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Mechanical Properties of Composite Material With New Laminate Mode
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(Aerospace Research Institute of Materials & Processing Technology , Beijing  100076)

SUN Jianbo

Abstract A processing method for composite laminates with intersection ply mode was putted out in this paper
based on automated fiber placement (AFP) technology. The samples of the composite laminates were prepared,
including crossing, crossing intersection ply laminates and traditional, two—direction intersection, four—direction
intersection ply quasi-isotropic laminates. Then, the laminate mode and mechanical properties of the composites were
studied by mechanical properties testing, microscopy and ultrasonic testing (UT). The results show that the tensile,
compressive, and flexural properties of crossing intersection ply laminates are lower than traditional, but the
interlaminar shear strength is increased by 16%. With the deepening of intersection, the tensile properties are weaker.

The open hole tension, compression and compressive residual strength after impact (CAI) residual ratio of quasi—

isotropic intersection ply laminates is higher than traditional. Intersection ply laminates have higher damage tolerance

than normal ply laminates.
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Tab.1 Mechanical properties of unidirectional laminate

0° tensile 0° compressive 0° flexural 0° interlaminar shear  fiber volume
strength modulus strength modulus strength modulus strength content
/MPa /GPa /MPa /GPa /MPa /GPa /MPa 1%
2794 174 1425 183 1702 126 99 60
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Fig.2 Pattern of crossing intersection ply laminate
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Fig. 3 AFP processing of crossing intersection ply laminate
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Fig. 4 Intersection ply quasi—isotropic laminates
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Tab. 2 Mechanical properties of cross—ply and crossing intersection ply laminates

0° tensile 0° compressive 0° flexural 0° interlaminar fiber
volume
laminate shear strength
strength modulus strength modulus strength modulus MPa content
/MPa /GPa /MPa /GPa /MPa /GPa 1%
cross—ply 1190 83.3 638 92.7 1500 98.1 70.7 56.7
crossing intersection ply 1040 78.9 564 83.4 1310 90.8 82.0 56.9
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Fig.5 Microstructures of cross section of crossing intersection ply laminates
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Tab.3 Tensile mechanical properties of quasi—isotropic ply laminates

. 0° tensile strength
laminate

0° open hole tensile

residual ratio fiber volume content

/MPa strength/MPa 1% 1%

non—intersection ply 725 553 76.3 56.5
two—direction intersection ply 636 512 80.5 56.8
four—direction intersection ply 626 495 79.1 56.5
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Fig. 6 Microstructures of cross section of quasi—isotropic intersection ply laminates
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Tab.4 Compressive mechanical properties of quasi—isotropic ply laminates

0° compressive strength

0° open hole compressive residual ratio fiber volume content

laminate /MPa strength /MPa 1% 1%
non-intersection ply 538 339 63.0 56.1
twodirection intersection ply 479 341 712 56.2
four—direction intersection ply 495 401 81.0 55.9
MNE 4RI UE W2 m R R AR 2T IFFLBHE i .

FHALJE 4R Re e =& Th &, 401 MPa, LLAEZE
2 339 MPa 5 18. 3%, H. DU [ 38 2845 1] [l 1 )2 5
M ¥ AL 5 4 58 BE R 47 28 Oy 81. 0%, T [n] 28 4Ll
71. 2%, & & TAEAC LU 63. 0%, KA LU )2 4
JEE B %) e 4 5 B R S A ATY SR AR AE o P LS R
PRI RIS R WA A2 2L A& 1) W) 1k J2 B A A R
PR EAMEEE NI LR AR . 5384UE
)R G HARRL, 38 SUAE & 1] [R] 1R )2 6 H )22 ()44 g 5t

[T S i e S P TS5 T ok o ROk R NER

3 2 A )2 ) 2E LA TH N T T2 ) A
SRHT AT IR 22 SUZ A A DL &, 0

?gwwmo— g

i s S A

2.4 WEHFEREMERE

324 () 2 SN DY [) 28 U A ) [ MR )2 A
Mnpils J5 4R FEE 6. 67 J RE & vhili 5 , &M 7 IR
BB 2 AR T DL & 7 s o A ) 22 LAY

AU 1) [A) 1 )25 A o s 5 0 J2 4 4 D FRUY
TR TR ZUMR , 22 W 28 ZUE 45 1) [m] 4 J2 & Al i Bt e
R T A v TR SR . T 1) 38 B AE A 1 [)
P 2 B M 1) ot 451 40 T REUB KT D ) A2 8UbR L T fig
2 R T U 1) 22 2R R i 2 S (+45/0 /-45/90) , , HoAH
X W 1) 38 2L 48 )2 (+45/0) 1/ (—45/90) , 341 )2
Bz, HACGU R A A T4 m Rk

R —

!

& | ©

k-2
E

Pttt

(a) Non-intersection

TR T 2

(b) Two—direction intersection

7 WSS 1] RIS S AR AR A1 L

Fig. 7 Damage degree of quasi—isotropic intersection ply laminates after impact
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Tab.5 Compressive residual strength after impact of quasi—isotropic ply laminates

. 0° compressive strength 0° CAI residual ratio fiber volume content
laminate
/MPa /MPa 1% 1%
non—intersection 538 273 50.7 55.9
two—direction intersection 479 276 57.6 56.4
four—direction intersection 495 308 62.2 55.9
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