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Experimental Investigations into Marine Shaft Failures

Introduction

The dimensions of marine propeller shaft are regulated by the Rules of Classification
Societies, based on the maximum torque delivered by engine and the bending moment by
propeller weight. However, a number of failures have been experienced on shafts, mostly
on the part between shaft sleeve and propeller hub. These failures scem to have been caused
by fatigue of the shaft material und"cr repeated stresses, especially by corrosion fatigue in the
case of wet shafts. .

The propeller shaft is subjected to torsional, lateral and axial vibrations in service condi-
tion. When this vibration stress reaches certain level, failures by fatigue may take place on
the shaft.

The fatigue limit of large size stcel shaft is not made clear until now, although a large
number of fatigue tests with small specimens have been reported.

To make clear the fatigue strength of actual propeller shaft and cause of the failure, the
committee has carried out following tests and experiments: _ )

1. Tri-axial photoelastic experiments on round bars with a keyway under twisting moment
were made. '

2. Sévcml kinds of torsional fa'tigue tests on 65 mm~70 mm¢ specimens of shaft material
were carried out in air and in sea water.

3. Same kinds of rotating fatigue tests on 125 mmg specimens of the same material were also
carried out,

4. " Stress of propeller shaft was measurcd on a small Diesel ship in service condition.

Three-Dimensional Photoelastic Experiments on Shaits

under Twisting Moment

The. stress concentration of twisted solid circular shafts, each with a keyway, has been
investigated photoclastically by employing a new procedure, the "wedge method”!” proposed
by Nisida in the previous paper?.

Circular shafts of epoxy resin, 50 mm in diameter (D) and about 300 mm in length were
loaded in pure torsion at the ends, and the stresses were frozen in the usual manner of the
photoelastic freezing method.  The shape and dimensions of the section of the keyway (shown
n l?:ig. 2.21) are in accordance with the marine cngineering practice in Japan, the radius of

curvature (g) at bottom corner fillets being varied in 6 values.

1) M. Nisida and M. Hondo: New Photoelastic Procedures for Solving Torsion Problems.

"Proc. 7th Japan Nat. Congr. App. Mech. 1957, p. 143-148.



Plotting and differentiating the photoelastic patterns obtained by the wedge method, the

Ty
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distribution of the maximum shecaring stress along the surface of

.

shaft and keyway was
given and the relation between the magnitude of the stress concentration factor K, and o/D

was obtained. accurately as follows.

p/D Stress Concentration Factor N
(Ke)

0.007 3.73

0.011 3.22

0.017 2.82

0.024. ° . 2,64 T
0.028::7 ¢l 2.58

0:045..~ 2.40

0.084 2.17

The stress concentration in the vicinity of the driving end of keyway of sled runner
shape which is used in Japanese marine engineering practice was also investigated, and the

cause of cracks initiate at the end of keys has been revealed.

Torsional Fatigue Tests on Large Specimens of Shaft Materials

The tests have becen carried out by a Torsator-3000 of Carl Schenck type. Operating range
of the machine is shown in Table 31 ’

The specimens, maximum diameter of which is 70 mm, were made of two kinds of 0.2%
carbon steel; one series named "Steel A” is acid open hearth steel and the other series named
“Steel B” electric furnace steel. These steels Wel‘(; cast in 1.4 ton ingots, forged to 120 mm¢
bars (forging ratio=13) and anncaled. The chemical compositions and mechanical properties
are summarized in Table 3-2 .

Several shapes of large specimens shown in Figs. 3 to 5 were used in the tests; smooth
surface plain specimens were tested in air and in sea water, and shoulder fillet specimens with
different radii and specimens with keyway in air.

Small specimens-of 7mm¢ taken from the same materials were also tested for comparison.

The test results are summarized as-follows: -

1. Tests on smooth surface plain specimens in air.
(1) Fatigue limits of large specimens were 13.6~13.8 kg/mm?* for steel A and 14.0 kg/mm?
for steel B and those of small specimens 14.3 kg/mm? and 16.4 kg/mm? respectively.
It should be noted that the size effect is different for each steel. The size effect of
each steel is 4.9% for stcel A and 14.6%Afor stcel B.

(2) The higher the reversal stress, the faster the crack propagation. However, the speed

of crack propagation is slower than 'in the case of rotating bending test.

(3) The angle of fractured surface to the longitudinal axis fell’ within 20~40 degrees, and

in many cases about 30 degree. No correlation was found between the angle of
fractured surface and reversal stress.

