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This investigation reveals the paradigm of EDM in this experiment to expel the metal from Al7075 with a
performed Copper electrode. Aluminium7075 has the most elevated quality, higher firmness, and dimin-
ished thickness. Aluminium7075 is utilized prevalently in exceedingly focused on applications, for exam-
ple, brackets, milk churns, mineral skips, cranes, external tank and scaffolds. Though EDM offers simple
machinability joined with an excellent surface finish. Machine parameters of foremost noteworthiness,
Sl such as current (amp), pulse off time, pulse on time (u sec), fluid pressure (kg/cm?) and spark gap

Kegionds: (mm) are contemplated utilizing Taguchi L, orthogonal array. With the help of mean effective plots, tool
Eﬁ:ﬁ wear rate (TWR), metal removal rate (MRR), cylindricity, circularity, and perpendicularity are examined.
EWR Information on such output levels and their impact on performance was investigated. The aftereffect of
L5 orthogonal array the investigation, the metal removal rate (MRR) increases when the current (10 amp) and pulse on time
Spark gap (29 ps) is increased. The tool wear rate (TWR) improves when the current (10 amp) and pulse on time

(27 ps) is improved at the same time spark gap (0.4 mm) is reduced. And finally, the geometrical toler-
ance is also improved.

© 2019 Elsevier Ltd.

Selection and Peer-review under responsibility of the scientific committee of the International Mechan-
ical Engineering Congress 2019: Materials Science.

1. Introduction tions due to their lightweight and good mechanical properties.

However, the machinability of CFRPs is not good due to

Due to the mechanized and sophisticated forms of the instru-
ment electrode, the electric discharge machining (EDM) has
become an important technology. Electrically conductive parts
are explored using the material A17075 in the EDM process to pro-
duce heat exchangers, anti-wear and gas turbine parts, with its
unique advantage in making mold, die, automotive, space and
alternative applications, regardless of their hardness, spark and
shape. Out a study in manufacturing and their application of alloy
are currently being developed for turbine hot section components
for both land-based turbines and aircraft engines. The geometrical
tolerances were measured by CNC coordinate measuring machin-
ing (CMM), model ZEISS Contoura G2, with an accuracy of
4.5 mm [1-3]. Selvarajan (4], Ravinder Kumar |5] explained the
Carbon fiber reinforced plastics (CFRPs) and its various applica-
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machining-induced damage [4-5!. Roya [6} studied Differential
Reverse Micro Electrical Discharge Machining (RMEDM) is a non-
contact thermal micromachining process that is widely used to
create high-ratio or multiple 2.5-D features with different intersec-
tions as square, circular, triangular. Zhaojun Kou |[7] investigated
plasma channels were captured by a rapid video camera, which
contributed to the elimination of moving electric curves. Mechan-
ical testing was carried out on a titanium alloy basis, which inves-
tigated how much higher material removal rate can be easily
obtained by moving the arc. Mohan [8] described how material is
removed by using a rotary tube, the brass electrode of Al-SiC com-
posite material matrix in electrical discharge machining. Increas-
ing the diameter results in a lower metal removal rate (MRR)
and a worse electrode wear rate (EWR). Decreasing the diameter
of the brass electrode has improved excellent metal removal rate,
better electrode wear rate and surface finish. Bains [9] studied
the experimental results improved the surface finish and material
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Nomenclature
EDM Electrical Discharge Machining CYL Cylindricity
MRR Metal Removal Rate PER Perpendicularity

TWR Tool Wear Rate
WR Wear Ratio
CIR Circularity

removal ability of the EDM process. Singh [10-12] explained by
using 316L stainless steel in presence of TiO, nano powder added
with electrical discharge machining (PMEDM). It is investigated
the surface morphology and chemical composition of the
machined particles using electron microscopy and X-ray diffrac-
tion methods.

Through a detailed study of the electrical discharge machine of
the compounds, it is clear that the impacts on the nature and pro-
cess of the electrodes are investigated. This research was made
possible with the help of its average effective plots of output vol-

Fig. 1. Die Sinking Electrical Discharge Machine.

Fig. 3. Al7075 workpiece material.

Table 1

EDM operating conditions for Al7075.
Working condition Description
Electrode material Copper
Tool electrode shape Cu Circle Electrode
Polarity of electrode Positive
Polarity of the warkpiece Negative
Workpiece Al 7075
Dimension of the work piece Dia 50 mm, Thick 4 mm
Dielectric fluid EDM 0il

Table 2

Factors and levels of EDM.

Symbol Paranw=ers Units Level 1 Level 2 Level 3

amp 6 8 10
us 25 27 29
us 4 5 6
mm 0.2 0.4 0.6
/ kglem®> 5 10 ‘15

Fig. 2. e-=dinate Measuring M. ‘1'-"
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umes, for all input levels planned for using the mini-tab. Though
numerous researches have been attempted in the EDM process,
there is limited experimental works done on geometrical toler-
ances so far.

2. Experimental methodology

Aluminium7075 composite has the highest strength of all the
materials. aluminium7075 is used predominantly in highly
stressed applications such as trusses, cranes, and bridges. The
offers excellent corrosion resistance and has replaced 6061 in
many applications. The extruded finish is not as smooth and there-
fore not as aesthetically pleasing as other metals. The experimental

followed the L;g orthogonal array. The machining was done using
OSCARMAX’'S EDM machine having machining parameters.

The experimental setup of Die Sinking Electrical Discharge
Machining is shown in Fig. 1. The coordinate measuring machine
(CMM) is shown in Fig. 2. CMM machine is used to measure the
value of circularity, cylindricity and perpendicularity. The work-
piece material Al7075 is shown in Fig. 3. Table 1 shows the EDM
operation conditions for Al7075.Table 2 shows the factors and
levels of EDM.

