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A DC-DC buck converter is an electronic circuit with wide application in power electronics. This 
converter acts as a nonlinear system, so it is necessary to use a robust controller to control and regulate 
the output voltage under load changes, circuit elements and other disturbances.  In this paper, a new fast 
terminal sliding mode control (FTSMC) using the property of the terminal attraction as a function of the 
inverse tangent for buck DC-DC converter is provided. The performance of this new controller is 
compared with FTSMC common type in terms of output voltage convergence time and input control 
function structure. The superior property of this controller is its low singular effect on the control 
function. Also, this controller has fast transient convergence in different situations for output voltage 
stability. Simulation results confirm the proper performance of the new proposed fast terminal sliding 
mode control method compared to traditional fast terminal sliding mode converter for DC-DC buck 
converter.  

Keywords:
Terminal Sliding Mode Control 
Fast Terminal Sliding Mode Control 
DC-DC Buck Converter  

  

1-   
  1       

         .      
            
  ...           

 .      
     .        

            

1- DC-DC converters 

   .      12  5  3.3  
      )  90   (    

        .      
          ] 1-4[ .  
      )    

           
     .            

              
   .     

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

3.
45

.2
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

23
 ]

 

                               1 / 9

https://dorl.net/dor/20.1001.1.10275940.1395.16.3.45.2
https://mme.modares.ac.ir/article-15-10432-fa.html


    

      

1395163  113  

         
           
            

   . 
           
       ]5,6[  
     1  ]7 [      

           
          ] 8-11[ . 

         
    .        
     ] 12.[ 

          
               

   .        
        ] 12[ .    

             
 .     2       

            
  ]12-15.[  

        
              
    .       

           ] 12[ .  
       

            
             
  ] 16[ .   3   

  ]  16[.      
               

              
             

     . 
4 

 ]17-20.[ 
            

      .   
            
      .       

    . 

  5  
   .  

1- Sliding Mode Control (SMC) 
2- Terminal Sliding Mode Control (TSMC) 
3- Fast Terminal Sliding Mode Control(FTSMC) 
4- Singularity 
5- Practical Swarm Optimization(PSO) 
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Fig. 1 DC-DC buck converter structure  

1     
  

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

3.
45

.2
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

23
 ]

 

                               2 / 9

https://dorl.net/dor/20.1001.1.10275940.1395.16.3.45.2
https://mme.modares.ac.ir/article-15-10432-fa.html


    

      

  

114  1395163  

x1 

)8)  (9 ( ) .=(  
(7)  =  

 

(8)  = = =  
 

(9)  = +
1

( )  

3-  
 

   

3 -1-   
   

      ]  7 [
 . 

   
1 -     1   ) 

             
 ( ).  

2 -          
       
2  .

 
S=0   ( ) 

 
.( ) 

 

(10)  =
= ( ) + ( ) ( )

) 10 (x1 x2  f(x)  b(x) 
 xu  . 

  
Fig. 2 State trajectory of the SMC in phase plane [21]   
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Fig. 3 State trajectory of the TSMC and FTSMC in phase plane 
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Fig. 4 The terminal attraction versus amounts of ratio of q and 
p  
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Fig. 5 Terminal attraction in inverse tangent function 
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Fig. 6 The terminal attraction versus amounts of ratio of q and 
p in inverse tangent function 
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Fig. 8 The Waveform function f*(x1)   
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Fig. 9 Block diagram of buck converter with the proposed FTSMC method 
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1   
Table 1  Specifications of buck DC-DC converter 
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Table 2 Estimate Parameters of controllers using PSO  
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Fig. 11 State trajectories of the FTSMC and proposed FTSMC 
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Fig. 11 The output voltage of the buck converter (VO) 
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Fig. 12 Equivalent control function (ueq)  on  FTSMC  and  
proposed FTSMC methods  

12   (ueq)    
 
0.33 

30  10 
0.33 

  
14 

10 4 0.15 
 

   .
 15 

-10 -8 -6 -4 -2 0 2
-0.5

0

0.5

1

1.5

2

2.5

3 x 10
4

X 1(volt)

X  2 
(v

ol
t/s

ec
)

 

 

FTSMC
arctanFTSMC

2 4 6 8 10 12 14
x 10-4

0

2

4

6

8

10

Time (sec)

V  ou
t (

vo
lt)

 

 

Vo (FTSMC)

Vo (arctanFTSMC)

2 4 6 8 10 12 14
x 10-4

-1

-0.5

0

0.5

1

1.5

Time (sec)

U
 eq

 

 

U eq (FTSMC)
U eq (arctanFTSMC)

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

3.
45

.2
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

23
 ]

 

                               7 / 9

https://dorl.net/dor/20.1001.1.10275940.1395.16.3.45.2
https://mme.modares.ac.ir/article-15-10432-fa.html


    

      

1395163  119  

 

Fig. 13 Compare Singularity problem on FTSMC and 
proposed FTSMC methods 
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Fig. 14 The output voltage response of the proposed FTSMC 
method under load disturbance 
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Fig. 15 State trajectories of the proposed FTSMC method 
under load change 
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Fig. 16 The output voltage under low input voltage disturbance 
on proposed FTSMC method 
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Fig. 17 The output voltage under high input voltage 
disturbance on proposed FTSMC method 
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Fig. 18 The output voltage under reference voltage (Vref) 
variation  
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