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Abstract: Aiming to address the problems of limited sample size, uneven sample distribution, and cross-operating condition fault
diagnosis for gas turbine rotor systems, a fault diagnosis method based on the linkage of numerical model and physical model is proposed.
A classical central mass method is used to establish the dynamic model of the rotor system, and fault dynamics differential equations are
established in the model by introducing misalignment fault and unbalance fault. Finally, the differential equations of rotor system fault
dynamics are solved by the Runge-Kutta method (ode-4/5), and the simulated signal of fault displacement is obtained, which is
prepared for subsequent data augmentation and model linkage methods. A conditional deep convolutional generative adversarial network
(GAN) model is established by combining the orthogonal gradient penalty algorithm, and the model is used to generate signals by
inputting the simulated signals obtained from the physical model as the generator input, and inputting the real experimental signals as the
discriminator input to obtain a generated signal that integrates the intrinsic characteristics of the physical model and the actual mechanical
characteristics. Secondly, a cross-operating condition domain adaptation fault diagnosis model is established based on the theory of

transfer learning, and the data is converted into a two-dimensional temporal-frequency image sample using a combined short-time
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fractional Fourier transform and inverse convolution algorithm, which provides more obvious resolution and features. The data that

integrates the intrinsic characteristics of the physical model and the mechanical characteristics is used as the source domain and the other

target domain data to be measured at other operating conditions is used to train the fault diagnosis model. The experimental verification

shows that the diagnostic accuracy of the five different fault categories at different speeds and fault levels in different operating conditions

is all above 91%. The results are explained and analyzed through confusion matrix, and the method can effectively improve the model’ s

generalization ability and realize cross-operating condition fault diagnosis of rotor systems, which is superior to other mainstream diagnosis

methods under the same conditions.

Keywords : rotor system; fault diagnosis; conditional deep convolution generates antagonism; transfer learning; digital-analog linkage
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Fig. 1 Unbalanced fault model of rotor system
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Fig.5 Speed at 1 670 r/min normal state signal comparison

DiEAR 5 SRR SRS R b BA — 2ot HE S
RS ARV 2R AN IR 5 XL 22 S it iy T4
Ui A 2B S PR R G AFAE I S e RAE A AR T R
B, SR/ M LS S PR DL 22 57, T SRR S A
T AR R 7 v 0k 1 45 D TR AT R IE B
TPrE L, HE AT A BB IE AR

3 EFHIERAR CDCGAN #iRiL®

TR UL OB 45 ( DCGAN ) Y e af 2K
SAFAR R A A LA R 25 i A b, DLW B B R AR
R S REA . SO CGHEAS T bR A A 2R
) DCGAN, [l Conditional DCGAN( CDCGAN) , g5 A
SMAR Ly, VT AR AR A R S s B R e R
PERIREAS s 5 | ABS ARSI, 38 5o RS S ) Y5 B A T
TR, AR AR SR SR S AR E
3.1 HEREEFHIBIEIET

A LA B A SR RGN )2 AR R bR
2, TEAE AR W BN i S BUR Y A b AU
B R, B G BUS B4 0, KK 512 k2> 5

256,256 18 /03] 128,128 Wi/ 3 64, fi 200 3] 3, | 3
E BB AE AT B AR R I B A RS sh A K Ry
2, a2 R 1 AR 1,

FEFN BIFREEF v | FH S AU X i A B s R AT A 2
BB I/NBHE N, 735318 64 128 256 512, FFAER4
LBREARE AT dropout 2, ABT 1EiF#I4E, BE)S, i@
It R R R R RS O R AR 7 S PR A A
S B G U, DL R REA B AR, B AR
MK BB N 1 FEBEN 1, DI ORARAE B R/ NS
3.2 WmEEHEEIT

58 GAN 2384 i X, BB AR LB 20mT D2
R 20 4 30 B S i {8 SCnaX (1) R,

GPéE%pA[(II V.D() ||, -1)7] (11)

FHIEASH BEAR S TR R T8 TE B 2K R B0y ot i, W]
WA BE B 7 Ta) 2, 3B 3 5 | A IE A4 BE AR S 30, ] LS A 5%
b 24 TR A OGO 2% 18 1 e, i v RS R ) R R AR
FEARI &, ARSI (12) i,

x - G(z2)
(x - G(2)) "(x = G(2))
ARSI 5 12880 AR 2 L (13) Fiw

0GP =A,E, _, [CIV.DG) =y )% (13)

X REAHEATIO G 2 [B) JRURE | /N B 5 5 2 i RE AR 1Y
25 BREE R X, sk (14) Fis

X, =eps X R, + (1 = eps) X Ry, (14)

Skt eps FRBIHLICRE , R,,,, 67 OREAIEE, R
FRBREA IR,

FRAIE 2 [R5 BOREAS 2 I ddim s D(X,,) %P
B SR AR T A =0 (15) fs

' aD(X,)

grad = ; 78)(” (15)

Hrr i IR batchsize FT AR,

T A BE P 22 AL B 3E W AR A RRAE 5 31 4 2K pRi
Hatmn(1e) s,

y = (12)

)
(16)
Hop N, R AT, kR REL k=
1,4 BRI S8,
loss,,, VTTREEEETE T k15088 FLABAEAS O % s
ZENALE I A BRAH ) b ok RT3 0N (17) i

N N
Dlu.sx = Z D(-f‘/‘eal) - Z D(‘f_‘ﬁtl\(‘) + losseps ( 17)
i=1 i=1

%étﬁiéﬁlﬁﬁﬁéﬁ’@%ﬂﬁ RN 7 A R K B A
BUBBER ST, MBS 2 T B 05, B2k pR B3 :0an (18)

