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ABSTRACT

The wind turbine blade is a very
important part of the rotor. Extraction of
energy from wind depends on the design of
blade. In this paper, the authors based on
the blade element theory (BET) and the
model of an optimum rotor developed by
Glauert's to design a 1000-mm-long
horizontal axis turbine blade model. This

model was then used for the finite element
analysis. The authors also used the code of
the commercial finite element ANSYS to
conduct analyses. The results from the linear
static structural analysis revealed that the
best design provides adequate stiffness and
strength to produce the proposed power
without any structural failure.
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1. INTRODUCTION

Wind energy is very well advertised and has
been added to many grids. Much has been learned
from the advances in wind turbine blade design,
but many differences exist that must be
addressed. Also, most wind turbine blades are
hollow to reduce self-weight and cost, but this
type of design is not practical for an ocean current
turbine blade. If water were to leak into the
hollow region, via a crack, the system would
become negatively buoyant and sink, and could
possibly damage other units in the array. Wind
turbines [2], [3], [5], [6], [10], are subjected to
very specific loads and stresses. Due to the nature
of wind, loads are highly variable. Varying loads
are more difficult to handle than static loads
because the material becomes fatigued.
Moreover as a working medium the air is of low
density so that the surface required for capturing

energy must be large. The change of the shape of
blade [10], [11], [12], is one of the methods to
modify stiffness and stability, but it may
influence aerodynamic efficiency of wind
turbine. Other method to change dynamic and
mechanical properties of wind turbine is
modifying the composite material, which the
blade is made of. A global nonlinear FE model of
the entire blade was prepared and the boundaries
to a more detailed sub-model were extracted. The
FE model was calibrated based on full scale test
measurements. The model is based on an extreme
value analysis of the load response process in
conjunction with a stochastic representation of
the governing tensile strength of the rotor blade
material [1], [4], [6], [12].
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2. MODEL

The CATIA software was used to design the
blade under profiles NACA 0012

Figure 1. All component of blade

After design in CATIA, the model was
imported into ANSYS APDL.
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— R15.0
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Figure 2. Geometry in ANSYS APDL

This model is divided into three parts which
are Skin, Web, Core, with completely different
materials. The parameters of the model is based
on NACA 0012.

For Skin and Web materials used are:
S2Glass / SP125S, element types used inANSY'S
APDL is SOLSH190 For Core, materials used is
Steel code AS4 /35 016, the element type used in
ANSYS APDL is SOLID 186.

w— Skin
s Web
— Core

Figure 3. 2-D cross-section of recommended
design

3. METHOD ANALYSIS

The finite element method (FEM) is very
useful and has traditionally been used in the
development of wind turbine blades for
investigating the global behavior in terms of, for
example, Eigen frequencies, tip deflections, and
global stress/strain levels.

A big advantage of using FEM is that, once
the model is set up and calibrated, complex load
cases representing actual wind conditions can be
analyzed. Only idealized loads can be imposed in
a full scale test and in this paper the critical flap
wise load case is evaluated. The FE model of the
wind turbine blade is created using APDL
language in ANSY'S [14], [18]. Then the results
will be reevaluated, verify by ANSYS
WORKBENCH.

4. FINITE ELEMENT MODELING USING
ANSYS

All models were generated using the
bottom-up solid modeling method in ANSYS
Classic. The skin and web material properties
were entered as orthotropic and the stacking
sequence was defined using the section data
command. The skin and webs were meshed using
SOLSH190 [15], a linear layered 3-D, 8-node, 3
degree of freedom (DOF) per node element. The
isotropic core material was meshed with
SOLID186 [15], a 3-D 20-node, 3 DOF per node
quadratic element [15]. By meshing in the order
of linear to quadratic all mid side nodes are
eliminated resulting in  proper element
connectivity. The EORIENT command was used
to ensure that the skin and web elements were
properly aligned. Fig. 4 is a meshing that is used
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for section 1 of of designs. A linear static
structural analysis [15] and an eigenvalue
buckling analysis [17] were conducted for each
of the designs. The flap wise pressure distribution
was applied and the root was fixed in degrees of
freedom (Fig. 5).

[

Figure 4. Mesh used for section 1 of designs
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Figure 5. Flap wise pressure distribution and
boundary conditions applied to FE model; units in
MPa.

