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1. Simpson’s Rule

Naval Architectural Calculation, Spring 2016, Myung:| 1l Roh l!dlﬂb 4




Simpson’s 15t and 2nd Rules

| Simpson'’s 15t and 2" Rules |
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5-8:-1, 3-10--1, and 7-36--3 Rules

| 5:8-1, 3-10--1, and 7-36-3 Rules |
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Derivation of Simpson’s 15t Rule (1/4) M

S——
Ky X

Simpson’s 1t Rule:
Approximate the function y by a parabola (quadratic polynomial curve) whose
equation has the form

_ 2
Parabola : y= aO + al'x + azx
The parabola is represented by three points defining this curve.

The three points ()4, 4. J5) are obtained by dividing the given interval into equal
subintervals “s".

The relation between the coefficients &y, a;, a, (“Find") and ), )4, and y, are
x=0: y,=aq,
2
X=S5. ylza0+als+azs

x=2s: y,=a,+2as+4a,s’

Naval Architectural Calculation, Spring 2016, Myung: Il Roh ’!dlﬂb 7
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Derivation of Simpson’s 15t Rule (2/4) N
0
y=a,+ax+a,x’ |

S X
Vo=0a, O

2 —
Y, =a,+a,s+a,s’ as+tas +y, -3 =0 ©

2 —
y, =a, +2a,s +4a,s’ 2ais+4a,5"+y, =y, =00

4x® -0 ®-2xQ@:

2a,s+3y,—4y,+y,=0 261252—)/0 +2y,-y,=0

1 1
'.°a1:Z(_3y0+4y1_y2) - aZZF(yO_Zyl-i_yz)
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Derivation of Simpson’s 15t Rule (3/4) j/ﬁyz
y:aO +a1x+a2x2 —
s X

1
(Vo =2y, +¥,)

1
a, =DYo» 4 :Z(_?’yo +4y,-y,), a, :F

1 1
Y= Yot (Byg +4y = y)x+ 5 (0 =20, + yy)x
2s 2s
Integrate the area A from 0 to 2s. (Definite Integral)

A= J.Ozs ydx

2s 1 1
= yo+_(_3y0+4y1_y2)x+_2(y0_2y1+y2)x2dx
0 2s 2s
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Derivation of Simpson’s 15t Rule (4/4) N ﬂ

s X

2s 1 1
A= _[0 Yo +Z(_3yo +4y, _yz)x"'g(yo =2y, +y2)x2dx

2s

1 |
=X+ (—3y0+4y1—y2)x2+ 2(y0_2y1+y2)x3
4s 65

0

1 1
= y,(25)+ 4—S(—3yo +4y, - ,)(2s)* + @(yo —2y,+,)(2s)’

4
=2y,s+(=3y, +4y, _yz)S"'g(yo =2y, +y,)s

s
A:§(1y0 +4y,+1y,)

Naval Architectural Calculation, Soring 2016, Myung:Il Roh ’!dlﬂb 10

2017-01-24



L . ' ~nd Bon Ve s
Derivation of Simpson’s 2"4 Rule (1/4) |
Simpson'’s 2" rule : = x

Approximate the function by a cubic polynomial curve whose equation has the
form 3

2
Cubic polynomial curve: Y = @y + & X + A, X + A3X

The cubic polynomial curve is represented by four points defining this curve.
The four points ()4, )4, V5 J3) are obtained by dividing the given interval into equal
subintervals “s"
The relation between the coefficients a, &, a, a; (“Find”) and y;, )4, )5, and y; are

x=0: y,=a,

. 2 3
X=S. y1=a0+als+azs +Cl3S
2 3
x=2s: y,=a,+2a;s+4a,s" +8s

x=3s: y,=a,+3a:s+9a,s> +27s

Noval Architectural Calculation, Soring 2016, Myung:l Roh I!dlﬂb 1
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Derivation of Simpson’s 2nd Rule (2/4) M
y=a,+ax+a,x’ +ax’ e "
Vo = g, y =a,+as+a,s’ +a,s’,

y, =a,+2as+4a,s° +8s’, y,=a,+3a,s+9a,s’ +27s’

The unknown coefficients, a, a,, a, and a; lead to

a, =Yy

1

a, :g(_llyo +18y, =9y, +2y;)
1

a, =2—S2(2yo—5y1+4y2—y3)

1
a; :§(_yo +3y, =3y, + ;)
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.. . ' ~nd v oh % ¥
Derivation of Simpson’s 2"¢ Rule (3/4) |
y=a,+ax+a,x’ +ax’ = «

1
Ay =Yo» al=g(—11y0+18y1—9y2+2y3),
1 1
a,=—— 2y, =5y +4y,-y;), a3=—=(=y+3» =3y, + ;)
2s 6s
Integrate the area A from 0 to 3s.
3s 3s
A= IO ydx = J;) (a, +a,x+a,x* +ax>)dx
3s
a a a
=ax+—Lx"+-2x° + 2 x*
2 0
9 27 81
=3a,s +Eals2 + a5’ +—a,s*
Naval Architectural Calculation, Spring 2016, Myung: Il Roh ’ﬂm

1 1
a, :F(zyo =5y +4y,—y;), 4 :g(_yo +3y,=3y,+ ;)

2 1
A=3a,s +§a1s2 +—7a2s3 +8—a3s4

By substituting a,, a;, @, and a; into the equation, the Area "A" leads to
9 1
A=3y,s Jr5-6—(—11y0 +18y, =9y, +2y,)s’
S

27 1 81 1
5 (20 =53+ 4y, = )8t A =y, + 3y, =3y, + py)s”
2s 4 6s

3
- A =§S(J’o +3y,+3y,+y3)

. . , Y N

Derivation of Simpson’s 2" Rule (4/4) | T T

y=a,+ax+a,x’ +ax’ — X
1

a, =Y,, al:a(—11y0+18y1—9y2+2y3),
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Derivation of 5-8--1 Rule (1/4) ):)’ AL

S——
Ky X

5-8--1 Rule:
Approximate the function y by a parabola whose equation has the form

2
Parabola : y = aO + alx + azx

The parabola is represented by three points defining this curve.
The three points (), J4. J5) are obtained by dividing the given interval into equal
subintervals “s".

The relation between the coefficients a, &, a (“Find”) and ), 4, and y, are
x=0: y,=aq,
. 2
X=S5. ylza0+als+azs

x=2s: y,=a,+2as+4a,s’

Naval Architectural Calculation, Soring 2016, Myung:l Roh I!dlnb 15
Derivation of 5-8:-1 Rule (2/4) yy N

_ 2

Yo =@y O 5
Y, =a,+a,s+a,s’ as+tas +y, -3 =0 ©

2 —
y, =a, +2a,s +4a,s’ 2ais+4a,5"+y, =y, =00

4x® -0 ®-2xQ@:

2a,s+3y,—4y,+y,=0 261252—)/0 +2y,-y,=0

1 1
'.°a1:Z(_3y0+4y1_y2) - aZZF(yO_Zyl-i_yz)
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Derivation of 5:8--1 Rule (3/4) ):: ﬁyz
y:a0+a1x+a2x2 s
S X

1
:F(yo =2y, +y,)

1
Ay = Vo> a1=2—(—3yo+4y1—y2), a,
S
1 1 ,
Y=Yyt — By, +4y, = y)x+—5 () =2y, +y,)x
2s 2s

Integrate the area A from 0 to s.

A= IOS vdx

5 1 1
= I Yo+ 7= (=39, 4y, = y)x+ =5 (¥, =20, + ) x"dx
0 2s 25

Noval Architectural Calculation, Soring 2016, Myung:l Roh I!dlﬂb 17

Derivation of 5-8:-1 Rule (4/4) yy E“ 2

s X

s 1 1
A= _[0 Yo +2_S(_3y0 +4y, _yz)x"'g(yo -2y +y2)x2dx

N

1 1
:y0x+_(_3yo+4y1_yz)x2+ 2(y0_2y1+y2)x3
4s 6s

0

1 1
= y,(s)+ 4—S(—3yo +4y, = y,)(s) + @(yo =2y, +»,)(s)’

1 1
= yoS+Z(_3yo +4y, —yz)S+g(yo =2y, +»,)s

s
SA =E(5yO +8y,—1y,)
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Derivation of 3-10--1 and 7-36--3 Rules yy

0

N r

f=——=

s S
3-10--1 Rule: The first moment of area about y axis M =M, = J.O xdA

s
7:36--3 Rule: The second moment of area about y axis [, =1, = jo x’dA

M, =M, =IO dizJO xydx:j(; a,x +a,x’ +a,x’dx

1
:£52(3y0+10y1_y2)

I,=1 = J: x’dA = I: x* ydx = I: a,x’ +ax* +a,x’dx

1
=——5"(Ty, +36y,—3,)

1 1
@« a,=Yy, q :5(73)}0 +4y,-y,), % _g

1
«a, =Yy 4 :?(_3YO +4y = »,), @ = g2 (Vo =2y, + 1)
s :

