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A Study on the Process Design of Non-Axisymmetric Forging
Components

*
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ABSTRACT

An upper bound elemental technique (UBET) program has been developed to predict
forging load, die-cavity filling, preform in non-axisymmetric forging. To analyze the
process easily, it is suggested that the deformation is divided into two different parts.
Those are axisymmetric part in corner, plane-strain part in lateral. The plane- strain
and axisymmetric parts are combined by building block method. And the total energy is
computed through combination of three deformation parts. A dumbbell-type preform has
been obtained from height and volumetric compensations of the billet based on the back-
ward simulation. Experiments have been carried out with pure plasticine at room temper-
ature. Theoretical predictions are in good agreement with experimental results.

Key Words : Non-Axisymmetric(8]&ti#), Rib-Web Shape(Z] 5-§12874), UBET(3#A844), Build-
ing Block Method (8% u), Preform Design(d¥4 84 44), Dumbbell-Type Bil-
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Fig. 1 Analytical model of non-axisymmetric forg~
ing
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Fig. 2 Flow chart for forward UBET simulation
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Fig. 3 Flow chart of backward simulation for pre-
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Fig. 4 Upper and lower dies for experiment of
plasticine

(@) Billet 1 and Billet 3

{b) Billet 2

Dimensions of initdal billet (H/B=1:1)

Dimension
Billet T w L R Ry
Billet 1 244 300 | 1200 | 150
Billet 2 244 300 | 1200 | 184 20
Billet 3 244 368 | 1200 | 184

* H : height of rib
B : width of rib

Fig. 5 Dimensions and configuration of initial bil-
let for Non-axisymmetric forging (H/B=1:1)
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Fig. 6 Die-cavity filling of final step for various
initial billets in Fig. 5
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(e) Billet 3

Fig. 7 Flow pattern of final step of multi- layered
plasticine for various initial billets in Fig. 5
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Fig. & Variation of experimental forging loads for
various initial billets in Fig. 5
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Fig. 9 Die-cavity filling process of element system
for Billet 3 in Fig. 5 (F/B=1:1)
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20 %X

Fig. 10 Die-cavity filling process of grid distortion
pattern for Billet 3 in Fig. 5 (H/B=1:1)
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Fig. 12 Comparison between theoretical and exper-
imental forging loads for Billet 3 in Fig. 5
(H/B=1:1)
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Fig. 13 Backward process from final configuration
in non-axisymmetric forging (H/B=2:1)
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Fig. 14 Height and volumetric compensations
based on final billet in Fig. 13
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Dimensions of preform (H/B=2:1)

Dimension|
Billet T |WI|W2|L|RLIRJ|P Re
Billet 4 44,4 | 832 | 21,0 (1200|188 | 105| 36 | 20
» H : height of rib
B ! width of tib

Fig. 15 Dimensions and configuration of preform in
non-axisymmetric forging (H/B=2:1)
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Fig. 16 Die-cavity filling process of element system
from preform in non-axisymmetric forging
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(a) Initial billet

(b) Preform

(¢) Final product

Fig. 17 Initial billet, preform and final product
using plasticine in non—axisymmetric forg-
ing (H/B=2:1)

Ak JFF30 FAHY dust vy & LAdtxn

2.
54 B

H 0 92338 JAeLez Fistd @4
APz QU S Ao, E2EiE o) &
& d¥elA d2 dHE vz PEIN 42 8>
&3 2t

1) HIZdA XA 24NgL 457 9o
Gt ¥R FRARE 4 e AT
€ ol oid ZR JuURE 2T HAMIAE
Agkete YL AHEToER HEYA {50 B

]



FI3HDFHE A #1248 #1105 (199549 109)

4T ¢ 2 4.

2) #XA4T Se2EAe 4PN PARRRYG
AR 45E40] 28 ol moke] 2/NH
I qEARAS WY & 99t

3) WA EA BAZ 5ol FANYRS SR
g 27 954% Yo BoAH ARnPE B
o m,* Ve ofy 2P AHBAT AT

) FAANE EUT SRAEAL A9 B2 4

Bol) BEFH 24 $5Y4] Way T DA
e

7l

o

B dPE 1991~1094d @=shante] E3 24
7% d7e] 4R FYPHJ ey § ATy HAAE
A e Fe =gu,

LR

gk

1. W. T. Wu and 8. 1. Oh, “ALPIDT : A
General Purpose FEM Code for Simulation
of Non-Isothermal Forming Processes’,
Proc. NAMRC-XI, Berkeley, California,
pp-449, 1984.

