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Sec.1 Longitudinal Righting Moment
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G: Center of mass

z
Longitudinal Righting Moment (1) g of s 0 bm X

Fg : Buoyancy (=pgV’)
T
7' 7 Trim case in ship hydrostatics (9: Angle of trim)
4 I M L,gravity +i M L,Buoyancy +i M L,Ext,static = O
I’-G x kFgravity + I’-B x I(FBuoyancy +i M L,Ext,static = O
I:G
A
Gyl
L — X
K
AP s F.P
p
@ Z F = FG + FB =0, (static equilibrium of force)
| ) RktF k=0 DR =—F, Q
/® Center of mass of ship(G) and center of buoyancy (B) are in the same vertical line )
which is perpendicular to waterplane which is perpendicular to waterline
- Longitudinal moment about origin O about z axis are as follows
Dt o+ DTE o+ g
=1 xF, +ry xF, =i(%s-Fs,+X - Fy,)
T ¢ i ] k X&, Xg are in same vertical line
T =% 0 1z Tg=[Xg 0 1z (XG:XB)
0 0 Fg, 0 0 F, (=% Fo, + % Fa,)
=ix; - Fs, Xs - Fg,
° e °R \l, (FG :_FB,Z) Ox § 2 : Body fixed frame
2009 — i(_XB Fy, +Xg - FB,z) Oxyz : Waterplane fixed frame
2 _0 DAL , 3
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Longitudinal Righting Moml\e/lnjt (2)

[
1
1
1
1
Te :
1
F
1
1
1
1

Z

G: Center of mass
B: Center of buoyancy
F : Weight of ship (=W)
Fg : Buoyancy (=pgV’)

L
I
)
)

T restoring

010
4 )
® External moment (t,) is applied on the ship in
counter-clockwise. (Negative moment is applied)
. J

@ A ship is trimmed about origin F through an angle of 6.

(® Assuming that a ship is trimmed by an differential
angle, a ship will be trimmed about a specific point F

that immerged volume become equivalent to

- F(LCF) : Longitudinal Center of Floatation

e

| emerged volume. )
Ox y z": Body fixed frame

[1X . L ke




Longitudinal Righting Momeng(3)

- LCF(Longitudinal Center of Floating) (1)M Ll

Ox $z’: Body fixed frame

|
1
1
T :'
€ Oxyz : Waterplane fixed frame :
F
1
1

N

G: Center of mass

B: Center of buoyancy

F : Weight of ship (=W)
Fg : Buoyancy (=pgV’)

AP

Trestoring
Intersection point F between W,L, (existing waterline) and

W,L, (new waterline)

1

Assume that immersed volume is equals to emerged volu

me as v

Center of immerged volume : g,, Center of emerged volume : g

) 0
F\\J:
X'tan@

4 .
Calculation of immerged volume

A (x)=[dA= jyy joz'dz'dy' _ jyy jo‘x'ta”gdz'dy'

— " (xtan6)dy’ = —2x' y'tan 0
J” (xano)

v, =-2tan 0]: (x"y')-dx’

Calculation of emerged volume

A ()= [dA= jyy J‘:dz’dy’ - jyy J'Ox'tangdz’dy

_ Iy',(x’tan 0)dy’ = 2x'y'tan &
-y

v, =2tan 0‘[:& (X"y")-dx’

~

\
A,: Sectional area of aft part

A;: Sectional area of fore part
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Xa', x:' - coordinate of x

X' tan@ > dx'

X Calculation method
for changed volume

V= Iﬂ dz'dy"dx’

[T dry o
Jx, Jo Jo
(¥ y (IR d 4
= X
JXp Io Zdy
_ (X ' d 4
=], AX) OX
JIx)
5
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Longitudinal Righting Moment(4)

- LCF(Longitudinal Center of Floating) (2M

Ox $z’: Body fixed frame

g
1
1
1
1
Oxyz : Waterplane fixed frame ;
F
1
,l
1

G: Center of mass
B: Center of buoyancy
F : Weight of ship (=W)
Fg : Buoyancy (=pgV’)

T

N

W, o
- .._________"::_____________:':____=-=-u F: ’,' _____________________________________ I__J>Xl
Wl XA \ Br
5 X
A\ >ie . -0 » I—z
AP @ t Pyl | F.P
res orlng 1
- ! P!
» Immerged volume . ~ 1 = Emerged Volume 00
v, =—-2tan QJ.x; (X y').dX' ! V, = 2tan HJF y')'dX' dA:yldxl

( e S .
Because we assumed immersed volume is equals to

emerged volume

V —V, =0 |:> 2tan9j

)-dx’+2tan QLX'F (x

y')-dx'=0 ...(a)

Xa', X' : coordinate of x
N

2] x'y'dx" and zjxr x'y'dx" represent 1t moment of aft and forward waterplane area about origin F about y' axis

