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Abstract

This paper deals with the evaluation of structural safety to fatigue strength of marine
propeller blades having high skew angle and operating in irregular wake field. The
determination of the optimum skew angle of a propeller blade is one of the important task at
the initial design stage especially in the case of high speed vessel such as container ships. A
computer program system has been developed to evaluate the structural safety to fatigue
strength and has been applied to several propeller blades with varying skew angle within a
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wide range. In the parametric study the pressure acting on the blade surface is calculated
using the non-linear lifting surface theory and the structural analysis is performed using
MSC/NASTRAN. The relationship between skew angle and structural safety to fatigue
strength is investigated and this paper ends with describing the optimum skew angle of a

propeller blade.
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Fig.1 Propeller blade models for the
present study
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- geometry modeling program

- pressure modeling program

~ NASTRAN input data generation program
- stress evaluation program from

NASTRAN output
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(3)
A 7] A,
{P,} = load vector induced by surface
pressure

{P,.} =load vector induced by centrifugal

body force
© = mass density of blade material
w = angular rotation velocity of propeller
[#] = position vector in radial direction
[#] = surface normal vector
p = pressure intensity

[H'] = element transformation matrix
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Fig.2 Example of generated mesh with
20-node isoparametric elements
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Fig.3 Comparison of maximum stress
distribution of the verifying propeller
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Table 1 Comparison of strength assessment criteria

comparison reference

present paper

KRISO[1] MARIN[4]

analysis solver

MSC/NASTRAN

MSC/NASTRAN MSC/NASTRAN

F.E. modelling

20-node solid

20-node solid 20-node solid

loading distributed loading | distributed loading | distributed loading
strength .ass.essment static/fatigue static/dynamic static
criteria
Table 2 Principal particulars of the verifying propeller
ship type 104K Tanker pitch ratio (0.7r/1) 0.8233
ship speed (knots) 15.24 skew angle (deg.) 31.0
MCR (BHPxRPM) 12000 x 78 rake (deg.) 0.0
no. of blades 4 section type NACA66
diameter (mm) 7350 thrust (kgf/cm®) 1093937
expanded area ratio 0.427 material NiAlBc
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Table 3 Principal particulars of sample

propellers
item specification
. 4400 TEU
ship type . .
container ship
ship speed 25.1 knots
MCR (BHP x RPM) 67080 x 104
no. of blades 6
diameter 8200 mm
mean pitch ratio 0.9953
rake angle -4.18 deg.
thrust coefficient, Kt 0.2066
section type NACAG66 (a=0.8)
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Fig.4 Maximum stress distribution on face
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Fig.5 Comparison of maximum stress
varying skew angle subject to maximum
thrust
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Table 4 Maximum stress on back side in astern condition

for 6 = 40deg. (unit = kgf/cm’
/R 0.25 0.30 0.40 0.50 0.60 0.70 0.80 0.90 0.95
Omax| 356 301 465 754 907 1153 | 1284 | 1269 | 1356

Table 5 Maximum stress position and its magnitude (unit = kgf/ cm? )

skew angle | ahead condition (on face side) astern condition (on back side)
(deg.) /R O max /R 0 max
0 0.25 395 0.90 380
20 0.25 373 0.95 815
40 0.50 485 0.95 1356
60 0.50 632 0.95 2194
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Fig.6 Relation between maximum stress
and skew angle
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Fig.7 p-S-N curve of propeller
bladematerial
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Fig.9 Safety factor vs skew angle with
reference to fatigue strength
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