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This paper describes the results of the development of the submarine Free Running Model (FRM), First, the goal of development
was set based on the test conditions and the test environment, and the system was obtained accordingly. The target submarine,
Joubert BB2 submarine, was selected with a scale of 1835 in accordance with the development goal. In order to conduct a
submarine FRM test underwater, where communication is impossible; the FRM must operate at least semi—autonomously. For this
purpose, an Extended Kalman Filter (EKF) based underwater integrated navigation system and control system using a sailplane
and an X—shaped sternplane were designed respectively, In addition, a ballast system was designed to enable the model to float
to the water surface in case of an emergency. To verify its propulsion, navigation, and control performance, the FRM tests were
conducted in both indoor and outdoor basins, As a result, the relationship between propeller RPM and vehicle speed was
derived, and it was confirmed that the navigation and control performance met the target value,
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Fig. 3 Configuration of submarine free running model system
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Dimensions Unit Value
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Fig. 6 Surface condition of submarine free running model
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Table 3 Navigation performance

Test Basin MWUTF DOEB
Endpoint | AV9: 0.29 0.65
error/Travel Min. 0.03 0.07
H O,

distance [%] Max. 0.84 189
Avg. 235.08 281.77
_ Travel Min 188.03 156.93
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Max 266.59 392.85
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Table 4 Steady state depth error

80

Depth Steady state depth error [m]
command

[m] 6.0kts 8.3kts 10.0kts | 12.5kts
1.00 0.0680 0.0518 0.0388 0.0222
1.25 - 0.0487 0.0361 0.0220
1.50 0.2319 0.0423 0.0326 0.0192
2.00 0.2524 0.0350 0.0293 0.0202
2.50 0.1996 0.0311 0.0291 0.0177
3.00 0.1378 0.0284 0.0227 0.0167
3.50 - - 0.0249 0.0146
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