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Abstract: A robust nonlinear controller for a double fed induction generator via high order sliding modes 

with integral sliding modes is proposed. The model presented takes into account the interconnections 

between induction generator and other elements of the electric power system. The controller presented in 

this paper is able to achieve the stator active power output and power factor regulation directly, without 

needing an extra loop for the currents. The control scheme does not need an observer; it depends on the 

terminal voltage and currents which can be measured directly. The closed-loop stability is analyzed. The 

proposed controller was tested through simulation and a good performance was obtained. 

Keywords: Sliding-mode control, nonlinear systems, power-system control, renewable energy systems, 

induction generators. 



1. INTRODUCTION 

In the last years, in order to reduce the fossil fuel demand and 

greenhouse gas emissions, the use of renewable energy sources 

has increased considerably. One of the most important 

renewable energy sources is the wind. Huge wind farms have 

been developed over large geographical areas. The new wind 

farms employ double fed induction generators (DFIG) with 

variable speed turbines which have many advantages against 

the constant speed turbines. In a DFIG, the rotor winding is fed 

with an AC-AC power converter with variable frequency 

through slip rings. The energy for the converter is taken 

directly from the grid. In this case, the converter manages 

about the 20% - 30% of the generation energy, so it is not a big 

converter and it is suitable for the DFIG operation. The active 

and reactive stator power output can be controlled by the 

power converter Shehata and Salama (2013). 

On the other hand, wind farms are connected to the grid where 

there are other components to generate and/or improve the 

electric energy such as transmission lines, synchronous 

generators, Flexible Alternating Current Transmission 

Systems (FACTS), etc. Then, the DFIG connected to the 

electric network presents nonlinearities and it is subject to 

variations, e. g. changes in system configuration, loading, etc. 

In fact, there are programmed operation changes and 

connection and/or disconnections of lines, loads and 

generators. Moreover, there are un-programmed perturbations 

such as faults and disconnections due to the action of 

protections. Therefore, DFIG will require accurate controllers, 

which must take into account the continual changes in loading, 

transmission, system configuration, etc., to guarantee 

robustness over a wide region of operation Mohsen and 

Mostafa (2010). 

Nowadays, the DFIG in wind farms operate with controllers 

designed by using linear techniques, Jiabing and Yikang 

(2009) and Mansour et al. (2012). These controllers are proved 

by simulation in many operation points and, then, 

implemented in the DFIG. Although these methods have been 

applied for several years, they depend on the plant parameters 

and it could not guarantee robustness in spite of perturbations 

Ghedamsi and Aouzellag (2010). There are some approaches 

that propose to enhance the tuning of classical controllers, 

Ghedamsi, K. and Aouzellag (2010), Gidwani et al (2013) and 

Taib et al. (2013), including 𝐻∞, Belfedal et al. (2010), and 

optimal Montilla-DJesus et al. (2012) and Panda and Tripathy 

(2014). Nevertheless, these controllers take into account a 

single operation point of the DFIG again, so, they are limited 

to small regions. To consider a bigger operation region of the 

DFIG, nonlinear control techniques could be more suited. 

Examples of the application of nonlinear techniques are 

presented in the literature, for example, feedback linearization, 

Leon et al. (2012), and passivity analysis, López-García et al. 

(2013) and Qu and Song (2011). Even though these nonlinear 

techniques can solve the problems mentioned above, the 

controllers are designed as functions of plant parameters and 

disturbances. Some of these parameters are subject to 

variations as a result of a change in the system and/or 

generators parameter variations. Intelligent control is able to 

avoid the former difficulties, in particular, artificial neural 

networks, Jabr et al. (2011) and Amundarain et al. (2012), and 

fuzzy logic, Amuthan et al. (2013) and Kamal and Aitouche 

(2013). However, the application of these control techniques 

results in a computationally expensive control algorithm. 

On the other hand, it is quite known that Sliding Mode (SM) 

technique, Utkin et al. (1999), is robust despite plant parameter 

variations and external disturbances. Examples of classical SM 

controllers for DFIG can be found in Kassem et al. (2013) and 

Abdeddaim and Betka (2013) but these control laws need the 

applications of high frequency commutation which could 

excite electrical unmodeled dynamics producing undesirable 

finite frequency oscillations or chattering effect. 