) o =2y+ 1)

120
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2. Gaussian Quadrature
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Calculation of Area by Using Gaussian Quadrature

Gaussian quadrature: fl f()dt = ZA/ f()
j=1

" Given: Function §i0)

Find: Intlegration of f(¢y) at a given interval
[-1, 1] Lf(’)dt

In the case of cubic Gaussian quadrature,

[ rdi= 41 @)+ 4, @)+ 4, £1)

(

3 | A,=0.8888888889

Coefficients A]. Node ¢; W

A, = 05555555556 | ¢, = -0.7745966692
=0

Az = 0.5555555556

t; = 0.7745966692

~

t,
f@) 1)
|
1
1
-1¢4 Ho 1 Ty
n Coefficients 4, Node 7,

A; = 0.3478548451

A, = 06521451548
4

qunio| As = 06521451548

A, = 0.3478548451

t; = -0.8611363115
t, = -0.3399810435
t; = 0.3399810435
t, = 08611363115

A; = 0.2369268850
A, = 04786286704
5 |A;= 06521451548
A, = 04786286704
As = 0.2369268850

t, = -0.9061798459
t, = -0.5384693101
;=00

t, = 05384693101
t; = 0.9061798459 )

In the case of quartic Gaussian quadrature,
[ Odi= 4 @)+ A f1)+ A 1)+ 4, £ (1)
In the case of quintic Gaussian quadrature,
J.j‘ fOdt= A f () + Ay [ () + Ay [(6)+ A, [ (1) + s+ [ (1)

Naval Architectural Calculation, Soring 2016, Myung:ll Roh

I!dlﬂb 21

3. Green’s Theorem*

* Erwin Kreyszig, Advanced Engineering Mathematics, 9t Edition, pp.439-445, 2006
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Calculation of Area by Using Green’s Theorem

¥ Green's theorem gives the relationship between a line integral around a simple closed curve C
and a double integral over the plane region D bounded by C.

I (aN - aMdedy = i (Mdx + Ndy)

c Surface Integral Line Integral
X M, N: The functions of x and y. And M, N, dM/dy, and
% The region should be the left-hand of the curve. dN/dx are continuous on R.

v'Calculation of area (A:'[dA:”dxdy)
f M=-y, N=x

LHS = [[ (aN_Gdexdy = ﬂ[sx (x) —gy(—y)jdxdy = [[2dxdy = 2.4 (1 Avea

R.H.S=§de+Ndy § ydx+xdy §xdy ydx
C

C C
C C
Noval Architectural Calculation, Soring 2016, Myung:ll Roh I!dlﬂb 23

Calculation of First Moment of Area
bx Using Green’s Theorem (1/2)

¥ Green's theorem gives the relationship between a line integral around a simple closed curve C
and a double integral over the plane region D bounded by C.

”[8]\7 - aﬁj]dxdy = §(de + Ndy)

ox 0
c Surface Integral Line Integral
X M, N: The functions of x and y. And M, N, dM/dy, and
% The region should be the left-hand of the curve. dN/dx are continuous on R.

v'First moment of area about the y-axis in x direction (MA,V = jdi = ”xdxdy)
If M =—xy, N=— x*

LH.S = ”(G_N_aﬂjd dy U[—(—)——(—xy)dedy = H2xdxdy =2M,,

2
RHS = §(de+ Ndy): i{— xydx-i-);dyj = f(xzdy—xydx]

C

2 2
S2M :(]S[xzdy—xydxj M, :1 (xdy—xydxj
C

C

Naval Architectural Calculation, Spring 2016, Myung:| 1l Roh ’!dlﬂb 24
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Calculation of First Moment of Area
by Using Green’s Theorem (2/2)

¥ Green's theorem gives the relationship between a line integral around a simple closed curve C
and a double integral over the plane region D bounded by C
ON GM
‘U[ -—— dxdy = §(de+ Ndy)
C
c Surface Integral Line Integral
X M, N: The functions of x and y. And M, N, dM/dy, and
% The region should be the left-hand of the curve. dN/dx are continuous on R.

v'First moment of area about the x-axis in y direction (

2
2 2
RHS = §(de+Ndy):§(—ydx+xydyj = §(xydy_ydxj
c c 2 ¢ 2
) _ ) 1 3?2
“2M“‘f(W@ 2‘”] A@J—zibyb—2¢h
Naval Architectural Calculation, Spring 2016, Myung: Il Roh

M, = JydA = ”ydxdy)
IfM——— N =xy

LH.S = ﬂ[a—N—aﬂJ dxdy = H[%(xy)—%(—y—z)jdxdy = ([ 2ydxdy =2, ,

I!dlﬂb 25

Calculation of Second Moment of Area
bx Using Green’s Theorem (1/2)

¥ Green's theorem gives the relationship between a line integral around a simple closed curve C
and a double integral over the plane region D bounded by C
ON oM
”[ ——— |dxdy = §(de+ Ndy)
S\ ox Oy ’.
c Surface Integral Line Integral
X M, N: The functions of x and y. And M, N, dM/dy, and

% The region should be the left-hand of the curve. dN/dx are continuous on R.

v'Second moment of area about the y-axis in x dlrectlon( —J‘ dA = H zdxdy)
3
If M=-x"y, N—x—

LHS jj(éw 6Mjafaf ﬂ(—(—)——( xy)jdxdyﬁjzxzdxdy:zlw
RH.S zf(de+Ndy):§(_x2ydx+);dyJ:§(3;dy_x2ydxj

C C

X 1 3
~20, = 4{3 dy— xzydxj I, = (); dy_xzydxj
¢ c

Naval Architectural Calculation, Spring 2016, Myung.| ILRoh
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Calculation of Second Moment of Area
by Using Green’s Theorem (2/2)

¥ Green's theorem gives the relationship between a line integral around a simple closed curve C
and a double integral over the plane region D bounded by C.

Il [aN - andxdy = i (Mdx + Ndy)

c Surface Integral Line Integral
X M, N: The functions of x and y. And M, N, dM/dy, and
% The region should be the left-hand of the curve. dN/dx are continuous on R.

v'Second moment of area about the x-axis in y direction ( = jy dA = ”yzdxdy)
3
fM=—2 N= xp°

LHS = ”(a_zv_a_MJ dxdy = [ (%(xyz) _%(_%3)J dxdy = [[2y*dvdy =21,

ox

3 3
RH.S =§(de+Ndy)=§[—);dx+xy2dyJ:§[xyzdy_);dx]
C C

C

3 3
2= q}(xyzdy—);dxj L. =%(ﬁ(xy2dy—y?dx
C c

Noval Architectural Calculation, Soring 2016, Myung:l Roh I!dlﬂb 27

[Example] Calculation of Area, First Moment of Area, and
Centroid with Respect to the Inertial Frame (1/10)

. é\/AreaA %j;xdy ydx)
H @

A= [da=[[dyaz
4L Green's theorem

1
:Eiydzfzdy

Y “Water plane fixed coordinate”
A i Segment (: y()=t, z()=—1—+2, —J2<1<0
i Using the chain rule, convert the line
»' i integral for y and z into the integral for

i only one parameter "¢".

Cf: From the geometry of the triangle, the area and l _ _ 0 ﬂ _ @
the centroid can be obtained as follows; : J‘,‘ydz zdy = I ( dt dt dt
z i
1 =—[ =)= (=t=~2)-1)r
PRSP . > 1 sl —i-32) 1k
V2 L 1 1
(V5,525) = (0,=—=) ‘ : =*f0 ﬁdt?\/it‘
3 5 : 2l 2 Tl
2 :
0y'z":Body fixed coordinate - lﬁﬁ =1
oyz :Water plane fixed coordinate 2 28

2017-01-24
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[Example] Calculation of Area, First Moment of Area, and
Centroid with Respect to the Inertial Frame (2/10)
v'Area A

4
z' _1
A—Eiydzfzdy
NN : 1
: : i Segment M: Ejr‘ydz—zdyﬂ
: ® '
= T i Segment @: y(1)=t, 2(f)=1-+2, 0<1<V2
Y s \! ¢
N\ 7__1 _________ ! E Ejzzj‘ydz—zdy=5.[0 (yE—ZE dt
® v 12
: :EJ'O (t-l—(t—ﬁ)d)dt

Cf: From the geometry of the triangle, the area and
the centroid can be obtained as follows;

=1J'ﬁﬁdt=lﬁt‘ﬁ
2 b 2 0

z :
1 ! 1
A=2:2-2 = 7 S NN
V2 R L
(732) = (0= 1
V2

oy'z":Body fixed coordinate
oyz :Water plane fixed coordinate 29

[Example] Calculation of Area, First Moment of Area, and
Centroid with Respect to the Inertial Frame (3/10)

ivArea A

2 P oA=L fyd—zay
2}

1
: Segment (: Eli?ydz—zdy =1

i 1
y iSegment @: ELZ?ydzfzdy=1

4 ESegment@: y(t)=t, z=0, —2<1<2
' Pl o L4z _dy
2[3‘»de zdy—2 5 [ 7 Zdt dt

:%L’f(t.O—OA)dz:o

Cf: From the geometry of the triangle, the area and
the centroid can be obtained as follows;

z
: 1
1 T : LA=—¢ydz —zdy =1+14+0=2
A=2:2=2 = i 2fy Y
V2 N8, ® @6
(yEl,ZB‘)=(0,—?)
2

0y'z":Body fixed coordinate
oyz :Water plane fixed coordinate 30
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[Example] Calculation of Area, First Moment of Area, and
Centroid with Respect to the Inertial Frame (4/10)

z

Zl

NS 1IN !

g R

i—1 L% i y

D * 1
®: B, i 4

N\ -1/ \ !
@ !

