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Study of Measuring the Propeller Blade Strength

1. Outline

All the conventional formulas of evaluating the strength of screw propeller blades including
the Taylor formula have been worked out on the basis of simple hypotheses. They have,
therefore, not yet demonstrated whether or not, the propeller blades of complicated forms
could give a correct stress, still less disclosed any method of calculating the dynamic
stress' in case of the propeller blades running in ununiform wake.

This test work, which had been started in April 1956 and finished in late August 1957,
aimed .not only to measure the statical stress by giving a statical load to the propeller
blades and subsequently examine the fitness of the formulas for evaluating the blade strength;
but also to measure the dynamic stress of the propellers of actually sailing vessels, and
work out a perfect standard for blade design by combining these two kinds of stresses.

For this purpose, we have carried out the statical strength test as well as the dynamic
strength test on sailing vessels. o

As for the statical strength test, a known statical load was given to the propeller blade
model which had precisely been finished, and then the stresses caused on various sections
of propeller blades were measured with a electric resistance wire strain gauge.

As for the dynamic strength test, the ‘‘Shioji-maru’’, a training ship of the University
of Tokyo Mercantile Marine was used, as she had been equipped with a hollow propeller
shaft in expectation of such a test. For the purpose of this test, this vessel was equipped
with a specially made propeller to measure the stresses caused on this propeller blades. By
means of a foil guage pasted on the propeller blade and a lead wire inside the hollow
propeller shaft, we measured the stress caused on the running propeller blade on board the
vessel. At the same time, we measured the speed of the sailing vessel, propeller rotation
number, torque, thrust, etc. ’

When these tests were given, we could practically grasp the effect of statical load upon
various points of propeller blades, and the condition of stresses caused on the real propeller
of sailing vessels. For various reasons, however, propellers ot a smaller-sized training ship
of not a large engine power were used in the test of this time. But we could obtain a
possibility of establishing a formula applicable to various kinds of propellers, by using the
test records of this time. Not only that, we could define the performance of the stress of
the running propeller blades, which had not been unknown to us. .

Meanwhile, it is worthy of note that a foil resistance strain meter could be used for the
materials moving in the sea water, while the test was under way.

Outline of various test is briefly described hereunder:




2. Statical Strength Test

The objective of this test was to experimentally obtain the stresses caused on the blade
surface, when an optional distributed load was given to the propeller blades. Thus the
stresses (direction and magnitude of the principal stresses) caused on the twelve points (9
points for the face side, while 3 for the back side) on the blade surface in case of the point
load being imposed upon various points (17 points for the face side) of the propeller blade
surface were evaluated.

The propeller model used for this statical test has four blades different only in the pitch
ratio per boss as shown in the Table 1. This propeller model is analogous to the actual
propeller of the vessel used for measuring the dynamic stresses in form and other details.
Its shortening rate is 1/3.

When this statical test was conducted, we could define the magnitude and direction of
the principal stress on the major points on the blade surface, which corresponds to the
unit point load on the propeller blade surface, and could make sure the correspondence of
the principal stress to the superposition of point load. Therefore, if a proper load distribu-
tion having effect upon the propeller blade surface is assumed, the stress of the main point
of the blade surface corresponding to the load distribution can be evaluated.

In terms of the magnitude, the point loads used for this test are divided into 4 kinds of
load: 30, 40, 60 and 90 kg loads on the propeller blades.

Table 1 Details of the Propeller Model used for the Statical Test

Mumber of | Diameter | Pitch ratio | Hub ratio | Cxpanded |Blade thick-|  Angle

2 : Material
area ratio | ness ratio of rake at

516.7 mm 0.6 0.20 - 0.487 0.0497 10°15/ HBsCl
" 1.2 " " " " ”
" 0.3 " " " " "
" 0.9 " " ” " "

288~

3. Strength Test using a Real Vessel

As mentioned above, the ship used for the test is the ‘ Shioji-maru’’, a training ship
attached to the University of Tokyo Mercantile Marine, whose details are as follows:
Hull: 29.00 m x6.20 m x3.45mx2.20 m x 0.528 (Cs)
Engine: Diesel engine 1 set
M.C.R. 380 BIPx380R.P.M.
Sea speed 10 knots .
The newly manufactured propeller for this test has the following main specification:
Diameter: 1.550 m _ Pitch ratio: 0.626
Number of the blade: 4 Material: Manganese bronze
Form of the section: Aerofoil
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The vessel has a 30 mm~70 mm dia. hole piercing through the overall length of propeller
shaft, through which the wires coming from the foil resistance strain gauge pasted upon
the propeller surface are led to the cabin of the vessel. : :

The test was given on the Bay of Tokyo on 6 and 7 July 1957, when such items as (1)
stress of the blade surface, (2) torque, (3) thrust, (4) R.P.M. of the propeller, (5) rotary
fluctuation rate of the propeller shaft, (6) speed of the vessel, (7) angle of rudder, (8)
vessel and weather conditions, etc. were measured.

In connection with the stress of blade surface, the foil resistance strain gauge was pasted
on the major points (18 points) of the face and back sides of propeller blade surface -to
pick up the stress. '

Pasting methods were also studied, together with this test, as satisfactory researches -
have not so far been made into whether the strain gauge could properly play a role as a
gauge, if it was pasted on such a matter rotating at a high speed in a complicated and
- ununiform water current as the propeller. The test has revealed that the following is the

best way of sticking the foil resistance strain gauge: Epoxide resin adhesive is applied to
the blade surface, on which the foil gauge is placed. Another epoxide resin adhesive is
further applied to the blade surface, which is then coated with a Tefuron film of 0.05mm
thickness. - Finally, a rubber adhesive is given to this blade surface. By employing such a
sticking method, we could obtain an insulation resistance of conductor amounting to more
than 1,000 MQ during the test.

We measured the torque and thrust by pasting the foil strain gauge on the intermediate
shaft.

In measuring the R.P.M. of propeller, the R.P.M. of propeller shaft was recorded, by
converting the mark per revolution and the data of electric clock check into the oscillograph.

As for the measurement of the rotary change rate of the running shaft, an electric
Weston-type tachometer was set on the bow end of crankshaft, and then the rate was
evaluated from a wave per revolution drawn by the tachometer.

In measuring the speed of the vessel, a Shiba-type speed meter was employed. The angle
of rudder was measured by a rudder angle meter.

The dispiacement of the vessel was 227.3m® The weather and sea conditions were
comparatively better during the test. .

. When the stress on- the propeller blade surface was measured, - tests were given to ‘the
points off the fillet of blade section, in other words, mostly the 0.3 R position and other
0.5R and 0.9 R positions. :

Some explanation shall be given to the performance of the stress caused on the 0.3R
position hereunder:-

The Table 2: indicates some examples of. the stress values accruing from the
measurement. of the blade section on the 0.3R position in a normal state of the vessel in
relation to each output of the engine. The measuring point I indicates a position of the
most thickest back side of.aerofoil section, the IV a position of the face side corresponding
to.the above, II and III respectively show positions of the back and face sides 20 mm inside
the leading edge of each section. The letters a and b shows that the direction of sticking
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foil resistance strain gauge is a direction of radius and tangent respectively.

According to the Table 2, the stress of blade surface does not show any difinite value
while the propeller is running, even if the speed of vessel, engine output and its R.P.M. are
constant, but it shows a considerable amount of change (about 40~50% of the average
value of the stress of blade surface), due to the oscillation torque, the change of propelling
power per revolution based upon the ununiform wake in the propeller position, etc.

