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Abstract 
In this paper closed loop speed control of vector controlled Induction motor is described. Sliding Mode Controller (SMC) is used 

to get the better performance for the closed loop system in the presence of uncertainties and load disturbances. A comparative 

study is done on Sliding Mode Controller with different sliding surfaces. The sliding surfaces are designed based on PI and PID 

controllers. The simulation of the closed loop system is done using MATLAB / Simulink and the results are compared. The 

simulation results verify that the performance of PID based sliding surface is superior compared to that of PI based sliding 

surfaces. 
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Symbols used- 

S(t) - Sliding surface. 

ids, iqs, 

𝑽𝒅𝒔 , 𝑽𝒒𝒔 

- Direct and Quadrature axis components of   

  stator currents and voltages. 

ψrd, ψrq - Direct and Quadrature axis components of    

  rotor flux. 

𝑹𝒔 -  Stator resistance of Induction motor. 

𝑹𝒓 -  Rotor resistance of Induction motor. 

 𝑳𝒔 , 𝑳𝒓 & 𝑳𝒎 -  Stator, rotor and mutual inductances. 

 

𝝎𝒓 -  Rotor speed. 

ωe - Synchronous speed. 

ωsl  -Slip speed. 

𝑻𝒆 -Torque developed in the Induction motor. 

P - Number of poles.  

J , B 
- Moment of Inertia and coefficient of viscous 

friction   

   of the Induction motor respectively 

 

1. INTRODUCTION  

Due to the innovations in Power Electronics, DSPs and 

Micro controllers, in recent years the variable speed 

applications are dominated by Induction motor drives. By 

the introduction of vector control or field oriented control 

(FOC) which is based on the orientation of rotor flux, 

applied to the Induction motor provides the decoupling 

between torque and flux [1]. This property of vector control 

promised that the Induction motor can be controlled as easy 

as separately excited DC motor. In addition to this Induction 

motor offers many attractive features such as small size, less 

cost, low maintenance and better efficiency compared to 

other motors. 

 

In last few decades the PID controllers were extensively 

used as the controller for the vector control of induction 

motors due to its good performance, simple structure and 

easy implementation. But the performance of the system 

with PID controller is still influenced by the uncertainties 

which can happen due to external load disturbances, 

unpredictable parameter variations,  and nonlinear 

dynamics. Therefore many studies have been done in order 

to maintain the better performance of Induction motor in the 

presence of uncertainties such as adaptive control, Variable 

Structure control, fuzzy and neural control etc [4, 5, 8]. 

 

Nowadays, the Sliding Mode Controller which is a variable 

structure control has attracted more attention in the area of 

control of electrical drives [2]. The Sliding Mode Controller 

is a variable structure control technique with excellent 

features like accuracy, robustness, superior dynamic 

performance and easy implementation. The design of SMC 

involves two steps. The step one is to select the suitable 

sliding surface S(t) in terms of tracking error and step two is 

the design of control signal u(t). 

 

In this paper Sliding Mode Controller is applied for the 

speed control of Indirect Field Oriented Induction motor. 

The sliding mode controller is designed with two different 

sliding surfaces and a comparative study is done to study the 

behavior of the system with different sliding surfaces. The 

performance of both the Sliding Mode Controllers are 

compared with that of PID controller. 
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2. VECTOR CONTROLLED INDUCTION 

MOTOR MODEL 

The mathematical model of the vector controlled Induction 

motor in synchronously rotating d-q reference frame is 

given below [4]. The state variables selected are  

 

isd, isq, ψrd, ψrq. 
𝑑𝑖𝑠𝑑
𝑑𝑡

=  − 
𝑅𝑠

𝜎𝐿𝑠
+ 

1 − 𝜎

𝜎𝜏𝑟
 𝑖𝑠𝑑 + 𝜔𝑒 𝑖𝑠𝑞 +  

𝐿𝑚
𝜎𝐿𝑠𝐿𝑟𝜏𝑟

 𝜓𝑟𝑑  

 

+ 
𝐿𝑚𝜔𝑟

𝜎𝐿𝑠𝐿𝑟
𝜓𝑟𝑞 +  

1

𝜎𝐿𝑠
𝑉𝑠𝑑  

 
𝑑𝑖𝑠𝑞
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1 − 𝜎
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𝐿𝑚
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𝜎𝐿𝑠
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𝑑𝜓𝑟𝑑