The input parameters are current, pulse on time, pulse off time,
fluid pressure, spark gap and shape of the electrode. The corre-
sponding output parameters are machining time, material removal
rate, tool wear rate, wear ratio, Geometrical tolerance like circular-
ity, cylindricity and perpendicularity. Table 3 shows the input

Table.3

Input parameters of Ly orthogonal array for aluminium material.
S. No Input Process Parameters

Polarity Current (amp) Pulse on time (us) Pulse off time (ps) Fluid Pressure (kgfcm?) Spark gap (mm)

1 Positive 6 25 4 S 02
2 Positive 6 2 5 10 0.4
3 Positive 6 29 6 15 0.6
4 Positive 8 25 4 5 04
5 Positive 8 27 5 10 0.6
6 Positive 8 29 6 15 02
7 Positive 10 25 4 5 0.6
8 Positive 10 27 5 10 0.2
9 Positive 10 29 6 15 04
10 Negative — 6 25 4 5 04
11 Negative 6 27 5 10 0.6
12 Negative 6 29 6 15 0.2
13 Negative 8 25 4 5 0.2
14 Negative 8 27 5 10 04
15 Negative 8 29 6 15 0.6
16 Negative 10 25 4 5 0.6
12 Negative 10 27 5 10 0.2
18 Negative 10 29 6 15 04

Table.4

Response parameters of experimental result for aluminium material.
S. No Machining time MRR TWR Wear ratio Cir Cyl Per

(min) (g/min) (g/min) % mm mm mm

1 15.58 0.0385 0.0019 20.26 0.002 0.026 0.057
2 8.24 0.0752 0.0012 626.66 0.021 0.030 0.042
3 6.29 0.0969 0.0000 No ratio 0.018 0.020 0.033
4 432 0.1481 0.0023 64.8 0.008 0.021 0.044
5 3.15 0.1936 0.0000 No ratio 0.009 0.028 0.025
6 4.50 0.1333 0.0022 60.59 0.012 0.027 0.080
7 8.12 0.0751 0.0024 31.29 0.003 0.022 0.206
8 439 0.1389 0.0000 No ratio 0.006 0.017 0.010
9 10.01 0.6193 0.0009 68.11 0.004 0.007 0.042
10 33.33 0.0174 0.0003 58.00 0.012 0.016 0.041
11 26.36 0.2276 0.0000 No ratio 0.013 0.022 0.050
12 5.21 0.1190 0.0019 62.30 0.002 0.040 0.080
13 4.03 0.1527 0.0000 No ratio 0.007 0.050 0.125
14 332 0.1837 0.0030 61.23 0.005 0.015 0.152
15 5.38 0.1136 0.0000 No ratio 0.008 0.040 0.260
16 238 0.1806 0.0000 No ratio 0.009 0.021 0.015
17 11.29 0.1195 0.0088 135.87 0.010 0.032 0.032
18 237 0.0464 0.0000 No ratio 0.005 0.015 0.074

The MRR, TWR, WR is studied based on the following expression.
Material Removal Rate (MRR) = (W, W)/t g/min
Tool Wear Rate (TWR) = (W;—W;)/t g/min
Wear Ratio (WR) = WR = MRR/TWR (%)
Where,

W, - Workpiece initial weight.

Wy - Workpiece final weight. ]
t - Machining time (min). |
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parameters of the L;g orthogonal array for aluminium material. The
L;s orthogonal array is based on Design of Experiments (DoE) and
is also based on literature survey, it has categorized L,z orthogonal
array.

3. Results and discussion

The machining time (min), material removal rate (MRR), tool
wear rate (TWR), wear ratio (WR) and geometrical tolerance is
expressed in Table 4.

Investigated Taguchi's analysis method between the output and
_ input parameters which is shown in the following main conse-
quences plots.

In Fig. 4, maximum material removal rate is obtained for tool-
positive, current at level 3 (10 amp), pulse on time at level 3
(29 ps), pulse off time at level 3 (6 ps), fluid pressure at level 3
(15 kgfcm?) and spark gap level 3 (0.6 mm). When current and
pulse on time are increased, the material removal rate is improved.
While the pulse off time is considered, during 5-15 us there was an
improvement in MRR.

In Fig. 5, minimum electrode wear rate is obtained for current at
level 1 (6 amp), pulse on time at level 3 (29 ps), pulse off time at

Main Effects Plot for MRR (g/min)
Data Means
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Fig. 4. Main consequences plot for metal removal rate.
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level 3 (6 ps), fluid pressure at level 3 (15 kg/cm?) and spark gap
level 3 (0.6 mm). When the current, pulse on time and spark gap
are decreased then the tool wear rate is decreased. This plot indi-
cates the x-axis as the value of each input parameter and y-axis
as the output values.

In Fig. 6, minimum Circularity is reached when the current is at
level 3 (10 amp). Pulse on time at level 1 (25 ps) and pulse off time
of level 3 (6 ps) gives minimum circularity is achieved. In the case
of spark gap, minimum circularity is obtained in level 3 (0.6 mm).
This plot indicates the x-axis as the value of each input parameter
and y-axis as the output values. According to this main conse-
quence plot, the optimum conditions for minimum circularity at
the current (0.0060 mm), pulse on time, pulse off time, fluid pres-
sure and spark gap are (0.0080 mm).

In Fig. 7, while increasing the pulse on time, pulse off time and
fluid pressure at level 3, and using more exit current, the cylindric-
ity can be greatly improved. This plot indicates the x-axis as the
value of each input parameter and y-axis as the output values.
According to this main consequence plot, the optimum conditions
for minimum cylindricity at the current (0.024 mm), pulse on time,
pulse off time, fluid pressure and spark gap are (0.023 mm).

In Fig. 8 shows the main consequences plot of perpendicularity
in aluminium7075. In order to reduce the perpendicularity, the low
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Main Effects Plot for Perpendicularity (mm)
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Fig. 8. Main consequences plot for Perpendicularity.

discharge current is obtained by applying the moderate pulse on
time and the fluid pressure at level 2. This plot indicates the x-
axis as the value of each input parameter and y-axis as the output
values. According to this main consequence plot, the optimum con-
ditions for minimum circularity at the current (0.08 mm), pulse on
~ time, pulse off time, fluid pressure and spark gap are (0.06 mm).

4. Conclusions

Multiparametric optimization of AI7075 alloy using a copper
electrode was used Taguchi relational investigating approach and
the following results are express:

« The effect on metal removal rate (MRR) increases when the cur-
rent (10 amp) and pulse on time (29 ps) is improved, whereas
there is not much influence observed when pulse off time
(6 ps) is increased and there is very small increase improving
the fluxing condition.

