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Summary

This paper deals with a new statistical prediction method for the propeller racing of ships sailing in
rough seas. The propeller racing is one of the most important sea keeping quality in relation to the
safety of main engine and shafting system. The trend of the racing has been investigated mainly in
order to estimate allowable maximum propeller diameter, operability of ocean-going ships etc.. In
those studies, the propeller racing generally and mainly means the situation (propeller exposed) in
which the relative motion amplitude between ship hull and wave surface would exceed a depth of point
in rotary disk propeller. Therefore, it seems that the magnitude of the amplitude and its exceeding
frequency have been examined as a principal subject of study as usual. However, the time during which
the amplitude exceeds a depth of point, that is, the propeller exposes in the air over sea surface, must
be also one of most important factor affecting the trend of propeller racing. Then, this paper proposes
a new practical method for estimating the time lasting of exposed propeller related to propeller racmg

in rough confused seas on the basis of the statistics.
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BB 7 0T BMEEEOEL™MOD ZonT o~
SBHEORE2SDORLSTHLILISATEY, B
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Fig.1 Co-ordinate system in regular wave
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Fig.2 Sketch showing typical propeller exposure by

tion and a component wave direction
vertical relative motion at stern
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B AERINERL Z, DA X &55 1 28ET 2R8E(Z, > 1) (6)
Lo THET S 2 L EEKT 3, 272l
RELUET, o5 BHOREE - HEHa0is » 52m 4 [A@)F=011H?wi w/wr)™® exp[ —0.44(w/wr)™*]
BEOHEASMELT 37 01, BEAFHNER Z, & (7)
r(£) BBVIFEIZ » LEFRTB L ¥ 5, B, H : significant wave height
r=r(t)=Z,(t) (3) wr=2x/T
e, ZOREICET 2 —R&S %, T : mean wave period
C_ar(®) _dz.(t) _ - R, BEIEEARI PALOREEEHIDOLIRE— AT b
U D LT 2R m A KR LS L EET 5.
tf?jgg‘;qzﬁguﬂ:p@x&a - ml:-f; /: :Z ﬁ ,.w[ F()PLA(w, 8—7)] cos? ydwdy
EHARRR R OMEICE, B2, EEAFENER (8)
7, TR OIE 7 BOSH * i1, $EERGbe L, (8)ATR, XAZEHL T3,
DHEH'S CET R P VEEI &> TRATRD 5 (Ao, -n=UAmplitude of 7()}/]  (9)
na,

3. TaRSEBHOmRERSH

3.1 TORSEBHOREFFHRL
(5) 7anRI V- S ORERGERME, R0 7

a* =% _/: :: /o‘ If (@) PLA(w, 8 —7)Pcos? ydwdy

722 L, ONSEELOEBEOMNESBHL TV AEE%E2 s> TE
o : standard deviation of a ship response  FH¥ 2% 51F, BEHFEENEL » BraRSEELTEE

in short crested irregular waves from OB, B2 i, dor RSB Z TW AR RiET, &

the direction of 8 (for example, 0, or DE KA BE HEMHSEL » DA FERT TSR %ETF

o3) BIEFig.dDL53TH%, BT » 2B Z 6 12BWT dpr

[A(w, 8—7)] : response amplitude of a ship in regular  EZEBULEL L 2 TEOEBEREL L OBZILE dopr
waves from the direction of (§—7) ETEb3Ie2RbLTVE, h<t<h OREEIEE L

6 :average heading angle against the  ;EiHgERsR (lasting time)  WEFRT 2, a3 BHORME
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Fig. 4 The behavior of exceeding time lasting for
relative motion to exceeding dp,

WA 2 SR T 2 o LB B TRABEH »
BET 7 2OV TOERRUTOMY TH 52929,

HEME D NICBWT, VUL » OBREE O A E
&, v & P ORESTEREERE o(r, 71t) 5 Vi p(7,
7)Y EAWT, XDEIRRTEZSN 5,

7r=EIN)=lim 3 £.(rlt) dt

D fo oo
= [ [“atr, #lyrdidt=D [ plr, 7) 7
(10)
7L,
F«(7|t;)dt; . probability for exceeding a level »

during dt;

