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The Prediction of Geometrical Configuration and Ductile Fracture
Using the Artificial Neural Network for a Cold Forged Product

D.J. Kim* D. C. Ko*, B. M. Kim**, J. C. Choi**

ABSTRACT

This paper suggests the scheme fo simultaneously accomplish prediction of fracture initiation and geo-
metrical configuration of deformation in metal forming processes using the artificial neural network. A
three-layer neural network is used and a back propagation algorithm is adapted to train the network. The
Cockcroft-Latham criterion is used to estimate whether fracture occurs during the deformation process. The
geometrical configuration and the value of ductile fracture are measured by finite element method. The
predictions of neural network and numerical results of simple upsetting are compared. The proposed
scheme has successfully predicted the geometrical configuration and fracture initiation.
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Fig.7 The comparison of free surface contour between the
calculated results and the predicted results(H/D=1.00,
stroke=4.40mm)
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Fig. 9 The comparison of free surface contour between the
calculated results and the predicted results(H/D=0.75,
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Fig.13 The comparison of ductile fracture value, the caleu-
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Table 2 Comparison among the predicted results, the caleu-
lated values and the experimental results

Critical reduction 1n. height(un)

HD
Predived resuls

6.02

Calculated resuhs
632
10.82

Experimenta) resuls
644

075

125 11.24 1173

4.4 B

2 d7dxE a3 daa 452 A4 F
AL & Sle G478 L A 047]*1 ﬂ A
A7l g Hlwd 254%0 2t dARITH A%
aof o 22 28E AU

(1) 54 3399t AREPS) 4 anje) @
AR GE 452 AU

(2) frEoaddE oA &L A B e W
BEYH 9T gE 458 4 AU

(3) frEtasa|dE o2 B& oA Ao Wg
A AL 5T 5 Y2, E ojHe) HYFY B
dEFHIRE 45T 5 AR,

(4 A7Z3F2E P BA B2 2
24 7 93, vAREY #;2 4
FE48 LA e 48

p L

go2d

1. J.J. Park, N. Rebelo and S. Kobayashi, “A New
Approach to Preform Design in Metal Forming
with the Finite Element Method™ | Int. J. Mach.
Tool Des. Res., Vol.23, No.1 p.71, 1983,

in

2. B.S. Kang and S. Kobayashi, “Preform Design in
Ring Rolling Processes by the Three-Dimensional
Finite Element Method", Int. J. Mach. Tool
Manu.,Vol.31, No.1, p.139, 1991.

3. K. Osakada and G. Yang, “Application of Neural
Networks to an Expert System for Cold Forging’,
Int. J. Mach. Tool Manu., Vol.41, No.6, p.577,
1991.

4. A9, o, FBg, "FiA Ytz fdak

Bl o) Hx) 2L o] &g AREAPE, A
38 =54, Vol 16, No.8, p.1468, 1992.

5. 2R, A%A, AAZ, WAL o] 43 QYR E
o 27144 A", FFHLFHH=EH, Vol.12,
No.11, p.118. 1995.

6. F.A McClitock, “A Criterion for Ductile Fracture
by the Growth of hole’, J. Appl. Mech., p363,
1968.

7. M. Oyane, T. Sato, K. Okimoto and 8. Shima,
“Criteria of Ductile Fracture and their Applica-
tion”, J. Mech. Work. Tech., p.65, 1980

8. M.G. Cockeroft and D.J. Latham, “Ductility and
the workability of Metals', J. Inst. Metals., p33,
1968.

9. S8.I. Oh, C.C. Chen and S. Kobayashi, “Ductility
Fracture in axisymmetric extrusion and drawing,
Part 2, J. Eng. Ind., p36, 1979.

10. J.L. Frater and B.R. Penza, "Predicting Fracture
in Cold Upset Forging by Finite Element
Method", J. Mater. Shaping Tech., p.57, 1989.

11. D.E. Rumelhart, G.E. Hinton and R.J. Wiliams,

“Learning Internal Representations by Error

Propagation”, Parallel Distrubuted Processing

Cambridge MA:MIT press, p.318, 1986.

R.A. Jacobs, ‘Increased Rates of Convergence

Through Learning Rate Adaptation”, Neural

Networks, Vol.1, p.295-307, 1988.

13. M. Hagiwara, “Theoretical Derivation of Momen-
tum Term in Backpropagation™, IJCNN'92,
Vol.1, p.682-686, 1992.

14. a3, o)A, 74T, AAZ, FEAEFHAA A
ARy dE, dF247H583 =2, A3, A2
%, p.167, 1994,

12.



