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ABSTRACT

Coefficients or hydrodynamic derivatives of autonomous underwater vehicles play a
key role in their development. The most popular way for the estimation of coefficient
is to implement captive model tests such as straight line tests and planar motion
mechanism tests in towing tanks. In this paper, investigation of hydrodynamic
derivatives was performed based on the water tunnel maneuvers. Forces and moments
are measured by a six-component strain gauge balance. The developed apparatus was
used for performing the planar motion mechanism tests of the water tunnel. By
conducting such tests in a water tunnel, the appropriate range of parameters to estimate
the hydrodynamic derivatives was provided. Also, by doing such tests in water tunnel,
errors related to the time limitation of tests and the effects of surface waves in towing
tank of autonomous underwater vehicles, applied in deep seas, are eliminated.

44


mailto:mnouri@iust.ac.ir
mailto:mnouri@iust.ac.ir
mailto:mnouri@iust.ac.ir
mailto:mostafapour@iust.ac.ir
mailto:mnouri@iust.ac.ir
mailto:h_hassanpour@mecheng.iust.ac.ir
https://dor.isc.ac/dor/20.1001.1.17357608.1396.13.25.9.5
http://marine-eng.ir/article-1-533-fa.html

[ Downloaded from marine-eng.ir on 2026-02-06 ]

[ DOR: 20.1001.1.17357608.1396.13.25.9.5 ]

ST B 5o al sl ygle sl Jow 5l oslitul L AUV (Sealysg unn Slinie o)l o Ken 5 (5558 dazes 39,95

09,0 5d,uo.c LSLQH] el .))_»)lsla AUV LS‘)" by Cows U"‘ wl.im )‘
S35 b glsel Sl 5 b cus plnil ol
LS SOl e Jsb 5y ol s sl 6y o5l (glal iely

APREN ‘SsLo)’

Olitie (e Sz b glo G55 5 b e ey
Cel cod gloy Cusgasme b oo Lo 050 (Sooluog,ane
poade gly el s e dalp Gloy 8l g ds ualS
TAMERC 5.0 LDSTO o cos Sloj 0,90 Cudgame
oals 4.&....15.' (CWC)\A ‘5....._‘>).’> u] Jblf LS‘J" ‘) PMM &y &
B N L e e L T AN I
= o5 Joe 69, 3l atsn sl Ced Gloy Dy (B 5S,
Ol ol jlciils salsss 852 s gl Sloy Coogase S
30 eSS Sy bl Cudgase ((dan Zlgel Sl e s
5 iy Se (SF9SG l ioran WAL o0 Ced loy Dow
OMie (69959 0Lz S Yoy e o9 S5 B
Tl ol 435 S5 lgie 4 il oo O figh S 2
o lp 85 Bl (o o Sl 3l (S ST by asl
sl Fg j0 55l 00,8 AUV e Jow (Seluog,ans LS,
)L)..o S5 ) u—‘ ub;:- ‘u,..“f Sb 3o Jd..o &5)9- LSL’.' L u—|
6‘.{& o)‘%o .]a.my ULP abls| J.Jb 4 QBM ° 4.]35),....; Lo}
Ol By olal 8¢ oo, G o xdaw glgel Sl 1 O s
ool glo Jow cplplo abl o0 S8 uiS SOU 4y Cond
3 0s oo 00liiwl CWC 5 iiS STU ey o (6,58 55 00l
Sige,la Slwg g 5l iis SSEPMM le 050155 0 8,0
AUV oo oz 55 50 dy Comad s ;0 (5,500 5 5l 0 (S oS
Ol 65 sl 68U rlnle 05l (oo ooliiul Wil s 5718
S0 il 30 5l eoliiw! Mase b Silwgs 5l AUV o

Siles oo (Sen e I, CWC g s
oolatwl LAUV  Saluog uue claiie ob )l ddlie cpl 5l Bun
lacol llas ol jo ol oo ol by ,0 ab sla,gle g5lo Jow
oidu 0 el oals LI AUV Saliog o olitie (pess
Slaliee u,m?u S u] J"?" 6‘f ods ool 4:..»9.5 u‘).a.e‘JU £9o
i)l & barye mls Lol ol ol a5 (Seolinsgyune
ous )l o bigs yo AUV Jas Sy (Sealiog e Slidies

A

doudo — )