Cf: From the geometry of the triangle, the area and
the centroid can be obtained as follows;

| 1

in y direction M, _ L2
M, =—§| - dy—xyd
M,. :IydA:jIydydz = Zi(Z T xj

A=5-2-2:2 =
V2, N8
(Vs 25) = (0,==29) ‘
NGl

oy'z":Body fixed coordinate
oyz :Water plane fixed coordinate

<

v'First moment of area about the z-axis

<} Green's theorem

1¢y’
=—¢—dz— yzdy
2i 2

Segment : y()=t, z()=—t-+2, —-2<1<0

¢y 1o (y*dz dy
—| —dz—yzdy=— ———yz—|dt
2.[1: 2 yeay 2I—ﬁ[2 dt 7 dt

1o (£
=5J:ﬁ[z(—l)—t(—t—\/§)-l]dt

0
1 (7 17 V2,
=— — N2 |dt =—| —+—t
2175[2 ‘Fj 2{6 2 |,

31

[Example] Calculation of Area, First Moment of Area, and
Centroid with Respect to the Inertial Frame (5/10)

<

Cf: From the geometry of the triangle, the area and
the centroid can be obtained as follows;

| 1

A=5-2-2=2 =
V2 Y18
Vas75) = (0,==5) /
e

0y'z":Body fixed coordinate

oyz :Water plane fixed coordinate

<

v'First moment of area about the z-axis
in y direction M, ,

1¢y°
MA,: —5£7dz—yzdy

y2

1 V2
Segment @: ELJ*dZ—yzdy =

2 3

 Segment @: y(0=t, z(0)=t-2, 0<r<y2

¢y 12y dz dy
EJ'(Q;?dz—yzdyf _[ [———yz— dt

0

2 2 dt dt

=%J'()ﬁ(%~l—t(z—ﬁ)~l]dt

= %Lﬁ(—g+\/§t]dt

[]
——+—t

21 6 2

0

32
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[Example] Calculation of Area, First Moment of Area, and
Centroid with Respect to the Inertial Frame (6/10)

Cf: From the geometry of the triangle, the area and

the centroid can be obtained as follows;

1

1

Ad=—2.2=2
2

V2

(yB"ZB‘): (vaT)

oy'z":Body fixed coordinate
oyz :Water plane fixed coordinate

N
N

NG

B,

v'First moment of area about the z-axis

in y direction M, _

1 y2
M, . =—¢—dz— yzd
Az 2? 5 yzay

1oy V2
: Segment (D: *L y?dz—yzdy:—T
{ Segment @: j —dz— yzdy—g
ESegment@: y=t, z=0, -V2<1<42

! dz zd' '[ ’V—zé—zd—ydt
2”2 V= T a

L (—OZOIJ
202

a2

1 2
oMy =5£y7dz—yzdy———+—+0 0
® @ 6

33

[Example] Calculation of Area, First Moment of Area, and
Centroid with Respect to the Inertial Frame (7/10)

Cf: From the geometry of the triangle, the area and

the centroid can be obtained as follows;

1

1

Segment M: y(1)=t,

A=>22=2
2

(YBl’ZB‘): (0,—?)

0y'z":Body fixed coordinate
oyz :Water plane fixed coordinate

v'First moment of area about the y-axis

inz d|rect|on MAy
M, dz—“d
§yz Z-—dy

_l b
M, . =5 i [xydy—;dxj

@ Greens theorem
Z
=~ yzdz-"d
2fyz @

2(t)=—t-+2, -2<1<0
1o dz z* dy
7“' yzdzf—dy—gjﬁ(y 577Ejdt

=1j0ﬁ[t(t N e C ‘F) ]

2

2
7.[0 [lz Py LA +2\/§t+2]dt
V2 2

1
2J-

2017-01-24
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[Example] Calculation of Area, First Moment of Area, and
Centroid with Respect to the Inertial Frame (8/10)

4

Zl

NS 1IN !

g 5

TN

D * 1
®: 1B, 1 A

N\ -1/ \ !
@ Yy

Cf: From the geometry of the triangle, the area and

the centroid can be obtained as follows;

1

1

Ad=—2.2=2
2

o

(020 = (0,- 32

oy'z":Body fixed coordinate
oyz :Water plane fixed coordinate

N
N

NG

B,

v'First moment of area about the y-axis
in z direction M,

1 z*
M, =—¢yzdz——d
Ay ny 5 Ly

1 z? V2
Segment : EL‘yde —7dy =3

ESegment @: y(t)=t, z(t)=t-2, 0<1<2
1 z° 1 V2 dz 2> dy
512)y2d277dy_5-|‘0 (yZE*7E dt

=1J'f[t(t—ﬁ)~l—(t_;ﬁ)z~1]dt

2
2 f
“-0\/2 [l‘z 2 t 222t+2J 2

35

[Example] Calculation of Area, First Moment of Area, and
Centroid with Respect to the Inertial Frame (9/10)

Cf: From the geometry of the triangle, the area and

the centroid can be obtained as follows;

1

A=%-2-2=2
V2
(yEl,ZB‘)=(0,—?)

0y'z":Body fixed coordinate

oyz :Water plane fixed coordinate

i v'First moment of area about the y-axis
in z direction M,

1 2z’
M,, =5§yzdz—7dy

C

1 2 2
Segment : 5£13y2d2—7d}’: —}
! z° 2
Segment @: ELJ’VZdZ_7dy=_T

ESegment@: y()=t, z=0, -J2<1<42

1 z? 1 2 dz
S yzdz— gy == E_Z Dy
2l =3[ (yzdt 2 dtj

2017-01-24
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[Example] Calculation of Area, First Moment of Area, and
Centroid with Respect to the Inertial Frame (10/10)

:vArea A
z |
z' A:Ei;ydz—zdyZZ
AN V4 : v'First moment of area about the z-axis
: : in y direction M,
: ® | Ley?
= —T g MA,Z_ﬁ?dz—yzdy_o
™ t N\ S~y : '
i B : i v'First moment of area about the y-axis
----- Lo i in z direction M,
@ ' : 1 2 22
Y M, ==§yzdz—Zdy=—2
A= fy > y 3
Cf: From the geometry of the triangle, the area and v'Centroid
the centroid can be obtained as follows; : M M
z 2 )= s Ay
| T (75,525 ( VR j
A=—:2-2=2 = :
2 o9 p . 01( 242
V2 | : Z| 0 L 22
(J’B‘,ZB‘):(O,*T) 2’2 3
oy'z":Body fixed coordinate =|0, _Q
oyz :Water plane fixed coordinate i 3

37

[Example] Calculation of Area, First Moment of Area, and
Centroid with Respect to the Body Fixed Frame (1/10)

v'Area 4 1
2 A=f§(xdy—ydx)
z y i 2z
/ P4 :jdA =”dy'dz'
1 I i Ll Green's theorem
2 [6) _ % § i de—2'dy
-1 ® o 1 i ‘ “Body fixed coordinate”
BN |4 i Segment (D: y'() =1, Z'()=-1, ~1<i<I
i Using the chain rule, convert the line
-1 @ i integral for y’ and z' into the integral for
i only one parameter "¢".
Cf: From the geometry of the triangle, the area and l VI '_l ! |ﬂ_ ,dl
the centroid can be obtained as follows; _ : 2'[1:)/ dz Zdy 72_[,[ Y dt z dt dt
4 :
FY : 1p
3 H =— 0—(-1)-
4L i 2L(zo (=1)-1)dt
11 3 i
's 2 ) = (3= 0) T2 R RV
BonE 373 T 5 —2'[11dt—2t‘71—1
2:1

