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ABSTRACT

This study aims to optimize the machining parameters in the
manufacture of motorcycle brake piston master cylinder and
determine the effect on surface roughness. The Taguchi method
was used in this study. Machining parameters were varied
based on the Taguchi method, each of which was experimented
with using a finishing CNC lathe machine. From these
experiments, the results was obtained in the form of surface
roughness values, which were then analyzed, in order to obtain
the best parameters with the smallest surface roughness values
and the effect of each factor on surface roughness. This
research produced the best parameters were the spindle speed
of 1.755 RPM, feed rate of 0.09 mm/rev, and depth of cut of
0.30 mm. This parameter had a small surface roughness value.
Based on surface roughness measurements, the factors that
have the greatest influence on the level of surface roughness
were 67.9%, spindle speed of 15.4% and depth of cut of 3.3%.
This proves that the smaller the value of feed rate, spindle
speed and depth of cut, the smaller the value of surface
roughness.

KEYWORDS: Piston master cylinder, Taguchi method,
Surface roughness.

1.0 INTRODUCTION

At this time, motorized vehicle users in Indonesia have
increased every year. Based on data from the Indonesian
Central Statistics Agency (BPS), there was an increase of 5.7%
from 2018 to 2019, especially motorcycles [1]. From this
increasing demand, it can be said that the more motorcycle
users, the higher the demand for spare parts availability in the

market. One of them is a motorcycle brake master cylinder
piston. This component is the part that functions to maintain the
kinetic energy of the brake lever into pressure in the brake fluid
for braking [2]. One of machining process to make finishing
product casting especially brake master cylinder piston can be
used the CNC (Computer Numerical Control) machine.

The CNC is a development from conventional machining to
machining with computer-based control media with a numeric
language, so that the work piece process can be done quickly
and accurately. The CNC machines have 2 types of
programming systems in determining the coordinates, namely
absolute programming systems and incremental programming
systems. The absolute programming system is programming
with the zero point not moving or being fixed, while the
incremental programming system is programming with the zero
point moving or not [3,4].

The CNC is a number-based system in the form of a
program and can be controlled according to the user's wishes,
where the program that has been created will be transferred to a
machine to produce tool movement in a product making. The
program is set on the CNC, which is then ordered by the NC.
The NC (Numerical Control) is a method used to control or
regulate tools and processes on the desired machine by using
commands in the form of codes. The CNC lathe machines have
advantages in precision, turnaround time, and production
capacity [5,6]. According to [7], the workings of the CNC lathe
machine are almost the same as conventional lathes, where the
work piece is rotated and the tool feeds the layer of material
along the work piece. In the CNC lathe machining process
there are machining parameters that affect the final result of a
product to be made and the processing time. In the finishing
process, a smooth and good surface roughness can be produced
with a low feed rate value and a small depth of cut. The
parameters that affect the CNC lathe machining can be seen in
Figure 1 [8].

According to [9,10], the Taguchi method is an engineering
method that aims to improve a product quality and focuses on
setting parameters (factors) that produce the best product
quality with minimal treatment. The Taguchi method is
considered to be the easiest method to do both in terms of cost
and technical implementation because it is quite effective in
determining the factors that influence a certain process.
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Figure 1: CNC lathe parameter schematic [8]

According to [11], in the Taguchi method there is a matrix
called Orthogonal Arrays. The matrix is used to determine the
minimum number of experiments that can provide as much data
as possible about the parameters that affect the machining
process, where these parameters have been calculated
previously. According to [12], the parameters commonly used
in the machining process consist of spindle speed, feed rate and
depth of cut.

According to [13], there are several ways to express surface
roughness. One of the most frequently used methods is the
deviation of the arithmetic mean from the average profile line
(Ra), where this method always follows the development of the
measuring instrument. The arithmetic mean deviation (Ra) is a
contiguous and irregular deviation in the effective profile of the
mean line. The effective profile is the contour of the effective
surface cut by a conventionally determined plane against an
ideal geometric surface. For the value and class of surface
roughness can be seen in Table 2.

