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Abstract

Composite material is widely used in many engineering applications especially in
aerospace and automobile. This is due to its property that offers high strength to weight ratio. In
addition, the property can be adjusted to resist impact from specific direction. Therefore,
composite is mainly used in frontal element of automotive. This research is aimed to study
the parameter and energy absorption capacity of reinforced composite material under impact.
The specimens are cylindrical and square-tapered tubes. They are made from Fiber Reinforced
Plastics (FRP) which composed of fiberglass and polyester resin. The specimens are formed by
hand lay-up. The square tube is 50 mm width, 100 mm length and 1.5, 2.0 and 2.5 mm thick. Their
incline angles are 5, 10 and 15 degree.

The cylindrical tubes are made from 3 layers of fiber glass mat. Each layer is placed in
different angle to provide 3 types of specimens. Specimen A is [(0/90)/(0/90)/(0/90)], specimen B
is [(45/-45)/(45/-45)/(45/-45)] and specimen C is [(45/-45)/(0/90)/(45/-45)]. They are fabricated
from E-glass/polyester with outer diameter of 50 mm, 2 mm thick and 100 mm long.

The study on tapered squared tubes revealed that there are 3 types of failure modes for
quasi-static loading. They are (1) brittle crack and expansion which is found in 1.5 mm thick
specimens, (2) brittle mode which is found in 2.0 mm thick specimens, (3) axial brittle through-
out which is found in 2.5 mm specimens. In case of impact loading, only axial brittle through-out
was found. Considering the energy absorption, both for quasi-static and impact loading, it was
found that specimens A5 (5 degree apex angle) is able to absorb highest impact energy. This is
due to the its small apex angle which allow the specimen to resist axial load more efficiency.

Considering the cylindrical tubes, it was found that there are 3 collapse modes. They
are (1) spray mode which is formed by the vertical fiber that can react to axial impact lode and
assisted by circumferential fiber, (2) spiral mode which is collapsed diagonally along with
the direction of fiber, and (3) brittle and expansion mode which is formed by the collapse of
vertical fiber while the diagonal fiber help supporting the whole column. In the view of energy
absorption, it was found that the cylinder with [(0/90)/(0/90)/(0/90)] angle can absorb highest
energy. This is because the vertical fiber can effectively resist the impact load while the horizontal

fiber supports them in hoop direction.
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Properties Thermosets Thermoplastics
Young’s modulus (GPa) 1.3-6.0 1.0-4.8
Tensile strength (MPa) 20-180 40-190
Flexural toughness
k. (MPam?) 05.-1.0 1.5-6.0
G, (3 /m?) 0.02-0.2 0.7-6.5
Maximum service temperature (°C) 50-450 25-230

d' = o 4 < 1
M1319N 2.2 L‘LEEJ‘]JL‘VIﬂUﬁiJUGIﬂJ@QLVI@SM@L%GIWN“] [1]

Properties Epoxy Polyester Phenolics | Polyamides
Density (Mg /m®) 1.1-1.4 1.1-1.5 1.3 1.2-1.9
Young’s modulus (GPa) 2.1-6.0 1.3-4.5 4.4 3-3.1
Tensile strength (MPa) 35-90 45-85 50-60 80-190

Flexural toughness

1
k|c(MPam2) 0.6'1.0 05 - -
1 0.02 - - 0.3-0.39
G, (kJ /m2)
, o 55-110 100-200 45-110 14-90
Thermal expansion ((107K™)
120-190 - - -

Glass trans. Temp. (°C)
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2.5 ﬂﬁﬂ]ﬁﬂiﬂl@&]ﬁ@ﬂﬁzﬂﬁﬂ (Mechanics of Composites)
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W= pV (2.6)

pch :pfvf+pmvm (2'7)
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V = (2.14)
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2.5.2 ﬂﬁﬂ]ﬁﬂiﬂqﬁﬂ]ﬂ‘“@ﬂ?’d@ﬂizﬂﬁu (Micromechanics of Composite Materials)
J ) [ <3 3 o a
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A, A
Vf =—uag Vm =
A, A, (2.22)
2 187
Gc :Gc\/t +Gme (223)

A ~ ' ' A 1A 9 . .
wemsnasuuilateglugi9eanguirudy (Linear elastic) Uag E,
A o [ ) ' A @ Y
AevogaaueIlaglsznoua N uly @9u E, Ao uvegadvouau leauuuiuni uag
A @ a o 9
E, fouonadvouuningog Ia
cSc :ECSC ’ Gf :Efgf b Gm :Emgm (224)

haums 2.24) unulu (2.23) azldan
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EC :Efo +Eme (226)
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(2.30)

(2.31)

(2.32)

(2.33)

(2.34)

o o 3 < . .
ﬂﬁﬁ”lﬁ@lgﬂaﬂ1ﬂﬁ1ﬁillﬂﬂuLHNLﬂNﬂﬁLﬁ@u (Micromechanics for

shear stiffness) 14 IUOURGINVNITHINBYATAINIUIVIN MTHINBYA TR OUAINITO 1

! ) @ 1% @ { <
Tumanaaslunmi 2.7 vazaumsdmiouegamaou awaasluaumsn (2.35) wwuld
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U
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) Tumal§uiaudanarc, 019

(2.35)
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2.5.2.2 M0A518IUII%04 (Poisson‘s Ratio,V)
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A
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2.6.1 3»1WI5§TL!ﬂ?]ﬂﬂﬁi’)ﬂﬂﬂ‘“i’)ﬁﬁﬁ‘ﬂﬂﬁﬂ]ﬂﬂuﬂ (FMVSS)
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wu mdenism gl gijunazeedmasie Tasiaisninaaeumssulurareanyuzadll
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2.7 aawlsalylumsanmsSunsanszunn [4]

a a A =2
2.7.1 MIINgArIIOMLIaeTIg
A1523n9a (Critical load or Collapse load), P, vinnede a1se afausniivi ¥
2 A = 1 o dy I
FunuAamsdomoesadunamiuld o yaiiilud ummmﬁuﬂﬁwh A 2.12 Fuanas

