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Abstract - M42 super high speed steel is a finest cobalt high speed steel with a chemical composition intended for high 
hardness and better hot hardness. These properties make the steel an outstanding option for machining high-strength and pre-
hardened steels, high-hardened alloys, and the difficult-to-machine, nonferrous super alloys used in the aerospace, oil, and 
power generation industries. Its applications are twist drills, milling cutters, taps, reamers, broaches, saws, knives, and thread 
rolling dies, but the inherent problem of machining these high speed steels with conventional machining processes 
necessitate the use of alternative machining processes. The wire electrical discharge machining(WEDM) processes has been 
found to be a good alternative of conventional machining processes, but there is lack of data and suitable models for 

predicting the performance of WEDM processes particularly for the M42 HSS. In the present work, the effect of shallow 
cryogenated brass wire on the M42 HSS is compared with the results of untreated wire on M42. The empirical modeling of 
process parameters of the WEDM has been carried out for the M42 HSS using a well known experimental design approach 
called response surface methodology(RSM). The parameters such as pulse-on, pulse-off, spark gap voltage and wire feed 
have been selected as input variables keeping others constant. The performance has been measured in terms of surface 
roughness. There is decrease in surface roughness value when we treat the M42 with cryogenated treated wire than the 
untreated wire. The optimized values before and after the cryogenated treatment achieved through multi-response 
optimization are 1.79 µm and 1.39 µm. 
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I. INTRODUCTION 

 

With the development in the technology, the 

scientists and technologists in the field of 

manufacturing are facing more and more challenges 

[1]. M-types are most widely used for rotary tooling, 

especially drills, end-mills and taps. M-42 has the 

greatest hot strength. Wire electric discharge 
machining (WEDM) is a non-conventional, 

thermoelectric process that can be used to cut 

complex and intricate shapes in all electrically 

conductive materials used in automobile ,tool and die, 

aerospace, dental, nuclear, computer and electronic 

industry with better precision and accuracy[2,3]. 

Cryogenic processing is the method of cooling a 

material to temperatures far below room temperature. 

Cryogenic treatments are of two types shallow and 

deep cryogenic treatment. In the shallow cryogenic 

treatment is performed at around -110ᵒC for 4-8 

hours, where as in deep cryogenic treatment carried 
out at -180ᵒC to -196ᵒC for 18-24 hours. The cryo-

processing of cold worked tool steel improves wear 

resistance, toughness and increases life of tools. In 

this paper the M42 HSS is treated with untreated and 

shallow cryogenated treated brass wire in WEDM 

and comparison between both has been shown in the 

paper.  

 

II. LITERATURE REVIEW 

The detailed literature review over WEDM is 

presented in this section.Sarkar et al. 
2008[4]investigated modeling and optimization of 

wire electrical discharge machining(WEDM) of γ-

TiAl in the trim cutting operation.D.K. Aspinwall et 

al.[5]investigated work piece surface roughness and 

integrity after performing WEDM of Ti–6Al–4V and 

Inconel 718 using smallest amount damage generator 

technology. Results include productivity, 3D 

topographic maps of work piece surface, micro 

structural and micro hardness depth profile data. 
Aniza Alias et al.[6]investigated the control of feed 

rate on the performance of WEDM on Titanium Ti-

Al-4V. Brass wire was engaged as the electrode in 

this study. The results on kerf width, material 

removal rate and surface roughness are retrieved. 

Low machine feed rate gives bigger crater compared 

to high feed rate and vice versa.Vikas et 

al.[7]presents an idea about the effect of the different 

input process parameters like the Pulse ON time, 

Pulse OFF time, Voltage and Discharge Current over 

the Surface Roughness for an EN41 material. 

