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Structural Optimum Design and Dynamic Behavior Analysis
of Steering Support Flange for Azimuth Thruster
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Abstract : Recent, The propeller had high performance according as high performance of small ship. So, We
hag the development for azimuth thrusters. This Paper has structure tmprovernent of steering support flange in
azimuth thrusters, Steering support flange 18 very important part. because, Steering support flange supports all
weight of azmuth thrusters. We has static & dynamic analysis of Steering support flange, and we discover
the very safety. So, We has optimum design for the cost reduction. The first method of optimum design, We
has the thickness reduce to 30mm from S, Next method of optimiim design, We had added stiffener. And
we has the structure & dynamic behavior analysis. We had to dynamic behavior analysis. The first, We had to
modal analysis The result of 1st modal nalysis is that original model had to 76.48hz and new model had to
200.5hz. The second, We had to harmomic analysis. The result, We gave the thrust power to steering support
flange. and We had to frequency analysis to 0~500hz. The result, Deflection ration reduce to 1664
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Table 1 Purpose function of optimum design

1. | Max. von mises stress(MFPa) > 118
2. Max. displacement (mm) > 015
3. Ist-mode (Hz) 90 <
4 mass (kg) > 210
5. Cost(¥) > 168,000

22 =gl

Steering support flange®] 7€ Fe+ Fig.1¢A]
s} Zro] 279¢] Disk plate® AH 2 Feo]H, o
A By glon, ¥ Bolt Holeo] YAE AL
EE Parts=9 Jigdg2g 7] WECIH. 5 Ver.
shaft unit, Casing Box 1mit, Steering Tube unit7}
Bolting ¢ 2 #]4x)o] slth

FA% A2 Steering Support Flange®] 24 3474 2 $3AF] AT 47

Fig. 25 Azimuth thrusters2] 3D modelS HF
S o, Steering support fange?} ZF UnitS 2] Jig

qEs 2 d&s & 7 At

Steering
Support
Flange
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Fig. 3 General arrangement of azimuth thrusters
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Table 2 Dead weight of Ver. shaft unit

No. Parts Weight(kg)
1 1st pinion gear 42

2 Ver. shaft 93

3 2nd main gear 13

4 Bearing housing 52

Table 3 Dead weight of Casing Box unit

No. Parts Weight(kg)
1 Casing 235

2 Bearing housing 1 9

3 Bearing housing 2 10

4 Stap Flange 0.5

5 Eng shaft 42

6 1st main gear 16

7 Air cuth 100

Table 4 Dead weight of Steering tube unit

No. Parts Weight(kg)
1 Slewing ring 216
2 Steering tube flange 236
3 Steering tube 124
4 Low nozzle 276
5 Bearing housing 150
6 Oilseal hotiging 20
7 Cover of bearing housing Y|
8 Propeller shaft a1
9 2nd Finion gear 111
10 Propeller 220
1 Propeller mut 5
12 Propeller cap 21
13 Protective cap 107
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Table 5 Max von mises stress & Max. deflection

about to Stiffener installation

Case Max. von mises Max
stress(VPa) deflection{rmm)

R1 716 (16463

R2 50.64 1074

S1 1043 0334

RI1+R2 2728 (1.3928

R1+51 0808 {02557

R2+S1 30.06 (0.2577

R1+R2+51 29.62 {11021
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Fig. 13 Deflection ratio comparison for each mode

332 =56 A
272 23 Boundary & Loading conditionoll X =
R Thrust power® A23}o Fig. 14048} 7o)

_3’7_



A48 Azimuth $3F%] 9] Steering Support Flange®] #2234 HHEA 9 $HASA &5 A+

Original model®] ZA$-ol& 7421Hzo14  New
model®] 7-$-ol& 196.1HzAl A Modal Analysis®]
12} Mode-2¢1 A& & 4= vt Thrust power]
739 Deflection ratioe 16.64¢1 AL & 4 2

‘ Original model HNew model |

Deflection Ratio

7421 1193 1195 196.1 2107 2734 2747 4473

Frequency (Hz)

Fig. 14 Deflection ratio for each frequency

4.3 =

ERANE 28AuE Azimuth 32 g9

fr & ¢

Z  Zo| Steering support flangeo]| T3}
Optimum design= 7F8th Fig. 159 A%

Original model®] Bottom partZ Xl F31 Qo
Fig. 169 7% New model®] Bottom partS X
Fa Ik 97 8= v 2 ZES
I Ut}

w2 2

Fig. 16 Original model

Fig. 16 New model

1) Steering support flange®] Disk plate?]
Thickness®Hs Z7F Al71A ®Aohd, 25mmef| A
Max. von mises stress & Max. deflection value®]

¥ BES gk

2) Steering support flange ] Stiffener
installationg & 4 U= Arear 3Partso]H],

3Parts 25 StiffenerE Installation dFdoF Max.
von mises stress & Max. deflection valueol| 9t %+

e

[‘

3) Steering support flange 370¢] Stiffener®
Thickness®] F7= 25 12mm¥ 4% Purpose
function valueol w3t}

4) Steering support flange®] 3%-59] Stiffener
Width= R19] A%+ 50mm, R2¢] A%+ 90mm,
S19] Aol 100mm ¥ B-57F HA oo FAE
2T 2mmY 7§ Purpose function valueo| ¥HE
gt}

5) Steering support flange®] Natural frequency
o] A5 7IE AFY AFdde Ist modedl A
76.48Hz, ~ Optimum  designo] €3+  Natural
frequency+ Ist-mode®l 4 200.9Hzo] == Engine
Q20w BA BdhE New modeld 799+
Resonance area® HoldS & 4 Ut

6) Steering support flange®] Dynamic behavior
of 2%+ 1z} mode Deflection ratio== Modal
analysis®] 7-5-9l< 194, Thrust power7} 7}l %
S A% 16647 FAaF A

7|

fo

o] =i 2007d% 2vhAl BK213 Agoist &
N & s (NURD ¢Jate] A S A5

Sk

ek

1. J. Clarkson, 1957, "The Design for Minimum
Weight of Simply Supported Simple Grillages
to Withstand a Single Concentrated Load”,
Trans, NECIES Vol.73.

2. Logan Daryl L, 1993, "A First Course in The
Finite Element Method”, PWS publishing
Company.

3. H. B Harrison, 1980, “Structure Analysis and

Design”, Pergamon Press.

_38_



