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Abstract
Demands on better control over the kerf dimension deviation, surface roughness, and corner accuracy are now on the increase 
for the two-piece aluminum metal composite mold tools. In this investigation, straight and triangular profile cuts attempted 
with wire electrical discharge machining (WEDM) on the aluminum 6061 self-lubricating composite-reinforced boron car-
bide (5–15 vol%) and hexagonal boron nitride particles (10 vol% hBN) fabricated using a stir casting method. Rational video 
measurement showed an increase in  B4C particles reduces kerf width dimension deviation only at TON, TOFF and gap voltage 
(V) parameters. Optical microscope measurement showed an increase in the corner area inaccuracy increases with both low 
and high pulse-on duration conditions caused by insufficient material removal and a high order of erosion, respectively. There 
was a large reduction in corner area inaccuracy with increasing wire feed rate. Surface characteristics were examined using a 
scanning electron microscope (SEM) and XRD to enable observation of the structural damages and recast layers. Composite 
with 5% boron carbide showed a re-deposition layer over the machined surface, whereas 15% boron carbide composite went 
through uneven erosion causing the formation of craters and pits on the cutting surface resulting in higher surface roughness.

Keywords Composite · Electric discharge · Solid lubricant · Erosion · Surface roughness · Kerf

1 Introduction

Aluminum alloy metal mold tools are found exclusive use 
in the production of seat foams, urethane panels, silicone 
patterns, and MRI instrument cover panels [1]. Aluminum 
alloy metal molds are preferred due to their efficient heat 
transfer and moderate mechanical strength. These molds are 
frequently subjected to wear and tear on mating surfaces, 
wear of edges and corners, and increase in the surface rough-
ness. Demands for better dimension control over the corner 
accuracy and surface roughness are on the increase in two-
piece metal mold tools. In order to improve the tribologi-
cal performance of two-piece metal mold, aluminum metal 
matrix composite is designed with a combination of ceramic 

reinforcement and solid lubricant particles. Harder ceramic 
reinforcement provides wear resistance to the metal matrix 
[2], whereas the soft lubricant produces an anti-friction layer 
on the mating surface which supports free sliding [3]. The 
presence of a solid lubricant also facilitates easy separation 
of two-piece mold after the completion of the manufactur-
ing cycle without any score marking on the mating surfaces 
[4, 5].

Aluminum metal matrix composite (AMMC) made of an 
aluminum matrix reinforced with mono- or multiple ceramic 
particles. Particulate reinforcements are regularly used in 
carbides of various forms and borides for the improvement 
of AMMC properties [6–10]. Boron carbide has still opted 
as a ceramic reinforcement as it is next to diamond strength 
[11]. The hexagonal boron nitride (hBN) particles provide a 
self-lubrication property and can form a mechanically mixed 
layer with ceramic particles [12]. This reduces friction and 
rapid wear of the mating surface. A point to note is that a 
small hBN volume fraction in the metal matrix has a meager 
effect on the base material mechanical properties but benefi-
cial for the tribology aspects [13–15]. The combination of 
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ceramic and solid lubricant particulate composite provides a 
self-lubricating metal matrix composite (SLMMC).

Manufacturing processes available for the fabrication 
of SLMMC-based mold tools are limited in number. The 
existence of harder reinforcement particles has a serious 
effect on surface finish and form accuracy [16], leading to 
the unsuitability of conventional machining. Unconventional 
wire electric discharge machining (WEDM) is a widely rec-
ognized process for making metal molds/dies with complex 
shapes irrespective of their mechanical characteristics [17, 
18]. This process eventually produces a good surface finish 
with enhanced corner accuracy [19].

