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Summary 

This paper mainly deals with two models based on the thermal

erosion theory, and the influence of flushing. 

These models permit the prediction of erosion properties of 

workpiece and tool. It is also possible to derive the values 

of the electrical parameters of the energy applied so as to 

obtain optimum results. Finally the effect of flushing of the 

dielectricum on electro-erosion machining is described. 

Sommaire 

Dans cet article deux mod~les bases sur la th60rie d'erosion 

thermique, ainsi que l'influence de l'ecoulement du dielectrique 

sont principlament discut~s. 

Ces mod~les permettent la prediction des.propriet~s d t irosion 

de la pi~ce et de l'llectrode. 11 est a~ssi possible de d6river 

les caracteristiques de l'impulsion afin d'obtenir des r~sultats 

optimaux. Finalement, l'effet de l'ecoulage sur Ie machinage 

par ~lectroerosion est eclairci. 

Zusamenfassung 

In diesem Aufsatz werden haupts~chlich zwei auf die thermische 

Erosionstheorie basierte Madelle wie auch der Einfluss auf die 

SpUlung besprochen. 

Diese Madelle erm8g1ichen die Vorhersage Uber die Erosions

eigenschaften des WerkstUckes und der Werkzeugelektrode. Es 1st 

auch m8glich die Entladeparameter abzuleiten damit maximale 

Erfolge erreicht werden k8nnen. Schliesslich werd der Effekt 

der SpUlung auf die elektroerosieve Bearbeitung beleuchtet. 
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Some aspects of the research on electro-erosion machining 

Introduction 

Since the physical background of the electro-erosion process is still 

rather unknown, a lot of research in this field is still going on. 

This research diverges into several directions. 

In the emperic research a lot of experiments are carried out in order 

to find an optimum if one or more process-dependent parameters are 

varied. This optimum is mostly the maximum productivity and minimum 

tool wear together with a high-~uality surface o From the emperic 

results a number of p~ysical properties of the erosion process were 

suecesfully derived. The properties generally refer to the physical 

background of the well-known high-pressure ionized gas dischargeo 

Another way of explaining the properties of the erosion process is to 

create a model and to verify this model experimentally. This method 

is sometimes rather difficult since the experiments re~uired for 

theoretical verification, are hardly feasible. Problems usually arise 

owing to lack of suitable electrical generators and measuring 

e~uipment, since there is ag£eat .divergence between theoretical 

models and practical experiments. 

An intermediate type of research is to carry out special experiments 

in order to find possible new effects that may explain the process or 

how a new model can be created. This procedure sometimes proves to be 

very succesful. 

This paper deals with some interesting investigations and their 

results which may not be widely known. 
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An erosion model 

A number of theories on the mechanism of electro-erosion have been 

developed in order to explain the metal-removal process of workpiece 

and tool. 

The theories are dependent on the energy level of the spark. Mechanical 

impacts of particals on the workpiece material will probably play a 

role at high energies (10 J and above). At lower energies$ however, 

the thermal erosion theory is more probable. This theory is based on 

the fact that~ when passing electrical current through the gapv 

energy is fed into the arc channe1 9 since there exists a burning 

voltage across the gap. As the radiation energy and the heat energy 

transported by. the dielectricum can be assumed to have a rather low 

value v the greater part of the electrical energy is transferred into 

heat which is delivered to workpiece and tool. The energy distribution 

on both surfaces depends on the voltage distribution across the gap, 

and is a function of the polarity? current denSity and the physical 

,properties of the material together with those of the dielectricum. 

Sev~~al investigaters. have tried to find out this distribution; 

according to Zingerman (1) the drop of potential at the anode is 

linear to the current density~ but at lower values of the current this 

rule is probable not valid. In many cases not too large a mistake is 

made when assuming an equal division of the voltagec The heat 

distribution in the material can be calculated with the aid of the 

physical properties and on the supposition that all electric energy 

will be transferred into heat on the material surface. It is then 

possible to calculate the amount of melted and evaporated material 

that will be removed. However, this thermal erosion model is not 

complete: one of the most important figures to know is the distribution 

of the heat density as a function of its position on the surface and 

of the timeo This ~istribution is still rather unknown. 

Leemreis (2) created a simple model with which he could calculate 

the material removal of the workpiece in relation to the removal from 

the tool. He assumed a point-source vlOrking on the surface with a 

constant power N, during a time t
f 

(rectangular pulse) 9 so that the 

energy during that pulse is Af = tf.N. He calculated the temperature 

in the material at the end of the pulse and subsequently the optimum 

pulse duration at a given energy. The solution of the Fourier 

differential equation for a non-stationary heat problem gives the 

temperatuc-e T in.a spherical space at a distance r from the origin 
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(source on the surface). The temperature at the end of the pulse 

is: 

• _1_ (1 _ erf r) 
rtf Y 4a. t f 

in which k heat conduction coefficient, and 

a = thermal diffusivity. 

