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ASPECTS OF THE DYNAMICS OF THE MANUFACTURING
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Abstract: The paper is analyzing, from a dynamical point of
view, the drilling of circular holes with massive electrodes,
using spark erosion/electro-erosion technologies.
Due to the various domains of use (machine tools, metering
devices, various tools manufacturing etc.) and various
materials suitable for being processed using this technology,
we consider the spark erosion technologies as an actual one.
The proposed model was developed and used to perform an
analytical study and run a numerical simulation. Out of the
numerical simulation, several conclusions emerged.
Keywords: spark erosion, electro-erosion, forced oscillation,
differential equation, dynamic system

1. INTRODUCTION
The technologies involving moulding and casting,
forging, cold forming, plastic deformation, splintering
processes, sintering, agglomeration etc. are all somehow
limited in terms of dimensions of the processed element
and precision. That led to the development of new
methods, such as spark erosion [4].
The spark erosion/electro-erosion technology is using
multiple arc flashes between the processed piece and the
electrode (see figure 1).
There are two metallic elements (electrodes)
separated by a liquid dielectric and connected to a source
of electrical energy. If the voltage and power of the
source are enough, between the electrodes a discharge is
generated. The discharge is a complex phenomenon,
having multiple phases: flash, spark, spark-arc and arc. In
order to use this phenomenon for metallic material
processing, certain rules are compulsory: a) the electric
energy must be introduced directly on the surface of the
processed element, b) the electric energy must be in
impulses, c) the discharges must keep a certain
polarization and d) the conditions must be preserved by
permanently adjusting the configuration of the system
considering the eroded particles [7].

processing with discharges ignited by puncturing the
liquid dielectric and b) electro-erosion processing with
permanent contact between the metallic elements with
discharges ignited by disrupting the temporary electric
contacts established between the two electrodes.
In the second case– the case studied in the present
paper [4], we must apply pressure in order to establish
the permanent contact between the two electrodes and,
accordingly, a relative motion of them. Because of the
disruptive discharges, a certain quantity of heat is
generated in the contact areas, according to the JouleLorentz effect. The edges of the roughness of the two
surfaces, when in contact, are establishing the electric
contact, by the disruption of which enough heat is
generated in order to melt and vaporize the edge of the
processed element. The tool electrode is cooled so is not
being vaporized. Due to the relative motion between the
two electrodes, others and others, edges are in contact
maintaining the process.
D.c. current may be used in liquid environment and
a.c. current in dry environment (air) [5]. In case of d.c.
current, using 20-40 V and 1000A max., a reduction of
the damaged superficial layer is obtained together with a
100-150% wear increase of the tool electrode. The
simplified scheme of the electro-erosion technology is
presented in figure 2 [7].
The papers about electro-erosion processes are
pointing out the interest for electro-erosion technologies
in relation with modern materials [1], [2], aiming to the
modernization of the existing technologies in order to
broaden their the area of use [5], [6], [8], [9] and to the
optimization of the process parameters. [1], [6], [8]. In
the same time, an increase in manufacturing of the
specific machines, devices and tools may be observed.
It is to be noted that only a reduced number of papers
is studying the mechanical dynamics of the process.
1-D.c. generator
2-Resistance
3-Coil
4-Impulse generator
5-Tool electrode
6-Command
system
7-Work piece
electrode

Electrode
Dielectric
Impulse arcs
Eroded particles
Processed element

Fig. 1. The electro-erosion technology principle
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According to the mode of ignition and the mode of
electrical discharge, there are two basic varieties of
electro-erosion technology [4]: a) electro-erosion
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Fig. 2. The simplified scheme of the electro-erosion technology
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2. THE MECHANICAL STUDY MODEL
We consider the tool electrode having the unit weight
TE, the length l and the transversal area A. The tool
electrode is moving downwards in a liquid dielectric
having the unit weight d (see figure 3). Accordingly, the
mass of the tool electrode is:

, g being the
acceleration of gravity.
If we do not consider the drag of the dielectric and we
assume that the tool electrode is not entirely immersed,
we obtain the following forces acting upon the electrode
tool: Fm – the force of the machine tool,

–

– the force
the weight of the tool electrode,
applied by the dielectric, according to Archimedes
principle. Accordingly, the motion equation on the
motion direction of the tool electrode (vertical) is [10]:
.

2.1 A constant force of the machine tool
Assuming that Fm is constant, (1) is having constant
coefficients and the general solution [2], is given by the
sum of the solutions of both homogenous and nonhomogenous equation: y=yh+yn. Because the roots of the

attached characteristic equation
are










































(4)

2.2 A variable force of the machine tool
Assuming that Fm is a time function,
(1) may be written as follows:

,
,

where




Assuming

and

the



(5)

.

variable

change:

,

(6)

becomes:
.

(7)

The general solution of (6) is [2]:
.

(8)

Out of (7) one may observe that the forced oscillation
is determined by the particular solution
.
Considering the same initial condition of the dynamic
system as previously, we may obtain the values of the
constants A’ and tg :

. (9)

Using (7) and (8), the speed and acceleration of the
tool electrode may be obtained:

and the particular solution is:

.

(10)

, the general solution of (1) is:














.



(2)

Considering the initial conditions of the dynamic system:

, the constants are:


and



(1)

Equation (1) is a differential, linear non-homogenous
equation.

imaginary:

(3)

One may now calculate the speed and acceleration of
the tool electrode:

Out of all domains of use, the present paper is going
to study the dynamics of the process of circular holes
drilling, with massive electrodes, using electroerosion/spark erosion technology, because this operation
is widely used in industry [6], [7].



