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Dynamic Structural Analysis of Great Five-Axis Turning-
Milling Complex CNC Machine 

By C.C. Hong, Cheng-Long Chang & Chien-Yu Lin 
 Hsiuping University of Science and Technology 

Abstract- The computer aided engineering (CAE) with commercial software is used to analyze the 
free vibration frequencies, linear dynamic stress and deformation for secondary shaft system, 
primary shaft system and machinery bed in great five-axis turning-milling complex computer 
numerical control (CNC) machine. It is reasonable to use CAE software in the CNC intelligent 
manufacturing processes for time saving, component quantity upgrading and engineer training. 
It is desirable to select the maximum displacement and natural frequencies values as the basic 
data to design the CNC machine in safety condition for avoiding resonance. It is also valuable to 
design and choose the good region of rotational speed for the motors in the CNC system to 
provide a smoothly operation by using not in the same values of natural frequencies. The natural 
frequencies, linear dynamic stresses and displacements of total CNC machinery are obtained by 
using the commercial computer software SOLIDWORKS® 2014 simulation module. 

Keywords: CAE, frequencies, dynamic, stress, deformation, CNC. 

GJRE-A Classification: FOR Code: 091399 

 

DynamicStructuralAnalysisofGreatFiveAxisTurningMillingComplexCNCMachine 
 
 
 
 

                                                      Strictly as per the compliance and regulations of: 
 

 
 
 
 

 

 
 
 



 
      

Dynamic Structural Analysis of Great Five-Axis
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Abstract- The computer aided engineering (CAE) with 
commercial software is used to analyze the free vibration 
frequencies, linear dynamic stress and deformation for 
secondary shaft system, primary shaft system and machinery 
bed in great five-axis turning-milling complex computer 
numerical control (CNC) machine.  It is reasonable to use CAE 
software in the CNC intelligent manufacturing processes for 
time saving, component quantity upgrading and engineer 
training. It is desirable to select the maximum displacement 
and natural frequencies values as the basic data to design the 
CNC machine in safety condition for avoiding resonance. It is 
also valuable to design and choose the good region of 
rotational speed for the motors in the CNC system to provide a 
smoothly operation by using not in the same values of natural 
frequencies. The natural frequencies, linear dynamic stresses 
and displacements of total CNC machinery are obtained by 
using the commercial computer software SOLIDWORKS® 
2014 simulation module. 
Keywords: CAE, frequencies, dynamic, stress, 
deformation, CNC. 

I. Introduction 

t is desirable to reduce the development time for the 
machinery parts by using structural analysis program 
in computer aided engineering (CAE) and by 

preparing three dimensional (3D) diagram in computer 
aided design (CAD). In 2016, Wang et al. [1] used a 
CAD/CAE integrated reanalysis design system to 
shorten the design cycle for vehicular development. In 
2015, Chen et al. [2] presented the intelligent 
manufacturing processes in a computer numerical 
control (CNC) system by using a cyber-physical system 
(CPS) models. In 2014, Mourtzis et al. [3] presented the 
CAE simulation in the computer aided technologies 
(CAx) is essential for digital manufacturing. In 2009, Lee 
and Han [4] predicted automotive fatigue by using the 
finite element (FE) model of CAE structural analysis. In 
2006, Zhang and Han [5] reduced the development time 
for dynamic and acoustic of CAE analyses in engine 
designs. In 2003, Zhang et al. [6] used the CAE 
programs written with FORTRAN and C languages to 
investigate the dynamic behaviors of a CNC machining 
tool. In 1990, Doyle and Case [7] presented the CAE 
commercial software in the manufacturing engineering 
for the students education. There are  some  commercial 
 
Author
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CAE simulation software: e.g. CATIA®, ANSYS®, 
SOLIDWORKS®, Creo®, Inventor®, FreeCAD, NX™ 
Nastran®, Abaqus®, HyperSizer®, midas® etc.. In 
2014, Vivekananda et al. [8] used ANSYS® to compute 
the natural frequency of vibration for ultrasonic assisted 
turning (UAT) in machining process. In 2013, Euan et al. 
[9] used the Matlab® to simulate dynamic cutting forces 
for ceramic milling tools. 

For the great five-axis turning-milling complex 
CNC machine stiffness design, analysis and 
construction, in 2016, Hong et al. [10] used the 
SOLIDWORKS® CAE software to obtain the linearly 
static stresses and displacements for the secondary 
shaft system, primary shaft system and machinery bed. 
It is interesting to analyze the dynamic structural 
stiffness design of great five-axis turning-milling complex 
CNC machine by using commercial CAE software. In 
this paper, the natural frequencies, linearly dynamic 
stresses and displacements of secondary shaft system, 
primary shaft system and machinery bed of CNC 
machines are obtained by using the SOLIDWORKS® 
simulation module. The maximum values of linear 
dynamic stress and displacement are also provided to 
give a reference and prediction in the future construction 
of complex CNC machine.  

II. Method OF Simulations 

In the linear dynamic structural analysis with 
considering inertial force, damping force and impact 
force, without considering the nonlinear state of the 
contact surface. A general matrix equation of 
mathematical model is used in the SOLIDWORKS® 
simulation module computer program to solve for 
vibration frequency, stress and displacement results as 
follows, 

          {f(t)}[K]{u(t)}(t)}u[C]{(t)}u[M]{ =++  ,   (1) 

where [M]  is material mass matrix, [C]  is damping 

matrix, [K]  is material stiffness matrix, (t)}u{   is 

acceleration vector varied with time t , (t)}u{  is velocity 

vector varied with t , {u(t)}  is displacement vector 

varied with t , {f(t)}  is external load vector also varied 
with t . 

To use the commercial CAE software and run 
the linear dynamic results for complex CNC machine, 
firstly it is necessary to prepare the assembling 3D parts 

I 
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of great five-axis turning-milling complex CNC machine 
as shown in Fig. 1 and presented by Hong et al. [10]. 
The dimensions of main parts are provided respectively, 
for machinery bed is 8470mm x 1463mm x 783mm, for 
primary shaft system is 1190.5mm x 940mm x 860mm, 
for secondary shaft system is 1397m x 845mm x 
1426mm, for work piece is cylindrical column with 
diameter mm and length 5000mm. There are three 
positions (0mm, 4000mm and 6900mm) of secondary 
shaft system can be moved from 0mm to 6900mm, 
used to computed and analyzed for the CNC machine. 
Secondly, it is necessary to define the individual material 
of assembling 3D parts for great five-axis turning-milling 
complex CNC machine. The materials of main parts are 
given, for machinery bed, shaft systems and work piece 
are cast iron. The yield stress of cast iron material is 
275MPa. To prevent failure in the CNC machine, the 

linear dynamic value of working stress in each material 
of components should smaller than its yield stress value. 
There are five types of clamp supported (4, 8, 14, 20 
and 36 positions) boundary conditions of machinery bed 
are used to computed and analyzed for the CNC 
machine linear dynamic studies. The supported 
positions at one side are matched to another side, e.g. 
the total 36 positions with 18 positions at each side of 
machinery bed. To find the more suitable number 
meshes used in the computation and analyses for the 
CNC machine dynamic results, it is necessary to make 
convergence study of meshes. There are 200.00mm, 
160.00mm, 155.00mm, 150.00mm and 145.00mm of 
maximum size lengths of five type meshes used to find 
the natural frequency converged values of total 
machinery bed. 
 

Figure 1: Assembling 3D parts of great five-axis turning-milling complex CNC machine 

III. Results and Discussions 

a) Convergence results  
Convergence results of free vibration 

frequencies values of 1st mode in total 36 positions 
clamp supported machinery bed with secondary shaft 
system at 0mm location in CNC machine are listed in 
the Table 1. There are 200.00mm, 160.00mm, 
155.00mm, 150.00mm and 145.00mm for maximum size 
length to calculate and study the vibration frequencies 
for first 1 mode of total machinery. The error of vibration 
frequencies is 7.783e-05 for 150.00mm and 145.00mm 
maximum size lengths. The mesh grids of maximum 
size length 150.00mm can be considered in good 
dynamical convergence condition, natural frequency 

converges to 25.694Hz and used this grids to calculate 
the stresses and displacements for further dynamic 
computation with the SOLIDWORKS® 2014 simulation 
module.

  

b)
 

Dynamic results due to free vibration 
 

Dynamic 1st mode displacement results of total 
4, 8, 14, 20 and 36 positions clamp supported 
machinery bed (weight 13 tons) with secondary shaft 
system located at x axis: 0mm in CNC machine due to 
free vibration effect are shown in Figs.

 
2-6, the 

compared value of maximum displacement are shown 
in Table 2,

 
the maximum value of dynamic 1st mode 

displacement is 8.641mm for total 4 clamp position, free 
vibration frequencies values of first 5 modes are shown 

© 2017    Global Journals Inc.  (US)
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in Table 3, the frequencies values of all first 5 modes are 
increasing with total numbers of clamps (e.g. from 
16.238Hz to 25.694Hz for mode 1). When the secondary 
shaft system moved and located at x axis: 4000mm in 
CNC machine due to free vibration effect, dynamic first 5 
modes displacement results of total 36 clamp positions 
are shown in Figs. 7-11, the maximum value of dynamic 
5th mode displacement is 12.17mm. When the 
secondary shaft system moved and located at x axis: 
6900mm in CNC machine due to free vibration effect, 
dynamic first 5 modes displacement results of total 36 
clamp positions are shown in  , the maximum 
value of dynamic 5th mode displacement is 12.31mm. 
The compared values of first 5 modes maximum 
displacement and frequencies values due to free 
vibration effect for secondary shaft system located at x 
axis: 0mm, 4000mm and 6900mm of total 36 clamp 
positions are shown in Tables 4-5, respectively. The 
maximum displacement and frequencies values are 
selected as the basic data to design the CNC machine 
in safety condition for avoiding resonance, e.g. the 
rotational speed of motor used might not be in the low 
speed regions nearly 245.3596rpm for mode 1 of 36 
positions clamp (25.694Hz).  

c) Dynamic results under torque load  
It needs a lot of computer memory 118GB to 

run the results of linear dynamic simulation, it is 
necessary for hard disk to occupy 500GB memory and 
execute its program. For secondary shaft system 
locates at x axis: 0mm of total 36 clamp positions of 
CNC machine under torque load 10000Nm applied at 
rotational head of primary shaft system, the linear 
dynamic results of stress and displacement are shown 
in  . The dynamic maximum stress (4.7MPa) 
occurred at the bottom corner of primary shaft system 
and maximum displacement (0.01889mm) occurred at 
jaw corner of primary shaft system are found. For 
secondary shaft system locates at x axis: 0mm, 
4000mm and 6900mm of total 36 clamp positions of 
CNC machine under torque load 10000Nm applied at 
work piece, the linear dynamic results of stress and 
displacement are shown in  , respectively. 
The dynamic maximum stress (6.6MPa) and 
displacement (0.02168mm) occurred at jaw corner of 
primary shaft system are found when secondary shaft 
locates at x axis: 0mm, the dynamic maximum stress 
(6.7MPa) and displacement (0.02586mm) occurred at 
jaw corner of primary shaft system are found when 
secondary shaft locates at x axis: 4000mm, the dynamic 
maximum stress (6.8MPa) and displacement 
(0.02572mm) occurred at jaw corner of primary shaft 
system are found when secondary shaft locates at x 
axis: 6900mm. 

 

Figure 2: Dynamic 1st mode displacement for total 4 
clamp positions for secondary shaft system at x axis: 

0mm 

Figure 3: Dynamic 1st mode displacement for total 8 
clamp positions for secondary shaft system at x axis: 

0mm 

 

Figure 4:
 
Dynamic 1st mode displacement for total 14 

clamp positions for secondary shaft system at x axis: 
0mm
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Figs.12-16

Figs.17-18

Figs.19-24



Figurer 5: Dynamic 1st mode displacement for total 20 
clamp positions for secondary shaft system at x axis: 

0mm 

Figure 6: Dynamic 1st mode displacement for total 36 
clamp positions for secondary shaft system at x axis: 

0mm

Figure 7: Dynamic 1st mode displacement for total 
36 clamp positions for secondary shaft system at x 

axis:  4000mm

Figure 8: Dynamic 2nd mode displacement for total 36 
clamp positions for secondary shaft system at x axis: 

4000mm 

Figure 9:
 
Dynamic 3rd mode displacement for total 36 

clamp positions for secondary shaft system at x axis: 
4000mm

 

Figure 10: Dynamic 4th mode displacement for total 36 
clamp positions for secondary shaft system at x axis: 

4000mm
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Figure 11: Dynamic 5th mode displacement for total 36 
clamp positions for secondary shaft system at x axis: 

4000mm 

 

Figure12: Dynamic 1st mode displacement for total 36 
clamp positions for secondary shaft system at x axis: 

6900mm 

 

Figure 13:
 
Dynamic 2nd mode displacement for total 36 

clamp positions for secondary shaft system at x axis: 
6900mm

 

 
Figure 14: Dynamic 3rd mode displacement for total 36 
clamp positions for secondary shaft system at x axis: 

6900mm 

 

Figure 15: Dynamic 4th mode displacement for total 36 
clamp positions for secondary shaft system at x axis: 

6900mm 

Figure 16:
 
Dynamic 5th mode displacement for total 36 

clamp positions for secondary shaft system at x axis: 
6900mm
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Figure 17: Stress for secondary shaft system at x axis: 
0mm under torque 10000Nm at head of primary shaft 

 

Figure18. Displacement for secondary shaft system at x 
axis: 0mm under torque 10000Nm at head of primary 

shaft 

 

Figure 19:
 
Stress for secondary shaft system at x axis: 

0mm under torque 10000Nm at work piece
 

 

 

Figure 20: Displacement for secondary shaft system at x 
axis: 0mm under torque 10000Nm at work piece 

 

Figure 21: Stress for secondary shaft system at x axis: 
4000mm under torque 10000Nm at work piece 

 

 

Figure 22: Displacement for secondary shaft system at x 
axis: 4000mm under torque 10000Nm at work piece 
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Figure 23: 
 
Stress for secondary shaft system at x axis: 

6900mm under torque 10000Nm at work piece
 

 

 

Figure 24:
 
Displacement for secondary shaft system at x 

axis: 6900mm under torque 10000Nm at work piece
 

 

IV. Conclusion 

In this paper, the free vibration frequencies 
values, linear dynamic stresses and displacements of 
secondary shaft system, primary shaft system and 
machinery bed of CNC machines are obtained by using 
the SOLIDWORKS® 2014 simulation module. The 
frequencies values, dynamic stress and displacement 
for five types of clamp supported boundary conditions 
and three positions of secondary shaft located in 
machinery bed under free vibration and torque loads are 
studied. It is desirable to select the maximum 
displacement and natural frequencies values as the 
basic data to design the CNC machine in safety 
condition for avoiding resonance. The maximum values 
of linear dynamic stress and displacement are also 
given and considered as the referred values for the 

judgments of yielding status and safety condition in the 
future construction of CNC machine. 
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Table 2:
 
Maximum displacements (mm) when secondary shaft at x axis: 0mm

 

Modes
 Boundary conditions

 

4 clamps
 

8 clamps
 

14 clamps
 

20 clamps
 

36 clamps
 

Mode 1
 

8.641mm
 

8.431mm
 

8.395mm
 

8.532mm
 

8.472mm
 

Mode 2
 

7.999mm
 

9.841mm
 

10.44mm
 

9.962mm
 

10.06mm
 

Mode 3
 

7.338mm
 

7.785mm
 

8.844mm
 

9.899mm
 

9.965mm
 

Mode 4
 

9.326mm
 

6.893mm
 

7.012mm
 

6.701mm
 

6.739mm
 

Mode 5
 

13.34mm
 

14.66mm
 

13.02mm
 

10.60mm
 

11.23mm
 

 

Table 3:
 
Free vibration frequencies (Hz) when secondary shaft at x axis: 0mm

 

Modes
 Boundary conditions

 

4 clamps
 

8 clamps
 

14 clamps
 

20 clamps
 

36 clamps
 

Mode 1
 

16.238Hz
 

21.135Hz
 

24.043Hz
 

25.106Hz
 

25.694Hz
 

Mode 2
 

25.579Hz
 

34.006Hz
 

38.533Hz
 

40.825Hz
 

41.344Hz
 

Mode 3
 

30.677Hz
 

37.979Hz
 

40.954Hz
 

43.559Hz
 

44.088Hz
 

Mode 4
 

31.408Hz
 

40.342Hz
 

45.080Hz
 

45.279Hz
 

46.734Hz
 

Mode 5
 

40.885Hz
 

53.836Hz
 

63.058Hz
 

66.638Hz
 

68.290Hz
 

Table 4:
 
Maximum displacements (mm) for total 36 clamp positions

 

Modes
 Secondary shaft system

 

at x axis: 0mm
 

at x axis: 4000mm
 

at x axis: 6900mm
 

Mode 1
 

8.472mm
 

7.986mm
 

7.968mm
 

Mode 2
 

10.06mm
 

11.19mm
 

11.26mm
 

Mode 3
 

9.965mm
 

8.659mm
 

8.941mm
 

Mode 4
 

6.739mm
 

6.675mm
 

6.602mm
 

Mode 5 11.23mm
 

12.17mm
 

12.31mm
 

 

Table 5:
 
Free vibration frequencies (Hz) for total 36 clamp positions

 

Modes
 Secondary shaft system

 

at x axis: 0mm
 

at x axis: 4000mm
 

at x axis: 6900mm
 

Mode 1
 

25.694Hz
 

24.616Hz
 

25.249Hz
 

Mode 2
 

41.344Hz
 

37.936Hz
 

38.738Hz
 

Mode 3
 

44.088Hz
 

43.413Hz
 

43.653Hz
 

Mode 4
 

46.734Hz
 

46.054Hz
 

46.268Hz
 

Mode 5
 

68.290Hz
 

68.723Hz
 

69.046Hz
 

 

Table 1: Convergence results 

Maximum mesh grid sizes
 

Frequencies of 1st mode
 

200.00mm
 

25.822Hz
 

160.00mm
 

25.743Hz
 

155.00mm
 

25.721Hz
 

150.00mm
 

25.694Hz
 

145.00mm
 

25.696Hz
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The Effect of Supersonic Flows on Different 
Profiles of Aircraft Wings 

Ahmed Soliman M. Sherif 

Abstract- When a supersonic stream flows around a thin profile, the pressure acting on the surface element does not depend on 
the shape of the rest of the profile, but depends only on the slope of the element itself, that is, on the local angle of attack. The 
local angle of attack is the angle between the surface element and the velocity vector of the undisturbed flow Coefficient of 

pressure.

𝛩𝛩− Angle of rotation (local angle of attack).
Keywords: supersonic stream  flows,  angle of attack, angle of rotation, pressure of surface profiles,  coefficient 
of pressure. 

Fig.1

It can be seen from the graph 1. that the most advantageous angle of attack of an 

airplane is greater than the most advantageous angle of attack of the wing by (2º÷3º).

I. Introduction

The aim of my research is Determining the coefficient of profile-wave resistance for the 

four profiles which shown with relative thickness 𝑐𝑐̅ =5% , With the number M∞=2.5. 
Construct the pressure distribution diagram for each profile at angles of attack 

𝛼𝛼= 0,−5º,+5º. 

Fig. 2: four profiles shown with relative thickness

𝐶𝑝 = −
2·𝛩

√𝑀∞
2 −1

,

Author:
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II. Working Process of the Research

Profile 1.  

