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Abstract: In this article, dynamic modelling of governed on various parts of the Siemens SWT-

6.0 6 MW wind turbine, for critical work point, rotor output speed operation, and bade step angle 

in the presence of tracking aim various profiles with oscillation and constant speed profile are 

investigated. Also, the classic controller with frequency instability impact elimination time filter 

of synchronous generator against wind immediate changes to the model has been used. Choosing 

classic controller coefficients causes both turbine rotor speeds control to reduce rotor speed 

excessive effect in low frequency and to converge with control aim signal and output frequency 

regulation in PMSG generator also provides necessary changes for blade step angle in authorized 

and unauthorized wind various speeds for pitch driver. Simulation results show fairly accurate 

control of rotor speed output behaviour and necessary changes to drive blade step angle with a 

small percentage of RMS fault and mean squared error of plant output signals for model 

uncertainty. 

 

Keywords: Turbine Rotor Speed Control; PMSG Synchronous Generator; Controller; 6 MW 

Turbine of Siemens Company. 

 

1.  Introduction 

    Today, needing to renewable energy is essential and forecasts show that global demand to 

clean energy will have been triple by 2050[1]. By the end of 2015, installed wind energy capacity 

based on World Wind Energy Association (WWEA) statistics will have been more than 420MW 

and will have been at least 1500MW by 2020 [2,3,4]. SFIGURE and DFIGURE are two wind 

turbines that control operation can be implemented on them [5]. triple re of structure roller-tower 

and wind turbine blades in this article isSWT-6.0 model of Siemens company which follows 

Direct Drive technology of Permanent Magnet Synchronous Generator  (PMSG), three 

horizontal-axis blades and Offshore structure [4,6,7]. Using Permanent Magnet Synchronous 

Generator (PMSG) in an offshore wind turbine causes 50% reduction in mechanical stimulation 

equipment due to removing slider loop, brush, rotor winding, and gear box. Also, reduce tower 

mass to less than 350 tons compared to synchronous generator Nassel tower of SG type generator 

[7].  

     In recent years, Matlab, Simulink, and Wind-pro software have become powerful tools for 

dynamic modelling and simulation in real wind turbine systems [8]. Due to parametric data 

effects governing on wind turbine of SWT 6.0MW model of Siemens company, for authorized, 

unauthorized and critical speed from 3m/s to 70m/s and height 156, both tower and turbine blades 

to direct effectiveness of wind speed to turbine elastic blades placed in the sea (offshore), have 

control ability and control aim tracing to set generator rotor constant speed and acceptable 

changes for pitch angle [9, 10]. Therefore, avoiding exhaustion and mechanical drives 

fluctuations (rotor and blade) is an essential work. To solve this problem, control various 

algorithms such as LQG [11,12], fuzzy gain controllers [13,14],adaptive controllers [15], and 

classical controllers are limited to the most ideal control state for a dynamic section of wind 

turbine with PI controller [16,17,18] is designed that all above methods are valid for a finite work 

                                                           
 

 Received: August 14th, 2018.  Accepted: March 11st, 2019  

 DOI: 10.15676/ijeei.2019.11.1.5 

 80

mailto:Mahyar.mehdizadeh67@yahoo.com
mailto:esmail_alibeiki@aliabadiau.ac.ir


 
 

point. In researches limited to control turbine rotor speed, blade step angles, and output frequency 

dependent on generator rotor speed, are presented based on the most critical work point of 

Drivetrain turbine dynamic with permanent magnet synchronous generator (PMSG). In this 

article, in addition to turbine aerodynamic sections modelling, two classical methods based on 

PID controller improved coefficients with instability effect remove the filter of the derivative 

term in rotor output frequency behaviour in various wind speed has been used to apply tracing 

aim real RMS fault and control output for Siemens 6MW turbine. 

 
Figure 1. Structural design scale of 6mw to 350mw turbines from 1990 to 2016. 