Manjaiah M et al. [8]done investigations of effect of 
process parameters on the responses such as material 

removal rate and surface roughness of Ti50Ni40Cu10 

SMA machined by WEDM using the Taguchi 

techniques to acquire optimum machining process 

parameters.Pujari Srinivasa Rao et al.[9]studied the 

effect of wire EDM parameters on aluminium alloys 

as the application of aluminium alloy is rising in 

various industries. In this present investigation, the 

parametric examination of wire EDM parameters was 

performed by using Taguchi techniques on surface 

roughness(SR) and material removal 
rate(MRR).Brass wires are the amalgamation of 
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copper and zinc, alloyed in the assortment of 63-65% 

copper and 35-37% zinc Schacht[10]. Prohaszka et 
al.[11] have investigated that machining speed 

increase with presence of zinc in the EDM wire 

electrode owing to steady discharge during 

machining. The zinc in the brass wire in fact boils off, 

or vaporizes, which helps cool the wire and delivers 

more utilizable energy to the work zone.Briffod[12] 

investigated that diffusion-annealed beta phase brass 

consist of zinc content in the range 45%-50% and has 

high melting point, thereby providing outstanding 

firmness. Tominaga et al.[13] in their research 

disclosed coated wires having a copper clad steel core 

and a layer of beta brass that provides superior 
conductivity and superior machining accuracy. The 

brief literature of the effect of cryogenic treatment is 

given over here.Tarr and Rhee[14] observed that 

when the alloy is subjected to the liquid nitrogen 

temperature, the thermal conductivity is enhanced by 

3-4% without affecting the hardness from re- 

aging.Gillin[15] in his prior art disclosed the effect of 

cryogenic treatment on electrical contacts.Mohan Lal 

et al.[16] observed that cryogenic treatment is not just 

surface treatment, but it affects the entire cross-

section of the materials.Kamody[17] describes the 
effect of cryogenic treatment to minimize the 

instability effects of workpieces, which results in the 

regulation and compensation of wire burning action. 

Reitz and Pandary[18] reported noticeable effect of 

cryogenically treated steels and other materials, like 

copper alloy, aluminum alloys, titanium, cemented 

carbides, ceramics and some polymers. The improved 

behavior in service performance is due to stress 

relieving in microstructure and homogeneous 

lattices.Kumar et al.[19] investigated the effect of 

various process parameters  on WEDM of titanium 

alloys. Bensely et al.[20] acknowledged the 
improvement of wear resistance of steel with deep 

and shallow cryogenic treatment as compared to 

conventional heat treatment. Kumar et al [21] studied 
the surface integrity on WEDM of titanium alloys. 

The cryogenic treatment has been found to increase 

the tool life of high speed steels from 65% to 343% 

depending on the cutting conditions used in the 

process. The present work is largely focused on the 

comparison of machining using untreated and 

cryogenated treated brass wire on M42 HSS in terms 

of cutting speed as performance parameter. Multi-

optimization techniques are used for the appropriate 

models. 

 

3. Experimental details 
A series of experimental trials have been conducted 

as per response surface methodology (RSM). The 

details about the work material, experimental set-up 

and measuring apparatus, selection of process 

parameters and their range, design of experiments 

have been explained in following sections.In the 

present study commercially available M42 HSS is 

chosen as a work piece material. In all the 

experimental trials the length of the work material is 

100mm, breadth is 80 mm and thickness is 12.5 mm. 

In the present research work, all the experiments have 
been carried out on a WEDM machine (Electronica 

Ecocut). The experiments are aimed at studying the 

effects of several controllable parameters on cutting 

speed in both untreated and cryogenated treated 

cases. Brass wire of diameter 0.25 mm is used as wire 

electrode. Deionized water is used as dielectric 

medium in the machining process. The cutting speed 

is digitally displayed on the control panel of the 

machine in mm/min. In the present research work, the 

effect of various process parameters such as pulse-

on(Ton), pulse-off(Toff), spark gap voltage (SV) and 

wire feed rate (WF) on the surface roughness has 
been investigated.  

 
Table 1 Design matrix and output response (surface roughness)  for untreated brass wire 

 Factor 1 Factor 2 Factor 3 Factor 4 Response  

Run A:Pulse on 

time(mu) 

B:Pulse off 

time(mu) 

C:Spark gap 

voltage(V) 

D:Wire 

Feed(m/min) 

Surface  

Roughness 

(µm) 

1 120 45 50 5 2.36 

2 115 45 60 5 1.46 

3 115 55 50 7 1.27 

4 115 50 40 7 1.55 

5 115 50 50 5 1.23 

6 115 50 60 3 1.45 

7 115 50 50 5 1.24 

8 120 50 60 5 1.47 

9 120 50 50 3 1.68 

10 115 55 60 5 1.37 

11 120 50 40 5 2.97 

12 110 50 50 7 1.45 
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13 120 50 50 7 1.47 

