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Abstract

This paper efforts to improve the prevailed machining
parameters in electrochemical machining (ECM) of
grade 410b stainless steel using reaction surface
methodology (RSM). the chosen material has been used
in gas turbines. The show examines researches on the
impact of process factors, for example, electrolytic
focus, voltage, and feed rate on execution attributes of
surface roughness (SR) when ECM of grade 410b
stainless steel by a copper tool in a fluid arrangement
of NaClsolution. It was likewise watched that the ECM
had been an economical and other option to traditional
machining in the case of hard materials.Machining
constraints affecting surface roughness and their
influence have been discussed. This advancement,
importance, and the increasing significance of
electrochemical machining have been analyzed.

I. INTRODUCTION

The interest for large scale and smaller scale products
and parts of troublesome to machine materials, such as
apparatus steel, carbides, superalloys, and titanium
combinations, has been quickly increasing in
automation, aeronautics, tools, optics, medicinal
apparatuses, and correspondences ventures. Despite
their outstanding properties, a significant number of
these hard-to-machine materials appear to have
restricted applications. These materials posture
numerous difficulties to traditional machining forms
(for example, turning and milling). For instance,
titanium composites are helpless to work solidifying. Its
low, warm conductivity and higher compound
reactivity results in high cutting temperature and solid-
bond among the tool and work material prompting tool
wear. Electrochemical Machining (ECM) and Electrical
Discharge Machining (EDM) offer a superior option or
now and then the primary option in producing precise
3-D complex formed highlights and parts of these
troublesome — to-machine materials. This paper leads to
a brief investigation of the best in research and
improvements in demonstrating surface respectability,
observing and control, tool material, and tool wear and
boundary methods. Late reports on developing Nano-
scale electro machining are additionally looked into.

In the experiments, grade 410b stainless steel
stayed used for workpiece in electrochemical
machining.

A. Electrochemical Machining:

Significant advances within the 1960s developed ECM
as a proficient innovation, in the aeronautics and
aircraft industries. Electrochemical machining is
additionally another progressed machining innovation
that offers a superior option or some of the time the first
opportunity in accomplishing specific 3-D complex-
molded features and parts of hard-to-machine materials.
The benefits of ECM over other conventional
machining forms include its application, dismissing the
material hardness, practically identical high material
dismissal rate, no tool wear, and accomplishment of
fine surface features and the product of parts of
complex geometry with split free and soothing surfaces.
Accordingly, ECM has been used in numerous modern
applications, including motor housings, turbine cutting
edges, gears, bearing houses, forms, and bites the dust
and additionally careful inserts.

ECM is an anodic disintegration process where
the work material and the tool stay the anode and the
cathode, correspondingly, of an electrolytic, of an
electrolytic chamber. Normally, a low voltage (7-25V
DC continuous or pulsed) is applied among the
electrodes with a small gap (about 0.25 mm)
maintained between them. Electrolyte (such as NaCl
solution) flows between the electrodes with a high
velocity (30-60 m/s) to maintain the anodic dissolution
and sweep away the reaction products. Current flowing
among the tool and the workpiece through the
electrodes causes a depleting action to occur, which
removes material from the specimen. Due to its
capability to machine challenging to cut materials and
complicated shapes without distortion, scratches, burrs,
and stress, ECM is presently applied in the
manufacturing of a wide-ranging of components such
as aircraft turbine blades, surgical implants, and
prostheses, bearing cages, molds and dies, artillery
projectiles [1-6].

Anyway, the main benefits of the ECM
process, for example, maximum material removal rates
and smooth, damage-free machined surface, are
regularly counterbalanced by the reduced dimensional
controller and process resultant from composite and
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electrode gap states. In spite of the fact that the
electrochemical disintegration rate is hypothetically
self-controlling as indicated by an adjustment in the gap
measure among the ECM process [4], it is hard to keep
the machining parameters steady finished the whole
machining cycle in real practice. The varieties in the
gap conditions unfavorably influence the precision of
the ECM process. For a given tool anode, the
dimensional accuracy of the specimen (workpiece) and
the process steadiness are dictated by setting,
maintaining, and controlling the working parameters
(e.g., feed rate, voltage, and those concerning the
electrolyte) to balance the impacts of the varieties of the
state  parameters (e.g.,, the dissemination of
conductivity) in the electrode gap.