JrsSog> (xhawpy hleg dine) )5 axwgs 5 Godod 4 hles
o 2l Sllasst o blug cpl 005 s 4 YAUV)
el a8l 53l a3 sl jo elbs llae o 35,000
SYslee 53,5 Jo alewsy b AUV (gl 5 S8 clasin
g gy SVolae (pl )0 090 (oo odegd 5 > Ky sle
Sl O g jeld o sl eslinal b (Seslusgjaee bajgless
il r2 Olgre cod Sols 60 S s AUV (Siloren sl el
wwd 93 4 Culgd Gl e d (oo e (Seelusg e Slinie b
& &k ol AUV 08 o Qi 5 e pos 1 (00 ol
Sl (5,5liS 5 gy (DLl 5 Co s & bgyje Sliiie gl
b g ey b g Cepm @ i p 4 1) (Sesliog e
Slinie ol slazel LB g 3a30 opess oS o by e AUV
B sl o e AUV Sealiys 5,Skas o5l 4t (gl
5heolatnl (Swoliyog ane lativn fuess lp By, o solesel
WOl (nl (a5 (B9, (rfpsmre ML (o0 225 Sleds,
5 Tl cbcwsd Jed 3 oS Joe glocens plol
B tS oSl o T (PMM) (glamins o5 > p3ilSe glocas
s bt it lo s ol b s opl VY] sl o
S gl amio O > 05 sl i 570152 53k sl
5 b ol rest cgr bl gpiis Sbial gls Cous
Sl Cod G )3 Nl o5 (S ey (L0 s e
O Coje i PMM D Soge e lo e Solns Jow
Oleyed (et S conlin slo ools (351 ol 2 Colll Lo
WAl |y Ol § Cae s 4 atusly i

S o ilites glaas b il amio 13 Jae PMM glaces ,
b Ceyu b (Bl amio 13 08> b lojen 5 WS o0 Loy
S S PMM glacs s 50 s0ptS b Jsb
Pl g ey 5l (LA Slitin et gz Al gl 05 >
5 2y 3l (S50 Dt Goasd Sz Al b oS o Sl
5 o2 Db sl b Sl sl )5 Glagly olis
Sy slp sagle Fobs b VS e S (Y] 0 Sl
osliinl (el 53 S (285 Joe (Al gk 5 ol slacS >
S NSl (sl PMM als [F] " eas8 5 i8 a1 5l amy ais )5
S AUV gloces gl a8 ¥ inch L b owsjal i Silugs
2 sl b yo [V-0] w5 ssliiul 59y 00ty >, "DTMB
PMM Glacas ol 5  Sioloog o Olitie 5,28 s
[P alewry Slascin gl 6 pd b uizen g [Ve-Al
PMM sl cas plil .l 00 (g002ie yldie 5.855 590
bl o Cudgaze fpaiz gyl pis SB s b AUV gl


https://dor.isc.ac/dor/20.1001.1.17357608.1396.13.25.9.5
http://marine-eng.ir/article-1-533-fa.html

[ Downloaded from marine-eng.ir on 2026-02-06 ]

[ DOR: 20.1001.1.17357608.1396.13.25.9.5 ]

(YO-FY) AF leaal 5 )k (YO0 jomw Jloo b jo cwaign 4,25 | ), 02 9 (5,98 damxe jg,85

J.wl.:sa oS J.sl_a PMM ‘5&,\1«“3 )‘ odl.éj.w‘l.g Zq ‘Zq

2ES PO TSNP PYCH SR T
et dgly v Jae ((Solivl) basdlpdine slcws o
olis lasdlpiins glocws jo .0 b J13 b slal 4y cons
(V) 5 (&) SYoleo plply sl o yio byl slgly 5 a5
1udgi ) Dogeds Dl e

2l =ZyW +Z, W W] @

My '=M W' +M ", W'’

)]
. 1 [ ' - W
My s Zy slame et MYy 5 Zy ow :Sma:U

NET %PUZLss %PUZLZ vy i 4 aS wll e
ok, c,‘.c)wU AR ng9)J¢mJML5]9JoM5L&AL Sloas

Sl slocs ) eolizul b il by J&> P4

Swolid sl —Y-¥
A g s A s LS g0 4 PMM el o jsile
VS a5 pshiles alls gep S5 )0 Wghoe (SpendS
Joe 4y Cull Huils 3 g aselo b Slugs & o S gl oo onnline
lisly 5o logs &8 > S Jlael 51 25 (0l 035 (oo e
o bl ons LSas U coli (g pi ceyu G 92 jgmme
Sy 0 g dgly IS (b 1) g e S Jae oS
Db o bpley pled o G slagly Sbs 5 0 slasl;
Gogee ol g W Gb_;» GO90E iy L (G508 u’_)l?ul}
5o ole 2 Drpet S 4 el g 08> 6l W s
g

z=z,sinwt

W =7 =7 wCosat )
W =7=-z,0 sinat
A b cwl jalls g oS> WS B @y oS als 7
S G 5 (0=0=0=0) > so o5 > Ll
25 Soged S g onl Sl 0) 5 (F) SVolae oz e

