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Effect of Pores on Burst Speed of Functionally Graded Material Validation Turbine Disk
Manufactured by 3D Printing
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(1. Xiamen University, Xiamen 361005, China;
2. AECC Sichuan Gas Turbine Establishment, Mianyang 621000, China)

[ABSTRACT] At present, the multi-material fusion 3D printing technology has a good application prospect for the
development of short-life and low-cost small engines, such as the application of 3D printing functionally graded materials
in the typical hot section parts of new-type turbine disk. In order to explore the influence of pore defects generated by
3D printing technology on the burst speed of turbine disk in aero-engine, the burst speed analysis of functionally graded
material validation turbine disk was carried out based on the strain-based fracture criteria under the testing uniform
temperature field of 500 °C and the real temperature field respectively. Our studies mainly focus on the influences of pore
defect characterization parameters and related factors, such as porosity, the position of large pores located, the number
of large pores, large-pore spacing and the distance between large pore and bursts initiation position on the burst speed of
validation turbine disk. The results show that the random distribution of pore defects is not the only consideration for the
performance analysis of 3D printed disk. The large pores distributed in the high-strain region (hazard section) will lead to
a significant decrease in the burst speed of validation turbine disk, and the defects in the high-strain region, close to the
predicted bursts initiation position, should be strictly controlled during 3D printing.
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Fig.1 3D perspective of internal defects of 3D printed bimetallic functionally graded material samples
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£ 1 GH4169 #HH e 14
Table 1 Mechanical properties of GH4169"*"*!

1R BE/C SPEREEL/GPa AL JEARAEE/MPa | BFRARIE/MPa | IEfRR | REKERERY (10°CT) | HE/ (g em™)

20 204 0.30 1200 1440 0.22 11.8

100 = = = = = 11.8

200 = = 1100 1330 0.16 13.0

300 = = = = = 13.5

400 176 0.31 1080 1300 0.20 14.1

500 160 0.32 1080 1310 0.19 14.4 8.24
600 150 0.32 = = = 14.8

700 141 0.33 910 1000 0.26 15.4

800 = = 610 615 0.26 17.0

900 = = = = = 18.4

950 = = 150 180 0.80 =
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Table 2 Mechanical properties of GH3625"*'

TR/ C HPER R /GPa TR L JEIRERE/MPa | FRERIE/MPa | gEffRE | RIZAKARU(10°CT) | #E/(g-om?)
20 205 031 598 971 0.40 12.7
100 — — — — — 12.7
200 — — 556 940 0.53 13.0
300 — — — — — 13.5
400 185 031 434 845 0.67 13.6
500 179 0.32 473 829 0.61 14.0 8.44
600 173 0.32 — — — 14.3
700 168 033 484 722 0.67 15.0
800 — — 392 403 0.61 15.6
900 — — — — — 16.1
1000 — — 98 104 0.78 —
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Fig.4 Schematic diagram of multi-material distribution of
validation turbine disk
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Fig.5 Stress—strain curves of simplified elastic-plastic model
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Fig.6 Contour of real temperature field of validation turbine disk
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Fig.7 Contour of equivalent plastic strain in real temperature field
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Fig.10 Schematic diagram of large pore distribution

R3 BRI RIS RER
Table 3 Burst speed of the validation disk of each single-hole blade

FLBAf 455/ (r + min™) R/ %
JeAL 27474 —
4, 23699 13.74
4, 24606 10.44
A, 25003 8.99
B, 26825 2.36
B, 27086 1.41
B; 27152 1.17
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