IS ETA |25 =2 E! Vol.16 No.4 2007. 8.
Transactions of the Korean Society of Machine Tool Engineers

SR BT RRE

oAln] A3 3 A 2]

H “
25 4A <

=% =+ = 7|t++
gds’, 0|85, 2=

(=E-84Y 2007. 2. 28, AALEY 2007. 4. 23)

A Study on the Optimal Preform Shape Design using FEM and

Genetic Algorithm in Hot Forging

SungHo Yeom*, JeongHo Lee’, HoKil Woo™"

{ Abstract {

The main objective of this paper is to propose the optimal design method of forging process using genetic algorithm.
Design optimization of forging process was doing about one stage and multi stage. The objective function is considered
the filling of die. The chosen design variables are die geometry in multi stage and initial billet shape in one stage.
We performed FE analysis to simulated forging process. The optimized preform and initial billet shape was obtained
by genetic algorithm and FE analysis. To show the efficiency of GA method in forging problem are solved and

compared with published results.

Key Words : Forging Process('tZ3-7%)), Genetic algorithm(GA)-3-AA} 4312 E), Preform Design(B]AIE ] )

LME

Ao AR A 7 Fat ity

k]
719 Shtolc. Bk olHe 34 AY 740 45t
g

2olA Ao] gle 7HEe A¥ole 2 M
FRT o] AZeHA Hr. ojFt ol 249

27134, 24 999 27|12k, @245, v Ae O

++

Fathsta /AR qate
St 71 A ST el

B 527 539 A% 34 ol o w2 9 T
A Hoh aAje] 27|9AE 2T Fdol BHE FEol
SARE T FAL e gt 2y 271ax7t &
=3t iRt B4 viA e Yo R RESHA o &
it G233 R et S YA
< AAS: ol 71231 gl o F fEhas 4
A d2FHY 7= wgstA LA ok A WA=

AAAA, Za 71AFEY, FddgE BK2l HrtEE2Y AT (hkwoo®@cnu, ac. kr)

Fal 305-764 AFHA {FATF FF 220

29



aMs - 0|53 - £3d
o 2 3)(Backward tracing) W 0.2 Fo{% opx|gt g4ko Mgt wpg o ofo) djstel 7heke) Rokshd Thew} Ptk
28y G2 IRH 359 IUARE 25 Yo $4 dnaze @AYo g Yol 4 g4 (fitness)
t}. o] WS @ 7}x| Axlo| Stk 3 WY Azt St o] B HAZ b AT AT, o]So] WA, mH)
2} o) 2o A HTANA olulJF A BAbo] 24 A a8l3 Bduo] 5o METHS AR e AYE o)
S0 o)) Bhe W3S wg 4 9lrh Kobayashi®': T A et
H7|ME o] gato] B 717 BRTAL 43T o] 99 Autgel MAMS A4 BYL BAFE] Had
T e @?7} 23 5ol E3] BAst AL A 24 tg 4 ()i o] EHHL.
2L Eao] ] TA thadt FAHS THEojRE XLy o
%o, ﬁH*i% 235t 3o YA ZEFAT o7} 9IS 7 minimize  f(p) pEH
2 dugRA Y B 248 ERIAS AL ngEy® subject o g,(p) <0 i=12-m M
7 g% A2 Z050 du| YA AAT Mo Be ] ]
e e s A71H fp)E HAE BR32 ofn, pi AA ML of
)31 9tk 2A7FEOlA $AH FTIYSL 4E, slo|=e L A HOE BB GO0)m. g(p) L
¥y 9 0zEd Sof 48Tol BeuD ot wrpyey  r L= AANS WS daehs 990l 0. 0)= A
AR S SGzAolth A gua2o] g BEAFSo At
A P o) A4 94 29 o]HLe BHS 9 T < = A
] i e o g75] g Aok 2L et HAks A4 35
A4 SALTYZY R4S HA5| BE 4 ks A
(e} /\
ot} Z, BHGSO A4 WAB| QsHoA vagy Do uT(penally function)Z HEH} YTT HES
ol HE WG AR 4 ik AT wge) Qeto) gy 1 ot MRS A A SHARS shob g
PE BE WoolA 2L 4 orks WS AN Ytk i
B =Rodl §AMATYEY sl AeH 3. GAE 0i33 +XI5HY oAl
A3} 0L ol gote] 247 R GREANA L T _ _
A} A A ARY] HAFAS B Ao] A7)H o] H oA 37kx) o) G2 A0 Tl GAS #4-3}
Aty 783 71Zo] ATH Bz EAo] Aol vl Wl PAS AHs shgh AAE BEA FHo HUad
28Me wol 20t A TN 27] A PAL ARSI o] S
2 4 QEE PAS AU T AR BEATH
2 '?r{_'lxl' %_I'I'.E-I’;; olg@. _,:EII_.IME-U“ o] PR3t tpt FANA E27 FAL 493t —’Q%i‘}@
A 2ol 2 HEE oul4FA 2] YAS A AT
3]1“,352} (H:IL"" /\}-8-% %?fj c;’s-].'—ﬂa] q__dol z;q. }Z} ﬂ U}Xl rog ‘Z] = 71 %5@9] 01]1:1]*3%21]% O]‘g‘

