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Abstract

The recent miniaturization of components in manufacturing has increased the production of lightweight and
sophisticated systems in many different industrial fields. Micro Electro Discharge Machining (micro-EDM) is one of the 
most extensively used contactless and chipless machining processes.  Although it is one of the most used 
technology, there are a few research works which investigate the economic implications of this machining. This paper 
reports a model cost to estimate μEDM-machining costs, including fixed and variable costs. A case study was 
presented taking into account micro holes on stainless steel obtained using different electrode materials. The 
capability of the model was demonstrated. 
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1.     Introduction

Worldwide, the progressive reduction of the 
devices and components dimension and the 
simultaneous integration of functions is a core subject 
of product development in many different fields of 
application. This miniaturization process can be 
considered as a strategic need for the industry and, at 
the same time, this trend has intensified the 
development of manufacturing techniques able to 
achieve these miniaturization purposes [1, 2].

One of the most extensively used technology to 
reach the components miniaturization is the micro-
EDM. In this non-conventional technology, the material 
is removed by electrical discharges current generated 
in the gap between the tool electrode and the 
workpiece. 

The application of this technology has many 
advantages, in fact, the workpiece is not subjected to
mechanical deformation as there is no physical contact 
between the tool and the workpiece, it allows to 
manufacture complex shapes with very high accuracy
[3, 4]. Despite of the great development of this process, 
today there is a limited research activity about the cost 
of its use. This is a very important gap for these
research fields, in fact, goods cost estimation has a 
direct bearing on the performance and effectiveness of 
a business enterprise because overestimation can 
result in loss of business and goodwill in the market, 
whereas underestimation may lead toward financial 
losses to the enterprise. Cost estimation has been a 
focal point for design and operational strategies and a 
key agenda for managerial policies and business 
decisions. As a result, a substantial research effort has 
been expanded in exploring design implications, new 
techniques and methods for producing accurate and 
consistent cost estimates not only to generate optimum 
design solutions, but also to achieve the maximum 
customer satisfaction in terms of low-cost, high quality
and in-time product delivery [5, 6].

The literature about cost estimation of general 
mechanical process covers issues from manufacturing 
cost estimation of standard mechanical components to 

cost analysis of complex products [5], but nothing is 
about a specifically method to overhead costing for the 
micro-EDM process. 

E. M. Shehab et al. [7] developed an intelligent 
knowledge-based system that accomplished an
environment to assist inexperienced users to estimate 
the manufacturing cost modelling of a product at the 
conceptual design stage of the product life cycle. They 
discussed the development process of the proposed 
system for cost modelling of machining processes. 

D. Ben-Arieh et al. [8] presented a method to use 
Activity Based Cost (ABC) to evaluate the cost of the 
design and development activity for machined parts. 
The methodology was demonstrated on a sample part 
being produced in a controlled manufacturing facility. 
They classified cost estimation methods into intuitive, 
analogical, parametric and analytical methods. 

L. H. S. Luong at al. [9] described the development 
and implementation of a generic knowledge-based 
system for process planning and cost estimation in the 
hole making process. The main function of the system, 
besides estimating the cost of production, is to 
recommend appropriate processes, their sequence and 
their respective machining conditions in order to obtain 
the required product specifications. 

S. Rehman et al. [10] describes a method for 
modelling costs during all the design phase of a 
product's life-cycle, from concept to detail design. This 
approach to design evaluation has the advantages of 
allowing management to make a more accurate bid 
estimates, encouraging designers to design to cost and 
reducing the amount of design rework, hence reducing 
the product's time to market and controlling product 
cost. The cost modelling strategy adopted incorporates 
the use of knowledge-based and case-based 
approaches. 

In this paper a model cost to estimate micro EDM 
machining costs was developed basing on the existing 
model mentioned previously. This model was used in a 
case study to demonstrate its capability. The case 
study considers a drilling application of stainless steel 
using two types of electrode. 
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2. Assessment modelling methodology 
 

The main function of the model cost developed in 
this research is to estimate the overall manufacturing 
costs, taking into account production and 
manufacturing process, tool and workpiece information. 

