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Fault Simulation Analysis of Open-Type Ship Rudder Mechanism Based on
AMESim Modeling
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Abstract : To address the issue of difficult and inaccurate acquisition of fault characteristics in the open hydraulic
steering gear system of ships, a coupled dynamic model of the hydraulic system and the steering
gear control system was established based on the joint simulation method of AMESIm and Simulink.
AMESIm was used to construct the hydraulic system model, while Simulink was employed to implement
the modeling of the steering gear control system, thereby achieving the joint dynamic simulation of
the hydraulic system and the control system. On this basis, fault injection simulations were conducted
for three typical faults: internal leakage of the hydraulic pump, jamming of the relief valve, and internal
leakage of the three—position four—way directional valve. The variation laws of system pressure, flow
rate, and steering angle responses under different fault conditions were analyzed. The results show
that leakage—type faults will cause a decrease in system pressure and a delay in the steering angle
response, while jamming—type faults will lead to an increase in system pressure fluctuations. This can
provide a theoretical basis for the research on fault diagnosis and health monitoring of ship hydraulic
steering gears.

Keywords : open hydraulic steering gear of ships; AMESim; Simulink; fault analysis; hydraulic system

515

FEAEAERLIEN IR R R S PR SR ITILN,, FLBAT IR RE B R R B A IR BRI S T2 2. I EHLARSUE % Hil
B, WEIR  WRERLPAN AR S R GEE AR, AT LR & ARt . RIS m U S 2 U T, ERLA
SR o DR . LRl s SR SR e, BN S SEURHIRAL, SONIn st T, i, SR
FEREAILEC AR Bh A5 T g B R TR S s

SR ILEE AT BP MZM %S PID & T K TS TRAEN LIRS REARH R, AU TN UEHIRS I SR ERE ., Z=le
4 P BT AR A T S AME A RN L B TS AR, S T RGeS B

BEEAEE RO BRI AR, AMESIm KB4 REFHOTRE RSN AEERE ST, TR IO R AT b [y AT A8 1 T2
o #EERS O ET AMESIm 158 TWERASITHMERE, 507 TR TCs SRR A, 2 ™ FIF AMESim X4

fEERT

BFE (2003-) , %, MAHEE, EENEHA LD,

K&E® (2000-) , B, MEHARE, TERNFINE REABRFED U
e (1977-) , B, Bl#ar, TEAERIKED HfafL e,

050 | Copyright © This Work is Licensed under A Commons Attribution-Non Commercial 4.0 International License.



[AEEE A SRR T 7RSS, #8078 T IRH SR B A AR IORAE s SR2ATT4E ™ BT AMESim X P20 58N PR RE T T 404, B8
UE T AMESim 295 H A G sh S EF R s AT ik o Li 5 P8 AMESIm SO0 GRS S, SRR SR S di T Tk,
P T RS HEHIERE. Chen 55 " EET AMESim A AL L LR BRSO 3ET T (5 BT, B8 T IR Rk S T R 58

A AR

BT, S0 R AEALFR G M T 58 2 EL AL P T A L R SR U0 DA R IR O AR R R 4 AT, TS T AMESIm 5
Simulink BEE(7 ELASANF 20T A LEALE R 2 A8 R A D o JEO TR AR MU | e I 5 ] 1 PRy itV B £ P
WRSF SRR A T RGEST . ok SR A RARF R A S T A R — e

L, ASCEET AMESim 5 Simulink BEG 5 EF-E B MR RIS, @it AMESIm B RE RS, FIH

Simulink MEEHIZSY, SHAHRGIE I IL. AL, RHAR P | adiiid R

= PUTE AR PR AL L

PR LA S A RS 3 R B e A TR AT, BTSRRI IRAS N ARG L W BN A S AU, S IRV R AR LA

FE2 W SRS R e 2%

—. HRAAFF AN S AMESIM #&EYEEST

(—) BRENEERAIERERREE

AR AR R R BT, HE2EA
SRR e, SEIUARANAR 42 o P =T e AL R 45 4 55
B BT E M T SRR, TEH/NEE RO R R R 5
PRI Z N . ARSCHFER SO R e R e, HEE
PRGOS . WA . BEURIA . A7 PUTE IR . IR T R SR AL
TR K