2. M. Kiuchi and A. Karato, “Application of
UBET to Non-Axisymmetric Forging”,
Advanced Tech. of Plasticity, Vol.11,
pp.967~972, 1984.

3. KRZE BEFEX BT 5o v -BNOHE
FRBR OB, BT, 304, 290%. pp.
307~315, 1985.

4. KRB, ARE, SHEE. FEHMEBE LS O
B, OB¥ELNT. 304, 3423, pp.997~1003,
1989,

5. KRR, mig, GNER. “EA% BR SaFEE
DR OHHL 5 WEnT o L RE@ER
B LT, 244, 266%%, pp.290~296, 1983.

6. ANZ, AIEA, “L-T- HEHOBHRL 5k
EMLOEREC L A@AT, BELMT, 24%,
270%%, pp.722~1729, 1983.

7. T. Wada and T. Nanba, ‘Numerical
Meth-od for Plastic Working Processes in

67

10,

11.

12.

13.

14.

Three Dimensions’. Advanced Tech. of
Plasticity. Vol.11. pp.1005~1012, 1987.

J. H. Argyris, J. St. Doltsinis and J.
Luginsland, “Three-Dimensional Thermo-
mechanical Finite Element Calculation of
Three-Dimensional Analysis of Forming
Processes ; Proc. Int. Workshop Simula-
tion of Metal Forming Processes by the
Finite-Element Method (SIMON-I), Stutt-
gart, 1985, Springer-Verlag, Berlin pp.
125, 1986.

I. Pillinger. P. Hartley, C. E. N.
Sturgess and G. W. Rowe, “A three
Dimensional Analysis of the Cold Forging
of a Model Aluminium Connecting Rod",
Proc. Inst. Mech, Engrs. Vol.199. pp.318,
1985.

WAE, ARR BT OEERERMC T
AHRE, BWNMIEZREE. pp.559~562,
1989.

M. J. M. Barata Marques and P. A. F.
Martins, “A Rigid-Plastic Finite Element
Analysis of Ring Forging”, Advanced Tec-
hnology of Plasticity, Vol.1, pp.13~18,
1990,

SHEE, KRS, MY, “EEET L AT
DR, BELIT, 33%, 374%. pp.253~
258, 1992,

H. Y. Kim and D. W. Kim, “Computer-
aided preform design in the closed-die
forging process’, J. of Materials Process-
ing Technology, Vol.41, pp.83~104, 1994.
J. Oudin and Y. Ravalard, “An Upper
Bound Method for Computing Computing
Loads and Flow Patterns in Plane-Strain
Forging’, Int. J. Mach. Tool Des. Res..
Vol.21, pp.237~350, 1981.

M. Kiuchi and Y. Murata, “Study on
Application of UBET(Upper Bound Ele-
mental Technique). 1st Report-Simulation
of Axisymmetric Metal Forming Process’,
J. of JSTP, Vol.22, No.244, pp.495~502,



HYz -

-0l - vAE

16.

17.

18.

1981.

D. M. Himmelblau, Applied Nonlinear
Pr-ogramming, McGraw-Hill, pp.152,
1972.

Wdw, AGE, oFA, o493, WiEgA ¥4
o 4y ¥ dzo AFAT, FFLaA585
=&y, A3Y, A2%, pp.202~214, 1994,

J. J. Park, N. Rebelo and S. Kobayashi,

68

19.

‘A New Approach to Preform Design in
Metal Forming with The Finite Element
Method”, Int. J. Mach. Tool Des. Res.,
Vol.23, No.1, pp.71~79, 1983.

A9z, wigd, o1FH, MMTE &3 Al-
7075 €t QA @z9 71EEE 487, dTad
A28 =¥y, Al2A, A3Z, 7 A4E, pp.
37~50, 1993.



