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Abstract

This study describes the depth and straight motion control performance depending on control surface combinations
of a supercavitating underwater vehicle. When an underwater vehicle experiences supercavitation, friction resistance
can be minimized, thus achieving the effect of super-high-speed driving. Six degrees of freedom modeling of the
underwater vehicle are performed and the guidance and control loops are designed with not only a cavitator and
an elevator, but also a rudder and a differential elevator to improve the stability of the roll and yaw axis. The
control performance based on the combination of control surfaces is analyzed by the root-mean-square error for

keeping depth and straight motion.

Key Words : Supercavitating Underwater Vehicle(%3-5 4%+ A), Underwater Vehicle Dynamics Modeling(575 25
A 548 29), Combination of Control Surfaces(Z3 Z3}), Depth and Straight Motion Control
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Fig. 1. Supercavitating underwater vehicle
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Fig. 2. Fin's liquid immersion
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Table 2. Input and initial value
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Fig. 19. External forces & moments in x,y, & z axes
from the top(Case 3)
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Fig. 20. Control surface deflections(Case 3)
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Fig. 21. 3D trajectory: control surface combination
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Fig. 22. Body-axis velocity & position(Case 4)
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Fig. 26. differential deflection command(Case 4)
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Fig. 27. 3D trajectory: depth change maneuver
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Fig. 28. Body-axis velocity & position(depth tracking
with control surface combination)
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Fig. 29. Angular rate & attitude(depth tracking with
control surface combination)

£ 20| = Fins Wetted
z 0 z Cavitator Planing
I3 -
o S 0
5 -5000 o
2 5
10000 =20
2 4 6 8 0 2 4 6 8
time, s time, s
£
 4of :
o 20 e
] £
5 0 £ -1000
* 20 g
= 2000
0 2 4 6 8 2 4 6 8
time, s time, s
£ 20f
z 0 z
o < ol
£ -1000 s
= S -20
-2000 =
2 4 6 8 0 2 4 6 8
time, s time, s

Fig. 30. External forces & moments(depth tracking
with control surface combination)
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Fig. 31. Control surface deflections(depth tracking
with control surface combination)
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Fig. 32. differential deflection command(depth tracking
with control surface combination)
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Fig. 34. Angular rate & attitude(depth tracking with
cavitator only)
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Fig. 35. External forces & moments(depth tracking
with cavitator only)
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Fig. 36. Control surface deflections(depth tracking
with cavitator only)
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