Previous studies focused on the WEDM machining 
behavior and process optimization of metal matrix com-
posites. Shandilya et al. [20] have investigated the WEDM 
behavior of aluminum (AA6061)-SiCp composite. Rein-
forced SiC composite subjected to severe thermal damage 
due to repeated discharge sparks, and it ended up with poor 
surface quality. Ekici et al. [21] evaluated the WEDM char-
acteristics of hot-pressed Al/B4C MMC. They observed the 
effect of every increment in  B4C volume fraction on the 
material removal rate (MRR) and surface finish. Ramesh 
et al. [22] have presented a detailed WEDM experimenta-
tion on the Al6061/SiC/B4Cp hybrid MMC. They have also 
reported the significant effect of the surface roughness and 
MRR with the weight percentage of reinforcements. Pra-
manik and Little fair [23] proved that the presence of finer 
reinforcement particles in the MMC increases the WEDM 
cutting quality characteristics. Manna and Bhattacharyya 
[24] improved process competency by reducing wire break-
age frequency and the high dielectric water flushing pres-
sure. Yan et al. [25] showed the frequent prevention of wire 
damage through control of dielectric flushing rate and wire 
speed during the machining of Al (6061)–Al2O3p composite. 
Motorcu et al. [26] confirmed the presence of  B4C reinforce-
ment in MMC directly affecting matrix melting and evapora-
tion phenomena.

The common variables of WEDM are mainly affecting 
cutting dimensionality of various materials, namely pulse 
current, time-on and off duration, gap voltage, wire feed, 
and insulating fluid type and pressure. Kandpal et al. [27] 
confirmed the increasing of MRR and surface roughness 
(SR) of WEDM processed AA6061/10%Al2O3 MMC with 
pulse-on duration and pulse current. Mohinder Pal Garg 
and Anand Sharma [28] analyzed the kerf dimensional 
deviation produced by the WEDM process on the  ZrSiO4p/
AA6063 composite. They have found that pulse-on time 
and wire feed rate are significant process parameters. In 
solitary pass WEDM cutting, path and process parameters 
modification approaches implemented for the reduction of 
corner inaccuracy of AISI D2 tool steel [29]. Selvakumar 
et al. [30] have also proposed the improvement of corner 
accuracy by parameter modification strategy for the Monel 

alloy cutting. They observed a larger wire lag due to a sharp 
corner angle, heavy thickness, and different nozzle height. 
These are affecting corner dimensions. The corner error has 
been reduced by subsequent trim–cut operation [31]; on the 
other hand, it leads to time and cost of machining.

Previous studies have focused on the WEDM of MMCs 
with mono- or hybrid ceramic reinforcement particles and 
reported geometrical kerf and dimensional shift for straight 
slit cut. Moreover, researchers vastly studied corner area 
accuracy of steel dies, which is the most important qual-
ity characteristic. WEDM characteristics and measurement 
of corner accuracy of aluminum self-lubricating composite 
mold tool still require a comprehensive study.

This research investigation consists of a comprehensive 
experimental analysis on the WEDM of self-lubricity com-
posite and measurement of kerf dimension deviation, surface 
characteristics, and corner area inaccuracy using rational 
video, Talysurf CCI Lite, and optical measurement systems.

2  Experimental Procedures

2.1  Materials, Fabrication, and Microstructure 
Analysis of Self‑Lubricating Composite

Aluminum 6061 series self-lubricity composite made with 
5%, 10%, and 15 vol% boron carbide  (B4C) and hBN of 
10  vol% particles. A two-step liquid metallurgy route 
selected for the fabrication of the aluminum hybrid MMC 
[32]. The size of the hBN particle was 5 µm, and that of the 
 B4C reinforcement particle size was 10–25 µm. Aluminum 
6061 material was melted in a graphite crucible using an 
electrical resistance furnace. The heating process was done 
gradually to reach 800 ºC temperature. The flux charged over 
the melt and zirconia-coated stainless steel was stirred vig-
orously with a rotational speed of 500 RPM. A vertex was 
formed as a result of continuous stirring. This vertex helps in 
getting a uniform dispersion of reinforcement particles in the 
molten metal.  B4C and hBN particles were preheated earlier 
for improving their wettability with liquid metal. Composite 
melt was poured into rectangular mild steel die for prepar-
ing self-lubricating MMC of dimension 100 × 100 × 10 mm.

