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Fault diagnosis method for pipe bending of hydraulic
line based on LSTM neural network model

MENG Qiu-jing', YANG Gang’
(1. Sino-German Institute of Engineering ,Shanghai Technical Institute of Electronics & Information, Shanghai 201411, China;
2. School of Mechatronics and Vehicle Engineering, Chongqing Jiao-tong University, Chongqing 400074, China)

Abstract: Aiming at the problem that low recognition accuracy caused by noise interference in the fault signals of aircraft engine hydraulic
pipelines, a fault diagnosis method based on long short-term memory (LSTM) neural network was proposed. Firstly, vibration signals were
collected for the hydraulic fault pipeline of aeroengine, and LSTM model was designed and determined according to the characteristics of
pipeline signals. Then, the original vibration signal of hydraulic pipeline was added to Gaussian noise through case analysis, and the
hydraulic pipeline data set was created, and the time sequence information of hydraulic pipeline data set was fused by the established long
and short-term memory neural network model. Finally,the long and short-term memory neural network model was compared with the recurrent
neural network (RNN), convolutional neural network ( CNN), support vector machine (SVM) and back propagation neural network
(BPNN) models to analyze the fault diagnosis results of hydraulic pipelines. The results show that both short-term and long-term memory
neural network model on the identification accuracy of the fault line is better than SVM and BPNN traditional shallow neural network model,
the anti-noise performance is superior to the CNN and RNN diagnosis methods in recent years, explain LSTM neural network fault diagnosis
method for aeroengine hydraulic circuit fault diagnosis has the external adaptability and practicability.

Key words: long short-term memory (LSTM ) neural network model; fluid-solid coupling vibration characteristics; vibration signal global

characteristics ; Gaussian noise; health status identification; time information integration

Y5 B H#:2022 - 03 - 20
E&WE :  HEARFERESRIWIH (52178273)
{EB R k#1975 =) 55, B A L, 0, 2L B BOR A2 4EE J7 I AU RIFSE o E-mail ; mengqiujing@ 126. com



510 1]

d K, A T LSTM 28 [0 44 AR 14 i T A8 B A2 i 75

- 1375 -

0 3l

L SN

=]

1 FARHIS

WLzs R BIHLA MR TS I R ge a0 A, ok
RAWURREN T, AR T 4 LE RO R S B L2 4
PRI SEdE A 2 e TR A

P I 151, 78 IR RGBT, R
UL AT AR 6 i B b HE A BE 1Y 36. 7% Y R It T
WLZS & SR A5 B 4 30 2R L BRAIT 5T, TR b 1L 5]
YRR A I 4 8 R 1 A U g 4 ML Y K e, EL A K

AR A2 XL 2 R Bh LA B R S iR 3
FEPEEST TP, BN, 24 vk S A 4R I T —Fhk
T AR e B A 2 TR I 4 ST S T Y
ANTON B A" WF58 T W45 B [ R 5 IR s e ke
PR B IR Sk BE AT T WSS, ZHU H Z 25 A
WRGE T A8 B 1 S A R, 94301 1 Bl I 3 %
HHT T 000, E0ESNY IR T & 28]
JE A R sl g R, A Newmark-B FH 4375 5K fff
TR LA R sl

AR SRR T A B ) B AT T IR, I U
T W R L T BRI B i 25 R sh HLTR
B e MR RS T 7 R BT LT 4225 B

KAIIHCAZ (LSTM) 00 46 J2: 1 71 B 1 22 100 26 37 4=
T R (R PP A 22 I 2 LA — 5 1K B s I )
o5 BAZIRAE J1 . 2T LSTM,FAN C 25 A 7E
TEE VU HILAS B3 R0 B A 00 5 45 0 ) BF 5 A T
—ER R, RS AN R T — T LSTM
T 225 [0 24 RT3 B R A1 148 5 P A 7 L 1A R A B B BB 2 W
J7 R LSTM it 25 o) 48 A58 U ) il e R AiE 2 47 15
REFRHL, % WAL NP BFGE T T LSTM At HEEbR
BIHAb 3

R BRI T — R A R, (R AR A S
) B 41 S ERCHE i A v BT IR AR TR 5 e

AL RS B S5 E AR 2 FF, S BORE A i
(R ML P AR A 2, AR M VA b 2 0 V0 A5 8 14
RERRAE . DR, 25 % 5L T LSTM J5t 30 2 ~7 ot 3 i 14 0
23 R R BB R

