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ABSTRACT

Introduction: The hip joint plays a vital role in enabling human daily mobility. One of the main issues that deter-
mines the longevity of Metal-on-metal (MoM) hip implants is wear rate. In order to improve lubrication and reducing
friction, surface texturing has been widely adopted as a design alternative in implant manufacturing. Materials and
Methods: Electrical Discharge Machining (EDM) with a flyback power supply was employed in this research to fab-
ricate textured surfaces as this method offers high precision and eliminates burr formation. Results: Optimization of
these EDM parameters such as VGap, 1Gap, Ton and Toff, demonstrating the significant influence on performance
measures including surface roughness (SR), material removal rate (MRR) and tool wear rate (TWR) and making the
process suitable for biomedical applications. Conclusion: Among the measured response, MRR was found to be the
most dominant factor as it confirmed the uniformity and consistency of material removed. This is essential in achiev-

ing reliable textured structures that could improve the tribological performance of MoM hip implants.
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INTRODUCTION

The hip joint is a ball-in-socket articulation between
the femoral head and the acetabulum in the pelvis is
enclosed by a capsule filled with synovial fluid (SF).
This fluid serves as a natural lubricant and acts as
a shock absorber (1). With advancing age or in the
presence of chronic conditions such as osteoarthritis,
rheumatoid arthritis, bone tumors or traumatic injuries,
the joint prone to degeneration. In such cases, total
hip arthroplasty (THA) is considered the most effective
treatment which the diseasd joint is surgically replaced
with an artificial implant (2-6). Nevertheless, the
average lifetime of hip implants is typically limited to
10-15 years due to wear occurring at the MoM interface
make it is often necessitating revision surgery once the
implants fails or if there is a complication. For instance,

in Original Paper 2000, approximately 152,000 hip
replacement were performed, with 13% of them
involving revision procedures (7). Therefore, to extend
the functional life of implants, reducing wear and wear
particle generation is very crucial. From an engineering
standpoint, lubrication plays a key role in mitigating
wear and this principle has been adopted in implant
design through the implementation of textured surface
on the acetabular cup surface. Electrical Discharge
Machining (EDM) is a widely used non-traditional
precision process capable of removing material through
successive electrical discharges between an electrode
and a conductive workpiece in the presence of
dielectric fluid. Its spark-based energy mechanism EDM
highly effective for machining hard and wear-resistance
materials. Moreover, micro-EDM has proven useful in
creating micro-features such as injector nozzles and
lubrication holes for biomedical devices. Since EDM is
free from mechanical tool forces and vibration effects, it
presents a suitable method for fabricating micro dimples
on artificial hip joints (8-11). Therefore, this study aims
to design and optimize EDM pulse power generator
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parameters for biomedical application focusing on
achieving an optimal balance among material removal
rate (MRR), surface crack density and surface finish
quality on the machined material. In this study, a
Flyback Power Supply topology was implemented to run
the EDM pulse power generator. The primary process
variables investigated were Gap Current (IGap), Gap
Voltage (VGap), Discharge Off Time (Toff) and Discharge
On Time (Ton). These parameters were systematically
tuned during experimentation to obtain the optimum
machining conditions. The IGap and VGap have been
adjusted accordingly to form the ideal condition to
remove the material. The ratio of Ton and Toff were
controlled by adjusting the switching intervals of the
discharges pulses, thereby regulating the overall energy
input. The collected data were analyzed to evaluate
the performance in terms of MRR, surface integrity and
machining stability.