The main contribution of this work is the development of a 

novel control scheme for the DFIG to deal with stator active 

power output and power factor regulation. A fifth order model 
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for the DFIG, connected to an infinite bus, plus the stator 

active and reactive power output dynamics are considered. The 

Integral Sliding Modes (ISM) technique, Utkin et al. (1999), is 

implemented to reject the system perturbations and undesired 

terms since the first instant of time which increase the 

robustness and simplify the design and real time computing of 

a sliding manifold. Then, based on the stator active and 

reactive power output unperturbed dynamics a sliding 

manifold is obtained to regulate the stator active power output 

and power factor. Finally, a High Order Sliding Modes 

(HOSM) control scheme through a super twisting algorithm, 

Fridman and Levant (1996) and Moreno and Osorio (2008), is 

proposed to avoid the high frequency commutation, avoid 

chattering and obtain a smooth control signal. The proposed 

controller is designed directly on the active and reactive power 

dynamics without needing an extra control loop for the stator 

currents. Moreover, it is possible to reject both matched and 

unmatched perturbations such as internal perturbations, e. g. 

generators parameters variations, and external disturbances 

like short circuits, mechanical torque variation, infinite bus 

voltage variations, etc. The presented controller takes into 

account structural constraints of the control input. 

This paper is organized as follows. Section 2 reviews the 

model of the DFIG connected to an infinite bus. Section 3 

deals with the design of the Integral HOSM controller. The 

results of the closed-loop system simulation are presented in 

section 4. Finally, conclusions are included in section 5. 

2. DFIG MODEL 

The rotor and stator electrical dynamics, mechanical 

dynamics, active and reactive power dynamics are considered 

in the DFIG model. The electrical dynamics is presented in the 

next subsection. 

2.1  Electrical dynamics 

Considering a balanced system and after the Park 

transformation, the generator electrical dynamics can be 

written as follows, Qu and Song (2011) and Krause et al. 

(2002): 

𝑑

𝑑𝑡
𝑰𝑑𝑞 = 𝑨𝑰𝑑𝑞 + 𝑩𝑽𝑑𝑞 + 𝒈(𝑰𝑑𝑞 , 𝑽𝑑𝑞𝑠, 𝑇𝑚) 

or, equivalently: 

[

𝑑

𝑑𝑡
𝑰𝑑𝑞𝑠

𝑑

𝑑𝑡
𝑰𝑑𝑞𝑟

] = [
𝑨11 𝑨12

𝑨21 𝑨22
] [

𝑰𝑑𝑞𝑠

𝑰𝑑𝑞𝑟
] + 

+[
𝑩11 𝑩12

𝑩21 𝑩22
] [

𝑽𝑑𝑞𝑠

𝑽𝑑𝑞𝑟
] + 𝒈(𝑰𝑑𝑞 , 𝑽𝑑𝑞𝑠, 𝑇𝑚)        (1) 

where 𝑰𝑑𝑞 = [𝑰𝑑𝑞𝑠  𝑰𝑑𝑞𝑟]
𝑇
 is the state vector, in this case, the 

stator and rotor currents; 𝑽𝑑𝑞 = [𝑽𝑑𝑞𝑠  𝑽𝑑𝑞𝑟]
𝑇
 is the stator and 

rotor input vector. 𝑰𝑑𝑞𝑠 = [𝐼𝑑𝑠 𝐼𝑞𝑠]
𝑇
, is the stator currents 

vector with 𝐼𝑑𝑠 and  𝐼𝑞𝑠 as the direct and quadrature stator 

currents, respectively; 𝑰𝑑𝑞𝑟 = [𝐼𝑑𝑟  𝐼𝑞𝑟]
𝑇
, is the rotor currents 

vector, 𝐼𝑑𝑟  and  𝐼𝑞𝑟  are the direct and quadrature rotor currents, 

respectively. The vector 𝒈(𝑰𝑑𝑞 , 𝑽𝑑𝑞 , 𝑇𝑚) =

[𝒈𝑠(𝑰𝑑𝑞 , 𝑽𝑑𝑞𝑠, 𝑇𝑚)  𝒈𝑟(𝑰𝑑𝑞 , 𝑽𝑑𝑞𝑠, 𝑇𝑚)]
𝑇
 is the perturbation 

term which includes external disturbances and parameter 

variations, 𝒈𝑠(𝑰𝑑𝑞 , 𝑽𝑑𝑞𝑠, 𝑇𝑚) and 𝒈𝑟(𝑰𝑑𝑞 , 𝑽𝑑𝑞𝑠, 𝑇𝑚) are the 

perturbations terms in the stator and rotor, respectively, and 𝑇𝑚 

is the mechanical torque. Moreover: 