Meanwhile, this test propeller is a propeller designed by the Ship Propulsion Division of the
Transportation Technical Research Institute in conformity with the normal designing method.
The blade thickness on the 0.25R point is about 3 mm thicker than the minimum thickness

Table 2
number ! propeller power, S’ ! point kg/cm?
Ia 280~600
[—1 383.1 1Ib 0~200
1T a —130~—250
Il b 0~125
[ a 140~450
[—2 354.5 b 0~150
Il a —60~—200
b 0~120
[—3 381.0 282 Ia 250~600
: IVa —110~—300
1—4 3545 228 IV a —130~—250
I—5 381.0 300 Ia 220~560
: IV b 0~260
1—6 355.5 226 Ia 160~500
' Vb 0~230
Note: The sign “ — 7 of the blade surface stress indicates a tensile stress. All other

stress values indicate the compressive stress ones.

.prescribed in the regulations. It is, however, worthy of note that even if the propeller has
such a thickness, a stress of about 600 kg/cm? is found at maximum on the root of propeller
blade as shown in the Table 2.
. The actually measured stress values shown in the Table considerably agree with those
obtainedﬁ from the conventional calculation method, which had been expected is designing
the propeller. The ratio of the above actual stress values to the calculated values is about
1.3~2.0. From this fact, it is inconceivable that the conventional designing method for
the blade strength is remarkably improper.
. In-addition to the above, the test to the actually sailing ship has disclosed the followings:
When the stress values are analysed, the variation waves of the stresses can be divided
into three components: third variation factor chiefly based upon the torsional vibration of
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the engine, primary and secondary variation factors which seem to be mainly based upon
the wake. Of these factors, the third factor is predominant on the 280 R.P.M. range, a
critical R.P.M. for the vessel, while the secondary is predominant on the rated R.P.M. range
(ca. 30R.P.M.).

The maximum value of blade surface stress in such an inconstant condition as the
propeller is switched from the advance to the back movement and vice versa is 5% ~30%
larger than the corresponding stress value of blade surface in a constant R.P.M. condition.

4. Conclusion

As mentioned in the above, the statical load strength test given to the propeller model
as well as the actual measurement of the blade surface of the running propellers of the
training ship ‘‘Shioji-maru”’ have demonstrated obviously the points which had not been
unknown.

Meanwhile, we have obtained a large number of suggestions and ideas of new methods
for measuring the dynamic factors in the sea water, when we conducted a test of the
actual measurement of the blade stress of the running propeller, which has never been
preceded by any other countries of the world.

Thus the test of this time is the first attempt of this kind, which has, therefore, not
scored a full success as originally scheduled by reasons of the expenses, shortage of hands
and time. We are, however, sure that the experiences made in these tests would greatly
contribute to the possible tests of this kind in future.

But we could not come to the conclusion that the conventional designing method for
propellers is markedly improper, because such a smaller-sized vessel of small output as the

’

‘‘Shioji-maru”’ was used in this practical test of this time. It is, however, questionable
- whether the record of this test can be applied to the propeller design of large-sized vessels
of larger output, or not. Another research program should be worked out in reference to

the record of this test.
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Table 1-2 Strain on Blade
Blade No. C
. Load Point No. 95

, e _ &, Strain (x10°%)
Switch | Gauge | Gauge W* (Load on Knife Edge) kg /W
No. /R No. s 30 45 - 20 0 (¢/10 kg)
1 . 1 3 7 8 5 0 2.1
2 0.3R 2 0 0 0 0 0 0
3 ‘ 3 53 104 152 80 -1 35.4
4 ) 1 —8 —16 —20 —12 0- . —5.1
5 0.3R 2 36 73 105 54 —2 244
6 S 3 73 144 215 115 —2 49.7
7 3 1 7 —13 —16 -13 - —2 —4.5
8 0.3R 2 56 114 165 88 -2 38.5
9 : 3 27 58 86 45 0 19.6
10 4 1 —14 —32 —45 —22 0 ~10.3
11 0.5R 2 5 13 17 10 0 4.1
12 . 3 53 108 155 80 -2 36.0
13 5 1 —28 58 —82 —44 | 0 -19.3
14 0.5R 2 43 85 124 66 T2 28.9
15 : 3 63 128 185 97- |- 1 43.0
16 6 1 15 —28 —40 —22 0 -9.5
17 0.6R 2 70 140 202 105 -1 47.0
18 . 3 16 36 . B2 28 -1 12.0
19 ; 1 -2 -.38 —58 —-30 | -1 —13.4
20 0.7R 2 3 5 9 6 0 2.1
21 . 3 60 122 180 91 -2 412
22 8 1 —36 -7 —100 —51 0 —23.5
23 0.7R 2 34 68 98 53 0 . 23.0
24 . 3 74 150 216 118 —2 50.7
1 9 1 —22 —43 —60 ~33 0 —14.4
2 0.7R 2 72 147 210 115 -1 49.5
3 : 3 33 65 97 53 -1 22.5
4 10 1 -8 13 20 —~10 -1 —4.6
5 0.3R) 2 —25 50 —67 —.36 0 -16.2
6 . 3 18 37 52 28 0 12.3
7 1 1 13 25 34 18 -1 8.2
8 (0.3R) 2 —70 ~141 —202 ~108 -1 —47.4
9 . 3 —62 -123 | -—180 -91 0 —41.5
10 12 1 2 6 8 5 0 1.9
11 (0.3R) 2 —25 _48 ~70 —38 -1 | —16.5
12 . 3 —~50 -100 —148 —76 0 —34.0

* Load on Propeller Blade is equal to 2W




Table 1-3 Calculation of Blade Stress
Blade No. C

Load Point No. 95

20
80
70

60
5o

<0
'1,’3+T §770,

¢ i) _e-m n ] Stress

Switch | Gauge | Gauge —1/3 From From c T
_ = : e 10-% kg

No. r/R No. =¢/W (€14 o+ e3) Figures Flgzt;,res v /mm?

1 1 1 2.1 (37.5)* —10.4 (242.6)1  35.5 18.6

2 0 3R 2 0 —12.5

3 : 3 35.4 12.5 22.9 23.0 121.3 | —10.5 ~5.5

4 9 1 —-5.1 (69) —28.1 (207.0) 54.8 28.8

5 0.3R 2 24.4 1.4

6 < 3 49.7 23.0 26.7 31.8 103.5 —8.5 —4.5

7 3 1 —4.5 (53.6) —22.4 (154.0) 42.7 22.4

8 0.3R 2 38.5 20.6

9 : 3 19.6 17.9 1.7 24.8 77.0 —6.9 —3.6
10 4 1 —10.3 (29.8) —20.2 (222.2) 47.1 24.7
11 0.5R 2 4.1 —5.8
12 : 3 36.0 9.9. 26 37.2 111.1 —27.3 | —14.3

| s

13 5 1 —19.3 (52.6) —36.9 (192.5) 55.4 29.1
14 0.oR 2 28.9 11.3
15 : 3 43.0 17.6 25.4 37.8 96.3 | —20.2 | —10.6
16 6 1 ~9.5 (49.5) —~26.0 (142.2) 49.3 25.9
17 0.5R 2 47.0 30.5
18 . 3 12.0 16.5 —4.5 32.8 71.1 —~16.3 —8.6
19 7 1 —13.4 (29.9) —23.3 (224.0) 42.5 22.3
20 0.7R 2 2.1 ~7.8
21 . 3 | 412 9.9 31.3 32.6 112.0 | —22.7 | —11.9
22 8 1 —23.5 (50.2) —40.2 (201.5) 59.9 31.5
23 0.7R 2 23.0 6.3
24 - 3 50.7 16.7 34.0 43.2 100.8 | —26.5 | —13.9

