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Research and Development of Advanced Metallic Materials
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To reduce CO, emissions from the ESPR propulsion system, research and development investigated advanced metallic
material turbine parts, that is new generation single crystal superalloy blades, powder metal alloy disks, and titanium
aluminide blades. Material properties were evaluated for candidate single crystal superalloys, powder metal alloys and
titanium aluminide alloys, such as fatigue and creep properties, and oxidation resistance at elevated temperatures. The most
suitable alloys were selected for the ESPR propulsion system and manufacturing techniques were optimized for turbine blade
and disk parts. Finally, single crystal superalloy blades were successfully demonstrated in an engine test with a turbine inlet

temperature of 1 923 K.
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Table1l Chemical compositions of candidate alloys and conventional alloy
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ooo ooo Al | Ti | Ta |Mo| W |Re | Hf | Cr | Co |Ru | Ni
TMS-75 |6.0 | O |6.020|60|50|01 (301200 |00
TMS-82+ |53 |05|6.0|19 |87 (2401|4978 |0 |OO
Joon TMS-121 |6.0 | O |6.0(3.0|6.0|50|01(30|60|0 |00
TMS-138 |59 | O |59 (29|59 49|01 (29|59 (20|00
goooQg | CMSX-4 (56 |10(65 |06 (60(3.0)01|65(100|0 |00
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.1 Creep resistant temperature for various alloys
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Fig. 2 HCF failure stress for various alloys
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Fig. 3 LCF failure stress for various alloys

22 000000000000000000000

ooo0ooobbO0o00ooooooTMS-138 D000
gooobobboooooooobobbbooooooooo
goooobobobobbbbbooooooooooooobo
goobobboooobbbooooboobboooooo
goooboboboooooooooboboboooooooobo
oboboboooooooooXx obooobobo oo
O oobooooboboooobboooobbooooo
gooobobboooooooobobobbooooooooo
gobooobooobooobboo 1 goboooo
goobobbooooobbbooooobboooooo
O CMSX-4 OD0O0OOOonDoooooboobobooogo
oooooo

ooobooooobobooooobobbooooboobobog 4
gooboobboooooooobobbooooooooo
gooobbbobooooooobobboboooooooobo
goobobbooooobbbooooooboboooooo
goooooooboooooooooobobboooog
obooooooobooboboboobooobooboboon
goooooboo

goboboooobobooooboboooobobooo
gbgl1923KiO0dbonooooooonogoog 5400
goobobbooooobobboooobobbooooobo
goboooboobooboooobooboobboobo
ooogoTMs-138 000000000000 0O0O000O
ooooooboboon

040 0O0O0OO0OOODOODODODODOOOO
Fig. 4 High pressure turbine blade for HTCE tests
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Fig. 5 High pressure turbine blades after HTCE test
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Fig. 6 Simulation results

Oo70
Fig. 7 Partial heat treatment with induction coil
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Fig. 8 Microstructure before and after heat treatment
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Fig. 9 Creep test result and improvement of creep resistant temperature
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Fig. 10 Creep resistant temperature for various alloys
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Fig. 11 TiAl blade casting
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Fig. 12 Weld for tip shroud section of TiAl blade
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