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Abstract 
 

This study deal with temperature destitution generated during Wire-Electrical 

Discharge Machining (WEDM) results in the large heat-affected zone. This 

large localized heat- affected zone can be created micro-cracks, which will 

reduce the strength as well as surface quality of workpiece material. This 

paper illustrates the effect of process parameters for heat flux which is the 

major factor for large localized heat- affected zone on SAILMA 350 and 

Titanium materials with Zinc coated Brass wire material. The symmetric 

thermal model has been created and solved using Creo Software. A transient 

type thermal analysis by using a Gaussian-equation for Distributed heat 

source, which is dependent on material properties with respect to temperature 

has been carried out for heat flux. The heat flux is decreased with the 

increasing the value of pulse-on-time, peak-current, and servo-voltage,while 

it is increased with the increase of pulse-off time. The heat flux(Q) value for 

SAILMA350 is 37.42 W/m2  to 2045.40 W/m2 and for Titanium material 

32.21 W/m2 to 2084.48 W/m2  which shows that SAILAM350 material have 

less heat flux range than Titanium material. Resulting improve the surface 

quality by localization of heating zone. 
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1 Introduction 
 

WEDM offers an effective production method for toprovides the 

assembly of components made of very hard materials with complex 

geometry which are difficult to supply through traditional machine 

process.The typical design of the process includes parallelelectrical, 

mechanical,chemical and thermal process interactions, which,makes it very 

difficult to model processes. As shown in figure 1, WEDM is defined as a 

method forremoving material by eroding through the transient process of 

electrical sparks on electrically conductive material. The workpiece and 

electrode were immersed and separated by a slight distance in a dielectric 

liquid. The local thermal effect of the electric discharge[4] induces the main 

mode of erosion.The disintegration by an electrical release includes wonder 

like warmth conduction, energy dispersal, dissolving, dissipation, ionization, 

development and breakdown of gas particles inside the release section. 

 

 
Figure 1 WEDM Operation [5][6] 

 

The tool that works as cathode and workpiece as anode. At the point, 

when the voltage value across the hole turns out to be adequately high, it 

releases through the hole inside such a sparkle in a time frame of 10 µsand 

positive particles and electrons are accelerating, producing a discharge 

channel that becomes pure conductive. At this point when the spark jumps 

causing impact between ions and electrons and creating a narrow passage of 

plasma. A sudden drop of the electric resistance of the previous passage 

allows that current density reaches extremely-high values producing an-

increase of-ionization and the production of a powerful magnetic field. The 

moment spark occurs sufficient pressure developed between work-piece and 

tool as a results of,which a really heat is reached and at such high and 

temperature that some metal is melted and eroded [4]. WEDM is a thermal 

process in which thermal energy in the plasma channel is produced. In each 

spark, heat produced in the plasma passage causes the material of the 
 



 
 

 

 

 

Effect of Process Parameters on Heat Flux for Surface Quality of Sailma 350 and 

Titanium Materials in Wire Electrical Discharge Machining Process  659 

 

working piece to melt. Due to transient heat flux, extreme temperature 

creates thermal stresses within the HAZ, which is the most critical zone of 

small-crack network initiation. Microscopic studies have indicated multi-

layered HAZ, including a hardened layer with high brittleness and decreased 

workpiece material fatigue strength. In this context, the examination of the 

temperature and thermal-stress profiles in the workpiece is of significant 

importance to the study[4][7-12]. 

 

2 Literature Review 
 

EDM is a perplexing cycle including a few orders of science and parts of 

designing it consolidate a few marvels, yet barring exceptionally little 

releases, it tends to be considered with a little blunder that the warm impact 

dominates [19-21].The theories that revolve around the formation of the 

plasma channel between the system and the work-piece, the thermodynamics 

of the boring sparkle that causes the anodes to soften and dissipate, miniature 

underlying changes, and material metallurgical changes are not yet well 

understood. Nonetheless, it is generally acknowledged that the component of 

material disintegration is because of exceptional neighborhood warming of 

the workpiece causing softening and vanishing of the workpiece. The warm 

issue to be settled in order to show an WEDM release is generally a warmth 

transmission-issue in which the warmth input is speaking to the electric 

flash[24]. By tackling this warm issue yields the temperature circulation 

inside the workpiece, from which the state of the produced holes can be 

assessed. For settling these mathematical-models limited component 

technique or the limited contrasts strategy are regularly utilized with single 

sparkle examination [21],[22][26]. It explored the warm pressure created in 

EDM of Cr kick the bucket steel. The impact of various cycle factors on 

temperature appropriation and warm pressure dispersion has been accounted 

for,The warm loads usually exceed the yield intensity of the workpiece in an 

exceedingly flimsy region close to the sparkle. In EDM calculation, [21] 

