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Attitude control algorithm for a 2-DOF parallel vector propulsion
mechanism on AUV

WANG Rui, LU Jianliang, ZHONG Shisheng, QU Huawei, WANG Jun, CHEN Xuan

(School of Naval Architecture and Ocean Engineering, Harbin Institute of Technology at Weihai, Weihai 264209, Shandong, China)

Abstract; To overcome the disadvantages of some vector propulsion methods, such as external acurators and
redundant degrees of freedom, a 2 degree-of-freedom(2-DOF) vector propulsion mechanism scheme is introduced,
which is based on limited-DOF parallel mechanism and the actuator can be arranged internally. The fixed platform
of the RS +2PRS mechanism can be used as the rear bulkhead of AUV, and the movable platform of the mechanism
as the mounting base for the propeller. The proposed mechanism has a compact structure, high stiffness, and is
well sealed. The movement decoupling analysis shows that the two independent movable parameters of the
mechanism are the precession angle and the nutation angle. The nonlinear mapping model can be built between the
Euler attitude angles and the driving parameters of the mechanism. The joint simulation analysis was carried out
using MATLAB and ADAMS, and the experiment equipment was built. By changing the relative positions of driving
components in two prismatic pairs, the 2 DOF attitude adjustment of the AUV rear propeller can be achieved, and
the AUV heading and pitch angles can be adjusted rapidly. Research shows that the physical design of the
propulsion mechanism is reasonable, and the attitude control algorithm is correct. This propulsion mechanism can
improve the maneuverability and capability of the AUV, and this research lays a theoretical foundation for the
further 2 DOF vectored thrust engineering application.
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Fig.4 Simulation model for 2-DOF propulsion mechanism
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Tab.1 Driving parameters P,R,, P;R; for different attitude angles
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JEH RS BE P S AE A ADAMS J2 3B A i
SHRA I e X 132 sh 4, th B 5 ] 7
a=0° ~60°4Lfk I, B =0° ~30° IR A 172 [)its
PIGEIHEIN; « =60° ~300°/F, 8 — B A FFFE 30° 42
13 7E a =300° ~360° 48 fL I, B = 30° ~ 0° LIRHR N
- 172 a5y ad k. ok, ADAMS {5 5 H 1 &
LILIRS MATLAB iy s25 KB W) &, AT DASS TIESA
BET M. 75 « = 60° ~ 300° A5 fk B, B B 43 7F
30° b NSRS, X & BT MATLAB 763145
FRA BB R BARG BE 5 ADAMS 347 il 44U B T afy
IR 2D R

FIFH RS589 2 80m T2 P H B AR 1) 52 50
5, LR E N 6 s, F S A 52575 0T DA
SR HER M AT LGB s, B U T R
ATA TP TS T AR 1) TE A



4 4 o Hi, fF Bl AUV IFIBRL S B SRR i 2SS P Sk -5

0 50 100 150 200 250 300 350 400
a/®)

BS RGNS e BHHE

Fig.5 Variation of nutation angle with precession angle

M6 EROZRTA

Fig.6  Experimental platform for 2-DOF propulsion mechanism

5 % %

1) B0 A R A e MU A7 1R O A L, AR SCHR
T — RS A% T LN SR TR A
RS +2PRS FRHRAY I HEEHLAA.

2) S LR A 5 S A R a5, BT ZYZ R
Euler ffy BEFEAEIE , it DRAEDERLAL (1932 S 2 B0 A 7]
R, IS SRS SE 2R S TR LR .

3) %] MATLAB FI ADAMS B4 175 ELBSAIE T ML
BT S EE A E T, #5 SR SR
T ORI RN AT

%% ik

(1] 5hfRsE, WIE. AUV IBFR VRS A& EH[T]. K1 5#EE
i, 2008, 33(6) : 10
MA Weifeng, HU Zhen. Current researches and development trend
on AUV[J]. Fire Control and Command Control, 2008, 33 (6):
10. DOI;10.3969/]. issn. 1002 - 0640. 2008. 06. 003

[2]DUBROVIN F S, SCHERBATYUK A F. Studying some algorithms
for AUV navigation using a single beacon: the results of simulation
and sea trails[ J]. Gyroscopy and Navigation, 2016, 7(2) . 189.
DOI:10. 1134/52075108716020024

[3]5kERE. K TFHLaR AIMI. Juat: W AR, 2000
ZHANG Mingjun. Underwater robot [ M ]. Beijing: China Ocean
Press, 2000

(412248, K THLE ARBTE IR S 2 BHLT]. Plas AR S
R, 2004(4) . 43
PENG Xuelun. Underwater robot research status and development
trend[ J]. Robot Technique and Application, 2004 (4) ; 43