𝛽 = 0.099917 rad=5.724811°=5°43 29

𝜶 = −𝟓°= − 𝟎. 𝟎𝟖𝟕𝟐𝟕 rad
Area AB

𝛩𝐴𝐵 = 𝛼 −
𝛽

2
= −0.08726646 − 0.0499584 =

= −0.13722 rad= − 7.86241°= − 7°51′45′′

𝐶𝑝 = −
2 · 𝛩𝐴𝐵

√𝑀∞
2 − 1

= −
2 · (−0.13722486)

√2.52 − 1
= 0.1198

Area BD

𝛩𝐵𝐷= 𝛼+
𝛽

2
=−0.08726646+0.0499584= −0.03731 rad=− 2.13759°= − 2°8′15′′

𝐶𝑝 = −
2 · 𝛩𝐵𝐷

√𝑀∞
2 − 1

= −
2 · (−0.03730806)

√2.52 − 1
= 0.0326

Area AC

𝛩𝐴𝐶 = −𝛩𝐵𝐷 = 0.037308 rad=2.137594°=2°8′15′′

𝐶𝑝 = −
2 · 𝛩𝐴𝐶

√𝑀∞
2 − 1

= −
2 · (0.03730806)

√2.52 − 1
= −0.0326

Area CD

𝛩𝐶𝐷 = −𝛩𝐴𝐵 = 0.137225 rad=7.862405°=7°51′45′′

𝐶𝑝 = −
2 · 𝛩𝐶𝐷

√𝑀∞
2 − 1

= −
2 · (0.13722486)

√2.52 − 1
= −0.1198

Angle of Attack Profile :

 © 2017    Global Journals Inc.  (US)
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𝑡𝑔 (
𝛽

2
) =

5

100
= 0.05

𝛽

2
= 0.049958 rad=2.862405°=2°51′45′′

𝛽 = 0.099917 rad=5.724811°=5°43′29′′

Y
e
a
r



 
 

 
 

 
 
 
 
 
 
 
 
 
 

Angle of Attack Profile : 𝜶 = 𝟎°=𝟎 rad

Area AB

𝛩𝐴𝐵 = 𝛼 −
𝛽

2
= 0 − 0.0499584 = −0.04996 rad= − 2.86241°= − 2°51′45′′

𝐶𝑝 = −
2 · 𝛩𝐴𝐵

√𝑀∞
2 − 1

= −
2 · (−0.0499584)

√2.52 − 1
= 0.0436

Area BD

𝛩𝐵𝐷 = 𝛼 +
𝛽

2
= 0 + 𝛩𝐶𝐷 = −𝛩𝐴𝐵 = 0.049958 rad=2.862405°=2°51′45′′

𝐶𝑝 = −
2 · 𝛩𝐵𝐷

√𝑀∞
2 − 1

= −
2 · 0.0499584

√2.52 − 1
= −0.0436

Area AC

𝛩𝐴𝐶 = −𝛩𝐵𝐷 = −0.04996 rad= − 2.86241°= − 2°51′45′′

𝐶𝑝 = −
2 · 𝛩𝐴𝐶

√𝑀∞
2 − 1

= −
2 · (−0.0499584)

√2.52 − 1
= 0.0436

Area CD

𝛩𝐶𝐷 = −𝛩𝐴𝐵 = 0.049958 rad=2.862405°=2°51′45′′

𝐶𝑝 = −
2 · 𝛩𝐶𝐷

√𝑀∞
2 − 1

= −
2 · (0.0499584)

√2.52 − 1
= −0.0436

© 2017    Global Journals Inc.  (US)
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𝜶 = 𝟓°=𝟎. 𝟎𝟖𝟕𝟐𝟔𝟔 rad

Area AB

𝛩𝐴𝐵 = 𝛼 −
𝛽

2
= 0.08726646 − 0.0499584 = 0.037308 rad=2.137594°=2°8′15′′

𝐶𝑝 = −
2 · 𝛩𝐴𝐵

√𝑀∞
2 − 1

= −
2 · 0.03730806

√2.52 − 1
= −0.0326

Area BD

𝛩𝐵𝐷 = 𝛼 +
𝛽

2
= 0.08726646 + 𝛩𝐶𝐷 = −𝛩𝐴𝐵 = 0.137225 rad=7.862405°=7°51′45′′

𝐶𝑝 = −
2 · 𝛩𝐵𝐷

√𝑀∞
2 − 1

= −
2 · 0.13722486

√2.52 − 1
= −0.1198

Area AC

𝛩𝐴𝐶 = −𝛩𝐵𝐷 = −0.13722 rad= − 7.86241°= − 7°51′45′′

Angle of Attack Profile :

𝐶𝑝 = −
2 · 𝛩𝐴𝐶

√𝑀∞
2 − 1

= −
2 · (−0.13722486)

√2.52 − 1
= 0.1198

Area CD

𝛩𝐶𝐷 = −𝛩𝐴𝐵 = −0.03731
 

rad= − 2.13759°= − 2°8′15′′

𝐶𝑝 = −
2 · 𝛩𝐶𝐷

√𝑀∞
2 − 1

= −
2 · (−0.03730806)

√2.52 − 1
= 0.0326
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𝑡𝑔(𝛽) =
2 · 5

100
= 0.1

𝛽 = 0.099669 rad=5.710593°=5°42′38′′

𝜶 = −𝟓°= − 𝟎. 𝟎𝟖𝟕𝟐𝟕 rad

Area AB

𝛩𝐴𝐵

 

=

 

𝛼

 

−

 

𝛽

 

=

 

−0.08726646

 

−

 

0.09966865

 

=

=

 

−0.18694

 

rad=

 

−

 

10.7106°=

 

−

 

10°42′38′′

2

 

·

 

𝛩𝐴𝐵

 

2

 

·

 

(−0.18693511)
𝐶

 

=

 

−

 

=

 

−

 

=

 

0.1632𝑝

 

√𝑀∞
2

 

−

 

1

 

√2.52

 

−

 

1

Area AC

𝛩𝐴𝐶 = −𝛼 = 0.087266 rad=5°

𝐶𝑝 = −
2 · 𝛩𝐴𝐶

√𝑀∞
2 − 1

= −
2 · (0.08726646)

√2.52 − 1
= −0.0762

Area BC

𝛩𝐵𝐶 = 𝛼 + 𝛽 = −0.08726646 + 0.09966865 = 0.012402 rad=0.710593°=0°42′38′′

𝐶𝑝 = −
2 · 𝛩𝐵𝐶

√𝑀∞
2 − 1

= −
2 · (0.01240219)

√2.52 − 1
= −0.0108

Angle of Attack Profile :

Profile 2.

© 2017    Global Journals Inc.  (US)
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𝜶 = 𝟎°=𝟎 rad

Area AB

𝛩𝐴𝐵 = 𝛼 − 𝛽 = 0 − 0.09966865 = −0. 5°42′38′′

𝐶𝑝
√𝑀∞

2 − 1 √2.52 − 1

09967

 

rad=

 

−

 

5.71059°=

 

−

  

2

 

·

 

𝛩𝐴𝐵

 

2

 

·

 

(−0.09966865)
=

 

−

 

=

 

−

 

=

 

0.087

Area AC

𝛩𝐴𝐶 = −𝛼 = 0 rad=0°

𝐶𝑝 = −
2 · 𝛩𝐴𝐶

√𝑀∞
2 − 1

= −
2 · (0)

√2.52 − 1
= 0

Area BC
𝛩𝐵𝐶 = 𝛼 + 𝛽 = 0 + 0.09966865 = 0.099669 rad=5.710593°=5°42′38′′

𝐶𝑝 = −
2 · 𝛩𝐵𝐶

√𝑀∞
2 − 1

= −
2 · (0.09966865)

√2.52 − 1
= −0.087

𝜶 = 𝟓°=𝟎. 𝟎𝟖𝟕𝟐𝟔𝟔 rad

Angle of Attack Profile :

Angle of Attack Profile :
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G
l o
ba

l 
Jo

ur
na

l 
of

R
es
ea

rc
he

s 
in
 E

ng
in
ee

ri
ng

  
   

  
(

)
V
ol
um

e  
 X

V
II
  

Is
su

e 
 I
I 
 V

er
si
on

 I
  

  
  
 

  14

Y
e
a
r

20
17

A
The Effect of Supersonic Flows on Different Profiles of Aircraft Wings



 
 

 
 

 
 
 
 
 
 
 
 
 
 

Area

 

AB
𝛩𝐴𝐵

 

=

 

𝛼

 

−

 

𝛽

 

=

 

0.08726646

 

−

 

0.09966865

 

=

 

−0.0124

 

rad=

 

−

 

0.71059°=−0°42′38′′

2

 

·

 

𝛩𝐴𝐵

 

2

 

·

 

(−0.01240219)
𝐶

 

=

 

−

 

=

 

−

 

=

 

0.0108𝑝

 

√𝑀∞
2

 

−

 

1

 

√2.52

 

−

 

1

Area

 

AC

𝛩𝐴𝐶

 

=

 

−𝛼

 

=

 

−0.08727

 

рад=

 

−

 

5°

𝐶𝑝 = −
2 · 𝛩𝐴𝐶

√𝑀∞
2 − 1

= −
2 · (−0.08726646)

√2.52 − 1
= 0.0762

Area BC

𝛩𝐵𝐶 = 𝛼 + 𝛽 = 0.08726646 + 0.09966865 = 0.186935 rad=10.71059°=10°42′38′′

𝐶𝑝 = −
2 · 𝛩𝐵𝐶

√𝑀∞
2 − 1

= −
2 · (0.18693511)

√2.52 − 1
= −0.1632

𝑡𝑔 (
𝛽

2
) =

5

2 · 100
= 0.025

𝛽

2
= 0.024995 rad=1.432096°=1°25′56′′

𝛽 = 0.04999 rad=2.864192°=2°51′51′′

Profile 3.

The Effect of Supersonic Flows on Different Profiles of Aircraft Wings
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𝜶 = −𝟓°= − 𝟎. 𝟎𝟖𝟕𝟐𝟕 rad

Area AB

𝛩𝐴𝐵 = 𝛼 −
𝛽

2
= −0.08726646 − 0.02499479 =

= −0.11226 rad= − 6.4321°= − 6°25′56′′

𝐶𝑝 = −
2 · 𝛩𝐴𝐵

√𝑀∞
2 − 1

= −
2 · (−0.11226125)

√2.52 − 1
= 0.098

Area AС

𝛩𝐴𝐶 = −𝛼 −
𝛽

2
= − − 0.08726646 − 0.02499479 = 0.062272 rad=3.567904°=3°34′4′′

𝐶𝑝 = −
2 · 𝛩𝐴𝐶

√𝑀∞
2 − 1

= −
2 · (0.06227167)

√2.52 − 1
= −0.0544

Angle of Attack Profile :

                

𝜶 = 𝟎°=𝟎 rad

Area AB

𝛩𝐴𝐵 = 𝛼 −
𝛽

2
= 0 − 0.02499479 = −0.02499 rad= − 1.4321°= − 1°25′56′′

𝐶𝑝 = −
2 · 𝛩𝐴𝐵

√𝑀∞
2 − 1

= −
2 · (−0.02499479)

√2.52 − 1
= 0.0218

Angle of Attack Profile :

The Effect of Supersonic Flows on Different Profiles of Aircraft Wings
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Area AС

𝛩𝐴𝐶 = −𝛼 −
𝛽

2
= −0 − 0.02499479 = −0.02499 rad= − 1.4321°= − 1°25′56′′

𝐶𝑝 = −
2 · 𝛩𝐴𝐶

√𝑀∞
2 − 1

= −
2 · (−0.02499479)

√2.52 − 1
= 0.0218

𝜶 = 𝟓°=𝟎. 𝟎𝟖𝟕𝟐𝟔𝟔 rad

Area AB

𝛩𝐴𝐵 = 𝛼 −
𝛽

2
= 0.08726646 − 0.02499479 = 0.062272 rad=3.567904°=3°34′4′′

𝐶𝑝 = −
2 · 𝛩𝐴𝐵

√𝑀∞
2 − 1

= −
2 · 0.06227167

√2.52 − 1
= −0.0544

Area AС

𝛩𝐴𝐶 = −𝛼 −
𝛽

2
= −0.08726646 − 0.02499479 =

= −0.11226 rad= − 6.4321°= − 6°25′56′′

𝐶𝑝 = −
2 · 𝛩𝐴𝐶

√𝑀∞
2 − 1

= −
2 · (−0.11226125)

√2.52 − 1
= 0.098

Angle of Attack Profile :

The Effect of Supersonic Flows on Different Profiles of Aircraft Wings
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𝜶 = 𝟓°=𝟎. 𝟎𝟖𝟕𝟐𝟔𝟔 rad

𝛩𝐴
𝑢𝑝

= 𝛼 −
𝛽

2
= (0.08726646) − 0.099917 = −0.01265 rad= − 0.72482°= − 0°43′29′′

𝐶𝑝 = −
2 · 𝛩𝐴

𝑢𝑝

√𝑀∞
2 − 1

= −
2 · (−0.01265054)

√2.52 − 1
= 0.011

𝛩𝐶
𝑢𝑝

= 𝛼 = 0.087266 rad=5

𝐶𝑝 = −
2 · 𝛩𝐶

𝑢𝑝

√𝑀∞
2 − 1

= −
2 · (0.08726646)

√2.52 − 1
= −0.0762

𝛩𝐵
𝑢𝑝

= 𝛼 +
𝛽

2
= (0.08726646) + 0.099917 = 0.187183 rad=10.72482°=10°43′29′′

𝐶𝑝 = −
2 · 𝛩𝐵

𝑢𝑝

√𝑀∞
2 − 1

= −
2 · (0.18718346)

√2.52 − 1
= −0.1634

Profile 4.

Angle of Attack Profile :

                

The Effect of Supersonic Flows on Different Profiles of Aircraft Wings
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𝛽
= 0.099917 rad=5.724822°= 5°43′29′′

2

Y
e
a
r



 
 

 
 

 
 
 
 
 
 
 
 
 
 

𝛩𝐴
𝐿𝑜𝑤𝑒𝑟 = −𝛼 −

𝛽

2
= (−0.08726646) − 0.099917 =

=

 

−0.18718

 

rad=

 

−

 

10.7248°=

 

−

 

10°43′29′′

𝐶𝑝 = −
2 · 𝛩𝐴

𝐿𝑜𝑤𝑒𝑟

√𝑀∞
2 − 1

= −
2 · (−0.18718346)

√2.52 − 1
= 0.1634

𝛩𝐶
𝐿𝑜𝑤𝑒𝑟 = −𝛼 = −0.08727 rad= − 5

𝐶𝑝 = −
2 · 𝛩𝐶

𝐿𝑜𝑤𝑒𝑟

√𝑀∞
2 − 1

= −
2 · (−0.08726646)

√2.52 − 1
= 0.0762

𝛩𝐵
𝐿𝑜𝑤𝑒𝑟 = −𝛼 +

𝛽

2
= (−0.08726646) + 0.099917 =

= 0.012651 rad=0.724823°=0°43′29′′

𝐶𝑝 = −
2 · 𝛩𝐵

𝐿𝑜𝑤𝑒𝑟

√𝑀∞
2 − 1

= −
2 · (0.01265054)

√2.52 − 1
= −0.011

𝜶 = 𝟎°=𝟎 rad

𝛩𝐴
𝑢𝑝

= 𝛼 −
𝛽

2

Angle of Attack Profile :

The Effect of Supersonic Flows on Different Profiles of Aircraft Wings

      

G
lo
ba

l 
Jo

ur
na

l 
of

R
es
ea

rc
he

s 
in
 E

ng
in
ee

ri
ng

  
   

  
(

)
V
ol
um

e 
 X

V
II
  

Is
su

e 
 I
I 
 V

er
si
on

 I
  

  
  
 

  

19

Y
e
a
r

20
17

A

=

 

(0)

 

−

 

0.099917

 

=

 

−0.09992

 

rad=

 

−

 

5.72482°=

 

−

 

5°43′29′′

©
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𝛩𝐶
𝑢𝑝

= 𝛼 = 0 rad=0

𝐶𝑝 = −
2 · 𝛩𝐶

𝑢𝑝

√𝑀∞
2 − 1

= −
2 · (0)

√2.52 − 1
= 0

𝛩𝐵
𝑢𝑝

= 𝛼 +
𝛽

2
= (0) + 0.099917 = 0.099917 rad=5.724822°=5°43′29′′

𝐶𝑝 = −
2 · 𝛩𝐵

𝑢𝑝

√𝑀∞
2 − 1

= −
2 · (0.099917)

√2.52 − 1
= −0.0872

𝛩𝐴
𝐿𝑜𝑤𝑒𝑟 = −𝛼 −

𝛽

2
=

 

(−0)

 

−

 

0.099917

 

=

 

−0.09992

 

rad=

 

−

 

5.72482°=

 

−

 

5°43′29′′

𝐶𝑝 = −
2 · 𝛩𝐴

𝐿𝑜𝑤𝑒𝑟

√𝑀∞
2 − 1

= −
2 · (−0.099917)

√2.52 − 1
= 0.0872

𝛩𝐶
𝐿𝑜𝑤𝑒𝑟 = −𝛼 = 0 rad=0

𝐶𝑝 = −
2 · 𝛩𝐶

𝐿𝑜𝑤𝑒𝑟

√𝑀∞
2 − 1

= −
2 · (0)

√2.52 − 1
= 0

𝛩𝐵
𝐿𝑜𝑤𝑒𝑟 = −𝛼 +

𝛽

2
= (−0) + 0.099917 = 0.099917 rad=5.724822°=5°43′29′′

𝐶𝑝 = −
2 · 𝛩𝐴

𝑢𝑝

√𝑀∞
2 − 1

= −
2 · (−0.099917)

√2.52 − 1
= 0.0872

𝐶𝑝 = −
2 · 𝛩𝐵

𝐿𝑜𝑤𝑒𝑟

√𝑀∞
2 − 1

= −
2 · (0.099917)

√2.52 − 1
= −0.0872

𝜶 = −𝟓°= − 𝟎. 𝟎𝟖𝟕𝟐𝟕 radAngle of Attack Profile :

The Effect of Supersonic Flows on Different Profiles of Aircraft Wings
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𝛩𝐴
𝑢𝑝

= 𝛼 −
𝛽

2
= (−0.08726646) − 0.099917 =

=

 

−0.18718

 

rad=

 

−

 

10.7248°=

 

−

 

10°43′29′′

𝐶𝑝 = −
2 · 𝛩𝐴

𝑢𝑝

√𝑀∞
2 − 1

= −
2 · (−0.18718346)

√2.52 − 1
= 0.1634

𝛩𝐶
𝑢𝑝

= 𝛼 = −0.08727 rad= − 5

𝐶𝑝 = −
2 · 𝛩𝐶

𝑢𝑝

√𝑀∞
2 − 1

= −
2 · (−0.08726646)

√2.52 − 1
= 0.0762

𝛩𝐵
𝑢𝑝

= 𝛼 +
𝛽

2
= (−0.08726646) + 0.099917 = 0.012651 rad=0.724823°=0°43′29′′

𝐶𝑝 = −
2 · 𝛩𝐵

𝑢𝑝

√𝑀∞
2 − 1

= −
2 · (0.01265054)

√2.52 − 1
= −0.011

𝛩𝐴
𝐿𝑜𝑤𝑒𝑟 = −𝛼 −

𝛽

2
= (− − 0.08726646) − 0.099917 =

=

 

−0.01265

 

rad=

 

−

 

0.72482°=− 0°43′29′′

𝐶𝑝 = −
2 · 𝛩𝐴

𝐿𝑜𝑤𝑒𝑟

√𝑀∞
2 − 1

= −
2 · (−0.01265054)

√2.52 − 1
= 0.011

𝛩𝐶
𝐿𝑜𝑤𝑒𝑟 = −𝛼 = 0.087266 rad=5

𝐶𝑝 = −
2 · 𝛩𝐶

𝐿𝑜𝑤𝑒𝑟

√𝑀∞
2 − 1

= −
2 · (0.08726646)

√2.52 − 1
= −0.0762

𝛩𝐵
𝐿𝑜𝑤𝑒𝑟 = −𝛼 +

𝛽

2
= (− − 0.08726646) + 0.099917 =

= 0.187183 rad=10.72482°=10°43′29′′

𝐶𝑝 = −
2 · 𝛩𝐵

𝐿𝑜𝑤𝑒𝑟

√𝑀∞
2 − 1

= −
2 · (0.18718346)

√2.52 − 1
= −0.1634
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The coefficient of profile-wave resistance:

𝐶𝑥 =
4 ∙ 𝛼2

√𝑀∞
2 − 1

+
𝐾1 ∙ 𝑐̅2

√𝑀∞
2 − 1

Parameter K1 depends on the shape of the profile:

𝐾1 = 2 ∫ [(
𝑑𝑦u̅

𝑑�̅�
)

2

+ (
𝑑𝑦L̅

𝑑�̅�
)

