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Abs t ract

:\ 11" x t" lIsi Vt" ' xj w r i Il If' 1I1il l progra m has beenca rr ir'dOl 1110 11s1imalc roll damping

llar;!JIl"l"rs for 1 .l 1ff"( ~ luod dslIr [isililll; Vf'ssels hav ing rl i fTNf~lll hull shapes an d mov ing

with f" rw' Il,,1sp' ·" ,1. HJJIl dam pillK par il. rlIf>l.~ rs ar c de termined using a no vel method.

This frlf'l.lIl1rr OIlIl l li rl! 's till: Eru ~ rgy method and the Modulating Function technique.

'r h,- t' '''IIII,s sh ow thnt this IIIdho,1gets bcu er est imates compared with the o rigin a l

ErwrlU' 111"1.11 ' .'11.

,\ .Iata pro n -ss ill /.: SYSll ~l1l was <If'signed to process t he expe rimental da ta. A

jlarallld"r C r.", WilS iutroduced to measure th e error in roll cla m ping id ent ificati on .

" dill a lms" syste-m was d,' v,·folwd using VAX-Pasc a l to s tore t ill) analytical results

imel por fonu variolls kinds of analyses. The:' da ta managem en t a nd p rocess ing system

ill I h i .~ ri'S"ard l work hn..~ prove d 1.0 he very efficient .

TI ll' i·lf,:..1.of f"r w;trt l sp", 'd , in it ia l angloa nti nat u ral fre-qucncy on roll d ampi ng

is , lis" lISSl'f l. T Ill' i,rf,'d of forwar d sp eed on roll da mpi ng w as found 1.0 be nonl inear .

T Ill' dr( ~· 1. of iu it i;ll all~l (' is strong at acre and low forward speeds and de crease s

;'s 1,11l' Icrw erd s p"" d i" inc reas ed. T he effect of nat u ra l frequ ency was found to be

weak.

lkcdu's nu-thod was IIse(1 to p red ict t he roll damping coe fficien t , The resul ts

we-re- nll l1pan'd with 1.11('('x lwriml'IlLa f na ta . [twas found that Ikeda's method over -

' '1<L illlalt'" t h,' roll damp ing at higheT forward speeds for all t hree mo d el s. T his

method fails in pn 'tlicling the e ddy damping for sh ip form s wit h hard chi nes. It

I\" <lS 1l(} l i(',~ 1 t ha t .1S models move with forward spee d, thei r mean d ra fts incre ase,

" IlIUlli lit';I1.jo ll to Ikeda's form ula is p ro pose d, m - kiug usc of th is o bserva t ion . Th e

values pn· dkt.('( 1 by t he m odified formu la. fit th e ex pe rim e nta l data ve ry wel l.

A pf(·lim ina ry r-xpcrimcnt 11iI.,s bee n do ne to inve sti gatc t he effect of follo win g

wan 's on roll dam ping. It hi\s b.....11 found that es t im a t ing ro ll d am ping para meters,



without all owing for Ih" lit1l ,~ vari.uion ill Illl' n"'tor i ll~ mouu-ot, results in over­

cstimntiug the \"111 m's or t hl'S" pa rallwh'Ts. l-urtlu-r work i ~ 11",',l,'.1 ill l lli~ M.' a .
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Chapter 1

Introduction

,\ lt ltw r,a;1i mil llillllpin,a; 111l.~ 11l'('1L extensively studi ed by ma ny researche rs in

till' Ilasl, twenty yl',ITS, Iowy litt !(: anentlon ha.~ been paid to the effect of forward

lIIot iull. 1llIll llampill,a; suffers beth quantitative and quali tative var iat ions as a result

uf fOTwiLnl!Jlut iull. /\:; t he shi p spco d illcrC1I:ICSa new ro ll damping component come s

into "l il y : tl,, ' 1ir1.l'U llI l lt lilPIll. T he cITt-'<'l of t he lift dam ping becom es predomi nant

Harr illid ,\ " kll, lillovli l eo usldcred the roll r1am ping of a ship hull without bilge

Vi!l('llsity is rt'!iIMll1silJlr- for ttamping caused by vortex shedding a t areas on the hull

wh id l lIulfl' r from Jarr;c siOIK' changes . Schm it kel2] use d a simila r reaso ning to find

,.,.limal•.,. f...r .Iamping mome nt for a warship hull for m . li e included the ccnt ri­

,"uLinu!! Irosu lifting sm fa(l 'll such as the rudder. , keg and propeller shaCtbrackets,

Bul ll lIll'IW works ignored the contribution of the bare hull as a liCting surface.

Il ul' 10 the fad th at t he ship's hull has poor sect ion shape as a liCting surface

anl l IWI"alls,' oCits extreme ly low aspe ct rat io. il mig ht be expec ted t hat the hy­

Ilrudy lllUllil' Corn's alltl ruomcuts generated by the lift mechanism are much sma ller

I,h a ll tha t g.·!1t·rall·II by til.. rudder. However, one may quote Crane ct aI.l4]. .....

\" "'01 \1"" of its \"N) " I."l.rgc profile area. a ship 's hull docs in ract generate forces and



moments far large r than the control forn'~ 0\1111 m,llllt'nt" ~" tH'ra Ct...1 h~' it:< nll hl,-r",

to show th at t his is no t t rue, This component is vcrv impurtnut wln-n t.hl' ship i"

moving with a non zero forward 5p \'(' I!. As a mutter of f'H't . lIS tlu- forward \" , 'l.,,· it ~ ·

of chip increases, one should ex pect the lift compone-nt of Ih,- rol l dmlll,i ll}!: 1tlOIllt'111

to ro nst ilu f' the most s ignificant part of the roll dam p i ll~ lI Hltlll 'ul

On e of t he well kno wn met hods uf ro ll dam ping ,-:;li Il1Mioll is t Ill' om- I'rl"" 'll1t'd

by Iked a ot 11.1.[3], In this method , roll d ampin g for a ship hull is " ssHult'd tu ....Il"i"l

of five comp onents. These ar c friction dautpiug, wave dalllilin /!;, ,'rlI1r dMupin/.(.

naked hull lift damping and bil ge keel damping. Different emp iri cal funuul.u-nrt-

introd uced for lhr. ca lc ulation of lhe Ilifferelli compo ne-nts . III l·aJ.-lllatil1!( till' lift

compone nt, ikcda ct aL[ 3] assum ed the hull to h, ~ a lifl in/.(~u r fa,·t' wit.h 11 surf"...·

area cqual tc its length multi p lied by dr aft. Th e angle of at tack is 1',\11"11.,, !.Ill' ral.ill

of an effective late ral velocity ca uSL'I1 by the ro tnticn of t bo !II/II " hollt il n 'ul." r of

roll to the forward velocity of 1Ile vessel. A semi.empirica l r-xprc-ssiun fur I,lli' ,,1,,1'"

of the lift coe fficient wi t h respect to t he angl!' of ntt nck , a.~ a fUl1dinll of ti ll' sllip's

length , beam, Ilra ft a nd the mi dship secti on codli cicl1l , W;l.~ IHl'H('I1 tt-d, It ~" , 'ms

that t he expression fo r t ile slo pe of the lift coelllcicnt used in ikt',la's flllldi oll is

an empirica l modification of th a t provid ed b~' .JOUi'S formula for it IIlIV i~~ P l'rl m l;n

wing , see Cran e ct al. [4J. The mod ifica tion invo lves usin g <In dfed ive ilslJ<'rl ral io

for the hull equ al to (2 dIL ) and add ing IL function in both lll" bea m 1 ' ~lI At h mLio

and t he mid ship sect ion coefficient. Th is functio n roflocts t he fad that II I.llit:k wi ll~

has higher slope {vi t h e lift curve. jked a's formu la illlp l i(~ .~ Lhat Uti: lift mt'f lk il'n1.is

a linear Junction of th e angle o f atta ck . It als o il.~ l:i IlITlCS lllat l he lift r.t!eHi<: i"lIl i"

independent of the forw ard spe ed and of the an gle of ro ll .

An experimenta l s t ud y of th e roll d amping of a war ship hull Ill<lVill~ wit II for­

ward speed by Cum m ing ct al.[ 5J showed the inviscid dalllping cOlJll'lIlll:nl Lo1m iL



lIonlillf'iH fllll<:t ioll o( t lr f~ forward velocity.