« The tool wear rate (TWR) improves when the current (10 amp)
and pulse on time (27 ps) is improved at the same time spark
gap (0.4 mm) is reduced. Whereas there is no significant change
when pulse off time (6 ps) and fluid pressure are improved.

« There is no wear ratio in 3rd, 5th, 8th, 11th, 13th, 15th, 16th,
18th hole.

« The circularity is improved, when the current (10 amp), fluid
pressure (5 kgfcm?), spark gap (0.2 mm) is reduced and pulse
off time (27 ps) is increased.

» The cylindricity is enhanced, when the current (10 amp), fluid
pressure (15 kg/cm?) is decreased and pulse off time (5 us) is

moderate. When the current (6 amp), pulse on time (27 us)
and the spark gap (0.4 mm) is decreased, perpendicularity has
improved.
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In the study of modern-day technology, it's performance and parameters are evaluated using the EDM
process in the drilling of stainless steel 316 material. SS316 material is widely used in many industrial
applications such as heat transfer process and chemical tank. This test involves testing more material
removal rate, improving the material hardness, reducing the electrode wear rate and machining time.
The experiment is based on Taguchi L;g orthogonal array with 6 levels and 6 parameters like current,
dielectric pressure, electrode shape, spark gap, polarity, pulse on and off time. Comparison-of-copper

Keywords: and brass electrodes in this experiment research is being conducted on how copper electrodes behave
,E,.[DRIE differently and exhibit better mechanical performance than brass electrodes. Brass electrode, with its
EWR high electrical resistance, low melting point and low thermal conductivity, copper has better perfor-
Hardness mance than brass electrode and the different experimental levels and conditions are investigated.

L5 orthogonal array © 2019 Elsevier Ltd.

Selection and Peer-review under responsibility of the scientific committee of the International Mechan-
ical Engineering Congress 2019: Materials Science.

1. Introduction

Now a days industries require good surface finish in their man-
ufacturing product. When industries start to use the conventional
machining process to produce their product, they meet several
problems in product like poor surface morphology, low accuracy
and material properties changing, etc. To overcome this defect they
focus on the use of unconventional machine operation such as
EDM. Electrical discharge machine (EDM) has produced the high
intensity of spark production in the electrode to remove the mate-
rial from the workpiece.

2. Literature review

Selvarajan { 1] investigation of Si3-TiN composites are driven by
the use of copper electrodes. It is applicable for extrusion dies and
balls bearing. It gives good life and effectiveness, but the machin-
ing time is high while machining the ceramic composites. Selvara-
jan [2] optimization of electric discharge machine (EDM) is used

* Corresponding author.

hitps:/idolorg/10.1016/L.matpr.2020.01.551
2214-7853/@ 2019 Elsevier Ltd.
Selection and Peer-review under responsibilit

silicon nitride-titanium nitride (Si3N4-TiN) ceramic composite to
enhance the circularity, cylindricity and perpendicularity. Ceramic
composites are mainly used in turbine blades and extrusion dies.
This experiment shows the spark process responses are effectively
enhancing. Selvarajan [3] studied by using pentagon shaped cop-
per electrode to improve form and orientation tolerance of EN19
alloy material. In this investigation, the design of experiment
(DOE) is based on the Lg orthogonal array. Angularity and Tool
wear rate is decreased in the 4th hole. Selvarajan [4] investigation
of enhancing geometrical errors using machine material MoSi,-SiC
intermetallic composites by analyzing of electrical discharge
machining of drilling holes. This technique is very relevant and
cost effective for predicting these levels. Selvarajan |5} studied by
using the 55316 material alloy and copper electrode, the metal
removal rate and the electrode wear rate has improved. Increasing
machining voltage, Pgy time and decreasing of Pgp time improved
MRR. Ravinder Kumar |5 ] examined the paper, by using improvised
tool to improve the micro EDM process productivity. The corre-
sponding characteristics are improved and it requires less fabrica-
tion tlme Electrlc dlscharge dnllmg aspect ratlo 15 300% improved
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Nomenclature
MRR Metal Removal Rate BH Brinell Hardness
EWR Electrode Wear Rate RH Rockwell Hardness
WR Wear Ratio
analyzed the CNC turning. It gives high hardness value for bending, in Fig. 3. Table 1 shows the EDM operation and condition for SS316.

hardness and toughness. Chengmao (8] evaluated optimization
effects on wire cutting electric discharge engine using ceramics
composites improve surface integrity. Greater MRR and higher
power transistor are used to increase hardness. Palanisamy in his
{9] examined the aluminium metal matrix behaviors analyzed by
EDM process. Mechanical behaviors of low & high temperature
fracture and toughness are identified in aluminium materials. Liu
{ 10] studied the impact of pulse structure on the EDM performance
of SizsN4-TiN ceramic alloys. This paper describes the influence of
SisN4-TiN machining efficiency and material removal mechanism
on the EDM discharge pulse pattern Significant differences in
material removal, from classical lighting to chemical decomposi-
tion, can be seen by applying different pulse systems, such as iso-
energy or relaxation discharge types. EDM is centered on SizNg-
TiN for the production of ceramic components and the fabrication
of the high-temperature mesoscopic gas turbine. By detailed
research in literature area of electric discharge machine (EDM) of
alloys, it is clear that the effect of the tool and work piece has been
thoroughly studied. The results of MRR, EWR and material hard-
ness are analyzed by using main effects plots. In this investigation
Taguchi L;g orthogonal array with 3 levels and 6 parameters and
copper electrode has improved metal removal rate (MRR), hard-
ness and decreasing electrode wear rate (EWR) in various different
shapes like circle, square, pentagonal compared to the brass
electrode.

3. Materials and methods

In this study, SS316 plate is chosen as a workpiece material.
There are three different shapes copper electrode (circle, square,
pentagon) are chosen. The parameters which are required for the
experiment are arranged by L18 orthogonal array is constructed.
Fig. 1 shows the physical setup of Die Sinking Electrical Discharge
Machining. Fig. 2 shows the research planes of stainless-steel
material through the flow chart. Using copper and brass electrode
to machine through holes and measured material SS316 are shown

Fig. 1. Die sinking electrical discharﬁe"r-ﬁ';rmne.

