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Abstract 

Under the concept of "Industry 4.0", production processes will be pushed to be increasingly interconnected, 
information based on a real time basis and, necessarily, much more efficient. In this context, capacity optimization 
goes beyond the traditional aim of capacity maximization, contributing also for organization’s profitability and value. 
Indeed, lean management and continuous improvement approaches suggest capacity optimization instead of 
maximization. The study of capacity optimization and costing models is an important research topic that deserves 
contributions from both the practical and theoretical perspectives. This paper presents and discusses a mathematical 
model for capacity management based on different costing models (ABC and TDABC). A generic model has been 
developed and it was used to analyze idle capacity and to design strategies towards the maximization of organization’s 
value. The trade-off capacity maximization vs operational efficiency is highlighted and it is shown that capacity 
optimization might hide operational inefficiency.  
© 2017 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the scientific committee of the Manufacturing Engineering Society International Conference 
2017. 

Keywords: Cost Models; ABC; TDABC; Capacity Management; Idle Capacity; Operational Efficiency 

1. Introduction 

The cost of idle capacity is a fundamental information for companies and their management of extreme importance 
in modern production systems. In general, it is defined as unused capacity or production potential and can be measured 
in several ways: tons of production, available hours of manufacturing, etc. The management of the idle capacity 
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Abstract 
In this work, the machinability effect of monel alloy is examined by varying the parameters of Electrical Discharge Machine 
(EDM). EDM operation is governed by Pulse ON time, pulse OFF time, discharge current and gap voltage and they are taken as 
independent parameters. Material Removal Rate (MRR) and Surface Profile (Ra) are taken as the dependent parameters. To 
predict the optimal condition, the experiments are conducted by using Taguchi’s L27 orthogonal array. The influences of each 
independent parameter on the dependent parameters are analysed using multi functional grey relational analysis with the 
intension of increasing MRR with acceptable level of Ra. Through response table, optimized condition has been predicted. From 
ANOVA, it is identified that discharge current has a significant effect on MRR and Ra with a contribution of 71% and 81%, 
respectively. The experiment has been conducted to validate the optimal condition and it is found to be 99.1% acceptable level.   
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1. Introduction 

EDM is a thermoelectric process in which heat energy of a spark is capable of melting and vapourizing material 
from localized area on the electrodes, i.e tool and work-piece. To minimize the tool wear rate and to improve the 
machining process, selection of parameter is a significantly complicated process. Shashikant et al [1] predicted the 
optimized value by considering the four input parameters through a series of experiments on EN19 and EN41 in 
EDM to get the maximum valve of MRR. Apurba kumar et al. [2] reported the effects of various input process 
parameters like Pulse ON time, Pulse OFF time, Discharge Current and Voltage over the surface roughness on 
EN41 material. Jahan et al. [3] performed the experiments with different electrode materials like Tungsten, Copper 
Tungsten and Silver Tungsten electrodes on WC composites on Ra.  Kuppani et al. [4] conducted experiments in 
Inconel 718 to study the machining characteristics by using EDM process. Kanagarajan, et al. [5] the influence of  
________ 
* Corresponding author. Tel.: +0-904-769-3309; fax: +0-002-344-4707. 
E-mail address: kbalan2000@gmail.com 

 

Available online at www.sciencedirect.com 

ScienceDirect 

Procedia Manufacturing 00 (2017) 000–000  
www.elsevier.com/locate/procedia 

  

2351-9789© 2017 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the scientific committee of the 2nd International Conference on Materials Manufacturing and 
Design Engineering. 

2nd International Conference on Materials Manufacturing and Design Engineering 

Electrical Discharge Machining studies on Monel- Super Alloy  
S.Gowthamana, K.Balamuruganb,*, P.Manoj Kumarb; S.K.Ahamad Alib; K.L.Mohan 

Kumarb, N.Vijaya Ram Gopalb 
aDepartment of Applied Engineering, VFSTR (Deemed to be University), Guntur-522213, Andhra Pradesh, India 

bDepartment of Mechanical Engineering, VFSTR (Deemed to be University), Guntur-522213, Andhra Pradesh, India 

Abstract 
In this work, the machinability effect of monel alloy is examined by varying the parameters of Electrical Discharge Machine 
(EDM). EDM operation is governed by Pulse ON time, pulse OFF time, discharge current and gap voltage and they are taken as 
independent parameters. Material Removal Rate (MRR) and Surface Profile (Ra) are taken as the dependent parameters. To 
predict the optimal condition, the experiments are conducted by using Taguchi’s L27 orthogonal array. The influences of each 
independent parameter on the dependent parameters are analysed using multi functional grey relational analysis with the 
intension of increasing MRR with acceptable level of Ra. Through response table, optimized condition has been predicted. From 
ANOVA, it is identified that discharge current has a significant effect on MRR and Ra with a contribution of 71% and 81%, 
respectively. The experiment has been conducted to validate the optimal condition and it is found to be 99.1% acceptable level.   
 
