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ABSTRACT Densification behavior and grain growth of tool steel powder compacts during pressureless sint-
ering, sinter forging, and hot isostatic pressing were investigated. Experimental data were compared with results of
finite element calculations by using the constitutive model of Abouaf and co-workers and that of McMeeking and
co-workers. Densification and deformation of tool steel powder compacts were studied by implementing power-law
creep, diffusional creep, and grain growth into the finite element analysis. The shape change of a powder compact
in the container during hot isostatic pressing was also studied. The theoretical models did not agree well with ex-
perimental data in sinter forging, however, agreed well with experimental data in hot isostatic pressing.
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C Si Mn P )
2.29 0.43 0.38 0.02 0.01
Cr Ni Mo v N
122 0.35 1.21 4.05 0.08
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Fig. 1. Scanning electron micrograph of gas atomized
D7 tool steel powder
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Fig. 2. Logarithmic strain rate vs. logarithmic stress
for fully densified D7 tool steel in tensile creep.

Table 2. Creep Properties of D7 Tool Steel Powder

Temp. (°C) Exp. Dorn Const. [MPa,sec]
800 7.74 8.22x10™
900 479 9.12x 10"
1000 3.15 213x10°*
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Table 3. Diffusional Flow Properties of D7 Tool Steel
Powder™

Volume Diffusion const. (Dv)

2.8x 10" m%/s

Vol. Diff. Activation energy 477 kJ/mol
Boundary Diff. Const. (8D) 8.6x 10" m%s
Boun. Diff. Activation energy 419 kJ/mol
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Fig. 3. Variations of relative density with time for D7

tool steel powder compacts during pressureless sint-
ering at 1200°C and 1255°C.,
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Fig. 4. Variations of grain size with time during press-
ureless sintering at 1200 °C and 1255°C.
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Fig. 5. Finite element meshes and boundary conditions
for sinter forging of D7 tool steel powder compact.
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Fig. 6. Comparisons between experimental data and
finite element calculations by the model of Abouaf et
al. and that of McMeeking et al. for the variation of re-
lative density with time for D7 tool steel powder com-

pacts during sinter forging at 1000 °C.
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Fig. 7. Comparisons between experimental data and
finite element calculations by the model of Abouaf ef al.
and that of McMeeking e al. for the variation of grain
size with time for D7 tool steel powder compacts dur-
ing sinter forging at 1000°C.
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(b)

© :
Fig. 8. Comparisons between (a) experimental data
and finite element calculations by (b) the model of A-
bouaf ef al. and (¢) that of McMeeking et al. for re-
lative density contour plot of D7 tool steel powder com-
‘pacts after 20 min during sinter forging at 1000°C
under 19.4 MPa.
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. Fig. 9. Comparisons between (a) experimental data and
finite element calculations by (b) the model of Abouaf
et al. and (¢) that of McMeeking et al. for grain size
contour plot of D7 tool steel powder compacts after 20
min during sinter forging at 1000 °C under 19.4 MPa.
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Fig. 10. Finite element meshes and boundary con-
ditions for hot isostatic pressing of D7 tool steel powd-
er compact.
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Fig. 11. Cross sections of D7 tool steel powder com-
pacts in stainless steel container during hot isostatic

pressing at 1000°C and 30 MPa; (a) initial shape and
after (b) 0 min and (c) 240 min.
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Fig. 12. Comparisons between experimental data and
finite element calculations by the model of Abouaf et
al. and that of McMeeking et al. for the variation of re-
lative density with time for D7 tool steel powder com-
pacts during hot isostatic pressing at 1000°C under 30
MPa and 50 MPa.
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Fig. 13. Comparisons between (a) experimental data
and finite element calculations by (b) the model of A-
bouaf et al. and (c) that of McMeeking et al. the re-
lative demsity contour plet for D7 tool steel powder
compacts after 20 min during hot isostatic pressing at
1000 °C under 30 MPa.
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Fig. 14, Comparisons between (a) experimental data
and finite element calculations by (b) the model of A-
bouaf et al. and (c) that of McMeeking ef al. for re-
lative density contour plot for D7 tool steel powder
compacts after 240 min during hot isostatic pressing at
1000°C under 30 MPa,
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