Trans. Korean Soc. Mech. Eng. A, Vol. 37, No. 2, pp. 141~151, 2013 141

<Sk=E=83> DOI http://dx.doi.org/10.3795/KSME-A.2013.37.2.141 ISSN 1226-4873

EATAAYE A8 5994 /1% 22 34 2 HEAd =%

(@) @) A*"‘
9 =F

* FEAFUSL A AREAF R

Combination of Feature-Based Extraction Process and Manufacturing Resource
for Distributed Process Planning

Ick Soo Oh™

* School of Mechanical and Automotive Engineering, Gangneungwonju Nat’l Univ.

(Received May 7, 2012 ; Revised October 11, 2012 ; Accepted October 11, 2012)

Key Words: CAPP(FFE A 134 7 &), Distributed Process Planning(32}t3 7 7| &]), Manufacturing Feature
(7+&5 4 8 4), Manufacturing Resource(7}8 AH¢), Production Planning(23 4+ &)

28 $AALL FAES A4A Feje] 2 9ARYE A5k I vhrel QAR Aol
AT T 5 s AAT TS AAKoR Agets slow Aoun, Ponny A3 ¥
e FEeel 2 AL FAT £ At FAA L TS AQSE spgel FAAHY Fuol
Avh BATYALEL FPorvy 23U 2 FHo APW FAY, FF 59 2L qFd 434
A5e A2 2Yshe], FA7A Fakg wed QAL golsl FUT F AEF @k B o
FolAE BAFHAR 29 gl A doleulol 8 THL, FFEAYYE Jnow
@ 4934 #2924 34 488 AEAAES WS A4 AFANL FE] A% A

Abstract: Process planning can be defined as determining detailed methods by which parts can be
manufactured from the initial to the finished stage. Process planning starts with determining the manufacturing
process based on the geometric shape of the part and the machines and tools required for performing this
process. Distributed process planning enables production planning to be performed easily by combining the
extracted process and various manufacturing resources such as operations and tools. This study proposes an
algorithm to determine the process for a feature-based model and to combine manufacturing resources for the
process and implements a distributed process planning system.

1. M2 9} CAPP, CAM¥} CAPPY E3to] =HS =¥

AREANBANACAPE AAAT AAE o o el H B o

- - N N b ATk LESE CAPP W] Fa HAACU™ NC

PFoz APty Aste] AAAE &4, T4 TEARY A% WA AL uE CAPP A2

HE, T, el 44, teed 8 9o gaage) s3Aa A wded 23

T i AR HAHES AFHE ol &ste] AEst ozM FY 24 wFo] WAL EA
S9lo1), BATHCEHS FTok: Arjiele) 2‘;;2,;322 o .

g s 74 A & (DPP: distributed process planning)
Astell et AHFAANARACADS BHFAAL o 3ym5s shste B0 PRAF F8D
AHCAM)= 1dste] A HETAHCIM) A Nzl Aele welstomm AT 7]
SUE TESCH TN HUE HRE CAD g pyAge guyste, YA fade
¥ Corresponding Author, isoh@gwnu.ac.kr St sto] Fzwlo] HQ %k A7} HES F7]7]
© 2013 The Korean Society of Mechanical Engineers olat AWM o Z  CAD-CAPP-CAMo] E3tw




142

—_
fite)

ol
el
TH

<]

)

wwm
x
-

i

s
o
K

—_

i

=4 o oz
—o‘()t >4

Lihui Wang

il

o)
N
e
o)
o
%o
Ho

!

