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Appendix A

u‘.nulmuq,‘u.‘

Fig. A.1 NC turning machining (Okuma LB10 CV-12)

Fig. A. 2 Micro camera VC--820



Appendix B.

Table B.1 Machining cost per workpiece at 160 mmin
cutting Speed and 0.20 min‘rev feed rate

Cutting Condition Optimizatio
Calculation Procedure: Machining cost per workpiece
Depth of cut: 2 nmm

Cutting tool use: carbide tool

Model : MPW = MR * (TTFTHACT) + (MRXTCT + TC)/N

1. Known Information

Price of insert (baht) P N 133.00
Total cutting edges on tool insert (edges) E= 6
Machine operation rate (baht/min) MR = 10.50
Tool changing time (min/cutting edge) TCT = _ 067
Work changing time (min/workpiece) WT - 0.25
Tool cost per cutting edge (TC;baht) = P/E TC 22.16
2. Total tool feed time (TTFT)
Cutting speed (mvVmin) V = 160
Feed rate (mnVrev) F 0.20
Workpiece length (mm) L JJO _
Before and after cut length (mm) L, 5
Workpiece diameter (nm) D = 50
Actual machining time (min)
MI' = 3.142*D*L/1000*F*V Ml =0.8345
Total tool feed time (min)
TTFT = 3.142*D*(L+Lu )/1000*F*V TTFT = 0.8590
3. Number of workpiece per cutting edge (N)
First cut wear (hm , =0,093
Second cut wear (mm) 2 0111
Wear rate per workpiece (m) = 2 — W WR = 0.018
Wear level at tool failure (M) W =0.375
Number of workpiece per cutting tool (pieces)
N=W - 2)WR +2 N = 16.667
4. Tool life (TF;min) = NMI TF - 13.908

5. Machining cost per workpiece (MCPW;baht) MPW = 13.3969
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Table B2 Machining cost per workpiece at 155 m/min
cutting speed and 0.18 mmirev feed rate

c tting Condition Optimization

Calculation Procedure: Machining cost per workpiece
Depth of cut: 2 mm

Cutting tool use: carbide tool

Model: MPW = MR * (TTFTHACT) + (MR*TCT + TC)/N

1 Known Information

Price of insert (baht) p =133.00
Total cutting edges on tool insert (edges) E= 6
Machine operation rate (baht/min) MR = 10.50
Tool changing time (min/cutting edge) TCT = 0.67
Work changing time (min/workpiece) W = 0.25
Tool cost per cutting edge (TC;baht) = P/E TC = 22.16
2. Total tool feed time (TTFT)
Cutting speed (mymin) V = 155
Feed rate (mm/rev) F = 0.18
Workpiece length (mm) L = 170
Before and after cut length (M) L, = 5
Workpiece diameter (mm) D = 50
Actual machining time (min)
Ml = 3.142*D*1/1000*F*V MI =0.9571
Total tool feed time (min)
TTFT - 3.142*D*(L+L| )/1000*F*V TTIFT =0.9853
3. Number of workpiece per cutting edge (N)
First cut wear (hm) 1= 0.090
Second cut wear (mm) 2 = 0.105
Wear rate per workpiece (mm = 2 — ] W = 0.015
Wear level at tool failure (M) W = 0.375
Number of workpiece per cutting tool (pieces)
N=W - 2)MWR +2 N = 20.000
4. Tool life (TF;min) = NMI TF =19.142

5. Machining cost per workpiece (MCPW;baht) MPW = 14.4304



Table B3 Machining cost per workpiece at 165 m/min
cutting speed and 0.22 mmfrev feed rate

Cult ing Condition Optimiza tion

Calculation Procedure: Machining cost per workpiece
Depth of cut: 2 nmm

Cutting tool use: carbide tool

Model: MPW =M * (TTFT-H\CT) + (MR*TCT + TC)/N

1 Known Information

Price of insert (baht) p =133.00
Total cutting edges on tool insert (edges) E= 6
Machine operation rate (baht/min) MR = 10. 50
Tool changing time (min/cutting edge) TCT = 0.67
Work changing time (min/workpiece) WCT = 0.25
Tool cost per cutting edge (TC) =P/E TC = 22.16
2 Total tool feed time (TTFT)
Cutting speed (mvmin) V = 165
Feed rate (mm/rev) F =02
Workpiece length (mm) L = 170
Before and after cut length (mm) L, : 5
Workpiece diameter (m) D = 50
Actual machining time (min)
Ml = 3.142*D*L/1000*F*V MI =0.7356
Total tool feed time (min)
TTFT =3.142*D*(L+Li )/1000*F*V TIFT =0.7573
3. Numrber of workpiece per cutting edge (N)
First cut wear (M) , = 0.095
Second cut wear (M) 2= 0.115
Wear rate per workpiece (m) = 2 — W WR = 0.020
Wear level at tool failure (mm) W = 0.375
Nunber of workpiece per cutting tool (pieces)
N=W - 2)MWR +2 N = 15.000
4. Tool life (TF;min) = NMT TF =11.035
5. Machining cost per workpiece (MCPW;baht) MPW = 12.5231



