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A Study on Fracture Behaviors of Thermoplastic Composites

Yoon-Sung Um

Bepartmont of Coutrol and mechasical Evgisering,
(haduale. Sehool
Db Fintionad Hinontit

Abstract

Thermosetting matrix composites have disadvantages in terms of
moulding time, repairability and manufacturing cost. Thus the
high-performance thermoplastic composites to eliminate such
disadvantages have been developed so far. However, since their
mechanical properties are very sensitive to the environment such as
moisture, temperature etc., those behaviors need to be studied.
Particularly the temperature 1s a very important factor influencing the
mechanical behavior of thermoplastic composites.

The main goal of this work is to study the effect of temperature,
volume fraction of fiber and span of spectmen support on the results
of Charpy impact test with respect to GF/PP composite, and the

effect of temperature and span of specimen support on the results of




Charpy impact test with respect to GF/PE composite. In addition, the
effect of temperature, volume fraction of fiber on the results of
tensile test was also studied with respect to GF/PP composite, and
the effect of temperature on the result of tensile test with respect to
GF/PE composite.

The critical fracture energy and failure mechanisms of GF/PP and
GF/PE composites were investigated in the temperature range of 60T
to ~-50C by the Charpy impact test. The critical fracture energy
increased as the fiber volume fraction ratio increased. The critical
fracture energy showed the maximum at the ambient temperature,
and it tended to decrease as the temperature increased or decreased
from the ambient temperature. The major faillure mechanism was
classified into the fiber matrix debonding, the fiber pull-out and/or
delamination and the matrix deformation.

The tensile strength and failure mechanisms of GF/PP and GF/PE
composites were investigated in the temperature range 60T to -5
0C. The tensile strength increased as the fiber volume fraction ratio
increased. The tensile strength showed the maximum at -50C, and it
tended to decrease as the temperature increased from -50TC. The
‘major failure mechanism was classified into the fiber matrix

debonding, the fiber pull-out, the delamination and the matnx

deformation.
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Fig. 2.1 Cutting part for test
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A7 (Tinius Olsen Model 92T)E o] &3l 202 5 346m/se) 3
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Table 2.1 Mechanical properties of GF/PP and GF/PE

property unit GF/PP GF/PE
glass fiber

) % 10 20 30 10
volume fraction

density g/cm’ 0.92 1.03 1.12 1.01

coefficient of

) % 08~-32106~16104~-08} 0735
thermal expansion

moulding temp. T 200~240 | 200~ 240 | 200~240] 150180

clongation % 4 4 4 3
bending modulus | kg/cm® 23000 38000 53000 22000
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Fig. 2.2 Specimen geometries for tensile test (mm).
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Fig. 2.3 Schematic diagram of experimental apparatus.
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Fig. 2.4 Specimen geometries for Charpy impact (mm).
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Fig. 3.1 Load-displacement curves at various temperature.
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Fig. 3.2 Ulumate strength and fracture strength for various

temperature.
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(c) ~157T {d) -50T

Fig. 3.3 SEM photographs of tensile fracture surfaces for 10%

fiber fraction at various temperature.
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(a) end of notch (b) middle of fracture surface

(c} end of fracture surface

Fig. 3.13 SEM photographs of impact fracture surfaces for

20mm span at room temperature.
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(a) 60T (b} R.T.

S
28 kv xzag

(¢} 15T (d) -50T

Fig. 3.14 SEM photographs of impact fracture surfaces

for 20mm span at various temperature.
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{a) 20mm (b) 30mm

Fig. 3.15 SEM photographs of impact fracture surfaces for

various span at room temperature.
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volume fraction at various temperature

_47_




4.12 AHFH&) W
Fig. 42% A#3489 wie exe wae me Aggass

e Ao [ ARdas 10%, O 4748878 20%, Ax Mg
g&ol 30%% B¢E vehda Aok r”delr] F9% 2xxpdAM e

S
X
o
3

oz A Yedd ojA-& Ao i fradge] Ruds

&l TUEFE ARBLI F7h87) wield Az,

Fig. 43¢ A#3#&0 Hge &xe vl B2 Fd753 g
Hoglejrt HEeMe) stadwis fxo qE fadae Yulde
ol 10, 20, 30%= F7batel wel 436, 476, 50.3N/mm*S ey
th ol2lgt e O 2EzANHE F4AF AFS wgew Fig
429) 7$-9k A8 A wolw gith

Fig. 429 Fig. 43014 & 4 d%o] df2 Zasx ¥ 5 PP
FARZ H ABnd fedfE Ay SR Arerh A4 Jepd
B, Aol dig Felvhdfe AGEFEol 1 2 GF/PPEFA

Er

Mo

_4

1\

gajmel 2wl

ot

_48_




(N/mm?)

