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Estimation of Hardness using DEFORM™ in SKH9 High Speed Steel
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Abstract The hardness of cold-forged products is in close relationship with its effective strain. This study pre-
sented the estimating method of hardness for cold-forged SKHS products without hardness tests in view of resis-
tance to plastic deformation using finite element code, DEFORM™. The flow stress equation obtained from the
compression test was only used as a basic data to estimate the relationship between effective strain and hard-
ness. In addition, this new estimating method was applied to the cold-forged product which was widely used in
industrial field to show the feasibility. As a result, the predicted hardness numbers through FE simulation showed
good agreement with the measured hardness numbers. |t is possible to estimate the hardness not by hardness
tests, but by only computer simulations for the deformed products. Also, effective strain values were possibly esti-

mated by measuring hardness numbers, and vice versa.
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Fig. 2. Photograph of initial billet (left hand side) and
billet after ring compression test(right hand side).
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Fig. 1. Estimation method of hardness for SKH9.

Table 1. Chemical composition of SKH9 high speed steel. (wt. %)
SKH9 C Si Mn P S Cr Mo W \
Specification | 0.80-0.900 0.40 | 0.40 | 0.03 | 0.03 | |3.80-4.50 | 4.50-5.50 | 5.50-6.70 | 1.60-2.20

Sample 0.85 0.21 0.28 0.01 0.02 4.14 5.03 6.03 1.82
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Fig. 3. Initial modeling of Brinell hardness test for FE-
simulation of high speed steel.
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Table 2 Comparison between the measured hardness
value and the predicted value.

. Measured Predicted
Material | 1 \e(HB) | valuem) | Error(%)
SKHO 1710 1713 0.18

Table 3. Changes in Brinell hardness with pre-strain
obtained by FE-simulation in SKH9.

Pre-strain HB Pre-strain HB
0.0 171.0 15 253.9
0.3 189.0 1.8 281.6
0.6 204.5 2.1 290.3
0.9 231.2 2.4 304.5
1.2 238.6 2.7 322.0
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Fig. 6. Relationship between predicted Brinell hardness
and effective strain.
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Fig. 7. Photograph of high speed steel test product.
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(a) test product

Fig. 8. Photograph of high speed steel test product.
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Fig. 9. Distribution of effective strain for the test material
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(b) hardness measuring points

Effective Plastic Strain
T 2.404
1.803
1.202

0.601

i 0.000

2.404E+00
0.000E +0i

Fig. 10. Microstructure and indentation of Brinell hardness of SKH9

Table 4. Comparison between the predicted hardness
values and the measured hardness values for the test
material

Measuring Tested hardness Predicted
points values hardness values
1 209.0 195.6
2 198.3 1974
3 214.7 209.57
4 190.1 183.2
5 195.6 190.7
6 178.8 170.5
7 175.6 169.4
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