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Identification of Underwater Vehicle Hydrodynamic
Coefficients Using Model Tests
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Abstract

In recent years, unmanned vehicles have intensively been developed to reduce human
dangers for marine applications. Predicting the hydrodynamic coefficients of an autonomous
underwater vehicle is important during the vehicle’s design phase. In other words to design an
AUV, one must clarify its maneuverability and controllability based on a mathematical model.
The mathematical model contains various hydrodynamic forces and moments expressed
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collectively in terms of hydrodynamic coefficients. Therefore, the correct values of the
coefficients must be known to precisely design the controller of AUVs.

Despite of remarkable progress in numerical analysis in recent years, But the experimental
methods test modes is still more reliable. No marine vehicle will be manufactured unless its
model been tested clearly first.

SUT-2 is an AUV, being developed by Marine Engineering Research Center Sharif University
of Technology in Iran. Model test done into marine engineering laboratory towing tank.

In this paper hydrodynamic coefficients calculated with model test of autonomous underwater
vehicle and hydrodynamic forces analyzed. This coefficients are used for dynamic modeling
and autonomous controller design.

Keywords: Hydrodynamic Coefficient, Autonomous Underwater Vehicles (AUV), Dynamic

Modeling, Model test

s w5 arlre 9 (e SLbI L plae
dmolre BB alews 2 0)ly Sleiles 5 g b,
2 e Gulel 5l Glgiee rizen 0g walys
Seebadgied ulys e Glp 1ES azsg>
5 kol Agai Cle Ko Jhg, 0ged oolatul alewg
@ A 5 Sl lagts) S sl (] cs
e S (b adsl >l jo adle e 38
g, )l a4 JpS
5 by (Swelosgue ol alxe
097 Sk DYlieps wadss gy oz
75986 ((VAAR) Phgusls o lage ((DAAY) T 5 h0la
5 (Voo 1) Moy «0934) el (YAaY.1999)
Wlad 5 )13 4z gt gm0 o T) GHMen 5 | o,
b e Gadin slagss, 5 D]
Silotiorr 4 Pliiee weden laxbv )
Ve .
5 s (DS zohe 5 aa ples
wiid Slakie a5 5,5k 4 (VA il Sen
Seelindg)oen olpd (edS 50 (owlul (A8 alws
I¥Toges o Ll wasl azsls
el b ol sl (B9, Joeol 4 allie ol 5o
Pra> 50 gl diged 5 0dd aiSloy Joe Coud
sza»u).:) ! o;&g.d)f 45‘)| SUT-2 6>L|a.w).:)
oais aisle 5 b 3l gl s SUT-2
Ivlecd

9ol g sl /) Foylas fnzio Jlo

doddo —)

O ety Ged gledewy 3l glaans b
3590 Hlews Lo 5w G;L...S‘ S ylas ool Jds
9 (ichw);) u;"“’“\"‘ef’ 9 ..\J‘A.»_‘B; )‘).9 (5)“))'.“’)'@'.’
5 48l Slong Coonl £9590 (pl 35 2l Olles
5 ol sl 5 Shsm ol el 5o Cusgame Jd
B8 aedS () aws Ll Ol
G970 Gyl Caygele pll glyy 5LS 0550 (slag s

\ .

e )
SLAUV S 2lhb gl 50 oOjle a4 sl ppe
B3 (£2by ldas by ol jeile 5 S8 colls
5 Loy Jold (b, Joe 055 13 oy 3590
calps O)go ar a5 wdbee (Seelisg i sleles
o plle el Ole Seelusg e
Slade 0,90 Cawds AUV o515 585 5lwacs
g W8le> (65908 al S (nl 330
oor 9 adlbe jshie 4 Sl pguie &5 jshilen
Jo s sl ol o slrabiws (SoilSag e
sSeid sl 5l Gliiee o3, sl g O
Sl b s S8 (S e sk 4 S oS
2,5 oolazuwl stélj
sbalawy Swlusgyae culpo edd sled,
9 LQLO.»."B—Q ‘5“).1 ooy solaw! ‘5[&0»5) dJL»...A 09)"“4
il Lawgs Ygane culyd onl ol bbSige
Tl 08,5 oo sl (0,26 Lasly, b go0e Julow
oolaiwl cied ;08 sl SaalS slac Ll @ axg L
Silotrs g Slaslre SVl Sislus

