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Abstract— The significance of machining parameter 

optimization is increasing day by day in the current 

manufacturing scenario. Many large industries have 

attempted to introduce the highly automated and computer-

controlled machines as their strategy to adapt to the ever-

changing competitive market requirement. Due to high 

capital and machining costs, there is an economic need to 

operate these machines as efficiently as possible in order to 

obtain the required pay back. This research looks to fill gaps 

in current residual stress modeling techniques. In particular, 

the research will focus on predicting residual stresses in 

milling and drilling process. Mild steel ASTM A36 is the 

material used here. An investigation on influence of 

machining parameters such as feed (S) and diameter of drill 

bit (d) for drilling. These parameters have large influence on 

the cutting force, and the response parameter is the residual 

stress. Experiments were conducted. Effects of input 

parameters on output responses were studied. The simulation 

is carried out with ANSYS workbench. And finally optimal 

parameter combination in drilling is obtained.         
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I. INTRODUCTION 

Residual stresses play an important role in the performance 

of machined components. Component characteristics that are 

influenced by residual stress include fatigue life, corrosion 

resistance, and part distortion. The functional behavior of 

machined components can be enhanced or impaired by 

residual stresses. Because of this, understanding the residual 

stress imparted by machining is an important aspect of 

understanding machining and overall part quality. 

The sources of residual stress are widely varied and 

include plastic deformation of a material or volume changes 

of a material due to thermal gradients. In the case of plastic 

deformation, the residual stress is due to the permanent 

displacement of the crystal structure. The residual stresses 

caused by thermal gradients are typically a result of a change 

in volume of the material. 

In machining, all of the previously described sources 

of residual stress are present. Plastic deformation occurs 

during chip formation and contact between the tool and the 

machined part. Thermal gradients are produced by plastic 

deformation as well as frictional heating. If temperature and 

pressure are high enough, phase transformations on the newly 

generated surface may occur. Additionally, the effect of stress 

and temperature on the material behavior during loading may 

influence residual stresses. As a result, modeling the residual 

stress formation on a machined surface is a challenging task.  

This research looks to fill gaps in current residual stress 

modeling techniques. In particular, the research will focus on 

predicting residual stresses in drilling. Mild steel ASTM A36 

is the material used here. An investigation on influence of 

machining parameters such as feed (S) and diameter of drill 

bit (d) for drilling. These parameters have large influence on 

the cutting force, and the response parameter the residual 

stress. The modeling techniques can be applied to a range of 

machining operations including orthogonal cutting, 

broaching, drilling, milling, and turning. 

Different approaches to the determination of 

residual stresses can be summarized as experimental 

measurements, finite element calculations and analytical 

models. Although it serves as the ultimate validation tool for 

numerical or analytical simulations, experimental approach is 

too costly to be utilized in every scenario. On the other hand, 

finite element modelling serves as a good simulation tool; 

however, it is too time-consuming even with state of the art 

computational resources. And finally, analytical modelling 

provides a fast alternative.  

II. LITERATURE REVIEW 

Most of the early efforts at determining the effect of 

machining on residual stress were experimental in nature. 

One of the pioneering efforts at assessing the residual stress 

due to machining was undertaken by Henriksen [2]. The 

publication presented fundamental experimentation and 

analysis that is still widely referenced today. Henriksen 

experimented on low-carbon steel orthogonally machined. 

The work concluded that mechanical and thermal effects 

played a role in the residual stress development, but 

mechanical influence dominated. 

Liu and Barash tried to determine the effect of 

machining parameters on the residual stress in a machined 

surface [3]. They found that for orthogonal cutting, four 

variables uniquely determined the pattern of residual stress 

on a machined surface. The variables included the length of 

the shear plane, tool flank wear, shape of the cutting edge, 

and the depth of cut. The shape of the cutting edge determined 

the residual stress pattern near the machined surface. 

Additionally, the research found that tool flank wear 

increased cutting temperature. . Xie and Bayoumi [4] also 

investigated the effect of tool wear on residual stress in 

machining. They found similar results and concluded that tool 

wear impacted residual stress. 

More recently, Jang used turning experiments on 

AISI 304 stainless steel to determine the effect of machining 

parameters [5]. Residual stresses were measured using X-ray 

diffraction. The work showed that the tool sharpness has a 

strong influence on the surface residual stress. Additionally, 

they showed that the principal stresses at the surface were 

close to the hoop and axial directions of the work piece. 

Tsuchida et al [8] experimented on the effect of 

cutting conditions on the residual stress distribution. They 

performed tests in which speeds, feeds, and depths of cut 

were varied. They concluded that a decrease in the cutting 

speed decreases the tensile residual stress near the surface, 

and increases the depth of the residually stressed layer. 

Mishra [17] developed an analytical model based on 

FEM to determine residual stresses due to a moving heat 
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source. The model predicted the residual stresses of thermal 

and mechanical origin in a grinding process. The author 

discussed the effect of the magnitude of mechanical force, the 

rate of heat input, and the speed of movement of the work 

piece on the residual stresses. 

Lin [18] used a finite element method to determine 

the strain field in the work piece. Using the strain field, the 

concept of particle flow was employed to determine the stress 

history of the strain history of the material. The modeling 

procedure introduced by Merwin and Johnson [12] was used 

to predict the residual stresses produced by machining. Lin 

incorporated both thermal and mechanical loads in the model. 

Trends from the model were compared with experimental 

data. Model boundary conditions such as shear angle were 

assumed to be known a priori. Another work by Lin and Lee 

[30] used the same modeling methodology but included the 

effect of flank wear. 

III. EXPERIMENTAL PROCEDURE 

Experiment to find residual stress in drilling is done in order 

to validate the model. The residual stress is found out using 

crack compliance method. 