The thickness of the material and the depth of drilling 2 mm.
Table 2 shows the parameters and levels of EDM.

Fig. 4 shows the brass electrode, copper electrode has less tool
wear rate and brass electrode has more tool wear rate. So, in this
research copper electrode has better performance and stopped
brass electrode research. The input parameters are current (amp),
Pon time (us), Poge time (ps), fluid pressure (kg/cm?), spark gap
(mm), polarity and shape of electrodes. The corresponding output
parameters are machining time (min), material removal rate
(MRR), tool wear rate (EWR), wear ratio (WR), Brinell hardness
and Rockwell hardness. Table ¥ shows input parameters of L18
orthogonal array for stainless steel material.

4. Results and discussions

Material removal rate, tool wear rate and wear ratio were calcu-
lated by using the following formula

LTAW) (g/min).

MetalRemovalRate(MRR) =
where BW and AW the weights of material before and after machin-
ing respectively and T is machining time.

ElectrodeWearRate(EWR) = M (g/min),
where EBW and EAW the weight of material before and after
machining respectively and T is machining time. The weight of
the material and electrode weight is measured by digital weight
machine

: MRR ,
WearRatio(WR) = WR = FWR (%),

The machine time (min), metal removal rate (MRR), electrode
wear rate (EWR), wear ratio (WR), brinell hardness and rockwell
hardness is expressed in the Tabie 4. For the analysis of maximum
material removal rate (MRR), machining time (min), tool wear rate
(EWR), wear ratio (WR), Brinell hardness and Rockwell hardness
studied by the parameters likes voltage (amp), Poyn time (ps), Pogr
time (ps), fluid pressure (kg/cm?), spark gap (mm), polarity and
shape of electrodes. The rockwell and Brinell hardness test are
measured in 18 machined experiments respectively, metal's hard-
ness indicates its resistance to permanent shape changes when a
compressive force is applied. Metals must often withstand pres-
sure or extreme temperature during its application use, and hard-
ness testing is an ideal way to determine whether the component
can perform.

Investigated Taguchi's analysis method between the output and
mput parameters are shown in the following consequences analy-

ARt 1 'mtab software, it is quality control chart

“hachining time is obtained for tool-
tamp), PUN time at level 3-75 (u sec),

e (min) is observed the high pulse on
centration of spark produced on time

The mmlmrﬁg
time 75 p Sec. fﬂiahxﬁh

ﬁ-..,/



L. Selvarajan et al./ Materials Today: Proceedings 46 (2021) 9257-9262 9259

Brass Holes
Copper Holes
Fig. 3. $5316 work piece material.
Table 1
EDM operation and conditions for $5316.
Working conditions Description
Electrode material Copper electrode
Dimension of hole 5 mm (Each Side)
Depth of drilling 2 mm
Workpiece polarity = — Negative
Type of current DC Power Supply
Specimen Material 55316 Stainless Steel
Discharge current (I, A) 21-25amps
Pulse on time (ton, p s) 35-75 ps
Pulse off time (t off, p 5) 4-9 ps
Dielectric fluid EDM oil
Fluid pressure (kg/cm2) 10-20 kgfcm?
Spark gap (mm) 0.02-0.06 mm

In the Fig. 6 maximum material removal rate is obtained for
tool-positive, voltage level 3 (25 amp), Poy time at level 1 (35 p
sec), Porr time at level 3 (9 p sec), the fluid pressure at level 1
(10 kg cm?) and spark gap at level 3 (0.06 mm). Maximum MRR
is observed at high peak current of 25 A and pulse off time 9 p
sec. The high concentration of discharge energy in the spark gap
leads to the rapid melting and evaporation of the metal. The
pentagon-shaped electrode is obtained the more metal removal
rate (MRR) in the 7th experiment there is no significant changes
in the pulse on time, fluid pressure and spark gap.

In the Fig. 7 minimum tool wear rate is obtained for tool-
negative, voltage level 1 (21 amp), Poy time at level 2 (55 p sec),
Porr time at level 2 (7 p sec), the fluid pressure at level 2
(15 kg cm2), spark gap at level 3 (0.06 mm) and shape at level 1
(Circle). The minimum tool wear rate (TWR) is obtained at increase
of spark gap 0.06 mm and Py is reduced the tool material eroded
value, the lower Electrode Wear Rate (EWR) on the 12th experi-
ment. The voltage, Porr and fluid pressure which is turn eroded
the more tool material.

In the Fig. 8 minimum wear ratio is obtained for tool-positive,
voltage level 3 (25 amp), Pon time at level 1 (35 p sec), Porr time

Fig. 2. Research Plan of stainless-steel material.

_Q\at tool wear is affected by the pre-
¢ hydrocarbon dielectric on the elec-
haracteristics of Pgpr. Pony and
e fluid pressure and voltage is

leads to the rapid machining process of the
machining time (min) of the square-shape
in the 5th experiment there is no signi
machining voltage, Pog, fluid pressure and
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Table 2

Limits and levels of EDM.

L. Selvarajan et al./Materials Today: Proceedings 46 (2021) 9257-9262

Symbol Parameters Units Level 1 Level 2 Level 3
A Current amp 21 23 25
B Pulse on time 13 35 55 75
C Pulse off time ns 4 v 9
D Spark gap mm 0.02 0.04 0.06
E Dielectric pressure Kg/em? 10 15 20
Circle Circle Circle

F Shape of electrode - Square Square Square

< Pentagonal Pentagonal Pentagonal
G Polarity - Straight polarity Straight polarity

Reverse polarity

Reverse polarity

Straight polarity
Reverse polarity

Fig. 4. After machining brass electrodes.

In the Fig. 9 maximum brinell hardness is obtained for tool-
positive, voltage level 1 (21 amp), Py time at level 2 (55 p sec),
Popr time at level 2 (7 p sec), the fluid pressure at level 1
(10 kg cm?), spark gap at level 1 (0.02 mm) and shape at level 1
(Circle). The Brinell hardness is studied that voltage, Pogr, Po, fluid
pressure and spark gap are decreased the maximum hardness
value is obtained, the maximum resistance value is achieved in
5th experiment.