2

] 𝑑�̅�
1

0

𝑑𝑦U̅

𝑑�̅�
=

1

𝑐̅
∙

𝑑𝑦U

𝑑𝑥

𝑑𝑦

𝑑𝑥
− 𝐴𝑛𝑔𝑙𝑒 𝑜𝑓 𝑖𝑛𝑐𝑙𝑖𝑛𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑡ℎ𝑒 𝑢𝑝𝑝𝑒𝑟 𝑝𝑟𝑜𝑓𝑖𝑙𝑒 𝑎𝑟𝑒𝑎 𝑡𝑜 𝑡ℎ𝑒 𝑝𝑟𝑜𝑓𝑖𝑙𝑒 𝑐ℎ𝑜𝑟𝑑

𝑑𝑦

𝑑�̅�
=

1

𝑐̅
∙

𝑑𝑦

𝑑𝑥

𝑑𝑦L

𝑑𝑥
− 𝐴𝑛𝑔𝑙𝑒 𝑜𝑓 𝑖𝑛𝑐𝑙𝑖𝑛𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑡ℎ𝑒 𝑙𝑜𝑤𝑒𝑟 𝑝𝑟𝑜𝑓𝑖𝑙𝑒 𝑎𝑟𝑒𝑎 𝑡𝑜 𝑡ℎ𝑒 𝑝𝑟𝑜𝑓𝑖𝑙𝑒 𝑐ℎ𝑜𝑟𝑑

Defining the value of the parameter K1 for profile 1:
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Determination of the coefficient of profile-wave resistance for given angles of attack

The Effect of Supersonic Flows on Different Profiles of Aircraft Wings
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L L

U

̅
𝛽𝛽

𝑐𝑐 =
2

𝑑𝑑𝑦𝑦U

𝑑𝑑𝑥𝑥
=
𝛽𝛽
2

,
𝑑𝑑𝑦𝑦U���
𝑑𝑑�̅�𝑥

= 1 − 𝑜𝑜𝑜𝑜𝑢𝑢 𝑖𝑖ℎ𝐴𝐴 𝑢𝑢𝐴𝐴𝑖𝑖𝑖𝑖𝑜𝑜𝑜𝑜𝑢𝑢𝑝𝑝 𝐴𝐴𝐴𝐴

𝑑𝑑𝑦𝑦U

𝑑𝑑𝑥𝑥
= −

𝛽𝛽
2

,
𝑑𝑑𝑦𝑦U���
𝑑𝑑�̅�𝑥

= −1 − 𝑜𝑜𝑜𝑜𝑢𝑢 𝑖𝑖ℎ𝐴𝐴 𝑢𝑢𝐴𝐴𝑖𝑖𝑖𝑖𝑜𝑜𝑜𝑜𝑢𝑢𝑝𝑝 𝐴𝐴𝐵𝐵

𝑑𝑑𝑦𝑦L

𝑑𝑑𝑥𝑥
= −

𝛽𝛽
2

,
𝑑𝑑𝑦𝑦L���
𝑑𝑑�̅�𝑥

= −1 − 𝑜𝑜𝑜𝑜𝑢𝑢 𝑖𝑖ℎ𝐴𝐴 𝑢𝑢𝐴𝐴𝑖𝑖𝑖𝑖𝑜𝑜𝑜𝑜𝑢𝑢𝑝𝑝 𝐴𝐴𝐴𝐴

𝑑𝑑𝑦𝑦L

𝑑𝑑𝑥𝑥
=
𝛽𝛽
2

,
𝑑𝑑𝑦𝑦L
���

𝑑𝑑�̅�𝑥
= 1 − 𝑜𝑜𝑜𝑜𝑢𝑢 𝑖𝑖ℎ𝐴𝐴 𝑢𝑢𝐴𝐴𝑖𝑖𝑖𝑖𝑜𝑜𝑜𝑜𝑢𝑢𝑝𝑝 𝐴𝐴𝐵𝐵

Y
e
a
r



 
 

 
 

 
 
 
 
 
 
 
 
 
 

Then the parameter K1 for profile 1 will be equal to

𝐾1 = 2 · (12 · 0.5 + (−1)2 · 0.5 + (−1)2 · 0.5 + 12 · 0.5) = 2 · 2 = 4

Defining the value of the parameter K1 for profile 2:

Defining the value of the parameter K1 for profile 4:
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𝑐𝑐̅ =
𝛽𝛽
2

𝑑𝑑𝑦𝑦U

𝑑𝑑𝑥𝑥
= 𝛽𝛽,

𝑑𝑑𝑦𝑦U���
𝑑𝑑�̅�𝑥

= 2 − 𝑜𝑜𝑜𝑜𝑢𝑢 𝑖𝑖ℎ𝐴𝐴 𝑢𝑢𝐴𝐴𝑖𝑖𝑖𝑖𝑜𝑜𝑜𝑜𝑢𝑢𝑝𝑝 𝐴𝐴𝐴𝐴

𝑑𝑑𝑦𝑦U

𝑑𝑑𝑥𝑥
= −𝛽𝛽,

𝑑𝑑𝑦𝑦U���
𝑑𝑑�̅�𝑥

= −2 − 𝑜𝑜𝑜𝑜𝑢𝑢 𝑖𝑖ℎ𝐴𝐴 𝑢𝑢𝐴𝐴𝑖𝑖𝑖𝑖𝑜𝑜𝑜𝑜𝑢𝑢𝑝𝑝 𝐴𝐴𝐴𝐴

𝑑𝑑𝑦𝑦L

𝑑𝑑𝑥𝑥
= 0 − 𝑜𝑜𝑜𝑜𝑢𝑢 𝑖𝑖ℎ𝐴𝐴 𝑢𝑢𝐴𝐴𝑖𝑖𝑖𝑖𝑜𝑜𝑜𝑜𝑢𝑢𝑝𝑝 𝐴𝐴𝐴𝐴

Then the parameter K1 for profile 2 will be equal to

𝐾𝐾1 = 2 · ((2)2 · 0.5 + (−2)2 · 0.5 + (0)2 · 1) = 2 · 4 = 8

Defining the value of the parameter K1 for profile 3:

𝑐𝑐̅ = 𝛽𝛽

𝑑𝑑𝑦𝑦U

𝑑𝑑𝑥𝑥
=
𝛽𝛽
2

,
𝑑𝑑𝑦𝑦U���
𝑑𝑑�̅�𝑥

= 0.5 − 𝑜𝑜𝑜𝑜𝑢𝑢 𝑖𝑖ℎ𝐴𝐴 𝑢𝑢𝐴𝐴𝑖𝑖𝑖𝑖𝑜𝑜𝑜𝑜𝑢𝑢𝑝𝑝 𝐴𝐴𝐴𝐴

𝑑𝑑𝑦𝑦L

𝑑𝑑𝑥𝑥
= −

𝛽𝛽
2

,
𝑑𝑑𝑦𝑦L���
𝑑𝑑�̅�𝑥

= −0.5 − 𝑜𝑜𝑜𝑜𝑢𝑢 𝑖𝑖ℎ𝐴𝐴 𝑢𝑢𝐴𝐴𝑖𝑖𝑖𝑖𝑜𝑜𝑜𝑜𝑢𝑢𝑝𝑝 𝐴𝐴𝐴𝐴

Then the parameter K1 for profile 3 will be equal to

𝐾𝐾1 = 2 · ((0.5)2 · 1 + (−0.5)2 · 1) = 2 · 0.5 = 1



 
 

 
 

 
 
 
 
 
 
 
 
 
 

   By determining the parameter K1 for each profile, we can calculate the coefficients of the 

profile-wave resistance for given angles of attack:

𝐾1 =
16

3

𝐾1 = 4

𝛼 = 0°=0 rad

𝐶𝑥 =
4 · 𝛼2

√𝑀∞
2 − 1

+
𝐾1 · 𝑐2

√𝑀∞
2 − 1

=
4 · 02

√2.52 − 1
+

4 · 0.052

√2.52 − 1
= 0.0044

𝛼 = ±5°=±0.087266 rad

𝐶𝑥 =
4 · 𝛼2

√𝑀∞
2 − 1

+
𝐾1 · 𝑐2

√𝑀∞
2 − 1

=
4 · 0.087266462

√2.52 − 1
+

4 · 0.052

√2.52 − 1
= 0.0177

𝐾1 = 8

𝛼 = 0°=0 rad

𝐶𝑥 =
4 · 𝛼2

√𝑀∞
2 − 1

+
𝐾1 · 𝑐2

√𝑀∞
2 − 1

=
4 · 02

√2.52 − 1
+

8 · 0.052

√2.52 − 1
= 0.0087

𝛼 = ±5°=±0.087266 rad

𝐶𝑥 =
4 · 𝛼2

√𝑀∞
2 − 1

+
𝐾1 · 𝑐2

√𝑀∞
2 − 1

=
4 · 0.087266462

√2.52 − 1
+

8 · 0.052

√2.52 − 1
= 0.022

𝐾1 = 1

𝛼 = 0°=0 rad

III. Results

Profile 1.

Profile 2.

Profile 3.
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𝐶𝑥 =
4 · 𝛼2

√𝑀∞
2 − 1

+
𝐾1 · 𝑐2

√𝑀∞
2 − 1

=
4 · 02

√2.52 − 1
+

1 · 0.052

√2.52 − 1
= 0.0011

𝛼 = ±5°=±0.087266 rad

𝐶𝑥 =
4 · 𝛼2

√𝑀∞
2 − 1

+
𝐾1 · 𝑐2

√𝑀∞
2 − 1

=
4 · 0.087266462

√2.52 − 1
+

1 · 0.052

√2.52 − 1
= 0.0144

𝐾1 =
16

3
= 5.333

𝛼 = 0°=0 rad

𝐶𝑥 =
4 · 𝛼2

√𝑀∞
2 − 1

+
𝐾1 · 𝑐2

√𝑀∞
2 − 1

=
4 · 02

√2.52 − 1
+

5.333 · 0.052

√2.52 − 1
= 0.0058

𝛼 = ±5°=±0.087266 rad

𝐶𝑥 =
4 · 𝛼2

√𝑀∞
2 − 1

+
𝐾1 · 𝑐2

√𝑀∞
2 − 1

=
4 · 0.087266462

√2.52 − 1
+

5.333 · 0.052

√2.52 − 1
= 0.0191

IV. Conclusions

1. As the angle of attack increases to a certain value, the aerodynamic quality increases. 

At a certain angle of attack, the quality reaches a maximum value of 𝐾𝐾𝑚𝑚𝑎𝑎𝑥𝑥. This angle is 
called the most advantageous angle of attack, 𝛼𝛼𝑇𝑇ℎ𝑒𝑒 𝑚𝑚𝑜𝑜𝑠𝑠𝑡𝑡 𝑎𝑎𝑑𝑑𝑣𝑣𝑎𝑎𝑛𝑛𝑡𝑡𝑎𝑎𝑔𝑔𝑒𝑒𝑜𝑜𝑢𝑢𝑠𝑠. 

2. On the angle of attack of the zero lifting force, where 𝐶𝐶𝑌𝑌=0, the aerodynamic quality will 
be zero. 

3. The effect on the aerodynamic quality of the profile shape is related to the relative 
thickness and curvature of the profile. The shape of the profile contours, the shape of the 
sock and the position of the maximum profile thickness along the chord 

4. To obtain large values of 𝐾𝐾𝑚𝑚𝑎𝑎𝑥𝑥, the optimum thickness and curvature of the profile, the 
shape of the contours and the extension of the wing are selected. 

5. To obtain the highest quality values, the best shape of the wing is elliptical with a rounded 
leading edge. 

6. The zero lifting force angle 𝛼𝛼0 is at the intersection of the polar with the axis 𝐶𝐶𝑥𝑥. 
At this angle of attack, the coefficient of lift is zero (𝐶𝐶𝑌𝑌=0). For the wings of modern 

aircraft, usually (𝛼𝛼0=2º÷0º). For modern wings, 𝛼𝛼𝑇𝑇ℎ𝑒𝑒 𝑚𝑚𝑜𝑜𝑠𝑠𝑡𝑡 𝑎𝑎𝑑𝑑𝑣𝑣𝑎𝑎𝑛𝑛𝑡𝑡𝑎𝑎𝑔𝑔𝑒𝑒𝑜𝑜𝑢𝑢𝑠𝑠 lies within 

(𝛼𝛼0=4º÷6º). 

Profile 4.
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7. The angle of attack of the zero lifting force (α) of the aircraft is practically no different 
from the angle of attack of the zero lift of the wing. Since the lifting force is zero on the 
angle, at this angle of attack only the vertical movement of the aircraft downward, called a 
vertical dive, or a vertical hill at an angle of 90º is possible. 

8. Angles of attack with the same aerodynamic quality are carried out from the origin of the 
coordinates of the secant to the field. At the points of intersection, we find the angles of 

attack (𝛼𝛼1 & 𝛼𝛼2) When flying, where the aerodynamic quality will be the same and 
necessarily smaller

The Effect of Supersonic Flows on Different Profiles of Aircraft Wings

G
l o
ba

l 
Jo

ur
na

l 
of

R
es
ea

rc
he

s 
in
 E

ng
in
ee

ri
ng

  
   

  
(

)
V
ol
um

e  
 X

V
II
  

Is
su

e 
 I
I 
 V

er
si
on

 I
  

  
  
 

  26

Y
e
a
r

20
17

A

© 2017    Global Journals Inc.  (US)



© 2017. C. C. Ugwuegbu, A. I. Ogbonna, U. S. Ikele, J. U. Anaele, U. P. Ochieze & A.Onwuegbuchulam. This is a research/review 
paper, distributed under the terms of the Creative Commons Attribution-Noncommercial 3.0 Unported License 
http://creativecommons.org/licenses/by-nc/3.0/), permitting all non commercial use, distribution, and reproduction inany medium, 
provided the original work is properly cited. 
 

Global Journal of Researches in Engineering: A 
Mechanical and Mechanics Engineering 
Volume 17 Issue 2 Version 1.0  Year 2017 
Type: Double Blind Peer Reviewed International Research Journal 
Publisher: Global Journals Inc. (USA) 

   Online ISSN:2249-4596 Print ISSN:0975-5861 

 
Design, Construction and Performance Analysis of a 5 Kg 
Laboratory Ball Mill 

By C. C. Ugwuegbu, A. I. Ogbonna, U. S. Ikele, J. U. Anaele, U. P. Ochieze
& A.Onwuegbuchulam 

 Federal University of Technology 
Abstract- In this study, a 5 kg laboratory ball mill has been designed, constructed, and its 
performance analysed. This was achieved by using Bond’s equation to calculate the specific and 
shaft powers required to drive the mill at the specified capacity, and also to size the mill. After the 
fabrication of the ball mill, grinding test was conducted with the mill, using limestone as the feed 
material. This was followed by the particle size analysis of the ground product from the mill in 
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Design, Construction and Performance Analysis 
of a 5 Kg Laboratory Ball Mill  

C. C. Ugwuegbuα , A. I. Ogbonnaσ , U. S. Ikeleρ, J. U. Anaele Ѡ, U. P. Ochieze¥ & A.Onwuegbuchulam§

Abstract- In this study, a 5 kg laboratory ball mill has been 
designed, constructed, and its performance analysed. This 
was achieved by using Bond’s equation to calculate the 
specific and shaft powers required to drive the mill at the 
specified capacity, and also to size the mill. After the 
fabrication of the ball mill, grinding test was conducted with 
the mill, using limestone as the feed material. This was 
followed by the particle size analysis of the ground product 
from the mill in order to determine the performance of the mill. 
The design results show that the minimum shaft power 
required to drive the ball mill is 0.2025 horsepower, the length 
of the mill at a fixed mill diameter of 210 mm is 373 mm, and 
the required shaft length and diameter are 712.2 mm and 30 
mm respectively. The results of the particle size analysis, 
before and after the grinding test, show that the values of F50, 
F80, P50, and P80 of the limestone that was fed into the mill are 
650 microns, 1950 microns, 47.5 microns and 85 microns 
respectively. The fabricated ball mill is efficient in its 
performance as the value of P80 of the products from the mill 
(85 microns) is less than P80 (100 microns) used in the design 
of the ball mill.      
Keywords: laboratory ball mill, bond’s equation, shaft 
power, milling efficiency. 

I. Introduction 

ize reduction, or comminution, is an important 
operation in mining and mineral processing. It is 
important because it can be used to: (i) produce a 

finer, more marketable product, with specific size 
distribution; (ii) expose or liberate a valuable mineral so 
that it can be extracted from the ore; or (iii) increase the 
surface area available for subsequent processing (Kelly, 
1992). Size reduction is accomplished through the 
process of crushing and grinding. Crushing, which is the 
first mechanical stage of comminution, is accomplished 
by reducing the size of run-of-mine ore down to 25 mm 
(1 in) using equipment that compress the ore against 
rigid surfaces. The equipment can also reduce the size 
of the ore by impacting it against surfaces in a 
constrained path. Grinding is the final stage of 
comminution. It accepts feed from the crushing stage, 
which ranges in size from 5 – 25 mm, and reduces it to a 
size of about 10 –

 
200 microns.

 The principle purposes of grinding are: (i) to 
obtain the correct degree of liberation in mineral 
processing; and (ii) to increase the specific area of the 
valuable minerals 

 
for 

 
hydrometallurgical

  
treatment,

  
i.e.

  
Author α: Department of Materials and Metallurgical Engineering, 
Federal University of Technology, Owerri (NIGERIA).  
e-mail: cugwuegbu@gmail.com 

leaching. Grinding can be accomplished by using rod 
mills or ball mills. Rod mills are generally used as coarse 
grinding machines while fine grinding is performed in 
ball mills, using steel balls as the grinding medium. 

A ball mill consists of a cylindrical vessel 
mounted on a stand at both ends which allows rotation 
of the vessel around the center axis. The mill is driven by 
a girth gear bolted to the shell of the vessel and a pinion 
shaft moved by a prime mover. The prime movers are 
usually synchronous motors equipped with an air clutch 
or gear transmission. After the mill is charged with the 
starting material (rock, ore, etc.) and the grinding ball 
media (balls), the milling process takes place. The 
milling process occurs during rotation as a result of the 
transfer of kinetic energy of the moving grinding media 
into the grinding product. 

The design of a ball mill can vary significantly 
depending on the size of the required mill, the 
equipment used to load the starting material (feeders), 
and the system for discharging the output product. The 
size of a mill is usually characterized by the “length-to-
diameter” ratio, which frequently varies from 0.5 to 3.5. 
The starting material can be loaded either through a 
spout feeder or by means of a single or double helical 
scoop feeder. Based on the discharge system, ball mills 
are commonly classified as overflow discharge mills, 
grate discharge mills, and center periphery discharge 
mills. Several ball mills have been invented for laboratory 
size reductions, pilot scale reductions, and industrial 
grinding purposes. All these inventions have been done 
to proffer solutions to the problem of size reduction in 
mineral processing.     

Irrespective of the ball mill inventions mentioned 
above, which have been developed to solve the 
problems encountered during size reduction in mineral 
processing, laboratory ball mills are seldom available in 
Nigerian markets. Most times, these ball mills are 
imported from other countries. Again, with the need for 
Nigeria to revitalize her manufacturing sector in order to 
increase productivity that will help to boost Nigeria’s 
Gross Domestic Product (GDP), there is the need to 
encourage the design and production of locally made 
ball mills, which will be used in the country’s educational 
sector and the solid mineral sector. These have 
prompted the drive to design and fabricate this 
laboratory ball mill, hence, supporting the 
industrialization of the country.

 

S 
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II. Design Methodology 

a) Milling Sizing 
The Bond’s method was used in sizing the 

laboratory ball mill. This method is based on two power 
calculation approaches used in ball and rod mill design 
processes due to its simplicity and workability. The first 
approach, which is specific power calculation, 
determines the power required to grind an ore from a 
given feed size to a specific product size. The second 
approach, the shaft power calculation, determines the 
power required for a given mill capacity. These 
approaches are explained in the next section. 

i. Specific Power Calculation 
The mill power per tonne of 80% feed and 

product passing a particular screen size is estimated by 
using the Bond’s equation given below: 

                     𝐸𝐸 = 𝑊𝑊𝑖𝑖 �
10
�𝑃𝑃80

− 10
�𝐹𝐹80

�                                       (1) 

where:  
𝑊𝑊𝑖𝑖  = workindex of material to be ground by the mill;  
𝑃𝑃80 = 80% of product passing a given sieve size; 
𝐹𝐹80 = 80% of feed passing a given sieve size. 

