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Study on Mechanical Behavior of a Pre-Heat Treated Steel of
ESW95

J. T. Park, J. G. Eom, J. H. Kim, D. J. Youn, M. S. Joun

Abstract

We investigate the mechanical behavior of a pre-heat treated steel of ESW93, which is being used for automotive parts
including tie-rods to save manufacturing cost and enhance product quality. SCM4335 is also investigated to reveal the
characteristics of the pre-heat treated steel tested. AFDEX/MAT is used to extract the true stress-strain curve over the
large strain with higher accuracy. It has been found that ESW95 has very week strain-hardening behavior which can be
negligible compared with SCM435 and that the initial yield strength is quite high and the toughness of ESW95 reaches
nearly 75% of SCM435. ESW95 is characterized by the weak strain-hardening behavior and high yield strength that can
be lead to minimization of post-processing including heat treatment and straightening. ESW95 and SCM435 are also
compared by applying them to ball-stud forging by computer simulation. It is expected that a great deal of change may
take place in production as well as in service if the pre-heated steels are adopted.
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(Unit - mm)
Diameter Gauge Grip section Grip section Paralie! ssction | Shoulder section

{s}} Length (L} {C) diameter (B) length (P) radius (R)
8352015 | 2541015 500 10.0~12.0 44.45 over 6.35 over

(2) Specimen dimensions

(b) Grip
Fig. 1 Tensile test specimen
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Table 1 Results of tensile test of SCM435

) Yield Strength | Tensile Strength | Elongation
Specimen N )
(N/mm”) (N/mm”) (%)
1 384.9 488.9 353
2 3879 488.8 37.1
3 386.4 488.8 37.8
4 388.5 489.7 36.0
5 381.8 488.3 362

Table 2 Results of tensile test of ESW95

. Yield Strength | Tensile Strength | Elongation
Specimen s s

(N/mm?) (N/mm?) (%)
1 9624 995.0 16.4
2 9477 9912 16.2
3 940.1 983.9 16.0
4 9475 9934 16.0
5 960.3 987.6 16.6
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Fig. 2 Experimental load-elongation curves
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Fig. 3 True stress-strain curves
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Fig. 4 Predicted deformation of the specimen

35000 -
}t — — — SCM435 (Experiment)
30000 ——— SCM435 (Analysis)
¥ ESW9S {Experiment)
+ A N A N S ESW5 {Analysis) 1
25000 § ‘
< 20000 7
o
15000 Eoned et
B pras l i ~.\\\
10000 - >
N,
\~
5000 F
0 o . [ L TR VR H L L
0 2 4 [§] 8 10
Elongation {mm)

Fig. 5 Comparison of experiments with predictions of
the load-elongation curves of the tensile tests
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Fig. 6 Forging process of a ball-stud
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Fig. 7 Comparison of interfacial stresses exerted on
the die-material interface
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Fig. 8 Comparison of forming load-stroke curves
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