MATERIALS AND METHODS

Electrical Discharge Machining (EDM) is a non-
traditional machining process in which material is
removed in the form of debris means of precisely
controlled electrical discharge (sparks) across a narrow
gap between electrode and the workpiece materials,
typically ranging between 10 and 50 microns [12-
14]. This technique has been widely employed as an
alternative method for fabricating microstructures.
The basic configuration of an EDM system is shown
in Fig.1, where both the electrode and the workpiece
are connected to a direct current (DC) power supply. A
small discharge gap is maintained between the two and
dielectric fluid is flushed into this region where spark
erosion take place. When a sufficiently high voltage
(approximately 50-400 V) is applied, the dielectric fluid
undergoes breakdown and becomes ionized which
allowing electrons to be emitted from the electrode.
As more electrons accumulate in the gap, its resistance
decreases, leading to the formation of a spark between
the electrode and the workpiece. This sequence occurs
within a few microseconds and generates a localized
shock wave in the dielectric medium. The resulting
electrical and magnetic forces detach molten and
softened metal particles from the workpiece surface
[15].
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Fig 1: Schematic layouts of basic EDM components (4)

In conventional industrial practice, low current
generators are typically employed for machining
micro-holes as the affected parts or components can
be replaced at relatively low cost. In contrast, for
biomedical application such as for artificial hip joints,
component replacement is not only complex but
also highly expensive. Although commercial current
generators can be adapted for such purposes, they often
produce undesirable effects including micro-cracks,
electrode melting and residual debris on the machined
surfaces. Therefore, the design and implementation of
the new pulse power generator is expected to minimize
these drawbacks and improve the quality of micro pits.

A critical component of the EDM system is the power
generator which it delivers controlled pulses to the
electrode and workpiece. This unit is responsible for
maintain a stable spark gap (stable spark gap is measured
on the consistency of the ignition time for every cycle on
the pulse ON time, Ton) and ensuring successive and
uniform discharges. In conventional EDM systems, the
use of high voltage and current often results in local
melting of the electrode and unwanted welding between
the tool and the workpiece [16].

RESULTS

The performance of two power supply configurations
was investigated namely the Linear power supply (Fig.
2) and the Flyback power supply (Fig. 3). Figure 2 shows
the gap voltage Vgap and gap current Igap when the
Linear power supply is used in the Micro-EDM system,
while Figure 3 presents the corresponding signals when
the Flyback power supply is applied. In both figures,
the gap voltage is plotted in the upper graph whereas
the corresponding gap current is shown in the lower
graph. As illustrated, two types of voltage can be
identified in EDM which are the open circuit voltage
and the discharge voltage. The open circuit voltage
refers to the potential difference between the electrode
and the workpiece which initiates the breakdown of the
dielectric insulation.

Ch1| sOoV Ch2 | 0.5 A T=20Rs

Fig 2: Gap voltage and gap current for Linear power
supply shows unstable ignition time.
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Fig 3: A stable ignition time of Gap voltage and gap
current for Flyback power supply.

In this study, the open circuit voltage is approximately
100 V (refer to the gap voltage, Vgap waveform). After a
short dielectric breakdown period, the voltage between
the electrode and workpiece drops to the working voltage
of 15 V and the duration of the discharge is referred
to as the wear period. At this stage, current begins to
flow through the gap as shown by the gap current, Igap
waveform in the lower graph. The current continues
until the timer switches OFF. The machining process is
carried out entirely during the ON time of the cycle.
As observed in Fig. 2, the ignition time of the Linear
power supply is unstable across two cycles (cycle_1 and
cycle_2) of the EDM process. The ignition time, tig_1,
in the first cycle (cycle_1) is 4 ps, which is shorter than
tig_2 in the second cycle (cycle_2) at 12 ps. In contrast,
for the Flyback power supply (Fig. 3), the ignition time
(tig 1 and tig_2) remains constant at 12 ps for two
consecutive cycles (cycle_1 and cycle_2). Maintaining
a constant ignition time is essential to ensure a normal
discharge. When the ignition time is kept stable, the
discharge duration also remains constant since the ON
time is fixed. This ensures uniform surface roughness for
each machined dimple.

