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Fig.2 Schematic diagram of the expansion tube structure under near-field blast loading
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1.1 Eip@ e Emr R E{/ER TA ETS My K7 4% $

ABAEREAIT T T2 BTG 2 A EB 32 I 37 48 K s BT BUEA AU LA AR Z 8 /E R ETS 127
N AL A3 A, AR &) 31 iR . AR S MR A phli B A L, T LS-DYNA A BROCE M vy T AL A
S W BE T AT TNT BRIE 3 245 09 4B R Fr Bl 373 B RAL, Wi 3(a) s . Horr, g o WM RE i v
O RBEL 53O Z MEL NI M, TEIEAS KT, p=0°, BEALH 538 Ry Slxh Fr i SRR
SRF it S, PR B TR 35 A i Sl SR B TNT %€ 2 i 2~50 kg, 25 SIBBE A K K 1.6~2.7 m,
JCRSE R 1.60~4.80 mm. TNT X 24 Fl 25 82k 2 9 B AT 2 hi s 1 H -BR 47 (arbitrary Lagrangian-
Eulerian, ALE) 5.9 () ALE 2D HLICHEA T AR5 WM T8 5o *MAT _RIGID JCHE S 3A, It [ #5455 H
*CONSTRAINED LAGRANGE_IN_SOLID SCH## 4 . TNT FE25 A% F *MAT_HIGH-EXPLOSIVE-
BURN, HoR 2575 7 % H] Jones-Wilkins-Lee (JWL) J5 F2; 25 5 5% J *MAT-NULL 4 5 7 F1
*EOS_LINER POLYNOMIAL k7575 21 34 .
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(a) Finite element model of TNT (b) Pressure-time curve of (c) Finite element model of ETS
explosion in air near-field blast loading
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Fig. 3 Numerical simulation of near-field blast loading and finite element model
of the expansion tube structure under such loading!"®!

K H ABAQUS A FRITHR A E 37 19 ETS A7 BROTHEI BN & 3(c) B, B 7Y v 4535 424 (%) 4 ek 3k BRI L
AT RSk 1 fiezs, Horh: Dy N SCHEFFEAR, [ 0 SCHEAF R B2, D i Pl gk T BLAR, 1 i Bl ¢
T JEEBE , I Rt Bl a1 K B, my s me B mg 43 590 DR SCPERE | AE S RN M T aE W RE A Y A% R
C3DS8R HLt, Vil a1 ] 43R 100 A~ 50T, W IR Jy [ 4] 43 4 )2 500, DAERA FIUI0 45 RE (1 25 i 25 JE A1 45 10
AR S [E] 50 AT o EREAE A ity 3l Ao WP A AR y 5 1 S E 2B, JEHCR FH R3D4 BT EEAR . Wk, S
FEFFAAEE YR C3D4 T, HEE 5 W REAS 2 1A R T I H i, 55 |45 ) [R) 4 2 BE 4R AR A, 2 J
FHECLHC0.0917T, g 3T Sy 0 KE 28 Aar AL b 1 A e e AR AE A A 2 i T ETS A9 00 4 1T,
& 3(b) 1 3(c) i

=1 ETS S{EMJLAMR~T

Table 1 Geometric parameters of each component in ETS

Thin-wall tube Cone piston
Material L/mm ry/mm  A/mm Material rg/mm  [p/mm  [/mm a/(°) melg
1060/H12 aluminum 48.0 13.0 1.0 304 steel 13.5 2.0 5.0 5.71 16.8
Supporting rod Slider
Material Dy/mm [/mm mglg Material D¢/mm ly/mm [/mm mg/g
304 steel 10.0 27.0 14.98 304 steel 40.0 37.0 5.0 149.8
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A BRITARE FY v BE S M 5 A 1060/H 12 5844, R A% A Ak A1 bz AR 2854 1 % ] Johnson-Cook S F4 A5
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£0=6.67x107* s™'s A N UEF AN T AR JE IR L B A BRI ZE 04k 2280 ¢ N AR RBUR R $. A
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Fig. 4 Schematic diagram of the near-field blast test setup'®!
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Fig. 5 Peak overpressure at various scaled distances
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Table 2 Summary of test plan and measurement results'

Wikg Case R/m Z/(mkg '?) L/mm Wikg Case R/m Z/(m-kg '?) L/mm
W2-El 0.60 0.48 13.35 WS5-El 0.63 0.37 33.88
W2-E2 0.63 0.50 17.40 W5-E2 0.72 0.42 27.54
W2-E3 0.72 0.57 13.05 W5-E3 0.77 0.45 30.89
W2-E4 0.77 0.61 21.75 W5-E4 0.87 0.51 22.80
W2-E5 0.80 0.63 7.68 WS5-ES 1.05 0.61 2191