14 120 55 50 5 1.62 

15 110 50 50 3 1.28 

16 115 50 50 5 1.45 

17 110 50 60 5 1.75 

18 115 50 40 3 1.32 

19 110 55 50 5 1.49 

20 115 55 50 3 1.15 

21 115 50 50 5 1.46 

22 115 45 50 3 1.31 

23 115 50 60 7 1.53 

24 115 45 40 5 1.85 

25 110 45 50 5 1.26 

26 110 50 40 5 1.39 

27 115 50 50 5 1.43 

28 115 55 40 5 1.23 

29 115 45 50 7 1.19 

 
Table 2 Design matrix and output response (surface roughness) for cryogenated treated brass wire 

 Factor 1 Factor 2 Factor 3 Factor 4 Response  

Ru

n 

A:Pulse on 

time(mu) 

B:Pulse off 

time(mu) 

C:Spark gap 

voltage(V) 

D:Wire 

Feed(m/min) 

Surface Roughness 

(µm) 

1 120 45 50 5 1.75 

2 115 45 60 5 1.32 

3 115 55 50 7 1.1 

4 115 50 40 7 1.35 

5 115 50 50 5 1.22 

6 115 50 60 3 1.22 

7 115 50 50 5 1.23 

8 120 50 60 5 1.48 

9 120 50 50 3 1.6 

10 115 55 60 5 1.26 

11 120 50 40 5 2.18 

12 110 50 50 7 1.18 

13 120 50 50 7 1.45 

14 120 55 50 5 1.34 

15 110 50 50 3 1.19 

16 115 50 50 5 1.36 

17 110 50 60 5 1.76 

18 115 50 40 3 1.31 

19 110 55 50 5 1.29 

20 115 55 50 3 1.12 

21 115 50 50 5 1.45 

22 115 45 50 3 1.31 

23 115 50 60 7 1.24 

24 115 45 40 5 1.5 

25 110 45 50 5 1.13 
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26 110 50 40 5 1.29 

27 115 50 50 5 1.34 

28 115 55 40 5 1.24 

29 115 45 50 7 1.26 

 

IV. RESULTS AND DISCUSSION 

 

4.1Analysis of variance for surface roughness  

using untreated wire 

The experimental results for surface roughness have 

been analyzed using Design-Expert software. Three 

different tests sequential model sum of squares, lack 

of fit test and model summary statistics have been 

performed for checking the adequacy of the model. 

The fit summary of these tests recommends the 

adequacy of the quadratic model. There are many 

insignificant terms revealed by using ANOVA of the 

quadratic model. Therefore, model reduction by using 

the backward elimination process has been done to 
improve the model. It eliminates the insignificant 

terms from the model in order to adjust the fitted 

quadratic model while maintaining the hierarchy of 

the model. Table 3 gives the result of pooled 

ANOVA for surface roughness after backward 
elimination.It indicates that F-value of the model is 

12.34 and coresponding p-value is less than 0.0001. 

Thus, quadratic model is significant at 95% 

confidence level. The p-value of lack of fit is greater 

than 0.05. Thus, lack of fit is insignificant. Further, 

lack of fit value of 0.146implies that it is not 

significant relative to pure error. Moreover, R2 value 

is 0.804. This confirms that accuracy and general 

ability of polynomial model is good. Further, 

predicted R2 of 0.5121 is in reasonable agreement 

with adjusted R
2
 of 0.739 and it indicates a high 

correlation between observed values and predicted 
values. 

 

Table 3ANOVA for response surface of reduced quadratic model of surface roughness 

Source Sum of 

Squares 

DF Mean 

Square 

F   

Value 

Prob> F Remarks % Contribution 

Model 3.09 7 0.44 12.34 < 0.0001 Significant - 

A 0.73 1 0.73 20.28 0.0002 Significant 19.01 

B 0.14 1 0.14 3.94 0.0604 Significant 3.64 

C 0.14 1 0.14 3.82 0.0641 Significant 3.64 

A² 0.76 1 0.76 21.24 0.0002 Significant 19.79 

C² 0.35 1 0.35 9.81 0.005 Significant 9.11 

AB 0.24 1 0.24 6.58 0.018 Significant 6.25 

AC 0.86 1 0.86 24.19 < 0.0001 Significant 22.39 

 