:")“l"‘gﬁﬂ)o
Z,=2ZWN +Z,W )
M, =M,wW+M,w )

OlFse Vg Aakaly o) “-L’-‘“))"WBW Z Sl

£

b Cond £lgil g AUV Jito - ¥
“ o AUV by G (Saligngyand Slitie aulxe jglate 4
0,5 gl 1) ol o g Slus oS OYolee el
-0 iy b LAUV S 00 Lgyaim by s [VA]
oo g ple oSl jo Slidiod sl )l5 plnil jglarey a7 0L
Ml ol alwgy B0 gy el oad aisle 5 (b ()]
o IS ol sl o IS8 ko D0 4y 0k a8 5 )8
Girog gy sl odd L ) USE 0 B0 Lgoun 0sd
@ ol 5 Lad ol Slatsee pis 99 5l Joe (Sealiys S¥olas
Xp-Zp axio 1o hid puz &S5 > (5,8 L 0gd e oolaiwl ainy
V8] w25 D50 4 28 > SVl

X =mu M)
Z =mw +mXx.q+(m.U)q )
M =(mxWw +(I,)§+(Mmx;U)qg )

Pl g Cep i 4 G g O s bl g ey W W
S8 eyl Ly s pyr Meady) e Uil oo glassly
K ailge AUV IS 5850 p0 ad 518 ol j5me S5
olRsd 3 ey 0y (2515 sloyglisS 5 bagys Mg Z
5 gy 4 baygliss o bag s cnl s e ol 1) o5,
Seeliadgyaee 5 Gl (S SSlul gruee slajglins
layglias g log s (Sslps O¥olao )3 Nigh oo (opomnds
sloyehly 5l (b Spoar Hok lawy SeS 4y (Sealisg ae
Sl bl Oyt coB S 6 Ko 5 Slet
Dl 5l B g gt 5 am (59,05 ighign (Swalizdg )

L Col il Gl (Sealindg e

Zy=ZW+ZW +Z, W |W |

+Z9+Z,0+Z,,0lq] ®
M,=Mw+MW+M, W |w |

+Mg+M,4+M ,alq| ©
slocus el b My s My Z 0 2, clinas

X’ u ZB



https://dor.isc.ac/dor/20.1001.1.17357608.1396.13.25.9.5
http://marine-eng.ir/article-1-533-fa.html

[ Downloaded from marine-eng.ir on 2026-02-06 ]

[ DOR: 20.1001.1.17357608.1396.13.25.9.5 ]

ST B 5o al sl ygle sl Jow 5l oslitul L AUV (Sealysg unn Slinie o)l o Ken 5 (5558 dazes 39,95

U .
‘ AL g o5 >
b
Lﬂ PR— .
N W /X

L A R

AL g2 9 g HPlo — ¥ JSb

M, =M, sinat +M , cosat 0

out

(V) 5 OA) aolee ;o €08 g8IN wilsi ol ols 1,3 Joles b
Slaye Plos oy, 5l eslaiwl s (VY) g (V) S¥oleo b cus 5 4y
Jolao b izmen il o es L6 Z,, 52y M, My
3 4 (V) 5 VA) doles ;5 C0S 4SIN milgs culpo ols )3
Slatio Sluye JBlas by, 3l eolazwl (VY) 5 (VF) &¥olee U