𝑨 = [
𝑨11 𝑨12

𝑨21 𝑨22
] , 𝑩 = [

𝑩11 𝑩12

𝑩21 𝑩22
] ,

𝑨11 =

[
 
 
 −

𝑟𝑠
𝐿𝑆𝛼

𝜔𝑠 − 𝜔𝑟

𝛼 − 1

𝛼

𝜔𝑟

𝛼 − 1

𝛼
− 𝜔𝑠 −

𝑟𝑠
𝐿𝑆𝛼 ]

 
 
 

,  

𝑨12 =

[
 
 
 −

𝐿𝑚𝑟𝑟
𝐿𝑠𝐿𝑟𝛼

    −
𝐿𝑚

𝐿𝑠𝛼
 𝜔𝑟

𝐿𝑚

𝐿𝑠𝛼
 𝜔𝑟    −

𝐿𝑚𝑟𝑟
𝐿𝑠𝐿𝑟𝛼 ]

 
 
 

,    𝛼 = 1 −
𝐿𝑚
2

𝐿𝑠𝐿𝑟

,  

𝑨21 =

[
 
 
 −

𝐿𝑚𝑟𝑠
𝐿𝑠𝐿𝑟𝛼

          
𝐿𝑚

𝐿𝑟𝛼
 𝜔𝑟

−
𝐿𝑚

𝐿𝑟𝛼
 𝜔𝑟          −

𝐿𝑚𝑟𝑠
𝐿𝑠𝐿𝑟𝛼]

 
 
 

, 𝑩11 =

[
 
 
 −

1

𝐿𝑆𝛼
0

0 −
1

𝐿𝑆𝛼]
 
 
 

, 

  𝑨22 =

[
 
 
 −

𝑟𝑟
𝐿𝑟𝛼

𝜔𝑠 − 𝜔𝑟

1

𝛼

    𝜔𝑟

1

𝛼
− 𝜔𝑠 −

𝑟𝑟
𝐿𝑟𝛼 ]

 
 
 

, 𝑩12 =

[
 
 
 

𝐿𝑚

𝐿𝑠𝐿𝑟𝛼
0

0
𝐿𝑚

𝐿𝑠𝐿𝑟𝛼]
 
 
 

,  

𝑩21 =

[
 
 
 −

𝐿𝑚

𝐿𝑠𝐿𝑟𝛼
0

0 −
𝐿𝑚

𝐿𝑠𝐿𝑟𝛼]
 
 
 

, 𝑩22 =

[
 
 
 −

1

𝐿𝑟𝛼
0

0
1

𝐿𝑟𝛼]
 
 
 

. 

Furthermore, 𝐿𝑠, 𝐿𝑟  and 𝐿𝑚 are the stator, rotor and mutual 

inductances, respectively, 𝑟𝑠 and 𝑟𝑟  are the stator and rotor 

resistances, respectively, 𝜔𝑟 is the rotor speed and 𝜔𝑠 is the 

synchronous speed. Finally, 𝐿𝑚 =
𝑋𝑚

𝜔𝑠
⁄ , 𝐿𝑠 =

𝑋𝑠
𝜔𝑠

⁄ + 𝐿𝑚 

and 𝐿𝑟 =
𝑋𝑟

𝜔𝑠
⁄ + 𝐿𝑚 with 𝑋𝑚, 𝑋𝑙𝑠 and 𝑋𝑙𝑟  as the 

magnetization, stator and rotor reactance, respectively. 

Remark 1. Since the DFIG is connected to the electrical grid, 

an infinite bus is considered in terminals of the DFIG and 𝑽𝑑𝑞𝑠 

is presented as a constant vector, i. e. the stator voltages in the 

DFIG are constant. Then, the control inputs for the systems are 

the rotor voltages 𝑉𝑑𝑟  and 𝑉𝑞𝑟  only. 