Ngrad N
loss,, = A % ; (Relu( ( ; (grad®) i)



- 170 - LSRR R e o

39 &

v

ploss = z ( Z Cout(f,,,,1) = out(f,,,1) ),) (18)

SRR 2 ], B R RRE A X B X
TPy i e R I SR 5 2 78 02 PR 2
PRECT A A (19) Frs,

o =B % (X, (ploss = D(F.) ) (19)

=

BER
52 e O U 8 3 4|

aTESEESNAY

B SRR

Hrr, B FoR A e B ARSI 240
3.3 R

TR Zrid B | batchsize B8N 32 FEAS 4 FE K
INBEER 512,25 2] BB E R 1x107 BRI 2Rk ARk
HORE N 100 K, A AR BT S4B = 1 x 107°, F 51
PR EIRTIZEOA = 1, R Adam DEALTE % AR B 25 il
FUN A HEATRALI R, BN i 6 Fios

Kl 6 CDCGAN-OGP il i
Fig. 6 Training process of CDCGAN-OGP

4 BIREENSEDHEEHE

K] ResNet-50 M2 HEATHAESEHERL, [R5 A f K3y
{622 5 (LMMD) KX 55 4008050 A WA T 6 57 35 T
TR EAS WAL,

ResNet50 M4 & 49 ZEZEM 1 B 2EEE,
551 ER AR T A R AT AR, W0 B U A B R
fiE, TI55 2.3.4.5 fr WL &k 2 e, 43 R T M2
BRI S H, ResNet50 A RCHI AR 146 BETH 2% 1) [ L

R 3 Resnet50 M EIER S H]

Table 3 Resnet50 Network model parameters

Layer Parameter{ HxXW ,C}

Convl 7x7,64
[ 1x1,64 ]

3x3,64 | X3
| 1x1,256 |

Layerl

[1x1,1287]
3x3,128 | x4
| 11,512 |
[ 1x1,256 7]
3%x3,256 |x6
L 1x1,1 024 |
[ 1x1,512 ]
3x3,512 |x3
| 1x1,2 048 |
Layer Parameter { HXW ,C|

Layer2

Layer3

Layer4

FIF % Resnet-50 ELRRERI 28Ry n i 7 fras, B
Convl, Conv2D HEFUZ  fitIH—1b)Z A BN £R | okl
TEEHT MAXP SE3IR layer FR7R5% 26 8, BLK1 KR A
TRAEA R IY Bottleneck , BLK2 678 A4 A N R kLA B
] Bottleneck

‘ [ BN ] | [BN]
[BL}Q BN Conv2D)| | BLsz]
/ BN
Layerl [ Rélu ] @ “Relu

QL? Layer2 ®

K7  Layerl Fl Layer2 2547~ 2 &
Fig.7 Schematic diagram of Layerl

and Layer2 structures

ISR EB e KA 25 5 (LMMD) [ 33 1 J2 3 % 551
S AR S TE ResNet-50 42 5 F 24134k )2 )5 4 im—
SRR KA E N HIE N Z, R LMMD B & i 17
T IV T 2 W AR A AN ] 8 T, H 3
ESHEREHESRINE 4 PR,



14 e R GBI S B2 BT T AT 171 -
e st FHESRBUR HEMNE &R
) Resnet-50 T T _
il RLSTFRFT| DT T AR EER
x ) Al A
i — . . LMMD—————— AR
g RLSTFRF @) (@)

Pl 8 U el I 5 T 00 A2 WA R 45 44 €]

Fig.8 Subdomain adaptive cross-working fault diagnosis model structure diagram

*4 BENERSE£EZEESH
Table 4 Parameters of the adaptive layer

and the fully connected layer

T e 2K SR
Relu 2 048x1 000
Softmax 1 000x100

5 ETHREIINETRESEISERE

TR SN 1) 2 WA A i RS T LB
R CDCGAN-OGP [ 504 1 i A 75 5 185 T 0 3 g
wAMES

l RLSTFRFTi

TR HOR

TR MRS WS R AR LS &, 1 el L 7 1 R G 3h 12
PR SR i A5 1) K I R i e 1 B s O LR
SR ZEME ) CDCGAN-OGP B4 35 184 56 5 74 A i s 10
L NBRERS & i (BB A Bl | e L g NI i Bu R oY et R P A Bl B 4
FIXTLAE 2] A5 20 Bl A bR LR O HLOGBR 5 B fE 5
B S, R B SR A H A, SR A iR AR
VR DRI | S TCARZE BEAAE S H AR 00 85 T 00 5T
B2 > Wi Wl A R AT I 5, DAk R S B 5 T80 F 1Y
BT RS HEAS T | B T L B AR T B 2 3 B 2
FERIUNE 9 Fi7

HERE
\ﬁ%%&%ﬁ%%ﬂl
EEEE T IR

L BRI KA W

TR
L TR R T

K9 BT HLBA AT AL 27 > di 12 Wil

Fig. 9  Fault diagnosis model based on mechanism model and transfer learning model
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Table 5 Fault category Table 8 CNN diagnosis
faRR . Rxpe Ryt RPAd RP Rt Rt REf AREa
s A A
R " (Rm0.6) (Rml.0) (Ru2.8) (Ru3.8) HESE IR (Rm0.6) (Rml.0) (Ru2.8) (Ru3.8) 4
% 0 1 2 3 4 MR 0.85  0.21 0.53 0.72 0.66  0.59

F IR DL Bl 2008 S HOR S0 B K T
F R S R v, B RR 400 S RURFE 1024 4
FNER— DR B HREZE S 200 AEA FEBCE Ik
6 Fir7s 3 i AL, A 00T A S 51 200 MHEA,
31 000 MEAR,
x6 IR
Table 6 Operating parameter
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