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17'1' Cutting Speed | Temperature Ra (Ltm.) Rg (Lm.) Rt(m.)

(m/min) (°C) 1 2 3 | Raave| 1 2 3 | Rgave| 1 2 3 | Rtave
1 65 200 1.23 1.24 1.30 1.26 1.62 1.94 1.74 1.77 13.53 11.35 14.72 13.20
2 95 100 1.16 1.14 1.13 1.14 1.39 1.44 1.39 1.41 7.39 9.97 7.46 8.27
3 65 100 1.54 1.52 1.58 1.55 2.01 1.96 2.08 2.02 11.43 10.38 17.45 13.09
4 95 200 1.09 1.1 1.1 1.10 1.33 1.36 1.34 1.34 6.61 7.08 7.66 712
5 65 200 1.32 1.33 1.32 1.32 1.62 1.61 1.78 1.67 9.09 9.03 8.36 8.83
6 95 100 1.12 1.14 1.14 1.13 1.37 1.39 1.38 1.38 6.74 7.16 6.71 6.87
7 95 100 1.16 1.18 1.15 1.16 1.43 1.42 1.40 1.42 7.67 7.16 7.55 7.46
8 65 200 1.33 1.35 1.32 1.33 1.77 1.75 1.77 1.76 14.09 15.06 13.21 14.12
9 65 100 1.48 1.49 1.49 1.49 1.89 1.92 1.93 1.91 10.35 11.05 11.71 11.04
10 65 100 1.54 1.54 1.59 1.56 1.97 1.97 2.05 2.00 12.43 10.70 11.59 11.57
11 95 200 1.14 1.11 1.10 1.12 1.44 1.39 1.39 1.40 9.97 9.43 11.16 10.19
12 95 200 1.09 1.07 1.06 1.07 1.33 1.30 1.30 1.31 6.61 7.81 7.73 7.38

Feed = 0.10 mm/rev. Depth = 1 mm. Cutting Speed 65, 95 m/min Temperature 100, 200 °C
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y Cutting Speed | Temperature Dimension Before (mm.) Dimension After(mm.) Dimension Error (mm.)

! (m/min) (°C) 1 2 3 Ave. 1 2 3 Ave. | Expect | True D,

1 65 200 25.33 25.34 25.34 25.34 | 23.28 23.27 23.28 23.28 23.34 23.28 0.06
2 95 100 25.34 25.34 25.33 25.34 | 23.26 23.27 23.26 23.26 23.34 23.26 0.08
3 65 100 25.33 25.35 25.33 25.34 | 23.47 23.49 23.49 23.48 23.34 23.48 -0.14
4 95 200 25.34 25.34 25.33 25.34 | 23.36 23.34 23.36 23.36 23.34 23.36 -0.02
5 65 200 25.34 25.33 25.33 2533 | 23.25 23.24 23.24 23.24 23.33 23.24 0.09
6 95 100 25.34 25.33 25.34 25.34 | 23.32 23.31 23.29 23.31 23.34 23.31 0.03
7 95 100 25.33 25.33 25.33 25.33 | 23.29 23.28 23.28 23.28 23.33 23.28 0.05
8 65 200 25.34 25.34 25.33 25.34 | 23.26 23.27 23.26 23.26 23.34 23.26 0.08
9 65 100 25.35 25.33 25.34 25.34 | 23.46 23.46 23.43 23.45 23.34 23.45 -0.11
10 65 100 25.33 25.34 25.33 2533 | 23.41 23.43 23.43 23.42 23.33 23.42 -0.09
11 95 200 25.34 25.34 25.34 25.34 | 23.40 23.38 23.38 23.38 23.34 23.38 -0.04
12 95 200 25.33 25.34 25.33 2533 | 23.32 23.33 23.33 23.32 23.33 23.32 0.01

Feed = 0.10 mm/rev.

Depth = 1 mm.

Cutting Speed 65, 95 m/min

Temperature 100, 200 °C
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17‘]. Cutting Speed | Temperature Ra (Lm.) Rg (Lm.) Rt (Lm.)
(m/min) (°C) 1 2 3 | Raave | 1 2 3 |Rgave| 1 2 3 | Rtave

1 115 200 1.09 1.12 1.18 1.13 1.32 1.39 1.43 1.38 6.91 8.19 8.04 7.71
2 95 275 1.1 1.07 1.02 1.06 1.33 1.31 1.24 1.29 7.11 6.37 7.29 6.92
3 100 250 1.1 1.16 1.06 1.1 1.34 1.43 1.29 1.35 7.1 7.7 6.29 7.03
4 115 200 1.14 1.18 1.23 1.14 1.38 1.43 1.50 1.44 8.35 7.52 7.47 7.78
5 110 300 1.3 1.38 1.33 1.34 1.54 1.60 1.62 1.59 7.92 8.27 7.39 7.86
6 115 300 1.15 1.19 1.13 1.16 1.43 1.41 1.38 1.41 7.37 6.89 7.55 7.27
7 95 250 0.97 0.94 0.99 0.97 1.18 1.13 1.22 1.18 6.27 5.78 6.7 6.25
8 100 225 1.21 1.17 1.17 1.18 1.5 1.46 1.44 1.47 7.88 7.74 7.64 7.75
9 115 275 1.23 1.2 1.15 1.19 1.5 1.47 1.42 1.46 7.41 7.84 8.35 7.87
10 110 300 1.4 1.35 1.39 1.38 1.67 1.66 1.68 1.67 9.15 7.84 7.96 8.32

Feed = 0.10 mm/rev. Depth = 1 mm. Cutting Speed 95, 100, 105, 110, 115 m/min Temperature 200, 225, 250, 275, 300°C
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171. Cutting Speed | Temperature Ra (Lm.) Rg (Lm.) Rt (Lm.)
(m/min) (°C) 1 2 3 | Raave | 1 2 3 |Rgave| 1 2 3 | Rtave

11 105 200 1.23 1.23 1.3 1.25 1.5 1.5 1.54 1.51 7.2 7.67 7.7 7.52
12 95 225 1.06 0.99 0.99 1.01 1.31 1.19 1.21 1.24 6.39 5.68 7.71 6.59
13 115 250 1.3 1.37 1.25 1.31 1.56 1.67 1.50 1.58 8.48 9.21 8.44 8.71
14 95 300 1.1 1.12 1.1 1.1 1.32 1.34 1.31 1.32 7.57 6.93 7.48 7.33
15 95 200 0.96 1.07 1.1 1.04 1.19 1.3 1.32 1.27 6.63 6.23 6.98 6.61
16 115 225 1.19 1.25 1.15 1.2 1.41 1.48 1.43 1.44 7.55 7.27 6.87 7.23
17 100 275 1.2 1.19 1.26 1.22 1.47 1.44 1.53 1.48 7.57 8.45 7.78 7.93
18 115 250 1.06 1.14 1.26 1.15 1.25 1.36 1.50 1.37 6.36 7.41 8.04 7.27
19 95 275 1.1 1.15 1.12 1.12 1.35 1.42 1.38 1.38 7.35 6.67 6.94 6.99
20 105 300 1.21 117 1.24 1.21 1.50 1.41 1.49 1.47 7.6 7.23 8.45 7.76

Feed = 0.10 mm/rev. Depth = 1 mm. Cutting Speed 95, 100, 105, 110, 115 m/min Temperature 200, 225, 250, 275, 300°C
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171. Cutting Speed | Temperature Ra (Lm.) Rg (Lm.) Rt (Lm.)
(m/min) (°C) 1 2 3 | Raave | 1 2 3 |Rgave| 1 2 3 | Rtave

21 100 300 1.22 1.37 1.25 1.28 1.51 1.65 1.52 1.56 7.66 8.37 8.15 8.06
22 105 200 1.18 1.25 1.27 1.23 1.41 1.53 1.60 1.51 7.54 7.85 7.37 7.59
23 95 275 1.13 1.15 1.22 117 1.37 1.43 1.50 1.43 7.73 7.93 8.34 8.00
24 100 200 1.27 1.29 1.31 1.29 1.55 1.58 1.59 1.57 714 7.44 7.15 7.24
25 110 200 1.33 1.31 1.3 1.31 1.61 1.57 1.57 1.58 7.26 8.15 7.92 7.78
26 110 250 1.4 14 1.37 1.39 1.71 1.71 1.63 1.68 8.55 8.65 8.05 8.42
27 110 225 1.34 1.35 1.29 1.33 1.62 1.63 1.54 1.60 8.04 7.84 7.06 7.65
28 95 250 0.95 0.92 0.92 0.95 1.18 112 1.1 1.14 5.99 5.63 6.03 5.88
29 100 225 1.16 1.19 1.14 1.16 1.39 1.45 1.39 1.41 6.56 8.29 7.09 7.31
30 105 275 1.19 117 1.1 1.15 1.45 1.42 1.34 1.40 8.06 7.65 7.02 7.58

Feed = 0.10 mm/rev. Depth = 1 mm. Cutting Speed 95, 100, 105, 110, 115 m/min Temperature 200, 225, 250, 275, 300°C
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171. Cutting Speed | Temperature Ra (Lm.) Rg (Lm.) Rt (Lm.)
(m/min) (°C) 1 2 3 | Raave | 1 2 3 |Rgave| 1 2 3 | Rtave

