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Experimental study on a semi—submersible platform DP
system based on thruster biasing

TANG Li—gang ", WANG Lei"*, HE Hua—cheng', WANG Yi-ting'
(1. State Key Laboratory of Ocean Engineering, Shanghai Jiao Tong University, Shanghai 200240, China;
2. SJTU-Sanya Yazhou Bay Institute of Deepsea Science and Technology, Sanya 572000, China)

Abstract: For semi—submersible platforms equipped with dynamic positioning (DP) system, which has a
small water—plane area and low metacentric height, vertical motion (roll, pitch, heave) will be affected by the
normal control force of the thrusters. In light of this, this paper proposes a novel thrust allocation method
based on thruster biasing, which aims to suppress the vertical motion and ensure the positioning accuracy of
the horizontal motion. Model scale tests are conducted for the dynamic positioning of a semi—submersible
platform in the ocean wave basin, to analyze and compare the six-degree—of—freedom motion responses un-
der different environmental loads and thruster biasing configurations. The results show that the thruster bias-
ing strategy can ensure the ability of station—keeping and significantly reduce the response amplitude near
the natural frequency of the vertical motion of the platform, the reduction of the power spectrum peak is up to
54.7% under the given test cases, while the vertical motion in the wave—frequency is unaffected. The re-
search results give a novel idea for the control of semi—submersible platform vertical motion.
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Fig.2 Diagram of thruster biasing
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Tab.1 Properties of the semi—submersible platform

S8 ¢l S8 ¢l
HEK i 74 270.8 IR [ AR R (2R ) /m 28.9
Iz 7K /m 23 BERE AL AR /m 35.6
T OYh ] AR (B R ) /m 0 PREBAE AR /m 345
O ) AR BR (BE P ZE) /m 0 HEFRAD 242 /m 38.5

R2 EHBHEMNE
Tab.2 Layout of azimuth thrusters

et 25 w5 X/m Y/m Zim(BE3EZR) | HEdERS g5 X/m Y/m Zim(HEHEER)
T1 47.63 29.22 -2.75 T5 -47.63 =292 -2.75
T2 21.025  39.375 -2.75 T6 -21.025 -39.375 -2.75
T3 -21.025  39.375 -2.75 T7 21.025  -39.375 -2.75
T4 -47.63 29.22 -2.75 T8 47.63 -29.22 -2.75

R3 AWK SH

Tab.3 Parameters of the irregular waves
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Fig.8 Attenuation curves of the motion of roll, pitch and heave of the semi—submersible platform
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Fig.9 Time traces of the horizontal motion of the semi—submersible under 90° heading angle
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Tab.4 Motion deviation statistics of the semi—submersible under 90° heading angle

Je i B i A 1 i B A 3
Iz s KB/ m 5.3330 5.3632 6.7740
G iaw/ME/m -6.8568 -5.6960 -8.6403
N 18 BFREZE /m 2.0119 2.1269 3.6876
135128 3 e KA /m 5.5090 2.3164 5.5218
W18 3 /ME/m -18.2883 -17.8461 -19.3114
W38 B R fE2E/m 5.3477 5.1177 6.4159
Al HEAZ Sl K AR 11.0998 12.8350 7.7427
fig 402 sl iR/ ME /e -11.5324 -10.9864 -11.3712
4338 Bhb i 22/ 4.2955 3.8806 3.3410
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Fig.10 Time traces of the horizontal motion of the semi—submersible under 135° heading angle
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Tab.5 Motion deviation statistics of the semi—submersible under 135° heading angle

T A i B 1 i EASEE 2 T AR 3
Wi B KAl /m 8.5925 7.6078 8.6906 8.1754
W%z B/ ME/m -9.3340 -9.4361 -11.0998 -11.7016
W18 BFRE2E /m 3.3930 3.2813 4.3518 3.5154
W18 B i KA /m 8.9054 10.0245 6.4626 5.2246
M $7128 g i/ ME/m -9.4080 -13.1503 -8.0072 -8.8279
B8 B bRk 25 /m 4.1023 5.3209 2.8310 2.6993
fil A2 Bl KR 10.0212 9.2027 9.3560 7.7593
fil A2 shiipc/IMEL° -11.7824 -13.8997 -10.0050 -7.8291
fiHE Iz bR ifE 220 4.6959 4.9737 4.2489 27132
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Fig.11 Time traces of the vertical motion of the semi—submersible under 90° heading angle in Bias Mode 1
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Fig.12 Time traces of the vertical motion of the semi—submersible under 90° heading angle in Biasing Mode 3
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Tab.6 Statistics of the vertical motions of the semi—submersible in
different biasing modes under 90° heading angle
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Tab.7 Statistics of the vertical motions of the semi—submersible in

different bias modes under 135° heading angle
et B I B 1 I B 2 I B 3

MR IS B K AH P 2.5034 2.4508 2.4915 2.1862
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BEFE IS BhbRifE 22/ 0.5952 0.5143 0.5760 0.4762
PSSt KB 2.6250 2.3724 2.1930 22228
PRI Bt/ ME° -2.3241 -2.1286 -1.9616 -2.7584
YR bR/ 0.6444 0.6208 0.5303 0.6546
71 S KAH/m 0.8986 0.7564 0.8609 0.7973
%12 Bl e/ ME/m -0.8215 -0.8332 -0.7337 -0.7182
T35 18 AR iE 2 /m 0.2175 0.2020 0.2058 0.2000
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Tab.8 Statistics of power in different bias modes under 90° heading angle
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