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ABSTRACT: This paper presents a technological breakthrough in the manufacturing of miniature 

revolving surfaces using wire electrical discharge machining (WEDM). 

The principle of manufacturing highlights specific aspects of the technology concerning the 

necessary equipment and the steps taken during production. The process of manufacturing is 

presented mathematically, concerning the surplus of material that is to be removed. The 

technological solution proposed was validated in practice and it features some experimental results 

that were obtained. This solution puts forward a new alternative to the manufacturing of small-sized 

revolving surfaces for hard and extrahard-material parts.  
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1. INTRODUCTION  
 
At the present moment, small-size revolution 

surfaces, performed in hard, sintered alloy 

products can be obtained by way of pattern 

rectification using adequate abrasive discs, 

through electric erosion with massive 

revolving electrodes, or through 

electrochemical erosion or even complex 

erosion. All the previously-mentioned 

situations demand the use of especially-

designed additional tools or the use of special 

electrodes. The device that will be presented 

along these lines is used to create revolution 

surfaces using, as a tool electrode, a normal 

wire electrode, shaped as a calibrated wolfram 

wire, electrolytic copper, brass, or stratified 

materials, with a diameter within the range of 

 0,05 ÷  0,3 mm.  

 

Creating small-sized revolution surfaces, by 

means of WEDM, calls for at least one extra 

generating movement, besides those permitted 

by nowadays machineries. It is necessary to 

set the part being processed into motion 

around its own axis. 

 

It is worth mentioning that special documents 

in this field do not mention any other piece of 

research in the field of generating revolution 

surfaces using WEDM [1, 2], the present 

paper being the first one of this kind in the 

world. 

 

2. THE PRINCIPLE OF THE 

PROCESSING 
 

In order to make the WEDM processing of 

revolution surfaces possible, the utilized 

machine-tools need to be outfitted with 

special technological equipment, capable of 

ensuring variable rotating speeds for the 

processed part.  

 

Figure 1 highlights the construction and the 

functioning of the presented device [1]. The 

part, whose axis is positioned horizontally, 

can perform a rotating movement A, in the 

direction of the penetration speed ve of the 
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wire electrode or in the opposite direction of 

the latter. The rotation is executed by the DC 

motor M by means of a reducer R, connected 

to the motor through the resilient coupling C, 

on whose output shaft there is mounted an 

auto-centered fastening system for the 

processed part. The rotation of the part is 

done at variable speeds, according to the 

motor’s supply voltage SA; the motor being 

connected to a single-phased AC power line. 

The power supply contains a rectifier and a 

resistive variable voltage regulator. 

 

 

By modifying the supply voltage, decreasing 

it below the nominal value, the motor’s speed 

will be reduced and also the speed at which 

the part rotates. 

 

Due to the fact that the wire electrode, kept in 

a vertical invariable position, can follow any 

shape situated in the XOY plain, generating 

revolution surfaces using the presented device 

becomes possible. Revolution surfaces can 

thus be performed in hard, sintered alloy 

products, in leaded products, copper products, 

or steels commonly used in machine 

manufacturing. 

 

Profiling some products made of currently-

used construction steels, using the presented 

device, is convenient only when their metal 

cutting processing necessitates tools with very 

fine geometric design features, characterized 

by an insufficient rigidity caused by the low 

area of the active zone. In return, profiling 

hard, sintered alloy products, by means of the 

proposed procedure, is one of the few 

technologic possibilities of generating such 

surfaces. Furthermore, it enables the 

processing of rotating electrodes, made of 

copper or lead, used during the profiling 

processing by means of electrical or 

electrochemical erosion, without using second 

degree tools which are required for obtaining 

the profiles. 

 

Figure 2 shows a few samples of revolution 

surfaces generated by the discussed device. 

Small-sized-complexly-profiled flattening 

mill wheels are especially obtained, rotating 

electrodes used in the electrical or 

electrochemical erosion process employed in 

profiling are also possible and so are the disc 

knives used for surfacing some small-sized 

recesses which present a complex geometry. 

 

  
 

Figure 1. The constructive and functional diagram of the revolution surfaces processing device 
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Profiling parts using the presented device 

requires removing the entire tooling 

allowance by means of electric erosion. 

