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1. Introduction

Wire Electrical Discharge Machining (WEDM) is an
electrothermal process that uses a conductive wire with a
diameter of 0.05 to 0.30 mm as an electrode. The dielectric
liquid is placed between the wire electrode and the
workpiece in order to create a fixed gap of 10-100
micrometers. When sufficient voltage is applied, the
dielectric liquid acts as an ionizing medium for the
electrode. The workpiece is eroded due to the separate
sparks that occur between the workpiece and the wire and
is removed from the machining area by the dielectric fluid
flow. Figure 1 shows the wirecut process schematic.

Diglectric Supply —>

<+— Wire Guides

Wire Diameter

/

Wire Spool
Figure 1. Schematic of the wirecut process

One of the advantages of this process is that the wire does
not come into contact with the workpiece during the
process, so the physical pressure similar to grinding and
milling processes is not applied to the workpiece. This
process eliminates mechanical stress, noise, and vibration
during machining and can produce various materials with

a thickness of 300 mm. Wirecut is a suitable option for
making molds and industrial parts due to its high
dimensional accuracy and favorable surface quality.
Proper dimensional accuracy leads to improvement of
fatigue strength, wear resistance, and corrosion resistance;
so any effort to improve dimensional accuracy in this
process can be a big step in the direction of producing
precise and strong industrial parts.

The performance of the wirecut machine depends
completely on machining parameters. It is very difficult to
obtain the relationship between machining parameters and
machining characteristics in the wire cutting process due
to the multitude of parameters of the work process.

Therefore, choosing the right machining parameters can
lead the process to the desired dimensional accuracy.
Response procedure method is a mathematical and
statistical technique that is used to model and analyze
problems, where the response is affected by several
variables, and its purpose is to model and optimize this
response.

Using response procedure method, this study tried to
optimize the dimensional accuracy, which plays an
essential role in determining the position of the wirecut
process. Parameters “wire speed”, “wire tension”, and
“generator power” were selected as input parameters in
this process.

2. Laboratory conditions

Mo40 steel was used as the workpiece material. First, in
order to achieve uniformity in thickness, the workpiece
was completely planed using a lathe machine and brought
to the final dimensions of 320 x 40 mm and a thickness of
10 mm. Then it was fixed on the CHARMILLES five-axis
wirecut machine (Figure 2). Parameters “wire injection
speed”, “wire tension” and ‘“generator power” were
selected as input parameters. Table 1 shows the range of
these parameters.
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Figure 2. The five-axis wirecut machine and the work
pieces on it

Table 1. Test conditions

Wire diameter (mm) 0.2
Wire material Copper
Dielectric fluid Distilled water
Wire injection speed (cm/s) 10-2
Wire tension (kg) 2.5-05
Generator power (percentage) 50-10

Wire speed and wire tension are parameters of wire
movement control. The wire feeding speed indicates the
length of the wire that is unrolled from the reel in a unit of
time. Unnecessary increase of this parameter leads to an
increase in wire consumption, on the other hand, being too
low will lead to an increase in the possibility of wire
breakage.

To create stable machining accuracy, a certain amount
of tension in the wire is required to limit deviation of the
path, bending, and vibration. In order to optimize the
mentioned parameters using response procedure method,
20 experiments were performed according to Table 2. For
each test, a cylinder with a base diameter of 10 mm and a
height of 10 mm was cut from the workpiece.

Factors “traction”, “speed” and “power” are considered
as input variables and dimensional accuracy is response
variable. Building response procedure models in response
procedure designs is an iterative process. As soon as an
approximate model is obtained, it is tested by the goodness
of fit method to see if the answer is satisfactory. If the
answer is not confirmed, the estimation process starts
again and more tests are performed. The relevant results
are presented in the form of analysis of variance table. As
can be seen, the P-value of the interaction between the
factors is less than 0.05, and the validity of the model is
confirmed.

