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The Strength Characteristics of Polymer Composites Injection
Parts for Lightness and Safety

Yeo-Kwon Yun® - Jin—-Ho Kim™
"Dept. of Mechanical Design, Yuhan College
*Dept. of Computer Aided Die & Mould, Korea Polytechnic V

Abstract

In this paper deals with strength of glass fiber reinforced plastics produced by shouting machine was

investigated by universal testing instrument.

We can obtain following results by performing the strength

evaluation of polymer composite material according as varied environment temperature. The effect of

environmental temperature on Strength properties was more sensitive in the weld specimen than parent.

When changed environmental temperature, variation of strength in the parent was much bigger than it of weld

specimen, that is, matrix in the parent, orientation in the sSpecimen ware more sensitive to environmental

strength. Tensile strength of polycarbonate matrix was similar regardless of mold temperature.
Polymer Composite Material, Glass Fiber Reinforced Plastics, Tensile Strength,
Polycarbonate Matrix

Keywords

N -
R
M
fr of [
2

o XN
o2 2

N

R

[ T v PN ]
r[
2N,

b N N
=
ol
o

o b

ko
-
i)

2
e

32
=

v SN

Ho
o
oy
ofo
_>‘4_11
N
AN
o

w2 Bl

OH} o

2

o
TN
ol
2,

N o
> =
o-l'lo_ﬁlm
N

)

D

,ﬂ
N

-

>

y¥ o

O

- —K]I [-O o
> e

by e
M=

23
[
oX,
b
oy

st 130

1z

a2

2
>
offt
_>‘J_Il

2
M
o,
9

T oo
=2

il

=,

1=}

AC)
=)
rir

N

R ES.

-

¢

s o] o]gslar 9k
194)7] $-utel] 2

N
=

)

155 IS Agr]Tet

A NEARE s

Ak 543} oy

el olejdt Febay ARE Jlo], A, At 5
2 MR AL LS AFA W 9 A7), A%
AE, BB, AFRoR o]27] 7K HE WR
of AHgEIIL 9, B3] TSNS Fad PAL
o
2

AR AR 580

20114 10

4

CRAE, AR QAN e 154 FEE VS AAAY s AFE S ST

ol
A

M - P : 010-5612-6331, E-mail : kjh833@kopo.ac.kr
TAE H 20119 129 9 AAEA

PN
104 A=

’

2011 12¢¥ 6¢

70 T

H



102 ZB%stet kS AR

Zor) BYAR ABES) FESH

F9q9d-33 %

1 FollA 195739 7l PC (polycarbonate)= W
A4, NEd7 71AA A=rt et 398 Als
24 o] §7HA7F HAb oAl HAE  WAlAsE

A7 9] Aol g #ar, o}
T B WY E €S AAstH Al FHE =
== B0l —Or—’F sto] AEFstel fEo] hds @R
vl Apsap tope] FEAR el de] o]&-

gk ZEjv E3t A5 =2A ¥AE, HgdEe] &
AR Eekade dEix e B A9 o] Fo
A gt v wWdRdsl EkesEl(short fiber reinforced
plastics)dll A= A5 A ZA Ad 2 A
ol A A7)= A T I Bt A
FrET AR, HgRdEo] A =4 ¥ 9 ol
2 B2 A9t o]FoX A kot 7kl WAl
s Fehage A o) wE AT go
2 v BES AR 7 o] g ol &
I drk

ot EHew HIAEE
|HF7F SRSl == o] %@3%7}
1% %71 feids 8359 = 2
AT7F AF Rl o] 7] Aol A= of
o)

QEE

_‘d
iy
o,
ot
2 o

i
N

N
12 _Iﬁm

3

o 2>

Y
Loi
&

S

_Y‘i
o
Jo
N
ot
i

.
o %

429
32 T 1 o

Wr'

of

o

i)

o

o
LR

2 B oo
B o do &

2.1 A=a39 A

v HIAEE AlEsrIflste] (29 113 2ol
2ri¥H(plate) 730 AEwEES AAlSt]  AASEATH
w89 FxoA Al B A4 stes il
st 145 JH 7heS F3e] FAE 3Bmm 2
A2rskl o Sprue-Runner-Gate-Cavity 7H41 ] 4=4]
F54S 2Y3Fe] 2EF ¢12m, FY ¢l0m, AlO|E
5x2x25mme] X|F2 7SSkt Aol EE side-gate®
215 FAstadk (29 2] AHE(cavity)e] 7325
el Ao 2A Zu EFARS] fedd e e
Wsts rketr] 9ete] A A E(pin insert)E AHE-
ste] 85 d(weld line)e] A5 AL T+ U+

