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(a) Schematic diagram of sandwich tube design
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(b) Schematic diagram of geometric parameters
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Fig. 1 Schematic diagram of sandwich pipe design and geometric

parameters
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Tab.1 Geometric parameters of test specimens
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Tab. 2 Material properties of test specimens
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(a) Schematic diagram of the polyurethane foam compression
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Fig.2 Quasi-static compression test of the polyurethane foam
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Fig.3 Schematic diagram of the test setup
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Tab.3 Test measurement of the maximum deflection of the inner

tube and core compression ratio

NG A BEE B2 ESA L

Specimens  Inner tube deflection /mm  Core compression ratio /%
A-40 4.56 0
A-60 8.92 0
A-80 19.43 0
F-40 4.27 11.86
F-60 7.39 20.53
F-80 16.11 44.75
R-40 2.96 8.21
R-60 5.06 14.05
R-80 10.85 30.14

RF-40 2.10 5.82
RF-60 3.98 11.06
RF-80 10.50 29.17
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Fig. 4 Nondimensionalized deflection results of the inner tube
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Fig. 5 Test results of four structures under 80 g explosive charge
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(a) Finite element model of the ring-filled sandwich circular tube

14 756
$%FZ Deflection _
12t FOVA 148 %
B
E 1o} 140 §
E \ 4
s 8F AERLTLIC Energy absorption 432 &
3
= 5]
g 6f Smm Jo4 &
= . &
= 4t — 1.5mm | 6 =
—— 2mm I
99
AN s Fid
0 . . . g
0.2 0.4 0.6 0.8 1.0

i ] Time/ms
(b) AR B E S IE
(b) Mesh sensitivity verification
BEl6 HMRTEESMZERMEREIE
Fig. 6  Finite element model and mesh sensitivity verification
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Tab.4 Relation between explosive mass and overpressure
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40 60 80

Mass of emulsion explosives/g
TNT 244 TNT equivalent/g 24 36 48
JEJE R 25 Explosion distance/mm 48 48 48

A% Incident overpressure/MPa 19.1 21.9 24.1

J 5 # T Reflected overpressure/MPa  203.8 2423 272.3
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(a) Comparison of deformation modes between test and simulation
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Fig. 7 Finite element simulation results
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Design and dynamic response analysis of sandwich tube under internal blast loading

LI Hongye' LI Zihao'

QIN Xiaofeng' LI Shigiang"*

(1. Institute of Applied Mechanics, College of Aeronautics and Astronautics, Taiyuan University of Technology, Taiyuan
030024, China)
(2. State Key Laboratory of Explosion Science and Safety Protection, Beijing Institute of Technology, Beijing 100081, China)

Abstract: Sandwich structures are widely used in aerospace, national defense and other fields due to their lightweight and
energy-absorbing properties, and it is of great significance to improve their anti-explosion performance under internal
explosion loads. Three structures were designed, including ring sandwich tube (R), polyurethane foam sandwich tube (F), and
ring-polyurethane foam hybrid sandwich tube (RF), with the non-filled sandwich tube (A) as the control group. Through
internal explosion load tests and finite element simulations, the deformation modes and energy absorption capacities of the four
structures under different explosive amounts were compared and analyzed, and the influence of foam filling methods on the
mechanical properties of sandwich tubes was explored. The results showed that, compared with the control group, the non-
dimensional deflection of structures F, R and RF was reduced to varying degrees under TNT equivalents of 24 g, 36 g and 48 g.
At a TNT equivalent of 48 g, the specific energy absorption of RF structure was 5% higher than that of R structure, exhibiting
the best anti-explosion performance. In addition, when the TNT equivalent was greater than 37.39 g, the foam-filled ring
structure (FR) showed the strongest deformation resistance; when it was less than this value, the foam-filled structure in the
gap between the ring and the tube wall (RF) had the optimal anti-explosion performance.
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