𝑑𝑡
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𝐿𝑚
𝜏𝑟

𝑖𝑠𝑑 +  
1

𝜏𝑟
𝜓𝑟𝑑 + (𝜔𝑒 − 𝜔𝑟)𝜓𝑟𝑞  

𝑑𝜓𝑟𝑞

𝑑𝑡
=  

𝐿𝑚
𝜏𝑟

𝑖𝑠𝑞 − 
1

𝜏𝑟
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              𝑇𝑒 =  
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𝐿𝑚
𝐿𝑟

 𝜓𝑟𝑑 𝑖𝑠𝑞 − 𝜓𝑟𝑞 𝑖𝑠𝑑                               (1) 

 

 𝜎 = 1 −
𝐿𝑚

2

𝐿𝑠𝐿𝑟
 is the leakage coefficient of flux. 

 

𝜏𝑟 =  
𝐿𝑟

𝑅𝑟
 is the rotor time constant. 

 

In the field oriented control, for decoupling of torque and 

flux, 𝑖𝑠𝑞  should be oriented in the direction of flux  𝜓𝑟  and 

𝑖𝑠𝑑  should be perpendicular to it. Then current 𝑖𝑠  can be 

controlled by means of 𝑖𝑠𝑞  without affecting flux 𝜓𝑟  and 𝜓𝑟  

is controlled by means of 𝑖𝑠𝑑  without affecting the current 

𝑖𝑠𝑞 . 
 

This condition is met if 𝜓𝑟𝑞  = 0,  

then,𝜓𝑟𝑑  =  𝜓𝑟 . 

 

Then the above equations are simplified to  

 
𝑑𝑖𝑠𝑑
𝑑𝑡

=  − 
𝑅𝑠

𝜎𝐿𝑠
+ 
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𝜎𝜏𝑟
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𝜎𝐿𝑠
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𝑑𝑖𝑠𝑞
𝑑𝑡
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𝑅𝑠

𝜎𝐿𝑠
+  

1 − 𝜎

𝜎𝜏𝑟
 𝑖𝑠𝑞 +  𝜔𝑒 𝑖𝑠𝑑 +  
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𝐿𝑚𝜔𝑟

𝜎𝐿𝑠𝐿𝑟
𝜓𝑟𝑑 + 

1

𝜎𝐿𝑠
𝑉𝑠𝑞  

 
𝑑𝜓𝑟𝑑

𝑑𝑡
=  

𝐿𝑚
𝜏𝑟

𝑖𝑠𝑑 +  
1

𝜏𝑟
𝜓𝑟𝑑  

           0 =  
𝐿𝑚

𝜏𝑟
𝑖𝑠𝑞 −  𝜔𝑒 − 𝜔𝑟 𝜓𝑟𝑑                                       (2) 

 

              𝑇𝑒 =  
3𝑃

4
 
𝐿𝑚
𝐿𝑟

 𝜓𝑟𝑑 𝑖𝑠𝑞                             

                                      𝑇𝑒 = 𝐾𝑇𝑖𝑠𝑞                                        (3) 

Where 

 

𝐾𝑇 =  
3𝑃

4
 
𝐿𝑚
𝐿𝑟

𝜓𝑟𝑑
∗  

Where 𝜓𝑟𝑑
∗  is the command rotor flux. 

From (2),   𝜔𝑠𝑙 =  𝜔𝑒 − 𝜔𝑟 =  
𝐿𝑚

𝜏𝑟

𝑖𝑠𝑞

𝜓𝑟𝑑
                                 4  

 

In Indirect Field Oriented Control the slip speed ωsl thus 
obtained is added with the rotor speed ωr to generate 

synchronous speed ωe which is then integrated to obtain θe. 

The unit vectors cos θe and sin θe are obtained from θe. 

 

3. SLIDING MODE CONTROLLER  

In recent years sliding mode control has emerged because of 

its robustness in the presence of uncertainties and its 

simplicity in implementation [3]. In Induction motors the 

parameter variations can happen due to the winding 

resistance variations because of temperature changes, 

switching effect of converters, unexpected load variations 

etc. The SMC technique based on variable structure control 

provides a smooth robust control approach for Induction 
motor with order reduction, disturbance rejection with 

systematic and easy implementation procedures.  

 

The first step in the design of SMC is to select the suitable 

sliding surface S(t). S(t) is constructed by the linear 

combination of the state variables and usually for tracking 

problems the error e(t) is chosen as variable as at steady 

state the variable should become zero.  

