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Fig. 1 Manufacturing process of laminate specimens with

delaminations

FEPEETHEAT B0 A 432 T FH ) 5 DU 9 2
B IEN 1 Ca) ], Bl 2 2540 5 25 S i R 1 U 2R e A
AT IR HE [ 1(b) 1, B R 7E 50 °C F [E 1k
2 h, 80 °CHE[EIfk 3 h, [k J5 52 PR FRIEBE 4 0. 8 mm
(B 1(e) Jo SRR DIEN A 5K R IS AR 5 Al
NS RELE BRI SR 250 mmx25 mmx3. 2 mms,
EAF 1 i Al W in 56 R, s - XU A (BX800) il £
(N 1(d) ], RGP RE A ity (14 ) B A6 286 i 4% 328 2]
REAERYA SX I, A RO B 150 mm., FER )2 I Y
JRSF R 15 mmx 15 mm, 53 7306 008 1) B4 1) 2T 4 A7 19 46
LR IR R B, Hoh o 207 B 127 FoR
T 2R 12 5 2 22 0], FEE R B E I 2
No [FIBSHIE— 2 S REE AR R IR (N,) , B4
HIVE 5 AR AR IE 50 (1 4 3501 o
R1 HERGEER

Tab.1 Information of delamination specimens
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Number . .
size/mm position type number
N, 15x15 1-2 . IR 5
Single layer
N, 15x15 1-2.2-3 ialia
Double layers
EAYE
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Triple layers
N — — — 5

il 432 15X 15
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Fig.2 Specimen size diagram with prefabricated delaminations
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Fig.3 Specimen tensile test
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Tab.2 Load capacity of the specimen
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Tensile failure Coefficient of Failure load loss

Number load/kN dispersion /% rate /%
N, 107.11 0.32 437
N, 105.33 3.51 5.96
N, 103.16 2.45 8.84
N 112 2.53 0

=
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Fig. 4 Damage morphology of test specimens
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Tab.3 Parameter degradation mode
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Fig.5 Structure diagram of damage laminates with delaminations
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Fig. 10 Equivalent model of the spar cap with delamination damage
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Tab. 4 Failure strength of INV laminate

24 Parameter INVO1 INVO02 INVO03 INV04 INVO05 INV06 INVO07 INVO08 INV09
e KK JE Maximum length m/mm 100 100 100 200 200 200 300 300 300
¥ #f 22 Step difference n/mm 2 6 10 2 6 10 2 6 10
AL JE Failure strength/MPa 1008.42 1 087.69 1150.19 920.43 1063.53 111633 873.31 985.91 1036.23
i 3 IR 5K Strength loss rate/% 18.91 12.53 7.51 25.98 14.48 10.23 29.77 20.72 16.67

K13 (a)~E 13 (c) 4l I hifhz A 2 909 kKN T,
TRIO1 252 ERZ AR S 4 5 3 2 R
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Tab.5 Failure strength of TRI laminate

Z 4 Parameter TRIO1 TRI02 TRIO3 TRI04 TRIO5 TRIO6 TRIO7 TRIO8 TRI09
H KA Maximum length m/mm 100 100 100 200 200 200 300 300 300
W22 Step difference n/mm 2 6 10 2 6 10 2 6 10
R FE Failure strength/MPa 1046.16  1140.54  1198.51 964.25 1088.85  1126.15 879.08 1050.58  1081.67
5 J8 25 % Strength loss rate/% 15.87 8.29 3.62 22.46 12.44 9.44 29.31 15.52 13.02
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Fig. 11 Design scheme of spar cap laminates with multiple

delaminations
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Fig. 12 Comparison of failure strength between INV and TRI

multiple-delamination spar cap laminates
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Influence of multiple delaminations on tensile performance of wind turbine

blade spar caps

XIN Wen"? ZHOU Bo"’ LI Hui’ GUO Zhihui® ZHANG Lixin'
(1. School of Mechanical Engineering, Shenyang University of Technology, Shenyang 118070, China)
2. School of Mechanical Engineering, Liaoning Institute of Science and Technology, Benxi 117004, China
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(3. School of Civil Engineering, Shenyang University of Technology, Shenyang 118070, China)

Abstract: The influence of different multi-delamination forms on the tensile strength of blade spar cap laminates was
studied. Static tensile tests were conducted on laminates with single and multiple delaminations. The continuous damage model
(CDM) and cohesive zone model (CZM) were used to analyze the damage process and failure mode. The numerical results
showed good agreement with test values, with an overall error rate below 7%. A numerical model of 1.5 MW-40.3 m blade
spar cap equivalent laminates was established to predict the effect of different types of multi-delamination on the tensile
strength. The results show that the arrangement, maximum area, and step difference of delaminations all have an impact on
tensile strength. The tensile strength of triangular multi-delamination is higher than that of inverted triangular multi-
delamination laminates, and the maximum delamination near the surface greatly affects the tensile failure load.
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