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Abstract: The influence of different layout sequence on the tensile properties was investigated by ten-
sile tests of two group of glass fiber reinforced aluminum orthorhombic laminate with different se-
quences. The test results show that tensile properties and stress-strain curves of two groups of speci-
mens under loading are almost the same. As a result, the tensile properties have nothing to do with
the fiber layup sequence. A modified theory of metal volume fraction is put forward to precisely pre-
dict tensile properties including elastic modulus, yield stress and tensile strength. According to acous-
tic emission(AE) data and pictures of failed specimens, the damage process and failure mechanism of
two groups of specimens were analyzed. The results show that the layup sequence has a considerable
effect on the damage process and failure mode of the material. Finally, simulation and analysis were
carried out on the tensile performance of the specimens using finite element methods. The simulated
results are in good agreement with experimental values.

Key words: glass fiber reinforced aluminum orthorhombic laminate;tensile test;damage evolution;fail-
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Fig.1 Diagram of specimen dimension and location of

strain gauges and AE sensor
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Table 2 Tensile test results for specimens A and B

Specimen  F/N  X,/MPa E/GPa o0 Vay pe

A 22345.2  657.2 53.5 215.5 0.27  36529.0
B 22435.6  655.6 54.6 216.9  0.27  38821.6
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Fig. 2 Tensile stress-strain relations for specimens A and B
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Fig.3 Tensile load and AE data vs time for specimens (a)specimen Aj;(b)specimen B
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Fig. 4 Fracture sections morphology of tensile specimens (a)specimen A;(b)specimen B
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Table 3 Comparison between experimental and

predicted values of tension properties for specimens A and B

Value Specimen 60,2/ MPa o1/ MPa E/GPa
Experimental 221.5 657. 2 53.5
Modified-1 A 226. 4 648. 1 54.2
Modified-2 215.4 634. 1 51.8
Experimental 224.1 655. 6 54.6
Modified-1 B 226. 4 648.1 54.2
Modified-2 215.4 634.1 51.8

3.2 HfRLIH) A RRITAELL

2] Abaqus A BRIGHA X B HE £F 4455 4 IE A
JEBCBIHLA F7 247 Dy BEATBEAUL L B R SR 2 BE ) RS
SR AT — g TRT (9 L 5 — i TR R AT N . B A
BHRE L e i T ER AR B AT G R A DO AR R R R
SF- S o T B — 1% P A TR TG R A TN B B 4 A4 4
B4 IR PE RE » X G 1 40 AR BRI B R AR
(4 F-SBPEAT o o FE BT I 0 C3DS8R; LK. 1 4k )=
BB 2 B o X B £ AN 5 5 5 AR EAT SR A T
AE S g AT 3] T o SC8R, #E AL /il Hashin
W 2t 2R Bl X £ A T A i O A

W bR T R R L R R L AL TR AL B
4 07 11 52 56, 45 2 B 7B A8 i 2, sl 5 B, ml L
EegpiiboR: SR E RN RE U W ) A VAR SR S
A I 2 LB 2T 4R bR Ao 2 A i R 0
LRVEHRAE . BEADLh 2R 1 S0 50 i AW A R4 Rt el LA
i 3o A BIR TR A0 3 {8 T 00 B 5 £ 448 A < i A9 6L
e 58 JEE IRt

XHARE A BB SDL e 7 20 Ml A5, L fi 28 A7 3 3
12880N M1 & UK BRAR 473 . 453475 2k 2 == UL 1AL 6.
90" £ 4 J= kAR 168 1) 451 {1 2 B DAMAGEMT A 5 1,



64 B TR

201549 H

——Test-A
600 ——Test-B
——Sim-A
= ——Sim-B
o 450
=
@
£ 3001
1)
150
0 10000 20000 30000

ue
B 5 FE A SRR BRI -0 AR A L it £k
Fig.5 Simulated tensile stress-strain curves

for specimens A and B

(Avg:75%)

S

+1.000E+
1490E00
+8.333E-01
+7.500E-01
+6.667E-01
I5.833E—01
13980E-8]
+3.333E-01
+2.500E-01
+1.667E-01
+8.333E-02
+0.000E+00
Max:+1.000E+00

WO A B R AR A o 3 ST 1 e R g K 8
56 i P R S B A A B R I Y R ) K A —
B PR AT AR B )2 5 M R A I SR 4R B R D
KHHE S IE Rt T 90° £ 4E = e A s B w4545 e
B, YR AR E A A B 22255N I, 0727 4E )2 1k
FURE I 58 B2 A M O 1w 2T 4 Wy 28 % 280, 2 BOM R AR
ZRERE T M Fe AR AL

L5 b Tl 2T AT LA o 1 M TN B S 2T 4
B A IR A2 B A i i R R ) MR 588 2
HABAD 78 b 27 4 6 2= 451 00 2% i a5 il PR R B 4
XE I W) s O S R AR B R R B S A —

B 6 GRFE AR 90T YRR = E
Fig. 6 90°-ply failure picture of specimen A

(D g AL B AR 1 1 L 52 560 25 52 vl LS
o B AT 4R 4 E S 2 MR B T 25 M B AN 7 Bl
SR IT A RE ), 5 4 2 400 AR B A3 04 5% < T b e
R A e RS R 2 48 )23 U0 B A [m) i e S [
AP R AR A R EAUE KR B R
J2 RNET 4 2 i 4 )2

(2) [0 FH 7 2 5 A ) L ofle iy b g 00 381 8% 3 4F -
B G SR AR B v A% 2 Y 000 IR O AR A & B
AT Hi 2R BT S B S 0 2T 4 2 AR R 3L A BT
TR B L T 21 1 S B B B

