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Table 1 Material parameters

Material Density/(kg-m ™) Young’s modulus/GPa Poisson’s ratio Yield stress/MPa
316L steel 7830 185 0.30 470
304 steel 7830 193 0.25 250
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Fig. 5 Experimental results of bi-directionally corrugated sandwich tubes under inner blast loading
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Table 2 Deformation/failure test values of bidirectional bellows sandwich tube

/% I/mm ¢/mm ¢, /mm
Sample [nner  Outer Inner  Outer Inner tube Core Outer tube Inner tube Core Outer tube
tube tube tube tube crack crack crack crack crack crack
A2 4.1 2.6 85 48
R4 5.1 2.1 112 30 46 0.3
R4A2 4.6 2.6 127 40 76 57 14 3
R5A2 4.6 3.1 145 64 80 72 11 5
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Fig. 7 Comparison of the deformation modes between the simulation and experimental results of R4A2
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Table3 Comparison between numerical simulation and experimental results
for mid-point deflection of inner and outer tubes

M, for inner tube M, for outer tube
Sample R A t/mm t,/mm
Sim./mm Exp./mm Error/% Sim./mm Exp./mm Error/%
A2 0 2 2 2 10.8 11.2 3.7 49 4.6 6.1
R4 4 0 2 2 11.8 12.0 1.7 6.0 5.6 -6.7
R4A2 4 2 2 2 15.2 14.0 -7.9 5.5 5.0 -8.2
RSA2 5 2 2 2 18.8 18.0 —4.2 9.5 8.5 -10.5
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Fig. 9 Blast resistance of bi-directional corrugated sandwich tubes with different corrugation numbers
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Fig. 10 Blast resistance of RSAS structure with different thicknesses of inner and outer tubes
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Fig. 11 Blast resistance of RSAS under different equivalent TNT dosage
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Fig. 12 BP neural network structure diagram
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Calculate the error between the predicted
value and the true value
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of iterations

Reach accuracy
requirements

Update particle velocity and position

!

Change the particle adaptivity

13 R TR R P 4 S i

Fig. 13 Flow chart of particle swarm optimization neural network algorithm
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ANHIF T 38 32 X6 A ) T [ A0 40 3% P R A7 E B S IE, BE R Uk 20 . i N R R MEE
FR T 25 W 5 30 UE =22 (8] A 15 22 1 H B R 0 R 8 o ) T U .
4.2 FUNFERBYIGIE S X EE 1R
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F 4 HERBHS CPUITERE

Table 4 Calculated model number and CPU calculation time

Calculation time/min

Model Number of CPU Number of meshes =50 =100 =200 =500 =1000
FE 8 55850 475 950 1900 4750 9500
BP 2 950 951 952 954 958

PSO-BP 2 954 959 968 996 1042
RSM 2 950 950 951 954 957

Note: * Intel (R) Core (TM) i7-13700 2.10 GHz
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Fig. 14 Comparison of predicted results: (a) comparison of BP prediction with FE results of S;,; (b) comparison of BP prediction
with FE results of M},; (c) comparison of PSO-BP prediction with FE results of Sy,; (d) comparison of PSO-BP prediction with FE
results of My; (e) comparison of RSM prediction with FE results of Si.,; (f) comparison of RSM prediction with FE results of M,

RN AR R BR BN O T, RSML A% 0 45 2R A0 T At 2 A PEIARY, 1T PSO-BP At 22 ¥ 2 K5 R A T
BP 1 2 o 5 R AL
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XA ] LAR IR
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2 _ _ i=1
R =1 —N (15)
(l) (i)
avcragc
i=1
() _ £G)
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FE
N (l) (i)
pre
277
i=1 FE
Haverage = N — x100% (17)

A foe WA BRICER, fivernge WA BRICETRAF-IIME, fore A FNAE L A BINAE o S, Ot 278 TUEE
TR B R TR JEE , R? 1 Oerage 28 /15 A UBRASE 2L F) (ARG B2, RO T 1, R WIAUBRBE Y O B . B0/ NI IR 22
RPN BE R 0] 5 o 3 B PN BE R AT R® | Octaive 1 Oyerage T8 T2 50 FTLLFR M, RSM FTIN ASE  f) d5 R AH
X R 2 fie /I, HAF 4R 22 W AR T oA 2 A FOASE AL . BP i 258 [0 2% F000 A5 28 1) e AR R 18 22 1P 2 a3
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74198