1I1" k a rrd 1\;, lIJf~ rs!fjl i/l vestiKat.-:d l lrf: roll damping char ac terisric s for 13 model s

From ,\I A H I~'s sys t' ~ lll a1.ic SI ~r if'S of high sp l ~ 'd displacement hull forms(FDS se-

dl's ). ' I'lu-y H ~p (j rl,' ,1 poor ('f)rrdaLiOlI hdw"pn ex perimen t al dam p ing coeffi cients

"I,l.ai".,,1 (o r t lmsf) mlHld s lu,,1f'st iln, llioll s obtnined using Iked a's empirical method .

Afl"r Inodif ying t Im f:Slirnilt iorr of the tifl damping comp o nent using the t heory of

t rillllll{_~J fla t plates by SllUford/7]_ in addition to ot her modi fications int rod uced by

Sdl1llitk,'[2) 1U1I1 (hllh ....m[8] for the calculations of bil ge keel e ddy damping, dampi ng

n>t'Hil: i( ~lll.s l·st illlal."s .1gTf:<-d well willi those obtained from free roll decay tests.

All expcritucntni lnvnstigation of the lift component of ro ll damping has been

dotn- hy Haddarn and Lf'lIl1g!9]. Tir e models were towed in calm water with d iffe rent

forw,lrf l SP'!(',[s at 11yaw angle wit h the hu ll in the u l~ righ t co ndition. The mag nitud e

and 1,11 t' point of action uf t he lift force arc dete rmined by measur ing the m ome nt

' lI l,l ["r n ' ,t<'linl!;Oil 1I1l'model. [L has been found th a t the eq uivalen t linear damping

...,<'![if:jf'lIt ,I lie Lo lifl is a nonlinear function of the forward speed of the model. It

was nlsu found tl ilil. ikt't.la's formu la unde r es timates the li ft component in higher

forward speed. This experimen t was done under a sta tic cond it ion in which the

IIIlICh· ls were not " lIowed to henve. U may yield differe nt res ults whe n the m odel is

,tllll\\"'<! more d "l~rt.'t.'s of freed om .

It t1 11l ~ seerns, t !l;lt a fur ther study of the roll damping mo ment of a ship mov ­

in,; with forwar d s p'''' ,l is warrant ed. T he accur acy of the assumpt ions underl ying

ilil'cla 's lil,'lho ,l and its limi t ations s hould be invest iga ted. It is the main objective of

!.lIb work to investigate experimentally the roll da m ping moment of t he ship models

rnovlug wit h forwar d slwI'd .

A fl'w roll decay tests wen,' a lso obtained for the model in following waves. The

main ohjrx-tivr- of this pre liminary inves t igation is to see what effect following waves



hare on roll damping,

In roll damping ox p crluu-n t s . a la rgt' Illlm l,'r uf ru ll d'''';ly rnrves '11'1' IIsn a ll.\'

obtained. These curves a rt' lls lLally Pl'<lo;'t'~""d . ) Ilt' hy 0 110'. III lh i" work. " 11'"\\'d a ta

processing and m anagement tc c hniqu..' i s 1I,;{'<Iso thnt t.llt, "xl,,'ri lll<'ulal 01'\1a ra il I...

proces sed and analysed quickly. correc t ly and e-omph-n-I y .



Chapter 2

Experiment

T Ill' experimr-nt.s Wl'W performe d in the wave tow tank o f Memorial University

of Ncwfeun dlend. T ile wave lank has inside dimensions of 5 8 .27 m in length , 4.57

III ill widt h, 'md :t 04 III i ll d epth. Regular ami irregular waves ca n be generated

hy a lJ i~lo ll tYIl<~ Wave gener-at or at one end or the ta nk. At the ot her end of the

la n k a 1!,\r il!JOlic he;ll 'h , run s is fing o f ,111 alu m inum frame covered by wooden slabs,

is iTlI,'nil'd to ,d'.•orh ;11 111d iss ipale t he energy contained in t he incident wave and

ll1aiutilill a minimum rdh :t io ll coefficient. A lowing carr iage is avai la ble for towing

lI's t:>, flosisl,iUll"C rnst s, curre n t probe rnlihru tion, and self propulsi on exper imen ts.

'1'11.- eMriaKP h ilS n uet wdl;ht of :!.!) t c nnes andauai ns a max imum s peed of 5 m/ s.

2.1 T he M od els and Exp eri m ental Set Up

1\lutll'ls fur three sma ll fish ing vessels we re used in this in vest igation. T hey all

n'p res l'IlLfis hing vessels of t he less tha n 25 meters length cl ass. They are all of

sim ilar dimensions b ut hlwe (Illite differ ent hull fo rm s. Model M36 3 has a hard

chill(' whih- 1\1:I6(i hns a rou n d bilge-. Model 1\1365 h as II ro und bilge with a small

risc' or nl)ur . 'l'heprilldpal di mension s or these models arc sho wn in Ta ble 2.1 and

the- l illl' 1,la n" an- shown in F igure 2, I , Figur e 2.2 and Figur e 2.3.



Table ~ . I: P r-incipal Dimensions F'lT~1 {\dt'1 s

~Io(ld ~1:Hi;l ~I:lt;rl ~ l;ltj (;

Scale
I

1: 12 1:\1.1 l :ti . ~

[,(m ) 1.5.'51 1.:tlll 1.."I\ltJ

8 1m) 0.50 7 0..';06 O.."J()6

d(m) O.~2 1 (I .~ lii 1I.:m.")

LCB(m) ·(1.109 .0 nS2 ·0 .1:17;1

" Ikg) 79.5 ;H .."I {i\J.!'i

c., 0.7 ·16 O.711;' (J.( j l ~

CH 0.·1.')75 0.3750 OA21·1

In th e exper iment, the mode ls wI'rc only allowl:d liITl'I ~ dq~reps of rro'...k.m: roll,

heave and pitch. The experimental setup is shown in Fignro 2.'1. Pa rt A is l:OlllpllN:d

of two rollers which guide a rod fixed to the carria ge, t ilis kcqlS t hl~ 1II0dl,1 Ilinvill~

along the tank and allows it to pitch, hea ve and roll. Par1 II is a universal juiut ,

which allows th e model 10 move in roll an d pitc h. The unlvursnl joint is "lI11n''i:t"d

10 a rod which is supported by t wo linear bearings. Till: linear l'j : ilr i Jl~s ullnw tlll ~

model 10 heave. The model is moved fo rward by the act ion of a flm:l: t. rallsmiLt( ~d

from the carriage 10 the universal joint.

Par t A and B were mounted on a board iL~ shown in Figure :lA. TIll: r(Jll i,,~

centers of Part A and D arc at the same horizontal level. The ver tical I'lJsit.iull of

the bo ard can be adjusted. As a result, the roll center can be changed . III<1I1t!it iou, a
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Flgu ro 2 .1: Lines' Plan for M363

Figure 2.2: Lines' Plan for M365
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Figurp 2 .3: I.ines' PIau for ~ t:lli""

Pigure 2.4 : Experimenta.l Setup
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Figllr<' :l.ti: Key arrangement o n the boa rd

Figure 2.6: Pic t nre of Experimental Setup



gy ro is mounted o n Ihl' hoard 10 11I1' a ~m,'I I \t' roll ;1Il,~ 1. -, 1',1 ~i\"' l l u' 1lIll.l ,·1au iuiti.il

heel angle at th e start of the les t. <III ann ('onIlPrl, '<! 10 111l' lIl' lIld il l ils rr-un-r lOr

floatat ion is pnshed to t.hl' sid , ' uud 111l'1l h-t ,c;n. Th.. k.-ya rr" ! I ~" l1I " lI t " 11Ill" 1" 'M,]

2.6.

