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Development of a Free Forging Shape Evaluation Method Using
a 1500-ton Forging Simulator in DSALOY®718
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Syuji KURODA and Yoko YAMABE-MITARAI

Synopsis

Free forging is a method of sequential forming by multiple blows using a simply shaped anvil, so it has an advantage over
die forging in that the load is lower and large products can be formed with a relatively small press load. On the other hand, it
is necessary to specify the forging process in detail in order to stably satisfy the required characteristics of the product. In this
study, a free forging evaluation method was developed using a 1500-ton forging simulator, the effects of different height-diameter
ratios and forging methods (rotary forging, cross forging, and helical forging) on free forging were investigated, and the following
test results were obtained. In the case of rotary forging, the shape becomes oval and necked. In cross forging, the shape becomes
octagonal, and the neck is suppressed. Helical forging produces a circular shape with the same necked shape as rotary forging.
Using the same forging method, the lower the height-diameter ratio, the more the neck is suppressed.
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Table 1. Chemical composition of DSALOY®718 (mass%).

Ni Fe Cr | Mo | Nb Ti Al C
538 | Bal. | 182 | 32 | 55 | 1.0 | 0.5 | 0.03
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Fig. 1. Overview of isothermal rotary forging test.
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Fig. 2. Overview of forging method.

Table 2. Condition of forging test.

Height
diameter 1.0 1.0 1.0 0.7 1.4
ratio
Forging . . .
method Rotary | Cross | Helical | Helical | Helical

Table 3. Condition of FE simulation.

Software Simufact.forming 16.0
Analyzed model 3D

Specimen Plastic-Elastic

Tools Rigid

Contact condition Coulomb friction 0.4

Heat conductivity [0 air  10.12
[kW/mK] to tools |2.00
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Forging
Total reduction 73 %

(Each reduction 15 %
Total of 8 heatings)

Forging temperature: 980 °C
Press speed: 10 mm/s
Interval between blows: 20 s

Heating 1.5 h
Reverse
Top Reheating 1 h

Reverse

L B e

®95%x140 D103x119  ®112%x101 »182x38
Heat | Diameter | Height Angle Forging method
Initial 95 mm | 140 mm - -
1 103 mm | 119 mm 0-90-45-135 ° Cross (0 °-)
2 112 mm | 101 mm | 0-90-45-135 ° Cross (0 °-)
3 121 mm | 86 mm | 90-180-135-225 ° Cross (90 °-)
4 131 mm | 73 mm | 90-180-135-225 ° Cross (90 °-)
5 143 mm | 62 mm 20 ° Helical
6 155 mm | 53 mm 20° Helical
7 168 mm | 45 mm 18 ° Helical
8 182 mm | 38 mm 18 °© Helical

Fig. 3. Overview of forging test for mini disk.
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Fig. 4. Comparison of maximum load by each forging
methods (H/D 1.0).
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Fig. 5. Comparison of forging shapes by forging method
(H/D 1.0).
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Fig. 6. Changes in forging shape for each blow by
forging method in FE simulation (H/D 1.0).
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Fig. 7. Comparison of microstructures by forging method
(H/D 1.0).
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Fig. 10. Changes in forging shape for each blow by
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Fig. 11. Comparison of microstructure by height diameter
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Fig. 12. Maximum load of forging test for mini disk.
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13. Forging shape of forging test for mini disk.
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Fig. 14. Microstructure of forging test for mini disk.
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