
x*5;fuJ{S
(3)

ryeJF n@HF ry3F;-ffiT.**F

Stahility of a F'Hmatflmg

Body



(3).e$-lA-r+d

,,,.Hfi',#i:3,'ff:.,
-i

e€r"6.o {
&t;irL.'i t' a**f*!f .:trlbiell cl Ia1 F<^lJt QJig rt JI # -*Sfgll nt+gl agl-f:.ul pgaA€ #te
5F eri i15 e* ,dEI+dJI ,j* uihJf e#H fus,U eL^ d]" igi usJ,^s.,i gul 4g "lu+]19 es]nJl

Jin 6n 0j!" t/lS" 3b6 dgt F-,r+ g+bJ qJlroid}f ilh u*U-t K .efi"lf {#Ltdf uje,JSL-fi gSbJI

96JelJ *g^_r-li ne^tu gg,rai-e-r.;lahJ, Iiiig 
":^ 

6#"^"Jl UX tg.rlall eh" ip ai.:sG

Up*+, al-algs,g ,[Floating CranesJ o#HI aL"i$@ (0'.'"JI9 +:lgiJl F*".*: tt' ql@Xl,
. [OilrigsJ ad kJI ;*h air, .:tb:dlg

J^f$lg Aaadjl dlydl Ur .uJ [Metacentre] #S"JI "l<-]"JL, tt'rj b f;rr6 "u.r^,:g rh*! 0l

&r-;l.;:*l pial^: &rl;, fr: t"*ijl o=ra ,rle rlnie5l: "ii 4i .,a.rsthJt fLr+Xf AJrllii*,rl uJ.e 6JI4FJI

'aJsJlsl+g"U Uhlsi U49 dG'dJI

-11.13rJl 0s db*ill {
t

;urk h*F ajJE:JI|Ln asrajl dlq
.A-AJii.a s!tn: ;rILr up eldl 69, g"hl dK,i'JIaJ*hl,:a iolsr 4tlrC-l A*:13,1

"(a^lgUl)yHI f-,?J,d.fr-6t" tr9"J aifiia *ULe &. *t"JI \gli 1o,W.Z

,i?..*J*i g*bJ, F*€JI dtu: gJl, ;sHl e&s')kg .#g"JIj<J"Jlet*-lt i.*F rHls,u.r-ai,$

rff*Jtillfurb"JlX*b"S A:6sXopgg a-.,f frll ji^+ 0,[.6 LS*S

fCenter of Gravity] @l*s:- e

[Center of BuoYqncYJ eirytiSJ€ 3

tMetacentreJ u$g+JI-rS.r rf gos+ o

[Angle of Heeling] Gtcll Qgli e

[BuoYancY ForceJ eiGJI 6F



A+d! qJEJ ,/

Fk'*gl $Ia 1.3
.

ci.Hl 696;lai.o 0lS lilLp1*,e #t, d9" to fa,,+ S'rf"l 6i 0Ka4J, ULa

ff,+l 0,G Jii.!**sll sl .dljg dF. j$i (I1t( 
";a.c 

dic) F.,+, dXU [f,sJ

ujdl e fuu: +Aul 6g yl-rEe SgLr: 0,*"J #l*,Jl u+ 'U;U 
u;+*,.'

gks e,e il" ciHI6#-r,+$+.:1,-s u6*Jg.f-tJI*UJ [FcJ r+4JI
' . t-
i .er*f n-rl 6;c6,r$9 f,"+JIJ"" rq eli^Jl #L*tltrje

j5Jii,E giJlg rfCentre of'Buo5rancy] gsUil F-t rif ,"b (A) flFan #L-dld;i-lSt* ,€JJEJ Fr**r

ujg.*i: jS-,* L[iF*:.r [Centre of GravityJ tS F-+l d;: -rst* ,-,i O*;. H .tF'A] si]J, 6F u#

I

t'Udl f'41 gJE [StabilityJ +JI6i,,rXI e+'aa,4a, 6i 0Sa*

:i;UI JaS-IJJI,*'u5i Jil

.#tilJ i(Jt,i,o [a-i [f*] f,-,r'tr;ge [Fa) a;LJ,6F rlri€i Oi**
."Qjy+ d{ld+f€g ;l;iClr 0*i{9LiI4 0E9dl 09Sl 0i -