31 100 200 1.3 1.32 1.24 1.26 1.58 1.56 1.50 1.55 8.3 8.24 7.75 8.10
32 110 275 1.42 1.28 1.34 1.35 1.73 1.54 1.64 1.64 8.48 7.94 7.75 8.06
33 100 250 1.02 0.99 1.1 1.04 1.22 1.1 1.28 1.20 5.85 6.36 6.47 6.23
34 110 250 1.39 1.41 1.45 1.42 1.69 1.72 1.75 1.72 8.71 10 8.64 9.12
35 110 225 1.31 1.21 1.28 1.27 1.59 1.47 1.53 1.53 7.55 7.85 7.64 7.68
36 95 300 1.19 1.25 1.07 117 1.45 1.52 1.33 1.43 7.55 7.27 6.32 7.05
37 115 250 1.19 1.14 1.12 1.15 1.42 1.38 1.36 1.39 7.68 7.45 6.8 7.31
38 110 225 1.29 1.29 1.27 1.28 1.58 1.57 1.54 1.56 7.86 7.44 9.14 8.15
39 110 275 1.32 1.31 1.31 1.31 1.56 1.54 1.53 1.54 8.27 7.23 8.28 7.93
40 115 275 1.25 1.24 1.18 1.22 1.50 1.49 1.45 1.48 8.44 7.26 7.95 7.88

Feed = 0.10 mm/rev. Depth = 1 mm. Cutting Speed 95, 100, 105, 110, 115 m/min Temperature 200, 225, 250, 275, 300°C
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NIANWAN N. 2.1 WARIKANIINAABINIITAAIAMNUTUTLUBINURITUI (518)

171. Cutting Speed | Temperature Ra (Lm.) Rg (Lm.) Rt (Lm.)
(m/min) (°C) 1 2 3 | Raave | 1 2 3 |Rgave| 1 2 3 | Rtave

41 110 250 1.39 1.32 1.38 1.36 1.69 1.61 1.68 1.66 8.84 8.37 8.29 8.50
42 95 250 0.92 0.95 0.99 0.93 1.1 1.16 1.22 1.16 5.63 6.68 6.97 6.43
43 110 275 1.24 1.33 1.29 1.29 1.50 1.62 1.55 1.56 7.38 8.74 7.02 7.71
44 105 275 1.22 1.18 1.18 1.19 1.50 1.44 1.43 1.46 8.17 7.36 7.28 7.60
45 115 225 1.09 1.18 1.17 1.23 1.31 1.42 1.41 1.38 7.35 6.94 6.66 6.98
46 115 275 1.18 1.22 1.22 1.21 1.43 1.47 1.51 1.47 7.56 7.2 8.23 7.66
47 115 225 1.28 1.22 1.18 1.15 1.54 1.45 1.40 1.46 8.02 7.71 7.06 7.60
48 100 300 1.26 1.28 1.34 1.29 1.52 1.56 1.62 1.57 8.04 7.48 7.74 7.75
49 100 200 1.25 1.22 1.31 1.29 1.57 1.49 1.56 1.54 7.95 7.9 7.05 7.63
50 105 250 1.08 1.09 1.01 1.03 1.32 1.34 1.24 1.30 6.26 6.99 6.66 6.64

Feed = 0.10 mm/rev. Depth = 1 mm. Cutting Speed 95, 100, 105, 110, 115 m/min Temperature 200, 225, 250, 275, 300°C
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NIANWAN N. 2.1 WARIKANIINAABINIITAAIAMNUTUTLUBINURITUI (518)

171. Cutting Speed | Temperature Ra (Lm.) Rg (Lm.) Rt (Lm.)
(m/min) (°C) 1 2 3 | Raave | 1 2 3 |Rgave| 1 2 3 | Rtave

51 105 200 1.29 1.28 1.25 1.27 1.59 1.56 1.57 1.57 9.17 8.08 8.39 8.55
52 105 250 1.05 1.03 1.01 1.06 1.28 1.24 1.23 1.25 6.39 6.65 6.03 6.36
53 115 300 1.29 1.23 1.3 1.27 1.54 1.50 1.56 1.53 7.37 7.83 712 7.44
54 100 275 1.2 1.17 1.15 117 1.47 1.44 1.42 1.44 7.88 7.65 6.85 7.46
55 95 200 1.09 1.14 1.03 1.09 1.36 1.37 1.32 1.35 7.36 9.03 8.08 8.16
56 110 200 1.34 1.26 1.28 1.29 1.64 1.53 1.53 1.57 8.47 8.81 7.16 8.15
57 95 225 1.1 1.09 1.06 1.08 1.32 1.34 1.30 1.32 6.82 6.69 713 6.88
58 100 275 1.22 1.23 1.2 1.22 1.50 1.51 1.51 1.51 7.47 7.2 7.51 7.39
59 115 300 1.15 1.19 1.16 117 1.43 1.47 1.44 1.45 6.88 7.27 7.59 7.25
60 115 200 1.15 1.21 1.19 1.18 1.47 1.52 1.50 1.50 7.73 6.81 7.05 7.20

Feed = 0.10 mm/rev. Depth = 1 mm. Cutting Speed 95, 100, 105, 110, 115 m/min Temperature 200, 225, 250, 275, 300°C
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NIANWAN N. 2.1 WARIKANIINAABINIITAAIAMNUTUTLUBINURITUI (518)

171. Cutting Speed | Temperature Ra (Lm.) Rg (Lm.) Rt (Lm.)
(m/min) (°C) 1 2 3 | Raave | 1 2 3 |Rgave| 1 2 3 | Rtave

61 95 225 1.04 1 0.98 1.01 1.3 1.2 1.19 1.23 7.1 6.03 6.11 6.42
62 95 300 1.23 1.24 1.26 1.24 1.50 1.54 1.54 1.53 8.27 7.99 7.32 7.86
63 110 300 1.4 1.38 1.33 1.37 1.71 1.65 1.61 1.66 9.26 8.5 7.81 8.52
64 110 200 1.44 1.44 1.38 1.42 1.75 1.75 1.63 1.71 8.15 8.79 9.19 8.71
65 105 300 1.24 1.16 1.23 1.21 1.51 1.42 1.49 1.47 7.84 7.72 7.47 7.68
66 105 225 1.12 1.12 1.09 1.11 1.39 1.38 1.32 1.36 7.22 7.37 6.85 7.15
67 95 200 1.07 1.06 1.03 1.05 1.31 1.29 1.25 1.28 7.01 6.89 5.95 6.62
68 105 275 1.11 1.11 1.16 1.13 1.34 1.32 1.39 1.35 7.15 7.35 6.63 7.04
69 100 225 1.11 1.17 1.14 1.14 1.35 1.42 1.40 1.39 7.21 7.23 7.62 7.35
70 100 250 1.07 1.08 1.09 1.08 1.31 1.31 1.33 1.32 7.23 6.58 7 6.94

Feed = 0.10 mm/rev. Depth = 1 mm. Cutting Speed 95, 100, 105, 110, 115 m/min Temperature 200, 225, 250, 275, 300°C
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NIANWAN N. 2.1 WARIKANIINAABINIITAAIAMNUTUTLUBINURITUI (518)

171. Cutting Speed | Temperature Ra (Lm.) Rg (Lm.) Rt (Lm.)

(m/min) (°C) 1 2 3 | Raave | 1 2 3 |Rgave| 1 2 3 | Rtave
71 105 300 1.23 1.28 1.26 1.26 1.50 1.56 1.55 1.54 7.24 6.88 6.49 6.87
72 105 250 1.05 1.06 1.01 1.04 1.26 1.3 1.25 1.27 6.21 6.53 6.94 6.56
73 105 225 1.09 1.05 1.1 1.08 1.35 1.28 1.35 1.33 7.29 7.39 7.09 7.26
74 105 225 1.15 1.18 1.1 1.15 1.41 1.44 1.36 1.40 8.1 7.36 7.72 7.73
75 100 300 1.21 1.28 1.26 1.25 1.48 1.53 1.47 1.49 6.47 7.38 7.21 7.02

Feed = 0.10 mm/rev.

Depth = 1 mm. Cutting Speed 95, 100, 105, 110, 115 m/min Temperature 200, 225, 250, 275, 300°C
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NIANWAN N. 2.2 uAAHANTTILasTayaLNe1ININ19ILAILRANANNT I T ADINURLTUINY WL Log — log Scale Analysis

Original Log-log Scale

171. Cutting Speed Temperature Ra Cutting Speed Temperature Ra

(m/min) C) (Lm.) (m/min) ‘C) (Lm.)
1 115 200 1.13 2.06 2.30 0.05
2 95 275 1.06 1.98 2.44 0.03
3 100 250 1.1 2.00 2.40 0.05
4 115 200 1.14 2.06 2.30 0.06
5 110 300 1.34 2.04 2.48 0.13
6 115 300 1.16 2.06 2.48 0.06
7 95 250 0.97 1.98 2.40 -0.01
8 100 225 1.18 2.00 2.35 0.07
9 115 275 1.19 2.06 2.44 0.08
10 110 300 1.38 2.04 2.48 0.14

Feed = 0.10 mm/rev.