Bl mets JB 2 52, (M M,

29UiS g 9 s (g S0 luil ¥
5 St sl oo plovl cg O Jigh )0 0ad el S
Qilgs oo i (pl el 0al eols las VOIS o (Sl
Sl 5o e g s s Lol (Sl 5o s ol
2ty Al Sy Al e Al g oS el
it (a0l s 5 gl o g o1,
p5l5e el IS BB Sl ) 5 Sl g w51 30
o ol (Sl Lol isky 4w jl oad >k PMM
ol JSaS Jae asly s 9 il aile elaid piec § Sl
lralos 5 (6,5 o3l g o (g0 Jlail Sl ol
doe sl et 5 @z 5 6l OBl 5 il e Sl
gl olnl (sl 5l 050 <8 > @l S o ool T g o 1,
JESl oo 508 5 oelasS e 51 S 0legi 50 Lawgs jsile
Sl s )3 (6,500 5 5l 5o (o by Silogi nl S oo by
A e 5 50 sl 5 sl S8 ksl 42853
L onblesl 055 (o0 planil 518 an j5ige 0aisS S o 55 il
Jpaem V10 ot lide Joo

30 Jow sl 00 ral:;u‘ O

Lbjj.u t_';f‘f o)l..b‘ Sl 00 u.'l.: S la)...;lia a u] JJ}J J}‘b

Z,=2, (—Zoa)2 sin a)t)
av)
+Z,,(z,0cos wt)
M, = MW(—zoa)zsin a)t)
v

+M,, (zycos wt)

g S o Sy Jlesl 51 a8 o oY US8) Al g G 4o
S5l oeizean s U ol (g9 5 St po S 0 Z 50 sl o
o CA-C)-M} ! 00 L.S.ma 445‘) ol ro.A_L) 61).1 ‘Sal.wy us)?
st)...,luLM)o Z )Wdl}w‘))oﬁu ).3‘)..' X )5:&96[.'2..»‘)

Galom gagly a5 Il )0 035 oo oS lejl g gl &S >
Wlgi o &S > ol il oo yao ply S ples jo 235 55 e
odaliv Ay Slaizuw oliws ;o Jalls mn S5 > S O json

@oger b OL 5 goges (b Cepu Lulyd ol 5o 09
g Ol Al g sl g wlys e
0 =0, sinawt

q =6 =6,wcos at av

4 =0=-60sinat
O30 (0) 5 (F) ¥olee (W=W=0) (als g 25 > sl
A.».JGA Cewd & g
Z, =(Zq)q'+(Zq)q an
M, :(Mq.)q'+(Mq)q (\0)

(O8) 5 (VF) S¥oles ;o OF) alal, 51 G 5 G 6 &3S L

by g o0
( q)( 00) sma)t)
Vs
+( . )(6,0c0s at) o
=( —0,0* sma)t)
X'
+(M, )(6,0c0s ot) o

5 502 S Job ,0 a5 M, B iS Z, ST
4 4,99 LT alewgs (g | Wgd oo 5 S0l Lalls
13903 el S 52> b 5B )l 550 (990 adlse g0

Z,=7Z,sinat+Z_, Cosat 49)

out


https://dor.isc.ac/dor/20.1001.1.17357608.1396.13.25.9.5
http://marine-eng.ir/article-1-533-fa.html

[ Downloaded from marine-eng.ir on 2026-02-06 ]

[ DOR: 20.1001.1.17357608.1396.13.25.9.5 ]

(VO-7Y) AF Ll g )log (YO)e20 s Jloo b ys (oo 45 585 | )], 5 (5,95 Soono j5,98

Al sl gliaS g g ps eSS (Seslus slo S o
x5 o3l b (sl g (mibigr — (AT DIST ¢ Salinsgaem
Fd g ool Cud sla b Aigad S dgd oo B> (gl Al o i
olas ¥ UK 50 LAl gea j5ile sl (Sloj S om0y
plxl sl Sboy Cusgamme o Ligh slo cans jo .l ool ools
HZ 5,8 L jsliS g 550 )l paiged o)l 2925 b cos
ol (6 S digad slali Ve slaosl jo la)l 0,5 o plowl Ve v e
ol a3,F ol 53 Gl 3JUT Bk 5l s i
ol plas 0 S5 8 ol JiSa (FFT) 58 o oo
ol S FFT (g,5 ,0 Y HZ il )3 0 4l oS5 el o

ol 3 L als il 3 ogh e saalie (Sueluog,aus ol S planil cuar T Jigh 59 oudh cuad Sl s — ¥ S
. : . il g (Saolias
olSs PMM 650156 abwgas oads Jloel Ll gun oS > Seibewl 9 (S

HZ oog0me ;0  cuilS 18 S8 sloald FFT  >4,5 ;0 .0l
b el anid T < Jls o as 5 18 ol addge id VU S alwg bojgliss g

