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Abstract; In order to explore the influence of composite laminate structure on the mechanical
structures characteristics of tidal current energy blades, the fiber-reinforced composite was selected to
design the tidal current energy blades to get a kind of composite tidal current energy blade with better
structure and performance. Two different composite lamination schemes were designed for tidal current
energy blades and the finite element model was established by ABAQUS. In one scheme, the laminated
fibers at the leading edge of the blade were discontinuous, and in the other scheme, the laminated fi-
bers at the leading edge of the blade were continuous. The mechanical structure characteristics of the
two layered structure schemes of the tidal current energy blade under the normal working condition and
the extreme working condition were numerically simulated and analyzed to explore the influence of the

two layered schemes on the structural performance of the blades. The results show that the continuity of
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blade leading edge ply fiber can improve the impact resistance of blade leading edge and effectively

avoid the failure of blade leading edge ply in operation. Moreover, the strength and stiffness of compo-

site blades can be significantly improved. The results can give a technical suggestion for the develop-

ment of tidal current energy blades in the future.
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Fig.1 Model of vertical axis tidal current energy ge-
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Fig.2 Working principle diagram of vertical axis tidal
current energy generator set
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Fig.3 Layup design scheme for composite tidal
current energy blade
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Fig.4  Geometry surface of composite tidal current
energy blade
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Tab.1  Layup angle ratio of composite tidal

current energy blade
VES FE 2

i EHR LAl i EHRE LAl

0° 76 55.0% 63 55.8%

45° 26 18.8% 20 17.7%

-45° 24 17.4% 20 17.7%

90° 12 8.8% 10 8.8%

Mt 138 100.0% 113 100.0%
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1 ABAQUS # 5¢ )1 L RE A2 & A1 RL i 1 5
FE 5T (continuum shell) SR QI EE. 11 16 T 9 B
FELTHERG SR IN M NG AL 5 MR TR BES . SR
B E, E, E, /3% )y 43.0,6.7,6.7 GPa; 87 ¥ i &
GXY’GXZ’GYZﬁﬁleg 5.0,4.1,4.1 GPa; A kL Uyy,
Vi sy 3 BN 0.366,0.217,0.217; %55 p Hg 1.8
10~ kg/mm’ ; JEHF ¢ 24 0.26 mm.
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Fig.5 Layup scheme 1 finite element model of com-
posite tidal current energy blade
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Fig.6 Layup scheme 2 finite element model of com-
posite tidal current energy blade
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Tab.2 Working conditions of generator sets

T v/ (m+s™  n/(rmin7h) P/kW T/(kN « m)
i TR 1.7 20 507 370
R BR g 2.3 31 900 700
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Tab.3 Grid independence verification results of
layup scheme 1

‘ W B
B N
U/mm M,/ MPa U/mm M,/ MPa
A 6 142 115.2 458.3 143.03 559.1
B 8263 122.3 465.3 149.70 568.3
C 10 080 132.1 471.7 160.07 574.0
D 12 410 133.4 470.8 161.35 575.0

x4 FHEAR2MNETLTXMEREER
Tab.4 Grid independence verification results of
layup scheme 2

‘ W e
e N
U/mm M,/ MPa U/mm M,/ MPa
A 14 832 50.87 352.3 59.10 433.5
B 17 450 53.35 359.8 61.47 4427
C 19 908 61.23 371.6 74.51 452.3
D 22 100 60.45 370.9 75.20 453.4
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Fig.7 Deformation diagram of composite tidal current
energy blade of the first layup design scheme
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Fig.8 Deformation diagram of composite tidal current
energy blade of the second layup design
scheme
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Tab.5 Composite tidal current energy blade’s stiffness
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Fig.9 Von Mises distribution on composite tidal cur-
rent energy blade of the first layup design

scheme
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U/mm 132.10 160.07 61.23 74.51 I i N
U/ 10 L6007 I . 6 NE PRI ik BE TR A S'ﬁ,‘%%* sy
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Tab.6 Analysis result of composite tidal current energy blade’s intensity MPa
HIEVES HZETI% 2
] Th
" i UE T T AR BRHL E TR T BRI L
M(Max, Min) 630 (471.70,0.12) (574.00,0.16) (371.60,0.14) (452.30,0.20)
s11(Max, Min) 630 (482.80,0.05) (587.40,0.05) (380.00,0.14) (462.50,0.20)
s95( Max, Min) 220 (83.60,0.02) (101.70,0.03) (62.40,0.02) (76.00,0.03)
s12( Max, Min) 100 (65.40,0.01) (79.70,0.01) (51.00,0.01) (62.10,0.02)
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