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Abstract: The aims of this study are to fabricate Ti/APC-2 hybrid composite laminates with and without (W/WO)
nanoparticles and to investigate the mechanical properties of Ti/APC-2 laminates with single-edged cracks due to ten-
sile and cyclic tests. The composite laminates were three layers with one 0.55 mm thick APC-2 lay-ups covered by two
0.5 mm thick Grand 1 titanium alloy sheets. Nanoparticles SiO, were dispersed uniformly on the interfaces of APC-2
with the optimal amount of 1 wt%. The stacking sequence of APC-2 was cross-ply [0/90];. The single-edged cracks
were cut by electrical discharge machine, such as 1.5 mm, 3.0 mm, 4.5 mm, and 6.0 mm. The mechanical properties,
such as ultimate tensile strength, longitudinal stiffness, of plane composite laminates W/WO nanoparticles were ob-
tained from the static tensile tests. Next, the load-displacement diagrams were plotted for the laminates with sin-
gle-edged cracks. The fracture toughness of hybrid laminates was obtained. The constant stress amplitude tension-ten-
sion cyclic tests were carried out by using load-control mode at a sinusoidal loading wave with frequency of 5 Hz and
stress ratio R = 0.1. The received fatigue data were plotted in S-N curves for different single-edged cracks. From the
results, for different crack lengths both ultimate strengths of Ti/APC-2 composite laminates and nanocomposite lami-
nates are very close. Ti/APC-2 cross-ply nanocomposite laminates have better fatigue resistance than that of laminates
without nanoparticles. The longer the crack length is, the more their properties are reduced, and also the fatigue lives
shortened.
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Figure 1. The geometry and dimensions of Ti/APC-2 cross-ply
nanocomposite laminate
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Table 1. The ultimate load of single-edge cracked Ti/APC-2 com-

posite laminates W/WO nanoparticles

% 1. TIAPC-2 +Fi%iR H R PRS2 L8

Ultimate
(Errr?;i()s Tensile Load
Pui (KN)
AR 24.66 + 0.58
a=1.5mm 15.89 +0.51
Toa K ARL a=23.0mm 13.08 £ 0.24
a=4.5mm 10.75 +0.28
a=6.0 mm 942 +0.57
AR 25.34+0.36
a=1.5mm 15.79 £ 0.33
% F N a=3.0 mm 13.13 £ 0.08
a=4.5mm 11.10 £0.28
a=6.0 mm 9.21+0.09
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Figure 2. The stress vs. crack curve of Ti/APC-2 cross-ply compos-
ite laminates W/WO nanoparticles
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Figure 3. The load vs. cycles curves for Ti/APC-2 cross-ply com-
posite laminates with single-edged cracks (a) without nanoparticles
SiO, and (b) with nanoparticles
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Figure 4. The load vs. cycles curves for (a) plane; (b)1.5 mm; (c) 3.0 mm; (d) 4.5 mm and (e) 6.0 mm Ti/APC-2 cross-ply composite laminates
W/WO nanoparticles.
4. TAPC-2 +Fi&(a)F4; (b) 1.5mm; (c) 3.0 mm; (d) 4.5 mm; (e) 6.0 mm K A EFKRALS TRAKRR Z S E-WHIORBEN S
XREEEE

Table 2. Fracture toughness for both Ti/APC-2 composite laminates W/WO nanoparticles
R 2. M DETTEZ BT

IR 73 2 7 R 1
Ti/APC-2 L5 Kok

]S::;; F (aw) TEAAKBAL UltimateTensile  Fracture Toughness KIC 5 2 K HUAL Ultimate Tensile Ti/APC-2 R KA Fracture
a (mm) load Pult (KN) ( Mpadm) Load Pult (KN) Toughness KIC ( Mpa/m )

1.5 0.5015 15.84 32.50 15.79 32.31

3.0 0.7501 13.08 40.03 13.13 40.18

4.5 0.9956 10.83 43.99 11.12 45.17

6.0 1.2730 9.54 49.55 9.44 49.03

Table 3. Fracture toughness calculated by rule of mixtures
*3. RAHHHEZ SN
TREFIRTHE AT

k&1 Fracture gtrgotiil  APC-2" Fracture Toughness Kic  Apco fhfl  TVAPC-2 BZKMOBL  TH/APC-2 & 28Kk

Toughness Kic (Mpavm ) EE (%) (Mpay/m) B (%) Kic ( Mpay/m ) Kic ( Mpay/m )
70 64.5 4.7 355 46.82 46.98

FIREIA 722 R 25 0 SO U BIARIE Ko fH 1 49.03 MPay/m 2 I]; HIR A FE T HH R R 5 4
REBAHKLE) K KB T 3250 % 49.55 KAMORLE B R R 4 Ko 8 46.82 MPav/m T 75
MPax/m 2 [] T 5 23 K AORL ) Kie M RBEA T 32.31 FEKRPOREAE LI BRIV Kie 14 46.98 MPam , 7%
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Figure 5. The failure cross-sections of specimens due to high load
fatigue
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Figure 6. The failure cross-sections of specimens due to middle load
fatigue
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Figure 7. The failure cross-sections of specimens due to low load
fatigue
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