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Abstract: Explosive welding production in a vacuum explosion containment vessel can not only restrict the shock wave and
noise generated by explosive explosion in a certain space range, but also effectively improve the quality of explosive welding
products. Meanwhile, it also alleviates the problems of unstable product quality and rainy season shutdown caused by the
influence of weather and climate during explosive welding production, which is an invention that can promote the development
of the explosive processing industry. In order to develop a super large vacuum explosion containment vessel for explosive
welding, it is necessary to explore the internal blast load and dynamic response of vacuum explosion containment vessel with
sand covered for explosive welding. In order to meet the requirements of the experiment, a 0.55 m® small cylindrical vacuum
explosion containment vessel with the cap covered by a certain thickness of sand was designed, and a series of vacuum
explosion experiments were carried out in it. At the same time, using the AUTODYN finite element analysis program, the
numerical simulation analysis of the corresponding experimental groups is carried out. The evolution of shock wave inside the
container, the distribution of blast load, the dynamic response of the structure, and the mechanism of sand covering on the end

of the container on the damping of the plate structure are explored in depth. By analyzing the results of experiment and
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numerical simulation, it is concluded that the peak value of the second impulse of the time-history curve of the blast load in the
explosion containment vessel is obviously higher than that of the first impulse, and the superposition and reflection of the
shock wave always occur in the inner wall of the cover. With the decrease of vacuum degree inside the container, the peak
value of the blast load is weakened obviously. According to the time-history curves of blast load and dynamic strain calculated
by the numerical simulation, the dynamic response of the container cover is divided into four development phases: step-up
phase, impulse follower phase, inertial lag phase and static pressure stabilization phase. With the decrease of vacuum degree,
the amplitude of dynamic response is weakened obviously. With the increase of the thickness of sand cover, the dynamic
response of explosion vessel is gradually weakened. Ultimately, it is concluded that reducing the environmental pressure inside
the vessel and increasing the thickness of the sand covered on the cap of the container can be used as an effective method to
reduce the forced vibration of the explosion containment vessel. The conclusions of the study are useful for the structural
design of super large vacuum explosion containment vessels.

Keywords: vacuum explosion containment vessel; blast load; dynamic response; shock wave; vacuum degree; sand covering
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Fig. 1  0.55 m’ pit type vacuum explosion containment vessel
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Table 1 Experimental grouping and experimental parameters

M SE RS Heah ke /g TNT % 5i/g Py

Expll-012 30 22.80 0.12
Expll-050 30 22.80 0.50
Explll-100 30 22.80 1.00
Exp I1-100 20 15.20 1.00
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Fig. 8 Pressure field distribution obtained by numerical simulation inside the vacuum explosion containment vessel ( py =1.00)

h 260 Sim1M-012
— Simll-012 o
12t — Sim 030 0 — Simlll-030

£ — Sim1-050 7 220 — Sim1ll-050
g 1.0F —— SimM-075 é 200 —_ S!mI[[-075
2 — Simlll-100 3 — Simll-100
Z 08 Z 180
5] o
g 06 E 160
S e
3 £ 140
~ 04 3
3 & 120
= 02

. 100

0 T 80 : T — :

—400 —300 —200 —100 O 100 200 300 400 —400 —300 —200 —100 0 100 200 300 400

Radius/mm Radius/mm
19 IRIF)ELZS BE T AU S A K10 AREZS BT B i oA
Fig. 9 Distribution of peak overpressure Fig. 10 Distribution of specific impulse
under different vacuum degrees under different vacuum degrees

101407-6



i 44

JHEH, G5 R B HRRE A N AR B S A

5 10 3]

2 ISR

X ER R LA SR A e A A8 AT 7 A B, W T LA 255 vo b M 2 4 (R BT R P R, S RE R MR A 35 A
Ao ARNAESR IR AR B BT b TR S [R]JRE L A -, SR AR B SRR R B AR AR, 3B A R R [ A
3 B AN, LA K B2 T MIAE 24 i e HR K 2 e 2l 25 L A S

