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Abstract

Recently, a very large vessel’s maneuvering performance, rudder performance and rudder
design’s importance is considered to be an important subject. There have been few studies
on the design process of rudder device before. The aim of this paper is to investigate a
design process of rudder device and to propose a generalized design process of rudder
device. Firstly, we investigated the rudder device design process of Korean major shipyards.
And the differences of a torque calculation method, rudder section design, maneuvering
performance examination method, etc were analyzed theoretically. Secondly, the design
process of rudder device was divided into concept design, initial design and detail design.
In concept design, a rudder area was estimated and its validity was examined. In initial
design, rudder profile and design method has been selected through rudder form
determination process. And principal dimension and steering gear capacity were determined.
Maneuvering performance was also examined by simulation tool. In detail design, design
criteria considered in rudder initial design has been investigated thoroughly. Also a rudder
torque, rudder cavitation performance and rudder structure analysis were estimated. And
maneuvering performance was also examined by model test. Finally, based on the results of
investigation, the design process of rudder device was generalized and proposed.
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Table 1 A/Ld of diverse ships
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0.4° /sec= K;6,= K, < 10", K, = 0.04/sec
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* Determination of Profile & Design
- Determination of Profile(Flap, Twisted, Schilling, Naca Series)

spade)
- Determination of ordinary & performance rudder
[
* Determination of rudder Dimensions
- Determination of rudder span & chord
- Aspect Ratio
- Balance Ratio

¥
» Examination of rudder DESIGN CRITERIA
- Examination of Rudder - Propeller length
- Consideration of stern frame (length AP ~ transom)

¥

* Determination of Steering Gear Capacity
- Consideration of Jossel-Beaufoy Method margine

nvestigation o
maneuvering
performance by
simulation

Fig. 4 Rudder initial design flow chart
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Fig. 5 Classification of rudder profile

_'
=
@
m
rr
= J
rr 10
0z 19
o
- o
lH?J >
o
15
w
= kJ
30 ry
i
1

U g
m
|0
0
e
>
Q
o
>0
«Q
()
o
Q
@
4 ©°
Al 9u
(S =}

m o
rr mm
U £
o =
2 10
° S g
S
0 v
Jl_ﬂ B
-J
y
30
ir W0
1o
8
© =
o &
o
SER=

oo Mo
1n
2
m
J2
2
=
o
J3
H
un

I

!

o

e

0=

>

u

x

0
[0
=

ton
JE
=

t

= m x
pe rir
1~ 09 JT
KO 30 Jo 1o
H1 RE FH

ne

0=

S g
M= o Eftel s 02
S C|

@ o o

ro

9|
(leading edge) DbEAIHZE
SEEol =2 SHI(mid body)2t 21101 e
2Kfish tail)2 ot AN RUCH. NACA Series=
M=ol 0|1R2 20| AKRZD =]
Eteloletn & .
glotod HBIDH SIHE #0|1
Series OtCH XHOIDF U

EFRZOIME A=(Stal)0l oiL
?|8t 240ICt Kort Nozzle2 Et
TZEHE XNES S LS ERS
H A8 Z=2E{2| 0| 26t Hd3l4
JINZI, EXI & S0I5tH Hetg A3
QUCH SE8F B 90° = 1 0lae=z
2= QI E0of Y22 IgIM Qlol ==

A= FE0I UCL

J
ix
=
o
by
S S
o
['Cl
io
n o
o 0%

0
o
al
=
30
N

’

o 0

o]
5 2
-0
T

L
0
(wl
m
o
2
Mo 2
0%
.
o
00 12 J2

1o
0
W42 S 2

oy Me
4
ML

5o M
10
o H

2Ir

!

1w
o

i
o
b

—
==

i

A
$Q

or

=
e mlo

4o
JA
>

i

4.1.2 Et9 CIXtQl(design) 23

Etel CIXIRl ZHAINS Becker rudderg JI1&
©Z Full spade? KSR(Kingdom Support
Rudder), Herus support, Semi—spade OIAl &
g £ QUCHL Fig. 62 EfS| CIAIRIZ LIEHH 20|
Ck.

o=l

Full spade KSR HERUS  Semi spade

Fig. 6 Classification of rudder design

o

ro

)

o

sl =28 M 47 & W 1 = 2010 2&



2IALS
oo

S|

(il

[ﬂ

Sl

[0

21 &
=]

il
A
@

3,

Full spade Et= Et MAMDF ZEEIZ &
20| gl= 20l SA0IM, EF XXMl SAHIEBE O
ct Etoll Zel= 8t=01 stLkel =0l 26 XIXI
Tl= RI0ICH =20z 2201 218 JHEIEI01E
A oHZ2 s ME2 gotez g Mgt
Ol 20l 2=% 10 QUCL KSR2 2 =(Kingdom