(#) Surface temperature of operating specimens was measured by thermocouple, and it was
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found that there was no obvious relation between temperature rise and fatigue limit.
2. Sea water corrosion fatigue tests.

(1) S-N curves (Fig. 3-4) indicate that the eifect of corrosion appears after 1 million
reversals of stress. The fatigue strengths at 80 million reversals of stress were
8.5 kg/mm? for 65 mm¢ specimens and 40 kg/mm? for 7 mme¢ specimens. It should be
noted that the decrease of fatigue strength is not so much tor large specimens as
for small specimens,

(2) The addition of mean twisting stress of 3 kg/mm? on reversal stress of 11 kg/mm? did
not show any appreciable effect on the fatiguc strength.

(3) On the surface of specimens under comparatively high reversal stress, small hair
cracks seem to propagate both in parallel and in parpendicular to the axis, but on
the surface of specimens under lower reversal stress, cracks propagate diagonally in
the direction of principal stress, showing patterns so called “cross marks”. Several
microscopic examples are shown in Tig. 3-15. :

3. Tests on shoulder fillet specimens.

The effect of fillet radius on fatigue strength was investigated. Distinct fatigue limit could

not be abtained becausc test specimens were few. Dut from the results summarized in

Table 3-4, it scems that K, (fatigue notch effect) is considerably smaller than K, (theoretical

stress concentration factor) reported in several investigations.

4. Tests on specimens with a keyway of sled runner shape.

Cracks have always originated at the corners of the driving end of keyway. K, was
obtained within the range of 1.8~2.0 as shown in Table 3-6. Increase of radius at the
bottom corners and “spoon out” at the working end showed no distinct effect on torsional

fatigue strength.

Rotating Bending Fatigue Tests on Large Specimens of
Shaft Materials

The committee has newly designed and manufactured a large rotating bending fatigue
machine (cantilever type, maximum bending moment=7 ton-m, standard size of specimen=
125 mmdg).

The specimens were made from the same charges of steel as those used torsional fatigue
test described above, and acid open hearth steel series is also named “Steel A” and electrical
furnace steel series “Steel B”. These steels were also cast in 1.4 ton ingots, forged to 175mme
bars (forging ratio=6.2) and annealed.

The tests have been made on both large and 10 mmeg specimens, the dimensions of which
arc shown in IFig. 4.6 (large smooth surface plain specimens), Mg, 4.7 (small smooth surface
specimens), Fig. 4.12 (large specimens for sea water corrosion), Fig. 4.18 (shoulder fllet
specimens) and Fig. 4.22 (force fitted specimens).

The test results are summarized as follows:

1. Tests on smooth surface plain specimens in air.

FFatigue limits of 125 mme specimens were 20 kg/mm® for steel A and 23.2 kg/mm? for
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steel B, and those of 10 mmg specimens 21.7 kg/mm?® and 27.4 kg/mm? respectively. The size

at of acic 1 0
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effect of fatigue limit of clectric furnace steel 1s larger than roace s

fact is also noted in torsional fatigue tests. The size effect of each steel is 8.5% for steel A
and 14.1 for steel 13.
2. Sea water corrosion fatigue tests.

The tests were carried out for steel A. S-N curves shown in Fig. 4.17 indicate that
fatigue strengths at 30 million reversals of stress are 12.5 kg/mm? for 130 mmg specimens and
6.7 kg/mm? for 10 mmg specimens. The fact that the decrcase of fatigue strength due to sea
corrosion is not so much for large specimens as for small specimens is also noted in these 4
tests. Fine cracks caused by corrosion fatigue were observed on the surface of a specimen
subjected to repeated stress of 5.0 kg/mm* but these cracks may stand in non-propagating
stage.

3. Tests on shoulder fillet specimens.

The tests were carried out for B steel, and 5-N curves for different radii are represented
in I'ig. 4.21. From the statical stress measurement at fillet part of different radii specimens,
‘it is presumed that K, (fatigue notch eflect) of 135 mmg specimens is nearly equal to .KA
(theoretical stress concentration fauctor) computed from equivalent stress of shear strain energy
theory so called Mises' criterion.

4. Fatigue strength of force fitted specimens.

S-N curves shown in Fig. 4.27 indicate that [atigue strengths of force fitted specimens
at 30 million reversals of stress are 9.5 kg/mm? for steel A and 8.5 kg/mm? for steél B, and
that of 10 mmg specimens of steel A 14 kg/mm? The decrease of fatigue strength of large
specimens due to force fitting is much more than that of small specimens. The stress level
below which fine cracks may not occur is presumed to be not greater than 5.0 kg/mm? at 30

million reversals of stress.

