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Extraction of Factors Effecting Surface Roughness Using the System
of Experiments in the Ultra-precision Mirror Surface Finishing

Myung-I1 Bae*, Hong-Bae Kim*, Ki-Soo Kim**, Suk Namgung***

ABSTRACT

In this study, it is experimented to find factors effecting surface roughness using the system of experi-
ments. in the mirror surface finishing system. (1) The film feed and oscillation frequency in 40im abrasive
film, grinding speed in 30umm, and machining time in 15m are the main factors effecting the surface rough-
ness. (2) Applying the optimal finishing condition te 40um, 30um, 15um abrasive finishing film in sequence, it
is possible to obtian about Ra 10 nm surface roughness on SM45C workpiece. (3) Application of the system
of experments to the micro abrasive grain film finishing was very effective method in the extraction of main
factor and optimal condition.

Key Words : ultra-precision mirror surface finishing(23% 2% du} 712), system of experiments(4d A&4).
surface roughness(¥% #27)), abrasive grain size (39} YA 271), film feed speed (BE °|4 &%),
oscillation frequency (% F9), grinding speed(¥ v} ), machining time(71& A13h)
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Fig. 1 Configuration of ultra-precision finishing system
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Fig. 2 Pre-experimental result with respect to grinding speed
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Fig. 3 Pre-experimental result with respect to oscillation fre-
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Fig. 4 Pre-experimental result with respect to film feed
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Fig. 5 Pre-experimental result with respect to applied force
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Fig. 6 Pre-experimental result with respect to machining time
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Table 1 Orthogonal array table for L25(5%)

Expt. Factor Assigned
No. A B C D E
1 0 0 0 0 0
2 0 1 1 1 1
3 0 2 2 2 2
4 0 3 3 3 3
5 0 4 4 4 4
6 1 0 1 2 3
7 1 1 2 3 4
8 1 2 3 4 0
9 1 3 4 0 1
10 1 4 0 1 2
11 2 0 2 4 1
12 2 1 3 0 2
13 2 2 4 1 3
14 2 3 0 2 4
15 2 4 1 3 0
16 3 0 3 1 4
17 3 1 4 2 0
18 3 2 0 3 1
19 3 3 1 4 2
20 3 4 2 0 3
21 4 0 4 3 2
22 4 1 0 4 3
23 4 2 1 0 4
24 4 3 2 1 0
25 4 4 3 2 1

Table 2 Factors and levels used in experiment

. . Levels

S Factors

gn umt o 1 3 3 3
Film feed {on/mn| 5 | 10| 15] 20 | 25

p | Avlied | e (170 |14 | 14| 85 | 57
force
Grinding ] r

c| m/uin | 186 | 131 ] 104| 84 | 56

p |Mechining | l1s0|120] 90 | 60 | 30
time

g |Oscllation| ol s 1ol 5105
frequency .

3 AL & B3 £ AE vl ol
A 23 gt 37 AF9 719 & ol 94.18%2A
¢ A dehda glen, g olF £=(AdA) B
Aot S=(CAANY AA7E 7ALF (BAA), 718 Al
(DAA), AF F3F(EAZA) AR vt 71929 &



LR R e

o] 1.51% 2 1.06%2A A 2 Col9l9 AAs} vlma)
ue ¥ A7l 2 9% tAD 98 ¢ £

Table 4% 40me} 5} YA BEL o432 Table
19 H LE Qalo] YL AN G F 299 BW
A7) ke 229 ARl datdl AA & e 2 W
#F3%e e Ao2A 718 2 k& Fof Table 49
JeEZ 2H 78 949 47 24 AB,CDE
9 ¢+ .