A process-based cost calculation method is used 
to build the cost model. The total cost is divided in two 
different categories and the cost associated with each 
category is calculated based on the associated process 
steps. As illustrated in Fig. 1, the main cost categories 
considered for the modelling are fixed costs, which 
include ownership, routine maintenance and variable 
costs, which include labour cost, extraordinarily 
maintenance, utilities costs, tool and workpiece. 

 

 
Fig. 1. Contributors to product manufacturing costs. 
 
2.1. Fixed costs 
 

Fixed costs are those expenses that are more or 
less independent of the level of activity of the machine 
and the output. These remain constant throughout the 
relevant range and are usually considered sunk for the 
relevant range (not relevant to output decisions). In this 
paper only the most common fixed costs were taken 
into account, but it is important to remark that other 
types of costs exist (e.g. taxes, fixed energy cost, rent, 
acquisition, etc.).  

Ownership cost is the most significant fixed cost, 
as those payments are due whether or not you run the 
machine. Most machines are financed with a fixed 
monthly payment and often it is not referred to cost 
management, in order to fully recover the cash flows 
for the monthly payments. In some cases, it might be 
useful to estimate the economic life of the machine and 
divide its cost to this value, but most EDM machines 
have a limited residual value at the end of their 
economic life, so this factor can often be omitted [11]. 
The most affecting aspects to calculate the cost of 
ownership are accrued interest and the amortization, 
taking into account the coefficient of depreciation of 
tangible assets. The annual amortization is calculated 
and it is added to passive interests.  

Routine maintenance includes all the 
maintenance actions performed regularly to prevent 
disruption of the system or the component. This is 
slightly affected by the level of activity of the machine, 
for most installations; it is relatively constant as for the 
filters, cleaning and nozzles. 
 
2.2. Variable costs 
 

Variable costs are those that vary depending on a 
company production volume, they rise as production 
increases and fall as production decreases. Variable 
costs differ from fixed costs, which tend to remain the 

same regardless production output. These costs 
include wages, utilities, materials, etc. In case of high 
productive volumes, they are the most substantial 
component of the total machining costs. The variable 
costs are presented below.  

Labour cost (Eq. 1) can be direct or indirect. Direct 
costs include wages for the employees physically 
making a product, like workers on an assembly line. 
Indirect costs are associated with support labour, such 
as employees that maintain factory equipment but do 
not operate the machines themselves. In this case, 
labour cost includes the operator wage rate and 
overhead. The operator’s overhead includes training 
cost, contributions, medical and other fringe benefits. 
This is estimated as 60% of the wage rate [12]. The 
labour costs depend on the amount of operator 
attention. In general, it could be written as:  

   (1) 
where CL is the total labour cost [€]; wg is the wage 
rate of manufacturing personnel [€/h]; np is the number 
of manufacturing personnel and t is the total time 
during machining in which the operator must be at the 
machine.  
 Extraordinary maintenance (Eq. 2) work performed 
on a part of system to increase its useful life by over a 
year. It includes problem detection and failure 
correction. The total cost of extraordinary machining is 
calculated considering the cost of damage of experts 
necessary to the failure correction. 

   (2) 
CM is the total cost of extraordinary maintenance [€]; Cr 
is the cost of replacement [€]; nexp is the number of 
experts necessary to solve the problem; Ch exp is the 
expert hourly cost [€/h] and tr is the time needed for the 
failure correction [h].  
 Utilities cost (Eq. 3) includes the costs of all the 
utilities needed to work the machine. It includes the 
cost of water, electricity and dielectric fluid. All these 
costs are calculated considering the quantity of utility 
used during the machining and their unit costs. 