Stress Measurements of Propeller Shaft under Operating

Conditions of a Small Diesel Ship

Stresses of propeller shaft of a small Diesel ship, particulars of which are shown in
Table 5.1, were measured by means of electric resistance strain gauges of foil type under
operating conditions. Bending stress was measured on the shaft just forward of the propeller
hub, and torsional and axial stresses on the aftermost intermediate shaft. The following
results were obtained:

1. Amplitude of vibratory bending stress increases as.the shaft speed increases.
2. The first order bending stress, which may be caused by shifting the thrust centre from
the propeller centre, increases as shalt speed increases.

As a result of harmonic analysis of bending stress oscillograms, 4th order whirling

joN

resonance is clearly shown at about 360~370r.p.m.. This resonance speed coincides with
that calculated by Panagopulos’ formula.
4. Vibratory combined stress is mostly affected by vibratory torsional stress and indicates

the maximum value at critical speed of torsional vibration.

— v —



3.

Although stresses induced in the operating propeller shaft are not of the great amount in
still water, careful consideration must be paid to the stress concentration of keyway, as
well as the reducing of fatigue strength by sea water corrosion and by fretting corrosion
at the fitting end of the propeller boss, because the stress may increase in the rough

sea condition.

Conclusion

IFrom the foregoing studies, following conclusions have been deduced in connection with

the fatigue strength and cause of failure of the propeller shafts.

(S8

%)

I

0.

Fatigue limits and size effects of shaft steel (0.2% carbon steel) are summarized in the

following table:

Fatigue Limit S Te gt (Of
Kind of Test Dia of Specimens (kg/mm?) Size Lfect (%)
\ind o ests
(mm) Steel A | Steel B | Steel A | Steel B

. 7 mm 14.3 16.4 . )
Torsion 70 mm 13.6 14.0 4.9 14.6

. 10 mm 21.7 27.4 - -
Bending 125 mm 20.0 23.0 7.9 15.4

Remarks: Steel A—Acid open hearth steel.
Steel B—TFElectric furnace stecl.

Propeller shafts will not be damaged if they are not subjected to severe torsional vibration
stress, excess stress concentration or bad corrosion, because many investigations prove
that torsional, axial and bending stresses induced in the shaft do not reach such high

level of stress as are shown in the above table in ordinary operating condition.

Small cracks may originate on the parts of the shaft corroded by sea water or fretting
in ordinary operating condition, because such small cracks were alwavs found on the large
spectmens under low level of stress, for example 5.0 kg/mm®* of bending reversal; but they

may stand in non-propagating stage.

Small cracks thus initiated will propagate when stress induced in shaft reaches the fatigue
limit level. 1t has been reported by several investigators that such high level stress can
occur in rough sea condition.

It was proved that cracks have always originated at the corners of the driving end of
keyway of sled runner shape. Increase of radius at the bottom corners and “spoon out”
at the driving end showed no distinet effect on torsional fatigue strength,

Classification Societies recommend to limit the torsional vibration stress [, (limit for
continuous operation) and f, (limit for transient operation). Torsional fatigue limit of
large sca water corroded specimens and [atigue notch factor at keyvway obtained by these
studies indicated that these limits are deemed quite reasonable.

Tn small Diescl ship of about 150 tons gross with 4 bladed propeller, stresses induced in

— v -



the operating propeller shaft wcre not ot the great amount in still water except torsional

vibration stress at its critical speed.

4th order whirling resonance of lateral vibration was clearly detected, and it should be

noted that this resonance spced coincides with that calculated by Panagopulos’ formula.
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Fig. 2.3 Circular Shafts of Variable Diameter
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Table 2 . Relation between Stress Concentration Factor
K¢ and Radius of Curvature p/i)
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Test No. 1 | 2 3 l 4 5 6 i 7
plD 0.007 0.011 0.017 0.024 0.028 0.0453 0.084
K, 3.75 3.22 2.82 2. 64 2.58 2.40 2,17
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Fig. 3-1 Working Principle of Torsator-3000
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Table 3.2-b: Méchanical Properties of Fest Materials
Y ke mm? Lo o z Y Ele P Impact
@ Kg/mm ospkg/m o7 kg/mm & N K- fcm?
Chargel' A 2505 46,4 7305 3608 632 10
Charge D 380 48,5 744 3905 633 3.6
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Table 3.3 Theorctical Stress-Concentration Factor (Ky)
of Shoulder Fillet Specimens

