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Abstract: As high-power wind turbines develop, the length of the turbine blades tends to increase, and thus the
difficulties, risk, and cost involved in transportation increase, especially for those wind farms located in mountainous
areas. Dividing a traditional blade into several prefabricated segments and assembling them on-site is an efficient
solution to overcome the above problems. In this study, a new prefabricated sectional wind turbine blade assembled
by connecting the sectional blades with prestressed high-strength bolts is proposed and a stress analysis on the joint
segment of the prefabricated blade model is carried out using a finite element method. The joint segment of a typical
wind turbine blade is modeled with ABAQUS. The stress distribution of the joint segment is analyzed under four
different design load cases in both flatwise and edgewise directions. Numerical simulation results show that the
stress of the wind turbine blade and prestressed bolts under the four design load cases are all within the materials’
acceptable stress range. In conclusion, the proposed prefabricated sectional blade using prestressed bolts is proven
feasible and can be an alternative approach of traditional wind turbine blades.
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Fig.1 Whole prefabricated wind turbine blades
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Fig.2 Prefabricated sectional blade and cross section
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Fig.3 Connection scheme of sectional blade
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Fig.5 Connection of high strength bolt
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Table 1 Performance parameters of glass fiber
reinforced plastic

RIS PERE AR
a./MPa 99.2
L B4 £ /GPa 13
G, /GPa 4.64
a../MPa 13752
a./MPa 894.8
E.IGPa )
a,/MPa 61.33
S B E, /GPa 1467
T, /IMPa 51.1
G, /GPa 5.3
o../MPa 624.2
a.,/IMPa 1815
a./MPa 312.56
E.IGPa 18.02
o,/MPa 177.29
=1 BN E,IGPa 14.45
T, /IMPa 263.34
G, /GPa 9.74
.. /MPa 288.52
o./MPa 603.14
E.IGPa 28.35
o,/MPa 145.27
R R = ) S AN E,IGPa 14.58
T, /IMPa 183.79
G, /GPa 7.6
o, /MPa 533.31
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Table 2 Performance parameter of high-strength bolt
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Table 3 Type and number of the elements

A R E Honkn LT
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Fig.13 The FEM mesh of the joint segment
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Table 4 Prestress of the connection bolts

ELf2/mm A Imm? Jul(N/mm?) PIkN
14 115 1040 72.657
36 817 1040 516.181
39 976 1040 616.637
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Table 5 Load case at the sectional division

VESRASHEI  HRREE/ V£ 5% R

(kN * m) (kN * m) B 77/kN B F7/KN
RS 3108.6 218.1 227.0 -6.77
BNETR S -1933.7 937.3 -163.9 -53.2
BORIBIRE -1598.6 2068.5 -127.8 -152.7
NBIRE S 430.6 -1160.9 43.4 102.5
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Fig.14 z-direction stress of connection section for the
prestressed load
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Fig.15 x-direction stress of general section
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Fig.16 y-direction stress of general section
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Fig.17 z-direction stress of general section
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Fig.21 x-direction stress of connection section
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Fig.22 y-direction stress of connection section
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Fig.23 z-direction stress of connection section
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Fig.24 Mises stress distribution of prestressed bolts
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Table 6 Results of the max flapwise bending moment

gﬁﬁ: ’fEﬁ Ozmax Ozmin
ZEiE 116.3 -106.2

— R B JiE R 39.22 -33.6
g 59.05 —52.48

R Hft)i 67.76 -69.97
E3:4 111.2 -94.78

o H%i‘)i 40.55 -50.16
£ 201.3 —355.6

2t Mises ¥ /1
=7 mNEETHEILITESER /MPa

Table 7 Results of the min flapwise bending moment

i,’lKﬁ: 1ﬁ§. o-zmax o‘:min

2 73.57 -76.62

— M B fEIR 23.98 -25.25
e 39.07 —38.03

SR E;‘F‘Ufﬁ 44,56 —46.28
i 69.49 —69.55

o Ef& 26.59 -42.17
S 166.3 -333.4

o Mises . /1
#=8 mABIRTELRITESR IMPa

Table 8 Results of the max edgewise bending moment

%Kﬁ: ’fﬁﬁ O—zmax O.min
g 64.15 —75.41

— T B R 20.35 -24.9
5B 34.6 —38.52

R Hft)i 29.28 -52.68
g 60.65 —67.51

o Hft)i 23.34 -40.83
E3:4 159.2 -328.1

2k Mises . /1
F=9 mMNBREREILAITESER /MPa

Table 9 Results of the min edgewise bending moment

ﬁ'l”"" ’fﬁﬁ O-zrnax O‘zmin
L 33.81 -12.82
— RRCAERTH B gt 11.59 —4.908
E3:4 17.73 -28.71
s 20.03 -12.32
oI B ?W
e 31.61 —21.61
gt 13.59 -29.97
puzE;IEN s
e 97.89 —265

e T
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