Lwg (655 o3Il oyl sbwl, LY+ ] 098 o plul AUV Jars
rlaly sl e LSy A 4 ate sl ygme slinl, b VL
@ ol Slaie b)) jo (Soliudg oue slajglas g lag s

alwgdy Wlgh oo ouilS 3 glaald il 09l o odwlie VY-V
ol wlilacel 5 0ai10aSs i Bllasil 5l cosldl lilss )|
(ol L 5l e gilelas (uilS )8 s o sl AU
B g 5k ;35 Gl yikd sl eslaial b g 4 b e sla il
S5 5L aw GiolesT o .l ool 1,85 b dw iolesT o aleas

Sl sl b gl adlge il iVl digd (oo (655 o5l aday
33 el 00l 0, J5 (F=20 N, M=IN.M) ;5L ,L 0.1%
uaJlé ‘_ng)jL‘;..i;f 5 Loy, pwadS Sz Ll ROV IS s el

sl 00 (5 S

v ' ' ' v Y 7= X DYV R—"R V- LYY I

(N) 32 (59
=]
1

2k .
1 1 1 1 1 1 1 1 1
0 2 4 6 8 10 12 14 16 18 20
) oo
3 l ' ' ' ' ' P— 7.5 PP — e T
-c\ W . \ J 'Y
A !
3 WA AN -
A- | .
=] -1 ! ! 1 ! 1 1 ! 1 1
7z, 0 2 4 6 8 10 12 14 16 18 20

(s) olej

A s ysile sly My jaleis s 2y 59w o yilid 5 ol JLoSow — F IS

\A


https://dor.isc.ac/dor/20.1001.1.17357608.1396.13.25.9.5
http://marine-eng.ir/article-1-533-fa.html

[ Downloaded from marine-eng.ir on 2026-02-06 ]

[ DOR: 20.1001.1.17357608.1396.13.25.9.5 ]

ST B 5o al sl ygle sl Jow 5l oslitul L AUV (Sealysg unn Slinie o)l o Ken 5 (5558 dazes 39,95

:3' 15000+ —
= 10000} —
1 so00} .
1' i ' I o T —— 1 L 1 1 1 1
- 0 5 10 15 20 25 30 35 40 45 50
(Hz) uil5 45

:} 4000 T T T T T T T T T

a J000F -
3 2000} .
i 1000 -
3 i b (. PV i ol i A L ]

3 0 5 10 15 20 25 30 35 40 45 50

(Hz) yil§ 45

ho! JUKaw 43599 (5w Joud — O S
Sl dg yuue wliin 2L, ms -F

0.0016 T
0.0012 ¥ b b g Cand —V-F
;‘ 0.0008 ._ L ‘L’-'-’)"“ g,S‘:-‘L*-’QBJJ-:-‘z’ "‘-"J" QQ)BT ROWERVIPLE SO | u—" Soe
;li 0.0004 1 el 5 eolanwl basl o ol g j0 Jow s cepw
% 0 i Ol A ol Jae ales agly O g (55, a8 518
N’@ -0.0004 —az 0 90 Jolie 0 a0 P B-F 5l o sblgs yo beeas oS o
= oo £ ol YXV o7 5ilgty sae 4o aF e oles loaplool (ol
i 212
00012 P pLU ) . o
L )BLMS 9 ZH/2 6&54.2 K9y w‘fo 4 Li..u sloauds
00016 T4+t
-0.15 -0.1 -0.05 0 0.05 0.1 0.15 pL3U 2
(W'(SIN@))odds v (o ety A (P (60908 C€ pus > g > }f),g J9> MH 2
0.0008 .
: 5 (7) dslae )38 L aws o las [, W =w /U =sina
0.0006 T

solie PUSD po 5liiS s 550 calpo laosls (59, i 5 4 (V)

0.0004 +
[ ‘Z\:v’ Sl

lodds OQ)JM M Wr‘Wr‘ 9 M W sZ

ww|
Slaye Sl ems,S, Ligy 5 eoliiul b &¥oles oo,
* ooz § ity bz Db plgiear s sloailse ool aib Sl
21% i 2l 298 o iy 5 S DG lsieay s d glaailia g
T 9T 5 (60908 Soy 4 bgrye Syl g ot clinie