2 .2 E xperiment a l Para meters

he ig ht GAl can be changed by changill!: t ilt' pus;t iull " f Ill" ' ·'· lI lw of )o!; l' itl'i ly. '1'1,;:;

changes the natu ra l freq uency of t he lll lll ld , T ill' 1l1O,1,-ls 1I"'n' n-sn-d lIlId , 'r ,litf"p'1I1

G,H \'11 ll1e5 ,1S shown ill Ta ble 2.:1, Ta bb- 2. ·' nml ' I~, hl, ' "!.r. wh,'n' til<' II;lInl";,1 fl't··

que-ncies w ere dir cct.ly nwas llr<,tl fro m t ill' 01" ,-1\)' eurw-s a ll,1 1.11, is " ..I" Ha"'"r ' ls,·,1

to identi fy eac h GM value a nd ma ke up Ilk- lliLlII" [01' r-arh ,1l'(,iI}' curve,

For every G~l va lue, the models we re tca tcd a l ,') for ward SIW. ...ts vary i l l~ Iroru !l.U

to 1.5 mis as shown in Table 1,2, A t .)ach forward sp",'d, I.h, ' 1',,11,l"n ty ..lIn " 's I'W"

measnrod for i in it ial angl es varied fro m i " tu 2....". At l.'-ro [urwnrd sl' ,·. 'd, fp·,' 1',,11

deca y tests were als o perfo rme d wit hout t ill' j ' l illt( I'art 1\ ) s" t hut, t ill ' ;1111 '1<'11'-" " f

t he jo int c o uld be found. Therefore , fo r ('a,;:" (;M valur-,Ii:l fl'~'-ilY "n rvf's (H f"r w;,r, 1

spe eds x T initi al a ngles + 7 init ia l an gles w ithout j" i IlL) '01'('1''' olJl.ililll·d..\-IIl.... tllall

laoa dec ay curves were obt a ined in to tal.

T he d e termina tio ns o f G'M , OGo and /11./ 11 .. ro~ stal,~, 1 ill ll lf~ f" lIow;lI!!; )juli,

sections.

Table 2.2: Forward Sp ef!,l for T t'sl (m j s )

1100I0·"10..; I 0 7 1O.!!11.1 1 13JT']

10



la lll,· :.!.:I: Exp' :ri llwlIla l Paramete rs for :-.n6=J

I.D. (; ,\I(cmJ . (}'7,'lt(cm ) ", I"

A :;.:1:1 :1.7!IG :1.9H O.SO.;2 ·1.10:1.;

Il 1.,j·1 :l..'i7:! ·1.77 Q.!Jijfifi -1.2fi82

" :U:I:.! :1.:11 0 .')..19 1.192,1 · 1..1:J88

(' :U j'l :1.1."\0 .'i.fi7 1.2Glfi - l. fi221

Il :l.:!·1 2 .~J .'j2 o.Ofi l AH 8 -1.8:162

S :I. I:.! ~ .!J."l l 6.19 1.51:J1 ·1.9140

E :!.I:i :.!.·l!i.') 7. iii 2.:.!s.J.! ·2.7878

2.2.1 Th e M easur eme nt of Gil! Va lues

U ,\! i~ 1110'll11'l,lrl'IlLril" ILl' ight which denotes the distance from the ce nter of

,l!,r;l l"i ly I I , tlu' 11ll'lan'ntl:r . llosit i\"f'upward. G.\I values can be measured by inc lin ing

"XllI'ril lll '1I1 s . III 1111's!' t'xpt'rill1cllts 11 sma ll weight is moved a known transverse

di sl;lIlf·' · und ti l" 11I ~'1 augk - is measured . C M value is calcu late d by the following

" 'lual i'l1I:

G.\I==~
J, ·tanO

(2,1)

wII<'Tt'/JJ is l ilt' Il laS S urtll(' sl\Ia ll weight . .:.'I. is tilt' mass of the modd. d is the <!istaflce

o f Iht, slll;,11 weigh t Inun l ilt' router and 0 iii lhe heel angle . The experiment shou ld

Ill" rep,'a ll ,d sorva l l.iItH'~ and all average value obt ained for GM .

In t ilt' cxpctiuunt , G M values were obtained by moving th e small we igh t in

s"\'I'ml known distano-s and th e t he avera ge value was calc ulated .

11



I.D. G~I ( (I1l ) .' Wain,, ) I" jl!

II .').2"1 1.·I.'ii 6.•')1 · O. -I~J;li · 1.tl:!".!t1

I ,t OO :1.Y!lO 7,i:1 ·O.5!Il ~ J · 1.:11:11

I :1.96 :1.$38 r.r r .o.sssr · 1.:1 7:1';

" :J.3!) :J.li05 IU ·I · O .lif~Jr, · I ..'i~.'\:~

,J :1.28 :1..18,1 ,s..!."! ·IU illl il'i ·l.l):!IJ:?

3 2.57 :J.:!Ji !J.lfi · lJ.:'t !l lt .:!.llI in l

K :U O :!.!ISG !J.:1:1 ·UK l!}i ·:!.:.!·I:UI

2.2.2 T he D et or m lnnrlo n of t he Ce nter o r Gr av ity

The he iglll of the re nter of gril\"il)' above till! k.~" r;1It I", . 1. ·lo· rm i I N~ 1 I.y tl...

fo llowing equ at ion :

/o: C:=h
OI1

+ n M _ r:M 12·:0

where 1\B is the hcigljt o f t he cente r of buoyan cy abo ve til<'k.~ ·I . /JM ill tl... ,list... , ·

from the center of buoyancy lo t he meta center. The y alU I 'l> fir h'1J,,", 1 IlM lo r t l...

test models were spec ified in the hydr ostatic par ticula rs fist pruvi,I.·.1 I,)' IMI>. If 1.Il"

ref center coincides with the center of grnviry, t lK'di sl iUlrf! ".~hy,~m t Il ' ) mil o'nt" r

and the st ill Wolte r level a t acre for ward speed call h.~ d,)ll!rrnill'!,J by:

OGo=f(G- KIJ

where K D is the dis tance between t he still water Jill' ! til till: keel.

12



J.D. (; M(c lIl) w UGn{cm) I" I"

Y I. :j.'j ;1.'12:1 2..",7 ·0.1,166 -1.8781

X : I . H~ :1.:l:.W ,j.80 -O. l i'ji .j -1.0(6.')

() :Uj 7 2.!J1l.'j (i.OS -0.159·1 -1.0606

W :I.lJJ 2.8:11 fi.fil -0. I57·t -1.3476

N 2 .~H 2.7:10 s.ss -0.1.557 -1.2919

V V12 2.288 7.60 -0.\466 -1.8781

.\1 1.1'1 2.087 7.88 -O.H57 -2.1670

2.2.3 The Expression for the Res t oring Mom ent

T Ill'l ·xJln 's.~ i oli fo r t he restoring moment is needed for the identification of the roll

.1;UllflillJ.t l,ar:lIIll'lt'rs . T he resto ring moment D(~) can be expressed in the following

(2.4)

wlwn' !I i .~ Llu- iH'I'c·lt'm l iolL due to gravity (m /se c2 ), .6.is t he model mass(kg) and ~

is 1Il<' illl'lilling allglc.

T IU' Ililr.ll1ll'!t'TS J1t ,J 12 ruu be regressed from t he GZ curve of a ship with the

n-lutiouship:

V(o) ~ GZli<)" g (2.5)

wln-n- G1. r"l1ft'sPllts nit' le\',' r arm of the buoyancy force. The GZ curves for the

l hrl't' 1I1ml"ls arc shown in figure 2.7. Each GZ curve was obt ained for a specificGAl

13



and GJ/o. Th C' (,'7. curve for other (,'.\1 \·alll<' rau 1,,· 'l l.lai lwd by flu- f"l1uwill~

exp ression:

(;7.(0 ) =GZu(r;.) + (G.\1 - (; .\l())~in(~')

O.OB I

0.06

••. M363(GM=0.056m)

+ -- M365(GM=0.106m)

" •• M366(GM=0.086m)

E
N 0.04-
D .>:

0.02 F+<:;~:::::·:~-·
j~~~----

00 5 10 15 20 25 311

ANGLI · (de~)

Figure 2.7: GZ curves for l I I Tl~I ~ 1ll0011'ls

"



Chapter 3

Identification of Roll Damping
a n d Data Processing

3.1 Identi fica t ion of R oll Da mping

T h,' ,liUlIl' illl-\pMiUlw1.ns (or 1I11' model were es t imated from the free roll decay

<"lin' I 'S lI sin/!; a II OV..I method. T he method combines th e Energy met hod . Hadda ra

aud 11"IIIWl t.[IO] ;1l1,1 a modified version of t he Function )'Iodu lation Technique in-

lnutul"t'd by ShilllJroq lll . Sl ~' ll uddara and W\I[121. This method has been called

" ~ I ", li li l ', 1 EIII'I K Y ;>.I, ·t hlll l" . Hou r methods arc descr ibed an d compared in th e fol-

3 .1.1 Energy Method

TIll' fn'l' rolling of a model can be des cribed by t he following differe nrialequat lon:

~ + N (¢."; ) + J)(d» = 0 (3.1)

wlu-n-o is 11ll' 1Wgt,· of roll, .Y{¢.~) nnd D(4J ) arc the dam ping and restoring mo-

I ll.'l ils ]>1'1" unit virt ualmuss moment of ine rtia of the mod el .