Y

waqmﬂwﬂiwwmumﬁﬂiuﬁmmm Famss Ingatlanudagy mﬂmmﬁa@ﬂuumwa"lu%
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] '
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2.7.3 M3zmde
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2.7.4 WAINUQAHY
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E, = [Pds (2.42)
1 g
Taen E, Ao wasnuhsuaugadulild
A = o o W ay
P fe mazinszihnudagauau

v Y
ds  fe manldeunasszezguaivesiuau

4 4 y vy
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Ea = I:)mean's (2.43)
2.7.5 WAINUGAFUI UM
WAWIUGATUTUNIE (Specific energy absorption) E, #1100 An139ad
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E — J‘Pds ~ Pmean'S (2 44)
° mass mass '
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E, fo migagunasnusumng
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3.1.2 1AF0INATDUMINIZUNN (Impact Testing Machine)
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Hardener
qw :’ % Q' : % Y % U o Y I
BHITH HINUNUDIUTBU umunmmmu"lmnm (ﬂ”JTlﬂ“ri!!‘lN)
(g (6 (%)
A5-1.5 200 61.96 1-2
A5-2.0 250 92.07 1-2
A5-2.5 300 111.70 1-2
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y 2 o A 3 o 9 1
Vni’Nﬁ 3.2 1‘!11’7Llﬂ”UENL'i“qutla%lﬂﬁuﬂ“ll@\‘llﬁuclﬂllﬂﬂ (919)

Hardener

Funu dminvewsdy | mvinvesdulauda (@I 1¥inda)

(® (® (%)
B10-1.5 220 78.15 1-2
B10-2.0 280 93.65 1-2
B10-2.5 380 129.50 1-2
C15-1.5 250 87.45 1-2
C15-2.0 350 104.28 1-2
C15-2.5 450 139.95 1-2

(M (V)

v P '
MNA 3.10 VUADUMTIATONFITUALHNANEIT Hardener (N) 1ANE15 Hardener ad 15y

(V) MUTFUNANIUASINY




H g’l g Qy A F) ]
ﬂTINﬁ 3.11 ﬂlu@aumiﬂmgﬂ%mm IﬂfJ‘ImLﬁ“]fullag']'N!,ﬁs')ualﬂllﬂjﬂulmuﬂﬂ

g 2 2 o ' ¥ 2 '
3.2.2.4 Guaoumsvugliuau hld lagldulssquaaienssuldguudim
& ' o ~ y o v Y A o ] ] 9
ANV AINIWA 3.11 vunesay 1 andusudulendinwsen 1y Mauuwinuy udin
A P 1 s £ @ 1 2 g
srupmduloudaougunauauaenni 3.11 vueay 2-4 uaz ldgnnas Tanzindeinasuu

2 ' A a
Tuﬂ1u1utlﬂa$%u W‘l@iﬂwﬂ\iﬂﬂlﬂ']ﬁ



41

H 2 A 3 o
fﬂWﬁ 3.12 FUNULTULUUEIND

A = & 3 o A g ' v
3.2.2.4 31NNINN 3.12 LFAAIDIVUADUNITIBANIUDIUTYH U L‘]J‘L!ﬂﬁ‘ﬂa@ﬂalﬂ
2 v ) A A v ) d Y = o
%umuumT%%qmwgmmmumaau Ghﬂ?lﬁT]Ji%‘Jﬂm 3 “])"JI?JQ AMNUUWIDDALUD U1

2 (Y Slay A
FUITUAAVDY %z”lmfmmmumww 3.13

- 2 Aq Y 2 A = =Y A =2
MAUN 3.13 %uqmwiﬂumiﬂﬂﬁau (n) YU NUYUDYI 5 93 () FUIU NUYUIDIN

t:y d’d S
10 ®3A1 LAz (A) FUIU NUYNIDYI 15 93



42

3.3 FUNUNAADIUVUNIINIZVBN

FunuilFlunsnanesdidnyuziensanszuen %ugﬂmﬂwa&aﬁm@i’w%u%ﬁﬂ
loTonman uaziaSunssdeduloudiviia E-glass Banvaziiludueumioudmeneoiduiv
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45] MUAITY VUIAVDINBTIA UM IUFUINA1IAIOUBNAD 50.00 mm. AWK UIAD 2.00 mm.

[ { 1 14
HAZANYIND 100.00 mm aauaaalua1sei 3.3 Llﬁ'ﬂ\iﬁ\‘]ﬂlﬂ1ﬂﬂlﬁ]\‘]ﬂﬁﬂﬂlﬂ@iﬂﬁ?ﬁ

. . J .
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ey | @urugudnes | anwen | anumn wlvdidule ()
(mm) (mm) (mm)
A 50.00 100.00 2.00 [(0/90)/(0/90)/(0/90)]
50.00 100.00 2.00 [(45/-45)/(45/-45)/(45/-45)]
C 50.00 100.00 2.00 [45/-45]/[0/90]/[45/-45]
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3.4 S1gazReANUUI1a99 FEA

a o A a 4 a 4 1 4 1

Tudsmsmiuia Taegldissetionds I ludedwudanTdsunsuniisen
v Y Y
ABAQUS/Explicit F40UUABUNTAIUINAIH
b4 o
3.4.1 MIFWVUIR0INATOU
o A 9 g 9 1 A 1 Qy L g 1 4
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0.33 mm ANUNUIYDINBAD 2 mm IFURNIUFUINANNIWUDNAD 50 mm HAZAINETD D
100 mm luaiuvesnnudianialnssai1efie Shell ¥ Revolution Type Deformable Tuau
1 o I I I a
Yo IuHUINYUAIUNT I IAT9d3 1910 UV Y Shell Element %1ia Planar Discrete Rigid YU1AV0
Vo < 3 A Y A A o A = ]

HHUIAQUUIUNTING NINAD 50 mm UAZYIIND 50 mm AININN 3.19 uaaIdIlATIasIaves
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° va o 2 = ao A g o A
lunmsimmuagaauiavesiagruaiu saluanuiveiuiaqilssnound

auauiia iy Taspuautianunavesigadsznounldlullsunsy Idunmsnadeu

A [ a = 1 = 1 A 1w 1 dy
AUANLAY0IITNI5N Farznanae luazlinaeae luil

A Tugaaane? E, 7@ 1583 GPa
M Tugaaauug E.E, f© 537 GPa
1 [ A A
mlugamponluszuny G,, 0 734 GPa
mlugaameunonsz Uy G,, Ao 241 GPa
1 [ A A
mlugaaonluszun G, f® 7.34 GPa
[ % A