M. =j: x'dA+LX’F x'dA:j: J‘_y;, X' dy’dx'+‘[:lF I_y;, X' dy’dx’zzj':, x'y’dx'+2LX'F x'y'dx'=0

If we assume that F is center of waterplane area,
Sum of those two terms is ‘0". Because moment

about centroid is ‘0’

/38

.
Equation (a) and (b) are identically ‘0, if a ship is trimmed about cenroid of waterplane area. That means
for the ship is trimmed without change of displacement, ship have to be trimmed about center of waterplane area




Longitudinal Righting Moment(5) Z‘ y

- LCF(Longitudinal Center of Floating) (3)M Lr

T restoring [

Longitudinal righting moment 010

=Gz, -F,

From geometrical figure with
assumption that M, does not change
within small angle of trim (about 2°~5°)

GZ =GM|_ -sind

\ J
G: Center of mass K : Keel
B: Center of buoyancy B,: Changed center of buoyancy
Fgs : Weight of ship Fg : Buoyant force acting on ship
Z, : The intersection of the line of buoyant force through B1 with the longitudinal line through

G
M, : The intersection of the line of buoyant force through B1 with the original vertical line

2009 Fall, Ship et O Sy AT BRI POt




Ox $z’: Body fixed frame
Oxyz : Waterplane fixed frame

YA
(+)
X

T

G: Center of mass K: Keel

B: Center of buoyancy B,: Changed center of buoyancy

Fs : Weight of ship Fg : Buoyant force acting on ship

Z, : The intersection of the line of buoyant force through B1 with the longitudinal line
through G

M, : The intersection of the line of buoyant force through B1 wit

line through center of bugyancyta=eerrgttposItion

#al vertical

T restoring

Longitudinal righting moment=

GZ, =GM, -siné

GZ, -F

GM, =KB+BM, —-KG

GM_ : Longitudinal metacentric height

KB : Vertical location of center of buoyancy
BM, : Longitudinal Metacentric Radius

KG : vertical location of Gravity

KB, BM is determined by geometric shape.
KG is determined by cargo loading condition

\

2009 Fall, Ship Stability - Longitudinal Righting Moment
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Sec.2 Calculation of BM,GZ, in Wall Sided Ship
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displacement volume

10

Calculation of BM, GZ, (1) . (+)
- BM,(Longitudinal Metacentric Radius) M Ll X
I 4
1
Assumption ; G: Center of mass K : Keel
. Wall sided ship Ox § 2" Body fixed frame ! Z' Z B Cent(?r of buoyancy B,: Changed center of.buoyancy.
. - - Oxyz Waterplane fixed frame ! f Fs : Weight of ship Fg : Buoyant force acting on ship
2. A main deck is not flooded I;',: : Z, : The intersection of the line of buoyant force through B1 with the longitudinal line
3. Center of rotation is not I through G
changed. ,' ( : M, : The intersection of the line of buoyant force through B1 wit | vertical
,: : line through center of bugyancyta=eerrgttposItion
W, o
L 1
1
1 1
................... X
W— e e e e e e e e e e e e e e e e e e e e yy, o (O o) =2 o o) o o o) o o o =y = o) o o o o) o o ) o o o) o o o) o) o o) o ) —
X
Trestoring ! :’
! |
The shape of displacement volume is 010
changed as a ship is heeled. !
Relation between moving distance of
center of changed displacement |
volume and moving distance of center
of center of buoyancy is as follows. |
: >X'
V i V : Displacement volume 2
BBl = & g9, | V: Changed displacement X
ng | volume
E BB;: Moving distance of
V ! center of buoyancy
BBl =— gg1 ' gg; : Moving distance
V : center of changed

20009 Fall, Ship Stability - Longitudinal Righting Moment
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[
Calculation of BM, GZ, (2) . (+)
- BM,(Longitudinal Metacentric Radius) M Ll X
] T
Assumption 4 : G: Center of mass K Keel
) . Ox ¢ 2 : Body fixed frame | Z~ Z B:Center of buoyancy  B,: Changed center of buoyancy
1. Wall -Slded Sh_ID OXyzZ : Waterplane fixed frame ! f Fs : Weight of ship Fg : Buoyant force acting on ship
2. A main deck is not flooded | l : Z, : The intersection of the line of buoyant force through B1 with the longitudinal line
3. Center of rotation is not F( 1 through G
changed. ,' : M, : The intersection of the line of buoyant force through B1 wit | vertical
1 : line through center of bugyancyta=eerrgttposItion
]
L C
I 1
1
- e S = T NI i o - T gy Sy gy Ry Sy IS SR USROS ng UMM U g MO g S g X
W ......
X
)
restoring v ! 1
BB, =—qg ! '
1 1 I
% | 010
ﬁ /B,BB, = ZgFL,
vV |
BBl COS(ZBlBBz) D ggl COS(QFLZ) i V : Displacement volume
N J \% I v: Changed displacement
J ' volume
V i BB;: Moving distance of
BB. = — . 0. | center of buoyancy L !
2 VvV gl 92 i 09, : Moving distance X
1 : center of changed
_ ] displacement volume
BB, = - Vv (_Xv,a+xv,f) . : X
V i , X, . x coordinate center of
““““““““““““““““““““““““““ i "changed displacement
L.H.S | volume in aft
. 1 vaf: x coordinate center of
882 = BM L -sIn O i changed displacement 1"
20009 Fall, Ship St 1 volume in forward /38




