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Table 1 Parent case table (feature attributes)
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Table 2 Parent case table (structural attributes)
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Table 5 Similarity of ship types in case base
AHABLRE AEAR TR e A M /m KL B BENZ K L T TEZHL W ATIE/kn
0.930 12 000 thi BEA B XU 128 5.872 3.633 0.88 9.7
0.735 7 500 tHL LA B AR bE 128 7.901 3.115 0.864 9.7
0.727 600 TEUSEREFAMT Bl R 126.9 6.609 3.491 0.867 10.8
0.720 4500 7 B B XU 102.8 6.346 3.857 0.84 9.7
0.678 6 000 tHL BE i BREAY AR E 105.6 5.677 3.407 0.862 11.9
0.662 400 TEUSE S R Bl XU i 128 7.901 3.115 0.878 10.8
Fx6 =RILTIHESE x8 SHUMBAR
Table 6 Global geometric feature parameters Table 8 Parameterized ship form scheme
ZH HEFRY ZH HE
SPATH AR KL 0.389 6~0.549 6 LK /m 127
PR B EL 0.201~0.300 K5k 5.8257
WK TH R4 0.896 5~0.936 5 Bi K L 3.963 6
WK AT R B L 1.2~1.7 T REL 0.865 4
FOYA AN E 0.005 6 FOY AL E 0.005 6
N JiF 248 9 FE Wi 4 L 0.906 5
x7 BIIUTFESE )
. . AR LE 0.522'5
Table 7 Local geometric characteristic parameters
FR 5 P3O AE K E 0.570 9
ZH HEEAE
e T 3R S A ot /N 5 P55 A v 5 L 0.8
BT IKERBET /(%) 31.2~412
Al T bR T T AR &R A 0.8
WK R AA/(°) 0~30
o Ra Tt Bk A s it 0.91
e T 3R B A ot /N i P A v 52 L 0.77~0.83 ‘
B A} /() 18
RIS ERA N S NNaE A 0.76~0.84
FR A5 ZM AT 0.7
R T Bk 25 it 0.86~0.96
R L 0.7
FE &R/ (°) 14~20
AR b 0.2~0.4
Wk AT} 1 /(°) 15~20
FE 58 AMUAE K S5 0.65~0.75
RERFEE 0.6~0.8
e 3y e
Al e B e L 0.906 5 (@) MR E LA
IR FE L 0.5225
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Fig. 10 Geometric model of 13 000 DWT bulk carrier in Yangtze
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Table 9 Calculation results of different grids
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Table 10 Comparison of hydrostatic and resistance results

I b B JBHAIN FXS AR /%
52x10* 13.40 -
99x10* 12.98 -3.13
172x10¢ 13.06 0.62
261x10* 13.12 0.46
359x10 13.10 -0.15
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Fig. 12 Comparison of hull forms of the reasoning ship (red) and
the initial ship (black)
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Fig. 13 Comparison of hull surface pressure
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Intelligent design method of hull form
based on knowledge-driven
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Abstract: [ Objective ] In the realm of ship design, the hull form plays a crucial role in determining a ship's
navigation performance. However, existing hull form design methods suffer from significant drawbacks, such
as long design cycles and low knowledge reusability. This not only increases design costs but also restricts the
innovation and development of ship design. Therefore, it is of great urgency to develop a rapid and intelligent
hull form design method. [ Methods ] To address these issues, this research focuses on the Yangtze River
cargo ship type and leverages the knowledge engineering theory. A comprehensive knowledge base is con-
structed, which includes a knowledge graph of hull form parameters, parent ship examples, and design rules.
The knowledge graph depicts the mapping relationships between various hull form parameters and total resist-
ance performance under different conditions, while the parent ship examples provide practical references, and
the design rules summarize the influencing laws of hull form geometric parameters on ship resistance. Based
on this knowledge base, a hybrid reasoning model for hull forms is designed. This model combines case -
based reasoning (CBR), model - based reasoning (MBR), and rule - based reasoning (RBR) to fully utilize the
knowledge in the knowledge base and obtain more accurate hull form design parameters. [ Results ] The re-
search takes the hull form design of a 13,000 DWT bulk carrier in the Yangtze River as an example. Through
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the intelligent reasoning of the knowledge base, a series of hull form geometric parameters are obtained. After
considering the layout constraints and parameter coupling, a parametric hull form scheme is generated. By sub-
stituting this scheme into the parametric geometric model, a geometric model of the ship is created. The total
resistance of the initial ship type and the reasoning ship type is calculated using the full - viscous flow CFD
software STAR - CCM +. The results show that compared with the initial ship type, the reasoning ship type
achieves a drag reduction effect of 3.06%. Further analysis reveals that the reduction in total resistance is
mainly due to the change in residual resistance. The optimized bow and stern shapes of the reasoning ship type
result in a more uniform pressure distribution, reducing the pressure difference and thus the resistance. [ Con-
clusion ] In conclusion, the knowledge - driven intelligent design method of hull forms proposed in this study
can significantly improve the efficiency and quality of hull form design. It can quickly generate reasoning hull
form schemes that meet design requirements, which has important engineering application value. Looking
ahead, future research will focus on two aspects. One is to establish knowledge bases for other ship perform-
ances such as wake flow and conduct multi - performance collaborative reasoning research. The other is to ex-
plore the generative design technology of hull forms, which combines artificial intelligence and optimization
techniques to break through the traditional experience - based design model and create innovative ship types.
This will further promote the development of the ship design industry.

Key words: artificial intelligence; knowledge graph; design rules; parent ship; hybrid reasoning; intelli-
gent design of hull form
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