ﬁdt

BHIER D RIZBWL T Vv ~b » X DT 3 EDOFS
SEHEAERGREIE, » ORREERE s(#|t) B viT
or) BBWT, XRTRDSIh B,

t’,=f0°af:°p(r(t)drdt=i)fr°°p(r)dr (11)
7>, BHAIHAE D N B\ 2 FHy s (EEEs 1 [bh 7

D) OEEFHERREIZ (10) & 1D 2V TRATHE S h
%o

T wp( rydr
fr=ﬁ-=————————;[’ (12)

nr l pr, #)rdr

I, EETHABEE » BL U 7 OWTIE, —RICIE
HEEMNETZIENTEEDT, FRLPhOREEREERN
¥, BEEREERASS 21D NRATIZ L2 D XRR
283,

_ _ _0Or

Tr=mg exp{ 552 H:l erf( e )] (13)
72120, erf(a) ZROER%E DD,

erf(a) E%/;aexp(~xz)dr (14)

L7eh3o T, a7 BHOFBERFEREE (REHS)
re ik [BRABERED] s 2 [EBEHBOWRHE 7, X F
ERFEREOREME 0FEE LT, XA TRD S5,

=lim Z dt;=

n—oj=1

re=17, x(%) X 100(%)

. 2
=+ exp {—{B—Z;}XIOO(%) (15)

15) DD 1 ElHI 0 DS a7 BHEOFKEEREE
B DOMRBME X 1200 T, t*= Frlreaptorapr ZEERT 2
Zkel, fRrEoOHsA s, THEAR T, BRES H
Bk TEMTEHDELTRYEKD,

BB, r BV BEZSEEERIRA TSI 6N
2,

alr>nlH, T)= (n'r))"=:)°~exp{—

- s>
L_L.b;,

Z1 a6
722,
a(r>n|H, T) : exceedmg probability for a level » of
a ship response in a short-term sea
state H and T
3.2 BBFERREOEEREERMK
A AEE A EENEL 7 28, HEVRVEIZIE dor 25
EREC R L TV AR, Bl S @R 5 (lasting time)
X, EEBTHY, BEEFEEAREEL T3, F5%
&, ZOEREEEBOELE% Sveshinikov D FHE™ %
UEEAL TEWTBY, ZITREOHEREFAT S,
XHRIC L E, VRVBIERTH DG5S OB ¢
DOFEREFEBHEOEURIIROD LI CELSN S,
AZ
-L;-C(r, f)—w1}2+d

flo)= ;C(T, 7) 2[{ 2]3/2 an

=12,
C(r, 7’)—-0. exD{ 252 H:l erf( \/_o',->:|

LP=ci—m} ‘
BB, VRVBSETHLEEOBERGEHE r OFEE
RS OELEZ, UINRCBWT » 2B LS E3 2
Li2EoT, BHEN 5B,

4. TORFEBHOREETR

B H 2 EEERHMCb > TEI—EOHERED
POROIGETHEZH L THIC—EDHEA %2R > T
FEL T3 LRETHIE, Z0OBEOEAKERIERER
HH, T)dHAT #FlF+2 L L bz, 7uT7BHOKEH
FREHE re WETE, TuNSEHORRREES (FY
BERMOEE | Fus L -y FRER) R &
2 TkbohbB,

RC=RC(H)= [ 7e(T)n TIH)dT (18)

JeZL,
HT|H) : conditional probability density function

of wave period given the wave height H

E/z, a7 BHOBHERERERSEIRATEZ 505,
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Fig.5 Probability density distribution (envelope) of
time-lasting of propeller racing

Qre= [ RC(H)p(H)aH (19)

iz,

p(H) : marginal probability density function of

wave height

Ric, EBFHEREOBRESMORE:L 7uSBHOD
EHFRICED Ate 7z, BM7AITY XLRUTFD &
ITH3, B, (18)DFD7u~sBHOEHRESS
e Db Y iz, (17) @R U 1 R O ek B4
DEBFECE D TRD &1 2 BB DS 1 o6
Brca, ATAT Vrcus & UE 3T 7co, DZF R
TREBATE LT 5, LIAT, XIS 281F 3 H

WEARDEE LERRIC, YoSBHORERESELE

HZERRBEEEOR T (18) & (19) L OB THEK T
%, BMT7NIT Y X2DEEE% Fig. 5 1R LTB L,

5. HEflc &%

5.1 HAMYEHESRMGE

#E L=150m O 4 £D Roll on/off 7 > 7 F i %HE
HRELT, 7u5BHOEHRERENS, SHAR
RAERESSEOHELERM L2, REARBOTER %
Table 1 127”7, 7z, EMERZVLFRL—EITHD, %
fEhs 705 BT 3% e Table 2 CRT. Zh
5 DAL, ERD 1235 THA S Wi EE O L »
4% (R009, RO13, ROL4 B XU RO16) BHH LS D
T, 4 #5013 (R 009, R 013 5 & U R 014) 12 91> T bt 659%
NI R MREBIZOVTOEE S RL TV 3, B8R 009 1
BEEO—8T > 7 FROBETH D, 2 OIRE X )5/
HEFL < UCHBEARIC L7 b O5SA% R 013, 482 R 009
L OMIERAE L7z b OoSHIAEI R 014, A R 014 & AR
R, BEEUCWE LT, B/8KHE A RSO HARH
P LAE < (Cb=0.6995) L7z b DHHAE R 016 TH 3,
RE, BEH, ETEZ0RREEITROTD T —5 22
FRFEREOENCEI LS CHEBRELZDDT, 20D
BELZW 0B o N3 BROBEOFEIRTRTEES