1,
3.
33 0.0002 §

(x
2
1

=

=3
=

S

=
T

-0.0006 +
Wiloads Cewd YV Jgo 0
-0.0008 t t t t }
005 01 005 0 005 01 015
(W'(SIN@))oud any (o o puw G Cand 5l oul 00 cpmosi  Soliydgyuud wliiin —) Jous
4 ol wlaisn 10 Jg> g sgllS 9 G090 G9p wu po — PSS
QU ARy (9 CAE > 37 Ay polie ol pl
—fe) a5y Z,
PPM sl cud —Y-F ,
. SRRy M,
(oG s S5 Jde o> S e @B g jeile SO0 L qaAr 7
SLl, LAUV Job jome 28 1> prans plos ;0 g 0iS o &5 > _ Wl
S o3Il (gl yglisS 5 by i cl iy sadlise s5lse Sl Ol AR M

\Al


https://dor.isc.ac/dor/20.1001.1.17357608.1396.13.25.9.5
http://marine-eng.ir/article-1-533-fa.html

[ Downloaded from marine-eng.ir on 2026-02-06 ]

[ DOR: 20.1001.1.17357608.1396.13.25.9.5 ]

) g e S o

. Z
5 PULZZg

(

) 29l v o o g

- M
7 PUL3zg

(¢

-0.02 %
-0.04 *
-0.06
-0.08 T

-0.1

-0.16
-0.18

0.1
0.09
0.08
0.07
0.06
0.05
0.04
0.03
0.02
0.01

(YO-FY) AF leaal 5 )k (YO0 jomw Jloo b jo cwaign 4,25 | ), 02 9 (5,98 damxe jg,85

(@)slagly pils 3
4 6 8 10 12 14 16

-0.12 ¥
-0.14 %

a 6 8 10 12 14 16
(W) glasgly wils

e g 3 (U g HglullS 9 (so908 (59 i o i VS

) gLl a2 o g

. M
3 pLtzy

(

P PSS SR N U TS A S S S S S S S S T MO |
T T T T T T T

(@) slaggly ls 3
30 60 90 120 150 180 210

+5mm

+10mm
+15mm
+20mm

50 100 150 200
(w?)slassly uils 5

Sl j1 ool g 5gLdS g (60908 (9 o — A S

Yy

L @b se slocas aiib oo Sl oS, 5l Jaus oad
pll +/0-Y em slaaiols 5 +/O-Y/YO HZ alizo sla uilS )3
slrools .wloads ploxil YXV o7 500an ) sae )0 o ailoas
Al oo A blE (6 SO oS

) 5 OA) dobas & jg0as 4,98 laws 5l osliinl b e slaosls

LUz
, ZH/'OO

> g culpd Wadoo 005 <oy

< " pLUz g
B U S -\ H/20 sloyslias

g, ol o Lloads eols las ¥V S jo aals Sl sl @
4

ok 5l 2t M H/plz_zo sloygless ZH/,02L320
iloads puoy A S5 50 o’ e

pe 4 JUSew Jials Jds 4 bosls SausTy, caels ol b
23 S (o0 oo (oS jloged o 4 lalaged g 08 oo lay a8
Oz 9 ngh & JUSew (09 S5 Judo 4 b slaul
i aosls SasSTy PMM epilse o8> slaSy .
ol e mals aosls SwiSTy Luls 3 il b sl
3 glosly 5o it gy bl molie o5 syl onl 5 Yo
Wload Sl Sy 5 5 s)lubacd Hlaakisl asm ,ul5 58
Slog s a5 ojls 35y b jloges o slaailas Wl oo Cews @
4 pgmie a5 alable S YL gla Guls 8 50 enigd Sl
SloulS 3 50 s gl indy oo b s Sy JSlw
15 055 5V claatals o b SasSTy el conl Sas YL
Soden (B DD 5l &S g glaS culps 4 bgipe loges
009 S8 o Jlogad ol joall e ol e ool SuuST,
52955 abgrye glaoosls (OLLl 4y bgype jsliss 5l (86 JUuSem
s b oo ol sl oneliamsas e sindy o 5ok i
O, los 4l olul p gwnl bes o5l .09 dalgs ol por (g0 5
ity sloazals o5l glys Lol 3o pol ol 05 Rl oo 5 >
T2 055 S50 g S8 asls g GulS 8 Lol cenl LS
5 PLd laaeS 5 wsd oS 5 allg e SR0Se b (dgae
o] Sy ek ail ailipadly ciml odalConsds (glace
1o Jle el s ) 1, Ll Ll cloosls 5 axsly 1,2l 3
S5 slinasls FuiSly el mly lS 5L SIS o 58,8 L
slrosls FausTy el ol als Ol § 0gd g0 Sl 5
e VL slaudlS 3 1y gile il a2 salgs e S8
el sl ol igdige 4zl 5l lag s s iyl @
Sgi oo SYL Glaasls jo mls SausTy,


https://dor.isc.ac/dor/20.1001.1.17357608.1396.13.25.9.5
http://marine-eng.ir/article-1-533-fa.html