Now, the mechanical dynamics are introduced. 

2.2  Mechanical dynamics 

According to Qu and Song (2011) and Krause et al. (2002), the 

mechanical dynamics is given by the swing equation that can 

be expressed as: 

𝑑

𝑑𝑡
𝜔𝑟 =

𝑃

2𝐽
(𝑇𝑚 − 𝑇𝑒)                               (2) 

where 𝑃 is the number of poles of the machine, 𝐽 is the constant 

of inertia and 𝑇𝑒 is the electrical torque that can be written in 

terms of the rotor and stator currents as follows: 
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𝑇𝑒 =
3

2
𝐿𝑚(𝐼𝑞𝑠𝐼𝑑𝑟 − 𝐼𝑑𝑠𝐼𝑞𝑟).                          (3) 

Finally, from the DFIG model (1)-(3), the stator active and 

reactive power output dynamics are obtained. 

2.3  Stator active and reactive power dynamics 

To avoid the use of an extra control loop for the rotor currents, 

it is possible to design a controller directly from the stator 

active and reactive power output. Then, it is necessary to 

obtain these dynamics from the DFIG currents and voltages, 

which can be expressed in a matrix form as: 

𝑷𝑸 = 𝑽𝑰𝑑𝑞𝑠   (4) 

where 𝑷𝑸 = [𝑃  𝑄]𝑇, 𝑃 and 𝑄 are the stator active and reactive 

power output, respectively, and 𝑽 =
3

2
[
𝑉𝑑𝑠 𝑉𝑞𝑠

𝑉𝑞𝑠 −𝑉𝑑𝑠
]. 

Therefore, from (1), the time derivative of (4) is presented as: 

𝑑

𝑑𝑡
𝑷𝑸 = 𝒇𝑃𝑄(𝑰𝑑𝑞 , 𝑽𝑑𝑞𝑠) + 

+𝑩𝑃𝑄𝑽𝑑𝑞𝑟 + 𝒈𝑠(𝑰𝑑𝑞 , 𝑽𝑑𝑞𝑠 , 𝑇𝑚)         (5) 

where 𝒇𝑃𝑄(𝑰𝑑𝑞 , 𝑽𝑑𝑞𝑠) = 𝑽(𝑨11𝑰𝑑𝑞𝑠 + 𝑨12𝑰𝑑𝑞𝑟 + 𝑩11𝑽𝑑𝑞𝑠) is 

a vector of continuous functions of time and 𝑩𝑃𝑄 = 𝑽𝑩12 is a 

nonsingular constant matrix. Now, based on the DFIG model 

(1) - (5), in the next section the DFIG control scheme design 

is introduced combining the super twisting HOSM and ISM 

techniques. 

3. DFIG CONTROL DESIGN 

This section outlines the design of a HOSM controller for the 

DFIG. The control objectives are the Power Factor (PF) and 

stator active power output regulation. The control references 

are obtained from the stator power output dynamics (5). Then, 

based on these references the sliding manifolds for the Integral 

with HOSM (IHOSM) controller are designed. 

3.1  Stator active and reactive power dynamics 

First, in order to regulate the PF, a reference for the stator 

reactive power is proposed. The PF depends on the active and 

reactive power output and it is defined as: 

𝑃𝐹 =
𝑃

√𝑃2 + 𝑄2
.                                  (6) 

Solving equation (6) for the stator reactive output power, Q, 

the reference reactive power, 𝑄𝑟𝑒𝑓 , is defined as: 

𝑄𝑟𝑒𝑓 =
𝑃

𝑃𝐹𝑟𝑒𝑓
√1 − 𝑃𝐹𝑟𝑒𝑓

2                           (7) 

where 𝑃𝐹𝑟𝑒𝑓  is the desired power factor. 

