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Abstract

This paper presents an experimental research to build two regressions they are relationship between surface roughness of workpiece and
cutting parameters when grinding grinding X12M steel using Hai Duong grinding wheels. Two types of Hai Duong grinding wheel using
in this paper are Cn46.TB1.G. V1.400x40x203x50m/s and Cn46.CV1.G. V1.400x40x203x35m/s. Three cutting parameters are consid-
ered in this paper are depth of cut, feed rate and velocity of workpiece. Genetic algorithm had used to find value of cutting parameters for
minimum value of surface roughness. This work had get optimization value of cutting parameters for each case of a pair of workpiece —

wheel.
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1. Introduction

Grinding is a manufacturing process with unsteady process behav-
iour, whose complex characteristics determine the technological
output and quality. The assessment of the grinding process quality
usually includes the microgeometric quantities of the component.
Study on grinding focus in the large of the range. In which, study
on optimization the cutting parameters had done by many authors:
Optimization value of depth of cut, velocity of workpiece, grind-
ing wheel speed and numberof passes when grinding AISI 5120
by Al20s grinding wheel [1], [2]; Optimization value of depth of
cut, velocity of workpiece, grinding wheel speed when grinding
EN24 steel by Al20s grinding wheel [3], [4]; Optimization value
of grinding wheel speed, depth of cut and feed rate when grinding
EN-8 by A10K5V wheel [5]; Optimization value of grinding
wheel speed, feed rate, depth of cut, grain size and concentration
of cutting fuild when grinding AISI 4140 [6].

X12M steel is representing for high alloy steel. Vietnam have
imported this steel from Rusia with large quantity, for technology
grinding by Hai Duong grinding wheel, the wheel have manufac-
tured by Hai Duong grinding wheel factory (Vietnam). In this
paper, study on optimization cutting parameters when grinding
X12M steel using Hai Duong grinding wheels.

2. Grinding experiment

2.1. Workpiece

Workpiece in this work is X12M steel which had heat treated for
archived 58+60HRC in hardness. Shape and dimesion of work-
piece of this material is show in Figure 1.

In Table 1 showns the equivalent sign of steel of countries.
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Fig. 1: Experimental Component
Table 1: Equivalent Sign of Steel of Countries
Vietnam Russia American Japan
160 Cr12Mo X12M D2 SKD11

2.2. Machine tool and grinding wheel

Grinding experiments were conducted on an 3b153 cylindrical
grinding machine (Russia).

Two type of Hai Duong grinding wheel factory’s had used in this
work which are Cn46.TB1.G. V1.400x40x203x50m/s and
Cn46.CV1.G. V1.400x40x203x35m/s.

2.3. Surface roughness tester

The measurements were carried out with a Mitutoyo Surftest SJ-
201 stylus type surface texture-measuring instrument. Each
ground component was measured three times. The surface rough-
ness response for each test, is the average reading of three consec-
utive measurements.

2.4. Experimental design
Matrix of D-optimal designs with three input parameters which is

used in this work, each parameter have three levels of value, quot-
ed in Table 2.
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Table 2: Levels of Input Parameters when Grinding X12M Steel

Input parameters

Levels Code value Hogrmn) i) )
High level +1 0.0075 0.6 37.68
Medium level 0 0.005 0.45 31.40
Low level -1 0.0025 0.3 25.12
Table 3: Matrix of D-Optimal Designs

Run t f \4
1 0 -1 -1

2 0 1 -1

3 0 -1 1

4 0 1 1

5 -1 0 -1

6 1 0 -1

7 -1 0 1

8 1 0 1

9 -1 -1 0

10 1 -1 0

11 -1 1 0

12 1 1 0

13 0 0 0

2.5. Experimental conditions

It is important to conduct the experiments under chatterfree condi-
tions and to keep the cutting speed (34 m/s), the depth of dressing
(0.01 mm), the feed rate of dressing (1 m/min) and the coolant
flow constant (25 litres/min). Experimental investigations require
precise process set-up to ensure that the trials are done according
to plan. Errors and inaccuracies at this stage could nullify experi-
mental validity.