HARGRME ARSI, WEREINRGARAE T, =00
V7Y T 6 ) IR s 1 9 Sl e 8l 7 T, e R S 3 A AR X R LA
Jg, TSR EATIEE, IS (e, SCBLATIA%E (a1
MERGIRE Bhif S, BB i, B LS8, &
G AFRERAS MR T IRG R G B, R E RS
WATREIE T

(=) AMESim {83327

B AMESIm 1 Matlab #2237 AR A0 200 HE AL & 07
BN, R RE RS ] R R AR S
TS Hoh, TR T RS ARE FE Herme
TR P TP BRI 1o 5 R ST B TR LI T LI
By S TSR, N7 RN 2R AR AL
AMESim BRI E 1 FTR,

11 AMESIm B¢hiz
(=) Simulink {2 HIRFEERER T
LIRS S0 B, ASCRA Simulink #5781

PRI R GET. Simulink B TLIRAMAGS . EHIERL
SRR, R GE A R E A S, W E i
EHESHEATITY, I SEBR R RLEsh 5. el g,
FROUEIS e R E S R R R, SR A BE S B
Ffrfesy, #eResh SR EaE, 2R Simulink #5 RGTH
TN E 2 iR

=] g8 = £
| —=3 o o g
B-o=a L(>1>"|E:)V S _‘LI QJGJ‘) 2,
Ertre T2
D—p
=] B
—)Jj‘} =
3 B: e
‘=
2Simulink $2HIR SRR
(M) ERSHIGESIIT
F BT EABHOEE
AR BH Bl
o TAEES /MPa 315
TS
HEf /(mL/r) 18.0
HHL HE /(r/min) 1450.0
Yo e el FE S /MPa 16.4
JiE /kg 50.0
TR HEAT VEFEHE A /mm 125.0
FHEAZ /mm 80.0

NBSUEHTHE SRR, N R T P EL T
SR, RGENRSIREES, MANNSTR, FES AT
TR LSER LIRS, S BTEES R BA — e A A

—. HENEEESHES T

(—) BPEEATE

IFFE R AR AN =R AEH LR e R BRI, ZR3C
KT AMESim ZHUE AT ST EE AT (B SR i
JCPFPHERIE B E RN RS RAE S, BN SERAST
RGBSR =R RERE AT R P
TS IR 2 AR Ui A BBl s R R R e Rt

Copyright © This Work is Licensed under A Commons Attribution-Non Commercial 4.0 International License. | 051



HIAH T2 | MECHANICAL ENGINEERING

JEEFRREL RSB s = Y 8 5[] R PR 9 5 s o 46 T R ] it i
TsEH

FERUET TR T, AR B G T | i M A i b A At
F153H7, LABTFEA RS R AT =l B e LA BRI 5 .

() BERAMREES T

HOHLER s RN IR AR S R, HL it & S50
s HR A, AT FERR Gl Sia, SmEIUIER T
TEIERE.

PTEEE RS BRI Rt T T S G R RS
. HIR.

SER AT OTILASRTIAL, AR RIS, RSt
LRI RE, AR INERER, RAEALIEFIR2~4MPa, |
FEFR R IR LR, ARG —EIRWELER, LIERE, R
J&, Bik35° MIAGEA (415~6s) o & TR e kit S
FEL BB, ERGAEHAEN T M. N, TRl
MEZE AR, Rt iR, SEORREEIERE) T .
IR, AN IER i

HURRFL RS . WEE IR R 2RO . RGEAT
W ArHmitis s AEMIINORZE .

(=) EmRE-RERES T

HFA U SRR TR E RS . SRS AR,
WHTITCHE RN SEOT B IEE, NS REASUE RS0,

PIELA RO L e B I R e AT 0 FUR B B R ST
. HIR

SR mEATHL, SR RE, RGUEIWEhN
BRI, REKISHBRG S, RETUENE T, TokikEIH
SEHEST, fenTEi. FN, BT RSHEAMITREN TR, i
HABAAE—E W, (ERERLEEAE, ED R B
/NIEEB . FEREfRRIL R, RN RIS, ARGk
P RS RETT IS I X2 TR MR SEsh Z 0, S5
RGTCHRINGER ST, N5 RGeS R T

