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Superplastic Warm-die and Pack Forging of Powder-consolidated
Nickel-base Superalloy Mod. IN-100
Yasunori TORISAKA, Masahito KATOH and Maisuo MIYAGAWA
Synopsis :

The superplastic behaviour (total elongation and strain-rate sensitivity index m) of a powder-consolidated
nickel-base superalloy Mod. IN-100 preformed by extrusion under various conditions has been measured at
1 050°C. The results showed that a sample piece extruded with 72% at 1 100°C and annealed at 1 070°C for
1 h had the maximum in m at strain rate about 2.0X1072s7 1,

Subsequently, the sample piece preformed under the condmon as mentioned above, packed in 5 mm-thick
carbon steel (S35C) and heated at 1 100°C was superplastically forged at strain rate about 1.8><10~v2 st
using Inconel 713C dies previously heated at about 600°C. As a result, the sample piece was sound after
forged. -

Furthermore, the results showed that the heat treatment for grain coarsening after superplastic forging
should be performed at the temperature range of 1 200-1 275°C.

Key words: superplastic warm-die and pack forging; nickel-base supera]loy, Mod. IN-100; strain-
rate sensitivity index ; extrusion; carbon steel ; Inconel 713C; grain coarsening.

, XERFRENFESHFOERSE XoTtHELN

il

L & tfmaa#ﬂiﬁ{%‘lﬂ& LbDEL A,
Gatorizing 1?2 13 Ni £#Wit 244 IN-100 © ¥ — 3. 1150°C PibETo#lL
P4 A 7BICHEARENIZDDT, ZoEKFO—FX
X RA v MIBEMEM 85 -0 0k St t B
BEL7-FMLICH D, 20F#MEEAEIATVE

M LRSI FRERIRLOTHELRT LEAE. £
hwz, XERFEIEBNEER. XoTELsNERER
BHEHHK 2 DS, LiERLE. $-4&08427T

v, LA LA, FESRIEOREIT, WERD
2 70% L& L, 1000~1150°C ®54:CH# L e,
BEMDPRON, OROBEL T LIC LD THMIE Sk
*ATAHEIICEBLILERLA. BIL, HliLICXS
SRR DR R F X
1. 1000°C LLFCofH L
M TH B EE KA 52O T 1150°CX1h
OBELR T LELELTA, Thwz, XERTFEIHNE
fdm. KO TR ORI R A 2 DD L 2 5.
2. 1000°C LLE 1150°C RiliTOHE L
FHI T A BRSSO LRI 52T
1000~1150°CX1h DBEL T LELEL TS, Zhw

UM LEEE, —#&i2 IN-100 O BB HRBIRE A
1050~1100°C TH A Z & 25, BPEWHRERT 7 3 ER
DO RBEBYESEE % 1T ) FRARE T, RERA T 23T
REDBEIC LT ORI L) OB E2LELT2
728, B2 TRESBFMHILD - D DBER L %4T D LE
BawZ EEHELMICLL.

Z 2 CARFFETiE, Table 1 I2/R$H#% A B, C, D
BEXUE %fH LT 1050°C TOMBMRE*IT\,
OB LV FAHERZHRE m Ex Ko, il
LICKBEBEFMIEH 2B L. Z0&E, HED
T2 2.0X107 27 LA CTRA mEDOBEO IS Z & 28
Ritashrz7z0, HHDOBBEEY + — L5414 - )3y ¥

BRAD 61 4£2 A 21 BT (Received Feb. 21, 1986)

* TERMBASMIWITZRT 198 (Mechanical Engineering Laboratory, Agency of Industrial Science and Technology,

1-2 Namiki Sakura-mura Niihari-gun Ibaraki pref. 305)

*2 TERMBEAEMIATIIZERT (Mechanical Engineering Laboratory, Agency of Industrial Science and Technology)
*3 RHMiE# ALY T8 (The Technological University of Nagaoka)

— 149 —



900 & L W

8 73 fF (1987) £ 7 &

Table 1. Preform conditions.

Material Preform Annealing
A As HIP —
B 82% extruded-at 1 000°C 1150°C X 60 min
C 82%  rolled at 850°C 1 150°CX60 min
D 72% extruded at 1 100°C 1 070°C X 60 min
E 82% extruded at 1 100°C —_—
F 72% extruded at 1160°C —
G 72% extruded at 1 100°C 1275°CX 15 min
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Fig.-1. Size of billet packed with S35C for su-
perplastic warm-die and pack (SWAP) forging.
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Fig. 2. Peak flow stress versus strain rate for

variously preformed Mod. IN-100 at 1 050°C.
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Fig. 3. Effect of strain rate on the total elonga-
tion.
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Fig. 4. Distribution of Vickers hardness after
SWAP forged. Arrows indicate the shift deforma-
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Fig. 5. Load versus displacement diagram and
temperature distribution of SWAP forged Mod.
IN-100 (Material D). DTy, and DTp indicate the
temperature of upper and bottom part of the inner
die, respectively.
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Fig. 6. Load versus displacement diagram and
temperature distribution of SWAP forged Mod.
IN-100 (Material G).
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Photo. 2. Optical microstructures of Mod. IN-100 as HIP after annealed.
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