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Microstructure Prediction Technology of Ni-Base Superalloy

J. T. Yeom, J. H. Kim, J. K. Hong, N. K. Park

Abstract

As a class of materials, Ni-base superalloys are among the most difficult metal alloys to forge together with refractory
metals and cobalt-base superalloys. The mechanical properties of Ni-base superalloys depend very much on grain size and
the strengthening phases, ¥ (Ni3(ALTi)-type) and y".(Ni;Nb-type). Especially, the control of grain size remains as a sole
means for the control of mechanical properties. The grain size and distribution changes of the wrought superalloys during
hot working and heat treatment are mainly controlled by the recrystallization and grain growth behaviors. In this
presentation, prediction technology of grain size through the computer-aided process design, and numerical modeling for
predicting the microstructure evolution of Ni-base superalloy during hot working were introduced. Also, some case
studies were dealt with actual forming processes of Ni-base superalloys.
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Table 1. Summary of recrystallization and grain growth models for Ni-base superalloy

Dynamic Recrystallization

Static or Meta-dynamic

Grain Growth

Recrystallization

£y Avd} = VAl
s, =A%,
dy, = BZ e
Z = gexp(Q/RT)
X g =V~ eXp{-0.693(8 1 £, )"
&y =Cdf 2°
: maximum strain
; Critical strain
. initial grain size
: Zener — Holloman parameter
: Dynamic recrystallized grain size
: Strain rate
: Activation energy for dynamic

recrystatiization
: Fraction of dynamic recrystailization

:Strain for 50% recrystallization

d=Dd.e7.2¢
X, =1-exp(—0.693(/4,.)")

A LA
Le=E.d) ¢

d* =d¥ + Ftexp(-0Q,/ RT)

0, : Activation energy for
grain growth

&~ exp(Q, / RT)

. . Static and Meta dynamic
recrystallized grain size

- :Fraction of static recrystallization

: Time for 50% recrystallization

: Activation energy for static
recrystallization

Average Grain Size

_x, +xmumv

i
dwz dw,‘ dd,x d,_ d,
d : Average grain size
d,.. :Non-recrystallized grain size
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: recrystallized grain size
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Fig. 1 Scope of microstructure prediction approach
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Fig. 2 Average grain size contours obtained from hot
working process simulation of Alloy 718
turbine disk
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Fig. 3 (a) Dynamically recrystallized volume fraction
and (b) grain size contours obtained from
sidepressing simulation; symbols ‘E’ and ‘S’
represent experimental data and simulation
results, respectively.
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