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ABSTRACT

It is essential to understand the creep behavior,

Arhay BgAn A

, Randomly oriented composite W3 7, Unidirectional oriented composite $Hbaka,

which shows how long the characteristics of

material maintains because press joined molding GMT-Sheet for recycle is usually used in the severe environment.

In this study, we predict joining strength of GM'T-Sheet for recycle, when lap length was changed. and we will

investigate how compression ratio have an effect on creep behavior in press joined molding. The

result of

experiment of forming condition concerned with joining problem of GMT-Sheet is as followings ; joining efficiency

of GMT-Sheet, increases as lap joint length L increases. Increase of compression ratio causes decrease of joining

efficiency after of GMT-Sheet joining. As the result of creep test,

GMT-Sheet is easily damaged in high

temperature range, because it is sensitive to the temperature

1. A =

Mr%st 2" BEA m(fiber  reinforced
plastics : FRP)¥ R Al{matrix)¢l %2} & 4o u}l
g A dAsH BIAEG d7tAd BIdAEE

g 4 Aed, dPEde Fa2Y S
Fo BAo] nAAE R WG Ao 7]
WZel drbAaAdHoys 734 S AR L
ooz g B4z Arvr dagxo trhlee
et al., 1996).

ey FRPE #Hold EifAzolxwt H* 34l
g5 v BEAFAY AqgRe FHoA BHd &8
S7F Aol gy AAolnh & Fele] Eepay X
s dA8d FAE AL 3 P Fol dt

ol oLt FRPAIS] AMH el &4 AN o715
o, AMEAZE ASEARA R Aok o)k
Ao ek g%, w154, YENel Helv ¥

ghsEl BEkaiu s So)Ae UH‘ | PP(polypropylene)
TAE A AE Yo fFHARAS dstaA

Ix"_‘é‘Lng_

L) Al E(glass mat reinforced thermoplastic-

sheet : o]t GMT-Sheetv} Flvh)7b =555 Qv
o] GMT-Sheetel $4e 91591 PP 3% )47
HE Aafolr] wjitel 7%’301
A 9 QAo 243}t S|

#H, GMT- Sheety: WaAdel gl Sl
(rdndom) T AT M Ee ghtgro 2 wigyl A A

AE =234

1] L %]

UD grade (unidirection grade) /|

Mrslo] AbR =1 Ay 53], HlEab {o) R
& AYAA AAAAE GMT-Sheetiz 7484 23t
ol Aw FEdd ZHE # ol HASAd
?EUH 19 Hebgow A x| Ll iz Ak, wlAtbol

, WEAA Sol sttt nielar 484, 4w

, WeFEA Seo 2 FHES vhar on o
7Pi"é Febadg g A s dito] s &
well A &l 7F SFHyEar iz HgtAgiioly
(Mallick and Newman, 1990; [T#) [l & 4406, 1990).
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151, 1 9] H|AgAgo 2 O &8 HHst W
|32 o] Bt FHE LS $3A GMT-Sheet
Z s § HE4¥se AIEE # U sk
t}.(Kim et al, 2000). o] 3384 % ¥ GMT-Sheet
r 75 BAECAM AFESHA FHlBRE RSN
Avpr} oA 77 2 BEAS FAE F UeTHE Hot
By 3T B dig] olsiste Aol Aol
AHZA Y gk A+ F5EFARY A=
Ao o Fo] Yol wFA ot Bullocks &
£E3ARe] ZYZ FE7F BAAY ARz
At A& BAsY=ol(Bullok et all, 1977), ©
2] gF fﬂ’g"’ 13 sl7] st Gotor HAAYG 71X
Aol ARE 1T M2 IS A 3}HHGoto
and Mclean, 1989). ®£3F McDanels2 F4H# B
FEEGARY HAYAEHY ZYE S VA4
B vz agE £x9 Zoue 7hgn £
g o83ty FH£EFARY AYE LS AR
tF(McDanels et al, 1967). Bollert #8473t
aREAA A g ol E7IAYPEo] HIH-EH
fg3tor olRE V|FoR st WYES P}
o 9 (Boller, 1959), Mcloughlin®} Findley %<& =
g Z Wy go] i3 A& A AE A (Mcloughlin,
1968; Findley, 1948). 1&j4, Leew T5A&A
BEE @47 ol EUE olFoz AAE HFE
3 n¥z BAs FxE HLIHL e AL
xgx)ojof gk 3t th(Lee, 1986). ©] 9} o] A
G723 BgAQae ez EY ddEs A
ol AFAINE AAF B A9 e Aol
% AqfMde 23%, 13Y FEEANERN AF
zle] Wa So Al gE 3 Y GMT-SheetE &
#3571 fEM HEAHAERAJA HHoE WA
HAAEE dFsa, § JAFA4PA HEu7 2=
E43o ojugt J&FE v X =7HE a1 FSHaz} g

