118 BZAFAFTLH=EY A1 A 3%, pp. 118~126, 1993,

(&= £) SAE NO. 933770

A§73 BRAE Box Tubed) 57 AIA F5AS

Dynamic Crush Energy Absorption Characteristics
of the Laminated Composite Box Tubes

ZoF B2 o® & F
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ABSTRACT

Static and dynamic crushing behaviors of composite box tube show the difference with those of metal
tube. This paper investigates the characteristics of static and dynamic crushing test which were conducted
to characterize the energy absorption and collapse mode of composite box tubes. Sixteen kinds of tube
spucimens were fabricated fiom{0/90] woven Glass/Epoxy fabric and autoclave cured. Axial crushing tests
were performed using Instron and Dynatup Impact Tester. It is shown that collapse mode and energy
absorption capacity can vary according to the aspect ratio, length, loading rate, lay-up direction of fabric,
and trigger geometry of the composite box tube.
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Fig.1 Test Specimen Geometry

Table 1 Dimension of Specimen

No Specimen almm] blmm] Llmm] Trigger

1 Xi2B 50 50 100  Bevel
2 X13B 50 50 150  Bevel
3 X1-3-T 50 50 150  Tulip
4 X1-3-N 50 50 150 No
5 X14-B 50 50 200 Bevel
6 X15-B 50 50 250  Bevel
7 X22-B 67 33 100  Bevel
8 X2-3-B 67 33 150  Bevel
9 X24-B 67 33 200  Bevel
10 X2-5-B 67 33 250  Bevel
i1 X32B 75 25 100  Bevel
12 X33B 7 25 150  Bevel
13 X34-B 75 25 200 Bevel
14 X35B 75 25 250 Bevel
15 Y14-B 50 50 200  Bevel
16 Y24-B 67 33 200  Bevel
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Table 2 Results of Static Crush Test
No Specimen Displmm]  Euesilhgfm]  Pooud kaf) Mode e
1 X1-2-B 4094 27.66 554.24 Local
2 X1-3-B 52.37 29.33 560.03 Local
3 X1-3-T 50.09 27.70 553.06 Local
4 X1-3-N 4836 2507 51847 Locai
5 X1-4-B 100.00 5228 522.78 Local
6 X1-5-B 66.62 3548 532.55 Local
7 X2-2-B 17.70 1194 674.33 Local+ Global
8 X2-3-B 4994 3291 659.02 Local
9 X2-4-B 99.95 5621 562.35 Local
10 X2.5-B 99.95 55.59 55622 Local
11 X3-2.B 1994 1252 62805 Local+ Global
12 X3-3-B 4851 2765 570-01 Local
13 X3-4-B 100.00 5454 545-43 Local
14 X3-5-B 99.95 50.11 501-38 Local
15 Y1-4-B 402 368 915-48 Global
16 Y2-4-B 538 519 964-26 Global
Disp . Total crushing displacement Easorted - Energy absorbed
Pasus - Static mean crshing load Modee - Collapse mode
Table 3 Meterial Property of Fabric
Load direction Failure stress Failure strain Modulus
Weft 57.10X 10°Kgf/m® 454% 152X 10°Kgf/m®
Warp 941X 10°Kgf/m? 164% 061X 10°Kgf/m®
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Load of Y1-4.8 4 g
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= e /0 2o\ Erergy of Y148 3 =
b -0~ Energy of Y2-4-8 cér
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=
k] T T 7 T 0
0 2 4 6 8 10
Oisplacemant {mm] Weft dirsction

Fig.2 tLoad/Energy vs. Displacement under
Weft Directional Load

Fig.3 Collapse Mode according to Lay-up Dire-
ction of Fabric
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Table 4 Results of Dynamic Impact Test

No  Spec Vilmssec]  Elkgm]  TUmsecd  Displmm]  Elkgml  Pasmemdkef]
1 X12B 3.89 2700 2003 3602 2824 78446
2 X1-3-B 376 2525 17.03 3017 2629 87141
3 X1-3-T 377 2534 1828 3247 2646 814.89
4 X1-3-N X X X X X X
5 Xi4B 365 2381 1658 2888 2461 852.16
6 X15B 350 2189 16.18 2741 2285 83355
7 X22B X X X X X X
8 X2-3-B 3.77 25.36 19.58 37.08 26.65 71867
9 X24-B 361 2334 1838 3154 2443 77444

10 X25B 349 2180 2660 3632 22.85 75368

11 X3-2-B X X X b4 x X

12 X33B 3.76 2527 2253 4195 26.79 638,52

13 X3-4-B 3.63 2350 1898 30.75 24.50 796.64

14 X35B 350 2185 1418 2389 22.68 949.18

15 Y1-4-B 7 2540 1176 14.10 X

16 Y24-B 335 20.06 1052 16.04 X

V; - Impact velocity
T * Response duration

Ex - Kinematic impact energy
Disp. : Total crushed distance

E. . Energy absorbed
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Fig9 (&) Load/Energy vs. Time Curve for V1-4B
under Dynamic Impact Load

olFdA ARt AEWF AF Hed
FHHA o8 FEHIA R FF I 2F
weke] Mdfutgo g Aaste] AdA T
U, $3Y A9 Y d¥c s HE £582
g FEol HANAME HELT] HFE
Bt BA g e v EFEEA FEE
A3},

I

Pr.dyamic - Dynamic mean crushing load

2000

1500 -

:

Load {kgl}
[w- by} Afueugy

500 4

T T 13 H
& 5 16 5 20 25 30
Displacement [mm]

(b) Load/Energy vs. Displacement Curve for X1-
4-B under Dynamic Impact Load

322 EGA 7179 4%

AN EgA 7197t 2714085 ¢
NG 2N B2 AHA BAE Y
S FouRg Fe TR FHLY
Al AHE Tupd] ¢ARY olf2 WEH R
¥ EfATE gz o 4¥egy. 19
119 EZA o] e duix WaE Jehy



AR73st B2 E Box Tubed §3 FHAANUA F+AF 125

Oynamic load —O—— Dynamic energy
© - - Static energy

------ Statc load
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Fig.11 Energy Absorption vs. Time according to
Trigger Mechanism under Dynamic Im-
pact Load
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