Table 3 ANOVA table (Raw data of 40im )

Factors{poal| S 2 VvV FO S 1 e(%)
M N | 03697 0.3696 {796.69| 0.3692 | 94.18
A N [ 00078 | 4 | 0.0019 | 4.198 G.0059 | 1.51
B N | 0003 | 4 |0.0007 | 1.604 | 0.0011 | 0.2
C N | 0006 | 4 | 00015 |3.241 | 0.0042 | 1.06
D Y 100017 | 4 | 0.0004
E Y {00012 | 4 |0.0003
€ 0.0056 | 12 | 0.0005 0.0116 | 2.96

Total 0392 | 25 0.392 | 100

Table 4 One factor table of 40im abrasive grain film

A0 Al A2 A3 A4
05 052 064 0.64 0.74
BO Bl B2 B3 B4
052 058 062 0.64 0.68
co C1 c2 Cc3 c4
0.5 069 0.67 0.48 064
DO D1 D2 D3 D4
0.56 062 0.64 0.66 0.56
E0 El E2 E3 EA
0.62 062 0.54 0.64 062 |

Table 5% 30me} 239 Fot YA BES ALg3te]
A3 WIEa) 4 49 A3 $4T 29E e
W sl

Table 49148] A3tsh fAbshA Lt HF B 7]
g gol 97.93%2 % 27 veta glen, caA
? Aot $E71 30me] Aok 44 BEE o8¢ Avh 7
ZolAE 71l &2] ol 0.43%2 A, B, D, EQA] 1]
do} B9 A7) &S A9 4 Y& F8 ARE et
U 98E ¢ 4 st

Table 6& 30ms| Art Y%t BEL 01433 Table
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Table S ANOVA table (Raw data of 30m)

Factors|pool| S g v FO S' | e (%)
M N [0.1936 | 1 | 0.1936 |1826.4} 0.1935 | 97.93
A Y {00003 { 4 [ 0.0001
B N |0.0008 | 4 | 0.0002 | 1.887 {0.00038| 0.19
C N 10.0013 | 4 | 0.0003 {3.018910.00086| 0.43
D N ]0.0006 | 4 | 0.0002 | 1.508 10.00022| 0.11
E Y [0.0003 | 4 |0.0001
€ 0.0013 | 12| 0.0001 0.00265] 1.34

Total 0.1976 | 25 0.1976 | 100

19 A WG R oJste] PL AT F 33E 89
AZ7) k& 7zt ARl gt} AR & o 2 9
#EE Jehd Ae2A 7P & & ol Table. 69
d4Ez F8 79 AR A 242 ABCDES
2 ¢+ Atk

Table 6 One factor table of 30im abrasive grain film

A0 Al A2 A3 A4
0.47 0.45 042 0.42 0.44
B0 Bl B2 B3 B4
0.48 0.46 04 042 0.44
Co C1 C2 C3 C4
0.42 0.42 0.40 0.46 05
DO D1 D2 D3 D4
0.42 0.47 0.45 0.4 0.46
EQ El E2 E3 E4
047 0.44 0.42 0.45 0.42
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A ARVl g 23 gte JAZ B E AT
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U P W] Wskgo] 022 RH Bl Yo dn
e 2 AT /AL UEE S F Ut 2 ge 9
g wA e A ojeY AAEL WslEe] &
g FA F5E ¢ F Ik

Table 8& 15m2] Avt Y= &L o] 433 Table
19 Aq WA Rl ol APS AT ¥ SHE ¥

1]
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Table 7 ANOVA table (Raw data of 15;m)

Factors|pool] S ) \'s FO S |e(%)
M N | 0031 | 1 | 0031 |491.8{0.03092| 92.02
A N | 0.0004 | 4 |0.00011|1.667(0.00017| 0.5
B Y | 0.0001 [ 4 |0.00003
C Y |0.0003 | 4 |0.00008
D N [0.0008 | 4 | 0.0002 {3.095[0.00053| 1.57
E N ]0.0007 | 4 10.00017j2.619]0.00041 | 1.21
& 0.0008 | 4 | 0.0001 0.00158| 4.7

Total 0.0336 | 25 0.0336 | 100

Table 8 One factor table of 15im abrasive grain film

AQ Al A2 A3 Ad
0.14 0.17 0.19 0.2 0.18
BO Bl B2 B3 B4
0.18 0.18 0.17 0.16 0.19
CO Cl C2 C3 C4
0.17 0.17 0.2 0.15 0.19
DO D1 D2 D3 D4
0.17 0.15 0.16 0.17 0.23
EQ El E2 E3 E4
0.16 0.19 0.16 0.22 0.15

Fig. 102 438 Ay st 78 A4 21¢& A
$3l9 239 A9 dv} 713d 248 Yehd Aojth.
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Fig. 9 Graph of level average(15um Ab. Film)
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