AR



o G oy 0 U o s Sl 3 9 jbet il 1o s

Lo w0 g piii

Joe oS, gz el gl aaS Gllls ST e
alewy 4 Wl Jyors Sjgo a4 00,5 o oolaiul
axde> Vb 5o 2lby 6y 2 Sl o
regalisd bawg Joo 4y ol Jlasl g 0930 oail,
2 ol sk o 1) Jae @ o)ly lag e aS ol

Q)jsa o)l..\.sl )‘ég.:l.».w s.,S).> o L:a s.,uLs Sy
Lo (owaigen (893 35 pe eiS amde> ) (IS0
ARy 5 e Azde> S e B30 (LA
amdg> al )o el oy il g 5l L) (s
5009JHJJme/SlJ)MwJAJ‘)|&.A.C)M
L alesl @8 ol spdise SIS S by
Ol e aes pe plid |y Al ce s @l 2lg
olas alyl ol (aBgie g ey Sl (5 S ojlul

sl 00U 00l

HIGH
VELOCITY

~a

0
> VENGTH OF BASIN VI

amde> Job
I alyl Job
I G)Juu 4.:.‘>U

I s i Al
v & S83hil aul
v Sl gt (S b
VI 3oy Hlal sl

) Gt pon cilises Slgi - S

5ol el iy oSS LS e
WS> Jlie o polie o wile byl
sl Sl o0 gy ¢ laugly Sl
a8 1o sl 1 (glabined s g o0 oyl glisS
o alox 51 GiliZe slaced uizmen o)ls 092
lo ol oz el g Ol llyyy atile Ol g
bosgl RS s 45 e (5950 el ploxl LB

9 00d (ol gliie by paie 590 )9igeg iUl SO

Y

b0 raliwg (215 50 Joo Cund ¥
S SzsS whdie 0 Jaw Sl b,
&S dgye0 sled by pwdige 5w sl
ol el esgy il el dyin 0 65 b
Canl (g Jeol 50 g 0092 golal LT (Sse by,
aS blus 5,50 ;0 S Sledbl 0,5l Cews 4 6l
2 F5e sla el )b o ol Joa sl (o Sy
! Ghey rl S Caje Sl ozl Al
Ol e Al p oSl oy colis L as el
I byl olaws g hod ame lrog,S 4 1) bagy!
ol uals
b bz Gilwtinte 5 b )3 ) ol 0
3k 2590 e (5L, S B &S ool 4z s BB 55
PR S e G ez S (awn; (Ab Gl
e ol bgi gl a1y g sile ol ainy
5 SIIESS 5 psle Céan LS ojgel se
s o2l atia; ;5 g8 slaliEle s ol sszgas
5 @@l 50 kedsy (e Sl (S Joe S oo
St a2l leakaws Loy e adsl e

cowlis Glaei )88l drwg b ! slaans )5 .04, o0
5 gous sl daill) Slasle Cus s il
T oo e Gl el Rl Olye @
Sl y 4SS L go0e Sloedg, jei Lol il
Sledy, ol wilgiges Bl sk 4 (s FgelS
kil LS 5o JoSo olite 4y aSl wish (028

13 guiign (subhs 35 y0 S by =) S

Ve lianoj 5 sl /) F o, L lfidd\ J



Ol (2o kg o]

Lo w0 g piii

VL
Ogemligls 9 (R, :7) SRV
p_D,
S5 A4S See s il Sl (0= )
o ES) P o ,0V2
py oas wb asl al coeal po O
2
L

e G155 senluslS Sl casl el (0,8 el
5 Jve ooy slealss )18 5l o zU
Jelos 5 Joo Giule] @l Ko 4 Lol aiges
5 dwle 1) alews 4 S)ly ooy Glsies sl

255 2byl ) ol iges 13,

Sy Sewlys ool -
95 50 ol (BS99 & S > e 1 Ygono
wn ) S, pwaie aus> ks aS (Soleiw
Sezy 4 Sbagys el 4 & S 5 WS e
.o)‘\o).;u;a C,SP °“\3)51
)’SJA)\)AJQQJ‘ALAQLM)WTM;YW
6Lm)9m ‘Lm@da.m).l)’ 5o owu_a uL?Lu‘ 4.1.&..»3 =
Qg 009 gyl ol by b gdaie X Y Z
g oo Ry g5 O )5e
JYC T ¢ ‘(ALLAQ&MA..:?Q )\ Cuz) k_,’_]’.b H9oe X
VE .
80g0s 970 L o o)y)LL.u‘ Sl &y Cy>) (256
Slase dlm)yu Ay Jiw (u*’L’ 4 Yu )‘| VTS