In the Fig. 10 maximum rockwell hardness is obtained for tool-
positive, voltage level 3 (25 amp), Poy time at level 1 (35 p sec),

Table 3
Input parameters of LI8 orthogonal array for stainless steel material.

Porr time at level 1 (4 u sec), the fluid pressure at level 2
(15 kg cm?), spark gap at level 2 (0.04 mm) and shape at level 1
(Circle). The Rockwell hardness is observed that fluid pressure
and spark gap are decreased and the voltage is increasing the max-
imum resistance to be achieved in 9th and 3th experiments there is
no significant changes in the Pon, Porr.

5. Conclusions

Finally, comparison of copper and brass electrodes in this
experiment and the research is being conducted on how copper
electrodes a behave differently and exhibit better mechanical per-
formance than brass electrodes. Improving the metal removal rate
(MRR), reduced electrode wear rate (EWR) and machining time
(min) by using copper electrode. The effect and efficiency for each
of the input levels in the output attributes were analysed accu-
rately by using the trend of the graph.

- The minimum machining time (min) is observed the high pulse
on time 75 p sec. the high concentration of spark produced on
time leads to the rapid machining process of the metal. The
minimum machining time 4.05 min achieved in the 5th exper-
iment of square-shaped electrode.

- Maximum MRR is observed at high peak current of 25 A and
pulse off time 9 p sec. The high concentration of discharge
energy in the spark gap leads to the rapid melting and evapora-
tion of the metal. The pentagon-shaped electrode is achieved
the more metal removal rate (MRR) in the 7th experiment.

Exp. no Input process parameters

Polarity Current (amp) Pulse on time (ps) Pulse off time (ps) Dielectric pressure (kg/cm?) Spark gap Shape
1 POSITIVE 21 0.02 SQUARE
2 POSITIVE 21 0.04 PENTAGONAL
3 POSITIVE 21 0.06 CIRCLE
4 POSITIVE 23 0.04 CIRCLE
5 POSITIVE 23 0.06 SQUARE
6 POSITIVE 23 0.02 PENTAGONAL
7 POSITIVE 25 0.06 PENTAGONAL
8 POSITIVE 25 0.02 CIRCLE
9 POSITIVE 25 0.04 SQUARE
10 NEGATIVE 21 0.04 PENTAGONAL
11 NEGATIVE 21 0.06 CIRCLE
12 NEGATIVE 21 0.02 SQUARE
13 NEGATIVE 23 0.02 CIRCLE
14 NEGATIVE 23 0.04 SQUARE
15 NEGATIVE 23 0.06 PENTAGONAL
16 NEGATIVE 25 0.06 SQUARE
17 NEGATIVE 25 0.02 PENTAGONAL
18 NEGATIVE 25 0.04 CIRCLE




Table 4
Response parameters of Experimental Result for stainless steel materials.
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Exp.no Workpiece Tool weight (g) Machining time MRR EWR Wear ratio Rockwell hardness Brinell hardness
weight (g)
BW AW EBW EAW (min) (g/min) (g/min) % = BHN
1 68.5 68.07 14.98 14.93 5.04 0.085 0.009 9.46 48 144
2 68.07 67.37 19.04 19 6.48 0.108 0.003 36 46 143.6
3 67.37 66.22 13.68 13.66 54 0212 0.003 70.66 49 143.2
4 66.22 65.58 13.66 13.64 6.1 0.104 0.003 34.66 85 143.2
5 65.58 65.23 14.93 149 4.05 0.086 0.007 12.28 39 144.5
6 65.23 64.44 19 18.93 6.24 0.126 0.011 11.45 35 144
7 64.44 63.47 18.93 189 437 0221 0.006 36.83 40 143.2
8 63.47 62.84 13.64 13.62 42 0.15 0.004 37.5 28 144
9 62.84 62.58 149 14.86 428 0.06 0.009 6.66 54 1428
10 62.58 61.53 189 18.77 44.42 0.023 0.002 115 38 144
11 61.53 60.85 13.62 13.59 46.8 0.014 0.0006 23.33 32 143.6
12 60.85 60.31 14.86 14.85 41.5 0.013 0.0002 65 34 1436
13 60.31 59.62 13.59 135 4232 0.016 0.002 8 37 143.2
14 59.62 59.14 14.85 14.84 39.62 0012 0.0002 60 29 142.4
15 59.14 58.58 18.77 18.76 38.47 0014 0.0002 70 28 1432
16 58.58 58.14 14.84 14.81 42.65 0.01 0.0007 14.28 141 142.8
17 58.14 57 18.76 18.69 43.72 0.026 0.001 26 44 1424
18 57 56.66 135 13.46 40.25 0.008 0.0009 8.88 46 143.6
Main Effects Plot for Machining Time (min) Main Effects Plot for TWR (g/min)
Data Means Data Means
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Main Effects Plot for Brinnel Hardness (BHN)
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Fig. 9. Main consequences plot for Brinell hardness test.

Main Effects Plot for Rockwell Hardness
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Fig. 10. Main consequences plot for Rockwell hardness test.

The minimum tool wear rate (TWR) is obtained at increase of
spark gap 0.06 mm and Pgy is reduced the tool material eroded
value, the lower Electrode Wear Rate (EWR) is achieved in 12th
experiment of square shape electrode. The voltage, Pope and
fluid pressure which is turn eroded the more tool material.
Sparking characteristics of Pggr, Poy and spark gap are
decreased with the fluid pressure and voltage is increase the
minimum wear ratio is obtained. There is less wear ratio in
1st, 5th, 9th, 16th hole (Square shape), 6th, 10th hole (Pentag-
onal shape), 13th, 18th hole (Circle hole).

