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Experiments on static and fatigue properties of composite blade skins
with initial edge delamination
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(1 School of Transportation Science and Engineering, Beihang University, Beijing 100083, China;
2 China Helicopter Research and Development Institute , Jingdezhen 333001, Jiangxi, China)

Abstract: In order to study the influence of edge delamination defects on the static and fatigue performance
of the typical plies of composite blades, the static and fatigue performance of smooth and two kinds of
typical composite delamination layers are determined, and the influence of edge delamination defects on
static performance and fatigue performance is analysed through SEM analysis. The results show that the
static strength, tensile modulus and fatigue limit strength of 4 mm initial lamination defect declined by
0.4%,1.2% and 0.6% respectively due to the existence of initial edge delamination. The static strength,
tensile modulus and fatigue ultimate strength of 6 mm initial delamination defect declined by 8.3%, 1.8%
and 5.9% respectively due to the existence of initial edge delamination. Owing to the existence of initial
edge delamination, the delamination phenomenon is more obvious. Consequently, delamination defects
have adverse effects on the static properties and fatigue strength of the typical lamination of composite
blades, and the static properties and fatigue strength decline sharply with the delamination defect size.
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Fig.1 Specimen size
(a)smooth specimen; (b)specimen with 4 mm edge delamination

(¢)specimen with 6 mm edge delamination
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Table 1 ~ Specimen categories

) ) Number of Number of
Specimen type Specimen . . ) )
static specimens fatigue specimens
Smooth Fig.1(a) 3 20
4 mm edge delamination Fig.1(b) 3 20
6 mm edge delamination Fig.1(c) 3 20
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Fig.2 Film prefabricating diagram
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Fig.3 Installation diagram of tensile test
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Fig.4 Load-displacement curves

(a)smooth specimen; (b)specimen with 4 mm edge delamination; (¢)specimen with 6 mm edge delamination
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Table 2 Tensile strength of typical layup with edge

delamination at room temperature

Tensile strength

) Decline
Specimen types Test value/ Mean Standard .
ratio/ %
MPa value/MPa deviation/ %
Smooth 313.85 291.65 6.6
281.67
279.43
4 mm delamination  305.98 290.63 6.1 0.4
271.19
294.72
6 mm delamination  290.91 267.60 7.6 8.3
258.62
253.26
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Table 3 Tensile modulus of typical layup with edge

delamination at room temperature

Tensile modulus

) Decline
Specimen type Test value/ Mean value/  Standard .
ratio/ %
GPa GPa deviation/ %
Smooth 24.38 23.90 2.8
24.18
23.14
4 mm delamination  23.86 23.61 1.2 1.2
23.32
23.65
6 mm delamination  23.98 23.47 1.9 1.8
23.27
23.16
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Table 4 Fatigue residual strength surface of typical layup with

edge delamination

S-N-R curved surface
N=1.312X10"(5—133.3) %5(291.6—R) ***
N=4.601X10"(S—0) #%(290.6 —R) ¥
N=7.826X10*(S—0) %7°(280.5—R) '

Specimen type

Smooth
4 mm delamination

6 mm delamination
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Fig.5 Tensile fatigue residual strength surface diagram of typical layup

(a)smooth specimen; (b)specimen with edge 4 mm delamination; (¢)specimen with 6 mm edge delamination
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Fig.6 Tensile strength(a) and tensile modulus(b) decline curves of edge delamination defect specimens
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Table 5 Fatigue performance of typical layup with edge

delamination at room temperature

Specimen types Fatigue limit/MPa Decline ratio/ %
Smooth 204.31

4 mm delamination 203.01 0.6

6 mm delamination 192.32 5.9
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Fig.7 Decline curve of tensile fatigue limit for specimens

with edge delamination defect
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Fig.8 SEM images of fatigue specimens

(a)smooth specimens ; (b)specimens with edge delamination defect; (¢)enlarged view of smooth specimens ;

(d)enlarged view of specimens with edge delamination defect
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Fig.9 Failure modes of fatigue specimens

(a)smooth specimens; (b) specimens with edge delamination defect
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