           

2. Control block diagram model structure and PMSG generator of SWT-6.0 wind turbine 

    In wind turbine control modelling structure, various sections have been used for wind 

swinging speed to control and required changing of rotor speed and blade step angle to control 

modern and classic methods (Figure.2) [3]. Also, Permanent Magnet Synchronous Generator 

(PMSG) consisting of a DC to AC rectifier and a communicational DC Link to stimulate 

generator-side output with a stimulation permanent magnet are shown in Figure.3. 

 

 
Figure 2. Wind model transformation system to output voltage generation in the electric 

network of SWT6.0MW wind turbine. 

 

 
Figure 3. Permanent Magnet Synchronous Generator (PMSG) structure. 

Seyed Mahyar Mehdizadeh moghadam, et al.

81



 
 

 Table 1 shows the nominal values and technical specifications of the 6.0mw wind turbine of 

Siemens Company. 

 

Table 1. Nominal specification values with parametric uncertainty governing on SWT6.0mw 

UNCERTAINTY VALUE NOMINAL VALUE 

VW  0  12 m/s  R  19 m  

P
C  

P
0.24 < C < 0.5  

r
  2 rad/s  

t
f

R  
t

f
0.24 < R < 0.5  

0
p  100 kw  

t
J  

t
16 kg < < 18 kgJ  P  

3
1.31Kg/m  

t
B  

t
52 < < 54B    37.5  

t
K  

t
52 < < 54K  L  0.001  

tQK  
tQ1.7 < < 1.9K  

fR  0.02  

rns  700rpm  gT  50kN.n  

B  50  J  
2

16kg.m  

K  50  Kw  10  

 

3. Modelling control target signal and wind speed 

 
(a) 

 

 
(b) 
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(c) 

Figure 4.  Display various profiles of the target signal based on (a) step static signal, (b) static 

step_ sequence signal, and (c) sinusoidal signal 

 

 To investigate control strategies efficiency in this article, desired finding presented in the 

article are considered to target signals such as step signal, stair sequential signal, and sinusoidal 

signal [21]. For wind random signal based on the table.1data (0 to 12 m/s), a nonlinear oscillator 

equation with asymptotic stable cycles presented in [19] and [20] has been used. 

 

 
(a) 

 

 
(b) 
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(c) 

Figure 5. The oscillatory behaviour of wind: (a) constant speed, (b) variable speed, and (c) 

different slopes of wind speed 

 

4. Wind turbine dynamic model 

    WECS or wind energy conversion systems are generally used to convert wind energy to 

consumable electrical energy. In the power plant unit of SWT6.0mw turbine, wind turbine and 

generator are connected without a gearbox by the power converter. Obtained mechanical energy 

from wind kinetic energy in the turbine is converted to electrical energy through a drive train 

generator. Mechanical parts of Permanent Magnet Synchronous Generator (PMSG) are shown 

in Figure 6. 

 
Figure 6. Mechanical schematic of generator connection to turbine blades 

 

 WECS can be categorized based on generators types, power control systems, and variable or 

fixed speed performance. Generated power in the rotor ( ωrP ) and generator output power curve 

are effective important factors on output power, rotor speed, turbine angular velocity, and 

necessary changes in blade step angle in Wind Turbine (WT) [22]. 

 𝑃ωr =
1

2
ρπR2Wr𝑣

3
𝑊𝐶𝑝(λ,β)                                                                                          (1)                                                                    

Where  is air density, R R is rotor radius, v  is wind velocity,   is blade step angle,   is blade 

top speed ratio to wind speed which is defined as: 

 λ=
𝛺𝜔𝑟𝑅𝜔𝑟

𝑣𝑊
                                                                                                 (2) 

Where rω  is rotor speed and Cp(λ,β)  are WT power coefficient, which are considered as 

nonlinear function of speed ratio and step angle [23, 24, 29-34]: 

 𝐶𝑝(λ,β)=C1(
𝐶2

𝜆𝑖
-C3β-C4𝛽

𝐶5-C6)𝑒
𝐶7
𝜆𝑖  

 
1

𝜆𝑖
=

1

λ+C8𝛽
−

𝐶9

𝛽3+1
                                                                                                         (3) 
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(a) 

 

 
(b) 

 

 
(c) 

Figure 7. display turbine output power changes than rotor rotation speed in the presence of 

wind constant speed in various angles of turbine blades pitch (a) 0 degree  

(b) 10degree (c) 20degree 
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Figure 8. turbine power coefficient values than blades various angles based  

on Anderson and Bose theory. 

