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Development of Supporting System for Process Planning in Machining
— Applicability to Product with a Large Number of Holes and Plurality of Objective Function—

Kazuo KASAHARA*!, Tatsuro INABA **, Atsuko IKEGAMI *?, Sung Ki JANG**

ABSTRACT : In order to improve the applicability to products having a large number of holes, the greedy

algorithm 1s used in the process of searching for the solution. The constitution of the system was confirmed

to be valid from a comparison between the machining time obtained by a proposed system and operator

design. Then, the cutting force in milling and drilling processes performed on a workpiece having a large

number of holes and steps 1s calculated through application of cutting models proposed by Usui et al., and

the machining power and electric energy are estimated on the basis of the calculated cutting force. To enable

process planning in which two objective functions such as machining time and electric energy are taken into

consideration, it is proposed that convert those quantities to cost.
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Fig.1 Constitution of a system
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Fig.2 Product model used in analysis

Table |  Cutting tools, cutting conditions and NC code used
in analysis
L Material | Geometry __________..
Tool Feed rate, Rotational specd
NC code mm/min; depth pm
of cut, mm
Diameter,150mm; Axial rake angle,
T1 Carbide 19°: Radial rake angle. 5°: Nose radius,
Facemill | | Imm: Number of tooth. 6
Go1 225, 2 212
, Diameter.80mm: Axial rake angle. 20°:
= Carbide | Radial rake angle. 13°: Nose radius,
oo | O Imm: Number of tooth. 6 ___________.
GOl 478.5 ] 398
T3 L HSS | . Diameter, Smm__________
Spot drill G81 95 1 1910
T4 | HSS. | | Diameter, 10mm: Lead, S0mm ____
Diill GB3 190 ] 1270
Ts 1SS Diameter, 20mm: Helix angle, 30°:
Square | __| Numberoftooth2
end mill_ [ Go1,G03 85 ] 425
T6 JALSS. | Diameter, 30mm: Lead, 150mm_
Drill G83 65 1 425
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Fig.3 Comparison of machining process
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Fig.4 Comparison of drilling sequence
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Fig.5  Comparison between traveling time and drilling time.
Cutting and calculated conditions are same as in
Tablel

Ebiz—2R 1, 2 X0 EL RIBERNELNE,
4. 3 #MIBMOFEER

X6 122 D YT 7 - 2358 U 5 e TER %,
BEARL—F LRV AT AL THBELELDTHS, [
HzmEns L5, 3L —4 5, R2BLUT13ITBN
THFHBIZEVINTREAAGL TS, ZhiEbdo
PRORS OEHENEEENT-HTHS, KLY,
13 ANDFARL—FORTRLEONTREMELETHDS
AR =7 12 L Lo TRE Sz TR TOMIRH X
DH, YATFATHESICHMEHERERSATVWS
Enbinbd,

140

—t
e

—
(]
=

Machiningtime A, min

=
=5

P T O I R R P

o

Fig.6 Comparison of total machining time obtained by using
the system and operator’s design. Cutting and
calculated conditions are same as in Table]

HEBD - ENEICET SR ERE

5.1 BAIY 754 RIFE

M 7 I2EEY 754 AT2 TLEHEFAOME 2 20
TH+aTROMEAEEZ R, K 8 (XK T@ickHsd 5%
PG LRWEED, GIHIE PO RIS L DL
ERLIELOTHD, HPOP,=0kWOIKIEA Fie Bz
DG oz IUFEOFERT, SO ARML LT 2K
MBIz xtis4 5 OEl B h o2 kA R4, Z OUIEIER TR
HED 6 HITHD 0, FEEE 60T 2+ iz
MmRDbobisd, EEHOF 8~%KkWDRT 1 KDk
CET 5 EFEEOAAOPAEBEREDETRDI,

EEOHERER Iz ST S 0ElE oL Th 5,

Vol.50 No.2(2013.12)

< B

(a) Before drillin (b) After drilling

Fig.7  Schematic diagram of the milling process with
shoulder mill
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Fig.8  Variation of machining power with rotational angle.
Cutting and calculated conditions: depth of cut, Smm;
cutting speed. 130m/min; material cut. S45C steel:
cutting fluid. dry. Other conditions are same as in Table
1 (for the case corresponding to Fig.7 (a))
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Fig.9  Variation of average machining power with machining
time. Cutting and calculated conditions are same as in
Fig.8
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Fig.10  Comparison of electric energy consumed in drilling
and milling processes. Cutting and calculated
conditions are same as in Fig.8
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