TG, B X TR B S R S K AT
L7, S IUERARAE R A 00 10 3 SRS 78 S0 8K
PN v ST MR | R TR X 5 M 7 A 5 ) AR M A T
BOE ; 55, BRI 28 VR A8 % T 9 B e 1) &2 bk, 2%
THE ST BENE [ B il 5 VR A8 I s Sy A R A 4 SRy e
TE AR RY VR A — 2D R ARG B A5

1.1 BjEfE B3R

1 g — T 75478 BR b 28 190 2% 5 b 19 395 A4 2 1k
LSTM A LA 2 i fif ple RNN Hh i 30 A6 86 1 90 2k 5 43¢
K], LSTM i 22 [ 4% 5 RNN $14 RRER A 16
PRS2 A58 1 4 B P 25 PO 2% 45 4 {ELIE: RININ (19 100 2% 45 1
SRS PR TRT B A M54 o TT LSTM o 428 0 £4% A6
ZeTTrR AN T SRR AT T4 3 R g
UG R AR BT AR AR AN G

LSTM JEAAH IS5 F an &l 1 i o

h(1)

Ct-1) T e(t)

t t t h(®)

h(t-1)

1 LSTM Zffass il
LSTM #fi 22 45 R 9 I i A2 h -

ft=0'<Wf'[ht-1,xt-1]+bf> (1)
iL :0-( Wi . [hl,—l7xz—l:| +bi) (2>

Ct :leCt—l +il®tanh<WC ° [ht—l 9xt—1] +bc)
(3)

h,=c(W,[h,_,,x,_,] +b,) Otanh(C,) (4)

bl —8 AT T fi—i8 50T 0,— 5t 115 h,—t I 2
I 25 — A Z0 () JE HCAZ IR A [R] B 2 ¢ B %)
A% 5 e, — A0 HC IR, RIE LSTM i 28 ) 2% 114 1<
FHETZ .
1.2 #EBEEHRSH

LT LSTM #2546 B, 45 5 00 25 T e 7 g
PRBNEZ B R, 2838 X A I T AL 28 0 2 A 2 3
T 7k, gSr T HAT 2 2] — 4k it (] )7 51 ) LSTM £
A, ZER E R R A S RIF)ZE 2 > LSTM )2,
ES UYL ) =S AR (5

B, EEM W EE BRI E S W AR
LSTM #E8Irp s SR I, I HIAHY v ) LSTM J2 0 45 B 4L
PRHEATRFIE 25 2 B $ B3 (1 P 0 s e S5 B A AR i
25 [A] (B AL H] ReLU pRUVE R 8005 pRi 5, LA, 42 3%
FEE XTI U5 S IR 23 2R OB — 2,
b X A8 R AR AT 0 AT SR S8 B R AIE A ) B
) e i SoftMax J2BE T4 22, A FE



- 1376 - Lo

T & 5539 &

AR A ADAM AR5 05 , XA rh B B 2
W b AT Z2 0GR, T A A 2 BAT B Y
LWiETT .
LSTM HERf) 3 EH SRS 1 PR .
*1 LSTM B FESH

B BUE E ) Bl
LSTM 2 1/)2 50 Dropout [t,% 0.15
LSTM E 2/ 100 LA R = e 5

SR B 84 22 0) R 0.001

2 fiiEs RS B A S TR A

FiiZs R ShAL S 45 I R e 5 ¥ O 2 , TR IR e 4
S 2 L TR 3 I S A P B S B e A I A R
M, B0 A B AR S 45 5 S B R e A

N FE K% LSTM BB XIR 8l 55 42 SRy Ak
L3, SCBU ] {5 SRl F Y, 2B F P2 T LSTM fii
2SR RS S W R BT —E R 4R
T AL, T AT LA H T804 B A RS A )
AR MU [T oz B B2 Wil v

YT B R 2 BT 8 LR R R PR AN R 2 77 o

@K?i&&%ﬂ%ﬂﬁisﬁﬁ%%%}
M

AT B TR W
oA SRR
I |
v v v

| %A | A | | A B |

( mmmm s )
2 RSB RIS AR
(1) EBE T RE. FIAGERESN G —RKTHT
FIRLZS TR A B A T IR S5 5 IO 4A L, 2 B I 43
TFA WA A A S iy 3 AT [ v 0] 5 PRSI0 557
2) B, B RAEMIRINE RIS
TR A8 BB A 5 T B 4R R0 o M B 4 A RN
L5 B, H BOEAE A FE 2R S TR A B IR AR AR