d Azte] HAQl AAAYE(survival of fittest)dh 2 A= el
(natural selection)?] ¥&]E EO|2 3lo] AYH A3} 7
‘?JOM +44 Aext g *EEJ‘%EOIE}— e} A4t

EE“FJQ’_]- _E_']-EX‘] o] E]-AHH]-I.:;]O]I:]- 0] 0] H()]]and7}-
Xﬂzili} AFon, 38k Fokofi= Goldbergol] &jaf 7h- &4
Fol st HAAA 7 A2y ol B2 A7t FFHAL 9
o} A Aske] dzlof ofstH YAF | RS Ao
AT Qe ARAIES 1 A A3 342 7H A7
AES S5 3A A9 2i(Crossover)?t =AW
(mutation) 2] }4-g %3 EE]' £2 wgro 2 At Ut
I EAYs FH9 AAEL 35k A A HA} 2HE
o] Zhth. Z=p o|9t T2 A o HHog AL

\_.

s WHOR Mgk AL HEolsH -r°1 7o)
7P AP FAY S0l BAE Aol fAgnE
& o AEAlY Ad Ast P Lt HZs} FAH

30

stof AFS A Au 4P A FAdoll thted Genetic
Algorithms 7]¥& #-§3to] AAH e YA F4
v 5}o] Genetic Algorithms 7]%] 9] 4842 &9l
3.1 ¢tk SHoM .’?_7|

Fig. 12 9 W3
70| H= 70mmo], D
SEETEPSERL
ol siebd 43 o)
SEEELTEE

+4 OE]'_’ﬂ—’Oﬂ

% z3si0] AR A WA 24
Ao} ¥R S RojA A 2o AH
ez 3}011:} *Zﬂﬂ ?%?Oﬂ FUE

e



HIZEI|A SR

& Vol.16 No.4 2007. 8.

(2,) = (z, - R)* @

—

5 A BARE 4 Q)2 A47 B9 9594 98
A9 249 39 Aol9 AdE it G298 F 4
A9 4 A 5,220 A4 Yoo Fol4 27o]
29

@ 4 o7 B
folz,) = (z,,—z,) €)
A W B A @) BN HAFE yehar
o= BAA9) QoIS Uehz B 330] SN
2 e

yle,) = nath @

4 @349 48 23 05 13 BHYLE 133
2ol 4 ()2 T4

Min fapt(azr)Iozf1 (z,)}+ 81, (z,) +f, (z,) 6))

Subject to
wszz V., 1smm <z, <40mm,

T0mm < H < 300mm

A )l apre 449 B TR B2 7}
FAS guRith. 249 Fa(V)y= 2% Ho glow A
S ol g AR LA WAF 2,9 3o} 249
£0) H7t A% 9ot 239 BAE 2, o AA9] go] H=
44 W9 YolH AHHEE AF 24E B srt

