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Synopsis

Free forging is one of the forming processes for Ni-based super-alloys to make large parts such as gas turbine discs. For the
free forging it is becoming popular to design the process sequence using forging simulation software. The load prediction during
the forging should have good accuracy to simulate the forging limit. However, the database of flow stress in ordinary commercial
software does not take account of softening behavior by dynamic strain recovery or recrystallization, so that the predicted
forging load often does not at all correspond to the actual values during the free forging. In this paper, the softening behavior
during a two-step compression test was investigated for Alloy718, which is a common super-alloy although the microstructure
is complex due to possibility of two intermetallics precipitating as d-phase and y”-phase. Consequently it was made clear that
the precipitation of d-phase accelerated the softening during the forging and the behavior depended on the holding temperature
and time in the forging process. A new formula for flow stress was developed from the softening behavior and introduced into the
simulation software “simufact forming”, so that the accuracy of the predicted forging load could be improved.
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Fig. 1. Ordinary forging process of gas turbine discs

made with Nickel-based super-alloy.
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Table 1. Chemical composition of Alloy718 (mass%).
Material | Cr Mo Fe Nb Ti Ni
Alloy718 | 18.0 | 3.0 | 185 | 5.1 0.9 | Bal

g
X 1.0
S 09 } — 1373K
s 08 | 1273 K
= 06 | — - 1173K
@ 05
§ 04 } —--1123K
-.g 0.3 |
5 0.2 | 4
5 0.1 PR i)
S o0 A o

1 10 100 1000 10000

Holding time, ¢ (s)

c (a) Recrystallization behavior.
= 200
g) = 1373 K
'@" 150 | 1273 K
()]
§ 100 — - 1173 K
S —--1123K
4
e
§ 50 |
kS
8 0 Al i pm iy iy guu)
w

0 2000 4000 6000 8000 10000
Holding time, t (s)

(b) Grain growth behavior.

Fig. 2 Example of recrystallization behavior (a) and grain
growth behavior (b) of Alloy718.
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Fig. 3. Microstructure of the prepared specimen,
without 3-phase(heat treated by 1253 K x 2 hr)
and with o-phase(heat treated by 1188K x 36 hr
then 1253 K x 2 hr).

Fig. 4. Appearance of forging simulator (500 kN).
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Fig. 5. Sequence of 2-step compression test.

Table 2. Forging condition of 2-step compression test.

Material Alloy718
Workpiece dimension (mm) $15%22.5
Reduction (%) 20, 40
Strain rate (s™) 6.7
Holding temperature (K) 973, 1073, 1173, 1273
3 (All temp.),
Holding time (s) 30, 300, 3600
(1173, 1273 K only)
O-phase precipitated
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Fig. 6. Schematic illustration for definition of the

softening ratio from stress-strain curves.
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Fig. 7. Sequence of 4-step compression test.

Table 3. Forging condition of 4-step compression test.

Initial micro structure with &-phase
Workpiece size (mm) $15%22.5
Reduction (%) 15
Average strain rate (s™) 6.7
Holding temperature (K) 1173
Holding time between blows (s) 10

Table 4. Condition of simulation of 4-step compression

test.

Software Simufact.forming 11.0

Analyzed model 2D axis symmetry

Plastic-Elastic
Tools Rigid

Specimen

Used flow stress Experimental

Contact condition Sheer friction m=0.85

Heat conductivity | o air 0.12
[kW/m*K] to tools 5

used / not used

Softening ratio
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with / without peak stress.
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Table 5. Calculated value from experimental data and
the equations (2), (3).
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