L Selvarajan et al./Materials Today: Proceedings 46 (2021) 9257-9262

- The Brinell hardness is studied that voltage, Pogr, Pon, fluid pres-
sure and spark gap are decreased the maximum hardness value
is obtained, the maximum resistance value is achieved in 5th
experiment and the Rockwell hardness is observed that fluid
pressure and spark gap are decreased and the voltage is increas-
ing the maximum resistance to be achieved in 9th and 3th
experiments.
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Abstract - Heat ex changers are essential In many sectors,
.\'m‘.h as paper, chemicals, oll, processing, [;l'frlfi('rlffl
refining, and power plants. The need for efficient heat
:-.\('l"mum'n is a result of their high efficlency and
t'ln‘tr.mrrm'm.-ll concerns. Heat tramfer l'mprm't'.';u'm i
crucial for increasing efficiency since it enables smalfer
heat exchanger sizes and a Nigh heat transfer rate with
lesy spuce needed. Using plain tube and plain twisted
tape inserts, counterflow heat exchangers enhance the
fransfer of heat properties of concentric tube heat
exchangers. To improve heat transmission & gencerafe
twrbulence, twisted tape inserts are used to conceniric
tube heat exchangers. A varicty of technlques, such
adding fins or raising fhuid velocity, can be tested to sce
which improves  heat transmission in smatl heat
exchangers the most.

Index  Terms-  Neat  transfer, Petroleam  refining,
Efficiency, Counter flow, Concentric tube, Plain and
Twisted tape.

L INTRODUCTION

The concentric pipe heat exchanger is a method for
transferring heat among the (wo fluids without
mixing at dilTerent temperatures, 1t makes use of
convection and conduction, with conduction passing
through the walls of the heat exchanger and
conveetion  happening in cach fuid. Chemical
facilitics and fossil fuel refineries are two examples
of industrial domains where tube inserts are wtilised
1o facilitate heat transmission. [leat exchangers
frequently  expericnce  cross-, parallel-, and
counterflow flow  patterns. The most  ellicient
technigue is counterflow, which has warm {luid
entering at one end and cold fluid Ieaving at the same
end. Because of its efficiency, it is the most oflen
used kind of fluid-to-fluid heat exchanger. The
literature examines concentric tube heat exchanger
design using both an analytical and numerical
method.

Pragneshkumar ¢t al. [1] aim to cnhance heat
transfer surfaces in engineering applications such as
air conditioning. heat exchangers, chemical reactors,
and refrigeration systems. Passive heat transfer
methods, like twisted tape, are important because
they improve the effective surface area interaction
with fluids. When a quadratic turbulator was linked
o a twisted tape insert, the study's double pipe

v

N
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rformed a basic

counter Tlow heat exchanger outpe |
rateo,

(wisted tape insert in terms of performance
increasing from 1 13% o 1 16%. In transier al heat
and technical applications, such as heat exchangers.
vehicles, & thermal power plants, cyhnder pipes are
frequently utilised. Heat may be transterred through
three dittferent methods: conduction, convechion,
and radiation. With an emphasis on parallel flow
tuhe  heat  exchangers, the heat
factor in circular tube
nvestigated by
the heat

concentric
transmission and {riction

channels with and withoutinserts are i
Kanika et al. [2]. The primary catlsc ol
transter effect is induced turbulence. which m.l\c*-'
the heat trmsier rate. With the same shape, various
latitudinal spacings, such as y 15 and vy = 45,
pravide different outcomes under diflferent mass
and heat conditions. The study discoy cred

Tow rates sct :
haracleristics for

that the quality of heat transler ¢
ariables including friction factor, pressure drop. Re,
and Nu declines with increasing  distance. In
comparison to y = 45, the best oulcomes were
obtained with a lincar geometrical spacing o'y = I5.

The efficiency of heat exchangers depends on the
heat transfer rate, henee new methods for increasing
it are required. Technigues for improving passive
heat ransmission are recommended since they don't
impact the system's performance as whole.
Industries employ twisted tape inserts extensively
because of their low setup costs, simplicity of
maintenance, and afTordability. Kalapala et al. [3]
ook at the elfectiveness of a dual pipe heat
exchanger system with twisted tape inserts. The
study is conducted for dilTerent mass [Tow rates and
input temperatures for both parallel and counter(low
configurations. The data indicates that the heat
exchanger performs better in a counter flow
architecture with twisted tapes than in a parallel flow
design  with  twisted plates.  The continuous
temperature differential across the cross section
makes counterflow more effective than parallel flow.
Because twisted tape inserts create turbulence in the
hot {luid moving zone, they also boost ellicacy.
Twisted tapes are shown o boost efficacy by 30% at
low mass low rates.

Bandu ct al. [4] studied the performance of double
pipe heat exchangers (DPIES) in oil refinery and

735
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other Tpe chemical processes bhey investhipated
the How and temperaare Gield meside e bes and
craated DT with sarions Toy onientations 1o s
Attt mclinations, they examined the impacts
i heat ansnrscinn properties af DETH 0,5, 10,
POy The sty veed CATTA VS amd hyper mesh (o)
meshing, and ANSYS UM RTA O for studying
the How and temperature ficld anside the tubes: The
sty fowmd thit hehical B improved the heat
tansder vate and overall coefticient of hicat transder

Vsing Zn0) nanotluid, Vijaya Sapar et al [5] stadied
the heat anster and friction factor of a twin pipe
heat exchanger 1 was discovered that twisted tape
contaming 04" ZnO nanofluid tased the Ma hy
23 56" and the frichon Lactor by 15327 Rescarch
on the propertics of licat tansnssion inca helically
cotled heat exchanger was cinried out by Jayakunn
ctal 6] They discovered tiat modelling real hieat
exchanpers with constant temperature o heat flow
bonndary conditions was insuflicient Rather, they
vsed tempeture-dependent featuies ol the heat
transport medm and compuyate heat transfer 1o
mnalyse the heat exclimper A correlation was built
toascertam the interior heat transfer coclficient, and
an experimental setop was established to assess heal
transter gualines, According to studics by Yamini cl
al 171 helical coil-tube heat excliangers are heing
loaked ar for wse ina variety of manutactoring due
to ther more compact desipn, Larper heat transfer
arca, and improved  heat wansier capabslities
According 1o the study, the intricate low pattern ol
helically  coiled tubes vesults e increased  heat
transfer rates compared 1o straight tubes. The
sipnithicance  of  different curvatwe  ratios  and
peometry in heat transfer is Turther highlighted by
the research The optimal Tin No Tor maximum wall
temperature and heat tansfer was found 1o be 10
Frianpulin=shaped fins hid the least amount of wall
temperature dispersion, according (o the study
Lechnolopics for improving heal transmission are
critical  to industriesincluding electronic
components, pelrachemicals, industrial processes,
and thermal power plants.

