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Fig. 1 Force analysis of blade-element
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Table 1  The extreme loading on tidal blade

B ot E i ZIEp] Eilkil
J¥ /mm /N /N /N-m

1 71.75 439.3298 -250.655 25.8433
2 70 753.704 189.5719 5.8527
3 70 1143.835 285.3179 -68.2997
4 70 1480.479 323.6625 -104.291
5 70 1837.864 337.3727 -131.6
6 70 2235.597 339.794 -154.965
7 70 2685.207 334.7589 -176.943
8 70 3179.428 313.9388 -196.662
9 70 3731.756 282.3884 -217.579
10 70 4399.444 290.8787 -254.475
11 70 5078.661 273.1176 -287.095
12 70 5700.604 222.8667 -299.949
13 70 6333.712 184.2869 -308.031
14 70 6960.674 144.2028 -310.388
15 70 7595.98 104.9265 -310.047
16 70 8187.9 62.5275 -302.084
17 70 8633.8 -27.2419 -277.596
18 70 9125.9 -91.1253 -259.876
19 70 9658.39 -113.463 -251.29
20 70 10044.44 —-145.347 -236.102
21 70 10304.14 -172.628 -215.758
22 70 10278.03 -194.277 —194.438
23 70 9448.32 -234.165 -171.693
24 42 4376.722 -323.479 5.8527
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Table 2 The properties of composites

W H BLAF B £F XU LA =l
E,/GPa 39.0 11.4 28.5
E,/GPa 6.30 11.4 8.40
Vi 0.25 0.42 0.34
G,,/GPa 3.5 4.0 3.5
X,/MPa 750 100 600
X./MPa 550 110 500
S,,/MPa 52.5 400 175
Y,/MPa 50 110 80
Y,/MPa 150 400 300
p/kg-m™ 1900 1900 1900

2 ARTEE

S ICHR[ 12 ] o e R 9 3 R I 25 At
RoEHie, Wit A& 0w 2 m/s Ui 09 i g
e B AR | HCHp BgAS  28 1 B 1) g AT 1) ) e 43
STt X6 g 2 AR B sy AN 2 (a) B, 3C
HRFRHA - A AR A, I KR SZ R 250 1 atm~
3 atm R TR R Ef e, Bk, 3 ik
SER DAORAIE R 7 %) 45 ke e M I 2 i LR g
WK 2(b) s,

(a) M il F oA
(a) Boundary condition of blade

(b) BAHEEH

('b) Structure of web
B2 R AL
Fig.2  The structure of tidal current blade
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Fig. 3 The finite element model of blade
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Fig. 4 The deformation of tidal current blade
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(b) The stress distribution on root front edge
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Fig. 5 The principle 1 stress distribution on

tidal current blade

Stk — 2L PPAL BT T R A i et E 6
TR RS 1 AR A A A SR AR 25 S T
ZIMELERG N J) 9878 | T RE I WL Z5 K I 7R AR B L
K6 WAL, BT v i Fr 52 Rz 0 R A B K AR AN i
0. 5% AXAEM Fr BE B FT 23 Ak B0 T AR DX, {EATS
KL 1.5% , /NT BB LT AE T 40 AR 2. 2%, it
— kA i R B AR ) N AR A3 A T IR RO R
SRR RERE ) B EEAEH , B AR L R 5t R
TP BL T AR IR E] 2. 0% 41, K X 3 )
MWAEIRE] T 1.5%,

E. Max_ Principal
Multipie section points
(Avg: 75%)
+2.044e-02
874
+1704¢-02
933602
363e 02

lade_0228.0db Abaqus/Standard 6.14-4 Sun May 27 09:53:04 GMT+08:00 2018

Time=1.000

Principal
formed Var:'U- Deformation Seale Factor: +1.000¢+00

(a) M F N2 I3 A

(a) The strain distribution on tidal current blade

E. Max. Principal
Multiple section points
(Avg:75%

(b) ARG AL N AE 53 A

(b) The strain distribution on root front edge

E, Max. Principal
SNEG, (fraction=-1.0), Layer=1
(Av o)

Y ODB: blade_0228.0db Abaqus/Standard 6,144 Sun May 27 09:53:04 GMT+08:00 2018

Step: step-2
Increment 10: Step Time=1.000
. Primary Var: E, Max. Principal

X Deformed Var: U Deformation Scale Factor: +1.000¢+00

(o) AN A 73-Afi

('¢) The strain distribution on web

B 6 MRS 1 WA

Fig. 6 The principle 1 strain distribution on tidal current blade
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Table 3  The structure response of tidal blade

BIIE | R TN S1/MPa Fe K ENAE/ % AFTE/mm
52 g 262.1 1.5 260
B AR 292.1 2.0 260
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DESIGN OF A COMPOSITE TIDAL CURRENT TURBINE BLADE
ZHU Fu-wei', REN Ming-fa®* , XU Di’
(1. School of Aeronautics and Astronautics, Zhejiang University, Hangzhou 310058, China;
2. State Key Laboratory of Structural Analysis for Industrial Equipment, Dalian University of Technology,
Dalian 116024, China; 3. Beijing Sheng Hua Rui Technology Co., Ltd., Beijing 100094, China)

Abstract ; There is great progress on research and development for tidal power equipment in the worldwide, and
some of the power equipment has gradually applied on the commercial demonstration. Tidal turbine blade is the basis
of energy conversion from tidal current to power energy, and is also the key component for power generation. Due to
the advantages of composites such as light weight, high strength, corrosion resistance and easy forming, it has been
the preferred material for the tidal current turbine blade. Based on the theory of blade element momentum and the
composite mechanics, a composite tidal current turbine blade, which would be applied in a tidal with 2 m/s veloci-
ty, was developed. The finite element analysis results show that the blade can fulfill the serving requirements and
has a high safety margin.

Key words:tidal current; blade; composite; structure design
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