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1. Principal dimensions

Length between perpendiculars

Length of water line at T

Rule Length
Breath

Depth

Scantling draught
Designed draught

Block coefficient

Speed (at 85% C.M.C.R.)

Service Speed (at 100% C.M.C.R./deepest seagoing draught)

Restricted service
Rudder profile
Type of ship

2. Size of rudder area

o 1.75LT
2.1 Aan=C10CsCs LL2L

=0.9x0.9x0.8x1.0x

=28.96m’

L= 194.50m
Lu=197.974m
L =192.035m
B =32.26m
H = 18.50m
T =1330m
T = 11.30m
C,= 0.877
Vo= 14.3kn
Vo = 15.0kn
Unlimited range
HSVAOO18

Bulk Carrier ship

1.75x192.035x13.3

A...— The minimum rudder area to achieve

sufficient manoeuvring.

Ci= 0.9
C,= 0.9
Cs= 0.8
Ce= 1.0

2.2 The actual rudder area A. (see figure 1)

AREX 0.0625m
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RUDDER CALCULATION
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A = 38.9865m*

A'=38.9865m+0.5x7.840m =42.9065m?>A nip=28.96m?

A _ 42,9065 NI
IxT  192.035x13.37 60 7 65

A+ area of the rudder horn Ai = 46.8265m?

Partial area Ar= 8.7865m?

Ar— portion area located ahead of the rudder stock axis.
Partial area (see figure 1) A1 = 16.824m?

Partial area (see figure 1) A2 = 22.1625m?

Partial area (see figure 1) A= 1.924m?

Partial area (see figure 1) Ax= 6.8625m?

Balancing ratio k =8.7865/38.9865=22.54%

5. Lateral force on rudder blade

3.1 Rudder force for ahead condition
Cr=132AVHK, KKK,

Where
v 90
A= Ve 46.8265_1’7297898
Ko=1.21
Ks=1
Ki=1
A =38.9865m?
V=Vo=15.0kn

Ca=132x38.9865x15.0'x1.2432633x1.21x1x
~1741883.8(N)

5.2 Rudder force for astern condition

Ch = 1328V K, KKK,

AREX 0.0625m
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Where
B 90
N= A= Tesog 1297898
K,=0.9
Kz=1
Ki=1
A =38.9865m?

V=V,=14.4/2=7.2(kn)
Ch =132x38.9865x7.2°x1.2432633x0.9x 1 x 1
~298509.939(N)

4. Rudder torque calculation for rudders
4.1 Rudder torque for ahead condition
Qri=Cgy 1y Qro=Cro'1y

A, 16.824
L=1741883 8¢ 3gggg5 =751682.071(N)

A, 22.1625
A =1741883.8x =38 9865~ J90201. 729(N)

CR1 CR
CRz—CR

Where

Kor= A1t = 1924 _q 1143604
At " 76.804

o= 52 =28029 0 3096447
2 20.1625

AREY 0.0625m
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A, 16.824
Ci=—pl=—7 = =3.7386667(m)
Ay _ 22.1625
= —pi=-"52 "> =4.925(m)

0=025  0,=0.33

[, =3.7386667x(0.25-0.1143604)
= 0.5071113(m)

rn=4.925x(0.33-0.3096447)
=0.1002499(m)

Qri=751682.071x0.5071113=381186.472(Nm)

Qr,=990201.729x0.1002499=99267.624(Nm)
QR :QR1+QR2
=581186.472+99267/.624
=480454.096(Nm)

For ahead condition Qg is not to be taken less than
Qrmin = Cge 11 2min

M1 2min = OT1 (¢, A +chy)

0.1
~38.9865

= 0.441305684(m)

Qrmin=17/41885.8x0.441305684
=768703.22(Nm)

4.2 Rudder torque for astern condition

x(3.7386667x16.824+4.925x22.1625)

AREX 0.0625m
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Qri =Gr1- 1y Qro =Cro" 1y

A 16.824
Ay 22.1625
Crp =Cr -2 A —298509.939Xm =169692.7532(N)
Where
r=Cy(e Ken)

Ay 1924 4143604

At 16.824
o= 52 =00929 0 3096447
2 22.1625
A 16.824
=== =3.7386667(m)
Ay 221625
-~ —=22:1825 4 925(m)

=0.55 o’,=0.66

=3.7386667x(0.55-0.1143604)
= 1.628711251(m)

ry =4.925x(0.66-0.3096447)
= 1.7254998525(m)

Qry =128817.1858x1.628711251=209806.0(Nm)

