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ABSTRACT

This objective of research was studied the Influence of the surface quality of
stainless steel JIS 420 and JIS 440 on lapping process. Factorial experiment was
applied to analyze the four-alumina powder size of 0.3 um and nine-lapping
time of 30, 60, 90, 120, 150, 180, 210, 240 and 270 min, respectively. In
preparing of specimen surface roughness for experimental, was used the ratio
between the alumina powder of 200 g, alumina powder lubricant of 150 ml and
water of 1 | which has Five surface roughness values, Ra were then prepared:
0.4 pm, 0.8 pm, 1.2 pm, 1.6 pm and 2.0 pm, respectively. Alumina abrasive
powder size of 0.3 um the surface quality of stainless steel JIS 440 on lapping
process at a surface roughness of Ra 0.8 um at 30 min resulted in the best
average surface roughness (Ra) of 0.0575 pm when considering the satisfaction
value. (Desirability: D) with regard to statistical processing, it was found that
the value was as high as 99.37%.

Keywords: Alumina powder, lapping process, surface roughness, factorial
experiment.

INTRODUCTION

Material science and technology make remarkable progress and the application of
newly developed materials to various devices have increased rapidly. In particular,
when fabricating a high-performance device, it is often necessary to adopt high-level
lapping and polishing.[1] Generally, lapping and polishing occur by the sliding frictions
between particles and a surface. The lap or polishing pad (polisher) travels across a
workpiece surface against which particles of sand or mud- type slurry are forced to the
point of contact.[2] Grinding is one of the most important abrasive processes. it is used
to perform smooth and precise dimensions and surfaces. usually, the material removal
rate from the workpiece is low in grinding operations compared to that in milling or
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other cutting operations. [3] At present, the process of polishing surface are processes
which are widely used in industrial applications the continuously expanding industries
are the automotive, sanitary, furniture and electronic industries. this requires more
researches and analyses of work surfaces requiring very high surface roughness in order
to increase product value for maximum return, lapping is a finishing method used to
obtain high surface quality. Important parameters affecting the lapping process are
thought to be abrasive grain size, lapping pressure, lapping speed, quantity of lapping
compound supplied and the viscosity of the compound. [4] The result would be glossy
skin and very high-resolution value. The type of materials that will be used to fine-tune
the aforementioned surface all of which affect the surface smoothness of the work
surface in the final surface finishing, which is considered cleaning and surface
modification of metal by a combination of mechanical and chemical processes. To
eliminate burrs or spines on the surface of the material being processed (Debarring /burr
Removing) including defects on the surface and make the texture of the workpiece look
as desired, skin properties that are often modified by beauty, smoothness of the surface,
adhesion ability, wear resistance, corrosion resistance from chemicals slowing or
preventing tarnishing and electrical conductivity. [5] Lapping is a method that adjusts
the plane surface to increase accuracy. Abrasive machining technology [6-9]
possessing extinct advantages of high efficiency, high flexibility, high accuracy and
low surface damage has been extensively used in machining of flat and free form
surfaces as compared with traditional machining technologies, such as cutting, milling
and drilling processes with geometric tools [10-12]. The most common scrubbing
method is bearing which can be found in piston in the oil pump [13]. The measurement
accuracy is very important for high-precision technology relating to the work surface
polishing process [14]. The influence on the process of scrubbing the surface in a
thorough scrubbing consideration from the experiment depends on many factors [16].
The quality and accuracy of the surface shape can be achieved by forming the type in
the lapping process which requires continuous experimentation to ensure high
efficiency. [15,17-18] Adjust Including statistical analysis of variance (ANOVA) [19-
20]. The objective of this research is to compare the influences of 4 types of alumina
polishing powder on the average surface roughness (Ra) of JIS 420 and JIS 440 stainless
steel in the surface treatment process by applying the Design and Analysis of
Experiment (DOE) principles to perform process parameters determination of statistical
significance.