Table 1. Simple parameter design in machining process [12]

No  Spindle speed Feed rate Depth of cut
1 1 1 1
2 1 2 2
3 1 3 3
4 2 1 2
3 2 2 3
6 2 3 1
7 3 1 3
8 3 2 1
9 3 3 2

Table 2: Roughness Ra value and roughness class [13]

I Roughness Ra (um) Roughness class Sample Length (mm)

50 N12 g
25 N1l

12.5 N10 23
6.3 No

32 NB 0.8
1.6 N7

0.8 N6

0.4 N5

0.2 N4 0.25
0.1 N3

0.05 N2

0.025 N1 0.08

The purpose of this research is to determine the optimal
machining parameters in the manufacture of motorcycle brake
master cylinder pistons using the Taguchi method. Also, it is to
determine the effect of machining parameter optimization on
the manufacture of motorcycle brake master cylinder pistons on
the surface roughness value. This research would be help the
CNC machine operators in making products with better quality,
especially in the manufacture of motorcycle brake master
cylinder pistons or similar products.

2.0 METODOLOGI

In this research, a summary of the work from start to finish, it
can be seen in the flow of activities as shown in Figure 2.
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Figure 2: Flow Chart

Tools and Materials

The tools and materials in this research were a Hyundai-
KIA SKT160A Fanuc Series 0i-TC CNC Lathe machines,
which was used to make a brake master cylinder piston on
motorcycles. More, a Mitutoyo Surftest SJ-310 surface
roughness tester was used to measure the surface roughness of
the work pieces. Furthermore, the aluminum as a material for
making brake master cylinder piston.

Manufacture of Piston Master Cylinder Using CNC

The first step that must be done is to install the work piece
on the spindle and adjust the tool, where the tool used was a
lathe grooving tool.
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The reason for using a lathe grooving tool was a limitation Before measuring surface roughness, make sure the work
in the geometry of the master cylinder piston, which has several pieces were on a table or flat place so that the measurement
grooves with a small distance. Hence, it is not possible to use results obtained were maximums. The point to be measured on
other tools in the finishing process. The lathe grooving tool had the piston master cylinder experimental results using a CNC
used a cutting edge of 3 mm. For the installation of work pieces machine was located on the placement of the brake fluid
and tool settings, it can be seen in Figure 3. retaining seal. Therefore, first the master cylinder piston was

The next step was to input the program according to the turned flat so that the sensor of the surface roughness
machine standard and simulation was carried out on the measuring instrument can reach and measure its surface
machine. If there was an error, the program would be inputted roughness, as shown in Figure 8.

again, as shown in Figure 4.

If all preparations have been completed, it was possible to
manufacture the master cylinder piston in the finishing process
using the previously designed parameters, while the facing and
roughing processes were ignored. In Figure 5 is a master
cylinder piston that had been completed using a CNC lathe
machine.

Figure 3: Installation of workpieces and tool setings

Figure 4: Program input on the machine

Figure 5: The result of the work pieces finishing process

Surface Roughness Measurement

In measuring surface roughness, the tools and materials
used the surface roughness tester and the work pieces. The
work pieces in this study were a brake master cylinder piston,
which was done using a CNC lathe machine with a variation of
parameters that had been previously designed.

Figure 9: Placement of the sensor at the measured point for
surface roughness test
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The next step was to place the measuring instrument sensor f) Sum of Square error:
right above the surface to be measured. Then turn on the
measuring instrument, when finished, the measurement results SSarror = SS7 — (SS4 + 555 + 55; + SSp) 6)
can be seen on the screen available on the surface roughness
measuring instrumer}t. The sensor plgcerpent to measure ) Mean square factor:
surface roughness point test can be seen in Figure 9. The value
of average surface roughness based on experimental factor 55
levels can be seen in Table 3. Vi=xZ1 (7N
Table 3: The value of average surface roughness based on h) Mean square error:
experimental factor levels
Factor Ra (um) Average ss,
Al 1.787 1.133 1.973 1.631 K ®)
A2 0.866 1.044 1.862 1.257
A3 1.809 0.997 2.209 1.672 1) Contribution (%);
B1 1.787 0.866 1.809 1.487
B2 1.133 1.044 0.997 1.058 = 5% 100 )
B3 1.973 1.862 2.209 2.015 SSt
Cl 1.787 1.862 0.997 1.549
C2 1.133 0.866 2.209 1.403
C3 1.973 1.044 1.809 1.609 3.0 RESULT