Fxz AR olsh el A AME Fri
W AMES AHgstel §440] gl ThEY Amatrix)
gejsh 40l gl A= ehl(weld line)@E|e] A
RS AET 5 A B EF YRS 245
1915k Gl ollm 2719] P L AAE
g AHgdtel AFEBPNOR 39 ABLERA7)s)
AAN| =S A=k

—eee— ,:_;E_— ==

| I
| |
i = .
Ly v | -

( |

Wb @ @ a» ud

(17 1] e 2R AEage 72

m‘ N
©10H7 INSERT HOLI
PIN A PIN B
MO(TAP)
| 1l 4

"(

| L ‘ 7
e q

T |

[z 2] 7HRlE](cavity) S B3] FH]
22 AVed 5EAES T4

2.2.1 Z3 71 o] E(Polycarbonate)

¥ Ee BAAE AZA TEYAE ALed
PC(Polycarbonate)= <17, H| 53k 7]
A Zddo] retal, WA AIAEETE Holut
AxUojelg Zefrgog Wol AMEH
e el 400kg/em2 ABreolH, IR E R A
Lo 200kg/cm2 AEE A3 2 3kE 7AYok

w3 Eelslulolet falaete] 1540 ¢4

Z27 AP



o 3 ehd 73 4 73t 3] A A 134 A 4 5 20114 12€ 103

st FEARE JU1e AlE AAEEe AR & [¥ 1] A= =1
A= Fol ekd Aoz 7lgdn e = oon | een
58, 254 oke] BgolN EelshuvolEe] & fed (©) (0)
S 4ES AN, AL FANT AT SHE 1% A9
iy . (kg/em®) | 110
MEATE RAZA B BhE 0 Yk c
2A A= 0
. (kg/cm?)
2.2.2 58 (Glass Fiber) wor
SHE E JASE HE Bigels ug (kg/cm2) €0
Aol A ug} o7 7K B9 ¥shr) Az kS 70
(kg/em2) | 100
Fefel RN BE EQPo] 0L B4 kg/c 267 0
ao] s - 3370312
o) gol Wsks A, 71 olge] EQelAE nEg s oA Y 130
7} HlAAA Q] ZFIH Yo EY A= thE ol Fjector 12
H
A e UERtA gt w2 el (kg/cm2)
AREsE 2] B3l vlEy2 A5E PO(polycarbonate) Al et
2 la SFelAaE 247 10%, 20%, 30% EFetn (kg/cm?)
Rt el Arkad AXUely Bekseelh ¥ JAAL gy
A6 AL WfEARe] JeE 47o] gldum 2 kg/c
o]7} 200 ~400um™g &=o]
232 E9 EFASE A= A1EHA
23 Zalv BEgARe) A& B AgedE AER A9 Agng Wi
mAow AaHel ke (17 4ot 2ol ol
231 Zav B3z Al (dumbbell type)e] AFAIEHS Aok w3
[23 4]4 & 4 = vle} o] Double-gate mold

Eelol B AEYY 1N A1 (18

1=
- - A = A 3 CIME HRALS x E_lﬂ
317} o] 4€2(ounce) S-¥e] B4 9 Al A shkel AuGumnenel A IME WS A

o
off o

712 AT slo] mAlsk 8HAE TR AR S Qe T
A ZAe [Z 19 L}E}LH‘}}\_O_U:]’ 8o = ARt =, EAE YT HeoleE e 22
WaE /1908 BFELES A m oAyl 4 oo AbEeh, SRS A o el Aed
qews aRa] SANA o Amoser zg = THRAA SAH(weld line)ol B
718 AHgslel FHe) £R2 217 70T, 90T, 110C, AR AEES g4 gl mAs §14E )
130C=E W3 7|HA AFAS Al=elonh 2Een g4 F 7 FElE 3mx13mmx190me] 7=
= z4s7)98 [2F 209 2o] 2R A 5 W 7H 1A g Hol, H IR Yo EE 53] A9
o ol2m € THE BES ] AujAGA e s b ool 008% ol g ek dAuiiE ol
eRANE RANgon, FREES JSAI] A oao) A 10T-0T Sl GF dxgjeld
GujAl= AWM OlOIL-B) Y &S AREsIgla W7z} 10417 FoF =3 ghako] 0.01%0]3 HEs F73
e AN sk et
<
ff’grf‘
Y |
o T o ¢ e




