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Research on the Stress and Strength of Large Sized Propellers

QOutline of the Study

During the past two years, in order to study the blade stress of a propeller in operation and the fatigue
strength of propeller material, full scale measurements on the container ship and various fatigue tests of propeller
material have been carried out in this Research Committee.

In following articles, brief notes on the outlinc of the study and its results of this research work are

summarized.

1. Propeller Stress Measurements on the Container Ship “HAKONE MARU”

The fracture of blades, which has been reported recently for high speed ship propellers,l shows the phase of
fatigue. This fact implies clearly the necessity of studying the actual fluctuating blade stress 6f high speed ship
in operating condition.

A project programme was planned as a link in the research of SR 126 Committee to measure the blade stress
of a container ship in her service voyage.

As the first stage of the research, preliminary examinations of the measuring technique were conducted;
examinations of the effect of strain gauges on propulsive and cavitation characteristics of the propeller, and the
method of strain gauge and lead wire protection against sea-water for a long term measurement. Through many
tests, including full scale application tests, a new method of double coating was found, which can endure for one
voyage enough, without affecting the propulsive characteristics and the strength of the blade material of the
propeller.

Full scale measurements of propeller blade stress were conducted during the 39th voyage of NYK container
ship “HAKONE MARU”, between Japan and the west coast of-’t-he U.S.A. A lot of valuable data of the
fluctuating blade stress were obtained successfully. As the test was conducted in the mild season due to the
dpck and operation schedule of the ship, almost all the data show the fundamental component of the fluctuating
blade stress due to the nonuniform ship wake. But fortunately,-the ship met with the rather rough sea
condition just before the arrival to Tokyo, the blade stress fluctuation due to ship motion were also obtained.

From the analysis of the data obtained in this full scale measurements, following concluding remarks are

obtained.

(1) Mean principal stress at the root of the propeller blade of HAKONE MARU was about 5.5 kg/mm?
at the normal output of the engine. This value is very close to the stress estimated at the design stage for
the propeller made of nickel aluminum bronze.

(2) The effect of ship motion on the blade stress resulted in the increase of the time mean and the maximum
blade stress rather than in that of fluctuating component.

Change of the blade stress at the maximum ship motion in this voyage (half amplitude of pitching and

rolling was 1.3° and 4.1° respectively) is as follows,
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N (rpm) Gauge 6R (0r) Gauge 10R (or)
p (0.3R, near leading edge) (0.5R, near mid chord)
o .0 max A0 o 0 max A0
Calm sea 109.0 4.24 6.12 3.26 3.84 6.12 3.70
Rough sea 109.6 4.25 6.75 3.30 4.48 7.50 4.12
(0, Ag, Omax kg/mm?)
3) In steady turning condition, time-mean blade stress increased considerably even though ship speed

and propeller revolutions decreased in comparison with those straight run as shown in the following table.

steady turn (port side) steady turn (starboard)
Straight run | 5 =30° straight run 5 =30°
N (rpm) 110.0 —10.5% 107 - 3.9%
Vs (kn) 22 ~24kn —44.0% 22.5~24 -44 %
0 (kg/mm?) 5.10 +12.0% 5.25 + 6.0%
A0 (kg/mm?) 4.0 —43.0% 3.80 -36.2%
4) Change of the blade stress due to ship motions and steady turns can be explained largely as the effect

of oblique flow to the propeller.

(5) Judging from the data measured in this test, blade stress is proportional to 1.5 times of revolutions of
the propeller, though scatter of the data is rather large.

(6) The maximum principal stress of the blade appeared between the maximum thickness point and the
midchord, which agrees with the results of examination on the fractured propeller blades.

) In unsteady ship motions, there are cases in which the blade stresses (both time-mean and .fluctuating
blade stress) at outer radius become larger than that at the hub. This fact implies the blade stress design

_should be done taking blade stress distribution over to whole surface of the propeller blade into consideration.

These data, with strength data of actual blade material, which is reported in the next chapter, will be used
to analyze the cause of the blade fracture of propellers. These data will be used also as the base for establishing

the more reasonable strength dcsign method of marine propellers in future.

2. Researches on the Fatigue Strength of the Propeller Materials

Various fatigue tests were carried out in this committee in order to study the behavior of the fatigue

failure in Ni-Al bronze which was normally used as large size propeller materials.

2.1 Behavior of Fatigue Crack Propagation in Ni-Al bronze
2.1.1 Rate of Fatigue Crack Propagation
The fatigue crack propagation tests were carried out by the 5-ton hydraulic fatigue test machine at the

cyclic tension of approximately 1300 cpm. The specimens were cut from an actual propeller blade at 0.3 R
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(tg3s =260 mm). The dimensions of the specimen were 54 mm wide and 5 mm thick. The test results were

summarized as follows.

1)

2)

The following propagation rate of the fatigue crack in Ni-Al bronze were obtained;
air environment
difdn = 2,95 X 107" (AK)*?
sea water environment
dijdn = 1.87 X 107™* (AK)**
The results demonstrated that testing in sea water didn’t give a distinct increase in the propagation rate.
By the electron fractograph in the fatigue fracturc surface of the specimens, the striation which was a
topographic characteristic feature of the fatigue fracturc, was observed and the features similar to the
characteristic of the cleavage fracture were also obscrved.

Therefore these facts seemed to demand the careful considerations in service failures analysis.

2.1.2 Influence of Stress Gradients in Fatigue Crack Propagation Originating at the Boundary of a Hole

The plate bend fatigue tests were performed with the large size specimens notched by different sizes of

holes. The dimensions of the specimens were 90 mm wide and 40 mm thick, and the diameter of a notched

hole was 1.0¢, 3.5¢ and 6.0¢. The crack growth originating at the boundary of a hole was also observed.

