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Spring-back in GFR / CFR Unsymmetric Hybrid Composite Materials

Woo-Kyun Jung*, Sung-Hoon Ahn™" and Myung-Shik Won™

ABSTRACT

The fiber-reinforced composite materials have been advanced for various applications because of their
excellent mechanical and electromagnetic properties. On their manufacturing processes, however, thermo-curing
inherently produces the undesired thermal deformation mainly from temperature drop from the process
temperature to the room temperature, so called spring-back. The spring-back must be understood especially in
the hybrid composites in order to design and fabricate desired shape. In this research, {glass fiber / epoxy} +
{carbon fiber / epoxy} unsymmetric hybrid composites were fabricated under various conditions such as cure
cycle, laminate thickness, stacking sequence and curing sequence. Coupons were made and spring-back were
measured using coordinate measuring machine (CMM). Using the Classical Lamination Theory (CLT) and
finite element analysis (ANSYS), the behavior of spring-back were predicted and compared with the
experimental data. The results from CLT and FEA agreed well with the experimental data. Although, the

spring-back could be reduced by lowering curing temperature, at any case, the spring-back could not be
removed completely.

K4 BYARE 248 A, A w1 84 % 2 o # HofolA 353 ek AR BAAE AYFH
ouxu Yoot AT L FLwe 29 wo] wrgslA Wk ol@ 22 we 5
T e S & a7d9E § AR BA Bt 7heA
FNEA B2 T wHA SRS RYAE Aol F, AEF

333 HEZHIE ol §stel B O R(CLTI FHLAHANSYS)O 2 23
W 55T AW A vasAT DA AW o2} fRass CEECEDELT

Al
T =2
o8], YL Tt BesE 2ny Wol FaHL AP BAS BAGGO} 2AHoE An3 ol AAHAL gt

e S Thobet AL ALshe] A#rst

Key Words : &% (Thermal deformation), 222 W (Spring-back), 2473 B¢ A (Glass Fiber Reinforced Composite),
g4 873} E8AY(Carbon Fiber Reinforced Composite), BjtH# 3lo]Ha|= E&R|(Unsymmetric hybrid
composite)

* Mgt 7 AT diet
*+ AgUistn 7| A g, 34 A 2HE-mail:ahnsh@snu.ac.kr)
** kel



2 I P E - Y SRR AR
1. 4 & gt AstEA ¢ 25, yaA4E, A3y 5o d¥a4E

st W HEo AR A%, Y W) BEE 3%

He7s BAR: 243 7|4d, AR7H B4 02 o AEEAHI|E o|&3te] 25T HAFe} vmgh

HeWe7t A& Ao o] 71, A5, AupEa of
Yok ARe) 37, $EAR 5 2AEQ Bokelztx el A
g3 gl

BAHY £AE AgIE H9A0 BYHRE AALE
of AResel Fojz st A WY, £ EL B
Hhgo] )3k & Sol WS Heh ol e A A

A S EE WP AT 4 2 A A E AR

= aglojth

E3tAr o YA AFHE Yt ol HE LS wH
A st QT R WEe|H 295 o] gt

Sarrazin, et al. [1]& T300/976 graphite/epoxy 34l & 2]
AeeE U, W4T, 4o g 29 Ao ot
£ Az w(Spring-back) Aol e ML Fote A
259 A& Wilo] 2 Angy wo] Zha g ito] ise] 1
#8tg. o, Fernlund, et al. 2] S22 {7438 S
Astapol23 2o B, 3ol 42 WA g o)
43 gze Eoll 724 Foiet ARAolFe] BE WY
A=E A7t

Giliotti= [0/90]12] A& T2 E X & @4, §9, AEH
A7dst Bt R F-88o) o3t I E it dA-7[3]
9 AS4/8552 BEA R [0/90] & Zwe] FstAte| S W&
%, A7t wE TE WSl T3 A1 E I3t AEL
ol Ay e ZETY Aol sty 4] sH

o
a;‘(jl—o—

9, 9ugel 2UA 499 Y29 SYFAS q3t
DA Bl WAL AZ A B ATE FPHA YE

g, Tto, et al.[5)3} Tezvergil, et al.[6]-2 S| A&73} B3A
g9 HAFAEo] wE FBYAs9 W Ao,
Evseeva®} Tanaeva[7] o &A| E@A o)A o] 2=w3}o] o
2 g9 d4e nadsi

oj9lo= gl o3t Mol 71 A 4o wA= 9
ol that AT[899} TherRt HatA R M) ARYl ot
AF[10-12)7F R EH o et

