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The Evaluation of Ship’s Cruising Ability
and Propulsive Performance in a Seaway
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Abstract

Recently, there is a tendency to design the large full ships with lower-powered engine as the means
for energy saving in ship’s navigation at seas.

Such a lower-powered ship is anticipated to show the different propulsive performance in rough seas,
because the fluctuation of main engine load of lower-powered ship is relatively large as compared with
higher-powered ship.

The fluctuation of propeller load is nonlinear at racing condition in waves.

It is due to the variation of inflow velocity into propeller, the propeller immersion and the characteristics
of engine governor.

In this paper, the theoretical calculation of the nominal speed loss and the numerical simulation for the
nonlinear load fluctuation of a model ship in rough seas are carried out.

From the results of calculation, the followings are discussed.
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(1) The ratio of nominal speed loss to the speed in still water.

(2) The manoeuvring ability of ship and the operational ability of main engine in a seaway.

(3) A method of the evaluation for the fluctuation of propeller torque and revolution on the engine

characteristics plane.

(4) The effect of engine governor characteristics on the propeller load fluctuation.
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Table 1. Principal particulars of a model ship

Items mensions
Length P. P. Lpp(m) 200.000
Breadth B (m) 36.366
Depth D (m) 16.637
Mean draft dy (m) 11.883
Length-breadth ratio L/ dy 55
Breadth-draft ratio B./D 3.06
Block coefficient Cs 0.8
Center of buoyancy l( % Lpp) 2.5fore
from midship
Propeller diameter D,y(m) 5.6
Propeller pitch ratio p 0.722
Projected lateral area As (m®) |1534.1
above water line
Rudder area Ax (m?) 39.6
Table 2. Characteristics of a model main engine
M.CR. M.CR.
Norm.
(15%sea margin) |(513% sea margn)
BHP(ps) 37575 4321.0 5683.4
Revolution(rpm) 86.4 89.0 89.0
Torque(ton-m) 311 34.8 45.7
Speed(knt) 11.2 11.6 12.7
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Fig.8 Time histories of the encounter wave, the relative motion at stern, the fluctuation of

inflow velocity into propeller and load fluctuation.

Fig. (a)=, &Kol #E F,=0.132.%, Fig. 1
ol 4 A [4]9) BRE MET 99 K=0.09
7 §-oleh o] MAEI HwHENEAME =24}
BH I o) mEgs zede £e37F A
kA, FEBE Gaine] 0017] o Fell EHS =
L2 3E EEEA et

Fig. 7(b)¥, Fig. ()9 & s} B ikEEA
FHEBE Gain Kc=1.0, TR S +45rpm2 2 814
€ 7 %9 Time historye]ch.

Fig. 7(c)&, Fig 7(b)e} 7 kR A FEige]
TRAG7Y dlol ks 7 S-olth. TRHE7 sle

735l wlste] [l WEHS A7 o dAse
el slovt, REHE7 glgez2 d4 nixe
HEL Ao & & $ Utk o] #HRE Y
Aztstd, TR $l= All speed governor:s,
BRmol A EHe] FRREIANQ AT BEIS HIE
e FEREY 2 9FEE 42 5 dde Ao
He= o},

Fig 7(d)x, Fig. (9%} #& BR+S HKHY
A F,=0072% Mg 2-Folt)h #sgo] ¢
AA Hd z2dERE RAEE AR F
= Aol HEHNIE & F ok o)A Aol



X SRS TR %o zaAE R RAKES
EfER LT, WAKRE #E)e] kg HAA 4
< 9w}, o]9} o] Lzl it HHE
ke AL fke) w2 ik Al fafac) 7HAe
HRACE & Bl 2, HERR BRES VA
A 2 Zle] BAHCH

6. Bf BFH| i 1HEFELOIMS| FHR

zedAe] B A} I B0 AV} FHo] o F
oA A S ol [EEEES] Bl AVA H=
2, EHS EMTme Zadee BV
AXAA BAS A} welA, T2 [
o} B0 3 #ES Tl B TE bl Ed8,
propeller racing® Z+-& JEFR BHZo| st E
B e ZEs BHE ¢ A

Fn=0.13 in still water
To=10.3 sec. H4=7.1m, Vw=41.0 kne

Ke=1.0 ( Dead band=24.5 rpm)
Te =2.0sec, S=0.04sec,
Ke=4.0 (ton-m)/m.m.

