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Main Factors Affecting Blade Failure of Marine Propeller
(2nd Report: Resonance between Vibrations
of Propeller Shaft and Blade)

by

Tsuyoshi KAWAZOE?*, Shintaro MATSUO** and Shingo NISHIKIDO**

The first report showed the difficulty to consider the small material defects and the low fluctuating

stress by the hydrodynamic force as the main factors of the propeller blade failure.

For the purpose

of the elucidation of resonance between vibrations of the propeller shaft and the propeller blade, this

paper presents the measurements and calculations of the flexural natural frequency of the full scale

propeller blade in air and in water, the vibratory stress due to the resonance and the life of the fatigue
failure. It is shown that there is a fair possibility for the high vibratory stress of about 60 N/mm? to

affect the early blade failure.

Key Word: Life Prediction, Fracture Mechanics, Vibration of Rotating Body, Resonance, Natural

Frequency, Corrosion Fatigue, Marine Propeller
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L, EWEFWEET S 2 L IHE L,

Z 2T, P ofrERnER e RELZ LIS,
KM EERIAE D & TROBEHHPHER L D b D
K&, MEE#4 XY Vibration Absorber %3887
BEIWCVARAYRIRTORI EBNHEBAL, Le
L, R IZAEA A ~— R DRGEED 5, Absorbor 1338
BahTwin,
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60[-

Vibration Amplitude (mm/s R. M. S)

60 70 80 90 100
Revolution of Main Engine (rpm)

1 FHBIURT X EHZEORIEHRER.

[N 8 K

A /| Tensile Stress on Back
\

\

/ .
/ /‘/Compresswe Stress on Back

! Y\
oi)g?;tion Thrust Main

Bearing Engine

H2 Fo~7EiRE) L BEREROE.

Yz, Tas BRICREIG 2R T 5 2 £a%E
Z5hB,

B, EHOWENTE, 7asROBERC I
FEREIGTI D BDFEET B, 7 0T BORHRE 0517
T B L, BIRIGHORET 2 Lin s,

BEEOFIRIE W, B 1ROBE RIS NIt
HEE D EFUZ DA > JeFIREMD B 5.
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432Hz iz L, FHEIEE370HZz L 2 0, WH X
16.7% D2 1xd 28, —JGARINEE v 72 (1) R
BT&seEzL5ND,

#3121, ERTOTOKPZBT BT 1 KE
BFIREBOFNEEE R T, FFEOKER, RO
0.615&7% D, 3. LETFHAIL - ZER 8 2 EER
BH13.2Hz 2R U 2 &, Koz 55HEEIZ8.10

#£1 HBESu~SOFEH

Diameter D

Pitch ratio P 1.05
Expanded area ratio Ae/Ad 0.625
Number of blades Z 5

Boss ratio d/D 0.18

£2 BEE7u~IOKPBIT AT 1 ROEER
B C SREE © STENE

Average chord length of blade  2bm 5.98cm
Average thickness of blade tm 0.48cm
Section area A 2.58cm?
Section area equivalent to )
additional mass of water Aw 28.lem
Specif‘ic gravity of propeller - 9,65 % 10-%kg/cm?®
material
Specific gravity of water Yw 1.0X10*kg/cm?
a 0.462
Fundamental natural frequency i measurement
of flexural vibration in air am 938 Hz
fw=a fam in water calculation
wEa 432 Hz
Fundamental natural frequency fwm measurement
of flexural vibration in water w 370 Hz
fw/fwm 1.167

%3 ERTmRIOKPIZBITHT 1 ROBEHR
i

Average chord length of blade  2bm 165.5cm

Hz %5,

2% ¥ TIZ Burill? 3EREL. 32m, ¥y #10.79, B
BEERELE0.525, BE4 HD S axT 2HAWT, BET
B & kP OBRBFRESCRFHAIL, # 1ROAM
HELUT0.625% 8T w3,

Kz B 5 R w25 OEEIRENS.10Hz 12,
FHB L V7T RTEOBAREIRE OIRENET.63Hz
LEMLTEY, HiEC LY FoTBiGBKRIRE
IEHIDFEEL AR 2R L T 3,

4, BIZRET 2RENCHDOHERE

AT A EEH T & RS O IRIEL7 .5
mm/sec i, 7RI NGEEISNTREOEREFLL,
INDBEBFORBISHFEEN L O S, BRE
RET RIS T OWEMER 4 WTRT., 22 TR,
AT ANl L SuT E ORCRREWZNEET
32k, BIUHEOKTEEREBOHEERE 2%
BLT, HMEAOBEELRAMED0% FELFTEL
Yoo &1z, BRI OREHROERE]L. 0mm 2T 3
BRI (0.25R) O OFHE I XX 8 wrT FEM %
Hwiz, ZofER, BEREOIRESS L L THR60N/
mm?HHEE S iz,

5. IEECHIC L 2EBFHOHE
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WRENC & 2 BRI OZEBNIG LEERER ORI
X A ERT. BENC X I3EEEH R a2
5 1 @EEEd 1 B OZELTH 3 55, 60N/ mm?OIREN
FE5 VY VY OEBOEECH-ST, TuxI 1H
I 5 EOBR LI L% 5.

IRENG /160N /mm?, FIHAIRIEE S2.5mm 2B %
FEMERI0OL D RD B &, 5.0xX1079 4 7 (@

&4 R X B RIBEIS OFHE

ibrati li f thrust
1 Vlbr.atlon amplitude of thrus v 17.5mm/sec
bearing :

Average thickness of blade tm 10.4cm

2 | Amplitude of thrust bearing AXt 0.37mm

Section area A 1.72X 10%cm?

Logarithmic decrement of

3| . X S 0.026

Section area equivalent to A 9.15% 1 0%em? NiAZBz in water
additional mass of water v : 4 | Max. maginification at resonace M 120
Specific gravity of water 7w 1.0x107%*kg/cm? 5 | Adopted maginification Ma 60
Spetcif.icl gravity of propeller . 76X10-%kg/cm?® 6 | Flexural amplitude of blade AX 22.2mm
materia Blade stress at 0.25R due to

a 0.615 7 | deflection of 1.0mm at blade tip 2.69 N/mm?
Fundamental natural frequency fam measurement by FEM v
of flexural vibration in air 13.2 Hz 8 At hatf amplitude of - vibratory Ao 60 N/mm?
fw=« fam in water caleulation e
v 8.10 Hz 9 | Full amplitude of vibratory stress Aa: 120 N/mm?
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Value
~1.69
1.85
5.40
3.96
1.25
1.60
1.96
2.31

(9 269]

10 3.02

Symbol

1
2
3
5
6
7
8
9

A X1 =1.0mm
!
o = 2.69N/mm?
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E252LThY, SHORFHBIZ BV, FHEE
L7 RTHOBRREIKE2FELRIFL-Z
LEEETERY,

— £%£ % T2, H. Keil® £1HEHOKX & WEDRICE
due to Vibration
B ~----due to Hydrodynamic Force HEINTEZ. MO 7uIERBmEICA MV A >~
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