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AN INVESTIGATION INTO THE IMPACT
OF ELECTRICAL PULSE CHARACTER
ON SURFACE TEXTURE
IN THE EDM AND WEDM PROCESS

Dorota Oniszczuk, RafatSwiercz

Summary

The article discusses the results of experimental studies on the influence of the character of the pulse

current and voltage on surface texture after the Wire Electrical Discharge Machining (WEDM) and the

Electrical Discharge Machining (EDM). The measurement circuit has been developed to determine the

real current-voltage characteristics. Based on the survey developed mathematical models describing the

effects of selected parameters of pulse electrical the on the surface texture.
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Ocena wptywu charakteru impulséw elektrycznych w procesie EDM i WEDM
na stan struktury geometrycznej powierzchni
Streszczenie

W artykule przedstawiono analiz¢ wynikéw badan doswiadczalnych wptywu charakteru impulséw
natgzenia i napigcia pradu elektrycznego na strukture geometryczna powierzchni (SGP) po obrébce
wycinaniem (WEDM) i drazeniem elektroerozyjnym (EDM). Opracowano i zbudowano stanowiska
pomiarowe do wyznaczenia rzeczywistych charakterystyk natgzenia i napigcia pradu. Na podstawie
wynikéw przeprowadzonych badan opracowano modele matematyczne opisujace wptyw wybranych
parametréw impulséw elektrycznych na strukturg geometryczna powierzchni.

Stowa kluczowe: wycinanie elektroerozyjne, WEDM, drazenie elektroerozyjne, EDM, charakterystyki
napigcia i natgzenia pradu, struktura powierzchni

1. Introduction

Electrical discharge machining is considered toalbeurate method for
forming objects with hard to machine and complexorgetry. Research
conducted by many scientists prove that a fundaahdéeature influencing the
properties of the parts after manufacturing issta¢e of the surface layer. In the
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process of EDM and WEDM, this layer is formed bg tverlapping of a single
traces of electrical discharges and has a poitrbjgic nature.

EDM and WEDM have a complex character, they takeeln four-phase
system (liquid phase — dielectric, constant — pct&lprocessing, gas — gases and
vapors, and the plasma phase — ions and electr@ogyition of the surface
layer after the manufacturing is mainly resultshefrmal processes (melting and
evaporation), and phase transitions. The top layerthe workpiece has
a redesignation for core material metallographacstire [1-5].

Experimentally concluded that parameters of thefaser texture have
considerable the influence of:

« friction and wear processes associated components,

 deformation and strength of materials,

* resistance to corrosion,

« vibration activity,

* the quality of coatings layers,

* properties of aerand hydro-mechanical [6].

The primary factor in determining treatment andditon of the surface
layer after EDM and WEDM is the character of cutramd voltage waveform.

2. Analysis of the voltage-current waveforms

Measurement stations have been developed to deethe current-voltage
characteristics of generators machines CharmMé4sbDM Robofil 190 (Fig. 1a)
and EDM Form 2LC ZNC (Fig. 1b). Machines were egeip with transistor
generators. Pearson's sensor (Hall sensor) wastaisedrent measurement for
WEDM, and a special shunt current was used for EDMmeasure the voltage
used special voltage probe. Different method ofsugag current is results of
much longer time of current pulses in EDM (Pearsemsor is saturating for the
pulse time over a few microseconds).

Waveforms of electric current and voltage were réed in the memory of
the oscilloscope made by the National Instrumeit 6133. Application
developed in LabView environment was responsiblectimtrol of oscilloscope
and transferring recorded data to the computerisl lifisk, in a continuous
process of EDM and WEDM.

The data acquisition proceeded with the followiaggmeters:

« dual-channel data recording,

« sampling frequency: 100 MHz,

« data record length: 5 000 000,

« amplitude measurement range:
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- 25 V voltage discharges by the probe 10 x decrgasin
- from 0 to 3 V voltage drop across the shunt foetteble current,
- sensitivity Pearson sensor 0.1 V/A.
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Fig. 1. Measuring circuit: a) WEDM, b) EDM

An important element of EDM and WEDM monitoring fast data
acquisition, which is allowing for control and aptzation of parameters. Strong
influence of the material removal is the voltage anrrent along the slot. High
frequency pulses in EDM and WEDM requires the ragduisition of data for
registration and classification of electrical disale.

