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S u m m a r y 

The paper deals with a new method of investigating traces made by individual discharge using SEM and 
scanning profilometers. Surface microstructure is assessed using the SEM while dimensions and 
volumes of individual craters are determined basing on scanning profilometer SP. The influence of 
machining conditions on micro-structure of trace surface, crater and flash dimension and volume were 
investigated. It was concluded that discharge traces after the EDM (Electro-Discharge Machining) are 
typical of strong connection with machining parameters and they are highly repeatable whereas 
discharge traces generated on the cathode surface during the EDA (Electro Discharge Alloying) are 
much larger than those after the EDM and they are typical of much less uniform size and volume. 

Keywords: Electro-discharge machining (EDM), Electro-discharge alloying (EDA), discharge traces, 
morphology 

Morfologia śladów wyładowań iskrowych generowanych  
podczas obróbki elektroerozyjnej (EDM) 

S t r e s z c z e n i e 

W pracy przedstawiono charakterystykę śladów pojedynczych wyładowań generowanych podczas 
obróbki EDM i EDA. Prowadzono badania za pomocą mikroskopu skaningowego (SEM) i profilometru 
skaningowego. Powierzchnię śladów wyładowań obserwowano za pomocą mikroskopu SEM, 
natomiast rozmiary i objętość kraterów określono, stosując profilometr skaningowy. Ustalono wpływ 
parametrów obróbki na mikrogeometrię powierzchni, a także rozmiary oraz objętość kraterów i wy-
pływek. Stwierdzono, że rozmiary śladów wyładowań po EDM są ściśle skorelowane z parametrami 
obróbki i charakteryzują się dużą powtarzalnością. Ślady wyładowań generowanych podczas 
stopowania elektroiskrowego (EDA) mają natomiast większe rozmiary w porównaniu z obróbką EDM. 
Charakteryzuje je również duża przypadkowość. 

Słowa kluczowe: obróbka elektroerozyjna (EDM), stopowanie elektroiskrowe (EDA), ślady wyładowań, 
kratery, morfologia. 
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1. Introduction 

Understanding the spark discharge process and its consequence is essential 
for rational selection of conditions for electro-discharge machining effective 
process control.  

There are following ways of investigating these phenomena: 
• physical research i.e. measurement of electric parameters, properties  

of electrode and dielectric material, temperature of plasma, forces, features  
of gas bubble, etc. [1-3], 

• researching the effect of  discharge on the electrode surface and erosion 
products (morphology of discharge trace, electrode mass change etc.) [4-6], 

• mathematical modeling of spark discharge [5, 7]. 
Mathematical modeling of spark discharge and its effect visible on the 

electrode surface is a very complex procedure and the obtained results are 
determined with high level of error due to many factors involved [5, 7] a part  
of which is deterministic (discharge parameters, electrode properties) while 
other display stochastic nature (inter-electrode gap, impurities present in 
dielectric etc.). 

Models of electro-discharge machining and electro-discharge alloying 
should be based on research results and analysis of fundamental phenomena 
occurring during individual spark discharge [3, 5, 6, 8]. Because of extreme 
difficulties in investigating fundamental phenomena occurring during individual 
spark discharge e.g. temperature of plasma, forces, features of gas bubble etc., 
they are usually carried out only during advanced fundamental research.  

Investigation of machining process based on discharge effect visible on the 
electrode surface is one of the most effective and easily accessible methods. 
Discharge traces are a kind of “fingerprint” left by spark discharge and its 
analysis makes it possible to identify many discharge features and forecasting 
technological indices of the EDM process.  

Investigations concerning individual machining traces visible on machined 
surface became a topic of a series of publications [2, 4, 6, 9]. Analysis of these 
papers indicates that the research has been restricted to individual discharge 
aspect like electric parameters, polarization, electrode materials, medium, time 
of discharge etc. and it is not possible to derive general rules describing the 
EDM process. 

This research is usually related only to craters defined as micro-pits on the 
machined surface. The exterior of the crater taking toroidal shape and called 
flash is usually ignored in this research. Flash is made of metal solidified in the 
crater and then radially displaced to the crater outer side as a result of an 
interaction of spark channel and gas bubble without losing contact with metal 
surface. 
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Number of scientific references devoted to morphology of spark discharge 
traces is not high. The most interesting papers contents of which are connected 
with this paper are listed below: 

H. Schulze and co-authors [5] – he maintains that discharge can take place 
as central, stable or one associated by discharge channel of variable position 
whereas position change can take migrant or jumping form. The tip-plan 
electrode couple type usually leads to discharge trace of spherical shape. In the 
case of jumping or migrant discharge channel, there are basic problems in 
anticipating the crater shape and developing mathematical model of surface 
roughness. The presented results were obtained for short-time pulses (5-25 µs), 
large amperages (45-100 A) and positive electrode polarization. 