Calculation of BM,, GZ, (3)

- BM,(Longitudinal Metacentric Radius)

v : Changed displacement volume

V: Displacement volume

(R.H.S) , X, 5 : X coordinate of center of
1 " changed displacement volume in aft
- Vv (_Xv,a T Xy ¢ ) , : x coordinate of center of
changed displacement volume in forward

Represent center of buoyancy with respect to waterplane

fixed frame (X,¢,Z,c) as one with respect to body fixed

\'

frame.
X, [ cos@ sind)\(x
z,) \—sin@ coso )\ z/

> X,o =X, COSg+12, -Sing

1 : :
= V- (=X, ,-C0s0—2, -SiNO+X,-C0SO+1Z,  -Sinb)
_1 - -5- .
(—'v xva:c039+\/ xvflcose — W zvai5|n9|+v zVlf sm@)
-——— - -——— - L -2 —-——— -
v v v v
Vertical moment of volume about

Longitudinal moment of volume
about origin F with respect to body

fixed frame

origin F with respect to body fixed
frame

20009 Fall, Ship Stability - Longitudinal Righting Moment
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v : Changed displacement volume

Ca|CU|ati0n Of BML, GZL (4) V: Displacement volume

- BM,(Longitudinal Metacentric Radius)

(R.H.S)

: x coordinate of center of
changed displacement volume in aft

g V- (_Xv,a + Xv,f ) X, ¢ X coordinate of center of
changed displacement volume in forward

]_ -
= (V-x), feosO+V-X] [ L-cosO-v- 2], sin (9—HV 2, 1sin )
v R R 7 TV
Longitudinal moment of volume Vertical moment of volume
about origin F with respect to body about origin F with respect to
_| fixed frame ___________________________l body fixed frame ___________________

0:} How to calculate 15t moment of volume?

: It can be calculated by integral of 1t moment of area over the the length of ship.

M, , =V-X .= .m x'dy'dz'dx’ = IXX,} A(x") x. dx’

M,, =Vv-2, = sz’dy’dz’dx’ :J.XX,}A(X’) z, dx’

L i " y' g Xt AW ' . F A ' - X} A '
=§(—COS<9LéAa(X)XC dx —cos¢9J'F A (X') x_ dx +sm6?fxéAa(x)zC dx +sm¢9J'F A (x)z, dx)

—%(J.XF A, (X")(x. cos@+z.sin (9)dx'+_|'Fle A, (X')( X, cos@+z.sin Qc)dx’)

20009 Fall, Ship Stability - Longitudinal Righting Moment
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v : Changed displacement volume

Ca|CU|ati0n Of BML, GZL (5) V: Displacement volume

- BM,(Longitudinal Metacentric Radius)

(RH.S) : : x coordinate of center of
1 changed displacement volume in aft
— V- (_Xv,a + Xv,f ) X, ¢ 1 X coordinate of center of

changed displacement volume in forward

1 : :
= —(—v-xgla -C0SO—V- X, -COSO+V-Z  -SinO+V-z,,-sin 9)

How to calculate sectional area?

In case of quadrilateral section

Sectional area of immerged region * A, Sectional area of immerged region : A

A (x)=[dA= jy [ dz'dy'= jyy [drdy A(x)=[dA= jyy [ az'dy’ = jyy [0 dzdy
- I_yy"(x'tan 6)dy’ =2xy'tan @

—_[ —x'tan @)dy’ =-2x"y'tan &

%

X’ = X’ Z’ = E )(' tan 0 ,(In case of quadrilateral section) ~
c 1 =¢c 2 7]
N\ F\\«(
x'tan@

:J'F (Ztan 9x'y'(x’cos¢9+%x'tan @sin 9))dx'+f:&(2tan 0x'y'(x'cos<9+%x’tan fsin 0) jdx'

How to calculate centroid of section? Y
x .

2009 Fall, Ship Stability - Longitudinal Righting Moment
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Calculation of BM,, GZ, (6)

- BM,(Longitudinal Metacentric Radius)

(R.H.S)