S0 oo slis |y ol oy yas

G135 3led g bkt oluws iy pai —F JSUS

@ Jaie Slaize oKiws o oS > a8 doles
Y] wsbics olo BB 25 @90 4w,

9ol g sl /) Foylas fnzio Jlo

By plxl albly bwg gylopedls 5 S

Ll 050,8

3530 S s 5 JUS IS lasia =) Sy

Uyd (owiige (o9
[HUg 5
T e JUE Ges x (2,0 ¢ Jobo

()
Carriage + Electromotor e . .
(4kw) S e &5

N

m ) wh L. s

alid Jgol -Y

LQLQ—“"ﬁ) 45..." l_: 0)9)_A‘ W) o)Lu‘ aS ﬁﬁilﬂo&b
o gl Lo, Sewloog o o o goue
Jos ced jeum Ll canl ails gy BB iy
st an by ys lealews (b 65902 Sl
QL’.:‘ ) d‘d‘l.a._wj Ja_wy Jd._.a S :Yjw 09,0
Jol> 5 st A5l sl 85 om ol iS58
Alis w0l ol paend (2Bly diges 4y 1) Joo s
o=l 9 95 )8 (ool g 5 Joo o S
i Blod aw jla S o oy oL
g )l p alas (Seelns 5 (Sloins
Sol slul o Sl cwais alis )18, Ysens
s Glads 4 Ol o Ll il pdy el
OGRS S e b alas slel Jle plgie 4 09d o0
g 0 w;;h))oywj w‘)‘gmd Gla.wé‘).’)
ool ol 51 2ol slalbs zalS gly Sloges
D9 s
98 sl (g8 pdl @S15 Jbw Ok Gln
Dybge S Sy 90 4 Yseno)

- |4
Kgai g Joo Sy (Fn=—Y_ 5 Fny =

Nlee Cowoty Sl alis wed (LS Lol
Loy oxaw sl lp ales ol LY
Slp ibos o <l o 4 SGo3 slaxban
slael Wl by gbbaliwy Seelus alas

T£




ke G g g 40 U elows ) Kol 39 jked ol s s

0 *)
-BG,Wclc¢p+BG WcbOs¢
BG .Ws6+BG Wcbco
| —E,VWCHS¢—E}WSH ]

g(m=

Sl (T) o sl slaplow 5 g s il disles
5 Loy g ailyn 5 (U sledloe g bog i adlhe 9o

INT D -] ssboe IS ol 5 256 sleiles
=S My o558 oy sla o Sl slaadlse
e 5 (€4 V)l )S 5 55 5o
slass ggeme y0 a1, (D (V )V ) Sl dg 0
Seelizdgid ol o |y 0l e oo VoA Sl
Il ol (Sealinog,ie ol o el oo 4y
Sealadg )i slaglos g gy ko 5 0392 a0y
Lo s ©f s ba e o ale g ;2 9)ls

Gyma oy yliie asay (gl 0ads plouil slasjlwonles
Fo S35 kL o oo AT Slas (3950
L L oo ol oo b 5 6,500 olaws VY] sutes
Vol o el el BB 50 wolyoa axg
Yo (XY M) eogsdl o> e il jl o o
Selodgid (ol s lco o
Dyl sl oo SL(X, Y, K, M )

5 by SLS ST X ez 0 00938 0y X
S Y cge pesgilexY ) (i) X oz
povgl ey My, g Y cqz o alewy DL
P =le Xy aibos g Hles Sls )
O d o (e ol o Ay g el X g
Nl ooy o

Sy e sERoh S e OLll 4 axgs
coye Voaubre Gl i pd Saie oKl
Vog o9l o pmle cope ¥ (X Y
sl il e ¥ (XY ) e
D)1 3925 (Seelinsg e

ooliiwl 5 Ll 5l 00933l o> ol pd dmlina e

P9 s

Yo

(MRB +M, )V' +(C(V)+D(V ))V
+g(m=t

M

ols (V) abal) b (MRB ) o oy e Slo

poir ol gz wlal yog (aseice b sl 0alls ools
Lol aib oo anlone JB 365 o yilo

m 0 0 0 mx; —myg (Y )
0 m 0 —mx 0 mx,
0 0 m my; —=mx; 0
My = 0 -mx; myg I, -1, ~I,.
mx 0 -mxg =l I, =,
-my; mxg 0 -1, -1 1.

o= yile g (1) abasl, b (MA ) 03958l e o yile
58 (C V) Seoluogpded GoddsesS 5 5550 5 55
ol it sbeddlie anl e cewny (F) b, L
3358 o0 duwlee ol LS b Jow ced b o sibe