BIME S 4L, BEAE B 3 B TS WO AT I 0 LA
eIk RN SR IR SR EREE N

(3)LSTM BRI i, fie i LSTM A5 AU ) 152 11 Jit
WL R 5546 28 R A8 B R s 508 ) s A T 10 S
IR BB (VI 2 i A B T R T A A e AT
SO S 25, IR FE 1) LSTM A<

(4) EFEMEIE, BHEURLE B S A BT
Hh, DTG R 6 UE T2 A AR 8 e

(5) B BB W A FH I 4 56 4iF 3L F LSTM
TR ) Y A B 5 12 W A 28 1) A 8k 5 IR T R —
BE4E , 5 RNN ,CNN SVM 71 BPNN #5570 31| 25 25 5
PEA X A #T o

3 S-S

3.1 =R

N T SRR (4 A R, 2 3 R A 2 O i
S 3 N B RO A TR A

T, B R B AT R AR A 5 U K
B S 6 4 AT 2 R T DL S 8 £ b A [ 5 e
Ja MR A5 5 R A TR R A

S I EEA B E SRR 2 R

R2 ZHREARSHE

SR A el 1 H(l 2
WE RS F1/MPa 12
BRWR/(L - min™") 39.2
LB/ (r - min ") 1500 1 800
RAESI/ He 6 400

s WU A R S 5 5 Se e I an ke 3 s

B3 T 25 A ik 3y S 46 I K ]
HIPE 3 LA iz sc i E 20— 2 A s A%
S R AT 2 U A B IR BN 5 4R B
PRSI 73 ) 08 U B )07 D I L A
FIAL B A I A 2, A S i i ROPR S i 2 SR E
HIR 2 n] LA Y 5000 18 FH I W0 R S8 1K T R



510 1]

F AR, A T LSTM Aot 28 [0 25 A58 0 44 0 A8 Bl a2 W 7 125

- 1377 -

12 MPa, 48 [ PR B K R 39. 2 L/min; 308 2 4
SR, B s AL 43 3124 1500 ©/min A1 1 800 r/min
S PR BB R AL SRR AT H 4 096 Hz, HAF &
AR E L
3.2 #iEiAA
I UER R A LR AEE T SR, 2
RS B S SE PR TAE P AIRAS  7EMAE B (55 Hom
A 20 dB [ M DIRSSDLSE bR TR v S 1
TAHERZE S A KR AE B 4 A% LSTM AU
YLWR e SE RO A 1 SR A 19 M 25 A 4 G fet
SRR EN 55 MBI I, ik 4 Fos .

0.5

SNR=0 dB
® 0.2 i
® 0.0
=
= 02
-0.5
0 0.2 0.4 0.6 0.8 1.0
1
SNR=20 dB
20
= 0
L'é_i
-1
0 0.2 0.4 0.6 0.8 1.0

t/s
K4 AR RORAS B SR 15
HIPE 4 R LA B . e MR iy, >4 9 A S bR A i e
I L2 YRR A B IR S 155 B0 R 2 B85/ , I S
U IR(E RN R 0.2 g i i
el , SE 8 VRO T 1 SRAE B9 S B LUk e AR
BT BEIE e S R

' SNR=0 dB
[CP VT PRSI Rl UU Ll ek I

K5 A5 I A Sl R ) I S 14
HITET S AT LU B - 24 A 2 90 A B A AN [ o7 8
BRSO, JREH 155 (10 06 s I K
WRAELR/NE 0. 4 g LA 200 (B A 980485 B At HROIR 25
P 2 ~ 3 8% IRSIE -5 AR AN S 2 2R
s GEMRFS T, VR0 B I 20 135 5 ) R J3E 004 K 32 44
L AE A, RS R AR

H TS AR A B A S B TR R IR B R 5 52 5k
WP L, DRk, ASGE i IR 30 A5 5 ) I s AR M v
PR H TS T S SRR M S5 i ML R e

Qe SEH VIO i 1 R 4R A9 A8 5 I 070 e e
BB L, anlE 6 s o

0.5 SNR=0 dB

20
= 0.0
£

-0.5
0 0.2 0.4 0.6 0.8 1.0

1 SNR=20 dB

o
=\

=
=

-1
0 0.2 0.4 0.6 0.8 1.0

tls
Bl 6 A T B P P

H & 6 T LR B 48 I MR s, R a5 5 19
A S T 1] 5 48 B B0 R B () iR A5 5 (R B S g T
BRI, AR/ A 0.4 g DL by H YIRS 5 I 5
WY K AR AR AR, R G 28 AR Y M i () £
3.3 HiEsEfE