Static  Analysis,
Condition

Loading, and Boundary

The linear static analysis is specified using
the ANTYPE, STATIC command [18]. The
nodes at the root are constrained in all directions
by coupling the root areas using the DA
command. These steps can be found in the
appended code. The flap wise pressure
distribution is applied to the low pressure side of
the blade as a surface load. The pressures are
transferred by default from the geometry to the

FE model, where they are applied to face 6 on
each skin element. The negative pressures act out
of the elements. Table 1 and Fig. 6 show the
material properties of skin, Web and Core of
blade are used in ANSYS APDL.

Table 1. Material properties used for blade analyses

Properties AS4/3501-6  52-Glass’XP125S  HCP100
Material system Prepreg Prepreg
Fiber type Graphite §2-Glass
Resin type Epoxy Epoxy
Fiber volume 60% 60%
Composite density glem? 1.58 1.98 04
Lamina elastic properties
E GPa 143 51 ~0.700
E GPa 10 17
E; GPa 10 17
Gp GPa 6 7 ~0.210
Gy GPa 3 7
G GPa 5 7
vy 03 0.25 ~45
Va3 0.52 032
Vi3 0.3 0.25
Lamina strength properties
Fi MPa 21n 1779
Fie MPa -1558 -641
Fx MPa 54 58
Fy MPa -186 -186
Fy MPa 59 58 135
Fi MPa -186 -186 -105
Fy MPa 87 7 73
Fs MPa 9% n
F¢ MPa 124 i
son's Ratio Choose Poisson
Material of Web Hﬁ Material of Skin

EX _

Ef NTE007 ey 1E-

- ‘;‘;L & iE007

PRXY 3

PRYZ 0.32 PRYZ 3]
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Figure 6. Material Properties of Skin, Web,
Core in ANSYS APDL

In this paper the SOLSH190 [11] was used
for layered applications such as modeling
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laminated shells or sandwich construction. The
layered section definition is given by section
(SECxxx) commands. Accuracy in modeling
composite shells is governed by the first-order
shear-deformation theory (also known as
Mindlin-Reissner shell theory). SOLSH190 is the
most well suited element for modeling the skin
and webs since it was designed for simulating
shell structures with a wide range of thickness.
SOLID186 [11] was used for the core material.
Fig. 7 and Fig. 8 show the meshing blade
and grid meshing at area. Fig 9 and 10 show the
properties of layer of skin and web,
respectivity.
Fig. 11 shows a boundary condition of fixed
support at first section of turbine blade. Table 2
is the code for siloving in ANSYS APDL.

[ ANSYS
R15.0
e

Geometry--Static Structural (B5)

Figure 7. Meshing blade

Gecmetry--Static Structural (BS)

Figure 8. Grid meshing at area

LIST OF ALL LAYERS FOR ALL SELECTED ELEMENTS
LIST DETAILS OF SECTION ID i IH ELEMENT 1
LAYLIST CALLS SLIST TO PRINT SECTION IMFORMATION
SECTION ID HUHBER: i
SHELL SECTION TYPE:
SHELL SECIIOM HAME 18:
SHELL SECTIONM DATA SUMHMARY :
HNumber of Layers 16
Total Thickness . 816080
Layer Thickness HatlD Ori. Angle Mum Inty. Ptz
B.8a18 23 B ) 3
2 @. 8818 23 45 . BeeR 3
3 @.6810 23 a. 0080 3
4 @, 8818 23 . Bean 3
5 . aeig b ] - ] 3
] @.688i0 23 @. 6888 3
? @a.a818 23 . Bean 3
[} [T 23 - Baep 3
ki 8810 23 i slul] 3
iB . Aaia 23 A. paan 3
i1 -aaig 23 d. Baag 3
12 @.8818 23 3 3
i3 B, aeig 23 A, aeen 3
i4 @.aeig 23 . g 3
15 ga1e 23 45 . 6088 3
16 B_aa1n 21 =45 . BRRR 3

Figure 9. Property of layer of skin

LIST DETAILE OF SECTION ID 3 IN ELEHEWT 861
LAYLIST GALLS SLIST TO PRINT SEGTION INFORMATION
SECTION 1D HUHBER: 3
SHELL SECTION TYPE:
SHELL SECTIOM HAME [5:
SHELL SECTION DATA SUHHARY :
Humbher of Layers - 16
Total Thickness = a.816800
Layez Thickness HatlD Dri. Angle MHum Intg. Pts
1 B.8818 24 —45 . GE8R 3
2 B.ea1 24 45 . BOes 3
3 @.0aid 24 —45 . 0088 E
4 B.e818 24 45 . 6888 E]
g B.e010 24 -45 . R 3
] @.8a18 24 45 . 0888 3
7 n.ea1a 24 =45 . AR ]
] U.ee1g a4 45 . Baep 3
9 B.8a18 24 45 . 0888 k]
18 B.ea1a 24 =45 . 988 E]
i1 U.ee1g 24 45 . 6o 3
iz B.8a18 24 —45 . 6888 ]
13 B._8818 24 45 _IARR 3
14 o.8010 24 —45 . GH8R 3
15 B.8818 24 45 . 9AeR E
16 B.881g 24 =45 . BB 3
Figure 10. Property of layer of web
sumrs ANSYS