RO BRI R L BRI . REE )
B T HTEANEEAE s AEAI N AEIR -

(M) ={i/miEikmmEmitRa

PRI s = DUSE e 7] R T s e s s . 41
VAR RN, 40 i el i LS A B, SRS
ZERIREST TR

PFECETR N =5 DU £ e R PR RS e A 7 0 EUR A5 31 3
GEREA, H T o

GERATAT: AT TLEER TR, BRI A A RS, A
ZVH BV B, PRECIN H /7 2218 T e il TR A 20K 8h
Fellt, ZEAFEAEEA—EL, fefm R ERp = . R IR Pt S
FREAE, fREATEE . AN, ARSI LU
HAF AR R w22, U ZR G RG HE T P T2 R T 488 ] P T
SRR G, ERGEITREIIIRES .

HURRFAL S . = AL DU A ) R P B R R B . &
G PehLH N AERN R AR o

=. BRERWEA

TERENHRHE T, RERSHETHA15%, T/
2913%, FE R E IR IR R TR 2.1s #9002 2.9s. T
FEZE P SRR G ANHAE S TR, RG7E 4.5 7 B
J1WE, (AR e M

T R RN R G AR e s N L, RS 13D
FRfEZEIRE 0.81 MPa, 7F2.3s W REHBIIA SR o 1 T IRts
WS R G TR RN SR I 57, SEERGH E
%%, IR B I B3k, Re Ay ERREsh Bl &

e[ AT IORE N, R G T St N TR, (H
S i A S A RIEZ R MO (211 VT R S AR S B L I AR S I e
RefamiaRaRM, FEES.1s 2 IR RSB 4 .

LREA TR, RIS R LRI A RGE TR, ik
HRACIENN ARS8 A Wi B IR PR 2R e R SR R G
WG SREM TR, Sa RN ad—2 R R 5S4
., b R AR B — R R A (2

o

=

. HiF

AILHEET AMESim 571 MHRIT=GR A U FARR, It
WORZE PN . R AR R e AR . PR R A
AR SRR R T T T LT, BTSSRI, At s
S ERESApSE e LD e s NE AL R L/ BN (T S
ARG T RS RGR T, R R E S GE R S )
R, T A SN 2 sl SRR IR W . ASCRITFS 45
AR AR AEA LR 2 i SRS R B2 B R

24k

[ # i, EAERT , $ORE, 5 AL RS W A o SRS ). A7l 5
K ,2022,45(04):1-6.DOI: 10.19651/j.cnki.emt.2208772.

[20 46, b7 , 28 HT 2 EARIER U AR LIRS Wy (). RALR22441 (A
SRRLAAR ), 2022, 43(09):1240-1249.

(31 E3CHT , XL, SREDC, 85 . AR AR S I N A A prs] (). P
MIARIFSE L 2023,18(01): 116-123.D01:10.19693/].issn.1673-3185.02525.

[41 5T, JRRE , R, & ET BP $ZM% PID B R AN TaAEHLIKSD &
AR REE )], 2R G102 2023, 45(02):109-114.

[5] 2t B | G | &5 BT 2R ARSI AT S AMENT R L F ISR A
2] (7). PUAE TR A4, 2023, 41(01):18-27.

[6] HEAHES | oz, WMiNE | & T AMESIm FIRERLRISIICA TR 24T 1], )
FESEh SRS 2025, 45(03):105-111.

(7] 8 # fir . B T AMESIm (9 8 i) FE 98 5% R Jy ik 3 B g8 00 90 U8 5 &
#},2025,45(03):112-118.

[8] AL, Wit ikt | & AMESIm (PR S ANINRAFE AT (D). S
I 5EES 2024, 44(10):73-78.

[9]Li Q, Bai X, Lu Y, et al. Flow control of tractor multi—channel hydraulic tester
based on AMESim and PSO—-optimized fuzzy—PID[J]. Agriculture, 2025, 15(11): 1190.

[10]Chen L, Xiang H, Li D, et al. Simulation of leakage fault in the working circuit of
the transverse guide oil cylinder of a certain ship lift based on AMESIim[C]//2025 2nd
International Conference on Intelligent Ships and Electromechanical System (ICISES).

IEEE, 2025: 101-106.

052 | Copyright © This Work is Licensed under A Commons Attribution-Non Commercial 4.0 International License.



	基于AMESim建模的船舶开式舵机故障仿真分析