The processing and statistical analysis of receigath: current-voltage
waveforms, was done in DIAdem from National Instemh The results of
measurements allowed the determination of reliaelied waveform chart

value. Examples of wavefornuft), I(t), are shown in Fig. 3 and Fig. 4.
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Fig. 2. Current and voltage waveforms in WEDM foe following parameters:
discharge voltagel. — 25 V, supply voltag®),— (— 85)V, currentl, — 150 A, initial
currentl,— 6 A, pulse time,,— 2 ps, time intervabs — 14 ps
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Fig. 3. Current and voltage waveforms in EDM fag thllowing parameters:
voltageU, — 25 V, supply voltageJ,— 225V, currentl — 14,3 A pulse time
ton— 80 pstime break,¢ —18 ps

Voltagecurrentwaveforms(Fig. 2) can be characterizday the following
parameters:

« |, —height of the peak current during discharging,

* |, — height of the peak reverse current, occurs duehto current
capacitance of the system [7-9],
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* Iy —initial current,

« U, — open circuit voltage, this is the system voltageen the EDM circuit
is in the open state and the energy has beenupuitir discharging,

« U, — discharge voltage,

* ton — pulse duration time, the time required for therent to rise and fall
during discharging,

* tof —time break, this is the time from the end of pakse to the beginning
of the next pulse with current,

* t,, —initial pulse time.

In the case of WEDM at the end of discharge by étaluce and capacitance
voltage slowly decreases to a value in the stetate $s called an echo effect
[8], (voltage varies over a long period after desge and then decreases).
Another phenomenon which occur in WEDM is a reverseent appearing at
the end of the current pulse. Negatively chargedpdirticles are accelerated in
an electric field towards the positively chargedctiode collide with it and
provide a negative charge.

Investigated machines generators have differenthilifles of settable
processing parameters, as well as the charactetthef voltage-current
waveforms. In EDM was observed rectangular charaaftgulses. Adjustable
parameters are: pulse tirhg the time intervat,s and the intensity discharde
Instead that in the process of WEDM, is charaateriby triangular current
waveforms (resulting from the short times of thdesrof a microsecond pulse
for roughing), possible to set parameters are:eptifset,, — it depends on it
the peak discharge vallg the time intervak.,;, discharge voltagél. initial
currentl,,.

3. Methodology ofresearch

This article present an experimental study of imfice of selected
parameters of electrical impulses in the surfaceute after the EDM and
WEDM (Table 1 and 2). In the case of EDM, a stuéswexecuted according to
the design planned three-level Box Behnken. Thehinad samples with
dimensions of 12 x 12 x 3 mm, hardened up to 52 k@l WNL (1.2713),
electrode was made of copper (M1E) and keroseneused as the dielectric.
Stable values of input parameters was set on dbis lof the characteristics of
the generator machine. An experiment was aimedvastigating the effect of
the input factors atthree equidistant levels ofriakality allowed the
determination of regression equations with highrelation level and low scatter
of values. Determined ranges of variation corredptinthe processes used in
production.

Using wire electrical discharge machining cut ragtdar cubes made of
high alloyed tool steel NC10 with a hardness of BRC. Samples was
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manufacturing in one clamping block of materiainf@hate errors resulting from
the fixing object). 12 profiles were cut with dingons of 10 x 10 x 100 mm.
The electrode was a brass wire with a diameter2¥ thm (AC Brass 400 — 450
N/mn? and an elongation of 25%). Dielectric (demineedizand deionized
water) was given into the gap of the top and bottozezle. The study was based
on a modified Hartley design experiment. This ekpent is characterized by
the assumption of a constant accuracy of the mddéhed by the variance
along the distance from the center point of then.plBhe choice of such an
experiment made it possible to investigate thetytdf variation (with five
levels of value) the influence of individual inpparameters on the effects
of treatment [10].

Table 1. The selected process parameters in the &pdriment

The input parameters

Current amplitudé, in one pulse in the range: 3-143A
Pulse time,, in the range: 13 - 400 ps
Time break betweetine pulses,; in the range: 9 — 150 us

The output parameters fixed
Discharge voltagé), | U, =25V
The output parameters
Parameters of the surface textuseg; Rsm Sds

Table. 2. The selected process parameters in thieNMV&periment

The input parameters

Initial current amplitude,, in the range: 4-12A

Pulse time,, in the range: 0,6 —1us
The output parameters fixed

Discharge voltagéJ, -30V

Scrolling speed wir&/y 10 m/min

Pressure of the dielectnic 0,9 MPa

Wire tensionFn 1,4 daN

The output parameters

Parameter of the surface texture: Ra
Dimensional accuracy

The rangesof parameter valuegn the design experimentyere chosen
based omanalyzing the technological tablésr the type of materiabteel for
roughing andsingle pass cuttingin accordance wittthe requirements of the
experiment,eachpoints ofthe planassigned taspecific sets of the levels of
input parameter valuethat werefixed for cutting eachprofile. Selection of
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parameters was made in reconnaissarsearchwhich takes into account the
processingstability without thewire rupture.