B. Schumacher [9] – he investigated individual discharge trace for 
discharge times around several ms and he came to conclusion that the discharge 
result depends on degree of dielectric impurity. Primary plasma channel is 
created very fast. It strongly interacts as the hit wave propagating in liquid metal 
and it causes evaporation of material of both electrodes. The electrons act very 
strong in the beginning of the discharge process and the anode material is 
quickly removed. In case of longer discharge times, the initial dominance of 
electron interaction is then replaced by the interaction of plasma channel and it is 
the main reason for applying the inverse electrode polarization in the case of 
long discharge times. For short discharge times (Ti = 0.2 µs, I = 75 A) the crater 
is of spherical shape while for longer discharge times it is flat and irregular. The 
evaporating liquid cause volume increase by 40 times and the gas bubble is 
created in the inter-electrode gap. After the gas bubble creation, the prevalent 
amount of energy is released on the cathode causing its melting. The bright ring 
is usually visible around the discharge trace and it is formed by gas bubble 
enclosing the spark channel. During the discharge disappearance, the metal can 
be displaced from the crater due to plasma oscillation in the spark channel. The 
melted metal layer is overheated because of high pressure in the spark channel 
and after the pressure lowering it starts to boil and throw liquid drops away from 
its volume.  

According to T. Tamur [6] craters on the cathode-part surface are usually of 
irregular shape while the anode patterns are usually regular, flat, axially 
symmetric and showing visible wave effect. There is no such effect when the 
treatment takes place in the air so one can conclude that electro-magnetic force 
is small in comparison with force generated by the gas bubble. Liquid dielectric 
is essential for generating spark discharge force, wave effect and removing 
melted metal. 

According to B. Schumacher [9] for short-time pulses (Ti < 0,5 µs) deep 
craters are routinely obtained while for longer-time pulses (Ti > 1,0 µs) fuzzy 
craters of irregular surface are usually obtained. 
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According to Carbelo at al only 45% of the discharge energy enter  
the workpiece material and 50% of melted material is removed during the 
discharge [8]. 

The part of metal which has been melted constitutes so called white layer 
with flashes on the border. They arise as a result of dynamic interaction of the 
spark channel on the melted metal and also due to its tangential flow along the 
crater surface. 

Cognitive research of the EDM process and electro-discharge alloying is 
faced with serious difficulties when examining individual discharge traces. Up to 
now, the experimental tests were carried out by scanning electron microscope 
(SEM) which can render 2-d surface images of high quality and they supplied 
information on crater micro-structure and their liner dimensions in X - Y plane 
[2, 5, 8]. There is no complex research on morphology, dimensions and volumes 
of individual craters and their direct surrounding called flash. 

Application of scanning profilometers gives a chance for substantial 
expansion of research range and is particularly promising in the following areas: 

• 3-D visualization of discharge traces, 
• determination of discharge trace profiles for the selected cross-section 

(e.g. including the lowest of the highest point of a hollow or a flash), 
• determination of dimension and volume of craters, flashes and the balance 

of crater vs. flash volume.  
3-D visualization of individual discharge trace makes it possible to observe 

them at any direction and at any angle so that it is possible to expose the most 
important discharge features such as the crater bottom (it is of particular 
importance for the reverse image) while the isohypse map together with 
arbitrarily selected crater profile make it possible to determine the highest and 
the lowest crater point. 

2. Experimental investigations 

The investigations were aimed at elaboration of experimental method and 
the assessment of fundamental conditions for the electric discharge, namely 
current of electric discharge, discharge duration and electrode material and 
polarization on the morphology, dimensions of individual craters and their 
volume generated in the electro-discharge process (EDM) and electro-alloying 
process (EDA). 