104 ZZstet AHS AY 2 BJAE AEFY F=5A

Lol B R P

24 NEHe FHAE

[ 5= 91gAIRel AHe

A tere 9RemdA Q%
AR FLSle] W (bel)
coi)e AAste] AL

2 olgalgih

0ColA QA ES AAstem, 2Ael 79 1.0mm
/min, £84A19 A9lE 05m/ming IAEER A1Y
< AAsHTh

[ 6] "FEAIE7I(UTM)E o838t Q1A

& Arshs As Hojeth

2

2 BgAne 28 FH&S
eEzd m)E AMgste] A7l
ol We 5T AAALE Zgakelh

o, N

\\\\\\\\\\\\
,,,,,,,,,,,

Load
Cell

Specimen

Control Unit

Thermocouple X-Y Recorder

v

=
Heating Coil I

Frame —»

Temperature
Controller

spoll weba] 2 Aolrt §E & & ATk
(19 7ol (Dsh 2ol §HAe] 9ol Fuo] of
9 oF 10%

(29 8] &M ARE AlEshe vd==e Wg
of uhE mAjel S4Ae] IS HERA Aotk
o7l FErme] Wsh 1A= vAE 9
F2 A debsom, A4
A

o
AG=7F SMPa A= stobds & = itk

32 HYA% T B0 BPARY A%
AN

Eejo] BIARelA ARt el Qggwel wA
AR W) Slstel A6 TS 10% 20%
3006 WEAA 71U FEeES

gag (29 g A% Feael g §F ud
& FHoRN A z

o|\
N

ol
al
Ju
ro,
o
ol
o
k

F¥sted, AREel 20901l s BAASTE A3
A AGe B 5 9k



kA 73 733 A A 134 A 4 5 20114 12€ 105

[29] 101 A4 ol whe Qg7mel Wals 100
wolFi oA ARERel 10%Y Al wAt | | B e
S3Ae] AR Ae] 2e e Uitk £ P g oL
EF, Aol 006 T/l Wt mAlel 4 5 e b
$oll= Q7w BMPa HER oF 30%7t Z71s) & of !
Ak gAAL) A 28 adhs AL B F e 2 :
ool AEgel ke Ze dEgsae g & 00
4 Qdgow gyRolNel Afulde] BitHa Aol | S SN I B
60 80 100 120 140

Mold Temp. oC
(29 8] wdm=e] mE Zev] =

do

s

o L
o

)

¥ oo

]
S o

A EEn EtAlEe] AlE AgolA AR — — ;g:ﬁ:g:g
o] 10%°]atd 7-f-ol= mAet g1 45 A E e ‘:gj’;’ip’)
- - A0 Pl b o S oW
=7b vzl HARE Aaehds 20%0)1de® St : i — gg:/ax%
g Afels 2Aek S3Ae] =S Afol7t =LA v M ves
= - o C o —
e 9 SRR BsA @ e A S 2000 fodl A
Aske Zol AR SwolA ulg Faw Aew E e
1000 |7
vhehE o)
0,...1............i..;,
0.0 1.0 2.0 3.0 4.0 5.0
2500 Displacement. mm
(29 9] E8v HAES] ste-wHFF 34
2000
Z 1500 _ .
5 —s— Mold 70°C 1500 I —— :
F —&— Parent— + — Weld
© — & — Mold 900C @ s E I
S 1000 @ 8 1200 [ =
; —o — Mold 1100C = 3
i —&— Mold 1300C £ E
500 'gz 90.0 :
} & 60.0 P e
0 2 E >
0 10 20 30 40 50 60 70 80 :é: —
Displacement, mm
o e
(a) EA 5 10 15 20 25 30 35
Fiber, %
2500 ]
(2% 10] A+ el e Q=
2000 - ‘
5 50 : . . :
Z 1500 - C l—O—Parent —4—Weld_|
g F - [ X
g oo | —s— Mold 700C g *OF \
= : - &~ Mold 900C £ a0k A
; —o — Mold 1100C £ F
500 @ N ~
—&— Mold 130C 8 20F ~7
) ; [~
OUJn1||||||||||||||||i||1l (=) 1'0- \\’__-—_-_
0 5 10 15 20 25 ﬁ
Displacement, mm 00 e - 18 me as 38 B8
(b) &HA Fiber, %

(19 7) Zelv] Alme) shEwaD 24 (29 1] A% el be wgsy



106 7ZBFstel kS AR E2W BIAR ALY BE5A

Lol B R P

33 BRexd e v BgAad 9
A=

ZYr] ERMRE ARRS AlE AFES dA71dA
i, AR Ak & vekRE AbdEekellA ofe] 7 84
izjoﬂi }ﬁﬂt} ﬂvoﬂﬁ %%1%57} OWﬂEoﬂ

_Q_

e 5%%& Grol QAREE Woles.

