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Die design for HIP’ing of Nickel-base Superalloys

J. S. Lim*, J. T. Yeom*, H. L. Hou**, N, K. Park*

Abstract
Nickel base superalloys are widely used for high temperature applications due to heat resisting capability and
corrosion resistance at high temperatures. Superalloys with many strengthening alloying elements are frequently used in
powder form to alleviate harmful effects of alloy segregation. HIP (hot isostatic pressing) and DB (diffusion bonding) as a
form of solid-state bonding process is used to make turbine components, such as integrated turbine rotors. HIP/DB process

requires many technical overcomes related to dimensional changes as well as microstructural control.
In this research, HIP/DB process for nickel base superalloys, Udimet 720 and MM 247, were investigated with a view
to control the dimensional change during the consolidation process. Simple disc-shaped cans were used to select the

conceptual die design for the control of the dimensional change especially in radial direction. The change in the shape of

consolidated shape was investigated using commercial FE code with constitutive equations for low temperature plasticity

deformation.
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Table 1. Chemical composition of Udimet 720
(unit: wt.%)

Element C Cr Co Mo w

Content | 025 18.0 14.8 3.0 1.3

Element Ti Al B Zr Ni

Content 5.0 2.5 .035 .035 Bal.
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Fig. 1 Graph of heating and cooling rate via preséure
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Fig. 2(a) Geometry of the simple can with uniform
wall thickness.
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Fig. 2(b) Block diagram of the can with a center hole

35

S
§ -

Fig. 2(c) Block diagram of the can with a block in the
middle
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Fig. 2(d) Block diagram of can with a center hole and
thick wall
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Fig. 3(a) Change in geometry of can (Fig.2(a)).

Fig. 3(d) Change in geometry of can (Fig.2(d)).
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Fig. 3(e) Change in geometry of can (Fig.2(d)).
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Fig. 3(f) Change in geometry of can (Fig.2(d)).

Table 2. HIP 43 ¥ CAN 8 5§

ASE
FHE(%

7t2 1158 | 14.17 | 1476 [ 14.90 | 13.91 13.82

A=z 16.81 | 13.61 | 16.85 1 2049 | 24.00 | 26.82
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Fig. 4 Change in powder density by HIP’ing
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Fig. 5(a) Deformed shape of Mild steel Can

Fig. 5(b) Deformed shape of Udimet720 Can

4. 8
2 dFE Botd tgol dE2s 2 Jix FE
A =zt

(1) HIPDB AlE# ol &3 ogo] 713
A shape o] W& J3F& 2 L7} njo)sic.

(2) N9 o] FALTE MY 72 F5E
< FEEAT

(3) LF=EI & AEE B Qo] AlR3
I Uz} 2L Mild steel & AlR319S o A
=g A2 F Adh

o
=

gFaEd

Ho

(1) Eisen, W., 1996, “PM Superalloys: past, present,
and future”, Materials World, pp.22~24

(2) Kang, C. Y. et al, 1994, “A study on TLP diffusion
bonding of directionally solidified Ni base
superalloy”, J. Kor. Knst. Met. Mater,, Vol.32,
pp-1346~1355

(3) W, #94, , 2003, AR Ea3 AzRE
4% ZWIAFF olFAe HIP Diffusion
Bonding," #3443 7138H3]%], A 12 A, A 1
3, pp.60~65.

- 142 -



