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A Study on Practical PMM Test Technique for Ship Maneuverability
Using System Identification Method
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\BSTRACT: A system identification method is introduced to increase the prediction accuracy of a ship’s maneuverability in PMM test
nalysis. To improve the accuracy of linear hydrodynamic coefficients, the analysis techniques of pure sway and yaw tests are developed
nd confirmed. In the analysis of sway tests, accuracy to linear hydrodynamic coefficients depends on the frequency of sway motion. To
btain nonlinear hydrodynamic coefficients for large drift angles, a combined yaw test is introduced. Using this system identification
tethod, runs of PMM test can be reduced while retaining sufficient accuracy, compared to the Fourier integration method. Through the
omparisons with sea trial results and the Fourier integration method, the accuracy and efficiency of the newly proposed system

lentification method, based on least square method, has been validated.
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Fig. 3 Test Ranges in Static Drift Test and Pure Sway Test

Table 1 Analysis of Sway Test for 160k Tanker

Yvx 10° | Nv'x 10°
Sway - Linear only -189%0 -660
Sway - Linear + Nonlinear -1534 -652
Static Drift Test -1795 -634
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fable 3 Comparison of Yvvv and Nvvv for 160k Tanker

Method  |Static Drift| Lwr¢ | Combined
Sway Yaw
Yvvv’x 105 -4336 -13434 -4362
Nvvv’'x 10° 534 -303 604
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"“able 4 Comparison of Pure Yaw Test Results for 160k Tanker

Method zgi‘g C;lld NSeIw
Yr'x 10° -1554 -1438 -1495
Nr'x 10° -303 276 294
Yrrr'x 10° 294 -10 169
Nrrr’x 105 -81 -156 -104

' Nr/Yr 0.195 0.192 0.197
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Table 5 PMM Tests and Related Coefficients in SI Method

Type of Obtained coefficients
test New SI | Test Scope Old I
Al o Xov
Pure Sway Yv' 4 Yv (6) _"4 Y .- ’ Yv ’ vav
2 ) . . v
@ N, , N, DH0025 | N N, , New
er
Yo, Yo =03 04 X
Purez3)Yaw Nr‘, Nr Yr" Yr’ Yrrr
Nr', Nr’ Nrrr
Yo, New 7 = 07
Combined| X = 01 &
Yaw Yooy o
M | New £=30
Yaw and er r'=0.5 B=120 er
Drlft Yrvv, Yvrr , ’ o Yrvvr Yvrr
(2) erv; err =0'7' B=16 erv, err

* sway amplitude : 0.5m
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Table 6 Comparison with Sea Trial Results for 310k Tanker

Fourier| New | Sea
Test -
Integ, SI Trial
Turning |Advance (Lpp) 317 305 | 280
Test Tactical Dia.(Lpp) 3.26 333 | 290
10°/10°  |1st Overshoot(deg.) 71 7.2 7.6
Zig-Zag Test|2nd Overshoot(deg.)| 164 186 | 21.0
20°/20° )

1st Overshoot(deg. 14.1 14.0 13.7

Zig-Zag Test s ershoot(deg.)

Table 7 Comparison with Sea Trial Results for 165k Tanker

Fourier| New | Sea
Test .
Integ,. SI Trial
Turning |Advance (Lpp) 275 280 | 285
Test Tactical Dia.(Lpp) 2.66 275 | 275
10°/10°  |1st Overshoot(deg.) 9.2 9.9 10.8
Zig-Zag Test|2nd Overshoot(deg.) | 22.8 262 | 264
20°/20°

1st Overshoot(deg. 17.3 179 | 142

Zig-Zag Test s ershoot(deg.)

Table 8 Comparison of Linear Hydrodynamic Coefficients for
310k and 165k Tankers

Fourier New
Method PEpT a1
Yv' x 1()5 -2351 -2353
Nv'x 10° -865 -827
310k Tanker

Yr'x 10° 1290 1284
Nr'x 10° -392 -406
Yv'x 105 -1913 -1869
‘ 5 -686 -699

165k Tanker |10
Yr'x 105 -1326 -1315
Nr'x 10° -347 -360
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