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Prediction of Manoeuvrability using PMM Model Tests
-Comparative Study of Mathematical Models-
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Abstract

This paper is characterized as comparison with Abkowitz and MMG mathematical model
for the manceuvring prediction using the Horizontal Planar Motion Mechanism tests at the
intial design stage. The MMG analysis algorithm of this paper was studied according to
the developed method by the MMG(Mathematical Modelling Group) organized in Japen. The
simulation results were compared with those of Abkowitz mathematical model and sea trial,
taking a product carrier as an example vessel.
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Table' 1 Principal characteristics of
medium product carrier(Unit:Meter)

Hull Ship Propeller | Ship Rudder Ship
L 218 | Number 1 | Number 1
B 42 | Dia. 7.5} Movable Are:] 62.C
T 13.6 | Blades No. 4 | Rudder Heigl] 10.2
v 99804 Pitch Rati 0.751] Ar/LT(%) 2.0¢
Cs 0.801fat 0.7R

LCB | +7.54¢

Table 2 Static test conditions of PMM test

Type of Drift angle |Rudder ang I;Ioedeed]
test (deg.) (deg.) (rrlla/sec)
. 0, £3, *6, *¢
SS"?‘.}L“ +12, +16, +2 0 1.348
1 +25 +30
Stati 0. *3. *6
R de< 0 +10, +15] 1.348
udder 20. 25
0.4493
0, 3, =6
Speed an¢ 0 +10, *15 0.6740
Rudder 20 25 0.8987
’ 1.3480
Rudder
0. =5,
Open 0 +10. +15 1.348
Water

Table 3 Dynamic test conditions of PMM
test

Type Dnit) P;udcier Independent variable 110dcl
of test ang'e i ngle {Nondimensionalized) o
(deg.) { (deg.) (m/sec)
—y
Pure 0 0 005, 0.1, 0.15, 1348
Sway 0.2, 025, 0.3
-
Pure 0 0 01 02, 03 1.348
Yaw 04, 05, 07
Yaw i
0, 4, 8, r
and 0 01, 02 03 1.348
Dri | 1216 04, 05, 07
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Table 4 Hydrodynamic coefficient
obtained from the PMM test(Abkowitz)
X-equation Y -equation N-equation
Nondimensional Nondimensional | Nondimensional
Coefficient Coefficient Coefficient
x 10° x 10° X 10°
m'-X' 2162.19 fm’-Y", 3266.18 | m'xs'-N'c 094
Xur! 19774 | m'xie-vs 2677} 1 -N" 198.12
Xormxy -66.77 | Y./ -205168 | N’ ~712.99
Xas’ -1689] v -4354.44 | N.oo 7436
Ko Hm =Y )| 322588 ] Yo -2151.41 | N’ 13235
Yo-mo X | -1472.06 | N -mxe' | -385.53
Yerr 190.13 | Ny’ 2855
Yeve 5417.54 | New’ -19489
Yy 39187 N -203.07
Yiass 12092 | Nsas' -88.59
Y, 9566 | N’ 3484
Yo' 0942 | N, -3122
Y -37184 | N4y’ 242.89
Yo 169.65 | Nass’ -3737
Yo -0.37 | N’ -203

Table 5 Hydrodynamic and MMG experi-
mental coefficients obtained from the
PMM test (MMG)

Y -equation N-equation
MMQ Nondimensional Nondimensional
Coefficient Coefficient Coefficient
x 10 x 107
fa 16114y’ -186391 IN.’ -811.64
tr 0.4]Y" v 425479 [Nvwv” 2202
I3 1.3661 jYvn' -1994.63 I[N’ 4999
8 oldeg) 0714 (Y -m'+ X' )| -1694.43 INr'-m’xs’ | -268.98
an 0.334}Ym’ 288.40 INm' -106.84
xH' -0.5224}Y 5208.79 [Nn’ -1628.84
y i8>0 0.548
y 2 B <0) 0.428
Cy 2.149

Table 6 Linear hydrodynamic coefficients
and dynamic lever

Abkowitz( X 10%) MMG(x 107
Y. -1787.653 -1448.289
N -755.367 -766.387
-m+ Y+ X -1421.242 -1577.393
- m'x'c + N's -382.157 -300.128
v -0.423 -0.529
Ir -0.269 -0.190
1 -0.154 -0.339
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