Self-lubricating composite (SLC) fabricated from the alu-
minum matrix, ceramic and solid lubricant particles. This 
composite has a self-lubricating property. Table 1 shows 
the composite designation and its volume proportion of 
 B4C and hBN particles in the self-lubricating composite. 
SEM images of SLC 5, SLC 10, and SLC 15 are shown 
in Fig. 1a–c, confirming the fair distribution of reinforced 
particles in the composite microstructures. Figure 1d shows 
the energy-dispersive spectrum (EDS) revealing the intensity 
peaks of aluminum alloying elements,  B4C, and hBN of the 
fabricated composite.
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2.2  Mechanical Properties

Hardness of the fabricated composites tested using a 
Vickers hardness machine with an indentation load of 
250 kgf, following the ASTM E92 standard. Five indenta-
tions were made for each composite sample and reported 
with standard deviation. The tensile strength of the pre-
pared composites found using a universal testing machine 
with a cross-head velocity of 2 mm/min following the 
ASTM E9 standard. The gauge length, width, and thick-
ness of the sample were 25 mm, 4 mm, and 3 mm, respec-
tively. The tensile strength of the composite had a meas-
urement of five readings with standard deviation.

2.3  Straight and Triangular Profile Cutting

In this research work, wire electrical discharge machine 
(4-axis CNC Eco-cut) was used for cutting composites. A 
zinc-coated brass wire of 0.25 mm diameter was used as a 
negative electrode terminal, and fabricated composite was 
a positive terminal. Demineralized water was a dielectric 
medium that helped to flush out the debris generated during 
machining. Two types of cuts separately made on the com-
posite materials, i.e., straight cut and triangular profile cut 
with the same process parameters.

The kerf width dimensional deviation and surface rough-
ness of the straight cut were measured, and the corner 
inaccuracy of the triangular cut was also measured. Effec-
tive process parameters, namely pulse time-on (TON) and 
off duration (TOFF), gap voltage (V), and wire feed (f), are 
selected in line with reference [33]. Table 2 shows the pro-
cess parameters used for the WEDM of composite.

2.4  Measurement of Dimensional Deviation 
and Surface Characteristic

The deviation of the kerf width dimension from the straight 
cut was measured using a rational video measurement 
system (VMS-2010 F) and reported by averaging the kerf 
width of the top and the bottom. The images were taken by a 

Table 1  Composition of fabricated composites

Self-lubricity compos-
ites designation

B4C (vol%) hBN (vol%) Aluminum

SLC 5 5% 10% Balance
SLC 10 10% 10% Balance
SLC 15 15% 10% Balance

Fig. 1  Microstructure and EDS 
of fabricated composites. a SLC 
5. b SLC 10. c SLC 15. d Typi-
cal EDS profile
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CCD color camera with 2D/3D measurement software. The 
deviations of the dimension of the corner area by triangular 
profile cut were also measured using an optical microscope 
with image processing. Figure 2a, b shows the typical VMS 
image of the kerf width of the straight cut and optical image 
of the corner area of triangular cut.

Surface roughness (Ra in μm) from the straight cut 
was measured using Talysurf CCI lite. The cutoff length 
of 0.8 mm and a vertical resolution of 0.01 nm for each 
measurement set as constant. Surface roughness is measured 
along the thickness direction at three equally spaced loca-
tions, and the average value was reported.

3  Results and Discussion

3.1  Hardness and Tensile Strength Analysis

Figure 3a depicts the hardness of the fabricated compos-
ites. It shows the increase in the hardness of the fabricated 
composites caused by the  B4C particles when considering 
a constant hBN volume fraction. Generally, the addition of 
ceramic reinforcement particles improves the hardness of 
the matrix. This could be due to the increased strain energy 
of the matrix at the interface of reinforcement particles [34]. 

