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ABSTRACT

Machining optimization using typical computer-aided manufacturing (CAM) software mainly depends on tool
paths, and it is impossible to predict the behavior of material or cutting force. In this paper, cutting force
analysis simulation is performed on the Unibody Case of a mobile phone with the aim of optimizing
cutting-force-based machining using the Third Wave Systems' AdventEdge Production Module. Machining time
after optimization was shortened by 42% for roughing compared to pre-optimization, and actual machining time
was reduced by 36.8%. For finishing, machining time was reduced by 92%, and actual machining time was
reduced around 90%. A surface roughness analysis found that the post-optimization surface roughness was 1.16
#m Ra, compared to a pre-optimization value of 1.75¢m Ra.

Key Words : Mobile Phone Case(S#=E 0|2 ), Machining Time(7+& A|Z}), Tangential Force( F&2 ),
Cutting Force Optimization(24f2d %X 3}), Surface Roughness(E™M HE7|)

1. Ao B Edsoltt =3 oYdd 54 &AE 7HESh
A& sl= GAE Al ] 2~(Unibody Case)= 50| T

g FEFe| AFse wel Aol J

3] ARt e FAeltk 5% &AE 7HEE

o] o] 7]& tholgl =8 FH I3l A A7t

3 gl wrhs vl gt

A zrtE Z3 BEE PC AFY AEs=
o4& AolxE dFvE o rliadls To YR
FEA AR 7LEs] AREls Zlo] A AAA

i 2 N r]r

olo] WAL MRS Fol7] S8 Be A
# Corresponding Author : jclee@kumoh.ac.kr ToF =¥o] AP oy, AaE AojE 53
Tel: +82-54-478-7376, Fax: +82-54-478-7319 ET7 ZAE(Tool Path)e] HZ3}t 7L oy #4H

Copyright © The Korean Society of Manufacturing Process Engineers. This is an Open-Access article distributed under the terms of the Creative Commons Attribution-Noncommercial 3.0 License
(CC BY-NC 3.0 http:/creativecommons.org/licenses/by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

- 119 -



o8&, AR, o|F3 : F=IIAVMEEE A, A6, AT

¢

A &&= Aot

B AFo M= A E=F Unibody Case 71l 21o]
s dA Aojstad 7HE AHSE T3k
AFE =] 9% WS FolR )k shyith
=Ue] 4% NC Code HZ 3t A7 dae wd
& Bt de=de g Aol =3kEo] glowH
U e A AHEEE NC Code HAsH= 24 Al
A&E 4ASHA FAE] st H AA @ F
of me} o]F £EE W AlFIHA HHSE T3
sh= ﬁﬂi A7Ea Yok

Lee” 5, Kang” 5, Hwang” 5 A2t 71F A
A 3= EILPr’“O] s dFstan A e
Fote A AAE Felste ATES FHIARL
o, Hyn'” 5 93 7pgolA HaEd nE %
2 ALk 2dS AA S

NC 37l & = AaEede X, Y, 79 %9
(Axial Force) F 9 Zo] T 3}5(Load Per Unit
Length) 5°] o™ I F W 7Fglxy drEe
Ao = M kel AAEE Ueille AHAd At
2(Tangential Force)®} ¥4 W3k d2aE& Yehll= vt
74 21 (Radial Force) 22 T2 4= Utk
Tangential Forcetl= B8 AAE 9] 4 ko s 8sh=
g og wbg gk 2o nlsle] AAskA Aot

B A= CAM AZE o2l Hyper-Mill-S ©]
8-3t] Tool Paths: A7, Hake HZs) 22
13820 Third Wave SystemsAte] Advant Edge
Production Modules 83t A Aog T3
7V HAAslE AAlsta, A 7 RaE sk 9
=3 Unibody Case®] Tool Path % A2}¥& 233}
st AFe FHE Yehle &9 2EE #EE
AL IS 5 e WHE AAlskAL g