1)

2)

3)

The tests results were summarized as follows.
Although the stress concentration around the notched hole of the specimens was approximately equal to 3,
the fatigue strength of the notched specimens became smaller with the increase of a notched hole diameter.
For example, the notch coefficient (8) compared with the results as 1 X 107 cycles was as follows;
notch diameter d=10¢ ; g=1.03

d=35¢ ; f=1.40

d=6.0¢ 5 §=1.50
And the test results in 3% NaCl water were approximately equal to those in air.
The initiation period of the crack originating at the boundary of a notched hole was found to decrease with
the diameter of a hole increased, when the reversal bending stress was constant. From the foregoing, it
could be concluded that the initiation period of the crack would decrease with stress gradients decreased.
The propagation rate of the crack (/; crack length) originating at the boundary of a notched hole (d;
diameter), which was a single edge crack, was approximately considered as the function of stress intensity
factor range AK which was obtained by equating the stress intensity factor for an infinite plate with

uniformly applied stress, and considered the same as for a crack with a total length d + /.

2.2 Size Effects and Notch Effect in Corrosion Fatigue Strength

In order to investigate the geometrical and metallurgical size effects and the notch effect which contributed

the reduction in the fatigue strength in Ni-Al bronzc, various fatigue tests were carried out. The results were

summarized as follows.

2.2.1 Fatigue Tests of the Cylindrical Specimens

D

Effect of Size of Casting
The specimens (12¢) were prepared from the castings with dimension of 200 mm and 25 mm (thickness).
The tests were performed by “ONQ” type rotating bend fatigue test machine in sea water environment.

The tests results were summarized in the following table.
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Corrosion fatigue strength (kg/mm?)

Size of casting (at 2 X 107 cycles)

Small size (t = 25mm) 16.6

Large size (t = 200mm) 14.4

Corrosion fatigue strength of the specimen tends to become smaller gradually with increasing the number
of stress cycles.

Effect of Size of Specimen

The effect of size of specimens were also investigated for spccimens of different size; 12 mm (Dia.), 80 mm
(Dia.) and 125 mm (width) X 50 mm (thickness), which were prepared from the same casting. The test
machine was “ONO” type rotating bend fatigue test machine for small specimens and *“Resonance Reversal”
type large fatigue test machine for large specimens.

The tests results were summarized in the following tables.

Corrosion fatigue strength (kg/mmz)

Type of specimen (at 2 X 107 cycles)

Small specimen (129) 14.4

Large specimen (809) 13.4

Large specimen

[125mm (w) X 50mm(t)] 12.9

The corrosion fatigue strength of small specimen became larger than that of large specimen, but both values

tended to become closer with increase of the number of stress cycles.

2.2.2 Fatigue Tests of the Rectangular Specimens

D

2)

The plate bend fatigue tests were carried out in air and 3% NaCl water environment. The dimensions of the
specimen were 20 mm (width) X 5 mm (thickness). The test machine was 4-kg'm plate bend fatigue

test machine at 1500 cpm. The tests results werc summarized in the following tables.

. Corrosion fatigue strength (kg/mm?)
Environment 5 5
at 2 X 107 cycles at 4 X 10" cycles
in Air 15.5 15.0
in 3% NaCl water 15.4 14.5

Effect of Size of Specimen

The plate bend corrosion fatigue tests were carried out in 3% NaCl water for specimens of different size;
20 mm (width) X 5 mm (thickness) and 90 mm (width) X 44 mm (thickness). The small test machine was
4-kg-m plate bend fatigue test machine at 1500 cpm. And the large one was 2-ton*m plate bend fatigue

test machine at 2000 cpm. The test results were summarized in the following tables.

Corrosion fatigue strength (kg/mm?)

Type of specimen (at 2 X 107 cycles)

Small specimen (t = 5Smm) 14.9

Large specimen (t = 44mm) 14.4




3) Effect of Mean Stress
The corrosion fatigue tests were carried out in 3% NaCl water at different mean stress; 3 kg/mm2 , 5kg/mm2.
The dimensions of the plate bend fatigue specimen were 90 mm (width) X 44 mm (thickness) and the test

machine was 2-ton-m plate bend fatigue test machine at 2000 cpm. The test results were summarized

in the following tables.

Mean stress (kg/mm?) COHOSiOIEaftatzig;el ?)t7r e:ygélt S()kg/mm2)
0 15.0
3 14.0
5 13.5

2.2.3 Notch Effect

The corrosion fatigue tests of notched specimens were carried out using the different size of specimens;
12 mm (Dia.) and 125 mm (width) X 50 mm (thickness). The small specimens (Dia. = 12¢) were prepared
from both the small casting (t = 25 mm) and the large casting (t = 200 mm). And the large specimens (125mm
X 50 mm) were prepared from only the large casting.

The test machines were “ONO” type rotating bend fatigue test machine for small specimens and “,Resoﬁahcé'
Reversal” type large fatigue machine for large specimens. The type of notch were U notch and V Notch. The

test results were summarized in the following tables.

Size of casting
t=25mm t=200mm t =200mm
Type of notch Size of specimen .
Dia.=12mm Dia. = 12mm 125mm(t) X 50mm(w)
or a g of « i of o g
Smooth speci. 16.6 1.0 1.0 14.4 1.0 1.0 12.9 1.0 1.0
U notch speci. 15.4 1.9 1.08 13.9 1.9 1.04 10.4 2.2 1.24
V notch speci. 14.8 3.2 1.12 13.9 3.2 1.04 10.4 4.2 1.24

NOTES:

1) « = stress concentration factor
2) Oy = corrosion fatigue strength (kg/mm?)
3) 8

notch coefficient = 0y of smooth specimen /oy of notched specimen

2.3 Corrosion Fatigue Strength of the Specimens with Defects and Repair Welded Specimens
2.3.1 Corrosion Fatigue Strength of the Specimen with Defects and its Repair Welded Specimens

Various plate bend fatigue tests were carried out; smooth plain specimens were tested in air and sea water
environment, and the specimens with defects in sea water, and the repair welded specimens in sea water and the
repair welded specimens, in which the residual stress was reduced by annealing and peening, in sea water. The
test specimens were cut from a actual propeller blade and the dimensions were 35 mm wide and 13 mm thick.
The specimens were loaded in the pulsating stress between tension and zero by the plate bend fatigue test

machine. Tke test results were summarized as follows.
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2)

3)

The fatigue strength of smooth specimens in air and in sea water became almost the same. But the fatigue
strength of the specimens with defects and the repair welded specimens became approximately 3 kg/mm?
smaller than that of the smooth specimens. By annealing, the fatigue strength of the repair welded
specimens was recovered to almost the same strength of the smooth specimens.