The study of surface texture includedeasurements o€haracteristics
associatedhe height ofthe roughness;haracteristics ofhe horizontalprofile,
the shape of thalisparities and the complexity of construction @ometric
inequalities. For each surface was measured 3Dl aea profile along
with their parameters. The measurements were ex@cwdn machine
FORMTALYSURF Series 2. Figure 4 a, b and 5 showes ithages from the
measured 3D surface after EDM and WEDM and cormdipg processing
parameters (voltage and current waveforms, durlmg manufacturing). In
addition to samples after WEDM were made measurenwdrsurface flatness in
the coordinate measuring machine from Carl ZeissaVi
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Fig. 4. Stereometric image of the surface with réed wave forms current voltage characteristics
after EDM: a)U. =25 V,I.= 14,3 At;n= 80 ustor= 18 us, blJ. =25V, I, = 3,2 A t;n= 11 us,
tor = 150 us
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Fig. 5. Stereometric image of the surface with rded waveforms current voltage characteristics
after WEDM:U.=25V,1. =185 A/l,, =6 A, t;n=1 uStyr= 12 us

4. Analysisof the results

Mathematical models describing the effects of debbcprocessing
parameters on the surface texture was based oncdhductedresearch
developed. They were expressed by regression equafithe second degree
polynomial function (Table 3) in STATISTICA. For @aequation determinate
the coefficient of correlation R. Closer the R lto unity, is the better
representation of variability of the study chardstie. The important of the
resulting correlation coefficient (the adequacytiod levela = 0.05) examined
by the test of Fisher-Snedecor (ffF, > 1 factor R is important). Verification
of the regression equation coefficients was dosiggitest t-studenty( t,, to.1 >
t«) [10]. Selected dependence regression analyséepied in Table 3.

Table 3. Regression equations describing the infleerf the parameters on surface texture

Parameters of the surface texture after EDM R FIF
Sa= 3,13 — 0,37 + 0,09t,, + 0,037I° — 0,0000%,,2— 0,002l to,+
+0,00005, s - 0,924 | 37,74
Rsm= —-0,129 + 0,022 + 0,0006t,. — 0,0009° — 0,00000%,,° 0,83 | 12,14
Sds= 2047 — 80 + 0,00578,,"— 0,16l to,— 0,008ty tor 0,85 | 13,65
Parameters of the surface texture after WEDM
Ra=1,64 + 1,1%,,— 0,041, to, 0,75 3,87
Pl = 0,025 — 0,005, + 0,071, ton 0,96 | 36,53
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Equations are characterized by a high degree @éladion R and relation
F/F is much larger that unity. Graphical presentatibrihe results is shown
in Fig. 6, 7.
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Fig. 6. The dependence of surface texture paramaftar EDM from pulse timg,
and the curreni, at constant time bredlg = 80us

Parameters of the roughness height (for exarBple arithmetic mean of
the deviation from the average — Fig. 4a) mainlpetel on the discharge
energy. They are not directly proportional depewderAt small amperage
values (of about 3 A), increasing the dischargest{and thus energy) does not
cause a significant increase in the param&grlt might be related to the
amount of energy produced and delivered to the prede in the process of
discharge, which depend on the amperage.

Density of topsSdsis inversely proportional to the size of pulse rgge
increasing energy decreases 8dssity (Fig. 6h)

Mean speacin@Rsm(Fig. 6¢) and vertical parameters of roughnessease
with increasing discharge energy.
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Surface roughness after WEDM (Fig.7a) was obtagtsalt valueRa= 2
microns. The main parameter which has a influerfcth@ value ofRa is the
pulse timet,,. Surface roughness increases with the increasuige ptime.
A similar relationship was observed for the surfllatness (Fig.7b). Parameter
which influences of the flatness deviation is thdsp time, along with the
increase value of it the deviation increases. Th@nproblem is the flatness in
the central part of the sample. It is a place ghbst concentration of residual
processing products (resulting from a zero velodiglectric — the clash of two
liquid jets), which help electrical discharge —igation of the dielectric. The
intensity of the initial pulse does not affect btie value of surface roughness
and flatness.

Conclusions

The developed measurement circuit made it posdibleletermine the
characteristics of machines generators, which isesgary for the proper
selection of parameters implemented in the desigrer@ments (stable in the
whole area of variation). Designated regressioarpaters depend on the actual
treatment (measured) are characterized by a highedeof correlation. They
show that the main factors affecting the surfacéute after EDM and WEDM
is the current intensity and pulse duration (atdixother parameters of
treatment). Developed regression equations carsée in the design process in
EDM and WEDM manufacturing technology as guidancEDM parameter
selection, in order to achieve the desired qualitbaracteristics of surface
texture. Other studies will be presented in fututecles.
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