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ABSTRACT: This paper presents some research about the processing by EDM (Electrical Discharge Machining) of the frontal 
escapes from the places of the intermediate parts of the cylindrical-frontal milling cutters. There are presented some experimental 
results which permit comparisons with other technological processes. 
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1. GENERALITIES 
Modern cylindrical-frontal milling cutters, of medium and 
large diameters, are made in assembled version and are 
equipped with replaceable inserts made of various sintered hard 
alloys.  

Dimensional accuracy of these tools is dependent on the 
accuracy of all components, on the precision of the assembly 
and, not least, the quality of technical solutions specific to the 
various tool producing companies. 

An important component that defines precision on the drills is 
the orientation precision of the cutting plate into the frontal 
clearance on the intermediary body between the plate and 
cutter body.  

The intermediate body has its particularity that it has active 
surfaces both for plate orientation to body and active surfaces 
for the orientation of the intermediate part in the cutter body. 
Of these, the most outstanding technological issues are raised 
by the guidance surfaces of the cutting plate into the 
intermediate body because they are located on the inside of 
clearances with appropriate geometric configuration for the 
plate.  

At the edge of these places are set releases. The releases 
practiced in the clearance have an important impact on the 
plate orientation because it eliminates the possibility that it sits 
on one of its edges. 

The sizes of these releases are between 0.5 ... 1 mm, both in 
depth and in width. Making their larger, although facilitates the 
technology is not suitable because it can weaken the 
mechanical strength of the intermediate body and a decrease of 
the surface on which the plate lays.  

Specified dimensions require achieving these releases by 
punching, electric erosion or hot stamping (however by drop 
forging it can be achieved all intermediate body). 

Punching operation proves totally ineffective as the 
intermediary body deforms within unacceptable limits. 

Making the clearances through electrical discharges machining 
requires massive electrodes made of electrolytic copper by 
copying the shape of the electrode. 

 

2. EXPERIMENTAL CONDITIONS 
To illustrate the processing of the frontal clearances of 
intermediate bodies there will be presented the electrical 
erosion of a type of clearance whose profile is shown in Figure 
1.  

The processing of the clearance was made on a machine-tool, 
through electric discharge machining, type ELER 01, using 
electrolytic copper electrodes made by cutting. Electrodes are 
presented in Figure 2, and the cut-outs are shown in Figure 3. 

 

 
Figure 1. Clearance profile 

During the experiment we used an electrode with a profile 
width of 0.8 mm. Note that the profile width can be chosen 
smaller, but getting the smaller electrode was more difficult 
technologically. 

Processing time was timed to achieve a tread depth of 1 mm. 
The width and depth were measured on a universal tool-room 
microscope Karl Zeiss Jena. The dimensions of the cut-outs 
made during set time were followed in order to determine the 
productivity of the process. 

The number of trials was set corresponding to a factorial 
experiment of type 23. 
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Figure 2. Cooper electrodes, made by cutting 
 

 
a)                                    b)                                      c)                                     d) 

                              
e)                                   f)                                      g)                                      h) 

 
Figure 3. Clearances processed by EDM
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The three variable factors were: 

x1 = intensity of the electrical discharge current I [A]; 

 x2 = impulse time ti [µs]; 

 x3 = pause time tp [µs]. 

The experiments were conducted with maintaining a constant 
working voltage of 85 V, and there were performed three 
replicates for each experiment. 

3. EXPERIMENTAL RESULTS 
Factor values and results of the measurements are presented in 
Table 1. 

Table 1. Experimental resuts 

 
 

Sample 

 
Factor Values 

 
Measured 

time 

 
Clearance width  

 
l [mm] 

 
Clearance depth  

 
h [mm] 

Volume of 
prevailed 
material  

 
Vw=L⋅l⋅h 

 
 I [A] ti [µs] tp [µs] T [s] Measured 

values 
Average 

value  
Measured 

values 
Average 

value  
[mm3] 

