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Abstract: In order to address the issue of rapidly predicting the dynamic response characteristics
of turbine generator shaft systems, sensitivity analysis and prediction of shaft system dynamic
responses were conducted through a method combining finite element modeling and a hybrid
convolutional neural network (HCNet). First, a finite element model of the turbine generator
shaft system was established based on the virtual material method, taking into account the
misalignment stiffness characteristics of the coupling. Second, considering the uncertainty of
coupling parameters, the Latin hypercube sampling method was applied for four parameters—
coupling moment of inertia, mass, parallel misalignment, and angular misalignment—to compute
the shaft system dynamic response under different parameter combinations, and Sobol sensitivity

analysis was performed. Finally, a novel HCNet model was proposed, achieving efficient
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prediction of the shaft system frequency response characteristics. The results indicate that the
peak vibration response is more sensitive to angular misalignment. Its first-order sensitivity index
and total sensitivity index under the addition of first-order and second-order unbalanced masses
are 0.50, 0.48, and 0.60, 0.65, respectively, both significantly higher than those of other
parameters. The shaft system frequency response characteristics predicted by the new HCNet
model are significantly more accurate than those predicted by three classical neural network

This

research provides theoretical support and analytical methods for the rapid prediction and fault

models: convolutional neural networks, residual neural networks, and Transformers.

diagnosis of the shaft system dynamic response in turbine generator sets.
Keywords: steam turbine generator unit shafting; finite element modeling; sensitivity analysis;

hybrid convolutional neural network
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Fig. 1 Discrete beam element model of turbine generator

shaft system
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Fig. 2 Comparison of coupling modeling methods
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Fig. 3 Schematic diagram of stiffness property variation

simulated by virtual material method
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Table 1 Main parameters of diaphragm coupling
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Fig. 4 Comparison of equivalent modeling results for

the two types of couplings
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turbine in the shaft system unit
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Fig. 7 Samples and LHS sampling point distribution of four input parameters for diaphragm couplings

T UG FE AR B 58 WU X VR A8 A i HL A b 2RO
JREAN St W) 7 A A AR . A 0 IR R AR 2R P B
VB 4 T AT 2 P i A S B AR R K A pL AL b &
A BRICHBIRL, b P AT R X 5 A B R X bl TG
TR RN DR M A by A A5 S8 A S
WBOUR FHCABE R BEAT 3150, I 48 BORSE LA 1 16 I
F Il 3 ALk F) W) SO DA R

K HI Sobol R 8B 53 ik F 1 3 IR R 1B Al 45 19

4 PPORNHEE MR A S BT T 2R RAE 4B,
T5 2 5 f# BRiE . Sobol ki@ it I T AKX w2
BB
— Py R R AR B (R F kA h
_ V. Var[E(Y | XD ]
STy T Var(Y) 2
L RO T B (AL 5 A B Rk Al
. 7Var[E(Y | X_]
St =1 Var(Y) %
itqj Si j‘jglgjl\iﬁig*gﬁvxl j‘j% 1= 1’2v3’4)

MRASEGV, HE D DR A GRS 87225V
ST 25 X RoRBE X, AN S8 St o BRI
FEREHY M AR i Var(e) R 25EC |+)
PR A 4 FhOAS 1 0 MR S N 2 B0 o0 A A
PGS A KRR CE R R A o = 0.0D),
B8~ 11 Jan 1R v BBl 5C T 4 b A

zkxb. xjtu. edu. cn

SE VeI A S B0 — B R 805 15 8% B R R AR B
SIATIGE B AE 4 BN E MR A S D, %WTXFP
X il 2R AL ZE 1Y 52 W) e BT L U AT AR X

it Sobol 4 Ja) R 3 M X 4 ﬁfﬁﬁm'iﬁﬁu/\’%&
(19 52 MR DYl 22 1 < 25 2 B0 il 2R 30 3 2 00 B 19 5% )
P BEAFAE W35 28 5 A IR N — B AN A 2 i1 0T
AR R 0. 19— Br RABUESR A 0. 50, B R

JEFRHCN 0. 60, W B F & T HAMS . FAr A X
B2 H—Br RSB 0. 25, B R B 15 4L

H0. 3, B E I, & m, E’J%”m‘ﬁﬁi’xd

oer

05F

0 1 1 1 1 ]
I, m X, 7]

¢ c

P B2l 8 A o PRSI 2 50
&8 — B il Bt 2 A — Bi 58 R 4 4K

Fig. 8 First-order sensitivity index of first-order

critical speed
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