F3 A 7res] 20079 % FASEYE =23 pp. 183~188
A 0| SEEFFL| AlEg oM ¥ Zalel HS
ZEef!. o]plA?. Axf23. MH B Mokt

Simulation of Spider Forging Processes
and Verification of the Results

H. T. Kim, M. C. Lee, J. G. Eom, B. Y. Jun, M. S. Joun

Abstract
We simulated a hot forging process for the spider with four legs and an enclosed die forging process for the spider
with three legs using an intelligent forging simulator AFDEX 3D and compared the predictions with the experiments in
terms of the deformed shape. The formation of characteristic lines was emphasized in the simulation to simulate the

extruded legs with higher accuracy.
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(a) Workpiece and dies
Fig. 1 Geometries of workpiece, dies and product
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Fig. 3 Finite element mesh system at the final stroke
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Fig. 2 Predictions of the three-leg spider forging

Process



Table 2 Process conditions of the four-legs spider
forging process

Workpeice (mm) @ 38.0 x h 60.8
Friction factor 0.4

Upper die (mm/sec) -100.0

Lower die {(mm/sec) 0.0

Flow stress (MPa) F=75.6¢""
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Fig. 4 Experiments of the three-reg spider forging

process

Upper die

Workpiece

Lower die Fig. 6 Finite element mesh system at the final

stroke
(a) Workpiece and dies

4. 4 E

2 dFdAE AFH g AEdelA 714
oA dx AlEHolE AFDEX 3D & 2oy
2R HAHGR TN AL, 3
4 A3g Ed% JP4YL ok ISE 4
4 Ao vlaatld.

A AFATAHY rlFez Wy 39
Meol 4 AR AL e #
oA et ol SagATFA Fo BA

(b) Product BA BAxAE s Aoy, &N At
Fig. S Geometries of workpiece, dies and product AZEE Foled S a3 247 A} &)

- 186 -



B oATE AAare A48y Qe
o AFAsz FAsen, (hRa
BE)ESUAY ] P FEee] 2

= U

rot

[1} H. Yoshimura, K. Tanaka, 2000, Precision forging of
aluminum and steel, J. Mat. Proc. Technol., Vol. 98,
pp-196~204.

[2] K. Shi, D.B. Shan, W. C. Xu, Y. Lu, 2007, Near net
shape forming process of a titanium alloy impelier, J.
Mat. Proc. Technol.., Vol. 187~188, pp. 582~585.

{3] P. Petrov, V. Perfilov, S. Stebunov, 2006, Prevention
of lap formation in near net shape isothermal forging
technology of part of irregular shape made of
aluminium alloy A92618, J. Mat. Proc. Technol., Vol.
177, No. 1~3, pp. 218~223.

[4] K. Osakada, X. Wang, S. Hanami, 1997, Precision
forging process with axially driven container, J. Mat.
Proc. Technol., Vol. 71, No. 1, pp. 105~112.

[5] T. Nakano, 1996, Multi-action forming in cold
forging - application of forging with fully enclosed
dies, JSAE, Vol. 17, No. 4, pp. 449~449,

[6] M. S. Shephard, 2003, Automated Simulation in
Engineering Design, Proceedings of the 4th
Symposium on Trends in Unstructured Mesh
Generation, Albuquergue; New Mexico, U.S.A.

[71 S. J. Owen, 2005, An introduction to mesh
generation algorithms, Proceedings of the 14th
International Meshing Roundtable, San Diego;
California, U.S.A..

[8] H. Borouchaki, P. Laug, A. Cherouat, K. Saanouni,
2005, Adaptive remeshing in large plastic strain with
damage, Int. J. Numer. Methods Engrg., Vol. 63, No.
1, pp. 1~36.

[9] G Li, J. T. Jinn, W. T. Wu and S. 1. Oh, 2001, Recent
development and applications of three-dimensional
finite element modeling in bulk forming processes, J.