0y'z":Body fixed coordinate

oyz :Water plane fixed coordinate

38
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[Example] Calculation of Area, First Moment of Area, and
Centroid with Respect to the Body Fixed Frame (2/10)
v'Area A

z z y : 1
/ A= Eiy'dz'—z'dy'
1 i 1
e : Segment (D: EL; y'dz—z'dy'=1
T u i . iSegment @: y'()=1, Z'(t)=t, —1<t<1
- ® Yo
o H
N U pemsar= L] (o
PR L Ty T
-1l ® :
H 1
:EJ:](I-lft-O)dt
Cf: From the geometry of the triangle, the area and = lt‘l =1
the centroid can be obtained as follows; _ : 2 -
4
1 3 i
A=—2.2=2 N
2 1 T
(V' 22 ) = (5 o) —
B B 3 3 ? ?
2:1
oy'z":Body fixed coordinate
oyz :Water plane fixed coordinate 39
[Example] Calculation of Area, First Moment of Area, and
Centroid with Respect to the Body Fixed Frame (3/10)
i vArea A
z z' i
y : R ORI
/ A= 5 iy dz'-z'dy
1 i
i . lj‘ e =1
> o ESegment ®: 7Y y'=
e i 1 (I R I A R
T 1 1 ' ESegment @: EJ.@)/ dz'-z'dy'=1
BN 4 . ,
i Segment ®: y'(0)=t, Z'(t)=t, -1<r<1
-1 © P o d . d
H - (I A I AN (i vl
2.[3:‘de Za!y—J-I (y 7 zdtjdt
Cf: From the geometry of the triangle, the area and = J.il(l.l_ 1- l)dt =0
the centroid can be obtained as follows; _ : 1
4 :
3 E 1 Al Al A '
a=L209 j:) .~.A=5j5ydz—zdy:1+1+0=2
C 2 11 B c ORoNE!
(ygl,ZB‘):(g,*g) 4 2
3 3
2:1
0y'z":Body fixed coordinate
oyz :Water plane fixed coordinate 40
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[Example] Calculation of Area, First Moment of Area, and
Centroid with Respect to the Body Fixed Frame (4/10)

! vFirst moment of area about the z'-axis

2 z' i iny' direction M, .

y : = dy— xydx]
/ M'ATZ,:jy'dA:J‘J.y'dy'dz ﬂ
1 I <} Green's theorem
2
% @ :lj;y—dz'—y'z'dy'
1 1 ' 2c 2
- ® Yo
bS H
BN\ |4 i Segment : y' (=1, Z'(=-1, -1<r<1
-1 ® 1 L lp(yrde L dy
: dz'-y'z'dy'=— ——y'z'=|dt
: 2J122y =\ T

Cf: From the geometry of the triangle, the area and
the centroid can be obtained as follows; —

1p(f?
75_f_](?40—t(—1)-1jdt

(24

3 1 1,
! ’ =~ [dt=-r| =0
' [ 3
(yg,,zg,)=(*,—*) i 2
3 3 3 3
2:1
oy'z":Body fixed coordinate
oyz :Water plane fixed coordinate 4

[Example] Calculation of Area, First Moment of Area, and
Centroid with Respect to the Body Fixed Frame (5/10)

! vFirst moment of area about the z'-axis

2 z' ’ Poiny directionMA
/ M', fi;y dz'-y'z'dy'
1 i
i@
- I ) : Segment ®: y(t):l, Z'()=t, —-1<t<1
® :
B $\14 12 12 ' '
! : ly.,..lj'ydz oy
: =1 - =—| | =———-y'z'"—=|dt
292 2 2 2 dt dt

e fj.(—llto]

Cf: From the geometry of the triangle, the area and
the centroid can be obtained as follows; J‘ —dt=—

4
1 3 :
A=—.2.2=2 N
2 11 b
' il 3
(y BI,ZB'):(g,*g) 4 2
3 3
2:1

0y'z":Body fixed coordinate

oyz :Water plane fixed coordinate 42

2017-01-24
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[Example] Calculation of Area, First Moment of Area, and
Centroid with Respect to the Body Fixed Frame (6/10)
v'First moment of area about the z'-axis
- z' y i iny' direction M,
1 y"?
/ E MIA.Z‘ — Ef y2 dZV_yVZdeV
1 P : 2
i Segment M: — | 'z
V4 H 2/0 2
7 |9 -
1 ® ] 1 b ;Segment@: 54 —
BN\ [T 4 i \ \
i Segment ®: y'() =1, Z()=t, -1<i<l
“o
—j y” & ar
: 2 dt dt
Cf: From the geometry of the triangle, the area and £ ! 1
the centroid can be obtained as follows; . = 7-" [— 1—¢-t- ljdt 7J. ( j =——
4 6
1 3 o 1 ¥ 12
A:522:21 1 E‘__‘E '.'M'Aﬁz'25¢ 2 dzv_yvzvdyv
' f _ (L _ 1 3 C
(yglszB,) (39 3) 4 % 1 1 2
3 =0+———=—=
2:1 2 6 3
oy'z":Body fixed coordinate
oyz :Water plane fixed coordinate @ @ @ 43

[Example] Calculation of Area, First Moment of Area, and
Centroid with Respect to the Body Fixed Frame (7/10)

: vFirst moment of area about the y'-axis

2 z' i inz direction M, .

1 ¥
y i M, == | xydy—=—d.
/ M'A,y‘:J.Z'dA:J-JZ'dy'dZV 4z Zi(xy Y 2 *
1 I 4L Green's theorem
2 I 2
4 @ i :7§y'2'd2'—idy'
— v 27 2
1 ©) 1 y' i C
< :
BN\ |4 i Segment D: y'()=1, 2(®)=-1, -1<r<I
1 z” 1 dz' 2" dy
_ : = { ld v—id':— [ dt
@ PoghtTET ZL[yzdt 2 di
1 1
: = j 1(=1y-0-~ 1 ar
Cf: From the geometry of the triangle, the area and : 21
the centroid can be obtained as follows; _ : '
P 1p( 1 1 1
| 7 BELNIEEY s
A=—2.2=2 N -
2 11 z =
' " 3
(ygl,ZB‘):(g,*g) 4 2
3 3
2:1

0y'z":Body fixed coordinate
44

oyz :Water plane fixed coordinate

2017-01-24

22



[Example] Calculation of Area, First Moment of Area, and
Centroid with Respect to the Body Fixed Frame (8/10)

i v'First moment of area about the y'-axis

- z y in z' direction M, . i
1 z'
M, =—¢y'z'd-—ady
// i 2@ T
1 M : 2
 Segment (1: lf yrde-Eody=-1
= | i €8 Cd 2 2
4 :
1 T , iSegment @: y'(t)=1, Z'(H=t, -1<r<1
- ® Yo
S — :
By 4 1 7" 1 dz' 2% dy'
7-[7\y'Z'dZ'_7dy':7-‘- y'Z' _c y dt
@ 2@ 2 291 dt 2 dt
1p ?
== 1r1-20 ar
2791 2
Cf: From the geometry of the triangle, the area and 1
the centroid can be obtained as follows; - : _ 1 -r _ 1, _
H =—|tdt=—t =0
4 : 2 4 1
1 3L
A==2.2=2 N
2 1o T
' ' 3 :
(yg,,zg,)=(*,—*) 4 2 :
373 3 3
2:1
oy'z":Body fixed coordinate
oyz :Water plane fixed coordinate 45

[Example] Calculation of Area, First Moment of Area, and
Centroid with Respect to the Body Fixed Frame (9/10)

Cf: From the geometry of the triangle, the area and

z z v in z' direction M, 2
' 1 () 1 Z' 1
/ MA”V'ngyZdZi?dy
I I i 12
 Segment (@ lf y'z'dz'—idyv:_l
L 1) g f ol 5 5
1 : . | Segment @: 1.[ e E gy =0
— @ ) 1 y . 5 \,Z‘y ) y
B, A : . '
i Segment ®: y'(®)=1, ()=t -l<i<l
-1 @ :

the centroid can be obtained as follows; _ 2 2 3
. i :lf PVR LAY ¥/ L /R
q 3 i 291 2 2912 12|, 6
_Llone N 1 °
A > 2.2 21 ' E_‘g .'.M'/l_y:E@y'Z'dZ'_ZTdy'
' ' 3 :
(ygl,ZB‘):(g,*g) 4 2 ¢
3 3 1 1 2
2:1 =0-—+—=-=
0y'z":Body fixed coordinate 2 6 3
oyz :Water plane fixed coordinate @ @ @ 46

v'First moment of area about the y’-axis

1 2 1 dz' z% dy'
_ A} Vd '_7 d 1 — \l '7 — dt
2l 2= 2L(yzdz 2 di

2017-01-24
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[Example] Calculation of Area, First Moment of Area, and
Centroid with Respect to the Body Fixed Frame (10/10)

ZV
z /y
1 §
v
T |®@
-1 ® €l y
BN |4
-1 @

Cf: From the geometry of the triangle, the area and
the centroid can be obtained as follows;

4
1 3
A=—2-2=2 .
C 1 3
(yglszg,)z(gy_g) 4 2
3 3
2:1

oy'z":Body fixed coordinate
oyz :Water plane fixed coordinate

(24

i vArea 4

1

A=— ldzv_zldl:2
. zfy ly
v'First moment of area about the z'-axis

in y" direction M, .

