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The Hot Forging of Small Size Gas Turbine Disks

D. J. Cha, Y. S. Song, D. K. Kim, Y. D. Kim

Abstract

Small size gas turbine disk requires good mechanical strength and creep properties at high temperature. In this study,
Waspaloy was used as a superalloy to satisfy these specifications. The control of microstructure was needed to satisfy
material properties at high temperature. In order to do this, we studied forging conditions and material analysis. Therefore
die and preform design conducted so that hot forged gas turbine disk could have a good microstructure. The die and
preform shapes are designed with consideration of the predefined hydraulic press capacity and the microstructure of
forging product. Also we carried out the hot compression test for Waspaloy in various test conditions. From these results,
we obtained the forging conditions as material temperature, die velocity etc. To verify these forging conditions, we
conducted FE simulations by means of the DEFORM 2D-HT. In this study, the hot closed die and preform designs were
completed to offer high temperature material properties of a small size gas turbine.
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Fig. 1 Schematic diagram of hot compression test
700 - : 700 .
™oL, 21950 b) 1050 C c) 1150 C
4
W04 vy ‘. . 8004 ‘ 600 4
¥ ¥y Y 4 . 001 . 500 Strain rate{1/sec)
I I SYUUIAN i S0 S TSP eeos | o E=TE
g F LIPS T B! SR i S Yoyl & ) Ao a -0 0.05 ‘
£ 4004 jo MR T 40 vops | S 4004 \
H R b H | 2 k0.1
Y DA . 3 IRNEE IR | v os
= 3004 L S £ 13004 £ 300+ .
& ! e ] R I ] | <10
@ o —— 001 [ vy vy ry PNty e 1 ——
1?-200*" - 005 EZDU— N TR WS t t Aok A I N EZOG- PR SR B R
N - A% S - A Ao b4 4 RIS
! A I I T . :,:: Yver v vowow P
1004 e 05 | 100 ,1..,/1 R L b T, 100 -r‘:_ﬂfwt:i:ti,i‘u:‘g 7.*_\‘:14‘
« 10
0 Y T — r—— 7,7177 b r T T T T T T 0 T T T Y T —T
0 04 02 ©3I 04 DS 06 07 00 ®r 02 03 04 05 D8 07 0D 01 B2 03 04 05 0B 07
True Strain True Strain True Strain
Fig. 2 Flow stress curves of Waspaloy in various strain rates and temperatures
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Fig. 3 The Waspaloy microstructures tested hot compression test in each temperature conditions with strain rate

0.05, compression ratio 50%
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Fig. 4 The product geometry of gas turbine disk
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