R15.0

sE® 25 z01s
22:22:13

Gecmetry——Static Structural (BS)

Figure 11. Boundary conditions of fixed support at
first section
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Table 2. Code for solving in ANSYS APDL

J/UNITS,MKS !Units are in
m, MPa, Newton, kg, and
kg/m3

Iprep7

ANTYPE,STATIC
ET,1,190

ET,2,186

ET,3,190

IMaterial properties for the

skin and web were taken
from

IMaterial properties for: uni
AS4/3501-6 orthotropic
laminate-Mat 1

uimp,1,ex,ey,ez,143E3,10E
3,10E3
uimp,1,g9xy,gyz,gxz,6E3,3E
3,5E3
uimp,1,prxy,pryz,prxz,0.3,0.
52,0.

mp,dens,1,1580

!Material prop for:
Divinycell HCP 100-Mat 2
(really ortho,v~.67)

linput as
assumption
mp,ex,2,700
mp,prxy,2,.45 lassummption
mp,dens,2,400

IMaterial properties for: uni

S2-glass/XP251s orthotropic
laminate-Mat 3

uimp,3,ex,ey,ez,51E3,17E3,
17E3
uimp,3,9xy,gyz,gxz,7E3,7E
3,7E3
uimp,3,prxy,pryz,prxz,0.25,
0.32,0.25
mp,dens,3,1980
layup
SECTYPE,1,SHELL
116layers making 16 mm
skin

SECDATA,.001,1,-45
Idefault to 3 int pts
SECDATA,.001,1,45
SECDATA,.001,1,0

isotropic  ~

ICF skin

SECDATA,.001,1,0
SECDATA,.001,1,0
SECDATA,.001,1,0
SECDATA,.001,1,0
SECDATA,.001,1,0
SECDATA,.001,1,0
SECDATA,.001,1,0
SECDATA,.001,1,0
SECDATA,.001,1,0
SECDATA,.001,1,0
SECDATA,.001,1,0
SECDATA,.001,1,45
SECDATA,.001,1,-45
keyopt,1,6,0
keyopt,1,8,1
keyopt,1,10,0

1S2 web layup
SECTYPE,3,SHELL

116 layers making 16 mm
web

SECDATA,.001,3,-45
Idefault to 3 int pts

SECDATA,.001,3,45
SECDATA,.001,3,-45
SECDATA,.001,3,45
SECDATA,.001,3,-45
SECDATA,.001,3,45
SECDATA,.001,3,-45
SECDATA,.001,3,45
SECDATA,.001,3,45
SECDATA,.001,3,-45
SECDATA,.001,3,45
SECDATA,.001,3,-45
SECDATA,.001,3,45
SECDATA,.001,3,-45
SECDATA,.001,3,45
SECDATA,.001,3,-45
keyopt,3,6,0

keyopt,3,8,1
keyopt,3,10,0

FINISH !Exit pre-procesor
module

/SOLU !Solution module

ANTYPE,STATIC 1Set
Static Analysis

1Apply Boundary Condition
and Pressure on top

DA,1,ALL,0
DA,2,ALL,0
DA3,ALL,0
DA4,ALL,0
DA5ALL,0
DA,6,ALL,0
SFA,70,,PRESS,-.0112
SFA,86,,PRESS,-.0165
SFA,101,,PRESS,-.0237
SFA,117,,PRESS,-.03186
SFA,133,,PRESS,-.0398
SFA,149,,PRESS,-.052
SFA,165,,PRESS,-.0678
SFA,180,,PRESS,-.0809

SOLVE !Solve current load
state

FINISH
module

IExit  solution

IFailure Criteriea
ICF Skin
FC,1,s,xten,2172
FC,1,s,xcmp,-1558
FC,1,s,yten,57
FC,1,s,ycmp,-186
FC,1,s,zten,59
FC,1,s,zcmp,-186
FC,1,s,xy,87
FC,1,5,y2,94
FC,1,5,xz,124
FC,1,5,XYZP,-1
FC,1,5,XZCP,-1
FC,1,5,XZCP,-1