   (3) 
CU is the total utilities cost [€]; nw is the quantity of 
water used [m3]; Cw is the unit cost of water [€/m3]; ne is 
the quantity of electricity used [kWh]; Ce is the unit cost 
of electricity [€/kWh]; nd is the quantity of dielectric fluid 
used [L]; Cd is the unit cost of dielectric fluid [€/L]. 
 Tool cost includes the purchase of tools for the 
machining. Micro EDM presents two types of tool: 
electrode and wire. Each supplier has a price list and 
the cost of each electrode depends from the material 
(brass, tungsten carbide, copper, etc.), geometry (tube, 
coreless, hole star shape, etc.) and diameter. The 
electrode cost (Eq. 4) is directly influenced by the tool 
wear while the wire cost (Eq. 5) is calculated 
considering the feed rate to establish the amount of 
wire used during the machining. In some cases the two 
tools (electrode and wire) can exist at the same time, 
for example, when the electrode is dressed to reduce 
its diameter.  

    (4) 

   (5) 
CEL is the total electrode cost [€]; Cel is the unit 
electrode cost [€/mm]; nel is the tool wear estimated for 
the machining [mm]. CWIRE is the cost of wire used 
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during the machining [€]; Pw is the purchase price of 
the wire [€/mm]; s is the feed rate [mm/s] and twire is the 
duration of machining [s].  

The workpiece identifies the material used in 
production that form the final product.  

 
3. Case study 
 
 In order to validate the model, a case study was 
used to demonstrate the capability of the pattern. The 
case study presented a cost analysis of micro EDM 
drilling and it takes into account only few significant 
variable costs. The machining considered for the costs 
estimation is presented by G. D’Urso et al. [13]. The 
experimental campaign was based on the execution of 
through micro-holes using a micro-EDM machine Sarix 
SX-200. Stainless steel plates (AISI 304) having a 
thickness equal to 3 mm were used as workpiece 
material, while tubular electrode made of two different 
materials (tungsten carbide and brass) having an 
external diameter equal to 0.3 mm and an internal 
diameter equal to 0.12 mm were used. Hydrocarbon oil 
was used as dielectric. The experimental campaign 
was carried out by varying several process parameters 
such as peak current (I), voltage (V) and frequency (F).  
 The fixed process parameters used for the 
experimental campaign are reported in Table 1. For 
each tool material type, the combination of the process 
parameters and the experimental sequence were 
defined basing on a design of experiment (DOE) with 
three levels, central point and five repetitions. Table 2 
shows the combination of the variable parameters 
resulted into 15 different technologies and in a total 
amount of 100 micro-holes. In order to study the 
progress in the drilling process, each hole was carried 
out in ten substeps having the same drilling tool 
displacement. Material Removal Rate (MRR) and Tool 
Wear Ratio (TWR) were assumed as a performance 
indicator of the machined micro-holes. For both 
electrode material, progressive MRR (Material Removal 
Rate) and TWR (Tool Wear Ratio) technology windows 
were elaborated in order to predict the performance as 
a function of the drilling depth. From these data [13] it 
was possible to elaborate progressive machining time 
(t) (Fig. 2) and tool wear (tw) (Fig. 3) technology 
window. For the cost estimation, it was considered the 
execution of 100 holes. The following hypotheses were 
assumed: machining setup is equal to 1.5 h, operator’s 
wage is equal to 25€/h and the operator monitors the 
machine only partially during the processing (e.g. 
33%). The machining time function is inserted in the 
equation used to calculate the labour cost and the 
utilities cost. After the estimation of these costs, the 
sum of labour and utility costs (CL+U) is calculated and 
the Fig. 4 shows the equations that describe each trend 
as a function of the depth (d) and the area in which the 
cost change. These costs are higher for the machining 
conducted with tungsten carbide electrode. This is due 
to the duration of machining, in fact, the machining 
performed with brass electrode is faster than the others 
regardless of the technologies used.  
 To estimate the tool electrode costs, the unit cost 
of electrode was calculated considering the Sarix price 
lists equal to 0.03 €/mm for tubular brass electrode and 
0.12 €/mm for tubular tungsten carbide electrode.  

