(=8) s=2a471383x/(1999), H8H HAE
Transactions of Materials Processing Vol. 8, No. 4, (1999)

delg slole] A8 P dxel] i A7

L
(19994 44 13< FH)

Study on Precision Cold Forging of Helical Gear

Yong-Bok Park and Dong-Yol Yang

Abstract

In metal forming, there are problems with recurrent geometric characteristics without explicitly
prescribed boundary conditions. In such problems, so-called recurrent boundary conditions must be
introduced. In this paper, as a practical application of the proposed method, the precision cold forging
of a helical gear has been simulated by a three-dimensional rigid-plastic finite element method and
compared with the experiment. The application of recurrent boundary conditions to helical gear forg-
ing analysis is proved to be effective and valid. The elastic stress analysis of the die for helical gear
forging has been calculated by using the nodal force at the final stage obtained from the rigid-plastic
finite element analysis. In order to obtain more precise gear products, the elastic analysis of the die
after release of punch and the elastic spring-back analysis of product after ejection have been per-
formed, and the final dimension of the computational product has been in good agreement with that
of the experimental product.

Key Words : Precision Cold Forging, Helical Gear, Finite Element Method, Recurrent Boundary Con-
ditions, Elastic Stress Analysis, Spring Back, Ejection
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Fig. 1 Velocity boundary conditions in the recurrent surface
(a) die shape of a twisted trocoidal gear section;
(b) recurrent boundary conditions on a section
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Fig. 4 Die set for helical gear forging
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Fig. 5 Preform, intermediate and final workpieces of helical
gear forging
(a) loading direction view;
(b) reverse direction view
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Fig. 8 Mesh configuration at the height reduction of 23%
(76 % of forging completion) for helical forging
(a) deformed pattern; ’
(b) state of the workpiece and the die

Fig. 9 Mesh configuration and distribution of effective
strain at the height reduction of 30%
(100% of forging completion)
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Fig. 10 Mesh configuration at the height reduction of
30.4%
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Fig. 11 Comparison of forging load between the computation
and the experiment for helical gear forging
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Fig. 13 Distribution of the normalized effective stress of
the die insert and the shrink ring
(with one shrink ring)
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Fig. 14 Helical gear forging die with shrink rings

Fig. 15 Distribution of the normalized effective stress of
the die insert and the shrink ring
(with two shrink ring)
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Fig. 16 Schematic drawing in elastic analysis for accuracy
estimation of workpiece
(a) elastic analysis of die after release of the punch;
(b) elastic spring-back analysis of the product
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Fig. 17 Computed dimensions at the middle section for the
die and the workpiece, and the measurement of
the workpiece
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Fig. 18 Distortion of tooth form at the upper section of a
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