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Abstract
Electrochemical machining is one the best alternative for producing complex shapes in advanced materials used in
aircraft and aerospace industries. The process is influenced by different parameters including tool and work-
material. In the present investigation the electrochemical machining has been carried out taking mild steel as work
material and copper as tool material. The optimization of the process parameters has been carried out to satisfy the
multi-objective response criteria such as overcut and circularity error using Principal Component Analysis.

1 Introduction
Electro-chemical machining process is an advanced

machining process used for industrial application.
ECM is a process based on the controlled anodic
dissolution process of the work-piece as anode, with
the tool as cathode in an electrolytic solution. Its
industrial application have been extended to electro-
chemical drilling, grinding, deburring and polishing.
Fortrana MG[1] has discussed the different aspects of
ECM proces. It involves a number of process
parameters. A number of investigators have carried
out research to study the different aspects to optimize
the process. Corbett et al.[2] and Tenigyohi[3]
observes that electro-chemical machining (ECM) has
seen a resurgence of industrial interest in the last
decade due to its various advantages, such as no tool
wear, stress free and smooth surfaces of machined
product and ability to machine complex shapes in
electrically conductive materials, regardless of their
physical and chemical properties. Muttamora et al.[4]
presented relationship between ECM parameter,

goove depth and groove ratio using Taguchi Method.

Sen and Shan[5] has reported that electro-chemical
machining process provide a viable alternative for
drilling macro and micro-holes with exceptionally
smooth surface and reasonably acceptable taper in
numerous  application  particularly  aerospace,
electronics, computer and  micro-mechanics
industries. Advanced hole-drilling process like jet
electrochemical drilling have found acceptance in
producing a large number of quality holes in

difficult-to-machine materials.

In the present investigation, experimental
investigation of electrochemical machining process
has been carried out in order to optimize the multi-
response criteria using principal component analysis.
The mild-steel is taken as work material with copper
as tool-material. The tool is made of a copper rod of
length 55mm with a through hole of 4mm diameter
made at the centre. The work has been carried out
using electrochemical machining from METATECH-
industry, Pune. The experiments have been

conducted as per Ly orthogonal array. The voltage,



feed and concentration are taken as the process
parameters. The optimization of the process
parameters has been carried out for minimizing the
over cut effect and circularity error using principal

component analysis.

2 Experimentaion

The experimental set up in which ECM operation
has been carried out, is shown in Fig.1. The voltage,
feed and concentration are taken as the process

parameters. The process parameters are varied at
three levels. The voltage is varied from 8 volt to 12 Fig: 1 Experimental Setup
volt. The feed rate is varied from 0.lmm/min to
0.5mm/min and the concentration of electrolyte are
varied from 10gm/lit to 14gm/lit. The circularity
error and overcut effect are measured in scanning
electron microscope. Principal component analysis
has been carried out for multi-response analysis. The
optimum process parameters have been determined
for minimizing the circularity error and overcut
effect. The tool and work-piece are taken as copper
and mild steel. The circularity error and overcut are
measured for different combinations of process
parameters as given in Tablel. The overcut is the

maximum difference between the size of tool and

machined work-piece, The work-piece after

machining is shown in Fig.2

Fig: 2 Finished Work peice

Table 1 Process parameter and response criteia

Sr No. Voltage(V) Feed F(mm/min) Con;tre]?/tlri?tlon rTC"'T:CUIamy error OVn(?l:]iUt
1 8 0.1 10 0.352 1.1900
2 8 0.3 12 0.179 1.0925
3 8 0.5 14 0.056 1.2390
4 10 0.1 12 0.181 0.8805
5 10 0.3 14 0.104 0.9105
6 10 0.5 10 0.073 1.1775
7 12 0.1 14 0.081 1.2315
8 12 0.3 10 0.090 1.2415
9 12 0.5 12 0.191 1.2400




3 Results and discussion

The normalization of experimental data has been
carried out as shown in Table2. The normalized data
are generated by dividing the responses by the
maximum value. The maximum value of output
parameter is converted to 1. All other values lie

within 1.