( 1) 

Equation (1) is only valid at temperatures below melting point 

(T ) and based on the supposition that k and a have a constant value 
Dr 

in the whole temperature range. However? joining the melting heat 

(m) to the specific heat (c) the validity can be extented to over 

the melting temperature. The thermal diffusivity has to be 

replaced by: 

k 1 
a' = - • 

f c' 

f = specific mass, and 
m 

c'= C + T 
m 

Leemreis defined the optimum pulse duration being the pulse time 

at which the polar radius of the meltingsphere lITill be maximum as 

a function of the material properties. For the optimal pulse duration 

he found: 

t -[ 1 1 A] 2/3 
f,opt -l14.42.n· kTm~' f 

(2) 

and for the polar radius: 

rm = [-f.oTm~C' oAf] 1/3 

The eroded volume will be linear to r3; according to equation (3) 
" m 

the eroded volume is linear to the pulse energy, which is ,,,ell-kno1,m. 

Pulses having Im"l current and long pulse duration do not erode: the 

momentary power will not be enough to melt the material. 

However, in equation (1) the temperature at the origin (r-O) will 

be infinitely high, irrespective of the pulse duration. In this case 

the model fails since a point heat-source is supposed. 
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With the aid of a model where the heat source is an infinitely large 

plane on the material surface with an energy density of e, (J/m2), 

Leemreis calculated the maximum (critical) pulse duration at which 

the material just melts. The critical pulse time is: 

421 
t. "'"1te:::2 
~,cr kfcT 

m 

The factor k~cT2 is called the erosion-strength. A high erosion-. m 
strength is desired for tool material. The physical factors 

appearing in the formulas (2)9 (3)~ (4), are calculated from 

constants that are not always exactly known. Moreover, many of them 

are functions of the temperature •. 

In table I the values of kTm \fa!' 9 Tm Y c l and k? aT; are given for 

a number of materials. 

k.T a' T 0' k cT
2 

m m m 

Unit Js -3/2 xl08 .Jm -3 . 1013 J2 -4 -1 x • m s 

Copper 3200 57 150 

Aluminium 1400 . 29 32 

Cobalt 370 78 56 

Tungsten 2900 139 510 

Gra:.phite 3700 50 200 

Steel (0,1% C) 210 79 40 .. 6 
Cast Iron 190 53 2.5 

Tungsten Carbide (GT20' 860 82 150 

Table I ,values for significant erosion constants for some 

materials (after Leemreis) 

When using copper as electrode and steel as workpiece,the ratio of 

the optimum pulse times for both metals can be calculated from (2): 

t f t (steel) 
,op "..., 10 

t f t (copper) ~ ,op 

At an energy level (at steel side) of IJ the (desired) pulse time 

must be: 
t (steel) ::::::::2380~s f,opt 

In the range of 1m3 the optimum pulse duration will be about 20~s. 
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The relative electrode wear 

The relative electrode wear is defined as the quotient of material 

mass removal of tool and workpiece. 

From equation (4) it can be derived that no tool ,,,ear will occur 

if at a certain energy for the tool material the pulse duration is 

larger than the critical pulse time~ At an energy level of 50mJ the 

optimum pulse time for steel is about lOOMS (equation 2). At that 

level the critical pulse time for graphite is below 100~s, so that 

no tool wear will occur; which has indeed been established in 

practice. 

The low-energy range is becoming important for finishing work, 

and for machining of tungsten-carbide in order to prevent hair 

cracks. However 9 at an energy level of about 10mJ and lower, the 

optimum pulse times become shorter than the critical pulse duration 

of most tool materials, so that the relative tool wear will increase. 

With the thermal erosion theory the energy distribution in the 

spark gap plays an important roleo For low tool removal at low 

energy it is necessary to keep the drop of potential near the 

tool surface low in order to maintain the critical pulse duration 

at a low value. 

De Eruyn (3) reached a rather low relative wear (down to 0.1%) by 

using trapezoidal pulse forms instead of rectangular forms and 

by carefully keeping the gap between workpiece and tool at a 

constant value by having the tool servo-mechanism actuate on the 

firing voltage of the applied pulse. De Eruyn has a reasonable 

explanation for the success of the trapezoidal wave form: according 

to the theory of the ionised gas discharges the cross-section of 

the discharge channel increases during dischargeo If at the same 

rate the current is increasing 9 the current density on the 

surface will be constant. On the other hand, it seems reasonable 

to suppose that an optimum material-removal· process will occur at 

a given current density~ the voltage distribution might be constant 

at a constant ener~J density~ which is corroborated by the exigency 

'of keeping the length of the discharge path as constant as possible. 

However, with verj short pulse times (Oo2~s-2~s) there are 

phenomenae that are not so easy to explain with the thermal erosion 

theory, where the energy distribution is rather essential. 
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Veroman(4) found a rapidly decreasing relative wear when the pulse 

duration is decreasing (sinusoidal wave forms) if the tool has 

a negative polarity. With longer pulses the polarity has to be 

altered in order to keep the electrode wear at a low value. 