=

ol

fvzel

|

—

0

¢+

~
Ho

o]
W

o)

b

ol

o} 713

el

B
—_
fite)
oo
"
el

—

;&I

Mo
_

R

™
o

2]

ofp

—

-

AF el At

el

)

= (5)

o

22 CIM Al

3
1

g &0
H

B

FE

AR mA =

el

=4
[}

LERE

L. Monostori

ES|
=

RERRTEEN

9

kel

sl
S|

o
)

Ho
_foT,

%

o
B!

el
BH

<

o
O

Ho

AElH o HojA

A 7ol

Ny

°] 325 Fig. 19 YeEbATh

o

0
Ho

el

o

E
=

o] AA

o e o] 2ol 2]

w

M.OwO
jze]

x

+al,

} T

Pocket, slot, step, T-Slot, arch, hole

1A%k T A E ATk 7}

Z}
2}

191 7

S
S

2

=

]

[e]

,ao
o
al

el

o

—~
fite)

%

s
S

34

1

9
pl

AAF=

[e)

Hl 8=

3 |
cHEE IRREE:
= o cm| ! |vo
- o 3 a | =1
o g = g _ w g
m | ]
: /
G _||||_I_||.|_|_||||_
o I I |
_ ol ol
. i
& | .=
2 | ol?y
% | 11l |
[ | I I
|l
o o e SR | W
- o T o R
T N T e nt
g T o
‘Jw ot - _.A :L.OE
~ o R Er- o
o) o Mo )
=3 o 5 T
e ! K
—_ il RN i
2 N W = T- W
o o T do g 7o %0
- T
= L~
= o T I mw
5 Mo N~ o ~
= i N e ™
= N T W P g
BT R iy - o
N o %o B
B o Ho 8 X gy
o AI =0
o By T oo 31
<] oK ™ N

Job

shop
floor

Feature DB |Fesource DB

NURBS

Distributed Process Plannin

B-rep

s
P
[ V]
[¥]
S
o
=
-Z

=)

Fig. 1 Architecture of the DPP System

o},

}

ol 7]

o]

oA Aol o

E)

70
o

il d

K1

il
< -

o Ho



143

Geometric model
[ &
_
|
s
g0
5! ST
o i 1
: oir
Gl =
L¥] m H Rl
m ] _ L =]
M 3 El Rl
s |
@- _ L
S [ o i
(&) R m,
O L0 8
= —» G
3 ir
|
U o B Al Ho or o
T = % CR R
S IR | ~ KR
g T  Ew <0
i TEdz %
No . o R0
BRx mgw S ® bl
MG kg A T
o 2 ~K Mo — 2y < X
~3 ~ 7 2 e
LAoE 7ﬂu|de%ﬂdl. )
<0 ﬂA_.O EO « ﬁo hi KR o ﬂu
B o 4 = A o
RO o T MOADn:;eio
X —a —_ Hl él =
ur oy I Lt O =
Fam o ogEERT AL ga
W Qe =0 K o v =29
=% 52T oL B
P FT TR RO
Mg N W o X B DMD MR [ B
! j— = T TO —~ pr
T oL L C o H
U Tt oo T My
TRER QU TR &
T RO {] %0 T X A

Fig. 2 Representation scheme of a part and feature

dependency graph
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Fig. 3 Geometric entities and its geometric
information linked with DEI
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Begin
i=1
repeat
if i less than (number of features +1)
visiti* node of FDG
if (feature typeis T-slot)
replace T-slot with T-top-slot
add T-low-slotas child of T-top-slot
else if (feature typeis through-hole)
replace hole with drill-hole
refer surface finish condition
if (need boring)
add bore-holeas a child of hole
else
replace design feature with
corresponding feature
i++
End

Fig. 6 Pscudo code of feature mapping algorithm
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Table 1 Static and floating data of a machine tool
and a cutting tool in the manufacturing
resource database

Static data Floating data

Power, Table travel, | Broken, Fix,
Spindle speed, ATC, | Production

Machine | ATC time, Rapid schedule
tool feed, Spindle taper,
Weight, Motor
Diameter, Width, Tool wear,

Cutting | Length, Material,

Stock, Tool life
tool Chuck, Adapter
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Table 2 Mutation to determine feasible tool approach Table 3 Available tools for manufacturing features
direction
Feature Available milling tools
Through Through - -
Open rous Tous Center cutting end mill,
-pocket -slot -hole Pocket Flat end mill
Before Z. X |+Y, -Y, -Z| +X, -X Slot Flat end mill,
collision test
T-slot Flat end mill & T-slot end mill
After Z +Y, =Y, Z X .
collision test > Ste Flat end mill
P Face mill & Flat end mill
Arch Ball end mill

