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ABSTRACT

Article history:

Energy absorption capabilities and failure modes of circular tubes made of

Received 7 June 2017 glass/epoxy with two trigger mechanisms were evaluated. Three types of glass/
Revised 4 July 2017 epoxy tubes were fabricated using a hand lay-up method with unidirectional and
Accepted 25 July 2017 woven fabric prepregs tapes, and a filament winding method. The one end of the

fabricated tubes was machined for the bevel trigger and tulip trigger. Then, crush
Keywor ‘?S : tests were conducted at 10 mm/min loading speed, wherein the glass/epoxy tubes
C?mp osite tubes were crushed by a brittle fracturing mode combined with fragmentation and
Trigger lamina-splaying modes. The UD glass/epoxy tubes with a bevel trigger and the
Glass/epoxy filament winded tubes with a tulip trigger showed the maximum and minimum
Specific energy absorption specific energy absorptions, respectively, with a difference of 9.3%. The tube
Failure with a tulip trigger exhibited a maximum reduction of 5.7% in the initial peak

load; the tube with a bevel trigger showed a maximum increase of 2.9% in the

specific energy absorption.
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Table 1 Informations of three types of glass/epoxy composite
circular tubes

Tube types Stacking sequence Weight
(GUISE/ESIZZZ) [90/0)s (2323 i)
(K126F:lﬂ)arlsclzzz) [fill/warpls é;? i)

00TV s008) | KOV NO R | 57

(): weight of tubes with tulip trigger

(2) (b) (©)

450

iy,

Woven Filament

fabric winded’
- i ez
@ () ®...
- »- )
1
Filament
Woven :
() ) fabric \wmded

Fig. 1 Glass/epoxy composite circular tubes; (a)-(c) with bevel
trigger, (d)-(f) with tulip trigger
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Fig. 2 Schematic diagram of the tulip trigger mechanism

10 mm/min®] £52 1731t AEA 8123} T2 28e
o] HOE 7|25l om Zh 249 3712 BEHE Adsle] Avs
T3k

dd lo rfr

FH4ASS Bl
o5 22 rlavdRe
AR QRloltfl, ofgjg
o7 SR AEE Kol
= J-‘ﬂr&]% OﬂLﬂZ] FrEolie AgetA Xaitt. 5339
749 27135k (initial peak load)¥} $-8}5(post-failure load)
o] Apo]7}h 714 quAE F5 - jla, 271ddeks
8 RS St SAFTRARA FAYsi.
wEA, o83t BEATS XA sEre g Wdkely] 95
EgA fAUZ] =4EA ESA WAUS EYA0lE= 3
B39} 2] Z7|Hdetes A7, 271 H s $eke

=3,

1

1Xe)
e 54

o 2

o) Aok Aol e AIAE £ 4 Ytk Fig 3& e
WAUE EUS B Bl FER BUH e 2
ol B HYMEE LJeRA Aoltt
she-usiiEe] 24 B BAe ches 2o
oL W (HFBHFY) : Wleo] AT TIAEA 3t
Fo| HgH0E B 9908 BT H SEYF
o) AT o714 WS ApERe ExlARl Ay

=0l
oIl T (1A =99 « dlstEel EdA R A=
£ Z3jsto] mko] WAEY] A2k Yo #E971d B

397

(elastic) (progressive failure) (stacked)
A 1 | 1]
P(Load) |- — — — _ — P |
|
|
|
|
L P
| |
| |
| |
| |
! | -
: S (displacement) :
| Tai=
| £ ==

Fig. 3 Typical load-displacement curve for the progressive
failure of composite tubes'™!
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50 Table 2 Measured energy absorption parameters.
—— UD glass/epoxy tube with bevel trigger
—— UD glass/epoxy tube with tulip trigger T Tri Initial peak Mean SEA
z ypes HEET 1 joad (kN) | load (KN) | (KI/kg)
® Bevel 26.6 19.2 48.1
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5 Tulip 254 19.0 484
7]
§ Woven Bevel 264 20.1 514
§ fabric Tulip 249 19.5 50.7
Filament Bevel 27.1 20.9 48.0
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Fig. 4 Compression load-displacement history of UD glass/epoxy
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Fig. 7 Schematic diagram of brittle fracturing mode
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Fig. 8 Crushing process of UD glass/epoxy tube with the bevel
trigger
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Fig. 9 Crushing process of UD glass/epoxy tube with the tulip
trigger
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Fig. 10 Crushed UD glass/epoxy tubes
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Fig. 11 Cross sectional view of the crushed UD glass/epoxy tube
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