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The present study aims to improve the accuracy of the maneuvering simulations based on captive model test results, To
derive the hydrodynamic coefficients in a self—propelled condition, a mathematical maneuvering model using a whole vehicle
model was established, Captive model tests were carried out using the Vertical Planar Motion Mechanism (VPMM) equipment,
A motor controller was used to control the constant propeller revolution rate during pure motion tests, The resistance tests,
self—propulsion tests, static drift tests, and VPMM tests were performed in the towing tank of Seoul National University, When
the vertical drift angle changes, the gravity load on the sensors were changed, The hydrodynamic forces were deduced by
subtracting the gravity load from the measured forces, The hydrodynamic coefficients were calculated using the least—square
method, The simulation of the turning circle test was compared with the free—running model test result, and the error of the
turning radius was 8.3 % compared to the free—running model test,

Keywords : Autonomous Underwater Vehicle(AFE2R2 QI8 47), Self—propulsion test(XFSEAIE]), Vertical Planar Motion Mechanism
(VPMM, $RIHREEER| AE) Hydrodynamic coefficient(SA|Z O|714), Maneuverability( REAMS)

1.M 2 ols E 2401 Zsihat, AI=AH AL 30t A
S AST|Ee| U2 Qlsl BX|ls2o| nEst=of 2 &
ol RERelaAe| ggMo| Zofx|1 Uct.
ABFAETEE AR 25 28 Jltlez AEne RgRolE4Hel S5 HolS siMe MEtst Sosi 2
2 7|2 siMX|g e BMske R E Eske MAICE =2 He Mslof sl E2=x 0| SS9 2o Oist o=

Received : 24 December 2019 | Revised : 22 May 2020 | Accepted : 4 August 2020
T Corresponding author : shr@snu,ac kr, Shin Hyung Rhee



Rishalel VPMM Al S8t RIS =ENS FMof| &t o7

1960ACHE{ O|R0{FC}. Gertler and Hagen (1967)2 2% E5P7| 2lall A E S FasIon], Xfs S|4 =ZolM
ot HMofHsof ek B e S5 MIHAlZ 0|85l Cigt VPMM AlRE a5I9ict M3|AlRol s AlSalolde 3

A! SEl2 SRAHS 2ASI9Ct Feldman (1979)2 wxtg St AMRSHFAlE Zalet v|wsto] Alge|olMe| HEEE &t
o, MY obFel Haks T1e{sio] FeEtel HIME RSEMS oI5k,
BIIBIE S Gertler 282 H2ksIUCt Watt (2007)= &5
o| SRS ZAlP| flal +EH-IZ|Hol| REk=|X| e XA gl 2% &
g*%;%zelsm tg"._ll%%:ﬂ ZIC?)_F .7:.%[;4% LE:;@FR“LEIP. AEA X FAHEH 28

A 2ES o|F= A olAfs SHe gas 1 _
oot ZHAS AIRSPILE AlY EE MRS A2 5 A
sl HoiX|7| =lct. Shin and Lee (2005)= ZRgtel 21275
xS 123 SHE oA 28 U 2ssi9ict A ToIEEe| 282 7Imsl| flsi] XFOMEEA
e MASF oIS FiMS E5 SHE ojHLE £E5| 9 (OoxoyoZo)2t EFAIO] Tl SAMCE ARBEl= SH IR
diMe BH 258 Alg(planar motion mechanism), 2|82 FA(Oxy2)E Fig. 12+ Zo| M3t

Al(rotating arm test), #3F&Al&l(coning motion test) SO SHZRIANM U, v, wE PAETIES| UL, AT

2BEICH 2 od0lAS 2RI SExE| A|E(Vertical Planar e, dofde £20|0i, p, g, r2 32, T3, U3
Motion Mechanism, VPMM)& Salff 73 o|A+E Z&5I ZETOIE o= felETEel S2(U)7F SADEHEAIL Of