,e"i @) *iH, tr-l,o r9e9 6;,q_l',6J+ olri U q:rG;-yl 6i aASX" 6"
,o*u.t L14:9+ll dH* dts.ir{l;giUt ai Of deA+ ,LU: t8 @ll tr:*

.1":u krs*" 04 0i6je;aJq

4** .HLhJI f*+, 4*JI6:,,11 uJ€ e+T qelj{ ,*LoiI, e?# dJsr€JI pjsJlll*6* A#6i e6.y" *e
l"a ,(/i-JU a^":*rl)p*qJt d;i-r<-1e ar"u s" [bJ ;it:n (U"fu en:inJl)sibJl696J#i] a"hfii rel:

isiill g+o 0H aJ,atiJ,;it4dtJt:Tc, dsaJe .[Righting Moment] e*=,art r:, .*r* Lj* *:s5,l

: d"hJI qJrGi"r: eJa (b)

Gusr qgb* #tqll) ts] F*rSI @.rst ,hi rl'r:al e6 :ILJI a##b .hi eh6i alaai uJe GJhr

t4 @ljS:" 0# aiL,,aJI u-a.-dg,[M);;rrk bJ-r.Xg [Metacentre] up@I.''SJGJI r#J I"*

. (z*) t^f *n4g [Metacentri c h ei ght] ies"Jl .6J*Jl gU:tQ [{Il .gfs"J, -rS-1nJIe

2L



€Li5;l ry 09Si IF.Lie eJhJI oia *.l=:':Jffi*I.eJI qfethJ, F*r+Ll o

tMl fe"Jt Fytt 0e+ 0i u*s€+ ,(z*> 0J 4r+s, Hedl FJ"JI

.Js+-Jl,J<,iiJI # i*3a hS.tq p-+l d"r-lS:* dF, (JJci

elsj_;le"# 09SJ Lorie ;llsJl @i6 &l"i 1F1*d,;gi gsl"hJlfl-Sl

tM) ##JIrsJ I, leq 0, uir€{ ,(z^<*0J 4gL, H9,JI"djdl
.dS,LII# d,*,1, I^S tE fl,? tlg[i]-rS-p L,* di*,i

de.6JIiSJ"JI es" *le*! 3.3

ri:Ji'gla:i q,-LE rp:s.I ;, .,FiLI Fl" $g, d, dlg.y, dlo dl^ gtj ^".[q Y (,rgilf FJ^Ji ePS" OI

.,,0t* a.f;pf ;l"C^9 #.,i Ulg,.ai,eJl

jfil .<-p Adl Al kS .dLt^ru Lt" "rfg+" txrl fr*f" a;L,ln+ aeig,o 0, kSi d"gl tr;* a='jl 0l

0-p d*JlJiL,rXl (1f-U1)Ar rl+*l *\)!SnJ u*,L,l!ll* u&g.[aJ *U'rf l tu-gljilaJ*41,r 1,Jgrl*ilJl

W @) d+mf f -!l-r5r +J$ltaKu,ail''+', arl$i,,r:l gp e:ugl ha 6ls .f #; ai:-ir,eJl JI;
#. II 4gL*6t.riJl;l.rxo Ot< (JiiII.r<.r ef #9"J, 'r(J JI SS &lhi [,li,[M] 1,sg"JI.gt*ll gS.

"[MetastableJ 1t.6:*,4]:i aJh # f--+tl 'J9+ 
b:+9

fk n*l gn ftdl ef+ &.Fh 6'e ;li,-*rl e3*F r+"
f* tx-axl$ .#YIJF Jl +i€* 4*" .(t"dh,eae" t^5)

$-axk) ,/s"uUl Jgs€J, *t .,(#) d#LGi.,rgl AJuj.