AMoAIIT 04 v, A0 0.12

[ % A

RIS PRTIPETE v, A9 0.14

[ % A
RAGCERNEETE v,  fD 0.14
AANUHUIUY P Ao 1600 Kg/m’
' 9 = Y A
AMANUATUMULT IR du]e X, Ao 358.8 MPa
MAaNuAUNIuLsInanuundule X, @9 209.93 MPa
' Y =2 Y A
ANNNATUNIULTIAIINYedu e Y, A9 10.46 MPa
MANuMuUMuULIInamuuNagule Y, A9 65.71 MPa
ANNUATUNMIULT IR DU S, 0 62.20 MPa
AMANUMUNMULTURBUUBNTEUTL S,, o 48.28 MPa

3.43 MIMrivaupUUazanyUEMIeanIvauauly
. 2 v Y oo 4 9 2 A .
lumsmmuaunuvesrunuiagilseneutuduiunszassaanuanu Iny
1 Y Y
(HB991ALNU x YBILNY global HUTAAHAULMIHUANVIVe LT U] Feded)Suasszuvveg
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uaaamsmuruauny Tuaiuuean s eaniueaduloaE sadImnunan1aaInIng 3.20 (v)
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Coordinate system
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d‘ o 9 . @ =3 @ Y
MW 320 (1) MIMrualBuny coordinate system (V) anyazmizoanIveudule

3.4.4 MIMHUATZEzRNIUMINATUTUINY
° Qy I o A Y
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a e’ay =1 [ v 7 [ [ <3 =1 = d'
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A o [ a a’Qy 9 o A
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3 o 1 ° . .. : Y
YoUUBIANNIETINNTTINABL VT a9 IaBaen Velocity 11 Boundary Condition ¥aivilouny
a § <3 .
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3.5 MInaaeuAMANUATINaVRIIaq

3.5.1 IsMInaaduTunumMelinsefs
4 q 9 aw ad . . . .
IAT0INATOUN 1% 114N15398 U¥DI1 Universal Testing Machine Dynamic Type
W Instron 8801 A1 a@ 1150 T1un15na 100 kKN aanaaslunind 3.22 ndeailjiianis
J = o 1 a = 7 o 4
nadoun1ana guamalulad lanzuas Taquuaana (MTEC) Fananmsriiaiuveunsed lag
9y v % o Y A o | A A Y a o L Y
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a J A a g v U A 1
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3.5.2 wamsmaemmﬁa
Y = =~ U Y a \J [y
3.5.21 mi‘nﬂaaumimu‘mmmmnmimmmmaau“lsfluﬂﬂmamanu
VDIFUNU A
= ~ (% 9y
NNTNATDUMUUINTIIU ASTM D 3039 Tﬂaummmmmmmula
' v
LL‘]JTJW@'IEJ‘V]?WI'NﬁE] [0/90]/ [0/90]/ [0/90] ﬂ\'lﬂ'l‘W‘ﬁ 3.23 UUIAVDIV U mmwmﬁa 2.00 mm
YA A g Aq ¥ A .
ATUNINNAD 25.00 mm AINYIIAD 250.00 mm ﬂ’)']‘lJLi’JTIKl"]fgluﬂ1iTlﬂﬁ@1Jﬂﬁl 10 mm/min
9 (% A 1 = Y o 2 2 a Y [ 2
vlﬂWﬂﬂ\iﬂ'l‘W‘V] 3.24 ‘W']J'J'Iﬂi'lV\IiJLLU’JIH?JﬁﬂBﬂ!%Q’NJu HAUNAIINNITATUNIULIY HAIIINUU
[l <3 X a 2 a 1 1
ﬂiWW]ﬂﬁ\1’E)EJ”I\‘]i’JﬂLi’J"?\‘llﬂﬂ%?ﬂ%uxﬂulﬂﬂﬂ”lil?ff]‘ﬁ”lﬂ AMNNITNAADINUI mmmzﬁ’quﬂ

1D 370.68 MPa LAZAIANUAUNIULTIZIFAND 18.00 kKN
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52

3.5.2.2 MINAAUMIMUMUNIIAIMIBaamveuaulalunanmananuve

Y B

=RDe

Y
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mi‘vmﬁ’e‘)‘uﬁuJumﬁmﬁamgmﬁauiu3$ummummgm ASTM D 3518
S
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LAZNATDUAINNIATIIU ASTM D 3039 91nA1TNATOUA0MTANFUIIY Nlyuveudule
[(45/-45)/(45/-45)/(45/-45)] D471 ANUHUIAD 2.00 mm ANYNI1AD 25.00 mm AVEIIAD
250.00 mm AI0 1A 3.25 auGEnlFlun1snaaouae 10 mm/min HANITNATOULAAIA
Y 4

v Y
NN 3.26 LEAIANNTUNUTAUTZHIN mmgﬁ’uﬂmzazms%mm@wmm INNITNAADI

1 U ) ' 9
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3.5.2.3 MINAFUMIMUMUNIIAIMIBaamveuaulglunanmananuveg
FUNU C
Y
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1 Y o A o 2 A 1 =\ Y o
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mwﬁ 3.28 ﬂﬁ‘V\IﬂTJWﬂJﬁiJWM‘ﬁi%Jﬁ’JNﬂ’NNLﬁJHﬂUS$EJ$ﬂ13§ﬂﬁ3ﬂ181ﬁlliﬁﬁﬂﬂl@dGIﬂN"ILl C
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3.5.2.4 MsnaaaumMImumussaamuuuaaulaslunamated 0 aam
I

msnadouussaaiiumsnaaeumuuIAIFIL ASTM D 3039 Taeiin13ie

v Y
drvouduleauuuierdvso [0/0]/ [0/0)/ [0/0] 9 Tunan1au@ed aan1ni 3.29 Tagruau

A Y A A g Aq Y A

NAADIY ANINAIIAB 25.00 mm LHATAIIUEIIAD 250.00 mm ANNGINIFIUMINATOUAD

{ Y] 9 4 1 [ %
10 mm/min a7 TA91AMINAAOUUTAIANUFURUTTEHIN ANVAUNUTLIZMNTIAAIVD

Y i
FUIIU A4NINT 3.30 BINNITNAADIND I mmmgﬁ’uqqunﬁa 361.07 MPa ttag 1N 1Y

AMUMUUTIZIFAND 23.19 kN

d' Qs’ A = @ ) a = ) [ =
MUN 3.29 vam‘nnmmmmmmmu%mmmm AIHIUNTNAADILITIAN

400

300 /
200
/ |

100

P s

Stress (MPa)