EXPERIMENTAL PROCEDURE

The stainless steel that is similar to Ferritic stainless steel but with a higher carbon
content, this group of stainless steels can be hardened to increase strength. The
microstructure after hardening gives a martensite structure. most consider to the
strength and resistance to rust in Moderate only due to the amount of carbon The higher
the corrosion resistance is reduced. However, it will not corrode in mildly corrosive
solutions or in neutral solutions. Examples of applications are bearings, shafts, gears,
springs, etc. Beginning with the preparation of the work piece before heat treatment by
bringing the stainless flat bar steel JIS 420 and JIS 440 to cut to size 35 x 35 X 6 mm,
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then the workpiece is cut by milling machine to the size 30 x 30 x 5 mm. After that,
storing the surface with a flat surface grinding process and using a medium aluminum
oxide grinding wheel (H) No. 80 on the surface of the test piece on both sides with area
size of 30 x 30 mm which has Five surface roughness values, Ra were then prepared:
0.4 pm, 0.8 pm, 1.2 pm, 1.6 pum and 2.0 pm, respectively as shown in Figure 1.The next
step is the continuous heat treatment process starting at annealing temperature of 400°C
for a period of 10 min, then increase the temperature to 820°C for a period of 30 min.
When the time limit is reached, then dip the workpiece into the plating substance of
black-colored used engine oil. While oiling should have oscillations in order to
thoroughly coat the workpiece in every part. Once the oil has been moistened, all of the
work will be placed in a sand bucket to allow it to cool down. Last, the final step is to
use sandpaper to finish the surface.

Grinding Wheel

Workpiece

Figure 1. The process of grinding a flat surface.

The process of refining fine skin will start from mixing the ratio between the amount
of alumina scrub powder of 200g, lubricant, alumina scrub powder at 150 ml and clean
1 | water to get the surface roughness values (Ra) which has Five surface roughness
values, Ra were then prepared: 0.4 um, 0.8 um, 1.2 pm, 1.6 um and 2.0 pum, respectively
Then turn on the machine the Lapping Machine and mix the ingredients first by 5
minutes. The next step is to take these specimens of JIS 420 and JIS 440 stainless steel
to conduct the experiment by using Piece Test available on the disc's surface as shown
in Figure 2. After that, the experiment was performed by adjusting the time interval in
the fine finishing process, which is 30, 60, 90, 120, 150, 180, 210, 240 and 270 min to
collect the average surface roughness data: (Ra) of the specimen as shown in Figure 3.

Workpiece

Conditioning Rings .
Polishing Plate

Figure 2. Face flat lapping machine
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Surface Roughness Tester

Workpiece

Figure 3. Data collection of average parameter surface roughness (Ra)

RESULTS

When all the experiments were conducted according to the statistical experimental plan
with the analysis of factorial experiments. which has Five surface roughness values, Ra
were then prepared: 0.4 um, 0.8 pm, 1.2 pm, 1.6 um and 2.0 um, respectively. With the
alumina polishing powder studied sizes of 0.3 um, the main parameters response for
statistical analysis is the average surface roughness (Ra) of the specimen of the JIS 420
and JIS 440 stainless steel material as shown in Table 1, 2

Table 1. Average surface roughness data (Ra) for statistical analysis JIS 420

(Lapping Time; min)

(Alumina  Ra (um)

Powder; um) Grinding 30 60 90 120 150 180 210 240 270

0.3 0.4 0.177 0.151 0.131 0.153 0.153 0.144 0.117 0.168 0.161
0.3 0.4 0.163 0.163 0.144 0.144 0.144 0.145 0.123 0.158 0.158
0.3 0.4 0.171 0.167 0.159 0.140 0.145 0.141 0.161 0.166 0.183
0.3 0.4 0.163 0.172 0.140 0.154 0.141 0.156 0.133 0.171 0.159
0.3 0.4 0.181 0.156 0.164 0.154 0.156 0.152 0.144 0.159 0.184
0.3 0.4 0.154 0.178 0.155 0.141 0.152 0.153 0.142 0.166 0.166
0.3 0.8 0.112 0.183 0.159 0.147 0.138 0.131 0.113 0.127 0.172
0.3 0.8 0.295 0.167 0.168 0.152 0.143 0.133 0.109 0.128 0.165
0.3 0.8 0.239 0.180 0.179 0.122 0.150 0.113 0.108 0.125 0.144
0.3 0.8 0.142 0.167 0.171 0.157 0.148 0.130 0.120 0.124 0.142
0.3 0.8 0.236 0.168 0.172 0.146 0.135 0.123 0.105 0.123 0.141