.(zl LIditJ gJ$tfol, Fj*JiF$ d:"$

ehs*l o'r-ojg +E g6rJl ,hEiJ, eJ:',rlg* *:=+t p*:,
;rdj 0l .f # - 0l x.biil, *s #s"Hlr, rF,eJr

.P0 (,seaJllsj"Jf e*" di": ehHill

9.q



erJ+IIito+ '3'^9 d

ffih-i [Pontoonj tl] A*lg* r*" 6tk, (6J9*JI9,bl1iClg" 0*#X) r*:rt'1;l^* e g*O!lri$l
.t8l $LJIsU[dtiF{ 0,J= f r+++ JIrkJl5go q4bi (t300 X W200 X H120 n *] "q'k 

}rar^?"'a

.eJ.J+Xl *Lrk* a;f*:"'f l f*.-Ur'Xtr tf:+Uf UJ€ antg"Jl gS*'

dys dlo 0Sa* ,g-tJlg ,fZ]qr"rgedl #ii^JId$Jld*b tr i**84 a€lg€JJ 4g:,"^:l dt<,ijlJt*?il F-i

r,€ g6a{ gUIs t3l u.&5, GJi".J, 1@, d"b uJ" a*fsdi gc+ ta5 .;",4'9sJl d;i Fl^ €tfi.;, J'*;
e-afis€ 

'Aki FgJc +l9r aJ)ti

6o19* *{.=iS 6r,Ji LeJ}; gLo OEn* i+,S] .+j* eepi .,J= JEIS{J n-il:'o d< +l?* ealgnJl 69s:

L\ -u4wea5":,c a^eJ uJI a;Lhl .[6] eL^ll #t J' 6ls:;l + r.x 6j"ro 'u#'i' uJ" gg." h< 'UEiXl

.ailJl ai*'^i A€tgdlg[1Uu 4s'j u'"k$

iJcd-i irli,a J-.*J jt^+l t*i,^'i p: riJ

CI#S f*"*j e4sg dnsJl et"*g FIGi,.Jll
a{JlrJ I jfa+'ill+g . 4J,,iieJI t'J I?.ilI rl-f+I i":y"

:z ;ir:11rlpll6r

[PontoonJ aalg'qJ'']'

i [Vertical sliding weightJ 6reasJlGlFLJ;fJt .2

[Horizorital sliding weightJ ,JeX,GJjid, doill .3

' [Verticai scaleJ g,rg,csJieig"llu",lai J4J.,ll.:, .4

(HorizontalscaleJ g"""1r 6ng"Jtu,k-i JaJBi .5

[Draught scale] erpl di/'-jrl et":l'u,S '^':j" ,6

[Heel angie scale] *1"ilI eg,j gF.,l$ bd .7
[50 litsJ &","* fWater vesseiJ ($H,rul) stsJl g,Jt '8

23

FrontviewSide view

ai.al,all rtp'Xtg e-olg*lJ Jd^&

eJFil,jta+ 6J9,6



AjJsiJI rb+, &19e,5 /
:ryHl ereLsJr er#l{ "#+jJr /J+l $s,e{

F+ ta5 .d* u^6JI u",L-ddJl e# & d)h lrc U.atl ah;j rj.' g$y, d;iJ, 6lj.:* ,-,*lir &-t+t *, ,** .X
.Ahfr 'Usi 

f,/s"rtuf ditJl @tJr* e,ag

@! uig* ,slul 6o ,g"th f*B< d$ ;nrgdr 6,ass rfpsa gei,:* irrlshJL +i-bJI6rF irr^ F.q ,z
.[o3 e*I,3JIu*Ff Ard 1.,J" tairlts dI^ dF" (c:0"] ,$,^,JgLd,Af.Uteg,j

GIFI TQI e .[x 
= I cm] oltgil p*e rq#s,a gs" t,t" gaAXI @r @j* ra* p+ cuj ;q.B

. r .@ = 3 cmJ deUl;Jsfittul a^ljpl d[^i l6i],(ahu ir"gi #] as&eo H d*rl,iur
-€ffi.lt,J<J.tjhlr areri dk+*fig a$r-,*g dg"ti'Jl JierresaJ*iE F+ .4. .o,ae,,ls*+ e, G:Je ,r*,J.r r"l'ffi'{rirZri*r, atEt+i+'.s

.d;ir] [x],rdi e.qgi nLE-]tSy,){si ;,t+sJIJIJSj,;r<a* :e*Xa o

p""eJI d"3jS:" SS" at*[".* {
ir") .rtsrrul F-ydJ Srg (xr] #;yl !<-l"JIes. +L-o ure ;,.,r:::::::::::::::::1J 6Je,a+ ;y#r&!Lo^ LIaJ"ifi