Now, choosing the control error vector for the stator active and 

reactive power output as: 

𝒆 = 𝑷𝑸 − 𝑷𝑸𝑟𝑒𝑓                                  (8) 

the dynamics errors is obtained: 

�̇� = 𝒇𝑃𝑄(𝑰𝑑𝑞 , 𝑽𝑑𝑞𝑠) + 𝑩𝑃𝑄𝑽𝑑𝑞𝑟 + 𝒈𝑃𝑄(𝑰𝑑𝑞 , 𝑽𝑑𝑞𝑠, 𝑇𝑚).  (9) 

where 𝑷𝑸𝑟𝑒𝑓 = [𝑃𝑟𝑒𝑓   𝑄𝑟𝑒𝑓]
𝑇
 with 𝑃𝑟𝑒𝑓  as the stator active 

power output reference and 𝒈𝑃𝑄(𝑰𝑑𝑞 , 𝑽𝑑𝑞𝑠, 𝑇𝑚) =

𝒈𝑠(𝑰𝑑𝑞 , 𝑽𝑑𝑞𝑠 , 𝑇𝑚) − 𝑷𝑸𝑟𝑒𝑓
̇  as the perturbations term for the 

error dynamics that contains the derivative 𝑷𝑸𝑟𝑒𝑓
̇ , which 

could be difficult to compute in a real time implementation and 

𝒈𝑠(𝑰𝑑𝑞 , 𝑽𝑑𝑞𝑠 , 𝑇𝑚), which contains internal and external 

disturbances. 

Assume that the perturbations vector 𝒈𝑃𝑄(𝑰𝑑𝑞 , 𝑽𝑑𝑞𝑠, 𝑇𝑚) 

satisfies the “matching condition”, i. e., there exists the vector 

�̅� such that  

𝒈𝑃𝑄(𝑰𝑑𝑞 , 𝑽𝑑𝑞𝑠, 𝑇𝑚) = 𝑩𝑃𝑄�̅�.  (10) 

Moreover, assume that the perturbations vector 

𝒈𝑃𝑄(𝑰𝑑𝑞 , 𝑽𝑑𝑞𝑠, 𝑇𝑚) is bounded and the upper bound can be 

written as 

|𝒈𝑃𝑄(𝑰𝑑𝑞 , 𝑽𝑑𝑞𝑠, 𝑇𝑚)| ≤ 𝒈𝑃𝑄
+ (𝑡). 

Then, in order to the reject the perturbation 𝒈𝑃𝑄(𝑰𝑑𝑞 , 𝑽𝑑𝑞𝑠, 𝑇𝑚) 

the ISM technique is applied, Utkin et al. (1999). Thus, 

according to this technique, defining the control input 𝑽𝑑𝑞𝑟 as: 

𝑽𝑑𝑞𝑟 = 𝑽𝑑𝑞𝑟,0 + 𝑽𝑑𝑞𝑟,1  (11) 

we have 

�̇� = 𝒇𝑃𝑄(𝑰𝑑𝑞 , 𝑽𝑑𝑞𝑠) + 𝒈𝑃𝑄(𝑰𝑑𝑞 , 𝑽𝑑𝑞𝑠, 𝑇𝑚) + 𝑩𝑃𝑄𝑽𝑑𝑞𝑟,0 +

       𝑩𝑃𝑄𝑽𝑑𝑞𝑟,1     (12) 

where the first part of the control input 𝑽𝑑𝑞𝑟,0 is selected to 

reject the undesirable term 𝒈𝑃𝑄(𝑰𝑑𝑞 , 𝑽𝑑𝑞𝑠, 𝑇𝑚). The second 

part, 𝑽𝑑𝑞𝑟,1, is chosen to stabilize and add damping to the 

DFIG. Therefore, in order to design the first part of the control 

input, 𝑽𝑑𝑞𝑟,0, a sliding manifold vector is formulated as 

𝒔0 = 𝒆 + 𝝈   (13) 

with 𝒔0 = [𝑠01  𝑠02]
𝑇  and 𝝈 = [𝜎1  𝜎2]

𝑇  as the integral 

variables vector. From (11) and (12) the time derivative of (13) 

is given by: 

�̇�0 = 𝒇𝑃𝑄(𝑰𝑑𝑞 , 𝑽𝑑𝑞𝑠) + 𝒈𝑃𝑄(𝑰𝑑𝑞 , 𝑽𝑑𝑞𝑠, 𝑇𝑚) + 𝑩𝑃𝑄𝑽𝑑𝑞𝑟,0 +

        𝑩𝑃𝑄𝑽𝑑𝑞𝑟,1 + �̇�.    (14) 

