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Fig.1 Shaft system structure and torque measuring position
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Fig.2 Diagram of synchronous shaft torque monitoring prin-

ciple
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Fig.3 Torque signal of measuring point during ship lift
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Tab.l The maximum value of center frequency corre-
sponding to each model component after torque

signal decomposition
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Fig.5 Correlation coefficient of model component
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22 ETHRMBHNHBEFESERAAE

TR AL Bk 32 AR 2 & 52, B R
A EE . R R AR THAR LIS 3h M kB B, i T
2 B AR R KRN PR 2 A s, Tk
R b, 368 2ok 1 000 5 i oA A R (W) P A T AR R 4R AL =
B [m] 25 LR AR 5 0 i e — SO B2 52 [a] 25 A
FH S0 A AL A B

RO FH 0 £ B 1) 7 9] A 248 250728 Ak B = A= 1Y)
B A 3R 0 R V0N BB A8 Sz b N B 1Y A e A
Eo. % F — A N 48 B OF S X(1)=
{X(1),X(2),X(3), -, X(N)}, & X = [a] 4t i
m , F R4 A 23 ]
X'={X0),XG+1), -, Xi+m—1)}—X,(i)

(2)
Hod . X, (i) N AR [ M, R h
> XGi+j)
X, ()= (3)

m
FIAMG) SR JEE oRBOR 3R 2 A4S FE AL I 1] 31
F4 AR B

(dy)”

Di=uldl,mr)=c * (4)
Forpror A RIS BRBE 5 & S PR3 51 X 5 X 6k
IV 76 3 22 [A] 1 Fe K 251, B
di= max {|(X(i+k)—X,(i)—(X(j+ k)~

)

ke, m—1)
Xo (NI} (5)
N—m 1 N—m—1
¢ (n,r)= ;( N—m—1 f:lzv/:ifDij | (6)
’ N—m

[ B, X F om+1 4k B[] 5 51 X R ek AL

¢ (ny ), WS [] J 51) AR 0% AT 3R7R oy
¢" (n,r)

" n,r)

B 5 THARHL R G It T AR, THAR AL IR 25 il A H
1% 2h 22 Ge e sh 5 | A0 % 26 i 3h , 1k 4 v 41 A AR
SERE, BG5S MR REZ .

TR A R 2 Ry ik s O X 58 1 A Y
IF 7 B, A8 — A0 32 0 I BOUE 19 T B A
F, N =0 FF b, B U 3l 1A [R] BR AL, X 3 3 7
TP 1 B e (A T 25 (T H5, 9 5 18 B {E 5 kNem
HEAT LLARE, DA AE SR 2 i A AR s O X T 28 1
T 57 B 5O R o — A 128 AL B ) O 1Y
W O, =0T , 45 K 3l 1A I 8] B A7, X

O(m,n,r)=In( (7)



%4l

e H PS5 T AL 25 Al 2% 9 M 0 R L0 TB0 5 2 WF 5 7

BEAS TRV PN 0 A R S BRI AT 0 A, DU A
B RR T HA BB 254 D U L R Bl .
A T S0 P R 0 A A (A

JT®(z€)Zdt
O(m,n,r)= | L—r-—

T
Forr s T oA B 508 i R A

P 7 Ry LA 5 BRI A2 ) 20 il 3R 46 1 K
BRI 43 AT RE AR RO R RE A . 2 iR B AR
X AN 8 R .

AT DL 3 2 AR A T R A ) A T DRI
A3 BTREAS SO RE AR (0] 2Z 0] A7 AE R B 0] 22 . AHER T
SR FH B 17 2 e 5030 2 1, R FHBSORA 0 1) S 43 a0
7 Ty AU 2 BT R AR B A s [ 22 0/ 24
197 s.