According to the observation of fracture surfaces of the specimens with defects, there existed defects both
on and beneath the surface and the fracture surface were very rough. In case of the repair welded specimens,
the fatigue crack was initiated from the repair welded region and the fracture surface of the repair welded

metal region was flat, but that of the mother metal region was rough comparatively.

“According to the scanning electron micrography of a fracture surface, the striation which was topographic

characteristic feature of fatigue fracture surface, were observed a little and the river pattern and cleavage
surface which were topographic characteristic feature of brittle fracture, also observed. But the topographic

feature of corrosion fatigue fracture surface could not be observed because of the severe corrosion of surface.

2.3.2 Fatigue Strength of Repair Welded Rectangular Specimens

The plate bend fatigue tests were carried out by using the repair welded specimens with and without

annealing after welding. The dimension of the specimen was 90 mm wide and 40 mm thick, and that of the repair

welded region was 32 mm (width) X 17 mm (length) X 12 mm (depth) at the center of the specimen. The

specimen was repair—welded by TIG welding with peening and the tests were carried out by 2-ton-m plate

bend fatigue test machine. The test results demonstrated that the fatigue tests of the repair welded specimens

and the annealing specimens did’t give a distinct decrease as compared with smooth plain specimens in fatigue

strength. But it was considered that the foregoing test results would vary with the condition of welding and

peening of the specimens.
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Adhesive strength of solders

Fixation method of
gauge protector

Shearing strength
( pulling test )

Test method

Spot welding

2.5 = 4.5 kg / point

High temperature
solder ( JIS RH40 )
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Low temperature
solder ( F18 )

3.0 = 3.5 kg / ma°

Epoxi-resin
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1.2.1 # =R #
AFEOBY, ROHMNEHOE»SELDLE, TH7 o FWMERANICHL, »ORRPEMITS 220D
WI2A~1 AICHAIBERTE LIS UAR~RAWAIIC ¥y 7 TEOHBmE D v 7 NS & L TERER
Thb, LU, BIRAY V2 —vOhTls AA TERSHZ S D o B EEIZE- SRR, T

Tabie 1.2.1 Principal particulars of NYK container ship* HAKONE MARU”

HULL PROPELLER
Lo (m) 175.00 D (m) 6.700 Direc. Right
Byvp (m) 26.00 P (m) 6.700 P/D 1.000
dgy (m) 9.50 Ad (nf) 35.257 Ap/Ae 0.834
sa (ton) 24,810 Ae (rf) 23.000 Ae /Ad 0.652

ENGINE Ap (i) 19.200 Ap/Ad 0.545
"Type MAN K10Z 93/107E | d (m) 1980 4D 0.191
Power MCR) 27800BHP Z 5 t/c) 07 0.051
Rev . MCR) 115rpm Rake (°) 8.0 Material NiAlBz

Sec. M
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Table 1.2 1 KHABAOFEHERT, 707 BRI, Fig. L2 3O FHY — VEEHIME & IORT,
B KRB S (SRTLA) Tdh %, KRR T L2520 & 00T O W7 AR Sk K O MR Bk, (B2
BRRhIE) 28 TICNIICRLTE VR, g1, &
MOMBILIRNE F o EE &b, Fig L2 1IKRL7S
1.2.2 st@% & .
(1) BHUGIE ROE M '

7E R 5T B A D O AR I8 I P GRS
20T, 7o RIENIDE M, EIRME, AT

VT b ATHE 7S BB T % b LA, Table 12,2 ic € 08

MIEBARTH, HEAUREEZ B i, by, 7R E
® EH), 1°f8, ToRFBKEE, RO, QEEHE, T,
MAGEEIREEA M B fodic, a5 E EAIETO 3 KM
HE, ROy F v, o—) vyEiegE L1, r. v
HMBEHNAE, Fig L2207 0w 284 % 75650 T Fig. 1.2.1 Stern arrangement

Rlte 7oRSEOMOVTAF —VOHMNROWBLE Y —

FZ, 705+ ¢ o PREBE->TH +» 7OPICELN, CTREMERLS I -J&F4 - RV
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— SR D F- D ICELERHIREA 8648 L 720 Table 1 2.3 IC 2 DR AHIERT,
(a) b, % CREE, s, B | % GRR, 500, BRIRE) KKFHEE (Pressure Log ), #is
. ......... SPEED DATA LOG kb
(b) AR MBI, F RO BAMHESURIT, HEHEIC L 5 L) -+ - ~CHIEF ENGINEER'S
DATA LOG k9

(C) MR - MYFOQMEE, 2F—1vEH, 8 o/mBAEKEZICLS,
’ (2) B oAy — JESME

A B EMETB T LA BIG AN AERFig 123 1RTEEDI0EA, BUOTEY -V 5T, $XTCHOD
AIHET TS Lz, BHA, O A7 —VHESCBL TRBROSEHELL, §©EbL,
(@) mABNEZOHHEMOZ S (1,2,6,7,8)

BERTO T a xRS RORI G, BT Lot A7 > T AP E 0, ‘
(b) WIHETS B TR T OIRIRIEA WL - (34,5910

WKXOFHF — 24255 &, RiGMTEIENRIPRELLIHEH A 5N b,
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ERH G HE, Ohig (6~10) T, §XTIFHWVFAL — YO 1 DEFE T T bo




