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Dynamic Response and Prediction of
Underwater Cylindrical Shell Collision
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Technology s Wuhan 430070, China

Abstract: Aiming at the problem of underwater collision of unmanned underwater vehicle (UUV) during
navigation, a finite element model of UUV cylindrical shell impacting target in a watery scenario was
established. Incremental numerical solution was used to analyze the dynamic response of elastic-plastic
cylindrical shells under axial impact load, and the results of the theoretical and simulation calculations
were compared and analyzed to verify the accuracy of the theoretical model. Then numerical simulation

calculations were carried out based on the fluid-solid coupling method to investigate the effects of different
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initial velocities, collision masses, collision angles, and depths of water on the collision force and accelera-
tion underwater, and compare with the results obtained in air. The results showed that the collision load
of cylindrical shells in water were larger than those in air under the same conditions. According to the
results of the underwater collision load, the quadratic regression orthogonal rotating center combination
method was adopted, and the initial velocity, collision mass and collision angle were selected as the key
factors affecting the final collision load of the UUV at a fixed depth of water, to obtain the approximate
prediction model of the change of collision load with the three factors. It was found that the collision load
was jointly affected by various factors and exhibited complex nonlinear relationships. Finally, the model
was verified by simulation, and the error was within the range of 0. 80% —4.11%, and the model predic-
tion precision was relatively accurate. The research can effectively predict the collision load, which has a
broad engineering application value for the reliability design of UUV systems.

Key words: cylindrical shell collision; fluid-solid coupling; collision load; prediction model
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10 25 T W s o Oy ] B4 o B8 4 e AR Akl S, 21 R 5 e N T R I, VAR o 1) 4 o e R 43 0 T
8.6 ms. 8.4 ms. 8.4 ms Fll 8 4 ms MK F|UE(Y 16 612 m/s*, 14 846 m/s’ . 14 633 m/s” Fl 13 781 m/s*, X 5
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FE I Y, SRR HEE A i E B DR M C R %7 52 E SR 5 [ H 43
rAE 4 & 0 — Rl it ik, BROR B T IE Al B 48 14 &) 73 B0 A s 38 HL 4 [ 23 A g B0 B e . HL 2
F el 5 58 BB B B fe A A 7 T 25 il 0 . R AE UUV S5 A M 07 B . SR Hi UUV B A5
P B 32 31 1) oo 28 ar DG (B R/ IR AR 8 o o 84 9 /N SEIE IR B UUV Wi A7 35 5 5 1), 3 50 % A= 1AL il
LB MIVEST OEE7/

T A5 Y 7)) B P OBV BRI A 20~50 m/'s 5 ilf 8 BT e BU(E U LA 152, 55~252. 55 kg ilf 8 A BE HX
HYE S 0°~60", R4 3 BIZE 5 KPR H IE A b & ik 3 5 T 23 AN R T T By KT 15
HAE, B EEE 3 W, BOFAEAE N R LW B0, Ik 2 PR,

*2 HEIREZR

B e il i 25
N A/(mes D B/kg /™ Y, /kN Y,/ (mes ®)
1 26.08 172. 82 12.16 2 510 14 051
2 43.92 172. 82 12.16 4 205 24 096
3 26. 08 232.28 12.16 3113 13 132
4 43.92 232. 28 12. 16 5168 22 126
5 26. 08 172. 82 47. 84 800 4 901
6 43.92 172. 82 47. 84 1637 10 125
7 26. 08 232. 28 47. 84 1014 4 592
8 43.92 232.28 47. 84 2 108 9 355
9 20. 00 202.55 30. 00 1 446 7 130
10 50. 00 202. 55 30. 00 3576 18 031
11 35.00 152.55 30. 00 2 008 13 500
12 35. 00 252.55 30. 00 2 872 11 612
13 35. 00 202. 55 0 4125 20 105
14 35.00 202.55 60. 00 791 4 469
15 35. 00 202.55 30. 00 2 440 12 166
16 35. 00 202.55 30. 00 2 440 12 166
17 35.00 202.55 30. 00 2 440 12 166
18 35. 00 202.55 30. 00 2 440 12 166
19 35. 00 202.55 30. 00 2 440 12 166
20 35.00 202.55 30. 00 2 440 12 166
21 35. 00 202.55 30. 00 2 440 12 166
22 35. 00 202.55 30. 00 2 440 12 166
23 35.00 202.55 30. 00 2 440 12 166
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(28 iR .
Y, = —864. 63+ 60.01A +5.17B + 30. 33C + 0. 29AB — 1. 43AC — 0. 21BC 27
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12 0 8 0
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