(8)

0.18F
0.12f
0.06r

55 m
_55 -

-110&
0

A/ (KN »m)  BOBIRS
(=

t/s x10°

(a) AR
(a) Analysis sample

0.177¢
0.118}
0.0591

63

-63F
—-126¢c

A/ KN +m) BB
(=

t/s x10’
(b) MikprA
(b) Test Sample

K7 AR S B
Fig.7 Fuzzy entropy of torque signal

3 FHARALE S E RS S

3.1 FHARHLE S AR E S T R B

FHAEHLIE A7 2 72 o W) 20l i A 5 A s B
P AR M BT AR RRAE , B B 55 4 1525 L A
SRR A N B TARLN . B R TGRS
S E T AALZE IR ROR, N T R T A S
N SR /N R T AR A, 28 SR AT LR
5 T S - O X Ty S0 B 2E AT VMDD, 48 BCHL
5T A B s QTSRO | B0 0 0 00 A A
YR A Rl ik 2 ) B B 4 50 ORI LSTM i 28

100

o
-100} Y

1000 1500 2000
t/s

(a) FETHREBIHRE LG RO
(a) Starting point determination based on fuzzy entropy

100

0 500

~100F - iR REA Ly
prieA

_150 1 1 1
1000 1500 2000

t/s

(b) T BME &S R E
(b) Starting point determination based on threshold value

P8 AR A E JT AR L

Fig.8 The comparison of starting point determination methods

0 500

o0 23 B vk Xof Y11 5 4R R AT U 2, g e ] 200 it 6
R 5 @ 1) FH 03X A 6 E T A Y A0 A DI R A Y
(7] 285 Jly A1 R ST ASE B 4 P& 9 s

LST™M WK
Wiz |y
gk | |Anne
W] o
s ] | [ ] [amen] [ruen
ke [ VM BRI R

B || &L
E FIE

P19 [ A0 il 1 R T 00 A6 2

Fig.9 Construction of synchronous shaft torque prediction

model

32 EFLSTMHABIESHALEE ST

Bt e TH AR AL IR] A5 il a4 7 2o 7 1 0 A5 £k i 34 i )
F) T 5, 26 R LSTM i I 24 533 of [ s W
BPE UE AT U0 Sk, A T [R) 2 il G 0 B A
LSTM J& — FlvRE 5k (4 119 0 35 pi 28 I 2%, 3 2ok 5 A
SOSI IR TPNRIPPSE TR 2 S R B X A
2 B0 B < In) AL, T DA S5 Mo e AR AR 1 ) R

T g g () A5 il R 00 AR R A o AR e, o B
5K FHAT AL L T i B v 2R AR K B B L AR



798 & s KL 5 & W

43 %

T LU 4 Ry 1B B S AR O IR L
55 UCHLAE 1 BE 25 3 A D a4, LA TR) 20 fil 2
BT A 2] 12/~ 00 s 8 R R (B b i A 3 o iR AR5
f14 77 A A L R T AR Y 0 A i 2 ) A Ry 32
ZV B HUAEAA B Hh O T — I 220 A A 0 HH R
A7 T , I 220 B i A R TR — I 2 A g AR
TR TN AR TR o 5 T ASOH] GA T F) THRSAL K B
B R F5000 40 151 10 B s, 22 1 B AEL ARG I A4 T A AL L3
JK B BEAH T A P 11 BT

100

0.

5 / (KN * m)

~100 500 1000

t/s
P 1O R AR 0 Sz 0 143 T A AL H 7K 9 BT AR T
Fig.10 The ship lift torque prediction during lifting based on

fuzzy entropy

100

- FE
— SEPRASE

500 1000 1500 2000
t/s

FO1T BT B ARSI A T AL K 9 B 1 A 5t
Fig.11 The ship lift torque prediction during lifting based on

5 / (KN * m)

-100
0

threshold value

Xk AH R M 0 ) 4 T 12 A4S I A g3 il AT i T A
A0 7 1 RS T B AR D7 3k 0 THIE LB VR 46 Y
THAE PO , 2 2 4 U 25 R Le 5. T LA, 2

F2 HEWMMNERLEE
Tab.2 Torque prediction results contrast
HET RO 90 HETHE
W RMSE/ RMSE RMSE/ RMSE
(N*m) /AT (N+m) /AT

