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automobile structure train structure

(Audi A8)

metalic cylindrical shells
as energy absorbers
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Force-Displacement graph of crushed tubes

% Energy absorption, E, = f;f Fapg dD = Fapq (D — D;) in Joule’

Df_Di
L

+* Crush Strain, CS =

Ey
mxCS

*

*»» Specific energy absorption, SE,—

in Joule/gram’
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Work done in plastic bending
Is equal to area covered by the arm ‘ab’, ‘bc’ (fig.) during 0° to 90° rotation which is given by,

A A
2 2
W, = 2nM, J (D + 2mh sin)d6 + 21M,, J (D —2(1 —m)h sin8)do
0 0
Wy = 2nM, (D + 2h — 4mh) Eq.1

M, is plastic moment of bending given by, M), = kay , to?
0y is yield stress of the tube

Where k is a constant whose value is in the analysis taken as WE; for Von-Mises criterion
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Work done during circumference deformation
Is the work done by the strains in the arm’s ‘ab’, ‘bc’(fig.) during 0° to 90° rotation.

VVC = IW_CS dt = fomh 21'[0-0_2 toadA1 + fo(l_m)h 21'[0-0_2 togd{qz

dA; = (D — 2y;sinB)dy; , € = % = %(“(D‘Zylsine)— D

D
. — d d D-2 in6)— D
dd, = (D — 2y;sin@)dy, , & = 2 = oo (T
— 2mh 2(1-m)h
W, = [We dt = 2ncg,toh?[m? (1 - %) + (1 —m)? (1 + %)] Eq.2
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Total energy absorbed during one full fold formation = W, = 2 « (W, + W,) Eq.3

w,
Average force = Fp,, = 2—}: Eq.4
.. I I . aFavg _ kto
Eccentricity factor ‘'m’ can be obtained by, P 0; 0‘5+T Eq.5
a av
Length of the arm ‘h’ can be obtained by, % = 0; vrkDt, = 0.952 +/Dt, Eq.6

Average forces of axi-symmetric folded tubes from Equations vs. Experiments
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Thank you for your attention