Depth = 1 mm.

Cutting Speed 95, 100, 105, 110, 115 m/min

Temperature 200, 225, 250, 275, 300°C
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NIANWAN N. 2.2 uaREANIUasdayaLINeININ1TILATZ AN ANNE T TL IBINURITWINL WU Log — log Scale Analysis (5ia)

Original Log-log Scale

‘171. Cutting Speed Temperature Ra Cutting Speed Temperature Ra

(m/min) C) (Lm.) (m/min) ‘C) (Lm.)
11 105 200 1.25 2.02 2.30 0.10
12 95 225 1.01 1.98 2.35 0.00
13 115 250 1.31 2.06 2.40 0.12
14 95 300 1.1 1.98 2.48 0.04
15 95 200 1.04 1.98 2.30 0.02
16 115 225 1.2 2.06 2.35 0.08
17 100 275 1.22 2.00 2.44 0.09
18 115 250 1.15 2.06 2.40 0.06
19 95 275 1.12 1.98 2.44 0.05
20 105 300 1.21 2.02 2.48 0.08

Feed = 0.10 mm/rev. Depth =1 mm. Cutting Speed 95, 100, 105, 110, 115 m/min Temperature 200, 225, 250, 275, 300°C
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NIANWAN N. 2.2 uaREANIUasdayaLINeININ1TILATZ AN ANNE T TL IBINURITWINL WU Log — log Scale Analysis (5ia)

Original Log-log Scale

‘171. Cutting Speed Temperature Ra Cutting Speed Temperature Ra

(m/min) C) (Lm.) (m/min) ‘C) (Lm.)
21 100 300 1.28 2.00 2.48 0.1
22 105 200 1.23 2.02 2.30 0.09
23 95 275 1.7 1.98 2.44 0.07
24 100 200 1.29 2.00 2.30 0.1
25 110 200 1.31 2.04 2.30 0.12
26 110 250 1.39 2.04 2.40 0.14
27 110 225 1.33 2.04 2.35 0.12
28 95 250 0.95 1.98 2.40 -0.02
29 100 225 1.16 2.00 2.35 0.06
30 105 275 1.15 2.02 2.44 0.06

Feed = 0.10 mm/rev.

Depth = 1 mm.

Cutting Speed 95, 100, 105, 110, 115 m/min

Temperature 200, 225, 250, 275, 300°C
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NIANWAN N. 2.2 uaREANIUasdayaLINeININ1TILATZ AN ANNE T TL IBINURITWINL WU Log — log Scale Analysis (5ia)

Original Log-log Scale

‘171. Cutting Speed Temperature Ra Cutting Speed Temperature Ra

(m/min) C) (Lm.) (m/min) ‘C) (Lm.)
31 100 200 1.26 2.00 2.30 0.10
32 110 275 1.35 2.04 2.44 0.13
33 100 250 1.04 2.00 2.40 0.02
34 110 250 1.42 2.04 2.40 0.15
35 110 225 1.27 2.04 2.35 0.10
36 95 300 1.17 1.98 2.48 0.07
37 115 250 1.15 2.06 2.40 0.06
38 110 225 1.28 2.04 2.35 0.11
39 110 275 1.31 2.04 2.44 0.12
40 115 275 1.22 2.06 2.44 0.09

Feed = 0.10 mm/rev. Depth =1 mm. Cutting Speed 95, 100, 105, 110, 115 m/min Temperature 200, 225, 250, 275, 300°C
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NIANWAN N. 2.2 uaREANIUasdayaLINeININ1TILATZ AN ANNE T TL IBINURITWINL WU Log — log Scale Analysis (5ia)

Original Log-log Scale

‘171. Cutting Speed Temperature Ra Cutting Speed Temperature Ra

(m/min) C) (Lm.) (m/min) ‘C) (Lm.)
41 110 250 1.36 2.04 2.40 0.13
42 95 250 0.93 1.98 2.40 -0.03
43 110 275 1.29 2.04 2.44 0.11
44 105 275 1.19 2.02 2.44 0.08
45 115 225 1.23 2.06 2.35 0.09
46 115 275 1.21 2.06 2.44 0.08
47 115 225 1.15 2.06 2.35 0.06
48 100 300 1.29 2.00 2.48 0.1
49 100 200 1.29 2.00 2.30 0.11
50 105 250 1.03 2.02 2.40 0.01

Feed = 0.10 mm/rev. Depth =1 mm. Cutting Speed 95, 100, 105, 110, 115 m/min Temperature 200, 225, 250, 275, 300°C




NIANLAN 1. ﬁ]’?‘i’]\iﬁuﬁﬂmﬂﬂﬁ‘iﬂﬂ@ﬂ\‘l
NIANLIN N.2 ﬁlq?’]\iﬁuﬁﬂﬂ\l@ﬂ’]?‘l’]ﬁ@@\i

NIANWAN N. 2.2 uaREANIUasdayaLINeININ1TILATZ AN ANNE T TL IBINURITWINL WU Log — log Scale Analysis (5ia)

Original Log-log Scale

171. Cutting Speed Temperature Ra Cutting Speed Temperature Ra

(m/min) C) (Lm.) (m/min) ‘C) (Lm.)
51 105 200 1.27 2.02 2.30 0.10
52 105 250 1.06 2.02 2.40 0.03
53 115 300 1.27 2.06 2.48 0.10
54 100 275 1.17 2.00 2.44 0.07
55 95 200 1.09 1.98 2.30 0.04
56 110 200 1.29 2.04 2.30 0.11
57 95 225 1.08 1.98 2.35 0.03
58 100 275 1.22 2.00 2.44 0.09
59 115 300 1.17 2.06 2.48 0.07
60 115 200 1.18 2.06 2.30 0.07

Feed = 0.10 mm/rev. Depth =1 mm. Cutting Speed 95, 100, 105, 110, 115 m/min Temperature 200, 225, 250, 275, 300°C
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NIANWAN N. 2.2 uaREANIUasdayaLINeININ1TILATZ AN ANNE T TL IBINURITWINL WU Log — log Scale Analysis (5ia)

Original Log-log Scale

‘171. Cutting Speed Temperature Ra Cutting Speed Temperature Ra

(m/min) C) (Lm.) (m/min) ‘C) (Lm.)
61 95 225 1.01 1.98 2.35 0.00
62 95 300 1.24 1.98 2.48 0.09
63 110 300 1.37 2.04 2.48 0.14
64 110 200 1.42 2.04 2.30 0.15
65 105 300 1.21 2.02 2.48 0.08
66 105 225 1.11 2.02 2.35 0.05
67 95 200 1.05 1.98 2.30 0.02
68 105 275 1.13 2.02 2.44 0.05
69 100 225 1.14 2.00 2.35 0.06
70 100 250 1.08 2.00 2.40 0.03

Feed = 0.10 mm/rev. Depth =1 mm. Cutting Speed 95, 100, 105, 110, 115 m/min Temperature 200, 225, 250, 275, 300°C
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NIANWAN N. 2.2 uaREANIUasdayaLINeININ1TILATZ AN ANNE T TL IBINURITWINL WU Log — log Scale Analysis (5ia)

Original Log-log Scale

‘ﬁ Cutting Speed Temperature Ra Cutting Speed Temperature Ra

(m/min) C) (Lm.) (m/min) ‘C) (Lm.)
71 105 300 1.26 2.02 2.48 0.10
72 105 250 1.04 2.02 2.40 0.02
73 105 225 1.08 2.02 2.35 0.03
74 105 225 1.15 2.02 2.35 0.06
75 100 300 1.25 2.00 2.48 0.10

Feed = 0.10 mm/rev. Depth = 1 mm. Cutting Speed 95, 100, 105, 110, 115 m/min Temperature 200, 225, 250, 275, 300°C
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3 Cutting Speed | Temperature Dimension Before (mm.) Dimension After(mm.) Dimension Error (mm.)

" (m/min) (°C) 1 2 3 Ave. 1 2 3 Ave. Expect True De
1 115 200 25.21 25.20 25.20 25.20 23.34 23.31 23.31 23.32 23.20 23.32 -0.12
2 95 275 25.21 25.20 25.19 25.20 23.26 23.29 23.28 23.28 23.20 23.28 -0.08
3 100 250 25.20 25.20 25.20 25.20 23.23 23.18 23.21 23.21 23.20 23.21 -0.01
4 115 200 25.19 25.22 25.20 25.20 23.31 23.33 23.30 23.31 23.20 23.31 -0.11
5 110 300 25.20 25.18 25.19 25.19 23.24 23.22 23.25 23.24 23.19 23.24 -0.05
6 115 300 25.21 25.20 25.22 25.21 23.16 23.21 23.19 23.19 23.21 23.19 0.02
7 95 250 25.20 25.21 25.20 25.20 23.33 23.31 23.27 23.30 23.20 23.30 -0.10
8 100 225 25.22 25.21 25.20 25.21 23.27 23.24 23.29 23.27 23.21 23.27 -0.06
9 115 275 25.20 25.21 25.21 25.21 23.21 23.21 23.24 23.22 23.21 23.22 -0.01
10 110 300 2519 2519 25.21 25.20 23.22 23.20 23.24 23.22 23.20 23.22 -0.02

Feed = 0.10 mm/rev.

