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Abstract

Mathematical model for coupled motions of Manta-type Unmanned
Undersea Vehicle (UUV) moving with six degrees of freedom, is
formulated. Furthermore, a calculation method for estimating the linear
hydrodynamic derivatives acting on UUV, is proposed, and the
estimated linear hydrodynamic derivatives are compared with results of
captive model experiment. Based on linear dynamic model of UUV, a
study was made to examine dynamic stability and turning ability in
horizontal plane. And directional stability and required elevation rudder

angles for neutrally operating in vertical plane, are also discussed.
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Table 1 Principal dimensions of Manta-type UUV

Item Dimension Remarks
Fuselage length L =120m
breadth B=44m
height D=12m
disp. vol. vV = 31.88 w?
centroid 6.333 m distance from nose
Upper vertical plate
root chord 2.0 m
tip chord 0.45 m
span 1.0 m
Lower vertical plate contains vertical rudder
root chord 0m
tip chord 35m
span 0.97 m
Horizontal rudder 4 wings (NACAOQ008 section
root chord 1.0 m form)
tip chord 08 m
span 1.0 m
Vertical rudder
chord 05 m
span 0.6 m
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Fig. 1 Drawings of Manta-type UUV




Fig. 2 Coordinate system and notations
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B FA43%tH(Motora et al. 1982). &1l XoE B4 ZWHEA FA o7l A7t =
t Az A0 aEs AslE e, o) e x) = —0.167elth ARAS kit 4
Z-¥u] e (low aspect ratio wing)9] FelA|4=o] #3 Jonese] o242 FHarste] A
o] A A AN (AR mEE ) E Hshrl= hch(Lewis 1989, Ohkusu et al. 1987).
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1A X1 T effective trailing edge?] x#:F 2A], Y1342 FsA 4
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e fARnAS (Z,), = msba gyl a8 5 vk (V)
(Z)s b ralqm Aol o8 agrel fARmAFE A5 2 5 Ak o
3w gl Agehs dEAse A (0CL/98), & oe Aor Folx
Whicker 2 Fehlnere] o]&2lo]l 2]3)] F-3ch(Lewis 1989). o] 412 F3nje] w1 A=
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Table 2 Principal dimensions of model fins and experimental condition
Mean chord
length Span Area Reynolds No. | Water velocity

Upper vertical

Sk 0.204 m 0166 m | 0.034 m? | 1.244 x10° [0.59790 m/ sec

Lower vertical

plate 0.291 m 0.161 m | 0.047 m? 1.244 x10° |0.41915 m/ sec

Horizontal

015 m 0166 m | 0.025m? | 1.244 x10° |0.81314 m/ sec
rudder

Table 2¢] 4 Reynolds 3= R, = Uc/vs} 7ro] # o) th(sh
=do], y: 584AF). Okada= I FFRdAe BiEds A3 4202 v, 4
olabolm # w7 LAIHTL 59T (Okada 1958). 1
FAE 2Heta Jorg g TAE £ Qrar
2} 3 F59-%2 working sectionol| Al =3 zlo]d] u}

3 Pebe Afsrre] AfEwo e 35
cm Z0] -‘H“loﬂ “Xlﬂ?irf} w&Ad Ay Fig. 69F i, o}&v] Whicker &
2= 7 al
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o
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Fig. 4 Drawings of Manta-type UUV Appendages
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Fig. 5 Depth-wise velocity distribution at working section of circulating water channel
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X' =X, u?+X, w+X,, w?2+X, v?

qu’ XW’ XWW’ XVV’
~0.007039 0.089370 0.091360 ~0.007360
0.03 }

X>oOooe
T T
%o

RXR=

002 —

—

cast square fitting line

12 15a (deg)

-0.02 —

-0.03 —



(b) Sway

Y=Y,/ vV+Y, w+Y, VI

YV, YW, YVV
-0.048187 0.010176 -0.031928
0.02 — <& a=—6
O a=—3
O a=0
A =3
X =06
Least square fitting line
0.01 —
| | | | | | | |
-15 -12 -9 -6 ( 3 9 12 158 (deg)
-0.01 —