     0,99  0,94   
20,281 1 25 4 2 41,68 1,00 1,006 0,92 0,95 

     1,03  0,91  
     1,07  0,95   

23,026 2 50 4 2 41,85 1,08 1,066 0,9 0,91 
     1,05  0,89  
     1,03  0,85   

22,001 3 25 5 2 42,01 1,00 1,03 0,9 0,88 
     1,06  0,87  
     1,05  0,91   

23,940 4 50 5 2 40,04 1,04 1,05 0,9 0,9 
     1,06  0,89  
     0,94  0,9   

18,768 5 25 4 3 40,06 0,90 0,92 0,88 0,89 
     0,92  0,91  
     1,04  0,8   

21,894 6 50 4 3 40,76 1,00 1,025 0,87 0,85 
     1,02  0,9  
     1,05  0,91   

22,451 7 25 5 3 44,22 1,06 1,063 0,85 0,84 
     1,08  0,88  
     1,06  0,88   

22,998 8 50 5 3 40,12 1,06 1,053 0,91 0,89 
     1,04  0,9  

Given the average width l and average depth h, of the cut-outs, 
expressed in table 1, the productivity of the process can be 
calculated with the equation (STAS 12640-88): 

t
VQ W

W =    [mm3/min.], (1) 

where:  Vw is the total volume of material sampled during 
processing; 

t – the processing time. 

Respectively by the relationship: 

t
hlLQW

××
=    [mm3/min.], (2) 

where L is the length of the cut-out in the support clearance for 
the plate (calculated on the average profile line). 

Based on the previously presented and considering as the 
objective function the function that expresses the productivity 
of the processing of the cut-out, the response values obtained 

experimentally for the performed factorial experiments are 
shown in Table 2. 

From Table 2 results that the greatest influence on the 
productivity of the analysed processing is given by the 
intensity of the discharge current (factor x1), followed by pulse 
time (factor x2) and pause time (factor x3). Based on the data 
presented in the table to describe the processing in terms of 
productivity, it is proposed a polynomial law of the 
"productivity" function (y = QW) shown in equation (3), and 
the values of factors x1, x2, x3, corresponding for each 
experimental test performed were used to obtain the system of 
equations (4). 

The proposed equation (4) does not verify the Kroneker - 
Capelli theorem. Therefore, the coefficient b0 is proposed a 
constant value, as this factor influences insignificantly the 
polynomial law of the "productivity" function (changing the 
response function values with the same value for all values of 
the variables). 
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Table 2. Processing productivity 

 
Sample 

Factors Response 
y = QW 

[mm3/min] 
Encoded values Numeric values 

x1 x2 x3 I[A] ti[µs] tp[µs] 
1 - - - 25 4 2 29,19 
2 + - - 50 4 2 33,01 
3 - + - 25 5 2 31,42 
4 + + - 50 5 2 35,87 
5 - - + 25 4 3 28,11 
6 + - + 50 4 3 32,23 
7 - + + 25 5 3 30,46 
8 + + + 50 5 3 34,39 
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Under these conditions, after solving the equation system (4) in 
MATLAB programming environment for b0 = 10, the values 
obtained for the polynomial coefficients (b1, b2, b3, b12, b13, b23, 
b11) are: 

 b0  =  10 = const.; 
 b1  =  1,0594; 
 b2  =  2,7950; 
 b3  =   0,3950; 
 b12 =  0,0088; 
 b13 = - 0,0044; 
 b23 = - 0,2900; 
 b11 = - 0,0123. 

The obtained values are used to determine the polynomial law 
for the searched "productivity" function: 

 

y = QW x1 x2+ 0,3 x3 +  
+ 1 x2 - x1 x3 - x2 x3- x1

2 (5) 
         (5) 

Requiring the maximum extreme position condition (5) on the 
analysed domain and taking into account the discrete values of 
the adjustment factors on the control panel of the machine - 
tool, it is found that maximum productivity is obtained for the 
following values of factors: x1 = I = 50 A; x2 = ti = 5µs; x3  = 
tp = 2 µs. 

4. CONCLUSIONS 
Since cutting processing of the cut-outs is excluded due to the 
small size of the channel’s cross section, its processing could 
be achieved in relatively favourable conditions though 
electrical erosion with massive electrodes.  

Alternatively technological processing of the frontal clearance 
in the intermediate body is the process by plastic deformation 
(cold or hot). It has been attempted to manufacture the 
clearance by cold printing with a punch properly profiled 
corresponding to the type of release, with the geometry shown 
in Figure 1. 

Even if the processing times for making the clearance by 
punching are much smaller (5s) against processing through 
electric erosion (40s), it can be said that it is preferable to use 
electrical erosion rather than cold bunching. Justification for 
this assertion comes from the fact that after cold punching the 
areas immediately adjacent to the clearance deform 
inadmissibly (by inflation) affecting the surface of the plate, a 
situation not found in the processing of the clearance through 
electrical erosion.  

In addition, the productivity of erosion processing of the 
clearance can be increased by simultaneously processing of 
multiple intermediate objects on the same machine - tool using 
special devices for attaching multiple electrodes, on the one 
hand, and to catch intermediate bodies, on the other hand. 
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