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Numerical and Experimental Study on Spring Back in Automatic Multi-
Stage Precision Cold Forging Process of a Steering Yoke
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Abstract

In this paper, finite element analysis of an automatic five-stage precision cold forging process of a yoke, a steering part of
a passenger’s car, is conducted with emphasis on spring back analysis at the yoke-forming stage and its experimental
verification is subsequently made. An elastoplastic finite element method with MINI-element technique employed for the
analysis of the entire process is explained. There is emphasis that the thin film of material formed between the punch and die
in the stage may result to some errors especially in elastoplastic finite element analysis of spring back due to frequent
remeshing. The numerical robustness of the spring back analysis in regards to remeshing is hence shown first through
investigation into its effect on the predicted spring back. Experimental measurement of displacement due to spring back is
carried out for comparison with the predicted results, and they are in a qualitative agreement with each other.
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Fig. 1 One-piece tube yoke to be studied
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Table 1 Spring backs of different mesh systems

. Number of Predicted spring
Trial number .
desired elements back [mm]
1 99000 0.60
2 99500 0.58
3 100000 0.62
4 100500 0.62
5 101000 0.61
mean 100000 0.61
==
|
(@ Before \ stage1  (c)Stage2  (d) Stage 3
forging g g g
(e) Stage 4 (f) Stage 5

Fig. 3 Predictions of the entire process (Left of Fig. 3(f):
before unloading, Right: after unloading)
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(b) Comparison of configuration of material between
ends of forming and unloading color means effective
stress and the right depicts the residual stress

Fig. 4 Elastoplastic finite element predictions of
unloading of a punch
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(a) Measurement distance between two measuring points

(b) Measurement

Ry

SAE

Fig. 5 Measurement of the distance between the

measurement points of punch

Fig. 6 Measurement of the distance between two
corresponding measurement points of the
material to those of the die

Table 2 Measured distance

measurement points of the punch

(mm) between the

Trial

N1

N2

N3

N4

N5

Distance

31.304

31.305

31.305

31.304

31.305
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Table 3 Measured distance (mm) between two
measurement points of the material

Test number N1 N2 N3 N4 N5

Measurement | 30.57 | 30.58 | 30.62 | 30.62 | 30.56

Test number N6 N7 N8 N9 N10

Measurement | 30.55 | 30.64 | 30.58 | 30.54 | 30.60

Test number | N11 N12 | N13 N14 | N15

Measurement | 30.58 | 30.61 | 30.61 | 30.60 | 30.63

Test number | N16 N17 | N18 N19 | N20

Measurement | 30.55 | 30.61 | 30.55 | 30.61 | 30.54

Test number N21 N22 N23 N24 N25

Measurement | 30.61 30.6 30.55 | 30.58 | 30.58

Test number N26 N27 N28 N29 N30

Measurement | 30.59 | 30.64 | 30.58 | 30.60 | 30.59
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