1gy” 2
M, == dZ‘* lzld =
Zf Sy =S

i v'First moment of area about the y'-axis
in z' direction M, .
|l 1 L 1 ZVZ 1 2
M A.},,=5£y z dZ—7dy ——g

v'Centroid

{ ' M
(yB‘sZB‘ =T

47

[Example] Calculation of Area, First Moment of Area, and Centroid
- Transform the Position Vectors with Respect to the Inertial Frame

z
z /y
1 N
V4
T @
-1 1 y
@ S
B, A
G
A=2
i\l 2 ] 2
MA.z‘:g MA.yv=—§
1 1
(¥'5, .2'5 ) = (gﬁ §)

0y'z":Body fixed coordinate

oyz :Water plane fixed coordinate

v'Calculation of centroid (Center of buoyancy B,)
in the body fixed frame and inertial frame
Body fixed frame | Inertial frame

] (-

i|v Transform the center of buoyancy in oy’z’ frame into
oyz frame by rotating the point about the negative x'-
axis with an angle of % Then the result is the same as
the calculation result of centroid in the inertial frame.

_ [ ”j ! ( h
cos| —= | —sin|
v {J’Bl: 4
= .
4

ZB,

(yﬂl »Zp ) = (0,*?)

2017-01-24
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4. Calculation of Hydrostatic Values
by Using Simpson’s Rule

Noval Architectural Calculation, Soring 2016, Myung:l Roh I!dlﬂb 49

What is a “Hull form”?

™ Hull form

B OQuter shape of the hull that is streamlined in order to satisfy requirements of a
ship owner such as a deadweight, ship speed, and so on

B Like a skin of human
M Hull form design
® Design task that designs the hull form

| Hull form of the VLCC(Very Large Crude oil Carrier) |

Wireframe model Surface model

Naval Architectural Calculation, Soring 2016, Myung:Il Roh ’gdlﬂb 50

2017-01-24
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Lines of a 320,000ton VLCC

Body Planm T i1 1%~ ~1
RN
ERAR!
! 1
\ N
T S
| NN NN
I~
\ ]
I N N
% RN
W1/
i

Water Plan Sheer Plan

I!dlﬂb 51

Naval Architectural Calculation, Soring 2016, Myung:ll Roh

Station

M Stations are ship hull cross sections at a spacing of Lgp/20.

M The station 0 is located at the aft perpendicular and the station 20
is at the forward perpendicular. And the station 10 therefore
represents the midship section.

+ Station spacing = Lgp / 20
X position of the Station “A” = Station No. of “A” x Station spacing

Sheer Plan (Elevation View)

\\\\\\

Station No. | |
0 1 2 3 4 5 6 7 8 9 07 1" 12 13 14 15 16

AP Midship

ydlab -

Naval Architectural Calculation, Soring 2016, Myung:Il Roh

2017-01-24

26



Section Line and Body Plan

M Section line is a curve Iocatedk

cross section.

M In general, because the section lines
are located at each station, they are
called “station lines”. 5
M Section lines make up the lines plan
(Body plan). y

53

Buttock Line and Sheer Plan (Buttock Plan)

M Buttock line is a curve located on a profile (lateral) section (x-z

plane).

M Buttock lines make up the sheer plan or buttock plan of lines.

Sheer Plan (Elevation View)

(Wi

Ny Q/

section line (station)

Example of water line of a 320K VLCC

) =

—— DLWL (Design Load Water Line)
= Design Draft

Naval Architectural Calculation, Spring 2016, Myung.| ILRoh

l“(“nb 54

2017-01-24
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Water Line and Water Plan (Half-Breadth Plan)

M Water line is a curve located on a water plane (vertical) section (x-

y plane).
M Water lines make up the water plan or half-breadth plan of lines.

Water Plan (Plan View)

e *'r:—-r//’ —_—

FP
— DLWL (Design Load Water Line)
= Design Draft

section line (station)

Example of water line of a 320K VLCC

I!(".nb 55

Naval Architectural Calculation, Spring 2016, Myung.| ILRoh

of Offsets Table of a 6,300TEU Container Ship

Example
Waterline * Unit: mm
Stations i
Naval Architectural Calculation, Spring 2016, Myung:ll Roh ’“dlnb 56
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Relationship Between Lines and Offsets Table (1/2)

Generation of offsets table
from the lines

Naval Architectural Calculation, Spring 2016, Myung:ll Roh ’!dl“b 57

Relationship Between Lines and Offsets Table (2/2)

Waterline Centerline Buttock line Section line at Station 19

s BNRANNRBREBRBHEHNOCOE

S
T Half-breadth for each station
[-at 18m waterline

Section line at Station 17 |

1T

HH

Naval Architectural Calculation, Soring 2016, Myung:Il Roh

2017-01-24
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Calculation of Sectional Area

I I I 1} I
YT 1 1 Hey B Hs
5t.19 St.15 ! HB; o

- yANENNT He, @0 0
I I I 1 I

- ¢ : : : : Half-Breadth
R R N R A G
I I . 1 I

R | 1 I . I
w0

LT A /S T APVAN B et 1 [ ]
1 2 3 4 5 7

—
Simpson’s 1st Rule (S1)
A—
Simpson’s 2" Rule (S2)

| ] 1 ] | |
. 1 HB, HBa HBs
o L) P
| HB, i i
ol I I 1 I
o i/ 1 1 11 \ Half-Breadth
AT N A 1)
- i I . 1 I
1 1 I I 1 I
- ewdr 4 4
I heal | ]
_ 1 2 3 4 5 7

«—>
Simpson’s 15t Rule (S1) with half spacing
—

Simpson’s 15t Rule (S1)
Simpson’s 15t Rule (S1)

i 6.Myung:Il Roh ’!dlﬂb 59

Calculation of the First Moment of Sectional Area

Calculation of Sectional Area Simpson’s 15t Rule

| | | | |
y : | H:B3 H:B4 HBs Area, :J‘dA:lS(yn""‘yl+yz):lW(HBn+4HB|+HBz)
| HB T ’ }
HIB1 i ! Simpson’s 2nd Rule
| I I
o 1 | Half-Breadth _ _ }
i ! HB) Area2—J.dA—Ss(yu+3yl+3y2+y3)
S :%W(HBZ+3HB3+3HB4+HBS)

| |
4 5 4 . Area = Area, + Area,

—
Simpson'’s 15t Rule (S1)
Simpson’s 2" Rule (S2)

Calculation of the First Moment of Sectional Area (about y axis)

Simpson’s 15t Rule Distance of each ordinate from y axis
1 1 rd ' N 1
M, :Isz :gs(Y0 +4Y,+Y,) :gs(l-(O-yD)+4-(s -y1)+1-(2s-y2)) :Ew(l-(0~HBD)+4-(w-HBl)+1~(2w-HBz))
Simpson’s 2" Rule Distance of each ordinate from y axis
3 3 < N
M, :J.sz :gs(y0 +3y,+3y, +y3):gs(l~(0~yo)+3~(s~y,)+3~(2S‘yz)+1‘(3s~y3))

:%w(l~(2w‘HBZ)+3~(3w‘HB3)+3~(4w‘HB4)+1‘(5w‘HBS)) M =M +M

Naval Architectural Calculation, Soring 2016, Myung:Il Roh ’“dlﬂb 60

2017-01-24
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Calculation of the First Moment of Sectional Area

Calculation of the First Moment of Sectional Area (about z axis)

i i HB, HB, HB Simpson’s 15t Rule

I HB
HIB > ! i i M, = szA = %s(Y0 +4Y,+7Y,) Distance of each ordinate from z axis
I ) I I 1 I

(1§ b a1/ (1D ) (051D )

1 * Al A 0

| Al i i

PO R R :lw(l‘((HBo/2)~HBO)+4~((HBI/2)-HB,)+1~((H32/2)‘HB,))
s AT R 3 )
1 2 3 4 5 7

4._>

Simpson’s 1<t Rule (S1)
A—
Simpson’s 2"d Rule (S2)

Simpson’s 2nd Rule

M., =|zdA4 :7 s +3y, 43y, +
'[ o+ 37 433247 Distance of each ordinate from z axis

e
s(L((y /12D yy) +3: ((y.7ﬁﬁ)+3 (112 2)+1:((33/2)33))
3

=S w((HB, 2)- HB,) +3-(HB, | 2)- HB,) +3-(HB, | 2)- HB,) +1-((HB, /2)- HB,))

