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Damage assessment and dynamic characteristics analysis of rotor systems

with multi-stage curvic couplings connection
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Abstract: Taking the typical multi-stage curvic couplings of a gas generator rotor as the research
object, the dynamic characteristics of the rotor system were analyzed, and the strain energy distribution of
the rotor and curvic couplings at critical speeds was examined. An interface damage assessment
methodology was developed to evaluate the contact damage of the rotor structure system under different
operational conditions, including the assembly state, start-up state, and working state. The evaluation
incorporated parameters such as the interface contact state coefficient, interface contact stress, and friction

work. Finally, the dynamic characteristics of the rotor considering interface damage were analyzed. The

W5 B #A: 2025-05-22

HE LT B : BERHEE AL T(92022-V-0004-0021, 72022-VI-0001-0043 )

1B & T8 s A (1998—), B, TR, EBM Sz REHUEHLEE 3 12 M 24P, E-mail: fujie0603@buaa.edu.cn
BIEEE: 2B1977-), B, MIBTS G, W4, FENSE RS 3h 12 R A3t . B-mail: Lichao7715@163.com

SIS A, 2, REME, 5. ZY0mE EE N T RGPS K3l 12508 (1], fizs 3l 1241, 2025, 40(X): 20250244. FU Jie, LI
Chao, WU Changyao, et al. Damage assessment and dynamic characteristics analysis of rotor systems with multi-stage curvic couplings

connection[J]. Journal of Aerospace Power, 2025, 40(X): 20250244.

20250244-1


mailto:fujie0603@buaa.edu.cn
mailto:Lichao7715@163.com

IR DA

540 &

results indicated that the interface damage of curvic couplings D was relatively severe. During the start-up

state, the effective contact area ratio of curvic couplings D was approximately 20%. Under working

conditions subjected to multiple loads (assembly load, centrifugal load, and thermal load), the effective

contact area ratio of curvic couplings D increased to 34.67%, representing an improvement compared with

the start-up state. However, the friction work of curvic couplings D rose significantly by 231.6%, and the

relative radial deformation between curvic couplings D and its adjacent teeth reached 0.23—0.25 mm,

resulting in substantial interface sliding. This phenomenon had a considerable impact on the robustness of

the rotor system. Furthermore, considering the effects of interface contact damage, the first and second

critical speeds of the rotor changed by 3.11% and 0.55%, respectively, while the bending critical speed

decreased by 7.77%.

Keywords: turboshaft engine; curvic couplings; gas generator rotor; damage assessment;
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Fig. 1 Structure of the gas generator rotor with multi-stage curvic couplings
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Table 3 Analysis of the axial force variation at the contact interface of the curvic couplings

ity A7 ML Ak J1/N Bl /N TAEER /N BN FETR % TAEZESTR/%
A 314362 231259 231940 ~26.44 ~26.22
B 310478 239136 239406 ~22.98 ~22.89
C 307021 231808 232097 ~24.50 ~24.40
D 88917 51108 46793 ~42.52 ~47.37
E 84116 27 641 26 584 —67.14 ~68.40
F 84 664 32099 28402 —62.09 ~66.45
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Fig. 11 Interface contact states under different conditions
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Table 4 Analysis of the maximum contact stress of

curvic couplings MPa
s i BTN HERE TAERES
A 319.16 132.96 143.52
B 136.45 92.159 91.699
C 111.99 118.46 114.31
D 32.673 65.339 50.202
E 50.533 25.97 25.828
F 41.926 39.55 27.751

A7), 25 A% A 03 4% X8, 2545 f
R R RS, 15 B SRR AT TAR RSN 45 I A
T 0 2 f 5 T PR TR A BE BT, BN ER S
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RS B B DA, TR Ay 59T 9 % X Js
o FEB, T R i ) B 4 I AR G B/, B T
YRR, S th D Bt 3% B B ROk, W A% ™ AR Y
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TARIRZES N, IR He T 2 P B AT L B0
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Fig. 12 Radial position variation of the curvic couplings under working conditions
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Fig. 13 Calculation model of dynamic characteristics of the gas generator rotor
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Table 6 Correction of stiffness loss at the curvic couplings

interface

WU  JRUGHIE,  EIE

puge EMRIRES BIERNE/

RHU/% WK% MPa REU%  MPa
A 100 110 110
B 93.02 6.98 111 93.02 103.25
C 80.48 19.52 112 80.48  90.138
D 34.67 65.33 181 3467 62753
E 61.04 38.96 181 61.04 11048
F 55.85 44.15 181 55.85 101.09
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Table 7 Strain energy proportion of rotor-support under

each critical speed mode
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