Support)S 2o 2 =0 ML= O=Z
(fatigue)2t =28 RHEE = & £ QUCHL
Herus supporte= N£9Z R&tol= 2 ABHl

ZO0I|0HH Herus supportE REHECZM =S
ESigS /\*“Z =2 £ QUL Semi-spade El= &
N Bt AR= 27382z T
ZEo2Z T UCH Semi—spade
, TS, Semi-spade E} EHZ &

, =M otss A = Ules &
UCH edLt =2 S| Has & AR0+
Mol et JHPIEIOIEN 2ist &

MOF A2+6H0 Full spade EFE &S0t UCH

"
_\,-'_
P

4.1.3 YBHE} - S4B 2F

oA a0l et Z28&E= B & 2E
H=(K)0 et LBEI S4EI2 LIS A
£ Z3¥2 oII& S LBtEl= NACA Series,
Single plate, Flat side, Mixed, Hollow2l &&FJt
UASHM, S==Et= Fish tail(shilling), Flap EF2l &
o AN S SHEM XA JEHEICH Fig. 7
2 2BEel S| 2 B S Z2E Al (K)
£ LIEHAH ZJ0ICH

Ke

Anead Condition | Astern Condition

FProfile Type

Single plate

5 _ ‘ 1.3 090

Fig. 7 Coefficient A for ordinary rudder

Journal of SNAK, Vol. 47, No. 1, February 2010

105

Fig. 82 S==tt Bt SA2ZH 11 2
2 o= HE0IA OI8&l= S4M0ICH

ﬂIIO
e
fO

Ke

Profile T
rottle Type Ahead Condition | Astern Condition

Fish tail
1 = Schilling rudder 14 0.8

—_ D

Flap rudder

2 {@_ 1.7 13

Steering Nozzle

3 i[ 19 15

Fig. 8 Coefficient A. for performance
rudder

4.2 Et9 X4 23

Etel X+ Z23E Mole ==ELQ It
2tl(aspect ratio) 2t Z&Hl(balance ratio)
offOF StCt Etel XIz= ZEH0IA ZRst 22
Fig. 90l EAIZLCH

Al

E_
g7

Fig. 9 Decision of rudder dimension

Fig. 90IAl a= 21 ZT2EP{eto] =/AJH2l(a)
ZA DnVOIAE 2l(4)2F 2101 #A5HD QUCH

Z2AHH LAY TR (DnV): a= 0.2R(m)
a: 0.7RN A7+ (
R: Xa23Auky

&

be & =2 2H(Aft End BHD)Z HOILIXI
YEE AAHol0F otH, c= ZZEY €=
(propeller removal)Al 2HEEIX ZRE= SICE d=
S2(docking) Al ERJF =42 X 2EE Dld

50




106 O &4 B X €A Z2AMAM il & =240 2

(base line)lt H&st 2t2S KXIGHOOF GHH O

Hels BEE 400mm &2

StCt.

Etel Jt=2-ANIZBI0l CHet 32 Ete] Amz
ol e oA waht 20 01Xl g

0l 28t H=31(Sohn et al.
ZHl(aspect ratio)Jt HXIH
212 4| LA AMAOILE

1996)Jt UL Jt=-Al
2 =0t E0HI=
ololl Brotd =0k

&S Mollg Jts40l UACEH Mets oiE =d

20AE  2AHOIHHNAE

Etel  Jt2-MZH]

(aspect ratio)2 2 2.0 MEZ 5t1, LEHEQI
6

FR0lE JI2-HAIZHIE °F 1.

S?AEP.

Table 2 Balance ratio
general cargo ship

XEP|(steering gear)
ol 23~28% =<0t
A0 EfHAYIQ 2
Ck.

and area ratio of

General Cargo Ship

Rudder Area
Ratio(Ar/Lxa)

1.4~1.7%

Rudder Balance
Ratio(Af/Ar)

22~24%

<Ar : Total Rudder Area(Rudder Horn XI2l)

Af © Fore Rudder Area

>

4.3 Eb & 3ActOIENZI Ol (criteria) 2 E

Propeller Rudder

horn part movable part

section |

section Il

Fig. 10 Criteria exami

nation of design

]

HE B X £ Z2AM He

Etel E3 F2t0lHI2I0(criteria) ZE Al =
ZEPQ} Bt 2+ 2 AN Efete Hel, &

OIXH(Stern frame)2l F&S NHBHOF SHCE

HY ZZ2EHQ Efe| 2HE2 YN oZ ELo|
FAXINA B2 M Etet dXetel 2HE2 2
D289 HiZ2 F Ol BiXlok= 20| £XI8H =
& Hs 2 A Jisd 22 SOOI 24E0] &
Ct oA ECH] & == QiCh &8t L&Al 0l
MM E28Y RI| S&IF 52061 HAN EIEE

HRHNIM=E ZZ2E2 2| HtZ FH0il BH=Al E

F
£ HHXIGHOF SHAIZH A=H0IME 2R S| bt
Z F0l EtS BHXIoHHLE 012 S0 S8t
20| BiXIGHOF ot= =Mt UCHL EXMF2k Etet
O AHels detel &2 (docking) Al EDF &4
UX REE HEE 2HS =AGHOF St Fig.
112 Etet Z2EY, H0IM2rel Helol gt &
gr= LIEtH 210ICH

B.L

AlP.