Although millimetre  or  micron-sized  particles,
which can lead 1o scttling, swiface abrasion, and
cloppig in heat transter cquipment, have reccived
the majonty of study attention, encergy ransmission
(Muids with suspended solid particles have also been
investigated to enhance heat transfer. According to
rescarch by Rao ctal [8] convective heat transfer in
transition (Tow s preatly enhanced when AlLO,
nanoparticles are used as a dispersed phase inwater,
I his improvement increases with Reynolds number
and particle concentration.

Deepak et al [9] tocuses on employing plain tube,
helical fins and plain tube with helical fins with
inserts to improve thermal performance in a twin

IJIRT 164229~
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frpe heaut exchanper An gnsert on the lichcal fins

ercases turtholent ety shipe i bseta hieat
trananiscion o examine the flaw of hieat between
two hipuidd s vig o calied bareier, Lo i [ 10] created

comcentie tube beat exclongee (EATDy approach
s v, aned e Attt W [STHR T
flove  contipuranion Water  wa weed e L
cxporient, ot gt cold wator were piven gt YN
and 27°C reapectively Thot waler carne out at 7300
With an overall

g Cearler-

while chally water came gut at 577¢
heat trancder coctficient of 70 W Foand o 44 ¢
g the heat exchanper was 748470 cfficient Th
desipn ol adouble pipe heat exchangerin s chemical
plant is examined by Farthik et al [1T] Wil hoot
water in the outer pipe and hat oal i the pncr prge
the heat ceclanger 1s hinlt to with-tand real-world
workig circumstances (I tcchinigue and the
cllechivencow-number ol tran-ler (=211
appraach were employed i an analytieal model To
characterise the heat cxchanger's performance in
terms ol unportant dinencionless metnes
petfonmance charts were created Lor the desipn
study, hoth connterflow and parallel (o topolopes
were taken anto account  Another
numerical model Based on the orteria and inputs
that are  available,  deuigners may  select an
acceptable desipn process by using the findmngs,
which  demaonstrate that both analytical  and
numcrical approaches provide the same aulcomes

units

optian was a

Pichandi [12] talks about the significance of heat
transfer in heat exchangers, emphasising the cffect
of entropy generation on operating parameters and
shape. A MATLAD code v created o colve the
mathematical model, which s based on the 17 & 27
laws ol thermodynamies Tor the parameters
cmployed in the study, an experimental setup s
created, and the model and code are venified with the
help ol the expermmental findings. In addition, a
numerical test for grid independence 15 conducted,
and the ideal Re for the specified shape and
operating conditions 15 discovered

I DESIGN OF CONCENTRIC TUBE

This project uses SohidWorks software to create a
maodel of this heat exchanger. The model will be
used to simulate and optimise the performance of the
heat exchanger design This project includes three
distinct types of tubes.

s Normal plain tube
s Plain tape mserted
e Plain Twisted Tape Insen

A Normal Plain Tube

A concentric tube heat exchanger is a system
consisting of two smaller tubes used to exchange
heat. It can generate turbulent conditions at low flow
rates and withstand high pressure operations, which

r ]NN(;I\{ATWI‘: RESEARCH IN TECHNOLOGY 736
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rinse . .
esthe rate of heat tanster and coethicient of et
ransfey

Fig 1 Novmal Plain Tube

B Plam Tape Wserted Tube

Straight tape inserts have a mean heat transfer pam
ol 1-24% associated (o plam tubes, mainly due 1o
their robust trhulence intensity, which enhances
heat transfer However, this can alse result in highet
pressure drop and increased encipy consumplion
Ihe cost of implementing and mantainimg these
mserts may  outweigh the benefits of shyphily
improved heat transfer

Fig. 2 Plain tape inserted

C. Plam Twisted Tape Insert

Nwisted tape and longitudinal tubes me passive
cquipment that enhance heat transter rates, Twisted
tape penerates swirl Tow, improving uid mixing
and reducing resistance near the wall. Tubes with
longitudinal inserts are also eflective for improving
heat transfer. Perforated double counter twisted tape
inserts in a circular tube increased heat transfer by
80-29"% compared to a plain tube, according to a
study. This suggests that using twisted tape and
longitudinal tubes in tubes can be a practical and
cilicient method for improving heat transfer in
vartous applications. Overall, the use ol these
passive cquipment options can lead 1o energy
savings and improved overall system performance in
a variety ol applications,

e Insert

Y

I'he precise parametric parameter
hreadth,  thickness, mner diameter
diameter of the chosen concentrie tul

Tahle | below This data s ¢ .‘mnP for correctly

stnulating the Muad Mow insede tube and higuring

out the mechanical charactenistics of the tube
lable | Geometry Conditions
mm———— L oLLLALR A e
RAMIETTRS INNIER f”' IR { Pl
PARAMIL i
PARS Il J' PPl J I\H
[enpth 800mm 800mm l 'nlh:-m
Inner diameter hhnnn 126mm l
Ullh r diameter -Ilmrn | | Ulrnrn .
Width - <0 ‘in-m
Thickness 2mm nml hnm

11 MATIRIAL PROPERTIES

The Concentric tuhe has selected according to the
parameters taken as shown below. The mnner pipe
auter pipe and insert are avarlable in market for that
material as well as s dimensions Lable 2 represents
the mechanical propertics of the concentrated pripe.
and Table 3 represents the ddlerent paramelric
propertics of the cold water and hot water

Table. 2 Matcrial Property
Material | Ahmminum
Thermal Conduchivity (202 4 (w"” LJ____~
Spectlic Heat

%71 ] Ik
Density 2719 kg :,I) _

Table 3 Hot & Cold-Water Properties

Cold ot Symbaol
Descrniption Water (20 | Water

“C) (70 °C)
p : mh
IThermal 0611 0654 (w™)

| Conductivity
Density Y95 215 933 2 (kg™
Speafic jihe
pecitic s 15 faxez (U0

Heat
Viscosity 0000827 | 0 000466 | (kg™

IV, ANALYSIS O CONCENITRIC TUBLE
HEAT EXCHANGER

_ -
e .

