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Forward Projection Using Fuzzy Logic in Axisymmetric Finite Element

Simulation for Cold Forging

N.M. Jung, N.K. Lee and D.Y.Yang

(AMual B}, Linear Inter-/Extrapolation (413

Abstract

#3324 s4), Forward Projection
W-2]4H), Fuzzy System (3] 2] A AH)

In the present paper forward projection is proposed as a new approach to determine the preform

shape in rib-web type forging. In the forward projection technique an optimal billet is determined
by applying some mathematical relationship between geometrical trials in the initial billet shape

and the final products. In forward projection a volume difference between the desired product

shape and the final computed shape obtained by the rigid-plastic finite element method is used as

a measure of incomplete filling of working material in the die. At first linear inter-/ extrapolation

is employed to find a proper trial shape for the initial billet and the method is successfully applied

to some cases of different aspect ratios of the initial billet. Howeve_r, when the initial guesses are

not sufficiently near the optimal value linear inter-/ extrapolation does not render complete die

filling. For more general application, a fuzzy system is used in the forward projection technique
in order to determine the initial billet shape for rib-web tpe forging. It has been thus shown that
the fuzzy system is more reliable for the preform design in the rib-web type forging process.
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THEN(Z2+%) 4oz EH3jgct AT

dee ol 32 #A(Q)9% o 39 A(4Q)E

stglen AENS Hew S2E IPNUP=

sk

RULE? : IF(Q 7} ZERO°]| 2 4@~} ZERO)
THEN (4¥ =+ ZERO)

RULE? : IF(Q 7} SMALLe]x 497} ZERO)
THEN (4¥+ ZERO)

RULES : IF(Q 7} MEDIUMe| 2 4@ 7} ZERO)
THEN (4¥'+ ZERO)

RULE4 : IF(Q7} LARGEe| 3 4@~} ZERO)
THEN (4¥'+ ZERO)

RULE5 : IF(Q 7} ZERO©] 2 4@~} SMALL)
THEN (4¥ & ZERO)

RULES : IF (@ 7} ZERO¢] . 4@} MEDIUM)
THEN (4% ZERO)
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Table 2 Fuzzy logics

4Q ZERO SMALL MEDIUM LARGE
ZERO ZERO ZERO ZERO ZERO
SMALL SMALL SMALL
MEDIUM MEDIUM MEDIUM
LARGE LARGE LARGE SMALL
AR Ay

R1:

R2:

R3:

R4 :

AN
PN
PN
/]

RS:

R6:

R7:

R8:

R9:

Ri10:

R11:

2440828
S EPLLPT
V23288

Fig. 15 Schematic representation of fuzzy logics
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RULE7 : IF(Q 7} ZEROo|31. 4Q 7} LARGE) of ;A F2E 32 e AL Table 23} 7z
THEN (J¥% ZERO) =AA o2 Jele Fig 153 2,
RULES : IF(Q >} SMALLo| 3 4Q 7} SMALL) (=) HA 22
THEN (4% SMALL) 38 B3 A BAE Pu4g F42 Jehn
RULE9 : IF(Q 7} MEDIUMe}3 4Q 7} HA FEL& AES, ol HA 229 AAL
MEDIUM) agle 2 vepy Fig 163} 2o, 19 3k Q, 4
THEN (4¥' = MEDIUM) Qoll fle] ztztel wx| HAZ AHold wiuid &
RULE10 : IF(Q 7} LARGEe|2 4Q 7} LARGE) T £8 dga Aol Y& AL A7
THEN (4¥= SMALL) 9 ddz m(Q), m(4Q)E¢ T o S
RULE11 : IF(Q 7} LARGE<|: 497 SMALL) 23, F A4E T o] AF-L AA B
THEN (4% LARGE) A gtAlell oisled 283t Fig. 16014 ¥5 7zpzh
R1: \ I\ \
R2 PN N\
~N N

R3: //\ g 5 /\\
- /] pd .