Choosing 

�̇� = −𝒇𝑃𝑄(𝑰𝑑𝑞 , 𝑽𝑑𝑞𝑠) − 𝑩𝑃𝑄𝑽𝑑𝑞𝑟,1,     𝝈(0) = 𝒆(0) 

and considering (10) the equation (14) becomes 

�̇�0 = 𝑩𝑃𝑄(�̅� + 𝑽𝑑𝑞𝑟,0).  (15) 

Select 𝑽𝑑𝑞𝑟,0 in (15) as 

𝑽𝑑𝑞𝑟,0 = −𝑘0𝑠𝑖𝑔𝑛(𝒔0),  (16) 

where 𝑠𝑖𝑔𝑛(𝒔0) = [𝑠𝑖𝑔𝑛(𝑠01)  𝑠𝑖𝑔𝑛(𝑠02)]
𝑇, and 𝑘0 is a 

positive constant. From (15) it follows that under the condition 

𝑘0 > |�̅�|  (17) 
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a sliding mode motion is enforced on the manifold 𝒔0 = 0 

(13), since the initial time instant 𝑡 = 0. This sliding motion is 

described by 

�̇� = 𝒇𝑃𝑄(𝑰𝑑𝑞 , 𝑽𝑑𝑞𝑠) +                 

𝑩𝑃𝑄(�̅� + 𝑽𝑑𝑞𝑟,0𝑒𝑞) + 𝑩𝑃𝑄𝑽𝑑𝑞𝑟,1        (18) 

where 𝑽𝑑𝑞𝑟,0𝑒𝑞 is the equivalent control calculated from �̇�0 =

0 (15) of the form 

𝑽𝑑𝑞𝑟,0𝑒𝑞 = �̅�. 

Then, the equivalent control 𝑽𝑑𝑞𝑟,0𝑒𝑞  compensates exactly the 

perturbation in (12), Utkin et al. (1999), and thus, the sliding 

mode motion for the control error 𝒆 is given by the following 

unperturbed system: 

�̇� = 𝒇𝑃𝑄(𝑰𝑑𝑞 , 𝑽𝑑𝑞𝑠) + 𝑩𝑃𝑄𝑽𝑑𝑞𝑟,1  (19) 

Now, the second part of the control input (11) will be designed. 

Define the switching function 𝒔1 = [𝑠11  𝑠12]
𝑇 as 

𝒔1 = 𝒆.   (20) 

From (19) the projection motion on the manifold (20) can be 

written as 

𝒔1̇ = 𝒇𝑃𝑄(𝑰𝑑𝑞 , 𝑽𝑑𝑞𝑠) + 𝑩𝑃𝑄𝑽𝑑𝑞𝑟,1  (21) 

To guarantee that the solutions of (21) converges to the sliding 

manifold 𝒔1 = 0, achieve the stator active power output and 

PF regulation, take into account a bounded control signal and 

avoid chattering a HOSM controller is considered to design the 

control input component 𝑽𝑑𝑞𝑟,1. So, according to the super 

twisting algorithm, it follows: 

𝑽𝑑𝑞𝑟,1 = −𝑘1√‖𝒔1‖𝑠𝑖𝑔𝑛(𝒔1) + 𝒖,

�̇� = −𝑘2𝑠𝑖𝑔𝑛(𝒔1)
  (22) 

where 𝑘2 and 𝑘3 are positive constants. Choosing 𝑘1 and 𝑘2 

sufficiently large the trajectories of the closed-loop system 

(19) with (22) converge to the sliding manifold 𝒔1 = 𝒆 = 0, 

Moreno and Osorio (2008). Therefore, the control error 𝒆 tends 

to zero in a finite time. 

3.2  PROPOSED CONTROLLER HIGHLIGHTS 

Some highlights must be underlined for the presented IHOSM 

DFIG control scheme: 

1) All unknown admissible perturbation bounded by the 

constant 𝑘0 as in (17) will be rejected by the ISM controller, 

achieving the system robust stability, Khalil (1996), for 

example, DFIG parameter variations, infinite bus voltage 

variations, mechanical torque variation, rotor speed 

variation, etc. 

