

t
located on the surface of TE and billet; & = sz (T}lr is
0

the distance passed by TE along z axis; V, (Z‘ ) is the

motion speed of TE upon processing; t is the time.

Assuming that metal is removed flatwise from TE
and billet, on the basis of equation (1) it is possible to
derive equation of surface evolution of TE and billet upon
processing [12-15]:

odb oD
—k kV, do 2 Z_ =0,
KV Jgrad @, + T oz +h)
od
-V d o 2=,
330|gra 3|+ oh @

where kv is the relative bulk wear of TE; & is the
coefficient considering for heterogeneity of electric field
in inter-electrode gap (TE surface curvature); V| is the

rate of metal removal upon EDM. These equations are
illustrated in Figure-1, for billet of homogeneous material.
Substituting the variables:

Tz(x,y,z+h)=(Dz(x,y,z+h,h)—h,

3
T3(x’y’z): q)3(x’y’z’h)_h’

Equation (3) can be rewritten as eikonal
equations:

1 oT.
dd,| = 1 2 s
|gra 2| k KV, ( + a(z n h)J @

1
|gradCI)3| =y

1
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Figure-1. Evolution of electrode surfaces: 1- billet; 2 -

TE; 3 - element of TE initial surface; 4 - element of TE

modified surface; 5 - element of billet initial surface; 6 -
element of billet modified surface.

Proceeding to bimetal processing, considering for
made assumptions, the model will be presented as a set of
equations (4) for each billet part:

1 oT,
do)| = 1 2
prad @ kjkv;( +8(z+h)}
1
‘gradq)g‘zv—ll
1 oT; ®
ddl| = 1 2|,
‘gra 2‘ kvzk‘/lz( +6(z+h)}
1

where superscripts 1 and 2 relate to the billet
regions of different materials and corresponding regions of
TE.

The rate of EDM of billet can be calculated as
follows:

V) = CXAT W, f, (6)

where: W, is the pulse energy; f is the pulse
repetition rate; C is the heat capacity of the processed
material; x is the density; A is the coefficient of heat
conductivity; T is the melting point.

According to equation (6) the amount of metal
removed per one pulse depends on pulse energy as well as
on thermophysical constants of processed materials, that
is, its melting point, thermal conductivity, thermal
capacity and density. Knowing thermophysical properties
of bimetal components, it is possible to calculate the rate
of EDM for each component.

Table-2 summarizes calculated ratios of erosion
rates TEs upon processing of steel-copper bimetal. For the
sake of simplicity let us denote the TE segment
corresponding to steel part of the billet as segment 1 (rate

Vll ); TE segment corresponding to copper part of the

billet - as segment 2 (rate V12 ).

Table-2. Erosion rate ratio of TE regions upon various
processing modes.

Processing | Dural TE | Steel TE | Copper TE
mode Vll/ V12 Vll/ V12 V11/ V12
Min 0.08 0.4 0.1
Med 0.53 0.53 0.02
Max 0.4 0.33 0.06

Knowing the rate of EDM of segments of TEs of
dissimilar materials and assuming the processing time
being constant, it is possible to calculate the distance
passed by electrode for each segment [3]:

t

h= IK (T)dT @)

0

Table-3 summarizes calculations of bimetal
processing. Processing heterogeneity was calculated as the
difference between distance passed by TE upon processing
of bimetal steel part (hye) and distance passed by TE
upon processing of bimetal copper part (hegpper).-

Table-3. Calculated bimetal processing heterogeneities.

. Dural TE | Steel TE | Copper TE
Processing
mode hsteel = hstee] = hstee] =
hcgnw hcgnm hcgnpﬂ
Min 2.1 1.3 0.6
Med 1.8 1.2 0.3
Max 0.9 1.1 0.1
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It is demonstrated that upon processing by copper
TE the processing heterogeneity will be minimum in
comparison with TE made of steel and aluminum.

Experimental studies of EDM of item with fused
coating

Table-4 summarizes experimental results of

processing heterogeneity of bimetal using electrodes with

different physicomechanical properties in minimum,

medium and maximum modes.

Table-4. Bimetal processing heterogeneity.

Bimetal processing by Dural TE

Min mode

Med mode

Max mode

Bimetal processing by steel TE

Med mode

Bimetal processing

by copper TE

Med mode

Upon processing of steel-copper bimetal by
Dural electrode maximum heterogeneity was achieved in
min processing mode equaling to 2.44 mm. Taking into
account that electrical discharge resistance of copper
exceeds similar properties of Dural electrode, intensive
wear of electrode can be observed upon processing of
copper. Minimum processing heterogeneity was detected
for med mode. Intensive TE wear occurs upon processing
in maximum mode.

Upon processing of experimental specimen by
steel electrode maximum heterogeneity was achieved in
med processing mode equaling to 1.81 mm. Minimum
processing heterogeneity was detected for min mode
equaling to 1.55 mm. This can be attributed to the fact that
upon processing of materials it would be reasonable to
select minimum processing mode. Heat is distributed
uniformly over the processed item without overheating.

Upon processing of experimental specimen by
copper electrode maximum heterogeneity was achieved in
min processing mode equaling to 0.89 mm. Minimum
processing heterogeneity was detected for med mode

equaling to 0.11 mm. It would be reasonable to process
bimetal alloy in med mode with minimum processing
heterogeneity.

CONCLUSIONS

Theoretical model facilitating estimation of EDM
rate of steel-copper bimetal has been developed.
Experimental data confirm satisfactory agreement with
theoretical calculations concerning occurrence of step on
bimetal surface after processing.

It is demonstrated that the amount of material
removed per one pulse depends on pulse energy as well as
on thermophysical constants of processed material.
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