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Low Velocity Impact Performance of Plant Fiber Metal Laminates

ZHAO Yigiao, YU Tao", GUO Yichun, SHEN Yiou
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Abstract: Flax fiber fabric and aluminum alloy sheet with relative high toughness were hybridized interlaminar in

order to fabricate plant fiber metal laminate (FML ), which promoted the impact properties of the composites. A series

of surface treatments were carried out on aluminum alloy sheet to increase the specific surface area and enhance the

interlayer bonding ability with matrix. The results show that the metal layer can effectively improve the initial

stiffness, maximum impact load and energy absorption capacity of the composite, and change the failure mode of

the composite from brittle failure to plastic failure. Compared with the flax fiber reinforced composite (FFRP)

laminate, the maximum impact load and absorbed energy of fabricate flax fiber metal laminate (FFML ) increase by

136% and 58 %, respectively, and the damage area decreases by 84 %} .
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FFML

FFRP laminate
(a) Ply diagram
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(b) Linear diagram of preparation
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Fig.1 Ply diagram and linear diagram of preparation of FFML and FFRP laminate
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Table 1 Dimension parameters of FFML and FFRP laminate

Density/ Volume fraction .
S 1 Thickness
ample (g-em ) of metal/ % ickness/mm
FFML 1.42 18 2.4540.10
FFRP 1.20 0 2.5840.23
14 ML 5RIE

K H ¥ & b 5 3R 58 AL (Instron Ceast 9350) X}
FFML 5 FFRP 2G4 s i il & T
WA 50 mm B BIFME 2 L 03k 54220 5 mm, ih
dr eIy 10 3@ ok 54 L 7 B MUBE (Zeiss, UltraS55)
W E IR RE B R B A

1.5 BHRTER
1.5.1 GRE & AR R R

SR FH 3 P A TR X} A 4 1 SR U M AT Ry R AT B
(ETTE . b, SR 45 i ] 42 36 R 45 1) [ 44 4 A A5
53 4 AR A0 A A 00 SR VB AT X T AR BT
W 4D A 4 A12040-T3 Wit , Hip R i E=
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Table 2 Isotropic hardening data for the A12040-T3
Yield stress/MPa 76 100 113 122 150 176 183 186
Plastic strain 0 0.007 4 0.0117 0.0200 0.036 3 0.0700 0.100 0 0.2000
R IRV Equivalent
stress
1.5.2 FFRP E/‘JZ,K*@ *ﬁﬂ A (on-set of damage or damage initiation)
SR JH AE 8% 155 4045 1) e PR b R0 4 453475 R 453 475 1
119 Abaqus BRI FFRP B9 8L HEAT 384T S 1
BE L ALHE TR T BT 4 W B TR 4 I 0 21 4 it R S 2
436 0 5 4 P 00 9 2410 1% B 0 44 700 o“ . S B
DIT B B AR 3 4 b 2R 28 50 FFRP A 2 P51 4 displacement
B U 2 FT % FERP () 148 4 16 571 30k 2 50 2 FERP o2 e
o e . . Fig.2 Linear damage evolution of FFRP
WL 3. K3 E RN R R RN, G#
AN BT s AR 1R R N R 3207 I, 2 3R TN %3 FFRPEX&BRHBESH
ﬁ E F 7M *4 * 7*5 IJFTJ 3 %:2 /T\‘ i 5’I\ ﬁ E F xlz (1 2) Table 3 Orthotropic elasticity data of FFRP
JIA] E./  En/  Ey/ Gu/ Gyl Gyl
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ZH . CREER T FERP 54584 4 2 [ i 4 5 1E
FH 8 SCT AHAB R 2 22 100 1 — M 422 fl A B AR L DA %
IS T 55 2% 2 v Y R 22 Tl Y TR — T4 ko),
FERm B SO 2P pR B ) CRRAE ) B2 56 R R4 45 1

Yz Vi3 Va3

GPa GPa GPa GPa GPa GPa

10.1 6.2 6.2 0.12 0.12 0.14 4.5 4.5 2.7

THT k5446 4 )2 (pro-Al) 3k 5 W pREF 4 )2
(pro-FFRP) i & & )2 5 WKL 42 (AI-FFRP) , DU
KRR 41 4 )2 18] (FFRP-FFRP) Y 42 fih AH T 4E J 4%
PE R T SRS A AU oo R O R AT ALR AN
P 3 T 7 ) L ) s Sl 43y ik

R4 EMIBEE RS

Table 4 Contact interaction properties

. . . Mechanical constraint Friction Friction Contact
Interaction Contact algorithm . . .. Pressure-overclosure .
formulation formulation coefficient stiffness/MPa
Pro-Al Contact pair Kinematic Penalty 0.10 Linear 0.1
Pro-FFRP Contact pair Kinematic Penalty 0.15 Linear 0.5
AIFFFRP General contact Penalty Penalty 10. 00 Linear 10 000. 0
FFRP-FFRP General contact Penalty Penalty 100. 00 Linear 15 000.0
NN\ RRErrr4 B
NN TTT77777277 2 HRE5WRR
NANNwestrstzrr7 72 5 ,
\Ekk\i&\\\\\\\\\‘! H llllllll//;//‘/;g;;/ 21 FREVEFREESHNRERER
SO 22%% 0= . , N
RN 1225 Pl AR 505 e R T ROWE L . h P 4 T LA B, 28
A S i RIIRBABUR & S0 REESRR A T8
:E:;Eé R~ AR SR R 3 T ) B AL BRI R B L B TR Ak PR 43
1 _- A ::\\\‘\ L PN IS .
57577 N NN T 1 T BOR RUBE 9 1137, S 10 T 462k 4 T
BP9 74 0aanaaAINNN NN .
;g% i ‘\\\W\Qii S 2 N L 2 T L, T A A 3 £ 5 2 A ) 2
7 ///;7//// // /[ l[ \\ \\\\\\\Qii\\\Q AT A I A SN IR (L B A 4 R R
y 0O o 2 4 2 Z
oA ) Pt 654 FEML th #1454 — 2T 48 22 9L K 55

A3 AN A Sl 23 5 ik
Fig. 3 Typical mesh generation method
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(a) Untreated

(b) Treated

(c) Pit caused by surface treatments

B4 84 4RO AR
Fig.4 Microstructure of the Al alloy

Al alloy

FFRP
y

(a) Untreated

(b) Treated

Bl5  FEML H R4 & - W RRET 2k 2 S B AR
Fig. 5 Microstructure of AI-FFRP interface of FFML
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Fig. 6 Typical impact force-displacement curves of three
type of laminates subjected to 10 J impact energy
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(d) Cross section of FFRP laminate  (e) Cross section of untreated FFML
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Fig. 8 Damage area and absorbed energy of three type
of laminates subjected to 10 J impact energy
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(f) Cross section of treated FFML
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Fig.7 Damage morphology for bottom and cross section of three type of laminates after impacting
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Table 5 Performance of treated FFML subjected to 10 J
impact energy

Experimental FE simulated .
Performance Devatation/ %
value value
K/(N+.m™) 2328 2633 13
P,./N 1332 1373 3
E/] 6.995 7.230 3

(a) Global failure

(b) Local failure

K9 AABRICAE 2 FmAb B S FEML 78 10 J bl 6E
HT B IE S

Fig.9 Simulation results of failure modes for treated

FEML subjected to 10 J impact energy
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