The 𝑃𝑃80 (product) and 𝐹𝐹80 (feed) characteristics 
required in Bond’s equation were defined to enable the 
calculation of the specific power required by the 
laboratory ball mill. 
Feed Characteristics 

The laboratory ball mill was designed for 
grinding limestone, meaning that the work index 
required for the specific power calculation was assumed 
to be the work index of limestone, which is 11.6 KWh/t, 
with a specific gravity of 2.6 g/cm3 or 2600 kg/m3. The 
feed size (F80) of the ball mill was assumed to be 2 mm 
(2000 microns). This is the size of the ore particles that 
are retained on a 10 mesh sieve. 
Product Characteristic 

The product characteristic is defined as the 
target fineness at P80 (80% of the products passing a 
given sieve size). The value of P80 depends on the use of 
the ground limestone. Target uses of ground limestone 
are: 
a. Agricultural uses – for production of fertilizers, 

coated seed applications, buffering agents in beef 
cattle diets, and dietary applications in egg 
production of hens. 

b. Industrial uses – raw material for cement production, 
filler in paper making, industrial coatings and 
suspension applications. 

c. Mineral Processing and oil production uses – for 
mining, drilling, and geotechnological applications. 

For all these uses, the size of the ground 
limestone is within 100 microns. Thus P80 for the ball mill 
design was assumed to be 100 microns.

 

Efficiency Factors 
In practice, the Bond’s equation is modified by 

multiplying the right hand side of the equation by 
correction factors (C) to allow for milling conditions. The 
modified form of Bond’s equation is given as: 

                         𝐸𝐸 = 𝐶𝐶 × 𝑊𝑊𝑖𝑖 �
10
�𝑃𝑃80

− 10
�𝐹𝐹80

�                      (2)       

where: 

𝐶𝐶 = 𝐶𝐶1 × 𝐶𝐶2 × 𝐶𝐶3 × 𝐶𝐶4 × 𝐶𝐶5 × 𝐶𝐶6 × 𝐶𝐶7 × 𝐶𝐶8 × 𝐶𝐶9 

Considering the important correction factors, we 
have that: 
C1 (the correction factor for wet and dry grinding) is 
equal to 1.3 for dry grinding; 
C2 is the correction factor for open circuit grinding and 
is a function of the degree of control required on the 
circuit product. The values of C2 are shown in Table 1. 
Since for the ball mill design we are using 80% passing, 
the required value of C2 for the ball mill will be equal 
to1.20. 
C3 is the correction factor for mill diameter and is given 
as; 

                                  𝐶𝐶3 = �2.44
𝐷𝐷
�

0.2
                            (3) 

However, it is important to note that C3 =0.914 
if the mill diameter is greater than 3.81m. The cylindrical 
vessel used in producing the ball mill was got from a 
steel pipe that has an internal diameter of 210 mm. This 
means that the ball mill has a fixed internal diameter of 
210mm, meaning that C3 will be: 

𝐶𝐶3 = �2.44
𝐷𝐷
�

0.2
, Where D = 210mm = 0.21 m 

𝐶𝐶3 = �2.44
0.21

�
0.2

= (11.619)0.2 = 1.6332 

C4 is the correction factor for feed size and is given as: 

                 𝐶𝐶4 = 1 + 

⎣
⎢
⎢
⎢
⎡ (𝑊𝑊𝑖𝑖−7)×� 𝐹𝐹80

4000�
13
𝑊𝑊𝑖𝑖

 −1�

𝐹𝐹80
𝑃𝑃80

⎦
⎥
⎥
⎥
⎤

                       (4) 

This equation applies only if Wi  > 14kWh/t 
or/and if feed is F80> 4mm.  Since for the ball mill 
design, Wi< 14 kWh/t and F80< 4 mm, we have that C4 
will be: 

𝐶𝐶4 = 1 + 

⎣
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎡

(11.6 − 7) ×

⎝

⎛ 2000

4000� 13
11.6

 − 1

⎠

⎞

2000
100

⎦
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎤
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𝑪𝑪𝑪𝑪 = 1 + �4.6 × −0.5277
20

� = 𝐶𝐶4 = 1 + �−2.4274
20

� = 𝐶𝐶4 = 1 − 0.1213 = 0.8786 

 is the correction factor for product fineness and is 
given as: 

                              𝐶𝐶5 =  𝑃𝑃80 + 10.3
1.145 × 𝑃𝑃80

                                     (5) 

Equation 5 is used to calculate C5 if P80 < 75 
microns. However, if  P80 > 75 microns, C5  is  assumed 

to be 1.0. For the ball mill design, P80> 75 microns (100 
microns), this implies that the value of C5 = 1.0. 

 is  the correction factor for high efficiency  separators 
(cyclones)  and is  assumed to  be  equal  to 1.0. 

Therefore, the correction factor, C, for the ball 
mill design is given as: 

C = C1 × C2 × C3 × C4 × C5 × C6 = 1.3 × 1.2 × 1.6332 × 0.8786× 1.0 × 1.0 = 

Estimated Mill Specific Power 

2.2385.

Using equation 2, the specific power required to reduce the size of the limestone from F80 = 2000 microns 
to P80 = 100 microns will be: 

𝑬𝑬 = 2.2385 × 11.6 � 10
√100

− 10
√2000

� = 2.2385 × 11.6 �1 –  0.2236� = 2.2385 × 11.6 ( 0.7764 ) = 20.160 kWh/t. 

Considering that the laboratory ball mill is of 
small capacity, the specific power was converted to 
kWh/Kg instead of kWh/t. This was done as follows: 

1000 kg = 1 tonne, therefore, 20.160/1000 = 
0.02016 kWh/kg (The Mill’s Specific Power). 
Mill Capacity (Production Target) 

Production target or mill capacity looks at the 
amount or tonnage of ore a mill can grind in an hour. 
Based on the capacity of existing laboratory ball mills, 
the mill was assumed to have a capacity or target 
production of 5 Kg/h.  

ii. Shaft Power Calculation 
Using the calculated specific power or energy 

(E) for the desired mill diameter, the required shaft 
power for the desired mill capacity was estimated from 
the following equation: 

                                𝑃𝑃 = 𝑄𝑄𝐸𝐸 (𝑖𝑖𝑖𝑖 𝐾𝐾𝑊𝑊)                                (6) 

Where P = shaft power; Q = mill capacity. Thus the 
shaft power of the mill is 

𝑃𝑃 = 5 (𝑘𝑘𝑘𝑘/ℎ) × 0.02016 (𝑘𝑘𝑊𝑊ℎ/𝑘𝑘𝑘𝑘) 0.1008 𝑘𝑘𝑊𝑊

This implies that the shaft power required to 
drive the ball mill is 0.1008 kW. 

The motor horsepower is computed from the 
power required to grind the material from a given feed 
size to a given product size. This is the power of the 
shaft given in horsepower. 

Since 1 kW = 1.341 horsepower, 0.1008 kW in 
horsepower will be given as: 
0.1008 kW × 1.341 = 0.135 horse power.

Using a factor of safety of 1.5for the design, the 
motor horsepower required will be = 1.5 × 0.135 = 
0.2025 horse power. 

Therefore, a motor with a horsepower that 
ranges from 0.5 to 1.0 horse power can be selected for 
the mill. 

iii. Mill Sizing Parameters 
The important mill sizing parameters required 

for the ball mill design are: the mill speed (critical speed 
at which the mill should operate), the filling degree, and 
the length of the ball mill. These parameters for the mill 
have been derived as follows: 

Critical Speed 
Critical speed is the speed at which the 

contents of a mill would simply ride over the roof of the 
mill due to centrifugal action. The critical speed (rpm) is 
given by the following equation: 

                   𝑐𝑐𝑐𝑐𝑖𝑖𝑐𝑐𝑖𝑖𝑐𝑐𝑐𝑐𝑐𝑐 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠(𝑁𝑁𝑐𝑐) =  42.3
√𝐷𝐷−𝑠𝑠

                          (7) 

where: 𝑁𝑁𝑐𝑐 = critical speed; D = mill diameter; d = 
charge diameter (diameter of balls). 

Mills operate at a speed of a given percentage 
of the critical speed, i.e.: 

𝑀𝑀𝑖𝑖𝑐𝑐𝑐𝑐 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 = 𝑁𝑁% × 𝑐𝑐𝑐𝑐𝑖𝑖𝑐𝑐𝑖𝑖𝑐𝑐𝑐𝑐𝑐𝑐 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠                    (8) 

Ball mills, according to Schlanz (1987), are 
normally operated at around 70 to 80% of critical speed. 
A speed of 75% of critical speed was assumed for the 
laboratory ball mill. Based on this assumption, the mill 
speed of the ball mill was estimated as follows: 

(𝑁𝑁𝑐𝑐) =  42.3
√𝐷𝐷−𝑠𝑠

, where D = 0.21m and diameter of the steel ball, d = 0.06m 

(𝑁𝑁𝑐𝑐) =  42.3
√0.21−0.06

= 42.3
√0.15

=  42.3
0.3873

= 109.22 rpm 

Therefore the mill speed, using equation 3.7, is given as:
Mill speed = 75% × 109.22 rpm = 81.914 rpm. 

The filling degree gives the amount of feed and 
charge  balls  that  occupy  the  volume of the ball mil  in 
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percentage. It can be estimated by using the curve 
shown in Fig. 1. As can be seen from Fig. 1 and  
assuming a H/D ratio of 0.618, the filling degree of the 
laboratory ball mill is 35%.  

Length  of  the  Ball  Mill  
According to Schlanz (1987), the mill shaft 

power can be related to the mill dimensions. This is 
given as: 

𝑃𝑃 = 7.33 × 𝐶𝐶 × 𝐽𝐽 × 𝑉𝑉𝑐𝑐𝑐𝑐 × (1 − 0.937𝐽𝐽) × �1 −
0.1

29−10𝑉𝑉𝑐𝑐𝑐𝑐 � × 𝑠𝑠.𝑘𝑘 × 𝐿𝐿 × 𝐷𝐷2.3

where: C = 1 if overflow mill is assumed or  1.16 if grate 
mill is assumed; J = volume load in %; Vcr = % of 
critical speed; s.g = bulk density of the ball charge in 
t/m3; L = mill length (in m); D = mill internal diameter (in 
m). 

All values in equation 9 have either been 
determined or can be specified. Thus at the value of the 
calculated shaft power, the length of the mill can be 
determined. This is done as follows: 

P = 0.1008 kW; J = 0.35; Vcr = 0.75; s.g of steel = 7.85 g/cm3 = 7.85 t/m3, D = 0.21m,  L =? 

0.1008 = 7.33 × 0.35 × 0.75 × (1 − 0.937 × 0.35) × �1 −
0.1

29−10×0.75� × 7.85𝐿𝐿 × 0.212.3

0.1008 = 1.9241 × 0.67205 × 0.9646 × 0.21676𝐿𝐿

0.1008 = 0.27037𝐿𝐿;              𝐿𝐿 = 0.1008
0.27037

= 0.3728m ≈ 373mm

b) Shaft Design 
A shaft is a rotating member usually of circular 

cross-section (solid or hollow), which is used to transmit 
power and rotational motion. Elements such as gears, 
pulleys (sheaves), flywheels, clutches, and sprockets 
are mounted on the shaft and are used to transmit 
power from the driving device (motor or engine) through 
a machine. The rotational force (torque) is transmitted to 
these elements on the shaft by press fit, keys, dowel, 
pins and splines. The shaft rotates on rolling contact or 
bush bearings.  

According to Yung and Nyberg (2010), two 
basic approaches are considered in shaft design. In the 
first approach, the shaft is made large enough (and 
therefore strong enough) to drive the specified load 
without breaking. Mechanical engineers, according to 
Yung and Nyberg (2010), define this approach as the 
ability to transmit the required torque without exceeding 
the maximum allowable torsional shearing stress of the 
shaft material. In practice, this usually means that the 
minimum shaft diameter can withstand at least two 
times the rated torque of the motor. In the second 
approach, the minimum diameter needed to prevent 
torsional deflection (twisting) during service is 
calculated. To engineers, this means that the allowable 
twisting moment, or torque, is a function of the allowable 
torsional shearing stress (in psi or k Pa) and the polar 
section modulus (a function of the cross-sectional area 
of the shaft) (Yung and Nyberg, 2010). The two 
approaches have been used to develop equations for 
determining minimum shaft sizes. These equations can 
be obtained from the Machinery’s handbook. 

i. Shaft Diameter  
The size of the shaft (shaft diameter) required to 

drive the ball mill can be estimated by using the 
equation stated below: 

                        𝐷𝐷 =  �1.33 ×106 ×𝑃𝑃
𝑁𝑁

3
𝑚𝑚𝑚𝑚                          

(9 )

where: P = shaft power of the mill = 0.5 hp; N = 75% of 
critical speed of the mill = 81.914 rpm. Therefore, the 
shaft diameter will be: 

𝐷𝐷 =  �
1.33 × 106 × 0.5

81.914
3

= 20.098 𝑚𝑚𝑚𝑚  

Due to availability, safety and machine cost 
savings, a shaft of diameter of 30 mm, greater than the 
minimum required size, has been selected for the ball 
mill. 

ii. Shaft Length 
Shafts must be designed so that deflections are 

within acceptable levels. Too much deflection can cause 
noise and vibration problem. It can also result to the 
degradation of gear performance. Since the ball mill is 
subjected to torsional stress and bending stress, at a 
maximum allowable torsional angular deflection (𝜃𝜃) of 
0.0045 rad/m, the required length of the shaft can be 
calculated by using the torsional angular equation given 
below:  

                                     𝜃𝜃 = 𝑇𝑇 × 𝐿𝐿 × 32 
𝐺𝐺 × 𝜋𝜋  × 𝐷𝐷4                                (11) 

where:  T = applied torque =1.231 Nm; L = length of 
the shaft; G = modulus of rigidity = 2.45 x 109 Pa ; D = 
diameter of the shaft = 30mm.  
Solving for L from equation 3.11, we have that: 

𝐿𝐿 =
0.0045 × 2.45 × 109 × 3.142 × 0.034

1.231 × 32
= 0.712205 𝑚𝑚

≈ 712.2 𝑚𝑚𝑚𝑚

 © 2017    Global Journals Inc.  (US)
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A shaft length of about 700 mm, close to the 
calculated value, was used in the fabrication of the ball 
mill. This shaft length comprises both the mill and the 
shafts at both ends of the mill. 

c) Pulley Size Calculation 

factor that will determine if the ball mill will operate at the 
required speed (75% of its critical speed). The equation 
used to calculate the diameter of the mill shaft pulley is 
given as: 

                                                              
𝑠𝑠𝑖𝑖𝑐𝑐𝑚𝑚. 𝑜𝑜𝑜𝑜

 
𝑠𝑠𝑐𝑐𝑖𝑖𝑑𝑑𝑠𝑠𝑖𝑖

 
𝑠𝑠𝑝𝑝𝑐𝑐𝑐𝑐𝑠𝑠𝑝𝑝 = 𝑠𝑠𝑖𝑖𝑐𝑐𝑚𝑚 .𝑜𝑜𝑜𝑜

 

𝑠𝑠𝑐𝑐𝑖𝑖𝑑𝑑𝑠𝑠𝑐𝑐 ×𝑐𝑐𝑠𝑠𝑚𝑚

 

𝑜𝑜𝑜𝑜

 

𝑠𝑠𝑐𝑐𝑖𝑖𝑑𝑑𝑠𝑠𝑐𝑐
𝑐𝑐𝑠𝑠𝑚𝑚

 

𝑜𝑜𝑜𝑜

 

𝑠𝑠𝑐𝑐𝑖𝑖𝑑𝑑𝑠𝑠𝑖𝑖

 

𝑠𝑠𝑝𝑝𝑐𝑐𝑐𝑐𝑠𝑠𝑝𝑝
                                                        (12 )

Where: diameter of driver pulley (motor pulley) = 200 
mm; rpm of driven pulley (motor speed) = 25 rpm; rpm 
of driven pulley (75% of critical speed of the mill) = 
81.914 rpm. Solving for the diameter of the driven pulley, 
we have that: 

𝑠𝑠𝑖𝑖𝑐𝑐𝑚𝑚. 𝑜𝑜𝑜𝑜
 
𝑠𝑠𝑐𝑐𝑖𝑖𝑑𝑑𝑠𝑠𝑖𝑖

 
𝑠𝑠𝑝𝑝𝑐𝑐𝑐𝑐𝑠𝑠𝑝𝑝 =

200 × 25
81.914

= 61.04 𝑚𝑚𝑚𝑚

A pulley of 62.5 mm diameter, close to the 
calculated value, was used in order to prevent the belt 
groove from intersecting with the mill shaft. 

d)
 

Construction Procedure 

i.
 

Working Drawings 
The ball mill fabrication was done based on the 

dimensions given in the working drawings that are 
shown in Fig. 2 and Fig. 3.  

ii.
 

Materials Selection 
Shown in Table 2 are the materials selected for 

the fabrication of the laboratory ball mill. 

iii. Fabrication 
Mill Cylindrical Vessel 

The steel pipe procured to serve as the mill 
chamber was cut to the required mill length (375 mm). 
Three rectangular bars, equidistant from each other, 
were welded to the steel pipe internally as lifters (Fig. 4). 
Two steel rings with diameters of 210 mm to be welded 
on both ends of the mill chamber were machined on a 
lathe. Six holes equidistant from each other, having a 
pitch diameter of 184 mm, were given to the steel rings. 
The six holes on the rings were threaded before the 
rings were welded to the steel pipe (Fig. 5). 
Flanges 

The shaft required for the ball mill fabrication 
was cut into two with lengths of 175 mm each. Two steel 
round plates, 210 mm in diameter, were used as 
flanges. The shafts were welded to the flanges. This was 
done by first boring a hole having the same diameter as 
that of the shaft (35 mm) on the flanges. The shafts were 
then fit into the bored holes and welded (Fig. 6). 
Registers were made on the flanges with a circular step 
equal to the inside diameter of the rings to receive the 
rings at the ends of the mill cylinder (Fig. 7). Registering 
of the flanges was made to accuracy, to enhance 
concentricity during assembly and operation. These 
flanges were further drilled to align with the rings and 
then fastened with M8 bolts (Fig. 8). 

Machining 
The complete ball mill chamber assembly was 

mounted on the lathe and scribed with a four-jaw chuck 
and dial indicator. The machining was done in stages: (i) 
the shaft was machined down to 30 mm, the diameter of 
the bearing; (ii) the flanges were machined to a 
thickness of 6mm; (iii) the welded edges between the 
barrel and the ring was smoothen by turning; (iv) the 
body of the mill was further machined for concentricity 
and to remove dynamic imbalance. All these were done 
to make sure the mill runs concentric without wobbling 
during operation (Fig. 9). 

Ball Mill Stand
 

The 76.2 x 76.2 mm angle irons were measured, 
marked and cut to lengths of four pieces of 460 mm and 
two pieces of 260 mm. The edges of each of the angle 
irons were cut to an angle of 50o so that the mill legs will 
be spread to an angle of 100o when welded. The pillow 
blocks (bearing housings) were centralized on the 260 
mm length angle irons. The holes for fastening them 
were marked, punched and drilled with a 10 mm drill bit. 
The shafts were fit into centralized bearing housings up 
to a distance of 30 mm from the flange covering the mill.
The remaining angle irons of 50.8 x 50.8 mm were cut to 
a length of 550 mm (i.e. length from one end of the first
pillow block to the end of the other pillow block 
internally). Their edges were drilled for mechanical 
fastening of the stand using bolts and nuts.  