Pahlitzsch, Visser and Funk (5) reported on this as well; they 

explain the phenomenae by distinguishing the erosion in electron

impacts and in positive ion-impacts on the surface of the 

electrodes~ at the beginning of the pulse the number of electrons 

is larger than the number of ions~ The electrons are attracted 

by the anode and cause material removal of the anode. According 

to the thermal erosion theory the drop of potential at the 

anode is rather large during the first ~s. During the pulse, 

the number of generated ions is increasing. These ions are 

bombing the cathode, causing there material removal; so the 

drop of potential at the cathode must increase. 

Pahlitzsch et a10 change polarity when the icn current has 

become predominant, thus obtaining a low relative tool wear. 

It is obvious that these phencmenae are connected with the 

ignition mechanism which is not fully clear as yet. The semi

quiescent current is reached after some ~s. The relationship 

of the voltage applied to the gap and the length of the gap is 

known, but preceding sparks will facilitate the ignition~ 

Experiments show that a much higher field strength (shorter 

distance between the electrodes) is required for ignition if a 

single pulse is applied than if a series of pulses is passing. 

In the lather case pollution of the dielectrical fluid will 

probable help the ignition, This pollutio~ may consist of 

electrically conducting tar products originating from the 

dielectricum~ small metal particals or even not yet recombined 

ionized atoms. In relation to this the importance of the 

flushing has also to be considered~ 
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The influence of the flushing on the electro-erosion process 

Svan (6) has cf\rried out, a lot of experiments in order to trace 

the influence of the flushing on the material removal, the tool 

wear and the roughness. 

He experimented with pressing or sucking the fluid through the 

work-gap. He found a dependance of the fluid-velocity on the 

material removal. The experiments were carried out with a lot 

of different dielectric fluids& 

Svan points out that, generally~ the fluid has to be pressed 

into the gap with coarse machining .. In high-energy maching large 

gas-bubbles arise out of the arGs. vii th u..'1derpressure these 

bubbles i together with turbulence phenomenae cause a change of 

the electrical properties of the fluid 9 in such a way that the 

gap width is decreasing. Hence~ short circuiting more often 

occurs. owing to the particles produced. This results in a bad 

surface. Pressing the fluid into the gap causes no turbulency 

and consequently the surface quality will be bettero 

With fine machining the pulse energy and gap width are small~ 

In this case sucking is more suitable because the particals 

generally pass a shorter distance through the gap9 so that the 

risk of short-circuiting is smaller. This is especially of 
. . 

impor.t~nce with machining of deep holes 0 From the experiments 

on short-circuiting and turbulency is appeared that there was 

no difference as to workpiece removal and relative tool wear if 

sucking or pressing was applie~ vIi th equal fluid velocity. 

In order to obtain maximum material removal, the fluid velocity 

must have a low value. However~ the velocity must not be kept 

too low so as to avoid, short-circuiting by accumulation of 

particals. 

At high velocities the gap width is decreasing 9 which may cause 

short-circuits again. On the other hands the ignition becomes 

difficult owing to the increased absence of pollution of the 

fluid 0 

In Fig. 1 an example is given of the dependence of the material 

removal as a function of the velocity (coarse machining). 
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Fig. 1. - The influence of the velocity of the 

dielectric fluid on the workpiece-material removal 

(after Svan). 

Anode: graphite 

Cathode; Steel SIS 2312 

Dielectricum: Shell Sol-H 

o 0 0 pressing of the fluid 

X ~ x : sucking of the fluid 

t
f 

= 22611S 

t ;::: 333!ls p 
I 60A 

In Fig. 2 the effect of the flushing on the gap width is given 

for the same conditions as described in Fig. 1. 

0.4 

10.3 
gap 

(mm) 
0.2 

" -0-

'"' 0 

0.25 0·5 0.75 1.0 1.25 1·50 
fluid velocity (m/s) -

Fig. 2. - The gap-width dependence of the fluid 

velocity (after Svan), Conditions as in Fig. 1. 
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Fig. 3 shows that the relative tool wear is not very much affected 

by the velocity of the dielectric fluid. A maximum occurs at the 

said velocity where the workpiece-material removal is maximum. 

1 

1 o 

1Y' 
(%) -1 

-2 

-3 0 

/ ~ !t......-~ - V -
V , 

1.0 -1.2:;, 1.5 
fluid velocity (rr/s) ~ 

Fig. 30 - The relative tool wear as a function 

of the fluid velocity (after Svan).Conditions as 

in Fig. 1. 

With machining of deep holes the velocity of the dielectric fluid 

has much influence on the conicity of the hole. In Figo 4 the 

difference of the diameters of a hole is given as a function of 

the velocity. The fluid is sucked through a concentric hole at 

the bottom of the machined hole. 
50 

1 25 

<it -d 1 2 
(~m) 

o 

~ 
ro 

'/ 
/ 

0/ 

-·-25 0 0 25 0 5 • . 0.75 1.0 1.2, 1.5 
fluid velocity (l/min) ~ 

Fig. 4. - The conicity of a machined hole as a 

function of the fluid velocity. (Finishing machining) 

dl = diameter at the top ( d1 = 30 mm) 

d2 = diameter at the bottom. 

The depth of the hole was 40 mm. 
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