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Interlaminar mechanical properties of carbon fiber reinforced

plastics-thermoformed steel super-hybrid laminates

DUAN Yingtao' , WU Xiaopeng®, WANG Zhiwen', JING Min', LINa', LIU Qiang’ , NING Huiming”, HU Ning’
(1. Beijing Automotive Technology Center Co. Ltd., Beijing 101300, China; 2. College of Aerospace Engineering,
Chongqing University, Chongqging 400044, China; 3. AVIC Composite Technology Center, Beijing 101300, China)

Abstract: The synergistic effects of the metal surface treatments and interleaves on the interlaminar mechanical
properties of the carbon fiber reinforced plastics (CFRP) composite-thermoformed steel super-hybrid laminates
were investigated. Double cantilever beam tests (DCB) show that the Mode-I interlaminar fracture toughness of the
laminates can be greatly improved by combining metal surface treatment and inserting interleaf. Among them, the
interlaminar Mode-I fracture toughness of the specimens with sandblasting/adhesive film interleaves (GB36#/AF)
and sandblasting/epoxy resin interleaves (GB36#/EP) increase by 343% and 129% compared with that of the de-
greased specimens respectively. In addition, based on the cohesive zone model, the delamination of the CFRP-ther-
moformed steel super-hybrid laminates was analyzed by finite element method. Finally, to uncover the toughing
mechanism, confocal laser scanning microscopy (LSM), contact angle goniometer (CAG) and scanning electron mi-
croscopy (SEM) were employed to characterize the surface morphology of the thermoformed steel and the fracture
surface of the tested laminates.

Keywords: CFRP-thermoformed steel super-hybrid laminates; Mode-I interlaminar fracture toughness; syner-

gistic toughening; finite element analysis; cohesive zone model
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BB 44 5 (Double cantilever beam tests, DCB)
FAHOCRAE, D18 1 2 1h AL B F0 AL 1A i )2 % CFRP-
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F1 BETHEERIIEE &+ 4 (CFRP) RiEZE (L-F501 REEFBIAR) M ESH
Table 1 Physical parameters of carbon fiber reinforced plastics(CFRP) composite and interlayer (L-F501 and epoxy)

Material Physical parameter Value
Young's modulus (Fiber direction)/GPa 138
CFRP Young's modulus (Transverse direction)/GPa 10
Tensile strength (Fiber direction)/MPa 1800
Class fiber volume fraction/vol% 67
Young’s modulus/GPa 3.6
L-F501 Tensile strength/MPa 40
Steel-to-steel joint (Untreated)/MPa 28
Epo Young's modulus/GPa 3
poxy Tensile strength/MPa 60




- 2420 -

EEMRER

1.2 BEZXEAHREIERE
A SCR R R T2, % CERP Al A Al

B EAT AT R AL [ ALK 4G o B & CERP-HAUR
R TR 2% )22 5 AR D R AR T2 0 1 R

' 0.12 MPa
130f- =%
[0]°CFRP O
Interleaf Hot pressing ?59 80— '
2 )
<
Polyimide film p— g :
> [2 ) !
- Thermoforming steel i ot ! :
(a) Lay up (b) Hot pressing (c) Curing temperature and pressure

1 CFRP-PURAI I IR 2% 2 A il f i A s B SR T2

Fig.1 Schematic illustration of CFRP-thermoformed steel super-hybrid laminates fabrication and hot pressing process
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Table2 Experimental schemes
Group Scheme name Abbreviation
scheme
1 Degreasing Degreasing
2 600# sandpaper grinding 600#
3 Sandblasting GB36#
4 Degreasing/adhesive film interleaves Degreasing/AF
5 Sandblasting/adhesive film interleaves =~ GB36#/AF
6 Sandblasting/epoxy resin interleaves GB36#/EP
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o U B BE Ry ars ik A W) 9 v 2 ) Y fn 2k
SORWIR 2L, HWG 3R RKE Ha; )21 &
Aa BB AR TR %) 200 BEAE A e o S e A 2 i
4 1 mm/min, 44328 &5 %] 50 mm B, {5 1k
Ik, R e ) 22 B AR DT kTR B T
[i] W7 24490 1 G (] /m®) B0
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L= 50 mm; B=20 mm; =0.3 mm; 2H=2.7-2.9 mm; a=40 mm; a=34 mm; EP—Epoxy resin; AF—Aramid fiber
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Fig.2 Schematic illustration of specimen for double cantilever beam(DCB) tests (Precrack lies between the steel plate and interlayer)
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Fig.3 Representative load-displacement curves of DCB for