Extension (%)

3 o o 1 [ (J 2
mwﬁ 3.30 ﬂi1‘V\IFITJ”I?JﬁiJWM‘ﬁiSﬁ’JNﬂ’J”Imﬁ}uﬂ']Jigﬂgﬂﬁgﬂﬁﬁﬂli’)\ﬂfu\i11!51181&&5@’5@ AU

9 a =1
uunaulelunaniufen 0 o
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3.5.2.5 MInaaaumMImumusIasmumnvNaaulalunamatiad 90 aam
I

MINAagoUnsIAVTUNMISTNATOUAINLIATIU ASTM D 3039 NAdOL
Molduseds Tasiin1sEeadrveuduloainuuirvianse [90/901 [90/901 [90/90] oaa 11
A ~ o £ ~ a Yy A A
NANIUAYD AIFUNUUTAITUNINN 3.31 TAsUA1IUNI19AD 25.00 mm LLAZTAINEIIAD

<3 { @ H
250.00 mm AU 11U 1 NAa0UAD 10 mm/min HanIINATOUUAAITUAINING 3.32
Y

HAAIANUFUNUT TLHI ANWAUNUIZIZNTIARIVDIFUIIU INNTNATDINDIT A

IAUGIFARD 10.94 MPa LAZAIANUAIUNIULIIGIGARD 0.59 KN

a 2 A ~ o Y A 2 0w =
MNN 3.31 G]fmm‘l/mmiﬁﬂﬁmﬁummuclﬂﬂﬁmﬁmm A1 IUNITNADILLIIAN

14

12

\

Stress (MPa)
o]

: -

0 0.1 0.2 0.3 0.4

Extension (%)

3 o v 1 [ o 2
mwﬁ 3.32 ANUAUNUTTIEHIN ﬂ’J”IllLﬁ}uﬂ‘]JiSfJZﬂ"I'igﬂﬁ’JsU@Qﬂf‘LN"luﬂ181@%&3@@@ ATULUA

idulelunemiafen 90 paen
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3.5.2.6 MInaaaUMIMUMULsIaImumnmauaulglunamune 45 aam
2 = = (4 Y a2 A
FUITUNAABINNITHeIa1vo d U loa 1y U IR eINns o
[45/451/[45/45)/[45/45] 93 Tunana@en aauaaalunini 3.33 Tasanuniefe 25.00 mm
A 2 Aq Y A . Ay v
HAZANYIIAD 250.00 mm ANUGIMNIFIUMITNATOUAD 10 mm/min HaN lA1ANITNAT DL
Y] Y] J v 1 [ % Qy [ {
HEAIANUTUWUTIUTEHIN ANUAUAUIZIZNITIAGIVDIFUNIU AININN 3.34 HAINNT

NARDINUI AIANAUGIGARD 28.33 MPa HazAIATINAIUNMIUUTIGIGARD 1.54 kN

d' Qy A =1 % Y a =) o [ =
MAUN 3.33 %umuwnﬂmsmmmmmu%mﬂmmm I ITUNITINAADULIIAN

35

30

25 /‘
E /
s 20
E /
g 15 /
7]

. /

5 /

O T T T T

0 0.2 0.4 0.6 0.8 1

Extension (%)

3 o v 1 [ o 2
mwﬁ 3.34 ANUAUNUTTIEHIN ﬂ’J”IllLfgl}uﬂ‘]JiSfJZﬂ"I'iﬁﬂ@’ﬂl@ﬂﬂfUﬂ"luﬂ181@%}&3@3@ ATULLUAD

dulelunaniafen 45 oam
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3.5.2.7 NA@UMsMUMUIs IR IdUlanuUgHHAAANIANNHM 1.5 mm
I
MINAagoUnsIAVTUNMISTNATOUAINLIATIU ASTM D 3039 NAdOL
v = ~ a o Y} 1 A o £ ~

Mo lansads Taglinisimesdrveudulotuugqurnalsnania aaruanuuaadluninm 3.35 Tag

~ Y A A g Aq9 A
TA219NI19A0 25.00 mm LALAIINEIIAD 250.00 mm AUITINIFIUNITNATDUAD
10 mm/min HANMINATOUUAAIIUAINING 3.36 HAAIANUTUHUTIZHIN ANVAUNUTZ oY

Y
ﬂ'liﬁﬂﬂ’]ﬂlf)\islfu\ﬂu INNITNAABDINDUN mmmtﬁ’ugqqsﬂﬁ@ 79.28 MPa uazmmmﬁﬁumu

USIGIEAND 3.19 kN

o=
-5
1.5 f ’ J ;
&
< 2
¥ =
-.I-‘ ‘”
g A
e

v v ]
MNA 3.35 “]51!\111!17]%ﬂ15ﬁ‘(’J\WI’JGU@QL%HiSLLUU@NWﬁWﬂWﬁ%N ﬁ1ﬁ'§ﬂﬂ1‘iﬂﬂaﬂ\‘lu‘§\1ﬁ\i

90

75
60 /
45 /
30 /
15 /
0 . . . . .