Table 1 Principal particulars

Ship No. R 009 ROI3 ROI4 ROI6
L, (m) 150. 000 150. 000 150. 000 150. 000
B (m) 28.570 33. 333 25. 000 25. 000
d (my 8. 400 9. 800 7.530 6. 667
V (m J) 19885. 00 26950. 00 15169. 00 17485. 88
L,/B 5. 2503 4. 5000 6. 0000 6. 0000

B/d 3.4012 3.4013 3.3201 3.7498
Loy (%L ) -1.5715 ~1. 9404 -1. 6494 -2.3320
C, 0. 5523 0. 5497 0. 5499 0. 6995
Cc, 0. 5692 0. 5667 0. 5671 0.7139
65% Ballast condition
d (m) 5. 870 6. 850 5.133 —_—
v (m’) | 12925.00 | 17520.00 | 9864.00 | ——
trim (m) 1.500 1.500 1. 500 —_—
lw(%Lyy) || -2.1601 | -2.0228 | -2.2736 | ——
Table 2 Propeller condition
Unit: m
Ship No. R009 ROI3 RO14 ROI6
Full load condition
I 5. 2760 6. 1600 4. 7263 4. 1670
‘R 2. 5000 2. 5000 2. 5000 2. 3500
d, 2. 7760 3. 6600 2. 2263 1.8170
d,, 4. 4427 5. 3267 3.8929 3.3837
65% Ballast condition
I 3. 4660 3. 9600 3.0793 _—
R 2. 5000 2. 5000 2. 5000 -_
d, 0. 9660 1. 4600 0.5793 —_—
d, 2.6327 3. 1267 2. 2459 —_—
CH b,

7aT OfEICH T 3 AERBRIE SRS BHOSE
CRPCHEERIZT OO LEZ B, I TRESLD
iz, BEER (A.P) OMBET axSBHOKRN %
To7,

FHHEEMEL LT, BOVSET AR T 2O HE
8=0, 22.5, 45, 67.5, 90, 112.5, 135, 157.5, 180 (8=0°: 8 &
R BLUTRTOHLAEERLIHEE (AU head-
ings) D10 7 —2R, &z, BHEIFT7V— K, Fr,=0.094,
0.134, 0.161, 0.174, 0.188, 0.194, 0.201, 0.228, 0.255, 0.281 @
W0Wr—XThs,

RAFHEEICH YV 2 RBOBERI7—2 £ LT,
ExEE 2L - BEHRBRE®RT — 5 (GWS:
Global wave statistics)*® OBE, EFEOT—5 ZFHL
Too FMTEE L THRAT 2EE/BRIE, JRFEREEI
B3, Bl 1(N. Pactfic 1) [GWS DNk No. 29, 30,
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19,20, 14 BL 13 ICH> THIRLS N 3 JILETL B DT,
KT RMBE DAL TS 2 R E L TBUE & Nl diic
T %0 F7z, MBEHORMATH <803 &5 5HEEOE
HAEBOFERBE N TV D,

5.2 HfEstHEA

HIEOFTHEEMED b L1z 3. B8 L U 4. TRLUZZEFHEKIC

ko Ty ) —RHEEEML 1245, ZOFEELHEFERF
% Fig, 6~11 1R

Fig. 6 i1, MB R009 12OV T 7 a5 EmBHOR
HFEEE L 7 a7 1/3 BHORRRESS O HEMN =
RLTWw3, Micik, Rl icsir 5, #H#E(F.=0255)
DOFEIBENZ DWW T HERREE (Full Load) & 65% /Y7 A b