B. Stainless steels

Grade 410 hardened plates of steel are broadly
useful martensitic treated steels having 11.5%
chromium, which gives excellent consumption
opposition properties. Be that as it may, the
consumption resistance of grade 410 plates of steel can
be additionally upgraded by a progression of the
process, for example, hardening, tempering, and
polishing. Tempering and quenching can hardening
grade 410 plates of steel. They are for the maximum
part utilized for applications, including mild erosion,
heat conflict, and high quality.

Martensitic hardened steels are created
utilizing strategies that require the last heat treatment.
These grades are less impervious to consumption when
contrasted with that of austenitic grade. Their working
temperatures are regularly influenced by their loss of
quality at high temperatures, due to over-hardening and
loss of flexibility at below zero temperatures.

C. Arrangement
The compositional scopes of grade 410
tempered steels are shown beneath.
Table 1: Composition ranges of grade 410 stainless

steels
Grade C Mn |Si | P S Cr Ni
min | - - - - - 11.5
410 max | 0.15 |1 1 |0.04 |003 |135 |0.75

D. Machining

Grade 410 steels can be effortlessly machined
in profoundly tempered or toughened conditions. In any
case, it is difficult to machine 410-grade steels if they
are solidified over 30HRC. Free machining 416-grade
is the best option.

1. REVIEW

The research efforts related to ECM on-line
dimensional control can be classified into two major
groups:
(1) Control
electrode gap (IEG)
(2) Control of the local gap distribution
Despite the fact that there are some applied
covers in these two kinds of investigations, distinctions
between them still exist. The control of the equilibrium
IEG concerns with maintaining a frontal equilibrium
gap by controlling some related working parameters.
Since the IEG in the area other than the frontal gap
zone may not be indistinguishable to the frontal
stability gap, tool shape must be changed in like thus
within the tool design and modification procedure: This
modification is based on pre-chosen frontal equilibrium
gap associated with a set of corresponding working
parameters and electrolyte, so that, presumably, only
frontal equilibrium gap requirements to be continued
when machining is carried out. The control of the local
gap distribution involves keeping a uniform gap
distribution over the whole machining area, even if the
gap is not in the equilibrium state (as in ECM with the
pulsed current) [7, 8]. This is the critical objective of
dimensional control in ECM, because effective local
gap distribution control would lead to simplification in
tool design and better workpiece shape prediction.

of the equilibrium inter-

ECM consumes joined with a few other
machining processes to enable improved machining
attributes. A hybrid machining focus comprising of
EDM, ECM, and mechanical processing was created in
[9]. The hybrid process incorporated the benefits of
every one of the machining procedures to create
miniaturized scale structures on hard to cut carbides
with  bringing down residual pressure, high
effectiveness, and low surface roughness (<100 nm).
Ultrasonic helped electrochemical completing process
was considered and found to enhance the surface
complete when contrasted with usual electrochemical
completing [10].

The combination of EDM and ECM process
on a similar setup is fit for creating exceptionally
complex and exact 3-dimensional structures [11].

Small resistivity deionized liquid, which has
the properties of a dielectric, and also a conductive fluid
to some degree has been utilized to build up a process
that includes synchronous electric discharge machining
and electrochemical machining. The process lessens the
surface roughness giving a higher surface finish
complete (figure 1) [12, 13].
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Fig. 1. Micro milling using a combination of ECM and
EDM

In Laser helped ECM a laser beam is centered on a
territory presented to the electrolyte stream, which
breaks up a particular area attractive accuracy and
surface roughness. This process likewise reports a
higher removal rate of material because of temperature
increment in the location focused by the laser beam
[24]. Fig. 1. Small scale processing utilizing a mix of
ECM and EDM [13] the machining accuracy
diminishes with increasing depth of cut; however, it can
be better by increasing the speed of the electrolyte
stream [15]. It has been accounted for that the nearby
temperature rise does not cause any warm harm; thus,
the machined surface is free of pressure [16].