Sy 15 SR 5 % K 7 — A3
TEREAS, Horb B B REAE S5 3 570 A %lcdis o5 3
FREA G 5 A0 H A 4, Hob 24 R 2 313 Ak
A MKAE A SR 356 ASAEAS, HK4E B O 1071 4
A YNGRFEAR B T A A EL R 8 - 2,

T8 IE4E, £5 FIH LSTM 5 RNN CNN
BPNN 1 SVM £ 5 Ffrlig B2 s 0 7 | %o ik T 45 il
B2 W R 15X T o

A 5 DI 5 ik AR TR B0 R (B il £k n /] T
Ji7s o

——RNN ——CNN ——LSTM

Y N N g s
0 5 10 15 20

BT A BN Rk ARUCRR S 0 R MR 26
HIPE 7 Al BT A LSTM A ) Il e A
FASAEL, Bl A QUKL S8 0 s AN Wiy, 74 2
FELUR AL T A T IR B SRAF , BEMT I 25
RORBHAR, S PR ) REAR 4o Ml e i P i 114
7 F 58 MR e, CNIN AR I 2 i 97 45 % (L
SR, M0 4 R LLG , CNN B AR 1k B0 81 4%



- 1378 - Bl 25

T & %39 &

AR RACE] 14 B LR BRI AT R e 8, 1
CNN A Rz AR 22

111 RNN AR 1 2R AR BOA 21 20 48 LUs 154
IR 22, PR IE A et T, Uil RNN ¥
LRI R SRR 22 HRRE A o
3.4 ARG

¥ k0 R LSTM AR AL it 25 W R AN
[k e 25 AL R AIE (9 2% > BB 77, %8 3 AL ] t-SNE (t-
distributed stochastic neighbor embedding ) [ 4 2 1= i3k
FTREAE T RRAL o

Horpr LSTM #5080 42 3 $EJZFEA 73 2 45 R AN 1A 8
FIr7s o

v A

°B

20 °C

B °D
£ 10 < E

fone
HE =gy, N A0
gy 20 0 %/@\Q"i

8 LSTM 51 4 i% i 2R FEA Sy 2

1] 8 W Y« AR 25 TR A IR SRR AR Bt
FET LSTM #5571 G % 5 BT b IX 43 M Y0 A 5 2 456 v ke
JREARZS RN 4 SRR 285 5 7 [ 28 Y 10 AR A8 I e i
P ELA B R, R R I 3E XLFE & 143 o

Y G AT AUERH LR AR 43 I 8, B ik %)
PR RIS

CNN A 5 R HEAR P R EE N 9 IR o

X
np -10
& 0

-30

-40

20
10

A0 el

-
9 CNN BRI RAEA 26

HIP 9 0l LA )« iy TR R A5 5 no s, 2

T CNN BLRIBEAE KRB0 1 5 S HAE ik B K a0
FUrb WA B RS RS 5 v [ SRR R4

s R IMI5T A 3 FPECE REASIE I A C 1 70, T AR N
(10 3R SR AR 5 22 5 [ N, 80 1 5 0 o S SR SR A
s P R] M4 2 SRR i) o HH B LAY S UL,
PR RSB 5 B R B AR O LA

RNN A7 2y 2R REA 7 I RN 10 Jioi

- \é X
“Hry 20 % B

110 RNN A4 E 3 2R

HI 10 WT LA H 2 BE T RNN BEAUT] L LG 30 M
bR VR A B A AR 2 DX Ok 5 At 4 b T A8 B
AREIIFEAYIE AL+ 73038, 8™ E AR A2
NESHL, U CNN Fl RNN #5Y i) 528 RO AR
LIP3
3.5 HERREME

RIRIE LSTM ASERUHi 25 W He 45 B e 4325 9 )
FIPERUA RO, 2835 50 0 R FHE 22 (Accuracy ) A
3 (Precision) , 4 [8] 3 ( Recall ) #1 F,-sore 45 4 1EAf
F PO 2L S 5

LA TR 2 2 o LA T A TS
B B 4 T b S W B b i BRSO . AT —
BRAE b R BT A2 LSTM g 12 W 5 750 ki 23 U
JEAE B AT I 25, 15 BN IR G AE AN 1 11 e o

NG 0 0 0 | 100%
19.0% | 00% | 00% | 0.0% | 00% | 0.0%

sl 0 168 0 0 0 | 100%
0.0% | 206% | 0.0% | 0.0% | 00% | 0.0%

: o 0 0 167 0 0 | 100%
R 0.0% | 00% | 205% | 0.0% | 00% | 0.0%
Sl 0 0 0 158 0 | 100%
S 0.0% | 0.0% | 00% | 194% | 00% | 0.0%
oo 1 0 0 167 | 99.4%
0.0% | 01% | 00% | 00% |205% | 0.6%

