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A pitch control method and system of a symmetrical - airfoil 
vertical axis wind turbine is provided , which collects data by 
an anemometer , an anemoscope and an angle sensor , outputs 
an optimum pitch angle based on a control law of a pitch 
angle , and controls the pitch angle to be the optimum pitch 
angle through a pitch control actuator . In addition to input 
variables of the control law such as a wind velocity Vin and 
a blade azimuth angle Y , constants such as a rotation radius 
R , a rotation velocity 2 of the blade and aerodynamic 
coefficients C1 , C2 and cz are also related . A Reynolds number 
has little influence on three aerodynamic coefficients ci , C2 
and Cz . The pitch actuator controls the adjustment rods to 
realize the automatic pitch control of the blades . An expres 
sion of the control law of the pitch is concise , the calculation 
time is short and a response speed is fast . 
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SUMMARY OF THE INVENTION PITCH CONTROL METHOD AND SYSTEM 
OF SYMMETRICAL - AIRFOIL VERTICAL 

AXIS WIND TURBINE 

CROSS REFERENCE TO RELATED 
APPLICATION 

[ 0001 ] This patent application claims the benefit and pri 
ority of Chinese Patent Application No. 202010484511.0 , 
with title “ Pitch Control Method and System of Symmetri 
cal - Airfoil Vertical Axis Wind Turbine ” , filed on Jun . 1 , 
2020 , the disclosure of which is incorporated by reference 
herein in its entirety . 

[ 0006 ] A technical problem to be solved by the present 
disclosure is to provide a pitch control method and system 
of a symmetrical - airfoil vertical axis wind turbine with a 
straight blade and a high tip - speed - ratio . 
[ 0007 ] The present disclosure solves the above technical 
problem through the following technical solutions : a pitch 
control method for a symmetrical - airfoil vertical axis wind 
turbine . The wind turbine includes a connecting rod . Two 
ends of the connecting rod are provided with symmetrical 
blades respectively . A center of the connecting rod is pro 
vided with a rotation shaft vertical to the ground . The 
rotation shaft is provided with a pitch actuator for control 
ling the blades . The pitch actuator is provided with adjust 
ment rods connected with the blades . The wind turbine is 
further provided with an anemoscope and an anemometer , 
and the connecting rod is provided with an angle sensor . An 
expression of an optimum pitch angle of the pitch actuator 
is determined by : 

TECHNICAL FIELD 

a 
[ 0002 ] The present disclosure relates to the technical field 
of pitch control of a wind turbine , in particular to a pitch 
control method and system of a symmetrical - airfoil vertical 
axis wind turbine . 

BACKGROUND OF THE INVENTION 
a 202 - 42 - 120103tan | Op = [ 6cztan? 

a 

[ 0008 ] where O , is the optimal pitch angle , ? 

cosy 
? = arctan siny - 2 

Y is a blade azimuth angle which is an angle by which a 
direction of wind rotates counterclockwise to an inside 
normal of a airfoil circumference . The blade azimuth angle 
is obtained by values from the anemoscope and the angle 
sensor . 

R? 
= 

Vin 

[ 0003 ] A rotation shaft of a wind wheel of a vertical axis 
wind turbine is perpendicular to the ground or an air flow , 
and there is no need to make the wind wheel face the wind 
when a wind direction changes . Compared with a horizontal 
axis wind turbine , the vertical axis wind turbine not only has 
a simple structure , but also reduces a gyroscope force of the 
wind wheel when the wind wheel faces the wind . However , 
for the vertical axis wind turbine , there are shortcomings 
such as poor self - starting ability and low wind energy 
utilization ratio . The pitch control is an effective measure to 
optimize the aerodynamic performance and wind energy 
utilization ratio of the vertical axis wind turbine . 
[ 0004 ] In the prior art , there are a large number of pitch 
control methods for horizontal axis wind turbines . However , 
because an operation mode of the horizontal axis wind 
turbine is different from that of the vertical axis wind 
turbine , the large number of pitch control methods cannot be 
directly applied to the vertical axis wind turbine . At present , 
pitch control meth used by the vertical axis wind turbine 
mainly include : ( 1 ) adjusting based on a periodically vari 
able pitch angle which is provided by an eccentric mecha 
nism ; ( 2 ) controlling in real - time based on an optimal pitch 
angle determined by numerical simulation and optimization 
algorithms . An adjustment of the eccentric mechanism usu 
ally has poor automaticity . For the real - time adjustment by 
the optimization algorithm , if an iterative algorithm is com 
plicated , a lag of the pitch control will occur easily ; and the 
real - time adjustment is mostly set according to wind con 
ditions under a specific Reynolds number , which lacks 
universality . 
[ 0005 ] The present patent application with publication 
number CN102889177A discloses a variable pitch angle 
structure of an H - type vertical axis wind power generation 
system and a control method thereof , which improves the 
self - starting ability and the tangential force of the vertical 
axis wind turbine by collecting a wind direction signal and a wind velocity signal as well as blade position signals in 
real time , comparing the wind velocity and a predetermined 
tangential wind velocity , and providing a result of pitch 
control with reference to the wind direction . However , the 
control logic of the control method is relatively complicated , 
and the control method has a long response time and a lag 
problem existing in the pitch control . 