Ce (o
T ()
100

T

801

60+

Lo

20

[ I] continuous operation Nmca
rrange

]II working range for
[ s restricted time only

Fig.8(a) Variation of the main engine driven
point on the engine characteristics

plane.

Weane) Bk SUSEEND R HEEMERE SRE ¥ PR 11

Fig 8(a)x= Fig. 7(b)2} Fig. 7(d)®] Time history
Fol| A iR BEH(n) el Eo T BEN(q)
< Fige EEEm bl ebd 2 elh #BK
holl e A, ABh A fE8shs 1BV RS
S fiEsA S AL, ALEE P FERoE
sto] [mE@gel =eavt BEIe AL ehd
=

o] Ao m2delo Eo A BE)q)H [EE
B BEN(n)S L) BT Lol Jehd 13l
Fig. 8(b)olch. kel #E F.=0132.2 AHE+
o fisEstA =W, e T2 BeAas
A} FifEEyEselth o) o, B fEEhEie] £
peo) wim EE FmOl (LEstdE, Tedl &
2 @9l EEgHIL AlsHA EhEA =W X
EiEe 22 MEY 5 s REE 2 Ao
- TR

sla'/.+1§‘/.q
Fn=0.13 in still water : Py
T6=10.3 sec. H14=7.1 m, Vw=41.0 knt j M
Kg=1.0 ( Dead band=2%4.5 rpm) ! =
a Te =2.0sec, §=0.04sec,
%) Ku=4.0 Gon-my/m.m.
100
80
&0
JA S o
pioh o
L 1
0 20

) 4
[I] continuous operation Nmcr
s range

[III-working range for
r restricted time only

Fig. 8(b) Variation of the propeller operational
point on the engine characteristics

plane.



12 BEMBEGIE F14% H25% 1990

RPN T2 HeolAY Ao W ¥
Biole ¥ 71419 REg7) gich & =24y &
&2l 1.730] KMt FHiztes AS BERER
o] T EE4 BRI N FEI HES T
g Gl Eo]l BHse AL RAME sl 2
Bd mERZA FEE3e HEY EH 2z
Ef39 25% #EHS BEMT RAMRE st
HED Feol AUt

ez Filie RAES Hsle =2z #o]
A BES FENe ke, e JkgH
BT BEHS MEmes FFEIE Hkadd, B
A T BS ERI A BEHS BEENS
2 FEMF I e FEHEN Tzl
ol B4 S FESe HiEe 24y Fiy
Bt e Ao AT #ES FE d
el TESE Yol Qlth AT #WEHe o]z
v z2de B RARE ¥ REgs: 238
¥ S EEIS FESIe o] ZE3ld.

Tl BHS FEI 1% AT #EH
Time history® ZA}ste] 2wl EEEE B
o Broix mind wl =2 #Epela, 2w
Eede @ing o Rax @iy mo 34 g
By,

o]l MAES EREIY X wmIMe, ¥i5
EHEee] 15% 5 LIREE, ¥ G 10% S
TIRER slo], ClEgs #E)o BE7F FR ==
TREE dv HXSE 3t FEI}NZ Do
wg, Z2de] 2o a6 dsiAe, Fh 2ea
9] 10%5 LRMEZ, ¥ 2039 15%2 8 TR
B2 ssdct o]¥A Y3, z24de] B3
e mEE SEhHe] 8 HEmE oA R
FEE-L, Fig 8o A P FEHBE 95 BEH
22 £8 & mAEY fEHEoeg