: x coordinate of center of
changed displacement volume in aft

: x coordinate of center of
changed displacement volume in forward

1
— V- (=X, , +X
V ( v,a v,f)

v : Changed displacement volume

V: Displacement volume

:i(—v-xga-cosﬁ—v-ng-coséhrv-zga-sin¢9+v-z;f -sinH)
V | | | ’ X P i ll
" X - M\ 7"sin O
——%(J‘X,Aa(x’)(xgcos¢9+zgsin6')dx’+LfAf(x')(xgc030+z;sin6’c)dx’) X _cps @ \zsind, AX)
) B1 -—"H ————— B
I
:-U (Ztané?x y'(x'cos@+—=x tan@sm@))dx +I (Ztané?x y'(x’ cos¢9+1x tan@sm&)jdxj
:_J'X"F(Ztané?x'y'(x’c059+%x’tanesin6?)jdx
= I%(Zsin@x'zy'+x’2y'tan293in9))dx'
1 S|n¢9"-x-;_2_x_2_'_d_x- tan® 03|n6'r7F_2_x—2_ '_oTx; X
V JiA_(___y_)__ +2 _[_ _(___y_)__ ...(IL — | 2X12yrdxr)
=1, =1, ’
1 - 1 2 - 1 5 1 2 j
il : = : : =—sing-1 |1+—tan“ @
V(sm@ IL+2tan @-sino ILj v L( 5

2009 Fall, Ship Stability
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- v : Changed displacement volume
Calculation of BM,, GZ, (7) -

V: Displacement volume
- BM,(Longitudinal Metacentric Radius)

(R.H.S)

, X, 5 : X coordinate of center of
changed displacement volume in aft

, X, ¢ 1 X coordinate of center of
changed displacement volume in forward

1
— V- (=X, , +X
V ( v,a v,f)

1 : :
= —(—v-xgla -C0SO—V- X, -COSO+V-Z  -SinO+V-z,,-sin 9)

—_ _é(‘[sza(X’)(Xé cosé + Zé sin 9)d)('+j:,f Af(xy)( Xé COSH—FZ(; Siné’c)dx') X'CJSH &~ A(Xl)

:%UF (Ztan Hx'y'(x’cose+%x’tan dsin 6) jdx'+I:’F (Ztan 0x'y'(x'cos¢9+%x’tan gsin ) jdx']

—— e = = o - .__————————

=sind-1, +%tan2¢9-sin6?- I

=sing- IL(1+%tan2 Hj

2009 Fall, Ship Stability - Longitudinal Righting Moment
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Assumption
1. Wall sided ship.
7'z 2. A main deck is not flooded.

hdliy

Calculation of BM,, GZ, (8) V.

- BM,(Longitudinal Metacentric Radius)

_ /| 4 3. Center of rotation is not
Ox § 2’ Body fixed frame - changed
Oxyz : Waterplane fixed frame | X |
mall ' 4. An angle of trim @is small.
e J I / Ly
? T | T T Val ’ g ]
B --B1, (0) G: Center of mass
— X B: Center of buoyancy
e 5 ;! K o L, F¢ : Weight of ship (=W)
A_p@ F drE 5402 MOy F.P Fg : Buoyancy (=pgv’)
« Derivation of BM ’ ' 4 o
Derivation of BM in case of small
L.H.S R.H.S angle of trim if 9is small,
1 tan 02~ %50 — — — — — —
BB, = = v-(-X  +X L (1 '
2 \V/ (X %) BM, =-t{1+=tan’0| = ,BM _h |
V 2 | - V |
BB, =BM, -sind If we assume that @ is small, J
— |
1 1 . 1 BM. =-Lt
— V- (=X, . +X,,)=—sin@l, | 1+=tan’* o L
v ( v,a v,f) \V/ L( 2 j V

which is generally known as BM,.

1 1 That BM, does not consider change of center of buoyancy in
' i tical direction.
BML-Slna :§S|n9||—(1+§tan2 ej vertica Irection

In order to distinguish those, we will indicate two as follows

| 1
BM o= —L11+=tan® @ || .(considering change of center of buoyancy
VvV 2 in vertical direction)

BM, :I—L(1+£tan2 9)
\% 2

| 1 ,(Not considering change of center of
BM L= buoyancy in vertical direction) 17
2009 Fall, Ship Stability - Longitudinal Righting Moment : Vv /38




| 1 Assumption
i BM, =-Lt|1+=tan’@
Calculation of BM,, GZ, (9) . v( 2 j 1. Wall sided ship.
- GZ,(Longitudinal Righting arm) p YL 2. A main deck is not flooded.
M LY LV 3. Center of rotation is not
| changed
Ox § 2 ": Body fixed frame 2,2
Oxyz : Waterplane fixed frame I:':
1 ," e G: Center of mass
[;__z , B: Center of buoyancy
L O R — sGoommom-- -—% X' | Fg: Weight of ship (=W)
B B! (0] 9 / Fg : Buoyancy (=pgV)
. — X
> K L,
A.P@ © Fs L=Q F.P
Trestoring :' :D
e Derivation of GZ
GZ, =KN, —KGsiné 1
_(KB+ (1+2tan 0))sind—KGsind

=KM/ sind-KGsind
=(KB+BM,)sin@—-KGsing
l (BMLO:I—L(1+£tan29)J
Vo2

= (|<|3+I$L(1+%tan2 d))sin@—-KGsing —

- Longitudinal Righting Moment

2009 Fall, Ship Stability

= (KB +|_L_ KG)sin 6?+£|—Ltan2 @sin g
\V4 2V

| (o)

