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Summary

In the previous papers 1), 2), authors presented experimental and theoretical data on
propeller open characteristics, propulsive performance characteristics, cavitation characteri-
stics and propeller-induced fluctuating pressures of MAU type conventional propeller (MPNO.
80-3), conventional 90° Highly Skewed Propeller (HSP) (MPNO. 80-4) and theoretically
designed 72° HSP (MPNO. 80-5).

In this report, static stress on the blade of MPNO. 80-5 is first presented. The stress was
measured under the condition that concentrated force was loaded at a point on the blade.

Principal stress measured is compared with that calculated by using the finite element
method ; SPROSAS (Highly Skewed Propeller Stress Analysis System)!® which was developed
for this research project. Calculated results agree well with experimental values. The
outline of SPROSAS is described.

Then, fluctuating stresses on the blades of MPNO. 80-3 and MPNO. 80-5 working in the
wake of 7m container ship model are also presented. The stresses were measured at ahead,
crash astern and astern conditions in towing tank.

Mean stresses for one rotation measured at ahead and astern conditions are compared with
those estimated by using SPROSAS. Pressure distributions on the propeller blades are calcu-
lated by means of non-linear lifting surface methed!®. Calculated mean stresses agree with
experimental values for MPNO. 80-3. For MPNO. 80-5, calculated mean stress distributions
on the propeller blade qualitatively correspond to those of experiment even though calculated
mean stresses are smaller than experimental values.
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Table 1 Model propeller main particulars

MODEL PROP. NUMBER MPNO.80-3 | MPNO.80-5
NUMBER OF BLADES 5

DIAMETER mm 257.4

PITCH RATIO .00 | 1.017
EXPANDED AREA RATIO 2.730

BLADE THICKNESS RATIO 0.0604

BOSS RATIO 0.1925

SKEW deg. 16.2° 72.0°

RAKE ANGLE deg. 10.0° -5.0%at0. 7R
BLADE SECTION MAU modified MAU

Fig.1 MPNO. 80-5 at static stress

measurement

O EMCE PLANE
o BACK PLANE
MPHO.80-5

Fig.2 Gage points at static stress
measurement
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Table 2 Load condition at static stress

measurement
I D
- LoD POINT OF LOAD DIRECTION OF
(kg ) ~/R CHORD LOAD
1 7 0.75 | 20%C from L.E.| FACE — BACK
2 1.7 0.75 | 40%C from L.E.| FACE — BACK
3 1.7 0.85 | 30%C from L.E.| FACE — BACK
4 1.7 0.75 | 70SC from L.E.| BACK — FACS
5 1.7 0.85 | 704C from L.E.| BACK — PACE

D, SIRAEL HHI 100% MCR TH A5 & FTHEL
o L7kg oz tc, FBEHEE 7 =7 B HHEE
B X vkOCH T 100% MCR [FEREOD A S A D
HERREAIL v/R=0.73, 37%C from L.E. 59,
Table 2 DEBIXEHEHFICHIEL LHES L LTBIEE
WEEbND, ¥EROEREE SO WTIIAD
WATT AR & /e 0T 70%C from L.E. K
Lico BOF v+ vV A —B0FEIELD LEPHEAIT
EERIIPLEERCEL DO LELN, F1r5y
V2T ARZ=VREB TR hOELAL 705D T 70
%C from L.E. X vEBEIcES L0 LEbh5,

22 RBEs

ARRAERZET 5T Table 2 wz3 No.l & No.4d
TiE% 0~ 3kg O CEBAZE L CUSH%EEIL T
HNEBEROHABEL T = v 7 L, FOERTILHE
BLIEHISEERBEEY R L,

Table 2 D&METORIGHOHBEEY M HOH T
Figs. 3(a), 3(b) iR, Fig 3(a) NEERICHIGL
TRERTH DR KEILIE 0.5R~0.6R {47 DG
flcA T, HEAOMEIERESE, BERTAcES
BEDMEIIKE 7o T\ %, Fig.3(b) oufiEk st
IEUTRERCOWT R 2 &2\ % B,

T OFERNLHER TS MPNO. 80-5 0FFBHEIGH D
S ES (0.5R, 80% C from L.E. Face), (0.6
R, 50% C from L.E., Face), (0.6R, 80% C from
L.E. Face), (0.6R, 80% C from L.E., Back), (0.7
R, 80% C from L.E, Face) 5 H L Edt,
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‘TENSION
C.4R

COMPRERSION
LOAD NO.3

0.858
30% C from L.E.