Investigations on the influence of the discharge parameters on the 
morphology of discharge traces include the following procedures: 

• manufacturing of the samples and preparation of surfaces subjected to 
generation of electric discharge traces, 

• generation of traces for individual electric discharge, 
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• measurement of stereometric features of the discharge traces by applying 
Scaning Profilometer, 

• determining relationship between the process parameters and dimensions 
and volumes of craters and flashes, 

• examination of surface microstructure by applying SEM.  
The surfaces of the hardened samples made of tool steel X210Cr12 used for 

the spark discharges are lapped with high accuracy so that the lowest possible 
roughness and the minimum flatness error is achieved. This surface is a basis for 
determining the volume of craters and flashes. 

Generation of discharge traces on the examined surface when applying 
standard generators being applied in contemporary EDM machines, is to be 
realized for the erode position which is at a very angle to the machined surface. 
This makes it possible to obtain single not interfering discharges traces, which 
can become objects for further investigations. 

Measurements and visualization of individual discharges by applying 
scanning profilometer an, particularly, determining its size in the XY and ZX 
planes as well as measuring crater and flash volume.  

SP enable automatic determination of crater and flash volume seen as the 
volume closed between the reference plane and the surface of a crater or a flash 
(Fig. 1). The most fit results can be obtained by determining the volume of crater 
and flash relative to the reference surface located outside the crater area. 

Images registered by the scanning profilometer are typical of lack of limit 
concerning depth of image sharpness, the chance for selecting arbitrary 
enlargement which can change independently for each axis and low resolution 
relative to the SEM.  

Figure 2 shows straight and reverse image of individual spark discharge 
trace with visible flashes and its profiles as well as profilogram running across 
the lowest discharge trace point. 

There is a measurement error dependent on the magnitude of the area 
subjected to the measurement. Because of this, it is necessary to carry out the 
calibration of the measuring system by forcing a little ball of diameter d < 1 mm 
into the examined surface and adjusting values of crater volume – Vk and flash 
volume – Vf so that the difference in measuring the volume of the indentation 
and the flash is smaller than the assumed value. The subsequent measurements 
should be performed on the patch of similar area (Fig. 3). 

The experiments performed by the authors have shown that the surface of 
measurement when applying the volume procedure during the calibration of 
surface with the ball imprint by the allowable Vk/V f difference 5% should be 
about 7 times larger than surface area of the ball imprint/ spark discharge. 
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Fig. 1. Image of spark discharge trace (a), it’s crater (b) and flash (c)  
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Fig. 2. Straight and reverse image of spark discharge trace with clearly visible flashes (a)  

and crater (b) bottom and its profilograms: Vk = 30 x 104, Vw = 28 x 104 µm3 
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Fig. 3. The image of the ball imprint on the surface of the steel (a) with the results of the volume 
measurements for the indentation and the flash (b) obtained during the system calibration and its 
 profilogram (c)  

The following equipment has been used for the experiments: 
• electro-erosion machining center ROBOFORM 30 equipped with 

rectangular pulse generator, 
• scanning electron  microscope HITACHI S-3500 N, 
• scanning profilometer (SP) FORM TALYSURF SERIES 2 equipped with 

DIGITALSURF software. 
Scanning profilometer allows measurement of surface geometric structure 

and determining surface stereometric features, it is an instrument of high 
resolution (0.8 nm) and wide measuring range +/-200 µm, and resolution along 
X axis is several tenths of µm and for Y axis is a few µm. 

Measurements of microstereometry have been effected using the diamond 
needle of radius tip 2 µm and by the step of discretisation Dy = 5 or 10 µm. 

Research for morphology of traces of individual discharge generated in the 
EDM and the EDA process was carried out according to procedure of two-
factor, five-level experimental design (Table 1). Amperage value and pulse  
time were taken as independent variables which varied within I = 1,5÷32 A,  
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Ti = 3,2÷800 µs. The surfaces of lapped samples of hardened tool steel 
X210Cr12 were used for generation of a limited number of discharges resulting 
in few craters; copper was used as cathode, voltage U = 160 V, machined part 
was connected to a positive end and kerosene was used as dielectric. 

Microscope examination of spark discharges after the EDM showed that 
they display some typical features which are dependent upon machining 
parameters. 

