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ABSTRACT: The paper presents an innovative method for the improvement of the precision of the cylindrical perforations’ shape, 
done using WEDM (wire electrical discharge machining).  
Following the presentation of some general aspects, the mathematical model of the deformation of the middle fibre of the wire 
electrodes employed in the WEDM manufacturing process is presented in detail. This deformation generates significant distortions 
in shape, especially when the depth of the holes performed is great. These distortions can be balanced by sloping the wire electrode 
at a convenient angle during the manufacturing process. The principle of improving the precision of the shape and some 
experimental results are presented next. 
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1. GENERALITIES 
The dimensional and shape precision which result after the 
surface treatment of internal cylindrical surfaces (using the 
WEDM) are dependent to the alterations of the wire electrode’s 
axis, determined by the perturbations that occur during the 
process. The alterations of the wire electrode’s axis can be: 

misalignments, deformations or even ruptures. The first two 
influence the shape and surface precision directly. The ruptures 
of the electrode can cause losses, engendered by the time 
wasted to resume work and can lead, in some cases, to the 
apparition of short-circuits which might damage the work 
irrevocably. The main perturbations and their consequences are 
shown in figure 1. 

 

 

FT   - Tensile force 
Fe   - Electromagnetic field strength  
Fhs   - Hydrostatic force 
Fpm - The plasma’s mechanical force 
Fb   - The blowhole’s mechanical force 
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Figure 1. The forces that react on the wire electrode and their consequences 

 
The effects of the forces that react on the wire electrode affect 
its dimensions, its position, its structure and even its properties. 
The weight that each force exerts on the alterations of the wire 
electrode depends, naturally, on the conditions of the working 
process. All these forces are modeled mathematically in paper 
[3]. The total result of these forces can be observed practically, 
by the vibrations that the wire electrode (WE) undergoes. They 
bring about direct consequences on the precision of the 
process. 

2. THE MATHEMATICAL MODELING OF 
THE WIRE ELECTRODE’S MIDDLE 
FIBRE  

The precision (dimensional and shape) of the WEDM 
processed surfaces will also depend on the deformations and 
misalignments the electrode undergoes. The sliding of the 
points situated on the wire electrode’s axis (yt) will depend on 

their position from the guidings and will present a static 
component (ys) and a dynamic one (yd), as shown in [3] and 
figure 2. 
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Figure 2. The sliding of the wire electrode’s axis 
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For any given point, located between the wire electrode’s 
guidings, its sliding will be: 

yt = ys + yd.  (1) 

Because the dynamic component is a lot weaker than the static 
one [3], it can be overlooked from now on. Thus, it can be 
considered, with a reasonable degree of approximation that: 
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where: qs is the static component of the disturbing load (due 
to the resultant of the forces); 

 FT – the wire electrode’s tensile force; 

z – the chosen point’s coordinate from the inferior 
guiding;  

 l – the distance between the guidings. 

It must be noted that the previous relation was determined 
using simplifying calculus hypotheses, which prevent the 
respective mathematical modeling from revealing accurately 
the complexity of the considered process. 

The maximum value of the sliding that relation (2) expresses, 
describes the maximum amplitude of the wire electrode’s 
misalignments and will be found at half the distance between 
the guidings: 
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If the height of the part is labeled l=2⋅h, then relations (2) and 
(3) become: 
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Relation (4), which represents the equation of the wire 
electrode’s middle fiber, is, in fact, the equation of a parable, 
with its extreme placed at half the distance between the 
guidings, its value being calculated with relation (5). It can be 
observed that the maximum deflection reached at the level of 
the middle fiber is smaller as the distance between the guidings 
decreases and as the wire electrode’s tensile force increases. 
The previous relations, approximate as they might be, present 
an exceptional use in practice. The latter will be presented next. 

3. THE PRINCIPLE OF THE 
IMPROVEMENT IN THE SHAPE’S 
PRECISION DURING PROCESSING 

The direct consequence of modifying the position of the middle 
fiber is that it affects the dimensional and shape position of the 
processed surfaces. Thus, when processing internal cylindrical 
surfaces, there will appear dimensional and shape deviations, 
due to the vibrations of the wire electrode. The diameters that 
are measured will be dependent to their position between 
guidings, during processing (z), whereas, in any given axial 
section of a drilled part, there will be noticed a barreled shape. 
The barrel shape is more evident given a greater thickness of 
the part and a lower tensile force of the wire electrode. 

