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Abstract - In these days, the world have been increasing navy forces such as aircraft carriers and high-tech destroyers etc. and the
Importance of submarines is being emphasized. Therefore, accurate values of the derivatives in equations of motion are required to
control motion of the submarines. Hydrodynamic coeflicients were measured by the vertical planar motion mechanism(VPMM) mode:
test. VPMM equipment gave pure heave and pitch motion respectively to the submarine model and the forces and moments were
acquired by load cells. As a result, the hydrodynamic coefiicients of the submarine are provided through the fourier analysis of the
forces and moments In this paper.

Key words -vertical planar motion mechanism(VPMDM), submarine, hydrodynamic coeflicient, heave motion, pitch motion

1. AN = e 58 xdsk] A Fig 13 2] AxAE A
4 skl
A 5ol A AAM R FeRFt 9 THY 5 UhtR
o] Al AT G E S A3pets el old wE
AAEHE 777 A% Ao Fadol vs P4 9l +y o
Yy, +Y ’
o olo] ME W] SEZES AT AUE BHAY v ’
T ol A &F Aol Basitt A
B wmRoA o] R=dle] ZogH 22 2] oy . . ,
2 oETAAE o BEEel A vAFE 2] Al Fig. 1 Coordinate system for submarine model
VPMM (Vertical Planar motion Mechanism)®3 Al&-& 4A]
Stk of VPMM Mgl Sdll g i) 25 A Feldman(1979)¢] % 2549 671 £53 2014 2
of HQask FAg nA4E F heave-pitch couple motion®l| ek 121519 A9 heave pitch 94 LEWAA L the
#dE fFAE nAFE ez dh 1 2.
o &= HIEX Al . .
2. 25 24 (m—=2Z, Jw=Z,uw—(ma g+ Z)q— (Zu+mU)q= Z, @
b 2 24 . -
2.1 ZEA & (£, = M) q— (Mu—mz, U) q— (mz g+ M, ) w— M, uw= My,

*jinul @pusan.ac.kr 051)510-2755
T 221X A}, leesk@pusan.ackr  051)510-2755

- 117 -



@
2.2 Pure heave motion
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3.1 Pure heave motion
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Table 1 Principal dimension of submarine model
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mass
[m] [mm] [mm] [m] [m?] [kg]
2 0617 6:2 0:67 6:652 37
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Fig. 2 Comparison of original heave force with fourier analysis

Fourier Series Synthesis
T T T

M[Nm]

0
Time [sec]

Fig. 3 Comparison of original pitch moment with fourier
analysis

Table 2 Hydrodynamic coefficients ( T = 10[sec] )

Period z.' z,’ M.’ M’
10.385 -0.00823 -0.1353 -0.00148 0.0228
10.415 -0.00751 -0.1403 -0.00385 0.0247
10.425 -0.00764 -0.1344 -0.00318 0.0239
Average -0.00779 -0.1367 -0.00283 0.0238
3.2 Pure pitch motion
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Table 3 Hydrodynamic coefficients ( pitch, 6, i)
Period Z ' Z, ' M—I' M, ’
6.0126 -0.00258 -0.0295 -0.00055  -0.00978
6.0532 -0.00245 -0.0314 -0.00056  -0.01076
6.0473 -0.00294 -0.0305 -0.00063 -0.01029
Average -0.00266 -0.0305 -0.00058 -0.01027
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Table 4 Hydrodynamic force coefficients (heave, pitch)

Pure Zg,’ z,’ Miu/ M,

heave -0.00779 -0.1367 -0.00283 0.0238

Pu_re Zq ’ Zq ’ A Iq ’ A/Iq ’

Pitch -0.00266 -0.0305 -0.00058 -0.01027
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