2. Alg

I]9_

B o =2

AE CAM AZEY Q] Hyper-Millol|lA A=
Tool Path 2@ ZA¥ o]= EE A3} = Tool Path
32 7k ARbe wlasky] 9fske] Fig 1 3 o] 5%
EIIHE7(YE MAZAKAL Variaxis- MK3)E &85}
o 7H& T3 SHATh

(a) Mazak Varizxis MK3 (b) Workpiece & Tool
Fig. 1 Used machine in experiment
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Table 1 Machining conditions (Roughing)

Spindle Speed (rpm) 8,000
Feed Rate (mm/min) 3,000
Entry Rate (mm/min) 1,500
Length of Cut (mm) 2
Tool Path Interval (mm) 5

10mm WC 4 Flute
Bull Nose E'M (Coner R0.3)

AL6061-T6

Tool for Roughing

Material

Used Machine Mazak MK-3

Table 2 Machining conditions (Finishing)

Spindle Speed (rpm) 12,000
Feed Rate (mm/min) 1,200
Entry Rate (mm/min) 1,000
Length of Cut (mm) 0.2
Tool Path Interval (mm) 0.2
Tool for Finishing 10mm WC 4 Flute Flat EM
Material AL6061-T6
Used Machine Mazak MK-3
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(a) NC Code Generation (b) NC Code Verification
Fig. 2 Generate NC Code using Hyper-Mill
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(a) Roughing (Standard Machining Cutting Force)
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(b) Finishing (Standard Machining Cutting Force)
Fig. 3 Tangential force of roughing and finishing
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Table 3 Roughing result of tangential force analysis

Machining | Standard Machining Cutting Force (N)
Max Min
Roughing
309.2 183

Table 4 Finishing result of tangential force analysis

Machining | Standard Machining Cutting Force (N)
Max Min
Finishing
47.5 53
Tangential Force VS Time
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(a) Roughing (Optimized Machining Cutting Force)
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(b) Roughing (Optimized Machining Cutting Force)
Fig. 4 Optimized tangential force of roughing and
finishing
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(b) Result of Before and after optimization of
Finishing cutting force & Cycle Time
Fig. 5 Roughing and finishing cutting force & cycle
time of before and after optimization
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Table 5 Result of Standard Machining and Optimized
Machining Cutting Force

Machinin Standard Machining | Optimized Machining
cAlng Cutting Force (N) Cutting Force (N)
Max Min Max Min
Roughing
3092 183 2092 17.5
Max Min Max Min
Finishing
475 53 205.5 457

- 122 —



EECIEELER S

£ Unibody Case 7}& Aol BtY ©% 2 9 25 4o B3 AF
=71 A7 588 A

A16d, 3=

Fig. 6 Result of true machining

4.2 $=E Unibody Case 7}3 A1}
Tangential Force #A3tE F3l A% Tool Path
£ o]&ste Haty HASE Heo| =13 AolF E
A v E H&f AVtEE TSI e Fig 6.2 A
A}l /%0 7bvg AF}E UERATH

4.3 73 AlZh v|m At

A3} #He| 7}FAIZEF Tangential Force 80%2]
HHs & 4= 7hg A 2 A 7FFAIZES Table
6o JERAATE

HAs & AR HAS AR g2te] A
T R%PE dEHAoH, A 7L 368% 8=
Aastt. Aakel A9 2%EE dFHoH,
AA TFFATE 0%AHEY] =S Fel5k4 T

44 ¥H = d|u

HAAslE Bt AVHE F /MY 2 2=
Fekd] Z2=ZA7](Wyko NT8000, Veeco Co., USA)
£ ol&3td AU Fig T(av HAH3 A
7HEHe] W 25 ZAE BY F1 JoH (b=
HAg T ¥¥W Z&E AA4E YR T

Table 6 Result of machining time

Expected -
Machining Stagc)lard Machining time Truet:iII;/IaécngJ;nng
O]
Rough 300.8 173.9 190
Finish 380.4 29.7 38

(b) Surface Roughness of Optimized Machining
Fig. 7 Result of before and after optimization of

surface roughness

Table 7 Result of surface roughness

Standard Machining | Optimized Machining

Surface
Roughness 1.75 1.16
Ra (ym)
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