a 
is a tip speed ratio , R is a rotation radius of the blades , 22 is 
a rotation velocity of the blades . Vin is a wind velocity , which 
represents a value of the anemometer . 
[ 0009 ] C1 , C2 and cz are aerodynamic coefficients in a lift 
coefficient expression Cz ( a ) = c ; a + cz? and a drag coeffi 
cient expression Co ( a ) = co + c2a².a is an attack angle , which 
represents an angle between a relative wind velocity V , and 
an airfoil chord line , v , = Vin - R92 . The pitch angle obtained 
according to the control law is output to the pitch actuator ; 
and the pitch actuator controls the adjustment rods to 
perform the pitch control on the blades . 
[ 0010 ] Input variables of the expression used in the pres 
ent disclosure are a wind velocity Vin and a blade azimuth 
angle Y. In addition to these two variables , the expression 
is also related to constants such as a rotation radius R , a 
rotation velocity 2 of the blade and aerodynamic coeffi 
cients C1 , C2 and It is known from common aerodynamic 
experimental data of the airfoil that a Reynolds number has 
little influence on the three aerodynamic coefficients C1 , C2 
and cz , so this control law of the optimal pitch angle is 
suitable for various wind conditions . The blade azimuth 
angle Y can be obtained by the values of the anemoscope 

C3 : 
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and the angle sensor . The wind velocity Vin can be directly 
obtained by the anemometer . A calculation result is output to 
the pitch actuator , and the pitch actuator controls the adjust 
ment rods to realize the automatic pitch control of the 
blades , thereby improving universality of pitch control of 
the blades under different wind conditions . The expression 
of the optical pitch angle is concise , the calculation time is 
short , and the response speed is fast , thereby overcoming a 
defect of the lag of pitch control . 
[ 0011 ] In some embodiments , the adjustment rods are 
hydraulic telescopic rods , and a signal output end of the 
pitch actuator is communicatively connected with a hydrau 
lic system . 
[ 0012 ] Also provided is a pitch control system of a sym 
metrical - airfoil vertical axis wind turbine . The wind turbine 
includes a connecting rod ; two ends of the connecting rod 
are provided with symmetrical blades , respectively . A center 
of the connecting rod is provided with a rotation shaft 
vertical to the ground . The rotation shaft is provided with a 
pitch actuator for controlling the blades . The pitch actuator 
is provided with adjustment rods connected to the blades . 
The wind turbine is further provided with an anemoscope 
and an anemometer . The connecting rod is provided with an 
angle sensor ; signal output ends of the anemoscope , the 
anemometer and the angle sensor are in communication 
connection with a controller . A signal output end of the 
controller is in communication connection with the pitch 
actuator ; and the controller outputs an optimal pitch angle 
based on a data output collected by the anemoscope and the 
anemometer . The expression of the optical pitch angle 
controlled by the controller is determined by : 

radius R , a rotation velocity 2 of the blade and aerodynamic 
coefficients C1 , C2 and cz . It is known from common aero 
dynamic experimental data of the airfoil that Reynolds 
number has little influence on the three aerodynamic coef 
ficients C1 , C2 and cz . Therefore , this control law of the 
optical pitch angle is suitable for various wind conditions . 
The blade azimuth angle can be obtained by parameters 
of the anemoscope and the angle sensor , and the wind 
velocity v can be directly obtained by the anemometer . A 
calculation result is output to the pitch actuator , and the pitch 
actuator control the adjustment rods to realize the automatic 
pitch control of the blades , thereby improving universality 
of pitch control of the blades under different wind condi 
tions . The expression of the optical pitch angle is concise , 
the calculation time is short , and the response speed is fast , 
thereby overcoming a defect of the lag of pitch control . 