Qry =169692.7532x1.72549985255 2292804.82(Nm>
Qg :Q;e1 Qg

=209806.04+292804.82

=502610.82(Nm)

AREY 0.0625m
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3. Selection of Steering Gear
Steering Gear type selected:

Proof Factor=960/768.7=1.248

6. Rudder stock diameter
Dt =4.2 JOrk.
Ret=260N/mm?

krz(%)O‘“:(%)O‘“:ogz@%1 1

Qu=768703.22Nm
D =4.2 “Qak,

—4.2x[768703.22x0.9269811

=375.14(mm)
Di1—increased rudder stock diameter

6
?
D1 =0.1 Dt’\”-l_%(,\(;/l}_:)

REFER LR RULE RECOMMEND:

e 1
b :—hR CR C :b_R2
10(1+C) A
_ A 389865 _
bgr= 950 - 90 =4.5318333

_ b’ 4.3318333° e
Co=g =5 gaer - =0-4813148 2=9.0(m)
9.0

hr _
My=——"——0C, =
i 10(14C,) & 10x(1+40.4813148)

=1058313.479(Nm)

x1741883.8

6
_ 4,10583713.57
D O‘1X375‘14W”ﬁ7687@3.22>
= 46.28(cm)

The actual D; adopted is 480mm

AREX 0.0625m
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o, =] of +3 772

10.2M
%=
10 2)(1058314 —-97 .61 (N/mm >
48°
5.1QR
T =
DY
48°

¢ 5/97.61%4+3x35.457
= 115.32(N/mm?) < 127.29 (N/mm?)

118__ 118
K. 0.9269811

=127.29(N/mm?)

/. Pintle diameter

d = 0.35x Bk

Bi=Cr

Cr=1741883.8N

b=5166mm
c=4540mm

Re=260N /mm?

ke=(£329""=(2389°~0.9269811

_ o166
Bi=1741883.8x 1540

=1982064(N)
d= 0.35x\/1 982064x0.9269811
= 474.42(mm)
The actual d adopted is 500mm

AREY 0.0625m
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8. Required mean grip stress—keyless connection

8.1 Push—up pressure
2Q|: 3
|:?eq1 d2 Lﬂ/u/o x10

oM 3
BquZ ﬁx 10

Selete Dy=Dw  kr=0.9269811

B DS
Qr=0.02664 K.

_ 480°
0r=0.02664x ~5gogamrr= 3178242.7(Nm)

dm=451.34mm
L =850mm
Ho=0.15

My =1058314Nm

o 2x31782427 10°
reql 2
451.34°x850x3.14x0.15

=77.94(N/mm?)
611058514 ¢
850°x451.34

=19.47(N/mm?)
5 _08Ru(1-9°)  Ry=230(N/mm?) de=990mm
3 a=-dn 45134 _( 4553989
do 990
0.8x230x(1-0.4558989")

|| 3+0.4558989*
= 83.55 (N/mm?)

P

perm

|:I)’6C|2 < Req1 < Izz)erm

ARER 0.0625m?
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8.2 Push—up length

Preq dm 1 U.8Rim

1o ¢
E( 5 )c
Ri=0.0Tmm

N

5
F=2.06x10

AL Z7.94x451.34 _ O.8>%0.01

2.06x10x (] —0-4258989 WL e
= 6.587(mm) 19
1.6Rerdn | 0.8Re
Ecy 3+ot ¢
1.6x230x451.3

ALi=

AlLy=

INT=

pintle bearing

B;=1982064N dm=4/8mm
do=500mm L =650mm

P,.=0.4x 1 982964)(500
478°x630
=2.67(N/mm?)

AREY 0.0625m?
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8.5 Shear area of flat bar

As= Ps 3
ReH

_ Peqpdl
s = 5 m{dg 0.6]

R,=5007391.3(N)
m=0.3
Rer=355N/mm?

d1=550
dg=380

500739130 35( 350 _ g )3

pe 2 380

355
= 3105(mm?)

The actual As adopted is 100x35=3500(mm )2

9. The section at 4/00 to B.L.

80D
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figure 3
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A-B
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figure 4

Section moment of inertia: Iy, =1492883.85¢cnt

h=061./cm
L =/4cm<061./7%¥1.2=/4.04cm

t=5.0cm
MR :CR2 Xf1 ‘|‘B1 XO.5f2

Cr=990201.729N

fi=2201mm
f,=800mm
Bi=1982064N
Mr=990201.729x2201+1982064x0.5x800
~2972259606(Nmm)

The torsional stress

_ My _
SLht e =0.860m

Tt

M=Cr, €=990201.729%0.860=851573.487 (Nm)
=18.65(N/mm?)<50(N/mm?)