Collistion space

Drill, Bore, Reamer,

Hole Center cutting end mill
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Table 4 Initialization of the feature matrix for the
model in Fig. 10

eature
FTO1 FT02 FTO3 FT04
Feature

FTO1 0 0 1 1
FT02 0 0 0 0
FTO03 0 1 0 0
FT04 0 0 0 0

FI2 FT1

FIT3 FT4

Fig. 10 A feature-based model and its MFDG
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Table 5 Determination of the order of operation by
feature matrix for the model in Fig. 10

eature
FTO01 FT02 FT03 FT04
No FReatur
FTO1 0 0 1 1
1 FT02 0 0 0 0
(FTO1)| FTO3 | 0 1 0 0
FT04 0 0 0 0
FTO1 | NULL | NULL | NULL | NULL
2 FT02 | NULL 0 0 0
(FT03) FT03 | NULL 1 0 0
FT04 | NULL 0 0 0

FTO1 | NULL | NULL | NULL | NULL
3 FT02 | NULL 0 NULL 0
(FT04)| FT03 | NULL | NULL | NULL | NULL

FT04 | NULL 0 NULL 0

FTO1 | NULL | NULL | NULL | NULL

4 FT02 | NULL 0 NULL | NULL
(FT02)| FT03 | NULL | NULL | NULL | NULL
FT04 | NULL | NULL | NULL | NULL
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Fig. 11 An example of data record in the machine
too database and cutting tool database
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/*Feature Data®/

840 /*Feature name (Arch)®/

0 #Number of parent feature except raw feature®/

0 /*Null data®/

4 *Number of tool approach direction®/

0.000000 1.000000 0.000000 /*First tool approach direction™/
60.000000 5.000000 0.000000 /*Parameter (depth, radius, Null data)*/
0.000000 -1.000000 0.000000 /*Second tool approach direction */
60.000000 5.000000 90.000000 /*Parameter (depth, radius, Null data)*/
760 /*Feature name (Open pocket)*/

1 *Number of parent feature except raw feature®/

790 /*Parent feature name (Slot)*/

1 *Number of tool approach direction®/

0.000000 0.000000 -1.000000 /*First approach direction®/

20.000000 30.000000 10.000000 /*Parameter (width, depth, length)*/

/*Process Requirements*/

1

/*Total number of set up*/

0.000000 0.000000 -1.000000 /*First tool approach direction*/

1

4

KvV2s

790
PES2020R
SSE4130
760
SSE2040
750
SSD09%0
MRI110
840
SSBE2060

*Number of required set up for the given direction®/
/Number of machinable feature for the given direction™/
/*Machine Tool®/

/*First feature (slot)*/

/*Indexible end mill ©:20 */

/*Solid spiral end mill 15%/

*Second feature (open pocket)*/

/*Solid spiral end mill w4*/

/*Third feature (through hole)*/

#Solid drill %9.0%/
/*Reamer 10%/

/*Fourth feature (arch)*/

/*Solid spiral ball end mill ©:3.0%/

Fig. 14 The process requirements generated by the

system

/*Process Requirements*/

2

/*Total number of set up®/

0.000000 0.000000 -1.000000 /*First tool approach direction*/

3

KV2s

790
PES2020R
SSE4130
760
SSE2040
840
SSBE2060

*Number of machinable feature for the given direction®/
/*Machine Tool*/

/*First feature (slot)*/

/*Indexible end mill 20 */

/*Solid spiral end mill 15%/

/*Second feature (open pocket)*/

/*Solid spiral end mill w4*/
/*Fourth feature (arch)*/

/*Solid spiral ball end mill ©3.0%/

0.000000 0.000000 1.000000 /*Second tool approach direction*/

1

Kv2s
750
SSD090
MR110

/Number of machinable feature for the given direction™/
/*Machine Tool®/

*Third feature (through hole)*/

/*Solid drill 9.0%/

/*Reamer w10%/

Fig. 15 Change of the process requirements according
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