RN
f&/%

1 26.84 0.154 73.95 0.426 63.8
2 20.97 0.137 71.43 0.407 66.3
3 16.57 0.201 27.99 0.306 34.3
4 16.77 0.170 52.98 0.458 62.8
5 24.26 0.184 50.33 0.364 49.5
6 8.85 0.329 40.33 0.708 53.5
7 28.24 0.174 85.08 0.507 65.7
8 13.06 0.229 17.42 0.316 27.5
9 13.73 0.139 62.36 0.510 72.7
10 24.42 0.164 48.58 0.327 49.8
11 31.52 0.170 55.26 0.298 42.9
12 2.92 0.143 17.77 0.553 74.1

TSR 0 S G ) O Dy ek AE U A 11 A R
{00 25 5 MR iR 22 (root mean squared error, i
RMSE) fit K, 29 4 31.52 Nem; il &5 12 14 1L 46 7 1)
Yoy iR 22 /N, 29208 2.52 Nemo i1 T FHAE L 3 A
ok AR A I e e LG — |, B R S A A AR I [ 2%, &
ST AL IR) 25 At 6 T00 18 Oy MR 15 2 R 1A Qg O o
A6 1Y 8 T AR R 25 5 HLAE AR AR R M Y e B R,
0.329, 33X 42 i T £ 6 Jir M 000 %) 435 ) 7 2 A T A L
[7) A0 fib 22 49 60 9 s B A, T I 20 B TS O T A
HAR A AL A B 45 48 B 5 2% LA MR 5 52 2 T R A
GRS 42 Th 7 FH S50 ) s B

LT AR ) 2 4 5 SE TR 5 vk AR A6 1 By
J7 A 5 22 5 1 A A8 Ak A 1A By BB TE B A A
KZGE R H T RO 0 45 2R — 30, UE I 5L T B0
T 1) 25 R B ST AR A AT SR I (R W A O 1
SR FHASR 05 40 DT A s A L 66 U0 ) o (B e
PTG 7419, Fe /D HE T 27.5 %0 5 XEHLAR S A4 A0 T 00 A
527 [a) 20 il &R g A R A O 4R AR (I AR5, 6, 11,
12) , 2R JHBE T A0 A 1) 8 4 500 5 T g 32 kAT
FHHE 000 RS i 2 /DB T 42,9000 PRI, SR PR
SR AT AR Ly AR, 2 T LA A AT T AT DA
I 6 22 15 170 0 A R R g AR 174 i) A

4 & g

1) 00 1L %) L 6 T 00 349 7 AR R 22 e K, 2
31.52 Nem, il 5 12 ) 80 B0 32 77 M1 22 /N, 24
H92.52 Nemo W AL TS W e B 220 L F
s, I A5 6 1 RMSE/AT(E A K, 250 0.329,

2) AHEE TSR FH (B0 W7 0 7 3, R PR SR ki ot
FE B A R AT A I T LA 0 B I — Bk A 2
P4 Tr) R, 8 T 00 0 ASE AR % RS 3 R A TR I (X
LG A HEAT I E SR FHRSEAN 0k ) DR s i AT HHL
T, T R E A R 74100, m KR
27.5%% 5 78 X AL 25 #4 R T 350 H5c B2 4% B 1 B A I 2
A AT R U, SR L ASCAS A H  RC 4 aS R AT
LTI B RS B A AR T 42,99 ¢

(1] EWR T BRBKE 25, 45 VR 0T 3E Al 2 s i & T
[T].BHE 137 F41) , 2018, 15(21) : 56-58.
WANG Zhili, CHEN Qiutong, HAN Jianjun, et al.
Brief analysis of the development of navigation struc-
tures [J]. Science and Technology Innovation Herald,
2018, 15(21):56-58. (in Chinese)



