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Abstract

The mathematical model used in the simulation of ship’s maneuvering contains the
hydrodynamic coefficients, which are usually evaluated based on PMM model tests in the
towing tank and used to predict ship’s maneuvering performance when applied to the
proto-type ship. The proper mathematical model has to be developed to predict ship’s
maneuvering motions with hydrodynamic coefficients very well. The mathematical model for
PMM model tests is analyzed with identification program and the hydrodynamic coefficients
and maneuvering motions by system identification are compared with those obtained directly
from PMM model tests and sea trial. The mathematical model for PMM model tests was
established and the magnitudes of ship’s maneuvering coefficients were determined. When the
identified values of coefficients were used to simulate the maneuvers, a very good agreement
was obtained between the numerically simulated motion responses and those obtained from
PMM model tests.
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x=1(x,t)+w
z=Hx+v
H; @938

W ; process noise

Vv ; measurement noise

2 A
x=f(x,t)
Zn=Hx

3 A
E=FE+EFT+Q
F= aﬂa))((,tz

Q ; process noise covariance
E7,x7 :2 33444 x,E9 A A%

K=E HT(HE H"+R)™!
R ; measurement noise covariance
K ; Kalman filter gain matrix

x'=x"+K(z,—z,)
E'=E"—-KHE =(I-KH)E~

x(t)=x"(t,)
E(t)=E'(t)
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Table 1 Principal characteristics of ship

Hull Product Carrier Tanker
L/B 5.19 55
B/T 3.09 313
L/T 16.03 172

ADelA HAEZHE 4408 wASe] 471 3570
olm 2, 370 Ae(uyvr)edl 25 35742 v
7t AA G o] 2L Ao FAY wAsE
dHH HZFo o3 &7} A Blejve
EFEAS AA 8 T 98 A=ZAR AR
HE AHade AgsA 2P, ojd xHFaA
o} AHEFAE FA3F AAsNE A 8L AL
2 g4 2, 432 glely] st wWL A 7]
W Abgste] Alxd AEg AAsigch HAhA
2714 3B FAY vAFLE $E u, v, roll
s AA o} sedl, shde 2FAEA o4
P AFE AR A s U gy |l
7 349 JHE A "ot o|F Bl
A8 F M 2FALAY A, vy, 11, w2, V2
)% ™A H" A7t e A RS F
A 9k o] =EdA wE A rige B°
A3l A 10710° A 2A 2 AP-S Azt

Fig.l2 ¥ A= /& AMgste] Ad A4
Pl Aol s Ala)] HEE AT AAE Mo
F3 9k Y, Y& EFEFE BolA] 93,
AZAE 2%, T%E ZHAZH9, N, N,
o] ade] wa} k7t EH3}= AL B 4
23 10% olWldlA FHZH)

Fig2x 35° A3 A PelA v, v, r 2 AIAAEL
BaF3 glvk. oM ¢ 4 4%e] Kalman
filteringell &}8l u, v, rol F&o] AAHz, FE=
3 Aol 712% =AF Ao} A a6 A A
7} A9 dAsta ok

£ AR

o,

32




-20.0

coeffl. error(%)

..
o ]
o o

coeff. error{%)

o
. o

%.0

o
o

+
-
o
o

coefl. error(%)

-20.0

10.0

o
o

coeff. error(%)

-10.0

-20.0

A 2wl Aol g 2Z243 2y Hr)

—  true val )}

1 i !
0.0 5§00.0 1000.0 1500.0
time(sec.)

i f=——"estimation :
b = true value(PMM)

~.

0.0 600.0 1000.0 1600.0
time(sec.)

0.0 500.0 - 1000.0 1600.0
time(sec.)

0.0 §00.0 1000.0 1600.0
time{sec.)

Fig. 1 Results of identification

N e
o o

[
b
(-]

5.0

»
o

surge speed(mlseas~

g
o

n
o

sway speed(m/sec)
kN -3
o o

D
-k
o

-2.0

0.020

el
Q
-
[

0.010

yaw speed(rad/sec)

0.005

0.000

a.0 §00.0 1000.0 1600.0
Time(sec.)

