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Thrust Prediction of Underwater Blade-propeller-type Thrusters under
Quasi-cavitation
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(1. State Key Laboratory of Robotics and System, Harbin Institute of Technology, Harbin 150000;
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Abstract: Quasi-cavitation is caused by the vortex formed between the propeller and water surface when the propeller rotates at high
speed near the water surface, which leads to a great reduction of thruster’s efficiency, thrust loss and noise. As the only power source
of most underwater vehicles, quasi-cavitation on the thruster will significantly decrease the stability of motion control. A novel
approach for thrust prediction of underwater blade-propeller-type thrusters under quasi-cavitation is proposed, which can realize thrust
prediction with high accuracy. The mechanism of quasi-cavitation is introduced and revealed. A Bayesian estimation based thrust
model (BETM) is established to perform accurate thrust prediction without quasi-cavitation. On this basis, a quasi-cavitation thrust
model based on Gaussian process (QCTM-GP) is proposed, which utilizes BETM and error compensation based on Gaussian process
to complete the prediction of quasi-cavitation. The accuracy and validity of the proposed prediction model are verified via
experiments. QCTM-GP lays a foundation for the high accurate motion control of underwater vehicles near surface.
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WA, THERIRA, B T 8T e R R AR
B, RALRE k(x, x") RICRFEAR R PI T 2, Bk
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B B A2 Mercer 251 4 HAUHXT FEEESEE
(X, %5, %, ) K SZIEER

[K(x,x) - K(x,x;) - K(x,x,)]
K=| x(x;,%) - x(x,x;) - x(x,x,)| (54)
_K(x,,,xl) Sl < O K(x,,,xn)_

% r=|x—x'|, & Matern %R EAE R 7 2
ik, nTLARIRA

2= (Javr) 2vr
kMatem(r)—r(V)[ /¢ ka{ / J (55)
Kb, v AL HIEZHL, k, 4 Bessel ii%(. Matern
% R BIP) Th) 50 5 R R U
S(s) =
/ v —(v+d/2)
24 2F(v+412/2)(2v) (2—;+4n2s2j (56)
e ¢
AH, dAxPI4EE. Hv > olif, Matern R %L
YN T HIRBUZ R B kg, =exp(-r®/21) « Hv h
LB, v=p+1/2,peN, Matern #%phECKAE
hiRER S p 2 IR R, HEAnT kRN
ky_pun(r)=
Navr) Fp+1) & (p+iyt (VBvr )
exp( 14 ]f(2p+l)Z‘i!(p—i)![ / ] 7

i=0

WM kR v=5/2, K, Matern K
BT RN A
2
k‘,:5,2(r)=[]+—\/i+§%]exp(-§] (58)
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e n, KRR A
f=C,ln,|n, (59)

FERE T, OR RF U e 3 0 B KT R R AE
100 cm PA Lk, 7E+100%#HE /#8276 HN, 6 0.5%
X i) i) i A 13 4% ACOE AR N HR A id % 3000 4
WR TS 5 N ) A A R, 19 3R e K
Ol n, SHER RS FZ B X R 8 . F
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KARXGO) TR, MALERWE 9 Firn, G
1.006x10°, HA 95%MEEX . HHt C~C =
1.004x10™*

Feig i

2 2 2

f=CI*=C3I* (60)
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