in 

BRIEFT DESCRIPTION OF THE DRAWINGS 

[ 0016 ] FIG . 1 is a model diagram of a wind turbine 
according to an embodiment of the present disclosure ; 
[ 0017 ] FIG . 2 is a model diagram of a structure of con 
trolling a pitch according to an embodiment of the present 
disclosure ; 
[ 0018 ] FIG . 3 is a flow chart of pitch control according to 
an embodiment of the present disclosure . 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

202 Op = [ 4c? – 12c1cztan - 
6c3tan? 

[ 0013 ] Where e , is the optimal pitch angle . P 

T = arctan 
cos Y 

siny - 

[ 0019 ] In order to make the objectives , technical solutions 
and advantages of the present disclosure clearer , the present 
disclosure will be further described in detail below in 
conjunction with specific embodiments and with reference 
to the accompanying drawings . 
[ 0020 ] The present embodiment provides a pitch control 
method of a symmetrical - airfoil vertical axis wind turbine . 
A simplified model for the wind turbine is shown in FIG . 1 . 
The wind turbine includes a connecting rod 1. Two ends of 
the connecting rod 1 are provided with symmetrical blades 
2. A center of the connecting rod 1 is provided with a 
rotation shaft ( not shown ) vertical to the ground . The 
rotation shaft is provided with a pitch actuator 3 for con 
trolling the blades 2. The pitch actuator 3 is provided with 
adjustment rods 4 connected with the blades 2. The blade 2 
is hingedly coupled with the connecting rod 1 and the 
adjustment rod 4. The adjustment rod 4 is telescopic so as to 
change a length thereof . The wind turbine is also provided 
with an anemoscope 5 and an anemometer 6. In combination 
with FIG . 2 , the connecting rod 1 is provided with an angle 
sensor 7. In this way , solving a control law of pitch control 
is converted into solve a maximum value of an airfoil 
pneumatic torque . The airfoil pneumatic torque is expressed 

Y is a blade azimuth angle , which is an angle by which a 
direction of wind rotates counterclockwise to an inside 
normal of an airfoil circumference . 

R? 
2 = 

Vin 

a 
as : 

V4 M = 1 / 2cpaVaR [ C ] ( T - 0 . ) + c3 ( T - 0 ) ] sin T- [ Co + cz ( T 
0p ) ? ] cos T } ( expression 1 ) 

[ 0021 ] The maximum value satisfies a condition 
a 

is a tip speed ratio , R is a rotation radius of the blades , 2 is 
a rotation velocity of the blades , Vin is a wind velocity . 
[ 0014 ] C1 , C2 , and cz are aerodynamic coefficients in a lift 
coefficient expression Cz ( a = c , a + cza and a drag coeffi 
cient expression Co ( a ) = co + c2a ?, where a is an attack angle , 
which represents an angle between a relative wind velocity 
V , and an airfoil chord line , V , = Vin - R22 . 
[ 0015 ] The pitch control method and system of a sym 
metrical - airfoil vertical axis wind turbine , provided by the 
present disclosure , has the following advantages . Input 
variables of the used expression are a wind velocity Vin and 
a blade azimuth angle ' . In addition to these two variables , 
the expression is also related to constants such as a rotation 

dM dM 
= 0 and de < 0 . d ( 0,2 

[ 0022 ] Where M is the airfoil pneumatic torque , e , is an 
optimal pitch angle , c is a chord length of an airfoil , Pa is a 

P 
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7 

density of air ; V , is a relative wind velocity , a calculation 
expression of the relative wind velocity is v . , = Vin - R2 , where 
a bold font ( Vy , Vin and 2 ) represents a vector and a non - bold 
font ( R ) represents a value ; v , is a wind velocity , which is 
obtained by measurement of the anemometer 6 ; R is a 
rotation radius , 2 is a rotation velocity ; 

in 

a 

cos 
T = arctan siny - 

a where Y is a blade azimuth angle , i.e. , an angle by which a 
wind direction rotates counterclockwise to an inner normal 
of a circumference formed by an airfoil ; and the blade 
azimuth angle can be obtained by values of the anemoscope 
5 and the angle sensor 7 ; 

aerodynamic coefficients C1 , C2 and Cz , so this expression of 
the optimal pitch angle is suitable for various wind condi 
tions . 