 

During processing, it is impossible to follow 

the generatrix’s curve by the electrode’s 

simple sliding across it. Because the whole 

tooling allowance has to be removed, this will 

be done by successive glides of the electrode, 

on equidistant trajectories, exterior to the 

generating curve (fig. 3) [1]. The maximum 

distance between the wire electrode’s 

equidistant trajectories is equal to the sum 

between the wire electrode’s radius and the 

gap corresponding to the processing.  

 

The modality of following the shape on 

equidistant trajectories by means of a given 

revolution surface’s final generatrix was first 

verified on a type AGIE DEM 315 machine, 

in drawing mode. 

 

 
 

Figure 2. Samples of revolution surfaces 

 

      
a.                                              b. 

     
c.                   d. 

 

Figure 3. Removing the tooling allowance, in successive glides 
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3. THE MATHEMATICAL 

SIMULATION OF THE 

PROCESSING 
 

In order to simplify the calculus, the 

following simplifying hypotheses will be 

considered: the crater formed on the product 

or the wire electrode is spherical and it is 

formed as a result of removing the entire 

quantity of material which is heated until the 

vaporizing temperature; no material resettling 

will occur; the whole energy of the impulse is 

equally allotted exclusively to the pair of 

electrodes; all the impulses are charged with 

the same quantity of energy. 

 

The heat which is required to reach the 

vaporizing temperature of the volume unit (1 

m3) of the product’s material, Qs, was 

determined by K. Förster [1, 3], using the 

following relation: 

][J/m    ])()([ 3

0 vtvtt TTcTTcQs   ,    (1) 

where:  is the product’s material density 

[kg/m3], c – the heat capacity [J/(kgK)],       

Tt – the melting temperature [K]; T0 – the 

room temperature [K]; Tv – the vaporizing 

temperature [K]; v - the latent heat of 

vaporization [J/kg]. 

 

The heat required for melting and vaporizing 

an elementary unit equal to one cube mm is: 

][J/mm    10])()([ 3-9

0  vtvtt TTcTTcQs  .    (2) 

 The power of the kicked-off impulses 

within a minute of the processing can be 

calculated by using relation [1]: 

[J/min]    60 ftUIW iidd   ,                      (3) 

where: Id is the intensity of current drain [A], 

Ud – the voltage drain [V], tii – the duration of 

the drain [s], η=φ – the efficiency factor of 

the current’s impulses, f – the current’s 

impulses frequency [Hz]. 

 

f∙60 is the product which expresses the 

number of discharges per minute; the 

frequency is calculated using the following 

relation: 

piii tt
f




1   [Hz],                       (4) 

where: tii represents the duration of the 

current’s impulses and tpi the pause between 

the latter, measured in [s], although the 

manufacturing devices display [s]. 

Consequently, the mathematical simulation 

requires the necessary transformations for the 

previously-mentioned measuring units. 

 

Taking into account the simplifying 

hypotheses that were previously enunciated, 

the fraction of power allotted to the product 

undergoing processing is: 

[J/min]      
2

ws QQ
W

   ,            (5) 

where Qw represents the productivity of the 

processing, measured in [mm3/min]. The 

relations (2), (3), (4) and (5) show the fact 

that productivity can be calculated by means 

of the following relation: 
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Relation (6) can also be used to determine the 

wasting speed of the wire electrode, QE 

[mm3/min], on condition that the 

denominator’s factors refer to the wire 

electrode’s material. 

 

The mathematical simulation of the Qw 

function (the processing’s productivity), 

described by relation (6) does not show the 

reality perfectly, because only part of the 

impulse’s energy is absorbed equally and 

exclusively by the two wire electrodes; part of 

it being relinquished to the dielectric liquid 

and the environment. Its utility is justified by 

the fact that it allows a seamless calculus of 

an important technological characteristic 

(Qw), permitting even a ranking of materials, 

according to the processing productivity, 

resulted when employing an identical 

 

 

 

 

 

 

 

 

 

 
 

Fi 

 

Figure 4. The processing productivity 
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processing regimen (W=ct., in relation (6)). 

Thus, for impulses of Id =10A, Ud=150V, 

tii=10s and f=1700Hz, the results are 

presented in figure 4. The experiments that 

were carried out in [1] have shown errors 

inferior to 5%, which make it applicable. 
 

 

The mathematical simulation proposed for the 

calculation of the processing’s productivity is 

very useful and it allows a simple calculus for 

this technological characteristic of the 

processing using WEDM. The model permits 

the ranking of materials according to the 

productivity of the WEDM processing and is 

verified by the experiments that were carried 

out in [1]. 