PAM sim.
- __sim. after

<. o

.
.
. A
AR -:a-'..‘q..ﬁ.l
< ARNTY -'.:,"'.’-'.‘. NN

— " s

0.0 " 500.0 10000  1500.0
time(sec.)

|
)

{ i [ ) PMM sim.
‘X —— sim. after ident!

3

1\

I I 1

0.0 600.0 1000.0 1500.0
Time(sec.)

Fj

1 P ——— ] r

100 200 300 400 600 60O 700
(m)

:
i
0

ig. 2 35° turning maneuver



8.0
80 — °
WL
T " ' £
270 4 ¥ £
-
-3 . . % 6.0
H g -
E‘ i&ﬁ £ ﬁ% " %
_ % fx £
gs 0 ; .gﬁ‘ \‘w y 1& Z 60
. 2
60 , , 0 R o !
0.0 600.0 1000.0  1600.0
0.0 soo.‘tia ( ﬂ))oo.o 1600.0 time(sec.)
ime(sec,
20 — PV sim,
20 3 P ST sitn. after ide!
sim, atter idai
N < 1.0
T 1.0 - 4 H
s A "\v . ;ﬁ{ E
[ ; 3 5
£ 0.0 -
2 o0 ‘{ "1& i b }f g \
: S
2‘ (’12 kY ;’ \ f § 1.0 ~3
Z .40 - Xf :é ;
2.0
20 T | o I .
0.0 500.0 1000.0  1600.0
0.0 600.0 10000  1500.0 time(sec.)
o0z time(sec.) 0.02 — I
. PMM sim. sim. after id
slm.nfhrldmj E 0.01 —
g 0.01 - A ,fi 2
5 A iN §0 =
4 {i i \ F; ¥ 0.00 —
Tooo % 70\ g
§‘ .i / 'v. A ? ;
s 4 v £ 0.01
2 0.01 ﬂ ¥ v \ v
-0.02
0.02 f[ - T s I T 1
oo s000 1ooloo w5000 0.00 500.200( 1000.00  1500.00
.| . E X ) me(sec.)
time(sec.)
- 600 — —— PMMsim
6§00 o —
- sn ater e, — = s after iden. .
40.0 — 40.0 —
300
< 200 - H 200 —
S 100 s
© o 0.0 —
T 0.0 §
« ]
2 -10.0 — i S, 200 —
>.200 —
\!
300 X 400 —
400 — v _
-50.0 — - ) 600 | |
0 500 1000 1500 0.0 §00.0 1000.0 1600.0
time(sec.) time{sec.)
Fig. 3 10°/10° zig/zag maneuver Fig. 4 20°/20° zig/zag maneuver

~122~



Al AZ F 2545 239 7]

Fig3 ~ FigdEs 10710° AzAz A3ds
20720° A z2A 2 Al D&y, v, r 2 29
FEZE BFa gleh. ayoz2RE y, v, 1F
L FEZLL FERY Agd] o7 Axfel A
29 ZZo g% At A dAsz gL &
F ek $eA & 4 S%o] vlAdY FAY [A
2| A adel FFYAe] = A= gz ¥}
tets 2al Adjel] HE S FA et

Table 2© F423 AJgd] gk 24} A3, A
28 AFeA 4 A5 o A AnE ulas)
I slek FEEY AgAe) Axq AF As
£ A9 dAz 3, ASAYAA A2kAZ
2 TFE52Y AY AAS) A Aafe} oo 3
o] Xolx gtk I olf= AAMATAHAM A}
o] Z(gyro)& AH8-3t] Alute] ¥ F7H(drift angle)
S TN A4S 5457 wFl A4 o)
ARl AsFAe] F ke slr] o E
of AA A3 HHuc) 2A 2=}

Table 2 Comparison of simulation results

Test PMM | System Ident. | Sea Trial
| Advance] o 626. 5523
Turing {  (m)
Test | Tactical | o 653. 5933
Dia.(m)
1st O.A
10/10 (deg) 9.15 9.48 7.0
zig zag | 2nd OA 76 74 250
(deg)
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