0.3 0.8 0.205 0.185 0.175 0.153 0.138 0.127 0.117 0.134 0.123
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(Lapping Time; min)

Pg\?\/l:;?;iﬁam) gﬁégmé 60 90 120 150 180 210 240 270
0.3 1.2 0170 0.148 0.160 0.149 0.144 0.158 0.149 0.147 0.111
0.3 1.2 0240 0169 0165 0.151 0.130 0.132 0.147 0.132 0.102
0.3 1.2 0202 0.183 0.45 0.147 0.133 0.135 0.159 0.127 0.101
0.3 1.2 0175 0.138 0.145 0.160 0.132 0.149 0.146 0.128 0.109
0.3 1.2 0184 0.169 0.149 0.134 0.127 0139 0152 0.143 0.108
0.3 1.2 0160 0.156 0.159 0.127 0.128 0.134 0.155 0.148 0.112
0.3 1.6 0250 0.52 0.127 0.158 0.141 0.093 0.141 0.135 0.124
0.3 1.6 0705 0.256 0.175 0.159 0.133 0.097 0.133 0.141 0.113
0.3 1.6 0299 0.63 0.01 0.148 0.142 0.110 0.128 0.145 0.128
0.3 1.6 0336 0260 0118 0.156 0.128 0.109 0.142 0.133 0.131
0.3 1.6 0309 0132 0102 0.149 0.143 0.096 0.128 0.143 0.124
0.3 1.6 0180 0248 0.132 0.138 0.131 0.090 0.143 0.133 0.129
0.3 20 1542 0.186 0153 0.114 0.164 0.161 0.144 0.165 0.164
0.3 20 0926 0497 0184 0.162 0154 0.156 0.161 0.171 0.152
0.3 20 1324 0550 0162 0.131 0141 0.167 0.146 0.168 0.144
0.3 20 0218 0.137 0139 0102 0162 0.166 0.145 0.177 0.157
0.3 20 0412 0442 0169 0129 0.150 0.161 0.166 0.173 0.156
0.3 20 0156 0.156 0.163 0.141 0.161 0.163 0.163 0.162 0.155

Table 2. Average surface roughness data (Ra) for statistical analysis JIS 440

(Lapping Time; min)

Pg@'{;‘;‘;"&am) gzég‘mé 30 60 90 120 150 180 210 240 270
0.3 0.4 0362 0254 0095 0098 0104 0096 0125 0.148 0.098
0.3 04 0270 0116 0098 0077 0104 0090 0136 0.158 0.088
0.3 04 0143 0176 0099 0101 0100 0111 0141 0.153 0.096
0.3 0.4 0293 0075 0084 0093 0091 0103 0130 0.163 0.102
0.3 0.4 0201 0077 0092 0090 0098 0087 0120 0151 0.092
0.3 04 0122 0110 0096 008 0098 0.097 0136 0.138 0.090
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(Lapping Time; min)

(Alumina  Ra (um)