500 W2-E6 1.05 0.83 5.52 500 W5-E6 1.08 0.63 15.64
W2-E7 1.08 0.86 3.12 W5-E7 1.14 0.67 11.44
W2-E8 1.31 1.04 2.24 W35-E8 1.31 0.77 6.69
W2-E9 1.31 1.04 2.56 W5-E9 1.31 0.77 7.48
W2-E10 1.40 1.11 2.08 W5-E10 1.35 0.79 4.66
W2-El1 1.42 1.13 1.44 WS5-El1 1.40 0.82 5.98
W2-E12 1.46 1.16 0.64 W5-E12 1.46 0.85 9.68
W4-El 0.63 0.40 29.57 W3-El 0.60 0.42 25.14
W4-E2 0.72 0.45 15.93 W3-E2 0.63 0.44 25.72
W4-E3 0.77 0.49 19.18 W3-E3 0.72 0.50 9.02
W4-E4 0.80 0.50 12.72 W3-E4 0.77 0.53 6.34
W4-E5 0.87 0.55 11.97 3.01 W3-ES 0.80 0.55 8.52
W4-E6 1.05 0.66 6.69 W3-E6 0.87 0.60 11.32
W4-E7 1.08 0.68 10.21 W3-E7 1.05 0.73 2.52

ol W4-E8 1.14 0.72 7.92 W3-ES8 1.08 0.75 4.56
W4-E9 1.31 0.83 4.22 W3-E9 1.14 0.79 2.60
W4-E10 1.31 0.83 5.72
W4-El1 1.35 0.85 3.52
W4-E12 1.40 0.88 3.08
W4-E13 1.42 0.89 4.22
W4-E14 1.46 0.92 6.69

K 6 JE7R T BE AL SRAT B AN [l K 25 2 4 | AN [ FE Bl e 1 i S S T g -f [l i 2. mTLAFR i, 24
7<0.80 m/kg"® I, S S T g I 7 g 4 2 R A W) A P9 22 WAL o 285 ol 5 0 SR W T ML R B 4
IS F A O mT R A T g e el el e T S T 6 4 0 DU R T SR W R S T 4
PSR T EG 24 220.80 m/kg'™ I, [ TR 7 it 2 T F- 1, SR WS 7™ ) 10 Dk 0 25 00, AT AR R B
#r ek B —rh B E T
1.2.2 ETS i [z #{E 4R 1 45 SR %t L 38 iE

K7 Jon T4 o il i 5 B - WM & MR TR ETS (T % ) p,=68.53 kg/m?, 5 &4 358 i o7, =1.49 MPa)
AR A RN TEAN B AIUR B Bt (1, W65 220 2ZH00), 1R T 300 370 4 A 480 EL A A0 v 6 0 {0 8 s 1 G i 1) T
BT, R B 5 Z o T A R A e, JHH R A A I [ PN R B A KR B BE LA T, S5
ARG WEEE KA REMEAEN, fE 5 R e SRR ShRE. 25 (1, ~1,), HEETT iR
22 fih I % AW BE RS PN BE , ST BE A AL ARS 1] MK 7 A 3 RS IE e AR BT AR B s B T
SHCEST T R B JRE ph OE A 0, S RE A AT AR BE ) TR, I e 2 LA AU R Ak B 4k s 2l 1 &
5k o B B RE B A BLAY R0 A R K A A B e e - YRR AR SR TR 4 R S b B A B
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Fig. 6 Pressure history curves for reflected waves at various scaled distances
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(a) Time history curves of ETS response
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Fig. 7 Response process of ETS under near-field blast loading
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Kl 8 JBIR T ETS 76 [ H B 55 F itk A BB S _—
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I, AR B 5 8 ST 0 A B TS P R 0% A 2 A AR K kg )

Wb SR PR A E R ETS 1 30 25 0 7 Rl Kl 8 ETS AU AL HE L HE B 2R 4k
EE i ﬂ}[ f E@ ’ ﬁ % FH F E éi § 7;& ﬁ‘}’ 1:)? %ﬂ g 1% @ Fig. 8 Variatio;isﬂcl)f; f;;:de;rilsbtziiiing displacement
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P K 25 T 30T 7 8 M BB B U0 235 2R, Sl S o0 3 M e o ol e A SO S Y O S O BT
ETS (% A2 77 e, 4 3 1 KO oo ol 2801y A 4 e AL SR B T AR 25, o A 8 {0 s b o i 25 S B IR
BN K ST 7 ol 2 R R A B4 5 i R AL
21 EHBRERERTSFIOTEER

TERGHE T 536 P, oot 287 1 B0 1 LY 8 00 e R, LA 2 AR S I TR B0 5 LA, 20 A
FW, L7 B 5 W RE 45 H =2 0] A R i e A S ey A L b B R G, T BRI S )
BT, H5 30T 390 48 2 28T XY SIS TR T o 82 R 58 i 34 i U 6T £ g AT — 1 R 455 52 1) ) L0 = £
TR 3 ko, el 9 s, Rk =Xk