Depth = 1 mm.

Cutting Speed 95, 100, 105, 110, 115 m/min

Temperature 200, 225, 250, 275, 300°C
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NIANLAN N.2.3 UWAPNHANIINAABINIITAAIAINARIALAR LTI ALEUE TLARENANTWINY (D)

3 Cutting Speed | Temperature Dimension Before (mm.) Dimension After(mm.) Dimension Error (mm.)
" (m/min) (°Cc) 1 2 3 Ave. 1 2 3 Ave. Expect True De
11 105 200 25.21 25.21 25.20 25.21 23.35 23.39 23.38 23.37 23.21 23.37 -0.16
12 95 225 25.18 25.20 25.21 25.20 23.35 23.35 23.32 23.34 23.20 23.34 -0.14
13 115 250 25.22 25.21 25.20 25.21 23.21 23.30 23.27 23.26 23.21 23.26 -0.05
14 95 300 25.22 25.21 25.21 25.21 23.26 23.30 23.24 23.27 23.21 23.27 -0.06
15 95 200 25.21 25.18 25.20 25.20 23.33 23.37 23.36 23.35 23.20 23.35 -0.15
16 115 225 25.20 25.19 25.21 25.20 23.33 23.27 23.28 23.29 23.20 23.29 -0.09
17 100 275 25.18 25.20 25.20 25.19 23.17 23.19 23.19 23.18 23.19 23.18 0.01
18 115 250 25.22 25.18 25.20 25.20 23.20 23.25 23.24 23.23 23.20 23.23 -0.03
19 95 275 25.21 25.19 25.20 25.20 23.28 23.30 23.31 23.30 23.20 23.30 -0.10
20 105 300 25.22 25.21 25.18 25.20 23.37 23.37 23.39 23.38 23.20 23.38 -0.18
Feed = 0.10 mm/rev. Depth = 1 mm. Cutting Speed 95, 100, 105, 110, 115 m/min Temperature 200, 225, 250, 275, 300°C
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NIANLAN N.2.3 UWAPNHANIINAABINIITAAIAINARIALAR LTI ALEUE TLARENANTWINY (D)

3 Cutting Speed | Temperature Dimension Before (mm.) Dimension After(mm.) Dimension Error (mm.)
" (m/min) (°Cc) 1 2 3 Ave. 1 2 3 Ave. Expect True De
21 100 300 25.20 25.21 25.20 25.20 23.14 23.17 23.18 23.16 23.20 23.16 0.04
22 105 200 25.22 25.21 25.20 25.21 23.38 23.35 23.36 23.36 23.21 23.36 -0.15
23 95 275 25.20 25.20 25.22 25.21 23.34 23.33 23.30 23.32 23.21 23.32 -0.11
24 100 200 25.20 25.21 25.20 25.20 23.38 23.36 23.38 23.37 23.20 23.37 -0.17
25 110 200 25.19 25.20 25.19 25.19 23.29 23.31 23.31 23.30 23.19 23.30 -0.11
26 110 250 25.22 25.20 25.21 25.21 23.25 23.25 23.27 23.26 23.21 23.26 -0.05
27 110 225 25.20 25.22 25.20 25.21 23.32 23.29 23.27 23.29 23.21 23.29 -0.08
28 95 250 25.20 25.20 25.18 25.19 23.32 23.31 23.34 23.32 23.19 23.32 -0.13
29 100 225 25.20 25.20 25.20 25.20 23.25 23.25 23.28 23.26 23.20 23.26 -0.06
30 105 275 25.21 25.20 25.18 25.20 23.21 23.22 23.19 23.21 23.20 23.21 -0.01
Feed = 0.10 mm/rev. Depth = 1 mm. Cutting Speed 95, 100, 105, 110, 115 m/min Temperature 200, 225, 250, 275, 300°C
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NIANLAN N.2.3 UWAPNHANIINAABINIITAAIAINARIALAR LTI ALEUE TLARENANTWINY (D)

3 Cutting Speed | Temperature Dimension Before (mm.) Dimension After(mm.) Dimension Error (mm.)
" (m/min) (°Cc) 1 2 3 Ave. 1 2 3 Ave. Expect True De
31 100 200 2517 25.22 25.20 25.20 23.36 23.37 23.39 23.37 23.20 23.37 -0.17
32 110 275 25.23 25.20 25.18 25.20 23.24 23.26 23.24 23.25 23.20 23.25 -0.05
33 100 250 25.20 25.22 25.20 25.21 23.21 23.19 23.22 23.21 23.21 23.21 0.00
34 110 250 25.21 25.20 25.20 25.20 23.24 23.27 23.25 23.25 23.20 23.25 -0.05
35 110 225 25.20 25.20 25.19 25.20 23.30 23.26 23.27 23.28 23.20 23.28 -0.08
36 95 300 25.20 25.20 25.20 25.20 23.27 23.30 23.30 23.29 23.20 23.29 -0.09
37 115 250 25.20 25.18 25.20 25.19 23.28 23.31 23.32 23.30 23.19 23.30 -0.11
38 110 225 25.19 25.20 25.21 25.20 23.25 23.28 23.25 23.26 23.20 23.26 -0.06
39 110 275 25.22 25.19 25.20 25.20 23.23 23.23 23.25 23.24 23.20 23.24 -0.04
40 115 275 25.18 25.20 25.21 25.20 23.22 23.20 23.24 23.22 23.20 23.22 -0.02
Feed = 0.10 mm/rev. Depth = 1 mm. Cutting Speed 95, 100, 105, 110, 115 m/min Temperature 200, 225, 250, 275, 300°C
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NIANLAN N.2.3 UWAPNHANIINAABINIITAAIAINARIALAR LTI ALEUE TLARENANTWINY (D)

3 Cutting Speed | Temperature Dimension Before (mm.) Dimension After(mm.) Dimension Error (mm.)
" (m/min) (°Cc) 1 2 3 Ave. 1 2 3 Ave. Expect True De
41 110 250 25.20 25.22 25.22 25.21 23.28 23.30 23.24 23.27 23.21 23.27 -0.06
42 95 250 25.21 25.21 25.20 25.21 23.31 23.38 23.35 23,35 23.21 23.35 -0.14
43 110 275 25.20 25.22 25.22 25.21 23.24 23.29 23.25 23.26 23.21 23.26 -0.05
44 105 275 25.21 25.20 25.20 25.20 23.21 23.20 23.23 23.21 23.20 23.21 -0.01
45 115 225 25.21 25.19 25.19 25.20 23.32 23.30 23.26 23.29 23.20 23.29 -0.09
46 115 275 25.20 25.20 25.20 25.20 23.25 23.23 23.31 23.26 23.20 23.26 -0.06
47 115 225 25.20 25.21 25.20 25.20 23.31 23.31 23.28 23.30 23.20 23.30 -0.10
48 100 300 25.20 25.21 25.20 25.20 23.15 23.19 23.18 23.17 23.20 23.17 0.03
49 100 200 25.20 25.23 25.20 25.21 23.27 23.30 23.32 23.30 23.21 23.30 -0.09
50 105 250 25.20 25.19 2517 25.19 23.24 23.24 23.27 23.25 23.19 23.25 -0.06
Feed = 0.10 mm/rev. Depth = 1 mm. Cutting Speed 95, 100, 105, 110, 115 m/min Temperature 200, 225, 250, 275, 300°C
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NIANLAN N.2.3 UWAPNHANIINAABINIITAAIAINARIALAR LTI ALEUE TLARENANTWINY (D)

3 Cutting Speed | Temperature Dimension Before (mm.) Dimension After(mm.) Dimension Error (mm.)
" (m/min) (°Cc) 1 2 3 Ave. 1 2 3 Ave. Expect True De
51 105 200 25.21 25.20 25.18 25.20 23.41 23.37 23.40 23.39 23.20 23.39 -0.19
52 105 250 25.20 25.18 25.20 25.19 23.21 23.25 23.25 23.24 23.19 23.24 -0.05
53 115 300 25.22 25.20 25.22 25.21 23.22 23.24 23.21 23.22 23.21 23.22 -0.01
54 100 275 25.18 25.21 25.20 25.20 23.19 23.18 23.19 23.19 23.20 23.19 0.01
55 95 200 25.23 25.20 25.20 25.21 23.40 23.35 23.36 23.37 23.21 23.37 -0.16
56 110 200 25.21 25.20 25.21 25.21 23.28 23.35 23.29 23.31 23.21 23.31 -0.10
57 95 225 25.20 25.22 25.18 25.20 23.35 23.31 23.34 23.33 23.20 23.33 -0.13
58 100 275 25.18 25.19 25.21 25.19 23.17 23.21 23.19 23.19 23.19 23.19 0.00
59 115 300 25.20 25.21 25.21 25.21 23.16 23.16 23.19 23.17 23.21 23.17 0.04
60 115 200 25.20 25.21 25.20 25.20 23.32 23.35 23.31 23.33 23.20 23.33 -0.13
Feed = 0.10 mm/rev. Depth = 1 mm. Cutting Speed 95, 100, 105, 110, 115 m/min Temperature 200, 225, 250, 275, 300°C
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NIANLAN N.2.3 UWAPNHANIINAABINIITAAIAINARIALAR LTI ALEUE TLARENANTWINY (D)