= (KB +BM_, —KG)sin o+t BM, tan’ @sin @
2

=GM_sin ¢9+%BML tan® @sin 0

e (D355

Seoul 18
National /38
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Sec.3 Transverse Righting Moment due to Movement of
Cargo
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o o G: Center of mass
Tl‘ansverse ng htlng Moment B: Center of buoyancy : (+)
. Weight of ship (=W)
by Movement of Cargo(1) e Buoancy (ogv) \) > x
7. 7' Trim case in ship hydrostatics (9: Angle of trim)

Ox $z’: Body fixed frame

OxyZ : Waterp|ane fixed frame 4 I M L, gravity +i M L,Buoyancy +! M L,Ext,static = O
F I’-G x kFgravity + I’-B x I(FBuoyancy +1 M L,Ext,static = O
G a __
vl
\\ 15878 X'
- J
K
AP Fe F.p
p
Q) Z F= FG + FB =0 , (static equilibrium of force)
F.k+F, k=0 F,=—F 010
\ E> G B,z E> G B,z
(® Center of mass of ship(G) and center of buoyancy (B) and center of mass of cargo
are(Gp) in the same vertical line which is perpendicular to waterplane
- Longitudinal moment about origin O about z axis is as follows
Dt o+ DTE o+ g
=1 xF, +ry xF, =i(%s-Fs,+X - Fy,)
i ] k 1 ] k Xg: Xg are in same vertical line
T =% 0 1z Tg=[Xg 0 1z \l/ (XG:XB)
0 0 Fe. 0 0 Fg, = i(_XB . FG‘Z + X - FB’Z)
=iXg - Fs, Xg - Fg,
° e °R \l, (FG :_FB,Z) Ox § 2 : Body fixed frame
2009 =i (_XB Fy, +Xg - FB,z) Oxyz : Waterplane fixed frame
| =0 DAL 20

d Ship Design Automation Lab.
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Transverse Righting Moment
by Movement of Cargo(2)

Ox $z": Body fixed frame
Oxyz : Waterplane fixed frame

Ts

G : Center of total mass
G,: Changed center of total mass
B: Center of buoyancy
B,: Changed center of buoyancy
Fg: Total weight (=W=Wgpin+Wiyeighe)
Fg : Buoyant force acting
on ship (=pgV)

T : Moment due to total weight
15 - Moment due to buoyancy

N

R

'

Vs

® The cargo is moved to aft through a distance d,(a=d

o

F.P

[

@ Center of mass of total weight is moved from G to G;.
GG, = d
F

G

,(w: Weight of cargo)
\_

( ® Assuming that a ship is trimmed by an differential
angle, a ship will be trimmed about a specific point F
that immerged volume become equivalent to emerged
(volume.

F(LCF) : Longitudinal Center of Floatation

2009 Fall, Ship tability - Longitudinal Righting Moment
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R R F(LCF) : Longitudinal Center of Floatation | G: Center of total mass [ 7
Transverse Righting Moment G,: Changed center of total mass )
4 B: Center of buoyancy
by Movement Of Ca I‘gO(3) M Ll B,: Changed center of buoyancy X
Fg: Total weight (=W=Wgp+Wyyeigny) T
Fg : Buoyant force acting
Ox § 2”: Body fixed frame on ship (=pg™v)

Oxyz : Waterplane fixed frame

a, FG/

Ts

T : Moment due to total weight
a Tg - Moment due to buoyancy

R
N

'

Tg
AP Fs
(® A ship is trimmed about origin F through an angle of 0
by a moment due to total weight h

p
@ Center of buoyancy is changed from B to B,

/ Changed center of mass(G,) and changed center of buoyan&
(B,) are in the same vertical line which is perpendicular to
waterplane. Then it become in static equilibrium

Z‘c‘l:ch+FB=rel>FG+ 5 X 8

i j Kk i j k
T = Xs, 0 Zg, |= Xg,- Fe. Th= Xg, 0 Zg, B, s
0 0 F;, 0 0 F,

:i(xGl FGZ+xBl-FBZ)

=1 ( B, F ;T Xg FB,z) ,because they lay in the same vertical line
X, = Xa,




Sec.4 Moment to Change 1lcm Trim(MTC), Trim
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G: Center of mass yA
M T C o B: Center of buoyancy (+)
(Moment to change Trlmli;| m) Fe : Weightof ship (W) )
L Fg : Buoyancy (=pg+Vv’) =
G: Center of mass K: Keel
1
Ox § 2”: Body fixed frame Z“ Z B Centt?r of buoyancy B,: Changed center of.buoyancy.
OXyz Waterplane fixed frame Fs: Welght of S'hlp . Fg : Buoyant force acting on shlp -
Z, : The intersection of the line of buoyant force through B1 with the longitudinal line
through G
M, : The intersection of the line of buoyant force through B1 wit | vertical
line through center of bugyancyta=eerrgttposItion
W, : A
I ZL 7
ng ................................ F, o'y X'
...... e,
W:L X',A \ B o O,y ................... ’ g X":
1B X
A\ ;L K » L2
VI‘
Q F L-Q
AP KQO! restoring B [010) F.P
4 o . £, )
If a angle'of trim @ is small, sin@ ~ tan @ = m_
BP

