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ABSTRACT

Electrochemical machining one of non traditional method which is used to
machine a complex shape such as that uses the chemical reaction associated with
dectric current to remove metals. In this study the ECM was used to remove the
meta s from the internal hole of the workpiece (medium carbon sted) by immersing it
in eectrolyte (250g of NaCl for every litter of H,O) with tool is made of brass.

Them research focuses on the effect of the change in gap dimensions and the
currents density on the metal removal rate (MRR) and surface roughness of the
workpiece the results obtained show that increasing of gap size between the tool and
the workpiece from (1 to 3mm) leads to increase the surface roughness (46%) and
while the material removal rate (MRR) decreases (16%) at a current density (2.856
Amp/cm?). Also increasing of the current density from (2.4485 to 3.6728 Amp/cm?),
the surface roughness of the workpiece decreases (31%) while the Material Removal
Rate (MRR) increases (93.9%) at agap size of (1mm).

Keywords: Electrochemical machining, currents density,gap size, surface
roughness.
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INTRODUCTION
lectrochemical machining is one of the latest and potentially the most useful
operations of metal removal of the non-traditional machining process. It is
caled by this term, because dectrical energy is used in combination with
chemical reaction to accomplish materia remova [1, 2]. This process relies on the
principle of the dectrolysis for material removal, which is based on a controlled
anodic eectrochemical dissolution process of the work piece (anode) with the tool
(cathode) in an dectrolytic cdl as shown inFigure (1) [3, 4].

The metal removal rate is governed by the well-known Michagl Faraday's laws of
dectrolysis. Gussdf introduced the first patent on ECM in 1929, and the first
significant development occurred in 1950, when the process was machining of high-
strength and heat resistance alloy. It was accepted worldwide as a standard process in
manufacturing and is capable of machining hard material components that are precise
and difficult-to-machine. After the Second World War, the technique became more
common due to demanding processing of hard aloys by military and aerospace
gpplications [5, 6]. Mcgough (1988) claimed that when a potential difference is
applied across the dectrodes, severa possible reactions occur at the anode and the
cathode. Electrolysis has involved the dissolution of iron from the anode and the
generation of hydrogen at the cathode [7]. As of the 1990s, ECM is employed in
many ways, for example, by automotive, and medica engineering industries, as well
as by aerospace firms, which are its principal user. This process has found good
goplications in industries associated with the manufacture of aircraft edging parts,
turbine blades and grinding of carbide tools and dies. Parts may be produced from
virtually any commercially available meta and alloy of any hardness [8, 9].

ECM process relies on the principle of eectrolysis for material removal.
Electrolysis has involved the dissolution of iron from the anode and the generation of
hydrogen at the cathode The usual type of reaction at the cathode is Evolution of
hydrogen gas:

2H"+26 - H,t ... D
The type of anode reaction is Dissolution of metal ions in eectrol yti ¢ solution:
M->M+e 2
Where M represents any metal.
METAL REMOVAL RATE
ECM is mostly carried out on hard materials and aloys. For aloys containing (n)

components of varying percentages the prediction of the remova rate becomes more
difficult, the value of volumetric removal rate (Vu) is used [5].
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..(3)

Where Vu is the volumetric removal rate, p is the density of the alloy(g/em®), F is
faraday constant(Amp.sec), Xi is the Percentage of different elements in the alloy, Vi
isthe vaence of dements are dissolute, and Mi is the Atomic weight of elements(g).
Whilethe metal remova rate (MRR) was:

MRRgth-theoritical metal removd rate and to determine it in (g/sec) by multi playing
the MRR in (cm?/sec) unite by the density of metals or aloys

Then:
MRRsth = Vu x | (cm®/sec ) e (4)

Where | is the current(Amp).

MRRgth = MRRsth x p (g/sec) e (B)
ActualMRRg _ *? va (g/sec) —(5)
Time

Where Wb is the weight of the workpiece before ECM operation(g), Wa is the weight
of the workpiece after ECM operation(g), timeis thetime of ECM operation(sec).

actual MRRg =,
ActuallMRRs= ———— (cm’/sec) ... (7)
p

Dissolution Rate="ERS (crysec)  ....(8)
A

Where A is the area of the cathode (cr?).

EXPEREMENTAL PROCEDURE

1- Cathodetool:-

The material used for ECM tools should be dectricaly conductive and easily
machinable to the required geometry. The tool used in the process is made from brass
metal as cylinder shape with diameter 313 mm.

2 - Anode workpiece

For this study, the work piece is a cylinder shaft medium carbon sted (0.35%) with
the chemical composition show in table (1) cut in to pieces and the dimensions are
different for each operation:-
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- The first operation is to study the effect of the gap size (10 mm height, @ 45 mm
outside diameter, @15 mm the hole diameter) were used.