Figure 3 shows the Pareto chart related to the impact of
the main, reciprocal, and square parameters on the output
parameter (dimensional accuracy). Based on this diagram,
with a confidence factor of 0.95, the mutual impacts of the
factors have the greatest impacts; BC: interaction of speed
and power, AC: interaction of tension and power, and AB:
interaction of tension and speed. In this graph, any bar that
crosses the vertical line of 2.228 indicates that it affects the

response variable. The mentioned number is calculated
based on the confidence factor of 95%. The Pareto chart
seeks to identify the factors whose total impact on the
response variable constitutes more than 80% of the
impacts. In other words, it seeks to determine 20% of the
factors whose share in the changes of the response variable
is 80%. In this research, the factors are: The interaction of
speed and power, the interaction of tension and power, and
the interaction of tension and speed.

(vesponse is Dimensional Accuracy, a = 0.05)
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Figure 3. Pareto standard effects

3. Conclusion

Achieving high dimensional accuracy in making cutting
molds is very important. Wirecut process is one of the
common processes for making these molds. This study
tried to analyze, model, and optimize the value of
dimensional accuracy based on wire speed, wire tension
and generator power, using variance analysis and response
procedure method. The results show that the mutual
impacts of parameters have the greatest impact on
dimensional accuracy.

The optimal value of the parameters and the
corresponding dimensional accuracy were extracted based
on the response procedure method. Therefore, for the
tension values of 1.3485 kg, wire speed of 10 cm/s and
power of 46.7677%, the accuracy value reaches its
maximum value. For validating the results of the model,
these values were tested, which had a 0.2% error compared
to the predicted value.
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Optimization of Dimensional Accuracy of Mold Steel in Wire Cut Process Based on Response Surface
Method
Masoud Seidi Farshad Rabiei Zahra Seydi

Abstract One of the industrial parts that requires very high manufacturing accuracy is industrial molds and especially
cutting molds. In these molds, the clearance of the dies is equal to 0.1 of the thickness of the sheet, so the accuracy of
making these molds is very important. Today, the wirecut process is widely used in making these molds. In the process,
due to the lack of contact between the tool and the work piece, there is no mechanical tension and the produced parts
have high precision. Nevertheless, in order to achieve the high precision required in the production of cutting molds,
various methods are used. In this research, using the response surface method, the dimensional accuracy value has been
investigated based on three parameters of wire speed, wire tension and generator power for Mo40 steel workpiece. Based
on this method, at first, the importance of each parameter on dimensional accuracy was determined by analysis of
variance. Then, by deriving the equation according to the conducted tests, the optimal value of dimensional accuracy was
extracted based on the mentioned parameters. The results showed that for tension values of 1.3485 kg, wire speed of 10
cm/s and power of 46.7677%, the accuracy value reaches its maximum value. Finally, these values were experimentally
tested and a 0.2 % error was recorded. Therefore, by using the method of the response procedure, the amount of
dimensional accuracy can be predict and optimize in the wirecut process of industrial steel molds.

Key Words Wire Cut, Wire Feed Speed, Wire Tension, Generator Power, <Response Surface Method, Dimensional

Accuracy, Optimizatio.
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Speed*Power 1 0.000688 0.000688 7.90 0.018
Error 10 0.000871 0.000087
Lack-of-Fit 0.000818 0.000205 23.24 0.001
Pure Error 6 0.000053 0.000009
Total 19 0.005921
9.9607 + 0.0294 Tension — 0.007 Speed + 0.001 Power
Dinersionl ey O TorsonTorion £ 0012 g e
-0.00049 Tension*Power + 0.00014 Speed*Power
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Term 228
Factor Name
BC A Tension
B Speed
AC C Power
AB
'
A4 H
]
'
B A :
]
'
'
4 7 i
]
'
cc :
]
'
c :
'
'
BB i
'
'
0.0 0.5 10 L5 2.0 15 3.0
Standardized Effect
syllead @l 5t gL v K
(response is Dimensional Accuracy, a = 0.05)
20
Effect Type
@ Not Significant
95 B Significant
] -
Factor Name
2 BC A Tension
B Speed
80 c Power
70
E 60
@&
= 50
-
A 40
30
20
10
5
1
-3 -2 -1 0 1 2 3
Standardized Effect