This process consumes the capacity to produce
complex 3-dimensional examples like small scale stents
[17]. In rough ECM, abrasives similar to SiC (silicon
carbide) are suspended naturally in the electrolyte in the
region of the specimen (workpiece). These abrasives,
alongside a wire cathode, stand in the responsibility of
cutting silicon wafers with improved generation rate,
reduce cost, and great surface uprightness [18]. Rough
electrochemical pounding utilizing resin reinforced
wheels have been reported, in any case, the
insufficiencies of the process like wheel wear still
remain a test [19].

Electrochemical grinding has been utilized to
little machine gaps with sharp edges. The process
includes coat the tool anode with abrasives and rotating
it at fast. At first, material is removed through the
activity of ECM, and afterward, the machining are
milled for better complete through contact machining
[20]. UECM (Ultrasonic electrochemical machining)
includes vibrating the device anode to unsettle the
abrasives suspended in the electrolyte for a decent
surface wrap up.

An investigation of the geometry and form of
the cathode, which gives an all-around polished surface,
is reported for, and the impact of ultrasonic strength is
recognized [10]. This strength is additionally in control
of the removal of rubbish from the machining zone and
the formation of ideal hydrodynamic conditions
affecting the surface layer [21]. The utilization of

attractive and, in addition, ultrasonic strength has been
reported to remove sludge out of the electrode gap. The
process gives a decent surface finish in littler time [22].

I, INVESTIGATIONAL SETUP

In this section, we will check about the investigative
work, which is comprising of the test set up, choice of
different tool material, plan of a cathode, making of the
electrolytic arrangement, and variety in the current. By
taking this information in reason we will evaluate the
material removal rate. ECM is the exact elimination of
metal by workpiece termination in an electrolytic
chamber in which the tool is the (- terminal) cathode,
then the specimen (workpiece) is the (+ terminal)
anode. The electrolyte is forced to the gap among the
workpiece then tool, while (D.C) direct current is gone
through the chamber to break up metal from the
specimen (workpiece). In this investigation following
the process, the parameter has produced to examine the
results on material surface roughness. The connector
gives D.C control supply a top to peak voltage of 12V,
18V and 24V. The electrolyte utilized was naturally
arranged sodium chloride (NaCl) arrangement of 20%,
25%, and 30% of NaCl in distilled water.

A. Parameters

Electrode material copper

Electrolyte NaCl

Workpiece material | Grade 410 stainless steels
Current 7Amp

Power supply DC current

Voltage 6V,12V and 18V
Electrolyte flow rate | 4,5 and 6 Ipm

B. Electrolyte

The electron improvement from the cathode
towards the anode is dependent on the possessions of
the electrolyte. The electrolyte conductivity in the dump
among the cathode and the anode was in need of on the
constraints. High stream proportions of electrolyte be
there not desired as they initiated tool oxidization.
Seeming animating was achieved only less than
conditions where the decision mechanism was self-
determining of research. Any of the leading concerns in
the intention of the tool is that it should afford the
chosen distress of the electrolyte eliminates the
machining products produced at the electrodes and
scatters the heat caused. Machining performance is
overseen by the routine of the anodic workpiece in a
given electrolyte.

C. Feed Ratio

Feed ratio oversees the fissure a mid of the
tool (cathode) and the anode essential for mental
subtraction in ECM. It shows the central part for truth
in the profile group and hence was regularly monitored.
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D. Voltage:

Electrochemical response to get the position,
energy necessary is approximately 2 to 30V. This
functional current power is essential to defeating the
possible drop before voltage drip flanked by the
electrodes.

E. Surface roughness

The machining effectiveness depends on a
high level of machining parameters. So the practical
choices of parameters are of prime significance. From
the journals survey, the development parameters like
tool feed, voltage rate, and combination of electrolytes
have decided for current investigation since they were
found to consume a critical impact on SR. The SR can
be characterized as a rate of dissolution of material
from the workpiece.