 
Figure 9. Power coefficient variations as non-linear function blade step angle and speed ratio to 

blade top  

 

 
Figure 10. Variations ratio in wind speed at various angles of wind turbine blades 

 

 Figures 7, 8 and 9, demonstrate the variations in power coefficient with respect to different 

blade angles, blade pitch angle, and Figure 10 presents the ratio of wind speed variations. It 

should be noted that equation (3) is obtained from experimental data using the curve fit method 

seen from previous researches. Since experimental actions have not been considered in this 

research range, we have to use the current equation. However, for each obtained 
p

C (λ,β) function 

for each specific wind turbine, proposed control strategy in this article can be applied and 

implemented [23, 24, 29-34]. Presented researches to adopt equation (3), WTs various speed 

control using adaptive algorithm [24], includes intelligent approach for maximum power 

tracking control strategy, WTs control previous and current position, overall model for various 
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speed WTs in power system simulation [29], adaptive investigation of generator rotor rotation 

speed topologies and control strategies for harmonic operations of WT generator systems, small 

WTs roles in wind turbines market, and current devices theories [30,31]. Based on equations (1) 

to (3) for rotor speed constant value, top-speed ratio   and finally power coefficients 
p

C are 

variable [32]. As a result, WT generated output power will be changed. Based on Betts law in 

WT systems, power factor is less than 0.59, while for three-blade horizontal axis WT, its 

amplitude is as 
P

0.24 < C < 0.5  [33,34]. Based on Figureure 6, in the presence of input 

aerodynamic torque
a

T , wind turbine rotor is run at speed
r

ω . The gearbox is used to transfer 

output torque 
p

T to generator in which axis torque 
e

T  is generated angular speed
g

ω . Due to use 

gearbox, rotor speed and generator speed are not the same. Although gearbox components may 

show non-linear characteristics, this is considered ideal [35]. Based on Figureure 6 system 

dynamics of the wind turbine generator are expressed as: 

 

 𝑇𝑎-T=J𝑟�̈�𝑟+C𝑟�̇�𝑟+K𝑟𝜃𝑟 

 𝑇𝑝-T𝑒=J𝑔�̈�𝑔+C𝑔�̇�𝑔+K𝑔𝜃𝑔 

 𝑇𝑝�̇�𝑔=Tθ̇𝑟                                                                                                                       (4) 

 

 In equation (4), J is momentary inertia for turbine blades rotor, C is damping, and K is shaft 

rotation hardness. While r and g are abbreviations for rotor and generator so, generator output 

torque, and previous and next gearbox torques are shown with T ,
e

T , and 
p

T .   is introduced as 

gearbox gear ratio(equation(5)) and are considered for simplicity r r g gθ =ω ,θ =ω   definition. 
rω

is turbine blade rotor speed and gω  is wind turbine generator rotor speed. 

 

γ=
𝜔𝑔

𝜔𝑟
                                                                                                                                                             

𝑇𝑎 =
1

2λ
ρπRWr𝐶𝑝(λ,β)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 

 

Substituting equation (6) in (4), after simplifying dynamics we have (equation (7)): 

 

 𝐽𝑟�̈�𝑟+C𝑟�̇�𝑟+K𝑟𝜃𝑟=T𝑎-T̄𝑔 

 𝐽𝑟�̈�𝑟+C𝑟�̇�𝑟+K𝑟𝜃𝑟 =
𝑝𝑎

𝑤
-γ

𝑝𝑒

𝜔𝑒
                                                                                                        

 

For the wind turbine generator system as an parametric uncertainty model, in which (equation 

(8)): 

 𝐽𝑡=J𝑟+γ2𝐽𝑔 

 𝐶𝑡=C𝑟+γ2𝐶𝑔 

 𝐾𝑡=K𝑟+γ2𝐾𝑔                                                                                                                       (8) 

  

 Based on equation (7), there are two control inputs: blade step angle , which affects 

aerodynamic torque aT and generator torque gT . It has been accurately shown that the time 

constants of the two controller variables are far away from each other, resulting in un-connected 

dynamics. Under these conditions, showing multi-variables systems as two single-variable 

system while the control matrix becomes diagonal is possible [36, 37]. Based on the used method 

for less wind speed condition than the rated value which is called indirect control in torque 

technique, generator torque can be controlled in a constant value [10, 38]. Generator torque is 

controlled by a factor power converter in power flow between the generator and power grid [39]. 