S Mz = Mz.l + M:AZ

Noval Architectural Calculation, Soring 2016, Myung:l Roh I!dlﬂb 61

Calculation of the Centroid of Sectional Area

. . 1
Calculation of the Centroid Area, == w(HB, + 4HB, + HB)
I | | | |
YT o 0 g, HB HB; Area, = > w(HB, +3HB, + 3HB, + HB,)
: H:B I 3 | I 2 8 2 3 4 5
1 1°2 |
HIB1 . i i i Area:lw(HBﬂ+4HBl+HBZ)+§W(HBZ+3H33+3HBA+HBS)
) ] I 1 ]
I Centroid ! \ Half-Breadth _1
e :r% ‘T [ oB) M, = w(1-(0-HB)) +4-(w-HB) +1-(2w- HB,))
| | [ |
" i Wi i i i M, —%w( -(2w-HB,)+3-(3w- HB,)+3-(4w- HB,) +1-(5w- HB;))
0 ' I ! '
o 1 2 3 4 5 7 .‘.MV:lw(l-(0~HBO)+4~(W~HBI)+l-(2w~HBq))
D" 3 -
Simpson'’s 15t Rule (S1) 3
A—
Simpson’s 2"d Rule (52) +§w(1~(2w-HBZ)+3-(3w-HB_1)+3-(4w~HB4)+1-(5w-HBi))

M, 7%w(l-((HBO/2)-HBO)+4-((HBI/2)~HB])+1-((HBZ/2)-HBZ))

M, %w(l ((HB, /2)-HB,)+3-((HB, /| 2)- HB,)+3-(HB, / 2)- HB,) +1-((HB; / 2)- HB;))
.'.M::éw(L((HBU/2)~HBU)+4~((HBl/2)~HBI)+1~((HBZ/2)~HBZ))
+%w(1~((HBZ/2)~HBZ)+3~((H33/2)~HB3)+3~((HBA/2)~HB4)+1~((HBS/2)‘HBS))

M,
, Centroid, =—

. Centroid | =
’ rea rea

Naval Architectural Calculation, Soring 2016, Myung:Il Roh ’“dlﬂb 62
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Calculation of Water Plane Area

—— DLWL (Design Load Water Line)
=» Design Draft

Water Plan (Plan View)

Station No. | |
0 1 2 3 4 5 6 7 8 9 10 1 12 13 14

} Half-Brea@th (HB)

S‘t‘%‘tion No.
0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20

Simpson’s 15t Rule (S1)

Simpson’s 2" Rule (S2) Simpson’s 1<t Rule (S1)

1. Generate a temporary section (e.g., -0.166)
2. Perform Simpson’s 15t Rule.

-0.333 -0.166 0

Naval Architectural Calculation, Soring 2016, Myung:ll Roh

I!dlﬂb 63

Calculation of Displacement Volume

M The displacement volume (underwater volume) at a certain draft
can be calculated by integrating sectional areas in the longitudinal

direction.

Volume integral
from sectional areas
in the longitudinal (x) direction

™

AP FP X
|:> Simpson’s 1st Rule (S1) Simpson’s 2" Rule (S2)

M In addition, the volume can be calculated by integrating water
plane areas in the vertical direction. There can be a difference

between two volumes due to approximation.

S

l“dlﬂb 64

Naval Architectural Calculation, Soring 2016, Myung:Il Roh
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Calculation for Wetted Surface Area

M The wetted surface area means ship’s area which contacts with
water.

M This area can be calculated with the following approximate
formula.

2 2
S=6z e 1+ Q + Q dx
Sta. 4 dx dZ

Noval Architectural Calculation, Soring 2016, Myung:l Roh I!dlﬂb 65

Example of Calculation for Wetted Surface Area (1/7)

Calculate the wetted surface area of the ship from St. 1 to St. 5
between 3m and ém of waterline.

mlanfaal@] @ [@|enea] G| enfca|e]| @ [@] o [ao]an

HB | HB Sta.| HB | HB | sta. | HB | HB | mean
[ Sta, 6m | 3m Loysz|( /822  Ford.| 6m | 3m | Aft. | 6m | 3m |&y/6x Sysydsumlsum2fsm ] prod
0.42 -0.12
5 | 1966|1841 017 & 2012|1984 4 17.56 | 1547 0.01 118 1.09 1 1.09 I

[6)] [©)]

4 | 17.56 (1547 0.70 049 5 |1966|1841) 3 1338 | 1116 |-0.24| 006 | 1.55 124 3 372

St.4 st.5
3 (1338|1016 fo7a| oss | 4 |179|1547] 2 | 814 | esa |-033) o1 Jues| 120 | s | 387
2 | 814|664 foso| o2s 3 |1338 |16 1 262 | 216 |-035] 013 J138] 117 |ras4] 1.9 f HB: Half-breadth for waterline
T | 543 | 438 Joss| o012 | 2 | 814|664 (; 262 | 216 |-038] 013 |1as| 11z [u7re] 199 i HB : Half-breadth afterward
1| 262|216 fo1s| 002 | ue | 548|439 e [-022¢|-028<]-037] 014 |116] 108 [oa444] 04 : HB; Half-breadth forward

i S: Wetted surface area of the ship

center plane . N
Sx = Station interval =13.94 m

HB, (4):1__ g7 =6 e Sy (oyY
Projected to / Wetted Surface Area )| Sum:l+(;’;) +[§—ij
A !

(1):1 4 -2 i
5y L1 // e N U |
/2 /;/ 4 =3 73
e st We can find
p P e can fin
gzt 4P, . . dy
. [/ 7 2 the vertical station shape slope
z 1.
V/ (5)-2 ‘; ¥ and longitudinal water line slope%
________________ S X
St4 Std4  sts by using the central difference.
X 66
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Example of Calculation for Wetted Surface Area (2/7)

Calculate the wetted surface area of the ship from St. 1 to St. 5

between 3m and 6m of waterline. :
Mmanaa1@ | G @ |en|@al G)| 6D | Ga 1G] (M 16 O |aoja1) 3
HB | HB Sta.| HB | HB | sta | HB | HB fwvean
Sta.| 6m | 3m |sy/sz|Gy/62%fFord.| 6m | 3m | aft. | 6m | 3m |6y/8x| sy/ex2) sum|(sum)2|sm | Prod. H
0.42 -0.12 H
s wesfasa | f o017 fe |22 mesf 4 furss isar ] T oo fasf vee f 1) a0e :
4 |nse|isarfom| 049 5 |1see|ar] 3 | 1338 | 116 |-024) o6 Juss| 124 | 3| 3v2
! St.4 st.5
3 [1se|tnefon| oss 4 172|547 2 | s14 | ees |-033| o |ues| 120 | 3] ser :
2 | 814|664 foso| o2s 3 |1338 |16 1 262 | 216 |-035] 013 J138] 117 |ras4] 1.9 f HB: Half-breadth for waterline
e | 543 | 439 Jo3s| o1z | 2 | 814|664 (; 262 | 216 |-036| 013 J12s| 112 |u7es| L99 HB,: Half-breadth afterward
1| 262|216 fois| 0oz fue | 54| ass] e [-022+|-028]-037] 014 |116] 108 [oass] 0as ; HB; Half-breadth forward
= -L2s S: Wetted surface area of the ship
. .« L (Sas vV Y] 3 )2 s \2
1. Approximated formula for ship’s surface area:s o[ " \/1+(d}vj (d—ij i S,,,,,:H(%) {ZJJ
dy Sy i * z
1) 7 :? ' Ox = Station interval =13.94 m
z z !

8z=(6-3)=3m
S6y=HB,, ¢, —HBy,_;,

In the table,
[(1.2)—(1.1)]

dy

dz

2 2
Q ~ HBW L=6m HBW L=3m
dz oz

5

67

Example of Calculation for Wetted Surface Area

Calculate the wetted surface area of the ship from St. 1 to St. 5

between 3m and 6m of waterline. :
Manaa1@ | G @ @@l G)| 6D 6Ga 16 (M 6] O |1 3
HB | HB Sta.| HB | HB | sta. | HB | HB | mean 3
Sta.| 6m | 3m |sy/sz|Sy/62%Ford.| 6m | 3m | Aft. | 6m | 3m |&y/8x sy/sx2fsum](sum)z|sm | Prod \
042 -0.12 i
s |weesfasa| f o7 Lo 2012 mesef 4 fazss 1sar |7 oo fasf vee f 1 fa0e |
4 [vse|tsarfom| 040 | s |1ees |4t 2 | 1338 | 116 |-024) oos Juss| 1 | 3]s st4 sos
3 |iss|inefom| oss | 4 |12 |sar] 2 | s14 | eea |-033| o Jues| 122 | 3| ser -
2 | 814|664 foso| o2s 3 |1338 |16 1 262 | 216 |-035] 013 Qu1ss| 117 |ras4] 1.9 f HB: Half-breadth for waterline
1w | 543 | 438 oss | o1z f 2 | 814|664 (; 262 | 216 |-038] 013 fras| niz [u7re] 199 i HB : Half-breadth afterward
1| 262|216 fo15| 002 f 1w | 543439 e [-022¢|-028]-037] 014 B116| 108 [o44s4| 048 : HB; Half-breadth forward
s i S: Wetted surface area of the ship
. .y, L pSas oY (@Y \2
1. Approximated formula for ship’s surface area:s o[ " \/1 (d}] *(dlj x| Su»n:1+(‘2J +[i}]
2 dy 1(dy dy : X z 1 ox S5z
) a2\ dxly, +E“4 ! 6x=Station interval =13.94 m
& 8 HBuyiw-HBwi o Inthetable, —
= e [(5.1) ~ (4.1))/28x
dy L9V _HByican = HBrysan (FL.: Waterlinc) )
P = e s [(5:2) - (4.2))26x
dy 1 HB, 1 on = HBryy 1-om + HB 1 sm = HBryy 1 sm
a2 2.6 2.6 (©)
[ﬂjz ~ l HByicom = HBrywicon 1By isn = HBry 13 i 7
dx 2 2-0x 2-0x
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Example of Calculation for Wetted Surface Area (4/7)

Calculate the wetted surface area of the ship from St. 1 to St. 5
between 3m and 6m of waterline.