T Ill' clall1llill,l'; llIut l,.] r an Ill' exp ressed in tho following non linccar form s:

.\'( o.~;)

.\'(~"',o)

2( ·(~ +£I¢I¢) Linear angle dependence

:!( (~ +£IJI¢) Quadratic

IS

(3.2)

(3.3)



wh ere ( an d ( nrc tlu- nondlmcnsiouelhncar undnouhm-ar ,I;\lll l'i ll~ ,', ·lIi" i" llts . ",'

is tho na tural Irequcncyof tlu- linear rollequnt.ion.

equation 3.1 by an equivale nt line-ar damping 111011ll'III . ('slll'd ally in i ll \', 'sli~;l l i ll ~

th e e[feel of dilrercnl factors on roll damp ing, .<ll.. !l 1\.<; tb.· .-Ife,·1 of f" rwan l "1"""1.

natura l frequency, in it ial a ngle. •-tc . In th is ralil' lilt' roll 1!'-l.lll p illJ.(nnuuvut \',111 lu-

ex pressed as :

p .ri)

where B. = 1(..., denotes the '-'(ln iwll'~ lI l1 i llc.. r dam ping n",/l j("j"II L.

The restoring moment is II. function or t he Ionu of lIL" uurh-rwnter p,l r l, or 1110'

ship hull which has heed discussed ill Chapt er 2,

Rewrit ing th e ship roll decay equatio n [eq. :1.1) in tlw rol l" willl-l form:

1:1.71

a nd mult iplying bot h sides by 6gives :

Wr it ing the left hand terms or ab o ve equation in the roll(Jw i n~ fonu:

ii ( ~l)

f,(G(¢J)

yi elds ;

'"

1:1.")

r;I. IU)



wlwl"

wln-rr- I, ilwl !'fl arr : two ~Ilcn'sive instants of time, V ( I) is t he to la l energy of the

1';qlla1iull :1.1J shows l iliit l h e l 'lll'rgy loss dllTiug a smal l interval of time dl is equa l

to tll" " II,' r/.\Y dissip ate'll ill d ll1lllJ illg in the same inte rval. Assu me t he <lam pi ng

11 10,1.,1 is III" ( :ul,ie: form. 'J'hC!1lsubs tit uing :fA into 3.11 yields

(3.13)

(3.Jo1)

11'11,'n'

(I, I' (t;) - V(l i+l )

:?( w

1'1 :?(Wl

11,1 [ 'f l ¢2(t ldl

'-
lI il [ ' f ' ~4 ( l)dl

'-
(3. 15)

<i, nud " tI, II,: run be dete rmine d nume rically (rom t he roll de cay curve. A leas t

s' luan ' lI11' lhuII , ';111 then be used to find the coe fficient s bllb2 which mak es the sum

' If lilt' squnn's ol the ditlercur-ebetween the two sides of equation 3.14 a minimum .

'l'In- pilrallu'lt"rSof ot ln-r roll da mping models can be ob tain ed in the same way.

17



3.1.2 Modified E nergy Me t hod

,\ modulat ing fun cti on operator is dcliued ;l .';

an d J,"{r ) is Hennitu polynom ia l 'If o nJ,' f ~. ;1I1l1

whe re

where Ow,,, is Kronecker (lcl La. They alsosa ti sfy the flll iowill ~ f('l'u rs ilJlI f(·lat.iulish ips:

r : l " {r ) = A"+' {r ) "" II/I"-l(r)

rl/~~ r) = - A"+ I(r)

Subs ritu ng the exp res sion for N{ ,p, ¢) ill equat.iou :IA .un l " 1H'fa tiul( 11 11 ' ·' I"il l.i"l1

In equation 3.19,

(:1.1~Jj

IV ~ [1i l iTV ( l) tl~ ( r )rll

V(T) :1t( T.) _ V(O )l1 t( _ 'J ~ ) _ f/Lr
V (l/t~~ r J ti l

V(T )At (T. ) - V(O ) A t ( _'/ ~ ) +f/IVh l{V(l)] r:I.20)

18



(1..' ",, 0, 1,"' , 71) (3.21)

I J s i ll ~ diff"wut 11111 ill'S of k, O ll '~ can generate a numbe r of equations simil ar to cq ua-

t iou :I.:H " ' ['la l 1.1)1.11 .) numbeeof the un known pa rameters in eq uati on 3.4. In thid

";1." ' . W, · !I,',,,I only two r-quatiuns Lo solve fo r ( and t. Due can also generate a

li lr~'~r II IHull, !r uf "qUilt ions iUl ' / use a least square technique to find the unknown

I,aml l lf't, ~ rs.

Wlll'lI lIU! l'Il' ,illa!"lll lun-a r dumping form is used, let e "" 0 and ( can be deter-

("" - V (n tl k ( '/~l + V(Oltlk( -T,l - /JWhd V(lj]

2w'!t. [,P]

JJ "" -V('I') t1k('1~l + V( O)A~ ( -'1~ ) - j.N'k+dV(t)]
. . ,[0'1

p .22)

(3.23)

3 ,1.3 Co mpa r iso n of E ne rg y M ethod and Modified En ergy
M ethod

'1'111'1'1If'rgy ;HIlI modified energy methods were used to estimate the da mping

pilraml't,,' rs fm m the ,Ie<:....y curves. T he dam ping paramete rs obta ined by both

un-thods \I'l' ff ' llst'd to generate free decay curves for the three models. These curves

i l fl' W lll l'ilfl'<1 with t he decay curves obtained from experiment. The res ults a re

SIIl,II' lI in FigHrl' :1.1 to Figure 3.a. One can see that the modified energy met hod

prul'i,I ,'s IlI'!.tt' r pred ictions than the orig inal ener gy metho d and that it is consis tent

in pc<',lirti n,; tlwI lil1l1 ping pnreme ters .
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• Expe riment
. _ Mod ified Ene rgy Me th.
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HALF CYCLES

Fil;u n ~ :1.:1: ('Olll pMi .~(I1l hetwecu experiment and predicted respon se M366

3 .2 Data Acquisition, Processing and Manage­
m ent

As s t. " t , ~ 1 in ( ~ h a I'I " r :!, more than 1:100 decay curves were meas ured in the

" .~ J ,, ' r i ll l<'ll t.. Usually, l ilt' .I{~<: i~y curves will be processed OIlC by on e. It may ta ke a

Iew \\'t~ 'ks uf hard work to finish t he whole process. In the present wor k, a specia l

s.-lU'IlI" has Il'~'ll d,':<igtll'd tel proce ss t he dat a in batches. Th is scheme had to be

t1"Si!!: Il''l1h•-jon- tl1l'oxporimcnt , bocanso the me nam es have key effeel on the batch

prot"l'!'sing. TIll' nlc lHllIWSmust he composed using certain regu lations so that the

pfIlft'!'sinp; programs ran compose the me names au tomatically and process the m

<>!I , ' hy (JI ll' , In order to pe rform batch processing, it rakes more t ime in prog ra m

.I,'sign ;\1111 t,'sting so tha t the prog rams work properly, Batch proc essing gives t he

IWlld \[ tha t it may only ta ke a few hours ill data processing instead of a few weeks

nr 1,', 1i"1l~ work 0 11 thr- single fill' procl'ssing. Il nbc gives a tidy arran gement of

til<' out put Jil l'S in "<leI! procossiug stag e and produces a standard format of resu lts
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, -~--. .---- -----:~~~a ,t! , <1,10'''Int' ~ l ;.::T~: p ,:: : " "

I

No

Figure ;J..I: The Ilowgmph of Ila ta IHC I((~~ i ll l;

which provide s the possibility of nslngd .ltilhi\S{~ techniques in data IUillHII;"!IIC 'lJl. uu.l

ana lysis, The Ilowgraph of data p rocessing is shown in Fil;lJW :1,,1.