These angle irons were welded together to form 
two stands with their legs spread at an angle of 100o

from the base (Fig. 10). These legs were also drilled. 
The 2” x 2” angle irons were fastened to the legs formed 
using M8 bolts and nuts. Hence, the mill stand is formed 
as shown in Fig. 11. After the fabrication of the mill 
stand, the mill vessel was mounted on the stand and the 
pillow blocks fastened with M16 bolts and nuts (Fig. 11) 

Feed and Discharge Opening 

A square hole of 80 x 80 mm, after levelling of 
the mill vessel and the stand, was cut out from the 
vessel using an electric hand filing machine. This hole 
serves as the feed and discharge point of the mill (Fig. 
12). A dynamic imbalance was observed in the vessel 
(i.e. the part with the hole always stayed down when the 
vessel steadied after rotation). This is an advantage for 
discharging the ground product. The square metal piece 
that was cut out from the mill was welded to a bigger flat 
plate of 2 mm thickness to serve as the cover of the 
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The size or diameter of the pulley required to 
drive the ball mill (the driven pulley) is an important 
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feed/discharge opening of the mill (Fig. 13). A hinge was 
attached to this plate to assist the opening and closing 
of the mill without removing the cover entirely. 
Motor Seating 

The motor seating (Fig. 14) was made through 
the following steps: 
• Points for tightening the motor were marked on the 

250 x 115 mm plate. These points were punched 
and drilled using a 9 mm diameter drill bit. A slot 
was made on one part of the plate and the end 
closed by welding a plate piece to it (i.e. the slot for 
the threaded M16 shaft); 

• Small pipes and shaft were used to make a hinge 
carrying the threaded M16 shaft on the other 170 x 
60 mm plate. This was done in order to assist in the 
tensioning of the belt between the motor and the 
mill when connected; 

• These plates with their components were welded to 
the leg of the mill stand.  

Completed Mill Assembly 
Shown in Fig. 15 is the complete mill assembly 

(without the drive belt) after construction of the mill. 

e) Grinding Test 
The aim of the grinding test is to determine the 

performance or efficiency of the designed and 
constructed laboratory ball mill. Since the mill was 
designed to operate at P80 of 100 microns, efficiency 
can be achieved if the product of the mill has a particle 
size of which 80% is ≤ 100 microns. If the product 
particle size is > 100 microns, the mill is said to be 
inefficient.  

To carry out the grinding test, the inner chamber 
of the mill was cleaned to remove foreign particles that 
would act as impurity in the required product. The as 
received limestone ore was manually crushed into 
particles within the size range of 2 mm. A representative 
sample of the crushed limestone (270 g) was fed into 
the ball mill with the required amount of steel balls, after 
which the grinding operation was performed for about 
30 mins. After grinding, the ground ore was discharged 
from the mill together with the steel balls. The ground 
product from the mill was then analysed to determine its 
particle size distribution. The results obtained are 
presented in the next section of this work. 

III. Results and Discussion 

a) Laboratory Ball Mill 
As can be seen from Fig. 15, the constructed 

laboratory ball mill met all the specifications required in 
the design. The mill has a mill diameter of 210 mm, a 
length of 375 mm, a speed of 81.914 rpm and a 0.5 hp 
motor to drive the mill. The ball mill also has three lifters, 
an opening for ore feeding and discharging of ground 
products, and a solid stand to counter wobbling during 
operation. 

b) Grinding and Particle Size Analysis Results 
Shown in Fig. 16 is the picture of the crushed 

limestone that was fed into the fabricated ball mill for the 
grinding test. As can be seen in Fig. 17, the picture of 
the limestone after the grinding test shows that a very 
fine ground product was obtained after the test. 

i. Feed Particle Size Analysis Results 
The results (weight retained in grams for each 

sieve size, % weight retained for each sieve size, and 
cumulative weight % passing for each sieve size) of the 
particle size analysis of the feed ore or limestone are 
shown in Table 3. These results were used in plotting the 
particle size distribution curve of the feed material (Fig. 
18). As can be seen from Fig. 18, the plot of the 
cumulative % passing of the feed limestone against 
particle size (in microns), the values of F50 and F80 of the 
feed are 650 microns and 1950 microns respectively. 

This means that about 50% of the feed 
limestone passes through a sieve size of 650 microns 
while 80% of the feed material passes through a sieve 
size of 1950 microns. It is also important to note that the 
value of F80 from the particle size analysis of the feed is 
almost the same as the value assumed for F80 in the ball 
mill specific power design (F80 = 2000 microns). 

ii. Product Particle Size Analysis Results 
The results (weight retained in grams for each 

sieve size, % weight retained for each sieve size, and 
cumulative weight % passing for each sieve size) of the 
particle size analysis of the limestone product from the 
grinding test are shown in Table 4. These results were 
used to plot the particle size distribution curve of the 
ground product (Fig. 19). As can be seen from Fig. 19, 
the plot of the cumulative % passing of the product 
limestone against particle size (in microns), the values of 
P50 and P80 of the ground product are 47.5 microns and 
85 microns respectively. This means that about 50% of 
the ground limestone passes through a sieve size of 
47.5 microns while 80% of the ground product passes 
through a sieve size of 85 microns. Since P80 is 85 
microns, which is less than 100 microns (the value of P80 
used in designing the mill), it means the laboratory ball 
mill is working within the required size reduction and 
thus is efficient.  

IV. Conclusion 

Based on the results of the design, fabrication, 
grinding test and performance check of the produced 
laboratory ball mill, the following conclusions have been 
drawn:  
1. The fabricated ball mill met all the specifications 

required in the design. It has a mill diameter of 210 
mm, length of 375 mm, and a speed of 81.914 rpm. 

2. The minimum shaft power required to drive the 
laboratory ball mill when filled with ore and grinding 
media is 0.2025 horsepower. 

© 2017    Global Journals Inc.  (US)
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3. The minimum shaft dimensions for the ball mill are: 
30 mm for diameter and 712.2 mm for the length of 
the shaft. 

4. The performance of the laboratory ball is effective as 
the P80 of the products from the mill is less than the 
P80 (100 microns) of the design. The ball mill is 
efficient for grinding limestone. 

5. The laboratory ball mill can also be used to grind 
other ores. 
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Fig.1:
  
Filling degree as a function of H/D ratio (The Cement Grinding Office, 2012)

 

 

Fig. 2 :
 
Detailed working drawing of the vessel for the mill
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Fig. 3:  Detailed working drawing of the stand to the mill 
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Fig. 4: The steel pipe cut to 375mm and the welded lifters 

Fig. 5:  Marking the rings using the dividing head; machined rings welded to the pipe 

Fig. 6: Shafts welded to the round plates to make the flanges 

 

Fig. 7: Registers made on the flanges 

 

Fig. 8: Flanges fastened to the pipe using M8 bolts 
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Fig. 9: Different views on how the pipe and flange assembly were mounted on the lathe machine and the scribing of 
the mounted assembly 

  

 

Fig.10:  Different views of the welded legs of the stand

© 2017    Global Journals Inc.  (US)

G
l o
ba

l 
Jo

ur
na

l 
of

R
es
ea

rc
he

s 
in
 E

ng
in
ee

ri
ng

  
   

  
(

)
V
ol
um

e  
 X

V
II
  

Is
su

e 
 I
I 
 V

er
si
on

 I
  

  
  
 

  36

Y
e
a
r

20
17

A

Design, Construction and Performance Analysis of a 5 Kg Laboratory Ball Mill



 
Fig.

 
11:  Mill mounted on the stand

 

 
Fig. 12:  Feed and discharge hole cut on the vessel 

  

Fig. 13:  Square cut out part welded to a curved plate to serve as feed hole cover 
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Fig. 14: The different views of the assembled stand and a clearer view of the motor seating

  

 

Fig. 15:  Complete mill assembly without drive belt 

© 2017    Global Journals Inc.  (US)

G
l o
ba

l 
Jo

ur
na

l 
of

R
es
ea

rc
he

s 
in
 E

ng
in
ee

ri
ng

  
   

  
(

)
V
ol
um

e  
 X

V
II
  

Is
su

e 
 I
I 
 V

er
si
on

 I
  

  
  
 

  38

Y
e
a
r

20
17

A

Design, Construction and Performance Analysis of a 5 Kg Laboratory Ball Mill



 
Fig. 16: Feed material 

 

Fig. 17:  Limestone product (a) after grinding (b) after sieving 

 

 
Fig. 18:

 
Graph of Cumulative % passing to Particle size for feed size
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Fig.19: Graph of Cumulative % passing to Particle size for product size 

Table 1: Correction factors for open circuit (Schlanz, 1987)

 Product passing size
 

Reference C2
 50

 60
 70
 80
 90
 95
 98
 

1.035
 1.05

 1.10
 1.20
 1.40
 1.57
 1.70
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Table 2: Work pieces 

SN Part of machine Item description Quantity Picture 

1.

 

Mill chamber

 

Steel pipe –

 

diameter, 210 x 400 mm.

 
 
 
 

1

 

 

Flat bar – 5x10x370 mm. 

3

 

Steel balls – diameter, 25mm
 

20

 

2.

 

Flanges

 

Round plate –

 

diameter, 210 x 8 mm. 

 

2

 

 

Round rings –

 

diameter, 210 x 6 mm.

 

2

 

 

Steel shaft –

 

diameter, 35 x 350 mm.

 

1

 

 

Pillow block –

 

30mm inner race

 

2

 

 

3.

 

Electric motor

 

Electric gear motor –

 

single phase, 
0.5hp, 70rpm. 

 

1

 

 

Pulleys –

 

125mm diameter; 62.5mm 
diameter, both with B

-

belt groove

 2 ; 1

 

 
Key – Gib-head key of 7x6x50 mm.   
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4.

 

Motor seating

 
Flat plate -

 
_______

 

Threaded shaft __mm
 

M16 nuts
 

Hinges
 

Short pipes
 

Shaft
 

2 

1 

2 

2 

2 

1 
 

5.

 

Mill stand 

 
Angle iron, 76.2x76.2 mm (3” x 3”).

 

Angle iron, 50.8x50.8 mm (2” x 2”).
 5

 
 

6
 

 

6.
 

Fasteners
 M8 bolts and nuts 

M16 bolts and nuts 
Electrodes 

24 
4 

½ pack 

 

Table 3:
 
Feed particle size analysis with the cumulative percent passing

 

    

 
Sieve 

size(microns)
 

Weight 
retained(g)

 

% weight 
retained

 

Cumulative% 
passing

 4750

 

20.210

 

7.485

 

92.515

 2000

 

29.956

 

11.095

 

81.420

 1180

 

23.275

 

8.617

 

72.803

 850

 

31.085

 

11.513

 

61.290

 600

 

40.050

 

14.274

 

46.457

 425

 

33.140

 

12.274

 

34.183

 300

 

45.510

 

16.855

 

17.328

 pan

 

46.784

 

17.327

 

0.000

 
 

270.00

 

100.000

  
 

  

Table 4:
 
Product particle size analysis with the cumulative percent passing

 

 

 

 

Sieve 
size(microns) 

Weight 
retained(g) 

% 
weight 

retained 

Cumulative% 
passing 

300 8.077 3.04 96.96 
150 11.289 4.24 92.72 
100 21.515 8.09 84.64 
75 24.360 9.16 75.48 
50 54.922 20.64 54.84 

37.5 100.565 37.80 17.04 
Pan 45.338 17.04 0.000 

 266.070 100.00  
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Response Surface Optimization of Rolling 
Process Parameters in Hot Rolling of St60mn 

Steel 
Peter U. Nwachukwu α & Oluleke O. Oluwole σ

In hot rolled process, the yield strength, tensile 
strength and toughness play major roll in the structural 
reliability of the hot rolled steel. Hot rolled St60Mn steel rebars 
are used for the manufacture of steel for use  in construction 
and other industries. Improved yield strength and toughness 
of the steel used in construction are often desired to avoid 
fracture failure and promote impact loading. In this study, 
Response Surface Methodology was used to study the 
behaviour of the tensile properties and toughness of the hot 
rolled St60Mn steel when hot rolled at  various finish rolling 
temperatures and rolling strain rates. The Response Surface 
Methodology (RSM) was used to investigate the individual and 
interaction effect of finish rolling temperature and rolling strain 
rate as independent variables on the yield strength, tensile 
strength and toughness properties of the hot rolled steel. The 
St60Mn steel was hot rolled at various finish rolling 
temperature between 915°C-923°C for rolling strain rates of 
between 5 x 103s-1- 7 x 103s-1.The influence of the finish rolling 
temperature and rolling strain rates on the yield strength, 
tensile strength and toughness were investigated by modelling 
the relationship using cubic order polynomial to develop the 
response surface plots and their respective contour plots. The 
RSM proposes models describing the influence of the rolling 
process parameters on the properties of the hot rolled steel. 
The model was able to account for the curvature of the 
response and the interaction of the independent variables in 
the response surface. There spone surface methodology 
(RSM) was applied to optimize the rolling process parameters 
to attain the optimal values of the properties. The optimized 
values for the yield strength, tensile strength and toughness 
for the hot rolled St60Mn steel were obtained as 470.13 
MPa,701.63 MPa and 0.458042 joules/mm² respectively. The 
optimization was achieved within the 95% confidence interval. 
Keywords: hotrolled, steel;finish rolling temperature  
;rolling strainrate; yield strength; tensile strength;
toughness; optimization; rsm, model. 

I. Introduction 

hen a piece of metal is rolled between two rolls, 
the metal piece experiences both vertical and 
horizontal stresses caused by the compressive 

load from the rolls and the restrains by the portions of 
the metal piece before and after the material in contact 
with the roll respectively (Dutta ,1986). 

Author α σ: Department of Mechanical Engineering, University of 
Ibadan, Ibadan, Nigeria. e-mails: lekeoluwole@gmail.com,  
ebubedikeugwu@gmail.com

As the rolls exert a vertical stress on the metal 
piece, the latter exerts the same amount of stress back 
onto the rolls itself. As such the rolls are subjected to 
stresses exerted by the rolls and it is treated as a two-
dimensional % total deformation in the thickness in 
length directions or changes its cross sectional area. 
This deformation influences the mechanical properties 
of the hot-rolled steel (Ashrafi et al,2015).In the 
deformation zone the thickness of the input metal gets 
reduced and it elongates. This increases the linear 
speed of the work piece at the exit. 

The contour of the roll gap controls the 
geometry of the product (Dutta,1986). 

"Draft", also known as draugth, is a term meant 
to express the reduction in cross section height / area or 
reduction in height in a vertical direction when 
compressed between two rolls. 
Draft is either direct or indirect. 

Indirect draft results when the rolls exert on the 
stock in non-vertical direction. Basically it is a grinding 
action between the collars of two rolls rotating in 
opposite direction. 

When part of the pass profile is inclined in 
between the vertical and horizontal, the % total 
deformation is caused by a combination of direct as well 
as indirect drafting. 

Up to an inclination of 45°with the horizontal 
direct drafting predominates. However, above 45° 
inclinations the effects of indirect drafting comes in to 
play. Near 90° the % total deformation depends almost 
entirely on indirect draft (Dutta,1986).This reducing ratio 
or draft also affect the mechanical properties and 
microstructure of rolled products (Aodaet al,2012,Song 
et al,2004). 

"Elongation"in stock length is associated with 
reduction in area, as volume of metal that leaves the 
rolls and the one that enters them is equal. Elongation 
factor, i.e., the ratio of the final length to the initial length 
is always greater than unity (Dutta, 1986); and this 
enlongation decreases as the deformation 
increases(Hutchinson et al,2015)."Spread": When steel 
stock is compressed between two rolls, it obviously 
moves in the direction of least resistance. There is not 
only a longitudinal flow but also some lateral flow, which 
is called 'Spread' (Dutta,1986). 

W 
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Rolling signifies one action but two reactions. 
The rolls apply a 'reduction' (vertically); this reduction 
produces an 'elongation' and 'spread' (sideways). 

The stock under vertical compression meets 
some longitudinal resistance to free elongation which 
assists in causing sideways spread. 

Spread is the flow of material at right angles to 
the directions of compression and elongation. 

The higher the coefficient of friction, higher is 
the resistance to lengthwise flow and more is the 
spread. 

The quantum of spread can never be worked 
out analytically. Neither any formula nor any method of 
computation is available to quantify spread. 

Roll Designers only rely on guess estimate to 
overcome the problem, but accuracy of such guess 
work is not only extremely necessary but is needed. 
In practice it is found that the following factors affect the 
amount of spread. 

Rolling temperature of the work piece influences 
spread appreciably. Lower the rolling temperature of 
steel input, greater is the spread, as well as the strength 
of the hot-rolled steel. Similarly, higher the rolling 
temperature, lesser is the spread, as well as the strength 
of the steel. Also the higher the rolling strain rate, the 
greater is the spread and the strength of the steel and 
the lower the enlongation of the hot-rolled steel. The 
lower the rolling strain rate, the lesser is the spread and 
vice versa (Sierakowski, 1997;Fahker et  al,2014; 
Mihalikova et al,2007;Song et al,2004).Lesser speed of 
rolling results in greater spread and vice-versa. 

Diameter of the working rolls plays a significant 
role in the guess estimation of spread. Higher the 
diameter of the working rolls, lesser is the spread. 
Similarly, lower diameter results in higher spread. 

Surface roughness, i.e., friction of the working 
rolls plays a note worthy part in determining spread. 
Rougher the roll surface lesser is the spread and 
smoother the roll surface more is the spread. Stock 
height and width play influences spread. Higher draft 
and wider stock signifies greater spread. When 
rectangular stock passes through plain rolls then the 
spread is "free" or "unrestricted". 

However, if the stock passes through grooved 
rolls, then the form of the pass keeps the spread within 
certain limits. This is known "restricted" spread. 
Because of this restricted spread the width of an 
entering stock is smaller than the width of the pass 
groove. 

It is accepted that beyond a ratio width / height 
= 5, spread becomes negligible (Dutta,1986). 

An investigation on the optimization of hot-
rolling process parameters in bar and rod rolling of Fe-
500 and high alloy steels using gleeble temperature
profile, strain, strain rates and temperature in roughing

and finishing stands lead to defect free rolling (Kumar et 
al.,2012). 

A mathematical model which consists of sub 
models for static and metadynamic recrystallisation, 
grain growth and the transformed ferrite grain size that 
were characterised for a wide range of C-Mn and HSLA 
steels, has been developed. It predicts the final 
mechanical properties of hot rolled steels, and is 
suitable for the evaluation of new steel grades and the 
development of optimised thermo mechanical 
processing routes (Hodgson et al,1992).   

In this present study, the combined influence of 
the finish rolling temperature and rolling strain rates of 
the hot rolled St60Mn steel is discussed. The yield 
strength, tensile strength and toughness of the hot rolled 
St60Mn steel are developed as functions of the finish 
rolling temperature and rolling strain rates using the 
response surface methodology (RSM).It is desired to 
investigate how much of influence the finish rolling 
temperature and rolling strain rates affect the property 
response of the hot rolled St60Mn steel and to find the 
combination of these rolling process parameters that will 
provide the optimal response of the properties. 

II. Methodology 

Rolling cycles of St60Mn steel billets which were 
charged into the furnace and heated to the rolling 
temperatures in the range 1150°C -1250°C and later 
rolled into 12mm,14mm,16mm and 25mm diameters of 
rebars were investigated at finish rolling temperature of 
915°C,917°C,918°C,920°C,922°C,923°C,keeping  the % 
total deformations constant at 99%,while changing 
rolling strain rates to 7 x 10³s-1,6 x 103s-1,5 x 103s-1 . 

Mechanical tests were performed on the hot-
rolled samples at room temperature of 27°C on UPD 
100s Universal Materials Testing Machine and PSW 
Pendulum Impact Testing Machine, respectively. The 
optimum finish rolling temperature,% total deformation 
and rolling strain rates were evaluated using the 
Response Surface Methodology. The yield strength, 
tensile strength and toughness were obtained from the 
mechanical test. 

 © 2017    Global Journals Inc.  (US)
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exit and entry width.



Table 2.1: Chemical composition of the as received St60Mn steel specimen used. 