The beginning and last weights of the
workpiece were estimated by an electronic measuring
balance machine of exactness of gram. Surface
roughness is the variety or irregularity of a machined
surface from its optimal atomic respect. Calculation
mean of surface roughness (Ravg), which is the normal
of the important number of peaks and vales stature in a
predetermined range, was utilized as a measure of
surface roughness.

IV. WORKING

ECM is a machining process in which the
electrochemical process is utilized to dismiss materials
from the workpiece. All the while, the workpiece is
taken as anode, and the tool is taken as a cathode. The

two conductors' workpiece and tool is submerged in an
electrolyte (for example, NaCl). At the point when the
voltage is connected over the two conductors, the
material dismissal from the workpiece begins. The
workpiece and tool is put near each other without
contact. In ECM, the material dismissal happens at the
atomic level, so it delivers a complete surface finish.

V. PROCESS

First, the workpiece is grouped in the fitting, and the
tool is conveyed near the workpiece. The tool and
workpiece is submerged in a proper electrolyte. We, by
and large, utilize the impartial salt arrangement of
sodium chloride (NaCl) as the electrolyte. From that
point onward, the workpiece (anode) and tool
(cathode). The positive particles move towards the
device (cathode), and negative particles move towards
the workpiece. The separation of the material from the
workpiece happens at the atomic level, so it gives a
surprising surface finish. The slurry from the tank is
taken out and isolated from the electrolyte. The
electrolyte after filtration again conveyed to the tank for
the ECM process.

VI. RESULTS AT CURRENT 7AAND NACL AS
ELECTROLYTE

In this study, experiments were conducted out on 15
samples of carbon fiber 7amp, taking NaCl as
electrolyte with three different voltage. The outcomes
are outlined in the table.

SI.No Voltage Current Tool feed Flow rate SR
(V) (amph) rate(mm/min) (Lpm) (um)

1. 6 7 0.5 4 0.48
2. 6 7 1 5 0.52
3. 6 7 15 6 0.54
4, 6 7 0.5 6 0.67
5. 12 7 1 4 0.59
6. 12 7 15 5 0.49
7. 12 7 0.5 4 0.51
8. 12 7 1 5 0.54
9. 18 7 15 6 0.51
10. 18 7 0.5 6 0.70
11 18 7 1 4 0.49
12. 18 7 15 5 0.48
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From the table, it is watched that at 7Amp
current, the material surface roughness increment as
electrolytic stream rate. By increasing the electrolyte,
focus the electrical conductivity of the NaCl
(electrolyte) consistent, and that discharges the most
number of particles in the inter-electrode gap, which
brings about developed machining current in Inter
electrode gap and reasons higher SR. From table it is
demonstrating that for SS material the SR s
concentrated for good electrical conductivity of SS.
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VII. CONCLUSION

This paper presented the ECM process parameters on
SR of stainless steel following decisions can be made
based on the experimental results and analysis:
1. The SR initially increased with concentration
but it decreased at higher concentration.
2. The voltage was initiate to be significant factor
affecting the SR.
3. SS are strongly impacted by the ECM process,
Grade 410 stainless steels are most suitable to
be used as ECM.



(1]

[2]
(3]

(4]
[5]

(6]
[7]

8l

[9]

[10]

[11]

[12]

[13]

A.Rajeshkumar et al. / 1IIME, 6(1), 1-6, 2019

REFERENCE

Pott, P. G., 1989, "Modern Electrochemical in Practice," Proc.
of the 9th International Symposium on Electromachining, Japan,
pp. 146-150.

Risko, D. G., 1989, "New ECM Systems and Applications,"
SME Tech. Paper MR89-418.

Rajurkar, K. P., 1989, "Electrochemical and Electro-discharge
Machining,” Proc. of the Third Biennial International
Manufacturing Technology Research Forum, pp. 219-240.
McGeough, J. A., 1974, Principle of Electrochemical
Machining, Chapman and Hall.

Rajurkar, K. P., and Schnacker, C. L., 1988, "Some Aspects of
ECM Performance and Control," Annals of the CIRP, Vol.
37/1, pp. 183-186.