1 9 1 —14.4 (57.6) —33.6 (155.2) 56.2 29.5

2 0.7R 2 49.5 30.3

3 . 3 22.5 19.2 3.3 37.0 776 | —17.8 —9.4

4 10 1 —4.6 (—8.5) ~1.8 (263.5) © 13.7 7.2

5 0.3R) 2 —16.2 —13.4

6 . 3 12.3 -2.8 15.1 16.5 131.8 ' —19.3 | —10.1

7 u 1 8.2 | (—80.7) 35.1 (354.5) | 8.3 4.4

8 0.3R) ° 2 —47.4 —20.5 [ :

9 . .3 ) —a15 —26.9 —14.6 35.2 177.3 © —62.1 —32.6
0, 1 1 19 | (=486 18.1 (29.5) ’ 4.5 2.4
1 2 | —16.5 —0.3
12 | (0.3%) 3 —34.0 —16.2 ~17.8 20.7 14.8 ! ~36.9 | —19.4

*=3m, t=20 ex=m+u, ey=m—n

-3




IR, F-YOoREEEMBLC, Z5 VORI REMFMLAC Y LA S-S FEMoR L,
AL TR R BT o 72,
Fig. 1.5 iWHnC erey 2 BOEMPHOPBORESLL, AMnt, + 57— LILUL &)
MOXE e, e e 1 5~ S OHE e OHWED 0 EFAUE o
er=m+n cos 20 |
e:=m-+n cos 2(0+120%
ex=m+n cos 2(¢+ 240°)

ALK D oy n, 0 bk,

m:%(e. +extes) o (1)
 V3le—e)—(ei—e)]
tan = e —en) T (e1—eo)] 2
n=%[(e1—e3)zj—(el —e:) —(e1—ex)(er—en)]' (3)
HEHMORE e e WX
{ Cr=m+n (4)
ey =m—n (5)

D~G) XL VEFEOHN HICKEXERDD L EBRKSLH SEIOF B XA AL S A
L7, ‘

(K12

Fig. 2.6 w4 X 51 OA,0B,0C #% 120° ojiigtis L,

Ou,zel—7'}’l
Ov=e:—m
OczéS_m A

(m = %(81 +e +ea))

L BEITHG LT, OA, OB, OC # it hFi a, b, ¢ 2 &

%, Fig. 1.6
OA wHFHEEIZ aP
OB ZImEHIZ bP
OC wwHEI cP

Z91<E OP 1k n WYL, LAOP ik 20 YT 5,

. )
0= D) L AOF
kD ex=m-+n
ey =m—mn

Zokiz, (J. Yaruell 3 JilA, k&R “A b v—v.er—2" 1)

=3
— g —




A X O™ oot Table 1:3 &k G

Fig. 1.7 15+, /

Blade No. €. Load Point t10.85 /

3) oA IS IIRE T AL
B = 00 X % A R i 10.5 % 10°kg
jmm? PR LA TN L s, B S
S T e SR Lok IR kg H720
DI » T DHHUEETE 100kg fF i,
Wi & BTN LB R I 3 5
16 EHRMERRER

1) HRrWESDOFUCT FRONWE
AR0> 1T ST A i & L2 NS & - T
JIoFERNS s L GRS ok EX 2 /L
.

BANE e TR 2, o ,
B LT, AT O & DRI, [ i e

Fig. 1-8 7»5 Fig. 1-24 (B Rk L), Fig. 1-7 Analysis of Results of Strain
Fig. 1.25 7~ Fig. 1-41 (D ¥t L0), Measurement

Fig. 1-42 7.5 Fig. 1-58 (A ¥z L), Fig. 1:59 % Fig. 1.75 (C Wikt L) 450

<4 M

i e,

Kt @ il o fiE ch b,

2) howEtk Figo 1-76 7L Fige 1-78 ipisidbeavr, Wil Rile, ik
Loddkie 0 & L—i%ii (0.9R @ ® [iofnEic 20kg o Fffsi @iV iRETh 2) 2ot
WiEZ, A FEIMEE L, ZOWED LT ® i bm®m (B mil) 2ntr7- & S0 eihiie
#z, B 3@ (30,60,90,40kg @ 4 ) %070k EoEoA LR TICIEHL TV H0T, FH
Mo e A il () ORICEHRE B @il C K RO LIS EEL 7,

B i sl 3 B oR g (6) &l U EcCHURIE N D ol &5 LA Sk UCd W
1 kg &HioboledrE LCHRLT,

[ —— 3 A BiECHd 5150, ——> i3 B MR AT 5150%, ——> Ol edhsb
o [id A fRiEA LCBRiEEF L AWEOLE s T oE EDIET) (1) OFCRULTHDLLD) @
PN o ReiE T b 0T A PIEOFMC b 5P HATEY D N NRR T s o ek

WL TG, L7ont - CARGEA m Tl o G uR L O T R L O A & M 5,




f y A
-307-200-10" |2 107 207 305 30207 107
[

o P
Back side  Face side —E,:; Scule ;T:,,
"""" & ——— Tension 5|+ 050100 150 7'00)(10‘ ifg *
------- 4 ——= Compression S| (Ka/mm2)g HE
&l J i@
Fig. 1.8 Stress Diagram on Propeller Blade Fig. 1.9 Stress Diagram on Propeller Blade
B-Blade (H/D=0.6), Load Point---0.9R, —10° B-Blade, Load Point---0.9R, 0°
B # B #

2
//

Y IR e = e i T 0 0
Fig. 1.10 Stress Diagram on Propeller Blade Fig. 1-11 Stress Diagram on Propeller Blade

B-Blade, Load Point---0.8R, —20° B-Blade, Load Point---0.8R, —10°

=



IA\J\N /;;\ / \ §\ A
R vl e

A i
WV | N
AETV7En I AR NN TAN

=307 207 107 5, 107 20 3 R -307-20" -IU

Geuernting IIne'

- Generating line

Fig. 112 Stress Diagram on Propeller Blade=® .~ Fig. 1.13 Stress Diagram on Propeller Blade
B-Blade, Load Point---0.8R, ° B-Blade, Load Point---0.8R, +10°

B %

20 -0 m 270 - =30 go 0
Fig. 1-14 - Stress Diagram on Propeller Blade Fig. 1-15 Stress Diagram on Propelier Blade
B-Blade, Load Point---0.7R, —20° B-Blade, Load Point---0.7R, —10°




=
25
=
=

-0 -10° 0
—~ A—
~J
-20° . -20"
\ 09R \ o

AT TN N
30.(\ \ \ g / \y.“iﬂ (/\ ./\\ v \/7\ 0IR
\m]/y |

AR
A
A

S

=30°-70" -10 o i i 200 =10 @ (07 200
s s
2 &
S 3
Fig. 116 Stress Diagram on Propeller Blade * Fig. 1-17 Stress Diagram on Propeller Blade
B-Blade, Load Point---0.7R, 0° B-Blade, Load Point---0.6R, +10°
B # | B

s T |
)

At i e
- ; - ] /xiii N /xiii
Yo e | N / )

‘ /
J B
.
—
A
——
o
o
g
=
[
—
~.
=

T P Y ‘ B UV TR Y
Fig. 1-18 .Stress Diagram on Propelier Blade Fig. 1-19 Stress Diagram on Propeller Blade
B-Blade, Load Point---0.6R, —20° B-Blade, l.oad Point---0.6R, —10°




B B i

-0 i} -0

AT N AT
TN, ANAW
SR x A VUL
L A B IR NV W 72 AT
\\ \ ’/v \\y\ /v//
AT RSN

G =Y R G TR R e Tl T

Generating li
Generaling line

Fig. 1.20 Stress Diagram on Propeller Blade Fig. 1.21 Stress Diagram on Propeller Blade
B-Blade, Load Point---0.6R, 0° B-Blade, Load Point---0.6R, +10°