Fig.3(a) Principal stress distribution on the
blade of 72° HSP (MPNO. 80-5)
(direction of load : FACE—BACK)

LOAD NO.4
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70% C from L.E.

S0kg/cm?
FACE ~————— 0.
BACK ——— s

TENSION

COMPRESSION

LoAD NO,S
0.85%
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1.7kg

Fig.3(b) Principal stress distribution on the
blade of 72° HSP (MPNO. 80-5)
(direction of load : BACK—FACE)
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Fig.4 FEM model (MPNO. 80-5)
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Fig.5(a) Comparison of principal stress between calculation
and experiment (LOAD No. 1)
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Fig.5(b) Comparison of principal stress between calculation
and experiment (#/R=0.6)
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Fig.6 MPNO.80-5 at fluctuating stress
measurement

—]
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¢

Fig.7 Wake pattern of 7m container model
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Fig.8 Gage points at fluctuating stress
measurement

Table 3 Load condition at fluctuating stress

measurement
Vi n _K
QvaRANT | | (eps) Js  WPN0.80-3]MPNO.80-5
1 1.86 9.5 0.761 0.290 0.296
( AHEAD ) 2.10 9.5 0.859 0.254 0.262
2.33 g.5 0.953 0.218 0.229
3 0 7.6 0 Z0.391 | —0.261
( RHEAD & 0.47 -7.6 -0.240 ~0.391 _0.272
REVFRSE ) 0.93 -7.6 -0.475 -0.395 -0.263
1.60 | <7.6 | -0.716 | -0.285 | -U0.265
4 -1.1 -7.6 0.562 ~0.249 —0.185
( ASTERN ){ ~1.4 ~7.6 0.7 | -0.185 | -0.142

YV ISmbBERHLCTF -2 v — FREHE LT, htRE
PO PIKER 2 -7 4 v 7l Ry T v -
—JLF¥ 4 v, PARTS No:318, Y ¥ G)#EHE &
IRBECHEL BT 2HEYERLC FREME
DRI BHBACOWTRIE Y - AEYERL,
FioY — FEEREAAL D & =H 5 v REEE cCETED
TEEY b & OBRTET Ui, MERRE% Table 31
TTo W LIHECIRAE TR R 3, BIEMES 4,
BAEYEED 2 OFF SR TH 5. WEEE I OWTIIE
Ry 100% MCR IS L 7z 9.5rps & L, #HEfS
Ha 7y 100% MCR ©o 23.9knot L7 2.33
m/sec & FD 90, 80% & Uiz, Hi, HAEMERICDWT
EEREY 80% MCR il 7.6rps & L, HAE
faEIT 2.33m/sec D 60% b HEIEETE Lic,
HEBHEELEERR L AR CERRe Y v <o wE
BLUHEDEE CHEYEML, MECEERTT v
SEERIE TR Lol 7 — & DRGHEITELZD
BAWH 10 ©, HEEOEAH 20 B L, 2EBLLT
SREAR R LA 5 A & 002D : KDEE,
n:7e_SEER, D: Sr_sER CERTEL
¢ Table 3 {Z;rL T\ 53,

3.2 REHHER

TR LT — 2 0 bi 50~120 BlEEH D F — 2 &V
FY V7 LT7 — Y =R X OSRED MY L T
(1) BRI

1 EEFEIG % Figs. 9~14 wiR3, HETII
ORETOMEEE Js(=V/nD), Vi@ &b,
el 3 1 EEEFHOEIGT ¢ & ontD? T ERTk
L% & Twh, Figs. 9, 10, 11 REh T h
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Fig.9 Mean stress on the blade of propeller(MP
NO. 80-3) working in wake (AHEAD)
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Fig.10 Mean stress on the blade of propeller
(MPNO. 80-3) working in wake(AHEAD
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Fig.12 Mean stress on the blade of propeller
(MPNO. 80-5) working in wake (AH-
EAD)
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Table 4 Maximum value of mean stress