For very small amperage values and short pulse time (I < 5 A, Ti < 13 µs), 
there are axially symmetric discharges of smooth and flat surfaces and they are 
surrounded by a ring of non-uniform surface. The generated crater of A type is 
probably a result of spark discharges for parameters of such range (Fig. 4a). For 
high amperage and long spark discharge time, there are craters of strongly  
non-uniform surfaces which are probably a result of spark channel migration and 
its fluctuation; the generated crater is of C type (Fig. 4c). 

 
a)                                                                              b) 

    
  

  c) 

 
 

Fig. 4. Types of craters during individual discharge: 
a) type A, b) type B, c) type C 



Morphology of traces ...  13 

For the intermediate parameter values (5 < I < 50 A, 12 < Ti < 50 µs) there 
are craters of B type and they adopt shape of solidified, overlapping metal waves 
of relatively smooth and even surface. Their structure is probably connected 
with the effect of spark discharge migration. Types of craters generated on 
surface vs. machining parameters are shown in Fig. 4b. 

For small amperage, the craters show relatively smooth surface and regular 
shape and two-dimensional SEM image is incapable of giving material for crater 
depth and wave size estimation and it is impossible to determine its relationship 
with machining parameters. 

Table 1. Specification of machining parameters for the experimental  
investigations on the EDM and the EDA processes 

EDM parameters EDA parameters 

Amperage I, A Time Ti, µs Amperage I, A Time Ti, µs 

32 800 32 50 
32 200 16 200 
16 800 16 12,8 
16 200 8 800 
16 50 8 50 
8 200 8 3,2 
8 50 4 200 
8 12,8 4 12,8 
4 50 1,5 50 
4 12,8     
4 3,2     

1,5 12,8     
1,5 3,2     

 
 

Figures 5-7 shows the 3-d images PS for individual crater type and their 
profilograms. 

SEM analysis of crater surface when studying high enlargement showed 
that microcracks appear on the crater surface for the most of cases. Analysis of  
three-dimensional images based on scanning profilometers enables assessment 
of basic crater dimensions such as crater and flash diameter, crater depth and 
flash height and their volume. 

Filtration process by diamond tip leaves only larger micro-asperities visible. 
Analysis of SP and SEM images gives a chance for determining if there exists 
dominating crater and if there are some other similar craters or other 
significantly smaller craters. Analysis relying on scanning profilometry shows 
that both for small and medium amperage and time settings, discharge traces 
with central and regular crater are dominant while fuzzy craters of non-uniform 
shape are typical for high amperage and long pulse times (Table 2). 
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Fig. 5. Image and profilogram of A type crater (a) given by scanning profilometer (b) 
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Fig. 6. Image and profilogram of B type crater given (a) by scanning profilometer (b) 
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Fig. 7. Image and profilogram of A type crater given (a) by scanning profilometer (b) 

Scanning profilometer was used to determine stereometric quantities of 3-5 
craters for each examined surface. The following quantities describing features 
of the discharge traces have been measured (Fig. 8): 

• Crater diameter – dk, mm, 
• Crater depth – Gk, µm, 
• Flash diameter – dw, mm, 
• Flash height – Hw, µm, 
• Crater volume – Vk, µm3, 
• Flash volume – Vw, µm3. 

Table 2. Types of craters vs machining parameters 

Amperage I, 
A 

Time Ti, 
µs Crater type Amperage I, 

A 
Time Ti, 

µs Crater type 

48 400 C 8 50 C 
32 800 C 8 12,8 B 
32 200 C 4 50 B 
16 800 C 4 12,8 B 
16 200 C 4 3,2 A 
16 50 C 1,5 12,8 A 
8 200 C 1,5 3,2 A 
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Fig. 8. Basic geometric features of the crater 

Basing upon the results above, the average values of the quoted crater and 
flash features were determined (Table 3) and statistical relationships between 
crater features and machining parameters were determined. 

Table. 3. Specification of results of experimental research on influence of machining parameters 
on geometric features of discharge traces 