Fig. 11 Criteria of rudder design

dit & gt A
=) OE'QEID{LP HDI 2MUE &2 gako| &
Alg o2l 4 o0z MHl Al FOI6HOF &
(Lee 2008

stxdses =28 M 47 & H 1 & 20104 2&



2IALS
oo

21 &
, ©

el
et

= o

M

3,

Sl

[0

4.4 XEID|(Steering gear) E& =F
ZED| 2 Jossel-Beaufoy B2 AMESHO
KX‘I |.[]4 527(10 /\I() ( )O,” /\—|D§H\ I_

4.5 AMEdol&0 28 =2E5ds EE
AZdIol&0 et 22
CHet &etol 53‘——3%

AlZED HIE
g

P JE oM 2
Jm ]|0>|| Ml
o U0
o qgn
c Lo
Zm
: = U
nrox
N
oM x
0 3
) 10
AT
Op
H0
o
op O

0
o

J

o
o 0
e 2
4 82
{0
10

gg
o
1n
2'-|_|
[t
I
o
ooy
A
x
0D O B
[Q
gl_l
ton
10

4J 0
Pl
o
[
é
e
4
i
O
:Oé

HE A= DBE +=ot1,
/é*ﬁIEU#IOHA-IBI &ere 5%@

30

J

oA POl 4

HL $0
S b
o
0
:
i
I
(i T
L
0w
i
S
@D
=
iy
.

oy nr

5. &t &Al €A ZZAAM

e

OlAl MiCtok= EF &0Ml X Z2AIME
o ZUE 2HZ ot HAMZRE, MM
Xl==, &AIBHXION CHEH 2l0l0t=(layout)

r

S
nx
=

1o

Do ox b
o
>.
w %
o=
%
sz

ol WEYUS Rol5HH 4ot

LS BIIAAIO AN AMEH A E 2
Xﬂ 0| &eiEl= 20| Bt&tAGHK|2, 2Jtsst &8
20 = A HHZ S0l = Ues TS
BH(feedback) WAES FACL Fig. 12% 20| &
HEAH Ul ZIIEHNA 8= 2uE b
O=FZ MMt 2AE ZHSHICL HA &I &AH

2f(steering  gear

4

SHE CIRH, ST45D) TEHSS TIKHD,
Bl PAGMA U MATOIS XMEHs BHOR T
St

Journal of SNAK, Vol. 47, No. 1, February 2010

107

« Determination of Steering Gear Capacity by detailed examination

* Determination of Rudder form & area by detail examination
- Examination of rudder form by detail

- Examination of main dimensions by detail

= Examination of rudder arrangement by detail

- Examination of repair & maintenance’s point of view

¥

= Calculation of Rudder Torque
- Jossel-Beaufoy Method
¥

» Counterplan on Erosion of Rudder
- Determination Rudder section-cross & Gap form
- SUS construction

v

* Measurement of Velocity Performance
- Examination of resistance performance by rudder geometry & size
- Examination of resistance & propulsion performance by rudder dimension

How appropriate
he initial design i

Rudder initial
design process

« Measurement of Maneuvering Performance (PMM Test, Free running Test)
- Zig-Zag Tests , Turning Ability, Yaw Checking Ability, Stopping Ability
- Examination of Steering Gear Capacity

Rudder initial
design process

* Structural analysis of rudder
- Applicable parts for IACS Rules
- Casting drawing and production drawing

Fig. 12 Rudder detail design flow chart
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Fig. 13 Decision of rudder dimensions
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DQUHEEZ 5P| fol Al=Eols 21e=2, A0 O 2MT= EA £2AZ LIEFHCH

A= OFelel Jossel-Beaufoy HIAHAIS| Z 10l A

MM HE QXIE BHHGIN AF=SHC
Fy=58.840 sina (5)

= 15.6AU%sina
(CP). = (0.195+0.305sina) < c (6)
Q= AcV?(4.36— 118d)1(r3 (7)

OIIM a= Z2Z, Ur(m/sec)it Ulknots)= S
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Fig. 15 Simulation of turning test(Kim et al.