3 Cutting Speed | Temperature Dimension Before (mm.) Dimension After(mm.) Dimension Error (mm.)
" (m/min) (°Cc) 1 2 3 Ave. 1 2 3 Ave. Expect True De
61 95 225 25.23 25.19 25.20 25.21 23.34 23.31 23.33 23.33 23.21 23.33 -0.12
62 95 300 25.22 25.21 25.20 25.21 23.26 23.30 23.29 23.28 23.21 23.28 -0.07
63 110 300 25.21 25.20 25.18 25.20 23.19 23.23 23.25 23.22 23.20 23.22 -0.02
64 110 200 25.18 25.22 25.20 25.20 23.43 23.37 23.39 23.40 23.20 23.40 -0.20
65 105 300 25.22 25.21 25.20 25.21 23.13 23.17 23.19 23.16 23.21 23.16 0.05
66 105 225 25.22 25.20 25.21 25.21 23.28 23.27 23.30 23.28 23.21 23.28 -0.07
67 95 200 25.19 25.20 25.20 25.20 23.35 23.38 23.34 23.36 23.20 23.36 -0.16
68 105 275 25.20 25.20 25.20 25.20 23.24 23.20 23.19 23.21 23.20 23.21 -0.01
69 100 225 25.20 25.20 25.20 25.20 23.24 23.27 23.23 23.25 23.20 23.25 -0.05
70 100 250 25.19 25.21 25.20 25.20 23.23 23.23 23.21 23.22 23.20 23.22 -0.02
Feed = 0.10 mm/rev. Depth = 1 mm. Cutting Speed 95, 100, 105, 110, 115 m/min Temperature 200, 225, 250, 275, 300°C
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NIANLAN N.2.3 UWAPNHANIINAABINIITAAIAINARIALAR LTI ALEUE TLARENANTWINY (D)

3 Cutting Speed | Temperature Dimension Before (mm.) Dimension After(mm.) Dimension Error (mm.)
" (m/min) (°Cc) 1 2 3 Ave. 1 2 3 Ave. Expect True De
71 105 300 25.23 25.20 25.20 25.21 23.16 23.19 23.19 23.18 23.21 23.18 0.03
72 105 250 25.18 25.20 25.20 25.19 23.21 23.24 23.25 23.23 23.19 23.23 -0.04
73 105 225 25.20 25.18 25.20 25.19 23.28 23.31 23.22 23.27 23.19 23.27 -0.08
74 105 225 25.20 25.21 25.20 25.20 23.25 23.28 23.28 23.27 23.20 23.27 -0.07
75 100 300 25.18 25.20 25.21 25.20 23.19 23.18 23.14 2317 23.20 23.17 0.03
Feed = 0.10 mm/rev. Depth = 1 mm. Cutting Speed 95, 100, 105, 110, 115 m/min Temperature 200, 225, 250, 275, 300°C
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Residuals Versus the Order of the Data
(response is Ra)
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Residuals Versus the Fitted Values
(response is Ra)
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Normal Probability Plot of the Residuals
(response is Ra)
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Main Effects Plot (data means) for Ra
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Interaction Plot (data means) for Ra
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General Linear Model: Ra versus speed, temp
Factor Type Levels Values

speed fixed 2 65, 95
temp Fixzed 2 108, 2d9

Analysis of Variance for Ra, using Adjusted S5 for Tests

Source DF Seq S5 Adj SS Adj HS F P
speed 1 B.26781 B.26701 8.26781 286.088 0.008
temp 1 08.85741 9.85741 9.65741 61.51 6.008
speed=tenp 1 08.82521 8.82521 8.82521 27.01 B.8am
Error 8 0.86747 0.00747 0.688093

Total 11 B.35789

3 = 0.8385505 R-Sq = 97.91% R-Sq{adj) = 97.12%

Residuals Versus the Order of the Data
(response is Dim.error)
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Frequency

Histogram of the Residuals
(response is Dim.error)
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Residual

0.03

0.02+

0.01+

0.00

-0.01+

-0.02

-0.03

Residuals Versus the Fitted Values
(response is Dim.error)

T T T T T
0.02 0.03 0.04 0.05 006 0.07 0.08 0.09 010 0.11
Ftted Value

31] 9.1.9 UAAIAIINAINTDIAHULTUIIUTBIANANNARIALARD LABITUNALETIH Y

AUENANTUINY



AIANUIN 2.1 m:ﬁLﬂm:ﬁmmmﬁ‘mmmﬂmﬁu

99

Normal Probability Plot of the Residuals
(response is Dim.error)
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Mean of Dim.error
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Interaction Plot (data means) for Dim.error
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General Linear Model: Dim_error versus speed, temp

Factor Type
speed  fixed
temp fixed

Levels

Ualues

2 65, 95
2 1060, 200

Analysis of Uariance for Dim.error, using Adjusted SS for Tests

Source DF Seq 53
speed 1 9.8896333
tenp 1 98.8833333
speed*temp 1 ©.0808333
Error B_B034667
Total 11 B.9164667

§ = 0.8208167

R-Sq = 78.95%

Adj ss
0.0096333
0.0033333
0.0000333
0.0034667

Adj Hs
B.0096333 2
8.0033333
0.0000333
0.0004333

R-Sq({adj) = 71.85%

F
2.23
7.69
B8.88

P
8.882
8.824
8.789
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Residual

0.00

0.051

Residuals Versus the Fitted Values
(response is Surface Roughness)
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Normal Probability Plot of the Residuals
(response is Surface Roughness)
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Main Effects Plot (data means) for Surface Roughness
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Main Effects Plot (data means) for Surface Roughness
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Interaction Plot (data means) for Surface Roughness
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Interaction Plot (data means) for Surface Roughness
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Residuals Versus the Order of the Data
(response is Dimensional Error)
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Histogram of the Residuals
(response is Dimensional Error)
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Residuals Versus the Fitted Values
(response is Dimensional Error)
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Normal Probability Plot of the Residuals
(response is Dimensional Error)
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Main Effects Plot (data means) for Dimensional Error
Cutting Speed Surface Temperature
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Main Effects Plot (data means) for Dimensional Error
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Mean

Interaction Plot (data means) for Dimensional Error
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Interaction Plot (data means) for Dimensional Error
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AT 2 2.1 UAAINITIATIEANILTUIIUNY ATIIBIANAINITIFR

General Linear Model: Surface Roug, Dimensional wversus Cutting Spee

MANOUA for Cutting Speed

5 =2 m= 8.% n = 33.%

Test DF
Criterion Statistic F HNum Denom P
Wilks"' 8.31288 13.593 8 138 0@.988
Lawley-Hotelling 1.91278 16.258 8 136 B.888
Pillai's B.77612 11.0898 8 148 0.888
Roy's 1.75829

FIN999 9 2.2 WARNNNTILAIZUANE Tukey's UDIANANNNITIFAGIE AN AN TFTILVBIY

a

NATUIN1

Tukey 95.8% Simultaneous Confidence Intervals
Response Uariable Surface Roughness
All Pairwise Comparisons among Levels of Cutting Speed

Cutting Speed = 95 subtracted from:
Cutting
Speed Lower Center Upper ——--#----—---- Fm o -
108 8.85941 8.13267 0.2859 (-———%———-)
185 8.81874 B.89288 0.1653 (-———%——-)
118 8.20141 B.27467 0.3479 (———%———-)
115 8.85141 B8.12467 0.1979 (————%——-)
—_—— +—————— - +——
-8.16 8.88 8.16 8.32
Cutting Speed = 188 subtracted from:
Cutting
Speed Lower Center Upper --—--#--———--—— Ao Ao +-=
185 -8.1139 -0.04867 8.83259 (-———%———-)
118 B.0687 8.14288 B8.21526 (————%——-)
115 -0.8813 -0.00880 B.86526 (———%-——-)
_— - +—— +——
-B.16 a.00 .16 8.32
Cutting Speed = 185 subtracted from:
Cutting
Speed Lower Center Upper -—-———#--—————— Ao Ao +-—
118 8.10941 B.18267 0.2559 (———%-—--)
115 -B.84859 0.83267 B.1859 (———%———-)
—_——t— - +——— +——
-8.16 8.08 8.16 .32
Cutting Speed = 118 subtracted from:
Cutting
Speed Lower Center upper -————t-————————- o Fo———————— +—=
115 -8.2233 -8.15088 -0.87674 (----%-—--)
—_— r——————— +——————— +——
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a

Al

9% (519)

NIANUAN 1.2 NTIATIERNANITNARDY

Tukey Simultaneous Tests
Response Uariable Surface Roughness
All Pairwise Comparisons among Levels of

Cutting

Cutting
Speed
188

185

118

115

Cutting

Cutting
Speed
185

118

115

Cutting

Cutting
Speed
118

115

Cutting
Cutting

Speed
115

Speed = 95

Difference
of HMeans
B.13267
8.89200
827467
B.12467

Speed = 188

Difference
of HMeans
-8.840867

a.14208
-0.00800

Speed = 185

Difference
of Means
8.18267
8.083267

Speed = 118
Difference

of Means
-8.1500

subtracted

SE of
Difference
a.82616
8.82616
a.82616
a.82616

subtracted

SE of
Difference
a.82616
a.82616
8.82616

subtracted

SE of
Difference
B.082616
a.82616

subtracted

SE of

Difference
B.82616

from:

T-Value
.87
3.516

18498
4. 765

from:

T-Ualue
-1.554
L.h2g
-B8.386

from:

T-Value
6.982
1.249

from:

T-Ualue
-5.733

Cutting Speed

Adjusted
P-Ualue
8.a888
B.8867
8._880a8
a.aam

Adjusted
P-Ualue
8.5313
8.9080
8.9981

Adjusted
P-Ualue
6.008008
8.7230

Adjusted
P-Ualue
6.08008
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ANT199 2 2.3 WAAINTIATIZRARE Tukey's TBIANANEIFAABAIAITNAAIALARE UL D

PUNAEUNIUAUENANT U

Tukey 95.8% Simultaneous Confidence Interwals

Response Variable Dimensional Error

All Pairwise Comparisons among Levels of Cutting Speed
Cutting Speed = 95 subtracted from:

Cutting

Speed Lower Center Upper ————4-———————— to——— Ho—— =

180 9.829136 B.088667 0.1442 (-———-——- *———————— )

185 -8.881531 @.85680 B.1135 (-——————- *——————— )

118 -0.0088197 @.84933 B.1069 (-——————- *——————— )

115 9.802469 9.086000 8.1175 (———————- *——————— )
—_———t———————— t———————— t———————— +——
-8.878 9.0080 8.878 8.148

Cutting Speed = 108 subtracted from:

Cutting

Speed Lower Center Upper -———+-———————- Fm— Hmm +—=

1685 -0.08820 -0.03867 0.02686 (-——————- F—mm— )

118 -B.89486 -@.83733 0.82020 (——--———- X b

115 -0.88420 -0.82667 0.83086 (——————- X——m— b
—_———t———————— r———————— r———————— +——

-8.878 9.888 8.878 8.148

Cutting Speed = 185 subtracted from:

Cutting

Speed Lower Center Upper
118 -8.86428 -0.006667 O.05086
115 -8.85353 0.004000 0.86153

Cutting Speed = 118 subtracted from:

Cutting
Speed Lower  Center Upper ————4+————————- o o +——
115 -0.04686 0.01067 O.96820 {(-——————- *——————— )

-8.8708 8.80008 8.878 8.1408
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ANT199 2 2.3 WAAINTIATIZRARE Tukey's TBIAIANEIFARBAIAITNAAIALARE UL D

PUIALEUEUAUENANNTUINU (5iD)

Tukey Simultaneous Tests
Response Wariable Dimensional Error
All Pairwise Comparisons among Levels of

Cutting

Cutting
Speed
188

185

118

115

Cutting

Cutting
Speed
185

118

115

Cutting

Cutting
Speed
118

115

Cutting
Cutting

Speed
115

Speed = 9%

Difference
of Means
B.88667
8.856088
8.84933
A.860088

Speed = 188

Difference
of Means
-8.83867
-8.83733
-8.82607

Speed = 185

Difference
of Means
-B8.8086667
0.0840088

Speed = 118
Difference

of Means
8.81867

csubtracted

SE of
DifFference
8.82855
8.82855
8.82855
8.82855

csubtracted

SE of
DifFference
8.82855
8.82855
8.82855

csubtracted

SE of
Difference
8.82855
8.82855

csubtracted

SE of

Difference
8.82855

from:

T-Ualue
4.218
2.726
2.0
2.928

from:

T-Ualue
-1.493
-1.817
-1.298

from:

T-Ualue
-B.3245
B.1947

from:

T-Ualue
8.5192

Cutting Speed

Adjusted
P-Ualue
8.8887
8.86082
8.1271
8.8367

Adjusted
P-Ualue
8.5787
B.3722
8.6933

Adjusted
P-Ualue
8.9975
8.9997

Adjusted
P-Ualue
8.9852



NIANUAN 1.2 NTIATIERNANITNARDY

a

FININT U 2.4 UAAINITILATIEITANN LT TP UN AU TDIAN R UMD I NWHTWIY

General Linear Model: Surface Roug, Dimensional versus Surface Temp

HAHOUA for Surface Temperature
s =2 m= 8.5 n=33.5

Test DF
Criterion Statistic F Hum Denom P
Wilks" 8.39898 10.862 8 138 0.06688
Lawley-Hotelling 1.33842  11.309 g 136 0@.8688
Pillai's B.67147 8.845 8 148 0.0868
Roy's 1.18114
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NURITUIL

Tukey 95.6% Simultaneous Confidence Intervals

Response Uariable Surface Roughness

All Pairwise Comparisons among Levwels of Surface Temperature
Surface Temperature = 288 subtracted from:

Surface

Temperature Lower Center Upper
225 -8.1682 -0.85733 0.685354
258 -8.1942 -0.88333 0.82754
275 -8.1269 -0.81680 0.09488
3Jee -0.8802 8.83067 014154

Surface Temperature = 225 subtracted from:

Surface
Temperature Lower Center Upper -—-----—- o o o +
258 -0.1369 -0.82600 0.88488 (-————- ®———————— )
275 -8.8695 8.841332 0.15221 (S X————————— )
300 -8.8229 0.08888 0.19888 (-————- *o—— )
—————— - 4 —————————
-8.12 8.00 8.12 8.24

Surface Temperature = 258 subtracted from:

Surface

Temperature Lower Center Upper
275 -B8.84354 B_.086733 0.1782
388 8.88312 8.11488 8.2249

Surface Temperature = 275 subtracted from:

Surface
Temperature Lower Center upper --——- o o Fo———————— +
Joa -8.86421 @A_B4667 B.1575 {(-———————- E———————— i




134

NIANUAN 1.2 NTIATIERNANITNARDY

a

v
a ] I

AT 2 2.5 UWAAINITIATIZUANE Tukey's TBNGIUN)RNUHITUINUARAIAIINTUIZLDY

X o~ 2 \
WUNAITUNU (F18)

Adjusted
P-Ualue
8.5993
B.2298
8.9943
B.9371

Adjusted
F-Value
B.9648
6.8340
B.1836

Adjusted
F-Value
B.440Y
0.0409

Adjusted
F-Value
B.763%

Tukey Simultaneous Tests

Response Uariable Surface Roughness

All Pairwise Comparisons among Levels of Surface Temperature
Surface Temperature = 288 subtracted from:
Surface Difference SE of
Temperature of Heans Difference T-Value
225 -8.85733 8.83268  -1.448
258 -0.88333 8.839268 -2.185%
275 -8.81688 8.83268 -@.484
3ol 8.03867 8.839268 8.774
Surface Temperature = 225 subtracted from:
Surface Difference SE of
Temperature of Means Difference T-Ualue
258 -8.82688 8.83268 -B.6566
275 8.04133 8.83968  1.0438
3ee 8.08888 8.83268  2.2224
Surface Temperature = 258 subtracted from:
Surface Difference SE of
Temperature of Means Difference T-Ualue
275 8.06733 8.83268 1.788
3ol 8.114080 8.839268 2.879
Surface Temperature = 275 subtracted from:
Surface Difference SE of
Temperature of Means Difference T-Ualue
3ee 8. 04667 8.83268 1.179
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v
a

AT 2 2.6 UAANNITIATIZUANE Tukey's TBNGIAN)RNURITUIWARAIANY

ARIALARBLUBITU ALA LN WANTN AN TWIY

Tukey 95.6% Simultaneous Confidence Intervals
Response Uariable Dimensional Error
All Pairwise Comparisons among Lewels of Surface Temperature

Surface Temperature =

Surface

Temperature Lower
225 8.01561
25a 8.040%24
275 B8.086561
308 08.08361

Surface Temperature =

Surface

Temperature Lower
258 -8.81839
275 08.008628
388 8.82428

Surface Temperature =

Surface

Temperature Lower
275 -8.819086
3aa -8.88186

Surface Temperature =

Surface
Temperature Lower
388 -8.82572

288 subtracted from:

Center Upper -—-———#+-—-—---———- Ao Ao -
0.05933 0.1831 (-——-—-- ®o— - )
0.08467 0.1284 (————- *o————— b}
8.18933 8.1531 (-——-—-- ®m— )
012733 08.1711 {(———- ®o——— )
—_— - +——— +——
0.000 0.060 0.129 0.180

225 cubtracted from:

Center Upper
B8.82533 B.869086
B.p5888 B8.89372
8.86888 B8.11172

6.088 6.0608 8.128 a8.188
258 subtracted from:
Center Upper -————#-—————--- o it =
0.082467 0.86839 (——-——- *o————— b}
0.04267 0.88639 {(————-- ®—————— )
_—t +———— t————— +——
6.088 6.0608 8.128 6.188
275 subtracted from:
Center Upper -—-———#---——————- o Ao -
0.01800 0.86172 (-—————- ®o————— b
—_— +——————— - +——

0.008 g.068 8.128 a.188
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AT 2 2.6 UAAINITIATIZUANE Tukey's TBNGIAN)RNURITUIWARAIANY

ARIALARDUTDITU ALEUNIUAUENANTUIY (ia)