N

2. 5u 2 A HAFolSEE A9

et

o
=)

A
] g 3} 51,
g &3 A
hoi h’l}xl HE Ao
o] A ¢]gtrH(Hojo et al.,
h

n, = I—Ta (1)

HAHEA Fig. 13 o)
HEel 382 Fig. 29 #o] £
ol&go zvt EAt Z7]FA
#EH R AT Z
1987 ; Yaguchi et al., 1995).
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“.‘39.,5
morﬁir}o

i R R B B

Al H o] ‘4“‘1011 2t g3l PGt RS H AL
Ao 2(2)¢ zHil(Denton et al., 1985), A& el 34
= 7tz 53 gt @ ghow AL

0(” = % (2)

A7 o 0 A =3 H(MPa)

P FHd dF(N)

b s AEHE e L (mm)
¢ A A9 FA(mm)
t =]

Compression load F

e ———. e o e — e — —

Fig. 1 Illustration of GMT-Sheet joining process

Compression load F

2 Pross mold
Flow front 4

Fig. 2 Nomenclature for slab-shaped part
compression molding
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3.4 ¥

3.1 GMT-Sheet B34 54 2 A¥=xd

B Ay AMRE Age AU Y vls AZDEL
A AlEoZM F heZb 38 mmel GMT-Sheet 5 W3k
Aol gle dY FAMRIER Aslsted HREiEol
40 wt%2l  AF AR = A : Polypropylene, 7813l : random
glass mat )& AH&3I T} ©] GMT-Sheet] #elZ=29
@ 2 e AxE Z2 09g/em’, 255 g/em’ o)t} o)
GMT-SheetE Uvolo}l2 = 7 EJ(Beuhler, model:
Powermat 2000)& AF&3to 32 mm(F)*x 100 mm(A
o)x38mm(FA)Y AAZAFEHo R Hddto AH
Hog sgrt.

GMT-Sheete] AP XEE A7)
I500HZ &xo wE& Az 44 548 AN
tb. 7 A GMT-Sheetd] FZ2HuAL Fig. 3%
ol 272.40°CoA Aol wislalz] A|zetr] wjE-o
B A HYE2EE 20002 3te duEAHY3s9
t} o] dA¢EAHA] GMT-SheetE 714§ #H7|i
oAA 200Ce X2 4083 7HE3td Fig. 13 2o
G838 A8 ¥ Fig. 29 Zo] s 42A4F &
Ak, F@AuElY 4= 32mmx300mmE §3,
7t AR = 258 9 € X 2 (Carver, model : 2518)
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Fig. 3 Relationship between temperature and weight
of GMT-Sheet

g Alg3lgon, g8ode ddgE w3}A 7 v
g2 5 2 & 3HE AMEstHLee et al., 1995).