 

4. TECHNOLOGICAL 

RESTRAINTS 
 

The main technological restraint of the 

WEDM processing of the revolution surfaces 

is the fact that the entire tooling allowance 

has to be removed by successive layers 

starting from the exterior of the product. This 

decreases the applicability of the procedure, 

given small-sized revolution surfaces. 

Furthermore, the geometry of the directory 

curve cannot be attained under any given 

circumstances, thus excluding the generating 

curve’s forms which cause the undercutting 

phenomenon.  

 

Still, the procedure is applied even to larger 

revolution surfaces, in the form of certain 

finishing operations, on condition that the 

processed part, together with the fastening 

and generating device, fit the machine-tool’s 

active space and that they allow the access of 

the wire electrode’s arm to the processing 

zone. The presented device can be put into 

effect, regardless of the type of the processing 

WEDM machine-tool that is employed. 

 

Despite its limitations when processing 

revolution surfaces, the presented device 

represents a novel possibility for processing 

small-sized revolution surfaces, especially 

when processing hard, sintered alloy surfaces. 

The use of this device extends the field of the 

technological possibilities for processing 

surfaces using the WEDM. Still, the device is 

recommended only when it is economically 

efficient. 

 

5. EXPERIMENTAL RESULTS 
 

The experiments were carried out using the 

generating device shown in figure 1, installed 

on a type AGIECUT DEM 315 equipment, 

thus creating the experimental stand shown in 

figure 5. 

 

The processed part 7, placed between 

equipment 1’s arms 3 and 8, is secured in the 

generating device, which is mounted on table 

6 by means of chassis 5, being powered by 

source 2. 

 

There have been performed a variety of 

processings, applied to 8h6x20 samples, 

which were made of 195Cr115 allied steel, 

STAS 3611-88, hardened and released at 

HRC 58. The measurements were taken by a 

Karl Zeiss Jena universal microscope, used 

for determining dimensional precision (d); by 

timing the duration of the processing; the 

analytic calculus of the volume of material 

that was removed Vw and calculating the 

productivity (Qw) [1]; using a Surtronic 3+, 

Taylor-Hoboson roughness tester, for 

determining the medium deviations of the 

irregularities (Ra).  Figure 6 shows some 

products obtained using the presented 

experimental stand. 

 

The technological parameters that were 

employed are the following: the step between 

the 2 successive glides p = 0,1…0,5 mm; the 

intensity of the current drain Id = 0,3…1 A; 

the duration of the current’s impulses            

tii =13…36 s; the dielectric’s conductivity   

K = 20…75 S/cm; the speed at which the 

WE moves vEF  = 22 …50 mm/s; the WE’s 

tensile force 0,4 … 0,8 daN; the results of the 

processing have shown promising results. The 

processed diameters’ shape precision that was 

attained is characterized by a variance (the 

mean square deviation and the standard 

deviation) within the range of 0,0011 mm and 

0,019 mm. The measured roughness was very 

low and the irregularities’ mean deviation was 

Ra = 0,67 … 2,67 m. The values obtained 



Annals of the „Constantin Brancusi” University of Targu Jiu, Engineering Series , No. 2/2018 

46 

 

for the dimensional precision show that the 

processing is characteristic to a finishing. The 

processing’s productivity was defined by 

values ranging from 1,77 … 9,23 mm3/min. 

They are close to those calculated with 

relation (6) and they prove that the 

mathematical simulation accurately describes 

the processing. 

 

6. CONCLUSION 
 

The technological solutions proposed by this 

paper, together with the respective device, 

constitute an element of novelty to this field. 

This allows the broadening of the WEDM’s 

field.  

The proposed mathematical simulation is 

easily put into practice, being useful even to 

the assessment of the productivity of the 

process and even when standardizing the 

processing. Naturally, the solution’s 

limitations mustn’t be overlooked, albeit we 

can consider them unrepresentative in contrast 

with its usefulness. The experimental results 

are encouraging and they indicate the 

solution’s viability and the possibility of 

implementation at an industrial scale. It 

constitutes itself as an interesting 

technological alternative for the processing of 

miniature revolving surfaces. 
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Figure 5. The constructive and functional diagram of the revolution surfaces processing device 

 
 

 

Figure 6. Examples of processed products 
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