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Finite Element Analysis for the Relation between Hardness

and Effective Strain

A& F - ¥ F
Soon-Goo Kwon® - Joon-Hong Park™

<Abstract>
It is already known that hardness value of cold-forged product
is in close conjunction with its effective strain. This paper
presents the method to predict the relation between effective
strains and hardness values by using FE-simulation of
hardness test from the conception that hardness indicates
resistance to plastic deformation. The results of FE-simulation
for the material with pre-strain are compared with those of

experiments of the references to show the feasibility of the
proposed method.
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Fig.l Modeling of Brinell hardness test for
FE-simulation.
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Table 1 Approximate conversion of hardness
values""
Brinell
Vickers 3000kg load
hardness No. | 10mm ball
HV HB
100 95
120 115
140 135
160 155
180 175
200 195
220 215
240 235
260 255
280 275
300 295
320 311
340 328 ~
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Table 2 Measured Vickers hardness of AISI 1010
Steel
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billet slug value
HV 109 97 102.8
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IFig.2 The results of the FE-simulation for Brinell
Test.

Fig.3 strain of the

malerial obtained by the FE-simulation.
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Flow stress curve

+ tensile test
+ compression test
+ ring compression test

Loop for varing pre-strain

« FE-simulation of Brinell —
hardness test with
axisymmetric model.

Har dnesy

Fig.4 Prediction of relation between effective strain and hardness value.

Table 3 The results of the FE-simulation for the Brinell hardness test for AISI 1010.

e — —

Effaective stram

Pre-stral Load d HEB HV HV(H. K. Kimet al., 1966) | Error
e-strain
(kef) (mm) (Eqn. 1) (Eqn. 5) (%)
0.0 3000.2 5.900 99.2 104.2 102.8 1.36
0.1 3001.1 5.264 127.6 132.6 136.6 293
0.2 3003.2 4.970 144.6 149.6 147 .8 1.22
0.3 3006.6 4.836 1535 158.5 161.6 1.96
0.8 3000.2 4.498 178.7 183.7 180.5 1.77
1.3 3000.3 4410 186.0 191.0 197.2 3.14
1.8 3000.1 4,246 201.9 206.9 210.2 1.57
2.3 3000.9 4.064 2214 226.4 221.3 2.30
2.8 3002.6 3.988 230.4 235.0 231.0 1.90
300 T 300 IO .
Hy=1028 +849&
% 250 Ve + 84. y
e 50 -
— 200 i fﬁf"’fg
0 ¢ 200- e
$ 150 'f_; ) o
g 100 i 150-/;*"1’
as-annealed O _ )
50 AISI 1010 steel o 1004 — Exp & FEM [2]
) PSPPI PN SR . T - o) Fresent Method
00 05 10 15 20 3.0 -
Effective Strain |
Fig.5 Relationship between hardness obtained from 0 C,I—HUT':_HT o _TT;.: é .

the experiment and effective strain

from FE-simulation [2].
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Fifective

Fig.6 Comparison between predicted Vickerss
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