Sylukul ot Jl s F s

L oolol &35 SSle Sl uxs (B) 5 () sla I8 5

Ol flawe Sl 5 Ol s o (228 5580 ww 4
e el el 31 6, Ks b baglspad ) ol sl 6l
5> Oy b o T 83 Olge 5 s3lal &35
i el (salal 235 80l Dl ki 1o el o a3
sdalive 4 iilon ol olld oS pdl 4y L3S Ol e s
Coge & SRS S 5o0fS Gl 4 el it e 555 e
e Dk el Sl a3 ASL e e 16 S
S oS Sl 0 s 5 S e ole DS g 03k el

e Ol i 13 ged Sl S35 5 ML 0 Ju &b

a0l o3ls GLaS Sl eyl ses ((F) IS

O (@) 3L b 3o e Jalye 5 (M) LS L S50 Jolse
ol 80l Oliebl o o ls gl ol 53 el 0l 60l
Sl sl syl 4 das e DL 5T slals ped 83l 53
35 ol O s At SIS (alal S5 (555 et 53 0dd
o B g e 4 i s S WOT oS 5 e
o s BTSN (SG1S Ol e 3l gl cpl o
0 b Ol g odd 5Vl 5 slie Sls sed opl s AL
Kl axsls 1 5t mi oS Ll 5 ol 0l od2S et

S e .

VEF oY Slad comts s ow Sl

Sl s lles 4 &’ﬂJK,‘}L‘ L i



S L) — oy 25— (o D pens

Al o e Jolo el o Gl e

“ogr el oS e LI5Sl eslial L (V) JSs s
edaliin oS sbolen ol eals QLA CML: Ca) o
sVe=Ce 1w A YFAO= 23S slis Gl 4 sy 3
Sl3 e 53 s dal g Ve nlal S35 lude ¥EVEV=0
S oS a3l e ol Sl Sl d=1 s
A e olis |, J{:‘..ik.;

e e ol ge Ol 53 o3 L OIS (o0 S5 0l 0
23lis 5l 1y olas Olp e a8 ol S5 0LLE s 1) il
28,8 B s el iy a sl

ol ol o3ls QLS Ol Jole uslie js joas elal C_.,Jb
.MQ@MGU&Q)MQG
Oion i ey ite oS3l 55 S i (5) S5 s
o303 OL&S Jule 53 53 Obojen Ol puas olad 215 (golal 235
aw plp ele aw o sl ble gy Ol oS 5 S o |
ol SIS ls gas a5 (F) K G e 0 S ASL 6
e sl sd (KGO Sla el 3 4l Ol 4o |
3 oS Jole 55 53 Olegen ond elal  alal 35 =y
03 S Jlages ol B e e | ol enls DL e
L gslasl L35 i 53 oS (3 900e Hsome 5 SIS Hldds
3lie Jigl.:.» Coslite glasles bl ged 4w a0 0L

Fitted Means
Tension Speed Power
10.101
_ 10.057
5\
E
=
i3
< 10.007
=
=
2
bl
E 9.954
g
o
(=]
2 9.901
=
-
9.351
9.80' T T T T T T T
2 0 2 -10 0 10 -50 0 50
ol sy ol gla sl ool 51 0 s
Fitted Means
Speed
e -1
-— 0
--- 1
£ 9.941
£
g
2 9921
E
S 9.904
] Tension * Power Speed * Power Power
=
J e -1
g 9.98 - )
= --- 1
= 9.96
=
=
T 9.941
9.92
9.90
0.5 1.0 L5 2.0 25 -10 5 0 5 10
Tension Speed

@bl &35 (il o palols) b ml )l Blie ol 3§ JSCs

;@'Lﬁj)‘j”p/;uj‘jgﬂjﬁfjlc & i

’f'r‘ra‘ju‘ﬂ_?ﬂgjwdb



S L) — oy 25— (o D pens

Optimal Tension Speed P
D: 1.000 High 2.50 10.0 50.0
o Cur [1.3485] [10.0] [46.7677]
Low 0.50 2.0 10.0
/"'// ////’ -
Dimensio /,
Maximum P
y = 10.0066 /
d = 1.0000 ) /
-
o Sl VS
4ol o3l £ ..
)19 d}:s“"*’. =
. Lo S s B sl cxle s YL ealal s 4 plaas
Wire Cut e R