Table B 4 Machining cost per workpiece at 165 [/
cutting speed and 0.18 mm/rev feed rate

Cutting Condition Opti.mizatio
Calculation Procedure: Machining cost per workpiece
Depth of cut: _JL nn
Cutting tool use: carbide tool
Model : MPW - MR * (TTFTHACT) + (MR*TCT + TC)/N
1 Knoan Information
Price of insert (baht) p 133.00
Total cutting edges on tool insert (edges) E= 6
Machine operation rate (baht/min) MR = 10.50
Tool changing time (min/cutting edge) TCT = 0.67
Work changing time (min/workpiece) WT = 0.25
Tool cost per cutting edge (TC;baht) =P/E TC 22.16
2 Total tool feed time (TTFT)
Cutting speed (mymin) vV = 165
Feed rate (inm/rev) F = 0.18
Workpiece length (mm) L =~70_
Before and after cut length (mm) L, = 5
Workpiece diameter (mm) D =-180
Actual machining time (min)
MI' = 3.142*D*L/1000*F*V MI = 0.8991
Total tool feed time (min)
TTFT = 3.142*D*(L+Li )/1000*F*V TTFT 0.9256
3. Nunmber of workpiece per cutting edge (N)
First cut wear (mm , — 0.092
Second cut wear (mm) 2 = 0.109
Wear rate per workpiece (m) = 2 —wl WR = 0.017
Wear level at tool failure (mm) W ! 0.375
Number of workpiece per cutting tool (pieces)
N=W - 2)MR+2 N 17.647
4. Tool life (TF;min) = N™MI TF = 15.867
5. Machining cost per workpiece (MCPW;baht) MPW = 12.8415



Table B5 Machining cost per workpiece at 155 m/min

cutting speed and 0.22 mmrev feed rate

Cutting Condition Optirnizatio

Calculation Procedure: Machining cost per workpiece
Depth of cut: 2 mm

Cutting tool use: carbide tool

Model: MPW = MR * (TTFI-AACT) 1 (MR*TCT + TC)/N

1

Known Information

Price of insert (baht) p = 133.00
Total cutting edges on tool insert (edges) E 6

Machine operation rate (baht/min) MR = 10.50
Tool changing time (min/cutting edge) TCT = 0.67
Work changing time (min/workpiece) W = 0.25

Tool cost per cutting edge (TC;baht) =P/E TC = 22.16

Total tool feed time (TTFT)

Cutting speed (mvmin) V = 15
Feed rate (mmvrev) F = 022
Workpiece length (imm) L = 170
Before and after cut length (mm) L, 5
Workpiece diameter (mm) D = 50
Actual machining time (min)

MI' = 3.142*D*L/1000*F*V MI =0.7831
Total tool feed time (min)

TTFT = 3.142*D*(L+L1 )/1000*F*V TTFT = 0.8061

Number of workpiece per cutting edge (N)
First cut wear (mm , = 0.093
Second cut wear (mm) 2= 0111
Wear rate per workpiece (m) = 2 — W W = 0.018
Wear level at tool failure (mm) W = 0.375
Number of workpiece per cutting tool (pieces)

N=0OF — 2)MR +2 N - 16.667
Tool life (TF;min) = N*MI TF = 13.052

Machining cost per workpiece (MCPW;baht) MPW = 12.8415



Table B.6 Gradient calculation at 160 [/min
cutting speed and 0.20 m /rev feed rate

Gradient Calculation
Cutting speed and feed rate change analysis: Turning operation

1 Current operating condition:
Cutting speed (/ ) = 160
Feed rate (mm/rev) 0.20
2. Test conditions:
Cutting speed: Level 1 = 155 Level 2 = 165
Feed rate: Level 1 = 0.18 Level 2 = 0.22
3. Observed results: Machining cost per workpiece (baht)