Powder; um) Grinding 60 90 120 150 180 210 240 270

0.3 0.8 0.061 0.141 0.075 0.061 0.066 0.126 0.083 0.095 0.122
0.3 0.8 0.047 0.105 0.067 0.092 0.076 0.099 0.132 0.084 0.090
0.3 0.8 0.059 0.197 0.086 0.055 0.099 0.110 0.111 0.103 0.082
0.3 0.8 0.053 0.349 0.062 0.072 0.072 0.122 0.101 0.114 0.102
0.3 0.8 0.057 0.069 0.088 0.069 0.069 0.076 0.106 0.109 0.101
0.3 0.8 0.068 0.090 0.081 0.080 0.092 0.087 0.097 0.085 0.099
0.3 1.2 0.105 0.135 0.157 0.115 0.112 0.106 0.089 0.093 0.075
0.3 1.2 0.886 0.474 0.254 0.191 0.155 0.154 0.095 0.093 0.076
0.3 1.2 0.631 0.318 0.152 0.152 0.190 0.163 0.078 0.084 0.090
0.3 1.2 0.148 0.121 0.158 0.162 0.120 0.105 0.076 0.089 0.083
0.3 1.2 0.318 0.259 0.209 0.160 0.167 0.108 0.079 0.088 0.085
0.3 1.2 0.218 0.182 0.162 0.164 0.111 0.102 0.084 0.080 0.086
0.3 1.6 0.430 0.205 0.095 0.167 0.086 0.117 0.073 0.093 0.089
0.3 1.6 1318 0.779 1174 0.677 0.178 0.387 049 0.173 0.270
0.3 1.6 0.874 0.849 0.079 0.629 0.316 0.135 0.053 0.095 0.094
0.3 1.6 0.533 0.098 0.120 0.118 0.080 0.119 0.078 0.098 0.088
0.3 1.6 0.378 0.115 0.650 0.472 0.114 0.116 0.090 0.136 0.110
0.3 1.6 0.516 0.078 0.498 0.161 0.089 0.101 0.083 0.080 0.089
0.3 2.0 1.247 0.142 0.310 0.077 0.300 0.238 0.089 0.082 0.155
0.3 2.0 1587 1.718 0.905 0.530 0.555 0.693 0.156 0.463 0.268
0.3 2.0 1543 0981 1112 0.210 0.091 0.172 0.096 0.074 0.095
0.3 2.0 0569 0416 0.311 0.100 0.081 0.092 0.133 0.102 0.105
0.3 2.0 0.321 0545 0.140 0.180 0.275 0.350 0.189 0.137 0.161
0.3 2.0 0.139 0.322 0.067 0.225 0.191 0.109 0.079 0.083 0.096

Workpiece before surface polishing and after surface polishing with surface roughness
Ra 0.4, 0.8, 1.2, 1.6, 2.0 um respectively, which is stainless steel according to JIS 420
and JIS 440 standard and when examined for microstructure at 100 times magnification,
all 9 specimens after lapping the time levels are 30, 60, 90, 120, 150, 180, 210, 240 and
270 minutes respectively, for JIS 420 and JIS 440 stainless steels. The microstructure
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IS martensitic. As shown in the Figure 4.

Before surface polishing After surface polishing

Ra 0.4
JIS 420

Ra 0.4
JIS 440

Ra 0.8
JIS 420

Ra 0.8
JIS 440




Suwit Thammasang and Somkiat Thermsuk

1874

Ral.z2

o
N
<
[%2]
-

Ra 1.6

o
<
<
[7p)
)



Influence of the Surface Quality of Stainless Steel JIS 420 and JIS 440 on Lapping Process 1875

Ra 2.0
JIS 420

Ra 2.0
JIS 440

Figure 4. Examined for microstructure at 100 times
magnification JIS 420 and JIS 440

The results from the Factorial Experiment analysis shown in Table 3. found that all 5
Grinding size parameters are 0.4 pm 0.8 um 1.2 um 1.6 pm and 2.0 um and the Lapping
Time parameters for all 9 surface finishing periods of 30, 60, 90, 120, 150, 180, 210,
240 and 270 min have influences on the average surface roughness (Ra) of the test piece
for stainless steel material JIS 420 and JIS 440. The main influence of each parameter
(Main Effect) and the joint influence between the parameters (Interaction) are at a 95%
confidence level since the P-Value < a value or 0.01 < 0.05

Table 3. Results from factorial experiences.

Source DF SS MS F-value  P-Value
Model 89 114669 0.12884 5.27 <0.001
Linear 13 6.2084  0.47757 19.52 <0.001
Materials (A) 1 0.1539  0.15389 6.29 0.013
Ra-Grinding (pm) (B) 4 23168 057920 2367  <0.001
Time (min) (C) 8 37377 046722  19.09  <0.001
2-Way Interactions 44 45297  0.10295 421 <0.001

Materials*Ra-Grinding (um) 4 0.7127  0.17818 7.28 <0.001
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Source DF SS MS F-value  P-Value
Materials*Time (min) 8 0.4386  0.05482 2.24 0.024
Ra-Grinding (um)*Time (min) 32 3.3784  0.10557 4.31 <0.001
3-Way Interactions 32 0.7288  0.02277 0.93 0.579
Materials*Ra-Grinding(um)*Time (min) 32 0.7288  0.02277 0.93 0.579
Error 450 110117  0.02447

