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Fabrication and Properties of Spider Web Structure SiC/SiC Turbine Blisk
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Abstract: The turbine rotor component is one of the core components of gas turbine engine (GTE). Based on the inspiration from
nature spider web as one of excellent toughness and collaborative bearing characteristics, we proposed an idea of preparing ceramic
matrix composites (CMCs) turbine blisk, which has a spider web structure (SWS) preform. We invented a new method of designing
SWS preform and prepared SWS-SiC/SiC turbine blisk. The SWS-SiC/SiC turbine blisk was tested via super-spin experiments in
room temperature. The results show that its breaking speed reaches to 118 000 r/min (at a blade tip speed of 702.84 m/s), which is
3.09 times greater than that of the conventional 2D-C/SiC turbine disk, and 1.86 times greater than that of the target speed
(85 000 r/min) of a GTE turbine blisk. The results of target speed test indicate that the first order frequency, second order frequency
and third order frequency of SWS-SiC/SiC turbine blisk can be reduced by 0.41%, 0.03% and 0.26%, respectively.

Keywords: ceramic-matrix composites; turbine blisk; bionic structural design; gas turbine engine
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Table 1 Result of frequency test for SWS-SiC/SiC turbine blisk

Frequency/kHz
Sample No. Speed/(r-min”") " I . Drop/% 2-drop/% 3-drop/%

0 0 10.97 15.85 21.65

1 60 000 10.92 15.84 21.59 0.41 0.03 0.26

2 65 000 10.96 15.84 21.68 0.05 0.03 -0.16
3 70 000 10.93 15.80 21.60 0.32 0.28 0.21

4 85 000 10.90 15.73 21.54 0.59 0.73 0.49

5 100 000 10.85 15.65 21.51 1.05 1.23 0.63

Note: 1*-first order frequency, 2*-second order frequency, 3*-third order frequency



. 2210 - CRERR 2h2230)

J Chin Ceram Soc, 2022, 50(8): 2205-2211

2022 4

ORI B B B E=(267.7+13.9) GPal'!, #JE N
p=2.75 glem’, T BALAIFMERIE N £=199.9 GPa,
R p=8.24 g/em’]”, SWS-SIC/SiC R4
(1 HREAE AT 2R 5 AR A e “ 2R B
Ko I T30 A it 6 485 A% B0l 45 H A 5 A
RAEREGILIR, WL RSP S0, 1Y
TN AE Vi R,

2 n=60 000 r/min MiXf5, SWS-SiC/SiC w4t
B —Fr . . =B AR 2 0.41%,
0.03%41 0.26%, Ui BIARHE AN B

2 n=85000 r/min MWX)5, }HEK—Fr. =
Bro ZBrsilEsrmlig: 0.59%, 0.73%F1 0.49%.
BITE GTE KEnMLim%e HAREd &4 T, wfe 4t
JESSEEEERTE LG

2 n=100 000 r/min @G, WEHER
—Fr ZBr. =Bk A8 1.05%. 1.23%H
0.63%, IXBIRFE I B L5 IR = A — B i3

W&, Pl &M SWS-SiC/SiC % % M- 4% 76
n=118 000 r/min #5351 T K AR . BEARBEIA
JE MRS I E 11 FroR,  SARWTE R IA KA
YA 22 2R Y AR, TR AR 4R IR
TR R R R AR HK

11 SWS-SiC/SiC {m¥e MBI Ja s I3
Fig. 11  Microstructure of broken SWS-SiC/SiC turbine blisk
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