Table 2  Process parameters of WEDM

Parameters Range of operation

Wire diameter 0.25 mm
Wire type Zinc-coated brass
Dielectric fluid Demineralized water
Pulse current 25 A
Pulse-on time (TON) 2, 3,4 , 5, 6 μs
Pulse-off time (TOFF) 6, 7, 8, 9, 10 μs
Wire feed (F) 5, 6, 7, 8, 9 mm/min
Gap voltage (V) 45, 50, 55, 60, 65 V

Fig. 2  Profile geometry. a Typi-
cal kerf width. b Corner area

Fig. 3  Mechanical properties of fabricated composites. a Hardness. b Tensile strength



5863Arabian Journal for Science and Engineering (2020) 45:5859–5872 

1 3

Figure 3b shows the tensile strength variations seen in SLC 
5, SLC 10, and SLC 15 composites. An increase in the ten-
sile strength of the aluminum matrix caused by transferring 
the load to the reinforcement B4C particles is seen [35]. 
This is also due to the disparity of thermal expansion of 
boron carbide and aluminum matrix at the interface causes 
a larger increase in dislocation density [36]. This improves 
the deformation resistance ability of the composite.

3.2  Kerf Width Measurement Analysis

The steady increase in kerf width dimension with pulse-on 
duration is shown in Fig. 4. The SLC 5 composite shows 
a larger kerf width compared to other composites. A nar-
row difference in kerf width dimension between SLC 10 
and SLC 15 composites is observed. It is well known that 
the addition of ceramic reinforcement particles reduces the 
electrical conductivity of the composite which might have 
an effect on erosion characteristics. The narrowest kerf width 
dimension was achieved for the SLC 15 composite. Dur-
ing SLC 5 composite machining, however, no wire break-
age was observed. Wire breakage at high pulse-on duration 
and high volume fraction of reinforcement particles [37] 
were also observed. It is clearly evident that  B4C ceramic 
particle aggravate problems in composite machining were 
seen. A high melting point leading to the requirements of 
requires high thermal energy per unit volume for hBN and 
 B4C to melt and vaporize the composite material. Therefore, 
the kerf width was narrower for the SLC 10 and SLC 15 
composites.

Pulse-off duration (TOFF) is the crucial parameter in 
WEDM that regenerates the insulation between the working 
gap and deionized water for consecutive pulse discharges. 
Normally, the machining rate is low for a longer pulse-off 
duration. The kerf width of composites was notably reduced 

with increasing pulse-off duration as shown in Fig. 5. Lee 
and Li [38] found that the EDM machining rate of tungsten 
carbide reduced with the increase in pulse-off time.

The frequency of consecutive energy pulse is high at a 
shorter pulse-off generation. Ultimately, it produces craters 
and microcracks on the cutting surface. These defects clearly 
are shown in Fig. 6a. Besides, the probability of wire dam-
age is also significantly high. This further affects the dimen-
sion and quality of the machined surface [39].

There is an insufficiency in the dislodging of  B4C and 
hBN particles at a longer pulse-off time. The resulting lower 
kerf width is observed. On the other hand, erosion of the alu-
minum matrix continued around the reinforcement particles, 
exposing the reinforcement particles to the cutting surface, 
as shown in Fig. 6b.

Referring to Fig. 5, the increase in kerf width is observed 
when the pulse-off duration exceeds 8 μs. A longer pulse-off 
duration helps the dielectric medium flushing of the debris 
and disintegration of  B4C and hBN particles between the 
electrodes gap, paving the way for fresh aluminum matrix 
erosion.

Figure 7 depicts the wire feed rate on the kerf width 
dimension variation in the composites. The experimental 
results revealed a reduction in the kerf width caused by the 
wire feed rate. At slow wire feeding with reference to the 
work material, prolonged discharge energy at the same place 
often increases the material removal and also dislodges  B4C 
and hBN particles producing a wider kerf width. A small 
volume of metal matrix supports  B4C and hBN particles 
at higher reinforcement volume fraction. The dislodging of 
reinforcement particles is more severe. Eventually, it leads 
to a larger-dimensional inaccuracy.