- The second operation was to study the effect of the currents of dimensions (30 mm
height, @ 45 mm outside diameter, @15 mm the hole diameter) were used.

SURFACE ROUGHNESS

Device was used to measure roughness as shown in Figure (3) the deviceis small in
size, light in weight and easy to carry as shown in Figure (5).it convenient to use and
operate , and this device is compatible with four standards of 1SO,DIN,ANSI, and JIS
and widdly used in production site to measure surface roughness of various
machinery —processed parts. When measuring the roughness of the internal surface of
the hole , the sensor is placed on the surface and then uniformly slide a long the
surface by driving the mechanism inside tester. Many reading are taken (four reading
from side and other four reading from the other sides of the hole ), their average were
calculated , as for travel of probe and speed, taken (10mm and 1mnvsec for the
samples of the first case and 17.5mm).

ECM CELL

The dectrochemical process was done by placing the workpiece in the cdl with
fixture to prevent the workpiece from vibration during the process. The tool is made
from brass as a cylinder shape and fixed in the tool holder using drilling machine
The gap between the tool and the workpiece is controlled manually between the tool
and the workpiece. After that the negative pole of the power supply is connected to
the tool and the positive pole to the workpiece. Then both tanks are filled with the
dectrolyte as shown in fig (2). During the process and after power supply is turned
on, the eectrolyte with the dudge is sending out to the storage tank. From the other
side of the storage tank the eectrolyte is send to a filtration unit to remove the sludge
and is pumped to the reaction zone
In this study, the experiment is focused on two important characteristics in machining
process;, one is the surface roughness and the other is the Material Removal Rate
(MRR). The surface roughness is measured for the internal surface of the holes in the
work piece in al the tests.
1-Study the effect of gap dimensions on the Material Remova Rate (MRR) and
comparison with the theoreticll MRR, aso the change in surface roughness at gap
szes (1, 1.5, 2, 2.5, 3) mm. The experiment used by five workpieces, each test has
different gap size, the roughness and the weight of each workpiece is measured before
and after operation.
2-The second case is studying the influence of the current density on the MRR which
is compared with the thoeretical MRR aso the change in surface roughness at
currents density (2.448, 2.856, 3.2647, 3.6728) Amp/cm?. The experiment used by
four workpieces, each test has different currents density, the roughness and the
weight of each workpiece is measured before and after operation.
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RESULT AND DISCUSSION
The results of the effect of change in gap size on the surface roughness is gaven in
table (2). At operation time of T = 10 minutes and current density 2.856 Amp/cm?®.

Fig (4) show the increase for the gap size causing the surface roughness
increase after ECM due to the increase in the distance between the tool and the work
piece that causing dicrease in the conductivity of the eectrolyte (increase in ohmic
resistance) causing unequal distribution of the current density on the machining
surface which causing unegual anodic dissolution on the machining surface of the
workpiec. The increasing of the surface roughness at gap size (3mm) arrived to
(46.7%) when compared with gap size (1mm). While practicaly there is a decrease in
the value of material removal rate (MRR) as shown in Figure (4) and given in table
(3) due to the increase in the distance between the tool and the work piece that
causing increasing in Ohmic resistance of the dectrolyte which reduce the amount of
the current and decreasing the amount of anodic dissolution. The approximate value
of the theoreticdl MRR which is considered best at the gap sizes of (1 — 1.5) mm
because the different between both theoretical and practica is less than other gap
sizes, the va ue is approximately (0.005 gn/sec).

The Dissolution Rate is given in table (4) and shown in Fig (5) found decreases
with the increase of the gap size and the best result is at the small gap sizes. The

dissolution rate of the workpiece decreased (16%) with the increase of the gap size.
For this reason the (1 mm) gap size is chosen for the others tests. Fig (7) shows the
samples that used in this experiment.

The results of surface roughness at different current values are given in the table
(5). At time of operation T = 10 min and the gap size between the tool and the work
piece = 1 mm. Fig (8) shows that the effect of the current density on the roughness
that decreases a increase in the value of current density, the roughness decreases
rapidly arriving at the value of (1.8 pm) that decreased (31%)as was shown in table (
6) with a current density (3.6728 Amp/cm?) that because the high value of current
causes a better decrease in the peaks of the workpiece surface and high current
density distribution at al the machining surface of the work piece. The better
declining of these values was a high current values so the value (3.6728 Amp/cm?)
gives the best decrease of the surface roughness arrived to (46.69%) when compared
with the surface roughness before ECM operation. Fig (9) shows that the theoretical
MRRg is increasing with current density arrived to (93.9%) at a gap size of (1mm).
The high vaue of current is rushing the chemical reaction in the medium of operation
which gives the best results.