i;‘éff,,(,,nzpz) measured on face plane (AHEAD)
PROPELLER MPNO.80-3 MPNO .80-5
3.0 — o/ (pn?D?) 265 755
H/_,f———a\-\s\ r/R 0.3 0.5
\ CHORD | 32% C from L.E.| 80% ¢ from L.E
2.0 — \&
L oo Io Tnbe Js TR —0.7 KHIEL, 25 v a7
— . from L.E.
rof T pmem L A g —REO Js X —0.7 5 0 OfEfiE ichH, &
~——O—— 0.5 80%C from L.E @ﬁ%@ MPNO. 80_5 @ifzj%mjjéi "‘O- 7 73) 6 —0.5
0 1 I | ! | I [ s | DEITETFERL, HLEIEFTIE—EDOELRLT
0 ~0.1 0.2 -0.3 ~0.4 -0.5 ~0.6 0.7 -0.8
10+ o/ (onin?) Wb, 1l LCIEEE® 0.6R, 80% C from L.E.
= TEHBIDOWTHEND & o/(0n?D)=—-2.6X10% Th
e b, EERFE 70% MCR r L-CThHiy 100% MCR g
)\_@_//@/;// HEE AR O TS EOR) 1.9 15 & Te o THLK & \-fi
L //'// ThHBHT LB, MPNO.80-3 iwownTh Js ikt
g P ste FTHEOETFIT X L5 2 B2 R /RS
30—-:;?‘“1?:/::/”'“ Vv 3R> SPROSAS 1=t %5HE &R T13 MPNO. 80-
o 305y LT AK—VEORKE/L MPNO.80-5
4w, EEEEOTR (EOBBRICKEL TV D 0K
P S 0.5  -0.6 0.7 0.8 FHUAMERLTLIBEHE TH- B L,
Fig.13 Mean stress on the blade of propeller (20 ZEBRILT]
(MPNO. 80-5) working in wake (AH- WEIFE=RF > MPNO. 80-3, MPNO. 80-5 o J& iiEIg
EAD & REVERSE) (peak to peak {E) % Figs. 15, 16 T3, 1[EEFE
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30 T Sk s », 0. 'iR, 80% C from L.E. “Cfmj};ifgi" ;;g

[!\ ———O&-——  0.5R 80%C from L.E. ~ '
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“or "~ LTWwhe THIZHRORE VI ZEIERT 25 L <

g RS TE DENA BEGTHA L TRERM T i

10 =AYV A REL oD Bbh b, TOKEIG

TREORAEY & 2P ENELF REOTHE BT A

o L 012 014 016 OIB I 110 CBocbDEBbhd, B rXFHE LAY EGRA

0° &L, 7 HEDORFERL LT MPNO.80-3 1o
Wit Generator Line, MPNO. 80-5 iz >\Ci3 0.7R
OEFEh s - Shaft Center A 10 8% BA T\
%, Figs. 15, 16 =)y 10095 MCR iR L 7z Js ©
reAs5 4 k5%, Tableb {7 eSO r2 R -
HA VL TORKERYRTH, MPNO.80-5 13 MPNO.
80-3 D 2.0 f5Ilin o TWAHT Lhibhd,
BIAERERRF DS/ EE S RERIAEE R L T\ B,

SFEEASHEWR O 1 6% Fig. 18 wiRk¥o Viy=1.4m/sec

0 —
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Table 5 Maximum valuc of double amplitude

80/(pn?D?)
0.8 — of stress measured on face plane
—&—— 0.5R
e I s (AHEAD)
— % C.3R
0.6 1~ 100% MCR
FROPELLER MPNO.80-3 MPNO.80-5
Ao/ (pn?D?) 453 921
0.4 [~ r/R 0.3 0.7
CHORD 32% C from L.E. { 80% C from L.E.
0.2 j—
100
0 i ! L 3 ] (vgren?) ~ MPNO.8O-5  FACE PLANE ) MPNO.80-3
0.6 0.7 o8 0.9 o \ ————  O.7R 80%C from L.E. { FACE PLME )
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