EEg #E(n)y TEdz 203 BEg)S
JERRAER 2 BML3ly] dEol 2 BREE ER
SR HA & 7ol B o]RAE 3l
7] $13led, Fig. 7(b)9] Time history® HE] E#
RES T3t EHRSM BEFEEES HESA,
Histogram# vl ¥ Z& Fig 9o +}ebdc,

Fig. 9l A EfRo 2 HAZ o) n3t ¢2 IE
oM HEREEXB Y, Histogramo] [EH5

oA gobAA Hee & & 3k

L ——rI'—’- > — =
8 4 0 4 8 12
n{rpm)

Fig. 9(a) Comparison between the approximated
probability density function and the hi-
stogram of revolution fluctuation.

- f(dp)

— L\ 1
- / 0,1-SN~
/ (// \\\\
= — A
-4 -2 0 2 4

dp( ton-mj

Fig. 9(b) Comparison between the approximated
probability density function and the hi-
stogram of propeller torque fluctuation.

Fig.6ol 4 & e A3 o], 224 &
2.7 WEH I Dy #EHel YL 2wy
2o MAKE S #Eh RKKES #tolme,



ElEE #En)I Zzde 2.3 #Eg)ol o
st AEE@T] VA A+ KRS
GG (r)Te) BASE ASE el 1M
MBIRE A2 Dot

15 n{ rpm)
n=-Kg(ra-bg) : Nz
ny=4.5
5=6.9 10p

-8 -6 -4 -2

Fig. 10(a) Approximated relation between the
‘relative motion at stern and fluctua-
tion of revolution. ‘

15 n{ rpm)

n=Ku N<m
’nq:4.5
e T K1=3.0
= ¢ ime)

-2

Fig. 10(b) Approximated relation between the
fluctuation of inflow velocity into pro-
peller and the fluctuation of revolu-
tion.

Fig. 102 Time history2 #¥] T2 e]2] 3sj
Zo] BHE wi(r,=—521m)9] [EEH #E) n=
40 rpme 712 dd, EEE BEN), K
A %3 BE 2= LA
AT (r) 2] MRS el RAIE 2ol
o] 7%, WEjo] HKAMQ ol shw, & B
o) mAERE) HMGEHE Y 24 BER
22 FUMeR FAAE F Utk ol R
BE wt e ERSAE S, 1 FiEE7
ocl2t slw, B #imo] o3 HMEREEHE

ffnel Bih diigee ) R HEMEMEAE FFEY BT PR 13

i EFEMSE o] &std, tigd o] [HEE
WES) BRRFEREES AU Z REE F 4
o}

i) nZ n
n= — Kot~ bo)=g(ra)
fRa(ra) 1 1
fN( ): 2 — .
! | g (ra) \ l Ko I Ora\/%
1 n :
X - — +ho l
exp 202ra ( Ko )
............................................. (24)
(i) n<{n,
n=xu=gu)
fu(u) 1 1
f( ): - = .
M |g(u)| |K1| Gu\/—Z?
Xexpi — (l )2]
204\ Kk, [
............................................. (25)

o] g A slo, EEE WEHy Tede Red
WEH e WA A HMEREEEHES AP
2 Fsbod el o) Fig 99 Mol a, Bigo)
2 ¥ 9o A& Histogram3} & grolxit) o] 712
zedes 203 #fHx 2 474 S A
43 4 9l

b e wiye® e [EEE BE)H(n)3}
z2de] EoA #E(g)e HE7} Fig 8(b)° 4
7o 2 Felxq BENfEY] RAMKS & %X
S F3hod, #EY B|bel ¥ mRe #tE
veld Aol Fig 11(@)°lth o] B, T4 B
& 1.73°] EHE #XR[7]e =242 d) &
o] FHE MRIB]E T3t nlwale] Bhr) o]
B MRS Eested B, AR BEe) LR
e W& ME2]2 el H3tdx arfa] #
fLaha) =]k, (KA 2 fESRe) g Fol
zlc}, EEE BEje] TRRMEXE ol ztolal RS
faiEo] wE v A ool w EEoFE =
Z2F FolA = fHme] Urt. T2HAe Eo 7
gyo] TRRMEH zto}al mER[4]S Kike] 4