Wire Feed Speed

Wire Tension

Generator Power
Response Surface Method
Dimensional Accuracy

Optimization

Wire Cut Electro Discharge
Machinibg

o A Lo
v—:-**’ 5 ;s
S5153 0l
&b ws S
3l 3
Sl e
s e 5

e S

S Jaldie slansl 3 51 SO ol ply dul b ool Sl
b Gl ol nr Gl 53 3l e LB ol el
@bl S35 lhe el args SBas 5 bl LT Sl eslinud
DFNAS UE s e S g S Gl Rl Ll
Ol aS das e Ol @L:} 2 s gilwang 5 (gl adss
53 kites (gobul B3 5B cp nie glls eyl bl
S 5 bl g Sl el s s elel s el
solie Gl & bl l S el bl (solad
Ol 5 4l el V¢ s oo pan p SISV FFAD 228
g oy o 355 e aig 4 S35 e Lo s FPVPVY
Y sl S s S e slie cpl Je @Lﬁ RS GIE

Saredd Lot e 4 ol et U s

ey

[1] A. Kumar, V. Kumar and J. Kumar, “Multi-response optimization of process parameters based on response surface

methodology for pure titanium using WEDM process”, Advanced Manufacturing Technology, vol. 68, pp. 2645-2668,

(2013).

[2] Q.Liu, Q.Zhang, M. Zhang and J. Zhang, “Review of size effects in micro electrical discharge machining”, Precision
Engineering, vol. 44, pp. 29-40, (2016).

[3] M. Hourmand, A.A. Sarhan and M.Y. Noordin, “Development of new fabrication and measurement techniques of

micro-electrodes with high aspect ratio for micro EDM using typical EDM machine”, Measurement, vol. 97, pp. 64-

;@'Lﬁj)y”p/;uj‘j)jy&fjlc & i

’f'r‘r;ju‘ﬁ%jwdb


https://link.springer.com/article/10.1007/s00170-013-4861-9
https://link.springer.com/article/10.1007/s00170-013-4861-9
https://link.springer.com/article/10.1007/s00170-013-4861-9
https://link.springer.com/article/10.1007/s00170-013-4861-9
https://www.sciencedirect.com/science/article/abs/pii/S0141635916000088
https://www.sciencedirect.com/science/article/abs/pii/S0141635916000088
https://www.sciencedirect.com/science/article/abs/pii/S026322411630656X
https://www.sciencedirect.com/science/article/abs/pii/S026322411630656X

20 d’WC’AJ_L{Y‘“J"uﬂ_d"W'{}&“"‘

78, (2017).

[4] J.C. Chen and J. Cox, “Taguchi-based optimization of surface roughness and dimensional accuracy in wire EDM
process with S7 heat treated steel”, Materials and Metallurgical Engineering, vol. 11, no. 8, Pp. 568-573, (2017).

[5] N.M. Abbas, D.G. Solomon and M.F. Bahari, “A review on current research trends in electrical discharge machining
(EDM)”, machine tools and Manufacture, vol. 47, pp. 1214-1228, (2007).

[6] A.Banuand M.Y. Ali, “Electrical discharge machining (EDM): a review”, Engineering Materials and Manufacture,
vol. 1, pp. 3-10, (2016).

[7]1 R. Chalisgaonkar and J. Kumar, , “Multi-response optimization and modeling of trim cut WEDM operation of
commercially pure titanium (CPTi) considering multiple user's preferences”, Engineering Science and Technology,
an International Journal, vol. 18, pp. 125-134, (2015).

[8] Y.H. Guu and H. Hocheng, “Improvement of fatigue life of electrical discharge machined AISI D2 tool steel by TiN
coating”, Materials Science and Engineering: A, vol. 318, pp. 155-162, (2001).

[9] S.Jeelani, and M.R. Collins, “Effect of electric discharge machining on the fatigue life of Inconel 718>, International
journal of fatigue, vol. 10, no. 2, pp. 121-125, (1988).

