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Study on Axial Crushing Behaviors of UD Kevlar/Epoxy with
Different Trigger Models

Hyung-Uk Kim™, Jung-Seok Kim~, Hyun-Seung Jung™, Hyuk-Jin Yoon™, and Tae-Soo Kwon

ABSTRACT

In this paper, in order to develop a realistic trigger model for a unidirectional Kevlar/Epoxy tube, the
numerical model has been established and then verified by comparison with the experimental result. To achieve
this goal, four different trigger models were candidated and evaluated using the commercial explicit FE code
LS-DYNA. In the finite element analysis, the 2D shell element and Chang-Chang failure criterion was used.
Mechanical material properties for the model were obtained by material testing in advance. The numerical
results were compared with quasi-static test results under axial compressive loading at 10mm/min. The
load-crushed displacement curves were very close to the experiments and SEA (specific energy absorption)
showed a good agreement with experimental one within less than 5%.
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Table 1 Mechanical properties

Properties Symbol Value
. Ey 83.9 (4.04)
Elastic modulus (GPa)
Ey 6.07
Shear modulus (GPa) Gy 5.91 (0.27)
. X, 1232 (57.4)
Tensile strength (MPa)
Y, 24.99
] X, 182.4 (39.8)
Compressive strength (MPa)
Ye 91.2
Shear strength (MPa) S 77.8 (2.50)
ILSS (MPa) Q 63.2 (0.66)

( ): standard deviations
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Fig. 1 Dimension and shape of composite circular tubes.
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Fig. 2 Finite element modeling of the axial crushing of the composite
tube.
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Fig. 3 Trigger shape and trigger modelling.
Table 2 Design parameters for the trigger modelling
t t s
Type 1 a 25% -
0, -
(thickness) b 50%
c 75% -
a 25% 50%
b 25% 75%
Type 2 c 25% 100%
(thickness) d 50% 75%
100%
e 50% 100% (2.2mm)
f 75% 100% '
a 25% 50%
b 25% 75%
Type 3 c 25% 100%
(strength) d 50% 75%
e 50% 100%
f 75% 100%
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Table 3 Summary of energy absorption capabilities of the unidirectional
Kevlar/epoxy tube

Specimen | K/E-1 | K/E-2 | K/E-3 | K/E-4 | K/E-5 | Average
Length(mm)| 100.42 | 100.44 | 100.65 | 100.47 | 100.46 1(8003?
Crushed 80.22
Length(mmy| 80.72 | 7949 | 8223 | 7832 | 8036 | '35
E,(klkg) | 4255 | 44.07 | 4038 | 44.97 | 4379 f‘f’slgg
54.09
B,(kkg) | 5293 | 5569 | 49.42 | 57.60 | 5474 | c'zg
Peak 17.56
Lond(kNy | 1773 | 1688 | 17.05 | 1742 | 17.82 | (5
Mean 12.78
Load(kN) | 1275 | 1294 | 1204 | 1336 | 1283 |
Weight(g) | 24.21 | 2336 | 2453 | 2338 | 2357 | 2379
(0.49)
(): standard deviations
254
—— Specimen #1
""" Specimen #2 f 1.2
Specimen #3
od | Specimen #4
— specimen #5 - 1.0

Load (kN)
Absorption Energy(kJ)

r0.2

0.0

100

Displacement (mm)

Fig. 4 Load-crushed displacement curves of the unidirectional Kevlar/
epoxy tube.
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Table 4 Comparison of energy absorption capability between test and simulation under three different trigger types

Test Type 1 Type 2 Type 3
average a b c a b c d e f a b c d e f

Crushed 80.2 84.9 93.9 85.7 79.1 83.6 81.7 88.5 90.3 80.7 75.5 83.1 84.3 85.9 85.3
Length(mm) : (5.8) (17) | (6.8) | (1.3) | (4.24) | (1.8) | (10.3) | (12.5) | (0.6) | (5.8) | (36) | 5.1) | (7.1) | (6.3)
E., (kJkg) 431 43.8 52.5 41.0 37.2 43.8 42.0 39.9 48.1 43.1 29.9 27.1 41.6 41.8 442
st g : (1.6) (21.8) | (4.8) | (136) | (1.6) | (25) | (74) | (11.6) | (0) | (30.6) | (37.1) | (34) | .0) | (2.5)
E. (kikg) 54.0 51.6 55.9 47.8 47.0 54.6 51.4 45.1 53.3 53.3 39.6 32.6 49.3 48.6 51.8
P 9 : (4.4) (35) | (11.4) | 12.9) | (1.1) | 4.8) | (16.4) | (1.3) | (1.3) | (26.6) | (39.6) | (8.7) | (10.0) | (4.0)
Peak Load 175 18.7 21.1 19.5 20.7 19.0 18.6 21.5 225 19.9 21.9 21.1 21.7 21.9 23.0 21.3
(kN) . (6.8) | (20.5) | (11.4) | (18.2) | (85) | (6.29) | (22.8) | (28.5) | (13.7) | (25.1) | (20.5) | (24.0) | (25.1) | (31.4) | (21.7)
Mean Load 127 12.6 135 114 11.3 13.1 125 11.0 13.0 13.0 9.68 7.97 12.0 11.8 12.6
(kN) : 0.7) (6.3) | (10.2) | (11.0) | (3.15) | (1.5) | (13.3) | (2.3) | (23) | (23.7) | (37.2) | (55) | (7.0) | (0.7

(): error(%)

(a) Type 1a

(d) Type 2a

(9) Type 2d

(b) Type 1b

(e) Type 2b

(h) Type 2e

(c) Type 1c

(f) Type 2c

(i) Type 2f

() Type 3a

(m) Type 3d

(K) Type 3b

(n) Type 3e
Fig. 5 Crushed shapes after axial displacement of 80mm.
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Fig. 9 Final crush shapes of the unidirectional Kevlar/epoxy.
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