.

Fd







FTE

Fig. 3. The studied mechanical model







Equation (3) is representing the motion of the tool
electrode in any moment of the process, if the following

condition is fulfilled:

.

y
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Finally, we obtain the solution of (1) as follows:











2.3 Considering the electric circuit
In both above cases, we did not consider the electric
circuit. If we do, as would be normal, we will have to
study a dynamic system with two degree of freedom [3].
In order to do so, we consider R – the value of the
resistance of the electric resistor, L – the value of the
inductance of the coil, U – the voltage of the electric
generator (see figure 2) and q – the quantity of electricity
at a given moment t. It is to be mentioned that the
inductance of the coil is varying with the displacement y
of the tool electrode (see figure 3).
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In these conditions, the differential equations systems
are calculated [10] for both constant and variable Fm.
a) The case of a constant force of the machine tool:





.

(11)

b) The case of a variable force of the machine tool:





.

(12)

We assume that
and
we consider the case of small amplitude oscillations
when following approximation may be used:
.

(13)

In (12) is a constant,
is the static current, i is
the variation of current from the value i0. Note that
.
According to these hypotheses, (10) and (11) become
(13) and respectively (14):





,

(14)






.

(15)

d

950
60 mm
0.1 m/s
l
v0
kg/m3
314.16
0.01 N
1.5 A
A
Fm
i0
mm2
2.79
0.01N
0.1 l/s
F0
TE
kg/ml
Tab. 1. Values used in the numerical simulation
Time variation
y=0.561[1–cos(4.18t)]+0.0239sin(4.18t)
v= =2.345sin(4.18t)+0.1cos(4.18t)
a= =9.812cos(4.18t)–0.418sin(4.18t)
u=0.41sin(4.18t–1.51)+2.5810-3sin(0.1t)
up= =1.972cos(4.18t–1.51)+2.2810-4cos(0.1t)
us= =–9.486sin(4.18t–1.51)– 2.5810-5sin(0.1t)
=1.204; =5.72110-4; =0; =4.2910-8
y=1.204+5.721sin(0.1t– )
i=4.2910-8sin(0.1t– )
Tab. 2. Equations used in the numerical simulation

where
may calculate:

4.5 H

Fig.

Obs.

4

(I)

5 and 6

(II)

7 and 8

(III)

(III) For the system having two degree of freedom,
with a variable harmonic force Fm, one may see major
changes for the evolution in time of y due to the
influence of the considered parameter i. We may evaluate
the effect of the electromagnetic field upon the dynamic
of the mechanical system. We may also highlight the
characteristics of such a system.

(16)



. (17)

L0

(II) For the system having one degree of freedom,
with a variable harmonic force Fm, one may see a
variation of u and
according to the mechanical
vibrations theory, as well as an increasing of . The
aspect of Fig. 5a and 5b is consistent with the theory for
the amplification function and frequencies ratio .

are integration constants, one




10 Ohm

(I) For the system having one degree of freedom, with
a constant force Fm, one may see a variation of y and
according to the mechanical vibrations theory, as well as
an increasing of . The aspect of Fig. 4 is consistent with
the theory.






R

Using the values in Tab. 1, we may calculate the
parameters of the equations as shown in Tab. 2.

Considering only the particular solutions of (15):

,

10 mm

Fig. 4. Time variation of y, v and a

3. THE ANALYSIS OF THE EXPERIMENTAL
DATAS
The numerical simulation with specific software was
based on existing values [1], [8], given in Table 1:

Fig. 5. Time variation of u, up and us
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Using values accepted by the specialists for the
parameters of the adopted mechanical model, we
developed a numerical simulation in order to notice the
evolution of the most important variables.
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The numerical results allow us to point out the
specific elements of a mechanical vibration and
implicitly some conclusions.
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If the models with one degree of freedom (having a
constant or variable force) are leading to similar results
and all consistent with specialty papers and books, the
model with two degree of freedom is allowing the study
of the effect of the electromagnetic field upon the
dynamic of the mechanical system, by comparing these
results with the results obtained for the systems having
one degree of freedom.
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Fig. 6. Variation of the amplification function A and of the phase

We must also point out that the study was developed
because the scientific literature is only studying the
electrical and chemical processes, even if such
technologies are widely used nowadays. That is the
reason we considered the study of the mechanical
dynamics because vibrations may occur during the
process due to the specific phenomenon, with noticeable
impact at least the in case of thin tool-electrodes.
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The development of the present study may lead to the
optimisation of the design of the spark erosion/electroerosion tools and process parameters, significant results
for an increased quality of the surfaces, increased
dimensional precision, reduced consumption of energy
and tool-electrodes. Furthermore, the basic idea of this
study may be also used for the study of mechanical
dynamics of other technologies.
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4. CONCLUSIONS
The paper studied the mechanical vibrations
occurring during the spark erosion/electro-erosion
manufacturing process.
The mechanical model proposed is considering the
dynamic system for circular holes drilling process, using
compact tool-electrodes. Both constant and variable
forces of the machine tool were considered and also the
influence of the electric circuit, in order to obtain a non
linear dynamic model.
For certain conditions and hypotheses, the model
allows the highlighting of the motion parameters.
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