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Abstract

In the profile grinding operation for ball bearing's inner ring groove, the quality of products and the productivity
of the machining process mostly depends on the technology system’s parameters such as normal feed rate (Fn),
speed of part (Vp), depth of cutting (t), number of parts in a grinding cycle (Np), etc. It is actually necessary to
optimize technology parameters of the machining process. The article presents a method to optimize technology
parameters of the profile grinding operation for 6208 ball bearing's inner ring groove on the grinder 3MK136B.
The research is implemented by the least squares experimental planning method to determine the experimental
regression functions between technical parameters and output elements of the machining process. Based on
that, an optimal solution of the non-linear optimization problem has been solved by using a Genetic Algorithm,
presenting the most appropriate technology parameters for profile grinding of 6208 ball bearing’s inner ring
groove on grinder SMK1368B as follows: Fn = 7.06 (um/s); Vp = 9.39 (m/min); t = 19.97 (um) and Np = 19 (parts).
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1. Introduction

In a certainly invested technology system, cutting
mode parameters are flexibly controlled. Meanwhile,
such a system only generates high economic
effectiveness when it operates under optimal cutting
conditions. In accordance with previous researches,
the machine productivity shall be boosted to 8+10% if
optimal cutting conditions are used [1]. For profile
grinding operation of 6208 ball bearing's inner ring
groove on grinder 3MK136B, setting up optimal
cutting conditions increases machining process’s
productivity, enhances durability of grindstone and
ensures quality of grinding part as well. The economic
- technical targets of machining process will be
directly affected by setting up optimal cutting
condition. The optimization of cutting regime to
determine and set up suitable cutting mode parameters
is the most basic and effective method to control
product quality, enhance machining productivity as
well as the durability of grindstone.

The optimization of cutting process is actually
the determination of optimal cutting condition for
operation of a specific machining method. Its nature
is to determine appropriate cutting parameters by
solving the extremum problem based on forming a
mathematic relationship between economic target
function and a system of limited functions regarding
technique, quality, organization of manufacturing
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facility and technology parameters. The optimization
problem can be considered the problem of finding the
best solution among an extremely large space of
solutions. For small search space, traditional
optimization methods can be suitable to solve (such
as direct calculation method, graph method, Lagrange
method, etc.), however, traditional optimization
methods are not appropriate for a large domain and
inefficient under a large survey range as well [1].
There have been other approaches to solve such types
of problem. The application of Genetic Algorithm
(GAs) has proved dominant advantages [2]. GAs
simply illustrates natural evolution and selection by a
computer starting with a random initial population
[3]. Via selection, crossover and mutation process,
GAs shall converge through generations in way of
global optimization. GAs is expected to find a more
optimal measure by combining good information
hidden in a range of measures to generate a new one
with good information inherited from parents [4].
This method is different from traditional ones in
several special features as follows:

GAs solves the optimization problem by
encrypting setting parameters instead of using such
parameters to solve [1-4]. GAs works with a variable
encryption set instead of the direct variable.

GAs searches from population of individuals
(maintain and deal with a range of answers) instead of



Journal of Science & Technology 130 (2018) 028-032

each individual (only handle one point in search space)
[1-4]. GAs carries out a progress to find out optimal
solution in different directions by maintaining a
population of solutions, promoting information
generation and communication among such directions.
The population experiences an evolution process and
generates the better solutions in each generation,
meanwhile the bad solutions are rejected. To classify
different solutions, the target function is used as an
environmental role. This is one of the advantages of
GAs which can increase the opportunity to reach
global optimization points rather than local
optimization points [1-4].

This article focuses on development of an
optimization problem to determine a suitable cutting
condition for a real technology chain and applies
genetic algorithm to solve such optimization problem.
Experiments have conducted on the grinder 3MK136B
for 6208 ball bearing's inner ring groove. The
experiment outcome also illustrated that the economic
and technical effeciency of the specific machining
process with the determined optimal parameters was
enhanced.

2. Content of the study

2.1. Optimization problem model of technology
parameters in profile grinding for 6208 ball bearing's
inner ring groove based on application of genetic
algorithm

The block diagram for solving the optimization
problem of technology condition in profile grinding
for 6208 ball bearing's inner ring groove is illustrated
in Fig. 1. The initial population is the input parameters
of process.
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Fig. 1. Block diagram to solve the optimization
problem of technology condition in profile grinding for
6208 ball bearing's inner ring groove [1]

In profile grinding process, grinding wheel needs
regular repair. The precision of machined surface is
closely related to grindstone repair during grinding
process. After a certain machining period, when the
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grinding wheel’s wear value exceeds an acceptable
limitation value, the grinding wheel should be dressed.
The purpose of such dress is to recover the cutting
capability and the initial shape of the grindstone. It is
important to determine the appropriate moment for
dressing, which decides machining precision, grinding
productivity and durability of the grinding wheel. In
production, it is always expected that the amount of
grinding wheel wear to be minimal, the number of
parts in a grinding cycle to be the most, while the
required productivity and precision of the grinding part
is still ensured. Therefore, the target function in this
study is the function of grinding wheel wear value and
the number of parts. According to the weighting
method [24], the multipoint function can be
constructed as follows:

f =0.5Hz;— 0.5N;, — min

The constraints include function constraints and
variable constraints. Function constraints in this
problem are constraints in terms of machining process
productivity and machining precision. Constraint
variables are cutting condition parameters.