Author]
C. Peterson R. Sontag .. S. Jacobson
R mm

3 1.45 1.353 1.42
2 1.98 2,02 1.81
0.1 over 3 over 3 over 3

D=83mm
1=16.5 mm

a=25>mm

R=5 2, 0.1 mm

(B LIPS 22 O b O DFERXD VI C & 727D THITEIC K D7,
b, PG MO GRS (Fatigue Notch Factor K)
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Table 3-5  Theorctical Stress-Concentration Factors (Ki)
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Fillet Radius mm 1LOR 1.5R 2.0R
Theoretical Stress-Concentration Factor (Ky) 2.94 2.68 2.54
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Table 4.1 Mechanical Properties of Test Materials

Charge No. Numbcrs Position J\’IccAh:micnﬂl I”r(lmcrtics (I'to'ngitu(linzq) _
and _of of Test Yield Tensile Elonga-  |Reduction Bend 3 Test
Forging No. Speci- | specimens :t.’rcngt(zh %l.rcngt..:h Otlon of z(\)n:u ) I?X 23 ) 11?(,)"
mens g/mm kg/mm o Y% Inside Radius, mm

A SI3 35 1~2 2 Ingot Top 25.5 46.8 33.0 55.0 6 R good
A 821 Afg & Y| 4 & 4 1" 24.0 47.0 37.2 58.1 6R "
A 821 Bl & /g | 4 & I 1 24.5 46. 4 36.8 63.2 6 R 1"
13 1009 57 1 1 1 Bottom 30.0 47.7 39.8 03.7 61k "
13 1009 5/7 2 1 17 Centre 31.6 49.0 36.4 60.7 oR 1"
13 1009 6/7 1 1 /7 Bottom 29.6 49.5 33.3 57.4 6 R "
131009 5/ 2 ! n Centre 29.3 48.6 39.8 61.5 6R "
B 1009 77 1 1 Top 30.0 47,7 30.8 63.7 6 R 1"
131151 3/g 1~2 7 Bottom 31.5 51.6 34.9 57.2 9.5 R "
13 1151 8/5 3~4 2 1 Top 33.0 31.6 36.0 60, 4 9. 53R "
I3 1151 /g 1~2 2 1 Bottom 31.0 50.0 36,4 60,3 6 R 1"
31151 g 3~4 2 1. Top 3.5 49.8 31.8 60. 3 6R "
13 11351 f/g 1~2 2 1 Bottom 31.6 50.53 364 30.0 9.3 R ”
I3 1151 8/g 3~4 2 7 Top 32.0 51.3 36.5 59.2 9.5 R "
13 1151 6/g T~2 2 1 Bottom 33.5 31,0 37.5 02,7 9.3 R "
31151 6753 1 1 Centre 30.0 32.0 32.5 52.0 9.5 R 1"
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Fig. 4.8 Stress Distribution on Large Specimens
Remarks: —g), ¢2: Principal stress, r: Max. shearing stress,
oo: Eq. stress by shearing strain cnergy theory
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Table 4-3  Fatigue Test Results of Smooth Surface Plain Specimen Test

o o No | T3P Jraversal o of e T e O T et |
No.. F(v”_;?”",‘ Ne Speci- ;Ew‘\h ) (’“\Llc,: Specimen " i e Part Fractured

orging No. men g/mm? X 10 Surfnes %] \ 0 T Dot o
A3 | A 8214, d 19.0 | 15.5 — — — — | Not broken
A 4 A 821 6/ a 21.1 1.1 68.0 1.12 — — | Test part 124.0
A S A 8214/ a 20.2 13.8 0.0 1.12 — — Test part 123.0
A6 A 8213, i 20,6 3.7 35.0 112 1.1 1.07 | Fillet 135.8
AT A 8217 n 21.5 0. 60 50,0 1.09 — — | Fillet 135.5
B B 1009 5/7 1 Q@ 23.3 2,95 32.0 [.11 — 1.02 Test part 127.0
B 2 13 1009 6/72 a 22.6 6.25 31.5 1.07 1.05 1.02 Fitted part -
B 3 | B 10097 a 24.4 0. 41 430 1.07 1.03 1.02 | Test part 126.0
B 4 | B 10095/;2 b 22.6 8.96 40,0 1.09 1.06 1.01 | Fitted part —
B 5 B 1009 6/7 1 b 22.8 12.40 48.5 1.09 [.05 0.98 Fitted part | —
B 6| B 115133 b 23.7 1.04 47.0 1.07 1.04 0.98 | Test part 121.0
B 7 | B 11514/53 b 23.1 11.33 36.0) 1.06 .04 0.98 | Fitted part —
B & | B 1t1515/51 b 23.5 2,90 | 60.0 1.09 1.05 0.98 | Fitted part —
B9 B 11516/31 [ 24.3 0.87 93.0 1.03 1.0t 0.97 | Test part 122.5
B 10 B 1151 4/x1 C 24.0 1.18 76.0 1.09 1.04 0.99 Fillet 126.0
Bt B 11513/g4 C 26.0 0.275 | 200.0 1.06 1.02 0.98 Test p‘(.Lrt 123.0