-0.02 —




(c) Heave

. 9 ", I
=7, 0+Z, W +Z,, Wlw’

Zuw' Zy Zyw
0.042610 -0.475055 -0.477644
7 O =6
02 - O  s=-3
O =0
A =3
X =6

Least square fitting line

12 15a (deg)

-0.1 —

-02 —



(d) Roll

K=K,/ v +K,w +K,, vw

K’

v

K’

W

K

0.012356

0.009149

-0.126509

0.02 —I<

0.01 —

Xp>ogoe

X

R
]
w0

S

RKRKIIKNK

Least square fitting line

x
X

-0.01 —

-0.02 —

\
15 5 (deg)




(e) Pitch

. 9 ", T
M =M, u*+M,w +M,, Wlw’

M’ M, My’
-0.000486 0.108835 0.016486
o B=—6
O p=—3%
o B=0
A p=3
X =6

0.03 —

0.02

0.01

Least square fitting line

-0.03 —
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(f) yaw

N =N,v +N,w +N,, vIv]

NV, NW, NVV,
0.003411 -0.002472 0.009500

0.02 —

<O a¢=—6

O a=—3

O a=0

A =3

X =6

Least square fitting line

0.01 —
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-0.01 —

-0.02 —
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Fig. 7 Static experiment and oblique towing test results of UUV model




Table 3 Theoretical calculation result of linear hydrodynamic derivatives and

comparison with static experiment result.

Hydrodynamic . . Transf. from .
derivatives Theoretical calculation experiment Experiment

w’ 0.037482
vy 0.001801
1 0.001814
m,’ 0.024853
J 0.001993
m, 0.079330
Jo 0.002763
m,’ 0.005535

Y, —0.051282 —0.048187 —0.048187

N/ 0.006448 0.005821 0.003411
Y, 0.009755
N/ —0.004668

7 —0.487901 —0.475055 —0.475055

M, 0.106493 (0.085083 0.108835
z, 0.048975
M, —0.005018
Yy —0.003421
Ny 0.001497
Zsa 0.032766
Zsa) 0.032766
M, —0.004782
M., 0.006958

Z 0.039242 0.039242

M, 0.000069 —0.001893

Origine is located at
a distance 0.1 m
*x Origine is located at midship of UUV backward from
midship of UUV
model




Manta® UUV7} Alol4x A 442448 5 nandd o@ £%0 WA

Ao v FANE 2 At 4 kA EAE AR o

Pitch-heave?] A& s WA Q0 AB9)allA Ao g4t

3 o
Amslr] 99 FARAA AEALY Y 9P FAS AL, 54

(m' + A Vi — 2w — (w5 — Ay Vi — (2 +m')d =0

(I, +As ) — (M, —m'x;)d —(m'xg — Az )w' — M, w =0 “
2)(66)¢] ()= dWrAo R thga 22 Ao FAE.
w=ce' ¢=ce" (67)
267)2 2(66)0] hlste] AHA Fe= T vhe) Pt
(m'+Ayp )2, , —(m'xeg" = Agp IA=(Z,"+m")| [ B 0 o
I —(mwe = Ay VA= My, (L) + Ay A= (M, —m'x) |c2 o
21(68)2 W=53l7] M= Al Hol 00] Hojof it
I (m" +Ay)A— 2, , —(m'xg — Ay )A—(Z,+m") _ IO‘ )
—(m'xe — A )A—M,", (I, +As )A—(M,"—m'x;) 0

2(69) thea e 19 22 Ale] H)



A2+ BA+ C=0 (70)

A = (m,+A33,)(_[yy,+A55,) - (m,xG,_A35,)(m,xG,_A53,)
B: _(m,+A33,)( Mq,_m,xcl) - (Iyy,+A55, )Zw,