Table 1.2.2 Items and method of measurements

Record of data
Items of Pick-upor Position of .
measurements Instruments Pick- up Data P aper
recorder oscillograph
Posotion of 3-components R271 FR102
measurements strain gauge C -blade (14ch) (12ch.)
] - ([gokyo —Keiki, (Face side ) I set 2 sets
g8 |ABC E PR-5-11)
7] D, F, see; R250
1 -component . (7ch)
2 1R, 1S, 1R, 1S, | 10 strain gauge Fig 1.2.3 1set
8 iT, 2R,| 1T, 3R, | gauges (Tokyo -keiki,
m 4R, 6R,| 4R, 4S, | at the PL—-5-11)
5R., 8R,| 4T, 5R, | same O O
9R 58, 5T | time
Thrust fluctuation Semi-conductor | Intermediate O o
strain gauge shaft
§ Torque fluctuation Strain gauge @ O
= Rudder angle ‘ Resistance Steering gear
2 type rudder O O
8 angle pick —up
oo . .
c Sea -water level Sea ~water Port side O O
‘§ level detector 5SS 3/4
©
& | Fluctuation of ) O O
propeller revolution 60 pulses/rev. Intermediate
pulse generator shaft
Accele- Heave Strain gauge - Steering
& ration ——————| type accelero - gear
S Sway meter room O O
= i A
=) Surge 3 sets
£ | Ship Pitch Vertical Engine o
wn motion .. | gyroscope room
Rolt
Propeller 1 pulse/rev. Intermediate
g’ top mark pulse gererator shaft O O
E « | Synchronous mark Manual input O O
<
< T | Anounce @)
/
/
/ Bridge-construction Slip Ring
stroin Go % channel selection
" 50488 Terminol Torque Bridlga(zcmnnem Tochometer
Slip Ring 3
o (Sommash—1L—
ummy gouges channe R
in propeller cap I Thrust Bridge B[]a (1 Pse4e))
(60 pulse/rov]
Rudder Strain Meter
Angle Acc. Meter 8 channel
pick-up (m sets) ( I sets )

Dato Recorder

g
%ﬁ 0C. Amp (1 (14 Channel Tser
/TN \7 Chonnel Iset

Seo- Level Vertical
Detector, Gyroscope
P_ ; [
[ Amp. - Paper Oscdl;;groph Y(J_—ﬁ
- (12 Channel Lsets)
A T,

Fig. 1. 2.2 Instrumentation set -up




Table 1. 2.3 Record form for

operating condition of the ship

Form (s)
No. of Measurement S— (P—
Date 16, Aug. '72 - | 8 m/m No. of Film
: - = Movie
Measuring Time from 1200 20min. 3 Length of
(Ship"s Time) a2 Film
: 37° 3¢ N | 2| 35m/m
Ship’s Position Lat RS
Long. 144° 05 W A
Weater C Scale 1
Visibility Velocity  (@bs )
E Temp. Air 21.0°C Direction (abs.) East
g 2
2 | Humidity 205 % = | Velocity  (rel.)
Barometer 1024.8 mb Direetion (rel.)
Direction Direction NNE
Scale Rippled 1 Scale 2
makx. mean Sasagima SDL
¢ | Length Fg Length 30 m 50 m
z .
= | Height | Height 05 m 10 m
Encounter Angle Encounter Angle ﬂ\ Q\
Period Period 6.5 sec
Speed 235 kt Course 271°
Speed (O.G. ) Rudder Angle 0
RPM Main Engine Notch 61 18700
Supercharger 2608 @ | Pump Notch 735 20550
45 e
6500 L%O Governer 75
Ex. Gas | Main Engine 300~340 £ | Comsump.
Temp. § of Fuel 16050
Supercharger 375~395 =
335~350
Pitching | Angle L1e 3 | Rudder
&
Period 6 sec i Compass
Rolling | Angle 34° 2 | Weather |
Period 14 sec
Remarks : D. Wetness
4 Amp. 0.13g Slamming
3 ; Schudder
o T Period 6.5 sec Racing
s | A 00778 Course change
® ZIng
S 1% | Period 14 sec Swaying
S Lashing
< Eb:).‘o Amp. 0.035¢g Break of cont.
& | Period 6.55cc

—11 —
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Table 1. 2.4 OEFIC L » TEREL /o HEFIICD
TEHEY —JBNOEaEEF v 7 LD, MIT
B3 10 BRY, €0 BDF = v I TEIRINC &%
ZELT, _
(@) ¥OEF =y 2 BORBEOBEMICE 7~ wioon
REBET 5,
(b) HEEEEOEE FRBOTF—42%L0, Yo
RAICIs e & S OHEERET S,
D2H/ICHBE L, MATRIIERHAE LT, M
WROMA DL I N 5 MAIKRT O 120515l %
frey, 8, B TIREE I R LB R A %
KWL oo
1.2.3 BAIEMEESR
HBEORMBSOREMEHOILERETIE, XKD ¥y
IMB8AHBVIRIOALDT ETH -1, 4 A28H

Fig. 1.2.3. Layout of gauges on the face side
iC, BUCAM®D Ky 7585 A2LRIKED Eass (BA of C-blade

MEDRAPFFAF0BE) CEEh, BHICEMEEIKEF LI
ZOBROBEEAA IS4 FORBOELE DY, Fu5, HOHMBIZOH, HEOHMEBEA LM 1, C
OEDIEX A A Table 1. 2.5 KR,

Table 1.2.5 Schedule for preparation of full scale measurements

(4/28) "HAKONE MARU "was chosen for full scale measurement.

