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Fig.1 Composite round tube specimen

ARSCIEHEA T AN B A 4 U5, 4302 2mm/min
B E RS 40 L 0.5my/s ARG 8 R 406 130 R 7.5m/s 1 ofrid
P4, BT SR E G AT IR M A
RoF &1,

YR 25 TR 4 1 56 8 DDL300 B4k, 1 7 BRI WL (I
Fl2), (IO R Ik , % & R 404 7Ry 35mm, i ZkE By
2mm/min, K E 45 3% R A INSTRON VHS160 5 38 i
JEARIRIAIEAL S T , 10 1 P 5 e A I 2, % A

®1 RAEEMESHERY

Table 1 Test matrix and sample size

s /mm

s T AT —
NAE sz G1 3

1# 2mm/min 50.03 53.96 49.43
2# 2mm/min 50.04 54.02 49.98
3# 2mm/min 50.05 54.01 49.99
4# 0.5m/s 50.07 54.03 49.88
S# 0.5m/s 50.08 54.08 50.05
6# 0.5m/s 50.07 54.02 50.03
T# 7.5m/s 50.08 53.98 49.98
8# 7.5m/s 50.06 54.07 49.97
O# 7.5m/s 50.08 54.03 50.08
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Fig.2 Sample placement
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Fig.3 Schematic diagram of the direct impact

Hopkinson bar device
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Fig.5 Top view of specimen final failure form
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Fig.6 Load-displacement curves at 2mm/min crushing velocity
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Fig.9 Final failure modes of samples under different
crushing velocities
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Fig.10 Assembly drawing of composite circular tubes

and rigid plates
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Table 2 Material parameters of composite tube

S8 HifE 28 HfE
pl(g/em?) 1.51 B 1E-009
E, /MPa 114000 X,/MPa 2688
E, /MPa 8610 X./MPa 1458
E,,/MPa 8610 Y,/MPa 69.5

iy 0.3 Y./MPa 236

iy 0.3 Z,/MPa 55.5

iy 0.45 Z./MPa 175
G,,/MPa 4160 S,,/MPa 136
G,,/MPa 4160 S,,/MPa 136
G,/MPa 3000 S,,/MPa 95.6

%3 Cohesive BITHRISH

Table 3 Cohesive element material parameters

ZHuMPa | BE | ZHuMPa | BE || 2H0(m?) BfE
N 57878 N, 59.4 G 0.5544
. 57878 T 77 ” 2.8116
. 37489 . 77 Ge 2.8116
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Fig.11

Failure process composite circular tube under impact crushing
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Fig.12 Failure mode of composite circular tube
under impact crushing

P 13 S 0 B I ) B — AR AR, IR e b o % 4
AU RESE AR , 15128 SR L, (17 LS SR fEL AR A 4 Dt 22 A
6.12%, FL R BE 1) I 25 47 1.74% , - 359 F 5 28 Af 1) O 22
2.12%, P AR SR BGA R AR 2ETE AT Z AOSE A, il
LRH A AT Uk IR A R S R

60
=— A
50 b o fiid |
v T
40 LRI
z % o
;E‘ 30 P00 ® ° [N t i
1= v | & °a ®
® % ° '{'%”:: wi'e SN Jrl',i & :l
20y ° o el “o-‘ Lt
" °
[
10
']
1 1 1 L 1 1 1
0 1 2 3 4 5 6 7 8
fifs/mm

13 DR SIIELNE

Fig.13 Comparison of simulation curve and test curve
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Table 4 Energy absorption performance index of composite
circular tube at 7.5mm/min

o VLA PN L SEA/ R iR E: )
(kJ/kg) F_ /KN
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Experimental and Numerical Simulation Research on the Energy Absorption
Properties of Composite Circular Tubes at Different Crushing Velocities

Bai Jiayao'?, Huang Jinhong', Hou Bing', Hui Xulong®, Suo Tao'

1. Northwestern Polytechnical University, Xi'an 710072 , China

2. State-owned Wuhu Machinery Factory, Wuhu 241000, China

3. Aviation Key Laboratory of Science and Technology on Structures Impact Dynamics, Aircraft Strength Research
Institute of China, Xi’an 710065, China

Abstract: Carbon fiber reinforced composites are widely used due to their advantages of high specific strength, high

specific stiffness, and good energy absorption capacity. In this paper, the energy absorption properties of composite

circular tubes under different crushing velocities are studied both experimentally and numerically. The tests on

composite circular tubes are carried out under three axial crushing velocities of 2mm/min, 0.5m/s and 7.5m/s
respectively. It is found that the composite tubes show the same failure mode and the closed specific energy

absorption at different loading velocities, which means the energy absorption capacity is not sensitive to the loading

rate. The finite element model of the composite tube under the crushing velocity of 7.5m/s is established, and the

accuracy of the model is verified by the experimental results.

Key Words: composite circular tube; loading rate effect; energy absorption properties; failure mode; numerical

simulation
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