- (m,xG, _A53,)(Zq, + m,) _Mw,(m,xcl - A35,)

C=WM,—mx;)2, — M, (Z,+m') (71)
21(71)°l Routh-Hurwitz PgA-271-S AEA7|H ob3 24d o] ggh Al2H)
o] Hrh
A>0, B>0, C>0 (72)
g, AT Alg A9l w9 AL W =4 vsl A3, Al B A
dv W A, S5 Fol AA, A & v ZE=, A0, BXoe=z 75 4
N2 Aotk wrabA kg o) AL thgd oa Z2AFH)
C=W,—mx)Z, — M, (Z, +m)>0 (73)

3.278 0l A At FAHTAT oA FAYS ol &sto] FARE A A

Aa C5 AN 43S Table 4] Yepdith & =il A A& g Mantad UUVe
A COemA w4 Bt A dEA JlEE & 5 3tk
@ FHE FIAA

sway-yaw @] A& -Eg ARl 4(d0)2 FAdgtete] ksl §=0 & FH o
3 A

(m' +Ap )0 =Y, 0+ (m'x +Ay )7 — (Y, —m)r¥ =0 74
(IZZ,+A66,)7-’,_(M,,_m,xG,)V,"f—(m,xG,"f—AGz,){),_NU,U,:O

SR g B Ak WA el s AFYZLE 1A Ao B 2ARPAS o
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A+ BA+C =0 (75)

Ay= M+ A, )1, +Ag") — (m'xg +Ayg Y m'xs +Ag")
Bi= —(m+Ay )N, —m'x;) — (I, +Ag )Y,

+ (m'ae + A XY, —m' )+ N, (m'xs + Ay”")
Ci=Y,/(N,—m'x;) — N,/ (Y, —m") (76)

=8

A,>0, B,>0, C,>0 (77)

ARG EANY AR ol A D0, B0 ejmz bge) zpe thge 23
2

A=
C,= Y, (N, —m'xs) — NS(Y, = m’)>0 (78)
s B4 RS Ci2 ANG Zas Table 5¢] elditt. Mantad

uuvel 3 C0o=4 %2 oyl A% el gl



Table 4 Indices of dynamic stability and turning ability in vertical plane

Coefficients Fuselage FuselagetAppendages
m’ 0.036897 0.037482
I,/ 0.001749 0.001801
X —0.027763 —0.030475
A (=m,)) 0.068587 0.079330
Az (=7, 0.002406 0.002763
Ay =Ag 0.002084 0.002441
Z, —0.422370 —0.487901
M, 0.108668 0.106493
z; 0.051150 0.048975
M, —0.002842 —0.005018
Zse' 0.032766
My 0.006958
C —0.008800 —0.007316
Stability Unstable Unstable
K —0.940902

Table 5 Indices of dynamic stability

and turning ability in horizontal plane

Coefficients Fuselage FuselagetAppendages
m’ 0.036897 0.037482
L, 0.001749 0.001814
Xc —0.027763 —0.030475
Ay (=m, 0.014377 0.024853
Ag' (=T, 0.000474 0.001993
Ay ' =Ag —0.000463 —0.004452
Y, —0.020120 —0.051282
N,/ —0.005482 0.006448
Y, —0.002174 0.009755
N, —0.000098 —0.004668
Yy —0.003421
Ny 0.001497
N —0.000233 0.000360
Stability Unstable Stable
K, 0.152107
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Table 6 Calculation result of the condition for coursekeeping in vertical plane

oe; a oey
—35 [deg] 0.3 [deg] —28.7 [deg]
—30 0.7 —29.2
—25 1.0 —29.6
—20 1.3 —30.0
—15 1.6 —304
—10 1.9 —309
—5 2.2 —31.3
0 25 —31.7
5 29 —32.1
10 3.2 —32.6
15 3.5 —33.0
20 3.8 —334
25 4.1 —338
30 4.4 —34.2
35 4.8 —34.7
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