GMT-Sheet 48 &2 | HIYolSFEE S 531V
fsted n&-qtE s HEY Ad - Fol sAA HE
S Table 19 veEbATh Table 1olA *&= 43 A A
FHo] e AA ABHE grola, **= AFPAS H
&z ¢4 @2 Fig. 29 #o] me-¢4E Tex A
ot YeEhd JAFAE glojth, FPHR HEYFE 2
B7E gECl oF 10% EoHS o & Ut old 4
ZA9A Egas FELEEE 20002 YA, o4
U= 0, TeA ¢4EF4£5E [0 mm/ming 3kich

Table 1 Mechanical properties of GMT-Sheet

Specimen Unit GMT-Sheet
) |
Glass fiber o I
Content witre 40
Tensile * 88
strength MPa ** 80

* Virgin (Before molding) , ** Recycled (After molding)

3.2 GMT-Sheet®] AT R =79
B7taA " 2xvt gebgol gl Ay
A momg 4 2rdi FHoR HIAH 35
ATt FHS HEAAZ HIFshA Kahi- HAFxds x
gt2E Biaae Hio &3l f&3ith YA M
AEd M= GMT-Sheete]l F7l(t = 3.8mm)oll i3}
Y7ol ot2 AASHA st FFuE 0, 0.15, 0.29,
042 4FF = stk old  HIAHFHNA Eday
THEET 200CE FY3tAl st <ol AF3
Fig. 13 Z& 9o ofs) Fig. 29 #& vl
Ze g8 FHehal, LwEe F&eto Zojwd
o2 FEHEE st Y HEYAAPsAch

Y HEHHEA GMT-Sheet7} L2 A 7+g x5
UFHERZ Yue B0l 7[AH Aol "oz
22 GMT-Sheet 43 E9 # Hioleag s o=
at7] A&, v HEdy det 2o 2y Aw
e 129t el § HEAAA e <l
Fe @E& HAsAT W HEAHHFE GMT-Sheet
= A EZAIY7)Y aYREES weiste] tjojopi
AEZ ASTM D2990-& #Z3sted 20 mm ¥ 140 mm
of Aty o Husle] A&t olu A3
Ao #AGZTe Fd3FE ANFH DR (A FA
ExEA)o 2 Vi o a9, 7+ Agzid

v ooX mu

=173—-



st 53] B AAIEte] 1 PG o R ST

AANHL A2dlA UTM(Gton, Houndfield)& A}
£33t 7Z+zF 10719 AEHS FHEld FAsIAR O
W, A22A EEEE 126 mm/minZ 3%

3.3 GMT-Sheet?] Y ZAY

gty oz FA T ZAAAS mAARA A3
T EE dFHLHEE JtEtn 5Z LA Aol A
Hgho] wiel Wy o] Frlsle @AE EHIEH A
gz o] BT wf Ak wlE WP F] W
+ Fig 49} #2 A% L HAY(Mitra and M lean
1966). 271 8L 3% & 7Iete o] @AW
A kel o EEA] e AHYEY Fow 4‘5}141%
F7rdgeltt, A 17l ZgxE Holag =g e
d 2719448 AYAEA v s 52 $eg HYyE
o] Z7}3lAwr HYFLEL = 5
7] Adze ZAYAezan sted A5 7P%’o
g} o} ﬁi"*ﬁ}ﬂ MNE AHE o] FofA dAT ¥
E57 FAREE '117P°]‘4 A37] AYgze 7HEA
ey gy F2 & o dF3te dFo
A Eeol YEd o °§~,— AP L7t F7lsto
ke =g g7txe] Foer AR FHFou
WEEE P2 A% FEDGHY #AL27 A&
o ““36“4