0 0.2 0.4 0.6 0.8 1 1.2 1.4

Extension (%)

Stress (Mpa)

a o o o ] Y o A o L Yy =y
MNN 3.36 ANVUTUNUDTISHIN ANVAUNUITZIEMTIANIVDIF UL AT IR 1Fule

LL”]JTJﬁ:ﬂJﬁa"IEJﬁﬂTINﬂ’J"I%JWH”I 1.5 mm
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% = v \ a
3.5.2.8 NATOUMSAIHMUNS AR AT U UTHHAWAANIA NN 2.0 mm
I
MINAagoUnsIAVTUNMISTNATOUAINLIATIU ASTM D 3039 NAdOL
B = ~ a o Y} ' A o £ ~

melansans Tasiinsisesdrveadulonuuguralsnanie Assuauuaadluaini 3.37 lag

~ Y A A g Aq9 A
TA219NI19A0 25.00 mm LALAIINEIIAD 250.00 mm AUITINIFIUNITNATDUAD

[ H Y] @ J 1 13
10 mm/min HANINAAVUAAIIUAININGA 3.38 HAAIANUTUNUTIZHIE ANUAUN T8
Y

MIIARIVOIFUIIU 9INNTNARDIND I AIANNWAUFIZAND 81.23 MPa LAZAIATINATUNIY

USIGIGAND 4.86 kN

H Qy { @ 9 1 a o [
Mmui 337 FunuddinsiFosdveadulouuguralonanig dmSunInaAaesIng

100
80

60 /
40 /

. "
L

0 0.3 0.6 0.9 1.2 1.5 1.8

Stress (MPa)

Extension (%)

- o o & ! Yy o A o 2 v = g
HMNN 3.38 ANUFUNUDTIEHIN ﬂ')'llllﬂllﬂ‘l]‘i%ﬁl%ﬂ'l‘iElﬂﬁ'J"llf]\i“]fuﬂuﬂ']ﬂslﬂlli\‘]ﬂ\i Lﬁucl.fl

LL‘]J‘]JEjiJWﬁ']FJﬁﬁﬂ'Nﬂ’J'mHu'I 2.0 mm
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% = v J a
3.5.2.9 NAUMSMUMUNSIAeATUlBNDUTHHAWAANIANNHM 2.5 mm
I
MINAagoUnsIAVTUNMISTNATOUAINLIATIU ASTM D 3039 NAdOL
B = ~ a o Y} 1 A o £ ~

melansans Tasiinsisesdrveadulonnuguralsnania assunuuaaslunimi 3.39 Tag

~ Y A A g Aq9 A
TA219NI19A0 25.00 mm LALAIINEIIAD 250.00 mm AUITINIFIUNITNATDUAD

[ H Y] @ J 1 Y]
10 mm/min HANINATVUAAIIUAININGA 3.40 HAAIANUTUWNUT IZHI ANUAUN T8
Y

MIIARIVOIFUIIU 9INNTNARDIND I AANWAUFIZAND 99.43 MPa L1AZAIATINATUNIU

UIIGIEAND 6.19 kN

3 2 { @ Y 1 a 9 [
ﬂTWﬁ 3.39 "]ﬂ‘l\ﬂuﬁﬁﬂ'ﬁﬁEI\W]'JGU'ENLﬁuGlEJLL‘]J‘]JZjNWa1EJ‘V]PWHQ ﬁ'l“riﬁ"]Jﬂ'li‘i/]ﬂaﬁNlliﬂaﬂ

120
100

80 /
60 /

w0 _—
ol

0 T T T T T T T T
0.00 0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.60 1.80

Stress (Mpa)

Extension (%)

a o o o ' Y o A o 2 v = 9
MNN 3.40 ANVUTUNUDTISHIN ANVAUN YT B MTBAAUDIF UL AL Iae 1dule

LL‘]J‘]J’Cj?Jﬁﬁ"IfJﬁﬁVINﬂ’J"IZJWH”I 2.5 mm
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3.5.3 AsmsnageuFunumaldusing

A Hq Y au ad ' . . . .
INT0INAToUN 1% 11UN15398 U¥031 Universal Testing Machine Dynamic Type
U Instron 4502 AN W50 TUN1TNA 10 kef aaudadlumnd 3.4.1 nndejuianis
o = 1% 1 a [ o A 9
nagaunna quima lulag lanzuagIaquuania (MTEC) Hann33i11uueunIod Tagly
1% gol o @ A o Y A A A Y a [ ‘Qy 9
usaauindulumsvunasunatidnagey lvnasunme 1vnausanseMuusuaIunela

a 4 d' a 49! [ [ d' 1
FTUVUADNNANDTAIUAN H5INNAVUIZYNIA Tas Tnaara aiunislasunilasgdsisves

Y [ v
GIfuﬂu‘I/mﬁ’e]‘U%Qﬂ?ﬂTﬂEJizElzmil,ﬂﬁ’e]u‘ﬁﬂlm actuator 'ﬁ%@ extensometer

(M (V)

a A 2 Aq v
HMNN 3.41 (D) LATDINATOUNA (V) Glfu@Wu‘l/lﬁlGIfslUﬂ'lﬁﬂﬂﬁ@Ullﬁﬁﬂﬂ
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3.5.3.1 Mmanaaaumsmumusinamuuuaaulalunamafied 0 aem
Y
WIIUTUNIUMNUIATTIUMITNATOU ASTM D 695 1aslin1338962904
v v
duloauuue1vse [0/01/0/01/[0/0] 0970 TunamIuReIvBIFUIU 301NN 3.42 Taaldn
A Yy A A 2 Aq
AUHUIAD 5.00 mm AITUAIINAD 5.00 mm AINEIIAD 25.00 mm A5 IN 19 11ng
{ @ v J 1 [
NATOUAD 5 mm/min HaN IAINNMINATOUVLAAIANUFUNUT TLHUINANUAUAUIZBZMTIA
@ Qy [T A = 1 = Y [ da! = a
A909F U AaadlunINg 3.43 FanunnsMTnur TduanyusgaIu F3AAINNIs
[ g}/ ] I~ v a Qy a
MUMUUTI NAINNTUNTINANAI0619TIAFTIFUNANINFUNUNANTITINY 1INNITNAAD

WU AMANMAUFIFAND 210.55 MPa HAZAIANURUNULTIZIFAND 5.54 kN

M Y H v
MNA 3.42 Glfl!ﬁu‘ﬁﬁﬂﬁﬁEJ\W]’J*Uﬂﬁlﬁuiﬂ@”mLLH’JEJTJGU’ENG]SUNM FMTUMINADIULITINA