®S5 FUNRBIRESR

Table S Error analysis of prediction models

Grelaﬁive / % gaverage / % R2
Model
SEA MD SEA MD SEA MD
BP 2.05 332 0.48 6.65 0.999 0.975
PSO-BP 2.15 28.3 0.35 3.52 0.999 0.994
RSM 0.97 22.1 0.25 0.24 0.999 0.996
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43 RBEHT FIWUEEARGEN R EIRM L
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I (R5AS) B AL J5 45 4, % 9 2508 R=6, 4=5, 1,=2.05 mm, ¢,=1.50 mm, H H ¥x Wi 5 45 #5
My=5.22 mm, S;,=7.56 J/g, 5 RSM & T () 1 1B ( M,=5.24 mm, S;,=7.57 J/g) FA—F(, ] T RSM £

RUBIA RLME o K UL ZAE B AT BROTA LS SR 5 0] BRZH X LE, My, FEA LRI A, S, 4275 1 10.9%.
12
+Sample nodes Point 6 R6 BAMARTRAMLS IR
10  "Control group . - Table 6 Optimal design of maximized S,
) with maximum M, constraints
X N
g Point 5 M,/mm S /0-g)
S6F--------- i No. R 4 t/mm ¢/mm
B Y . RSM FE RSM FE
4drp----- 1 3 6 240 1.50 2.00 2.12 627 6.28
) 2 6 4 220 150 4.00 4.00 696 697
3 6 5 205 150 524 522 757 1756
O L
4 5 6 7 8 9 10 4 6 5 194 150 6.00 597 8.00 8.02
Se/(J-g!
w0 5 6 6 158 1.50 8.00 8.05 940 944
J N = IJ_:I.; g HEQ Az ?SI]D ),
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Fig. 15 Dynamic responses of the sample nodes
by RSM and the control group
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LT 6.0%.

(3) HESL T 3 Fl RIS SIS AY, X b T 3 R AR N B, 45 SR HH, BP b 28 N 2% B AR R i
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Blast Resistance and Prediction of Bi-Directional Corrugated Sandwich Tubes
under Internal Blast Loading

TANG Bo', LI Zihao', LIU Zhifang'?, LI Shigiang'**

(1. Institute of Applied Mechanics, College of Mechanical and Vehicle Engineering,
Taiyuan University of Technology, Taiyuan 030024, Shanxi, China;
2. Shanxi Key Laboratory of Material Strength and Structural Impact,
Taiyuan University of Technology, Taiyuan 030024, Shanxi, China;
3. State Key Laboratory of Explosion Science and Safety Protection,
Beijing Institute of Technology, Beijing 100081, China)

Abstract: A bi-directional corrugated sandwich tube structure was proposed, inspired by the front jaw of
peacock mantis shrimp. The dynamic responses and energy absorption characteristics of bi-directional
corrugated sandwich tubes under inner blast loading were investigated numerically and experimentally. It
was found that three typical deformation modes including localized plastic deformation, elliptical plastic
large deformation and laceration. The numerical results of the mid-point deflection of the outer tube and the
final deformation mode of the structure agree well with the experimental results. Subsequently, the effects of
the number of corrugation of the bi-directional corrugated core tube, the inner and outer tube wall
thicknesses and TNT dose on its dynamic response and energy absorption characteristics were investigated
thoroughly. The results show that the energy absorption ratio of the structure increases first, and then
decreases with the increase of the number of corrugation. Increasing the inner tube wall thickness and
decreasing the outer tube wall thickness can improve the shock resistance performance. Compared with the
inner tube wall thickness of 1.5 mm and an outer tube wall thickness of 2.5 mm, the structure with an inner
tube wall thickness of 2.5 mm and an outer tube wall thickness of 1.5 mm can reduce the maximum mid-
point deflection (MD) of the outer tube by 67.6% and reduce the mass by 6.0%. As the TNT dose increases,
the percentage of energy absorbed by the inner tube decreases gradually, while the percentage of energy
absorbed by the core and outer tube increases. Finally, the specific energy absorption (SEA) of the structure
and MD of the outer tube were predicted using BP (back propagation) neural network model, PSO-BP
(particle swarm optimization-back propagation) neural network model, and RSM (response surface
methodology) model to optimize the proposed structure.
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