[ 0029 ] The blade azimuth angle V can be obtained by 
parameters of the anemoscope 5 and the angle sensor 7 , and 
the wind velocity Vin can be directly obtained by the 
anemometer 6. A calculation result is output to the pitch 
actuator 3 , and the pitch actuator 3 controls the adjustment 
rods 4 to realize the automatic pitch control of the blades 2 , 
thereby improving universality of pitch control of the blades 
under different wind conditions . The expression of the pitch 
control law of the pitch is concise , the calculation time is 
short , and the response speed is fast , thereby overcoming a 
defect of the lag of pitch control . 
[ 0030 ] The present embodiment also provides a pitch 
control system of a symmetrical - airfoil vertical axis wind 
turbine . The pitch control system includes the connecting 
rod 1. Two ends of the connecting rod 1 are provided with 
the symmetrical blades 2. A center of the connecting rod 1 
is provided with a rotation shaft ( not shown ) vertical to the 
ground . The rotation shaft is provided with the pitch actuator 
3 for controlling the blades 2. The pitch actuator 3 is 
provided with the adjustment rods 4 connected to the blades 
2. The wind turbine is also provided with the anemoscope 5 
and the anemometer 6. The connecting rod 1 is provided 
with the angle sensor 7. Signal output ends of the anemo 
scope 5 , the anemometer 6 and the angle sensor 7 are in 
communication connection with a controller ( not shown ) . A 
signal output end of the controller is in communication 
connection with the pitch actuator 3. The controller controls 
the pitch angle based on an output of data collected by the 
anemometer 6 , the anemoscope 5 and the angle sensor 7. An 5 
expression of the optical pitch angle controlled by the 
controller is : 

RO 
2 = 

Vin 

is a tip velocity ratio . 
[ 0023 ] C1 , C2 and cz are aerodynamic coefficients in a lift 
coefficient expression Cz ( a ) = c7a + cza and a drag coeffi 
cient expression Co ( a ) = co + c2a ’ , these coefficients can be 
referred to published data , or be obtained by test data of an 
airfoil or CFD ( Computational Fluid Dynamics ) calculation 
data ; a is an attack angle , which represents an angle between 
the relative wind velocity V , and a chord line of an airfoil . 
[ 0024 ] An expression of an optimum pitch angle solved is : 

1 

( expression 2 ) 2c2 Op = [ 4c? – 12c1c3tan - 
6cztanl 

( expression 2 ) 2c2 – 4c? – 12c1c3tan Op = [ 6c3tan? 

[ 0031 ] Where 0 , is an optimal pitch angle , P 

cosy 
T = arctan 

sin ' - 

a a Y is a blade azimuth angle , i.e. , an angle by which a wind 
direction rotates counterclockwise to an inner normal of an 
circumference formed by an airfoil ; 

[ 0025 ] The pitch angle obtained according to the expres 
sion 2 is output to the pitch actuator 3. The pitch actuator 3 
controls the adjustment rods 4 to perform the pitch control 
of the blades 2 . 
[ 0026 ] The adjustment rod 4 is preferably a hydraulic 
telescopic rod . A signal output end of the pitch actuator 3 is 
in communication with a hydraulic system . The pitch actua 
tor 3 outputs a signal to control an action of a hydraulic 
pressure , thereby changing lengths of the adjustment rods 4 
to achieve the pitch control of the blades 2 . 
[ 0027 ] In the present embodiment , a pitch angle corre 
sponding to a maximum value of the airfoil aerodynamic 
torque is used as the optimal pitch angle , and the control law 
of pitch control obtained from this can maximize an airfoil 
aerodynamic torque under current wind conditions , thereby 
improving utilization ratio of wind energy and self - starting 
ability by controlling the blades via the pitch control law , 
which overcomes defects of the prior art . 
[ 0028 ] Referring to FIG . 3 , input variables of the expres 
sion are a wind velocity Vin and a blade azimuth angle Y. In 
addition to these two variables , the expression is also related 
to constants such as a rotation radius R , a rotation velocity 
2 of the blade and aerodynamic coefficients C1 , C2 and cz . It 
is known from common aerodynamic test data of the airfoil 
that Reynolds number has little influence on the three 

RO 
2 = 

a 

a 

is a tip velocity ratio , R is a rotation radius , 2 is a rotation 
velocity , Vin is a wind velocity . 
[ 0032 ] C1 , C2 , and cz are aerodynamic coefficients in a lift 
coefficient expression Cz ( a ) = c a + cza and a drag coeffi 
cient expression Cola ) = co + c2c ?, where a is an attack angle , 
which represents an angle between a relative wind velocity 
and a chord line of an airfoil , v , = Vin - R22 . 