.fthJlp-r+r,ljeJ

#g"kii]I s.j-{-l,rJ,t JFaJI ds @Xf psidt ajjtg" d)tr_ iJ*
:ul" Lt.^+, ,e.algelJ

(m + ffiu * mi g.xs - (mi g.x :l
,,

t'.i- '

: ft"ipp
(2636 gJ i,*ilji^ll L,ifiS rtrii*,L ;lG,t4JIg a"tg"X a{Lg, ;,r<J l.= rn

(576 S) ,/s"rUtG.iji"JI J:cS = ryu

t19a il giliY &:id, ilis : r?h

[9"81 m/sz) = tletll [:a-*ilt = g
6:u u.uk GJji"Jr a^tjl = x

(rni .x
.. ,rs

Cn+ rnu*my)



I il,rk"dl uJs J,6sr gESJl F# Cle I,e*ngkg
ffs - 0.O57 x .... [1

(nz *
:ialgsJJ i:.l r.., ll 6-r-elill J€€ dS* nsid l .lj lS*{ a:i l*S

nW + mn) g.zs - (m") F., + (m + mb).g.ze

(mr), + (m * my) zr
(m+ mu*my)

' :0i&*3

.An")ifiSJl l,rc AII<JIeJ:(lJ dgr[;J,dliiJ, FJ4 uJI;*t;..J,6#G.II0E eiLl,o.ll S3a = zs

"dfflJ ds"ti,Jl Giji^Jt a:Jjt, = z

rf#lUie uedgsiJlg

zs - 5.924 * A.169 z .... tZ

:iJr !-eaJI 6o . -, *..ji i*J I rE:,,Jyl gp EI;JI :l1;^ k i

' d'hJIeqL* "/
:f;J.rlsdl ,=,-,-a (F'al gaatl 69ri .rr,.'r d6€j

FA-V,p.g-Fc
. : 0i,.*

,elloJl djl-Jl eti:l,gp Lil,b," [t300 x W200 mm) aolg,etl 6,rcti asl,,4 gSt-:S qll.aJl#L.JI fs-: = tr/

.t6] 
1esJ u"rke4Jl d)L i,^ o-t..,.trt !<ar Uillg

[1000 kg/m') = ehJla;Lis'=p

(9.8Lm/sz) = t.b;XI rl'.e-sill = g

Srure &lebsJr d
:n[uilg'lstl ,J,,, alrlpl ef:*lf-*

.. &s -

df" _xs
'd. ....t31

elelSllJs'k

Heigtrrt of Verticatr Siiding We ight (z) 3cm 6 cra. 9cm @) 4s"ru1 ejeJl rsliie gGi.,l

Amgle of Heeling (a) (,) t"l (c) d4't";! a*ti

25



,:k[""'sjlg futr,d*bi {

:agLiJt"&l+bilf ekrk dSill-l<J JI 6oS* rt?{H e+sill .3Lt ,5 rt:+J u6"qr

"[1J elulsdr # [x : B cmJ ,riiUl GJi.id, t rj#l Ss* e^# u49"q tx'] a^*S g1L.r-r rar:.1-2
" (z) ,/wml GUjtuJIfjeJl trrs* d<J tZl &Jrle.qll ,c* (z') e€sa f"rsr.

,ro l'& I rl#i,,Jll 7p-:;l-r;< rL-,5 Fq ,1+*r [cxJ AUgl a;elj Sn:i -qss:g 6rlts d]E d,o,3v \ dd r" '' - 
't3l&J'rt-e..J,

';' .tz,l a^*" &li€ f * I ai;ld.,r,v, Ail: F1n 
(Qjrs) p,"J, '4_ q(I

HgrJ,"lS-1a:i6oe* & Ur,r,t'S"U,tlJga.aJl en tug-qlcJ, f#+;HI t,i'-l.oJl 6htii fi,1a'6i rl.i.$
' 

:(LJti^S) .,JtiJIJ^l^iaJt t " u*1* L"S.(M]

:U:il dg.+ll .:,.,,". 63Eili 6l;{ p4S

ptLlf ,lgd.?