100% | 99.4% | 100% | 100% | 100% | 99.9%

0.0% | 06% | 00% | 0.0% | 00% | 0.1%

A B C D E
Target Class

O )



510 1] d K, A T LSTM 28 [0 44 AR 14 i T A8 B A2 i 75 - 1379 -
200 0 0 0 0 100% Al 172 U w 0 0 100%
A|19.6% | 0.0% | 0.0% | 0.0% | 0.0% | 0.0% 21170 (e N Nl | 0-0%
0 208 0 0 0 | 100% gl © L . U B 100%
Bl 0.0% | 204% | 0.0% | 0.0% [ 0.0% | 0.0% Rl 2017 I | 0%
. i . - 0 oo s | O 0 145 0 0 | 100%
3 C [ -0 TR | S 0.0% | 0.0% | 17.8% | 0.0% | 0.0% | 0.0%
S : A : A A : S
3 g
S 0 0 7 191 0 | 965% : | % 0 | 27 | M 0] 842%
S Dl 0% | 00% | 07% | 187% | 0.0% | 350 S 0.0% | 0.0% | 33% | 17.6% | 0.0% | 15.8%
0 2 0 0 205 | 99.0% el 4 0 0 160 | 97.6%
E1 0.0% 0.2% 0.0% 0.0% | 20.1% | 1.0% 0.0% 0.5% 0.0% 0.0% | 19.6% | 2.4%
100% | 99.0% | 9679 | 100% | 100% | 99.1% 100% | 97.6% | 84.3% | 100% | 100% | 96.2%
0.0% | 10% | 339% | 0.0% | 00% | 09% 0.0% | 24% | 15.7% | 0.0% | 0.0% | 3.8%
A B C D E A B C D E
Target Class Target Class
(b) HeMEFE )5 (a) Mg iy
. 5T A R o 9 9 209 0 0 0 0 | 100%
AL LSTV SR A i 1R T A A1205% | 00% | 00% | 00% | 0.0% | 0.0%
XYW BRI A 0 3 .
sl 0 194 0 0 168 | 53.6%
%£3 WESBHIERSHEE 0.0% | 19.0% | 0.0% | 0.0% | 16.5% | 46.4%
A HORAS s c oo 0 0 191 1 0 | 995%
=~ 0.0% | 0.0% | 187% | 0.1% | 0.0% | 0.5%
fo=es A= &)
Y B AR 2 A S
e EA i B & bl 0 0 0 203 0 100%
N S 0.0% | 0.0% | 0.0% | 19.9% | 0.0% | 0.0%
T ) SR e C
i #8137 15 D - 0 0 0 54 | 100%
i [ 7 e E 0.0% | 0.0% | 0.0% | 00% | 53% | 0.0%
11(a) AL g g 5 B 100% | 100% | 100% | 99.5% | 24.3% | 83.4%
HI P& 1T Ca) AT RUF o 25 20080 42 o A P i, 000 | 000 | 000 | oson | 3570 | 166

LSTM AERIR A 25 Sz Sl BT A, I ik e ) A 1)
9°99.9% ,MERH AR AU 0. 1% 1978 B i il 2L 80K
R0 U R M TR Ay v ] THT 87088 e, BT S B8 A
HIBE 0. 1% B DRI T S50 4R T A Mg 75 )5, 52 1
P, LSTM A58 R0 X T 25 K sl AL 0 A e e e ) U
PRIRGIA 99. 1% , TR 2 > 35 K 1 25 A0 L %,
LSTM A58 rp gt o] 2R AN B 8 A 788 o Al R A7 i A
FOGHER , T ORIE LSTM AR R0 3T 2 I8 48 B 14 U1
iR e N R A N N S R 7 R S 1 3 3
0.8% ;

Ba e b A MR 5, [ 11 (b) n] LA
LSTM A5 7R 36F M 2 9 1 A8 B At BROIR 50 98 e A I S
P THT 7 R A B v T [0 45 B — S TR A 7t R
Y378 100% 5 T % T Sy &S R 8084 Bt (4 U3 L 45 0. 2% 1Y
PEA S A i AR g v i) M S X e ] 24
BURICRE, WA 0. 7% B R AS B0 B B D 3t TRU) S S 74
IS , DA T 5 S50 S T i o ) 8 5% R e ey, G5 5
3.5% ,iX T LSTM ARG H BE 99. 1% YR
Gl

FIJH CNN A7 (4 i e a2 Wi 07 YR I 25645 2 A IR V8
FEM, P& 12 FR .