' 
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What is claimed is : 
1. A method to control a pitch of a symmetrical - airfoil 

vertical axis wind turbine , the method comprising : 
collecting , by an anemometer communicatively con 

nected to a controller of the of the symmetrical - airfoil 
vertical axis wind turbine , wind velocity data ; 

collecting , by an anemoscope communicatively con 
nected to the controller , wind direction data ; 

collecting , by an angle sensor communicatively con 
nected to the controller , blade rotation data ; 

transmitting , by the anemometer , the wind velocity data to 
the controller ; 

transmitting , by the anemoscope , the wind direction data 
to the controller ; 

transmitting , by the angle sensor , the blade rotation data 
to the controller ; 

determining , by the controller , an optimum pitch angle for 
the blades , such that 

and a signal output end of the pitch actuator is communi 
catively connected with a hydraulic system . 

3. A pitch control system of a symmetrical - airfoil vertical 
axis wind turbine , comprising : 

a controller ; 
a connecting rod , the connecting rod comprising ; 

two ends of the connecting rod that are provided with 
symmetrical blades respectively ; and 

a center of the connecting rod that is provided with a 
rotation shaft vertical to the ground ; 

a pitch actuator that is provided with adjustment rods 
connected to the blades and is in communication con 
nection with the controller ; 

an angle sensor in communication connection with the 
controller ; 

an anemoscope that collects wind direction data and is in 
communication connection with the controller , and 

an anemometer that collects wind velocity data and is in 
communication connection with the controller ; 

wherein the controller outputs an optimal pitch angle 
based on the data collected by the anemoscope and the 
anemometer , the optical pitch angle controlled by the 
controller being determined by : 

2c2 Op = [ - 4cŽ – 12c1c3tan ? T 
6c3tan? 

wherein 0 , is the optimal pitch angle , ? 

2c2 cosy 
T = arctan siny - 2 

Op = [ 4cz – 12c1c3tan ? T 
6c3tan? 

wherein 0 , is the optimal pitch angle , ? Y is a blade azimuth angle , which is an angle by which a 
direction of wind rotates counterclockwise to an inside 
normal of a airfoil circumference , the blade azimuth angle 
being obtained based on values from the anemoscope and 
the angle sensor , 

cosy 
? = arctan siny - 

RO 
a = 

Y is a blade azimuth angle , which is an angle by which a 
direction of wind rotates counterclockwise to an inside 
normal of an airfoil circumference ; Vin 

a 
RO 

Vin 

a 

is a tip speed ratio , R is a rotation radius of the blades , 2 is 
a rotation velocity of the blades , and Vin is the wind velocity , 

wherein C1 , C2 , and cz are aerodynamic coefficients in a 
lift coefficient expression C ( a ) = c + a + cQ and a 
drag coefficient expression Co ( a ) co + cza ?; a is an 
attack angle , which represents an angle between a 
relative wind velocity V , and an airfoil chord line , 
V , = Vin - R22 ; 

transmitting , by the controller , the determined optimal 
pitch angle to the pitch actuator ; and 

controlling , by the pitch actuator , pitch control of the 
blades based on the received optimal pitch angle . 

2. The method for pitch control according to claim 1 , 
wherein the adjustment rods are hydraulic telescopic rods , 

is a tip speed ratio , R is a rotation radius of the blades , 22 is 
a rotation velocity of the blades , Vin is a wind velocity ; and 

wherein C1 , C2 , and cz are aerodynamic coefficients in a lift 
coefficient expression Cz ( a ) = c7a + cza and a drag 
coefficient expression Co ( a ) = co + cza ?, wherein a is an 
attack angle , which represents an angle between a 
relative wind velocity V , and an airfoil chord line , 
V , Vin - R22 . = 

* 