To calculate the cost of tool wear the angular 
coefficient of the curve will be multiplied for the unit 
cost of electrode and for the number of holes 
performed during the experimental campaign. Fig. 5 

shows the tool cost (Ct) estimation for the execution of 
100 holes using two types of electrode as a function of 
the drilling depth. The tungsten carbide area is always 
higher than the brass one because the first electrode is 
more costly than the second one even that the tool 
wear of brass is higher than the tungsten carbide. 
 
Table 1. Fixed process parameters [13] 

 Polarity Ton 
[μs] Gain Gap 

[%] Energy Regulation 

Tungsten 
Carbide - 4.7 50 70 365 03-01 

Brass - 4 120 50 365 03-01 
 
Table 2. Combination of technologies created by DOE [13] 

Tool type Tungsten Carbide  Brass 

  I 
[index] 

V 
[V] 

F 
[kHz] 

 I 
[index] 

V 
[V] 

F 
[kHz] 

Tech. 1 40 110 110  65 110 130 
Tech. 2 40 93 110  65 135 113 
Tech. 3 40 127 110  65 135 130 
Tech. 4 40 110 127  65 135 147 
Tech. 5 40 110 93  65 160 130 
Tech. 6 50 120 100  40 135 130 
Tech. 7 50 100 120  50 120 140 
Tech. 8 50 120 120  50 120 120 
Tech. 9 50 100 100  50 150 140 
Tech. 10 30 100 100  80 120 140 
Tech. 11 30 120 120  80 150 140 
Tech. 12 30 100 120  80 150 120 
Tech. 13 30 120 100  90 135 130 
Tech. 14 57 110 110  80 120 120 
Tech. 15 23 110 110  50 150 120 

 

 
Fig. 2. Machining time for a single hole, varying the process 
parameters, as a function of holes depth for two electrode 
materials.  
 

 
Fig. 3. Tool wear for a single hole, varying the process 
parameters, as a function of the holes depth for two electrode 
materials. [13]. 
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Fig. 4. Labour cost + utilities costs as a function of the drilling 
depth varying the electrode materials for 100 holes.    

 

 
Fig. 5. Tool cost as a function of the drilling depth varying the 
electrode materials for 100 holes. 
 
 The total cost (TC) as a function of the hole depth 
is calculated by the sum of labour, utilities, and tool 
electrode costs (Fig. 6). The total cost is directly 
proportional to holes depth. The machining performed 
with tungsten carbide is more expensive than the 
machining performed by brass.   
 Brass has higher tool wear than tungsten carbide 
but it permits to have higher MRR. Despite brass has 
high level of tool wear, its low price and its high MRR 
make it competitive with respect to tungsten carbide. It 
is important to remark that where the accuracy is 
required, tungsten carbide electrode is the best 
solution. Fig. 6 shows that when the hole depth 
increases, the total cost is characterized by a 
constantly growth, directly proportional to the depth. In 
particular, the subtended area of tungsten carbide 
electrode grows more quickly than the brass electrode 
ones. Within the limits of the tested conditions, a 
general scheme for the prediction of the variable cost 
was obtained.  
   

 
Fig. 6. Total variable cost for the execution of 100 holes varying 
the electrode material as a function of the hole depth.  
 
 

4.  Conclusions 
A theoretical model for the cost estimation of 

micro-EDM drilling was presented.  
This model considers both fixed and variable 

costs. To demonstrate the capability of the model, a 
case study was considered taking into account only 
variable costs. The manufacturing is represented by 
the execution of micro holes on stainless steel using 
two types of electrode materials varying the electrical 
process parameters. Effect of the hole depth on the 
costs was investigated and it was found that total cost 
has a linear trend as a function of the hole depth. The 
total variable costs obtained using tungsten carbide 
electrode are always higher than that obtained using 
brass electrode. Moreover, increasing the hole depth, 
the cost using tungsten carbide electrode increases 
more quickly than the brass electrode one. Despite 
brass has high level of tool wear, its low price and its 
high MRR make it competitive with respect to tungsten 
carbide. 

This model can be applied to others combinations 
workpiece-electrode materials and can be useful to 
determine the cost operation in an industrial field.  
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