* Machining the propeller shaft (p.s.) and fitting p.s. with
spare propeller
(5/13)———F—
« Sticking strain gauges on the blade
(MHI | Kobe ship Yards)

(5/22)————p—

(Strike of sea mens '
union)

*The propeller with gauges and the propeller shaft with
lead wires held in custody at the factory (MHI Kobe ship

J
|
|
|
: Yards )
[
|
|

(71/13) ——4

/— "HAKONE MARU "Dock in.
o Exchange of propeller shaft and propeller for spare
S

ones.
—(7/20) ———— "HAKONE MARU "Dock out.
Kobe oSetting instruments. T
—(7/27) — Sea trial (Kobe ) .
— &/ D 3 Kobe ~Nagoya - Tokyo Blade
Tokyo strgss
s "HAKONE MARU " 39th voyage glgg?gure—
Tokyo s
— (8/24)—X - Removal of strain gauges by divers J
Kobe
(8/26)——— ¥ — . Unloading instruments
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Fig. 1.3.1 Route,sea condition and ship motion of "HAKONE MARU "on the 39th voyage
[N N\ [\ ! AN
\ NI \ \ N\ \ o\
\ \ e\ \ e\
\ N \ ol e
O P A Lﬁ {R VY O5R
\ AW/ \Ya A J \ \¥ ¥ i A\ I
A © 4R
R R O6R R 6R
\@ W’W’"
- - — \ l \K"_/MSR
) dp 670 d. 7.0
Sea trial (Kobe) Kobe -Nagoya i e ] Nagoya - Tokyo
. , B _ , d, 738 , , dy, 7.3
27, july " 72 28~29 july '72 29~30,july 72 :
Ha 17,149 La 17474
\ L Y ] iﬁ
T
dz 6730 de 704 d; 649
Tokyo-Los Angels il ; Los Angeles £ Qakland - Tokyo o
, d, 8680 E — Qakland dy, 712 , d, 815
1~10, Aug. 72 —— | 13~14,Aug. 72 16~23, Aug. 72 ——
A 19,134 | /e 17864 } La 17974

Fig. 1.3.2 Strain gauges measured at each route
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DELRETHY, EMKET 27 oHIENGHNEG, COXEHENORERESTRE LD TH S,

TTEFHGHIRACE LTI, HUTAROBREEBIREAEED > TORBLOT, ELWVENE ST T EE
Z T,

—F, BHoHEIc TR, 108 d R SEDNOE T, —Ric¥ o fAodriftizg@rBeooT, Lo
F— a2 o OBOITMES B EBNHEETH L. L L, SREIOHETIE, BNERIG & T BTG oBLK O
EWMRNIEL, 2, BEBERTEH - &, SUEHBROBRAIGNM & EEROMGEBEEITEN S,
EW e, B0 F— 428K, BEESEN Yo SAERF L, RhdFEnTaik, Licd-T, FHED
KON Th, FAINLIENEOE S OBBMIC T ALKET, #HEBKLINTNEENZL S,

L4 SRR RUOBHHER
AR, B~k Hic, AT —7 (14%) , RUHRA v ¥ 075 708K (268) KREINTOS,
DFicid, 2hodF—2 2N LRIV TRET 2,
L.41 ErRIER
(] HidA vy a5 7 X B5M7 —2 O %EFig 1.4 11WRLEk. COgicid, Table 1.2.2cRkL722
SAIRB S RIN T S,
ZOEE TR, BFTB3LETHOVIKLCWDT, A~F (CEBRL) ORIV T, RENRBLNEEL R
; UL, Fig 1.4.2~ 22 10K Lo C 0 HIC 2 EESEH 7 — £ oftic , (A IC b L 2 FE B (7215530%
BE, RUAMBTEOMUEB SR S - KO ARSE MAEHOHA T —2%2b8bETRLE) B8
FIhTHb,
nE, ChoONK, RULTORE TR, SFUATO TR — VHEENNCHRINLDTHIC, ZOHEOR
BYLRE (Tri=av aBF@ME LTE=125 X 10*kg/md % F) 2F L, o Gomd) & LTREL TS,
5, DEERT A0S TRIEICHYILTH S,

Rad.al direcl on

7
Tan enl
of '/ZJe maxiomum /”6’\
#hc K ness N,

* List of symbols :

’
® N2 §/¢
| e e a !
. - /¢/,S
| R A Maximans™ Y >
‘ i . ‘ // !
- g Line. T
=\
' gz
i
Definition of blade stress : omax ;  Maxinum blade stress
O ; Doubri%lamplitude ofb blade stress
0 ; Time -mean blade stress
0., 0,: Principal stress
; Angle between and
@’ ; Angle between and radial line
Definition of ship motion : 0 ; Rudder angle
Qyuyr  Acceleration in horizontal, vertical,and before and

behind direction
Dr ; Rolling angle (hall amplitude )
A ; Pitching angle (half amplitude)
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Fig. 1.4.23 Change of the blade stress with
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Table 2.1.1 Chemical composition (%)

Cu | Al | Fe | Ni | Mn Pb Sn | Si | zn
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Test

Specimen 80.14 | 1013 | 515 | 427 | 0.04 0.02 | 003] 040 004
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Table 2.1.3 Diameter of notched hoieé

Dia. of Notch Width of Speci. T hickness of Stress Concentration
(B) Speci. (t) d /B d ~t | Factor
(d) m m ()
1.0g 90 36 0.011 0.028 2.96
359 90 36 0.039 0.097 2.89
6.0 90 36 0.067 0.167 2.81

Note : Stress concentration factor(e) was obtained from the solution of Howland.
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Table 2 1.4 Notch coefficient of notched specimens
Stress Concentration | Reversal Stress Notch Coefficent
Specimen Test Environment Factor (at 1x107cycles ) | (at 1x107 cycles )
(a) kg wf

Smooth Speci. in 3 % NaCl water 1 15.0 1.01
Notched Speci. 7 2.96 14.8 1.03

d = .

¢ 10#) in air 2.96 14.6 1.03
Notched Speci . in 3 % NaCl water 2 89 1.5 1.30

d = .

( 3.52) in air 2.89 10.7 1.40
Notched Speci.