3.2 .1 D ata Acquisition

In the exp eriment, a gyroscope WlIS used to rru:'I.~ llTI~ rJll' roll C h ~f ;lY curvr's. i\

pr ogram nam ed '55 75' was used in data acquisitirm ilIHI ploU. i n~ llsi n~ till' I\"ilh f,'y

sy s tem and IBM PC inte rrupts, This p rogra.m W,L~ dl)vdllfll~d in th l: Wav,' 'Junk

Lahoratory of ~LU.N . using M icrosoft C, T he info rm iLtiolJ of each dl~I 'i~y (Ilrv,~ Wil.~

stored in 11file . For the ha tch processi ng req uirement , t ill: file I1;UIIl:S w"r'~ ddirll:r1
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Fi l" Nillll" = I.D. + Forwar d Spef',j No. + Ini t ial Angle No.

Forwa rd S p'~:f l ., ... == [UO, 0:1,un" ", I I'I] for corresp onding forward spe ed.'; lis ted in

'l'alll. ' :.1. .:.1. . Fo r tl u ~ roll decay L,'st without joillt( Pa rt ") at zero forw ar d s peed, the

Ft,rwar <l SJl'~'d ,'I" . i ~ Ifi:!] for :-'f:IG:I, [65] fo r Ma65 a nd [66] for ~I:J66. Init ia l A ngle

:"<,,. '"' [IJI. O~, U:I, "' , Oil for initial ;tlIgk'S varying from i " '" 2.')" in inc rements of

,1I"lIlt :1" . I.D. is t Ill' idnntificat.inn ment ioned ill C hapter 2. t\ few examples of the

iii. , n,lIl1f'S art' lisk d as follows :

SIJOO I (f" rwilr.! sp,~ :. 1 = O .O lll/~ , in it ia l ang le No. I ~ i ")

SW.ll~ ( for wiln l s l', ~ 'd = O..'im/ s, in iti a l angle No. :'. ~ 10")

SII'.lr l ( fmll' al',1 sp,~'d = l. rll n/ s, init ial angle No. :1:::::1:1")

Sli:llll ([" rm ln l s l"~'ll "" O.Om/ s, illit i' ll angle No. ·1 ::::: 16 ~ , Wit hout joint )

Illir.nr, (for wiln l Sjll,,', l = 0 .0111/5. init i;ll ang le No..j ::::: 19" , Wi tho ut jo int )

)'(j fj ()(i (fo rwar d s pn 'd = D,Om/s, init inl ang le No. 6:::::22", W ithout joint)

1I'11l'1"I"S' is IIll' 1.1J. fur \ 1:m:I(G J!=:I.12clll) as sho wn in T a ble 2.3, ' W is the 1.0 . for

M:l lir.((; M"'!'I.:!:!nll ) as shown ill Tahle 2..1;lnd 'yo is the 1.0 . for ;\'f366(G M=.J.a.jcm)

~ IS SIHlWIl ill Til" ],' '! .!'J. IIIdltlcre nt ~tag('s of annlys is, the lite name will he th e same

hill wit.h di lfl' rf' lll oxn-usic n, <IS will he explained in detail in th e follo wing. T he files

ill rlu- Sl ilP;" of .1 i\ L ~ 1 a("qui ~i lio ll do not ha ve extensions.

A IiI,· 11;\111"<1 'S U50," is sho wn in Apl' , ~ n d i)( r\ as a n e xampl e . The <la ta from

lh rf ~' " ha lllll' ls \IW l' collected i ll t he file in th ree colu mns . Th e first co lu m n g ives

111l' mil i1 1l~ 1 , ' , t il,· svcoud column g ives the pitc h a ngle a nd the thi rd colu mn g ives

11)(' fOl"\viUd sp... ·.1. T Il<' illl"l;Crs ill tlw columns ind ica te th e a mo u nt of voltages

l1l" ilslm 'd lIy Ih" ll:yru sn lIW. O tfsl,t s and slopes in t he Ale a re used to t ra nsla te the
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where I is the intogor in t ilt' fik-. S is the ~ l()pl' ;lIltl () i.. llw "irst'l .

3 .2 .2 Tran sla ti on of Ex p eriment a l Data

Equation :1. ~·llI"ilS US1'd to obtnim- rali h r;ll l"! dntn. III I his Sl i'.~" <Il1, l l lw r"ll"wi nl',

stages, the data were prnl', 'ssl'd in 1Ial<:111's. lnput. a L l) . sud I ;' '1 'S ' will 1.1"1" ',..... all

the 6:] fiks (S for ward slwl'lls x 'j initi; 11 ang ll's + 'j init ia l ;lIll',lt' withont j"inl) ;,t

the same time. T he progrnm ('ompos,'s t l1l' lil(· 11,1111,'.. ,Utt ulII;,1il'idly Mill I' H"',·S"'''I

the fi les one by one. :\ [J1'Ogram nHlllel1 'T n SII :\T' , ll' vt'l o p, ·d in PAS( ' .\1. 11".,'1 ll",'d

to do the translation, 'I'he sourrc progr a m is listed in :\ I' I"' llI li ;.; 11, T Ilt" , " 111'111

files in this stage have rhc extcnsion ' ,:Hi l;. All ('xamp lr' uf tlu- l r <lllsl<ll..d \';IIIl"S

named ' SO.'i07.:\ GL' is sho wn ill l\ pP'~l l dix II, wll" n ' l lll ' lifSI ,·,,111 11111 is 1'1,11 ;"I~It ·S.

tlw secon d is pjt ch ;lIlg!t·Sand t l ll~ thir d is forward sp.·,>,l.

3 ,2 .3 R earragement of the Data

I'he trnus lat ed files still 1I,,,'d soun- rt'arr ;lIJglllt'lit lU'f"r" til")" ran I,,· liS "" U

roll damping pa rame te r i,lelltilicil.tjoll. :\ p rogram ll;UlIl'd ' 1J'\ :\IAIi Ar wr i tnn III

FO RT RA:'i was IIs,·J to do tl.is wor k. T J,e sOllrn: prul;rl ull is lisl,,,1 in ,\ PP"lldi x E.

The function of the program is listed iI.S fellows:

J. CUl ofr the first half cycle of the (lat a . A, s1.iLI.( ~,1 ill (·hal'I.,·r :!, t.11" iuitial " up)"

was generated by ha nd through a n "rill ;Iu.ad ll'd III tIl" lll'"Jd. S O liit' 11"; IV"

and pitc h cou pling arc inevi t ahle in th, ~ I , ,,~ i n i ng "r tl... r" llilll; 'J'II"J"f ·f" Tl' ti l"

first half cycleof t he data was not uSf:d int he analysis .
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Before rearragement I
. Afte r reunungemcnt ._~ l

8 10

[,'iglll'l' :U !: Hull dr-cay curve befoTe and al te r the rear rangem ent

,,<ljllSI" ,[ lu 1l1illim iz"t. lll' b iM ,

:1. .\1""slIrl' III" lIal lira l f r." l ll' -III·y fro m the decay curve.

1. ( 'n'OI !" ,I Iii" for ti ll' idt-ntificatiou of roll clamp ing parameters.

'1'1", 0 11111111 lil,os ill t his s tage have the e xtension ' .USE'. An exam ple of th r o ut p ut

Iii" lIillll<', 1 'S W'",!Ii , I 'S E' is shown ill App endix C. T he first five values are sam pling

{n1 pll"lIfy( I j:; I. unt urnl In-quc ucy and coefficients o f restoring mo m ent {l,Jlh /12).

hUlll sixth I n PUt! li ft ' rlu- rolling ang les, T he pitch a ngle and forward speed were

nor ilw h ul..d ill IIIl' li l . ~ ill o rde r to sa ve s pace . Figure :J.5 shows t he roll decay curv e

[,,'( orr ' aru] aflr'r (,Il(' renrr ngcmont .