250

150 /
100 /
50 /

_— | ,

O T T
0 0.2 0.4 0.6 0.8 1

Stress (MPa)

Extension (%)
d' o 4 1 Yy o A o 2 Y
MNN 3.43 ANVUTUNUDTISHIN ﬂTJ”IiJLﬂumJizflzﬂ”liflﬂ@]TJ“’llﬂﬂ%uﬁuﬂwjmliﬂﬂﬂ ATULUA

dulelunaniafen 0 oeem



62

3.5.3.2 Mmsnaasumsmumuusanamuuuaaulalunamaiad 90 aam
Y
AT INFUNUANUIATIIUAITNATDY ASTM D 695 Iaeiin13iToadueadu
v v
Tem199219%50 [90/90]/ [90/901/ [90/90] B4 TUNANIUAIVOIFUIU AIN NN 3.44 Tag
A Y A A C
ANVHUIAD 5.00 mm ANUNINAD 5.00 mm ANNEIIAD 25.00 mm ANNGINF UM Inaae
A9 5 mm/min HAN IAIINMTNATOUUAAIANNFUWUT DUTEHIN ANWAUNUIZ L MTTAR

Y 1
VOITUITU AN I 3.45 1INNITNAADINY I mmwmﬁ'uqqqsaﬁ@ 69.88 MPa LIaZA1NIY

AUMUTIZIganD 1.81 kN

! Y 4 Y
M 3.44 %uﬁ1uﬁﬁﬂ1ifﬁfNG]’JGU’E]\‘ll,igfj‘uEl,fJGniJl,l,‘Ll’JGU’JNBU@\?“H‘LNWuﬁWWiUﬂWiﬂﬂﬁ@ﬁuiﬁﬂ@

75

60 /
. —

30 /

. pd

-

0 T T T T
0 0.2 0.4 0.6 0.8 1

Extension (%)

Stress (MPa)

3 v o 1 @ (% 2
ﬂ"l‘Wﬁ 345 ANUFAUNUDIIEUIN ﬂ'ﬂlll,ﬁjuﬂﬂ53EJZﬂ'ligﬂﬁ'J“lJf]\i"]ﬂ.l\ﬂl.lﬂ']ﬂslg]}l,ﬁ\‘]ﬂﬂ ATULIUA

dulelunanmafen 90 oeem
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3.5.3.3 MsnagauMsMUMuUIsInamuaElanuguraeiama
Y
IMTINFUNUANNIATIIUMTNATOU ASTM D 695 Taeiin1sisoadrveudu
lonuugunatenanie A 3.46 TagliinunuiAe 5.00 mm A2WN319AD 5.00 mm
A 3 Aq Y A . Ay ¥

AN 25.00 mm ANUTIN IS IUMINAFBUAD 5 mm/min WAN 1AINAITNAADULAA

@ Y] 4 1 [ @ Qy [ 4
ANUFUNRUTILTHINANWAUNVILILNITIAAIVDIFUIY aauaaaluning 3.47 ns1uil

Y o da! K a ) [ g’; ] S X a
1N THUAN UL ZIUY FANADINAITATUNIULTY HAIINUUNTINANAIB19IAGIFUNAIN
Y
FUNUAANITIT I8 21NN1TNAADINDI1 AIAIUAUGIGARD 133.37 MPa LAZAIAIIN

AMUMUUTIZIFZAND 3.25 kN

! Y 4 Y
MNA 3.46 %uﬁ1uﬁﬁﬂ1ifﬁ‘(’NG]’JGU’E]Qligfj‘uEl,‘(’JGniJLL‘Ll’JGU’JNBU@\?“H‘LNWuﬁWWiUﬂWiﬂﬂﬁ@ﬁuidﬂ@

150
120

90 /
60 /

0 —
___—

0 T T T T T T T
0.0 0.5 1.0 15 2.0 2.5 3.0 3.5 4.0

Stress (Mpa)

Extension (%)

3 v o 1 @ (% 2
ﬂ"l‘Wﬁ 3.47 ﬂ’J']llﬁiJWH‘ﬁigﬂ’J'Nﬂ'ﬂiJLﬁluﬂﬂ58EJ$ﬂ']iﬁﬂ@]')"l]ﬁ)\?%u\ﬂuﬂ'lﬂsléjui\?ﬂﬂ Lf,gf}uﬁl,ﬁl

HULFUHAIINANIN
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3.5.4 A5manageurunuMeldusunou

[ A '

4 o & a4 & q9 au a 4
ATOINATOUNITNALUUNTEN VU NIAIN 915 1un152980¥991 1509
. L. = A X2 A o Y = A Hq ¥
ESH Testing Limited 51002108AV04AT9FIT V18 IUKH U0 3.1.1 FuTluinSesnaaeuin e
a Jd v a J . t4 A AA o
5&"1J‘1Jﬂf)3JW'JL§IfJ§ﬂ‘Uﬁﬁﬂﬂqﬁﬂﬁﬂaﬂﬁ (Hydraulic) LlazqﬂﬂimﬂTiﬂﬂﬁﬂU!LiﬂlﬂﬂuﬂNaﬂHm$

@ <} @ 1 J 2 1
Iﬂﬂ‘ﬂ?ﬂﬂﬁﬂlﬂﬁﬂﬂi\‘lﬂi%ﬂ@ﬂﬂu Lf?fluW'luf[uElﬂﬁN 15 mm mﬁeuTﬂﬂﬂvammummwm

1190009100 U AININAN 3.48

4 @ o ] Qy
(n) Qﬂﬂimmﬁeu (V) ANHALHINANDUFNIUANUNUIVDIF U

) 1 o ay o
(n) mumwmqﬂﬂimmﬁau N) YUNUVIADDNIINAU

a @ A
MNN 3.48 Qﬂﬂimﬂﬁﬂﬂ’dﬂmlﬂmﬂu
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3.5.4.1 nanaaaunsudeuuenszinulunama@en 0 aaem
Yy
wIguFuau TagliunmsiFeedrveoudulearnuuaerd [0/01/ [0/0]/ [0/0]
A ~ o ~ 2 ~ A Yy A
2971 JUNANIUAYI AININN 3.49 TABFUNUTANVHUIAD 2.00 mm AIUNINAS 50.00 mm
A 3 Aq Y A . Ay ¥
AMUE1IAD 50.00 mm ANWGINIFIUMINATEUAD 10 mm/min HaN IANMINATBULTA

v v J [ @ 2 {
ANVUTUNUTIECHIN ﬂ’ﬂmﬁluﬂ“ﬂi%ﬂ%ﬂ?iﬁﬂ@l’)“ll@\i‘lﬂ!ﬂ']u NINA 3.50

M Y H v
MNA 3.49 Glfuﬁu‘ﬁidlfﬂiﬁENﬂ’ZI"’U’E)\i!,??f}uslﬂ@]WMLLHQﬂIQWQﬂJEJQGHuQWHﬁWWiﬂﬂ"liﬂﬂﬁ’f)\mi\‘]