Ultimate strength

120

8

8

U 10%
G 20%
A 30%

o>

I | | L~r|

50°C A5°C RT. 60°C
Temperature

Fig. 4.2 Ultimate strength vs various temperature

for fiber volume fraction.
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Fig. 4.3 Fracture strength vs various temperature for

fiber volume fraction.
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Fig. 44 Ultimate strength vs various fiber volume

fraction for temperature.
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(a) 60T (b) R.T.

(c) -15C (d) -50T

Fig. 4.6 SEM photographs of tensile fracture surfaces for 10%

fiber fraction GF/PP tested at various temperature.
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(a) 60T (b) R.T.

(c) -15T (d) 50T

Fig. 4.7 SEM photographs of tensile fracture surfaces for 20%

fiber fraction GF/PP tested at various temperature.
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(a) 60C (b) R.T.

(¢) -156TC

Fig. 4.8 SEM photographs of tensile fracture surfaces for 30%

fiber fraction GF/PP tested at various temperature.

_59_




4.2 FAA

421 AR

Fig. 499 Fig. 4102 RTS 60T, @40l 20mme! 4¢ & #e
Ux UZ BW ¢o diate] vkl Aelch (e A&FR&el 10%, O
= 00%, AE 30%Y wWE el gtk Fig. 49904 F saely A
U A5aa80) 30%9 A7 7H¢ =4 vhehdir 10%, 20%9 &2
2 g Jdepdth aelv Fig 4102 453580 20%, 10%, 30%9
sog v vehdr zhzre) MRS o FAe k2 Fig
499 Fig. 4109 F A% 2% Afgfdol 10% 347 74 2
etk 183 Fig, 498t} Fig. 4109 gx1¢] $ato] chAagt a4
= Aske velda v Fig. 4113 Fig. 4.12% A=9el Zo] 20mm,
S15C 9 -50Te A9 & AyduA UE Yeldz glen /Y
o Fig. 499 A8t} Fig. 411904 & Aojux] U Fig. 499
Fig. 4109] Aol o2 AR3HH&0] 20%, 30%, 10969 ©o2 ¥
A Uepgon fxle Baw we AL Bd Fu oAk a2lil Fig.
4125 Aeate8ol 10%9 A9 30%¢ 499 gEe] EAH A
T ZojRol mouw M Fig. 49~11¢ AE$HP F AHAANA U
of thar arate] xpA A 7o Erbwsich i RTO| Fig. 49, 229
Fig. 410 222 A&dddeo) Fig 411~1259 A3}SS daste] 2
W RTolAe] EolAdnr}l 257l newn Aeor W3k ool Folio]

o] WaleE A$ 15Te A$rY 50T

Frketm glom 5o Heo

e

o) g7k A} Wikl § 2 AL %+ ATk WA FAY By
AREREe ung exel Wi 49 93 o 2 Aom dud
c}.

Fig. 4139 Fig. 4.14% RT¢ 60T, =#:Zol7} 30mm¢d -9 BW @

_60_




of thet F spoleluix US veEbd Zoldh /A2 Fig. 499 F¢
ahvh. Fig. 4130014 & sxeux] U g2 Zb7te] d/F8a & dal
A e Hola Aoy Fig 41464 A&l 30%9 A
7 7B s 10%) A9 b wtA dEbsb el i Fig. 4.13R
t} Fig. 4.142] A9-7F Af &l izt T sdodyA Ul Zatel
Av, & Fyeldx] Ul FtEol EAd Y& Heln
Fig. 4.15% Fig. 4.16& 299

Hale] WE F sy x UE JE
o7 Fig. 499 w7 e HUsith Fig. 4165 AF A& 20%
o} 30%% AE F el U9 gEL EAld GAS Hole iy

Z]ol7} 30mmelxr & F£7o] -1

N
-
1o
ol
Ho
=2
R
5
)
o
Slis
e
<
H

A vreba Slok webA Fig. 4.13~16
o] A9 % Fig. 49~4.129) A9 FAsA & sAddA] U As2

Fig. 417~4202 =9e] Zo|7} 40mm<el 725

o

o} ol

o

S
3t = wtyjeA UE BW @o gt vheld Rojrt

Fig. 4172 RT, Fig.4.18& 60°C, Fig. 419%= -15T, Fig. 4202 -50T
ol A¢s uedck F sy Us Fig. 417-1904% 43
#0] 10%9 30%7F EAH Ao, Fig. 420004 30% 257+ 7}
4 =3 10%9) 20%E EAlE g moim duk 2elxr Fig. 49~
4127} FigA13~169 A 9-nch 529 #iko]l AA vt flov, &

A4 Us) gsel BW el Frbel de) vwd d¥ges ot

Fig. 421& &x%31o] RTY o FU¢ 2=qdo & 7HA e A7+

&2 Wsle] g AATIANGA GeE 22289 AR AEF A

5.2

_61_




ob (e ASESE 10%, O 20% 12]lar A 30%S GFERW Al slvh
el ok Fodsie] FUd swdole Esto A= AR El
30%2 W) GATAAAA Geo) gel b =A dEha 20 2
0% weos v dehdg o 5 dckeleid 43 60T Fig.
422, 15C9) Fig. 423, -50C°| Fig. 4240l % fArg A3k Holx
At