3 .2.4 C a lc u la t ion o f R o ll D a m pin g P aram et e rs

:\ progr.uu 11,11111'<1'~ I O ])FUAT' developed ill FO HTRAN is used to calculate the

roll dalHpill~ pnramcu-rs by ll ~illg Modified Energy ~Ielhod , The source prog ram is

lis ted in :\P lwlu lix J.'. I'IH' files obtained by t ill' previous process such as 'S0507.USE '



were used o'IS in put. :\ rodlir it'u l wns 1IS1'tI I,) 11 1" il .~lln · l h., . 'rr' lr . 1'111'....d li,·ir-111 is

define-l as :

whe re ..t, is the amplitude of 1'1I.rh hall ,')T !l- uf l ilt' tI' '' 'a)" ,'urn' 1II,I.. ill''' \ fr\llll

ex peri men t, A, i3 t In." Illl1plitud<" of each !la lf (')'rI,' " f t h,' ,iP"")" r-urve- ~"lI"r;'h..1

uumbe r of the ampli tud e of half QTlt" 11 wns.. ilssir,I1I't1 ;) ill 1111' ' ·;11.-1I1.11i"lI .

An exa m ple of the out put of t ill"pro}l;ra m is shown ill TaMc' :1.1, In tIII' lal,lc', IiiII'

01) is tIl<: input file name . LincO:!) is Ilw nat ura l rr" I\I"lI" y, l,i lll':<U:I) I" I:.!) ar . 'lllI'

amplitu des of half cycl es , 1.i1l C~ 1:1) to lti) are tilt' 1I1l111illl'llr .lal1lpill).!, "''''IIi' ' i''lIl s

In line 17), the fir3t va lue i ~ lillrll r {'(Illi villcllt r1;lluping ..". ·IIi,'i" lIl ( 1J~ ) ;11I,1 llll' t llin l

value is C...o•. As we can Sl'C ill Table:1.1, the errors o f lIunlilll'ilr 1Il' l'Il. ·1s ilr" SIII;,II" f

t han the error or linea r ("IILl i\'alellt mod e l, whirl l illdiG\II'!l III;ILt ill' llO 'ulilll';,r ll" I'II,' b
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' l~ d) l(' 'j I A Out put of Program MOIlF llAT

(1 ) SO!W7.USE
111) 2.!J11,IJ8
0:1) O.:Ulfi!J.101
IJ.I) -0.204\1789
n.'"J) O.Hi·JSSJ
Ori) -O. I I91i9!l!J
Oi ) 0.O!J1\J!nI
08) ·[).0797,HiS
0\)) O.06J(j.\4 1
10) O.OUOOOOO
1I ) 0.0000000
11) 0.0000000
1:1) 0.·10·159:12 '2.0:16703 2.2071 6-19E- 0'1
1·1) 0.2950082 0.580191 8.1270322E-0·)
I.'", ) O.-l!J51,1I.'; 7.767272 3.091618IE-0'1
W) 0..1 26702,1 0.581354 1.3132309£-04
17) 0.!i101135 0.000000 L07.'}l081£-03

27



Chapter 4

Management and Analysis

4.1 M anagement of the Experimental R esul ts Us­
ing Databas e Techniques

4. 1.1 Int roduction of t he Database M anagement Syst e m

As we saw ill th e previous Chapt( ~ r , the output of the rnk-ulutiou is i ll sillLp!!'

file sty lC{lCXl me ). !Jl;ually, illVl'Sli galo ni will alia lysl' ll w ,Ja l" ioc·....rd illg 1." 1,lwHI'

flies, which ca ll be refcrc d to as "sim ple file appm/ ,clt"! I:!]. Thi s may wOl'k w,,11 j f

the amount of data is 5111<111 and tIle rdil lirmshi ps lx !t\w'( 'u the ,Ii/f, 'wlll n /JIltNtU"Ul.s

of the data arc sim ple. III the present work, t!Jem' art: tuo re than l:lllOrt'.slllls as t ill'

" lit: shown in Table :1.1. The usage of th e data is I l1li ll! diverse. IlsaW' i l ll ' )l lI l l "; :

. Outpu t data for different in itia l angles at a sp (~(: ilk for ward sIIP/·d

. Output da ta for diffe rent forward speed at II .~[Jf'c ilic initin l ,Ulll; l,'

Output da ta for d ifferent natural fr'~ lllcncieH 'It a Hl'e. :ilic forward H p , ~ ·, 1

As we ca ll see, the dat a are used ill d ifferent a pplications.

When simple file ap proach is used, it has the following problems :

I. Data redundancy. It is un avoidable l ilat some ,la t a d f:l llf m h are lIHt:tl irr uum-

bet of ap plica tion s a.s ti le sit uation stated above. Sillf:/! d"ta is required l,y

multi p le applic ati ons, it often is recorde d in mult.lple ,Jata lilf!s. III lIH>~t t :;~~' :H ,

28



t.lw da ll1 is s!.'Jrr:d n'I",,,t,:,Jly, wiJi':h may j eupMd i ~w tIl(' integrity of the d ata,

_. l1il(;' i1va ila lJilily constraints. Whim da tn a rc sca ttered in ,1 num ber of files, it

Ink,·s i l 1,,1. of til ll(' lmd drnrt to sea rch for the proper dat il to hl~ llsed (usua lly

d" ,ll' 11I ,Ulllally), whi cJl ruuy ll ~ild to incom plete an a lysis of th e dat a .

:1. IJ"I,:, loss. lu Sill ll' ]" IiiI' Ill,pro.lch, the var ious utilities of t he operating sys te m ,

s lId l , IS fOJlying , sor t ing , mergi ng and elli ting , have to be used to han dle th e

lil,'s a lld pn 'I';U-" dilu, fo r furth er calc ula tio n or plott ing. A small mis take can

nIl JS" .lilt .. loss i'rr<l it will he unrecover able. As there lire many files in the

s t"rilW" il. is onsy to forgeL till : nnmc and directory of the file, which may also

I"illll,o dntn loss.

'I' ll" solutiou 1." s ild l problems IiI'S in c1i\taba.<;(~ management systems( DB~IS), DB~fS

is widl'!}' tiSI'd ill hlr.~i ll" s.s and hasspread Lascience and technology( 13]. A da tabase

";'11 I", ,I,,!ill<', l ils[H ]: " u <:1111111I1111 I'uol of shared data in which the data is intc rrc ­

lillo"l, w!r,'r,· ,,;(,.11 itr.m of 1. 111 ~ da ta is sta H'1!only once and which represent s a serv ice

I,,, 11wid,' ritll~I ' (If 111J1'Ii c1t t iott s . ~

T Ill' JIll "" l. p" lllll"r da ta h'1s(' model is the relationalmodel . The relat ional database

,'an I", .~ i lH l' ly t"Ulisidc'rt,,1 iL'1 a two-dimensional tallie . T he co lumn is called data ite m

or Helduml th ,' row is ca lled reco rd. All records arc d is li nrl {no d uplicate records

nr r- allowe-d}, 'Ih eIi SlIH' t hat "II records a rc dis t inct , each record has a key. A key

rnu I... " Ill' li" lll o r il rcmbinarlon af a number of fields in th e record . The records in

IIll' tl'II·'lbo,sl' rnn hi' ludc xedt or sorted ] by the key inascending: or des cending order .

:\ ,1;11" lIlilllilJ;"llll'll1. sys ll'l1\ is a computer software that builds and uses the

,la lilltiISt'j1:I). TIll' " ill'" h ilit i,'s or <lata management systems are shown in Fig ure

'1. 1, The udvautngcs of llsin!!:a database man agement sys tem are:
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Figure -t.I: Ca pabilities of ,1"li\ n llUlagl'l1l(' lIl ~)'~h' l lI( ilfkr Il lllllbl" <lll,l l lalll l,,'1[1:11 )

I. RcdulI<lall Q ' is JIIinilJi i1.t,..J , Ilecanso t li" ,Iali' i ~ 1>1I1yslllll,,1 " lin ', Thi~ Sill" '>!

st orage ~ p.1CC And gua rantees rhe illt l',r;rity o f tIll' . la l ;l.