[#]
M , =-diag{X,.Y;.Z,,K,,M ;,N,} \»)
0 0 0 0 -Zw Yy )
0 0 0 z.w 0 -X u
c |0 0 v X u 0
)= 0 -Zw Yy 0 -N.,r M.

q'
zZw 0 -Xu N,r 0 -K;p
Yy Xu 0 -M,q K,p 0

“J@.‘) B (D(V)V ) éﬁﬂt{os)%“’ g5.’.‘)’.‘:“° alo>
L s Oz cpl aul oo Cewd a5 (B) doles b (V)

Iv] Digd oo et ol G b Jo s
D(v )v =
diag{Xd’Yd’Zd’Kd’Md’Nd}

®

L 55 (8 (1) easila, T3l sleploe 5 Loy s s 5l
o=l sleaalie polie ool o Caws 4 (F) dolre

J=B 2 35 e SaBye (09 e b 5o
L8] dA] sg anlgs alons

e lins; 5 sl /1 F o LB Upidd\ Jo



Ol by (gbige Sraze]

Lo wiio 4y it

ZYCA.Q.?)Q u’_s‘).uo

Y, =Ywduv +YVW |v| (\+)
FB oy S8 aanly ol Sl (S e
O Ao

Sl Jsa Z jemme sliwly 5o 05938l oy po
:W BT AT S

z, =Y, On
4 E.A-Q} o u’_s‘).uo
Zd =Yd =Zuw,,uw +Zw’w‘vv |M/| (\Y)

S92 3l S (9 glre Glgie 4 55 Ty o
18,5 oo o 25 p5 O ygo o dliwg poyly Sy

F
Cp=—

Y
l,oAu2
2

1) S50 b e, doe g ol B, 8 L

A ales gl 5l ego a0 0l Ohse 4 sl oo

C, =aad’ +ba+c 0%
adox asly 39 SzgS o8 Sy 0l o
Tyy] aﬂ‘so Coss & (SINX =)

1
Xy ==GpAx

\6)

uw

X, =X, == pAY

1 c
Z, =Y, =—(=pA)|a-=
uw 4 uvy (2 p )( 2)

1
X N M = Xw ‘w‘ = _(E pAmmsverw ) (CL )’l‘mnsveme
03508 pyz pmile cerd Vodilne Cuz
Sl b S amage s Jus o (VX))

sl ol cure Vel C

blgy o Jao cus (XY ) (Saludg,aee

Ve glios 9 5l /1 F o,lods fpida Jlu

6

Sld o X jemme bl 50 00938l 02 o o
U o X gz yo

X, = -m )

SLd J o Y jemme sliwly ) 03938l o2 o 5o
VS Y cpz o

-m N)

2 b 5052 T3 22 i 09, e LA
(F ) oy iy 9 giio iy o5 >
9 e L ol B 5 032 50 a0 Loy
Lace ,w 4an s (F) UL a5 Ca s oo
5 baggiomin nl oy S8 sl (6l Ly i
X A wlxe 0y g oad ool las § Sl

RG] W yastina @&wlﬂ)] CJL) 3929 O g0

o
039331 p 32 il b Ao 0o -F Sl

9 bl oS, 50 ey o)y by sk Lo L
Gy () wlal 5 ol SYole (g5l oolw
Sy @l clpe dlre sl Ly, by
Iv] ol
X gz 50 2l

X, ZXMW |u|+Xm,uv
+X , uw +XVMv |v| )

+X WV |w |

Y2



- ‘:M“"“u::jj @ L“";"é“ﬁjgfi.‘[‘:’!"}J'E"" "":'//“’ i

Lo w0 g piii

SLas 1, SUT-2 Lol sl ¥ Jsom 5 5 Jss e

daw )y Sl ol ¥ ISCS (o o oo
w00l 00l ul*“) SUT-2

A

L

Cc
SUT-2 ol slayl -F Ui

(yiosee) SUT-2 Lol slasf =¥ Joun

iYL Js Jsb
Y-+ D s
YYo a wles Jsb
e b e algiul Jsb
Y c ps Jsb

o
b dlaaa
N

SUT-2 &l arlols -¥ JS45

o IS gsbw g asoy Joe 3os (l 5o
v o885 jo alis g s Jaol cole,y 9 b

oals als ol Al o Juw LSy a4 aslsl o

Aoy Joo -1-0
U9y 4 g 0392 duel iz 5l et aisle Jas

— Ja golul cos el snls asle ol )3
4 S ) r

Yy

wsly 4w Jla g jho ales ayly) Ssline alos
Ly V0 5 )0 Jle ploe 4 Koo aleo
sl o jo Cad J1SE sl oo ploul col ey
(Cond Sy JiSTas g Plas o cepn F) Sgliio
5o B galidl cael calos aggly olaws ulidl 50 g
0l (5 pSoilal slag,s al waley> ol dwle

