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Modeling of Cutting Parameters and Optimal Process Design
in Micro End-milling Processes

Kwang-Jo Lee*, Sung-Chong Chung’

‘ Abstract }

Micro end-milling process is applied to fabricate precision mechanical parts cost-effectively. It is a complex and
time-consuming job to select optimal process conditions with high productivity and quality. To improve the productivity
and quality of precision mechanical parts, micro end-mill wear and cutting force characteristics should be studied
carefully. In this paper, high speed machining experiments are studied to construct the optimum process design as
well as the mathematical modeling of tool wear and cutting force related to cutting parameters in micro ball end-milling
processes. Cutting force and wear characteristics under various cutting conditions are investigated through the condition
monitoring system and the design of experiment. In order to construct the cutting database, mathematical models for
the flank wear and cutting force gradient are derived from the response surface method. Optimal milling conditions
are extracted from the developed experimental models.

Key Words : Condition Monitoring(A}€}Z+A]), Cutting Force Gradient(dAF#%71-&), DB model(do] g H|o]A mE),
Design of Experiment(A 3 A& %), Edge Detection(+Z4A A=), Flank Wear(o]-+H w©}E), Machine
Vision(®AIH] ), Micro Endmilling(ufo] 22 A=W )
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Table 1 Selected control factors and levels

Factor o ! 2 3

Feedrate (mm/min) 2000 | 2500 | 3000
Axial depth of cut (ADOC) (um)| 50 75| 100
Radial depth of cut (RDOC) (wm)| 100 | 125 | 150

Machining
Center

Fig. 1 Experimental set-up
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Table 3 SN Values of flank wear

No. Flank wear (um?)
Iset 2set SNrw
1 254 243 -27.924
2 16.1 11.1 -22.671
3 9.2 14.3 -21.438
4 18.5 14.2 -24.270
5 15.0 12.2 -24.671
6 16.1 19.1 -24.910
7 16.8 12.8 -23.405
8 20.1 22.0 -26.486
9 22.0 18.6 -26.150
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Fig. 4 Factor responses on flank wear

Table 4 ANOVA results of flank wear

Factor SS DOF V Fy P(%)
Feedrate| 3.739 2 1.865 | 0.607 10.4
ADOC | 2.698 2 1.349 | 0.439 7.5
RDOC | 23.254 2 11.627 | 3.751 64.9
Error | 6.149 2 3.075 17.2
Total | 35.840 8 17.916 100
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Table 5 SN Values of cutting force gradient

Cutting force gradient
e Iset 2set SNcr
1 81.0 90.0 -38.720
2 353 315 -30.400
3 48.4 43.0 -33.141
4 383 39.3 -31.754
5 30.2 36.9 -30.553
6 413 46.0 -32.908
7 47.4 44.8 -33.198
8 335 39.0 -31.198
9 36.3 33.2 -30.423
-28 : )
20 | : =2
-30
§ o A
z a2 // A

-33

-34 Z/

-35

Level

Fig. 5 Factor responses on cutting force gradient

Table 6 ANOVA results of cutting force gradient

Factor SS | DOF V Fy P(%)
Feedrate |11.687| 2 | 5.844 | 4.509 | 21.439
ADOC 22583 | 2 |11.291|8.712 | 41.425
RDOC [17.653| 2 | 8.826 | 6.810 | 32.381

Error 2592 | 2 | 1.29 4.755

Total 35840 | 8 |27.257 100
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Table 7 Comparisons of experimental and predicted

values on flank wear

Flank wear (um?)
No. experimental values predicted

Iset 2set values

1 254 243 249

2 16.1 11.1 13.6

3 9.2 143 11.8

4 18.5 142 16.4

5 15.0 12.2 13.6

6 16.1 19.1 17.6

7 16.8 12.8 14.8

8 20.1 22.0 21.1

9 22.0 18.6 20.3
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Fig. 6 Response surface model of flank wear
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Table 8 Comparisons of experimental and predicted
values on cutting force gradient

Cutting force gradient
No. experimental values predicted
Iset 2set values
1 81.0 90.0 86.3
2 353 315 33.1
3 484 43.0 454
4 383 393 38.7
5 30.2 36.9 337
6 413 46.0 442
7 474 44.8 45.7
8 335 39.0 36.3
9 36.3 332 332
|
E140 ) /// ke ___ §§
S|/
;3120 I“'\_‘
E 110 . N %
Y o i~
Mo wm & @ 1o
Axial depth of cut (:m)
(a) Contour plot
60
Cutting force

gradient {y)

0
Radial depth of cut (un)

100
Axial depth of cut (un)

(b) 3D plot

Fig. 7 Response surface model of cutting force gradient
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Table 9 Verification of optimal conditions

Factors
No. SN SN, SN
Feed |\ poc|rpoc| > N !
rate
2 12000| 75 125 [-22.671|-30.400 |-26.536
verifi
cation 2500 75 125 |-19.181[-30.049|-24.615
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