[10] O.A. Zeid, “On the effect of electrodischarge machining parameters on the fatigue life of AISI D6 tool steel”,
Materials Processing Technology, vol. 68, pp. 27-32, (1997).

[11]M. Ramulu, G. Paul and J. Patel, “EDM surface effects on the fatigue strength of a 15 vol% SiCp/Al metal matrix
composite material”, Composite structures, vol. 54, no. 1, pp. 79-86, (2001).

[12]H. Nair, A. Pramanik, A.K. Basak, C. Prakash, S. Debnath, S. Shankar and A.R. Dixit, “Experimental investigation
on material removal rate, kerf width, surface roughness and the dimensional accuracy the accuracy of hole in Inconel
718 using wire electric discharge”, Process Mechanical Engineering, vol. 1, (2022).

[13]S. Zahoor, H.A. Azam, M.P. Mughal, N. Ahmed, M. Rehman and A. Hussain, “WEDM of complex profile of IN718:
multi-objective GA-based optimization of surface roughness, dimensional deviation, and cutting speed”, Advanced
Manufacturing Technology, vol. 114, pp. 2289-2307, (2021).

[14] B.B. Manjunatha, H.V. Ravindra and N. Kuruvila, “ESTIMATION OF SURFACE ROUGHNESS AND
DIMENSIONAL ACCURACY USING PROCESS PARAMETERS IN WIRE CUT EDM BY ARTIFICIAL
NEURAL NETWORK?”, International of symposium on measurement and quality control, vol. 1, (2007).

[15] K. Kanlayasiri and P. Jattakul, “Simultaneous optimization of dimensional accuracy and surface roughness for
finishing cut of wire-EDM ed K460 tool steel”, Precision engineering, vol. 37, no. 3, pp. 556-561, (2013).

[16]M.Y. Ali, A. Banu, M. Salehan, E.Y. Adesta, M. Hazza and M. Shaffiq, “Dimensional accuracy in dry micro wire
electrical discharge machining”, Mechanical Engineering and Sciences, vol. 12, no. 1, pp. 3321-3329, (2018).

[17]T. Chaudhary, A.N. Siddiquee, A.K. Chanda, S. Ahmad, I.A. Badruddin and Z.A. Khan, “Multiple Response
Optimization of Dimensional Accuracy of Nimonic Alloy Miniature Gear Machined on Wire Edm Using Entropy

Topsis Andpareto Anova”, Computer Modeling in Engineering & Sciences, vol. 126, no. 1, pp. 241-259, (2021).