3. Experimental results and optimization

3.1. Experimental results

Grinding X12M steel by above type of grinding wheels and above
condition. Measurement the surface roughness on each compo-
nent. The result showns on Table 4.

Table 4: Experimental Matrix when Grinding X12M Steel

e When grinding X12M steel using Cn46.CV1.G.
V1.400x40x203x35m/s grinding wheel, coefficient of de-
termination R? = 0.9995.

R, = 0.54 + 0.115  t + 0.08875 * f @)
+0.04125 * v — 0.015 = t> — 0.0125 * f2

+0.0225 v + 0.0175 = t = f

+0.0075«t*v+0.005*f*v

From equations (1) to (2) show that, in all of two cases, the influ-
ence of depth of cut on surface roughness is bigger than feed rate,
velocity of workpiece has influence on surface roughness is small-
est.

3.2. Optimization

The surface roughness optimization is based on the developed
response surface model and the application of the floating-point
genetic algorithm for minimization problems. A selected popula-
tion of solutions initially evolves from a given number of individ-
uals by employing genetic mechanism. This is performed with an
adopted optimization program, developed in Excel [7]; population
of appointed size is randomly chosen between the lower and upper
values and undergoes a process of evolution in a simulated com-
petitive environment. The latter mechanism consists of tournament
selection, linear crossover and non-uniform mutation. Both bit-
exchange crossover and bit-flip mutation occur at every cycle,
according to assigned probabilities. Optimization has been
achieved by determination of three control parameters of the ge-
netic algorithm; the size of the population and the probability val-
ues for crossover and mutation, their value are 100, 0.25 and 0.05
respectively, as [8 - 10]. Optimization value of cutting parameters
in four cases, quoted in Table 5. The fitness of each individual is
evaluated (Fig. 2 to Fig. 3).

Table 5: Optimization Value of Cutting Parameters and Surface Rough-
ness of Workpiece

R, (um)
Run t f v Cn46.TB,.G. Cn46.CV,.G.
V1400x40x203x50m/s V1400x40x203x35m/s
1 0 -1 -1 027 0.40
2 0 1 -1 040 0.57
3 0 -1 1 036 0.48
4 0 1 1 0.50 0.67
5 -1 0 -1 025 0.38
6 1 0 -1 040 0.60
7 -1 0 1 0.33 0.44
8 1 0 1 048 0.69
9 -1 -1 0 022 0.33
10 1 -1 0 038 0.52
11 101 0 0.36 0.47
12 1 1 0 0.55 0.73
13 0 0 0 o040 0.54

Optimization value of cutting parameters

From table 4, build the regressions as bellow:

e When grinding X12M steel wusing Cn46.TB1.G.
V1.400x40x203x50m/s grinding wheel, coefficient of de-
termination R? = 0.9944.

R, = 0.40 + 0.08125 * t + 0.0725 * f + @
0.04375 v — 0.02 * t? — 0.0025 * 2
—0.015 * v + 0.0075t  f

—1.2% 1077 xt* v+ 0.0025 * fx v

Workpiece/Grinding ~ Code value Actually value Ry (
wheel . f v A f(m v(m a7
/min_/min
X12M/ - - - ~ ~ ~ 017
Cn46.TB,.G.V,400x 09 09 09 0.00 03 25 5'
40x203x50m/s 999 991 999 25 0 12
X12M/ - - - ~ ~ ~ 031
Cn46.CV..G.V,400x 09 09 06 000 03 27 7'
40x203x35m/s 999 999 391 25 0 38
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Fig. 2: Genetic Algorithm Graph for Grinding X12M by Cn46.7B,.G.
V1400x40x203x50m/s
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Fig. 3: Genetic Algorithm Graph for Grinding X12M by
Cn46.CV,.G.V;400x40x203x35m/s

4. Conclusions

This paper built the relationship between surface roughness of
workpiece and cutting parameters when grinding X12M steel us-
ing two types of Hai Duong grinding wheel. Those relationships is

basic

for controlling and optimization the grinding process. Opti-

mization value of cutting parameters are showed in this paper in
each case of a pair of workpiece — wheel.