S30T-07 0T 2| 10T W07 SO0, 107 20T 30°
= £
g £
5 5
o 3
Fig. 1-22 Stress Diagram on Propeller Blade Fig. 1.23 Stress Diagram on Propeller Blade
B-Blade, lLoad Point---0.4R, —20° B-Blade, Load Point---0.4R, 0°




-10°

09R

-

AW

-

i
|/

N
/L

=307 =207 -10°

Generating line |

10° 20" 30

Fig. 1-24 Stress Diagram on Propeller Blade

1

j i
ANVAWATIAW
AR &
NN /’f .ff:

Generating_ line’

Fig. 1-26 Stress Diagram on Probeller Blade

D-Blade, l.oad Point--

0.9R, 0°

—

da

Generating iine

Fig. 1-25 Stress Diagram on Propeller Blade

\?E/YN e
(AX ‘\\ \ \z\
WV ATy
l1\ \\" /A 7.
NERNRIN
VT

Fig. 1-27 Stress Diagram on Propeller Blade

D-Blade, l.oad Point---

0.8R,

—20°



03R

=200 -107 ey | 20 o
g £t
L& 3
Fig. 1.28 Stress Diagram on Propeller Blade Fig. 1-29 Stress Diagram on Propeller Blade
D-Blade, Load Point---0.8R, —~10° D-Blade, Load Point.--0.8R, 0°

AV N AL N
AN I AT N

(=}

Q.
0

I

~

AR AR VY
Vo \ N
A /L

s

A

S B
=

R
g
=
[
T

20 -0 e 1070 BN RS
E L
g g i
Fig. 1.30 Stress Diagram on Propeller Blade Fig. 1.31 Stress Diagram on Propeller Blade
D-Blade, Load Point---0.8R, +10° D-Blade, Load Point---0.7R, —20°

-~ 15 —




20000 N 00 =20° -0 o} 10) 20
Fig. 1.32 Stress Diagram on Propeller Blade Fig. 1.33 Stress Diagram on Propeller Blade
D-Blade, Load Point---0.7R, —10° D-Blade, Load Point---0.7R, 0°
D % D W

SR B SR

BT IAW
VR e
prunn T | oy

|

I 1 A R 20 A0 g| n 0
& ] &
Fig. 1.34 Stress Diagram on Propeller Blade Fig. 1.35 Stress Diagram on Propeller Blade
D-Blade, Load Point---0.7R, +10° . D-Blade, Load Point.--0.6R, —20°

a4
— 1 —-



Generating line
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Fig. 1-44 Stress Diagram on Propeller Blade Fig. 1-45 Stress Diagram on Propeller Blade
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Fig. 1-61 Stress Diagram on Propeller Blade
C-Blade, Load Point.--0.8R, —20°
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Fig. 1.63 Stress Diagram on Propeller Blade
C-Blade, Load Point---0.8R, °
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Fig. 1-67 Stress Diagram on Propeller Blade
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Table 1-1
Propeller of “ Shioji-Maru ”

Diamter 1,520 mm
Boss Ratio 0.191
Pitch (Constant) 1,040 mm
Pitch Ratio (Constant) 0.684
Exp. Area Ratio 0.435
Blade Thickness Ratio 0.0474
Angle of Rake 10°~20/
No. of Blades 4
Section of Blade Aerofoil
Direction of Turning Right Handed
Material of Propeller Mn. Bronze
Table 1.2
Propeiler for Fxperlments

Diamter 1,550 mm
Boss Ratio 0.200
Pitch (Constant) 970 mm
Pitch Ratio (Constant) 0.626

! Exp. Area Ratio 0.487
Blade Thickness Ratio 0.0497
Angle of Rake 10°~15/
No. of Blades 4
Section of Blade Aerofoil
Direction of Turning Right Handed
Material of Propeller Mn. Bronze




Table 1.3 Offsets of Shioji-Maru's Propeller Unit; mm
Radius 200 300 400 500 600 700
. Yo - Yo ;| Ye . Yo - | Yo v Y
X Y. X Y X | Y X Y X Y., X 1 ¥,
0 20.2 0 17.2 0 14.1 0 10.2 0 4.7 0 1.2
1271 23.1 19.0 14.0 8.
6 150 8 12.8| ° 105 0 7.6 1 36 9|31
30.9 26.3 21.6 16.2 . 9.7
13 127 B 0.8 17 go| 20 6.4 21 3.0 18] 53
34.2 . 29.1 . 24.0 . 18.2 e | 11.7 . ;
19 07| 2 9.1 75 31 5.6 92 25| 27073
0o | 40.0 34.0 o | 28.0 21.6 14.7
32 7.6 38 6.5 43 5.3 51 4.0 53 1.8 44 | 9.9
46.0 39.1 32.2 25.0 17.6
48 4.6 57 3.9 65 3.2 77 2.9 80 1.3 66 | 11.9
. 50.8 43.3 35.6 5 | 28.0 20.1 P
64 9.9 76 1.9 87 1.5 102 1.3 107 0.7 89 113.3
96 | 56.9 114 | 48.5 130 39.9 153 | 31.3 160 | 22.9 133 14.4
112 { 57.7 133 | 49.1 152 | 40.4 179 | 31.8 187 | 23.1 155 | 14.5
128 | 56.8 152 | 48.4 173 | 39.8 199 | 31.3 205 | 22.9 167 | 14.4
161 | 52.0 190 | 44.3 215 | 36.4 240 | 28.8 240 | 21.2 192 | 13.6
193 | 44.4 228 | 39.1 257 | 31.1 281 | 24.6 275 | 18.5 216 | 12.3 .
225 | 34.8 266 | 29.6 299 | 24.4 322 119.6 311 | 15.0 241 1 10.3
257 | 24.6 304 § 21.0 341 | 17.3 363 | 14.0 346 | 11.0 266 | 8.0
289 | 13.8 342 | 11.7 383 9.7 404 8.0 382 6.6 290 | 5.0
305 8.1 361 6.9 404 5.7 424 5.0 399 | 4.3 303 | 3.5
321 2.6 380 2.2 425 1.8 445 2.0 417 2.0 315 2.0
Table 1-4
T Blade
\ No. 1 No. 2 No. 3 No. 4
Item
. i
Deviation of Pitch (mm) i !
Designed Pitch=970 mm | —2.0 ’ +7.0 4.5 } +7.5
5 Deviation of Mean Pitch
g::) of Four Blades (mm) +4.25
Deviation of Mean Pitch
of Four Blades (%) +0.44
Deviation of Radius of Propeller (mm)
Designed Value=775mm +1.5 +1.0 +1.5 40
Deviation of Generating Line (/) ‘
Designed Value=90° =0 +5/~07 +5/~0” =107~
. |
Deviation of Rake (mm) | ;
Designed Value=159.5mm i —0.5 —1.0 i 0.5 —0.5