2006)
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Table 3 Summation of maneuverability of

Item Description Criteria
Implementing left,
. . right and turning test Advance<4.5L
Turning Ability at the given test Tactical diameter<5L
speed
Advance when
- . - applicating 10° bow
<2.5L
Initial Turning Ability angle and rudder angle
to left or right
if, L/V <10 10°
10°/10° Zig—
(1st O/vershoft Zaﬂzle) i, LIV:> 30 : 20°
. . if,10<L/V<30: <5°+0.5(L/V]
Yaw Checking Ability - ‘ / (L)
. 10°/10° Zig-zag 1st Overshoot Angle +15°
(Zig-zag Test) (2nd Overshoot Angle) <35° in general
20°/20° Zig-zag < 50
(1st Overshoot Angle)
. . Crash stop astern testAl
< 15L
Stopping Ability Track reach distance 15

5.6 Bt #xoli4
Et 2XGHA0IME IACS Rule HERME &ot

5
HIUHES B HEEAH, =IIEAH, &
2 L0 JI=oICH
28 3 HEE Otefiet 201
&

£ FHsith

« ZI|IHHUME EF 84, X & BIXIE 2
&otL), TEP| S¥(steering gear capacity)=
FHotH, AIZd0l&(simulation)dl 28t =&4
s2 2ES

o ANEHNANE ZINEHUM HEE AES
TEolstnd, e E3(torque) 28 & 2E AIES

SolilAl Etel £SHsS ZESILL

0l =28 20078 H=R(UeD|=R)2 M
OF SRS AZFS 20t == A1
(No. ROA-2007-000-10028-0).

A B EX 3 Z2AAM Hln £ 240 9

I
ar

]

Eb X A Z2ANA Mot

A4

g2 0 2 8

Bu, KT., Song, I.H. and Sin, S.C., 2004,
"Numerical Simulation for the Rudder in order
to Control the Cavitation Phenomena," Journal
of Ship and Ocean Technology, Vol. 8, No. 1,
pp. 42-50.

Kim, Y.G., Kim, S.Y, Kim, H.T., Yu, B.S. and
Lee, S.W., 2006, "Study on the Maneuvering
Characteristics of a Container Ship with Twin
Skegs," Journal of the Society of Naval
Architects of Korea, Vol. 43, No. 1, pp. 15-21.
Lee, C.E., 2008, Ship Design, Cheong moon
gak, Pa—Ju, Gyeonggi—do.

Oh, JK., Lee, CM., Lee, H.B., Seo, D.W.,
Rhee, S.H., Suh, J.C., Lee, S.H. and Kim, H.,
2008, 'Rudder Gap Cavitation and its
Suppression Devices," Proc. of FEDSM2008,
Aug. 10-14, Jacksonville, Florida, USA.

Oh, JK, Seo, DW. and Kim, H., 2009a,
"Numerical Study on the Gap Flow of a Rudder
System with Bisymmetric Blocking Bar," Journal
of the Society of Naval Architects of Korea,
Vol. 45, No. 5, pp. 460-470.

Oh, J.K, Seo, D.W., Kim, H. and Lee, S.H.,
2009b, "A Numerical Study for Reduction of
Rudder Cavitation with Gap Flow Retadation,"
Proc. of 10th FAST2009, Oct. 5-8, Athens,
Greece, pp. 51-62.

Paik, B.G., Kim, K.Y., Ahn, JW., Kim, Y.S,
Kim, S.P. and Park, J.J., 2008, "Experimental
Study on the Gap Entrance Profile Affecting
Rudder Gap Cavitation," Journal of
Engineering, Vol. 35, pp. 139-149.
Seo, D.W., Oh, J.K. and Lee, S.H., 2009, "A
Numerical Study on the Control of the Gap
Flow Using a Fluid Supply Device", Journal of
the Society of Naval Architects of Korea, Vol.
46, No. 6, pp. 579-587.

Sohn, KH., Lee, GW., Kim, H.S., Kim, Y.S.
and Ha, M.K., 1996, “A Study on the Effect of

Ocean

Z
ol

ro
J

tetxdstsl =28 M 47 2 W 1 = 20104 23



o, &=

Rudder Area with Reference to Changes in
Span Distance on Course Stability of a Ship”,
Transactions of the Society of Naval Architects
of Korea, Vol. 33, No. 4, pp. 3—-16.

« Son, D.. and Rhee, KP., 2000, "A New
Empirical Formula for Steering Gear Torque of
Tankers by Statistical Analysis based on Sea
Trial Data and Modified Lifting Line Theory",
Journal of the Society of Naval Architects of
Korea, Vol. 37, No. 1, pp. 40-49.

Journal of SNAK, Vol. 47, No. 1, February 2010

111



