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Fabrication and High Temperature Properties of Single Crystal
Component of Advanced Ni-base Superalloys
Yoshio OHTA, Yukiya G. NAKAGAWA and Shinichi OHAMA
Synopsis :

A precision casting of high pressure turbine blades and vanes consisting entirely of an oriented single
grain of nickel-based superalloys has been introduced in most advanced aircraft engines due to their
superior high temperature strength. This paper presents a description of the casting process for single
crystal components and the evaluation of high temperature properties for a newly developed alloy TMS26
in comparison with the existing alloys. Major outcomes are summurized as follows ;

(1) Selecting the most adequate casting procedure and parameters, high quality single crystal blades in
which their longitudinal orientation divergence from <100> was less than 10 degree were consistently
procedured from TMS26 and CMSX-2 (an existing alloy) with a yield in excess of 90%.

(2)Mechanical properties (tensile, creep and low cycle fatigue strength) and several physical properties

of TMS26 were found to be generally superior to those of existing commercial alloys.
Key words : superalloy ; directional solidification single crystal ; creep ; fatigue ; casting ; physical properties.
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Table 1. Chemical compositions of single crystal alloys (wt% ).
Alloy Cr Co Mo w Ti Al Ta Ni Others
CMSX-4 6.6 9.2 0.6 6.4 0.9 5.6 6.2 Bal. Re:3.3
MXON 8.0 5.0 2.0 8.0 - 6.1 6.0 Bal.
TMS26 5.6 8.2 1.9 10.9 — 5.1 7.6 Bal.
CMSX-2 8.0 4.6 0.6 8.0 1.0 5.6 6.0 Bal.
Alloy 454 9.9 4.9 — 4.0 1.6 5.1 11.9 Bal.
Reference alloys
Mar-M247CC 8.0 10.1 0.6 9.8 0.9 5.3 3.0 Bal. C:0.13 B:0.011 Zr:0.03 Hf:1.2
Mar-M247LC 8.0 9.2 0.5 9.4 0.7 5.6 3.2 Bal. C:0.07 B:0.015 Zr:0.02 Hf:1.4
Mar-M200+ Hf 9.0 10.0 12.0 2.0 5.0 — Bal. C:0.15 B:0.015 Zr:0.04 Hf:1.5
Table 2. Heat-treatments of used materials.
Alloy Solution heat-treatment Aging
CMSX-4 1288°CX2h+1 293°C X 4h 1080°C X 4h, 871°CX20h
1272°CX2h+1 288°C X 2h+1 296°C X 3h 1080°CX4h, 871°CX20h
1304°C X 3h+1 313°CX3h+1 316°CX 2h
MXON 1310°CX1h 1100°CX4h, 850°CX24h
TMS26 1320°CX2h+1 335°CX2h 980°CX5h, 870°CX20h -
CMSX-2 1316°C X 3h 982°C X 5h, 871°C X 20h
Alloy 454 1 288°C X 4h 1 080°C X 4h, 871°CX32h
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Fig. 1. Blade model and iso-solidus line transition

obtained for the blade model.
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Fig. 2. Mold design for casting a 4-blades cluster.
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Fig. 3. High temperature tensile properties of TMS26.
100,
90}
80f
701 ~.
60}  -..
— 50f
E 40} ;
5 30}
% o Developed alloy TMS26™._ ™
@ 20 ®CMSX-4 p \ (Tn?é *1000n)
8 # MXON P .
& 151 ePWA1484 'g‘g"m“ /\ \ o
Existing SC alloys W .
10r (Alloy454, CMSX-2) N Fig. 4. Creep rupture strength of
23 24 25 26 27 28 29 30 37 TMS26 and other advanced SC alloys.
Larson-Miller parameter, T(20+Log )X 1072
LTw7. CMSX-4 5&l22oW\WTid 2 o ER b CMSX.2
FHICBIFLFT—F 2RI L. 6 ROBHFILLEZ 12
Incipient melt (RHHM) TR Luas RARICEE | P et
FRRERBI LI THRE Y HEEBRT AL E Heard TMS26
ERL7b0OT 9% M EoRELLER LkENEE T8 |
WS LT b . RN 218, KBS S ) —  F |
THE~OFGINE <, Hi: WEAWTETOBE  § |
BRONN, ThEEAEHCRRr 7. 7225, B 9 |
BoOWELZESRBIIBWTHEEROH A THEHE S 2 fj
D, G Y HEESEREEE DL LD BT, D ’ )

KR TP bOBEME L TEITONZEE
1040°C, Jin/7 14 kgf/mm? CTHEWIEFME 1000 h L E & W
SBEIOSREED Y- THBREKRT S L Fig. 5
DZTELTHB., KA BEEEBR 5 DIE TMS26 &
£ThHhH. DL LHREBTIZI<I00>HALOHR
Eix 2 ) — THREEFIC y BT NS SIS IERE 2 F ISR
RICEET S, whwabJ 7 ik (Rafting) 2T
B, TOXHI %57 MBI 1IRS Y- THICEKE
h, 2077 MloEEEIE VI /7 R\
Wo 72BN ONA NZBEB X PHITLRENEL 2D 2

7000 1200 1400 1600 1800 2000
Time (hr)

0 200 400 600 800

Fig. 5. Comparison of creep curve for <001>
oriented major alloys at 1040°C, 14 kgf/mm?.
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Fig. 6. Relationship between creep rupture life
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Fig. 7. Location and geometry of sample machined
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Fig. 10. Physical properties of TMS26.
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Table 3. Thermal expansion coefficient as a func-
tion of orientation and temperature for TMS26.
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20~ 100 13.0 12.1 11.8 o) B HMEKERE RS I 8 Sh ol 7,
20— 200 13.1 13.1 13.1
20— 300 13:3 13.1 133 TMS26 &4 13 CMSX-2 L W HE, Yo 7FII—EHA
20~ 500 13.8 13.6 13.5 1] 7 7205, AR BIIITEETH A LS
20— 500 13.8 13.6 57 FIEEE2RL72H, REHICRIEBEFEETH o
20~ 700 14.4 13.7 13. -\ -
20~ 800 14.8 14.2 14.3 o7
201000 108 18 128 %, ARBRTC I R - TR O Kt AU 3
EBHEMOEERSHEICKSE, (M)REREE-BHE
Table 4. Thermal properties as a function of orientation and temperature for TMS26.
Ori . Density Temperature Specific heat Thermal diffusivity Thermal conductivity
rientation (&/cm®) (°C) (cal/g-°C) (em?/s) (cal/em-s+°C)
507 RT(%&)) 8.032 0.023 0.8§82
) 1 0.040 0.0377
<100> 800 0.115 0.044 0.0454
1000 0.135 0.046 0.0557
RT(20) 0.108 0.023 0.0223
<110> 8.97 600 0.136 0.040 0.0488
800 0.151 0.044 0.0596
1000 0.171 0.045 0.0690 .
RT(20) 0.100 0.024 0.0216
<11> 9.00 600 0.123 0.039 0.0432
800 0.135 0.044 0.0535
1000 0.152 0.046 0.0629
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