0|2 biEtog =EMSS =M35I9ICH Rhee et al. (2000) F= M BT 2 aresin(w/U)2 HolEICE 2 70l

= o| AxO|A B DEof| CfsH £HH SERKE| AT} SHIHEEA S JME SHBYCZE MMsIFon], HEE
AXHABS SAB0] RHY 0A5S TESUCE Seol ot B BUES HHS JIECE EAGIC

al. (2005) 2 &EHe Az wE =g
sl A2 o[AHe Hajo|
Jung et al. (2014)2 =% 2z}o|Hol| of
AlEE $l510 7™ o|AF+E &
AlE2[0M
ghHof| w2} 252 2o} 2
HollM= SAl, MojE FXV|of &8shk=
22t 2elsto] tigdstll, M2 MRk
ik Lee et al. (1997)2 &2 2Dt MM
5101 PMM Alglg BA6II, & 28 25 Al

z lSICt MM REel A= o|HS
EEEReH, 252 2
= = Mr|-2{He| daot =5t
1331 EE*% Ete| AAoll Relstd =7|d
HEAR A 5—5@'52 FYs5l= 222 AREE $ Ucth
DHE2 SH-F7|-HojTe| ZESMES HEs 2
Hg 4 AUtk FEol Aot

de Barros and Dantas (2012)= £
EOI Al-ixl-_‘?_()| _I?I_;';.”Edo” |:||;;|: o:

_ =] =
oOH —||_—/£||o

i

o

H
_ol

B A

~Eoo 5}
ETS = 9Ist

-— 1
0z mjn ret

i)
Mo ™

g
i
o

mo o
=
[m

0_?_
1

M

02!

2 H
rlr I 1z

ol jo ol

o 2

|'>
e
|

°

M -I;I; A oofp X ﬂJIO Horr
N
i
An
AN
H=I
> ook
rn

lo

A oA
ol =&=IAct

ol

KA

rx

r

A
=

[
iy

S } T2Ey o

AlEao|d

QEH 9| VPMI\/I
et

é'?:@ AA,

o AL

Yo

Fig. 1 Body-fixed coordinate and Earth—fixed coordinate
i D
|j (A 0
£ — === A
T
g
ot 3
i
v
H
o Linear motion
Dl guide

; r‘”*‘i‘

Fig. 2 Design of VPMM equipment

288

I:I
-

[
o el
i

M| =2

—=

| M 573 HM5E 20204 10E



20

E

&-0| MBS0l LY ASH 0l

o>
4
o
et

AlSof| AR2E VPMM 2E|= Fig. 22F 2o, 552 2%
B3} Alof| WSk MeEQ dak RAS MMAIZ|7| L8 M
0| AEZ AHZABO|E Linear motion 710I=7}F Mx|=/Qict
VPMM Bt & MeleR 28/ 332 25 78,
Ay gh5zte Aol Jksslnd, Aleh Al E FsisP| 2l 2
B S|M% MOAIA 2 RIEH SHAIE MX|=Act FoIE:
Ho| =M(H)2 AiprHel gaks uix| 28 AT 5 &
4 H|(H/D)7} 6.57} ==& AES9| Zo|E ME3ICt

x| SYoilMe| gl RHES TE5P| 2 S Yol
M 22 AHzloll 25 224X, 28 MRISIACE x 2k 22

of z dtsk B{A o] 872 22 250 N, 500 NO[m, Hjo|Ef F
S FIhE 20 HOICE Mgl B0l X8sks B ok
&R} 1, Mole] 220 HBsks B off B 22 EAlSH
%ck. ol o, 5L 2HE(M
742 (charo) & 0123101 4] (1

rir
0y

SH ZMozRe MM Zio|
1} Zo| AEIc,

M=—Zyd,,, e + Zod

sensor sensor (1)

