% 8 5% 34 T HEFESKT A Vol. 8, No. 3
2025 % 6 A DIGITAL OCEAN & UNDERWATER WARFARE Jun., 2025

[SI1A#N ] Rk, w4, PR, % JEPCBEI T B ik R AT ik 2% 222850 B 2 B FR AL it (7], i
VESK R B, 2025, 8 (3): 371-380.

A FRA TR 2 8 2 HbRDR LR o

Fwek, SWH, FRZE, £ &
(BHTFHEIKRF ReREsh TSR, 24 H% 210094)

W E AXATRAGEHBEAREN L BB A, URFRE., AR RETEEDE T
B, RAREHEAF AN EHABNI L EEBME L EEBFHATTRAR T, XATOE ST
(FCCD) 54 THM L4 (LHS) &4 87 RN Z W ¥ R B B EE KA A% T K B Arg i
BAE, XA 7wE4 (Kriging), /7 X BV (PRS), £ i3 (RBNN), Shepard ( SHEP) fn PWS 3 & fu X X 32
BRI HARE EHTNE, FET Pareto Z BT EM M EHBLELES S, HAXEN, PWS REH
ALARKONEREZ, RN RHIBLECBEEERG TR URE, B ARXERT MATERME S fn Rk
HEDE, BATHRAZRGOEEER, 54, BATRHKELEELE PWSREEAFINE ERYE, PWS
RIEHEAGA T ETHXKTMATREHRAAGTRRERTET £,

KR REMA; KTAUATER; ##EBMA; ZERMRL; BEREHA

RESES  U664.33 XEFRIRAS A XEHS  2096-5753(2025)03-0371-10

DOI  10.19838/j.issn.2096-5753.2025.03.014

Multi-objective Optimization Design of Thruster Installation Position for
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Abstract To address the multi-objective optimization problem of thruster layout for underwater vehicles, this
study takes pump-jet efficiency, vehicle resistance, and pump-jet power consumption as optimization objectives. A
surrogate model method is employed to optimize the longitudinal and lateral installation distances of the thruster. The
initial design points are determined using a combination of face-centered composite design (FCCD) and Latin
hypercube sampling (LHS) . Numerical simulations are conducted to obtain the target response data of the initial
design points. The Kriging, polynomial response surface (PRS), radial basis neural network (RBNN), Shepard
(SHEP), and PWS hybrid weighted surrogate models are applied to fit the target variables. The thruster installation
position parameters are then optimized based on the Pareto multi-objective optimization method. The results
demonstrate that the PWS surrogate model exhibits the lowest fitting error. The optimized thruster installation
position significantly improves pump-jet efficiency while effectively reducing vehicle resistance and pump-jet power
consumption, thereby enhancing the overall performance of the propulsion system. Additionally, the numerical

Wk HH: 2025-05-09

YEH A FABeg (1998-), 5, Witsl, EEMNFHS oK) SR

SEEEE: WA (1986-), &, WL, Rl#EE, EENFESKE) 24 BT E R IR 2058

HEWH. ERARPERSTE W& LR S W TR I % 25 (b & shde bt SHLBRAF 2T (52076108 ),



=372 - HFHEEHKT

% 8 A

results under typical operating conditions are in good agreement with the predictions of the PWS surrogate model.
The PWS surrogate model optimization method provides a reliable solution for the layout design of underwater

vehicle propulsion systems.
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surrogate model
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Schematic diagram of key design parameters in
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Table 1 Parameter range settings of design variables and
objective responses before optimization
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Fig. 2 Framework of multi-objective optimization
process based on surrogate model
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Table 2 Vehicle parameters
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Table 3 Main parameters of computational grids
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Table 4 Resistance calculation and analysis results of
underwater vehicle
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Table 5 Fitting errors of different surrogate models in
initial design space
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Table 6 Weight distribution of different surrogate
models in PWS in initial design space
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Table 7 Optimization results of design parameter ranges
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Table 8 Fitting errors of different surrogate models of
initial design space
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Table 9 Weight distribution of different surrogate models
in PWS in initial design space
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