ol 0als ooy L O IS o egeline lawgs

Fogeliyd buawgd 8.wh (555101 g i 0 JSud

o plol i azdg> 50 5 J5S ol Cus
ey § o a0 O-Y0 sLls; 4o o uFojlasl .o
39 ;2 50 Cewl S5 a4 o3V el 00y S plol Coglais
@ labee Lawgs Joe (J70S gohaw g s Joo Sl
ool 0l el alie ol 09 oo Jate yogalino
L 00,5 oo 00t S lelon 5 bag s o pllas
5 SxSolal ) o1 3B e Jaw g ales Cons

Bged o5 2l gl

< -0
iy el g b ol o lil a5 a5sSiles
Ir] oo 3 5LeTAYAY Jlw ;o SUT-2 vaeiign
U bl o da ) ol w0y bglas  >1)b
36k 55 asiay JSC8 ol 0 F sl TS e
by las gy lgie 4 5 o oolaiwl ele Y,
e gledlr 5 s S0 po Rals B Sl Ay
oad amlis Ko IS (6,05 s bglas 4 cod

90 liecss 5 sl /1 F o, Ladipadd\ Lol D11



Ol by (gbige Sraze]

Lo w0 g piii

JrES gebw Juo -Y-0
S9) p weal Sz ol atle S zghaw
a5 13 uleyl 0,90 (oaBly olul o xbaw s
ol |y by J5S ok Al -V ISl
e IS obhe o -V IS 0 0w

Ll 03 o0ls olid LiiS assg> alyl s,

‘:‘*;-'[ >

alyl 95 52 JSS o -0 Ty diged — Al
OilS dondgn J S

SUT-2 (s y1 5 J yiiS g =V o JSui

Olileio b oy Comd —Y-0

5 Joe JalS alas w0 Lol 55 3L a5 jshulen
5 o Gilwdon mls anlin U conl oud grw
Sgd pll ol jWgn, slael oogame ;8 Jow Coud
2 088 B Gle e s, sosshie oo
Sghse arils 4551 -0 oWleatasl b > sl
o oy s e o7 o ces o
OBl 5 Sy slogpd cud )3 Sogalins Cusgaoe
el oy eogaze o Lo « agelind Haus ol
] 0l plox]
@4z kg ooy dlowy yhad 1y O (g 5abse Boe
JB ol maw St e cpl yo Slaslie
il (05 b e
@9y ok S 5o e s @l Jlagei V) IS
iz glolis o 1) a0 yao des agly L ol>
P93 azy0 lhezaiz (g )S) LS aas e la
G 5).9 )‘.35.0.; R PR D) ).u uLH.» Brd ‘5‘)4
B USE 3 dlie Sqz 50 Ll Sl gl ey
| o.\g‘.b)f (o )

9ol g sl /) Foylas fnzio Jlo

59 0 oo lid | oo aisle Jaw A USS Lasl o0
ool &l oo aBle Jao S olul 55 ¥ Jgax
amdg> bl 69y » Joo e 092 5 1 S5 2ol

B2 o i |y (il oS > b s jo iiS

SUT-2 u;d:.w)g}i Joe —A UG

SUT-2 o ps % Joo (IS ol =Y Jgas

Goghes) Joo Gragdhen) (ol aiges
Yor VEYY L JSJsb
- Y. D s
M YO a aslos Job
\Y# \Ei4 b Sle wlsal Jsb
VA V) c po Jsb

S azib g all (595 1 S el -8 JSS

YA



, o S a0 o ol 5 (Sl g gk <t o o

99 A po o S 5l pd 5l oolainl b ol ool sy a5 pyr oo il &l Glsg 9 FOUSS 4 4z L
B abwg (Swlodgyons olpe ol (goie il e Al JB ol ol 5l eslial b X, 0933l
R ) Jae Glp cupe opl gose lads e @l

oo ol X - =0.017 (kg)1,

0.215
0.21
0.205 VEe
5’“ V¥ &
¢ 0.2 A m
£ ) 1Y -
% 0195 =T Am
’ Z A ¥x
0.19 A *
‘?,“ i ‘ .Qob ®0=0.1 mis"2
0.185 ) A A. “’X Wi=0.2 mis*2
20 ke Ay m Bote A0=0.3 mis*2
I .‘. u=0.3 m,
Y L ad X ® Steady (i=0)
(4 y9) alos> a9l X
L ST S T Y ATRZ IS 72 S FU
b g dlos dyglj cums 10 S 40 o o Yldged - VY USSS WVS) &t oo