When generating hyperboloid surfaces at half the distance 
between the wire electrode’s guidings, the process takes place 
under a minimum radius, different from those of the ends. Due 
to vibrations, when interior cylindrical surfaces are being 
processed, it was noticed previously that in the same spot, the 
processed surface tends to present greater radiuses than the 
ends. Considering that the two situations are presented in 
opposition, arises the idea that they can offset one another [1, 
2]. The principle of compensation is presented in figure 3 and 
consists in processing an interior hyperboloid surface, rather 
than an internal cylindrical surface, having the same diameters 
at the ends. 

 
Figure 3. The principle of compensation 

In order to explain the way in which the deviations produced 
due to the wire electrode’s vibrations are compensated is 

possible by means of processing a hyperboloid surface, the two 
situations will be analyzed comparatively in table 1. 

  
 Table 1. Comparative analysis 

The analyzed surface Directional curve Generating curve 

Cylindrical surface affected by 
the EF vibrations (barrel type) Circle of an R radius 

Arc of a parabola (symmetrical), whose equation is: 
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Hyperboloid surface 
(saddle type) Circle of an R radius 

Arc of a hyperbola (symmetrical), whose equation is: 
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The comparative analysis of the two situations shows that for 
the first stage, the argument can be reduced to the 
compensation of a parabola with a hyperbola, that is, to be 
more exact, the compensation of an arc of a parabola with that 
of a hyperbola.  

The two arcs will have their ends overlapped as well as their 
center point. Albeit three points belonging to the generators of 
the curves under study can be overlapped, the degree of 
overlapping (offset) for the intermediary points must be 
studied. It is possible, for any given point situated between the 
guidings and placed on the middle fiber of the wire electrode 
(fig. 4), to calculate the gliding generated by the vibrations 
(ΔyP), as well as the compensating gliding achieved by 
following a hyperboloid surface (ΔyH). The compensating 
error will be: 

eT = ΔyP - ΔyH ,  (6) 

where:  ΔyP = yP – R; yP = y, which is calculated using 
relation (4), represents the wire electrode’s axis deviation 
caused by vibrations; ΔyH =  R- yH ; yH = y1, which is 
calculated using the relation comprised by table 1 – the wire 
electrode’s axis deviation, caused by the hyperboloid cut. 
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Figure 4. The deviation’s offset 

In order to calculate the position of the middle fiber of the wire 
electrode, following the mathematical model described by 
relation (4) it is necessary to know the value of the disturbing 
load’s static component (qs). The latter can easily be calculated 
by making a sample cylindrical cut, of a small-as-possible 
diameter, considering adequate working conditions for 
processing, which will be made close to the solid waste which 
results during processing.  

It will be enough to calculate the maximum deviation in the 
center of the component (at the level of the solid waste which 
results when making the sample cut), to determine ymax. Then, 
using relation (5), the estimated value of the needed parameter 
will result: 
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where ymax = R’- r’; R’ and r’ are half the diameters measured 
at the end, respectively the middle of the cylindrical waste 
resulting from the sample cut. Having calculated this value, the 
shape of the parabolic profile of the cut’s axial section can be 
determined analytically (fig. (4), [P]). 

The compensation of the deviations caused by the wire 
electrode’s vibrations can be done by means of a hyperboloid 
cut, henceforth called the substituted surface. It is thus 
necessary to determine the characteristics of the substituting 
surface. The latter is univocally determined on condition that 
the following parameters are firstly established: R, r (or β) and 
H = 2·h (see [1]). 

This can be determined seamlessly since R is the very radius of 
the directional circle of the substituted cylinder and since r = R 
- ymax and H is the very height of the yet-to-be-processed part. 
At this moment, based on the relation encompassed by paper 
[1], the β lead angle can be defined, thus leading to the 
complete description of the substituted hyperboloid surface. 

A better compensation of the deviations requires a very low or 
even null value for eT. This is to say that this error must be 
situated within the prescribed tolerances for processed 
surfaces’ diameters (Td), respectively within the corresponding 
position deviations (TPc): 

eT ≤ Td   and   eT ≤ TPc .  (8) 

It is important to notice that the total compensation error, 
which is calculated analytically with relation (6), is not 
concluding for practical applications, because the real 
deviations differ from those calculated theoretically. This is 
why it is recommended to replace this value by the real 
deviation measured after the processing of the substituting 
hyperboloid surface, labeled E hip.  