A B C D E
Target Class
OFL 5
P12 B CNN RN A% B 1 TR 0 o

12 (a) 0] LLE H 2550806 46 o A W 75
CNN FERUXHL 25 K AL 45 B 00 B 1 AR 1R 1) %
IKF]96.2% LA I, HERA 8 0 5 % T & s WL
B A RS BH A B i 40 10 R VR H A8 B v T 11
A P — B TR R 34 5K B 1009% 5 1 % V0 4
P S S A B R ), A 0. 5% (R REAS B Bl Al R
TR0 Sy Y80 A B v T TH B 80 B 5 X R A % v )
28805 R, IR 3. 3% B REAS B Bl R b 1R R T
JES= S L N TR S i L B A (R A
Hferm, k8] 15.8% ;

H & 12(b) ATLUE M5 o A S 5, 32
SRS T, T2 30 CNN B A fg v 2% L 30 i
TR B G, AH LG IO R TS R R A I B R R AR
12.8% ;1fif CNN AR e 8 B R RS A8 %
Ui il A SRR A8 1% i () 4 50 5 B — I B TR0 P
IR 100% 5 %% T H 5 3% st #5000 e i ) U031, A
0. 1% BIREABCE B B 1R R ) A 80P A5 J v i) 4 80



- 1380 - Bl 25

T & %39 &

W5 X TR A B P ] B U R B T 16, 5%
AR AR B 1 U RS Ay Y00 A i ¥A SR B, DA
T3 B0 s A I i v 228 88K e ) i 1R R A g, 38 B
46.4% , IRl S EC T CNN BRI BL T 16. 6% HISHIRE.,
X U] CNN BERIRR E AN G o
SEH M RNN 57 (19 5 12 187 35 I kA 31 1)
TRVBHERE, anf&l 13 fior.

N 0 0 0 0 100%
194% | 0.0% | 00% | 0.0% | 0.0% | 0.0%
sl o 149 0 0 68 | 68.7%
0.0% | 183% | 0.0% | 0.0% | 83% | 31.3%
z oo O 0 165 0 0 100%
= 0.0% | 0.0% | 202%| 0.0% | 0.0% | 0.0%
Sl 0 0 0 162 0 100%
S 0.0% | 0.0% | 0.0% | 19.9% | 0.0% | 0.0%
Lo 1 0 0 113 | 99.1%
0.0% | 0.1% | 0.0% | 0.0% | 13.8% | 0.9%
100% | 99.3% | 100% | 100% | 62.4% | 91.5%
0.0% | 0.7% | 0.0% | 0.0% | 37.6% | 8.5%

A B C D E

Target Class
() B

A | 193 0 0 0 0 100%
18.9% | 0.0% | 0.0% | 0.0% | 0.0% | 0.0%
sl 0 21 0 0 0 100%
0.0% | 2.1% | 0.0% | 0.0% | 0.0% | 0.0%
s | 0 0 211 19 0 | 91.7%
= 0.0% | 0.0% | 207% | 1.9% | 0.0% | 8.3%
s ol 0 0 0 189 0 100%
< 0.0% | 0.0% | 0.0% | 185% | 0.0% | 0.0%
0 181 0 0 206 | 53.2%
E10.0% | 17.7% | 0.0% | 0.0% | 202% | 46.8%
100% | 10.4% | 100% | 90.9% | 100% | 80.4%
0.0% | 89.6% | 0.0% | 9.1% | 0.0% | 19.6%

A B C D E
Target Class

(b) b7

P13 BET RINN BSR4 500 i TR I 4

HIPE 13 (a) AT RLFE 2 25 5000 46 rhoin A 7
RINN AS IR X 8 1 A 6 5 s ) A TR R K 81 91 5%
DAL, 6 48 A BREODR A A 0 v I SRS RIS i oS 11
HUAF B —H R AU R YA B 100% 5 11 RNN A58
T S S SR ST B B R, AEAE 0. 1% BUREA KR
B H PR ) DA A 6 v 18] U150 A B 5 X 485 g vl ] U1
BB AR, B 8. 3% [ A S A A 1% R )
DR A S I SR SO I, BT S S B i 28 8 e )
R AR I A F) 31.3% 5