4 (2~5)2 AE AEzAT BATLE 94 d1ES

Top Die

$40

H70

Bottom
Die

420

Fig. 1 Die shape of one direction flow part

31

of 2g3b7] Sial AYB4E FAHlok Bek. 4 (6 2
o HYPSE THR] AYES AdsT AANSE
Ak 4 () AL HNPOE SR Frus
29 ol AR A2 T 930 Gl

E
Z2
|
Yy

Max Flz)=F,,, 1, )

(©)

A9)9] 27] e YUste] f3ta 2 ML ST 5
AL 4 (6)02 TAY o] qdstd 42 e 4
AMSRE $ALRIYEL se 0] At 249 A
Ao Al 5052, 7HE 22 200C o|th 48ta s FA=z
71%& DEFORM -2DE Abgatgich. AR EHY of%
=& 0.5mmss, FHAL0] Q) A7} 2mmo] W AHEEH )
52 BASAL 2,9 27132 34mm, AA9] Hul Vi
21790 mm’o]t}. 0|3t AL HELaste] 4247} 28
of 2% =5 o A3 FAL S

Fig. 2= 27]479) F4te] tfat H A3 AAS $asto]

o b

24" 2719 A2 H¥E RS 2% 28 314
2 Fe T 4 Yoh Fig. 32 A3} AYE = FAol

(a) Initial analysis (b) 6th analysis

Fig. 2 FE analysis of one stage forging

Object Value(x,)

Iteration Number

Fig. 3 Object value at one stage forging



#A4E . 0155 - 25U
R T T T T LE T T Ty T = N
- 2
940 B
920
3 w0 ,
.
é 860 ' : h
= 840 i :
820 N 4
8oor Fig. 5 Design parameter of two stage forging
7800 5 T:O 15 20 25 30 35 4‘0 45 50
Generation (teration) U SAYSE FU5 2494 4G azt 5 o))
Fig. 4 Evolution of fitness function(one stage forging) gag e ggTt 4 (8)z Tk
A BHGALS depd Aot A 0R Sue| HhEa) file)=lea o ®
AS st F30) S A o fol ZRHA. A WA SASS A O) BRIB T 249 Y9l A
AR ot 42 o, HE 163211, 2541mm g g 3005 7o) hole] HelA Y FYY HL
o4 247 F@ol 2 H%tt Fig. 41 GATHIA 4 2 gt oo g B34S EASHH 4 (9)% 2t
gl FUSHE L BART 'q $yshe] F3ist
Fylwgm,) = (2, —2,) ®)

3.2 CIHEBFOIN ouldEel 21N Fa 44
Hhsk W o] AlSE TRl A 3 Mo 7R oR A7}
of %1t ¥ A& Fig 20041 A" ;A7 Ahs}
AstA = Aokd A AT A 53N e
relo] st ol2 e FFo] g A= 5

€ 3= A7IA Ao A gl ozt SHuA
2 AT FFY wt st EHAY F2 2] Sl
Fig. 538 ©2349 33 2AQ & AA 3
U4 & sdsteq SR

(o]
2
Hé
E197
=2
I+ O
-
=]
h =4

1

lo o 5% 2 ol

L 2

=27 38E

=l

Wﬂ heh o & A9 AAESE ax;snor stk o
3 o] ojg] A9 ZHTASE A8
Ak A MR FHTeE °1]H]*§f§7‘<]_4 =o|(h)9t B
Aeg 4 (N 2tk

fa (zh) = (Ih - h)2

32

4 (789)9 A7 Z3 d8) A2 BATSE Be
2ol 4 (100.2 T4t

Min f,, (z,z,) =
aof (22, )+ Bfy (@ 2,) +1f5 (2,,2,)
Subject to
30mm < h <50mm
50° <a<90°

G3RoI4e FUsHA 4% 24

&l

}\] (lo)oﬂ}ﬂ a?ﬂv 'E —
A& Au|sty h, aof dizk Ao}

4ol 250 B 715
274 tehyert.

ad

4 (-1022 Aold Atadsl $4T5E 44 42
2jzol M 4el7] S8 AYUSE THHT A (D3 2L
AReE 2ol 4TS At ANSE 240
ek A (109 AR5E ARG £ of7]4
Fawe 29 go] AAFRIE 22 51317] 91 goleh 9
o 27] 3t ha® HUstel HRL WAL YT 4
27 A (1D2 T4 ATRS] Aol 0L T
23 49 A2 AAUSEE Al



E=IZET|AE S =28 Vol.16 No.4 2007. 8.