Table 1-5

asured Values of Blade Thickness
(Unit mm) .
Section
Position . .
measured X 76 133 190 266
B |Biade Thickness ) DY o
designed _Y_ 41._4‘ 749.1 - __1%1%13 29f> )
1 —0.4 +0.9] +0.3| +1.4
300R Blade 2| 406 +0.9| —1.3| +0.4 Yf
3 —1.4 -1.1 -0.3 —0.6
4 —1.4 —-0.1 +1.2 +0.4 X !
Position
measured X 87 152 215 299
C  |Blade Thickness a -
p ; 34. R 36.4 24.4 R
designed | ?’_ i 3.1 40 _4‘ ~_‘367 i o crion of Tur
L =017 406 316 +1:6 @ g,
400 R Blade 2 -+0.9 —1.4 —1.4 —0.4
¢ 3 —0.1 +0.6 | -+0.6 —0.4
4 —0.1 +0.6 +1.6 +1.6 .
Position X 102 10 499 541,19),195 Section F
measured 179 2
D |Blade Thickness . “ E
designed Y 26.7| 31.8] 28.8 19.6 JH 1240\ \IB7\107
1| —-1.2| =1.3| +0.2( —0.6 \ \
500R Blade 2| —0.7| —1.3| =1.3| -1.1 K 322\24& \179 102 ” D
3 +0.3] +0.7| +0.2| +0.4 \
4 —1.2 —-0.3 1. 4
Position 0 t1.2| 30 299\ 215 153\ 87 ” C
measured X 107 187 240 311 ;
L. |Blade Thickness . 266\ 190 133176 ”
designed Y 19.4 23.1 21.2 ,-15-0 \ -
1 —-1.4| —1.1]| —0.2 —0.5
600 R 2 —-0.4| —1.11 —1.2{ —1.0 — | ine
Blade 3, —0.4| —0.1| +0.8| +1.0 eadine
4| —04] —1.1]| 40.8| +1.0 edge
Position ;
measured X 89 155 192 241
F |Blade Thickness
designed Y 13.3 14.5 13.6 10.3
1 —1.3 —1.5 —0.6 —0.3
700R 2 —-1.3| —-0.5| —-0.6 —0.3
Blade 3, —1.3| —0.5| —0.6| +0.7
4 —1.3 —-1.5 —0.6 —0.3
Measured Values of Blade Width at Each Section (Unit mm)
[
Sections B l C i D E ) K
1 pa—
Designed . | . |
Width Total Width 380 425 445 117 315
Distance to Generating. . :
Blade Line from Leading Edge 190 190 177 142 73
Deviation of Total Width -+3.0 +3.0 +2.0 +2.0 +2.0
No. 1 L .
Deviation of Distance to Gene- . . E
rating Line from Leading Edge +2.0 +2.0 +2.0 +2.0 +2.0
Deviation of Total Width +2.5 +2.5 +2.0 +2.0 +1.5
No. 2 _— .
Deviation of Distance to Gene-
rating Line from Leading Edge 2.0 +2.0 +1.0 +1.0 +0
Deviation of Total Width +2.5 +3.0 +2.0 +2.0 +2.0
No. 3 L . .
Deviation of Distance to Gene- . L
rating Line from Leading Edge +1.0 +2.0 +2.0 +2.0 F2.0
Deviation of Total Width +2.0 +3.0 +3.0 +2.5 +2.0
No. 4 s .
) Deviation of Distance to Gene- - N n i . .
rating Line from Leading Edge =0 1.0 F2.0 ] +2.0 +2.0
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Table 2-1 Particulars of Model Ship Table 2-2 Particulars of Model Propeller
of “Shioji-Maru” of “Shioj-Maru ™

(feth Perpendiculars) 4.0000m Model Prop. No. 1148
Length (on L. W L.). 4.1973m Diameter 0.2138m
Breadth (Including Skin) 0.8574m Boss Ratio 0.200
glr:;:ai::lz;: B L) g:gjij:; Pitch Ratio (Constant) 0.626

) ) Exp. Area Rativ 0.499
Wetted Sur‘fa.cc vAxca 4.2040m Blade Thickness Ratio 0.0497
Blﬁ)ck C'Oeﬁlcleljll. 0.528 No. of Blades 4
Prismatic Coefficient 0.584 Form of Blade Section Aerofoil
Midship Coefficient 0.903

Table 2-3 Condition of Tank Test

Condition ' Draft (m) Above Base Line Displacement | Wétted Surface
. A P. M. S. F. P. (m?) (m?)
Ship Trial 0.3918 0.3158 0.2400 0.5964 4.557
Normal 0.2988 0.5404 4,204
LOAD CONDITION MARK
SHIP TRIAL —O0—
GO AHEAD NORMAL ~o-—
SHIP TRIAL —
GO ASTERN NORMAL A
-015
— REMARKS 3
L. WITH ALL APPENDAGES & TRIP WIRE(1.0™"#) [ LOAD CONDITION|  MARK
[ AT SQUARE STATION NO.9'g / : SHIP TRIAL
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015 -010 N A SHIP TRIAL | ———
/
L @ ng'&V 60 ASTERN wormaL
B /V/ 2s
— / REMARKS
-010 -005 i WITH ALL APPENDAGES
. / n /0// - /
L, {~ I~ H
e
2r ﬂ\&u‘;.a,““ - ,
A Ay o 150 "
Bl ? ot W _ /
: T &"f — >6)\ f—i‘o . 4
io .005 —Q /
lor ¥ /
- Ry Rt -
')f} | — 100 ’/,/
Ame /
~ ¢ R, AV - i
.005.010 Amg = Ry p, TV /
"] . /
B Asf L 4
L [ L S P
P — s0 -
_ A - P
-010 s I L.
L —_—— B //
R N L1 [N | o I
5 20 25 30 -35 5 6 7 8 9 10 Il 12

FROUDE NO., F Vi3

Fig. 2.2 Resistance Test

SPEED(Kt), Ve

Fig. 2-3 E.H.P. Curves
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Fig. 2-4  Self-Propulsion Test
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tribution (Pitott Tube)

Fig. 2.10 Wake Distribution (Pitott Tube) Fig. 2-11 Wake Dis

Pitott tube 4
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~

~
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gosk|f £l s &
‘5 L 3 Go ahead § i £
5 2 N 2
§ B o Go astern ~———— I
N 1
r_ o4} i
H ’ |
o 113 g i0 0
Rodius of Propeller (cm), v
Fig. 2.12 Wake Distribution (Pitott Tube)
Table 2-4 -Comparison of Wake Fraction, 1w .
i
) Go Ahead E Go Astern : '
Blade Wheel 0.226 0.200
‘Pitott Tube 0.317 0.196
Self Prop. Test* | 0.345 0.290

#* Analysed by Thrust Idendity
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Fig. 2-13 Result of Propeller Opeu Test
Ki=T/oN2D
Kq,=Q/pN2D5
np=TV1[2zNQ
D=Dia. of Prop.
VV1=Aduance Speed
T =Thrust
Q=Torque
p=Density of Water
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Joint
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Fig. 3.2

— 45 —

EONIYE

fx 12mm %L,

W g

ok

S e



(2)  FIMEIER 3 X O hr HOME 7 e ST L, o8 Qs BT (o)
IOV TH, HERKBEORP 725D THY, KRuBEHLOFLIRTH D, GRS X ok
FEDT AT B B JEERE N & L UEM O T ilBh s X BB A S K i s 55 7 = 8 5
(KT 1.500m) 12 X5, Tz it<, 55, koX ) hhilva i,

b, KPR OEFIT OV AL, T e SFME TR L 51, =R o B s

Beggiv) CNBERWIEIER R 1 Ee (100 3#6) #5 X ORI C (50 {8) % @il # &L, 2o i
SIS 2 B &, LD T & ST 5k =K % VRS EESE A o 1, B 0.05mm o
7 r s EELL S Ty, ’Fi’il: SIS LERD 1T = AFREGER R BT 5 & o Fiks bt o
DRI Fig. 3-2 A Wi,

R DIETEC DV TR, 7R RS =R AV 032 mm o

U7 v g e S w RIS L TR &, TG DL TR L, g

TIT AT = AT TG HIC mm v iR koL, COWHXA Fig. 3.2 C imaR,
DG, JEEN e R s b, 22 7 e L Siia S & L T
WA E BT 2 i 7 e 05 B MG L <BCWIL Fot, 2ot Fig. 3°2 E 25p

mLcHo,

TR oM (4178 0.20mm D E Y oL 4 v kI
OWRRD LA BV o CTEBER I T 5 0 TR o Bg
Shriiot, oML Fig 3.2 B wnd,