2.1 Equation
The factors that influence the design of research parameters
on the Taguchi method can be seen in Table 4.

Table 4: Orthogonal array in finishing process

Spindle Speed Feed Rate Depth of Cut
No (RPM) (mm/rev) (mm)
(A) (B) ©)
1 1504 0.08 0.25
2 1504 0.09 0.30
3 1504 0.10 0.35
4 1755 0.08 0.30
5 1755 0.09 0.35
6 1755 0.10 0.25
7 2006 0.08 0.35
8 2006 0.09 0.25
9 2006 0.10 0.30
a) Degree of freedom factor:
Dfy=K—1 (1)
b) Degree of freedom total:
Dfr =N —1 ()
¢) Correction factor:
TZ
CF= 3)
d) Sum of Square factor:
k k
58 = ﬁz T.*— CF (O]
e) Sum of Square total:
$Stotat = SS¢ + S5, %)

The best parameter was carried out using a CNC lathe machine
to determine the fastest processing time.

3.1 Effect of Factor Level on Processing Time

To identify the effect of the level of the selected factors on
the processing time of the workpiece finishing process, data
processing was carried out using ANOVA analysis on the
processing time data. ANOVA calculation can be seen in
equations (1) to (9). The result of calculation is depicted in
Table 5.

Based on the ANOVA calculations have been carried out

on the experimental results. The ANOVA table was obtained to
see the contribution of the factors that most influence the
workmanship of the work pieces in the finishing process. The
factor that has the largest contribution was spindle speed with a
contribution of 64.3%, then feed rate of 30.2% and depth of cut
of 1.7%. With an error contribution was 3.7%.
Based on Table 4, a graph of the response time of the
experimental results in the finishing process is obtained to
determine the best parameters with the fastest time. In Figure 4,
it can be seen that the parameters with the fastest processing
time are parameters A3, B3, and C3. Where the average time is
A3 (spindle speed level 3) = 0.347 minutes, B3 (feed rate level
3) = 0.366 minutes, and C3 (depth of cut level 3) = 0.386
minutes.

Table 5: ANOVA for time

Degres of  Sumof Mean

Factor Ffactor Frable Contribution
Frepdom  Square Square

; 627 44 4.3%

Spindle spead (A) 00148 000738 172627 446 64.3%

. . 0.00693  0.00346  8.1034 446 30.2%
Food ratz (B) 2

Depth of i (C) 0000403 0.000202 04720 446 1.7%

- , 0.000835  0.000427 3%
Error 2

0.02294 99.9%

Total §
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Table 6: Average time based on factor level

Factor Time (min)
Level 1 Level 2 Level 3
) 0482 0442 0378
Spindle speed (RPM) 0.459 0382 0353
(A 0.398 0.389 0311
Average 0.446 0.404 0.347
0482 0430 0398
Feed rate (mmrev) 0.442 0.382 0.339
(B) 0378 0353 0311
Average 0.434 0.398 0.366
0482 0430 0308
Depth of cut (mm) 0.389 0.442 0322
() 0353 0311 0378
Average 0.408 0.404 0386

Time Response Graph

0.50
0.48
0.46

0.44 k\
z::: =
0.36 \0

0.34
0.32
0.30

—4—Spindle speed (A)
~fli—Feedrate (B)

Time (min)

Depth of cut (C)

Level 1 Level 2 Level 3

Figure 10: Experiment result of time response graph

3.2 Effect of Factor Level on Surface Roughness

To identify the effect of the level of the selected factor on
the surface roughness of the workpiece finishing process, data
processing was carried out using ANOVA analysis on the
roughness measurement data that had been obtained. ANOVA
calculation can be seen in equations (1) to (9).

Based on the ANOVA calculations that have been carried
out, an ANOVA table is obtained to see the contribution of the
factors that most influence the surface roughness of the
workpiece in the finishing process. The factor that has the
largest contribution is the feed rate with a contribution of
67.9%, then the spindle speed of 15.4% and the depth of cut of
3.3%. With an error contribution was 13.4%.

Based on Table 6, the surface roughness response graph
obtained from the experimental results in the finishing process
to determine the best parameters with the smallest roughness
value. It can be seen in Figure 10, that the parameter variations
that produce the smallest roughness values are parameters A2,
B2, and C2.