P93 423 (slaloaXia (g )5
Lol 4y (Job &8 52 53 Joo Cond B - U5

Ol 1) ool apule (Sealinsgyone calpe ¥ oo Giliseo gLl 4> 4y yiuo dlos 4sgl;

45 Gugony (Pl S gl b Jol s ans s

aolie ol o0t aglie onl alie Sl aaza (1l sy ) oyt oS o s e o gl loged VY S

» @lbF Gesey e @ L Jee el mli L aes o olis dalie glaclis jo 1) (a0 A+ ale>
A oo slid ) ae s 1A S las sg0s 00 sy SLd ,o 6l pgo a0 lalemaiz g )

9 SUT-2 (o 2§ (Swliadg b culps —F Jgu ’

. ) LY . o030l 5 e B csl oays auglie
4] 4 lie g REMUS Py NPT S O P07 o) S
ol gvae Jlade s il oged anle 1 5l oolarl
Al Y- . . .
, REMUS  SUT-2 - Y, =Z,;=00682 (kg) |, Joo &lp <oy
) S s L
- LS
VAY efeegs oA X N <o
, L
#1a- AL —e /o) Y, %,
514 BYATS YA A °
14.00 @®u=0.1m/s"2
’ (8 0=0.2m/s"2
IR, ol YEE vy X”‘“‘ 1200 [[1502M0A A
7 \ 10.00 (X Steady (u=0)
£/ IRy —.[-9¢ YV‘V‘ v 8 = ™
5 % 6.00 . *
e VIR YRy ZWM _? w| e et et
. 2.0
53 ERIARERN ¢ X ! 1 0.00 X x
uv - [ 0.2 0.4 0.6 0.8 1 1.2
7 Y
s ERTERRRN ¢ qu } (M/S) e yun
’ R
Yo feeNen ofeeNeY XV‘V‘ 3
Y. NI feeyeY XWM aos dygl5 L) (0858 €S > 53 Jio Cond gl - VY JSW
LS gLl 4 (4,04
AR 1 SR L S 4 SBOt 43 (a3
d
’
-y —efYEE —feevye Zuwd b g alex 45ly s 0 T 0 oo loged VY S

sbilen was o (LA ) pos ax s Glaleraiz 5w S

¥4 Te Gliasj 5 gl /) F o, LuShidd\ Jio



Ol (2o kg o]

Lo w0 g piii

D] sl oo anslie

Syo g i wo po

(42,9) o> a9

J S Tobw S 509 Cdd axy (9 Gl -V F USS
dos a9l coms 9 SUT-2 ooy 5

ol sl 50 aluwg il )093 Lo -7
Gl oo plasl Gl SUT-2 (a5
((Sealadgyied (( Silivlg,nnn laow) » g S5
S8 a3 )5 cole > e 5)ly (Sg Sl g (Sl

1
7 S 3, SUT2 mbans 5 ool i VY

RSP AN
|

% Jo 9 SUT-2 ocdans 35 -V S5

oly 5l JysS Ojge 4y b g ol adsl slocos
9 Lm)i.p s.,ua.: 4.l>).A )\) 9 °“\f.‘>)§ ‘al.?u‘ )9é
Saw s VA S aib e (JSeer Ol

e e olis gslailol 4 s e 1, SUT-2

9ol g sl /) Foylas fnzio Jlo

2 (ND
- < 1 5 & v <

J S zobw Cand —F-0

Tobw Cewd a5 o)Ll ] an 45 wSiles
ol Co e el 0038 )5 plowl ly olal jo S
3=l a0 1 s 3l o Bl sl jo s
ol agad 5 Jos oS alis poe g golal Sl
s DS ol i)l T s st o
Y e SERGH [ I RO PRV PRPLSIPR WP E [ g
Dgb ylaid o
S8 g Sy i 500 (g Hlogei VT USCS
sblo; slp 1y Com cuam i S50 )loge3 1O