These deviations are lower than those that would result during 
the processing of the substituted cylindrical surface E cil. Thus, 
the precision of the processing can be improved considerably 
when dealing with cylindrical surface as a result of the WEDM 
process. It must be observed that instead of these, a substitute 
hyperboloid surface will be generated, which will be 
determined founded on the estimation of the shape deviation 
for the substituted cylindrical processing. The proposed 
solution can easily be implemented in practice, without any 
difficulties and with maximum operability.  

4. RESULTS OF THE EXPERIMENTS 
In order to confirm the principle of the improvement in 
precision in the WEDM processing of cylindrical surfaces in 
practice, a cylindrical surface of a φ50 mm diameter was 
created in a prismatic material, whose height was H=100mm, 
using a type AGIECUT DEM 315 machine.  

The wire electrode that was used measured φ0,3mm in 
diameter and was strained axially by a force FT= 1,2 daN, thus 
resulting a maximum dimensional deviation ymax=0,042mm 
by using a Mitutoyo measuring device, whose measuring 
precision was 0,001 mm, the measurements being taken at a 10 
mm step. After taking the measurements, the test part was 
processed hyperboloidally, under a lead angle whose value is 
β=6,643°, calculated using an MS Excel worksheet.  

After the processing was done, measurements were taken and 
the new deviations were calculated. They were introduced in 
the same worksheet, which helped process the experimental 
data that was obtained (table 2) and then the graphs in figure 5 
and 6 were drawn. 
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Table 2. The values that were determined analytically and experimentally 
Z coordinate Analytically calculated values The values of the deviations 

Z 
[mm] 

Δ yp 
[mm] 

Δ yh 
[mm] 

eT 
[mm] 

The cylindrical cut 
E cil [mm] 

The hyperboloid cut 
E hip [mm] 

0 0 0 0 0.001 0.002 
10 0.01512 -0.01511 8.1 x 10-06 0.012 0.002 
20 0.02688 -0.02687 8.1 x 10-06 0.021 0.002 
30 0.03528 -0.03528 4.7 x 10-06 0.034 0.002 
40 0.04032 -0.04032 1.4 x 10-06 0.041 0.003 
50 0.042 -0.042 -1.6 x 10-15 0.042 0.002 
60 0.04032 -0.04032 1.4 x 10-06 0.043 0.002 
70 0.03528 -0.03528 4.7 x 10-06 0.04 0.002 
80 0.02688 -0.02687 8.1 x 10-06 0.03 0.001 
90 0.01512 -0.01511 8.1 x 10-06 0.025 0.001 

100 0 0 0 0.005 0.000 

The calculated values for the deviation
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 Figure 5. The analytically attained deviations 

 

The results that were obtained show that although in theory it is 
possible to even up the vibrations of the wire electrode, given 
really unimportant errors (table 2 and fig. 5), in reality the 
attained errors are more considerable (fig. 6). Still, a very 

considerable improvement in the precision of the processed 
surface is detected as a result of the substituting hyperboloid 
surface.
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Experimental values
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Figure 6. The experimentally attained deviations

The gap between theory and practice is, on one hand, the result 
of the simplifying hypotheses that were employed when 
defining the mathematical model that was made use of and, on 
the other hand, the result of the wire electrode’s wearing out 
(fig. 6). The wire electrode starts the processing under a 
diminishing diameter – the result of its wearing out – as it 
advances towards the active processing zone. The fact that the 
method and means of measuring can be faulty in a way that 
affects the output data is also something to be taken into 
account. 

The experiment that was performed shows that the proposed 
solution is viable. It is applied especially when performing 
finishing passes, required by parts in need of exceptional 
dimensional and profile precision. The previously proposed 
methodology is seamlessly applicable and raises no special 
problems when implementing it on an industrial scale. 

5. CONCLUSIONS 
The undertaken research has proven the use of some analytical 
relations and has verified the technical solution that was 

proposed for the improvement in the interior cylindrical 
surfaces’ precision, by substituting them with hyperboloid 
surfaces during processing. 

The differences between theory and experiment are due to the 
errors committed when making the determinations. However, 
they do not affect the results of the experiments significantly.  

The outcome of the research is of practical importance and it 
can be put in practice at an industrial scale, seamlessly rapid. 
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