Therefore, in the most previous control investigations, generator torque is considered in nominal 

(5) 

(6) 

(7) 
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and apparent value. This assumption makes the controller one-variable at blade step angle [39-

47]. 

 
    (a) 

 

 
(b) 

Figure 11. The response of the ring system depends on the variation of the output power of the 

rotor for the maximum permissible wind speed and the angle of 4 degrees (a) and 20 degrees 

(b) turbine blades 

 
Figure 12. closed-loop variations response to generator torque for desired multiple angles 

 

 The behavior of the closed-loop system for variations of output power of the rotor for 

different angles is shown in Figure 11. Generator torque variations for different angles is 

presented in Figure 12. In the most control researches, generator torque is considered in constant 

nominal value. With the assumption that generator torque is fixed around its nominal       value 

( gT ) and is considered to plant by control signal input definition  a gu=T -T  (equation 9). 
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 𝐽𝑡�̈�𝑟+C𝑡�̇�𝑟+K𝑡𝜃𝑟=T𝑎-T̄𝑔 

 𝐽𝑡�̈�𝑟+C𝑡�̇�𝑟+K𝑡𝜃𝑟=u                                                                                      (9) 
 
 While control input of a nonlinear function is explicit of speed-top ratio and blades step angle. 

Above equation transformation to Laplace, creates following transformation function matrix for 

the turbine rotor speed and turbine blade step angle (equation10): 

 [
𝜔𝑟(𝑠)
𝛽(𝑠)

] = [

𝑠

𝐽𝑡𝑠
2+C𝑡s+K𝑡

0

0
1

τs+2

] [
𝑢𝑟
𝛽𝑠
]                                                                     (10) 

 Figure 13 shows open-loop system behaviour changes of the wind turbine to the wind speed 

of 4 m/s to nominal plant as unit step responses, frequency response, and system poles and zeros 

location due to input applying. Based on Figure.13, the open-loop system response is unstable 

without uncertainty for turbine rotor speed and blade step angle and required measures to control 

system against wind speed changes for tracking various profiles be done.  

 
(a) 

 
(b) 
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(c) 

 
(d) 

Figure 13. display open-loop response with nominal parameters of rotor model and blade step 

angle in the presence of wind swinging speed (4m/s) to rotor speed step response (a) blade step 

angle step response, (b) frequency response to amplitude changes and open-loop system size, 

and (c) also, poles placing and nominal plant zeros due to applied wind speed to plant (d) 

 

 

5. Design classical and improved controller 

      In this section, design and analysis of classic controller based on tracking various profiles 

and wind swinging speed to extract governing responses on two outputs of multi-variable 

transformation function matrix due to the physical structure with one degree of freedom (SDOF) 

is presented. The classic controller is designed based on roots geometric locus. Due to wind 

swinging speed and uncertainty changes governing on model transformation function 

characteristic equation, obtaining control coefficients and input signal energy to real system 

model is considered essential [48]. Classic controller multiplies fault signals in an integrator and 

derivative constant and applies their answer to the system. Classic controller design is based on 

PID to show accuracy and consistency against model uncertainties and wind swinging speed to 

study and evaluate more accurate considering obtained responses of a comparison operation 

controller of stable resistance controller. Classic controller based on wind swinging generates an 

integral-based feedback and fault-derivative in model output [49].There are several methods to 

obtain PID controller coefficients such as Ziggler Nichols [50], Harnes Wich [51], Skoog Ostad 