£ d7odMe et A e gadR S &
Tz F 3o AL SolHE ERARY JPA T
st 22y wof thet o] AESch FEldR / B
ARt stol R E EqAE = ¢ Wl B9d B4 &
TEHIL 92 T Holle 2549 ¢ Hed 540 84
He 54 A7 A4 o A& shed FRoith B F
Hol MRt A= EAol 4t FAL T+2ENA 7tEA
& FAHRFOE QAN FAH A= 7| g

=0
o=

[s]
e
Py
T

T

21

2 Azl agFASe AN FHANE FHs
o2 L 4WaL Y Z2IAL A3t
Shn ook Ay Foto] WY WHYEE o

A
A
o

o

o
k.
3

].

i

3L
il ]

il
il

o
Ao o

2.4 9
21 Mz o AEAE

A¥e (FKPIQ B2 (Plain weave) 2 A f- / AFA Z
gl Za 29t FIEAG / A EA BT g AEstgen, A
L 200mm x 20mm (£33 10:1)e) ¥ Fejz Z L1
£ AHato] Fig1a o] Qo) BaHF / o FA] T2
1 8%AL ASEtn ool FEldG / fEA m=YIE
27| wa}t H&5te] Hot-plated 2 A 2SS

o =
g2473F

200mm % dF5 20mm

Fig. 1 Lay-up of prepreg.
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Table 1 Test matrix for spring-back measurement

Cure cycle / Lay-up Thickness Stepwise
Cooling speed | (on C-1-Q) (on C-1-Q) (on C-1-Q)
Cycle-1-Q Carbon 8plies
Cycle-1-S + Glass 4plies
- One step
Cycle-2-Q Cross-Ply Carbon 8ph.es J
Cycle-2-S [04]S + Glass 8plies Bottom of
Cycle-3-Q / Carbon 8plies Carbon fiber
Cycle-3-S Quasi- + Glass 12plies /
Cycle4-Q isotropic ply Carbon 8plies Bottom of
Cycle-4-S [@5)2]8 + Glass 16plies Glass fiber
Cycle-5-Q Carbon 8plies
Cycle-5-S + Glass 20plies

(Q : Quick cooling / S : Slow cooling)

At =zl Alzake] BF AFo|S(Cycle-1)2 80T
LR 3087 A HEF 247 59 120C9] =2 A3HA)7]
= Alo]2g 71Ee R F Aol (Cycle-2) E YA 2ER 10
0°C(Cycle-3), 120°C(Cycle-4), 140°C(Cycle-5)9] 27102 483}
gk Z Aol Zof s Yz AL £9 05T2 ¥z
Mu(Slow cooling, S)T EF 3C2 dHAAZ FH(Quick
cooling, Q)2 Z-g3ste] & 10529 z7] ot E A3 AL &
s} thFig.2).



BIBE H 6 K 2005. 12 2eAe /

e MG 48 Moy Stoles Bgae Axy W 3

Pressure © 5.5atm

Temperature( 1)
o
T

SloW:0.5C /min
SA
RT

Qulck 3 C /min

PR P
o £l 120 150 130 21 g
Time(Min)

(a) Cure-cycle 1

Pressure : 3.5atm
120 :
. :
~ 1007 :
s 3 :
X 401 :
§ 80 : N
£ 0] A
g4/ s
407 :
20 ? Q
0 ;
i
g 30 60 50 120 150 T80 210
Time(Min)
(b) Cure-cycle 2
Pressure © 5.3
120
~ 1007
8 3
é 807
:
&3
40
201
oy L
0 k) 60 %0 120 150 180 210
Time(Min)
(¢) Cure-cycle 3
1204
~ 1009 ;
I3 9 ;
E 503 f
g |
£ 60 i
E |
= J i
407 ;
20
0 H H
g 30 50 36 120 150 180 716
Time(Min)
(d) Cure-cycle 4
Pressure © 5.5amm.
5 s
é i
z i
] !
= |
0 ; . - Q
q 30 60 90 120 150 130 210
Time(Min)
(e) Cure-cycle 5
Fig. 2 Cure-cycles used in this study.
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Fig. 3 Profile measured by CMM and definition of spring-back as
the maximum deformation.
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Table 2 Measured mechanical properties : x direction

Material Elastic Modulus Poisson's ratio
Glass/epoxy i1.5 GPa 0.307
Carbon/epoxy 25.7 GPa 0.351

Table 3 Measured Coefficient of Thermal Expansion

Material ax ay
Glass/epoxy 8.39 ppm 6.77 ppm
Carbon/epoxy -1.54 ppm -1.54 ppm
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