22 SHg =

02t

SAE D32 2SHR|, 2| A T 28 ZXMo| FA}
A

— TooTl,
3FREMUS AUVO| ALREl Sxa 2ais
2001). Prestero (2001)= A3 o|AHRte2 T2{st A2 2

IS 0|E30] =F AlE2oldE sASIRCt = 7ol thet
=

>~
ofo
ok
b
fa}
:15
(0]
7}
o}
(®]

mlu—vr+ wq—xG(q2+r2)+zG(pT+ Q=X
m[i}- wp + ur+ zG(qr—b)+xG(pq+ 7‘)] =Y
mlw—ug+vp— z(;(p2 +q2)+$(;(pr— =z
Lp+ (L - ]y)qr— ]J;Z(é“—k pq)— mz(;(b— wp-i—ur): K
Lat (L= L)rp+ L, (0" — %)

+m[z(;<z)— vr+ wq)—xG(ﬁ)— uq—+ vp)] =M
]ZH- (]y - [E)pq+ ]z‘,,,(rq—‘b)—l- mx(;(b— wp-i—ur): N

X' =X/(0.5pUL?), M = M/(0.5pUL?) €)

w=u/U ¢=q/(U/L) (4)

SHo| HEof ST, A

2 e
OfEF 237K ol o3t RH FA(T) oz 4 (52 2

Of FMECt 2 AFoME 2E FIt=0| FAE HefoilA2

QS AHZsl SH-FEV|-MojL 2TAES 25k 7A
H 0|ATE =51t
X=X, 0"+ X, 0+ X, 6.+ T (5)

Z=Z,w+ Z,wlwl + Zl;)w-i- Zq+ Zy,dld
+ Z.q+ Z3 6, + Z3 50,16,

M= M,w+ M,,wlw|+ M, w-l— Mg+ M,,qlql
+ Mg+ My 5, + My)5,6,16,|

AN
o go W rig
% 32 e
ol o
il
1= ]Iﬂ i>||_ >
> ol oo
= 0_'_ £0 rh
o a8
B0 g
5 5o
E mjo ikl
LT
LB oon
M rlo
]
g2 d
orr FL% 0!
> 0
gor 1o HL
DF_T o
- 12 1z
T 40X oo
0% 0% o
> 10 |
nor |__| Il
[n¥]

ofr oo nju
[N
il
HU
=i
im
Hn
M
l
m
|0
=2
Sl
v
et
il
2
rir
|
HU
l
jir)
na}
J
il

o
Rl
4>

S

K(J,) =—0.2489.J7— 0.2491.], + 0.7102

2]
2

Hl(J)= FT7| fIxlollAe] gt
16)

i
i=
0k
ol
2

>

A (W,
O HEICE 2 72| EH“ 230l

glof| H|stod ’SPSQOI B0, HHRAT=
Hoict JHEsidL, AT Al EHT71I—’F°._| Woo

SI%Ct

N

@
Kl

F

2

[0 0
HU rlo
1A

2
u
ook
™ 40
ro
ik

rug r_>L m
>
mo &Y > J

2l

>~
ofo
3_

et FRIEHoll il S&E| 1112 HEE 2¥e
Gt o2t RHAIEES 2ol SH| EH
asi9ict SA 2ol 2Zs|(L/D)= 10.00|ct 2EAI
AHE 4 knots 15 20 SH|S| Zo|= ALk 2ol=
= 4.12x10°%Ict 5 2lols= $7t 2 MeRoAs
o} Mo|ddo| gtetst Zioz 0|/\|-5||_|. Alx| BolR=X T}
717t SLsk| WEol He FTER= FESHK] 2tch
I AI2E2 MY AHO[ER 2HE F4=0], Fig. 32t
2ot M AH0|8f= ZEof ofsf TMse B3 =ddsS &
2AI7|1, O|2 ol ME RS FHE 5T A
2 gk