IFoam
FC,2,s,xten,13.5
FC,2,s,xcmp,-10.5
FC,2,s,yten,13.5
FC,2,s,ycmp,-10.5
FC,2,s,zten,13.5
FC,2,s,zcmp,-10.5
FC,2,s,xy,7.3
FC,2,5,y2,7.3
FC,2,5x2,7.3

1S2 Webs
FC,3,s,xten,1779
FC,3,s,xcmp,-641
FC,3,s,yten,58
FC,3,s,ycmp,-186
FC,3,s,zten,58
FC,3,s,zcmp,-186
FC,3,s,xy,75
FC,3,8,y2,77
FC,3,5,x2,77
FC,3,5,XYCP,-1
FC,3,5,YZCP,-1
FC,3,5,XZCP,-1

]

IFor Eigenvalue Buckling

Analysis enter the

following, but after the

static

1Analysis has been solved

/SOLU
ANTYPE,BUCKLE
BUCOPT,LANB,1
MXPAND,1
SOLVE

FINSH

/POST1

SET,FIRST
PLDISP,1

FINSH
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Figure 12. Deformation of blade (a) in APDL
(b) in ANSY'S workbench

Figure 12 (a) and (b) show the deformation
of blade. The maximum deformation of blade is
6.6742 mm, according to standard IEC 61400-1
is a small and safe [20]. The results obtained in
ANSYS Classic (APDL) and ANSY'S workbench
exactly alike.

Figure 13 shows the results of von mises
stress. The maximum stress is 1248.1 MPa, this
compared with the maximum stress of the
material AS4 / 3501-6 is 2137 MPa (310 KSI).
Blade eligibility durable [19].

ress
alent (yon-Mises) Stress

ime: L
1072172015 5:02 PM

1.2481e9 Max
1109508
0.7070e8
8.3211e8
.0343e8
5.3476e8
1.1608¢8
2774168
1.3873e8
59949 Min

0.000 0.300 {m) A
S z X

0.150

Figure 13. The result of von- Mises Stress

6. CONCLUSIONS

In this paper, the ANSYS software was used
to analyse finite element of blade. By using
ANSY'S Workbench and ANSYS APDL to check
the accuracy of the result, the authors found that
the result is nearly completely accurate with a
minor difference. The results show that the best
design provides adequate stiffness and strength to
produce the proposed power without any
structural failure. Conducting the finite element
analysis FEA for the wind turbine’s wings is very
important as it help to get high-performance wing
profiles. Applying the FEA analysis in Ansys
ADPL is more difficult than that in Ansys
Workbench.

After the analysis, the results were
compared with the standards of design and wing
calculations.

The results are durable and meet the criteria
within the permitted level of international
standards.

The results are completely identical when
using either Ansys Workbench or Ansys APDL
for analyzing.
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Phan tich phan tt& hiru han lwdi Turbine gié
truc ngang bang ANSYS

e Vi Cong Hoa
e Nguyén Hiru Tién

B6 mon Co k¥ thuat, Truong Pai hoc Bach khoa, PHQG-HCM

TOM TAT

Céc lui tuabin gi6 la mot phén rét quan
trong cua cac canh quat. Khai thac nang
lwong tor gié phu thuée vao thiét ké cda Iudi.
Trong bai bao nay, cac tac gia dwa vao ly
thuyét phén ti& canh (Blade Element Theory
— BET) va mé hinh rotor téi vu duoc phét
trién bdi Glauert dé thiét ké mot lwdi tuabin
truc ngang dai 1000 mm. Sau dé6 mé hinh
nay duorc st dung cho céac phan tich phan to

hdu han. Ngoai ra, cac tac gia str dung code
clia chuong trinh phan t& hitu han thuong
mai ANSYS dé tién hanh cac phan tich. Cac
quan sat thay rang, viéc str dung céng cu sb
dé thiét ké Iudi cat cung v6i viéc phan tich
két cau tinh tuyén tinh chi ra rang thiét ké tét
nhat dém bdo di dé cing va dé6 bén dé tao
ra nédng luong dé xuét ma khdng co bét ky
huw héng céu truc.

Ttr khéa: Thiét ké, lui tuabin, tuabin gié, tinh tuyén tinh, FEA, ANSYS.
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