The wire electrode is seen steadily moving through the 
machining path at a higher wire feed rate. At this feed rate, 
wire traveling across the workpiece continued with very 

Fig. 4  Analysis of kerf width by pulse-on time Fig. 5  Analysis of kerf width by pulse-off time
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small wear. This was due to the wire itself fasting before 
reaching the discharge spark. This resulted in an almost 
constant wire diameter for the entire machining period. 
Therefore, the kerf width dimension was as good as in 
the higher wire feed rate. A considerable wire electrode 
wear was due to the repeat spark discharges at a lower feed 
rate. There was a gradual decrease in the wire diameter 
throughout the machining period [40], affecting the kerf 
width dimension.

Figure 8 reveals the effect of gap voltage on the kerf 
width dimension variations in the machined composites. 
Gap voltage usually causes an increase in the discharge 
current intensity. At a higher gap voltage, there was a rapid 
erosion of aluminum metal due to an increase in the kerf 
width dimension caused by high spark energy. But ero-
sion was lower with an increase in the volume fraction 
of the reinforcement particles. Apparently, the reinforce-
ment particle decreased the kerf width dimension. During 
machining, a majority of the debris along with the dis-
lodged reinforcement particles could obstruct their inter-
electrode gap. This affected material removal and hence 
needed effective flushing [16].

3.3  Surface Roughness Analysis

Figure 9 shows the surface roughness of machined com-
posites as a function of the pulse-on duration. SLC 10 com-
posite shows the finest surface. In SLC 5 composite, the 
aluminum metal volume relatively high with larger metal 
erosion was seen. This turned into a re-deposition layer over 
the machined surface with many craters and pits resulting 
in poor surface finish. For SLC 15, the high reinforcement 
particles caused the wandering of the electric sparks over 
the surface. This caused uneven machining on the cutting 
surface, leading to the surface roughness of SLC 5 and SLC 
15 getting poor. In the case of SLC 10, the presence of a 
balanced amount of matrix and reinforcements reduced the 
effects. This results in a reduction of thermal energy induced 
defects on the machined surface [22], decreasing surface 
undulation.

Figure 10 shows the SEM images of the machined com-
posites at different TON. Spark discharges energy at shorter 
pulse-on duration inducing micro-cracks on the machining 
surface, as shown in Fig. 10a, b. Discharge energy for a 
longer duration produces deep and wider craters, as shown 

Fig. 6  SEM images of 
machined composites at differ-
ent pulse-off times

Fig. 7  Analysis of kerf width by wire feed Fig. 8  Analysis of kerf width by gap voltage
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in Fig. 10c, d. The discharge energy was more with high 
peak current, for a longer duration of the pulse, which 
increases the surface roughness of composite material 
machined surface [41, 42]. SLC 15 composite also shows 
a poor machined surface with rough patches, fissures, and 
craters marks, as shown in Fig. 10d.

Another result of the longer pulse-on duration was the 
reinforcement particles getting mixed within the re-depos-
ited layer. This confirmed through a comparison of X-ray 

diffraction peaks of the re-deposition layer at a shorter and 
longer pulse-on time, as shown in Fig. 11a, b.

An increase in reinforcement particles reduced the thick-
ness of the re-deposition layer shown in Fig. 12a–c. Further, 
an edge melting was observed at SLC 15 composite that 
leads to burr formation, as shown in Fig. 12d.

Figure 13 shows a substantial reduction in surface rough-
ness caused by longer pulses-off duration, as a result of low 
material removal, and time is available for better flushing 
between inter-electrode gaps.