0 — S ‘
0 0.5 1 1.5

(M/s) ce

SLl9j 10 S g o 52 553 (5950 413905 -V F USCS
J 558 zobaw Cilises alos

YL BN Y Y SR VIR VA Y. {

(m/s) S o

Sl 8 s o g S (G955 10905~ O JSU
J S b s dles (5Ll

09l ;2 V0 9 VF sla o slajloges 4 az g b
IS logad anil oo el B S0 g o o
S gobw 509 i dm (gum a0 VP
ol |y adem agly e 1y SUT-2 (e
Binlej] s s b cuns 5 Jool> ol oas oo



o G oy 0 U o s Sl 3 9 jbet il 1o s

@ SesS s sl plgiee 5k, slde
oolitial odpzmy e o LS, (S iy ot
Jeos 5o eove ledy, &Sl boojenl 08
sty BB St baylis L8, (Seelusgjaee
Goore szl 3l Jae ced e Ll el asls
oo Ced 09y et 4 2byo glrabiws (b
L s el S sl o slaby Lo
@l dlie 5 485 Ojs0 sl 4 4y

U5 B 55 50 Slais Seglel 5 g, B
Seelnagyaan oLl 50 598 (b, 5l lgse g 0o
.Q; oolaiw! calisrs dtmszjmuf)

OB 5lg s’
1-Autonomous Underwater Vehicle (AUV)
2-Computational Fluid Dynamics (CFD)
3-Analytical and Semi Empirical
4-Humphreys
5-Maeda and Tutsuta
6- Nahon
7- Bohlmann
8- Prestero
9- Ridley
10- Silvestre
11- Carriage
12- Trim
13- Drift
14- Starboard (alwss coly o)

15- Steady State

16- Myring,1976

17- Jun, B.-H.,et al. 2008
18- REMUS, 2009

A

”

Glwlol 4 Jb 3 SUT-2 o g5 - VA JS5

3O RIS amser Jegelud Codguse  Judow
Sl pae uizman g 95l Hlee g gy (5 xS el
Lgl.mg';...d lade‘ 3O uu).w oKl A Amog>
dmog> 0 g oadly Aged ced SG] gile
ol 0gm cud o e 4 0l 0emg S
o3Il b glazmsgay3 s 03Y K> vas b aliwg
5?:.‘4»4);) A J.iw el ool w)f )Ja) )D 63[5
gs S e azmoe> 5o gl > o 1) SUT-2

B oo sl bys pwdige

35 g0 a9 40 yoilo Jlb 3 SUT-2 odhw o3 -4 JSOS
L yd (owiigen (o3

G5 ezl g ghuge -V

SoAy Seloog,ae wolys dliae pl o
9 dmwlbre Joo Sl by 4 ieder (xbawp;
O el oS Jolod (Sealusg e slag
Sy 00 J5SS ok g Aoy Joe Zund b, Hekaie
Olnl Gyl go o8 sbys (owaige (sERs3
Glkdae gl wolpe pl oS Izl g e
SR ool )90 wadiga JyuS (b g (Seelod
S oo
Vsons by sloalowy (Sealiysg s calyo
dlre (025 Luly; b gove Jlos (ales] Lawss
Silegy0u sy g addllae jslaie 4y 000 S e
bog o1 5 o sl by slaalns

Ve lianoj 5 sl /) F o, L lfidd\ J



S50 Eae oo dilhe rad . Ol)lais! g e Cow pod
Y 5o bl 5o N 39,8 d3e - Fn
93 ey ailha rad . L m v
- e m
Z jeme gl yo S e s
4_5‘)1..1_9‘ 6Lmolia m XY,z m
ey QS Oy —
S ksl bl rad 0.y ¢ o) LT 52 §
ez 7 il M alewy Jsbo m L
RB "
wle g jlad m D
03938 o2 e ko M, sozx> 39,8 Sac - Fny
Sy 3l S omsle iy oz
Cw) m’ v
oIS \4 (ENES)
P UPYETRPIRE JRUSTIRNT - Re
| Lo
(EA el P
D) ) m’
Seelnog i Seilois c —_ 14
. . S
[F L
PRed PG
saiils 53 slaglas & Oseslasl 208 - o
. . Las a p
9 gy e ile T 2 P
o psl> (sl o gl )b )las pa P,
s By 2 k _ kg
=9 (9 P g m 6_”5} - p
Pz Sy Sudse m Yo Xg m
kg
,IM I, s s — /4
S
I .
y XxZ S 5 aals
kg _m2 I I )09 Pl N X
g_;“’)*:’.‘ tSL‘z’QL‘”“ oLy Ly X g ‘_glld.;])
. d\j.]:
,I),,IU 2O 9 adlge N .
I Y s9me sl
; : 5% 95 adlye
w0393 p > ul s N Z
) Z jyme s,
Xu JL“’ Qb‘.":d‘e kg Xu"Yv' 50 QL:m M.]ya
. _ K
> 0‘35)3‘ P ZW X )P ‘_gllﬂ:]) N m
4 X 9o L;tl..al . e
) b kg Kp’Mq' 39 Olow 4dl5e N — M
5o obes Juds el m
m N Y oo sty
s X jgme sl 4 33 oles ailge
el U ] N —-m N
Z jyme sbl,
e ol XY 2y 53 Sy adlfe m u
B ‘g5i.‘."’l‘.'.’.‘>9)“\ﬁ'm X 9 Lg\.’.’....,l) s
N K
Xy e s d S S e a5 m
N —-m — v
X Cuz 0 ol M, Y oo b, )
! N 2O e o dde m
d —_— W
. Z 9o ‘_gl:,.,l) S
P S o SasBge BG . : —
~ S Srgd Sy adle rad
P o m BG y — p
L - X ;97 ‘_gll.wb » s
‘59 BG ~