&-&ﬂuﬂwl,ﬁ‘j&)ﬂJL{f}#@ﬁ' TPeX ¥ dplasd oty 5 oo Sl


https://www.sciencedirect.com/science/article/abs/pii/S026322411630656X
https://www.sciencedirect.com/science/article/abs/pii/S026322411630656X
https://zenodo.org/record/1131655
https://zenodo.org/record/1131655
https://www.sciencedirect.com/science/article/abs/pii/S0890695506002148
https://www.sciencedirect.com/science/article/abs/pii/S0890695506002148
https://deerhillpublishing.com/index.php/ijemm/article/view/3
https://deerhillpublishing.com/index.php/ijemm/article/view/3
https://www.sciencedirect.com/science/article/pii/S2215098614000913
https://www.sciencedirect.com/science/article/pii/S2215098614000913
https://www.sciencedirect.com/science/article/pii/S2215098614000913
https://www.sciencedirect.com/science/article/abs/pii/S0921509301012680
https://www.sciencedirect.com/science/article/abs/pii/S0921509301012680
https://www.sciencedirect.com/science/article/abs/pii/0142112388900400
https://www.sciencedirect.com/science/article/abs/pii/0142112388900400
https://dokumen.tips/documents/on-the-effect-of-electrodischarge-machining-parameters-on-the-fatigue-life.html?page=1
https://dokumen.tips/documents/on-the-effect-of-electrodischarge-machining-parameters-on-the-fatigue-life.html?page=1
https://www.sciencedirect.com/science/article/abs/pii/S0263822301000721
https://www.sciencedirect.com/science/article/abs/pii/S0263822301000721
https://journals.sagepub.com/doi/abs/10.1177/09544089221096025
https://journals.sagepub.com/doi/abs/10.1177/09544089221096025
https://journals.sagepub.com/doi/abs/10.1177/09544089221096025
https://link.springer.com/article/10.1007/s00170-021-06916-8
https://link.springer.com/article/10.1007/s00170-021-06916-8
https://link.springer.com/article/10.1007/s00170-021-06916-8
https://www.imeko.info/publications/tc14-2007/IMEKO-TC14-2007-71.pdf
https://www.imeko.info/publications/tc14-2007/IMEKO-TC14-2007-71.pdf
https://www.imeko.info/publications/tc14-2007/IMEKO-TC14-2007-71.pdf
https://www.researchgate.net/publication/256969675_Simultaneous_optimization_of_dimensional_accuracy_and_surface_roughness_for_finishing_cut_of_wire-EDMed_K460_tool_steel
https://www.researchgate.net/publication/256969675_Simultaneous_optimization_of_dimensional_accuracy_and_surface_roughness_for_finishing_cut_of_wire-EDMed_K460_tool_steel
https://www.proquest.com/openview/43a9efa16b88ed031869b193e979a277/1?pq-origsite=gscholar&cbl=5064931
https://www.proquest.com/openview/43a9efa16b88ed031869b193e979a277/1?pq-origsite=gscholar&cbl=5064931
https://www.techscience.com/CMES/v126n1/40878
https://www.techscience.com/CMES/v126n1/40878
https://www.techscience.com/CMES/v126n1/40878

b gl A e e DAl LS o SISV eale] s sileaig VoF

[18]S. Chakraborty, S. Mitra and D. Bose, “Optimisation of machining performance in PMWEDM of titanium alloy using
the hybrid technique (GRA-PCA)”, Advances in Materials and Processing Technologies, vol. 1, no. 2, pp. 1-14,
(2020).

[19]H. Abyar Firouzabadi, J. Parvizian and A. Abdullah, “Improving accuracy of curved corners in wire EDM successive
cutting”, The International Journal of Advanced Manufacturing Technology, vol. 76, pp. 447-459, (2015).

[20] M.N. Islam, N.H. Rafai and S.S. Subramanian, “An investigation into dimensional accuracy achievable in wire-cut
electrical discharge machining”, Proceedings of the world congress on Engineering, vol. 3, pp. 2476-2481, (2010).

[21]D. Sudhakara and G. Prasanthi, “Optimization of dimensional deviation: wire cut EDM of vanadis-4e (powder
metallurgical coldworked tool steel) by Taguchi method”, Proceedings of 5th International and 26th All India
Manufacturing Technology, Design and Research Conference (AIMTDR), IIT Guwahati, Assam, India, December 12—
14, (2014).

[22]N. Sharma, R. Khanna, R.D. Gupta and R. Sharma, “Modeling and multiresponse optimization on WEDM for HSLA
by RSM”, The International Journal of Advanced Manufacturing Technology, vol. 67, pp. 2269-2281, (2013).

[23]R. Arya and H. Singh, “Optimization of Wire-cut EDM process parameters using TLBO algorithm”, Engineering
Research Express, vol. 4, no. 3, pp. 035051, (2022).

[24] M. Ghasempour-Mougziraji, M. Hosseinzadeh, H. Hajimiri, M. Najafizadeh and E. Marzban Shirkharkolaei, “Machine
learning-based optimization of geometrical accuracy in wire cut drilling”, The International Journal of Advanced
Manufacturing Technology, vol. 123, no. 11, pp. 4265-4276, (2022).

[25]M.P. Garg, A. Jain and G. Bhushan, “Multi-objective optimization of process parameters in wire electric discharge
machining of Ti-6-2-4-2 alloy”, Arabian Journal for Science and Engineering, vol. 39, pp. 1465-1476, (2014).