A
nou

60

\\

N
o

el
-

.——"\—w—-fﬂ

0.00 0.30 0.60 0.90 1.20 1.50 1.80

Stress (MPa)
N w
o o

[E
o

o

Shear Displacement (mm)

3 v v ' [ % 2
ﬂTWﬁ 3.50 ANVUFAUNUDIIEHIN ﬂ’J']llL?ﬁ!ﬂ‘lJ‘i%El%ﬂ']‘iﬁﬂﬁ’)sllﬂﬂ%uﬂuﬂ']ﬂiﬁlli\‘ll‘ﬁﬂu AT

uundulenama@en 0 oaen
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3.54.2 ﬂ]'iTlﬂ’s’ﬁ’)‘]J!!5Q!56‘H‘Mi’)ﬂi%‘tﬂU‘lli’)ﬂ!é"ﬂiﬂ!!ﬁ?!!UUé’Nﬁﬁ]ﬂﬁﬂﬂNﬂ'ﬂ&lﬂu]

1.5 mm
= le Yy = (%3 9) 1 a [} L:'
waonFuu lasldumaGeedveudulouuugurarondnia 401w
v
351 TAgFUNIUNANUKHUIAD 1.50 mm AIUNI19AD 50.00 mm AINEIIAD 50.00 mm
3 Aq Y A . Ay Y v o & '
anus 1 lunsnaaouns 10 mm/min #af 1da1ANITNAADUUAAIANUTUIUT T 1IN

Y 1
mmgﬁ’uﬂmzﬂzmiﬁﬂmmawmm 1NN 3.52 1INNITNAABINUIN mmmgﬁ’uqqqﬂﬁa

19.36 MPa LAZAINNUATUMULTIGIFAnD 3.72 kN

e 1 i
o] T8 155« T 4/;‘)

' v ' v
ﬂﬁ"lﬁ 3.51 ‘;IfuﬁuﬁﬁﬂﬁﬁEN@]’J"’Ufz]Qllgf}uﬂlﬂlmﬂQNWQ'IEWIF’WI'N‘UENWHQWU??WWT]Jﬂﬁ‘ﬂﬂaﬂﬂ

A
UHIINDU

25

. e

15

10

Stress (Mpa)

0 T T T T T T
0 0.2 0.4 0.6 0.8 1 1.2 14

Shear Displacement (mm)

3 v v 1 @ % 2
ﬂTWﬁ 3.52 ANUFAUNUDIIEHIN mmﬁuﬂu53Elzmiﬁﬂmﬁuawmmmaiﬁ’muﬁau !E%’lualﬂ

Y ' a
UNIMUUFUHAINANINANUYUL 1.5 mm
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3.5.4.3 mynageunsuReUUensznUvBdUlanfIUDNHAIBRAMIANNWIN

2.0 mm
= -Qy Yy = (%3 9) 1 a [} Lﬂ'
wsensuau TaeldinisBeedrvesdulonuuguraloianie asnmi

v
3.53 TAgFUIUNANUHUIAD 2.00 mm AUNI1AD 50.00 mm AINEIIAD 50.00 mm
3 Aq Y A . Ay Y v o '
aus 11 lunsnaaouno 10 mm/min #af 1da1ANITNAADUUAAIANUTUIUT T 1IN
v v

ANNIAUNDTZIZNITIAAIVOITUIIU NINT 3.54 INNITNABBINUI AIANUIAUGIGARD

30.57 MPa 11azf1ANNAIUNIULIIGIgAfo 5.88 kN

M Y H Y
MNA 3.53 GlfuﬁuﬁﬁﬂﬁﬁENﬂ’ZI"’U’ENLf?f}‘lnlGlEJ!,L‘U‘Uquﬁa1ﬂﬂﬁﬂ1ﬂﬂlﬁﬂﬂuﬂ1uﬁ1ﬁiﬂﬂ”li‘l/lﬂﬁ’f)\i

A
UINNDU

30
25 e
20 r/

15

10 “f-)

Stress (Mpa)

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

Shear Displacement (mm)

3 v v ' [ % 2
ﬂTWﬁ 3.54 ANVUFAUNUDITIEHIN mwmﬁ’uﬂu53ﬂzmiﬁﬂmmawmmmaiﬁ’umﬁau Lﬁgf,uﬁlfl

UALVUFUHANANIAIINHUT 2.0 mm
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3.5.4.4 MynageunsuReUUenszInUvBdUlanfIUDNHMIBRAMINNNWIN

2.5 mm
= -Qy Yy = (%3 9 1 a [} ti'
wsensuau TaeldinisBeedrvesdulonuuguraloianie asnmi

Y
355 TAgFUNIUTAMIUNUIAD 2.5 mm AIUNT19A0 50.00 mm AIVEIIAD 50.00 mm
3 Aq Y A . Ay Y v o & '
anus 1 lunsnaaouns 10 mm/min #af 1d91ANITNATDUUAAIANUTUIUT T W
v v

ANNIAUNDTZIZNITIAAIVOITUIIU NINN 3.56 DINNITNARBINUI AIANUAUGIGARD

47.64 MPa 11az@1ANNAIUMULIIZIFARD 10.05 KN

H ay { % 9 1 a Qy o [
ﬂTWﬁ 3.55 “Hu\31uﬁflﬂ'lifiEN@]’JGUENLﬁuﬁlﬂu‘ﬂ‘ﬂq%ﬂa1ﬂﬂﬁﬂ1ﬂﬂ]@ﬂ“ﬁuﬂ1uﬁ1ﬂiﬂfﬂi‘ﬂﬂﬁ@\i