Remarks: * g1: Principal stress,
# g Equivalent stress by shearing strain enecrgy theory,
#k  r: Max. shearing stress on surface of specimens.
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IFig. 4-10 S=N Curve for Smooth Surface Plains Specimen Test

Table 4-4 Fatigue Strength and Size Effect of Smooth Surface Pluin Specimens

| O e e [ O T S S Bilnt (o 1) %
Charge No. . 2 ! s
106 Reversal [Fatigue  Limit] 105 Reversal {Fatigue Limit] 105 Reversal lFatiguc [Limit
A 821 2115 20.0 24,5 21.7 15.7 | 8.5
B 1009 23.4 23.0 29.3 27.2 25.0 18.2
13 1151 24.3 23.4 28.7 27.6 18.0 18.0
44 BKBEERRE
HiAGT & BU R oI fod 57 3R, TR ET, BUSRTTEES 10 mm R o> SRR AL ST
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HUERLLHEE Fig, 411 o b5 6 st 1 o) 5 — o S — SRR RIS - 5 0 A ds s ) SR O i D
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LR o T LWL T B, E7n, FREEOMMB I X bR e Lo b h e, TOH
(O B L 55 S D He & S Ly UK (oo i LI A T IS F R NET L TR T D D,
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Table 4-7 K, and Ky of Shoulder Fillet Specimen Test

Fillet Radius Fatigue Limit | Fatigue Notch Theoretical Stress Concentration Factor (/)
mm kg/mm? Factor (K ) o1 (K1) g0 (K -
100 IR 23.4 1.0 1.07 1.04 0.93
40 R 19.6 1.19 1.27 1.19 1.09
25R . 16.9 1.38 1.46 1.36 1.23
3R 14,2 1.64 1.61 1.30 1.27
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Fig. 4.20 S-N Curves of Shoulder Fillet Specimen Test
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Table 4-8 Results of Force Fitting Tests (Steel A)
Reversal Force
Test No. Charge No. Stress g(?.'loi Str?ai Fitting l\}m)(r)u‘mhotf Notes
kg/mm? yeles % Load ton aree
A 8 A 821% - 1.3 1.18 40 0.92 Broken
A9 A 8215 10.2 24.4 40 1.03 Tot Tiroken, Cast
A 10 A 8215/ 10.5 3.20 40 0.94 Broken
A 11 " A 8213/ 9.4 30.2 40 0.75 Not Broken

OINF & — £ v F 2RO R T Db D& & Dtz MEDTOM X7 7 v F, e HITif
gEA 1o L, EHiX 3S M Thn, WML ih Table 4-8 1iRT,

462 AEBRR

WUEAKE A2 Fig. 4-8 27 F, A8, A10, ALl M (0.45C) 07 7 v FERMAALDD, A9
VIS HTA 7 A e T S 7-0ln, EE 20mm D7y a7 T Vv FIRINAZ, ZhITit
AP fAA DO TH L, A S KRE DS h BIIiE L o 7edy, TOMmkiE7 3
VEMEDREL DB LA, T YFILT v a B AN T T v FOMENA D00 LD
A, TaE B, R 15 mm O/ T W, 7 T v F R O A7 RO VR R
L FKIT I A E SR W B TCh B, Tods, AFRT-OV TR Table 4-8 OJGHIDIE 21T TR A S

2BV TIPA RO MRS S) 9.6 kg/mm?®, #HE L 13.8X10° T, fRARRAIZE S 125 mm o &
AU boRd 5, i, B #Hioon fzz)?“,ﬂjwﬁ@gug 454 Table 4.3 (LI XILT N5k
550 5 ADIMERE DIMUARSIT TE A L TWE, S BO S LINED TR O, SEEN 7 5
b, B2, B4, BS MUREMHELD B17 ORBRESREL, M0

VFERICIRE L BS, BT &

HEVTFIH L S 54 oT, 2t Table 4-9 12— L THRT,
‘“M4“@%¥10,wauww‘%m@MMMéMAm1Ma@mmmf®o,BumM