The typical choice of S(t) is , 

 

                                        S = λe + ė                                 (5) 
 

Where e is the tracking error, 𝑒 = 𝜔𝑚 −𝜔𝑚
⃰                  (6) 

 

Where 𝜔𝑚  is the mechanical speed of rotor in rad/sec, 

𝜔𝑚
⃰  is the reference rotor speed, λ is a positive constant 

When the trajectory reaches sliding surface tracking error 

converges to zero as long as error vector stays on the sliding  

 

 
Fig 1. Phase trajectory of the system with SMC. 
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surface. Figure 1 shows the mechanism that happens in 

phase plane. There are two modes in the sliding mode 

approach. The first mode called reaching mode in which the 

phase trajectory (e, ė) is attracted towards the switching 

surface S=0. In the second mode known sliding mode, the 

phase trajectory slides on the surface until it reaches the 

equilibrium point (0,0) 

 

After choosing the sliding surface the next step is to obtain 

the control law u(t) that will allow the error vector     (e, ė) 

to reach the sliding surface .  

 

For that the control law should be designed in such a way 

that the condition, 

 

S. 𝑆   < 0  , Ɐ t                                                                     (7) 

 

 is met.   The above condition is called reaching law. 

In order to satisfy the above condition, in SMC,  𝑆   is 

typically chosen as 

 

𝑆 =  −𝜀𝑆𝑖𝑔𝑛 𝑆 , Ɐt,   𝜀 > 0                                             (8) 

 

The term –𝜀 will force the system state towards the sliding 

surface rapidly. Therefore higher value of 𝜀 will reduce the 

time of reaching mode. But larger value of 𝜀 induces the 

phenomena called chattering. Chattering may excite 

unmodelled high frequency oscillations in the control signal 

which leads to high control activity, deterioration of moving 

parts and heat losses in electric power circuit. 

 

The torque equation of the Induction motor is given by 

 

                                     𝑇𝑒  = J 𝜔𝑚  + B𝜔𝑚  + 𝑇𝐿                   (9) 

 

J and B are the Moment of Inertia and coefficient of viscous 

friction of the Induction motor respectively.   𝑇𝐿  is the 

external load applied to the Induction motor.  𝜔𝑚  is the rotor 

mechanical speed and is related with rotor electrical speed 

𝜔𝑟  by  the equation, 

                                            𝜔𝑚 =
2𝜔𝑟

𝑃
                                   (10) 

 

  𝑇𝑒  is  torque generated by the Induction motor. 

Equating (3) and (10) we get, 

 

 J 𝜔𝑚  + B𝜔𝑚  + 𝑇𝐿   = 𝐾𝑇𝑖𝑠𝑞                                               (11) 

 

As per (4) 𝑖𝑠𝑞  is the control signal u(t) which controls the 

rotor speed. 

 

Case 1. Design of Sliding Mode Controller 1 (SMC1) 

In SMC1 the sliding surface selected is based on PID 

controller. An integral term is added with (5) which reduces 

the steady state error. 

 

S(t) = k1e + k2ė +k3ʃedt                                                     (12) 

 

Where k1, k2 and k3 are constants 

 

Differentiating (12), 

                   𝑆(𝑡)   =  𝑘1ė + 𝑘2ё + k3e                                  (13) 

 

                         Where ė = 𝜔𝑚  - 𝜔𝑚
∗ , ё = 𝜔𝑚 − 𝜔 𝑚

∗         (14) 

 

𝜔𝑚
∗ , 𝜔 𝑚

∗  are zero as the reference speed is considered as 

constant. 

 

Equating (8) and (13) and using (11) and (14),  

 

   𝑖𝑠𝑞  =  −𝜀𝑆𝑖𝑔𝑛 𝑆 − 𝑘2𝜔𝑚 
 + 

𝑘1𝐵

𝐽
𝜔𝑚 +

𝑘1

𝐽
 𝑇𝐿 +

𝑘3𝑒𝐽𝑘1𝐾𝑇                                                                           

(15) 
 

It is seen that the control signal u =  𝑖𝑠𝑞  has two parts,  

equivalent control and discontinuous control. 