All' material removal occurs during the ON-time
interval. Maintaining a constant ignition time is crucial
for achieving stable discharges as it ensures that the
discharge duration remains uniform under fixed ON-
time conditions. Consequently, the surface roughness
and quality of each machined dimple can be kept
consistent. A laboratory-scale die-sinking EDM system
was developed for this investigation (Fig. 4). The machine
was powered by a generator capable of operating with
either a Linear supply or a Flyback converter. The
detailed parameter settings used in the experiments are
summarized in Table 1.
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Fig 4: Lab scale Die-sinking EDM system is developed
for machining hip implant.
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Parameter used Value set
Current 05-1.0A
" 60 us
o 30 pus
V., 100V
A% 1520V

Table I: Parameters set up for Lab scale EDM system

Dynamic testing was carried out by running the
complete system and setting the desired values for
each axis using the Dynamixel configurator software.
Subsequently, dynamic parameters were collected
by applying different PID values. The collected data
as shown in Table 2 include the transition time (time
required to reach steady-state condition) and steady-
state error. The results show that the P controller and
Pl controller require less time to reach steady-state
compared to the other configurations. This makes these
configurations more advantageous than the others
and provides justification for further investigation into
steady-state error distribution.

Kp Ki Kd Time to achieve steady state
P 4 - - 2.2s
Pl 3.6 1 - 2.5s
PD 6.4 - 2.4 12.3s
PID 4.8 3.2 1.8 7.5s

Table I1: Results of controller parameter vs steady state
condition
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DISCUSSION

A series of micro-dimples were fabricated on the
acetabular cup, with each dimple having a diameter
equal to that of the electrode used. During the machining
process, the acetabular cup was continuously flushed
using a spray pipe to aid in the removal of debris and
machining particles from within the dimples. The cup
was secured in a workpiece holder that could be rotated
to align with the required dimple locations. Fig. 5(a) and
5(b) show examples of acetabular cups textured with
eight micro-dimples, produced using the Linear power
supply and the Flyback power supply respectively. The
electrodes used were 500 pm and 1000 pm in size with
the machining time set to 210 minutes.

Fig 5: Example of micro-dimples diameter of 500 pm
machined using
(a) Linear power supply (b) Flyback power supply

Forthe Linear power supply, with a 500 pm electrode, the
measured dimple diameters in two trials were 541.07 pm
and 573.13 pm. With a 1000 pm electrode, the dimple
diameters in two trials were 1077.51 pym and 1110.72
pm. From visual inspection, the dimple diameters were
uneven and could only be represented by an average
measurement. For the Flyback power supply, with a 500
pm electrode, the dimple diameters in two trials were
524.63 pm and 523.01 pm. With a 1000 pm electrode,
the dimple diameters were 1047.51 pm and 1043.74
pm. A clear observation can be made that all micro-
dimples were sharp according to the electrode shape.
However, the diameters were inconsistent with the
Linear power supply while they were nearly consistent
with the Flyback power supply. This indicates that the
Flyback power supply is more efficient for machining
micro-dimples. Therefore, the Flyback power supply
is recommended when size consistency is the main
objective in micro-dimple production.

CONCLUSION

The Flyback power supply was compared with the
Linear power supply to determine the optimum
machining conditions for hip implant fabrication where
EDM parameters such as VGap, IGap, Ton and Toff
were tuned for a low-power generator. The Flyback
power supply provided consistent discharge durations,
Ton and Toff, with a percentage error of 25% compared
to 54.5% when using the Linear power supply. A short

discharge duration between 45 ps and 60 ps was
found to be optimum for achieving higher MRR while
reducing machining time for micro-dimple fabrication
on hip implants. Unstable machining conditions with
the Linear power supply were evident from the variation
between the lowest and highest MRR values which was
about 0.00528 mg/min whereas with the Flyback power
supply, the difference was only 0.00375 mg/min. A
consistent MRR is advantageous as it enables machining
time to be predicted and minimized, which is essential
for producing micro-dimples on hip implants.

ACKNOWLEDGEMENT

We would like to thank the Universiti Teknologi
Malaysia (Vote No. 5F683) and the Ministry of Higher
Education (MOHE) Malaysia (Fundamental Research
Grant Scheme: FRGS/1/2023/TK07/UTM/02/31) for
financially supporting this work.

