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Experimental study on dynamic response of an anti-ice hull structure
with square groove longitudinals under ice impact
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Abstract: In this work, in order to reduce hull structural damage caused by ice impact, a new type of square groove longitudinal
anti-ice structure is used in the shoulder structure of a hull in ice belt. Using a falling weight impact test system, the structural
dynamic responses of anti-ice and prototype stiffened plates under the same ice impact case were tested and the impacting
processes were simulated by the MSC.Dytran software. The results show that under the same impact conditions, the impact force
produced by the anti-ice structure is slightly higher than that by the prototype one, and the maximum depression depth is smaller
than that of the prototype one. According to the structural damage degree of the hull shell plates and their protection function to the
hull internal components and equipment, the new structure has a certain anti-ice effect compared with the prototype structure. The
results of the present study can provide a reference for the design of the anti-ice structures of ice-going ships or icebreakers.
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Fig. 1 Hull structure and simplified stiffened plate structure
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Fig. 2 An anti-ice plate structure with square groove longitudinals and its transverse section
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Table1 Comparison of structural parameters between two kinds of longitudinals
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Fig. 3 Experimental system and supporter for fixing specimens

065101-3



5 41 45 XVRTS, 4 Ty WEELN B WRE TR S H vk sl B SE BT 5 % 6 3]

I 3 S 36 2 8 oK AT o A A Al 2R 25 4 2 i 7 ST ), e Sk FH AR ARRE, O LI A
P b, MR 230 I it 4 o R, R R R B T AR B, SRS R, PR T R o 1 A SR L AR AR g
Fa 3 0 1 St A A, R A R o A R v AR o AR A, SR R RO B R R I R A7 e A
LA AR T
22 LIGER

LA P T LI S AR RE | BRI S A R AR S T 1 5 0 K BT KSR I SR A, S A
MR 2SR R TR A e R (R B A =1« 3, BUE LI =1 = 4) X 5 A AR 48 FHT vk bR 28 285 4 54 7 46
R A AR Y HE K, S50 AR A5 TR SR FH 558 A F A9 Q235 il il 4~5 iz, #5780 2 RUBE Sl K
1 000 mm, %t (AR ) 1 000 mm., Z\F 8] # 120 mm.

4 JRBMAHEE
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Fig. 6 The experimental model of the ice hammer head
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Fig. 7 The model state before experiment and the impact zone on the stiffened plate
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Fig. 8 Ice breaking in the process of impact
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Fig. 9 Structural deformation of the prototype stiffened plate
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Fig. 10  Structural deformation of the anti-ice stiffened plate

0 0
-10 | —-10
20+ —=— Prototype 20+ —=— Prototype
—e— Anti-ice —e— Anti-ice
=30 =30
g g
£ —40 £ —40
Q Q
=50 =50
—60 | -60
=70 =70
-80 . . . . . . . -80 . . . . . . .
=500 —375 —250 —125 O 125 250 375 500 =500 =375 —250 —125 0O 125 250 375 500
x/mm y/mm

K11 SMRMEE AR
Fig. 11  Shell plate depression
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Fig. 12 Acceleration curves of hammers with different plates Fig. 13 Acceleration curves of hammers in different cases
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Fig. 14 Comparison of prototype structural deformation between experiment and simulation results
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Fig. 15 Comparison of anti-ice structural deformation between experiment and simulation results
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Fig. 16 Comparison of impact forces between experiment and simulation results
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