RIhb LRl eiEsn,, L BS VRN DRI B - AT T2 7o h O, IO

B 150 mm Ik L 3/]()()mm WL DL DTH D,
B LI b SRR A O TR T 7 W AR D S S VR R 20% B XL 7o
ac RETA R O R PR
BTV RANE o S e 4 [Tl s 05 [T 250005840 L 72 Fig. 4-22 4 (A 8 L) O X 5 Ma &,




Table 4.9 Results for Force Fitting Test {(Steel 1)

PRI e . Reversal Stress. “Nootof Stress S
Fest: No: Charge: No: Kg/mim? Cyclos 108 Notes
B2 Brioows i fni2 &:.2% Broken
B4 Biiong s 206 Broken
" & Broken
J RSN 1 2 ¥ o N ; L
B8 Bil13] ! ' o (Surface Rolling)
By BoIis 3 8.7 1103 Broken

Figo'4:22 w0 Fractured Surface of A8 Fig 422 b - Fractured: Surface of B4

FEL A LT

B Vb

Force  Fitted Part of 132




(.05 ke/mm?®, 17,

mim®, 30,8 5 10%)

Fig. 424 Fatigue: Cracks on Force
Fitted, Surface of A O
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O S InE R

Frgo 423 Smalt Cracks on' Foree
Fitted: surface of Al4
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Bl < ZIaEnbd, BRI SRE AT ICTIOME I MLD TIL S, 5 kg/mm? fRJE -
i v h 8, KREGURR QW& 0 X5 IR IS TR 21 69, SUiEy 15,
4-7-3 BN#oEBHR

ELEE 135 mm OfiliHY 190 mm DRI D 570 % BT 3 A A 15 2 B 2400 S 7255 0 IR
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U L7ams By Pl Ll o bat 0.1 BRI
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LT ERFHD BIVICH, SO X DR EREIEAT L0 THEMIE Ly,
L OEGUC O A FFEREE A B, 7 R S ZIMORGR X LINF RSN & SR O 535115 &
OiHTHB

A RSO TR LS s R ASNEDHI 5\ T, S kg/mm?® B OEGE 2 UINFIEI23E 3
TUSH Sy & RO DT 3 B, E2E, INWEDTIROMIEFEE (Fretting  Corrosion) 2 X2
L, 7o, BOROUIKDEAIL X B EEIIC KD THIRAT B, UL, SALOMNISEE, ¥
IMORADMEMTRIZIC S 1 IS TREETTES, (RO BEIC, #UEX LISTI kL, (54 & 240
RIS A A TURD TIRATEBIAT B, LpL T, 20X 5 IEN I s 2 Xh 5,
SOFFEME IR i, DWWl & v S TR INCELET 5 Th S 5,

AR D (A SRR IS N DN S0, FREMWI TRy, SR MK B, Fiv e
REEFUBROD RIS & BITIE 1L~12kg/mm® RGO & {7 Sdy, T DV RN R iif
B ULIE T B,

TRAGHD T LT e ZNEDEROFRE 2 LI TE NN ok SE LSS 0, SRR
DV— v SIEY T BN KW E A B A, e S THROMHEIC X ) Fe S
NRGERE IR E ARG E LB AR ETH D5, SO To RIEMO @M, W
TR TH D,

2T, TR MO, T a5 B APEDHNIO T ) Shbd el Tk,
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TR K BIET, HEIC X HIETE 00T B4, Tl DiRD), ROWSENGE & 475
B ZHIO TR AR IS Ts b, TR TR SO EE SN B IS T 2 4 U T

DL D, T T, T X 0 oW OIS TINEE ST T S S B s, SRE T iR
MR D W CTRMFIRZ TV, ORI DV TRNT & (T o e d 5 10, L LIRENC 3o
TVEARFZSERGIC I 5 SR T Ao A1 T 7 D TATIRGRA A S5 SRR B AL (T L T, T e <5

T MF IS 2 2 & U 2ol oo 5 il
YURHVEIER] 29 45 3 FIC gt S 7oidis BOR & T3 255 2 e b %, o8« FiE Table
S VIRTEBDTH L,
ARROBRE 2 Fig. 5-1 @759, ARMEROERSILL b2 7w < Sl 2, 7 r -3 [

L& fTo 7,

DICHMEN 7 — 2 D) = Vel LS5 X 50moTnd, millilie s o 7Y v ZiiciE 7 e
ZWNEI L 72 ) — VOIS & HAE D X S SRR S T AL B