HIE 13(b) AT LA Y EdEE PIm A A 5, &

5 RNN A () R 5 H BRI T B B4, 4 B
AMEFE AT, PO S AR HEAR R R 11 1% , 00X T %
B AR R A I v [ RS ESORN A B v (] U1 46 B — i
TON ARG B384 2 100% 5 RNN A58 T~ 45 16 vy 345 141
SO AR, A L. 9% MIREAR BN B A 1 i R ) R
B ) LU 5 o) T I i S AL S R TR D)
A 177 % WIREAS B8 B 5% R ) Sy A8 I v ) M1
W ST A e ] 1T R ) R R e i, 1A F
46. 8% FIFE TR,

FE T[] — B AR i AR 7S TR LSTM A58 55
fibs 4 Fp5 i U ZR 25 R, A T i — 2P X 2t
h T AR R 2 R R O R AT T 10 IR
IR, B A SPAb T8 B 1 BHEAE i 5 i 43 2K 12
Wit RE VAL P AR o

YLMEFE T, 225 I LSTM J7 ik 5 HoAth 4 oy vk
) 4 SPER R bR, N3k 4 iR

F4 IR LSTM 753%5 RNN Z 77514 AL L8 (%)

P54 LSTM  CNN RNN SVM  BPNN
HERfR =R 99.99  96.20 91.50 87.10  82.80
k% 99.88  96.38 92.34 87.26  83.44
FE P 99.88  96.36  93.56  91.48  90.58

Fle 99.88  96.37 92.95 89.32  86.86

HIZE 4 A AR WO b, 5T LSTM BRI
BACT R 2 BPNN FERUHT SVM RCAY A 2 % 455
W T 255 5 AR R N ARG S B R R CNN A YR
RNN BERIAR LE, LSTM A5 70 /e A 3 DR ol A [n] %
I F 55 4 Fhor PR REAR AR P (3, B3k %
99.91% DI I,

BT Al — B2 I A MRS, 225 AT LSTM A
T H A 4 ROk BN ZRE RAEFE— 2D X e i 5
MR AT AR, o TR IR R DRI T 4%
BEAT T 10 Yk, SR IeFE 25 VAl AR AR i S (B AR
ZITIEI 7 SAS W BE A TR AR o

eMg S )5, SEH R LSTM J5 3% 5 Hifth 4 M7k
(1 4 PP DR, i S s .

&S5 RS LSTM 77755 RNN 75 EMRELLE (%)

PEAlifef%  LSTM  CNN RNN SVM  BPNN
HEHR 99.91  83.40 80.40 71.20  65.20
L ES 99.14 84.76 80.26 73.20  66.52
A% 99.10 90.62 88.98 83.20  81.30

Fl 99.12 87.59 84.40 77.88  73.17

25 nIAE W S B ds 4 i AR RS S, LSTM
FEFRLE WER R 55 4 Fh 7 ZeVE REFE bR 09 YI(E AT SR RE 1A
$99.32% L I+, 1fii CNN A FLF1 RNN AR 7 R R 45



5510 19

d K, A T LSTM 22 [ 4R 1 i T A8 B A2 i 75

- 1381 -

4 POy PEBRTE AR (- S E A T B, o B R T
9.74% F19.08% ; H. BPNN 5% F1 SVM 5 I 7F fERf %
S 4 FhorZRVEREAE AR 0 I (E 3 R PR IR EE N R, 43
PIREAS T 12.42% F114.4% .,

DI 25 SR Ui, LSTM A5 1Y 8 6% A5 e b %o 45 B A
[7] 1) it AR S A TR o

AR R 0 1Y IR R AE T, i LSTM AR A 25
GHETFI S YR T T B S BRL A DL R 4 %)
T BB Ry A S 1 B B 5 280k LSTM #558 1Y st
ST TS TR S B E MR ke TG

4 LERE

LT LSTM JF B, 5835 E 7 1 i 2] oy ) A0 25 VAR
PR R B | I PR AR o) R A 3% S T )
SEAEHEAT TN SRS TS R s BE oA T
ME S O HE EE RS T T IR B S R A R i Y
LSTM 2545580 5 RNN . CNN .SVM Fl1 BPNN 2545 Al pf
17T B B2 T 7 T R G 23

MR ZEE T

(1) B2 K S LIRS B S R R AR 55, EL
SE LR A T S, 52 10 T — o 35 ] il ) R B 2
202 WA B S RS W 5 1% i TR A S AT
TZAGRE T AR R, R A8 Il a2 W B A 3
AN 5

