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Analysis of load reduction performance of polyurethane
buffer devices for projectiles entering water at high
speed based on ALE method
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Abstract: A rigid polyurethane foam (RPUF) buffer was designed to reduce the load of a projectile during
high—speed water entry. Based on the Hopkinson compression bar technique, the density and strain rate ef-
fects of RPUF under impact loading were obtained, and its macroscopic constitutive model was established.
Based on the Arbitrary Lagrangian—Eulerian (ALE), the numerical simulation model of the projectile during

high—speed water entry was established. The numerical simulation of the projectile during high—speed water
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reduction performance of RPUF increases.

entry with different densities of RPUF was carried out. The dynamic failure process and motion parameters of
on the load reduction characteristics was analyzed. It can be found that the strain rate effect of RPUF is not
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the buffer during the water entry were obtained, and the influence law of the density and thickness of RPUF

obvious, but the density effect is obvious, and that, as the density and thickness of RPUF increase, the load
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Fig.4 Dynamic compression curves of RPUF with different densities at different strain rates
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Fig.6 Schematic diagram of projectile body model

R2 ZHFEHILARST
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Fig.9 Validation of the numerical calculation model
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Fig.10 Comparison of motion parameters between numerical simulation and experimental results

3UHBEERESH

3.1 EF I RPUF IR 27 E
B 11 ALl 150 m/s AR B A K AR H 0.1 ms 21| 1 ms (522 i #§ 2 A4 38 4R S % 2R 0.3 g/em? 1)

Effective stress /Pa Effective stress /Pa e s
ve ess/Pa .
4.516%107 4513%107 Effective stress /Pa
4065%107 4.062% 107 4513X107 4.511%107
3.613%107 3610%107 4.061x107 4.060% 107

3.610%X107
3.159%107
2.708 X107
2.256 X107
1.805 X 107

3.609% 107
3.158 X107

1355%107
9.033 % 10¢
4516 X10°

1.354%107
9.036 % 10¢
4.513% 108

1=0.1 ms 1=0.4 ms 1=0.7 ms 1=1.0 ms

(a) GZrh R BAR N ) = A



1118 WA 127 2855 T

Effective stress /Pa

6.475% 104
5.840% 10
5204 %10
4569%10*
3.933% 104
3297X10¢ 8
2.662%10* ml
2.026 X 10%
1391 X 10*

7.550% 10°
1.194%10°

1=0.1 ms

Effective stress /Pa

2974% 1o4|
6.683 % 10¢
2.392 X 10*
2,100 % 10¢
1,809 % 10¢
1.517X10* Wi
1226% 104
9346 10¢
6433 X 10¢

3.519%10°
6.052 X 10°
1=0.4 ms t=0.7 ms

(b) % 0.3 g/em’ 1) RPUF I 1 = &
B 11 3R A K R 150 m/s T 2% b 28 F1 RPUF i ) = &

Fig.11 Stress cloud diagram of buffer entering water with 150 m/s
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Fig.12 Stress cloud diagram and destroyed process of buffer entering water with 150 m/s
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Fig.13 Water entry velocity curves of projectile with different densities and thicknesses of RPUF
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Fig.14 Acceleration curves of projectile entering water with different densities and thicknesses of RPUF
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Tab.5 Projectile peak acceleration reduction with different densities

and thicknesses of RPUF
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Fig.15 Effect of density and thickness of RPUF on acceleration of projectile body at different velocities
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Tab.6 Effects of density and thickness of RPUF on projectile

peak acceleration reduction
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