16 T
MEb— ¥ 8 A0l O L@ e . __.-o
12 | T—o—0
"E‘ E e 995 N
e 10 ¢ —B-- 44.5
= 8k A §7.5 oo
” N. Pacific 1 %90
6 Fn=0. 255 B L
4 Full Load o 157.§ F—
) g Tip E)‘(posed —e—180 |
0da . il A I I I
0 1 2 3 4 5 6 7 8 9 RC(%)
16 E i
14
12
E 10
£ 8
6 E L o
E ) N.Pacific 1
4 s Fn=0. 255 A
5 Bal last -
2 Tip Exposed ~|—e— 180 |
0 5 10 15 20 25 30 35 40 RC(%)
16
~~ o -
< 28
2 RO09 e 6705 |
N.Pacific 1 ”‘i‘"‘??z 5
Fn=0. 255 —| A 112.5 |-
Full Load | _5 138 | |
1/3 ETposed —e—180 | |
‘ . A N S R
0.4 0.6 0.8 1 1.2 RC(%)
16 ¢
G
p— -
0 ROO9 o
* N.Pacific 1 el
Fn=0. 255 T 112.5 [
Ballast —_ o : gg s
1/3 ExpOSf:d ] 180 n
0 2 4 6 8 10 12 14 RC(%)

Fig.6 Long-term exceeding lasting rate of propeller

racing (R 009)
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—O—( L —O0— 0
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= S T
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12 12 - m
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200 |-
100 |
O ! I | 1 1 . 0 .. I I T - T | -
0.08 0.13 0.18 0.23 0.28 Fp 0.08 0.13 0.18 0.23 0.28 Fp
x 1072 x 102
0.50 r 50.0
- ROOO . o9 -
0.45 = N.Pacific 1 —g—fﬁ's ROOS | bl gzs
F Full load v 67,5 L N.Pacific 1 |... o 45
0.40 F  1/3 exposed | ;% . 40.0 Bal last CET s
. 128 - 1/3 exposed | %
0.35 -\ | +- 157.5
—_ E —e— 180 ™
3\5 0.30 £ —>%— Al lHeading é; 30.0
I - 12
<025 F <
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0.15 F
0.10 | 10.0 ~
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0‘00: :i:.|. P O.O‘.‘.‘IAllJI....(<w|;l‘
0.08 0.13 0.18 0.23 0.28 Fn © 0.08 0.13 0.18 0.23 0.28 Fn

Fig.7 Long-term accumulate time ratel' of propeller

racing (R 009)

REOZLZNO 7RI BHORRAKESS RC (%) %
FEER HOBEBEL L THEDHESAE T A—F 12k
DFRL T3, LEORTE, BEKE H &L A3 12
ODRNTBHOEHRERSHKE R EBETHIREANTS
D, TuXRSBHOESEHEVNEELRE(ETHEVH 2HE)
ERTEICRIEREFORAOKE &8, Fu~s4k
HBRHTHE 0BV 1/3BHTHEPIIEY, E128
BOREE GHIRIREETH 20 65% /35 R F ThH BH) DEW
B Lo TRERD, ZORROEOANERS 2. THIFL
Te7aXZBHOEEE» SEHEL TEHENRER 25 2
T3 I EHbrd,

Fig. 7 2%, BB R009 2OV T 7O ERmBHOE

ARBAREE S L 7 o7 1/3BHORMERRELED

HERERLTVS, B, B8R 1csir3, ARSI
DWCHEIRAE (Full Load) & 65%/Y5 R MREEDZF 1
FhOTuRFBHORMERBESS Qre(R) 2 &
DHEAENRT A=y L UTHE(F,) OBfKE LU TRL
T3, Bfic, ¥XTOHEA (All Headings) %8
L7 BEDBRAREL TV KL D ROBESb» S,
s, —&ic, FYoxIBHORHRBEES ST, DK
B L URHIERE L fhBE B L BEREBICBWLWTAER
EERL, BERETR/NEREELTRT, BWERECHE T
TN—=FEP#0.22 XD KEEHTEBERED@ELD
RE22DBZOMEL 0 EOCHEER THE IS/ SV, W
RETO 7o RSBHRPAFHFBEREES R, BHEL &
UHHIRER R IZ 38 W TE VAT O HEHH 2 Ik X RER S K9
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BICONTZEDRESHEL, fhBHEB L EERECE
WT 70— REHH#0.25 & b & e fiPH % ik & fnd 238
K (ET) ¥HCo0nTHICEFDKRE SHBHE/D 8K ¢
2, MERBCBOTRREOEICL 2 FIHE DK
EL{ 0, Kz, NFAMREBTO S uxIBHEARKR
FAERRIEIS G, A, MR, M, shER, BERKE
DHBTFRLMESEKRT ZCONTEDOKE I MBB/ANT
%, BEREOEIZMEDO KIS OERH CHBREBOME & -
DKR&L, ThIZHMBRBOBELRE->Tw 5,
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Fig.11 Margins of estimate error of long-term accumulate time rate of propeller
racing in a distribution range between the Q and Qs
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