STEEL GRADE 
CHEMICAL COMPOSITION % 

C Si Mn P S Cr Ni Cu N  

ST60Mn 0.41 0.24 1.12 0.021 0.008 0.02 0.03 0.03 0.010  

a) Response Surface Modeling Technique 
Response surface methodology was used for 

the optimization of the yield strength, tensile strength 
and toughness of the hot rolled St60Mn steel. Actual 
values from the experimental data were used directly for 
the RSM experimental design. The behaviour of the yield 
strength Ϭy, tensile strength ϬT ,and toughness EImT, as 
obtained in the experimental data were modelled as 
functions of the finish rolling temperature and rolling 
strain rate using the Response Surface Methodology 
(RSM).The response surface methodology was obtained 
from the  design expert software version 6.0.8.Response 
surface methodology usually aim at determining the 
optimum settings for the variables and to see how the 
variables perform over the whole experimental domain, 
including any interactions such as the simultaneous 
influence of the rolling process parameters on the 
properties of the hot rolled St60Mn steel. The finish 
rolling temperature and rolling strain rate were taken as 
two independent variables which determine the 
response of the yield strength Ϭy, tensile strength ϬT

,and toughness EImT, of the steel to the hot rolling 
process parameters. The experimental design and 
statistical analysis were performed according to the 
response surface analysis method using Design Expert 
6.0.8 software. Historical data obtained from the 
experiments was employed to study the combined 
effect of the finish rolling temperature (x1) and rolling 
strain rate (x2).The dependent variables (y) measured 
were the yield strength Ϭy, tensile strength ϬT and 
toughness EImT, of the hot rolled St60Mn steel. These 
dependent variables were expressed individually as a 
function of the independent variables known as 
response function. 

The cubic order three dimensional surface 
model was determined to describe the relationship 
between each of the properties y, and the two 
independent variables (finish rolling temperature;x1, and 
rolling strain rate;x2).The model was able to account for 
the curvature of the response and the interaction of the 
independent  variables in the response surface. The 
data point (y,xi,xj) defines a curved surface in 3D space 
represented by the following polynomial (Karuppaiya et 
al.,2010;Lazic,2004;Man et al,2010). 

y =β0  +Σq
j=1βjxj + Σq

j=1βjjxj
2 + Σq

j=1βjjxj
3 + Σi<jΣβijxixj + e 

The parameters βi are constant coefficients 
known as the regression coefficients. These coefficients 
measure the expected change in the response y per unit 
increase in xi when the xj is held constant and vice versa 
and are established by regression analysis in the RSM 
programme. 

Σβjxj is the main effect.Σβjjxj
2 are the 

curvature,Σi<jΣβijxixj  is the interaction and e is the 
error.All the coefficients were obtained by the use of the 
Design Expert software package. The goodness of fit for 
each property model was confirmed by the R2  values 
and the probability obtained from the analysis of 
variance  (ANOVA).The optimum  values of the rolling 
process parameters and the properties were obtained 
from the numerical analysis of the RSM package 
.Experiments were conducted at the optimal condition to 
validate the values obtained. 

III. Results and Discussion 

a) Influence of finish rolling temperature on the 
mechanical properties at constant % total 
deformation of 99%, changing rolling strain rates to 7 
x 103s-1,6 x 103s-1 and 5 x 103s-1. 

The results obtained from the mechanical test 
experiments were used to describe the behavioural 
pattern of the yield strength Ϭy, tensile strength ϬT and 
toughness EImT, properties with the finish rolling 
temperature and rolling strain rates as shown in Figures 
1.1,1.2 and 1.3. 

The figures expose the influence of the finish 
rolling temperature and rolling strain rate on each of the 
properties. As shown in the figures, the tensile strength 
and yield strength decrease as the finish rolling 
temperature increases but increase as the rolling strain 
rates increase. But the toughness on the other hand, 
increases as the finish rolling temperature increases but 
decreases as the rolling strain rates increase. 
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Finish Rolling Temperature Versus Mechanical Properties At Constant Deformations Of 99%, Changing Rolling Strain 
Rates 

Figure 3.1: Finish rolling temperature versus tensile strength at constant deformation of 99%,changing rolling strain 
rates 

Figure 3.2: Finish rolling temperature versus yield strength at constant deformation of 99%,changing rolling strain 
rates 

Figure 3.3: Finish rolling temperature versus toughness at constant deformation of 99%,changing rolling strain rates 

b) Response Surface Analysis 
The properties parameters as obtained from the 

rolling data  are shown in Tables below. 
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Table 3.1: Actual data from the effect of finish rolling temperature on the mechanical properties of St60Mn steel at 
99% constant deformation, changing rolling strain rates. 

                  Mechanical properties of hot-rolled St60Mn steel 

Rolling strain 
rate 
  (s-1) 

                                 Finish rolling temperature (°C) 
            915        917       918       920       922      923 
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69
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45
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43
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45
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43
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45
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3

0.
45

61
7

43
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46
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41
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48

Table 3.1 show the dependency of the yield 
strength, tensile strength and toughness on the finish 
rolling temperature for different rolling strain rates and % 
total deformations.  The data in the tables were 
populated in the RSM actual-design value frame for the 
18 observations obtained. The RSM capable of 
developing model fits for the data was used to develop 

the models describing the relationship of each of the 
properties with the hot-rolling parameters. Tables 3.2,3.3 
and 3.4 below show the results of the model fit for the 
three mechanical properties under consideration as 
analysed using the RSM. 

Table 3.2: Response surface model for tensile strength relationship with finish rolling temperature at 99% 
deformation,  changing rolling strain rates  

 
   

  
  

      
     

      
        

Table 3.3: Response surface model for yield strength relationship with finish rolling temperature at 99% deformation,
changing rolling strain rates 

Model Summary Statistics for Yensile strength of hot rolled St60Mn steel at 99% deformation,changing rolling strain 
rates

Source Std.Dev. R-Squared Adujsted         R-
Squared

Predicted          
R-Squared

PRESS
  

Linear 6.52 0.9364 0.9223 0.8979 614.21
  

2FI 6.62 0.9417 0.9199 0.9044 575.00
  

Quadratic 3.83 0.9854 0.9732 0.9367 380.79 Suggest
d

Cubic 1.35 0.9988 0.9966 0.9131 522.66 Aliased
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Model Summary Statistics for Tensile strength of hot rolled St60Mn steel at 99% deformation,changing 
rolling strain rates

Source Std.Dev. R-Squared Adjusted         
R-Squared

Predicted    
R-Squared           

PRESS

Linear 25.61 0.8002 0.7559 0.6345 10803.59
2FI 22.03 0.8689 0.8194 0.7536 7283.71
Quadratic 8.92 0.9839 0.9704 0.9151 2510.19 suggested
Cubic 0.89 0.9999 0.9997 0.9924 223.61 Aliased

Y
e
a
r



Table 3.4: Response surface model for toughness relationship with finish rolling temperature at 99% deformation, 
changing rolling strain rates 

 
Model Summary Statistics for Toughness of hot rolled St60Mn steel at 99% deformation,changing rolling strain rates 

Source Std.Dev. R-Squared Adjusted R-
Squared 

Predicted R-
Squared PRESS 

 

Linear 6.227E-003 0.9031 0.8815 0.8250 6.299E-
004 

 

2FI 6.440E-003 0.9078 0.8733 0.7365 9.484E-
004 

 

Quadratic 1.852E-003 0.9943 0.9895 0.9536 1.670E-
004 

Suggested 

Cubic 8.513E-004 0.9992 0.9978 0.9426 2.067E-
004 

 
Aliased 

The results suggest Quadratic order for the 
description of the mechanical properties relationship 
with the hot-rolling parameters as indicated in the tables. 
These are obtained by focusing on the model that 
maximizes the adjusted and predicted R-square values 
for each

 
of the properties and the lowest level of 

uncertainty. The quadratic order compared to the other 
models has moderate standard deviation, high R2  
values and low predicted residual sum of squares for 
the three properties indicating that the quadratic model

 

is the most suitable for describing each of the steel 
properties relationship with the process parameters.

 

The Analysis of Variance (ANOVA) for the 
response surface cubic models of the yield strength,

 

tensile strength and toughness are shown in Tables 
below respectively with estimated values of the 
regression coefficients for 99%,98%,96% total 
deformation variables. The ANOVA is employed inorder 
to determine which of the variables in the rolling process 
parameters are significant in describing the behaviours 
of the mechanical properties.TheR2 

 
values were 

determined from the F-test.The significant parameters 
are shown in Tables below.

 
Parameters with ‘’ Prob> 

F’’-values less than 0.0001  are significant to the 
description of the properties relationship to the rolling 
process parameters.

 

 

Table3.
 
5:

 
ANOVA for tensile strength relationship with finish rolling temperature at 99% deformation,

 
changing 

rolling strain rates
 

 

ANOVA for Tensile strength of hot-rolled St60Mn steel at 99% deformation, changing rolling strain rates.
 

ANOVA for Response Surface Cubic Model
 

Analysis of Variance table [ Partial sum of squares ]
 

Source

 

Sum of 
Squares

 Coefficien
t Estimate

 Mean 
Squares

 
F Value

 

Prob>F

 

DF

 
95% 
CL 

Low
 

Standard 
Error

 95% 
CL 

High
 VIF

 

Model
 

29558.33
  

4222.62
 

5387.59
 

<0.0001
 

7
     

X1

 
3698.00

 
−43.00

 
3698.00

 
4718.23

 
<0.0001

 
1

 
−44.74

 
0.63

 
−41.26

 
4.46

 

X2

 
2903.22

 
    38.10

 
2903.22

 
3704.18

 
<0.0001

 
1

 
36.36

 
0.63

 
39.84

 
4.46

 

X1
2
 

3194.98
 

−38.19
 

3194.98
 

4076.43
 

<0.0001
 

1
 

−39.85
 

0.60
 

−36.53
 

1.03
 

X2
2
 

20.93
 

−3.09
 

20.93
 

26.71
 

0.006
 

1
 

−4.75
 

0.60
 

−1.43
 

1.03
 

x1x2

 
2277.69

 
−18.84

 
2277.69

 
2906.08

 
<0.0001

 
1

 
−19.81

 
0.35

 
−17.87

 
1.08

 

X1
3
 

0.000 0
           

X1
3
 

0.000 0
          

X2
2x2

 
459.67 

 
−17.36

 
459.67

 
586.49

 
<0.0001

 
1

 
−19.35

 
0.72

 
−15.37

 
4.54

 

X1x2
2
 

7.64
 

2.24
 

9.74
 

0.0355
   

0.25
 

0.72
 

4.23
 

4.54
 

Residual
 

3.14
  

0.78
   

4
     

Lack of 
fit

 3.14
  

3.14
   

1
     

Pure 
error

 0.000
  

0.000
   

3
     

Cor 
Total

 29561.47
     

11
     

Intercept
  

691.79
    

1
 

685.9
9

 0.65
 

693.59
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Std.Dev. 0.89 R-Squared 0.9999 
Mean 660.73 Adj R-Squared 0.9997 
C.V. 0.13 Pred R-Squared 0.9924 

PRESS 223.61 Adeq    Precision 170.160 

 
Table 3.6: ANOVA for Yield strength relationship with finish rolling temperature at 99% deformation, changing rolling 

strain rates 
 

ANOVA for Yield strength of hot-rolled St60Mn steel at 99% deformation,changing rolling strain rates.  
ANOVA for Response Surface Cubic Model  

Analysis of Variance table [ Partial sum of squares ]  

Source
 Sum of 

Squares  
Coefficien
t Estimate  

Mean 
Squares  F Value

 
Prob>F DF

 95% 
CL 

Low 

Standard 
Error 

95% CL 
High  

VIF  

Model 5926.69   1185  80.93  <0.0001  5     
X1 1708.51  −14.20  1708.51  116.66  <0.0001  1 −17.41  1.31  −10.98  1.05  
X2 3110.89   19.15  3110.89  212.41  <0.0001  1 15.94  1.31  22.37  1.05  
X1

2 165.78  −8.69  165.78  11.32  0.0151  1 −15.00  2.58  −2.37  1.05  
X2

2 122.39  7.46  122.39  8.36  0.0277  1 1.15  2.58  13.78  1.02  
X1X2 33.26  −2.26  33.26  2.27  0.1826  1 −5.92  1.50  1.41  1.06  
X1

3 0.000 0            
X2

3 0.000 0           
X1

2X2 20.12  −3.63  20.12  10.98  0.0295  1 −6.68  1.10  −0.59  4.54  
X1X2

2 57.06  6.12  57.06  31.15  0.0051   3.07  1.10  9.16  4.54  
Residual 87.86   16.45    6     
Lack of 

fit 
87.86   29.29    3     

Pure 
error 

0.000   0.000    3     

Cor Total 6014.56      11      
Intercept  446.79     1 439.9

4 
2.80  453.64   

 
Std.Dev. 3.83 R-Squared 0.9854 

Mean 446.47 Adj R-Squared 0.9732 
C.V. 0.86 Pred R-Squared 0.9367 

PRESS 380.79 Adeq    Precision 24.648 

 
Table 3.7: ANOVA for toughness relationship with finish rolling temperature at 99% deformation, changing rolling 

strain rates. 
 

ANOVA for Toughness of hot-rolled St60Mn steel at 99% deformation,changing rolling strain rates.  
ANOVA for Response Surface Cubic Model Aliased  
Analysis of Variance table [ Partial sum of squares ]  

Source Sum  of 
Squares  

Coefficient 
Estimate  

Mean 
Squares  

F Value  Prob>F DF  95% CL 
Low 

Standard 
Error 

95% CL 
High  

VIF  

Model 3.579E-
003  

 7.159E-
004  

208.71  <0.0001  7     

X1 2.810E-
003  

0.018  2.810E-
003  

819.31  <0.0001  1 0.017  6.360E-
004  

0.020  1.05  

X2 2.729E-
005  

1.794E-003  2.729E-
005  

7.96  0.0303  1 −3.351𝐸𝐸
− 003  

6.360E-
004  

−2.379𝐸𝐸
− 004  

1.05  

X1
2 2.948E-

004  
0.012  2.946E-

004  
85.94  <0.0001  1 8.526E-

003  
1.249E-

003  
0.015  1.02  

X2
2 5.506E-

006  
1.583E-003  5.506E-

006  
1.61  0.2521  1 −1.474𝐸𝐸

− 003  
1.249E-

003  
4.640E-

003  
1.02  

X1X2 3.287E-
005  

2.243E-003  3.287E-
005  

9.58  0.0212  1 4.699E-
004  

7.245E-
004  

4.016E-
003  

1.06  

            
           
      

1 
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Residu

al 
2.058E-

005 
 3.430E-

006 
  6     

Lack of 
fit 

2.058E-
005 

 6.860E-
006 

  3     

Pure 
error 

0.000  0.000   3     

Cor 
Total 

3.600E-
003 

    11     

Interce
pt 

 0.45    1 0.45 1.355E-
003 

0.45  

 
Std.Dev. 1.852E-003 R-Squared 0.9943 

Mean 0.46 Adj R-Squared 0.9895 
C.V. 0.40 Pred R-Squared 0.9536 

PRESS 1.670E-004 Adeq    Precision 31.229 

The F- values for the properties less than < 
0.0001 implies that such models are significant. This 
means that there is only 0.01% chance that the model F-
values as large as obtained could occur due to noise. 

The model terms with ‘’prob>F’’ value < 0.0001 are 
considered to be significant and influence the 
responses considerably. Considering the finish rolling 
temperature relationship with the mechanical properties 
of hot rolled st60Mn steel at 99% deformation while 
changing rolling strain rates, the rolling parameter 
having the most significant influence on the properties 
was the finish rolling temperature (x1) main effect with F-
values of 4718.23,116.66 and 819.31,for tensile 
strength, yield strength and toughness respectively. This 
is followed by rolling strain rate (x2) with F-values of 
3704.18 ,212.41 and 7.96,both having  ‘’prob>F’’< 
0.0001.This implies that the finish rolling temperature 
has much more influence on the tensile strength and 
toughness with ‘’prob>F’’ <0.0001,whereas the rolling 
strain rate has much more influence on the yield 
strength than the other two,with ‘’prob>F’’value  
<0.0001.The model terms having ‘’prob>F’’value 
>0.0001  indicates that the terms are not significant. 

Similar trends were observed for the other 
variables of 98%,96%,  for the hot-rolled St60Mn steel. 

The determination coefficient R2 values show a good 
response between the predicted values and the data for 
the properties at various variables of the parameters. 

This gives the confidence that the models describing the 
response of the properties are good fits of the model 
data. The adequate precision which measures the signal 
to noise ratios for the relationships describing the yield 
strength surface response, tensile strength surface 
response  and the toughness surface response  for all 
the variables of the rolling process parameters indicates 
adequate  signals having been determined to be greater 
than 4.00 as shown in the Tables. It is required that this 
ratio greater than 4 is desirable. These models can 
therefore be used to navigate the design space for the 
three properties. 

The satisfactory correlation between the data 
and the RSM predicted values is also evident as shown 

in the figures below, in which the plotted points are 
observed to be spaced out on the fit line as shown for 
the three properties respectively for 99%,98%,96%  
rolling process variables. 
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                         Fig. i:  Tensile strength                                                                 Yield strength  

 

                       
                     Fig. iii : Toughness 

Fig. 3.4: Parity plot for mechanical properties relationship with finish rolling temperature at 99% deformation , 
changing rolling strain rates  
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                                Fig. i:  Tensile strength                                                                              Fig. ii:  Yield strength 

                          Fig. iii:  Toughness 
 

Fig 3.5: Normal plot for mechanical properties relationship with finish rolling temperature at 99% deformation, 
changing rolling strain rates 

It was observed that the residuals tend to be 
aligned with the normal distribution assumptions as 
defined by the straight lines. This implies that the errors 
are normally distributed. The predicted values for the 
properties as function of the process parameters could 
therefore be considered useful for getting information 
from the experiments. 

The relative equations describing the response 
of each of the properties with the process parameters as 

obtained from the Response Surface Method are as 
follows: 
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Toughness for finish rolling temperature at 99% deformation,changing rolling strain rates,in terms of actual 
factors.

 
EImT=+610.84091-1.32942* x1-5.36062E-004* x2+7.23945E-004* x1

2+1.58311E-009* x2
2+5.60686E-007*x1

 

*x2

 

……………………………………………………………………3.3

 

  

 
     

Tensile strength for finish rolling temperature at 99% deformation,

 

changing rolling strain rates

 

ϬT

 

=  Tensile strength=+691.79-43.00* x1+38.10  * x2-38.19*x12-3.09 * x22-18.84 *x1* x2-
17.36*x12*x2+2.24*x1*x22

 

…………………………………………………………………………………………………….3.1

 

Yield strength for finish rolling temperature at 99% deformation,changing rolling strain rates,in terms of actual 
factors. 
Ϭy =-4.57768E+005+997.70178* x1+0.44789* x2-0.54291 * x12+7.46346E-006* x22-5.63984E-004*x1 *x2 

…………………………………………………………………………3.2 

Where x1 is the finish rolling temperature (deg C) 
and x2 is the rolling strain rate  (s¯').The contour of the 
responses as obtained in equations   are calculated and 

was used to plot the surface response and the contour 
plots of the properties as shown below.

                  Fig i.:Surface plot for tensile strength                                 Contour plot for tensile strength
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  Fig. iii: Surface plot for yield strength                            Fig. vi: Contour plot for toughness
Fig. 3.6: Surface and contour plot for tensile strength relationship with finish rolling temperature at 99% deformation,

changing rolling strain rates.

The plots show the combined influence of the 
rolling process parameters on the yield strength, tensile 
strength and toughness of the hot rolled St60Mn steel 
samples for all the variables observed. The contour 
plots of the yield strength for all the variables observed 
showed similar curve shapes where yield strength 
decreases with increasing finish rolling temperature and 
increases with increasing rolling strain rates. Both rolling 
strain rate and finish rolling temperature shows a strong 
positive effect on the yield strength for all the variables 
observed. The characteristics of the contour plots for 
tensile strength are similar to that of the yield strength.
The contour plots of the toughness for all the variables 
observed showed similar curve shapes where 
toughness increases with increasing finish rolling 
temperature and increases with decreasing rolling strain 
rates. The maximum achievable responses of the 
properties are well exposed on the contour plots. It is 
clear from the plots that the tensile strength and yield 
strength  the hot rolled St60Mn steel decrease with 
increasing finish rolling temperature and increase with 
increasing rolling strain rates; whereas the toughness 
increases with increasing finish rolling temperature and 
increases with decreasing rolling strain rates. So these 
indicate that the maximum values of tensile and yield 
strength could be obtained at lower finish rolling 
temperature and higher rolling strain rates respectively,
whearas the maximum values of toughness could be 
obtained at higher finish rolling temperature and lower 
rolling strain rates respectively; indicating considerable 
improvement of the properties at the respective 
parameters. The independent influence of the rolling 

process parameters is obtained on the surface plots. It 
was observed that the three parameters had equal 
influence on the properties at the variables observed.
This influence is well exposed in the contour plots for the 
three properties. The improved yield strength is good for 
steel bars used in construction which tends to prevent 
failure of the steel when subjected to impact load.
Therefore the yield and tensile strength should be 
maximized. The combined effect of the rolling process 
parameters is responsible for the curvatures of the plots.
The implication is that the effect of the three parameters 
should be considered simultaneously for a global 
emergence of optimal process parameters for improved 
properties of the hot rolled St60Mn steel.

