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Abstract: The dynamic responses of fuel tanks under fragment impacts were investigated. The ballistic impact
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tests on fuel tanks were carried out, the test processes were recorded with a high-speed camera, the dynamic
morphologies of the fuel tank back wall were obtained with the 3D digital image correlation technique, and the
damage forms and dynamic responses of the tanks under different fragment impact velocities were analyzed.
The results show that, the damage to the tank front wall is in the form of circular holes and that to the back wall
is in the form of “petal-shaped” breaches with radial cracks at fragment impact velocities of 955~ 1 667 m/s. The
dynamic response speed and strain level of the tank back wall dramatically increases with the fragment impact
velocity. The dynamic response of the tank back wall mainly includes 2 parts: the plastic deformation of the
wall center and the overall deformation of the wall. With the increase of the deformation extent of the tank back

wall, plastic hinge lines will occur along the wall diagonals and edges.
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Fig. 1 The experimental layout
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Table 1  The experimental working conditions

No. fragment mass m /g fragment impact velocity v /(m+s™1)
1 6.7 955
2 6.8 1195
3 6.8 1364
4 6.7 1 667
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Fig. 4 The dimensions of the damages to the front and rear walls of the fuel tank
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Fig. 5 Damage morphologies of the front and rear walls of the oil tank
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Fig. 6 High speed photographies of oil tank rear walls and displacement contours in the z-axis direction measured by DIC
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Fig. 7 Effective strain time history curves
E OO TRE RS B E T AS AR SR LT R O R
BEE AR PN 25 TR R, B b i BE AR 52 2 7K B I g A T, eI B g SR 4 [ 5205 B 52 73 1 38
VEFHIY SRR, BERHARYE Kirchhoff-Love RIS HIBAR M shAS17 1y i T ik B4
9Q,/0x + 9Q /dy + p =puu, (1)

oM, /ox + M, /dy — Q, =0 (2)
oM /9y + oM, /ox - Q, =0, (3)
== %0/ 9%, (4)
= 0%u/0), (5)
K, == 0u/dxdy, (6)

K, Q,,0,, M, M, I3 R AAE AR AR 18 7 S RS RE, M, AR D9 S i AR e, p R
BRI 32 K 13807, u j\ﬁkﬁ? i = 0%u/ 0%, Hoh 1 SRR ] 5 & jﬂﬁjﬁ*ﬁﬁﬂzﬂﬁﬁrﬂﬁz

XF I SR, 52504 1A 7 HE e BE AR IR, e LM 25 0 A 8 B DU 2% [ S b A e 7 R SRR
2810 B 8 N R A SRR 955~ 1 667 m/s BN A 2 0 iR s AR R I R, Ho 1 = 0 ms SR 2E L ThAR
JE BERR IS 220 FABRAE RAUESE T3k — s PG e B b a] L& B 24 980 Fs /K B P 300 8 R BE A i BE Al 2R



5 8 ] BUEEI A W w3 T 2 WA A T O SE RS 949

FERRBN T RO, I ELARNET A 29V TR AEAR D AL B i T PR B P Bk B R A Sl 1, A
Je BEAR G SRV BRI &, S o AR IR B 1 667 m/s B, J5 BEAZE A7 (v B B ENET K AR T IS BEAR
HA S 7 R K R ARV T S A B DA P A - R

955m/s

0.4 ms 1 ms 2 ms 4 ms

B8 NI A AT B i e
Fig. 8 High speed photographies of the tank rear wall at different fragment impact velocities
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Fig. 9 Effective strain time history curves of the typical positions of the rear wall at different fragment impact velocities
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Fig. 10 Evolution laws of deformation modes of the rear wall
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