The Japan Soci ety of Mechanical Engineers

2163
HABF SRR (C 4R #XX No. 01-1054
68 % 671 %5 (2002-7)

BT TIENBEEREHCN T &7 IILT ) X LnER*

wOmOEY, K B @ w
"B O\ ¥ x R =~

Application of Genetic Algorithm
to Automated Design of Bending Process
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An automated design of bending process was carried out by using an artificial intelligence. This
design which is to decide an optimum order of edges to be bent can be considered as a kind of
traveling salesman problem. A genetic algorithm was applied for a solution, where a gene is an edge
to be bent and chromosome is an order of gene. If an interference occurred due to an ill-considered
order, a process cannot be carried out. The interference would to be known at the beginning of a
design, while it often occurs at the end of a process. In order to design efficiently a practice of an
inverse process design, which means not to decide a beginning order from a raw material to a product
but to do a development order from a product to a raw material. Automatic design of two product
profiles were carried out in the condition that two crossovers were examined and a scaling changed
and it done successfully in the case of combination of two point and permutation crossover and
gradual change of weight of a scaling. A fitness function was composed of five process factors which
include a interference.

Key Words: Production Systems, Design, Process Planning, Computer Aided Design, Genetic
: Algorithm, Bending Process, Inverse Manufacturing

DD UAT LEAEGEL, %D‘JJDIO)@@J&J‘EH»WZ)

1 :
® = HRE(LEI OB A AR 5.

ITAEIZ & B RVWTIESFHI BT HEE®HL, AR
B, MR EDOERIEE > TND, BRI
PENLOTERFHIZOEMS LH Y, BEEEDEE
HWHARDY 5 B AT LDOBRENEHF SN TS,
Z O LB TR U CEERRETZ1T O 1L, Hil
AR, FHEREEOEER, $FETT N OMEINZ,
SRR b DRCEARIER IR AR TH DD, BT
FRRA D R < EREAfEE R OIT 5 Z L3 LY,
BRI LAY XL (CUE, GA EBET) (24EHDR
AR U= T LT XA THY O, B
B ORR% R EXEAER R ERVE LTV &
SITIIANTW S, AP TRE, B INTooTERE
B —V 22 ERE (CA%, TSP EB89) 104
BFL, FZICGABEATH Z ik W B TREA sk

* Ffa2ft 200148 A 20 H.

*IER, AHBAE LN (D 464-8603 R BHTRIKRE
HT).

" AHBREKRER.

E-mail : mori@mech.nagoya-u.ac.jp

2 RSHITFMIONE

2-1 IREHHFITRE SEERLRS, B hiTOBE
2, ZLAT L—XTHITINIAM TN 58, Zof
ETROB X 1T, 25 r‘o FRDEERR
WARDTZ 7 21D, difE (AB) (278> THIE

$/?&ﬁbﬁ%(@l@),mﬁméﬁEné.
BiERE CHFAMThon-1%, DRIEANEESNT,
BT B & A2 B

22 TIERET TEEMEDIC O, T &S
T, L7ehioC, REBICHIMEL 72 B 2R 5y
FHEEMT B - L &5, D), FLATL—F
W7 EEZE (K 1o H, W, D) ZRERL
TR ZEMVETHY, RoFZr—RER v e L
THRMENRSHD. ZIT, /—AFRvZ7LiE10
IOTT & D IR & s ARSI ST 6 /e
WE T ERIT THODDERIC LR E .

—237—

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

2164 7 TR0 BERE NI 3 BEHT LT Y X ADEH

Blanking

23

1st bend i————-——

recess ‘ / holder of press

gooseneck die

after bending

= before bending

Working space

(b) Bending tool () Gooseneck die
Fig.1 Sheet metal bending process

5 UM CFEVE Ue & 5 IBBER, dhid
NEFFE2 SN R F IR A RTET BXLEN DD, —,
SNSRI T, Rt EE, RSV S
Ry 7, Fyoos (BIFRAROKRY) ZOREBER
WEUBBEHH Y, ELex KL ORERENS.
-, BEOBCE, BOTEROEEIIOWTHLERE
THUERDS.

FRAEE LU TEREHL, BRE ORER LT
SERRIC X BAEMEAMEE TH Y, ARIZECIIE DY
#ao Al R L, SEM RN TR &1T
5z L& BIET.

3. BT IRI[GEHIBERY SAFEOR

31 st htioBtEE SEtFELE, &5
Z ORGSR L, 2 oBRBISERK (&
N ST EEGE fOERETHREETHY, £of
T, BEREA R O RREA S-S Rl LRERE &
M, Ry Pa— o 7RERKEE — VA< L RIE
R EREOFITHS.

3-2 ®Et—ILATURBIE (TSP) Ziud, 31
TR L D 7o A A ot i LRED 1 T
HY, Exoh/-#mir—Ed oML, BABEKE
ol & 4 DlEEIR A kD DA THDH. TOMAED

WIS E NEETHE, V=D !/ 2{@HY, NP
REH BT HRREE 72D,

3-3 BHITTAZRETD TSP AR I=xt9 D854
ARG TR, dF TG A A AA ot o LT D
—HTHD LB L, TRERGHIMTRE LTS D
BRI LI TRENS. 20, BT HEIC
BIRIRCTEAM 2/ — AR 7 DFERE T2 R M3
2L, EERRPERA & CRHE XS,

3-4 WTIFSGIORE BEEhTITER &I,
TR XN S8R U Ol Bk, Boie e
BARETHZ ETHY, ZHUFUTTFReDERIC

TR DEEEEE L UTERE T LS AR LET

fERREt AT .

0 1 oOREBIZXT LT, FIEEMEDH HFBIR, T
HEIZEH Y, sif TRERHE Wb, &
DB DNERRE T 5.

W &8 & 7L ABIRO TR B BN IR
SEWTRETEI Y, IBFHRTIETHORENERS
RAEERPECED £ ThHMBT, WITAETIXREIIC
HHT 5. :

MTARREE & 1T, R LT e 1 o7
SHELTERL O &, FHORELHEEL, 72
HUFFORRCREAL, BBV IRT Z &2k R
KE1ERT D Z L THY, FHIERFIEDH A
ﬁlﬁtaé ZDEHI, TERZNIBZHHITRE

RRGTAATH Z & T, 1TAERSTOVIHIDERRE TS T =

Fig2 An example of selfinterference
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Chromosome code  [®),0,D.®, 1,2,3,4]

Circle edge are to be unbent.

Fig.3 Encoding
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Parent A :
Parent B :

[12]345|67]
[27]365(14]

*Crosover
Oftsping A: [12]3 65167

Ofspring B: [2 7]3.45]14 ]
(2) Ontogeny of tatal gene
Parent A : [12]345]67]
Parent B : [27]365]14]
Oftsring A': [12]327?]67]
Offpring A": [12]35?]|67]
Ofspring B: [27]322]14]
Ofpring B: [2 7|3 57|14 ]

Crossover
Oftsping A: [12]354]|67]
Ofspring B: [2 713 56|14 ]
(b) Partially mapped crossover
Fig.4 Partially mapped crossover
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ParetA: [123456789)]
Parent B : [426587391]

* Crossover

OffspringA: [123465879 |
OflspringB: [4235678391 ]

Fig.5 Permutation crossover
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Fig6 System flow
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Fig7 Geometries of products to be automated-designed
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Fig8 Check of interference between die and material
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Fig.10 Proceed of maximum fitness
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