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This study analyzes the historical trends in torpedo
development to propose design directions for small
torpedoes. Compared to conventional large torpedoes,
small torpedoes offer superior maneuverability and
flexibility, and their integration with Unmanned Surface
Vehicles (USVs) suggests significant potential in modern
naval operations. By optimizing the length-to-diameter
ratio to approximately 10:1 and the warhead-to-total
weight ratio to about 20%, the study confirms the
possibility of reducing hydrodynamic resistance and
maximizing destructive power. These characteristics
indicate that small torpedoes can be effectively utilized
in various scenarios, including narrow waterways,
coastal defense, and multi-target engagement. This
research is expected to enhance the efficiency of small
torpedo design and promote their integration with
unmanned naval systems.

A% 012|(Small Torpedo),

B0] A4 (Unmanned Surface Vehicle),

EtE= Z2FWarhead Weight), Z2f Bt (Blast Radius),
A2 2|43 Design Optimization)
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Table 1. Development quantity and percentage of torpe-
does according period

Period # of torpedo Perc((i/:)t age
Before 1900 11 5.6
1900 - 1920 22 11.1
1920 - 1940 24 12.1
1940 - 1960 38 19.2
1960 - 1980 27 13.6
1980 - 2000 23 11.6
2000 - 2020 12 6.1

Unknown 41 20.7

Total 198 100
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Table 2. Number and weight of torpedo development by

country
Country # of torpedo Perc(i/:)tage
us 64 32.3
UK 30 15.2
Russia 25 12.6
Germany 21 10.6
Japan 21 10.6
China 16 8.1
India 5 2.5
France 4 2.0
Italy 4 2.0
Sweden 4 2.0
Korea 3 1.5
Iran 1 0.5
Total 198 100
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Fig. 2. Relationship between the total weight and the
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0 () (kg) () (MJ) Surface 10 m deep 20 m deep 30 m deep
0.5 0.05 8.75 1.75 7.3 1.9 1.5 1.4 1.2
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