T e S Z A 0 H 30 WA s\ C 7 R 25 BRI R 1T O 7o i B B S
TR 7 e 5 T 0T, RN R e XS 2 I & LA B LT B0, ShUEA
B S S TR E M S0 O TH DT, —HO b0 LT RUAHD TV D bl TR,
DT rRFOUEE Table 5.2 254,

Table 5.1 Particulars of the Ship Table 5-2  Specifications of the Propeller
})z?itlllld}):ﬁ;;;:n 29.00 m Diameter 1, i7:() mm
! Boss Ratio 0. 200
Y 2
Breadth 6.20m Pitch (constant) 970 mm
Depth .45m LExp. Area Ratio 0. 487
Draft 2.20m Blade Thickness Ratio 0. 0497
Gross Tonnage 148,99 ton Angle of Rake 100157
Nend Wei . 75 15t
Dead: Weight 75.15 ton No. of Dlades 4
Main Engine 4-stroke O-cylinder super- Seetion of Blade Aerofoil.
: charged L)mb«.l cngine
M Direction of Turning Right Handed
aximum Lontmuuub
rate 380 .S, X380 r.p.m. : Material of Prop. Mn. Bronze
Ship Speed - 10kt - Pitch Ratio (constant) 0.626
5.2 HABRREES
5:2-1 FARSHOEITEH
7R ZENHRPICH TV A R R TR SR RO T R 25« E xS0 T,
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Fig. 5-1  Dimensions of the Propeller Shaft
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Table 3-3  Stresses on Propeller Shaft and Sleeve for Each Condition

Pending Stress | Torsional Stress Thrust Principal Stress
Test Shaft (=) kg/em? kg/cm? rus kgfem?
Tes S 5o TS — 7 e e
No. S}.u_,)(,(l Pro | v ﬁtun.(l) Allnrf,lt. Thrust | Stress :S‘t.t,.uly Maxi- Ship Condition
R.TP. M. peller| Sleeve [Com- ing Stress| | kg/cm? Com- mum
Shaft ponent| (&) 8 BT bonent |
2 235.6 73 18 63 109 1550 12 70 220
31 2591 55 13 67 168 | 1800 14 75 272
4 1 31000 85 21 97 138 | 2300 18 106 292 ContinuousSpeed
5| 5.2 0 24 118 74 | 2900 23 130 264 Rising
6 368.0 81 28 121 51 3150 25 134 233
7 379.5 111 30 125 43 3350 27 139 250
8 257.4 75 13 30 157 1780 14 38 256
9 273.0 71 13 39 212 1950 i6 67 318
10 336.0 91 21 91 89 2680 21 102 244 Speed Step Up
11 360. 1 111 24 106 56 3050 24 119 243
12 381. 3 113 32 124 40 3400 27 139 248
13 362.6 109 28 126 33 3060 24 138 257
14 337.3 83 21 89 77 2700 22 100 226
15 274.7 75 18 58 212 1930 15 66 318 Speed Step Down
16 257.8 83 20 33 160 1780 14 61 208
17 208. 1 75 15 35 93 1400 11 41 197
20 383.7 106 133 39 3410 27 147 231 Ahead
21 259.1 73 —8l1 186
. ) . Astern} Astern
22 261.8 106 —38 194 —900 8 42 296 Test
23 384.7 104 140 41
} Ahead
24 384.7 96 135 39 3420 27 149 245
25 | 3745 77 155 51 24 168 263 o
A } Right Turning
26 375.3 80 158 49 24 170 266 .
27 382. 4 103 145 41 24 157 260 1 )
_ . _ Left Turning
28 | 375.2 54 155 43 24 167 242 |
29 350.0 60 132 70 20 142 245 ) ‘
_ Right Turning
30 346. 7 57 140 71l 20 150 252 | )
31 333.2 60 128 70 20 138 241
} Left Turning
32 351,35 03 133 038 20 145 249 ’
L7ohs, AT & B EE9 275 g0 IR T U D IRTIIG D) R WEgda U 1o 59 keg/
cm? wf LT 212 kgfem® CFY 3.6 5T Tn A,
Bl P RIS LB AICT e b L2 L RE S =382 194 kgfem® L D7,
oW I O VLT RS ) AT IR g U T BN I B A%, AU AR O R O TEA K E <

DTHBHIDHTHHD S,
5-32 EALKBEN
HEN DM IR 350 T D TR E C b B S 2o R
By 7E LA & UCGE b 2 ik
SO 2o M B B RV NS £ D O s <, 8
ety

1

ECEE ST BT, 5-2-3 Tl ANz o il

FoME VR IEE I R M T B

AT S AV BN D s o AR DY
Lk, HABEONESELND D Epofo T, o o)y i ko
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Fig. 5-5 Thrust and Shaft Speed, R.P.M.