CFRP-thermoformed steel super-hybrid laminates
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super-hybrid laminates
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for CFRP-thermoformed steel super-hybrid laminates
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Fig.6 Comparison of Mode-I fracture toughness Gic and resistance Gir

for CFRP-thermoformed steel super-hybrid laminates

2.2 CFRP-ARENBREZEAMIBANLTRE
PR TR L

FIFH ABAQUS # 14: x} 2 &t T8 R 40 9™ g it
TR MRITA R, Hrp, CFRP & & B A R
P 41 N AR BT, BLOGZKR AN CPE4RH., iR
FEE B 2044 A5 47 )2 SR FH 4 V- T N AR 0T, BT R
Ak N 5R H1J0 COH2D4, 1 T i [ b J5 A 52 B
JE B HARNAT 20, X Degreasing/AF 1 GB36#/
AF iR A PR JSE B2 A 2R BP0 S A5 of ABE 400 % 1
Kl AR, R R R, BORHE
JEEBE N SR LT HEA T RS, TERCIL ALY R [ BLAT
T vE et S S, K SR B T RS i )
0.5mm LI o e i M40 3 00 I A5 ) 1 AR by 224 7] 4
GiIcEM XS H, 538 1Rk A2 R, Ik H
s R T, miE 7 R, i, A
25 FRR 0 25 W) G T B AT
2.3 CFRP-#ARKENBREEE SR AEEEHILE

LM R MR T CEFRP-F A A 48 1R 24 )2
GARZ AW AR B A . Hodr, AR TR
PRAL A P BT (A0 4K A 3% T A9 G045 A L ORELRE BE RN 3R
T TR 45 ) A A AR

&l 8 A AN 7] 4 J 2% 1 Ak 3 7 5T %) 4 Al 3R T
TE Ao XTI i A Ak T AT 4 A R B g% (L
Il 8(a)), M S AT UL G 5N Al 2 T A AR 22 AN B0 Y
MY 25, RHRRLRE 5 10 Al 280 D AR F T Ak PR
ZJE (WL 8(b)), 5t A R 1% 3R T A8 A5 B OG
F T LA Y R X AR R T AT
i Rb Ab B S (UL 8(c)), MM m B TR R



BBV, BRET HENE SRR I S 5 BERE-ER R A R R A )R 5 AU ) 2 P - 2423 -

S,Mses
(Aug:75%)

+2.393%x10?
+2.193%x10?
+1.994x10?
+1.595%10?
+1.396x10?
+1.196x10?
+9.970%10
+7.976x10
+5.982x10
+3.988%10
+1.994x10
L +6.505% 10

(a) FEA model of DCB specimen

(a) Degreasing

(b) Sandpaper grinding (¢) Sand blasting

€8 AR mEAN ;T MR E I ROIE SR

Fig.8 Microstructures of steel surfaces treated with different methods
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Fig.9 Surface roughness profiles of the surface treated steel
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Fig. 7 Finite element model and simulation results of CFRP-

thermoformed steel super-hybrid laminates for DCB tests
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Fig.11 Morphologies of the fracture surface of CFRP-thermoformed steel super-hybrid laminates after Mode-I tests
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Fig. 12 Schematic explanation of crack growth behavior of CFRP-thermoformed steel super-hybrid laminates under Mode-Iloading
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