27 2 ,2014 4

Vol.27 No.2, Apr. 2014 JOURNAL OF NINGBO UNIVERSITY ( NSEE )
1 1* 2
1. s 315211; 2. s 999077
(MTS) ,
SEA( ) Pm
Pm ,
103473 TA 1 1001-5132 2014 02-0092-05
(
), ; ,
t D, s Murase
[1-2] )
, . Abramowicz
L/D (L )
D/t. L/D>4 ,L/ID<4 )
. , D/t <50 . [8-10]
; D/t>50
; L/D>2, D/<s0 MTS
1
) ; 1.1
5 Florence ™ Lindberg " ,
1 2013-12-22. : http://journallg.nbu.edu.cn/
: 11032001
1987 ., s R : . E-mail: zhuwenbo0108@gmail.com

* : 1957 ., S S : . E-mail: yangliming@nbu.edu.cn



2 ; 93
, 41 kg,
L. 0.4~0.8m,
1
/g /mm /mm /mm /MPa 2
22.3  90.00+£0.10 52.19+0.20 0.25+0.01 248
1.2
2
s s 2 04 0.5
’ 5 0.6 0.8m. ,
1 ’ ’
. 9~10
N 4.5.
N 3.5,
1
2
04m
3 b
1 2 ;3 4 5 160
1 140 -
~ 120t
( £ 100f
= 80t
), %( 60
= 40t
200 kHz; 28' . . . . | |
20 kHz 0 10 20 30 40 50 60
Hsf ) /ms
’ ’ @)
, 2
90 -
’ 75t
’ > § 60
2 % 45+
&30t
15+
2
0 . . .
0 20 40 60
B}E)/ms
MTS s (b)
5 mm-min’. 3 04 m



94 2014
2 , 4
v
4 s s 4 l
/
> ) /T [
! )| I
/iV j di
90 : B
T © G 2 | i
st IHERERLS |
g% 77 777
@ 4 . 2
& 50l
30 ;
15}
% s 10 15 20 25 Mo 22,
HHE)/ms L 90 mm, |p ,
4 2 1 s
5 |, =M/L=0.25 g'mm"".
dl , 7 , dm=1_dl,
’ dl=v,dt, v,
6 0.8m Fdt=vidm. M
I:i )
dm=1dl,
F=1v’. 2)
z 11300
.:\4 - >
R =
g 1200 g >V )
H 2
E
& 1100
0.8m ,
50 , Vo=42gh=3.96m's", Q) ,
Hi$18]/ms ,
5 F. =3.88N,
4r )
~ 37
» 2.2
¥
il )
sl
1} )
0 I I I 1 1 1
0 5 10 15 20 25
B ia)/ms
, Cowper-Symonds
6 0.8 m
_:1+ e 1/q , 3
: y -1 @ 3)



2 N 95
& , Y
,B ¢
, B
40s',q 5, 248 MPa.
: [7]
Abramowicz Alexander fm-s) SEA/(J€)  PmMAN  Sf/mm
’ 2.80 9.01 2.45 81.65
) 3.13 10.07 2.85 78.64
&= 0'74\/0 /D. (4) 343 10.45 2.89 82.82
23 3.96 10.74 312 76.59
’ 35¢
4 R z 30} oL
, MTS = 25¢ .
g
, 2-3 ; B 2o
E 15F "
5 =
kN 1.0+
) B 0.5t
8 0.0 — ' s ' : ' '
0 10 20 30 40 50 60
( 2. RS 51
(4) , 2 ®
, 9 8(b) 9 127
, , 10} .
o gl )
) ) 4;:;: or -
& =l
81 « T4 m ol— ‘ ‘ : : - :
s TSRS 0 10 20 30 40 50 60
5 wialdete AR
E 6 + FYERE0.6 m >3
_ﬁ % o T#RE0Sm ®)
E 9
F 2
750
O L 1 1 1 !
0 15 30 45 60 75 ﬁ 600 - :
{iz# /mm = asof
(a) s SEB
f‘-\% 300+ Alexander
5r ]ﬁ —*— Abramowicz
Z g 150+ —— Singace
g 4l (N
f@ 0 10 20 30 40 50 60
& 3r FARE s
E .
7 —o— FHERE0Am —— TR0 m 10 Pm ¢
g 1r —— F&RE0.6 m —o— T #/E0.8 m
0 1 L L 1 1 J
0 15 30 45 60 75 90
fifs/mm (1) )

(®)



96 2014

N 3.5 45. cylindrical shells in sustained axial compressive flow[J]. J
) Appl Mech, 1968, 35(1):80-86.
) [5] Lindberg H E, Florence A L. Dynamic pulse buckling-
theory and experiment[M]. Martinus Nijhoff Publishers,
’ ’ 1987.
3) > [6] Murase K, Jones N. The variation of modes in the
> dynamic axial plastic buckling of circular tubes[C]//
, Gupta N K. Plasticity and impact mechanics. New Delhi:
Wiley Eastern Limited, 1993:222-237.

[7] Abramowicz W, Jones N. Transition from initial global
bending to progressive buckling of tubes loaded statically

and dynamically[J]. Int J Impact Eng, 1997, 19:415-437.

[1] Andrews K R F, England G L, Ghani E. Classification of [8] Tam L L, Callandine C R. Inertia and strain rate effects in

imple plate-struct i t loading[J]. Int J I t
the axial collapse of cylindrical tubes under quasi-static a simple plate-structure impact loading[J]. Int J Impac

Eng, 1991, 11(3):349-377.

loading[J]. International Journal of Mechanical Sciences,
[9] Harrigan J J, Reid S R, Peng C. Inertia effects in impact

1983, 25:687-696.
[2] Guillow S R, Lu G, Grzebieta R H. Quasi-static axial

compression of thin-walled circular aluminum tubes[J].

energy absorbing materials and structures[J]. Int J Impact
Eng, 1999, 22(9/10):955-979.
[10] Langseth M, Hopperstad O S, Berstad T. Crashworthiness

International Journal of Mechanical Sciences, 2001, 43(9):
of aluminum extrusions: Validation of numerical

2103-2123.
(3] ; .
, 2011:81-82.
[4] Florence A L, Goodier J N. Dynamic plastic buckling of

simulation, effect of mass ratio and impact velocity[J]. Int

[(M].
J Impact Eng, 1999, 22:829-845.

Study on Dynamic Properties of Thin-walled Circular Tubes
under Axial Compression

ZHU Wen-bo', YANG Li-ming'", YU Tong-xi’
( 1.Faculty of Mechanical Engineering and Mechanics, Ningbo University, Ningbo 315211, China; 2.Department of Mechanical
Engineering, Hong Kong University of Science and Technology, Hong Kong 999077, China )

Abstract: The dynamic properties of thin-walled circular tubes under axial compression are studied using Drop
Hammer and MTS (Material Test System). Axial load-displacement curves under different crushing speeds are
obtained from the tests. On observation of the behavior of thin-walled circular tubes under axial compression, it
implies that the inertia effect has negligible influence on dynamic properties while the increment of strain-rate
enhances the specific energy absorption (SEA) and mean force (Pm) of the tubes. Based on dimensionless
analysis of Pm under different strain-rates, it shows that the experimental results are in good agreement with the
theoretical ones obtained by former researchers. It is found from experimenting that the deformation mode of the
tubes under impact is different from that under quasi-static, and further study is needed on the dynamic behavior
of thin-walled circular tubes at higher speeds.

Key words: thin-walled circular tubes; axial compression; dynamic properties; strain-rate effect