0 0< <1 P
prl(l_ t__TO) ToSI<T Pel _ _
Prer(t) = non 2)
prZ(l_ l) T <<,
2= T pal| T T
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K py F pg 30 S et g S5 S U {1 s 5 !
7 ) B AR T 5 o Ry 0331 Sy ol 0 A4 SR |
P BN IR GG R A I 2, HE T — o S T © To T e !
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R R TR ) 1 0 2 T W (B R R Do FFH Fig. 9 Equivalent pressure waveform

of near-field blast loading
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At p,, 1500 MPas 1, 19 8401 % KPasss i, Jy Ho A He ik, 2603 kPas/kg!™. 3% (3) AL (4) ML Al
Kk R*>0.99, Hopt 2 2 $ (coefficient of determination, COD) 435124 0.950 #1 0.917, B4 B &8 .
AN, pos T K R HILA TR AR 154

11.83 405 042

pa==1168+ ——+—= - — (6)

70 = W'3(44.6Z° +394.0Z* + 109.8Z +4.7) @)

7, = W3(576.92° —683.12> +791.0Z - 104.2) (8)

P py BIHAL N MPa, ol BB ps. il X 3)~3X (8) THAAS BT B I 3 i) 2 28U, i
I, = % [(2pﬂ S prz) (T, = 7o)+ Pty = 71) ©)

R A A Y S R 8] 75

x3 EHBERTTRFEEBEML AENHERUER

Table 3 Simulation results of reflected peak overpressure and specific impulse of the near-field blast loading

Z/(m-kg ") Wikg Ppo/MPa L,/(Pa-s) Z/(m-kg™?) Wikg p./MPa L,/(Pa-s)
0.30 61.66 3770.76 0.30 75.99 6044.95
0.35 57.72 3152.27 0.35 63.56 5663.29
0.40 48.93 2636.03 0.40 57.11 4531.02
0.45 36.94 2240.10 0.45 41.89 4476.01
0.50 2 27.89 2107.74 0.50 10 34.63 4442.93
0.60 20.28 1682.53 0.60 18.39 3088.02
0.70 14.66 1281.50 0.70 14.23 2436.08
0.80 8.19 1070.14 0.80 13.46 2107.83
0.30 61.13 4094.75 0.30 71.06 8429.43
0.35 53.59 3309.89 0.35 55.22 6430.83
0.40 45.44 2389.84 0.40 44.78 5125.89
0.45 39.12 2184.19 0.45 35.74 4656.37
0.50 3 34.39 2109.40 0.50 30 27.21 3985.79
0.60 18.21 1732.51 0.60 19.63 3735.01
0.70 12.01 1276.29 0.70 13.15 3043.11
0.80 8.56 950.22 0.80 9.54 2498.36
0.30 72.08 5006.16 0.30 77.94 9821.96
0.35 44.64 3729.77 0.35 64.93 7193.28
0.40 37.13 2908.95 0.40 55.93 5515.95
0.45 32.90 2989.50 0.45 38.42 5887.95
0.50 > 24.99 2201.57 0.50 20 31.44 4784.21
0.60 17.87 1958.20 0.60 19.37 3877.84
0.70 14.34 1537.50 0.70 12.56 2869.21
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Fig. 10 Fitting of empirical formula for near-field blast loading
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Energy Conversion Prediction Model of Expansion Tube
under Near-Field Blast Loading

QI Zizhen, LI Minghao, ZHANG Yuyan, LIANG Minzu, ZHANG Yuwu, LIN Yuliang
(College of Science, National University of Defense Technology, Changsha 410073, Hunan, China)

Abstract: The explosion near-field is the core zone of munition-induced damage, involving the coupled
load effect of intense shock waves and detonation products. Currently, the mechanical response and energy
conversion mechanisms of expansion tube structures (ETS) under such extreme loading conditions remain
unclear. In this study, ETS is adopted as a representative energy-absorbing structure to investigate its energy
conversion behavior under the coupled action of near-field shock waves and detonation products. Based on
the experimental verification, numerical simulation methods were employed to analyze the characteristics of
near-field blast loading and the dynamic response of ETS. Furthermore, a theoretical prediction formula for
near-field blast loading was established, and a theoretical model for predicting energy conversion efficiency
was developed based on the strong-shock assumption. The results show that the energy conversion efficiency
decreases significantly with increasing scaled distance. The energy conversion efficiency drops to below
10% when the scaled distance exceeds 0.80 m/kg'”. Moreover, the energy conversion efficiency exhibits a
strong positive correlation with the specific impulse of the reflected wave, indicating that specific impulse is
a key factor determining energy transfer. This work elucidates the intrinsic mechanism of energy conversion
in ETS under near-field coupled loading. The proposed theoretical model provides a robust foundation for
the design and performance evaluation of near-field protective structures.

Keywords: near-field blast; detonation products; energy conversion; overpressure; specific impulse
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