_ 801573.48/
2x74x61.7x5.0

Tt

AREY 0.0625m
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area of vertical plate
A=(70.64+73.4)x10/2=720
Ay=(48.4+46.3)x6/2=284.1
A =A+A=1004.1

Bending stress

I 1492883.85
W, = 4700 _ D
75472 54y C40678.034 (ch)

M 2972259606 : :
_Me_ = 73.07(N/m2)<75(N
%7W,” 40678.034 (/e ) <75(N/m)

Shear stress

A (7204284.1)x100

ovi=J 08 +37% =J73.07%3x9.862 =75.04<100(N/mm’)

0= 0f +372 =J73.07°+3x18.65* =79.89 <100(N/mm’)

AREY 0.0625m?
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10. Rudder plating
10.17 Rudder side, top and bottom plate

t,=1.740 [Pek +2.5

_ CRr
Pe=10T+ T

a=0.630m k=1

T=13.30m
Cr=1741883.8N
A=38.987m?

_ 1741883.8
= 10d9.5% 105,38 087

=177.68[kN,/m?]

tp=1.74x0.630xJ177.68x1 +2.5

=17.11(mm)
10.2 Webs (vertical and horizontal)

ty=0.7t=0.7x17.11=11.977(mm)

11. Connections of rudder blade structure with solid
parts in forged or cast steel

11.17 Minimum section modulus of the connection with
the rudder stock housing

_ o HeH e K
Ws=csD) W) <10
cs=1.5
D1=480mm
He=9.00m
Hy=1.10m

K=1
K;=0.9269811

B 3,9.00-1.102 l ~4
Ws=1.5x480"x( 300 ) x 0 G7R08T x10

=13788.4(cm’)

AREX 0.0625m
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750 750

Hy=1100

X

L]

g

X=X

)

N 00 2
Sv=1098
1 %
i 5
Area center to Inertia to
Length x Breath Area center line of center line of
rudder ¢ rudder ¢
cmXxcm sz cm cm4
(D | 3032 96 38.5 142377.92
)| 10:737 737 0 333596.3
G) | 30x32 96 385 142377.92
(W) | 22473 104.06 0 19401.033
. 637753.17

Section moment of inertia: I, =637753.17cm’

We=

637753.17

737/2

=17306.735

AREX 0.0625m
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11.2 Minimum section modulus of the connection with
the rudder pintle housing

We=coDi (et § Ky 7t

HE K1
cs=1.0
D1=500mm
He=9.00m
Hy=0.9/5m
K=1
Ki=0.9269811

2

_ 5.09.00-0.9/5
Ws=1.5x500"x( 5.00 )

=16081.83(cm’)

1 4

X 0.92698771 10

675 737
1
He=650
~
A
/\_
Sol He=975

X[}

it

S 1 O

Sv=1100

1:50
figure 6

AREY 0.0625m
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Area center to Inertia to
Length x Breath Area center line of center line of
rudder ¢ rudder ¢
cmxcm sz cm Cm4
()| 23.6x4.0 94.4 39.6 148160.17
(2) | 36x75.2 270.72 0 1275777
) | 236x4.0 94.4 39.6 148160.17
(4) | 236x32 75.52 42.4 135831.28
(5) | 36:816 293.76 0 163001.5
(6) | 23.6x3.2 75,52 42 4 135831.28
Total 858562.1

Section moment of inertia: 1., =858562.1cm”

858567
“T816/2

=21043.189

11.5 Calculation of the actual section modulus of the

connection with the rudder stock

p=s,+2-1x

Sv=1.098m

Hy=0.5m

m=2J4
b=1.098+2x U3

3
=1.298(m)

11.4 Calculation of the actual section modulus of the
connection with the rudder pintle

p=s,+2 1

AREX 0.0625m
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Sv=1.Tm
Hx=0.3m
m=3 03
b=1.1 +2XT
=1.3(m)
11.5 Thickness of horizontolzweb plates

t=1.2tp tH:o'o45%L te=17.11mm
" d=480mm
Sy=/50mm

t=1.2x17.11=20.532(mm)

ty for the solid part connected to the stock

2
_ 480

=13.824(mm)

ty for the solid part connected to the pintle

2
_ 500

=16.67(mm)

ARER 0.0625m
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