I,  
A 

T i, 
 µs 

dk  
mm 

Gk,  
µm 

Vk,  
µm

3 
dw,  
mm 

Hw,  
µm 

Vw,  
µm

3 
dw/dk Gk/Hw Vk/Vw 

32 800 0,37 29,7 2 963 732 0,91 10,3 2 728 395 2,46 2,89 1,08 

32 200 0,3 32,4 1 421 734 0,61 18,9 1 352 396 2,03 1,72 1,05 

16 800 0,36 15,8 960 563 0,63 11,1 412 275 1,75 1,43 2,33 

16 200 0,2 13,7 228 874 0,37 9,8 185 987 1,85 1,40 1,23 

16 50 0,13 13,7 116 271 0,27 6,2 107 167 2,08 2,21 1,08 

8 200 0,11 10,2 89 424 0,29 6,4 66 462 2,64 1,60 1,35 

8 50 0,067 7,8 35 526 0,17 4,6 30586 2,54 1,69 1,16 

8 12,8 0,068 7,3 20 301 0,13 3,9 15536 1,91 1,87 1,31 

4 50 0,057 5,6 16 929 0,14 3,76 9362 2,46 1,48 1,81 

4 12,8 0,045 5,4 10 286 0,1 2,2 5641 2,22 2,44 1,82 

4 3,2 0,048 5,8 6 978 0,12 2,16 8003 2,50 2,68 0,87 

1,5 12,8 0,035 2,8 2 702 0,06 1,2 7335 1,71 2,37 0,37 

1,5 3,2 0,022 1,1 1 789 0,05 0,94 580 2,27 1,15 3,08 

 
Analysis of the results obtained showed that: 
• crater depth is placed within the range Gk = 1÷33 µm and the amperage 

affects the depth much stronger than the pulse time, 
• crater diameter is placed within the range dk = 0.03÷0.4 mm and it is half 

the flash diameter. The influence of the amperage and pulse time on the crater 
diameter are comparable, 
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• crater depth is not much dependent upon pulse time length while 
diameters are much affected. 

Due to specific conditions of the flash solidification, its structure includes 
many discontinuities, faults, micro-cracks (Fig. 4). The flash average density is 
probably different from the core density so that relationships presenting the flash 
volume should be treated in qualitative rather than quantitative way. It pertains 
among other to volume difference Vk – Vw  and the ratio Vk/Vw. 

The influence of the amperage is for all discussed features much stronger 
than pulse time length in spite of the fact that the spark discharge energy is 
equally dependant on both factors. The following probable explanation for this 
effect could be provided: the longer time of discharge the more heat is 
transferred to the electrodes and to medium while the amperage increase means 
that more energy is spent for metal melting and evaporating in the crater thus 
increasing its dimension. 

The diameters of craters formed at the moment of high amperage and long 
pulse times are many times (around eight times) larger than those formed during 
low-energy discharges. The respective flashes are also smaller and it is probably 
due to the limited interaction of wave effect on the crater surface. 

The experimental design procedure was used for determining statistical 
relationships (Table 4) between parameters of spark discharge and typical 
features of craters. They were presented as diagrams in Fig. 9. 

Table 4. Regression equations describing fundamental crater features ( α = 0.05) 

Regression equations Correlation 
coefficient, R F/Fkr  tI/tkr  tTi/tkr  

dk(I,Ti) = e-4,30 · I0,529 · Ti
0,222 0,98 27,4 2,3 1,8 

Gk(I,Ti) = e0,27 · I0,793 · Ti
0,058 0,97 17,5 2,8 0,4 

Vk(I,Ti) = e5,86 · I1,463 · Ti
0,582 0,99 52,9 3,5 2,3 

dw(I,Ti) = e-3,54 · I0,549 · Ti
0,213 0,99 45, 8 3,1 2,2 

Hw(I,Ti) = e-0,35 · I0,646 · Ti
0,138 0,98 23,2 27 1,1 

Vw(I,Ti) = e5,68 · I1,504 · Ti
0,491 0,97 18,2 2,1 1,3 

 
For all relationships listed above (for α = 0.05), the value R of multiple 

correlation ratio is variable within the range (0.97÷0.99) and such result is 
interpreted as much reliable and well correlated, according to I.Guilford. Both F 
ratio for the Snedecor distribution and t-Student distribution ratio were found 
higher than their corresponding critical values. It was only for the crater depth 
that t-Student number for the second variable i.e. pulse time Ti was below the 
critical level which shows that the statistical relationship between the analyzed 
data has not been detected.  
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Fig. 9. Relationship of crater diameter dk (a), flash diameter dw (b), crater depth Gk (c), flash height  
Hw (d), crater volume Vk (e) and flash volume Vw (f) vs. amperage I and pulse time duration Ti 

3. Investigations of individual discharge traces generated 
in the electro-discharge alloying process 

Process of crater formation on the anode in the electrodischarge alloying 
process is substantially different from the process of material removal from the 
anode. It is connected with two processes taking place on the cathode during the 
discharge: 

a) b) 

c) d) 

e) f) 

dk, mm dw, mm 

Hw, mm Gk, µm 

Vw, µm3 

Ti, µs 

Ti, µs Ti, µs 

Ti, µs Ti, µs 
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Vk, µm3 
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I, A I, A 
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• material removal and crater formation nature of which reminds the 
process taking place on the anode, 

• transfer of material form the anode to the cathode and building up 
highlands specific for the alloying process from this material. 