4.2Analysis of variance for surface roughness by using cryogenated wire 

Table 4 shows analysis of variance (ANOVA) for the quadratic model at 95% confidence level which is 

obtained by eliminating non significant terms by backward elimination. It demonstrates that F-value of the 

model is 20.55 and coresponding p-value is under 0.0001. Thus, quadratic model is significant at 95% 

confidence level. The p-value of lack of fit is greater than 0.05. Thus, lack of fit is insignificant. Moreover, lack 

of fit value of 0.7750 suggests that it is not significant in respect to pure error. Further, predicted R2 of 0.77is in 
reasonable agreement with adjusted R2 of 0.87 and it demonstrates a high correlation among observed values 

and predicted values. 
 

Table 4ANOVA for response surface of reduced quadratic model of surface roughness

Source Sum of 

Squares 

DF Mean 

Square 

F Value Prob> F Remarks % Contribution 

Model 1.34 10 0.13 20.55 < 0.0001 Significant - 

A 0.32 1 0.32 49.21 < 0.0001 Significant 22.06 

B 0.071 1 0.071 10.84 0.004 Significant 4.89 

C 0.029 1 0.029 4.46 0.049 Significant 2 

D 0.00241 1 0.00241 0.37 0.5505 Not 

significant 

0.16 
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A² 0.2 1 0.2 30.68 < 0.0001 Significant 13.79 

B² 0.039 1 0.039 5.92 0.0256 Significant 2.68 

C² 0.085 1 0.085 13 0.002 Significant 5.86 

D² 0.083 1 0.083 12.81 0.0021 Significant 5.72 

AB 0.081 1 0.081 12.49 0.0024 Significant 5.58 

AC 0.34 1 0.34 52.61 < 0.0001 Significant 23.44 

4.3 Effect of process parameters on surface 

roughnessin case of  an  untreated wire 
The surface roughness is mostly influenced by the 

amount of discharge energy which increases with 

increase in pulse on time. A large discharging energy 

will bring out violent sparks resulting in a deeper 

erosion crater on the surface. Going with the cooling 

process after the spilling of liquid metal, residues stay 

at the fringe of the crater to shape a rough surface. In 

the alternate words, double sparking or re-sparking 

can bring about poor surface finish since only the 

early phase sparks contributed to the material 

removal, while the following sparks were poorly 

distributed along the surface, debris and removed 
particles. 

 

4.4 Influence of process parameters on surface 

roughness in case of cryogenic treatment 

The ANOVA test summarizes the effects of process 

variables and the interactions for second order 

quadratic model for surface roughness. With in the 

increase in pulse on time from 110 to 120 mu, there is 

increase in surface roughness from 1.33 to 1.65 µm. 

As the  pulse off time is increase from 45 to 55 mu, 

there is decrease in surface roughness from 1.32 to 
1.16 µm . With the increase in spark gap voltage from 

40 to 60 V, there is decrease in surface roughness 

from 1.48 to 1.38 µm. The main parameters affecting 

the surface roughness are pulse on and pulse off time. 

The impact of pulse on and pulse off parameters is 

more than other parameters. 

 

CONCLUSIONS 

 

1. In case of experiment using cryogenic treated 

brass wire, less value of surface roughness is 

obtained than the untreated wire. It may be due 
to that with the cryogenic treatment,  properties 

of the wire electrode improved. It may result in 

less surface roughness  at the same setting of 

process parameters as in case of untreated wire. 

2. Pulse on time was found to be the most 

influencing parameter in both cases. The 

contribution of pulse on time is more than any 

other parameter. The contribution of pulse on 

time in non cryogenated experiment is 19.01% 

and in case of cryogenated experiments is 

22.06%. 
3. Pulse off time is the second most influencing 

parameter affecting surface roughness in both 

cases. It is followed by  spark gap voltage and 

wire feed. 
4. The optimized values of surface e roughness 

before and after thecryogenated treatment 

obtained using multi-response optimization are 

1.78 µm and 1.39 µm. 

5. Wire feed rate was found to be least significant 

factorin both the cases that is non cryogenated 

and cryogenated treatment of wire electrode. 
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