%4 & H I A5 T AL ] A5 Al 2R g s 00 K R T 5 12 F 98 799
[2] WAW %, e x5 E ORI HLAT 5 F i (9] JESTHE, £y B Ir A 00 Oy i B FLAE VR Sl R L
[J].7kiE T#2,2016(12) : 10-19. STk B2 Wi B R [T ] IR 3 TR A, 2016, 29(4) :
HU Yaan, LI Zhonghua, LI Yun, et al. Research de- 638-648.
velopments in the field of major ship lift in China[J]. TANG Guiji, WANG Xiaolong. Variational mode de-
Port & Waterway Engineering, 2016 (12) : 10-19. (in composition method and its application in rolling bearing
Chinese) early fault diagnosis[J]. Journal of Vibration Engineer-
(3] xRl KL, ok A5k, 55 R AL TS AILIR] 26 5 R G 4544 ing, 2016, 29(4):638-648. (in Chinese)
Wit [J].KiE TR, 2017(7) :39-42. [10] SRISHTI V, SEBA S. Highlighting keyphrases using
LIU Tongxin, DU Bo, ZHANG Bubin, et al. Struc- senti-scoring and fuzzy entropy for unsupervised
ture design of synchronous shaft system of large ship lift sentiment  analysis [J]. Expert Systems with
[J]. Port & Waterway Engineering, 2017 (7) : 39-42. Applications, 2021, 169(2):1-12.
(in Chinese) [11] 3k %, 07 AR W, $0 065 . 56 F LMD 008 40 il A
[4] (Rl F:, B0 % . A0 25 0 IR Dl S [ 7], ks CSP 1 i B A5 5 5 AR £ 005 3 [T A0 aR I R 2 4R
TAE,2020(11) :12-17. 2020,41(8) :226-234.
FU Luzhidan , HU Yaan. Prediction of ship squat while ZHANG Xuejun, WAN Dongsheng, SUN Zhixin.
ship entering and leaving ship lift chamber [J]. Port & EEG signal feature extraction method based on LMD
Waterway Engineering, 2020(11):12-17. (in Chinese) and FE combined with CSP[J]. Chinese Journal of Sci-
(5] K&, e . = e frs DL A A I8 A e 1] 5 BT 5 3500 L] entific Instrument, 2020, 41(8):226-234. (in Chinese)
DL TR CORFE S LRI, 2021,45(3): (1] ER S 517009 . 2 T EEMD £ R EEBUBIRI 09 .0
4547458 P KTk (1) B S MR 42, 2018, 37(12) £ 125
GENG Fei, JIN Yan. Analysis and forecast of the navi- 127.135.
gation time of three gorges ship lift ships[J]. Journal of WANG Feng, PAN Guangzhen, SUN Yanging. ECG
Wuhan University of Technology (Transportation Sci classification algorithm based on EEMD multiscale
ence & Engineering) , 2021, 45(3): 454-458. (in Chi- fuzzy entropy [J]. Transducer and Microsystem Tech-
nese) nologies, 2018, 37(12):125-127, 135.(in Chinese)
L6 VIR, A AT ABLIC S RIS EOIRIE gy oo v g R TR A K
AWML RDRFERTEAL) , 2016, 49(4): SO0 A2 20 0 24 25 G 25 0o 8 2 S o 0
6107615, (I, A E EHL TR 2248, 2019, 39(13) :3998-4008.
SUN Xiaoqing, SHI Duanwei. Dynamics simulation o ) )
and fatigue life prediction of drive system of vertical HY Yunpfang, XL,J ?1q1ang,' PONG Wangylng, el
o . ) . . Concentration prediction of dissolved gases in transform-
shiplift [J]. Engineering Journal of Wuhan University,
9016, 49(4):610-615. (in Chinese) er oil based on empirical mode decomposition and long
(71 XDREHL W L B 3 OE ok ) 5t T AL short-term memory neural networks[J]. Proceedings of
K Z Gz 47 KR 4 7 [T]. ki T8 . 2020(9) : 14- the CSEE, 2019, 39(13):3998-4008. (in Chinese)
18, 24.
LIU Jingkai, HU Yaan, XUE Shu. Risk assessment of BEHEMEA M B, 55, 199547
water conveyance system in hydraulic ship lift based on R Bit. ERBIHEDLRE R
cloud model[J]. Port & Waterway Engineering, 2020(9): RAEGHMI SHEBR . 82ROk
14-18. 24. (in Chinese) F1 5T U] 2L il )l 22 00 gk K T4 7
'8] DRAGOMIRETSKIY K, ZOSSO D. Variational HBEIE) (CHLAR 7= dh 5T 42 5 8187 ) 2021

mode decomposition [J]. IEEE Transcation Signal
Processing, 2014, 62(3) :531-544.

RS 345 LI AR 3

E-mail : geriletu@pcmi.com.cn



