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Reliability Analysis of Propeller
Blade Fatigue Failure

Motohiro T AKAI

Abstract

Fatigue strength of Ni-Al bronze, which is normally used as large size propeller
material, was discussed both experimentally and analitically. P-S-N diagram of Ni-Al
bronze was proposed from S-N curve and the same stress level fatigue test results of
thirty specimens. By applying modified Miner’s rule to P-S-N diagram and the alternat-
ing blade stress frequency distribution model, the fatigue strength of propeller blade at

various non—failure probability was estimated.

It was concluded that the blade stress of high speed ships in operation was a little
higher than estimated fatigue strength at stress cycles of 10°.

Furthermore the fatigue strength of notched specimens were examined experimentally
and analitically. And the fatigue crack propagation probability was also discussed by
Monte Calro simulation under postulation of distribution functions for crack size,
number of cracks, material constants and applied alternating blade strees.
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Table1 Principal Paticular of Stress Measurement

Propeller

Diameter (mm) 3900

Boss Ratio 0.1692

Pitch Ratio 0.8615

Blade Thickness Ratio 0.280

Blade Section MAU-M

Number of Blade 4

Material HZ-alloy-CE

Horse Power (M.C.R) 5400BHP
X176R.P.M
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Fig.3 Assumed Probability Density Function of
Propeller Blade Stress Amplitude during
Operation, SS is Standard Deviation of
Logarithmic Normal Distribution
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Fig. 4 Stress Frequency Distribution of Propeller
Blade during 20 Year’s Operation
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Fig.6 Plane Bending Load -Fatigue Test Speci-

mens of Ni—Al Bronze

Table 2 Chemical Composition of Ni—Al Bronze used in Plane Bending Fatigue Test

(wt.%)

Al Fe Ni Mn Cu
Test Material 9.37 4.85 4.79 0.82 87.17
JIS H5114 ALBC3 8.5~10.5 3.0~6.0 8.0~6.0 <1.5 >178

Table 3 Mechanical Properties of Ni-Al Bronze used in Plane Bending Fatigue Test

Tensile Strength Elongation Hardness
(kg/mm?) (%) H;
Test Material 68.9 26.0 174(10/3000)
JIS H5114 ALBC3 >60 >15 >150(10/1000)
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Parameter Applied Load Cycles
SS.Sn Ani( 102 cycles ) An; g
i . s Sa i . . N:
Random Number Applied Alternating Stress Fatigue Life Ni under .
©~1 (Logarithmic Normal Distribution) Constant Amplitude Stress Se:
N Miner’s Rule
D 21 Calculation of D
YES D= Z(Ani /N:)
Fatigue Life N¢
Ne=Z (An; )
‘ STOP )
Fig. 10 Calculation Flow Chart of Propeller Blade Fatigue Life N; by using Miner’s Rule
Table 4 Calculated Fatigue Life of Propeller Blade by using Miner’s Rule,
Taking Fatigue Life under Constant Amplitude Load as 1
Sn Parameter SS Parameter Fatigue Life(P=0.5)
3 kg/mm? Constant Amplitude 1(8.93x108)
n 0.05 0.96
n 0.10 0.84
n 0.15 0.67
Table 5 Median Value of Stress Amplitude, under which Propeller Blade does not fail
before 10® and 10° Load Cycles, considering that the Distribution of Blade
Stress Amplitude is expressed by Logarithmic Normal Distribution (P=non
failure probability in P-S-N diagram)
Median Value of Stress Median Value of Stress
SS Parameter Amplitude (kg/mm?) Amplitude (kg/mm?)
P=0.5 P=0.90
108 10° 108 10°
Constant Amplitude 4.33 2.96 3.82 2.61
0.05 4.30 2.93 3.78 2.57
0.10 4.20 2.86 3.70 2.51
0.15 4.07 2.76 3.57 2.43
(288)
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Fig. 14 Simulation Model Flow Chart for Calculating Probability of Failure during One Year’ s Operation.
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Fig. 15 Model of Surface Crack of Propeller

ZITIE, S CEIERIGT, S BTG, Q(a/c) -
ZBOTREFIET 518%, H(a/t, a/c, c/b, ¢),
Fla/t, a/c, ¢/b, ¢) BREHEZHETLHEETH
D, H, Q, Flfa/t, a/c, c¢/b~NEFENLERE L
N D=ABKATEZ 55,

4.2.2 EHEIHGHRAUCES EHEREIL

EHROERDIBRD UGG, BETERED ELHEN
IS B IR B ROERIEE L,

da/dN =g (4K, R) a7

TE 261, 22T R=Knpin/Knax TG E SITH
5, FIRNDEHHENEEIER=0THS, ROEHE
d, ZEEEZ, DN KDL IEBT 5,

da/dN =Cy - (AK)™", Cg=C/(1—R) {19

(292)

)_ _____ _ Back
< g m

Rix, EGhH»o#EL, R=04—EFLT 5,

Fig. 1512 RT 2 HET LD A, B A THEBEED
AL 19 FchE ) & & 2, W RE EEHOTBKRELD
EBRED? L, Gp=GCra - 0.9" BT,

da/dN = Cgys + (K™, db/dN = Cyg *
L72h- T,

(4Kg)™
b= Cay (AK3) "dN l
Aa: CRA/CRB (AKA/AKB> m . Ab (19)
— (JK,/(0.9 - AK;))™ - db )

Z 2T, AK i3 A, B AT AK &, Aa, Ab T A,
BETOHOMNERERREI TH S, WXNEHNT, 4
=3 4mm, a/b=1.0, ZEIET 4.5kg/mm? ¥ L,

Crack Aspect Ratio , a/b

Crack Depth(a/T),Crack Bredth(b/B)
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Fig.19 Crack Size Probability Density Function
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