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A Study on structural strength analysis for twisted
full spade rudder and adjacent hull structure of

large container carrier

Noh, Jae Min

Department of Naval Architecture & Ocean Engineering

Graduate School of Korea Maritime University

Abstract

Recently many ship owners and ship builders are interested in energy
saving device. And many shipyards have also been investing much time to
develop energy saving devices. For the energy saving of the subject
vessel, Twisted Full Spade Rudder(TFSR) was proposed to install to the

subject vessel.

Generally, FSR is well known that it is safer than conventional rudder
against cavitation erosion because it does not have cut-out on rudder
surface. It is also expected that it has energy saving effect about 1~2%

compared with conventional rudder.

In this study, strength assessment of TFSR were performed to verify its
structural strength and it was verified using rudder design force defined in
CFD and BV(Bureau Veritas) Rule. Through this study, it was found that
the FSR with has sufficient structural strength.

KEY WORDS: Twisted Full Spade Rudder ®lth# %7} €} Finite Analysis 384
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Fig. 1 Blade position as per defined in CAD files rudder angle = 0°
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Fig. 4 Meshing (stationary and rotating)
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Table 1 Initial guess for the steady state calculations

Velocity of fluid equal to inlet V Vx = 26.54 knots
Vy =0
Vz =0

Uniform turbulence turbulent intensity = 2 %
Turbulent viscosity ratio = 10
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Fig. 10 Absolute pressure field on the rudder

b) frd

Oh= Fig. 113 o] #1719 33 ghe] 4ol oJs FFH= F5o #25 AT
Ao

1glom Brel MBub? FREeH Aol et 5o Bel gyut &
Fe ZoE tehgth

Welocy in 5in Frams
oy in

e T A——

R T, [ S 5!

Fig. 11 velocity field in ship wake

2) WY AEES ARsh S B A FA7] H4 ol 919 BASAES A7) 915 R,



Fig. 12 velocity field on the rudder
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14 Streamlines on the rudder surface (oil flow)
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Fig. 22 Streamlines on the rudder surface (oil flow)
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Fig. 26 Absolute pressure field on the rudder
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Fig. 27 (b) velocity field in ship wake

Fig. 28 Streamlines on the rudder surface (oil flow)
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Fig. 30 0° angle FEM model  Fig. 31 35° angle FEM model



Fig. 32 Rudder model

Fig. 33 Hull beneath steering gear deck
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Table 2 Number of elements and nodes at 0°

Static model angle 0° Dynamic model angle 0°
Number Number
Element ¢ Number Element ¢ Number
types ° of nodes types 0 of nodes
elements elements
thin shell 22,401 thin shell 22,530
triangle 1,586 triangle 1,586
quadrilateral | 20,815 quadrilateral | 20,944
solid 17,208 solid 17,208
tetrahedron 96 tetrahedron 96
Structure wedge 3,080 37,185 Structure wedge 3,080 37,185
brick 14,032 brick 14,032
beam 2,934 beam 2,934
rigid 6 rigid 54
spring 0 spring 10
all 42,549 all 42,736
thin shell 9,213 thin shell 9,213
. triangle 9,213 . triangle 9,213
e quadrilateral 0 4713 B quadrilateral 0 4713
all 9,213 all 9,213

3) BFEAIE BN 208 AR 2 $H0% AgE 95Y TRt 2T HRE FHow 4ve
A, St vEEor FAsel gk



Table 3 Number of elements and nodes at 10°

Static model angle 10° Dynamic model angle 10°
Number Number
Element ¢ Number Element ¢ Number
types ° of nodes types 0 of nodes
elements elements
thin shell 44,401 thin shell 44,851
triangle 2,289 triangle 2,148
quadrilateral | 42,112 quadrilateral | 42,703
solid 20,344 solid 20,344
tetrahedron 96 tetrahedron 96
Structure wedge 3,656 61,040 Structure wedge 3,656 61,170
brick 16,592 brick 16,592
beam 2,984 beam 2,984
rigid 6 rigid 54
spring 0 spring 30
all 67,735 all 68,263
thin shell 9,204 thin shell 9,204
. triangle 9,204 . triangle 9,204
Hu quadrilateral 0 4758 o quadrilateral 0 4758
all 9,204 all 9,204
Table 4 Number of elements and nodes at 35°
Static model angle 35° Dynamic model angle 35°
Number Number
Element ¢ Number Element ¢ Number
types ° of nodes types 0 of nodes
elements elements
thin shell 22,446 thin shell 22,766
triangle 1,586 triangle 1,586
quadrilateral | 20,860 quadrilateral | 21,180
solid 17,208 solid 17,208
tetrahedron 96 tetrahedron 96
Structure wedge 3,080 37,195 Structure wedge 3,080 37,195
brick 14,032 brick 14,032
beam 2,944 beam 2,944
rigid 6 rigid 54
spring 0 spring 52
all 42,604 all 43,024
thin shell 9,500 thin shell 9,500
. triangle 9,500 . triangle 9,500
g quadrilateral 0 4,857 i quadrilateral 0 4,857
all 9,500 all 9,500
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u) A 2~ £-#(Von Mises stresses)-& Table 59 o] BV AF7+3

Table 5 Allowable Von Mises stress
Acc. to BV Pt.B Chl0, sec 1, 7.2.3 Allowable Von Mises stress
Rudder blade 120 MPa
Rudder stock, trunk, bearings 162.5 MPa
Skeg, hull structure 191 MPa
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Fig. 34 Boundary conditions
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Fig. 37 Fluid mesh - angle 35°
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Fig. 42 Rudder angle 0° - Deformed model (scale factor deformation: 200)

