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Research on Crack Propagation and Stiffness Characteristics
of Gas Turbine Rotors

WANG Xiang-he, ZHANG Nan, HUI Xiang, LI Hui
(No. 703 Research Institute of CSSC, Harbin, China, Post Code: 150078)

Abstract; The working environment of gas turbine rotors is very poor, and the rotor structure is prone to
crack faults. In order to solve the problem of difficult identification of gas turbine rotor cracks, taking a
certain type of gas turbine high-pressure rotor as the research object, the working conditions were simula-
ted by three-dimensional modeling and ABAQUS simulation. First, the location where cracks were prone
to occuring was simulated and calculated; then, crack models of different sizes were preset in the three-
dimensional model of the rotor for the location where cracks were prone to occuring, obtaining the crack
propagation situation of the rotor; finally, a certain load was applied on the rotor model after the crack
propagated , and the tension and compression stiffness, torsional stiffness and bending stiffness of the rotor
were measured in different crack states. The results show that the high-pressure turbine sealing disc area
of a certain type of gas turbine high-pressure rotor is prone to crack failure, and the rotor stiffness shows
a decreasing trend with the increase of cracks.
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Fig. 1 Three-dimensional model of rotor
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Tab. 1 Material properties
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grem 3 W+ (m-K) ! 1077 K! 10°N+mm 2
8.23 27.6 16.2 16.6
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Tab.2 Related parameters of crack propagation
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Fig. 3 Stress cloud map of simulation results
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Fig. 4 Crack propagation diagram
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Fig. 5 Early rotor crack diagram
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Fig. 7 Three-dimensional model diagram

of cracks
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Fig. 8 Diagram of crack propagation results with

preset crack width of 5°and depth of 10 %
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crack depth of 5% and width of 25°



- 178 - #oHe B

AN

2024 4

K3 HEHRTTIARRYUBERETFRETE
Tab. 3 Deformation table of rotor at axial load under

different crack conditions

R BARIEAE it/ mm
oL 2.713
5°.5% 2.725
5°,10% 2.761
5°,15% 2.816
5°,20% 2.871
8°,5% 2.779
10°,5% 2.807
15°,5% 2.834
20°,5% 2.860
25°.5% 2.890
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Fig. 11 Fitting diagram of axial tension and compression

stiffness of rotor varing with crack depth
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Fig. 12 Fitting diagram of axial tension and compression

stiffness of rotor varing with crack width
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Fig. 13 Diagram of crack propagation results with

preset crack width of 5° and depth of 20 %

B 14 HERTEER

Fig. 14 Diagram of torsion load setting
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Fig. 15 Deformation cloud map of rotor with crack

depth of 5% and width of 25°
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Tab. 4 Deformation table of rotor at torsional load

under different crack conditions

il AR AL/ mm
ToREL 0.4379
5°,5% 0.446 9
5°,10% 0.459 6
5°,15% 0.473 0
5°,20% 0.486 4
8°,5% 0.452 9
10°,5% 0.466 3
15°,5% 0.479 7
20°,5% 0.493 0
25°,5% 0.506 4
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Fig. 16 Fitting diagram of rotor torsional stiffness

varing with crack depth

1.00

0.95 -

0.90 -

TR A LRI E

0.85 I I I I
0 5 10 15 20 25

TR

B 17 HFHERNERREIEETUREE
Fig. 17 Fitting diagram of rotor torsional stiffness

varing with crack width

3.3 THNENZE

1R B[R Pl B M EORS T 1 1 24803 JR 45 51
J& ARG BR T I (G T AR b 0 A I 34
FAF AR AR AL i #k 100 MPa 25 207, 2 A
INZ Ty 2 R AR v 58 Abaqus AR &
Teg , #G v  2 H G — 50 B 7 X o iz s
G, BN ARG TEgfr S Nk il G
SR 100 MPa (571 7, 1 77 77 1) 3 LTl
2, U E AT P R TR R BRI SN Y
eI B o B AR R Ty 1) &
18, 553 R e 25 th 48w T (A8 = BT 19
AN a3 € S R Rl 1 E W T N R A iR
LB AN



- 180 - oo B

i 2024 4F

R
i

i

E 18 TH|EEE
Fig. 18 Bending load setting

0
&K 0.02403

B19 RYEREASTD,BEAS HEEERE
Fig. 19 Deformation cloud map of rotor with

crack depth of 5% and width of 25°
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Tab. 5 Deformation table of rotating shaft at bending

load under different crack conditions

Al B AAIBAE /10 7 mm
TeHEL 2.054
5°.5% 2.101
5°,10% 2.181
5°,15% 2.244
5°,20% 2.308
8°,5% 2.054
10°,5% 2.149
15°,5% 2.190
20°,5% 2.276
25°,5% 2.403

AR I -5 A8 R R S HE 1) 56 3%, DAJE R
DU i1 WIS S S o X 7 A5 SR kA7 i M Ak Ak
A e 12 i I 2 i S SR R e R 3 7R
PRI BL, aniE 20 181 21 o

1.00

0.98 [

0.96

0.94

0.92

T 40 i A

0.90 |

1 | 1 1 1
0 2 4 6 8 10 12 14 16 18 20
HEIRIE %

0.88

E20 HTFTSHRIEMRIRETLLSHE
Fig. 20 Fitting diagram of rotor bending stiffness

varing with crack depth
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Fig. 21 Fitting diagram of rotor bending stiffness

varing with crack width
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Fig. 22 Experimental schematic diagram
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