- 187 -

Mat. Proc. Technol., Vol. 113, No. 1~3, pp. 40~45.

[10] M. C. Lee, M. S. Joun, 2007, Adaptive triangular
element  generation and  optimization-based
smoothing, Part 1-On the plane, Adv. Eng. Softw.,
doi:10.1016/j.advengsoft.2006.11.004

[11] M. C. Lee, M. S. Joun, 2007, Adaptive triangular
element generation and  optimization-based
smoothing, Part 1-On the surface, Adv. Eng. Sofiw.,
doi:10.1016/j.advengsoft.2006.11.005

[12] M.C. Lee, M.S. Joun, J. K. Lee, 2007, Adaptive
tetrahedral element generation and refinement to
improve the quality of bulk metal forming
simulation, Finite Elem. Anal. Des., Vol. 42, No. 10
pp. 788~802.

[13] o}91d, A, 2007, HAY Gd2FHY 3
SA AgdHelA, FxaA7te e EA%tE
3 =%, pp. 155~159

[14] 235, o]9AE, AF, AT, 2002, ZH
Z 9= 39 AL A4 AEHOA R
A3 AF, AL TEIA, A199, A2
%, pp. 158~ 162.

[15] M. C. Lee, M. S. Joun, 2006, Tetrahedral mesh
generation by using the advancing-front method,

El

the optimal surface triangular mesh generation
technique, Society of CAD/CAM Engineer, Vol. 11,
No. 2, pp. 138~147.

[16] H. K. Moon, M. C. Lee, M. S. Joun, 2007,
Predicting the formation of polygonal defects with
ring rolling using a rigid-viscoplastic finite element
method, Int. J. Mech. Sci., doi:10.1016/j.ijmecsci.
2007.06.004

[17] H. K. Moon, M. C. Lee, M. S. Joun, 2007, An
approximate, efficient finite element approach to
simulation of a rotary forming process, its
application to wheel-bearing assembly, Finite Elem.
Anal. Des., Accepted.

[18] M. S. Joun, J. H. Cho, H. T. Kim, M. C. Lee, G. C.
An, H. W. Kim, Three-dimensional rigid-plastic
finite element analysis of an unsteady roll forming
sequence, will be subimitted to Finite Elem. Anal.
Des.

[19] D. N. Amold, F. Brezzi, M. Fortin, 1984, A stable
finite element for stokes equations, Calcolo, Vol. 21,
No. 4, pp. 337~344.

[20] Ay, oA, A, AFAH, 2004, Mini-&



A5 08T AA7E FAHAAEUA A
we nF, A =F3F AY, #2834,

A 10Z, pp. 1475~1482.

[21] J. R. Cho, D. Y. Yang, 2000, Three-dimensional
finite element simulation of a spider hot forging
process using a new remeshing scheme, J. Mat.
Proc. Technol., Vol. 99, No. 1~3, pp.219~225.

[22] R. Boussetta, T. Coupez, L. Fourment, 2006,
Adaptive remeshing based on a posteriori error
estimation for forging simulation, Comput.
Methods Appl. Mech. Engrg., Vol. 195, No. 48~49,
pp. 6626~6645.

23] A. Cherouat, K. Saanouni, Y. Hammi, 2003,

Improvement of forging process of a 3D complex
part with respect to damage occurrence, J. Mat.
Proc. Technol., Vol. 142, No. 2, pp. 307~317.

[24] S. Jirathearanat, V. Vazquez, C. A. Rodriguez, T.
Altan, 2000, Virtual processing — application of
rapid prototyping for visualization of metal forming
processes, J. Mat. Proc. Technol., Vol. 98, No. 1, pp.
116~124.

[25] I. H. Son, Y. T. Im, 2006, Localized remeshing
techniques for three-dimensional metal forming
simulations with linear tetrahedral elements, Int. J.
Numer. Methods Engrg., Vol. 67, No. 5, pp. 672~696.

- 188 -