[STT7HENS. KT R sbighe e g it Serse[ D] Kib: [Ey
BrEEgoAR I, 2008

FANG Shipeng. Research on submarine thrust-vectoring propulsion
device[ D]. Changsha: National University of Defence Technology,
2008
(61 ER, WiFs, BB, . ZREHHK TS 6 A mEdE
LM S P[], FUBCTRSEIR, 2011, 47(5) : 93
GAO Fudong, PAN Cunyun, Yang Zheng. Nonlinear mathematics
modeling and analysis of the vectored thruster autonomous underwater
vehicle in 6-DOF motions[ J]. Journal of Mechanical Engineering,
2011, 47(5): 93. DOI.10.3901/JME. 2011. 05. 093
(71863, XUIZE, I RZE. A FEAK T AT 8 050 3R 5 Pk
[J]. kI 5fsesEd , 2010, 35(6) : 1
ZHAO Tao, LIU Mingyong, ZHOU Liangrong. A survey of
autonomous underwater vehicle recent advances and future challenges
[J]. Fire Control and Command Control, 2010, 35(6): 1. DOI.
10.3969/]. issn. 1002 - 0640.2010. 06. 001
[8] AL, WUKHMEDE AWK MEVEARTT]. 8L, 2007(10) : 12
WANG Lixiang. Water jet propulsion and jet pump [ J]. General
Machinery, 2007 (10 ) : 12. DOI: 10. 3969/j. issn. 1671 - 7139.
2007.10.003
(915K, MRAR, kA, 45 AEMEHY =4hi )i M T S e
HIMUKEFERT HE[T]. MR /RIE R4, 2017, 38(5) : 690
ZHANG Mingyu, LIN Ruilin, WANG Yongsheng, et al. 3-D inverse
design of pumpjet and comparison with opening water performance of
original propeller [ J ]. Journal of Harbin Engineering University,
2017, 38(5) : 690. DOI;10. 11990/ jheu. 201602030
[10] CAVALLO E, FILARETOV V F, MICHELINI R C, et al. Path
guidance and attitude control of a vectored thruster AUV [ C]//
Proceedings of the 7th Biennial Conference on Engineering Systems
Design and Analysis. Manchester, UK: IEEE, 2011. 325. DOI.
10. 1115/ esda2004 - 58196
[11] CAVALLO E, MICHELINI R C, FILARETOV V F. Conceptual
design of an AUV equipped with a three degrees of freedom vectored
thruster[ J]. Journal of Intelligent and Robotic Systems, 2010,
39(4): 365. DOI:10.1023/b:jint. 0000026081.75417.50
[12]380, R, &5, . —FREHEETT N AUV #e7
LT, P EYERAER, 2015(8) : 41
GONG Hao, WU Xianyong, HUANG Yu, et al. Mathematical
modeling of a kind of AUV with vector thruster [ J]. China
Instrumentation, 2015 (8): 41. DOI; 10. 3969/j. issn. 1005 —
2852.2015.08.008
(13 ] BkBs A, EIsInE. ottty 0 i A EAUK AT 8l iz
SRMMETLT]. e TR, 2011, 40(2) : 119
CHEN Luwei, ZHOU Zhaohui. Maneuverability analysis of vertical
movement of the vectored thruster autonomous underwater vehicle
[J]. Ship & Ocean Engineering, 2011, 40(2): 119. DOI; 10.
3963/j. issn. 1671 —7953.2011.02. 033
[14 ]84, K FHLES A 3-RRR Je i 4fE b BR R OFBRALAG I AT 58 [ D ].
JBEE ;AR (it ) , 2016
GUO Nan. Research on 3-RRR sphere parallel manipulator with
vectored thruster for underwater vehicle [ D]. Weihai; Shandong
University ( Weihai) , 2016
[15]ALICI G, SHIRINZADEH B. Topology optimization and singularity
analysis of a 3-SPS parallel manipulator with a passive constraining
spherical joint [ J]. Mechanism and Machine Theory, 2009,
32(2) . 215. DOI:10.1016/50094 - 114x(3)00116 -2
[16]BA Xin, LUO Xiaohui, SHI Zhaocun, et al. A vectored water jet
propulsion method for autonomous underwater vehicles[ J]. Ocean
Engineering, 2013, 74. 133. DOI: 10. 1016/j. oceaneng. 2013.
10.003
(17154, AUV B H i BEIFIBE O s et 85 BT H ST [ D] KR
KK, 2015
ZHENG Yan. Design and research of the 2-DOF parallel vectored
thruster for AUV[ D]. Tianjin; Tianjin University, 2015
(181t B0, Jrikik, 4. 4-RRS JUAR BRI IF B Y 7
T2 SWIEEATLI]. WU R4k, 2015, 51(11): 8
QU Haibo, LIANG Yihan, FANG Yuefa, et al. Statics and stiffness
analysis of 4-RRS redundant spherical parallel mechanism [ J ].
Journal of Mechanical Engineering, 2015, 51(11). 8. DOI. 10.

3901/JME. 2015. 11.008
(/E\E K )