JSNAK; Vol, 57, No, 5, October 2020

289



AFehelEf VPMM Al S Set oI E =85S FHol| 2ot

Stator Rotor

Fig. 3 Propulsion system of AUV
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2 0|nEH olSskx| xstod olAEk gl Adekde S o170f| ARSE RIS /D7 AT AtfA ez AZHo| 3
2 5= HoZ Bt 7] 2ol X, DIﬁI%‘—E M@edTrol Bl 7SI, Z,, M,
olA= 2=do| Haslol w2t 3 i7| P”A;F’“ b Park et
5. == AlEgo|M al. (2017)2] eA7oilM= FAFASHE wol sin(a) & ARSSIA| &
U A BRE2IE(g) 2 FHE I3|71|-|-§ &SI, -’F’—‘.’
o gh3Zto| 242 Aolls 2o ifolﬂ DIDI3PEP. M7
oM EEE 7 0|AFSS 018510 MEA[Fo] CHst of= Sx|E olH4o| xfo|7F ERYsi}, Mubslol F7|7} HlZ
i!’%a*fﬁiﬁ;z‘f::: iﬁ;”’fljff ij:& T s Ehael MY B R%. LD x+o| 2207 gl
AE A 0AIFSS $EE FAH oPTE Hesio] A FHe xto|7t BEol2t 2 AT0IM =EE R ol
Z5IAct =Heo| MojEe st ZiE2 HAsin], Es27t £S0| EfBiciT = 2 9ot
SMSIX| b= AR E 252 THSIUCE ME AHO[E{7L 2 LA} ZolxiMof| TSt XZ A|Sao|M HII2 XfRatE
Eoll Slof 2ASIE £3 =eS ATV UEC, SR Az Zajet vimeigich AREFAIH ALBE RolESY
F5E LY RErhl JRsIgck 2 20| 2 m2 DAY SYsH £Xu|S JIx|n, £X7
AlZ2|o| Mol ARZEl FAE oAl Table 31 220, = Tfoi] CHEk e ‘BiOI Z2ote| H|WIt Jkssiet. 28 38
£ 7A= oo EfgdE AESP| 2ol Park et al. 500 rom, EFZt 105 AB|A|S0| Ch3t A|Salo|Mn} xFREH
(2017)2] 2ot v|WSIICE Park et al. (2017)2 L/D7t 109 =AlE Zol= |:|g 110 LIERAQICE T2t AlM e
ol &=ralol tish ofelex RE¥AIRS Sl wA= olA Table 39| S o|A$S<S 0|28+ AlSa|o|M Znjo|oy,

TESIon, 1 ZNE Table 30f of2ff HAt Parkk2 FAls } HoM MM YHS ESISIA|AEIA 2315t RIS EHA|S
ot Mallodqrol F=rstol | /D 10.9, 2 7o FoIEPH Zjo|c},
Table 3 Hydrodynamic coefficients
Parameter Value Parameter Value Parameter Value
-1.5949 -1.2180 1.2393
X Z M
uu 6—03 w e_02 w e_03
-1.264 -2.110 4.295
‘XVuuA,Park’ e-03 Za,Park e-0? Ma,Park e-03
-1.3159 -2.8815 -5.3309
qur 8_02 Zw‘w‘ 6_02 Mw‘w‘ 8—04
_ -1.8705 M- -4.2291
w e-02 w e-04
-1.247 -8.671
w, Park e—02 w, Park e—04
3.0738 -2.4774
Zq e—03 M‘l e—03
-5.636 =3.177
Zq,Park e—03 Mq,Park e—03
3.5095 -1.3316
Zid e-02 My e—02
7 1.6460 . —-2.3970
a e-03 a e-03
1.978 -2.349
Zi}.Park e-03 M('I.Park e—-03
—-7.2833 -2.4393
X - — Zs : M :
5,0, 7.8056e-03 s, e-03 s, e-03
6.5666 1.9534
Zs1a) e-03 Ms s e-03
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