If the ship is in static equilibrium at angle of trim 6,
Longitudinal heeling moment = Longitudinal righting gnoment
=A-GZ, =A-GM, -sin@
The moment is considered as the moment to make 1cm trim.
So, the moment to change trim 1 cm is

1

MTC =A-GM, - ———
LBP-100

2009 Fall, Ship Stability

AP LBP F.p From the equation GM, = KB+ BM - KG ‘IL';]it conversion for cm)
t If we assume that KB, KG is much smaller than BM,, they can be omitted
Trim(t) : d, - d, sing = — GM, = BM_
AB 1
~MTC=A-BM | -——
\_ LBP-100 /
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Trim

M Trim : d, - d; (Positive : Trim by stern, Negative : Trim by bow)

Ox $z": Body fixed frame
Oxyz : Waterplane fixed frame

I I I
i i i
d _‘ —
ol ] occs X
| Co | B/L
| . R} |
AP Trim Lever —* FP

m  Calculation of Trim using MTC

- MTC : moment to change trim one centimeter over the LBP

Trim Lever = LCB-LCG
Trimx MTC x100 AxTrim Lever _
(m E+9] #Hh , » . AxTrim Lever
Longitudinal heeling Moment caused by difference Trim [m] =
SITERT i CosE i of location between center of MTC x100
mass and center of buoyancy T
C_ AxGM
100x LBP 2
2009 Fall, Ship Stability - Longitudinal Righting Moment /38




Examples
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Problem> Calculation of Trim of Barge

Question)
A barge 100 m long, 12 m beam and 10 m deep is floating on an even keel at 6
m draft. Vertical center of mass of the ship is 7 m from the baseline.

A cargo of 1,000 ton is loaded in the location 20 m forward from centerline, 4 m
upward from the baseline.

Find the draft forward and aft.

Z A
20m
G
\V 7 X
= 7m ] Ts
m
Baseline \ ‘$4m
100m
< &HE>
2009 Fall, Ship Stability - Longitudinal Righting Moment OilXle.1
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Problem> Calculation of Draft at Bow and Stern caused by
Movement of Cargo

Question)
A barge is floating in fresh water at draft 2m. The length, breadth, depth of the

barge are 20m, 12m, 4m. A cargo on the deck is shifted through a distance of 4 m
to forward and a distance 2 m to starboard.
Calculate port and starboard draft in FP and AP. KG of barge is 2 m.

L Z=ae2M i
N i | 12m
| |
4m < | !
2m $ ! :
)\ ! Baseline
J 20m ‘
[ g
AP FP o:3t=2 Xl
2009 Fall, Ship Stability - Longitudinal Righting Moment ' : _ Oilxl6.3
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Problem> Calculation of Trim and Trim Angle of Barge(1)

Question)
There is a ship of density p,=1.0ton/m?® and length, breadth, depth of the ship are

28m, 18m, 9m. Answer questions about the barge.

@ Find the lightweight in light ship
condition, and the draft in fresh

water.
. And if the ship is in sea water, what

will the draft is changed?

20m Im
10m

le

A 4

@ Following cargos are supposed to be loaded in the barge.

Cargo | Uit | No.of el oEanial ey Find @deadweight(DWT) ®TPC

Weight | Cargo | x y ©MTC @Trim @draft forward and aft
Cargo 1l | 100 ton 3 0 0 @LCB @LCG
Cargo 2 | 150 ton 2 5 0

2009 Fall, Ship Stability
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Problem> Calculation of Trim and Trim Angle of Barge(2)

Question)
There is a ship of density p,=1.0ton/m?® and length, breadth, depth of the ship are

28m, 18m, 9m. Answer questions about the barge.

@ Following cargos are supposed

20m im 1om to be loaded in the barge.

A Cargo Unit No. of Loading location(cm)
— Weight [ Cargo X y ,
Cargo1 | 100 ton 3 0 0 1
Cargo 2 | 150 ton 2 -5 0 1
Find @deadweight(DWT) ®TPC
AU ©MTC @Trim (@draft forward and af
] ®LCB @LCG

® When the cargo 2 is removed from the result of problem @), calculate LCB,
LCG after removing.

@ When the cargo 1 are shifted to the right (along the y axis) through a
distance of 5 m from the result of problem @3, calculate an angle of heel of the
barge.

2009 Fall, Ship Stability
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Problem> Calculation of Trim Forward and Aft

Question]
A bulk carrier of 150,000 ton deadweight, 264 m LBP is floating on an even keel at

16.9 m draft, and cargo holds are full of cargo.

When cargo in No.1 cargo hold is discharged on port, calculate drafts forward and
aft. The transverse center of mass of cargo is in centerline, and longitudinal center
of mass of cargo is 107.827 m from midship.

Find draft forward and aft by using hydrostatic table of this ship.

