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Effect of Holding Time after Forging on Grain Growth of
Austenite in Steel for Large Scale Low PressureTurbine Rotor
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Austenite grains in the core of large scale turbine rotor forgings are refined by repeating annealing treatments after
forging in order to improve the ability of detection of flaw by ultra sonic wave. The treatments, however, require high
cost and long time. The grain growth behavior of austenite during holding at high temperature following hot deforma-
tion was investigated using hot deformation simulator to achieve refinement in austenite grain by controlling hot
forging.

Austenite grain markedly grew to about 4mm during holding for 5000s at 1250°C after a small amount of deformation
of 59 at 1250°C.
recrystallized statically by bulging mechanism and there were many grain boundaries with unstable triple point in
recrystallized austenite before grain growth. On the other hand, only a few grain boundaries with unstable triple point
were observed in samples deformed at more than 1094. Since a small strain is applied to forgings at the last stage of
forging, it appears extreme grain growth occurs. There is a possibility that extreme grain growth can be prevented by
accumulating strain to more than 8%, which can be achieved by forging with a period within 30s between deformations
at a certain position.
turbine rotor ; low alloy steel;
boundary ; bulging mechanism.

In the specimens in which extremely large austenite grains were formed, deformed austenite

forging ; austenite ; grain size ; recrystallization ; grain growth ; triple point of grain
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Table 1. True strain at core using plasticin.

Compressive strain . —0.016 —0.092 —0.13
Strain parallel to 0028  0.10 0.18
compressive direction

Strain transverse to _ _ —
compressive direction 0.010 0.11 0.30
Equivalent strain 0.040 0.13 0.26
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Fig. 1. Observed and calculated temperature
changes at various positions of radius direc-
tion in rotor forgings of 2m-diameter.
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Fig. 2. Stress-strain curve for a sample deformed at
1250°C and 1073s7.
& : strain at which dynamic recrystallization
starts, &,: strain showing peak stress, & :
strain at which steady-state deformation
starts
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Fig. 3. Effect of holding time at 1250°C after 1-step

-deformation on austenite grain size.

deformation temperature: 1250°C, strain

rate: 1073s~%, n in equation (2): 1.6 (strain:

5%, time: 600 to 5000s), 7.7 (strain: 109%,

téiéne): 1 to 600s), 6.9 (strain: 609%, time: 1 to
0s
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Fig. 4. Austenite microstructures after holding for 600s (a) (before grain growth) and 50005

growth) at 1250°C.
deformation temperature: 1250°C,
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strain: 594, strain rate: 1073s~*
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Fig. 5. Triple point of austenite grain boundaries
after holding for 600s at 1250°C following
deformation of 5% (a) and 1094 (b) at 1250°C
and 1073s7 .
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Fig. 6. Distribution of the smallest angle between
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ing for 600s at 1250°C following deformation
of 5 and 10% at 1250°C and 103s™!
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Fig. 8. Effect of holding time at 1250°C on austenite
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Fig. 9. Stress-strain curves of 4-step-deformation
at 1250°C and 1073s* with interrupting for 4s
(a) and 100s (b) at 1250°C.
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