At shorter pulse-off duration, SLC 5 composite,  B4C 
particles expelled in addition to visible aluminum matrix 
melting layer, as shown in Fig. 14a. In the case of SLC 15, 
the possibility of reinforcement particles broken was very 
high, leading to the uneven surface and subsurface dam-
age, as shown in Fig. 14b. On the other hand, for SLC 5, a 
longer pulse-off duration produced a slim melt layer result-
ing in a smoother machined surface as shown in Fig. 14c. 
For SLC 15 composite, reinforcement particles were slightly 
protruded from the machined surface, as shown in Fig. 14d.

Figure 15 shows the surface roughness variations in the 
composites with wire feed rates. A higher wire feed rate 
was preferred for SLC considering its offer of a low order of 
surface roughness. However, there was a slight increase in 
the surface roughness once it exceeds 8 mm/min. This could 
be due to the presence of a melt deposition layer between the 
inter-electrode gaps.

At a low wire feed rate, there was a continuous discharge 
of sparks at the same location. These eroded the metal along 

Fig. 9  Analysis of surface roughness by pulse-on time

Fig. 10  a–d SEM images of 
machined composites at differ-
ent TON
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with smaller-sized hBN particles from an SLC 5 composite, 
as shown in Fig. 16a. Similarly, in the SLC 15 composite, 
the metal matrix and reinforcement particles were subjected 
to severe thermal loading. This causes larger size craters, 
cracks, and voids, as shown in Fig. 16b. These defects had 
a severe effect on the surface roughness of the machined 
surface.

A higher wire feed rate placed limits on the electrical dis-
charge interaction period with the material. This was evident 
from the SLC 5 composite, melting of the surface layer with 

smaller droplets on the cut surface, as shown in Fig. 16c. 
Figure 16d shows an uneven topsy-turvy surface observed 
in the SLC 15.

Figure 17 shows the surface roughness variations in the 
composite with gap voltages. A higher gap voltage produces 
enormous discharge energy in the inter-electrode gap. It can 
be seen that the surface roughness of the machined surface 
increases with increasing gap voltage.

A large amount of melting of metal took place for 
the SLC 5 composites. This can be seen from Fig. 18a 

Fig. 11  a, b XRD pattern of machined composites at different TON

Fig. 12  a–d Recast layer of 
machined composites at maxi-
mum TON
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as a regular patch of the melted layer. When there was 
an increase in non-conductive hard  B4C particles in the 
matrix, SLC 15 composite could cause considerable 
impediment to the molten metal flow in the machining 
surface. Hence, irregular patches of the re-deposition 
layer were formed affecting surface roughness, as shown 
in Fig. 18b.

3.4  Triangular Corner Inaccuracy

Corner area inaccuracy from the triangular cut is measured 
for all three SLC composites. A typical triangular profile 
cutting is shown in Fig. 19. The WEDM parameters, namely 
pulse-on time and wire feed rate, are crucial for a proper 
corner cutting of composite materials. The above-mentioned 
two parameters were considered for triangular profile cut-
ting, while other process parameters were kept constant. The 
deflection of the wire electrode due to flushing and dynamic 
forces by the discharge spark are also the reasons for corner 
inaccuracy [43]; this is not considered in this work.

Figure 20 depicts variations in corner area inaccuracy of 
the machined composites with pulse-on duration parameter. 
The electrical spark discharge does not have sufficient energy 
at a short pulse-on time to enable machining of all the sides 
of a corner for the composites studied. Then it leaves with 
a small area as un-machined, as shown in Fig. 21a, b. This 
problem compounded when machining of SLC 15 composite 
with a short pulse-on time. Hence, the corner area deviation 
is higher. Conversely, a longer pulse-on duration, especially 
in SLC 5 composite, produces a heavy melting of both sides 
of the corner material and subsequent re-deposition layer 
formation [44]. Finally, it ends up with increased dimen-
sional corner area deviation. Further, an increase in rein-
forcement particles in the matrix, at longer pulse discharge 

Fig. 13  Analysis of surface roughness by pulse-off time

Fig. 14  a–d SEM images of 
machined composites at differ-
ent TOFF
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energy, reduces corner area deviation. Due to the erosion of 
aluminum, the metal cutting continued steadily at the corner 
area of the triangle profile. A high corner inaccuracy at a 
longer pulse-on duration could be seen. This could be due to 
an increase in the inter-electrode gap and frequency of wire 
break down caused by the wire electrode wear, as shown in 
Fig. 21c, d.