«d - 609 ) ” 2.81 10.0» 1.50
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Table 2.1.5 In{tiation period of fatigue cracks

Dia. of Notch (d)

1.0g 3548 6.0

Reversal Stress

16.5 kg, wf 6.8 x10° 3.5x10* —
15.0 " 4.8x10° — 4.5x10"
13.0 ” — 50x10° 1.3x10°
10.0 o — 6.0x10° 1.7 x10°8
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Table 2.2.1 Chemical composition (%)
Test Series Cu Al Fe ~ Ni Mn [tem
SR 1 80.53 9.28 4.72 4,67 0.80 First Casting
SR 2 80.50 9.55 4.81 4.79 0.85 Second Casting
Table 2 2.2 Mechanical P roperties
Test Series Tensile E longation Hardness Thickness of casting
Strength (kg /mf) (%) (Hs ) o
SR 1 68.9 29.6 170 (103000) t = 25
SR 2 68.5 28.2 174 ” t = 25
SR 1A 53.6 19.2 146 ” t =200
SR 2A 51.0 18.0 152 ” =200
2) EEBFE
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24 FPBASTOT, TADEBEHRICE DB IN, BRABEET 2 L0, AREBRR MA@
KCHBEBRA TREL LTLET AR LOBRBIE I BRAET AL HOCRHIN LD TH S, BHRED
Bicd, SRABN CEICOTHY — YRR MGG IRIBERE U, GHEE UERER, NEURRKT
2,000 ~ 2,500cpm, KREIGAERME T 400 ~ 550cpmTH %, WRKE O IO RR@AEZEHRL, BTHED

JNEHBRF T 800~ 1, 000cc,/min, KJEREAF TI12~15€ /mnk Uiz, COREOHE CHREBA FTTIHE

BKTEOLOh TV,

EERR R

Ty aBROBEEIEECAITHSETHEOER, ABRKE THROERIC DV TOEBRERAZLTICH
E7 5,

(i) TEoxs

NESHEY (BEYF Xt =20m) & RKEHEY (t =200) LOERLLNERBRICEZBRaEYZROKE
=S — N & LT Fig 2.2 3R+,

(i) B THEOLE

RiES#EH > SRR U I/MNERB R RO REREA (LB, MA) KX 38B R4 Fig 2 2 410RT,




Photo 9992 “One”type rotating Photo 993 Lesonance  Reversal”
bend fatigue test fatigue test

machine machine
E . EREE |
& 90 \ in o gea water
\a & b
® = 1K )
£ w Ul
s eSS H o 8R2
g o
@ P e Lo
i3] ™
B BN Small casting(tess)
g
&£ t
4 Large cantingl t=200) y4
& [l i
5 EERIE
™ IREESS !
10 & 7 my
1) 1e] Hr

Numbér of ‘stress tycles N

Fig 998305 =N curves affected by casting size

|
)
!
§ : : |
(‘g Large specimen (80%) : vaton ]
N Small specipen
20 ‘N\ p( 33{) w ok L o
@
gug 3
3 Large mpecimen o TR Haske
“ (125X50t)] h ; 5
b M ™ i
e} & H
g \\ i S
ﬁ 15 . ‘\\\
£ Tl T i
o e o M
o [ R ]
! H Rty P S
5
[PERE R
&
o i
10 = ‘ i NI
: & ¥
(o’ i 0

Number of stréss cyiles N

Fig.2:9:4 5 N curves affected by specimen size

S e



2.2.2 ARRBHICHTZTEHE
SBAH QR HBRICH L TRERE 050 b —RICELS A TR, 4B FLMACKEOT, ABOREL
BIFIcE 570 R5HEBOEFEEORBOLDORBIUTHON TG, —F 7o BRI—EEABRTHY, <
NOFEFWHESWOBE LMTICEZBREEL SN, BIHTRNIL > WABOM T E YRR EHIC, T
D7uR5OEFRELBEHTITFER, ChITCOFEFRHBIDPOEATRASAKESERITODOTIR ALY
SRHEOESBELRERE T > TEMOERT — 2 OBOSERSNBC L L, FEDOT 05 PHcH LTh
O IR L, EHOBTENBRELST 500 SLTHBEDLOLELONILLLD, HAT
BRFFIC & BRI LHl o B BB 8 216 L 7o,
AEETREM AR L BAORS THDRERD S EHSTETH B4 ARICINERRFEEA LI 2D
WﬁWﬁ%ﬁEwﬁT%ﬁm@ﬁ@rgmﬁ%%imLtoT%%%@R%ummxSm%ﬁmd%Eﬁﬁt 90m
X MW E DK IERERI L D, Bk RIS DR T TR L 12,
(1 # R #
BB & LTREE O AR S | GuiRelase  Sprue
T oRFRELTRIREAIHT l

77 T Gae) [ T
WA TA I LAEHICLBT L ::::-—‘;:/

&L, (Test

‘ coupon) /
EHOBHIBEEDT 0 <7 8 > ///
T

NN

M ICHE L TiTbh, $R7
By DRESR, —T 0y
bARMRBA AHEM S HEWO -
T LABEKRY 5N, 350m
X 130maFETIH0mOE S %
B, BABIRFIE 225 KRTLHIMETHEEED, SROLAICIBERT 7o SHILKTH AT X
#, 350mnXx 130mm X 70m % SER K LA FZH L L1, :

AHRBH AEMQATROBETHO M Ly, BHRBRICHT BRHMPRTIT, HET 0 7 ORRE,
THOLER T 0700 120mEA 2B >RBRBOPRM M EICHIET 5, Licd-> TERS o7 DHEE
TEHEMBER SN 2BEABORECHENGT2bDTREVESEL SN 5,