The methods and procedures applied during the investigations for traces of 
individual discharges generated in the process of electro-discharge alloying were 
similar as those selected for investigating discharge traces generated in the EDM 
process but specific EDA features were taken into account. 

Investigations for morphology of individual EDA discharge traces were 
carried out in a similar way as after the EDM according to experimental design 
set as two-factor and five-level plan (Table 1). 

The current amperage during the pulse and pulse duration time were 
adopted as independent variables. 

Amperage value and pulse time were taken as independent variables which 
varied within I = 1,5÷32 A, Ti = 3,2÷800 µs for fixed voltage U = 160 V, 
kerosene as dielectric and negative polarization the alloyed part.  

Tungsten carbide was used as alloying electrode. The surfaces of lapped 
samples of hardened construction steel C45 were used for generation of a limited 
number of discharges resulting in few craters;  

The microstructure of discharge trace surface was examined using SEM 
microscope. The microscopic image analysis resulted in separating two basic 
types of discharge trace.  

• A type of  circular (gentle) convex axially symmetric shape and smooth 
surface (Fig. 10a), 

• B type of circular flat or insignificantly concave shape with radial micro-
rays of melted metal (thrown away from the discharge zone due to discharge 
dynamic interaction – Fig. 10b). 

 
 a)                                                                              b) 

     
 

Fig. 10. Basic types of discharge traces: a) type A, b) type B 
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Table 5 shows results of microscopic examination of discharge traces for 
various parameters of alloying. It can be concluded that for the analyzed 
machining conditions the A type traces are prevalent. 

Table 5. Dependence of crater type on machining parameters 

EDA parameters Crater type dependence  
on electrode material 

Amperage I, 
A 

Time Ti, 
µs 

Sintered 
carbide BO 

X10Cr Ni18-8 

32 50  B A 
16 200 A ; B A 
16 12,8 B A 
8 800 A A ; B 
8 50 A A 
8 3,2 A ; B A 
4 200 A A 
4 12,8 A A 

1,5 50 A A 

 
Scanning profilometer was used to determine dimensions and volumes of 

the discharge traces by scanning profilometer, similar as for craters formed after 
the EDM. For 3 up to 5 craters formed on each surface, the stereometric image 
and dimensions/volumes and highlands created in the craters from material 
transferred from the anode: 

• Crater diameter – dk, mm, 
• Flash diameter – dw, mm, 
• Crater depth – Gk, µm, 
• Highland height – Hw, µm, 
• Crater volume – Vk, µm3, 
• Highland volume – Vh, µm3. 
Analysis of the test results showed that traces of discharge after the EDA 

are much different from traces of discharge generated in the EDM process. 
There are typical features of discharge traces after the EDA: 

• absence of typical flash around the crater, 
• low depth of the crater when compared with highland height, 
• placement of typical highland created from material transferred from the 

anode (Fig. 11). 
In the most of cases, the crater diameter is close to flash diameter, and flash 

size can be greater but it usually happens when the highland is placed on the 
crater border.  



Morphology of traces ...  21 

Height Hh of the highland located inside the crater is typical feature of 
discharge traces after the EDA process instead of flash height Hw as it happens 
after the EDM. 
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Fig. 11. 3-D images and profilograms of craters (a) with the central and asymmetric position 
of highlands (b) 

The measurement of the highland height is arbitrary because it is 
determined relative to the mean line and not to the highland base (it is bounded 
by scanning profilometer software capability limitations). 

Moreover, the measurement of crater and highland volume after the EDA 
were realized according to definition supplied by the profilometer software 
(crater volume is calculated below the mean plane and highland volume over 
mean plane). Having the above in mind, it can be concluded that, the 
measurement result of the discharge traces after the EDA is arbitrary because the 
crater is filled in part with the highland formed of the anode material and the 
measurement result reflects only the crater part placed over the mean plane. The 
results of experimental investigations into geometry and volume of the discharge 
trace after the EDA of construction steel C45 by tungsten carbide are quoted in 
Table 6. Analysis of these results showed that: 

• mass transport is two-way so that the crater is formed on the surface 
inside or beside of which the highland is formed and it is made of the anode 
material, 

• crater depth after the EDA is considerably lower than after the EDM and 
it amounts to several µm, 
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• highland height is usually bigger than the crater depth, 
• crater and highland size is dependent on the amperage and on the 

discharge pulse duration time, 
• average values for arbitrary volumes of highlands and craters are roughly 

the same. 