Table 5-4 Measured and Calculated Thrust

Shaft Speed Thrust, kg/em? Shaft Speed Thrust. kg/em?

R.P.M. Measurcd 'l‘hrustv (’"L]Iﬁ:‘ll]r;i"d R.P.M. Measurced Thrust (’}lﬁ:lggted
383, 4 32574-671 3020 331.9 24964-583 2420
383. 3 32634735 3110 334.3 20734775 2110
383.0 318841729 3200 363. 3 33864614 3280
383.0 2908 4-694 . 3400 364. 6 3334526 3140
380.1 3218718 . 3810 . 240.0 1629+ 541 ) 1720
382.7 29154623 3670 242.9 1670:-536 1820
335.0 27104713 2120 247.3 —893+798 782
331.8 24024676 2110 1246.3 —824+3824 792
332.4 2309+697 2120
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T A voimt LT E VR LD ER LLND

T 2SN LT O B L OEH AL E, FT e RFEHEDE - AV FICXDHHDORD
DAY, CAVVIHR R IR TR O (i ;‘d CN G K E L BETH D, T L F oA RO RE s
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Fig. 5-6 Oscillograms of Bending Stress
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S T D DS DERH LN T e 2T kD 4D B TES & et
N AT YL 2T a2 OIS TRA WS R, BLATREALTO
FOZ e BT O AR S 350 B RO & L C SR SR ABHEN LAY 7 e T il
ST L LR EBZ LI EYTHH D,
Table 5-5 Harmonic Analysis of Stress Oscillograms
S gst | 2nd ‘ 3rd ‘ 4th } stho | 6th | 7o ‘ 8th J 9th | 10th | 11th | 12th
2 43, 4 2.1 19.9 2.6 12.5 1.1 3.1 3.4 6.8 2.4 3.8 1.1
3 23.3 1.8 8.0 4.8 2.2 0.8 5.2 2.0 5.3 1.3 5.1 0.9
4 34.60 3.3 11.3 5.7 7.1 3.6 7.0 8.7 10. 2 11.6 23.2 0.6
5 49.5 5.5 31.1 2.5 27.4 4.5 2.7 3.6 0.3 5.8 1.9 3.3
6 45.8 2.4 30.5 4. 17. 4 0.8 4.3 2.3 9.3 2.9 5.7 2.3
7| 59.4 3.1 | 35.4 4.0 6.6 9.6 1L.6] 35| 150] 31, 65| 63
3 20.0 4, 4 20.3 5.8 14.3 4.3 7.3 3.7 8.3 4.0 2.3 2.2
17.3 2.4 30.9 5.3 16,2 5.4 8.7 3.2 5.1 1.9 1.9 3.0
10 33.6 5.4 37.6 7.1 21.6 3.8 2.1 4.4 14.0 2.9 4.2 2.6
11 53.0 5.0 12.0 3.2 24.5 17.3 6.2 1.2 17.0 2.5 6.5 11.5
12 54.6 8.9 26,6 9.7 12.0 8.4 13.8 5.6 10. 3 11.8 10. 3 8.4
13 60, 2 3.3 43.8 7.8 15.2 5.2 10,2 1.3 11.9 5.1 3.9 2.6
14 44.0 0.7 39.1 5.5 25.8 1.7 1.7 1.9 12,0 3.2 7.3 0.9
13 25.4 0.9 30.7 8.1 13.9 6.7 7.4 2.7 8.1 0.5 1.2 1.1
16 25.1 2.3 23.7 1.7 14.9 3.5 6.3 2.9 7.1 1.6 3.0 3.2
17 30.3 11 24.3 2.1 13.4 3.3 6.2 0.4 7.9 0.7 3.3 1.3
The unit of stress is kg/cm?.
70 70
© 80 % 60
=
~
§ / o >
. 50 - 50
3 g
E First Order o 5 0
»
2 40 ? 40 aa
- < Third Order /
3 3
jaad o = \/
- (=9
e v £30 ®
) o] o} 2 — . X x
_E’ \__/ Ninth Order = ° o Fifth Order < \
o 20 . \ o 20 X)/
. ____/\'x/ x /
Second Order 4 /x x Seventh Order | o 6
10 ! = 5 10 / Ry
x _x_y / A —4’1’,%\
N D Fourth 1
L. & . * o— _At7g T e
200 250 300 350 400 200 250 300 350 400
R. P. M. R.P. M.
Fig. 5.7 Higher Order Components of Bending Stresses
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