Table 7: ANOVA for surface roughness

Degree of  Sum of Mean

Factor Freedom  Square Square

Ffactor Ftable Contribution

ThT 0 Y T 10,
Spindle speed (A) ) 03130 0.1365 L1532 446 154%
£ g 4 4 0/

Foad rate (B) ) 1.3776 0.6888 30765 446 67.9%

1 2497 4 4 o

Depih of ut (€) ) 0.0674 00337 02482 446 3%

Eror N 02714 0.1357 134%

100%
Total 8 2.30066 o

Table 8: Surface roughness average by factor level
Surface Roughness R; (um)

Factor Level 1 Level 2 Level 3

. 1.787 0.866 1809
Spindle speed (REM) 1.133 1.044 0997
@ 1.973 1.862 2209
Average 1.631 1237 1672
1.787 1.133 1973

Feedrate (mm/rev) 0.966 1044 1862
(B) 1.809 0087 2209
Average 1.487 1.038 2013
1.787 1.133 1973

Depth of cut (mm) 1.862 0.866 1.044
© 0.997 2209 1.209
Average 1.549 1.403 1.609

Surface Roughness Response Graph

2.8

25
2
g 2.2
E £ 19 A —4—Spindle speed (A)
3 .
i o /,ﬁ —B—Feedrate (B)
H 16 B 7z
't Depth of cut (C)
3 13

1.0

0.7

Level 1 Level 2 Level 3

Figure 11: Surface roughness response graph

The average surface roughness value is A2 (spindle speed
level 2) = 1.257 um, B2 (feed rate level 2) = 1.058 um, and C2
(depth of cut level 2) = 1.403 pm.

4.0 DISCUSSION

From the overall ANOVA calculations that have been carried
out on the processing time data and surface roughness. There is
a significant difference where in the processing time data,
spindle speed has the largest contribution. Meanwhile, in the
surface roughness measurement data, the factor that has the
greatest contribution is feed rate. The best parameter variations
based on the fastest time are A3, B3, and C3 with values A3 =
2.006 RPM, B3 = 0.10 mm/rev, and C3 = 0.35 mm. While the
best parameter variations based on the smallest surface
roughness values are A2, B2, and C2 with values A2 = 1.755
RPM, B2 = 0.09 mm/rev, and C2 = 0.30 mm. This can happen
because the best parameters based on time have a high spindle
speed, feed rate, and depth of cut. Then, if these parameters are
used, it will produce a rough surface roughness due to
vibrations in the workpiece with a small cross section with
Aluminum 6061 material, which is classified as into a non-
ferrous material such as the master cylinder piston. This is in
accordance with research conducted by [14,15], the higher the
spindle speed, feed rate and depth of cut values, the higher the
surface roughness value. Meanwhile, the lower the spindle
speed, feed rate and depth of cut values, the lower the surface
roughness value [16].
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The measured point on the work pieces, which the brake
fluid retaining seal is placed. It is advisable to use the
parameters A2 (spindle speed level 2) = 1.755 RPM, B2 (feed
rate level 2) = 0.09 mm/rev, and C2 (depth of cut level 3) =
0.30 mm. If the parameters based on processing time are A3
(spindle speed level 3) = 2.006 RPM, B3 (feed rate level 3) =
0.10 mm/rev, and C3 (depth of cut level 3) = 0.35 mm, it will
resulted in high surface roughness values at the seal placement.
This can cause the seal to wear out more quickly and cause
leakage, which causes a loss of pressure for braking and
endangers the motorcyclist. Considering the brake master
cylinder piston works, which is transmits kinetic energy when
the brake lever is pressed to produce braking.

5.0 CONCLUSION

Optimizing the parameters with the Taguchi method to get the
best parameters with the fastest time, namely spindle speed
2.006 RPM, feed rate 0.10 mm/rev, and depth of cut 0.35 mm,
but these parameters produce a high average surface roughness
value. Therefore, the parameters used in the finishing process
are spindle speed 1.755 RPM, feed rate 0.09 mm/rev, and depth
of cut 0.30 mm. These parameters have a fairly fast processing
time with a small average surface roughness value. Based on
the experimental surface roughness measurement, the factor
that has the greatest influence on the surface roughness level is
feed rate of 67.9%, followed by spindle speed of 15.4% and
depth of cut of 3.3%. This proves that the optimization of the
parameters that have been carried out has a very clear effect on
surface roughness, where the smaller the value of feed rate,
spindle speed and depth of cut, the smaller the value of surface
roughness will be.
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