T, BRREME, e il A AR MRS mm O ¢ = — ik B R Y Y L x
VIR E DAL, Tl BRIRIT R T 5 120Y, O Gz Ch, Fig. 3.2 DR
FUnE Hikok L7, CR '

BALED 357005 5 A0c & 0, B o iaith it 1,000 MQ LAk = 7 L g7,

(3)  EAANACHR (REECII0 AN JLS) AMNICTEAT B12 % - TIXIBRI 7 7 <5 & LS 5
PR EN T R S5 (Fig. 3:2 #M0) 2RI L T->72, Fabhiac, Fig 3-2 dusm
FIUAEE T, Z DR I LTkl o

e

HE T IR TEPNT I X X 510 C oot

P

TSRO > L AL T 7w ’5", [ S eV i = IRN 1 Fe  1v) B SER NE  S il e
AEElemm QA ID 75 v v PR Tk o THEA ML 72, & OB, 7 e 25 il T,

AT DNk 7T AT 2 AT O RD 4 7 DREZIT D, 4 HUC S hCiEnc

1. Strain Gauge on Propeller Blade

(1000)
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Fig. 35 Torgue Measurement Fig, 3:6 Torque Measure: Circuit
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Fig. 3-12 Rudder Angle Measurement
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(1) 7 /16 BOEBIGOMOINEL X OCIFMRITTHOML THS,

it Wk 1.74 m

iR oW ok 2.84m

¥y oz oK 2.29m

B ok i 227.3 m*

WK i 24.1°C

{7/ S W I 1.020 (°F44)

A i 25.2°C (5{-4%)

i, ‘ (LA L

neoat Rk 1

K % i
sy ML, HUTAUERRRS T, —IRRERE IR [T R 4.5 T 7z,
7 F 6 oy TR ks JO O IR« SO TR MU R RO ¢ Sk 8 Table 41 12575,
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Table 4-1 Schedule of Tests on Ship (July 6, 1957)
Departure 8: 20 Return 18: 09
Test Time 1‘ Strain Gauge No. measured l Engine Remarks
No. Beginning| Finishing at the Same Time . Output
1 11: 57 11: 58 la, 1b, 2b, 3a, 3b, 4b 4/4
2 12: 03 12: 04 " 3/4
3 13: 18 13: 20 la, 6b, 8a, 9a, 9b, 1la 4/4
4 13: 23 13: 24 ” 3/4
5 14: 44 14: 45 1a, 10a, 10b, 10c, 11b, 18a 4/4
6 14: 48 14: 49 7 3/4
7 16: 00 16: 01 la, 1b, 10a, 15a, 16a, 14b 4/4
8 16: 04 16: 05 " 3/4
9a 16: 09 " 1" Steering 30° (Starboard)
9a’ 16: 10 7 ” " ( " )
9b 16: 11 " " " (Port)
9k 16: 12 " ” " ()
10 16: 18 16: 20 " " Headway— Astern
11 16: 36 16: 37 " " Astern
12 16: 38 16: 39 " " Astern—Headway
10/ 16: 55 16: 58 ”" " Headway—Astern
Table 4-2 Schedule of Tests on Ship (July 7, 1957)
Departure 7: 40 Return 14: 45
Test Time Strain Gauge No. measured | Engine Remarks
No. Beginning| Finishing at the Same Time Output
1 8: 43 8: 50 la, 10a, 15a, 17a 3/4 Steering Impuise Test
2 em | o , Coptinous Progresive
3 9: 14 9: 25 "
4 9: 33 9: 34 " ) )
s | em | ew , St Progresive
6 9: 44 9: 45 "
7 9: 50 9: 51 "
8 9: 53 9: 54 7"
9 9: 58 9: 59 1" Step Descentive
10 10: 03 10: 05 ’ Revolution Test
11 10: 08 10: 09 ” ) .
20 | 10:13 | 10: 15 " e Starboard)
12 11: 22 11: 24 la, 8a, 1b, 6a 4/4
13 11: 26 11: 28 ”" 3/4 Astern
14 11: 29 11: 31 " 4/4
15 .12: 00 12: 04 " 7 Turning (Starboard—Port)
16 12: 05 12: 08 " 3/4 Turning (Starboard—Port)
17 12: 58 12: 59 la, 13a, 1b, 18a 2/4
17 13: 00 13: 07 7" " Turning
18/ 13: 12 13: 13 " 4/4
18 13: 13 13: 23 " ” Turning
19 13: 28 13: 32 " 3/4 Z-Steering
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July, 7 Exp. No. 18’

N P L

Thrust
Zero line
l of thrust
___‘L,_,l__”‘,‘_,_/[w ] Revolution
Time

Fig. 5.2 Example of Wrong Recrod of Thrust
EBRRBICHTHEHHER
B HEMNEER 2 Table 5-1 Wi, FERFFMIEHHDO + ORSTEAHRIC %,

52
SRR

— OB I T,

Foks, WO 2 R

THCY - T, FEHH T w5 2 fi]—o

Table 5-1 (A) Results of Measurement (Stationary Condition)

) Propelter ¥ Shaft oo !Max. Helm " s
2L Expcrlj Sfpg%d Revolutions ’Il\gfa:e Horse- V’i‘hlarl\ng ‘ Angle on Gauge Stli;;}lssd on R Kk
Dﬂ ?\}emdl o p per Minute qd power oraue Running No. ade emarxs
o (kt) (rpm) | (kg-m)| (HP) | (kg-m)| (%) (kg/cm?)
la 280~600 | *
o - . 2b 0~200 +: Normal
1| 11.50 | 383.1 0 3a |—130~—250  Turning of
3b 0~125 Propeller
—: Reversing
;g 148""1128 Turning of
2 11.00 | 354.5 — — — 3 3a 60~200 Propeller
3b 0~ —120| #x
+: Compressive
la | 250~600 Stress
ogr o 9a |—120~—440 .
3 11.15 | 382.1 | 53,000 282 | 17,500 4 9b  |—280~—550 —: Tensile
1lla |—110~—300 Stress
la 400~570
9a 0~300
4 10.50 | 354.5 | 46,100 228 | 26,000 0 ab 250—500
11a |—130~—250
© la 220~560
R 5 11.30 | 381.0 | 56,300 300 | 17,300 0 10a 150~570
2 11b 0~260-
= _ _ I
la 160~500
6 10.60 | 355.5 | 45,600 226 | 24,400 0 10a 150~530
11b 0~230
la 250~580
: 10a 210~620
7 11.20 | 381.5 | 55,500 296 | 18,800 3° 15a 250~600
. 16a |—110~—430
14 b 0~70
la 180~520
10a 170~550
8 10.68 | 354.4 | 46,800 231 | 25,300 3° 15a 200~570
: 16 a 90~350
14b 0~40
. la 0~—190
. 10a 0~—140
11 6.35 | —251.7 |—31,500; —110 | 64,000 0 15 1 O —150
140 0




Table 5-

1 (B)

