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Effect of various 3D printing defects on the burst
speed of functional gradient turbine disk
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(School of Aerospace Engineering, Xiamen University, Xiamen 361102, China)

Abstract: Currently, the quality control issue is still a key factor limiting the practical applications of three-
dimensional (3D) printing materials and structures. For verification of turbine disk based on 3D printed
functionally graded materials, firstly, based on the unified viscoplastic constitutive model with damage, the
constitutive model with temperature term was established for high temperature blade material. Then, the
burst speed was analyzed under the working temperature field based on the strain-based fracture criteria.
The influence of 3D printing defects on the burst speed of the turbine disk was systematically explored,
including pores, powder exhaust-holes, interfaces, and cracks. The research results indicate that the rate
dependence and temperature softening effect of high temperature materials can be well described by the
unified viscoplastic constitutive model considering the effect of temperature and material damage, and the
defects located in the high-strain areas (critical sections) can lead to a significant decrease in the burst speed
of the verification turbine disk and also cause the variation of fracture position. Considering all types of
manufacturing defects obtained from inspection, the error between the simulation and experimental results
of the burst speed is only 0.69%. It can provide guidance for the damage tolerance design of key
components manufactured by 3D printing.
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Table 1 3D printed K477 constitutive model
parameters at 500 C
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Fig.1 Comparison of simulation and experimental results of K477 material at different temperatures
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Table 2 Mechanical properties of GH4169 material

R/ C PP R /GPa THFALL Jit I3 /M Pa e FR5H 2/ MPa WS IR /% Lk FEU10°C!
20 205.0 0.32 920 1 300 18.5 13.0
400 199.0 0.34 961 1114 14.5 133
700 155.0 0.37 791 925 24.0 14.2
900 82.0 0.41 160 277 32.5 15.3
1000 80.0 0.44 104 150 80.0 16.5

3 KATTHPRL 124k g
Table 3 Mechanical properties of K477 material

R/ C PP/ GPa THFALL Je 58 /M Pa T BB /M Pa WE /% Lk FEv10°C
20 189.0 0.29 730 1260 12.0 11.4
400 154.5 0.31 725 875 15.0 12.9
700 130.0 0.34 680 760 17.0 14.3
900 56.0 0.36 450 550 22.0 14.7
1000 50.0 0.36 160 260 26.0 14.8
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Fig.2 Schematic diagram of the material distribution
of the 1/31 turbine disk with pores
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Fig.3 Cloud contour of the real temperature
distribution of the turbine disk
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Fig.4 Cloud contour of stress and equivalent plastic strain distribution of undamaged turbine disk
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Fig.5 Pore distribution detection results
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Fig.6 Cloud contour of stress and equivalent plastic strain distribution of turbine disk with random pores
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Fig.7 Cloud contour of stress and equivalent plastic strain distribution of the turbine disk with incomplete fusion of powder holes

53 MRRMERESRERLHNENE
i TR AR S0k FoR A AR R TR T
ZAHATIDITER il , FL2F A LA HI R AR Rt
TE2F AL 2 L i P 7= A BB . XURRE (S
E)ﬁ{ﬁﬁﬁﬂﬁhﬁﬂﬁt@” BRI XA B AL I T2
VERE S PG SR AP 7E W 2500 . DR, D REA BE A1k
TR AT 0 S o T S T 2 AT A
H . 3DITENGH4169/K47 TR i B SR AR 53
WMFRAFTR . BEHAIT BERE M R}HX Sk 24— 2 )

ey S I E DA e 61

Table 4 Material interface tensile test data

JEARSRIE R Wije

AR MEpE/C

/MPa /MPa %
GH4169 650 971.0 10415 47
GHA4169/K477 650 858.0 9727 7.0
K477 650 694.0 7737 6.6
GH4169 20 968.0 1287.0 4.4
GH4169/K477 20 864.3 11963 13.4
K477 20 789.0 1293.0 222
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Fig.8 Cloud contour of stress and equivalent plastic strain distribution of turbine disk

considering interface strength and crack conditions
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Fig.9 Fracture surface of disc and blades after disc rupture test
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Fig.10 Scanning electron microscopy image of the fracture
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Fig.11 Cloud contour of comprehensive actual damage stress and equivalent plastic strain

distribution under experimental temperature field
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