Fig. 4 Nl),l'll'lil-i"i_(lbt‘ Model in ANSYS software
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s g 6 shisws shpple concentrie tubie heat
cxclimper el mudel withoat Traefedonn featis
while Tigne 7 <hivws both plain tape sl teiated
G crted el ode b holdons wathin tHie

- coneentoic tlie heat exclanger moded

/ V 1E S & DS HssSI0On

%- A Novwwad Fahe Model

o— Emed - N
i S Plain and Twisted Lape Madel in ANSYS { ‘
soltwine '1

ANSYS oftees the pertect aption T everyone Trom
professionals  ying 1o sinulate comphicated
naterials and non=linca hehavionr o desipaers and
Infrequent users seching quick and icliable 1ewlts P 8 Pressone Contour Results of Horoal Tabe
ANSYS Mechanical's wser-triiendly interface allows

cngineers ol any level ol experience (o obtain
accurate and amely resolts Fipure 4 represents a
siple concentne whe heat exchanper madel in
which there e no hidden features, hut hoth the plain
tape and the twisted tape inserted m ipme 5 are
hidden i the concentrie tbe heat exchanper moddel

Any model may be effortlessly fied witli the ' :
optimal mesh thanks o ANSYS  Mechanical's
mtelhpent mesh techoolopy. Astute  alporithms Fip. 9 Velocity Contour Results of Normal Tabe

rencrate laph-quality models automatically and also
stimphify the process of adding controls for any last-
minute adjustments that may he required

A Meshing
LS

Fig. 10 Temperature Contour Results of Nonmal
Tube

= <
P =
Fig. 6 Mesh Generation of Normal Tube Mode) =ER

Fig. T Temperature Results of Normal Tube

Figures 8. 9. and 10, respectively, display  the
pressure, velocity., and temperature contour lindings
of a conventional tube concentric heat exchanger
Figure 11 reports the temperature results at both the
inlet and outlet regions of the heat cxchanger,
providing a comprehensive overview of the thermal
performance. These allustrations are essential for
compichending  the  exchanger's  heat wansfer

)J/cdpru,m "_*?_‘nl‘(.m point out possible areas for

S, / f‘ Ll
/;" \\."3.11 koF: '\: ; "4

Fig. 7 Mesh Generation of Plam and ‘Twisted Tape
Madel
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tmpravement: Analysing these temperatare prafiles exthanger  These temperatire (ERi=8 | FTS. I
] ¥
can helpidentify any inefticiencies or areas where analysed 1o fnd any incfliciencies or plac “:.' {t
adiastments may he necessmy 1o optimize heat chunges could be nceded o maximize T8 '
ansier ARG
B Plain Fape Modet C Twisted Tupe Model
e i
= . —*——l amad
— s

,_,__.

Fig 16 Pressure Contour Results of Twisted Tape

Fig 12 Pressure Contowr Results of Plain Tape Concentne Tube
Concentrie Tube

Fig. 17 Velocity Contour Resnlis of Twisted fape
Concentric Tube

Fig. 13 Velocity Contowr Results of Phiin Tape
Concentric Tube

i Fig. 18 Temperature Contour Results of Twisted
Tape Concentric Tube

Fig. 14 Temperature Contour Results of Plain Tape
Concentric Tube

Consnd

Area-Neighted Averaje

1<l
catlecr_cold 1%,0%7%32
cuties nes €s.e18308 Fig. 19 Temperature Results of l\u\lul l.!pc
s, 08 7anY Concentric Tube

Fig. 15 Temperature Results of Plain Tape

Concentric Tube The pressure. velocity, and temperature contour

results of a simple tape concentric tube  heat
The pressure, velocity, and temperature contour exchanger is shown in Figures 16. 17, and 13,
results of a simple tape concentric tube  heat rcs]wcllvc!y The temperature readings at the hcql
exchanger is shown in Figures 12, 13, and 14, c".wh:mgcrs lrlllul\c .:md exil arcas are shown in
respectively. The temperature readings at the heat Figure 19, which nHur} a thorough summary of the
exchanger's intake and exit arcas are shown in thermal performance. These diagrams can highbght

Figure 15, which offers a thorough summary of the potential arcas for improvement and are crucial tor
5 ‘dmf.,,,m., can highlight understanding  the heat transfer process of the

f’“‘m?uf ind are crucial for ﬂ,_z.;;.!mngu These temperature profiles may  be
TR P!llbﬁ(;‘\‘pmuh of the ,/n arf—])wd tu find any incfliciencies or places where

potential arcas
understanding,
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could be needed o mavimee hoeat
ansinssion The below table 1 oepesent the
camparatie wesnlts o the parametie empeniaee of
selected tabes

vhimyes

Lable 4 Comparative temperatie tending

PARAML 1L NORNMA |11 AL WIS
It 1 N (B
o AT LA

Inlet

Lemperatne 70 hiLl 0
(HorFlaad)y

Outlet N .

lemperatne 0s.857 | 0861 0A.008
(Nt 1 i) i

Tulet

Lewperatine 20 20 20
ACold Fluid)

ey . 3

Temperanne vda27 m,,“" 42237
L(Cold Tluid) :

CONCLUSION
.
Heat anster in heat exchanpers using plain tabes,
Plam tapes and twisted tape insents has heen well
studicd. They came 1o the conclusion that in
tuebulent flow, the twisted tape insers work better
Fhe disiibution of emperames between hot and
cold uids serves as its foundation The model with
the twisted tape insert has the Larpes lemperatue
distiibution, indicating that more heat s transported
s maodel, according o the wemperatue data
Clable ) The hotand cold Duids in the twisted tape

model saw inereases of 22237 °C and decieases ol

4032 U0 respeetively Intenms ol heat ansmission
clliciency, the twisted tape madel ontperfons the
standard and plam tape models by 12% 010 o™,
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