Fig. 43 Rudder angle 0° - Deformed model (scale factor deformation: 200)
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Fig. 48 Rudder angle 0° - Contact area between stock and lower bearing
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Fig. 50 Rudder angle 0° - Von Mises stresses in steering gear deck

Fig. 51 Rudder angle 0° - Von Mises stresses in hull below steering gear deck
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Fig. 53 Rudder angle 0° - Von Mises stresses in rudder blade (greater than 10 MPa)
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Fig. 55 Rudder angle 0° - Von Mises stresses in rudder stock
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Fig. 56 Rudder angle 0° - Von Mises stresses in lower bearing
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Fig. 60 Rudder angle 35° - Deformed model (scale factor deformation: 50)



Fig. 61 Rudder angle 35° - Deformed model (scale factor deformation: 50)
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Fig. 62 Rudder angle 35° - Area of contact between stock and disk bearing



Fig. 64 Rudder angle 35° - Area of contact between stock and upper bearing



Fig. 65 Rudder angle 35° - Contact pressure in the upper bearing

Fig. 66 Rudder angle 35° - Area of contact between stock and lower bearing
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Fig. 67 Rudder angle 35° - Contact pressure in the lower bearing
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Fig. 68 Rudder angle 35° - Von Mises stresses in steering gear deck
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Fig. 69 Rudder angle 35° - Von Mises stresses in hull below steering gear deck

Fig. 70 Rudder angle 35° - Von Mises stresses in skeg and rudder blade
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Fig. 72 Rudder angle 35° - Von Mises stresses in skeg
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Fig. 81 Rudder angle 0° — 2nd mode — f = 4.14 Hz



Fig. 82 Rudder angle 0° — 3rd mode — f = 5.26 Hz



Fig. 83 Rudder angle 0° — 4th mode — f = 7.68 Hz
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— 1st mode — f = 2.73 Hz

Fig. 84 Rudder angle 35°



Fig. 85 Rudder angle 35° — 2nd mode — f = 5.03 Hz



Fig. 86 Rudder angle 35° - 3rd mode — f = 5.72 Hz
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Fig. 88 Rudder angle 0° — Von Mises stresses in the structure
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Fig. 89 Rudder angle 0° — Von Mises stresses in the structure



Fig. 91 Rudder angle 0° — Von Mises stresses in skeg and rudder blade
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Fig. 92 Rudder angle
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Fig. 93 Rudder angle 0° — Von Mises stresses in skeg and rudder blade
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Fig. 94 Rudder angle 0° — Von Mises stresses in rudder blade
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Fig. 95 Rudder angle 0° — Von Mises stresses in rudder stock
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Fig. 96 Rudder angle 0° — Von Mises stresses in rudder stock

drizzlole] Aoy LEe EEAlee] APl FEWo| glonw gt ol
gdon gudew AA FEo] ol Pramold it AjeHo] FadE AL



-l (-
e
m_?l_[
b
%0
X2
o

Fig.

HHEG S A BFFACA AWE A 22 ddo]l et 2xgddzds) wlof

Po WA Ay $ol F/HA e AT 5 ATk

Ty i)
B TLE+

ZER+DE
T a0l 4046

(L] B0

Fig. 98 Rudder angle 0° — Von Mises stresses in the lower bearing
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Fig. 99 Rudder angle 35° — Von Mises stresses in the structure

Fig. 100 Rudder angle 35° — Von Mises stresses in the structure



Fig. 103 Rudder angle 35° — Von Mises stresses in skeg
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Fig. 105 Rudder angle 35° — Von Mises stresses in rudder blade

44 % Ae FAT + AUk 30 MPag =
sehe FRe 2EYe] FRYFOR Qs S0l F/1F Ao BEHTh UM MW A



>
2
2
oo
ol
rlr
olo
v
)
filo
!
o2l
:Céls
o
o
oft
u

Pa
3.5%BE+08

3.TEE+D3

3.5BE-+DA

3.36E+03

3. 1BE+HDE

2.55B+08 T

4. TRE+HDE T

Z.55BE+08 T

2.35E403 T

2., 19E-+H08

1.55E-+03

L. 7SE+04

1.55E-+08

L.389E+03

1. 15B-+0d

9.958407

T.9TEHDT

5.9BE+HD7

3.55E407

2.0D0E+HDT

6. TEE-+D4

Fig. 106 Rudder angle 35° — Von Mises stresses in rudder stock with sleeves



Fig. 107 Rudder angle 35°
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Table 5 Deviation between class-rule requirements and analysis result

Allowable Stress Analyzed stress
Item according to Static Dynamic
BV class rule
0° 32.2 0° 25.9
R Bl 12
udder Blade 0 35° 81.2 | 35° 82.5
0° 29.7 0° 30.6
Rudder Stock 162.5
nader stoce 35° 116.2 | 35° 85.2
0° 24.8 0° 35.8
R ] 162.
udder Carrier 62.5 350 36 3% =13
U 0° 2.97 0° 451
bper 35° 599 | 35° 5.83
Rudder L 10 0° 5.71 0° 7.40
ower
Bearing 35° 9.69 35° 9.71
0° 5.15 0° 6.36
Disk
' 35° 9.97 | 35° 8.36
Hull structure 191 0° 35.8 0° 36.9
including Skeg 35° 147.1 35° 162.0
0° 29.5 0° 23.6
Rudder Trunk 191 355 1007 3£ 1410
(Unit : MPa)
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