2, In i\ data managC'm('n~ system, the dat a is iso lau..1 frolll l lw ;ll'pli"a t i,," I'm ­

grams. Chengcs in da b. rile ro rmat , l>lIch as illcn'a.~ ill,l( a lit-Ill1" II,1;tll Ill";ul,lill~ a

new field, and a CCL"SS tnrl hods, do 1I0 t fnrc,' mod ifiCAtion ill IIII' OIIII.linl lilHI j1rH­

grams which lISCt ill" files. This f('at u re is rt'fc rr'sl ll.'1 ".Iat" incl" !" 'II.I.' u r••-p!'".j.

:1. \ Vith t he help of a data base , appl ica t ion pH/grallls 1' ;111 I... .1"Vl·k'I",,1 , main.

rain ed and enchanced eas ily and qu ickly.

.1. With t he help of t he key field. one call rct r if' vl! the n~l ll i r l!d d il tOlN.~ i l y.

5. T he da ta in lll e d a t/l lmsc can he sha red by dil(cft 'lJt 1I1",rs, wbidi i1'l an iru­

po r tant feat ure in b usiness OAxtS and is i rn pflf t ll.ll t i ll 'If: i .~ nc l~ ilwl lf!I:IIIU,lfJlI;Y
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111111''; 11

s l....,,1
a tuplitud r­
Ii.\.!
cud:

Ii. I II .Iala I lIaI'''~':'' '':llt.yst,,",s, /lUlU}" (unctions IUt": si milllr , ~ "ch All a p p<'TId in g .

lIJ>, 'al j,, ~. r1,,~·tin~. li,tiu p;, etc., It is pr'~sibte t o de\ 'f!lop II. 5cl of common

",,,I,touti ,, e,,, ""Ilk" ea" I,.. 1I'1f:!"1 hy different databNl("Swi t h a lit t le cha n g e.

wl,icll will S;IW' t ime "ti.1 d fllrt in p~raming . especially in large resea rch

Ilrujr'ds whichillvnl.....the peuccss ing of n great arn ouet of d.ata wit h ,lifrere nl

",tr "dun 's.

4.1.2 T he Crua t ion o f a Database

A <!a1.;.llm;o· " wal l' c1 by l'A SCAL is used to store t he resul t s such as the o ne

showll ill tl.bl,· a.1. PASC I\1. is IIt'Lt!'r ill the field of da ta mana gement th an ma ny

041"'r ]illl,i;lIill;"S Slid. a s FOIITH ,\ N. T il,· reason is th at PASC AL offers II. ric he r

tl'1"'rl.u i,·ruf sl.n "·l lll....1 c1i1la ty p''llIWI. Here reco rd dAta type i, u sed. T h e record is

II ~l t ' lf' l lI f/' w ill . nall w J compo nents whi ch can be of d iffc rent vy pes . The reiult or
l\Ilal}·s i... uf I'ae h ,k',:"y curvr, a.~ show n ill Table 3 .1, can be consi dered as a reco rd .

'1'1,,' ,I"'fi llili.. ,, o f tIM' data l"l.w cnn he- w ri tten as follows :

typo
k",\,_t ,\'I'" '" 11;\(·kl" l .l rriIY!I.. ."j) ol chn r :
Lr,·o" = reco r-d

iol : ( k~·y (O , as(,(~lld illg. uochangcs , nodu p lieates j] key.ty pe;
: fl ·" I;
: fl·a l ;
: a r r.ly(I.. lOj o( rl"al;
: arraYli ...'). 1..:11 of re al:

II'llI'to- ' i<l' is 11.(' li,'I,l t o «ton- t he file n ames o f t he Ilecay curves such as '5050 7'.

r llis is t h,' kl-r field i ll I hi' reco rd. The file is ac ces sed in an ind e x mode offered by
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organ iza t ion:=index, aCCI"'l'Jll" l lwcl::k.,y. ".l}:

rcwri t ef I ]:

o lll'n(C, ' la bO.'lO l .•la'. hi~torf: =ol,I,

o rg"niz.'\ t ion:= index, acc~'S.~ .l1lellult l :=k"y.', I );

r('Sl't ~ ( r. 0);

where 'labO SQl.dll.\.. ' is the n a me or t ilt' , Iat l\b ol ~" . " fe'nml , 'I U I I,,' 1"""t...l by :

hlldk(f. O. 'SO.'"lOT)

where 'S050i ' is the k.'), or t he reco rd to hc fmnl.l.

A program named 'LA n nXl'A ' has been f~·\,, ·I()pl. l l.o l' n ',l\!' it l ll i lIIa llil ,!!;l ' tit,·

J n t llb.l5C. T he source prog ra m ill l is ted in " I' IICnd ix <:.'I'll<' 1'" .,;r,ll11 II.... f.w .. Sill.

ro u tines. O ne is for datA m nllo\&clJlc nl. tllt.· olh,~ is Cur' [a t .~ " ll aJ y.~ i s ' \IId rq lflrli n~.

4 .1.3 The fu nctions of t h e data ma n agement s u b-ro u ti ne

The functions o f J ata managemen t sub-routine! a re lisll-d a.~ f"lIo w. :

I. Crea t e (or rc w rile) dAb.hasc.

2. Appe nd analy tical rcsu lu cbtained by ~1(Jdi f i .~d Erll ' r~y ~ldl lf )f l. Till: a nulyti­

eel results such as the oneshown inTablf~ :l.1 willhe adllr~ 1 iu!." lIw .lilt , L1 J il.'il ~ .

3 , Data exarninarion. In thi., Iu ncrhm, e",,,, o r ,~,lt :h rl:. ;md will I., ~ "fJ r ll l liln~. J

with a. specified value. The program will list ...1I11w n~mrds in wbid l r:.,,~.

is greater t ha n the s pecified value. In the an a.lT\i•• it Iiu tH~'~1l kl' JlIII that



whr-n ('.. r". .> fUJ I . rht: l'n:lliclt:.1 d amping cod ncie n t is unaccepta ble.whic h

1I 1f'I1!I S t h.: tl"ray nnw, 1!;' :llf:r'lh'd by the prc<lictc d damp ing coefficie nts do

not. lit til l : d t~;llY curve fJh l llilll:d i ll the e xper ime nt \I'd!. In th is casco th e

d alllp irll!;. ,,,d lk i/:nts have t o IJt: re- nsrimatcd accor-ding to ot her re s ults with

I" ,u. t·r " lIul il i"ns. There n retnore than 1000 reco rds in t h e databa~e. only

,\to/hfip" ElI.-rl()' M et hod ha..~ glven it veryg ood est imation o f the roll dampi ng

n ,,· fIiri"llt .

L I rp' !;l l!' 11I11I 1),tif <l1 n·'lIIlt. III this fun c tion, t he data in a record call be modified ,

fl. Lis t n~'o rd s ill tho da t'lhil S(~ .

4. 1.4 T he functi on s of th e d a t a analysis and repo rti ng sub ­
rout inc

I\ S S O" 11 ;~~ a ll t ill' unalyticnl n ~sll l t s ar e store d in the dat abase, we can outp u t

ti lt' n-sults ill var ious n"nbill"t ioIl S. III t he analys is. equivalent damping coefficie n t

is n_,, 'd i ll lIlust o f tl ll' ras(·s . So without s p ccificat.ion. tbc ou tput d amping coefficient

is t ill' f" lu il·abll. damping cccflicicur.