Tukey Simultaneous Tests
Response UVariable Dimensi

onal Error

A1l Pairwise Comparisons among Levels of Surface Temperature
subtracted from:

Surface Temperature = 280

sSurface Difference SE of Adjusted
Temperature of Heans Difference T-Ualue F-Ualue
225 8.85233 B8.81562 3.888 8.80628
25a 08.08467 B8.81562 5.422 8.00080
275 8.18233 B8.81562 7.882 8.8088
308 8.12733 B8.81562 8.154 8.00080
Surface Temperature = 225  subtracted from:

Surface Difference SE of Adjusted
Temperature of Heans Difference T-Ualue P-Ualue
25a 8.82533 8.81562 1.622 8.4884
275 8.858088 B8.81562 3.282 a.8178
38 A8.86808 8.81562 4_35% 8.8084
Surface Temperature = 258 subtracted from:

Surface Difference SE of Adjusted
Temperature of Heans Difference T-Ualue P-Ualue
275 8.82467 8.81562 1.588 8.5153
308 0.84267 B8.81562 2.732 8.8592
Surface Temperature = 275 subtracted from:

Surface Difference SE of Adjusted
Temperature of Heans Difference T-Ualue P-Ualue
308 8.01888 B8.81562 1.153 B.7778
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NIANUAN 1.2 NTIATIERNANITNARDY

Source
Cutting
Surface
Cutting
Error
Total

Source
Cutting
Surface
Cutting
Error
Total

S = 0.8482492

Speed
Temperature
Speed=Surface Temperature

Speed
Temperature
Speed=*Surface Temperature

DF Seq 3§
4 B8.587592
4 B8.123792

16 B8.154568

58 ©.8810608

74  B.946952

P

B.000

0.600

0.600

Analysis of Variance for Surface Roughness, using Adjusted

adj ss
0.587592
0.123792
0.154568
0.081000

R-Sq = 91.45% R-Sq(adj) = 87.34%

S8 for Tests

Adj MS F
0.146898 90.68
0.0309488 19.18
0.009668 5.96
8.001620

FIN9T 2 2.8 UAANANNIT Regression 184AIAINNTUTTURINUHITUIN

Regression Analysis: Surface Roug versus Cutting Spee, Surface Temp

The regression equation is

Surface Roughness = B.266 + B.887823 Cutting Speed + 9.888411 Surface Temperature

Predictor Coef SE Coef T P
Constant 8.2663 B.1878 1.42 @a.168
Cutting Speed B.087827 B.8@1612 4.86 0.080
Surface Temperature @.00841607 0.8083224 1.27 0.287

S = 08.89878919

Analysis of Variance

Source DF 5% Ms
Regression 2 B.24552 B8.12276
Residual Error 72 B.78143 0O.88974
Total 74 B.9459%

Source DF Seq 83
Cutting Speed 1 8.22971

Surface Temperature 1 0.01581

R-Sq = 25.9% R-Sq(adj)

12.68 0.888

F

23.9%

P
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FIN99Y 2 2.9 UAANANNNT Regression 104ANAIINYJTTUIRINUEITUINY UAIAINNIT I

Log - log Scale

Regression Analysis: Surface Roug versus Cutting Spee, Surface Temp

The regression equation is

Surface Roughness

= - 1.58 + 8.727 Cutting Speed + 8.8784 Surface Temperature

Predictor Coef SE Coef T P
Constant -1.5816 8.3378 -4.68 ©.088
Cutting Speed B.7267 8.1488 4.91 0.868
Surface Temperature B.07841 0.86567 1.19 8.236
S = B8.8362559 R-Sq 26.2% R-Sq{adj) = 24.1%
Analysis of Variance

Source DF SS MS F P
Regression 8.833557 A.916778 12.76 6.880
Residual Error 72 0.894643 8.881314

Total 74 B.128288

Source Seq S§3

Cutting Speed 8.821683

Surface Temperature B.801874

Surface Temperature

100 105 110

Cutting Speed

Contour Plot of Surface Roughnes vs Surface Temperat, Cutting Speed
300+

Surface
Roughness
< 110
110 - 115
B 115- 120
W 120- 125
> 125

91) 9. 2.17 UARILHUNINANNITANHANNUSTBIAIANITITALATH U RN URY

299 IDINUHITUINY

o |

nu

2
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A9 2 2.10 WAAINTIATIZRANLLTUTIUTBIAN AN AR ALARDUTBITUN ALAUH U
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General Linear Model:
Factor

Cutting Speed
Surface Temperature

Analysis of Variance

Dimensional versus Cutting Spee, Surface Temp

Type Levels
fixed
fixed 5

Ualues
T 95, 188, 185, 118, 115
288, 225, 258, 275, 368

for Dimensional Error, using Adjusted SS for Tests

Source DF Seq S§S Adj S5
Cutting Speed 4 B8.853485 0.853485
Surface Temperature 4 B9.148125 0.148125
Cutting Speed=Surface Temperature 16 ©.020888 0.8208088
Error 58 B.853808 O.853888
Total 74 B.276139

Source P

Cutting Speed 8.008

Surface Temperature 6.008

Cutting Speed=*Surface Temperature 8.295

Error

Total

S = 9.8328824 R-Sq = 88.52% R-Sq{adj) = #1.17%

Adj HS
8.0813351
0. 037631
6.001300
0.081076

12.41
34.42
1.21

[ﬂ’]ﬁ"]\‘iﬁ 1 2.11 WAANANNIT Regression m@qmmmmmmﬁmmLﬁﬁ@ummmmmﬁudm

AUENANNTWINY

Regression Analysis: Dimensional versus Cutting Spee, Surface Temp

The regression equation is

Dimensional Error =

- B.545 + B8.86164 Cutting Speed

+ 09.00122 Surface Temperature

Predictor Coef SE Coef T P
Constant -8.54540 8.87985 -56.83 0.008
Cutting Speed 0.0016400 ©.0006853 2.39 B.919
Surface Temperature B.0012187 0.0881371 g.80 0.808
S = B.8419689 R-Sq = 54.1% R-Sq{adj) = 52.8%
Analysis of Uariance

Source DF 5% M3 F P
Regression 2 B.149319 0.874659 42.39 0.088
Residual Error 72 0.126828 0.801761

Total 74 B.276139

Source DF Seq S5

Cutting Speed 1 0@.8100886

Surface Temperature 1 B8.139233
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Contour Plot of Dimensional Erro vs Surface Temperat, Cutting Speed

300 ———
Dimensional
Error
| | < -0.125
B 015- -0.100
0.100 - -0.075

L L
s
g
&
o
(=3
s

Surface Temperature

100 105 110
Cutting Speed

[

91l 9. 2.18 UAASLABNINANNITANNANNUSTBIAIANITFAUAT UM AN WHRTLAAN

u

ARIALARDUTBITL ALEWENUAUEN AT WY
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Regression Analysis: Dimensional Error versus Surface Roughness

The regression equation is

Dimensional Error = - B8.168 + B.08834 Surface Roughness
Predictor Coef SE Coef T P
Constant -8.16789 B.87469 -2.25 B.828

Surface Roughness 0.08344 0.06244 1.34 0.186

S = B.0687652 R-Sq = 2.4% R-Sq(adj) = 1.1%

Analysis of Uariance

Source DF 55 s F P
Regression 1 0.086593 0.806593 1.79 0.186
Residual Error 73 0.269546 0.0803692

Total ™ B8.276139
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MANUIN A, 1 TUTENTUHANITER LN LLATEITAAINTIUIZ IR (page 1/2)

Mhitutoyo

Mitutoyo (Thailand) Co.,Ltd.

No. 688/3, Moo 7 Chaengwattana Rd., Anusaowaree, Bangkaen, Bangkok 10220 Tel. 2521 6130-5 Fax : 2521 6136
Certificate Number A 04072

Date of Calibration 22 Mar 2004
Date of Issue 22 Mar 2004

CERTIFICATE OF CALIBRATION Page 1 of 2

Customer Name : Department of Industrial Engineering

Customer Address : Facculty of Engineering Prince of Songkla University
: 15 Kanjanavanich Rd., Hatyai, Songkhla 90110

Equipment model ¢ Surftest SJ 301 178 - 938E

Manufacturer : Mitutoyo

Serial Number i 911047

This certifies that the equipment model has been calibrated in accordance with the required Japanese
Industrial Standards ( JIS ) or Manufacturer's Specification or other applicable standards .
The Ambient temperature at time of Calibrationis  22.0 °C.

Calibration Reference Used And Traceability

Description : Roughness Specimen Straight Edge
Code No. 3 178 - 604 50 -0569
Serial No. - 800210 No. 6
Report No. 3 DM002894 W-13753
Description : 3 -

Code No. : - -

Serial No. i z -
Report No. : : -
Description 3 :

Code No. : s

Serial No. g -

Report No. R -

The calibration reference used have been calibrated by Standards, Productivity and Innovation Board (SPRING Singapore)

or Nationally Accredited Laboratory . The results of calibration are referred to a temperature of 20° C ~
5 §
Calibrated by : - Approved by : Mr.Nattachai Rattanasuk
2 SITTHIPOEA\I H.YAMADA
Calibration Officer Head of Calibration Laboratory

Mitutoyo (Thailand) CO.,Ltd. 688/3 M.7, Cl Rd, A 3 Bangkok 10220, Tel. 0-2521-5130-5, Fax. 0-2521-6136
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=

Aitutoyo

Mitutoyo (Thailand) Co.,Ltd.

