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Prediction of Relative Density by Hardness in Compressed
Sintered-Metal Powder

Jin-Young Kim and Jong-Jin Park

Abstract

Forging process on sintered powder metals has been applied to produce automotive parts which

require a high level of strength. In those parts, the measurement of relative density is very important

because a low relative density causes deterioration of strength. In the present study, an indentation

force equation was proposed by which the result obtained from the hardness measurement is used to

evaluate the relative density. This equation was applied to the prediction of the relative density in

cylindrical specimens which were first sintered and then forged at the room temperature and at an cle-

vated temperature. The experimental results were compared with predictions with and without consid-

eration of the workhardening effect on the powder.
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Fig. 1 Predicted relative-density distributions by FEM
under ball indentation; initial relative density =
0.8,ball diameter = 1/16 inch, indentation depth =

0.2 mm
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Fig. 2 Modification of flow stress equation for a material
point with pre-strain
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Fig. 3 Measured relative-density distributions of sintered Fe-0.5% C-2%Cu powder: (a) 6.2g/cm’, (b) 6.5g/cm’
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Fig. 4 Predicted relative-density distributions by FEM at 50% reduction in height(cold forged): (a) 6.2g/cm’, (b) 6.5g/cm*
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Fig. 5 Predicted distributions of effective strain of matrix
material by FEM at 50% reduction in height(cold
forged): (a) 6.2 g/eny’, (b) 6.5 g/em’
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Fig. 6 Measured R, hardness distributions at 50%

reduction in height(cold forged):
(a) 6.2 g/em’, (b) 6.5g/cm’
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