introduced temperature dispersion and MRR and hardness are deduced from 

these warm effects, as well as contrasting and exploratory clarification. Due 

to the Gaussian sufficient heat transfer of a flash during EDM,[14][15] built 

up the minimal part model to assess the temperature field and warm 

anxieties. He had produced code to figure the temperature in the workpiece 

to begin with, and then, using this temperature field, the warm pressure field 

is evaluated. The effects of various cycle factors (n the appropriation of 

temperature and circulation of warm pressure were announced.[16] 

developed a two-layer structure model that dissected the effect of 

temperature field and warm weight during the wire electrical release 

machining WEDM measure on the material evacuation of the safety of 

earthenware production Si3N4. During single electrical release, the 

temperature conveyances recorded in the conductive layer,Si3N4the double  
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layer structure model were analyzed. What's more, it examined the effects of 

pinnacle momentum, beat span, and wire cathode production speed to release 

holes.The reproduction shows that when release occurs, the conductive layer 

on safety pottery has a greater effect on warm transmission in the range 

heading of the release trap. The reenactment for the temperature field shows 

that, with the speculation of the bubbling expulsion structure, the amount of 

material evacuation during a single release increases with the increase in 

pinnacle current and heart-beat length, however decreases with the increase 

in movement speed of the wire anode.[13] delivered another basic limited 

component model to anticipate the warm conveyance in the wire correctly 

and similarly.The model might be utilized to upgrade the various boundaries 

to dodge the wire breakage of the framework. Whenever the spatial warmth 

circulation profile of the wire can be planned on the transient investigation of 

any point on the wire going through all the warmth zones from the top spool 

to the base end. In light of this standard, the advancement calculation and 

limited component model were utilized to choose the warmth created that 

primarily liable for wire breakage. The model effectively anticipated the 

warm dispersion profile precisely for expanded wire speed, for various wire 

materials, and for the decrease in warmth move coefficient. This basic model 

was a forerunner of advancement for 3D limited component models which 

can be portrayed as the cross-sectional wire disintegration as the workpiece 

cutting advances. In order to speed up and restrict breakage, the 

demonstration can encourage the enhancement of a keen electro-release 

machining system with sensor and input control. The material evacuation 

measure in Wire-EDM can cause workpiece surface damage due to the 

cutting limits and the warm properties of the material are portrayed by Keith 

Hargrove et al[17]. A restricted component technique FEM software was 

built in the work-piece under the states of-different cutting boundaries to the 

temperature appropriation model. To guide this recreation, the warm 

boundaries of low carbon steel (AISI4340) were selected.They presumed that 

limiting the thickness of the temperature affected layers of the workpiece and 

satisfying an exact cutting velocity. A bunch of ideal boundaries for this 

machining technique were picked with the end goal that the situation of a 

heartbeat on time was 8μs, machine cutting rate was 1.2mm/min and burden 

voltage was 4V.[6] introduces a restricted portion showing the EDM cycle 

using ANSYS programming. In order to build and figure a mathematical 

model of the EDM cycle, conduction, convection, warm properties of the 

material with temperature, the idle warmth of liquefying and dissipation, the 

level of release energy moved to the workpiece, the warm property of D2 

instrument steel, the plasma channel period, and Gaussian transmission of 

warmth transfer depending on release term were used. An attempt was made 

to analyze the effect of machining limits on temperature dispersion, hot 

anxieties, and the remaining burdens of AISI D2 instrument steel in EDM 

calculation accordingly. 
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3 Thermal Model of Wire EDM Process 
 
3.1 Description of the Model 
 

Electrodes are immersed in dielectrics in this process and are physically 

divided by a slight separation, managed by an inter-electrode distance. It can 

be modeling by producing a single spark as seen in the figure as the heating 

of the workpiece is carried out. 2 to produce the electron's spark channel via 

the incident plasma passage. This figure. 2 shows idealized case where a heat 

source with Gaussian-distribution heats the workpiece.Because of the 

axisymmetric-nature of the electrode heat-transfer and hence the material of 

the work-piece, a two-dimensional physical model is assumed. The numerous 

assumptions made to simplify wire EDM's random and sophisticated 

existence and because it interacts with the mechanism of thermal, 

mechanical, chemical, electromagnetism in parallel[6]. 