HEEB oL o K K g4 B 14 Table 2.2 3 RusTable. 2.2 41779,

NN

Y
Runmer

A\

Fig. 2. 2.5 Casting design

Table 2.2.3 Chemical composition of Ni - Al bronze %

Al Fe - Ni Mn Cu
Test Material 9,37 4.85 4.79 0.82 87.17
AIBC 3 (JIS) | 85~10.5|3.0~6.0 [ 30~60| <15 > 78

Table 2.2.4 Mechanical properties of Ni - Al bronze

Tensile

Strength (kg,/nf ) Elongation (%) Hardness , Hg

Test Material 68.9 26.0 174 (107 3000)

AIBC 3 (JIS) > 60 > 15 > 150 (10,7 1000)
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(1) MBI IC B Bt

(1) sk~

Tl =0 L EHEHORRIEY I ISR T SO TR, N RERER B O NERER T (124) R
TH~I R4 Table 2.2 5 )R,

Table 2.2.5 Corrosion fatigue strength (effect of casting size )

Corrosion fatigue strength (kg mf)

Size of Casting (at 2 x 107 )

Small casting (1 = 25) 16.6

Large asting (t = 200) 14.4

BB LHEDBREBRIT VLN - T, BN ST 28085 5,
(i) RERRTHEOEY
Tl =0 AF GO S R TR T OB E, KJESBMIC LT, N IR O R
BB ME 2 M THs 2 Table 2.2 6 1CRT . NESERF O T b MR T 25, BB LA & <
55 EMFOMIZIEAL LTS HINDH 5, T AHMEH T, LB M A OIBIK OHLE DR DIT AR O

Table. 2.2.6 Corrosion fatigue strength Ceffect of size of specimens )

Corrosion fatigue strength (kg /of )

Type of Specimen (at 2 x 10" )

Small specimen ( 12 &) 14.4

Large specimen ( 80 &) 13.4

Large specimen (125 x 50t) 12.9
CICKBHMEOMELELEI NI ELELOND,

(2) SOBERER A i B ST b
(1) 22 S 7 S & I8 e 3 5 8 1 o) L
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=4 X107 Ul T, BT MEIE, 414 5ke/ miTH 2 OIH LT, 2L TR 15 0kg, /mid 75 - T

%

o

— 54 —



Table 2.2.7 Fatigue strength in air and 3 % NaCl walter

Fatigue Strength (kg mof )
Environment
at 2 x 107 cycles at 4 x 107 cycles
in Air 155 15.0
in 3% NaCl water 15.4 14.5

(i) HERF THOZE (FEEshi
NIRRT (U =5) S RTBARRER (t =44) KX 2RE LB ARTEBERICK S L. THE
DBOEBIIFE T, Table 2.2 8iRT L2, BEUKN=2 X107 @ T, AERBRR TR R
WA, 14.4kg nd. NERBRFE T4 ke ad & 75 5 T B T BRE USRI 91Ok - THiE Ol sl
THMMBICH 5,

Table 2. 2. 8 Corrosion fatigue strength of small and large specimen

. Corrosion Fatigue Strength (kg und)
T of Specimen
ype of specim (al 2 %100 )

Small specimen
14.9

(t =5m)

Large specimen

(1 = dda) 14.4

(3) PG DR
AEANERERE (t =44) 2B L, ¥BEHo, = 3kg wf KT o, =5Ske/ mf % INA THE LithiF AR
FREAT, B UKN =1 X107 B comluikiig Table 2.2 910Rd, BRICEkHE 0, =5kg/
T, o0, = Oke/ mfDEHICH~, N=1x107 B TI0BREFENIEHIRESMETL T2, 4B,
YRR MA ISR ﬁ:@mmccwﬁ@mﬁmeﬁwﬁ L7,

Table 2.2 9 Effect of mean stress

Corrosion Fatigue Strength (kg uf)
(at 1x10 )

Mean Stress

0 kg mf 15.0
3 k¢, mid 14.0
5 kg, mf 13.5

4) YIREFOEE
/J\%#L%?ﬁ%ﬁﬁ" (12g) i3, DEREEGGREICL 0, KIEMREST (1 =50) 3R Ll sBC X
D, BEURE G T 2RECONT, HAEFRRATY, YO, LURBRR OMBHNICE Lk
B Table 2 210ICRT, Chickd s, AEHYUTRURECE Z2EBINIOLOIRRBG oI, NP



RERTIHETHEOOKRE 7208 AHOEENH - EEIONS, RERRER VR EELKLEDE
#xFig 2. 217T1R T,

Table 2. 210 Corrosion fatigue strength ( notch effect )
' (at 2 x 107cycles )

Size of Casting t =200 m t = 200m
t =25mm

Type of. Notch ‘

SIZS. of specimen : Dia. = 12n{m 125(w) X 50(t)

12. = 12mm

oy a B | gy a B o a 14
Smooth Speci.

16.6 1.0 10 '14.4 1.0 1.0 12.9 1.0 1.0
U Notch Speci . 15.4 1.9 | 1.08| 139 1.9 1.04 10.4 2.2 1.24
V Notch Speci. 14.8 32| 112 139 3.2 1.04 104 | 42 1.24

(1) « =stress concentration factor
(2) o, = corrosion fatigue strength (kg / mf)
(3) B =notch sensibility = ¢, of srooth specimen / o , of noiched specimen

14
S 1.3
> .
= large casting
B 0
a large specimen
& 1.2}
-g small casting
& small specimen
1.1
large casting
o
small specimen
1.0 . .
1 2 3 4 5 6

Stress concentration factor«

Fig. 2.2.17 Relations between notch sensibility and stress concentration
factor
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ORSEOEREHFMIL—KT B LI H LI,
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Table 2.3 1 Chemical composition &)