CONCLUSIONS
- The distance between the tool and the work piece is larger; the surface finish will be
rougher.
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- It was found that materiad remova rate (MRRg) and dissolution rate , decreases
with increase in the distance between the tool and workpiece.

- . The best value that gives better materia remova rate (MRR) with high efficiency
(77.7%) isthe (MRR) at the (1 mm) gap size.

- From using different currents, it was found that the surface roughness of the
workpiece is decreasing with increasing in current values.

- The material remova rate (MRR) and dissolution rate increases with increase of
current density and the best results were at (3.6728 Amp/cm?) for both tool surface
Roughness. The efficiency arrived to (93.9%).
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Figure (2) electro chemical machining

Figure (3) Surface roughnessdevice
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Table (1) Compasition of the alloy

PDF created with pdfFactory Pro trial version www.pdffactory.com

Element Wt% Density Atomic Valence
(g/cm®) weight
C 0.35 2.26 12.011 4
Mn 0.81 7.84 54.938 4
Si 0.19 2.33 28.086 4
P 0.011 2.93 30.97376 3
S 0.023 1.819 32.066 2
Ni 0.3 8.92 58.693 2
Cr 0.07 7.19 51.996 6
Mo 0.01 10.22 95.94 3
Cu 0.02 8.97 63.546 2
Al 0.05 271 26.98 3
Remain 98.436 7.86 55.845 2
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Table (2) The surfaceroughness & the gap size before and after ECM operation

Gap size Workpiece Roughness Beforef Workpiece Roughness After
(mm) ECM operation ECM operation
(pm) (pm)
1 5.21 2.6
15 5.97 3.05
2 5.09 3.22
25 5.89 4.32
3 6.01 4.88

7

6 |
€ 5
=l
A 4
()
£ 3 ¥ Ra before
2
g 2 ® Ra after

1

0

1 15 2 25 3
Gap size(mm)

Figure (4) thereationship between the gap size on the surface r oughness
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Table( 3) Theoretical and experimental metal removal rate (MRR)
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Gap Workpiece Workpiece MRRg || MRRgth
size || Weight Before Weight After || (g/sec) (g/sec)
(mm) || ECM operation | ECM operation
(@) (©)
1 149.5 140.5 0.015 | 0.0198
15 113.6 104.8 0.0146 | 0.0198
2 157. 4 148.9 0.0141 | 0.0198
25 152.8 144.8 0.0133 | 0.0198
3 190.2 182.6 0.0126 | 0.0198
Table (4) Dissolution rate for different gap sizes
Gap | Workpiece Workpiece MRRs x10?| MRRstx10? | Dissolution ratex10®
size | Weight Before || Weight After || (cm®/sec) (cm®¥sec) (cm/sec)
(mm) | ECM operation || ECM operation
Q) @
1 149.5 140.5 0.191 0.2525 7.79
15 113.6 104.8 0.186 0.2525 7.59
2 157. 4 148.9 0.179 0.2525 7.3048
2.5 152.8 144.8 0.169 0.2525 6.8967
3 190.2 182.6 0.16 0.2525 6.5294
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Figure (5) thedifferent metal removal rate (M RR)
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Figure (6) The effect of gap size on the dissolution rate of the work piece.
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Figure (7) The samples that used to study the effect of the gap sizeson the
surfaceroughnessand MRR
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Table (5) surface Roughness & thecurrent density before

and after ECM operation.

Current Workpiece Roughness || Workpiece Roughness
density before ECM operation || after ECM operation
(Amp/cm?) (um) (um)
2.4485 3.677 2.687
2.856 3.59 2.49
3.2647 3.55 2.08
3.6728 3.48 1.855

3

25

—_ 2
£
=
a
2@ 15
£
D
3
&

1

05
0
2.4485 2.856 3.2647 3.6728

Current density (Amp/cm2)

and the surface roughness
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Table(6) Thetheoretical and practical MRRg

Current W orkpiece Workpiece MRRg | MRRth
density Weight before || Weight after (g/sec) (g/sex)
(Amp/cm?®) | ECM ECM
operation (q) operation (g)

2.4485 639 632 0.0116 || 0.0169
2.856 674 665 0.015 0.0198
3.2647 684 673 0.0183 || 0.022
3.6728 648 634 0.0233 || 0.025

0.03
o 0025
(O]
n
=
3 002
&
£ 0015
E —— MRRg
.%é 0.01 —— MRRgth
2
©
= 0.005

0

2.4485 2.856 3.2647 3.6728

current density (Amp/cm?)

Figure (9) The effect of current density on MRRg
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