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Fig. 1 Layer setup for the epoxy infusion process of sandwich composite products: (a) isolation membrane; (b) release fabric; (c)
double-layer ebx808 fabric; (d) core materials; (e) double-layer EBX808 fabric; (f) release fabric; (g) isolation membrane;

(h) monitoring of curing temperature

Fig. 2 Photographs of the sandwich composite products: (a) after infusing with epoxy resin and reinforcing ribs, four regions are
formed as parallel controls; (b) each region after cutting; (¢) sandwich composites samples for four-point bending experiments
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Fig. 3 Setup of four-point bending performance measurement for
sandwich composites
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Fig. 4 Digital and OM photographs of cellular structure of core with different materials and foaming densities: (a) PVC60;

(b) PET100; (c) PET130; (d) PET150; (¢) PET230
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Fig. 5 SEM images of the cellular structure of foam materials: (a) PVC60; (b) PET100; (c) PET130; (d) PET150; (¢) PET230. The

inset depicts the cellular wall structure of PVC60 foam materials

Tab. 1 Statistical dimensions of cellular structure of foam materials

Cell size/mm Cell wall thickness/pum

Sample

Max Min Mean Max Min Mean
PVC60 0.86 0.15 0.46 12.68 4.01 7.60
PET100 0.52 0.13 0.33 13.38 1.27 6.20
PET130 0.71 0.21 0.41 18.74 3.02 9.12
PET150 0.67 0.11 0.37 17.08 3.37 9.34
PET230 0.64 0.06 0.34 54.63 433 22.40

PVC, PET {034 I FLEE BE Jnoe i , H PET S FLEE
FHHVERLPVC A FTBE A, IX FT R 5 PET (145 & 1t R
A, KA EEE K PET 6, 76 5 1 s L BT Y
HILRSTBREWREZES, FBEX L TR EM
PET C 4 3% T H 4 8 11 FLRE , 1T oo 5 58 1 05 4 R B
o B R (1 FLEE

N T R IR b U S AN RO A AL g i
SEM #EAT 1 it — P RAE , HOE 3 Fig.5 Frow ; FIH
Nano Measurer & 40 1T 1 LIS RSTE R, Hat
P45 40 Tab.1 s . 5 OM W45 AT, PVC60
BAmKIALAR RN CPIIE N 0.46 mm) , B 5K T
BT I PET 8 o R, PVC AR % 32 B 4
KIFLR T & ). 0T FLEEJE RE, PET100 544 1)
V15 BEJE A 6.2 um, 1] PVC60 5 #7118 5 Ky 7.6
um. %40, PVC fLEES PET A W] B ANE , PVC {44
[ FLEE FRAETERR 2 (1) 22 FL 25 16 (A Fig.5(a) H 4 5]
Fi7R), i PET S5 A [y FLEE SR & L . X PET A0
¥, PET100 05 # 1 7 38 4L 2 R ~F 4 0.33 mm,
PET230 (L1452 ] <} 4 0.34 mm, ¥t B PET {8544 1 4L
BERMEELHEBEXR. N TARKRBEEN

PET, . BE 5 56 A5 J 16 % F55 (¥ 388 Jn v 5t 255 38 0 , 491
W1, PET100 544 [ B JE A 6.2 mm, 1fif PET230 0544 (1)
BEJE N 22.4 mm, 298900 7 3% 28 b, PVC A
WM S5H 5 PET A B 212 5% .

_PVC60

T PET100

o |PETI30

e

= \ﬁ/ﬁ
ET150

30 90 150 210 270

t/°C
Fig. 6 Heat flow curves of PVC and PET foam materials
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Fig. 7 Stress-strain curves of (a) compression test, (b) shear test, (¢) tensile test for core with different materials and foaming
densities; summary of (d) compression performance, (e) shear performance, (f) tensile performance for core with different

materials and foaming densities

Tab. 2 Thermal behavior parameters of PVC and PET foam materials

Sample T./°C T./°C AH,/(J-g") X/%
PVC60 75.4

PET100 72.0 240.8 442 31.55%
PET130 76.5 242.4 444 31.72%
PET150 78.6 239.1 40.8 29.09%
PET230 78.5 241.9 47.0 33.58%
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Fig. 8 Four- point bending performance of sandwich composite
materials: (a) core material is PET100 foam with a slotting
method of intersecting cross grooves on both surfaces; (b)
core material is PET100 foam with a slotting method of
deep cross grooves on the upper surface and shallow
straight grooves on the lower surface; (c) core material is
PET150 foam with a slotting method of deep cross grooves
on the upper surface and shallow straight grooves on the
lower surface; (d) core material is PVC60 foam with a
slotting method of intersecting cross grooves on both
surfaces; (e) core material is PVC60 foam with a slotting
method of deep straight grooves on the upper surface and
shallow straight grooves on the lower surface
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Relationship Between Structural Design and Performance of Sandwich
Composite Materials for Wind Turbine Blades

Senlin Yang'’, Dezhuang Jia', Lei Li', Zhengyuan Chen', Jiazhuang Xu', Ganji Zhong'
(1. College of Polymer Science and Engineering, Sichuan University, Chengdu 610065, China,
2. Dongfang Electric Co., LTD, Deyang 618000, China)

ABSTRACT: The relationship between the design parameters of core material (including material, density, and
slotting method) and mechanical properties of sandwich composites for wind turbine blades was investigated. The
results indicate significant differences in the cellular structure of polyethylene terephthalate (PET) and polyvinyl
chloride (PVC) core material. The cellular walls of PET core material are highly regular, while those of PVC core
material exhibit microcellular structures. Furthermore, PET core material demonstrates superior mechanical
strength and modulus, while PVC core material offers enhanced toughness. For PET core material, an increase in
density correlates with higher mechanical strength and modulus, albeit at the expense of reduced toughness. The
study also examined the impact of various slotting methods on the four-point bending performance of sandwich
composites. The results suggest that the slotting method of deep cross grooves on the upper surface and shallow
straight grooves on the lower surface may enhance the load- bearing capacity of sandwich composites during
bending. Notably, the sandwich composites fabricated with PVC core material exhibit excellent comprehensive
performance measured in four-point bending test, which can be attributed to the inherent toughness of PVC core
material and the reinforcement ribs. Additionally, the microporous structures present in cellular walls of PVC core
material may contribute to better coupling with epoxy resin during infusion process, further enhancing the
properties of sandwich composites. This study provides theoretical guidance for optimizing the structural design of
sandwich composite materials for wind turbine blades.

Keywords: sandwich composite structure; wind turbine blades; foam materials; bending performance