2 Agox I ZAFEL x(furnace) 7o) &=
Az 7F Fargl A XA Y 7](Satec, Model : M3)
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Fig. 4 Typical creep curve showing the three

steps of creep

ALEtA Tt AR EA P e AEake] WHL
& 7 Ave 25E a8 50TAA Fast e
“’1 Al Ao 7t $E-2 UTMoA 3k %7
5 s vgow AFAE el 30%~60%2 ¥
AoA zZt AlgHe] A4 §¥E FAH(Nam and
Han, 1996). #®¢+ LVDTIA 4 Az 3
recorderoll A wo} FAstATE A PP
Folng HFpFEol nx¢ #& ATS 3o g3
7] W&ol AYxAE7| SHEES st 3
Azt Ao g gololEZrx FHHE ALl Al st
A AE F 2ET dAsA FAsARL, stFEe
X7 AR EH E29d o Thate] gfEH] 2 &
HE WSIAA AlgTHo] Ad d w7t xR T

HE i

Pan

H AP

4 Ag&d3 2 o

Fig. 55 GMT-Sheet& % LIS
if*“ﬂ@ a T Ji olSF fZelst He #

@G vAe 9L %omﬂ fste] AP A
32 e Tgolth o 9 HYARA GMT-Sheet
ANAES FA% TEE 7] st gEB(RIE
0c2 3t Fig. 13} Zo] AgAL HAFL v
Fig. 29} #o] Zwge 723 & Ao|wtgoz &

*= Zex

322 YUt AFTHEo] Owtel AYAE
DE-4EF Zyx B FAAEs AdFANEE ¥

# 7ol Wigle] WE H HIY AFAEEE Fig. 59
Uetony, YPdo] Lo| ZFred+=E QA% glho]
Frhge ¥ + Ut

=g, A7) Wad e P HPolLEEL 7
3tk ol GMT-SheetE AXA & Aejol A
100 100
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g &
< 90 2 % £
g,
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Fig. 5 Comparison with tensile strength and
efficiency of joint on the lap length L
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Fig. 29} @o] & g% Zelx 4PVe & F 2
gAEs] A 4P APFE &% Fig. 1% 2
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Zhge & # Uk
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EAE ARl wAsn, WA &7kl
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7t AesE ARFE gol A Yehde &+ 9
thoole A HEAYA FHHL ANG FaA
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&Y EAHE Yol #E& ¢ F Uk | HF
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Fig. 6 Comparison with before joining and after
joining on the compression ratio Re{Tensile test)

Fig 72 A HFAHES GMT-SheetEF 50T 2 2
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48 7R e WY AgjEAlg Aoy, Fig
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of disl Al wE& WeE eld AHolil, Fig.
7b)e EHE 0162 3l ¥ HFAHHEE AFA
Mg Jebd afZojrd Fig 694 & 4 9
upo} ol HIAdPER AFHL AZ:ust e
g o AE Aga en $Ho| x4 E
A4A AFEE B 71 Ao Fig. 7o)y &4
00625 3t F HIAFS AHES ez
At Fig. 6914 o3 Ay EnH] 01081
g o2 AFARG dFe Wsld wE WEHo
2433 ANAETE Holx Ut
GMT-Sheete] A Z HdgAHI7} Fig.
Aol Az FHE e gkl
Ly A= E AxA A37)
t2 speko] o] Folx| = 3,
Wy PolA A27] AL REWG HoF
& AF7dE 28a BgAsae] A

2RDG BHAGAYH) T A5 e
g 471 9

My & o e e

49}
727]
g7}

23
U =0 oft my

o
and
ul
©
s
i
e
ATH ol o W 2 O r

SASI Wy g Rowm
g, Al37] A E o) ?»101 Al¥
olfE AV Ho otE7) “ﬂ%’.—dﬂ 9—1@4@ wets
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Fig. 8& &&ul7F 0159 0.29%0 F F#/el A%
HWE SWstE AMAAM Az WgduelE Yot
RAojr}t, H3AdEI} GMT-SheetE 2L
Ax W v NS & U A
H HAAAEA &Fu7t FUrEeE Aol “lGH
A B2 el o] ®el Hol HREF&ol SUhshv]
ol fFulel W& A zkel zlojrt @rh(Lee
et al., 1995).
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Fig. 7 Comparison of creep curves with each strength
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