[52], and so on. The theoric method and based on various trial and error tests in practical and 

theoretical systems is Ziggler Nichols method. This method was invented by Ziegler and Nichols 

in 1942. This method is presented based on two closed-loop and open-looped control. In the 

open-loop method, coefficients are considered based on no-feedback from the output as equation 

(11). For closed-loop control based on coefficients definition feedback p DK ,K  and IK a 

-300

-200

-100

0

M
ag

n
it

u
d

e 
(d

B
)

10
-1

10
0

10
1

10
2

10
3

-360

-180

0

180

 

 

A
m

p
lit

u
d

 (
d

eg
)

Bode Diagram

Time  (rad/s)

Rotor speed(rad/s)

 Pitch Angle

-40 -35 -30 -25 -20 -15 -10 -5 0 5 10
-5

-4

-3

-2

-1

0

1

2

3

4

5
0.9450.9720.9860.993

0.998

0.999

0.650.880.9450.9720.9860.993

0.998

0.999

510152025303540

0.650.88

 

 
Root Locus

Time (seconds-1)

R
ot

or
 s

pe
ed

(r
ad

/s
) &

 P
itc

h 
an

gl
e 

(s
ec

on
ds

-1
)

Rotor speed(rad/s)

 Pitch Angle

Modelling And Control of 6MG Siemens Wind Turbine

90



 
 

compensator function in Laplace domain with a two-order function has been used [53] equation 

(12).  

 𝐺𝑐(𝑠)=K𝑝 +
𝐾𝐼

𝑠
+K𝐷s=

𝐾𝐷𝑠
2+K𝑝s+K𝐼

𝑠
                                                              (11) 

 𝐺𝐶(𝑠)=K𝑃 × (1+
1

𝑇𝐼𝑠
+T𝐷𝑠),T𝐼 =

𝐾𝑝

𝐾𝐼
,T𝐷 =

𝐾𝐷

𝐾𝑃
                                                             (12) 

 Due to instability important factors of system real model and existence derivative element in 

the PID controller in the compensator conversion function, which causes speed incensement and 

unsteadiness of model output changes is used to delete instability effect of a grade 1 filter 

(equation 13). 

 𝐶(𝑠)=K𝐷(𝑠)×C𝐷(𝑠),
𝐾𝐷(𝑠)

1+T𝐹
                                                                                        (13) 

 By adding first-order transformation function as a system instability effect elimination filter, 

the improved compensator equation is written as equation (14): 

 𝐶(𝑠)=K𝑃(𝑠) +
𝐾𝐼

𝑠
+

𝐾𝐷

𝑇𝐹s+1
                                                                                   (14) 

 In PI controller, without unstable factor d which causes increase in changes speed in the 

output, obtained fault from  crosses from integral and is made in a  multiplication constant and 

feedback factor due to fault integral (equation 15): 

 𝐺𝐶(𝑠)=K𝑃 +
𝐾𝐼

𝑠
,
𝐾𝑃+K𝐼

𝑠
                                                                                            (15) 

 To reduce excessive value in the low frequency of system response and increase response 

speed, the Ziggler Nichols open-loop improved method has been used; actually, PID controller 

in Ziggler Nichols method will improve system steady-state response control. But it ruins the 

system transient response to reach reference value. To track with negligible fault and transient 

fluctuations at initial times, first characteristic multinomial in the frame of a closed-loop 

multinomial are formulated and then integral gain is applied to control signal input to reduce 

fault and using a derivative controller with a low-pass filter to increase system speed and initial 

swinging in system output by assuming an optimal multinomial Δdes(s)  for plant model using 

CHR method. The characteristic equation governing on turbine rotor speed with a PID controller 

is shown in Equations (16,17,18,19) and (20) [54-56]. 