The effect of the finish rolling temperature,% 
total deformation and rolling strain rates on these 
properties could be optimized to avoid full 
recrystallization of the all the sample grains beyond the 
temperature range of 923°C.The criteria for optimization 
of the rolling process parameters were selected to 
maximize the yield strength, tensile strength and 
toughness for improved properties as required of the 
steel. The combined influence of the rolling process 
parameters on the simultaneous responses of the yield  
strength, tensile strength and toughness of the steel are 
presented in the Tables. The achievable optimal yield 
strength, tensile strength and toughness values were 
found as predicted in the tables with 95% confidence 
interval which ensures that the probability of the 
effectiveness of the optimization procedure is greater 
than 0.05.The corresponding parameters that yielded 
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these optimal values were also shown in the tables for 
the various degrees of cold drawn deformation.

                  

Table 3.8: Optimal values for tensile strength and finish rolling temperature at 99% deformation, changing rolling 
strain rates

IV. Conclusion

The yield strength, tensile strength and 
toughness of hot-rolled St60Mn steel were evaluated 
when subjected to rolling process parameters towards 
obtaining the rolling process parameters that will be 
suitable for improving these properties of hot-rolled 
St60Mn steel to prevent the steel from the influence of  
poor mechanical properties which results in fracture 
failure when the steel is subjected to impact loads. The 
finish rolling temperature and rolling strain rate are found 
to influence these properties to a large extent as 
exposed in the Response Surface Analysis of the 
properties. The model developed by the RSM describing 
the experimental data shows that conclusion could be 
drawn from the model of the individual and combined 
interaction influence of the rolling parameters on the 
yield strength, tensile strength  and toughness of the 
hot-rolled steel. The RSM was able to obtain the optimal 
values of the properties. The optimal yield strength
,tensile strength and toughness of the steel were 
obtained to be 470.13 MPa,701.63 MPa and 0.458042 
joules/mm² respectively for the hot-rolled St60Mn 
steel.The RSM could be useful to obtain desired 
properties of hot-rolled St60Mn steel by controlling the 
rolling process parameters during hot-rolling.
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Effect of Particle Concentration and Sliding 
Velocity in Magnetic Abrasive Finishing of Brass 

Pipe
 

Abstract- The present study investigates the influence of 
magnetic field on the internal surface finish of Brass UNS 
C26800 pipe. The input parameters such as sliding velocity of 
electromagnets, concentration ratio (castor oil and magnetic 
abrasive particles) and number of cycles were varied in the 
selected range and their effect was comprehended in terms of 
percentage change in surface finish (%∆Ra). The remaining 
process parameters were kept constant throughout the 
experimentation. According to the results, %  ∆Ra initially 
increases and afterwards decreases with an increase in sliding 
velocity of electromagnets in case of concentration ratio 7:3 
and 8:2. But, in case of concentration ratio 9:1, there is 
uniform increase in % ∆Ra with an increase in sliding velocity. 
Also, at low sliding velocities (0.62 mm/sec and 1.23 mm/sec), 
the %∆Ra decrease s with an increase in concentration ratio 
but at 2.46 mm/sec, the %∆Ra increases with increase in 
amount of oil added.  
Keywords: magnetic abrasive finishing, magnetic 
abrasive particles, surface roughness, 
magnetorheological finishing. 

I. Introduction 

he surface finish has a vital influence on the 
surface properties such as wear and friction on 
most of the engineering applications (Boparai et 

al., 2017). Magnetic abrasive finishing (MAF) is a super 
finishing process which uses a resilient multi point 
cutting tool to finish the work pieces (Kala and Pandey, 
2014). A mixture of abrasive powder and ferromagnetic 
powder form the polishing tool called flexible magnetic 
abrasive brush (Givi et al., 2012). An internal magnetic 
abrasive finishing process was proposed for producing 
highly finished inner surfaces of tubes used in critical 
applications including clean gas or liquid piping 
systems (Yamaguchi and Shinmura, 1999). By varying 
various process factors, the finishing force and torque 
acting on the workpiece can be varied and thus, surface 
finish can be improved. 

The various analytical parameters such as 
spindle speed, type of abrasives, electromagnet - 
workpiece gap, percentage weight of abrasives, 
magnetic flux density, no. of cycles, processing time etc. 
were studied by many researchers for optimization. 
Most of the researchers have concentrated on surface 
finishing at single location in the pipe.  But,  for  practical  

 
  

applications, it  is  required  to  finish  the  whole  internal 
surface of pipe. The present research work has explored 
the effect of varying sliding velocity of electromagnets 
on surface finish and material removal rate. 

Magnetorheological Finishing uses the 
Magnetorheological (MR) polishing fluid for the precise 
finishing of components (Bedi and Singh, 2015). The 
magnetic abrasives particles mixed oil provides better 
and controlled internal finishing of pipes (Jha and Jain, 
2004). But, hitherto no study has been performed to 
evaluate the impact of variable concentration ratio of oil 
and abrasives. Thus, castor oil is mixed with Magnetic 
Abrasive Particles (MAP) to gain better control over the 
nano finishing for the present work. 

Also, as cited by many researches, number of 
cycles plays a crucial role in MAF process (Kala and 
Pandey, 2014; Givi et al., 2012). Hence, number of 
cycles has been varied in order to achieve controlled 
and efficient surface finish. The full factorial experimental 
design has been considered to study the influence of 
analytical parameters such as sliding velocity of 
electromagnet, concentration ratio (castor oil to abrasive 
mixture) and number of cycles of electromagnet on the 
surface finish. The remaining parameters were kept 
constant throughout the experimentation. 

II. Experimentation 

The workpiece material Brass UNS C26800 was 
taken and two types of abrasive materials i.e. Iron (Fe) 
and Iron Oxide (Fe3O4) were used throughout the 
experimentation. The average particle size of nano 
abrasives was 30-40 nm whereas for micro abrasives it 
was 350-450μm. The specialized designed experimental 
apparatus (Figure 1) has been used which facilitates the 
variation in sliding velocity of electromagnets along the 
horizontal axis of brass pipe.  
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Figure 1: Schematic of experimental setup 

The variable and fixed input parameters have 
been shown in Table 1 and 2 respectively. The range of 
variable input parameters has been worked out based 

on pilot experiments and previous studies carried out in 
case of conventional lathe machines (Boparai et al., 
2017). 

Table 1: Variable input parameters 

S.No. Input Parameters Range 

1. Sliding velocity of electromagnets (mm/s) 0.62, 1.23, 2.46 

2. Concentration Ratio (castor oil to MAP) (vol.) 7:3, 8:2, 9:1 

3. No. of cycles 1, 2 

The Magnetic abrasive particle (MAP) ratio has 
been fixed as 3:1 against magnetic flux density of 0.2 
Tesla. The effect of selected process parameters was 

studied on the surface finish and material removal rate 
(MRR) of magnetic abrasive finishing. 

Table 2: Fixed input parameters

 Input Parameters Range 

1. Workpiece material Brass UNS C26800 

2. Type of Abrasive Fe3O4 

3. Magnetic flux density 0.2 Tesla 

4. Voltage 220 – 230 V 

5. Current 4 A 
6. Rotational speed 600 rpm 
7. Workpiece gap 2 mm 
8. MAP ratio 3:1 

The surface roughness was measured at eight 
different locations at both ends of brass pipe workpiece 
with the digital “Surftest SJ 210” roughness tester having 
stylus tip radius 2μm and tip angle 60°C with measuring 
force 0.75mN. The measurements were taken 

employing Gaussian filter, cut-off length 0.25 mm and 
2.5 mm exploratory length as per ISO-4287 regulations. 
Surface roughness (Ra) average values was calculated 
from mean of eight measurements and percentage 
improvement in roughness was estimated as:
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%∆Ra =
(Initial Roughness− Final Roughness)

Initial Roughness
 ×  100 

 

III. Results and Discussions 

 The impact of sliding velocity on percentage 
improvement in surface finish varied due to blunting of 
abrasive particles in case of concentration ratio 7:3. As 
shown in Figure 2, initially the %ΔRa increases but upto 
a certain limit and then starts decreasing at high velocity 
of particles. Mishra et al., 2013  stated that rubbing 

action of magnetic abrasive particles with the work 
surface resulted in the generation of high frictional 
forces between them and causes wear of abrasives. 
With the increase in linear velocity of electromagnets, 
frictional force increases followed by the high spindle 
speed which causes blunting of abrasives. Due to 
blunting of abrasives, the cutting ability of abrasives is 
reduced which further decreases %ΔRa. Djavanroodi 
(2013) also found that the blunting of abrasive particles 
resulted in the slow improvement in surface finish. 

Figure 2: Effect of sliding velocity on surface finish with concentration ratio 7:3 

The impact of sliding velocity in case of 
concentration ratio 8:2 has been plotted in Figure 3 
which shows similar results as discussed earlier., As the 
sliding velocity increases, the surface finish increases 

but upto a certain limit and then starts decreasing. As 
rubbing action increases, more amount of lubricant (8:3) 
could not recompense the blunting of abrasives at very 
high sliding velocity. 

 

Figure 3: Effect of sliding velocity on surface finish with concentration ratio 8:2

However, the results are different at 
concentration ratio 9:1where uniform increase in %ΔRa 
is noted with an increase in the sliding velocity (Figure 
4). At higher concentration ratio, the findings are 
relatively different than 7:3 and 8:2. The higher 
concentration of castor oil ensures the smooth cutting 
action and thus blunting of abrasives is prevented as 
castor oil also acts as lubricating agent. However, in this 
case the phenomenon of material embrittlement 

dominates the blunting of abrasives. As the sliding 
velocity increases, the surface undergo work hardening 
and thus surface profiles become brittle which can be 
fragmented easily by the sharp abrasives. Singh et al. 
(2008) suggested that the amount of material removal 
and %∆Ra for a particular setting of the process 
parameters depends upon the ability of the work surface 
to undergo work hardening and subsequent 
embrittlement. In present case (concentration ratio 9:1), 
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the phenomenon of which improves cutting action at 
high velocity.

 

Figure 4:
 
Effect of sliding velocity on surface finish with concentration ratio 9:1

The percentage improvement in surface finish 
(Figure 5) decreases with the increase in amount of 
castor oil added in magnetic abrasive particles at sliding 
velocity 0.62 mm/sec. This might be due to the reasons 
that with higher concentration of oil, the abrasive mixture 
become thick. Patil et al. (2012) explained that the 

oversupply of lubricant could either cause fluid 
lubrication between the abrasives and the workpiece or 
wash away the abrasives from the finishing area. This 
reduces the number of cutting edges acting on the 
surface, thereby disturbing the finishing action (Sharma 
and Singh, 2013). 

 

Figure 5:
 
Effect of concentration ratio on surface finish at sliding velocity 0.62 mm/sec

The percentage improvement in surface finish 
(Figure 6) decreases with the increase in concentration 

ratio at sliding velocity 1.23 mm/sec. Similar results are 
found at sliding velocity 0.62 mm/sec.

 

Figure 6:
 
Effect of concentration ratio on surface finish at sliding velocity 1.23 mm/sec
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Figure 7 depicts the impact of concentration 
ratio on percentage improvement in surface finish at 
sliding velocity 2.46 mm/sec. Results are quite different 
from sliding velocities 0.62 mm/sec and 1.23 mm/sec. 
At high sliding velocity of electromagnets, particles 

move with very high linear speed followed by high 
spindle speed carrying workpiece (Jain et al., 2001). 
Thus, the proper lubrication at high velocities provides 
better and smooth control over the surface. 

Figure 7: Effect of concentration ratio on surface finish at sliding velocity 2.46 mm/sec

The surface profiles were generated using the 
surface roughness tester (Mitutoyo Surftest SJ-210) with 
the help of communication tool during internal surface 
testing of pipes taken before and after experimentation. 
The experiments are selected randomly with 
comparatively different process parameters that offered 
best results out of the entire practice. 

The roughness profiles have been arranged in 
Figure 8 for experiment performed at 1.23 mm/s, 

concentration ratio 8:2 and one cycle. The maximum 
height of profile before finishing is around 2.75 µm and 
after finishing is around 0.9 µm. This means that 
magnetic abrasive finishing assisted 
magnetorheological finishing diminishes the grooves or 
plows of the surface and smoothen the surface which 
results in the change in average height of the roughness 
profile (Verma et al., 2016). 
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(b) 

Figure 8: Roughness profiles (a) Before Finishing (b) After Finishing

The Figure 9 plots the roughness profiles 
acquired during experimentation at sliding velocity 1.23 
mm/s, concentration ratio 7:3 and two cycles. The 
maximum profile height before finishing is around 2.0 
µm and after finishing is around 1.6 µm. So, there is 

reduction in maximum profile height and also the graph 
is stable towards the centre line after the finishing 
process which results in the impressive reduction of 
average roughness (Ra) throughout the process. 

 

(a) 
 

 

Figure 9: Roughness profiles (a) Before Finishing (b) After Finishing 
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(b)

IV. Conclusions

The investigative parameters such as sliding 
velocity, concentration ratio and number of cycles have 
been analyzed in the present research work using Brass 
UNS C26800 pipe. The surface finish improves with an 
increase in number of cycles of electromagnets. The 
amount of castor oil added in the abrasive mixture has 
significant effect on the percentage improvement in 

surface finish (%∆Ra). The surface finish improves with 
an increase in sliding velocity of electromagnets in case 
of concentration ratio 9:1 as brass undergoes 
embrittlement which ensures efficient micro-cutting. 
However, in ratio 7:3 and 8:3, the surface finish initially 
increase and afterwards decreases with an increase in 
sliding velocity which has been attributed to blunting of 
abrasives. The findings could be beneficial for brass 
pipe manufacturing industry as the internal finish of thin 
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underlines at the first mention. For following use the generic name should be constricted to a single letter, if it is clear. 

Structure 

All manuscripts submitted to Global Journals Inc. (US), ought to include: 

Title: The title page must carry an instructive title that reflects the content, a running title (less than 45 characters together with spaces), 
names of the authors and co-authors, and the place(s) wherever the work was carried out. The full postal address in addition with the e-
mail address of related author must be given. Up to eleven keywords or very brief phrases have to be given to help data retrieval, mining 
and indexing. 

 Abstract, used in Original Papers and Reviews: 

Optimizing Abstract for Search Engines 

Many researchers searching for information online will use search engines such as Google, Yahoo or similar. By optimizing your paper for 
search engines, you will amplify the chance of someone finding it. This in turn will make it more likely to be viewed and/or cited in a 
further work. Global Journals Inc. (US) have compiled these guidelines to facilitate you to maximize the web-friendliness of the most 
public part of your paper. 

Key Words 

A major linchpin in research work for the writing research paper is the keyword search, which one will employ to find both library and 
Internet resources. 

One must be persistent and creative in using keywords. An effective keyword search requires a strategy and planning a list of possible 
keywords and phrases to try. 

Search engines for most searches, use Boolean searching, which is somewhat different from Internet searches. The Boolean search uses 
"operators," words (and, or, not, and near) that enable you to expand or narrow your affords. Tips for research paper while preparing 
research paper are very helpful guideline of research paper. 

Choice of key words is first tool of tips to write research paper. Research paper writing is an art.A few tips for deciding as strategically as 
possible about keyword search:                                 
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• One should start brainstorming lists of possible keywords before even begin searching. Think about the most 
important concepts related to research work. Ask, "What words would a source have to include to be truly 
valuable in research paper?" Then consider synonyms for the important words. 

• It may take the discovery of only one relevant paper to let steer in the right keyword direction because in most 
databases, the keywords under which a research paper is abstracted are listed with the paper. 

• One should avoid outdated words. 

Keywords are the key that opens a door to research work sources. Keyword searching is an art in which researcher's skills are 
bound to improve with experience and time. 

 Numerical Methods: Numerical methods used should be clear and, where appropriate, supported by references. 

Acknowledgements: Please make these as concise as possible. 

 References 

References follow the Harvard scheme of referencing. References in the text should cite the authors' names followed by the time of their 
publication, unless there are three or more authors when simply the first author's name is quoted followed by et al. unpublished work 
has to only be cited where necessary, and only in the text. Copies of references in press in other journals have to be supplied with 
submitted typescripts. It is necessary that all citations and references be carefully checked before submission, as mistakes or omissions 
will cause delays. 

References to information on the World Wide Web can be given, but only if the information is available without charge to readers on an 
official site. Wikipedia and Similar websites are not allowed where anyone can change the information. Authors will be asked to make 
available electronic copies of the cited information for inclusion on the Global Journals Inc. (US) homepage at the judgment of the 
Editorial Board. 

The Editorial Board and Global Journals Inc. (US) recommend that, citation of online-published papers and other material should be done 
via a DOI (digital object identifier). If an author cites anything, which does not have a DOI, they run the risk of the cited material not 
being noticeable. 

The Editorial Board and Global Journals Inc. (US) recommend the use of a tool such as Reference Manager for reference management 
and formatting. 

 Tables, Figures and Figure Legends 

Tables: Tables should be few in number, cautiously designed, uncrowned, and include only essential data. Each must have an Arabic 
number, e.g. Table 4, a self-explanatory caption and be on a separate sheet. Vertical lines should not be used. 

Figures: Figures are supposed to be submitted as separate files. Always take in a citation in the text for each figure using Arabic numbers, 
e.g. Fig. 4. Artwork must be submitted online in electronic form by e-mailing them. 

 Preparation of Electronic Figures for Publication 

Even though low quality images are sufficient for review purposes, print publication requires high quality images to prevent the final 
product being blurred or fuzzy. Submit (or e-mail) EPS (line art) or TIFF (halftone/photographs) files only. MS PowerPoint and Word 
Graphics are unsuitable for printed pictures. Do not use pixel-oriented software. Scans (TIFF only) should have a resolution of at least 350 
dpi (halftone) or 700 to 1100 dpi (line drawings) in relation to the imitation size. Please give the data for figures in black and white or 
submit a Color Work Agreement Form. EPS files must be saved with fonts embedded (and with a TIFF preview, if possible). 

For scanned images, the scanning resolution (at final image size) ought to be as follows to ensure good reproduction: line art: >650 dpi; 
halftones (including gel photographs) : >350 dpi; figures containing both halftone and line images: >650 dpi. 
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Figure Legends: Self-explanatory legends of all figures should be incorporated separately under the heading 'Legends to Figures'. In the 
full-text online edition of the journal, figure legends may possibly be truncated in abbreviated links to the full screen version. Therefore, 
the first 100 characters of any legend should notify the reader, about the key aspects of the figure. 

6. AFTER ACCEPTANCE

 
Upon approval of a paper for publication, the manuscript will be forwarded to the dean, who is responsible for the publication of the 
Global Journals Inc. (US). 

 

6.1 Proof Corrections

 
The corresponding author will receive an e-mail alert containing a link to a website or will be attached. A working e-mail address must 
therefore be provided for the related author. 

Acrobat Reader will be required in order to read this file. This software can be downloaded 

(Free of charge) from the following website: 

www.adobe.com/products/acrobat/readstep2.html. This will facilitate the file to be opened, read on screen, and printed out in order for 
any corrections to be added. Further instructions will be sent with the proof. 

Proofs must be returned to the dean at dean@globaljournals.org within three days of receipt. 

As changes to proofs are costly, we inquire that you only correct typesetting errors. All illustrations are retained by the publisher. Please 
note that the authors are responsible for all statements made in their work, including changes made by the copy editor. 

 

6.2 Early View of Global Journals Inc. (US) (Publication Prior to Print)

 
The Global Journals Inc. (US) are enclosed by our publishing's Early View service. Early View articles are complete full-text articles sent in 
advance of their publication. Early View articles are absolute and final. They have been completely reviewed, revised and edited for 
publication, and the authors' final corrections have been incorporated. Because they are in final form, no changes can be made after 
sending them. The nature of Early View articles means that they do not yet have volume, issue or page numbers, so Early View articles 
cannot be cited in the conventional way. 