In profile grinding operation for ball bearing's
inner ring groove, constraint variables of the grinding
condition include the speed of cutting (Vy), the speed of
part (Vy), the rate of normal feed (F,) for rough grinding
and fine grinding, the depth of cutting (t) for rough
grinding and fine grinding, the number of parts in a
grinding cycle (N,). For grinding on a CNC grinder with
a specific grinding wheel, the velocity of grinding wheel
is usually chosen according to the specifications of the
grinding wheel that has been give by the manufacturer.
For  examples, the  grinding  wheel of
500x8x203WA100xLV60 has the grinding wheel’s
speed (Vy) of 60 m/s. Some grinders are manufactured
with fixed spindle speed value. In order to simplify the
study without losing its general characteristic, this paper
considers only four input parameters which are the rate
of normal feed (Fy), the speed of part (V,), the depth of
cutting (t) and the number of parts in a grinding cycle
(Np). In addition, the cutting regime for rough grinding
has insignificant effect on the quality of grinding parts.
This article considers only cutting regime parameters
for fine grinding to optimize technology parameters in
the profile grinding operation for 6208 ball bearing's
inner ring groove on the grinder 3MK136B. The four
parameters of the cutting mode selected in this study are
the normal feed rate for fine grinding (F,), the speed of
part (V,), the depth of cutting for fine grinding (t) and
the number of parts in one grinding cycle (N,). The
values of other parameters are kept constant throughout
the experiment. Based on the mechanical notebook [7],
the actual state of manufacturing and specification of
shape grinder 3MK 136B, variable constraint conditions
of the optimization problem are presented as follows:
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5 (um/s) < F, < 20 (um/s)
6 (m/min) < ¥, < 18 (m/min)
10 (um) < ¢ < 20 (um)

For processing the groove surface, it is required
not only the accuracy for dimension of groove bottom’s
diameter, groove’s radius and distance from center line
to head surface, but also the accuracy for form and
correlation position, including the oval of groove
bottom’s diameter, the circular run-out of the groove
central line in comparision to the head surface. The
roughness of groove surface would be smaller than 0.5
pm (These requirements for the 6208 ball bearing’s
inner ring are shown as Fig. 2). The surface quality is
highly required because it highly affects the working
ability of parts including abrasion resistance, fatigue
resistance, etc. The ball will rotate inside the groove
surface when the ball bearing works. If the groove
surface has a high roughness, there would be a big
friction on the contact between the ball and groove
surface. This causes quick abrasion and surface
scuffing, decreases the longevity of the ball bearing.
Based on the mechanical notebook [7] and the actual
state of manufacturing basic tests, it can be realized that
cutting conditions mostly affect the wear of grinding
wheel, the surface roughness of part and the oval of
groove bottom’s diameter. Other precision parameters
of part can be affected but insignificantly and the
derivation is within allowable precision limit of the
operation. There are two output factors selected to be in
marginal condition constraints of the problem, which
are surface roughness of part and the oval of groove
bottom’s diameter. Grinding wheel wear is selected to
be the target function of the optimization problem.
Based on grinding productivity and technical
requirements of grinding operation for ball bearing’s
inner ring groove, constraint functions of the problem
can be realized as follows:

R,<0.5 (um); O, <3 (um); QO > 0.264 (g/min)

0+0.025 R6, 1 7+0.05

0.5

@48+0.01
_710.008] A

(O]0.003]

Fig. 2. Drawing illustrates technical requirements of
the finish grinding operation for 6208 ball bearing's
inner ring groove [8]
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To implement a solution for the optimization
problem here, it is necessary to carry out experiment
and apply least square method to determine target
function and constraint function.

2.2. Experiment to determine relation function
between technology parameters and output
parameters

Experiment was implemented on profile grinder
3MK136B to grind the inner ring groove of 6208 ball
bearing. Experiment conditions are as follows:

- Experimental equipment is profile grinder
3MK136B made in China with a chinese grinding
wheel marked 500x8x203WA100xLV60 to grind the
inner ring groove of ball bearings (Fig. 3).

Fig. 3. Profile grinding machine 3MK136B

- Roughness measuring device: SJ400 roughness
meter made in Japan.

- Equipment to measure the wear value of
grinding wheel: A pneumatic measuring probe system
is applied to measure grinding wheel wear during
profile grinding for the inner ring groove of the ball
bearing [9, 10] (Fig.. 4). The design of the probes as
well as solution for signals acquisition and processing
in these probes were presented in [9].