 Δdes(𝑠) = (s+αω𝑛) × (𝑠2+2ξω𝑛s+ω𝑛
2)                                                                   (16) 

 ΔS𝜔𝑟
=1+L(𝑠)                                                                                                     (17) 

 ΔS𝜔𝑟
= (1+K𝐷)𝑠

3 + (𝐶𝑡 + (𝐾𝐷×0)+K𝑃)𝑠
2 + (𝐾𝑡 + (𝐾𝑃×0)+K𝐼)s+K𝐼                        (18) 

 𝜔𝑟(𝑠)=C𝑡+K𝐷+K𝑃 , (1+K𝐷)(α+2ξ)×ω𝑛                                                                    (19) 

 𝐾𝑡+K𝐼 = (1+K𝐷) × (1+2αξ)×ω𝑛
2                                                                         (20) 

 Damping coefficients ξ  and natural frequency 
nω and also constant value  of linear 

equation system are used to design the PID controller parameters using CHR method due to rotor 

speed nominal method as the state-space matrix is formed. Hybrid mode space realization for 

system model and controller (equation 21): 

 

 𝜔𝑟
1(𝑠) = [

1 0 0-1(α+2ξ)𝜔𝑛

0 1 -1(1+2αξ)𝜔𝑛
2

0 0 -1αω𝑛
3

] [

𝐾𝑃
𝐾𝐼
𝐾𝐷

] , [

-C𝑡 + (α+2ξ)𝜔𝑛

-K𝑡 + (1+2ξ)𝜔𝑛
2

αω𝑛
3

]                                  (21) 

 

 Controller conversion function of equation (15), after being applied to the system model, 

causes the steady-state fault and excessive percentage due to wind swinging speed disturbances 

in tracking problems. The occurred fault is a nonzero value. Reducing in the wind turbine 

dynamic model can solve this problem but this is impossible. But an integrator in the presence 

of complete turbine dynamics can be considered to delete system steady-state mode, equations 

(22 and 23): 

 

 K=(𝐾𝑃𝑇𝐷𝑠
2+K𝑃s+

𝐾𝑃

𝑇𝐼
) ×

1

𝑠
                                                                          (22) 
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 K=
𝐾𝑃𝑇𝐷𝑠

2+K𝑃s+
𝐾𝑃
𝑇𝐼

𝑠
                                                                               (23) 

 

Figure14. Shows the block diagram of the control diagram for the wind turbine system. 

 
Figure 14. Control block diagram for wind turbine system 

 

6. Results and Simulation 

   By providing an algorithm based on auto tuning ZN and CHR methods (Chen-Hernes-Wich), 

optimal coefficients of PI, PIDF, and PID controller, and also trial and error to substitute system 

pole and zero of closed-loop control and analysis root geometric locus due to apply wind speed 

input and model uncertainty through SISOtool toolbar in Matlab software, following optimal 

values of controller are obtained (Table.2). To validity and preciseness proposed methods with 

controller’s various structures, the control system is considered based on the model with nominal 

parameters and uncertainty parameters in wind swinging speed with limited area, as shown in 

Table.3  

 

Table 2. Determine coefficients of PID, PI, and PIDF controller based on ZH and CHR 

FT  
DK  

IK  
PK  Controller 

0 0 15.46 7.673 PI-Z-H 

0 0.6253 33.98 9.270 PID-Z-H 

0.9 7.85 10.2 4.05 PIDF-Z-H 

0 0 1.437 2.685 PI-CHR 

0 0.3111 2.953 4.604 PID-CHR 

0.555 4.75 7.48 2.23 PIDF-CHR 

 

  

 Obtained results of Figure 15 shows two PI controllers based on ZN and CHR, have the weak 

operation to track target profiles for the uncertain model and wind swinging area and also have 

the clear steady-state fault, which indicates controllers inoperability and update feature on wind 

turbine plant. Figure 16 shows necessary changes for turbine blades pitch angle drive in turbine 

rotor speed tracking signals for wind speed swinging profile after running PI-ZN and PI-CFR 

controller on the model with 5% uncertainty for three (a) step ,(b) Sequence-step and (c) 

sinusoidal. Figureure16 shows required changes control the energy value of blades pitch angle 

to track turbine rotor speed in various target profiles based on the nominal model and uncertainty 

model. 
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(a) 

 

 
(b) 

 

 
(c) 

Figure 15 .Time response of the wind turbine rotor speed to track step signal after designing 

PI-ZN and PI_CHR controller on uncertainty model (20%) for (a) step, (b) Sequence-step and 

(c) sinusoidal wind speed various profiles. 
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(a) 

 
(b) 

 
(c) 

Figure 16. Required changes for blade step angle driver to track signals (a) step, (b) Step-

sequence, and (c) sinusoidal of turbine rotor speed for wind speed swinging profile after 

running controller based on 5%uncertainty model. 