© 2017The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the scientific committee of the 2nd International Conference on Materials 
Manufacturing and Design Engineering. 

Keywords: Electrical Discharge Machine; Monel; optimization; GRA; ANOVA; MRR; Ra 

  
1. Introduction 

EDM is a thermoelectric process in which heat energy of a spark is capable of melting and vapourizing material 
from localized area on the electrodes, i.e tool and work-piece. To minimize the tool wear rate and to improve the 
machining process, selection of parameter is a significantly complicated process. Shashikant et al [1] predicted the 
optimized value by considering the four input parameters through a series of experiments on EN19 and EN41 in 
EDM to get the maximum valve of MRR. Apurba kumar et al. [2] reported the effects of various input process 
parameters like Pulse ON time, Pulse OFF time, Discharge Current and Voltage over the surface roughness on 
EN41 material. Jahan et al. [3] performed the experiments with different electrode materials like Tungsten, Copper 
Tungsten and Silver Tungsten electrodes on WC composites on Ra.  Kuppani et al. [4] conducted experiments in 
Inconel 718 to study the machining characteristics by using EDM process. Kanagarajan, et al. [5] the influence of  
________ 
* Corresponding author. Tel.: +0-904-769-3309; fax: +0-002-344-4707. 
E-mail address: kbalan2000@gmail.com 

2 Author name / Procedia Manufacturing  00 (2017) 000–000 

operating parameters of EDM like pulse current, pulse on time, electrode rotation and flushing pressure on tungsten 
carbide and cobalt composites to obtain maximum value of MRR and minimum Ra. Singh and Kumar [6] performed 
experimental observations to optimize the EDM parameters in order to get an acceptable level of surface finish on 
titanium alloys (Ti- 6AL- 4V). 

Kumaran and Uthayakumar [7] have reported that power consumption is one of the important parameters 
which directly increases the production cost. According to Jeyapaul R, Shahabudeen [8], Grey Relational Analysis 
(GRA) is a suitable multi response and single response optimization tool for predicting the optimal condition. 
Suresh kumar et al., [9] have focused that GRA is a successful tool for optimization problems. Pawade and Joshi 
[10] have used GRA for turning of Inconel 718 in order to optimize its parameters. Alaattin and Ferhat [11] 
optimized the machining parameters by GRA with different response characteristics viz. Tool wear, machining 
force, surface roughness and specific cutting force. Suresh Kumar et al., [12] studied the influence of various 
process parameters of EDM through GRA and the machining effect on the surface profile was also reported. 

There are various process parameters in EDM and they govern the machining condition. Through literature 
survey, it is identified that the machining effect of EDM will linearly depend on the machining parameters and also 
on the work samples. In this work, monel- a nickel based super alloy, which is hard to machine due to its work 
hardening effect by conventional machine process, is taken as the sample and the machining effects with varied 
input parameters like pulse on time, pulse off time, discharge current and gap voltage in EDM are discussed. The 
effects of these parameters on MRR and Ra are evaluated by using Grey Relational Analysis (GRA) and regression 
equations. 

 

Nomenclature 
Ton Pulse on time  
Toff Pulse off time 
Ip Pulse current 
Gv               Gap voltage 
MRR      Material Removal Rate 
Ra           Surface profile 
R2           R-square 
Adj(R2)  Adjacent R-square 

2. Experimental Setup 

The experiments are performed using Die sinking EDM machine of model EDM-SMART ZNC which has 3-
phase servo stabilizer.  Monel metal with a rectangular cross section of 30mm X 30mm X 4mm is taken as the 
sample. Commercially available EDM oil is used as the dielectric medium and a cylindrical copper electrode of 
diameter 20 mm is used. To measure MRR, the high precision Shimatzu weighing balance of model AUX120 is 
used. The surface profile is measured using surface roughness tester of Mitutoyo model No. SJ301. Power harmonic 
analyzer is used to measure the electric power consumption. Table 1 shows the composition of monel material and 
the experimental arrangements are shown in Figure 1. The independent machining parameters and their levels are 
shown in Table.2. The parameters are optimized using GRA. The equations (1&2), which are given below, are used 
for calculating S/N ratio to obtain the maximum MRR and to get the acceptable level of Ra . 

Larger the better :  
   

            
 
  

 
    

        
       (1) 

Smaller the better :  
   

           
 
        

                       (2) 

Where yij is the ith observation on the jth experiment and n is the total number of experiment performed. 
 

     Table :1 Chemical composition of Monel –copper based alloy 

Elements Ni Fe Cu Mn 
Composition % 64.49 1.56 32.27 0.76 
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