Fig. 4. The pneumatic measuring probe systems to
measure grinding wheel’s wear in profile grinding for the
6208 ball bearing’s inner ring groove [9]

Equipment to measure the oval of groove bottom
diameter: A Mitutoyo Indicator with resolution of 0.001
mm mounted on a specialized fixture equipment D022
made in China to determine position and the diameter of
groove of the ball bearing’s inner ring (Fig. 5). This
measuring equipment applies comparison method to
measure the oval level of groove bottom diameter.
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Fig. 5. D022 type equipment to measure the oval of
groove bottom diameter of the ball bearing’s inner
ring

Cutting Mode: The speed of cutting (V,,) is equal
to 60 (m/sec). The rate of normal feed (F,) varies in 3
levels (5; 12.5; 20) um/sec. The speed of workpiece (V)
varies in 3 levels (6; 12; 18) m/min. The depth of cutting
(9) varies in 3 levels (10; 15; 20) um. The number of
parts in a grinding cycle (N,) varies in 3 levels (10; 20;
30) parts. These input parameters are selected via basic
experiment and reference of machine manufacturing
technology manual [7]. Each above factors varies in 3
levels. It is essential to select orthogonal experiment
matrix Lg;(3%), in other words, 81 experiments to be
implemented. Each experiment is equivalent to a
collection. For example: SIVIt2N3 means of F,= 5,
V=0, t=15, N;=30.

After carrying out experiments and collecting
results, data is analyzed and processed. In the article,
Matlab software used to determine experimental
regression function under traditional least square
method. Based on that, the experimental regression
functions between the output parameters and the
technology parameters is determined as follows:

Target function regarding grindstone wear:

Hz =2.1688 ~F,?'O%5~Vp°‘0657- (00557 N2A3772

By the least squares method (BPNN), the average
error (0y) is equal to 0.2%, the error dispersion (o) is
equal to 0.13.

Limited function surface

roughness:

Ra — 0163 'E?'1224'V2A10002't0'1005 'N;J.ll94

regarding part’s

By the least squares method (BPNN), the average
error (0g) is equal to 0.3%, the error dispersion (o) is
equal to 0.27.

Limited function regarding the oval level of
groove bottom diameter of part:

OP — 14498 . F’?.l9996. VI;O,1127 . t041966

By the least squares method (BPNN), the average
error (Oy) is equal to 4.58%, the error dispersion (o) is
equal to 2.94.

Constraint function regarding productivity of
grinding process:

0=0.1616-F -1

By the least squares method (BPNN), the average
error (Oy) is equal to 0.01%, the error dispersion (o) is
equal to 0.1.

2.3. Application of generic algorithm for determination
of optimal technology paramaters in profile grinding for
6208 ball bearing's inner ring groove

The experimental regression functions show that
the specific requirements of the optimization problem
for technology parameters in profile grinding for 6208
ball bearing's inner ring groove are as follows:

f=0.5Hz; — 0.5N,, — min

With the constraint conditions as follows:

0.1224 0.10002

Ra=0.163 -F, -V """ .01005. N0 <05

0.1127

0.19996 B
0, =1.4498 -F*. v

0.0973

0=0.1616F,
5<F <20
6 <V, <18
10 < < 20

01966 < 3

%1% >0.264

To optimize the technology parameters so that
the target function regarding the number of parts (Np) to
be biggest and grindstone’s wear value (Hz) to be
smallest, on the basis of application of genetic
algorithm, a software program was directly
implemented coding on Matlab. After running the
program several times, the results are shown in Table
1, while Fig. 6 illustrates the progress on which the
program searched for the solution, running on Matlab
environment.
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Fig. 6. Diagram of optimal result of technical
parameters with GAs



Journal of Science & Technology 130 (2018) 028-032

Table 1. Results found by the Matlab program using GAs

Fa A t Np Hz
(um/s) (m/min) (pm) (parts) (um)
7.06 939 19.97 19 10.9

Experimental results with above optimal input
parameters are shown in Table 2. The error between
optimal result and real one is within 6% of the range.

Table 2. Experimental results with the cutting mode of
F=7.06 pm/s; V,=9.39 m/min; t=19.97 pm; N;=20 parts

Hz | Error | Ra Error O, | Error Q Error
(pm) (pm) (pm) (g/min)
104 14.81%] 0.49 | 1.43% |2.83 |5.97%] 0.265 | 0.38%

3. Conclusion

Results obtained from experiment and operation
of genetic algorithm program coded on Matlab show
that it is recommended to carry out grinding with
optimal technology condition of F, = 7.06 (um/s); V,
= 9.39 (m/min); t = 19.97 (um) and N, = 19 (parts)
during profile grinding for 6208 ball bearing’s inner
ring groove on grinder 3MK136B. In the optimal
cutting mode, the number of parts (N,) is the biggest,
grindstone’s wear value (Hz;) is the smallest, but the
productivity and technical requirements of grinding
operation still assure. Such research results would help
manufacturers determine and set up optimal
parameters of grinding condition in order to enhance
economic and technical effectiveness of grinding
process.
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