Mmanjaap@) g G) f@ |@nj@a )| 6n |62 | @efF @ 6] (9 Ko)1)

HB | HB Sta.| HB | HB | sta. | HB | HB | mean|

Sta.| 6m | 3m |sy/s2fSy/62%0Ford.| 6m | 3m | Aft. | 6m | 3m |&y/5: sum| (sum)2fism | Prod.
042 -0.12]

5 | 1966|1841 @ 017 & 2012|1984 4 17.56 | 1547 @ 0.01 118 1.09 1 109

4 | 17.56 1547 0.70 049 5 |1966|1841) 3 13.38 | 1116 |-0.24f 006 | 1.55 124 3 372

St.4 sts

3 | 1338|1116 0.74 055 4 1756|1547 2 814 | 664 |-033f 011 166 129 3 387

2 | 814 | 664 050 025 3 |1sss|1116] 1 | 262 | 216 |-035f 013 |1ss| 117 Qrasy] 169 HB: Half-breadth for waterline

e | ses | ass fossf o1z f 2 |14 |eed] | 202 | 216 J-oseff 015 |12s| Lz e 1 HB,: Half-breadth afterward
= =1284

S: Wetted surface area of the ship

Sta.l dx dz
®)=1+(N+B)

1. Approximated formula for ship's surface area:s=o:[ " +(ﬂj +(ﬂj Sum:1+(?) +[§lj
X ¥4

Sx = Station interval =13.94 m

2. Substituting 1) and 2) into the formula.

1| 262|216 o5 002 fue | 54| ass] e [-022+|-028|-037 014 |116] 108 Joass] 0as iHB/:Half-breadthforwa.rd !

2 2 1)"{1:M
Sxs J-Sms 5y 4 2 —
e ox 9z . 204 L HBuwscon = HBrovsoon
dx 2 2.6x

“oa] V(HByson—HBrivscon . HBuwicsw ~HBrowican || . (HBysoow—HBy s )
=0z 1+ — - 4 h 4 -

Sta.l P 2.5x 2 ox =

©)=y®)

3. By using the Simpson’s 15t and 2" rules, calculate the ship’s surface area. -

Example of Calculation for Wetted Surface Area (5/7)

Calculate the wetted surface area of the ship from St. 1 to St. 5
between 3m and ém of waterline.

mlanfaal@ ] @ [@|enea] G| enfca|e]| @ [©] © kofan

HB | HB Sta.| HB | HB | sta. | HB | HB | mean

Sta.| 6m | 3m |sy/sz)6y/62| Ford.| 6m | 3m | Aft. | 6m | 3m |&y/8x sy/6x2] Sum | (Sum)2ffs.m f Prod
042 -012

5 | 1966|1841 @ 017 & 2012|1984 4 17.56 | 1547 @ 0.01 118 1.09 1 109

4 | 17.56 (1547 0.70 049 5 |1966|1841) 3 1338 | 1116 |-0.24| 006 | 1.55 124 3 372

3 | 1338|1116 074 055 4 17.56 | 15.47 2 814 664 |-033] 011 166 129 3 387

2 | 814 | 664 | 0.50 025 3 1338 | 11.16 1 262 216 |-035] 013 138 117 1. 4448 1,69

1
liz | 543 | 439 | 0.35 012 2 814 | 6.64 @ 262 216 |-036] 013 125 112 1. 776 1.99

1 262 | 216 | 0.15 002 Lz | 543 | 439 we [ -022+|-028«]-037] 014 116 1.08 0. 4448 048

3. By using the Simpson’s 15t and 2" rules, calculate the ship’s

surface area. y=(sum)'2,9)
1) Simpson’s multiplier (10)
Ateal Area2

i U % % = ! Simpson’s 2nd Rule :
14 ? T 2 ox 3 4 s Station,(1) Ly !
Simpson’s 1st Rule: AreaIZé-%ﬁx-(yO +4y,+,)
. 3 . ; 3
Simpson’s 2nd Rule: Area2==-6x-(y,+3y,+3y,+ ;) : '
8 ' = x |
! s !
Total Area: Area1+AreaZ:g-&x-(gl-l}q,+§-l-l-4)/‘,+§-l'l}’g + ¥, +3y; +3)/‘4+)’5J 3
;g 332 332 332 | Area:gs(yrj+3y1+3yz+y3) :
= 1778, +[Ca4ah, B Bl ATs) Oesmoaoy Lo 80T 70!
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Example of Calculation for Wetted Surface Area (6/7)

Calculate the wetted surface area of the ship from St. 1 to St. 5
between 3m and 6m of waterline.

Mmaniaag@ | G) | @ |@nj@apG)|6n|Ga @\ @ [@f 9 (o)1)

HB | HB Sta.| HB | HB | sta. | HB | HB | mean

Sta.| 6m | 3m |sy/sz|6y/627 Ford.| 6m | 3m | aft. | 6m | 3m |6y/6x| sy/ex2) sumfsum)2|sm | Prod.
042 -012

5 | 1966|1841 @ 017 & 2012|1984 4 17.56 | 1547 @ 0.01 118 1.09 1 109

4 | 17.56 1547 0.70 049 5 |1966|1841) 3 1338 | 1116 |-0.24| 006 | 1.55 124 3 372

St.4 sts

3 | 1338|1116 0.74 055 4 1756|1547 2 814 | 664 |-033] 011 166 129 3 387

2 | 814 | 664 | 0.50 025 3 1338 | 11.16 1 262 216 |-035] 013 138 117 1.444) 169

liz | 5.43 | 439 | 035 012 2 814 | 664 262 | 216 |-036] 013 | 125 112 |L778) 1.99

® HB,: Half-breadth afterward

1262|216 Jois| 002 | e | 543|439 e |-022+|-028+|-037| 014 Jr16f 108 Joass] 0as HB;: Half-breadth forward

= =1284

S: Wetted surface area of the ship

3. By using the Simpson’s 15t and 2 rules, calculate the ship's sy (syY
surface area. S”'":”(E) *[Ej

2 2 Sy — Sy —
s SJ] +[l{ HB 1w =By 1oom + HB 1o = HBry 1sm ]J +[HBW peow —HBy ) s, ] dx L Ox=13.94 m,6z=3 m

HB: Half-breadth for waterline

S~dz

Sta.1 2 2-0x 2-0x Sz
—oz 250y s | us 1 HB<.m,hr_1'15y.uMm +HBm,~.”,*HBy.»;L,w . HBy o = HBy 3 ’
2 2-6x 2-6x oz
(10) ©)
3
=0z-=-0x- E -IEI
8 an

= 3%»13.94-12.84: 201.36 (m?)
7

Example of Calculation for Wetted Surface Area (7/7)

Calculate the wetted surface area of the ship from St. 1 to St. 5
between 3m and ém of waterline.

mlanfaal@] @ [@|enea] G| enfca|e]| @ [@] o [ao]an

HB | HB Sta.| HB | HB | sta. | HB | HB | mean

Sta.| 6m | 3m |sy/sz)6y/627 Ford.| 6m | 3m | Aft. | 6m | 3m |&y/8x sy/6x2] Sum|(sum)2|sm | Prod
042 -012

5 | 1966|1841 @ 017 & 2012|1984 4 17.56 | 1547 @ 0.01 118 1.09 1 109

4 | 17.56 (1547 0.70 049 5 |1966|1841) 3 1338 | 1116 |-0.24| 006 | 1.55 124 3 372

St.4 st.5

3 | 1338|1116 074 055 4 17.56 | 15.47 2 814 664 |-033] 011 166 129 3 387

2 | 814 | 664 J050| 025 3 |1sss|1116) 1 | 262 | 216 |-035] 013 |1ss| 117 [Laaq] 169 HB: Half-breadth for waterline

liz | 543 | 439 | 0.35 012 2 814 | 6.64 262 216 |-036] 013 125 112 1.778) 1.99

@ HB ;: Half-breadth afterward

1| 262|216 015| 002 | e | 543 | 439 | e |-022+|-028]|-037] 014 |118| 108 |o.aaq] 048 HBj: Half-breadth forward

e S: Wetted surface area of the ship

3. By using the Simpson’s 15t and 2" rules, calculate the ship’s surface! Sum:lJr(Q)AJr(er

! Sx 5z
area.