=
LUIIURDU

60

50

w0 .
. s

. el

_—

0 0.2 0.4 0.6 0.8 1 1.2 1.4

Stress (Mpa)

10

Shear Displacement (mm)

3 v v 1 [ % 2
ﬂTWﬁ 3.56 ANUFAUNUDIIEHIN mmsﬁ'uﬂmsﬂsmiﬁﬂmmawmmmaiﬁhmﬁau Lﬁgflunlﬁl

uAMVUFUHAIRANIIAINNUT 2.5 mm
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v Y
A9 3.4 WaNATDUAUTNUAVDIFUIUY

MInaaey finmasaemvauauly MIGIYA ANMAY wogdannN | 3zezEAM

(09911) (kN) 99ga davigu (%)
(MPa) (GPa)

LL‘U‘UijiJ U1 1.50 mm 3.19 79.28 7.71 1.17
UV MU 2.0 mm 4.86 81.23 6.93 1.55
HUVEN MU 2.5 mm 6.19 99.43 7.54 1.61
[0/90]/[0/90]/[0/90] 18.00 370.68 15.91 3.10
[45/-45]/[45/45]/[45/45] 2.90 62.86 7.30 3.44
113974 [45/-45]/[0/90]/[45/-45] 10.10 185.43 9.49 3.20
[0/0]/[0/0]/[0/0] 23.16 361.07 15.71 2.64
[90/90]/[90/901/[90/90] 0.59 10.94 5.61 0.22
[45/45]/ [45/45]/[45/45] 1.54 28.33 5.58 0.60
LUV 3.25 133.37 4.40 3.73
133NA [0/0]/[0/0]/[0/0] 5.54 210.55 9.09 2.87
[90/90]/[90/90]/[90/90] 1.81 69.88 3.61 2.68

szezda
(mm)
[0/0]/[0/0]/[0/0] 9.29 48.28 2.41 1.76
USURDY | LUVFN WU 1.50 mm 3.72 19.36 1.46 1.32
LUV WU 2.0 mm 5.88 30.57 3.63 0.84
UV MU 2.5 mm 10.05 47.64 3.60 1.32

[
(Y4

a dJ 4
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4.2.2 MIADVAUBIVOITUIIUABUIINTZUNN

4.2.2.1 MS@IMPUVDITUHNUANINYIH 1.5 mm

G

1 9 1]
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97

Yy v vy i H
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Cl15-1.5 0.34 0.18 321 9.06 0.58 1.71
AMUNUT 2.0 mm
A5-2.0 0.34 0.18 15.45 26.98 2.78 8.13
B10-2.0 0.37 0.18 9.69 24.17 1.74 4.67
C15-2.0 0.45 0.18 11.83 24.87 2.13 4.69
AMUNUT 2.5 mm
A5-2.5 0.41 0.18 20.71 38.41 3.73 9.05
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Abstract
Nowaday, the structure of vehicles is made from various materials such as steel or aluminium. As a results

of using steel or aluminium, the structure of vehicle is too heavy and has corrosion problem.



So, it is important for the researcher to find new material that is more appropriate for manufacturing
vehicle structure. Composite Material is alternative material that is widely used for vehicle structure.
Regarding to the properties of energy absorption of composite material that absorb higher energy and
can be enstrengthen, so it improve reduce impact performance. Moreover, it can absorb higher energy
compare to the structure mass. This research is purposed to study crashworthiness behavior of
fiberglass tube subjected to quasi static load and dynamic axial compression. The specimen is made of
fiberglass that lay-up in different angles in shape of E-glass/polyester. There are 3 cross angles of
fiberglasses, including of 0/90, 45/-45 and 0/90/45. The tube has 52 mm outside diameter, 3 mm wall
thickness, and 100 mm length. Quasi-Static Load test was done by ESH Universal Testing Machine and
10 mm/min crushing speed. Dynamic Load test was done by Vertical Impact Testing Machine, the impact
speed was 6.8 m/s. The result show that in case of quasi-static load, the specimen with 45/-45 cross
angle provides highest specific energy absorption. In case of dynamic Load, the specimen with 0/9 0
cross angle gives highest specific energy absorption. In addition, the collapse mode and response of
specimens are also discussed in the paper.

Keywords: Composite Material, impact, Collapse, Energy absorption
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Abstract

Composite Material is alternative material that is widely used for vehicle structure. This is due to the
properties of energy absorption of composite material that absorb higher energy and can be strengthen. This research
is purposed to study crashworthiness behavior of fiberglass tube subjected Impact axial compression. The specimen
is made of fiberglass and hand lay-up in different angles in shape of 3 cross angles of fiberglasses, including [0/90]3,
[+45/-45]3 and [+45/-45]/[0/90]/[+45/-45]. The tube has 50 mm outside diameter, 2 mm wall thickness and 100 mm
length. Impact test was done by Vertical Impact Testing Machine with the impact speed was 7 m/s. The result shown
that the specimen with [90/0]3 cross angle gives highest specific energy absorption. In addition, the collapse mode
and response of specimens to impact are also discussed in the paper.

Keywords: Composite Material, impact, Collapse, Energy absorption
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The Study of Crashworthiness Behavior of Fiberglass Tube Subjected Axial Load
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Abstract

This research is purposed to study crashworthiness behavior of fiberglass tube subjected axial compression. The
specimens are made of fiberglass and hand lay-up in different ply angles which are; specimen A ply angle is
[(0/90)/(0/90)/(0/90)] specimen B ply angle is [(45/-45)/(45/-45)/(45/-45)] and specimen C ply angle is
[(45/-45)/(0/90)/(45/-45)]. The tube has 50 mm outside diameter, 2 mm wall thickness and 100 mm length. Quasi-
static test is done by ESH Universal Testing Machine with 10 mm/min of crushing speed. Impact test is done by
Vertical Impact Testing Machine with the impact speed of 7 m/s. The result showed that specimen A gives highest
specific energy absorption due to the vertical fiber orientation. In addition, the collapse mode and response of

specimens to impact are also discussed in the paper.
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