[ Downloaded from marine-eng.ir on 2026-02-06 ]

[ DOR: 20.1001.1.17357608.1396.13.25.9.5 ]

ST B 5o al sl ygle sl Jow 5l oslitul L AUV (Sealysg unn Slinie o)l o Ken 5 (5558 dazes 39,95

RUBI'ES
1- autonomous underwater vehicle
2- captive model
3- straight line
4- Planar Motion Mechanism
5- towing tank
6- rotating arm
7- pure sway
8- pure yaw
9- Horn and Walinski
10- crank

11- Goodman and Gertler

12- David Taylor Model Basin

13- Defense Science and Technology
Organization

14- Australian  Maritime  Engineering

Cooperative Research Centre

15- circulating water cannel

o ald

1- Constock, J. P., (1967), Principles of naval
architecture, SNAME, New York.
2- ITTC RECOMMENDED PROCEDURES,
(2002), Maneuverability-captive ~ model  test

procedures, Proceedings of 23rd ITTC.14.

3- HORN, F., WALINSKI, E., (1959), Research
on Spiral Maneuvers and Course Stability of Ships,
Vol. 6, p. 9-33.

4- Gertler, M. and Hagen, G. R., (1967),
Standard Equations of Motion for Submarine
Simulation, Naval Ship Research and Development
Center,

5- Rhee, K., Yoon, H., Sung, Y., Kim S. and
Kang, (2000), J., International Workshop on Ship
Manoeuvrability-25 Years CPMC, HSVA, Hamburg,
Germany, 10-11 October.

6- Guo, J. and Chiu, F., (2001),
Maneuverability of a  Flat-Streamlined
Underwater Vehicle, Proceedings of the IEEE,
Vol. 1, p. 897.

7- Ankush, K. and Krishnankutty, P., (2012),
Design Options for Dynamic Captive Ship Model
Test Facility, International Conference on
Technology of the Sea, Visakhapatnam, India, 6-
8 December.

8- Avila, J. P. J., Adamowski, J. C., (2011),
Experimental Evaluation of the Hydrodynamic
Coefficients of a Rov through Morison’s
Equation, Ocean Engineering, Vol.38, p. 2162—
2170.

9- Fan, S. B., Lian, L., Ren, P. and Huang, G.
L., (2012), Oblique towing test and maneuver
simulation at low speed and large drift angle for
deep sea open-framed remotely operated vehicle,
Journal of Hydrodynamics, Vol. 24, p. 280-286.

\Al

00 oy (sodls (gl oadion) o ol Ao dolre o
‘Z\:.V, ‘Z\:\,, oud A g Sewsluog ue sliie camslad
o9y 3 Jol 45 e olas 5 sl aiibi e MYy, 5 MY,
30 odeliiwdds colpo ol sudoslaiwl Gl e PBlos g T
Lol jloaalcasas M, 5 21, (oo ol ond ools yLase
Ladlpitnse slacus jl oadod) fuess wulps b alls s
g2 3l 0000} paesd M 'W, 52\2,, M el 00l dws Lo
wibioe P L g VT ey @ badlvdise glews 5 ol
sle s )0 ol oo sols Lias ¥ Jgaz 50 sdwl Cawds wol o
Ok &y Ll 51 (ol (Seeliungaee slo L bl ppdiins
sk Al g j5ile lo cond ;5 0l oo alom isly 5 6955
ol g ey 5 bz 6999 S (b (Snling,nem
cawss MYy 5 Ziy polie 5l S| asl o Slog &8 >
Sslite s DIl sgmg Jo @ Wl oo g, 50 5l eel
Sy peilS 3 g asly g (SSlnl sla cus jo ales ayly

Db (Selns slo s o Slug

AL g2 555l jload 03 (s (Solindg s Gliin -F Jguo

(1) &M ol ol o
A —+[*V\VEVY VAN
o[ - !
[+Y-YF10 Z!,
/0 o[+ + 0209 (/I
ofeeEY - (Y
S5 Az - 0

