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This paper investigates the motion equations and
simulates the post-launch flight trajectory of an
underwater vehicle that is launched from a surface
ship. The simulation results of the flight phase motion
model matched well with the test results. It is
anticipated that appropriate water entry angles can be
achieved for underwater control even if there is roll
oscillation of the launch platform, as long as sufficient
flight time is secured.

AFE4Z 2= 2|(Autonomous Underwater Vehicle),
Q2|2 AH|4=(Hydrodynamic Coefficient),
H|SYALA|QH A (Stabilizer),

U4~ O M (Entry Stability)
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Fig. 1. Underwater vehicle with stabilizers
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X =m(U + QW —RV) (1a)

=m(V + RU — PW) (1b)
Z=m(W +PV - QU) (1c)
L=LP+(I,-I,)QR —I,(R+ PQ) (1d)
M =1,Q + (I,

—I,)RP —I,(R* — P?) (1e)

N=ILR+ (I, - I,)PQ - I,(P — QR) @)

~ 2
4
Jak)

19 rlo

N

f ol
o
I
=

4 oo
ol
-
L
T
+ o
>~

i
mﬁeﬁ

3 ofl I-Nl

=

L
9 o]

1o

[e]

ol
R
)

ox,

3!

)

oX Am e Hu

U =
mlo ox
m[o

oA o
kg/m?*o] o OH
_‘I

—% 9]
$oA9cHa). MBS B B

S
N
v
:{o
oy
2
X o
)

r
A

2HE 10 m 919 =o]oflA] 30°, 45°, 60°2] FALLL
7k o & WALSHZ W o] Al Ed o] ARHE Fig. 2°]

L AJSEATE o] wf HAS == 16 m/s® L5 A T
25
20 /////
/
— / /////
E5- Vo
I 7
210t
<
51
0_

-5 0 5 10 15 20 25 30 35 40 45
Horizontal distance (m)

Fig. 2. Flight-entry simulation results for various launch
angles
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Fig. 3. Flight-entry simulation results for various launch
velocities
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Fig. 4. Maritime launch test
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Fig. 5. Comparison of simulation and experimental re—

sults
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Fig. 6. Simulation results under roll motion conditions

Journal of the KNST



Chul Hyun et al., Entry Stability Analysis of Underwater Vehicle Launched from Ships Using Flight Modeling and Simulation

Table 1. Entry angles corresponding to ship rolls

Ship roll Entry Angle
() )
-15 49.45
-7.5 57.58
0 57.64
7.5 52.57
15 44.44
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Fig. 7. Detailed simulation results under roll motion con—
ditions
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Fig. 8. Detailed entry angles corresponding to ship rolls
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