Results of Measurement (Stationary Condition)

o ¥ ‘\ Shaft | Max. Helm|
o |Experi- | Speed El::pe]ll:\;m Mean Horse \\/lbrdllllg A Stress on**
it : volu - ngle on Gauge <
S | rgconral‘ of Ship per Minute | Torque . power | Torque Runmng L N Rlade Remarks
P (kt) (rpm)  (kg-m) (HP) . (kg~m) | (kg/cm?)
' { | 100~250
. ! 15 a 130~260
2a 235.6 | 28,100 92 ' 48,400 . ’ oA om0
i L : 10 a 80~270
i | y Ta 110~360
o ‘ ! 15a 100~~420
2b | 250.0 © 30,000 | 109 | 74,600 0 i 150460
| | \ 10a 60~370
‘ Ta | 230~400
B 15a 170~520
2¢ 310.0 |42,900| 185 |61,700 0 o 2705200
10a 200~410
Ta | 270~550
152 260~580
2d — | 345.2 | 52,400 | 252 | 32,900 0 o SO0
| 10 2 250~500
; Ta 770~550
15a | 260~630
2e — | 368.0 |53,500| 275 | 22,800 0 oo | S80—a0
10a | 250~560
Ta | 230~500
15a 180~520
2f | 10.90 | 379.5 |55,500| 294 | 18,900 0 o | 30ms20
10a 170~520
1a 50360
15a 20~-300
3 8.40 | 257.4 | 22,200 79 | 69,500 0 o 20360
10a 40~270
“Ta 70~400
. | 152 100~310
. 4 8.90 | 273.6 | 26,000 99 | 93,400 3 a 020
10a 20~~330
> Ta 100~450
e . | 15a 160~520
| 5 | 10.05| 336.0 |40,200| 188 | 34,900 4 17 e | so0—aco
10a | 200~460
Ta | 200~550
15 a 180~570
6 | 10.75{ 360.1 |47,200| 237 | 24,900 0 o 170250
10a | 200~500
Ta 250~590
15a 210~600
7 | 11.35] 381.5 | 53,000 282 | 17,700 0 o 00540
10a 250~570
Ta | 230~550
15a 130~520
8 | 10.85 | 362.6 | 55,800 | 282 | 23,400 0 a 0200
10 a 190~460
1a 180~450
15a 140~470
9 | 10.20 | 337.5 | 39,500 | 186 | 34,200 0 174 11020
10a 170~410
' i Ta | 250~580
12 - ‘ 383.7 | 58,700 | 314 | 17,500 | — b | 130—460
Ta 100~230
13 — 1 —261.8 I—16,900l 62 | 86,000 — b 0170
_ . [ 1a 250580
14 384.7 | 59,800 | 321 | 39,400 1R | B
177 | 8.25 2705 ] - = ‘ 0 la 20~410
18 | 10.00 | 380.3 | 56,600 | 300 |17,500| 10° la 250~600
19 — | 354.5 {50,000 247 |24,500| — la 230~500
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Revolutions per Second

Position of Blade No. T
: i ! } A I I : | [

‘JIJ} 7 3 4 5 8 7 8 9 10 1 12

Position of Measurement

| No. 1 No.21No.31No.4‘No.5 No.6‘No.7!No.8
Mean o ()] %881 [ 354.5 ] 382.1 ' 3545 | 381.0 | 355.5 1 381.5 ‘ 354.4 R/m
Mean on ®| 3829 i 354.5 1 380.5 ' 354.0 | 380.5 | 355.6 | 381.4 ’ 354.1
1 6.11 5.65 5.86 5.68 5.98 5.66 6.10 5.55R/s
2 6.23 5.87 5.96 5.83 6.16 5.72 6.33 5.72 |
3 6.60 5.89 6.38 5.90 6.47 5.89 6.55 5.80 1 |
4 6.40 5.80 6.43 5.96 6.48 5.92 6.48 5.96 1
5 6.30 5.68 6.20 5.52 6.08 5.59 6.07 5.50 1
6 6.08 5.84 5.77 5.70 5.89 5.92 5.90 5.42 1
7 5.92 6.05 6.37 6.10 6.43 5.70 6.70 6.07
8 6.36 5.72 6.21 6.20 6.68 6.26 6.51 6.05 1
9 6.19 7.74 6.30 5.65 6.16 5.92 6.20 5.89 1
10 5.83 5.58 5.75 5.86 5.93 5.58 6.14 5.58 1
11 6.13 5.86 6.10 5.77 6.10 5.72 6.30 5.77
12 6.11 5.90 6.05 5.71 6.16 5.65 6.19 5.59

Fig. 5-3 (A) Variation of Shaft Revolution among a Turning
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Revolutions per Second

Position of Blade No.i
50 1 I | | L L ] : i |

| 2 3 4 5 6 7 8 3 10 I 12
Position of Measurement

[ No. 9 !

! I il m | W

%A:jo'}uﬁon @Ay 2.1 344.4 353.0 ' 349.5R/m

Retion (B) | 365 344.0 353.8 | 348.7 u
1 5.53 5.41 5.55 5.83R/s
2 5.74 5.72 570 | 5.68 »
3 5.89 5.78 5.92 5.75 1
4 5.92 5.96 5.93 5.99 7
5 5.46 5.68 5.70 5.46 s
6 5.77 5.80 5.70 5.50 s
7 5.80 5.55 5.71 6.02 #
8 5.93 6.14 6.28 5.74 1
9 5.70 5.70 5.89 5.62 1
10 5.50 5.56 5.59 5.42 n
11 5.68 5.71 5.78 5.68 »
12 5.58 5.62 5.81 5.49 s

Fig. 5-3 (B) Variation of Shaft Revolution among a Turning

Torque

N \NNANAN NN NNANNNANN

w\/\.——/\\/\_{\\_/\._/\_/\__/\\_/\_/\/\__
la* : b

Stress 10b 10¢c
—

10a

‘/—\(“"’\/—ﬂ/—/\/—\/—/\/\/——/\m

Revolution

. Time ] }"——I/g 56C— i
T \ _/ ~ S /S

Synchronize mark

A
r

-

—_ —

Fig. 5-4 Example of Records (July 6, Test No."5)
¥ la i EERLZFCLA DT 10a,10b,10c,11b X 380508 S TV 5,
la was recorded reversely because of the reversing circuit.
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2 115 -
o II.OE Synchronize mark
g 105
)

| ! | | l ! | |
0 10 20 30 40 50 80 70
Time in seconds

Fig. 55 Example of Records (July 6, No. 5)
(Helm Angle and Ship Speed)

Results of official trail (Vs=210m, Trim=0.610m)
O By the Torsion meter:

B From [HP 1500
Results of Ship trial .
[

Condition Ship Trial | Normal |

400

. Draft (m)
(Mean) 2.290 2,166

350 Above B. L.
Trim by the 0

1.100

300 Stern (m) 0.500
Displacement

250 (m?) 227.3 206.0

a
o

200 Mark I

150 '
Propeller Pr}e)i(ég? Old Prop.

100

50

" Fig. 5-6
5-3 ERERBCHITIAMER
—flE LT HodaES 12 oiiryma A 4 o Fige 5.7 Wiy, WSR-S T 45

BT o — e Table 5-2 127k

e



Table 5-2 Results of Measurement (Un-stationary Condition)

Propeller Shaft Max. Helm
3 | Exp. OSfpg%di Revolutions TMfalT_ Horse- V'rbm”g I Angle on { Gauge Stréelssdon R Ke
S No. p per Minute orque power ‘ orque Running No. ade €marks
(kt)t | (rpm) | (kg-m)| (HP) | (kg-m)| (%) (kg/cm?®)
la 230~540 | Right Turning
10a | 190~550
9a | 6.90 | 344.4 |56,000| 269 | 37,200 30° | 15a | 250~550
16a |—170~—370)
| 14b 0~90
la 120~560 | Left Turning
10a | 120~590
9b | 8.90 | 349.5 |56,900 | 277 132,200 30° | 15a | 230~570
16a |—130~—400
14b 20~90
i la 40~--170| Transient Condi-
i 10a 80~ —140| tion of Gostern
o | 10 — | (—260)%  — - — — | 15a 10~—170| to Astern
] | 16a 60~—170
EY | 14b 0~ —40
=]
3
: la 210~500 | Transient Condi-
| sy ! . . o | 10a | 290~430 | tion of Astern
! 15a 150~450 | to Gostern
| 14b 0~40
la | 250~520
. , 102 | 190~500
12 - 33 - - —! — | 15a | 200~550
1 14b 20~110
la | 250~520
N ) _ B | 10a | 190~500
| (350 - 15a | 200~500
14b 20~110
15a | 9.65 | 374.5 | 68,900 | 360 | 22,800 30° | 12 | 230240 | Right Turning
15a'| 9.65 l 35.2 | 70,000 367 (21,700 | 30° | 12 | 20~600 4
' | la | 300~560 | Left Turnin
w | 15b | 9.80 | 382.4 } 64,200 | 342 | 18,100 | 30 15 | Soo—ato g
=
Z15b| 850 | 375.2 68,400 | 358 |20,000 | 30° | ]2 | 30~600 4
o la 230~460 | Right Turning
16a | 9.60 | 350.0 |58,500| 286 |30,400 | 30 15 | o390 :
! . la | 290~520 | Left Turning
16b ; 9.00 | 3515 |59,800] 292 |30,000! 30 16 | S3o—aeo ;