 

3.2 Governing Equation and Boundary State 
 

Heating of work piece due to a single-spark is assumed to be 

axisymmetric [25][5][6] and governed by thermal diffusion differential 

equation considering boundary state for the temperature spread [18][23] in a 

cylindrical coordinate system is[5-6], 
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Figure 2 Spark Channel Configuration. [6] 

Startingstate: 

 t = 0assumed to be at room-temperature (  ). 
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3.3 Boundary State 

 
 

Figure 3 An Axi-Symmetric-Model for the WEDM Process-Simulation [6][23][25] 

 

The work-piece is axi-symmetric-[25] to the z-axis, and a thin half-plane 

of negligible thickness is removed from the workpiece. Figure 3 shows the 

considered workpiece domain. 3. The heat-flux for one spark is applied using 

normal distribution to Surface 1 up to R-spark radius [23][25]. The 

convection heat transfer takes place on the remainder of surface 1 due to the 

cooling effect induced by the dielectric fluid-[25]. Since Surface 4 and 3 are 

long away from the spark-radius and the spark has been made to strike for a 

limited amount as well, no heat-transfer conditions on that surface have been 

assumed. The heat-flux has been taken as zero for surfaces 2, 3, 4, which are 

axis-symmetric [5-6][25]. 
 

For boundary surface-1, 

Up to spark radius (R): 

 
  

  
                                                                            (2) 

Beyond,Spark Radius-(R) 

 
  

  
                                                                  (3) 

For boundary 2, 3, 4 
  

  
   

Where the heat transfer is h, the coefficient between the surface of the 

workpiece and the dielectric coefficient [23], the heat flux is Q(r), [5-6] the 

radial-distance from the axis is r of the flame, the initial temperature is T0 

(room temperature) and the temperature is T. 
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3.4 Heat-Flux Due to the Work-Piece in a Single Spark 
 

Most of the researchers [1 - 3] have found a uniform heat source in 

between a flame. A Gaussian-distribution of heat is assumed in the present-

work. If the total power of every pulse is believed to be used, only one-single 

spark can be written as follows [5-6][23]. 

     
        

      {     (
 

 
)
 
}   (4) 

Where r indicateradial distance from the axis of the spark = Kerf width/2, 

R is the spark radius, V indicatevoltage and I indicatecurrent[25] and 

  indicate Fraction of energy utilized by workpiece / Percentage of heat 

input in workpiece (it assume 15% = value 0.15).The calculated value of heat 

flux for Sailma350 and Titanium material from the equation 4 and 

experiment parameters are shown in Table-1 and Table-2 respectively. 

 

4 Experimental Data 
 

Table 1 Heat Flux Data for SAILMA350 Material 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Sr

. 

N

o 

W

ire 

fe

ed 

(m

/M

in) 

Pulse 

on 

(µs) 
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(µs) 

Current 

(amp) 

Servo 

voltage 

(Volt) 

Kerf 

Width 

(mm) 

Heat Flux 

(W/m
2
) 

1  6 110 50 120 15 0.2895 66.26 

2 6 110 55 140 20 0.3008 123.3406 

3 6 110 60 160 25 0.3093 217.281 

4 6 115 50 120 20 0.2995 70.96 

5 6 115 55 140 25 0.3103 130.92 

6 6 115 60 160 15 0.2702 505.4748 

7 6 120 50 140 15 0.3350 37.42848 

8 6 120 55 160 20 0.3059 263.96 

9 6 120 60 120 25 0.2769 250.69 

10 8 110 50 160 25 0.2659 855.91 

11 8 110 55 120 15 0.2152 921.3454 

12 8 110 60 140 20 0.2163 1827.75 

13 8 115 50 140 25 0.2895 274.11 

14 8 115 55 160 15 0.2392 1164.524 

15 8 115 60 120 20 0.2001 2045.40 

16 8 120 50 160 20 0.3298 121.4742 

17 8 120 55 120 25 0.2685 337.85 

18 8 120 60 140 15 0.2318 1054.425 
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Table 2 Heat Flux Data for Titanium Material 

 

. N  No Wire 

feed 

(m/M

in) 

Pulse 

on 

(µs) 

Pulse

r off 

(µs) 

Current 

(amp) 
Ser

vov

olta

ge 

(Vo

lt) 

Wire 

feed 

(m/Min

) 

Heat Flux 

(W/m
2
) 

1 6 110 50 120 15 0.2893 66.53185 

2 6 110 55 140 20 0.2959 147.6974 

3 6 110 60 160 25 0.3163 170.2404 

4 6 115 50 120 20 0.3089 47.98898 

5 6 115 55 140 25 0.3173 100.5544 

6 6 115 60 160 15 0.2775 409.196 

7 6 120 50 140 15 0.3389 32.21513 

8 6 120 55 160 20 0.3069 255.0669 

9 6 120 60 120 25 0.2749 268.4103 

10 8 110 50 160 25 0.2689 781.4177 

11 8 110 55 120 15 0.2038 1289.026 

12 8 110 60 140 20 0.2159 1842.416 

13 8 115 50 140 25 0.2903 265.7698 

14 8 115 55 160 15 0.2412 1106.868 

15 8 115 60 120 20 0.1993 2090.11 

16 8 120 50 160 20 0.3325 110.9102 

17 8 120 55 120 25 0.2703 316.058 

18 8 120 60 140 15 0.2410 822.628 

 

In Table1 and 2 theHeat fluxderived from mathematical equation 4. 