Table 6. Specification of the results of investigating geometric features of  the discharge traces 

I  
A 

T i  
µs 

dk  
mm 

Gk  
µm 

Vk  
µm3 

dw  
mm 

Hw  
µm 

Vw  
µm3 

Hw–Gk  
µm 

dw/dk  

 
Hw/Gk  

 

32 50 0,20 7,2 5804536 0,264 8,45 2137133 1,2 1,35 1,17 

16 200 0,34 18,5 2496403 0,478 32,25 2604579 13,8 1,41 1,74 

16 12,8 0,06 5,7 3970038 0,147 4,52 5392186 -1,2 2,67 0,79 

8 800 0,34 14,0 3940230 0,395 19,17 459290 5,2 1,16 1,37 

8 50 0,17 8,5 1585538 0,207 10,88 1339283 2,4 1,21 1,28 

8 3,2 0,22 9,6 6422000 0,249 12,30 4602000 2,7 1,14 1,28 

4 200 0,16 6,8 1002298 0,214 6,60 6410504 -0,2 1,30 0,98 

4 12,8 0,03 2,7 330524 0,07 2,08 875444 -0,6 2,33 0,78 

E
D

A
 -

 c
e

m
en

te
d

 c
ar

b
id

e 
in k
er

o
se

n
e 

1,5 50 0,10 2,1 726143 0,113 8,70 2533692 6,6 1,12 4,10 
   

Basing on data acquired from the planned experiment (Table 7), statistical 
relationships were determined between parameters of spark discharge and 
typical crater features and they were presented as diagrams (Fig. 12). Valid 
statistical relationships were obtained only for crater diameters and highland 
heights. The other relationships (for α = 0.2) were not found statistically 

significant. For all investigated relationships the influence of the amperage on 
diameters and heights is of greater influence than the influence of pulse duration. 

Table 7. Regression equations describing basic crater features; EDA – WC (Sintered carbide BO) 
in kerosene (α = 0,2) 

Regression equations Correlation 
coefficient, R F/Fkr  tI/tkr  tTi/tkr  

dk(I,T i) = e-2,957 · Ti
0,258 0,542 1,656 – 1,186 

Gk(I,T i) = e0,242 · I0,491 · Ti
0,173 0,759 2,316 1,662 1,083 

dw(I,T i) = e-3,1 · I0,36 · Ti
0,19 0,78 2,6 1,5 1,5 

Hw(I,T i) = e1,2  · Ti
0,24 0,51 1,4 – 1,1 

 

Value of correlation coefficient for relationships presented in table 7 varies 
within (0.51-0,78) which, according to I. Guilford can be regarded as decent or 
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significant statistical relationship between the determined value and independent 
variables.  
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Fig. 12. Relationships between the crater depth Gk (a), flash height Dw (b) 
and the amperage I, time, pulse duration Ti 

Both F-Snedecore distribution and t-Student distribution characteristics are 
higher than critical values for α = 0,2. The coefficients F and T are lower than 
critical values for other relationships and these relationships are not regarded as 
statistically significant.  

3. Conclusions 

Analysis of investigations into discharge traces generated during the 
electro-discharge machining and electro-discharge alloying in comparable 
environment (generator, machining parameters, medium) has shown that: 

• morphology research for spark discharge traces was carried out using 
scanning microscopy and scanning profilometers and these methods ensure 
complete qualitative and quantitative evaluation, 

• scanning profilometers enables assessment of basic crater dimensions 
such as crater and flash diameter, crater depth and flash height and the crater 
shape, 

• SEM enables the assessment of crater surface details and microcraks in 
the surface layer, 

• crater volumes are only 15-25% greater  than flash volumes and it is one 
of principal reason for low efficiency of the EDM, 

• crater surface after the EDM exhibits strong interaction of the spark 
discharge taking form of micro-asperities, 

• craters after the EDM are typical of distinct shape and dimension 
regularity and statistical relationships describing these features are reliable, 

• the flash is formed after the EDM and its size and volume roughly equal 
to crater size and volume, 
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• discharge traces after the EDA are much less regular as to size and 
volume than caters after the EDM, 

• discharge traces after the EDA are usually larger than discharge traces 
obtained after the EDM for the same electric parameters. 
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