Q AQ

0 )

Fuzzy reasoning ll

m(Ay)
Tm_. A

L v
(" )

Defuzzification U

2 m(AY;) AY;
A¥y =
Y m(aw)

- = _J

Fig. 16 Fuzzy reasoning process
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o S A R YPEE FAL A4 T AE o1$Y ARTA i 2 (rib-web) 9

[} o
1 = T
T 2 A AFelw oL i (crisp) F  FHE M FUA FE9 B2 FAe gt

=t 9] S ez wie] b, g9 23tch BE o4 2L ALEAEE A8
AFA WA P 27 F4ulE doleist slel @ A 22 2ne) Fol % Fo 7} 0.8
FR84 A4L S o WA A} Ay 4ol sk 1) Aol 8 ko

FYo) 43 AU W, 3 AZY4R 2E DL dE £F A4S A A2z

W o] 27 apulsh H1 27)gke) Hok, A7 38 Sz Folsbd A% AFA WY 7]

2 A3 9 =& 2ol AW Aol BIAA AR ATY Zzade
27194¢ AR A2t FYELE AA = = AR AFAL A
N L

(a)
(a)
gEESHE
11 2 / _
NENEEN — 111

(b) (b)
Fig. 17 Initial mesh and deformed mesh configuration Fig. 18 Initial mesh and deformed mesh configuration
at the final step(I"=0.8, ¥=0.698) at the final step(I"'=1, ¥=0.705)
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Table 3 Applying sequence of fuzzy system
Ratioof rib height Aspect ratio Ratio of rib Aspect ratio
to rib width height
to rib width

First trial 0.8 0.4 1 0.4

Second trial 0.8 0.5 1 0.5
After applying 0.8 0.698 1 0.705

fuzzy system

(b 2B Fol o Z¢ v|(MN7} 0.8 AL

28 P43 £A9 =7 AL Fig 4o et
Wik, Tabe 1(b)oll 23wl FAn 71 0.4Uwle}
0.59a SYWell £A7 LA3 FaksiA gt
=3 Ay wakygol s T3 A4l 0.534% Ay
B s 48 4 iAol HAl=eE ol gy A
yEALE AL =ik A A 0.49
0.5 dule] AnE 712 #Hx £2E o[&d A
W EAYezg 73 %7 ?ﬁwlﬂ 0.698°]w o]w
o 27) Aztel 2| F WYY Fig. 170 i
odc}, Fig 1764 & 4 »1 o] £A7} Z¥el <
A3 Fursle AE .
() glae Eo] o %4 w7 19] 7%
23 PAe Fig 49 2z gr Fojutg
20% %71 Alzch Bl Fol o o ®|(N)7t
0.8 7A-$ot mlaslxl2 Table 1(b)oll4] & A
7} 0.44w9} 0.5% 0] el AFYAY v Fu)
9 zglm of F Hoo AE W4R o HA
E2E o437 AWUFAEE HL3lo] ode
27| Aol 0.705015, olale] 27| YA AP
W3 PA-S Fig. 18] vellisich, o]mol 44|
7} o) 2hAds] Fuk ®HYEE & 5 Utk
9 AE Ed AFEel e FAUE
s 32 £ gt Ao o s zad
g AwEage ady 2445 AgEE: ¢ +
pedol

%ow 34
Ao A8 Agg zheE)

o

o] Ak

O

Lo

$A8 HA =E ol & AT
Table 3o vepied

4.

]
ru

2 AFolAE FHes HA ARG o| sl

271Y4% é"éé}% Az Wiz Ay
72 o83 AFAbE S A Alawg gt
SoiA Be-de (lbWeb) Fele gz 34
of AgFezA o5 e AES AUk

(1) 99 F 27] Aol i Fox 4 A
5 ol 83t AYRZE o]&F AW FAWE
HBste] 7 27] YAuE o] &3t Ftess

$& A3e Qs

¥ eRe AFA%ADe) d7u] Yoz olF
of Zowd o] A AAA FAEYY,
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