S ~201.36 m’

4. Calculate the wetted surface area of both sides of the ship

Wetted Surface Area, Both sides =2-S ~2-201.36=402.7 (mz)

Naval Architectural Calculation, Soring 2016, Myung:Il Roh ’!dlﬂb 72
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5. Calculation of Hydrostatic Values
by Using Gaussian Quadrature and

Green’'s Theorem

Naval Architectural Calculation, Spring 2016, Myung.| ILRoh

I!dlﬂb 73

Descr

iption of Section Lines (1/2)

‘ 1. Make a text file for describing the body plan of a ship.

Find:
V4

Given: Body plan of a ship

Text file describing the body plan of a ship

=

»

()’4

N

(o))
Vs> / 10 1
‘ y | Yo 2o

/

) (r4% )/ Y10 Z10
a Vah 25

/ (17, 1.510

of a ship

Example of text file for describing the body plan

300.0 50.0 27.0 18.0
27

/.

o

a2y

544

(yﬂszﬂ)

I LBP, By Dy T
Il Section Line Num.

|/ Station, Point Num.
II'Y coord., Z coord.

ij . Myung:| 1L Roh

l“dlﬂb 74
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Description of Section Lines (2/2)

‘ 2. Find cubic B-spline curves passing the points on the section lines.

Given: Data of the points on the section line that describes the body plan of a ship
Find: Cubic B-spline curve which passes the points on the section line

Make cubic B-spline curve which passes through
the given points

» Refer to the Part “Curve and Surface”
(Ship Hull Form Modeling for 2" Year Undergraduate Course)
r() =dyNg () +d, N} () + d,N; @) -+ dpy  Npy ()
d, : de Boor points (control points), i=0,1,...,D-1
N/ (u):B-splines basis function of degree n(=3)
u,:Knots, j=0,1,...,K~1, where K=D+n+l

N (u) = u—up, NI + Uy U N )
u, u

ent THiy Uiy — U,

0 else

1 if u, <u<u S
NP (u) = -1 : DNy =1

S . Myung:ll Roh

I!dlﬂb 75

Calculation of Sectional Area and 15t Moment of Sectional
Area Under the Water Plane (1/4)
Given: B-spline curve, the intersection points between the B-spline curves and water

plane, and B-spline parameter “u” at each end point of the line segments
Find: Sectional area and 15t moment of sectional area

w-@) , Waterline
Curve #6 6-@ /ix"

y

Curve #4

<

C
X
—-%]M= §lotacs )

Surface Integral Line Integrel

- W-®
The section is represented by The sectional area and 15t moment of the sectional area
Curve #0 ~ Curve #6 under the waterline is calculated

by integration of the following line segments.

»0-O1-Q»W-@,
1-@»2-O%6-QPW-@

76
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Calculation of Sectional Area and 15t Moment of Sectional
Area Under the Water Plane (2/4)

Given: B-spline curve, the intersection points between the B-spline curve and water
plane, and B-spline parameter “u” at each end point of the line segments
Find: Sectional area and 15t moment of section

<Surface integral> <Line integral >
8 Green's Theorem 1 g

A= [[aya' |:> :E(JS(y‘dsz'dy‘)

-a 1 !

For example, integrate the line segment 0-@
For the line integral of the segment in the y* and z' coordinates, the
interval for the integration has to be determined.
> Since the parameter ‘u’ increases monotone, the interval can be
found easily.
> Using the chain rule, convert the line integral for y’ and z' into the

integral for only one parameter ‘u’.
1¢s dz' dy'
— (u)—du—z"(u)——du
210@( ) du=z ]
15 dz' dy' 1¢s
=— (u)——z'(u)—— |du=|— u)du
/. zjo[ymdu ()duj 22
> u=0 —_—T
we t=-1 = To use Gaussian quadrature, convert the integration
v Relation between the Parameter u and ¢ parameter ‘u’ and the interval [0, 5] into 't and [-1,1]
1 - 1 dz' dy'\du 11
w= (t+ )(umznx “m..\)+umm 7]’ y'(u(t))——z'(u(t))l Zdr = 7J‘ f(t)dt
o) 27 du du ) dt 271
t+1)(5—
w0 v In the same way, integrate the remained line segments using
Green's theorem and Gaussian quadrature. 77

Calculation of Sectional Area and 1st Moment of Sectional
Area Under the Water Plane (3/4)

X Procedure for calculation of the sectional area and
1st moment of sectional area under the water plane
o
6-@ Convert surface integral into line integral
\ 4
|1 SN
-a E 74))) dz'-z'dy
2¢
4+
I
4-( 1-@f /W-® . N . N -
(/ Using the chain rule, convert the line integral for y' and z' into the integral
/ for only one parameter “u”.
gu) . o
%I:y'(u)%du—z'(u)%du
@, / : B AN
W-@, i 72_"0(/» (u) - z'(u) e du
5 L[ st
BN = ,J‘ g(u)du
[ 0 Su 270
T [
W-@)/
v  Relation between the Parameter u and ¢ 0 To use Gaussian quadrature, convert the parameter
" and the interval into “t" and [-1,1].
e D ) | e 1
= B ‘min H | 10 dz' dy']du J‘l
: ! [ | v @) =——zu@) = |==dt =\~ t)dt
G0 : : 2J—![y(“( Ve O S = LSO
2
-1 1 [ T

2017-01-24
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Calculation of Sectional Area and 15t Moment of Sectional
Area Under the Water Plane (4/4)

6-@

% Method to check whether the line segments are
located under the water plane or not

= To calculate the sectional area under the water plane, it is
required to check whether the points on the line segments are
located under the water plane or not.

n : Normal vector

Point: X,

Point: X,

v'Check the location of the point by using the sign of dot product of normal
vector of the water plane and position vector of the point
n+(X -0) > 0: The point is above the water plane.

n+(X —0) < 0: The point is on or below the water plane.

v'Perform only line integration for the segments which are on or
below the water plane.

In this example, the line integration is performed as follows:
The line segment 0-@ :n+(X -0) <0 = Perform integration
The line segment 1-@ : n«(X -0) >0 =» No integration
The line segment 2-@ : n«(X-0)<0 =» Perform integration

(X : the middle point of the each line segment)

79

Calculation of Ship’s Displacement Volume, 15t Moment of
Displacement Volume, LCB, TCB, and KB

Given: Sectional areas and 15t moments of the sectional areas under the water plane
Find: Displacement volume, 15t moment of displacement volume, LCB, TCB, and KB

LN

'

| each section

K

g

The results for

%

®

Calculation procedure

v Calculate the displacement volume and 1st
moment of the volume by integrating the

Calculate sectional area sectional areas and 15t moments of the
and 15t moment of the sectional areas over ship’s length.
area of each section

1) Make the ordinate set along ship’s length
by using the results for each section.

2) Generate B-spline curve which interpolates
the ordinates.

3) Perform the line integration counter-
clockwise using Green’s theorem and
Gaussian quadrature.

T@) Displacement: A= p, -V

V=v=[Aed M, = [M (e’

1

Displacement
Volume

}X{: The integration value is 0. x

'

M. M. M .,
LCB=—"Y2% TCRB=—"*2 yCB=—"
v % %

Moo= [ Mo (! KB =VCB (from waterline) + T,

M

Voa'y'

=M

2017-01-24
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Calculation of Water Plane Area,

Water Plane Area

1st and 2" Moment of

Given: Intersection points between the water plane and the section lines
Find: Water plane area, 15t moment and 2"¥ moment of the water plane area

y

Calculate sectional area
or 15t moment of area
of each section

y Water plane area

Intersection point between the
water plane area and the section
lines

Calculation procedure

v Transform the intersection points
decomposed in body fixed frame into
the points decomposed in water plane
fixed frame (inertial frame).

v Generate the curve which interpolates
the intersection points. If a section ‘x’
has no intersection point, input the point
as (x, 0, 0).

v Calculate the area, 1st moment and 2nd
moment of area using Green’s theorem
or Gaussian quadrature.

81

Calculation of Wetted Surface Area

Find: Wetted surface area

Given: Intersection points between the water plane and the section lines

p

U

l/’\r

> X
Integration direction

Calculation procedure

1) Calculate the girth length of the section
lines under the water plane.

5= j ds = j ()| e

2) Calculate the sectional area surrounded
by the girth length and water plane.

3) Make the ordinate set of the sectional
area.

4) Generate B-spline curve which interpolates
the ordinates.

5) Integrate the area along ship’s length
using Green's theorem or Gaussian
quadrature.

®» Wetted surface area is calculated.

82
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