Electrochemical Machining, Tech Application, 1987, Center for
Metals Fabrication, Vol. 1, No. 10.

Astroshchenko, V. V., 1988, "Automatic System for Adjusting
the Electrode Gap," Soviet Engineering Research, Vol. 2, No. 4,
pp. 99-100 (from Stanki Instrument, Vol. 53, No. 4, 1988, pp.

27-29).
Kozak, J., et al, 1988, "Characteristics of the Pulse
Electrochemical Machining," Research and Technological

Development in Nontraditional Machining, PED-Vol. 34, K. P.
Rajurkar, ed., ASME Winter Annual Meeting, Chicago.

Kurita, T., et al, “Mechanical/electrochemical complex
machiningmethod for efficient, accurate, and environmentally
benignprocess”. International Journal of Machine Tools and
Manufacture, 2008. 48(15): p. 1599-1604.

Pa, P.S., “Electrode form design of large holes of die material
inultrasonic  electrochemical  finishing”.  Journal  of
MaterialsProcessing Technology, 2007. 192-193(0): p. 470-
477.

Zeng, Z., et al., “A study of micro-EDM and micro-ECM
combined milling for 3D metallic micro-structures” Precision
Engineering, 2012. 36(3): p. 500-509.

Nguyen, M.D., M. Rahman, and Y.S. Wong, “Simultaneous
micro-EDM and micro-ECM in low-resistivity deionized water”.
International Journal of Machine Tools and Manufacture,
2012.54-55(0): p. 55-65.

Nguyen, M.D., M. Rahman, and Y.S. Wong, “Enhanced surface
integrity and dimensional accuracy by simultaneous micro-

[14]

[15]

[16]

(17]

(18]

(19]

[20]

[21]

[22]

(23]

[24]

ED/EC milling. CIRP Annals - Manufacturing Technology,",
2012. 61(1): p. 191-194.

Mr. SumitBhandari, Mr. NitinShukla, "Parametric Optimization
of Electrochemical Machining Process by Particle Swarm
Optimization Technique"” SSRG International Journal of
Mechanical Engineering 2.5 (2015): 6-11..

Stephen, A. and F. Vollertsen, “Mechanisms and processing
limits in laser thermochemical machining”. CIRP Annals -
Manufacturing Technology, 2010. 59(1): p. 251-254.

De Silva, A.K.M,, et al., “Thermal effects in laser-assisted jet
electrochemical machining." CIRP Annals — Manufacturing
Technology, 2011. 60(1): p. 243-246.

Kawashima, N. and T. Kurita, “Laser and electrochemical
complex machining of micro-stent with on-machine three-
dimensional measurement.” Optics and Lasers in Engineering,
2012. 50(3): p. 354-358.

Wang, W., et al., “Abrasive, electrochemical multi-wire slicing
of solar silicon ingots into wafers”. CIRP Annals -
Manufacturing Technology, 2011. 60(1): p. 255-258.

Curtis, D.T., et al., “Electrochemical superabrasive machining
of a nickel-based aero-engine alloy using mounted grinding
points." CIRP Annals - Manufacturing Technology, 2009.
58(1): p. 173-176.

Zhu, D., et al., “Precision machining of small holes by the
hybrid process of electrochemical removal and grinding.” CIRP
Annals Manufacturing Technology, 2011. 60(1): p. 247-250.
Skoczypiec, S., “Research on ultrasonically assisted
electrochemical machining process”. The International Journal
of Advanced Manufacturing Technology, 2011. 52(5): p. 565-
574.

Pa, P.S., “Superfinishing with ultrasonic and magnetic
assistance in electrochemical micro-
machining ”.ElectrochimicaActa, 2009. 54(25): p. 6022-6027.

D. L. Panchal, S. K. Biradar, V. Y. Gosavi" Analysis of EDM
Process Parameters by Using Coated Electrodes”, International
Journal of Engineering Trends and Technology (NETT),
V41(4),181-185 November 2016.

Pajak, P.T., et al., “Precision and efficiency of laser-
assisted  jet  electrochemical = machining”.Precision
Engineering, 2006. 30(3): p. 288-298.