Notes 1 It denotes the speed when stress is measured.
# Tt denotes the approximate value.
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Stress
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144
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Synchronize mark

Fig. 5-7 Example of Records (July 6, Test No. 12)
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/G‘-ﬂ'ri\ % : Area constant of ya
X AL _l T * Blade section.
3> O = T
2 w
<
22010 —— 080
o
’ 070
N 0.09 KX g
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Fig. 5-8 Section Modulas etc. of Blade Section
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Lh Lo X5 7 hk

ll/l :M'U\ a5 {Il‘“\‘“(.‘}llz._‘\ui% la, 103, 158, 17a X 8a iz

FsbF B IS FF L, Table 5-3 12779,
Table 5-3

Experi- Experi- G Stress on Blade kg/cm? (Calculated)
e | MR | O DT | D e | Tow
3 la ’ 310 112 422
4 la 270 100 370
5 la,10a 330 108 438
July, 6 6 1a,10a 267 100 367
7 la,10a,15a 325 108 433
8 la,10a,15a 273 100 373
1 l1a,10a,15a —184 48 —136
2a la,154,17a,10a 163 44 207
2b " 177 53 230
2c " 250 72 322
2d | " 306 92 398
2e " 314 99 413
2f " 325 108 433
3 " 128 53 181
4 " 152 56 208
5 " 234 85 319
July, 7 6 i 275 - 101 376
7 7 309 112 421
8 " 326 101 427
9 " 240 84 324
12 {1 a 343 107 450
8a 279 — 279
13 {1 a —100 52 —48
8a —81 — —81
l @ | v | g
18/ la 331 104 435
19 la 292 101 393

55 REAKHOHNMEERUBEL DR

WoREB X Sic, Te~IOMIEHETE, A7 AL Ay EWLNO X S RIETIET) LRl
ORI L TRy, Lo LR 7 e <5 BT 210 & b TRAET, JEfitR1or
AT, BEMIEE DA — I RE T 2 b 0, RO RTINS S D, 4 X URELHRO MBI
F %0, Wik X ORI & 00 X 5 iR E XL &, S OWiRIC XD
BRI, PR RFIC L DMICNL ERE A LND

SERHITE NI O LINE T R TE A E LTHETHALN T D TH T, JOHN»
B KD E, [SHOIMOTRI I RF RN L D REDHERL THL L HAHND,

Table 5-4 (A), (B) 274D, = o FFE & SiMED KRG E 2 %1 L7z o T W

LG R DR L7,
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(1) FEMWBRICHW TS, FREMBIz 5 % LERK, 25 hobme Rt &2 A
LT, BWEGES 10 28 Lm0 Th 7005, BHC /880 10a 04C, Filio @ iiadE o
N otz,

(2) WIEK 20T, 03R WHY2EMMOM Y DIEND Sk kb b o ELE- LD T
DHHH, FHERIC VT HBIMCER TR 2 <, PO B EE SRR o 7, AT T W
EMZEOHEREHEMLCT R <7 [z 381 RPM T istd % 0.3R o RIS J1 0 45111 o) s
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Table 5-4 (A) Comparison of Stress between Measurement and Calculation (July 6)

Stress on Blade (kg/cm?) | Meas '
edasurement .
Date | Exp. No. Gauge No. Measurement | Calculation /Calculation Remarks
(Max) | [
3 la 600 | 422 ‘ 1.42
|

4 1a 570 ' 370 ? 1.54
5 la 560 438 1.28
10a 570 438 1.30
6 la 500 367 1.36
10a 530 367 1.44

Hel

o la 580 433 1.34
E 7 10a 620 433 1.43
- 15a 600 433 1.39
la 520 373 1.39
8 10a 550 373 1.47
15a 570 373 1.53
la —190 —136 1.40
11 10a —140 —136 1.03
15a —150 —136 1.10
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Table 5-4 (B) Comparison of Stress between Measurement and Calculation (July 7)
Stress on Blade (kg/cm?) Measurement
Date | Exp. No. Gauge No. Measurement C - /Calculation Remarks
. alculation
(Max) I
la 250 207 1.21 )
2a 15a 260 207 1.26 Ship speed is
17 a 270 207 1.30 unstable.
10 a 270 207 1.30
la 360 230 1.57
2h 154 420 230 1.83
17 a 460 230 2.00
10a 370 230 1.61
la 400 322 1.24
2c 15a 520 322 1.61
17 a 500 322 1.55
10a 410 322 1.27
la 550 398 1.38
24 15a 580 398 1.46
17 a 520 398 1.26
10a 500 398 1.31
1a 550 413 1.33
2e 15a 630 413 1.53
17 a 540 413 1.31
10a 560 413 1.36
la 500 433 1.15
9t 15a 520 433 1.20
17a 520 433 1.20
10a 520 433 1.20
la 360 181 1.99
3 15a 300 181 1.66
: 17a 360 181 1.99
10a 270 181 1.49
la 400 208 1.92
- 4 15a 310 208 1.49
17 a 420 208 2.02
B 10a 330 208 1.59
2 Ta 450 319 1.41
5 15a 520 319 1.63
17 a 460 319 1.44
10 a 460 319 1.44
la 550 376 1.46
6 15a 570 376 1.52
17 a 520 376 1.38
10a 500 376 1.33
la 590 421 1.40
. 15a 600 421 1.43
17 a 540 421 1.28
10 a 570 421 1.35
la 550 427 1.29
8 15a 520 427 1.22
17 a 500 427 1.17
10a 460 427 1.08
la 450 324 1.39
9 15a 470 324 1.45
- 17 a 420 324 1.30
10a 410 324 1.27
12 la 580 450 1.29
13 la —230 { —48 4.79
14 1a 580 | 457 1.27
18 la 600 [ 435 1.38
19 la 500 ! 393 ‘ 1.27
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Table 5-5
Exberi Vibrating |, Mean (M)
ixperimental | Torque T Torque | ‘Calculated Value:
No. Mean Torque of Stress on Blade
at Gauge No. la

3 1.330 1.42

4 1.564 1.54

5 1.307 1.28

6 1.635 1.36

7 1.339 1.34

8 1.541 1.39

11 3.032 1.40
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Table 5-6 Comparison of Stress between Stationary and Unstationary Conditions

Stationary Condition Un-stationary Condition
Gauge No. l::(?r?s piérwle/llil;ute’ Stress on Blade It)lrc?r?s Ii‘:vlslliur;ute Stress on Blade

(RPM) ' (kg/cm?) (RPM) (kg/cm?)
1a 273.6 400 (275) 500
154 " 310 (1) 450
10« " 330 (1) 435
la 336.0 450 (336) 520
15a 7 520 () 550
10a " 460 () 500
la 354.5 500 (350) 520

1a —261.8 —-230 (—260) —170
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