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Process analysis of multi-stage forging by using finite element
method

K. S. Park, B. J. Kim, S. O. Kwon, Y. H. Moon

Abstract

The outer race of CV(constant velocity) joint is an important load-supporting automotive part, which transmits torque
between the transmission gear box and driving wheel. The outer race is difficult to forge because its shape is very
complicated and the required dimensional tolerances are very small. Traditional warm and cold forging methods have their
own limitations to produce such a complex shaped part; warm forging requires complex system with relatively higher
manufacturing cost, while cold forging is not applicable to materials with limited formability. Therefore, multistage
forging may be advantageous to produce complex shaped parts. In order to build a multistage forging system, it is
necessary to characterize mechanical properties in response to system design parameters such as temperature, forging
speed and reduction. For the analysis of formability of multistage forging process, finite element method(FEM) has been
used for the process analysis. As a model case, a constant velocity (CV) joint forging process is analyzed by FEM, since
CV joint has a complex shape and also its required dimensional tolerances are very tight. The data acquired by FEM is
compared with operational forging data obtained from an industrial production line. Based on this comparative analysis,
multistage forging process for CV joints is proposed.
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Table 1. Process conditions for FEM simulations.

Forging conditions Forging 1 Forging 2 Forging 3 Forging 4 Forging 5
Velocity of punch down 95mm/s 95mm/s 85mmv/s 110mm/s 70mmy/s
Stroke 70mm 140mm 70mm 140mm 70,140mm
Workpiece temperature 20°C 750°C 250°C 500°C 750°C
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Fig. 1 Technical concept of a CV joint
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(a) 4 stages of warm forging

(b) 2 stages of cold forging

Fig. 2 Multistage forging process of CV joint outer
race
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(b)forging 4

(a) forging 2

Fig. 3 Predicted strain effective at step 44 of forging 2
and forging 4 conditions
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Fig. 4 Predicted strain effective at step 80 of forging 2
and forging 5 conditions
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(a) forging 1

(b)forging 3

Fig. 5 Predicted strain effective at step 100 of forging
2 and forging S conditions
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Fig. 7 Predicted temperature at warm forging 3 and 5
in 3-dimensional FEM and Predicted strain
effective at step 150 and 200 of forging 3 and
forging S conditions
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