REFERENCES

1. Nordin M, Frankel VH, B a s i c
biomechanics of the musculoskeletal
system, Lippincott:Williams & Wilkins, 2001.

2. Ruggiero A, Sicilia A, Lubrication modeling and
wear calculation in artificial hip joint during the
gait, Tribology International, Vol. 142, Feb 2020.
doi: 10.1016/j.triboint.2019.105993

3. H.J.Rack, J.I. Qazi, “Titanium alloys for biomedical
applications”, Material Science and Engineering:
C, Vol. 26, Issue 8, pp. 1269-1277, September
2006. doi: 10.1016/j.msec.2005.08.032

4. Brown ] 1988 Advance Machining Technology
Handbook (New York: London; McGraw Hill)

5. K Ishfag, MU Farooq, CI Pruncu, 2021 Reducing
the geometrical machining errors incurred during
die repair and maintenance through electric
discharge machining (EDM), Journal of Advanced
Manufacturing, Volume 117, pages 3153-3168
doi: 10.1007/s00170-021-07846-1

6. S. Dhanik, S.S. Joshi, N. Ramakrishnan and P.R.
Apte, 2005 Evolution of EDM process modeling and
development towards modeling of the micro-EDM
process, International Journal of Manufacturing
Technology and Management 7, pp. 157-180. doi:
10.1504/I)MTM.2005.006829

7. WD Lestari, R Ismail, AT Danaryanto " The Effect
of The Machining Process UHMWPE on The Wear
Behaviour of Acetabular Cups for Hip Implants,"
Journal of Mechanical Engineering, 2022. Vol
19(3), 19-32, 2022 doi:  10.24191/jmeche.
v19i3.19794

8. N. L. Kachhara and K. S. Shah, “The Electric
Discharge Machining Process”, Journal of the
Institution  of  Engineers  (India)-Mechanical
Engineering Division, Vo1.5 |, Issue.5, pp.67-73,
1971.

9. “EDM: How it Works”, Toolingand-Production,

Mal J Med Health Sci 21(SUPP11): 47-51, Nov 2025



10.

11.

12.

Malaysian Journal of Medicine and Health Sciences (eISSN 2636-9346)

Vo1.42, Issue.12, pp.46-48, 1977.

Yahya, A., and Manning C D 2004 Determination
of material removal rate of an electro-discharge
machine using dimensional analysis J. Phys. D:
Appl. Phys. 37 1467- 1471 doi: 10.1088/0022-
3727/37/10/008

W Ming, S Zhang, G Zhang, ) Du, ] Ma, " Progress
in modeling of electrical discharge machining
process, International Journal of Heat and Mass
Transfer, Volume 187, 15 May 2022 doi: 10.1016/j.
ijheatmasstransfer.2022.122563

Rosario Casanueva, Francisco J. Azcondo,
Salvador  Bracho, “Series—parallel  resonant
converter for an EDM power supply”, Journal of
Materials Processing Technology, Vol. 149, Issues
1-3, pp. 172-177, 10 June 2004. doi: 10.1016/j.
jmatprotec.2003.10.038

13. R. L. Steigerwald, “A comparison of half-bridge

resonant converter topologies”, IEEE Trans. Power

14.

15.

16.

Electron, Vol.3, no. 2, pp. 174-182, Apr. 1988.
doi: 10.1109/63.4347

Casanueva, R.; Azcondo, F.).; Branas, C.; "A new
bipolar power supply for spark erosion based on
a series-parallel resonant inverter," Applied Power
Electronics Conference and Exposition, 2008.
APEC 2008. Twenty-Third Annual IEEE, vol., no.,
pp.-1904-1909, 24-28 Feb. 2008. doi: 10.1109/
APEC.2008.4522987

Anna A. Kamenskikh et.al., “Recent Trends
and Developments in the Electrical Discharge
Machining Industry: A Review”, J. Manuf. Mater.
Process. 2023, 7, 204 doi: 10.3390/jmmp7060204
Muhammad Umar Farooga, Saqib Anwarb, and
Abu Hurairah, “Reducing micro-machining errors
during electric discharge machining of titanium
alloy using nonionic liquids”, Materials And
Manufacturing Processes 2024, VOL. 39, NO. 4,
449-464 doi: 10.1080/10426914.2023.2236199

Mal ) Med Health Sci 21(SUPP11): 47-51, Nov 2025

51