2) The interconnections with the electrical network and the 

effects of other network elements such as generators, lines, 

FACTS, etc., are included as the infinite bus voltage 

variations and they are contained in the perturbation terms 

in (1), (5) and (9). So, this controller can reject the effect of 

the perturbations and maintain its reference values due to 

the ISM controller (11). 

3) Since the interconnections between the EPS and the DFIG 

are considered as perturbations and they can be rejected, the 

proposed integral HOSM control scheme can be applied to 

any multimachine electric power system, with n 

synchronous or asynchronous generators connected through 

m buses, including k loads and other type of electrical 

elements such as FACTS. 

4) Combining ISM and HOSM techniques enables to simplify 

the design of the sliding manifold for the HOSM controller. 

In this case, two sliding manifold vectors are designed. First 

a sliding manifold vector, 𝒔0, is selected to reject the 

undesirable term 𝒈𝑃𝑄(𝑰𝑑𝑞 , 𝑽𝑑𝑞𝑠 , 𝑇𝑚) in (9), which contains 

the components 𝒈𝑠(𝑰𝑑𝑞 , 𝑽𝑑𝑞𝑠, 𝑇𝑚) and 𝑷�̇�𝑟𝑒𝑓. Then, the 

second sliding manifold vector 𝒔1 is designed to achieve the 

control objectives, in this case the stator reactive power 

output and PF regulation. 

5) It is important to note that the integral HOSM controller 

designed depends only on the rotor and stator voltages and 

currents which can be measured directly from the DFIG. 

Then, it is not necessary the use of an observer for the 

mechanical torque or additional variables. 

4. SIMULATIONS 

The proposed HOSM control algorithm was tested on the 

DFIG model presented in section 2. The DFIG parameters are 

𝑋𝑠 = 8.8Ω, 𝑋𝑟 = 8.8Ω, 𝑋𝑚 = 180Ω, 𝑟𝑠 = 12.5Ω, 𝑟𝑟 = 3.9Ω, 

𝑃 = 2,𝐽 = 0.0024𝑘𝑔𝑚2. 

Figures 1-6 show the stator active power output and PF 

response with the proposed controller in spite of three different 

perturbations: 

a. An internal disturbance was introduced by incrementing 

50% the parameter 𝐿𝑚 of the DFIG. 

b. The mechanical torque 𝑇𝑚 was incremented by 100%. 

This perturbation is introduced to show the robustness 

under suddenly changes in the wind speed. 

c. A decrement of 50%, in the infinite bus voltage of the 

DFIG. 

all the perturbations were applied at t=1s and it were released 

at t=2s by changing the systems to the initial values 

There are some important remarks about the proposed 

controller response: 

1 The control objectives, i. e., the stator active power 

and power factor regulation, are achieved by the proposed 

IHOSM controller in at most 0.5s or less after the introduction 

of the perturbation. 

2 The stability of the closed-loop system with the 

controller (12) is preserved after small disturbances like 

parameter variations and despite large disturbances, e. g., 

mechanical torque variations and infinite bus voltage 

variations. 
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Figure 1. Stator active power output response under 

perturbation a. 

 

Figure 2. Power factor response under perturbation a. 

 

Figure 3. Stator active power output response under 

perturbation b. 

 

3 The transient response of the closed loop system (9) 

with (11) presents only a few oscillations after the fault, 

showing the damping added to the system. 

4 Perturbation a show that the proposed control scheme 

is able to reject internal disturbances, namely parameter 

variations. 

5 The closed-loop system can reject external 

disturbances, for example, mechanical torque variations, as it 

can be seen in figures 3 and 4 with the introduction of 

perturbation b. 

6 The DFIG with the proposed controller is robust with 

respect to load and network changes. This fact is illustrated 

with the introduction of perturbations c, changing the infinite 

bus voltage magnitude. 

7 In the four perturbations presented, the controller 

proposed performance tends to be unaffected. 

Remark 2. Multiple simulations were carried out considering 

different operation points and different reference values 

obtaining a good performance for the closed loop system. 

These simulations are not presented here for the limitations of 

paper length. 
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Figure 4. Power factor response under perturbation b. 

 

Figure 5. Stator active power output response under 

perturbation c. 

 
Figure 6. Power factor response under perturbation c. 
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