Table 2 Normalization of experimental data

Norma Norma
St Voltag Peed Concent I_|sed lised
N F(mm/ - Circula
e(V) : ration . overcu
0. min) rity
terror
error
1 8 0.1 10 0.0000 0'1326
0.5844 | 0.4127
2 8 0.3 12 6 40
3| 8 05 14| 20000 | %%
4| 10 | o1 12| %5777 1 1.0000
5 10 0.3 14 0'8278 0.9169
6 10 05 10 0.9;125 0.1;72
7 12 01 14 0.9:55 0.0577
8 12 0.3 10 0.8;351 0.0(())00
9 12 05 12 0.5;139 0.0g41

Grey co-efficient and overall grey grade are
determined as shown in Table3. PC referes to
Principal component. Eigen values, accountability
proportion(AP) and cumulative accountability
proportion(CAP) computed for two major quality
indicators are given in Table4. The calculation of
composite principal component (Over all quality
index) and corresponding S/N (signal to noise)ratios
are given in Table5. The main effect plot of overcut
is given in Fig.3. The main effect plot for circularity
error is given in Fig.4. The response for overall Grey
relational grade is in Table 6. S/N ratio plot for
overall grey relational grade is Fig.6

Table 3 Principal component analysis for L9 OA

experimental observations

St Gy | Grey overall | PCL(¥,) | PC2(¥y) | PClsquare | PC2 squere
No.  coefficient | coefficient | arey (LPII) (‘Pf)
| /) arade

L 033335 036837 | 0350850 | -0.140312 | -0.025771 | 0019688 | 0.000664
2054613 1043987 10502999 | -0.300373 | 0.649404 | 0.000224 | 041725
30100000 033488 | 0.66740 | 0073834 | 0.984799 | 0.030218 | 0969830
4054212100000 | 0.771062 | 0879189 | 0748843 | 0.772974 | 0.560766
5. 075510 1085748 0.806292 | 0.750462 | 0.989687 | 0.563193 | 0975480
6. 089697 037801 | 0.637490 | -0.004099 | -0.959086 | 0.000017 | 0919847
T 085349 033960 | 0.597548 | 0138143 | 0.905482 | 0.019083 | 0.819898
8. 081319 033333 0573260 | 0159895 | 0.870573 | 0.025566 | 0.757898
9. 05297 1033426 0428614 | 0094169 | -0.535721 | 0.008868 | 0.286997

Table 4 (Analysis of covariance matrix)
eigenvalues, accountability proportion (AP) and
cumulative accountability proportion (CAP)
computed for the two major quality indicators,
Eigen analysis of the Covariance Matrix

Table 5 Calculation of composite principal

Eigenvalue 0.15963 0.09685
Proportion 0.622 0.378
Cumulative 0.622 1.000
Variable PCI( V) | PC2('¥y)
normalisation 1 0.181 -0.984
normalisation 2 -0.984 -0.181

component (overall quality index) and
corresponding S/N ratios

Sr.No. | Eigen vector | composite principal component | S/N Ratio composite

1. 0.44400 0.14266 16.9110
2. 1.15922 0.71551 29077
3 178122 | 1.00002 -0.0002
l. 1.66330 115488 -1.2507
5. 0.81139 1.24204 -1.8827
6. | 092994 | 0.95910 0.3628
7. 091931 0.9159 0.7625
8. | 092980 | 0.88514 1.0598
9. 0.44400 0.54393 5.2891




Table 6 Response table (mean) for overall Grey

relational grade

Factors Grey relational grade

Level 1 | Level2 |Level3 | Delta | Rank
feed 0.5732 0.6275 | 0.5778 | 0.0544 3
Voltage 0.5071 0.7383 | 0.5331 | 0.2312 1
concentration | 0.5203 0.5676 | 0.6904 | 0.1699 2
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Main effect plot for overcut
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Fig: 3 Main Effect Plot of over cut verses voltage,

feed and concentration respectively.
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Fig: 4 Main Effect Plot of circularity error verses

voltage, feed and concentration respectively.
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Fig: 5 (a), (b), (c) S/N ratio plot For Overall Grey
Relational Grade

Conclusion

For grey relation grade, voltage is the most
influencing factor than concentration and feed rate.
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