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Fig.1(a) Rigid-plastic free-free beam subjected to normal impact by a flat-nosed missile at the middle of its span
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Fig.1(b) A plug formed by the impact of the beam through the impact centre

missile at impact centre
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Fig.2(a) Free body diagran when the beam moving as a rigid body
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Fig.2(b) Free body diagram when a single hinge Fig.2(c) Free body diagram when three hinges
formed at the impact centre formed in the beam
v v 200
4 v w i Thechngemode
1 (4 TR (1120 5 1 845 5 fn 3 lmb/%l “‘\{;?/
P U P 4 ORMI AR D BN |
QDR R. WE LT LA U D L e ! ////;;mmm
BT, E 3 A HOKE AL AKX 3 i
B, P AR I X S R RS ) X, P 2645 D ”;//// p
L2 TR IX S B TE LUK, D 2B B i1 DF o Tramin

X 35 A =B AR TEAR X 0 5 10 15 20 25 30
S 7 s B H U [ R P Sk bR
difes RIGKIELE 20/ h KRG FIHVAE s g g o sk s 5 002 T 4 1

Z b/ R 3R AL A 0, — Lt B4k Fig.3 Deformation modes of the free-free
RANTR 1L X B, AR R ERIRS JE Tk beam subjected to impact by the
&jjz HCEX o,/ oy = 1.5, 7“7‘]‘*4» ?E%?Z‘i&( T T,/ Oy missile at the middle of its span

=no,/ W3 6,)=2.7,

MF 1 AT LAE B A T3 BAR LR ) 58 2 /MR 2 1, B2 iz 3 WK P35 723X Fh i
LR A RABARK S Hh AT .

M1 IETT LA 2. B H H R B S B AR B3N, 52 0 R A il A T 1) 25 M 1
hne X IZE AR KR EG 21/ h=40), BIAE 58 (1) BLAR LE 32 5 98 B2 /MR 2 (] 5 34 1)
HARI TRNGEER /103 W kA ZRE AR, £ H BRI R ERE i3
PO, a0 SR 7 i el S /N Tl A B MR, B 1 — 3R 1 s b 3 RE Dy b 2E ) L) R
HRBT) AR T BT i AE LA AL, T3 3l e 1) AR B8 70 W e A D B2 1) 25 i AR TR A DL K &5 44 1) ~F- B A e



%13 IR NIZBYE A b3 B E R oy T AT aR AR AR 5K 11

]

®1 HHBHRS THREASENAZAREAM KR
Table 1 The dependence of the deformation modes of the beam on the

relative size of the beam and missile
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Initial Deformation Modes of Rigid-plastic Free-free Beams
under Transversal Impact

MU Jian-chun, ZHANG Tie-guang

(Department of Engineering Mechanics, Taiyuan Unwersity of Technology, Taiyuan 030024, China )

Abstract. An analysis is presented in this paper for predicting the initial deformation modes of a rigid-
plastic free-free beam with uniform rectangular cross-section impacted nomally by a small size of flat-
nosed solid cylindrical missile at the middle of its span.These deformation modes of the beam include
translation as a rigid body, single hinge and three hinge modes. At a speed close to or above the ballistic
limit, the missile generates a plug at the middle of the beam, at the periphery around the plug the
transversal shearing strain is predominant. In this analysis, bending deformation of the beam caused by the
shearing force of the missile acting on the beam through the plug is considered. The dependence of the
initial deformation modes of the beam on the diameter of the missile, the size and the material property of
the beam is obtained.
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