General procedure to obtain residual stress by the CC-method 

1) The machined work-piece is clamped on to the wire cut 

EDM machine. 

2) Cutting a slit at constant rate ‘a’ is done, at the same time 

strain is measured by a strain gauge which placed on the 

work-piece. 

3) Cutting length ‘a’ and the strain values are noted. 

These values are substituted in the equations and residual 

stress is obtained [21]. And the equations are 

 KIrs(a) =σ√πaFt                  (1) 

Where 

𝜎 is the stress acting on the work piece while slitting𝐾𝐼𝑟𝑠(

a) is the stress intensity factor due to residual stress, 𝑎 is the 

length of the cut, 𝐹𝑡 is the geometric function and is obtained 

from the chart.[ ] 

KIrs(a)  = ∫ h(x, a)σrs dx
a

0
   (2) 

Where h(x,a) denotes the so-called weight function, 

which is universal for a given crack geometry and available 

for many systems, Kirs (a) is the stress intensity factor,σrs is 

the residual stress and by substituting all these in these 

equations, we can calculate the residual stress. 

For drilling we use drill bit of 8mm diameter. The 

work piece of size 10cm × 5cm × 3cm is through holed at a 

speed of 500 rpm with a feed of 0.2 mm/rev. During the 

drilling operation work-piece undergoes plastic deformation 

and the stress induced in it after removing the load is the 

residual stress. 

After drilling, the work piece is placed into a wire 

cut EDM machine. Cutting a slit at constant rate is done, at 

the same time strain is measured by a strain gauge which 

placed on the work-piece. Cutting length ‘a’ and the strain 

values are noted. After that the values are substituted in the 

equations and residual stress is obtained. The work piece is 

cut up to 4.9cm and the resultant strain values are measured.. 

Now these values are substituted into the equations of crack 

compliance method. And finally residual stress is obtained. A 

graph is plot between residual stress and cut length which 

depends on the width of the workpiece. The highest value 

from the graph is taken. 

Fig. 1: Graph between residual stress and cutting length. 

We select the maximum value of residual stress 

from graph 

and the residual stress obtained is 3.31 Mpa. 

From the analysis it is found that, for the feed of 0.2 

mm/rev and tool diameter of 8mm, the residual stress 

obtained is 3.8716 MPa. The experimental result is 

approximately equal to the analytical result. So our model is 

validated. 

IV. ANALYSIS AND OPTIMIZATION 

For the analysis drilling, cutting force is taken as the input. 

For that, there are some equations to find the cutting forces 

[20]. 

A. Cutting Forces in Drilling 

The main cutting force Fv acting on each lip can be calculated 

from 

Fv = ksAc     (3) 

Where ks is the specific cutting energy (N/mm2), Ac 

is the chip cross-sectional area (mm2) 

And the moment or torque M, 

M = Mv = Fv
d

2
     (4) 

Where Fv is the cutting force (N), d is the diameter 

of the drill bit (mm). 

For each combination of parameter, we have to find 

the cutting force and moment. 

The model predictions will then be validated with 

experimental data do determine the effectiveness of the 

modelling technique. For this we use software called 

ANSYS. 

V. RESULTS & DISCUSSIONS 

Here the effect of input parameters on the output response, 

and optimal parameter combination based on analysis using 

ANSYS in drilling is obtained. 

The main result obtained from the ANSYS analysis 

for different parameters such as feed and diameter of the drill 

bit is given in the table below and the optimum combination 

is the combination which having the minimum residual stress. 

Here the feed of 0.2 mm/rev, 0.4 mm/rev, 0.6mm/rev are 

taken and tool diameter of size 8mm, 10mm, 12mm is taken. 
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The residual stress is the stress acting on the work piece after 

the load is removed is shown below. 

Sl 

No 

Tool diameter 

(mm) 

Feed 

(mm/rev) 

Residual Stress 

(Mpa) 

1 

8 

0.2 3.8716 

2 0.4 7.7432 

3 0.6 11.615 

4 

10 

0.2 4.8667 

5 0.4 6.3567 

6 0.6 14.2667 

7 

12 

0.2 7.1067 

8 0.4 16.9667 

9 0.6 12.8467 

Table 2: Analysis result of drilling. 

 
Fig. 6: Total deformation of the workpiece. 

 
Fig. 7: Residual stress acting on the workpiece. 

The residual stress obtained for the optimum 

parameter combination of the feed of 0.2 mm/rev and tool 

diameter of 8mm is 3.8716 MPa. 

VI. CONCLUSION 

The significance of machining parameter optimization is 

increasing day by day in the current manufacturing scenario. 

Many large industries have attempted to introduce the highly 

automated and computer-controlled machines as their 

strategy to adapt to the ever-changing competitive market 

requirement. Due to high capital and machining costs, there 

is an economic need to operate these machines as efficiently 

as possible in order to obtain the required pay back. 

In this present work, residual stresses occurring due 

to thermo-mechanical effect of machining processes are 

investigated. The parameter drilling operation is optimized. 

Literature reviews on optimization were done. The machining 

parameters selected were feed (S) and diameter of drill bit (d) 

for drilling. These parameters have large influence on the 

cutting force. These are the input parameters and the response 

parameter is the residual stress. Experiments were conducted 

to find the residual stress for milling and drilling. ANSYS 

software was used for analysis the result and these responses 

were validated experimentally. From the analysis result we 

have found the optimal combination of parameters for 

drilling, which generates lowest residual stress. For drilling, 

the residual stress obtained for the optimum parameter 

combination of the feed of 0.2 mm/rev and tool diameter of 

8mm is 3.8716 MPa. 

As for future works, we can change the specimen 

material, can consider the temperature during the machining 

process, can change the parameters, can change the 

machining operation. 
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