T linco; 5 surl /) F o,los fuidn Jlo WWE



ko G g g a0 U elacs ) j Kol 39 )ked il s

Lo w0 g piii

Sadeghzadeh Parapari, Mahdigholi, Seif,
2009. (In Persian)

4-“Fluid Mechanics”, Frank M. White,
University of Rhode Island.
5-“State-dependent Riccati equation-based
robust dive plane control of AUV with
control constraints”, Mugdha S. Naik,
Sahjendra N. Singh, Ocean Engineering 34-
1711-1723, 2007.

6-“Sensitivity of AUV added mass
coefficients to variations in hull and control
plane geometry”, Doug Perrault et al., Ocean
Engineering 30 (2003) 645-671, 2003.
7-“Sensitivity of AUV response to variations
in hydrodynamic parameters”, Doug Perrault
et al., Ocean Engineering 30 (2003) 779-
811, 2003.

8-“Design of an adaptive nonlinear
controller for depth control of an
autonomous underwater vehicle”, Ji-Hong
Li et al.,, Ocean Engineering 32 (2005)
2165-2181, 2005.

9-“Planar trajectory planning and tracking
control design for under actuated AUVs”,
Filoktimon Repoulias, Evangelos
Papadopoulos, Ocean Engineering 34-1650—
1667, 2007.

10-“Navigation of an AUV for investigation
of underwater structures”, Hayato Kondo et
al., Control Engineering Practice 12 (2004)
1551-1559, 2004.

11-“On the Prediction of Maneuverability of
the Autonomous Underwater Vehicle, AUV-
HMI”, 0-7803-4273-9/98 IEEE, 1998.
12-“Submarine Dynamic Modeling”, Peter
Ridley, Julien Fontan, Peter Corke
13-“Aerodynamic Characteristics of Seven
Airfoil Sections Through 180 Degrees Angle
of Attack for Use in Aerodynamic Analysis
of Vertical Axis Wind Turbines”, Sheldahl,
R. E. and Klimas, P. C., SANDS80-2114,
March 1981, Sandia National Laboratories,
Albuquerque, New Mexico.

\al

by (Hls 03 N w
sy 2 3)l5 55, N F
Soolus &S > 4o “
sy 2 3)ly (59, N F
L oS, 50 '
olis sleadlse m
. — VW u
g o S
| 1o u‘u‘
@ ‘L;i:-“b—.’.bj)'-\::-‘” X uv ’X uw
Xu‘u‘ Jb.co‘}:.c kg X"M’XW’W‘
X gz )0 (ol m
> C'S)} ‘-’L"Jb 4 Yuvd ’ v‘v‘
Sy bX Sy
Zuwd ’ZWM‘

el Wegls

‘j)‘) “")" - CD
O - CL
95 N F
@2, Pebis gl
&g, g alss m? A
ok~
alos ayl; rad o
Q%‘*‘)f) L."?.‘)'é
o o O A
AR - a,b,c

EVP SRR gt

alo>
PSP s B (CD )Tran.fverxe
2 S >
il co o B (CL )Transverse
2 S >
ol 4 g waw 2
‘5‘2)‘: d,‘f).> o m Transverse
&=y -A

1-“Investigation of a method for predicting
AUV derivatives”, E.A. de Barros , A.
Pascoal , E. de Sa, Ocean Engineering 35 -
1627-1636, 2008

2-“Dynamics modeling and performance
evaluation of an autonomous underwater
vehicle”, Jason Evans, Meyer Nahon,
Elsevier, 2004.

3-"Numerical Simulation of Flow Around
SUT-2 Autonomous Underwater Vehicle",

e linss 5 sl /) F o LB lpAA J