Cu Al Fe Ni Mn Pb Sn Si Zn
JIS H5114 85~| 30~ |30~ 9o
Al BC 3 > Jos| 60 | 60| <L

Test specimen | 80.14 9.60 5.15 4.27 0.04 0.02 0.03 0.04 0.40

Table 2. 3.2 Mechanical properties

0.2% Tensile True fracture ) Reduction Young's modulus
Elongation
Proof stress strength stress of area
(kg wd) (kg md) (kg mf) %) %) (kg mf)
18.1 52.3 66.9 22.8 21.8 11800
17.9 51.7 65.9 22.0 21.5 12800
17.0 52.6 67.7 24.4 22.3 12700
17.3 51.8 67.3 22.0 23.0 12500 ‘
17.2 52.3 66.9 22.8 21.8 12500
17.6 51.7 66.2 20.0 21.8 ' 12200
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Table 2.3 3

Results of fatigue test

Specimens Na

Bending stress

Number of cycles

o (kg ,/mfi) N
CB3- 29.7 7.36 x10° | Broken
CA3-1 26.7 1.972 x10° | Broken
CA3-4 24.1 2.672 x10° | Broken
& CA1-3 21.0 1.2214 X107 | Broken
£ CA3-3 19.2 7.315x10° | Broken
o .
.qé CA3-5 19.1 1.9838 x107 | Broken
§ CB2-4 18.8 2.3067 x107 | Not broken
S CA2-2 30.0 9.69 x10° | Broken
<
& g CA2-3 25.3 2.146 x10° | Broken
i CB2-1 24.0 2.185 x107 | Not broken
o
: CA3~2 21.3 1.0904 x 107 | Broken
i CB3-1 20.0 2.028 X107 | Not broken
CBz2-3 19.0 2.3874 x107 | Not broken
KCB7-1 30.3 3.12 x10° | Broken
KCA6-1 28.0 566 x 10° | Broken
KCB7-2 26.0 9.35 x 10° | Broken
” KCA2-2 24.0 2.483 x 10°® | Broken
% o KCAs5-2 22.8 2.963 x 10° | Broken
© 3
= 5 KCAT-1 22.2 1.142 x 10°® | Broken
ES ©
- b KCA5-1 20.1 3.295 x10° | Broken
;é £ KCB -1 18.0 9.42 X 10° | Broken
E KCB7-2 17.0 2.2061 x 107 | Not broken
KCB5-2 16.0 2.2255 x 107 | Not broken
KCB 4 -1 14.0 2.0315 x 107 | Not broken




Specimens Mo Bending stress Number of cycles
o (kg od) N
CA 53 28.7 6.38 x10° | Broken
CB 15 27.0 1.484 x10°® | Broken
@ 3 CA 6~3 25.2 3.122 x10° | Broken
5 3
§ s cB 12 22.8 3.934 x10° | Broken
&
- 3 CA 5~2 22.8 3465 x10° | Broken
O 9]
o
T; = CB 5~3 21.2 2.956 x10°® | Broken
g CA 62 19.0 5.756 x10° | Broken
L
s
CA 456 17.5 1.1795 x107 | Broken
CB 568 17.0 2.1697 x107 | Not broken
" HCA 4 — 3 28.9 771 X105 | Broken
=
(]
g7 HCA 7 — 6 26.5 2.902 x10°® | Broken
%§ g HCA 6 — 4 23.0 3.538 x10¢ | Broken
T B3 -
S e « HCA 4 — 4 21.7 1.026 X107 | Broken
L 2 ?})
3 L
- g} HCB 5 — 4 20.3 L7112 X107 | Broken
== £
o=
g2 g HCB 7 — 4 19.8 1.2542 x 107 | Broken
=
o
< HCA4 — 5 19.5 2.3211 x10" | Not broken
PCB 5 —1 26.5 1. 469 x10° | Broken
PCA T 1 25.0 2.129%x10¢ | Broken
g PCB 1 ~6 23.1 2689 %x10° | Broken
(8]
g5 | . :
52 2 PCBT7 -2 21.0 9.982x10° | Broken
L @ «
S B .
o PCAT7T—3 19.0 7.807 x10°% | Broken
o ¥ «
"E — 5]
R PCA 6 — 181 9.959 x10° | Broken
e | .
s o ” PCB 6 — 2 18.0 1.2829 %107 | Broken
£ |
= PCA4 -2 17.1 9.761 x10° | Broken
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UL, 1 EOSRED SHORBEAMIEMAIEO U, HEBRFEM #1345 350m X 130 m X 70m T

H 5, .
R oL FEMK % Table 2.3 41, JRoBICL DB Shi-BMntE % Table 2. 3. 5 11T,

Table 2.3.4 Chemical composition of Ni — Al bronze %)

Al Fe Ni Mn Cu )
Test Material 9.37 4.85 4.79 0.82 80.17
AIBC 3 (JIS)| 8.5~105 | 3.0~6.0 | 3.0~6.0 < 1.5 > 178

Table 2 3.5 Mechanical properties of Ni — Al bronze

Tensile

Strength (kg od ) Elongation (%) Hardness, Hg

Test Material 68.9 26.0 174 (10 ~ 3000 )
AIBC 3 (JIS) > 60 > 15 > 15010 1000 )
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Repair Welded Part Detail

A = A' section
4 Welded Part

B.— B'section

Fig. 2.3.6 Size of repair welded specimen
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Liner

Fig. 2.3.7 Chuck method of welding

/ \ Specimen

Table 2.3.6 Fatigue test results of repair welded specimens

Test Series | ROl Siteos | Number of Sttess| - pcoription
F-1 19.0 9.23 x10°
F—4 17.5 1.93x10°
F -2 16.5 4,82 x10°
C-2 15.0 8.25 x10°
F -3 15.0 532x10° annealing
F-5 17.5 1.58 X108 "

Reversal Bending Stress ( Kg/mm? )

25

20 N

- @ === Smooth specimen
(in 3%NaCl water)

15| === O == Repair welded specimen

. 0 K
(in air) |
=== © == Repair welded Specimen with annealing
l (in air) I '

Number of Stress Cycles ( N )

Fig.2.3.8 S —N curve for repair welded specimens
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Photo 2 3 9 - bracture surface - of “repair welded “speci
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