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In this paper, a method to linearize the nonlinear response of Ultra Large Container Ship(ULCS) with a bow flare is studied by
using the Nonlinear Auto—Regressive with External inputs(NARX) model, Response linearization is closely related with the
development of digital twin model of a ship, where ocean wave spectrum around sea—going vessel is trageted based upon linear
theory between wave and ship response, Linearization scheme is based on the system identification approach using
NARX(Nonlinear Autoregressive with External Input) method, which is popularly used for nonlinear dynamic system identification,
For the acquisition of data, the nonlinear time domain analysis was performed, where the nonlinear Froude—Krylov force and
restoring force and restoring force of the external forces acting on the vessel were considered, Obtained structural response,
such as vertical bending moment at the midship section of the ship, was analyzed using NARX, and linear transfer function was
extracted using harmonic probing method, To validate the accuracy of the proposed methodology, a structural response in
irregular waves was computed in time domain and compared with the linearized responses obtained from transfer function and
probability of peak sagging moment exceedance, In terms of the probability exceedance peak responses, the linearized
responses turned out to be in good accordance with direct linear analysis results,
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Fig. 1 Schematric diagram of the research methodology
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2.1 NARX Model
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Fig. 2 Block diagram of the NARX system
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Fig. 3 CMA-CGM Magellan

Table 1 Principal dimensions of Magellan

Parameter Value
Maximum speed kts 241
Overall length m 365.5
Beam m 51.2
Maximum draft m 15.5
Maximum TEU capacity TEU 13,344
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Table 2 Analysis conditions

Parameter Value
Frequency rad/s 0.1:0.1:1.5
Ship speed kts 15
Time s 0:0.02:10,800
Duration of impulse S 100
Heading angle degree 180
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Table 3 Analysis Cases

Case | Sea State Input Output

Case 1| JONSWAP | Wave excitation | Vertical bending moment
Case 2 | JONSWAP | Heave motion | Vertical bending moment
Case 3 | JONSWAP | Pitch motion | Vertical bending moment
Case 4 PM Wave excitation | Vertical bending moment
Case 5 PM Heave motion | Vertical bending moment
Case 6 PM Pitch motion | Vertical bending moment

Table 4 NARX Parameters of cases

Case Neuron Time delay Epoches

Case 1 10 60 20,000

Case 2 5 60 20,000

Case 3 7 50 20,000

Case 4 5 60 10,000

Case 5 10 60 20,000

Case 6 5 60 20,000
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Table 5 Peak values by exceedance probability for Case 1

to 3 and its errors
Tyoe Excefdz)ance prolbability Excezidjnce prgbability
10~ “ (Error in %) 102 (Error in %)
Nonlinear 10.732E+9 15.244E+9
Linear 8.42E+9 9.974E+9
Case 1 8.076E+9 (~4.09%) 9.647E+9 (-3.28%)
Case 2 8.66E+9 (2.85%) 10.478E+9 (5.05%)
Case 3 9.3E+9 (10.45%) 11.971E+9 (20.02%)
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Fig 18. Probability of exceedance for Case 4 to 6

Table 6 Peak values by exceedance probability for Case 4
to 6 and its errors

Type Exceeiance prgbability Excezidjnce prgbability
10~ “ (Error in %) 10~ ° (Error in %)
Nonlinear 9.719E+9 12.956E+9
Linear 7.733E+9 9.777E+9
Case 4 7.804E+9 (0.92%) 9.583E+9 (-1.98%)
Case 5 8.194E+9 (5.96%) 13.230E+9 (35.32%)
Case 6 8.349E+9 (7.97%) 14.84E+49 (51.78%)
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