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Synchronous-ballistic control for a twin-rudder ship

LIU Sheng, CHANG Xu-cheng, LI Gao-yun
(College of Automation, Harbin Engineering University, Harbin Heilongjiang 150001, China)

Abstract: In a ship with twin-rudder, the structure parameters and electrical parameters are different in two steering
gear systems. During the navigation, the error between the angles of the twin-rudder will be increased; and the efficiency of
rudder power and ship maneuverability will be reduced. To reduce the error between the angles, we propose a synchronous-
ballistic control approach based on fuzzy logic with variable universe. Firstly, the theoretical model of steering gear system
is constructed. Secondly, the structure of the synchronous-ballistic control system of twin-rudder is developed based on the
master-slave control strategy. Thirdly, fuzzy logic with variable universe theory is introduced to improve the adaptability
of PID; thus the variable universe adaptive fuzzy PID synchronous-ballistic controller is designed. Finally, the simulation
results show that the error between angles of the twin-rudder can be effectively reduced and the stability is automatically
improved by the designed controller. This method is valid and reliable for synchronizing control of twin-rudder and is

significant for engineering application.
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Fig. 1 Scheme of steering gear system
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synchro-ballistic controller)
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Fig. 3 Scheme of fuzzy PID controller based on

variable universe

3.3 BRI F (Fuzzy controller rules)
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4 1 E 4 Hr(Simulation and analysis)
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Fig. 4 Curves of twin-rudder standard deviation
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Fig. 5 Curves of course
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Table 2 Statistics of twin-rudder deviation with different encounter angle

NGIEZ PID A AR [E D
THE £
E STD STD E STD
30 0.0186 0.1756  0.0072 0.0724  0.0051  0.0519
90 —0.0415 0.0194 —0.0012 0.0083 —0.0024  0.0060
150  —0.0145 0.0303 —0.0011 0.0125 —0.0041  0.0090
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Table 3 Statistics of course with different encounter angle

NGEZ PID A5 B ribg
T

E STD STD E STD
30 0.0702 14718  0.0714 14662  0.0715 1.4640
90 —0.0024  0.1502 —0.0031  0.1448 —0.0032  0.1437
150  —0.0061 0.2383 —0.0071 02297 —0.0073 0.2279
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Fig. 6 Curves of twin-rudder standard deviation
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Table 4 Statistics of twin-rudder deviation with different encounter angle

NG PID[A] 5 garterdCibiz
THE £
E STD E STD E STD
30 0.0466 04305  0.0184 02290  0.0129 0.1283
90 0.0415 0.0505 —0.0142 0.0206 —0.0235 0.0148
150  —0.0013 0.0797 —0.0014 0.0315 —0.0101 0.0225
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Table 5 Statistics of course with different encounter angle

AFZL PID[i2¥ IR FY
Wi A
E STD E STD E STD
30 0.0661 14811  0.0710 14781  0.0714 1.4726
90  —0.0012 0.1646 —0.0025 0.1506 —0.0028 0.1478
150 —0.0034 0.2614 —0.0062 0.2390 —0.0067 0.2345
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5 458 (Conclusion)
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MEx  FENLELRY 2 ${E (Appendix Parameter

value of steering gear)

THR# Ko = 2,

I DA 25 K, = 0.0060 Nm/V,
F1HE IR AN w, = 632 rad/s,
A AR R 25 Ky = 1.9 x 107% nU/N,
BRI E LS, = 0.14,

T8 ] B v A AR wy = 158 radfs,
W S BRAT AT LU R K = 0.2,

FERIR LRI BV = 6 x 1075 m3,
ZEENW B 2 KT ARy = 1.6 x 1073 m?,
W By = 6.9 x 10° Pa,

MR RHCH = 4.5 x 10712 (m3-s71)/Pa,
AR HER D = 500 cm?®,
AREIHFER K = 0.001,

Ar A LS i n = 1200 r/min,
FERENLMI U L 25 Ko = 12 m ™2,
BEEATL S BT [ A5 A% w0 = 158 rad/s,
HEREH UG RJE gy, = 0.4,

e b0 B e ST PO & BE B R = 0.9 m,
R L P B WIR 2B Vo2 = 0.06 m3,
OIS ST REAT SR T Ay = 0.09 m?,
BEMBAPERR Beo = 6.9 x 10° Pa,
MEE R Cio = 5.1 x 1072 (m>?-s~1)/Pa.
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W4k S5 D) Sk OB Ry = 0.015 m,
WK PERLJE R 3 B = 9.1 N/(m-s~ 1Y),

TSN SN KRe = 4800 N/m,

I R R 2 K = 0.5 m?/s,

WEENREHK. =71 x 1072 (m>s~1)/Pa,
ZEENWR R IE 35 Ky = 318 mis,

Z= BT T ) AR wy, . = 2018 rad/s,
ZEA R ELFE B thgn, = 0.04,
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