(H%¥ A5) DWIT 150,000 fon Bulk Carrier, Lbp = 264 m

1 1
1 1 v
1 1 1 1
i HYDROSTATIC TABLE i | DRAFT | DISFL TPC MIC L.C.B L.C.F KMT Cb WETSUR
| ================= | I (EXT.)i EXT. i
| ! i GV (MT)  (MT/CM) (MT*M/CM) (M) (M) (M) (M*2) i
i H | i
' ' 1 1 16,600 | 165679 106.7 1968.5 8.709 0,589 18,598 0.819% 17711
E ?EQﬁT)E g;?PL e HIe LGB LCE R ch VETSUR E i 16,620 i 165898 106,7 1969.3 8,698 0,570 18,597 0,8197 17722
' T 3 - | i 16,640 | leé6lle 106,7 1970,1 8.687 0,552 18,597 0,8198 17733
E W (Wr) (MI/CH) (KTx/CH) (W) ) ) 2> E | 16,660 | 166335 106,7 1970,9 8,676 0.534 18,59 0,8199 17744
' ' | | 16,680 | 166554 106,7 1971.6 8,665 0,516 18,595 0,8200 17756
i ig'ggg i iggégg igglé }ggg'} g'ig: g'égz }g'g}z g'gi%g igg%g i 116,700 | 166773  106.7 1972.4 §.655 0.498 18.595 0.8201 17767
! 15 240 ! 150883 1055 1908.1 9.443 2.055 18 71z 0.8130 17019 | 116,720 | 166991 106.7 1973.2 8,644 0,480 18,594 0,8202 17777
! 15'250 ' 151100 105'5 1909'0 9'432 2'029 18.709 0.8131 17032 | 116,740 | 167210 106.8 19740 §.633 0.462 18.594 10,8203 17788
! 15l280 ! 151316 105'5 1910'0 9'422 2'004 18l706 0l8132 17062 | | 16,760 | 167429 106.8 1974,7 8,622 0,444 18,593 0,8204 17799
! 15:300 ! 151532 105:5 1911:0 9:411 1:978 18:704 0:8133 17078 | i 16,780 i 167648 106,88 19755 8,611 0,426 18,592 0,8205 17810
1 1 1 1 1 1
E iglgig E igi;;g igg'g igi%'g g'ggg i'ggg ig'zgé g'gigg igggi E 1 16,800 | 167867 106,8 1976.Z 8,601 0,408 18,592 0,8206 17821
! 15 360 ! 157182 105 6 1913.9 9.379 1.903 18 696 0 8136 17093 | 116,820 | 168086 106.8 1977.0 §.590 0.390 18,591 0.8207 17831
! 15l380 ! 152399 105'5 1914l8 9l368 1.878 18l694 0l8137 17128 | | 16,840 | 168305 106.8 1977,7 8,579 0,372 18,591 0, 8208 17841
! ’ ! ’ ’ ’ : ’ ’ ! | 16,860 | 168524 106,8 1978.4 8,568 0,354 18,590 0,8209 17851
! 15,400 ! 152615 105.6 1915.8 9,357 1.854 18,691 0.8138 17123 | 1 16.880 | 168743 1069 1979.1 §.558 0.336 18.590 0.8209 17861
\ 15,420 | 152832 105,6 1916,7 9.347 1,8:9 18,689 0,8139 17121 } 116,900 | 168962 106.9 1980.1 8.547 0.324 18,590 0.8210 17871 |
! 15,440 | 153049 1057 1917.7 9,336 1,805 18,68 0.8140 17132 | 1 16,920 | 169181 106.9 1980.9 8,536 0,308 18,590 0.8211 17881
1 15,460 | 153265 105.7 19186 9.325 1,781 18,684 0.8141 17153 | i 16,940 | 169400 106.9 1981.,7 8,525 0,292 18,589 0.8212 17891
i 15,480 | 153482 105,7 1919,6 9,314 1,757 18,682 0,8142 17180 | 116,960 | 169619 1069 1982.6 §.514 0.276 18.589 0.8213 17901
1 15.500 | 153699 105.7 19:20.5 9.304 1.733 18.679 0.8143 17190 |} 1 16,980 | 169839 106.9 1983.4 8,504 0,261 18,589 0.8214 17911
i 15,520 | 153916 105,7 19Z1,5 9,293 1,709 18,677 0.,8144 17217 | d i
| 15,540 | 154133 105.,8 1922,4 9,282 1,685 18,675 0,8145 17234
1 15,560 | 154350 105.8 1923.3 9.271 1,662 18,673 0.8146 17210 1 NOTE : POSITIVE SIGN(+) OF L,C,B & L,C,F MEANS FORWARD DIRECTION OF MIDSHIF,
i 15,580 i 154567 105.8 1924.3 9,261 1,638 18,671 10,8147 17192 i DISPLACEMENT(EXT) IS BASED ON SEA VATER $.G OF 1,025,
2009 Fall, Ship Stability - Longitudinal Righting Moment Gllxle.7
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Problem> Calculation of Trim of Barge