Feed rate

AN

? Level 2 & 0, =12.8415 € Ci» = 12.5231

AF € C, 13. 3969
i Level | ¢ C,. ., = 14.4304 ® C 3. 9981
S
b~
Level 1 Level 2 Cutting speed
<< = AV --——- g~
4. Gradient calculation:
Different cutting speed: AV = 10
Different feed rate: AF = 0.04
Step nove: SM = 1

Cutting speed gradient:
Gv'l— (CI. 1 4¢,.4 “C1.2 “Cl. 3)/2
Feed rate gradient:
GHl= (c,. 1+.3%“CL2"Cl. 4)
Magnitude gradient:
Mp = [ Gvi 2+ Gfi2] 12
New cutting condition:
new V=old v+ AV*sM*Gvi/Mp
new F=old F+AF~ASMANGTi/Mp

13
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Table B 7 Results (1) using carbide tool at the starting condition
160 m/min cutting speed and 0.20 mm/rev feed rate
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Table B 8 Results (2) WSing carbide tool at the starting condition
160 m/min cutting speed and 0.20 mmirev feed rate
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Table B 9 Results (1) using carbide tool at the starting condition
170 m/min cutting speed and 0.40 mm/rev feed rate
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B.10 Results (2) using carbide tool at the starting condition
170 m/min cutting speed and 0.40 mm/rev feed rate
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Table B.11 Results (1) using carbide tool at the starting condition
180 m/min cutting speed and 0.50 mmi/rev feed rate
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Table B.12 Results (2) using carbide tool at the starting condition
180 m/min cutting speed and 0.50 mm/rev feed rate
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Table B.13 Results (1) using coated tool at the starting condition
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Table B.14 Results

(2) using
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Table B.15 Conventional wear test using carbide cutting tool at
172 m/min cutting speed and 0.5146 ram/rev feed rate

Flank wear (nm) Average
Time (min) flank
First testing Second testing wear (mm)

0.3017 0. 112 0. 11l 0.1115
0.6034 0. 147 0.149 0.1480
0.9051 0. 179 0.182 0.1805
1.2068 0. 221 0.219 0.2200
1.5058 0. 254 0.256 0.2550
1.8102 0. 287 0. 290 0.2885
2.1119 0. 326 0.324 0.3250
2.4136 0. 362 0.360 0.3610

Table B.16 Conventional wear test using coated cutting tool at
185 m/min cutting speed and 0.4994 mm/rev feed rate

Flank wear (nm) Average
Time (min) flank
First testing Second testing wear (M)

0.2890 0. 074 0. 075 0.0745
0.5780 0. 101 0.103 0.1020
0.8670 0. 126 0.128 0.1270
1.1560 0.153 0.154 0.1535
1.4450 0. 178 0.180 0.1790
1.7340 0. 205 0.207 0.2060
2.0230 0. 232 0.231 0.2315
2.3120 0. 256 0.258 0.2570
2.6010 0. 290 0.284 0.2870
2.8900 0. 315 0.311 0.3130
3.1790 0. 328 0.336 .0.3320



Appendix

Table c. 1 Analysis of variance of the lack of fit

C.

for carbide cutting tool

Source of
variation

Regression
Residual

Lack of fit
Pure error

Total

Table c. 2 Analysis of variance of the lack of fit

Sum of
squares

0.106464
4.25E-05

2.30E-05
1.95E-05

0.106507

Degrees of
freedom

14

for coated cutting tool

Source of
variation

Regression
Residual

Lack of fit
Pure error

Total

Sum of
squares

0.149866
1 45E-04

7.51E-05
6.95E-05

0.150011

Degrees of
freedom

=

Mean
square

0.1064640
3.039E-06

3.841E-06
2.438E-06

7.100E-03

Mean
square

0.1498660
7.229E-06

8.341E-06
6.318E-06

7.143E-03
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(a =0.05)
Fo Fa (v1lvz2)
35034.54 4.60
1.575629 3.58
(a=0. 05)

Fo Fa (V1V2)

20732.29 4.35

1.320224 2.90



Table c. 3 Hypothesis testing in linear wear model

Cutting tool

carbide
cutting

tool

coated
cutting

tool

Variable

wear rate

initial

wear level

wear rate

initial

wear level

Hypothesis

Hh 0
H1: 0

H W
H W

=0.1193
*0.1193

=0.075
*0.075

=0.0899
*0. 0899

=0.050
*0.050

16

16

22

2

to

-2.04026

1.04767

0.65594

. 74685

(a =0.05)

tQ/2 2

2.145

2.145

2. 086

2. 086
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