(2) FIH LSTM 48 xF it 45 B A 42 B e 7, i r
TS VTS LSTM i 12 W A A, S I 540 435
FH LSTM J5 ¥: B35 5] 99. 3% (s v, B WL T
SVM il BPNN S5 45 (115 )2 4 28 X 45 55 700

(3) L2 W TE A8 B LSTM i [385 34 Wir  251 A 47 g
REJ T B 0L T3 4F Ok It Fl B9 CNN Fl RNN 2 7 )7
2, U IZOT B B ) AR PERE

g5 LR B 2 VA B IR Sh B 1 &2 ek
EH T A IRAM ST B SR, FE T R R B
BAE R R IE AN 42 SRR IR (R 2 A AR

52 3Lk ( References) :

[1] DING H, JIJ, CHEN L Q. Nonlinear vibration isolationfor
fluid-conveying pipes using quasi-zero stiffnesscharacter-
istics[ J |. Mechanical Systems and Signal Processing,
2019,121(15) .675-688.

A5 AR

[2]

[12]

[13]
[14]

[15]

[16]

[17]

e 3 2% 22 VRO T S VR AE B AR e IR Bl o3 i S Y
FIZBHIE AR B ARMITE [ D ] K - R T R 2 AU T
B ,2017.
T W EiE, D S S RIPE RS )
FRPERESEERIER[ J/OL ] #8274 ,2022,12(13) :1-25.
T 8. ML R SR L 3k AR S R AT S
[D]. Z8 2 5 FIL AU TR B, 2017.
YR, I A R AE LT HAT AT B 2
RS W T EE PRI [T ] TS AL AR 5 0, 2016, 52
(20) :221-226.
ANTON B, ARNO K B. Dynamic Behaviour of air valves in
a laige-scale pipeline apparatus [ J]. Strojniski Vestnik-
Journal of Mechanical Engineering, 2012, 58 (4 ).
225-237.
ZHU HZ, WANG W B, YIN X W, et al. Spectral element
method for vibration analysis of three-dimensional pipes
convey-ing fluid [ J ]. International Journal of Mechanics
and Materials in Design,2019,15(2) :345-360.
SaE, THOL, BFEDG, 55, RHELLN 2 R B8 RS
PEAATLT]. HEREHI AR ,2022,43(2) :266-274.
HOCHREITER S, SCHMIDHUBER J. Long short-term
memory[ J]. Neural Computation,1997,9(8) ;:1735-1780.
FANC, XIAO F, ZHAO Y. A short-term building cooling
load prediction method using deep learning algorithms[ J].
Applied Energy,2017,195.222-233.
B, HL L B, SR R T LSTM i 22 0 45 i
LR IE S SR 94T B A A A B2 W [0 ). A3 5 by
2021,40(20) :271-2717.
B RAR. B T I I I 28 PR 25 14 XU AL 2H 2 R 3
WAL S HMATSELD ] Jb st AR AL i R AU TR S
H 8l k2B ,2019.
RAERRE, ) B RNN M 25 q e [ 1], deaifk
TR AR FARBEA R, 1998 (1) :88-92.
PR JE TR AR & M 28 19 SCAR 7 2R Bk [T ] T
WLAR G H ,2015,24(2) :121-126.
SONG H, DAI J, LUO L,
operating state prediction method based on an LSTM
network [ J |. Energies, 2018 ,11(4) :1-15.
KOS KL bE & MR GE AT PEIEAG [ D . K
R AR A2 2 B, 2016.
AR IE. B ML & G2 B 5 4 3 A AT & P TE AR
L] W< 8h 5% $f,2021(10) :67-70.
AN J, Al P, XU S, et al. An intelligent fault diagnosis

methodfor rotating machinery based on one-dimensional

et al. Power transformer

convolutional neural network [ J ]. Journal of Nanjing
University (Natural Science) ,2019,55(1) :133-142.

ABDELJABER O, AVCI O, KIRANYAZ S, et al. Real-
time vibration-based structural damagedetection using one-

dimensional convolutional neural networks[ J]. Journal of

Sound and Vibration,2017,388(6) :154-170.
(iR W]

FRKHER A . ST LSTM 28 R 4 Y T A B R Wi ek [ 0] ML TR, 2022,39.(10) 11374 - 1381
MENG Qiu-jing, YANG Gang. Fault diagnosis method for pipe bending of hydraulic line based on LSTM neural network model[ J]. Journal of Mechanical &

Electrical Engineering, 2022,39(10) :1374 — 1381.

<<HLEEI$§"_>>%#§\ ;http;//www. meem. com. cn