Fig. 49~412, Fig. 4.13~4.16, Fig4.17~4.20004 < F %ol 77
o exxAdA AREres Waehs FAsA A9 o =t
dajol el vrhibe #AFL 2dvh A UA Geol @& 4

@ ewzgela =ae) Zold sl HFTHEel FALFE U

o

Heare Fx
30%2 w7} B dFoi= HAF zz7iolw) 1
3026¢1 GE/PPE3Fa) g et 7 eddcy Azdn.

_62_




25

20

156

1.0

05

0.0

T
o

4 | (3] 8 | 10 l 12 14
BWo (mntf )

Fig. 49 U vs BW® for various fiber volume fraction

with the span of 20mm at room temperature.
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Fig. 410 U vs BW® for various fiber volume fraction

with the span of 20mm at 607C.
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Fig. 4.11 U vs BW@ for various fiber volume fraction

with the span of 20mm at ~157.
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Fig. 4.12 U vs BW@® for various fiber volume fraction

with the span of 20mm at -507C.
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Fig. 4.13 U vs BW® for various fiber volume fraction

with the span of 30mm at room temperature.
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Fig. 4.14 U vs BW® for various fiber volume fraction

with the span of 30mm at 607TC.
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Fig. 4.15 U vs BW @ for various fiber volume fraction

with the span of 30mm at -15C.
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Fig. 4.16 U vs BW@ for various fiber volume fraction

with the span of 30mm at -50TC.

_70_




032+

024 -

016 -

012 -

Fig. 417 U vs BW@ for various fiber volume fraction

with the span of 40mm at room temperature.
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Fig.4. 18 U vs BW@ for various fiber volume fraction

with the span of 40mm at 607TC.

_72_




U (J)

027

0.24

021

018

0.15

012

Fig. 4.19 U vs BW@ for various fiber volume fraction

with the span of 40mm at -15%C.
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Fig. 420 U vs BW@ for various fiber volume fraction

with the span of 40mm at -507TC.
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Fig. 421 Gic vs span for various fiber volume fraction

at room temperature.
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Fig. 4.22 Gic vs span for various fiber volume

fraction at 607T.
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Fig. 4.23 Gic vs span for various fiber volume

fraction at ~15TC.
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Fig. 4.24 Gic vs span for various fiber volume

fraction at -50TC.
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Fig. 425 U vs BW® for various span with 10% fiber

volume fraction at room temperature.
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Fig. 426 U vs BW®@ for various span with 10%% fiber

volume fraction at 607TC.
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Fig. 427 U vs BW® for various span with 102 fiber

volume fraction at —15T.
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Fig. 428 U vs BW® for various span with 10% fiber

volume fraction at -507T.
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volume fraction at room temperature.
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Fig. 4.31 U vs BW® for various span with 20% fiber

volume fraction at 15T.
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Fig. 432 U vs BW® for various span with 20% fiber

volume fraction at -507C.
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Fig. 433 U vs BW@ for various span with 30% fiber

volume fraction at room temperature.
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volume fraction at” -50C.
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volume fraction.
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Fig. 4.38 Gic vs span for various temperature at 20%

fiber volume fraction.
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(a) 20mm (h) 30mm

(¢) 40mm

Fig. 4.40 SEM photographs of impact fracture surfaces for various

span with 10% volume fraction at room temperature.
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(a) 20mm

(c) 40mm

Fig. 441 SEM photographs of impact fracture surfaces for various

span with 20% volume fraction at room temperature.
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(a) 20mm (b) 30mm

(c) 40mm

Fig. 442 SEM photographs of impact fracture surfaces for various

span with 30% volume fraction at room temperature.
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Fig. 448 U vs BW@ for various temperature with 20%
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Fig. 449 U vs BW@ for various temperature with 30%
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(a) end of notch (b) middle of fracture surface

(¢) end of fracture surface

Fig. 455 SEM photographs of impact fracture surfaces for 20mm

span at room temperature.
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(a) 60T (b) R.T.

(c) -15C (d 50T

Fig. 4.56 SEM photographs of impact fracture surfaces for 10% fiber

volume fraction with 20mm span at various temperature,

- 121 -




(a) 60T (b) R.T.

(c) ~15T _ (d) 50T

Fig. 457 SEM photographs of impact fracture surfaces for 30% fiber

volume fraction with 20mm span at various temperature.
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(a) 60T (b) R.T.

(c) 15TC (d) 50T

Fig. 4.58 SEM photographs of impact fracture surfaces for 20% fiber

volume fraction with 20mm span at various temperature.
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