 

 
Figure 17. Showing required changes control energy value of blade pitch angle to track turbine rotor 

speed after running PI-ZN and PI-CHR controller based on nominal and uncertainty model. 
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 Figure 17 shows required changes control energy value of blade pitch angle to track turbine 

rotor speed after running PI-ZN and PI-CHR controller based on nominal and uncertainty model. 

Figureure 18 shows rotor speed time response of wind turbine to track target various signals, 

after designing PIDF-ZN and PIDF-CHR controller for model with nominal model and 

uncertainty model  for constant wind speed, and to investigate categorized data from rotor speed 

tracking than target profiles and required changes ratio for blade step angle and also for system 

behaviour data such as signals uplifting values in initial moments, as well as initial moments, as 

well as fault RMS value and other information is shown in Figureure 18 for PI-CHR, PI-ZN, 

PIDF-ZN, PID-CHR, PID-ZN, and PIDF-CHR have been compared.  

 
(a) 

 
(b) 

 
(c) 

Figure 18. Rotor speed time response of wind turbine to track target profiles (a) step, (b) Step-

sequence, (c) and sinusoidal after designing PIDF-ZN and PIDF-CHR controller on an 

uncertainty model (20%) for wind speed constant profiles 
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(a) 

 

 
(b) 

 

 
(c) 

Figure 19. Indefinite fault response of wind turbine rotor speed for the nominal model and 

uncertainty model for three tracking profiles(a) step, (b) Step-sequence, and (c) sinusoidal 

Figureure19 shows uncertain fault response for an uncertainty model after designing controller 

in the presence of constant wind speed and various tracking signals to validity PIDF-CHR 

controller operation to delete fault and converge turbine rotor speed to tracking signals. Table.3 

shows comparison of two classic controllers for wind swinging speed with a 20% uncertainty 

of the system nominal model to validity designed controller operation. 
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Table 3. The compares classic controllers for wind turbine rotor speed and provide basic 

parameters to analyse system behaviour 

MSE RMS 
Peck 

Time 
Overshoot 

Settling 

Time 

Rise 

Time 

Uncertainty 

% 
Type 

0.482 2.401 1.912 18.4% 1.12 0.102 20% PI_ZN 

0.418 2.39 1.90 13.77% 1.38 0.126 20% PI_CHR 

0.321 2.202 1.456 10.522% 1.47 0.215 20% PID_ZN 

0.304 2.162 1.10 8.222% 1.60 0.237 20% PID_CHR 

0.271 1.505 1.08 7.645% 2.61 0.433 20% PIDF_ZR 

0.195 1.424 0.95 4.826% 2.87 0.468 20% PIDF_CHR 

 

7. Conclusion 

      In this article, in addition to modeling and simulating of PMSG generator rotor rotation speed 

and blade step angle, design PID classic controller based on Ziggler Nichols (ZN) and Chen 

Hernes-Vich (CHR) methods with a signal-removing filter of immediate changes unstable 

signals of model uncertainty have been investigated. To validity controller operation in various 

operation conditions, results based on swinging and constant speed profile of wind speed and 

also target signal profiles are investigated. Although the classical PID controller is well suited to 

track target signal problem for turbine rotor rotation speed and required changes to drive blade 

step angle to have proper operation, transient response at initial times results in inverse 

oscillating behaviour with output signal uplifting that to solve this problem a PIDF controller 

and disturbance effect remove filter to increase time operation speed for rotor speed output and 

blade step drive angle in the presence of wind changes immediate fluctuation has been used. 

Also, the obtained results show that using CHR method has relative superiority than ZN method 

in the face of uncertainty and wind swing speed and RMS value and standard error are reached 

to the lowest value. 
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