21 LERE

K LSRR A AR, R 3 5 Ly
BN RS RS £, P — 55 A R KR S
MHA R GE ¥ 5) o A fE s ME A 2 b o By 8 4>
PR AR KL 2 5 DH8302 B A E 5 AL .
1 & T IR AL T B A . 5250 1 R A
Wi R 1.0 MHz, REERTK R 1.0 s, R4
B ES A iR IE 2 S50 R Rl s (f%
J&H A1, A2, B1. B2, C1, C2, D1 1 D2) 4 i
wmE 11 iR, o or A8 B a1, B
=400 mm,

TP IE I ERRR SRR, IR
BRIEA 25, BN 1.15 glem® s KEZG MR KEFS
Az ek i, 25 A8 B A2 a0 AR sh N T i &k sh (55
M, SE R 55 Sh A N AR 1915 ok A . 5
B 320 J S S RN 3 2 B, SR 2 A N T Y
WG T 8 R hrfE KRR . Horh: g 5 DA
Exp X *FF 3k iU 5256, 3135 2N 10 mm, KEZG &
930 g5 g5 DL Exp VI 3k (5256, 5+ 25 SR
8 mm, ¥EZ) & K 20 g; 4T DL Exp VI*F 3k i 52
55, B R 6 mm, KEZT RN 20 g. AL
B RN 10 mm., B+ EE N 240 mm B, 72
P M5 AR LA B R 2 i R [R T R T
7 A S SRS, Do Bl A I AR B LA R
YELG I AR . FLAS IR MR SR A S A N2 3
Fis

DH8302 dynamic signal tester

Pressure
gauge

Vacuum - T
pump -

(b) Gauge point distribution

B 11 SEEG R RO 5 A

Fig. 11 Experimental process and

gauge point distribution

®2 BISENERIEESH

Table 2 Experimental grouping of soil covering and experimental parameters

S A /mm SEH AR /mm TR 1R /mm
Exp X #-240 240 ExpVll*-450 450 Exp VI*-300 300
Exp X *-180 180 ExpVlI*-300 300 Exp VI*-150 150
Exp X *-120 120 ExpVlI*-150 150 Exp VI*-000 0
Exp X *-060 60 ExpVlI*-000 0
Exp X *-000 0 Exp VI*-450 450
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Table 3 Experimental grouping and experimental parameters of vacuum explosion

SIS BREND /g TNT Yit/g Pv
ExpIl*-100 30 45 1.00
ExpIl*-075 30 45 0.75
ExpI*-050 30 45 0.50
ExpI[*-020 30 45 0.20
Exp I *-020 20 30 0.20
ExpIV*-020 40 60 0.20
Exp V #-020 50 75 0.20
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Fig. 12 Dynamic strain on the cover of container
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R4 HBEEER 8 mm B EMNN £ 4L LI AR R B IEE
Table 4 Peak strains at different gauge points obtained by experiment and numerical simulation

on the cover with a thickness of 8 mm

Epa (A1) Ema(B1)
SRR ” -
SEH [E) W% S (e R2E%
ExpVll*-450 8.932x107* 1.012x107° 13.3 8.073x107* 7.635x107* -5.4
ExpVl*-300 1.085%107 1.234x107° 13.7 9.312x107* 9.583x107* 2.9
ExpVll*-150 1.239x10°° 1.431x107° 15.5 1.041x107 1.039x107 -0.3
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Fig. 18 Dynamic strains of container cover calculated Fig. 19 Explosive load time-history curve and dynamic
by numerical simulation and experiment under strain time-history curve calculated by numerical
ExpVl[*-450 (Gauge A1) simulation under Exp [l *-100 (Gauge A1)
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2.422 2.481 0.928
2.153 2.205 0.825
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0.807 0.826 0.309
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0 0 0

(a) =0.9 ms (b) =2.0 ms (c) =4.7 ms
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1.277 4.372 0.620
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0.478 1.639 0.232
0.318 1.092 0.154
0.159 0.546 0.077
0 0 0

(d) =6.6 ms (e) =11.0 ms (f) =13.0 ms
K20 HEREAS BRI AR N IR IE 500
Fig. 20 Pressure field distribution of numerical simulation inside the
vacuum explosion containment vessel
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