 

6.3 Author Services

 
Online production tracking is available for your article through Author Services. Author Services enables authors to track their article - 
once it has been accepted - through the production process to publication online and in print. Authors can check the status of their 
articles online and choose to receive automated e-mails at key stages of production. The authors will receive an e-mail with a unique link 
that enables them to register and have their article automatically added to the system. Please ensure that a complete e-mail address is 
provided when submitting the manuscript. 

 

6.4 Author Material Archive Policy

 
Please note that if not specifically requested, publisher will dispose off hardcopy & electronic information submitted, after the two 
months of publication. If you require the return of any information submitted, please inform the Editorial Board or dean as soon as 
possible. 

 

6.5 Offprint and Extra Copies

 
A PDF offprint of the online-published article will be provided free of charge to the related author, and may be distributed according to 
the Publisher's terms and conditions. Additional paper offprint may be ordered by emailing us at: editor@globaljournals.org . 

You must strictly follow above Author Guidelines before submitting your paper or else we will not at all be responsible for any
corrections in future in any of the way.
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2. Evaluators are human: First thing to remember that evaluators are also human being. They are not only meant for rejecting a paper. 
They are here to evaluate your paper. So, present your Best. 

3. Think Like Evaluators: If you are in a confusion or getting demotivated that your paper will be accepted by evaluators or not, then 
think and try to evaluate your paper like an Evaluator. Try to understand that what an evaluator wants in your research paper and 
automatically you will have your answer. 

4. Make blueprints of paper: The outline is the plan or framework that will help you to arrange your thoughts. It will make your paper 
logical. But remember that all points of your outline must be related to the topic you have chosen.  

5. Ask your Guides: If you are having any difficulty in your research, then do not hesitate to share your difficulty to your guide (if you 
have any). They will surely help you out and resolve your doubts. If you can't clarify what exactly you require for your work then ask the 
supervisor to help you with the alternative. He might also provide you the list of essential readings. 

6. Use of computer is recommended: As you are doing research in the field of Computer Science, then this point is quite obvious. 

 

7. Use right software: Always use good quality software packages. If you are not capable to judge good software then you can lose 
quality of your paper unknowingly. There are various software programs available to help you, which you can get through Internet. 

 

8. Use the Internet for help: An excellent start for your paper can be by using the Google. It is an excellent search engine, where you can 
have your doubts resolved. You may also read some answers for the frequent question how to write my research paper or find model 
research paper. From the internet library you can download books. If you have all required books make important reading selecting and 
analyzing the specified information. Then put together research paper sketch out. 

9. Use and get big pictures: Always use encyclopedias, Wikipedia to get pictures so that you can go into the depth. 

 

10. Bookmarks are useful: When you read any book or magazine, you generally use bookmarks, right! It is a good habit, which helps to 
not to lose your continuity. You should always use bookmarks while searching on Internet also, which will make your search easier. 

 

 

Before start writing a good quality Computer Science Research Paper, let us first understand what is Computer Science Research Paper? 
So, Computer Science Research Paper is the paper which is written by professionals or scientists who are associated to Computer Science 
and Information Technology, or doing research study in these areas. If you are novel to this field then you can consult about

 
this field 

from your supervisor or guide.
 

TECHNIQUES FOR WRITING A GOOD QUALITY RESEARCH PAPER:
 

1. Choosing the topic:
 
In most cases, the topic is searched by the interest of author but it can be also suggested by the guides. You can 

have several topics and then you can judge that in which topic or subject you are finding yourself most comfortable. This can
 
be done by 

asking several questions to yourself, like Will I be able to carry our search in this area? Will I find all necessary recourses to accomplish 
the search? Will I be able to find all information in this field area? If the answer of these types of questions will be "Yes" then you can 
choose that topic. In most of the cases, you may have to conduct the surveys and have to visit several places because this field is related 
to Computer Science and Information Technology. Also, you may have to do a lot of work to find all rise and falls regarding the various 
data of that subject. Sometimes, detailed information plays a vital role, instead of short information.

 

 

11. Revise what you wrote: When you write anything, always read it, summarize it and then finalize it. 
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16. Use proper verb tense: Use proper verb tenses in your paper. Use past tense, to present those events that happened. Use present 
tense to indicate events that are going on. Use future tense to indicate future happening events. Use of improper and wrong tenses will 
confuse the evaluator. Avoid the sentences that are incomplete. 

17. Never use online paper: If you are getting any paper on Internet, then never use it as your research paper because it might be 
possible that evaluator has already seen it or maybe it is outdated version.  

Pick a good study spot: To do your research studies always try to pick a spot, which is quiet. Every spot is not for studies. Spot that 
suits you choose it and proceed further. 

19. Know what you know: Always try to know, what you know by making objectives. Else, you will be confused and cannot achieve your 
target. 

 

20. Use good quality grammar: Always use a good quality grammar and use words that will throw positive impact on evaluator. Use of 
good quality grammar does not mean to use tough words, that for each word the evaluator has to go through dictionary. Do not start 
sentence with a conjunction. Do not fragment sentences. Eliminate one-word sentences. Ignore passive voice. Do not ever use a big 
word when a diminutive one would suffice. Verbs have to be in agreement with their subjects. Prepositions are not expressions to finish 
sentences with. It is incorrect to ever divide an infinitive. Avoid clichés like the disease. Also, always shun irritating alliteration. Use 
language that is simple and straight forward. put together a neat summary. 

21. Arrangement of information: Each section of the main body should start with an opening sentence and there should be a 
changeover at the end of the section. Give only valid and powerful arguments to your topic. You may also maintain your arguments with 
records. 

 

22. Never start in last minute: Always start at right time and give enough time to research work. Leaving everything to the last minute 
will degrade your paper and spoil your work. 

23. Multitasking in research is not good: Doing several things at the same time proves bad habit in case of research activity. Research is 
an area, where everything has a particular time slot. Divide your research work in parts and do particular part in particular time slot. 

 

24. Never copy others' work: Never copy others' work and give it your name because if evaluator has seen it anywhere you will be in 
trouble. 

 

25. Take proper rest and food: No matter how many hours you spend for your research activity, if you are not taking care of your health 
then all your efforts will be in vain. For a quality research, study is must, and this can be done by taking proper rest and food.  

 

26. Go for seminars: Attend seminars if the topic is relevant to your research area. Utilize all your resources. 

 

12. Make all efforts: Make all efforts to mention what you are going to write in your paper. That means always have a good start. Try to 
mention everything in introduction, that what is the need of a particular research paper. Polish your work by good skill of writing and 
always give an evaluator, what he wants. 

13. Have backups: When you are going to do any important thing like making research paper, you should always have backup copies of it 
either in your computer or in paper. This will help you to not to lose any of your important. 

14. Produce good diagrams of your own: Always try to include good charts or diagrams in your paper to improve quality. Using several 
and unnecessary diagrams will degrade the quality of your paper by creating "hotchpotch." So always, try to make and include those 
diagrams, which are made by your own to improve readability and understandability of your paper. 

15. Use of direct quotes: When you do research relevant to literature, history or current affairs then use of quotes become essential but 
if study is relevant to science then use of quotes is not preferable.  

18.
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sufficient. Use words properly, regardless of how others use them. Remove quotations. Puns are for kids, not grunt readers. 
Amplification is a billion times of inferior quality than sarcasm. 

32. Never oversimplify everything: To add material in your research paper, never go for oversimplification. This will definitely irritate the 
evaluator. Be more or less specific. Also too, by no means, ever use rhythmic redundancies. Contractions aren't essential and shouldn't 
be there used. Comparisons are as terrible as clichés. Give up ampersands and abbreviations, and so on. Remove commas, that are, not 
necessary. Parenthetical words however should be together with this in commas. Understatement is all the time the complete best way 
to put onward earth-shaking thoughts. Give a detailed literary review. 

33. Report concluded results: Use concluded results. From raw data, filter the results and then conclude your studies based on 
measurements and observations taken. Significant figures and appropriate number of decimal places should be used. Parenthetical

 

remarks are prohibitive. Proofread carefully at final stage. In the end give outline to your arguments. Spot out perspectives of further 
study of this subject. Justify your conclusion by at the bottom of them with sufficient justifications and examples. 

 

34. After conclusion: Once you have concluded your research, the next most important step is to present your findings. Presentation is 
extremely important as it is the definite medium though which your research is going to be in print to the rest of the crowd. Care should 
be taken to categorize your thoughts well and present them in a logical and neat manner. A good quality research paper format is 
essential because it serves to highlight your research paper and bring to light all necessary aspects in your research.

 

Key points to remember:  

Submit all work in its final form. 
Write your paper in the form, which is presented in the guidelines using the template. 
Please note the criterion for grading the final paper by peer-reviewers. 

Final Points:  

A purpose of organizing a research paper is to let people to interpret your effort selectively. The journal requires the following sections, 
submitted in the order listed, each section to start on a new page.  

The introduction will be compiled from reference matter and will reflect the design processes or outline of basis that direct you to make 
study. As you will carry out the process of study, the method and process section will be constructed as like that. The result segment will 
show related statistics in nearly sequential order and will direct the reviewers next to the similar intellectual paths throughout the data 
that you took to carry out your study. The discussion section will provide understanding of the data and projections as to the implication 
of the results. The use of good quality references all through the paper will give the effort trustworthiness by representing an alertness 
of prior workings. 

 

27. Refresh your mind after intervals: Try to give rest to your mind by listening to soft music or by sleeping in intervals. This will also 
improve your memory. 

28. Make colleagues: Always try to make colleagues. No matter how sharper or intelligent you are, if you make colleagues you can have 
several ideas, which will be helpful for your research. 

Think technically: Always think technically. If anything happens, then search its reasons, its benefits, and demerits. 

30. Think and then print: When you will go to print your paper, notice that tables are not be split, headings are not detached from their 
descriptions, and page sequence is maintained.  

31. Adding unnecessary information: Do not add unnecessary information, like, I have used MS Excel to draw graph. Do not add 
irrelevant and inappropriate material. These all will create superfluous. Foreign terminology and phrases are not apropos. One should 
NEVER take a broad view. Analogy in script is like feathers on a snake. Not at all use a large word when a very small one would be                    

29.
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Separating a table/chart or figure - impound each figure/table to a single page 
Submitting a manuscript with pages out of sequence 

In every sections of your document 

· Use standard writing style including articles ("a", "the," etc.) 

· Keep on paying attention on the research topic of the paper 

 

· Use paragraphs to split each significant point (excluding for the abstract) 

 

· Align the primary line of each section 

 

· Present your points in sound order 

 

· Use present tense to report well accepted  

 

· Use past tense to describe specific results  

 

· Shun familiar wording, don't address the reviewer directly, and don't use slang, slang language, or superlatives  

 

· Shun use of extra pictures - include only those figures essential to presenting results 

 

Title Page: 

 

Choose a revealing title. It should be short. It should not have non-standard acronyms or abbreviations. It should not exceed two printed 
lines. It should include the name(s) and address (es) of all authors. 

 
 

 

 

 

Writing a research paper is not an easy job no matter how trouble-free the actual research or concept. Practice, excellent preparation, 
and controlled record keeping are the only means to make straightforward the progression.  

General style: 

Specific editorial column necessities for compliance of a manuscript will always take over from directions in these general guidelines. 

To make a paper clear 

· Adhere to recommended page limits 

Mistakes to evade 

Insertion a title at the foot of a page with the subsequent text on the next page 

                                
               

© Copyright by Global Journals Inc.(US)| Guidelines Handbook

   

XVIII



 

 
 

shortening the outcome. Sum up the study, with the subsequent elements in any summary. Try to maintain the initial two items to no 
more than one ruling each.  

Reason of the study - theory, overall issue, purpose 
Fundamental goal 
To the point depiction of the research 
Consequences, including definite statistics - if the consequences are quantitative in nature, account quantitative data; results 
of any numerical analysis should be reported 
Significant conclusions or questions that track from the research(es) 

Approach: 

Single section, and succinct 
As a outline of job done, it is always written in past tense 
A conceptual should situate on its own, and not submit to any other part of the paper such as a form or table 
Center on shortening results - bound background information to a verdict or two, if completely necessary 
What you account in an conceptual must be regular with what you reported in the manuscript 
Exact spelling, clearness of sentences and phrases, and appropriate reporting of quantities (proper units, important statistics) 
are just as significant in an abstract as they are anywhere else 

Introduction:  

 

The Introduction should "introduce" the manuscript. The reviewer should be presented with sufficient background information to be 
capable to comprehend and calculate the purpose of your study without having to submit to other works. The basis for the study should 
be offered. Give most important references but shun difficult to make a comprehensive appraisal of the topic. In the introduction, 
describe the problem visibly. If the problem is not acknowledged in a logical, reasonable way, the reviewer will have no attention in your 
result. Speak in common terms about techniques used to explain the problem, if needed, but do not present any particulars about the 
protocols here. Following approach can create a valuable beginning: 

Explain the value (significance) of the study  
Shield the model - why did you employ this particular system or method? What is its compensation? You strength remark on its 
appropriateness from a abstract point of vision as well as point out sensible reasons for using it. 
Present a justification. Status your particular theory (es) or aim(s), and describe the logic that led you to choose them. 
Very for a short time explain the tentative propose and how it skilled the declared objectives. 

Approach: 

Use past tense except for when referring to recognized facts. After all, the manuscript will be submitted after the entire job is 
done.  
Sort out your thoughts; manufacture one key point with every section. If you make the four points listed above, you will need a

 

least of four paragraphs. 

 

 

Abstract: 

The summary should be two hundred words or less. It should briefly and clearly explain the key findings reported in the manuscript--
must have precise statistics. It should not have abnormal acronyms or abbreviations. It should be logical in itself. Shun citing references 
at this point. 

An abstract is a brief distinct paragraph summary of finished work or work in development. In a minute or less a reviewer can be taught 
the foundation behind the study, common approach to the problem, relevant results, and significant conclusions or new questions.  

Write your summary when your paper is completed because how can you write the summary of anything which is not yet written? 
Wealth of terminology is very essential in abstract. Yet, use comprehensive sentences and do not let go readability for briefness. You can 
maintain it succinct by phrasing sentences so that they provide more than lone rationale. The author can at this moment go straight to 
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principle while stating the situation. The purpose is to text all particular resources and broad procedures, so that another person may 
use some or all of the methods in one more study or referee the scientific value of your work. It is not to be a step by step report of the 
whole thing you did, nor is a methods section a set of orders. 

 

Materials: 

Explain materials individually only if the study is so complex that it saves liberty this way. 
Embrace particular materials, and any tools or provisions that are not frequently found in laboratories.  
Do not take in frequently found. 
If use of a definite type of tools. 
Materials may be reported in a part section or else they may be recognized along with your measures. 

Methods:  

Report the method (not particulars of each process that engaged the same methodology) 
Describe the method entirely 
To be succinct, present methods under headings dedicated to specific dealings or groups of measures 
Simplify - details how procedures were completed not how they were exclusively performed on a particular day.  
If well known procedures were used, account the procedure by name, possibly with reference, and that's all.  

Approach:  

It is embarrassed or not possible to use vigorous voice when documenting methods with no using first person, which would 
focus the reviewer's interest on the researcher rather than the job. As a result when script up the methods most authors use 
third person passive voice. 
Use standard style in this and in every other part of the paper - avoid familiar lists, and use full sentences. 

What to keep away from 

Resources and methods are not a set of information. 
Skip all descriptive information and surroundings - save it for the argument. 
Leave out information that is immaterial to a third party. 

Results: 

 
 

The principle of a results segment is to present and demonstrate your conclusion. Create this part a entirely objective details of the 
outcome, and save all understanding for the discussion. 

 

The page length of this segment is set by the sum and types of data to be reported. Carry on to be to the point, by means of statistics and 
tables, if suitable, to present consequences most efficiently.You must obviously differentiate material that would usually be incorporated 
in a study editorial from any unprocessed data or additional appendix matter that would not be available. In fact, such matter should not 
be submitted at all except requested by the instructor. 

 

Present surroundings information only as desirable in order hold up a situation. The reviewer does not desire to read the 
whole thing you know about a topic. 
Shape the theory/purpose specifically - do not take a broad view. 
As always, give awareness to spelling, simplicity and correctness of sentences and phrases. 

Procedures (Methods and Materials): 

This part is supposed to be the easiest to carve if you have good skills. A sound written Procedures segment allows a capable scientist to 
replacement your results. Present precise information about your supplies. The suppliers and clarity of reagents can be helpful bits of 
information. Present methods in sequential order but linked methodologies can be grouped as a segment. Be concise when relating the 
protocols. Attempt for the least amount of information that would permit another capable scientist to spare your outcome but be
cautious that vital information is integrated. The use of subheadings is suggested and ought to be synchronized with the results section. 
When a technique is used that has been well described in another object, mention the specific item describing a way but draw the basic 
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Do not present the similar data more than once. 
Manuscript should complement any figures or tables, not duplicate the identical information. 
Never confuse figures with tables - there is a difference. 

Approach 
As forever, use past tense when you submit to your results, and put the whole thing in a reasonable order.
Put figures and tables, appropriately numbered, in order at the end of the report  
If you desire, you may place your figures and tables properly within the text of your results part. 

Figures and tables 
If you put figures and tables at the end of the details, make certain that they are visibly distinguished from any attach appendix 
materials, such as raw facts 
Despite of position, each figure must be numbered one after the other and complete with subtitle  
In spite of position, each table must be titled, numbered one after the other and complete with heading 
All figure and table must be adequately complete that it could situate on its own, divide from text 

Discussion: 

 

The Discussion is expected the trickiest segment to write and describe. A lot of papers submitted for journal are discarded based on
problems with the Discussion. There is no head of state for how long a argument should be. Position your understanding of the outcome
visibly to lead the reviewer through your conclusions, and then finish the paper with a summing up of the implication of the study. The
purpose here is to offer an understanding of your results and hold up for all of your conclusions, using facts from your research and
generally accepted information, if suitable. The implication of result should be visibly described. 
Infer your data in the conversation in suitable depth. This means that when you clarify an observable fact you must explain mechanisms
that may account for the observation. If your results vary from your prospect, make clear why that may have happened. If your results
agree, then explain the theory that the proof supported. It is never suitable to just state that the data approved with prospect, and let it
drop at that. 

Make a decision if each premise is supported, discarded, or if you cannot make a conclusion with assurance. Do not just dismiss
a study or part of a study as "uncertain." 
Research papers are not acknowledged if the work is imperfect. Draw what conclusions you can based upon the results that
you have, and take care of the study as a finished work  
You may propose future guidelines, such as how the experiment might be personalized to accomplish a new idea. 
Give details all of your remarks as much as possible, focus on mechanisms. 
Make a decision if the tentative design sufficiently addressed the theory, and whether or not it was correctly restricted. 
Try to present substitute explanations if sensible alternatives be present. 
One research will not counter an overall question, so maintain the large picture in mind, where do you go next? The best
studies unlock new avenues of study. What questions remain? 
Recommendations for detailed papers will offer supplementary suggestions.

Approach:  

When you refer to information, differentiate data generated by your own studies from available information 
Submit to work done by specific persons (including you) in past tense.  
Submit to generally acknowledged facts and main beliefs in present tense.  

Content 

Sum up your conclusion in text and demonstrate them, if suitable, with figures and tables.  
In manuscript, explain each of your consequences, point the reader to remarks that are most appropriate. 
Present a background, such as by describing the question that was addressed by creation an exacting study. 
Explain results of control experiments and comprise remarks that are not accessible in a prescribed figure or table, if 
appropriate. 
Examine your data, then prepare the analyzed (transformed) data in the form of a figure (graph), table, or in manuscript form. 

What to stay away from 
Do not discuss or infer your outcome, report surroundings information, or try to explain anything. 
Not at all, take in raw data or intermediate calculations in a research manuscript.                    
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Do not give permission to anyone else to "PROOFREAD" your manuscript. 

Methods to avoid Plagiarism is applied by us on every paper, if found guilty, you will be blacklisted by all of our collaborated
research groups, your institution will be informed for this and strict legal actions will be taken immediately.) 
To guard yourself and others from possible illegal use please do not permit anyone right to use to your paper and files. 

The major constraint is that you must independently make all content, tables, graphs, and facts that are offered in the paper.
You must write each part of the paper wholly on your own. The Peer-reviewers need to identify your own perceptive of the
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