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Ship structure collision experiments and simplified numerical calculation method

LU Ange', WANG Zitang', KONG Xiangshao'', LI Ying’, CHEN Sangui’, WU Weiguo’
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Abstract: [ Objectives | Although the fluid-structure interaction calculation method can better simulate the
ship collision process, it requires a longer calculation time. To address this problem, a simplified numerical
calculation method is proposed. [ Methods ] The local cabin section of a ship is taken as the object to carry
out water collision experiments under various operating conditions. Force sensors and non-contact measure-
ment based on high-speed photography technology are used to obtain the collision force and motion time his-
tory data of the ship. The collision contact force and acceleration response data are then analyzed, and arbit-
rary Lagrange—Euler (ALE) coupled fluid-solid numerical computational analysis is carried out on the experi-
mental process. The effect of the water on the impacting ship in the collision process is then simplified to the
equivalent mass, and the effect on the impacted ship is simplified to the equivalent resistance, which acts on
the non-impacting side of the impacted ship in the form of surface force to hinder the movement of the im-
pacted ship. Numerical calculations that do not involve the water-structure coupling process are then carried
out on the basis of the simplified method. [ Results ] The results show that the errors between the peak colli-
sion force and the experimental values for each condition obtained by the simplified calculation method are
within 5%, and the calculation time required by this method is much smaller than that of the ALE fluid-
structure interaction algorithm [ Conclusions ] The proposed simplified numerical calculation method can
provide useful references for realizing the efficient calculation of ship structure collision response.

Key words: model test; numerical simulation; collision response; arbitrary Lagrange—Euler (ALE) fluid-
structure interaction
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Table 1 Main parameters of cabin structure prototype
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Fig. 1 The test model of cabin structure collision
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Table 2 Main parameters of test model
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Fig. 2 Stress-strain curves of specimen plate material
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Table 3 Mechanical properties of model material
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B mm g AR ey MPa  /(kg'm?)
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Table 4 Main parameters of impact ship
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Fig. 5 Layout position of triaxial force sensor
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Table 5 Collision test working conditions
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Fig. 7 The collision position in collision test
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Table 8 Test data and equivalent mass under each test
working conditions
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I e el
1-1 14.04 0.086 6 1622
12 13.09 0.083 9 155.9
1-3 12.90 0.084 6 152.5
1-4 13.80 0.089 5 1543
1-5 12.82 0.081 1 158.1
m-1 12.00 0.080 1 149.8
-2 10.70 0.070 7 1513
-3 15.31 0.0932 164.2
-4 1451 0.091 3 158.9
-1 14.16 0.087 5 161.8
-2 14.98 0.097 4 153.7
V-1 20.98 0.098 4 158.2
V-1 14.01 0.085 8 153.8
V-2 11.42 0.083 0 156.6
VI-1 9.50 0.060 1 158.1
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Fig. 12 Equivalent mass and average equivalent mass under each

-1 I3

test working condition
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Fig. 13 Numerical calculation model of fluid-structure interaction

in collision process
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Fig. 14 Comparison between ALE numerical calculation results

and test values under some test working conditions
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Table 9 Numerical simulation calculation value of some test

working conditions

Tl 48 7V B /KN
TS RFE %
RIEME BB
I-2 13.09 13.07 -0.15
m-2 14.98 15.20 1.47
V-1 20.98 2131 1.57
V-2 11.42 11.07 -3.06
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A VLKA o i 5 R A 0% o e L

ny

fg = (Cr+ACY)- —psz A (4)

ny

Ao £, SRR T CoR ORI B R B, X
BR [24] 45 8 TR RS AL L R R 2E A 14 i

15 [ At il 56 B T 45 1Y EE 4 BH T3, B 0.001 45
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Fig. 15 Numerical model of collided ship
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Fig. 16 Numerical model of bulbous bow structure
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Table 10 Numerical calculation working conditions of simpli-
fied analysis model

F 11 EESTEREE BRI RIEE
Table 11 Peak value of contact force response in numerical
calculation of simplified analysis model

TS 8 o A J Tl J8 % FE/(mes ™)
1 8 1.0
2 8 15
3 10 1.0
4 10 15
5 16 1.0
6 16 L5
7 20 1.0
8 20 L5

\ IKIR 2% R

40 mm
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Fig. 17 ALE numerical calculation model of simplified analysis
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Fig. 18 Application method of equivalent resistance of simplified

analysis model
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3 1928.74 1905.26 1928.32 150
4 2359.38 2337.98 2359.22 225
5 2113.08 2075.97 2 113.06 200
6 2 554.18 2509.91 2 555.01 275
7 2 198.01 2 145.81 2199.07 240
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Fig. 19 Fitting curves of the relationship between equivalent resist-

ance and mass ratio
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Fig. 20 Application method of equivalent resistance of cabin model

F 12 HETRIMMNERESN
Table 12 Equivalent resistance corresponding to typical work-
ing conditions

RV R R (mes ™) VAN
I-2 0.530 5.51
-2 0.631 7.82
V-1 0.854 14.33
V-2 0.813 12.99
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Fig. 21 Comparison of impact force response under typical work-

ing conditions
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Table 13 Peak value of impact force response under typical
working conditions with different methods

) Tilf48E 77 VB /KN ‘ MEAE SN
TS - W% RZEY
I ALEHIAE fAiA TS
I-2 13.09 13.07 -0.15 13.05 -0.31
-2 14.98 15.20 1.47 14.88 -0.67
V-1 20.98 21.31 1.57 21.46 2.29
V-2 11.42 11.07 -3.06 10.92 438
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Table 14 Comparison of calculation duration of two methods
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