Max F(h0)=F,, —f,.(1.6) (11)
olefst By g wEsAstel £A7E Bl FU B
o 253 AYL FUSH Fig 62 B4l $7
UL Agstol WAD AN FF FVHE
422 Hol2m ook AT Fig. 748 6ve] A

BHE ARUA YA b2 34.7mm, ot 68.1720
A FY) 247k Fusgon FAAY Fe Hast 53
9. Fig. 82 GAZolA T3] $F5E 332 Hol%
ek, o] 2710 FREA hehta Yiet

R

3.3 HROAES] oftl & M
¥~ E(Articulated Piston)& TAANZ o] AHEEE
YAEOR J|Eof AHGHY dRulRANYLEY] 7]4

. S 4 7] ot SAy) o8 AU 5 AsolT
(a) Intial analysis (b) 6th analysis 24 A=Y H_ﬂ g 323} H_OH g sagont
Fig. 99} 22 342 & Wl 71 & + 7] g&df 37
Fig. 6 FE analysis of two stage forging SA BEATHE ANA o) ole] it A7k ofu]
ol — : T g o o SR AES g A R A
\\_\ < B WY Hrhe 22U HRHF0] 37| i) ofuly
\\\ A9 Zol el it A7t Basit 244 29 A
0T - T BReh W B REof dojof st fHUYT|EE o
ste] AARSE FA ool o) %A A Arket
. e e - Bttt FA% ¢SS o §dte] JAEY] GRofA
0] oo o - e dEldBA dAE A TP b2 Zo] AR
— A WA 51T A (128 28 ARl Lolz 9 dx
Iteration Number A &A%t 39549 Azlp, & Uehi F WA BHge
Fig. 7 Object value at two stage forging A (13)2 5 AE BA REO olg, of ¢ A%t 28
o] A2 p, & vehdith 222 A WA A3 A (14)
0 o E Uz 3 OAE W HA BHo|4 Axe FHI A
o : S UErlnh o] st A¥xFoR EAY4F A}
*  Best Fitness
4000- Average oA (159 gk
@ 35001
B filz,)=(z,—p,)? (12)
> 3000 .
g 2500 ) (@) = (z,—p,)* (13)
o
£ 000, flapz,) = (z,, —=,) (14)
1500: fopt (Zg"Tb) = (15)
1000- of, (w,,) + 6, (z .2,) +7f5 (z,m,)
T T N R AARA HAE 9 B2 Hol Ao th3t Zo)
Gereration (iteration) uhapo] A3k z2AL then Zt

Fig. 8 Evolution of fitness function(two stage forging)

33



R
0x
ok

foh

40
fok
[N

Cooling gallery

(b) B-B cutting view

Fig. 9 Design parameter of piston forging

25

—m=— Cooling Gallery part
—e—Piston Pin boss Patt

e

20

-~

UJBCL vaiuy

Iteration Number

Fig. 10 Object value at piston blocker forging stage
Subject to
Omm <z, < 14mm

16mm <z, <24mm

GRIAEL V4THAA ZHhAol7] mizel oo wizt

§3 24342 DEFORM-3DE A3t ATh A28
AY &£rl 2mm/s, A= AISI4140, AR L& 1200%,
B %ﬁé bo] oAl 042 7HYste] AL £38)
Aom, A HAY 011'31**5*%1]4 o EARE 16mm, Az
2L 0mmz 3t} 4 & AT HAZ2URE FAdE

34

fitness value

15 20 25 30 35 40 45
Generation (iteration)

[¢] 5 10 50

Fig. 11 Evolution of fitness function(forged piston forging)