The variations in corner area inaccuracy with the wire 
feed rate are shown in Fig. 22. It can be seen that a corner 
with a dimensional inaccuracy decreases with wire feed rate. 
An inter-gap between the fast-moving wire electrode and 
the stationary workpiece was maintaining almost a setting 
value. Conversely, at a slow wire feed rate, the inter-elec-
trode gap was largely affected. Continuous spark discharge at 

Fig. 15  Analysis of surface roughness by wire feed

Fig. 16  a–d SEM images of 
machined composites at differ-
ent wire feeds

Fig. 17  Analysis of surface roughness by gap voltage
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a point could erode material of a large quantity. This causes 
an increase in an inter-electrode gap with corner area inac-
curacy going up.

Corner area accuracy is affected with reinforcement 
particles which are located at the sharp corner made an 
ineffective cutting by wire electrode. This was due to the 

shorter inter-distance between the particles and constriction 
imposed by fragmented  B4C and hBN particles deviating 
from the programmed path. Figure 23a–d clearly shows the 
corner inaccuracy as smaller in the higher feed rate than that 
of lower feed rate.

4  Conclusions

Wire cut electrical discharge with straight and triangular 
profile machining on the self-lubricating composite (SLC) 
was undertaken. The kerf dimensional deviation, surface 
characteristics, and corner area inaccuracy were studied with 
the effect of the spatial distribution of solid lubricant and 
boron carbide particles. The important conclusions are given 
below: SLC with 5%B4C exhibits a larger kerf dimensional 
deviation due to rapid melting and evaporation of aluminum 
matrix. Further, an increase in  B4C particles reduces kerf 
dimensional deviation. It is of interest to note that a longer 
pulse-off duration reduces material removal, which is further 
reduced with an increase in  B4C content and the presence 
of hBN particles.

The prolonged energy discharges at low wire feed rate 
produce a wider kerf width dimension. The gap voltage with 

Fig. 18  a, b SEM images of 
machined composites at maxi-
mum gap voltage

Fig. 19  Typical triangular 
profile cut

Fig. 20  Analysis of corner area by pulse-on time
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high spark energy increases kerf width of 5% SLC, but the 
results reversed with increasing in  B4C particles.

Surface roughness of SLCs increases with a pulse-on 
duration due to larger material removal. This happens due 
to the presence of craters and pits on the cutting surface. 5 
& 15% SLCs were characterized by depicting a poor surface 

roughness due to the re-deposition layer and protrusion of 
 B4C particles. An increase in pulse-off duration, better flush-
ing between the inter-electrode gap, and lower machining 
order resulted in a smoother surface.

At low wire feed rate and high gap voltage, SEM images 
of SLC machined surfaces reveal a solidified melted layer. 
Melted splash and blisters in this layer are indicators of high 
surface roughness. A higher wire feed rate preferred for SLC 
with relatively smoother cutting surfaces.

Corner area inaccuracy of triangular cut for all the three 
SLC reduces with a pulse-on duration. This is seen only 
up to 4 µs, above which it begins to increase. This is the 
result of the heavy melting of the material, followed by a 
re-deposition layer at the triangle.

Experimental results reveal an increase in wire feed rate 
causing a decrease in the corner area inaccuracy of SLCs. 
This is the outcome of an almost constant inter-electrode gap 
between the fast-moving wire electrode and the stationary 
workpiece.

Fig. 21  a–d Effect of pulse-on 
time on deviated corner area by 
triangular profile

Fig. 22  Analysis of corner area inaccuracy by wire feed
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