Question)

There is a ship operating in fresh water as
shown in the picture. Answer following
questions. . . . . . .
Densities of aft-body, cargo hold, fore-body ... /2.
are p,,= 1.0 ton/m3. VN Nob /7 Nogp /No3 " No2 /7 Nod
@ Calculate the displacement of this ship. D 2 R I I | |8m

@ Find LCF, LCB, LCG, KG of the ship. G R B B e
® When the cargo of 0.6 ton/m3 density is 2qml L7 10m
loaded homogenously in each cargo hold 30m 10m
(Total 10 holds : No.1 ~ No.5 Hold x T80m
(port & starboard) ). Calculate the AP F.P
deadweight(DWT) and lightweight(LWT)
of the ship.
@ In real ship, Loading/unloading cargo
cause shape of waterplane to be changed.
In that case, explain the procedure of
calculating change of trim.

20009 Fall, Ship Stability - Calculation of Righting Force And Stability
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Problem> Calculation of Position of Barge

Question]

A rectangular barge is floating on an
even keel at a draft of 3 m. The center
of mass is changed to 2 m from the
baseline, 6 m from aft, then calculate

the position of the barge. /S /
N v
y : 6m j{G
4m : 2m
3m . v . [—
v 5m

10 m !

2009 Fall, Ship Stability
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Ch.8 Heeling Moment caused by Fluid in Tanks

(Free Surface Moment)
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Heeling Moment caused by Fluid in Tanks (1) (TBZt:E;:/IG;n';B
- Casel : Solid Cargo fixed to Cargo Hold GM = KB + BM — K&
2312
| GZ / /KN
1Y

Righting arm GZ

GZ = KN - KGsing
=GM sin¢g

\ \ O'x'y'z' : Body fixed frame
Oxyz Waterplane fixed frame

= : ® Seoul 35
National
Ad d Ship Design Automation Lab.
% s Advanced Ship Desig /38
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Heeling Moment caused by Fluid in Tanks (2)
- Case2 : Fluid Cargo in Cargo Hold (1)

G : Center of total mass

G,: Changed center of total mass
B: Center of buoyancy

B,: Changed center of buoyancy

b : Center of the wedge w;sw,

b, : Center of the wedge Isl,

g : Center of fluid in tank

g; : Changed center of fluid in tank

Z TZ'
|
|

M

" V ' l,
W2

O'x'y'z" : Body fixed frame

Oxyz : Waterplane fixed frame
2009 Fall, Ship Stability
< e

- Heeling Moment caused by Fluid in tanks

cf) In case that fixed cargo
of solid is loaded

RONING 7 KN-KGsing
=GMsin ¢

If a ship is heeled, plane of fluid in tank is
changed to be parallel to waterplane.

bb, / /g9, / IGG,

From the geometric shape, righting arm
G,Z, is as follows

G,Z, = KN —(KG + GG, )sin ¢
= KN - (KG,)sin ¢
=G,M sin ¢

It means that shift of center of total mass
GGl is considered as the elevation of
center of total mass from G to GQ.

®» Free Surface Effect (FSE)

®» Reduction of righting arm
(It causes stability to be worse.)

2| Trestoring — GZ- I:B
;| GZ =GM sin¢

..............




Heeling Moment caused by Fluid in Tanks (3)
- Case2 : Fluid Cargo in Cargo Hold (2)

G : Center of total mass

G,: Changed center of total mass
B: Center of buoyancy

B,: Changed center of buoyancy M
b : Center of the wedge w;sw, M

b, : Center of the wedge Isl,

g : Center of fluid in tank

g; : Changed center of fluid in tank

k|

Z-restoring = GZ ’ I:B
GZ =GM -sin¢

..............

KG,
GG, //bb, GG,//bm, G,G,//bm

AGG,G, is similar to Abbm

55 _W . |G, = b,
bb, W W
If ¢ is small,

GG, = GG, sing, bm=bmsing

oW b peQV i

W v Psw IV Vv
_ P
Psw V

m : Metacenter of cargohold I ~

w: Weight of fluid in tank K-.‘.,___&_&.“‘\

W : Total weight
ir: 2" moment of fluid plane

. . “
area in tank about x' axis . b
. . . *

o - Density of fluid in tank ’."
posw - Density of sea water o ‘e,

. oment caused by Fluid in tanks ‘e
V : Displacement volume - =
v : Volume of fluid in tank = . 5 : = = ‘o

s w
= [ w8 - 3 *

Free Surface Moment i,

The elevation of center of total mass due to
the shift of center of mass of fluid in tank is
related to the density of fluid in tank and 2nd
moment of fluid plane area in tank.

(It's not relevant to weight of fluid in tank) /g;




Problem> Free Surface Effect

Question)
Sea water is filled partially in tank with waterplane of rectangular shape.

If longitudinal bulkhead is installed in center of tank, how much GM will be
changed?

Installation of
longitudinal
bulkhead.

2009 Fall, Ship Stability - Heeling Moment caused by Fluid in tanks
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