Acknowledgements

The work described in this paper was supported by Ha Noi univer-
sity of Industry (https://www.haui.edu.vn/vn)

References

[1]

[2]

[3]

(4]

[5]

(6]

[71
(8]

[9]

[10]

Kirankumar Ramakantrao Jagtap, S.B.Ubale, M.S.Kadam (2011),
“Optimization of cylindrical grinding process parameters for AlSI
5120 steel using Taguchi method”, International Journal of Design
and Manufacturing Technology, Vol. 2, Number 1, pp. 47-56.
Hoang Tien Dung, Do Duc Trung,Nguyen van Thien, Nguyen Nhu
Tung, Ngo Cuong (2019), “Optimization Cutting Parameters When
Grinding I1IX15 Steel Using Hai Duong Grinding Wheel”, Interna-
tional Journal of Mechanical and Production Engineering Re-
search and Development, Vol. 9, Issue 4, pp. 155-162
https://doi.org/10.24247/ijmperdaug201917.

Pawan Kumar, Anish Kumar, Balinder Singh (2013), “Optimization
of Process Parameters in Surface Grinding Using Response Surface
Methodology”, International Journal of Research in Mechanical
Engineering & Technolog, Vol. 3, Issue 2, pp. 245-252.

M. Janardhan and A. Gopala Krishna (2012), “Multi — Objective
optimization of cutting parameters for surface roughness and metal
removal rate in surface grinding using response surface methodolo-
gy”, International Journal of Advances in Engineering & Technol-
ogy, Vol. 3, Issue 1, pp. 270-283.

Aman thakur, V.Sahni (2017), “Optimization of traverse cut cylin-
drical grinding process parameters of treated EN-8 steel”, Interna-
tional journal of Advance Research in Science and Engineering,
Vol. 6, Issue .12, pp.1512-1523.

Taranvir Singh, Parlad Kumar, Khushdeep Goyal (2014), “Optimi-
zation of Process Parameters for Minimum Outof-Roundness of
Cylindrical Grinding of Heat Treated AISI 4140 Steel”, American
Journal of Mechanical Engineering, Vol. 2, No. 2, pp.34-40.
https://doi.org/10.12691/ajme-2-2-1.

Turkkan N, Floating Point Genetic Algorithm—Genetik V2.01,
2001, http://www.umoncton.ca/turk/logic.htm.

P. Krajnik, J. Kopac, A. Sluga (2005), “Design of grinding factors
based on response surface methodology”, Journal of Materials
Processing  Technology, vol. 162-163, pp. 629-636.
https://doi.org/10.1016/j.jmatprotec.2005.02.187.

Saravanan R. and Sachithanandam M (2001), “Genetic Algorithm
(GA) for Multivariable Surface Grinding Process Optimisation Us-
ing a Multi — objective function model”, International Journal of
Advanced Manufacturing Technology, pp. 330-338.
https://doi.org/10.1007/s001700170167.

Phan Bui Khoi, Do Duc Trung, Ngo Cuong, Nguyen Dinh Man
(2015), “Research on Optimization of Plunge Centerless Grinding
Process using Genetic Algorithm and Response Surface Method”,
International Journal of Scientific Engineering and Technology,



https://www.haui.edu.vn/vn
https://doi.org/10.24247/ijmperdaug201917
https://doi.org/10.12691/ajme-2-2-1
http://www.umoncton.ca/turk/logic.htm
https://doi.org/10.1016/j.jmatprotec.2005.02.187
https://doi.org/10.1007/s001700170167
https://doi.org/10.17950/ijset/v4s3/319