 

𝑢 = 𝑢𝑒𝑞 +  𝑢𝑑𝑖𝑠𝑐   

 

𝑢𝑒𝑞 =   −𝑘2𝜔𝑚 
 +  

𝑘1𝐵

𝐽
𝜔𝑚 +

𝑘1

𝐽
 𝑇𝐿 + 𝑘3𝑒 

𝐽

𝑘1𝐾𝑇
             (16) 

 

𝑢𝑑𝑖𝑠𝑐 =  −𝜀𝑆𝑖𝑔𝑛 𝑆 
𝐽

𝑘1𝐾𝑇
                                                  (17) 

 

The discontinuous control which has signum function 

(sign(.)) is responsible for chattering. 

 

Case 2. Design of Sliding Mode Controller 2 (SMC2) 

In SMC2 the sliding surface selected is based on PI 

controller. 

 

S(t) = e + ʃ(a+k)edt                                                          (18) 

 

 Where a and k are positive constants 

Differentiating (12), 

 

                       𝑆(𝑡)   =  ė +  𝑎 + 𝑘 𝑒𝑑𝑡                               (19) 

 

Equating (8) and (19) and using (11) and (14), 

 

   𝑖𝑠𝑞  =  −𝜀𝑆𝑖𝑔𝑛 𝑆 +  
𝐵

𝐽
𝜔𝑚 +

1

𝐽
 𝑇𝐿 − (𝑎 + 𝑘) 

𝐽

𝐾𝑇
         (20) 

 

                  𝑢𝑒𝑞 =    
𝐵

𝐽
𝜔𝑚 +

1

𝐽
 𝑇𝐿 − (𝑎 + 𝑘) 

𝐽

𝐾𝑇
              (21) 

 

                      𝑢𝑑𝑖𝑠𝑐 =  −𝜀𝑆𝑖𝑔𝑛 𝑆 
𝐽

𝐾𝑇
                                  (22) 

  

Figure 2 shows the block diagram representation of the 

Sliding Mode Controlled  Indirect Field Oriented Induction 

motor.  
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Fig 2. Block diagram representation of the system with SMC 

 

The system is supplied with 220V dc and a 2 level IGBT 

inverter is used. The triggering pulses are obtained from 

hysteresis current controller.   

 

4. SIMULATION RESULTS 

The simulation of the controllers are done on 1HP  

 

(746W), 220V, 5A, 4 pole squirrel cage induction motor. 

The simulation is done with SMC1, SMC2 and PID 

controller. For simulation MATLAB 7.10(R2010a) 

/SIMULINK is used.  Powergui tool in simpower systems 

toolbox is used. Figure 3, 4, 5, 6 and 7 show the simulation 
results of the proposed controllers.  

 

 
Fig 3. Speed - Time response of PID, SMC1 and SMC2 

applying external load after 0.5 secs. 

 

 
Fig 4. Control signal with SMC1 
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Fig 5. Control signal with SMC2 

 

 
Fig6. Speed - Time response of PID, SMC1 and SMC2 when applied a step change in reference speed after 0.5 secs. 

 

 
Fig 7. Frequency response of  SMC1 and SMC2 controllers 

 

Figure3 shows the Speed - Time response of PID, SMC1 

and SMC2 with applying external load. It is seen that the 

risetime of PID is more compared to that of Sliding Mode 

Controllers. Compared to SMC1, SMC2 performance is 

better at the moment of application of load. Figure 4 and 5 

show the control input required for SMC1 and SMC2. It is 

seen that SMC1 higher magnitude of control input compared 
to that of SMC2. The chattering of control signal is less in 

SMC2 compared to that of SMC1. Figure 6 shows the speed 

– time response of SMC1, SMC2 and PID controller when 

there is a sudden change in reference speed from 100 rad/sec 

to 140 rad/sec. It is seen that speed tracking of SMC is 

superior than that of PID controllers. Among SMC, tracking 

of SMC2 is fast and smooth compared to that of SMC1. 

Figure 7 show the frequency response of SMC1 and SMC2. 

It is seen that stability of the system with SMC1 is better 

than that of SMC2.  

 

CONCLUSION 

In this paper closed loop speed control for vector controlled 
induction motor with Sliding Mode Controller is described. 

SMC is implemented in two different methods, using 

different functions as sliding surfaces, SMC1 and SMC2. 

The performance of both the controllers and PID controller 

are simulated and compared. As usual performance of SMC 
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in the presence of load variations and   other disturbances 

are superior compared to that of PID. Among SMC1and 

SMC2 the time response of SMC2 is better, but in the 

stability aspects SMC1 is superior. Chattering phenomena in 

SMC2 is less compared to that of SMC1.  
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