(a) Unfilled at D, :0mm, p,:16mm

(b) filled at p :7.21mm, p,:20.56mm

Fig. 12 FE analysis of forged piston forging

of 48stel ALTZ A3 A2 WEeE FHat
Rtk Fig. 118 2440 g2gto] Aol H2A 59
ST 98S 22 3 4 Ytk GAY) 93} A3E WeE O
A mEgsel §ead A Sastgt of IS w2
sjol S ATHe Fig. 100 ehjoic A9 B 1A 3
of o] 20.56mm, {2 3el Zo| 721mme o FFo|



o
i
O
ik}
N
p-)
%
ot
rir

=% Vol.16 No.4 2007. 8.

247F 35 stk ole ¢A d5+E 20mm, 7mme] g3t
Ao loiA wlS- fAskA: Fig. 12 271400 43
£ o S8 247 njSE A GAY s +Hd
#oR AFRE S SR 247 FE AL B

T 9.

N
=

2 Aol
HF RE4E 2

A3he Sasgnh

2

©
-
of
oZi
é
2
N
a4
B
>
1o
T
)
i
&
Hir
-
Y,
ol
o
Ho
)
b

A9 2300 7 A5 nam A TP
sof 27479 342 2Hetaich
(3) DRERAN FHuAY B2 349 4P
EE LML EPS R R T L B
Aotel 5 AEE BAPLE ARt AHARA
A4S AAstse,
@) 712 ATH BEAAEY o4
2Ale] FHo) F9 HE0) O BATSE
ARG RAY BAFS AR o] 7|2 A7E Y

Yt vlwsko] §-84& B

J

ZIA

3
W

of 8L 2005dE Susha s

st drENS

A7ulg) ] <

#ag

r

(1) Park, J. J., Rebelo, N. and Kobayashi, S., 1983, “A
new approach to preform design in metal forming
with the finite element method,” Int. J. Mach. Tool.
Des. Res, Vol. 23, pp. 71~79.

(2) Han, S. H., Rhim, S. H. and Oh, S. L, 2003,

35

“Blocker Design of Closed Die Forging with
Wavelet Transform,” Transactions of Materials
processing, Vol. 12, No. 4, pp. 277~283.

(4) Shim, H. B., Noh, H. C. and Suh, E. K., 2001,
“Preform Design by the Sensitivity Method,”
Transactions of Materials processing, Vol. 10, No.
4, pp. 294~301.

(5) Kusiak, J., 1996,
optimization in large scale problems of metal

“A technique of tool-shape

forming,” Material processing technology, Vol. 57,
pp. 79~84.

(6) Roy, S., Ghosh, S. and Shivpuri, R., 1995, “A New
Approach to Optimal Design of Multi-Stage Metal
Forming Processes With Micro Genetic Algorithms,”
Int. J. Mach. Tools Manufact, Vol. 37, No. 1, pp.
29~44,

(7) Conceicao Antonio, C. A. and Magalhaes Dourado,
N., 2002, “Metal-Forming process optimization by
inverse evolutionary search,” Material processing
technology, Vol. 121, pp. 403~413.

(8) Guoqun Zhao, Xinwu Ma, Xinhai Zhao, Ramana V.
Grandhi, 2004, “Studies on optimization of metal
forming processes using sensitivity analysis methods,”
Material processing technology, Vol. 147, pp.

217~228.

(9) Castro, C. F., Anonio, C. A. C. and Sousa, L. C.,
2004, “Optimization of shape and process parameters
in metal forming using genetic algorithms,” Material
processing technology, Vol. 146, pp. 356~364.

(10) Yeom, S. H,, Lee, J. H. and Woo, H. K., 2006, “A
Study on the Preform Design of One direction flow
forged part using Genetic Algorithm,” Autumn
Conference of Transactions of Machine Tool Engineers,
pp- 386-391.

(11) Yeom, S. H., Lee, B. S,, Rho, B. R,, Seo, K. S. and
Hong, S. 1., 2004, “A Study on Forging Process
about Preform of Articulated Piston for Diesel
Engine,” Transactions of Materials processing, Vol.
13, No. 7, pp. 635~641.