No. 688/3, Moo 7 Chaengwattana Rd., Anusaowaree, Bangkaen, Bangkok 10220 Tel. 2521 6130-5 Fax : 2521 6136
Certificate Number A 04072

CERTIFICATE OF CALIBRATION

Equipment model

Date

+  Surftest SJ 301

MAP-12 R3 01-Nov-03

of Calibration 22 Mar 2004
Date of Issue 22 Mar 2004

Page 2 of 2

Serial Number < 911047
Range : 0.01-75 um
Resolution 3 0.0l pm

Reference Standard Used

Remarks

: JIS B 0651 (1996) Surface texture - Instruments for the
assessment of surface texture - Profile method

:  Annual Calibration

1. Surface Step of

the drive unit

Surface Ste

of the drive unit

Permissible Errors

Step (2 pm ) + 0.05 pm

Results Ry

= um

2. Straightness of the drive unit

Straightnes

s of the drive unit

Permissible Errors

Ry =0.5 pm / 12.5 mm

Results Ry

0.13

pm

4. Relative error o

f horizontal magnification

Relative error of horizontal magnification

3. Radius of Stylus

Radius of Stylus

Permissible Errors

Ra 0.410 +/-0.1 um

Results Ra

037  pm

5. Repeatability of Ra Measurement

Repeatability

of Ra Measurement

Permissible Errors Sm - +/-1.0um Permissible Errors Ra 2.930 +/-0.05um
Results Sm - um Results Ra 293 um
1 . The measurement uncertainty for Surface Step is =+ - pum and the coverage factor k S -
2 .The measurement uncertainty for Straightness of drive unit is + 020 um and the coverage factor k = 2.00
3 The measurement uncertainty for Radius of Stylus is = 0.05 um  and the coverage factor k = 2.00
4 The measurement uncertainty for relative error of horizontal mag is = & wm and the coverage factor k = &
5. The measurement uncertainty for Repeatability of Ra is = 0.15  um and the coverage factor k = 2.00

at a level of confidence of approximately of 95% .

The Surface Roughness Tester

has been calibrated and found to conform with above standard.

The user should determine the suitability of the equipment for its intended use.

This Certificate does not imply that MTC warrants the equipment's performance after calibration and the certificate may not be

reproduced except in full without any prior written approval by the Head of Calibration Laboratory.

Mitutoyo (Thailand) CO.,Ltd. 688/3 M.7, Chaeng

=

Calibrated By i 5
P. SITTHIPORN
Calibration Officer

1a Rd., Bangkok 10220, Tel. 0-2521-5130-5, Fax. 0-2521-6136
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4 g'mﬁmgmﬂnﬁﬂrnmm'f TR (T P e C A TEAT Lk

S L oEsuE i Tm e amindteaunniniun Tnorannalenl fanesaine S Traauat sutie

LKL o , . .
= ]{}_L I; Seientific Egquipment Center, Prince of Songkla University
s

Central Academic Administratoer Bld, Hoe=%oi Compus, Senpghtila 00010 Tel 0 TAZH 8004-7 Fox b 7428 28135

FeRES-EI0E Bev, 5 000145
Mo, ALY Paps 191
ANALYTICAL REPORT £

Clienl Mame and Address Mr. Wasss Tasayruay

Drepartment of Industnzl Eoginestng, Fazuly of Engineering, PS1

Test Request Form Mu.: 500547

Test itemiy) received date Tuly 340, 2004

Test per fermed date : Jutw 30, 2004

Test Method vaed @ Refer o WE-RES-OES-001

Analvtical [nstrument Opeical Emigsion Specrometer (ARL 3460}

Analviical Technique: Spark Oplical Emission Wasium Spectromeier I Argon
Analytien] Candition ¢ Wacuurm 25 Pm of mereuny or pelow

Ternpesatere 35 °C

Test kemis) deseription ; 1. Stainless Steel Cuandity  : 1 sample
Test Result :
l Concentration {%) |
Bl i ;
Stainless ) . k) |
Steel :fl:l_‘!Jll'g“II 1)

Standard DO00T | DOLT | 00006 | OO | Q00 s i 0.0031 | 00T | (ODRS | 00004 | DD | D0

D oo | ooom | L0000 |
‘ Dievinlion -. ! | ‘ i - ‘ | |

- A show as the detail documents of sample.

e
_R! 1 '
L e

{ Fatchara Sukonrat)

{ Suee Padungkul )

Analyst Inspector

Bemnrk This analyticol repan is walic onty for the lsted sazple and ma data al resull(a) will b saved ol loas! = month,

This test repart shobl aet be reprotduced cxcept in full, withoal writee approsal el the labocatory.
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Task/Fro

4 12:1D:4 PM

Daze ar ]
Type \ Unknowr. Coneentrations
Humber of Repeats: 3

500% Sa IDZos 1

Fun O 3 Cpt
HE O,02F27 L4YHE C.4ABL083
= 2 S.02103 L3ATAZ DL AG24E
3 g S.02TEA 38352 0,18340 C.46520
=3 ¢ o n2eM? AE11L 0.18368 C.46072
i g G.u27se3 36745 0,18462 C.4042E
vz L o.02E0s 0. AT347 0.1845% L.46372
i C I T a C Loogld g.oOnES C_0Dz37
B G.11789H - 8455 a OLULZ23ES 0.04418 Q. 48218 L.7ET783

W Bng k1
1= [ ey C.onaaz a
I c. )| C.oouvs C.
i= C.OLIZE U.02177 C.ODgBl C.
= 0 34 T.0CIRY [.O0YEE C.
LB c 2% 0,0CLEZ Co0DBR] C
Avg DLEDLEZ CL00873 oL
3d C GLLCO0S CL00RLO 0.
Edy z.1362% C.38909 5.

Run 3 ol 243 i3 Cr3 Mol W c
L= 0. LOEVSS 002813 1 E.16HE5 1B.35434 0.18532 0O 0.
= o, L0281 DOQZ28ET L £.16564 16.36354 0L1E33C 0.0 C.
I 0. LOEATE 0,02933 1, LL08351 1E.27ER4 018438 0.0 .
43 C. COELB2E 0L02827 1. £.17242 1E.344R% 0,18885 0.0 o.
5> Q. P0Z76E 0O.C2355 1. S 31080 18.34907 0,12372 0.0 C.
Avg S J02B4T 0,02323 1. L,LBZED 1B.3376B 0.18563 C.0 0.
se cC. L0001 0.00025 0. COOTEBED 0.01264 00,0008 2.0 .
5di S 0. . B306E 0.BS340 0. DOBEREDT 0.068HA 0O, 48081 0.3 1
W Sn? Caol AL7 FE%
= 0. LU0ssl 0 Q. 5. 4577
FE . CD0%%E O Q. L. 2463
3= C = 0. S [n]=L: SR 0.1 65,5141
4= 0 o. 200287 0, Q. 6L, L2661
S o, ;.01033 0 a. £5. 2871
Avg 0 0. L O1DEZ 0 a. 58,4343
sd 0 3 . 00018 0 0.0 O.0BEZ
5d% 5, S E. 1.F5308 0 &, o124z
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4 guim3esiioinmmand imimodvaaanimi

JEL Bt s ssay mninmdemeaniaiimd Innuvenalue dunesnalvnl favwTamaun go114

diMiE  Scienlific Equipment Center, Prince of Songkla University

= Centrul Acodemic Administratar Bld, Hut=Yal Canpos, Sengkhla 90110 Teld T428 6904-7 Fox.D 7421 2H1D

F-RES-DOBLE Rev. 3 DIV 1ME

Client Name and Address

Test Request Form No.:

Test item(s) reccived date

Test performed date
Test Method used
Analytical Instrument :
Analytical Technigue:
Analytieal Condition :
Test ltem(s) deseriplion 2

Test Result :

?c?m?p.}.'

No, 4025 /47 Tage 17!
ANALYTICAL RETORT =
Mr. Wassa Ruaynuay
Departmen: of industrial Enginsering, Faculty of Enpinesning,
Prince of Songkla University.
5006847
Juiy 30, 2004
August 5, 2004
In mowse method refer to WERES-SEMSB00-001 and WI-RES-SEM-002
Scinning Eicetran Microscope (JSM-3300LY JEOL}
Elcctronmicrograph
High Vacuum Mods.

Stzinless Steel Quantity : 1 sample

Sampleno.

L el
470 X200

| 4871 X 500
A872 X 1,000 |

Electironmicrographis #re shown in the attachment,

(Refer to CASEM Image/S0xx/S006 Wassa)

ll\:'l Mhh.w?- i ?.*Jmm S-"MAT

{Mr. Parnpot Nuthong) {¥s. Patcharn Sukonrat)

Analyst

Inspector

Eeaiatk This analytical repart is valit anly for the tesied sample and mw dat of resuli(s) will be saved a7 least & month.

This tes! repoet shall oz e reproduced exczpl in full, withou! wrilter: approval of the lzharstary.
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