 

5 Thermal Modeling Using CREO Software 
 

The mathematical model which describes the temperature distribution 

throughout way of heat move in solid due to conduction and in the middle of 

the dielectric fluid and workpiece by convection is very essential for 

performing thermal analysis. The Creo is modeling software which use for 

making the 3D model in Computer Aided Design and it has capability to do 

the analysis of mechanical problem such as structural, thermal and fluid 

related problem. So on this research work the Creo software is use to perform 

thermal analysis. 

Figure 4 shows the temperature distribution in SAILMA350 at V=20 

volt, I=120 amp and Ton=115 µs and it shows the Heat flux value 2045.40 

w/m
2
 which is maximum in all the experiment on SAILMA350 material. 

Also the thermal analysis of the SAILMA350 material at same parameters 

values the temperature distribution get 25 °C to 51011.10 °C.Which, due to a 

single spark, provides a superficial shape crater and creates a concave shape 

cavity on the workpiece surface. 
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Figure 4 Temperature Distribution in SAILMA350 

 

 
 

Figure 5 Temperature Distribution in Titanium 

 

Figure 5 shows the temperature distribution in titanium at V=25 volt, 

I=160 amp and Ton=115 µs and it shows the Heat flux value 2084.48 W/m
2
 

which is maximum in all the experiment on Titanium material. Also the 

thermal analysis of the Titanium material at same parameters values the 

temperature distribution get 25 °C to 50011.10 °C.Because of a single spark, 

they give a shallow shape crater and create a concave shape cavity on the 

workpiece surface. 
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6 Result and Discussion 
 

 
 

Figure 6 Heat Flux vs T0n,Toff,Ip,and Sv in SAILMA350 Material 

 

 
 

Figure 7 Heat Flux vs T0n,Toff,Ip,and Sv in Titanium 

 

6.1 Outcome of Current 
 

The variation of heatflux at the end of-spark with three different current 

(Ip) is plotted in Figure 6 and Figure 7 for SAILMA350 and Titanium 

material respectively. From these graphs, it is observe that with the-increase  
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in current(Ip) the heat flux,goes to decrease the rate of decrease of heat flux 

in Titanium material is higher than that in the SAILMA350. The decrease of 

heat flux is due to increase of temperature destitution. This increase in 

temperature destitution is occurring due to magnitude of the heat-energy 

shifted to the work-piece increases with increase in Ip[5][6].  
 

6.2 Outcome of Pulse Duration 
 

The Figure 6 and Figure 7 shows the outcome of pulse-onand pulse-

offon heat fluxduring the machining of SAILMA350 and Titanium materials 

respectively. The graphs show that the heat flux decreases with the increase 

of the pulse-onand decreases with the increase of the pulse-offThese graphs 

also show that in SAILMA350 the effect of the pulse-on and pulse-offis 

greater than that in the content of titanium [5-6][23]. It should be noted that if 

pulse-onis exceeded, the spark radius R will also be higher and the heat will 

be spread to a larger region as the plasma channel becomes wider with pulse-

onrise[5][6], the distribution of heat flux will become less steep, which may 

not generate the higher temperature peak, but will extract more material[23]. 

 

6.3 Outcome of Servo Voltage 
 

    In the Figure 6 and 7, it is found that heat flux is reduce along with 

increase in servo voltage in both materials by same amount. The decrease of 

heat flux is due to increase of temperature destitution. This increase in 

temperature destitution is occurring due to losses of the heat energy moved to 

the workpiece increases with increase in servo voltage. 
 

6 Conclusion and Future Scope 

 
The thermal analysis is carried out by creating symmetric model of EDM 

process in Pro engineering Creo 3.0.  In thermal analysis the steady state 

temperature analysis of the experiments results are done. And it shows the 

minimum heat fluxes are 37.42 W/m
2
 and 32.21 W/m

2
 while the maximum 

heat flux is 2045.40 W/m
2
 and 2084.48 W/m

2
 for SAILMA350 and titanium 

materials respectively. The minimum heat flux is meeting at maximum 

values of pulse on, peak current and servo voltage and minimum value of 

pulse off time. This minimum heat flux is very essential condition for 

improvement of surface quality by localization of heating zone.     

The researcher would work on the WEDM process by changing different 

materials like as die material and composite materials. Also perform the 

same experiment by considering different parameters such as wire tension, 

wire material, dielectricfluid. The effects of machining parameters on 

residual stresses due to thermal stress would be investigated by considering 

the same values of the same parameters. 
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