Total 539  22.4785

When considering the residual analysis, the Pareto Chart of the Standardized Effects
shows the factor A is the Materials, B is the Grinding C is the Time, to fine-tune the
surface. When BC, AB, AC, Lapping Time is found to be beyond critical lines, so these
three factors affect the workpiece roughness after fine workmanship with a significant
process of skin lapping as shown in Figure 5. When considering the results of the
experiment for the Validation of experimental forms, the examination results are shown
by assuming that the form of residuals obtained from the experimental data must be in
accordance with the principle of Residual values and have the normal distribution from
the Versus Fits graph which can check for the variance of the error values. The good
data needs to have the variance of the error value must be consistent from the Versus
Order graph independence in order to make the data accurate and reliable. The good
data information must have characteristics of good control charts as shown in Figure 6.

Pareto Chart of the Standardized Effects
(response is Ra-Testing (pm), c = 0.05)

Term 1.965
T

Factor Name

B A Materials

B Ra-Grinding {pm}
C Time {min}

BC

AB

AC

ABC

0 1 2 3 4 5 6 7
Standardized Effect

Figure 5. Pareto Chart of the Standardized Effect
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Residual Plots for Ra-Testing (pm)
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Figure 6. Residual Plots for Ra

When considering the main effect plot of each parameter shown in Figure 7. it can be
seen that the graph, both the (A) is the Materials, (B) is the Grinding (C) is the Time,
parameters are not parallel with the reference line in the horizontal axial. This means
of these three parameters influenced the average surface roughness response (Ra) of the
specimen of JIS 420 and JIS 440 stainless steel material, graph showing the mutual
influence between the factors concerning Grinding and the time that affect the surface
roughness value (Ra). which gave consistent results with the results from the Factorial
Experiment Analysis as follows Shown in table 3. In addition, the interaction between
parameters shown in Figure 8. can be seen that (A) Materials (B) Grinding and (C)
Time. at a statistical confidence level of 95%, it still considered a significant result.
This means the common influence between these three parameters influenced the
average surface roughness response (Ra) of the specimen JIS 420 and JIS 440 stainless
steel material, which gave consistent results with the results from the Factorial
Experiment Analysis as follows Shown in table 3.
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Main Effects Plot for Ra-Testing (um)
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Figure 8. Interaction Plot for Ra

In determining the most suitable parameters of This means of these three parameters
influenced the average surface roughness response, the (A) is the Materials, (B) is the
Grinding (C) is the Time, they will result in the quality of the work surface. The
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stainless steel material JIS 440 is good, which indicates that the average roughness (Ra)
is the smallest (Minimum), which is the most suitable condition is the size of Grinding
Ra were then prepared 0.8 um and the fineness adjustment time of 30 min will result in
a Ra value of 0.0575 pum. In addition, when considering the satisfaction value
(Desirability: D) regarding statistical processing found to be very high as 99.37% as
shown in Figure 9.

N q
D-09937 i JIS 440 0.8 30
Lowe JIS 420 04 30
[ ]
®
Ra-Testi
Mintmum
— ri
y = 0.0575 o
d = 099372
® L ]
®
® &
____________ 0.___q;_________q;___._.._.____.__..

Figure 9. Response Optimization

DISCUSSION AND CONCLUSIONS

By conducting a study on the improving optimized the surface quality of stainless steel
JIS 420 and JIS 440 on lapping process Factorial experiment was applied to analyse the
four-alumina powder size of 0.3 um and nine-lapping time of 30, 60, 90, 120, 150, 180,
210, 240 and 270 min, respectively which has Five surface roughness values, Ra were
then prepared: 0.4 pm, 0.8 um, 1.2 um, 1.6 um and 2.0 um, respectively. in fine surface
processing using the factorial design techniques, the findings are the optimum condition
of this process The stainless steel material JIS 440 was the size of the Grinding Ra were
then prepared 0.8 pm and the fineness adjustment time of 30 min which will result in
an average surface roughness (Ra) of 0.0575 pum. Moreover, these moments of fine
grained increase would result in a surface roughness average (Ra) lower as well. Due
to the accumulation of metal debris that replaces the furrow of the material surface until
it becomes homogeneous from heat generated in the fine surface treatment process.
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