[29 12]& Adshde] 30%%0 &2l

AYES FH=EE 30T, 0T, 20T, 50T, 0T=

BeAA AIAAS ANT AnE welFrh g

A sl sk ol geelslelis e s
Aeolgel ] BALwT} Fobdel wel 9l

e gow
vebta A= A v sees Hrke
Aoz HolA AALAES| nRE ZHPLwo] e

SRARG WA A 2L % 5 A
adal A= 20T 7M1= A
Rolthrl 1 o9 AL TAE AN E A

Zo 2 vehtz neede) 9ol grgor
2 AoR veth ® $HAL A% 8Lt 4
Sl weh B gl wAle] wla) A veht
B AoR nol mAZ} 3w o wztet g
Fe wolFn gt 5, #emsh wskEe ot
A A= matrix7h, £ AN A= A6 AR
3 9 F= Aow dkEnh

Ao oﬂ/qiﬂr 30CoNA ARES} Zr)el= FA
< A2oA matrix A=7F FEHA Wb fiber
shrinkage A} gjiEel Row AztEch [2¥ 13]&
A Sheel whet S Wt gz v

© GFS Hrkeb] flstel 292 = 110TAA A=
gk B3l Aol oigk UPEAE Aol
o Aol o] wAjel A RF $LE=T Eokol

ek A el wAglel T HAkE o
T ek A Agells ARl Skl
upel JIFFETE SRRl o, S AN AT
Fol STkl we AiAow AT Fashs
e Btk oA BAdNM= ARt ATt
Tt wd o] matrixet Adfroke] AfHom <
& =TT 57}0}“1 d‘ldzﬂoﬂfﬂ—t— Al A

o Z7kgel w}a} 14T E40) sl B A
o= g

200

160

120

80

40

Tensile Strength, Mpa

—=e— Mold-700¢
T — -+ — Mold-900¢C

- —0 — Mold-1100¢
- % —+ — Mold-130090

[ ‘\ =
[ SR

Lt P} T ] T e e v a2 § 3 3

-40 -20 0 20 40 60 80 100

80

60

40

20

Tensile Strength, Mpa

200

160

120

Tensile Strength, Mpa
& 8

©

Tensile Strength, Mpa
8 & B & B
T

o

[1#

Environmental Temp. oC

(a) A

—e— Mold-70°C
- — -+ — M-cld-90°C
AAAAAA i = — Mold-110°C
o = 0
- Mold-130°C

"‘-t;m—g\ ~ a —_—

PRRTIN N NPURT ST (SRS TN (ST TR

-40 =20 0 20 40 60 80 100

Environmental Temp. oC
(b) &4
12] FPewst BAewd] e AYPE

- —@&— Fiber 10%
~{ — # — Fiber 20%

"n
| e 0-—--0~‘

i3 PR P S S LRy i ]

-40 20 0 20 40 60 80 100
Environmental Temp. oC

(a) 2A)

—e— Fiber 10%
i — - — Fiber 20% [

~
~ \
-

T
/
i/

U bk PO O (T S O e ¢ PRETNT R N Y

25 -5 15 35 55 75 95
Environmental Temp. oC

(b) &4 A
13] A 842kl we I e

'
i



EERREEELEE

A 138 A 4 3 2011 12€ 107

Absorption rate,%

Absorption rate,%

Tensile Strength, Mpa

e
FS
T

—— 10%(p) — © — 10%(w)
—®— 20%(p) — e — 20%(w)
—=— 30%(p) ——=— 30%(w)

100 200 300 400 500 600 700
Time, hr

(a) 20C

0

—+— 10%(p) — © — 10%(w)
—®— 20%(p) — © — 20%(w)
—&— 30%(p) —5— 30%(w)

100 200 300 400 500 600 700
Time. hr

(b) 20T

(% 14] E)v H3Ase) 23 58

100

80

60

40

20

[ —e— 10%(P)

[ —a— 20%(P)

o . =t — & — 10%(W)

L i i I 1

0 20 40 60 80 100

Water Temperature, °C

(238 15] T&5end ua e

150 —e— 10%(Air)
E —=— 20%(Air)
2 120 E - - -- 10%(Water)
E_ F - -G - - 20%(Water)
= E
S o0
g E
1751 60 :_ ,,,,,
= -
w -
E 30 |
(o] E 1 1 1 | "
o] 20 40 60 80 100
Temperature, °c
(a) A
100 —e&— 10%(Air)
- r —&— 20%(Air)
o 80 |- -3 — - -+ -- 10%(Water)
E_ [ - - G- - 20%(Water)
= -
i< 60 |-
S :
n a0 |
@ L
= :
& 20 F
k= r
o L 1 1 o T
0 20 40 60 80 100
Temperature, 0
(b) &5
[1¥] 16] F5&ol we e
[71%] 15 20C, 407, 60C, 80TCe] =%oA 23}
FoE AR QgREE tehd Ao2A A
Pl BAY W e Lwold Tah FHE HIFE
V5% QPP AstEE A B+ Ak o
sah Foewst Aol weh MEzst gl
o] Ao w gl g Fuar F3ETEo] ot
AA =l AHAtele] ALHo] Wojx|=H 7|et=
Aoz pudtt w3 wAd Aol Afdiel
10%49 d-FET 20269 o AFFET =2 A2 7