14 SREGEGIE H14% 25 1990

°F7t FolAltl. Eoa #Eho) LRMES & ®
K[5]& #55fe] wE wl& A9 0o)A)ul, (EEo
2 = A3 Foldg & ¢ etk

BIEE #EHn)T m2de] Ee A EE(g)ol
LR == TRME 238t #XRe] (3], [6]0]
X, EFEoR Hof o} Z2da] 93 g§)o)
LR = TRMEE 2943l [61F o ZA W3tst
el FERT}
Fig. 11(b)= Fig 1l(@)Et} #EHkol =442
Aol #hiEe] wE wE mXo) A9 (o]},
o] W Fielx T2 B9 E)o)
FR e FRMES dE ke AXA "ok
FEE S Friho) 2o AT EFhol )X
AL stetaly] ¢sle], FMERES] TR,
Gain(Ke), FEFFERB(TIS % Dead time()9
e A AN T2 203 MEHy [EEE
#Egol RRMES Y HXRS HEsI H&d
1% o] Fig 12~15¢]c}.

L

Lo

L

Lo

T5=10.3 sec, H13=7.1m, Vw=41.0 knt

Ke=1.0 ( Dead band=*4.5 rpm)
Te =2.0sec, §=0.04sec,
Ke=4.0 (ton-m)/m.m.

o8rp 1) Plng-0R] , (2liPlm0.15 ]
i Pins 0.8 or n>0.15K}
c.7h ‘) P05 -0.1535] , [8]: P(Ge>0.185}
(8): Plaas 01585 or 9p>0.105)
713130 EMERGENCE
0.6r 8} TiP SMERGENCE
‘sl TIP EMERGENCE(CONSIDERED STATIC SWELL UP)
05
w}
Sdr
N IS (8} o o
-:::::}g—-_—_ ——————— GO
. *—:QQ:‘ - B
% - -
) .
t2 A o
o e
P =
0.1 8l @
o) ~~. .
gl omt——-a = 1 ! ! ! .|
5 7 9 11 13
Va{ knt )
@)

08
.7
0.6
05
0.4
03

0.2

Ak e g o] =3 A4 Hox fiEol
whE A S-o FEE o] ARAA He EHEE
Holx glch REHE7 = A9 e 495
vwsle] Bl R e S Rea B
PHEcle REH BHS e A S ¢ 9
o}, FHE#E ] Gain, FEMTES} Dead time %ol
A A #ghd vy ZA J¥E F=
Gain# BFZEBQ 7o) fafEslolzlch o] HE &
R FH, @Kol Ao #E F,=0.13(11.2knt) =
A EY A5 EEY 3%, Gain Ke=1.00 m.
m./rpm& Z¢] 0.5 mm. rpmell ¥l 3] 7% A
=, AER A& W(Ke=00)l ¥zt 11% A
T EgE #EpS HA s PR JdeE 4 5
=3

BEES A%+, T.=20 secd 2 ¥l T.=10
sec® 39 8% A= [mEE #E)S A= o
F71 9&& o4 4 ok

AL

To=8.9 sec, H1453=5.3m, Vw=34.0knt

Ks=1.0 ( Dead band=%4.5 rpm)
Te =2.0sec, &=0.04sec,
Kc=4.0 (ton-m)/m.m.

re
L (3 plng-0.1N or n>0.15R]
(6}: Plaps0.153p or 9p>0.135]
(9]; TIP EMERGENCE { CONSIDERED
B STATIC SWELL UP}
=8l
— )]
2 o b et = e e, e St B Bt et
fa s T 9 11 13
Valknt }
()
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