I'll<' main Iuncticus o f thc data enalysia and rep orting sub- ro u t.inc are listed as

I. Fi u d ,' [mi' (""usn l by lhl' joint by com par ing two se ts of d ata. As s tated in

Cha ph'r 2 , ,l t zero forward speed, both e x perimen ts with a nd wi t hout the

jo in l were tt'st l~ l. T wo sets of liMa were compa red t o find t h e error cause d by

t tu- [cint. In this Function. t he ave ra ge erro r caused by the joint is ca lculated

an d thl' I la t ;\ \\W I' o u tput fo r plolti ng. The results a re show n in f igure 4.2 ....,

Fi~lln' 01. .1. WI' Call Sl'Cthat the e r r o r cause d by t he joint is almost constan t
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Init ial :\ llg!e(rad . ) :.?(..., 2( ...·1 c'n •.,.
IJ.O!li: j.I ILl ,\ l ll ·\ lU I :1.70.'iI-:·lI.'l
0.\-1203 0.·\::;09·1 o.o 1.!1\2E·IH
0.17;!:.!:I O.-l87(i:' U.U ·1.·I!),IE·o,1
0.20-1-1-1 O..'"ll -I l fi 0.0 :.? !lU:IE·O'1
0:1.\-1 :11 0..'if\{)S2 0.0 Ii..';():'E·t)·1
O.:.!5176 O..'lS:.!S,1 o.u i .!Il11i'::n
0.:.!86!H 0.610 \ \ o.o l .nir)I-;'U:1

Table ,1.2: lJ. as n fllndio ll of forwa rd Slll"'(! ,m,t initial all~ \ ' " id='S'

Fr In it ial A ll ~l('

7" s- tt" 1:1"
0.0000 0.;1601-1 0.·15 12 tl.M20 U.lill!):..!

0.0769 0.:1200 0.:1'1"'11\ tJ..I!itJ.l n';)/)·I .'",

0.1282 0.3-17\ O.,I I:.!:I 0.'1:117 n.·lliS."")
0.17!)') O.aS;11 a .·I I!' 1 0.·rI1l2 lurl!):!
0.2:)08 O..l! lfil n.;jO!J:J tUm ·1 1I.rl,!2S
U.:.!S:.!I 0.6102 O.fJ.lU!J t1.f;W'j:1 U,(HS7
O.:):J:I,I D.r!)·I:1 O.7!'l7'l n.7·llJf; u.mos
U.:38·17 o.ssrs O.H1J lI. ifm o.nsn

at differe nt init ial angles. [II t1:c ana lysis, tIll' l'rror will lw , Il~dtlrl.,-tl frolll till'

da m p ing coefficients obtained from th e (-xper i lJ ll~n ts with [ciut..

'J Outp ut da ll1 p i n~ coefficien ts of one forward sP' ~"1. All exampl e ,,r tlu- oul.pul

is shown in Tahlcd . L

3. Ou tp ut dam ping coefficient as a functiou of sp"l~d and initi a l <i1l1\ 1 , ~ . An " X·

am ple or the ou tp ut arc sho wn ill Ta b le 01 .2. where tht: initial a!l~h MI~ iJl [!U1.

as ma ny as t he user wants.

4. Ou t put damping coofflcient s it lnncrion f)r w(nalli ra l fr'~ t jlw/ll;Y) ali'I s r "~' ~' t. /I II

exam plc of t he output is show n ill Tab le ,1.:1. T he usur h;~~ to spl:cify all i/l it i:11
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0.8- - - - - - - ·- - - - - _ ..

Q6 C

§'
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.5 i
I

uz}
I

0 1
0

+ - With j oint

• •• Witooul p int

- Regressjon

0.1 0.2 Il) (JA

Init ial Angle(rnd.)

Figll fl' .\..1: rmrct of th,' J o int .\1:1ll1i <:M= :!.tJ:!

Tab le 2.:1, Tah le :!.-I or TallIe 2 .:;,

.'l. l.CASt square n 'gll'Ss iol1. III th is func tion. 11. st r.., il:hl lill' · is ,'ro'a t ... lt" li t II",

dat a for different illit ial all&lLos with the SiUlIt: rurwanl S l~""l. 1-;)I;"., I'I.· ..r IlSill~

thi, fun ction can be shown in Figure 4.2 to Figurc.J..l.

Tab le .I.:J: lJ~ as " funclioll o f Wand for wafll :<1'.....1. initia l il ll~I••=u-

1.0 . w For wa rd Sllt'f!<I (m l " j
0.0 ua 0.5 0 .7 0.9 1.1 1.:1 L"i

,\ 3.796 D.H:J 0.382 O.:JTl 0.'126 0.'116 IJ}jtyt 0,62:1 1I.MO
n 3.572 0.H 5 0.367 0 .:1,1:1 o.ars IIA !i !:! 0.:;:1/1 lJ.f;:..l lUi !;'.!

R 3.310 0.554 OAJ5 0.1 ·12 0.'\60 a.."i:! 1 fJ.!'i!J:J 0.l i61 IJ.7IIfj
C :J.180 OA!l2 0,401 0,:386 0..106 O..'i2fi (J.Iin!; (J.77:J fJ.77'l
0 2.9.52 OARS O.:I7!~ O.:Ui·1 O.:IS2 0.'177 (IJi,l:I o.nl ILxtli
S 2.9.'>1 0..').12 OAM 0 .1 :)2 0.4:J8 o.!i:l2 fJ.fjfj.'j IJ.HI IL7fj.'",
E 2A.}5 O.4!.19 0.398 0.396 O.,W:I lJ..'j!IO 1I.7."",fj n.HCy,) lJ.iUi2



4.2 Analysi s and Disc ussion

, ,,•. ,·If,..-t-, ,J ,lilf"ro'1I1 fiu:t,,1"S "" ro ll ,Iam piuli ha ve IJot"'·" i n \'l'5t i~ate<1 in ,jet a il

I,y II,.. Iwll' of t he- fll lld i",, ~ Im ,vi,I...I I.)" t he Ila t ah.lst>system int roduced in previ ous

", ..-l j ' , I I.

01 .2, 1 Effect o f For ward Sp e ed o n Roll Damping

'I' ll" d f.·.·t " f {"rwi lr,1 '~I...,..I ou t i ll ! e lluivalcll t linear !Iampi ng ro dRc ic nt of th e

IIlllll.-l s :\1:\1;:1. .\J:" ~·I ;ifil l U l(j(j i .~ shown ill Figure ·1.5 to ·Li , respectively, It can he

~" ' II rr " llI Fi ~ll r" .1..'i t !l;ll l ill' rl' i ~ a m in imum point in the d iun pillg coefficient of

~ I :hi: l ;11 II Fr u ud,' nllrnl"'r a tn 'l ud 0. 1 to 0 .1. T h is phenomenon has bee n ohservcJ by

Sj' \"' ri l! ill\·l'st.iWlllll'S. SI'" Uox 011111 Lloyd ]191and Cummi ng d al.l·5]. The decrease in

Ila lll ll i ll ~ is illlrillll1.,·,ll ll it V()l' I ,' X l"ancel la tion mec hanis m ca used by the bilg e keels.

Il".... r-ve-r, llIud,·1 "-I ;un ,llI''ll lI11 t II;'vl' bi lge kee ls but hl\5 II hard d lillc whi ch could

I..• n lllsiliA t.lw \"Irl<"x rnu ...·llil tio l\ mec h anism in thi s ease . T he velocity at whic h

t l... Illi llirllllll i mil II;lIllpillJ; unlH~ ra il be <-"Sti lllal<-'<! b}' the "reduced freq uency"

n·l.ll i' IlIJlhil' l l! I!:

(-1.1)

III II... .-aSl·o f tl l<' ,la t ....ill Fig u re ·1.5.w = :J.i 96 and Lu can be taken as the length

,,( t i ll' hanl chir ..· whidl is a bo ul 1.0 m eter lo ng. Th en we gel U = 0.6Q.12 and

F, = n . I!....1 wll id l is ilflJlroxillJ.ntd y thf" value o bserved in Figure ·1.5.

In ml,litio ll. it 111l1l I)(~ ~ll nol in ',1 t h a t as t he forward speed increases t here i$

" TI1l' id .1,,,·r<-' ;lll" ..f ti lt' "<My .lulllping n ccomp anied by a slow increase in t he lift

d.U ll l) i ll~ unti l <I o-r tnin 1I1lt'l'd ill reaclu-d. t\s th e forward speed increases beyond

thill "·,,lall'. li ft d;lIllpilll; incrcnse a eaphl ly and this ca uses a s teady increas e in t he

lulal l !; ull il i ng ol thc model. Fo r allthree rnodels the damping coefficient increases in

'" 111111li 1I1·.1t m anner, A<"I llO\ II)", for M,16:J lh l' da mping coe fficient teaches a pea k at a

3i
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