O FIBS ML L2 MR B G E A
MENR A AL X MVF 3OS ATE IE J5 7T RLEF X 55 3
LT Y-S0 A A 1E 38 JE AR B AR M BE 1A T 5 M R 1 3
W,

(4) 1y A B G 0 0 988 45 1) O T ) B B 7 2R
G E AR AR BB Ik B AT T ORI A A L A5 B T 35
2F 58 A 4 2 BRI L -0 AR 2R A R 4

fiE » HAS AU ZE SR A5 S 96 (B S AR W) & 4
& 3k

(1] 9B F. Glare 2 4R 9% 55 1 s O e £k [T 1. #4 RS 3k, 2012, 26
(3):113—118.
JIANG Ling-ping. Research of Glare laminate fatigue perform-
ance comprehensive evaluation[ ] ]. Materials Review. 2012, 26
(3):113—118.

(2] REbesth. 2SI . i ool B B B8 21 448 5 & 2 A JLAN Jp 21k
REWFFELT ] 2P 4E S A M K, 2007, 18(3) - 18— 20.
CHENG Xiao-lin, LI Wen-xiao, XUE Yuan-de. Research on me-
chanical properties of unidirectional glass fiber-aluminum alloy
laminates[]J]. Fiber Composites, 2007, 18(3):18—20.

[3] P4, iC#r . 40m. %. GLARE 2454 & &R 7e 12 e b
F oA B FC R P ] BB T 4 . 2006, (3) : 11— 13,
LIANG Zhong-quan, WU Wen-jing, ZHU Bin, et al. Compari-
son of GLARE laminate with aluminum alloy and its application
[J]. Fiber Glass, 2006,(3):11—13.

[4] SADIGHI M, DARIUSHI S. An experimental study of the fibre
orientation and laminate sequencing effects on mechanical proper-
ties of Glare[J]. Journal of Aerospace Engineering, 2008, 222
(7): 1015—1024.



Bast B

S £ 4 1 4 S 2R 3 00 RE T 5 65

(5]

(6]

(7]

(8]

9]

[10]

[11]

[12]

PARK S Y, CHOI W J, CHOI H S. Effects of surface pre-treat-
ment and void content on GLARE laminate process characteristics
[J]. Journal of Materials Processing Technology. 2010, 210(8) ;
1008 —1016.
SINMAZCELIK T, AVCU E, BORA M O, et al. A review: fi-
bre metal laminates, background, bonding types and applied test
methods[]]. Materials and Design, 2011, 32(7): 3671— 3685,
VOLT A, GUNNINK J W. Fiber Metal Laminates| M]. Nether-
lands: Kluwer Academic Publishers, 2001. 73—75.
BRF /NN RIS YRS LT Y40 G 4 TR AR AR R 55 P R
BEELT]. bR TR . 2006, (7) :61—64.
MA Hong-yi, LI Xiao-gang, LI Hong-yun. Tension and fatigue
properties of glass fiber reinforced aluminum laminates[J]. Jour-
nal of Materials Engineering, 2006, (7):61—64.
SOLTANI P, KEIKHOSRAVY M, OSKOUEIR H, et al. Stud-
ying the tensile behaviour of GLARE laminates: a finite element
modelling approach[J]. Applied Composite Materials, 2011, 18
(4). 271—282.
IBARRA-CASTANEDO C, AVDEIDIS N P, GRINZATO E G,
et al. Delamination detection and impact damage assessment of
GLARE by active thermography[J]. International Journal of
Materials and Product Technology, 2011, 41(1—4) :5—16.
YAGHOUBI A S, LIU Y X, LIAW B M. Drop-weight impact
studies of GLARE 5 fiber-metal laminates A]. PROULX T. Ex-
perimental and Applied Mechanics[ C]. New York: Springer,
2011.267—279.
XU, il g sk 1H. D5 2R 4/ A e 5 & M RH 17 5 I 2

[13]

[14]

[15]

TR R SRR ] BB R . 2004 . 18(6) : 93— 95.

LIU Huai-xi, MA Run-xiang, ZHANG Heng. The feature of
acoustic emission on the damage and fracture in composite of
Kevlar-fiber/epoxy[ J]. Materials Review, 2004,18(6):93 —
95.

FALWY, R AP R IR A, S KHLA Glare EAR 1Y PERESE & 3T
WRRFEL) ], B R4 . 2010, 24(9) .88 —94.

WANG Shi-ming, WU Zhong-qing, ZHANG Zhen-jun, et al.
Research of Glare laminates performance comprehensive evalua-
tion applied to large aircraft[ J]. Materials Review, 2010, 24
(9):88—94.

W SCHE L R UL AR R R TR TE = 44 8L C/SIC A M
BHRL R 495 43 B T 9 152 F L) . G LA L2 4. 2004, 19 (4) : 871
—875.

PAN Wen-ge, JIAO Gui-qiong, WANG Bo, et al. Characterizing
damage evolution of three-dimensional braid C/SiC composite
with AE technology[ J]. Journal of Inorganic Materials, 2004,19
(4):871—875.

TR, W1 TEJF. & Bk 32 [ML Jb ot
2006. 91.

ERI PN e

Wofs B #:2014-03-24 ;51T H #1:2015-03-22
BIEER : EF Q976 =) B, W L Bl HR. TENFE GBI # R
SRV J7 ) AR5 L BE AR M hE PR VE 45 0 2 T R XYL Tl KK
LRX IS RS ¥R (710129) , E-mail : b. wang@ nwpu. edu. cn