Jae 3l oslid b AUV _Saliyogien clitie alie ol o
s awlie .l ool b3yl ol B ,0 Al slbysile o5l
8 Gl Jow as oo lis (Sl b (Sobal sle cos
5 oalitl b Seolisdg s Slitie prass Sz aly loyple
S oslizal a2l o Jpsb B i sl o oo
s s el sl oogate lgT oo ol sy gl
AUV (Sealosg e olitie (e Sz | aly slojsile
lo slas o] Jigt 5 b s ol plol okl 08 s
i Zlgel SISl e cons plxl sgaze Jloj 0g,0 5 AU
SBL AUV Gl ) 2iS SSB o 65 o3l slal ey 55,
lirie ) SRl S5 e G e ll s
e Wl g0 S SB gl a4 ol By (Seelasg e
sl 5; Sl (Lol oSl 26 slaltas alS o

Higd b,


https://dor.isc.ac/dor/20.1001.1.17357608.1396.13.25.9.5
http://marine-eng.ir/article-1-533-fa.html

[ Downloaded from marine-eng.ir on 2026-02-06 ]

[ DOR: 20.1001.1.17357608.1396.13.25.9.5 ]

(VO-PY) AF leaali 5 )lor (VD)o s Jlos by0 (qwaige 4,85/ o, 5 (598 doma 39,55

15- Azarsina, F., C.D. Williams, Issac, M.T.,
(2008), Modelling The Hydrodynamic Sway Force
Exerted On The Bare-Hull Of An Axis-Symmetric

Underwater Vehicle In Lateral Acceleration
Manoeuvres, OCEANS.
16- . Heron, A., Woods, A., Anderson, B., (2000),

Determination of the Maneuvering Coefficients for a
Triton ROV in a Circulating Water Channel”,
AMECRC Report.

17- Fossen, T. I., (1994), Guidance and control of
ocean vehicles, Second Edition, John Wiley and Sons
Ltd., New York.

18- Phillips, A., Furlong, M., Turnock, S.R.,
(2007), Virtual Planar Motion Mechanism Tests of the
Autonomous Underwater Vehicle Autosub, STG-
Conference / Lecture day "CFD in Ship Design",
Institute M-8 of Hamburg University of Technology.
19- Cyran, F.B., (1981), Sting Interference Effects
on the Static, Dynamic, and Base Pressure
Measurements of the Standard Dynamics Model
Aircraft at Mach Numbers 0.3 throughl1.3, AEDC-TR-
81-3, August.

20- Nouri, N.M., Mostafapour, K., Kamran, M.,
Bahadoori, R., (2014), Design methodology of a Six-
component balance for measuring forces and moments
in water tunnel tests, Measurement, Vol. 58, p. 544—
555.

Yo

10- Julca Avila, J., Nishimoto, K., Adamowski, J.
C. and Mueller Sampaio, C., (2012)., Experimental
investigation of the hydrodynamic coefficients of a
remotely operated vehicle using a planar motion
mechanism, Journal of Offshore Mechanics and Arctic
Engineering, Vol. 134, p. 021601.1-021601.6.

11- Zhang, X. Gand Zou, Z.J., (2013), Estimation
of the hydrodynamic coefficients from captive model
test results by using support vector machines, Ocean
Engineering,Vol.73 ,p.25-31.

12- Krishnankutty, P., Anantha S.V., Roni, F. ,
Prabhasudan, N. P. and Sudarsan, K., (2014),
Experimental and Numerical Studies on an
Underwater Towed Body, Proceedings of the ASME
33rd International Conference on Ocean, Offshore and
Arctic Engineering, San Francisco, CA. June 08-13.
13- Rhee, K. P., Yoon, H. K., Sung, Y. J., Ahn,
K. S. ,and Kang, J. N., (2000), Experimental Study on
the Effect of the Appendage Shape of Submersible on
Hydrodynamic Coefficients, the 3rd Seminar on Naval
Weapon Systems Development, Chinhae (Korea), Jun.
14- Williams, C.D., Curtis, T.L., Doucet, J.M.,
Issac, M.T. and Azarsina, F., (2006), Effects of Hull
Length on the Hyrodynamic Loads on a Slender
Underwater during Manoeuvres, In Oceans'06
MTS/IEEE Conference, Boston, USA.


https://dor.isc.ac/dor/20.1001.1.17357608.1396.13.25.9.5
http://marine-eng.ir/article-1-533-fa.html
http://www.tcpdf.org