[26]H. Abyar Firouzabadi, A. Abdullah, J. Parvizian and A. Fadai Tehrani, “Investigating the accuracy of machining
corners in wirecut and determining the relationship between the error of the corner radius and the thickness of the
remaining load”, The 11th conference of manufacturing and production engineering, Iran, October 19-21, (2010). (In
Persian)

[27]1H. Rezaei Ashtiani, H. Khoshkish and R. Narimani, “Investigating the dimensional accuracy of the part and tool wear
in EDM using different types of tool electrodes”, The 12th annual (international) conference of mechanical
engineering, Iran, May, (2006). (In Persian)

[28] M. Qureshi, V. Tahmasabi, S. Hakak Zargar, “Optimization of machining parameters on surface quality and
dimensional accuracy of the hole in micro-drilling process of rice alloy by response surface method”, The 12th
conference of manufacturing and production engineering, Iran, December 29-30, (2011). (In Persian)

[29] H. Rezaei Ashtiani and H. Bisadi, “Investigating the effect of cross-sectional area of spark energy distribution on the
dimensional accuracy of electrical discharge machining (EDM)”, The 9th Manufacturing and Production Engineering

Conference, Iran, February, (2010). (In Persian)

’f'r‘riju;ﬁ%jwdb &’&j}d"pbmj&)ﬂjg’;jlﬁéf.@'


https://www.tandfonline.com/doi/abs/10.1080/2374068X.2020.1860500
https://www.tandfonline.com/doi/abs/10.1080/2374068X.2020.1860500
https://www.tandfonline.com/doi/abs/10.1080/2374068X.2020.1860500
https://link.springer.com/article/10.1007/s00170-014-6270-0
https://link.springer.com/article/10.1007/s00170-014-6270-0
https://www.iaeng.org/publication/WCE2010/WCE2010_pp2476-2481.pdf
https://www.iaeng.org/publication/WCE2010/WCE2010_pp2476-2481.pdf
https://www.semanticscholar.org/paper/OPTIMIZATION-OF-DIMENSIONAL-DEVIATION%3AWIRE-CUT-EDM-Sudhakara-Prasanthi/71165e95d730350937cde893e344f34fc8ab3a6e
https://www.semanticscholar.org/paper/OPTIMIZATION-OF-DIMENSIONAL-DEVIATION%3AWIRE-CUT-EDM-Sudhakara-Prasanthi/71165e95d730350937cde893e344f34fc8ab3a6e
https://www.semanticscholar.org/paper/OPTIMIZATION-OF-DIMENSIONAL-DEVIATION%3AWIRE-CUT-EDM-Sudhakara-Prasanthi/71165e95d730350937cde893e344f34fc8ab3a6e
https://www.semanticscholar.org/paper/OPTIMIZATION-OF-DIMENSIONAL-DEVIATION%3AWIRE-CUT-EDM-Sudhakara-Prasanthi/71165e95d730350937cde893e344f34fc8ab3a6e
https://link.springer.com/article/10.1007/s00170-012-4648-4
https://link.springer.com/article/10.1007/s00170-012-4648-4
https://iopscience.iop.org/article/10.1088/2631-8695/ac8fcc/meta
https://iopscience.iop.org/article/10.1088/2631-8695/ac8fcc/meta
https://link.springer.com/article/10.1007/s00170-022-10351-8
https://link.springer.com/article/10.1007/s00170-022-10351-8
https://link.springer.com/article/10.1007/s00170-022-10351-8
https://link.springer.com/article/10.1007/s13369-013-0715-x
https://link.springer.com/article/10.1007/s13369-013-0715-x
https://civilica.com/doc/98119/
https://civilica.com/doc/98119/
https://civilica.com/doc/98119/
https://civilica.com/doc/98119/
https://civilica.com/doc/27807/
https://civilica.com/doc/27807/
https://civilica.com/doc/27807/
https://civilica.com/doc/212867/
https://civilica.com/doc/212867/
https://civilica.com/doc/212867/
https://civilica.com/doc/79867/
https://civilica.com/doc/79867/
https://civilica.com/doc/79867/

	ACSM(35-2)-6-seidi-Revised.pdf
	6--saiedi.pdf