=

F7b glo] A7 9o s mjdso] Yeh=s 4
Wz AzbEc aean A0 Aeole AREa
o] 20%4 5ol &5 AAIA L A7t 23 &5
o wjEZ 2] 9gt JAGAE WU} FE7F Wolx|=
dgas 7He

(19 16]2 A=xAe} 3l F5A9] AFHEE
wate] yepd Aeltk (a)e} 2ol
HA HlaiA] Fgod el we <
A GERA = erke, AR 2006 W 80Tl

__‘% o

"
o
S5
to,
L)
o
oo
2l
2
Lo
o
o
=2
s
Ny
N
B
to,

Kl
ot

i)



108 7ZB#stel kS AR E2W BIAR AEFY F=5A Lol B R P

4. 4 & SRR A

oy} ol Hr} obdsta ARstE A oR T (1] S EE ], BEEHSEt, pp. 16-17, 1987.
YAFE s v EFAE AFE AYEl dig [2] fhPlastichkt, KFEEM, pp. 3-5, 2009.
MAHEE Akt A3 3 22 AES ds F [3] &0 TR, poly science and technology Vol.
AR 6, No. 4, pp 310-312, 1995.

(4] S, e A AT, pp 42-46, 199%.

1) Aigadol 10%Y Aol ZA9 8849 (6] SHHBIZSANRE], et BYE), bt pp. 1-5,
NG E Aol7b Aol glont, &Ae] A5 1987.
AfshrEe] 20%e) ez SUkE™E 28]y < [6] Hull, D, An Introduction to Composite Material,
=7 At Cambridge Uni. Press. pp. 125, 1981.
2) BAe A5 ARl 20%E Sk 1% [7] M.Jorden, Looking Backward, Car and Driver, pp.
e °F 30% Ax bt AAER S 55, Mar 2001.
%2 STHIAE AFAES] P a3 e [8] Wendy Soll, Gutowski, T.,G "Forming Themo —plastic
2] ekttt Composite Parts”, SAMPE Journal, pp. 15-19,
3) P2 Eo A Ao e mEH~ SHA ] A 1983,
Fol= Agake] wide] A= 2 A [9] C. Kroekel, E. Barzkus, Low Shrink Polyester Resins,
IE=N Performance and Application, 23rd SPI 18-E,
4) FE7F ¥ A ARgshe EEH EAE 1968.
Z SHAE A= AS AR HE 10%°]35t [10] Grafton, P., Handbook of Plastics and Elastomers,
2 3k Ao] frElsith Mcgraw-Hill, New York, pp. 124, 1975.
5 SRS ehaek EEly EAae] AEAY [11] Tomari, K., Tonogari, S. and Harada, T., Polymer
oA &EHEFIF sles FYNE AAlske= Aol 7t Eng. and Science, Vol, 30, No. 15, pp.31, 1990.
#F Zaslic) [12] Hobbs, S.Y., Polymer Eng. and Science, Vol. 14,

No. 16, pp. 621, 1990.
[13] Matsuoka, T., Takabake, J. I, Inoue, Y.,and Takahasi,
H., Polymer Eng., and Science, Vol. 30, No. 16,

pp. 57, 1990.
A A A& A
A7z

WAt detelelq Aa), vt ARt geke 71715
sl ASsgon, wiR o4 AAetelE Assa 5
ok= CAD/CAM % =AY 7} e A S TR S
S ARRIRb # Eofel & u, FAEokE AlEEd A
A frerdigl ZIAE A Z2ag 2 Az CAD/CAM ¢
= AAstar vk ofoln] AA] ShrEe|ElvVey

g AFHSETF Y Fur=

A

[
>
—
i
=
offl
—
%
®
Jo
_?L
)
o
N
B>
P
i)
Ho
k1
N
X
>
=
Lo
N
fl
—
el
:_.%
S
ik
)
<
=
%

oY
2
=
&
>
ek}
=
a2
oo
oo
ol
O G
i)



