
Arc
hi

ve
 o

f S
ID

        9  2  1390                                                                                                                         93  

 

     -    
        

          

    
:            

           .   
 -           
           

  .            
      -     ) (

         .      
                

        .    
              

          .    
              
         .  

  
 :         .  

1-   
          .

           
             

        .   
              

         .      
            

    .  
           -

              
  -      ]1 [ ]3 .[     

 -       -   
      .  
            

          ]2[ ]4 [ ]5[ .
            - 

 
    14   1389     20   1390 
  .  

          
(email: Samani25@gmail.com).  

          
(email: Hooshmand_r@eng.ui.ac.ir).  

           
(email: Ataei@eng.ui.ac.ir).  

           .  
      -    
            . 

            .  
         ]4[  ]6[ .

               
              

       .    
     ]1[      

(LQG) ]7[  LQG/LTR ]8[  H ]9[  ]10[   
     .         

     .         
             .  
             

             
     ]11 [ ]12[ .      

             
 ]7[.  

              
      .       

                
              
   ]13[ .        
                  

    ]7[ .        
 .  
            
       ) (   

        .   
            
 .             

           
              
  .           
          .  

2-      
            

 -    .         
  320          

www.SID.ir



Arc
hi

ve
 o

f S
ID

94                                                                                                                               9  2  1390 

 

  
 1 :       320    - .  

  
         .     

         -    
  .          1 

    .        
  .  

2 -1   -   

            
(AGC)              
    )  MW Demand  1 ( 

  .       -  
  .            

            .  
     -       
            
              .

              
             

    .  
              

            
    .        

            
               
          .  

   -      - 
     .        
           .

            

   )          (  
              

]14 [ ]15 [        .  
      -     

.             
  -  (LFC)   .   
           . 

              
              .  

2 -2     

          
      .       
   1          

X ( , , , )
( , , , , , , , , , )Q W D T r v hp ip lp

x x x
D M P P S C N N N dw

1 2 10  )1(  

QD :        .  
wM :      .  
DP : .  
TP :  .  
rS :      .  
vC :    .  

hpN :    .  
ipN :    .  
lpN :    .  

dw : .  
       :  
u1 :    .  
u2 :   .  

www.SID.ir



Arc
hi

ve
 o

f S
ID

    :     -      ...                                                                                                      95  

 

  
 2 :     -    320    - .  

  

2-2-1     
     Demello    ]16 [ ]17[ 
              

               .  
             

fu fu

x x u
T T1 1 1
1 1  )2(  

w w

x x x
T T2 2 1
1 1  )3(  

b

D D

K x x
x x

C C
3 4

3 2
1  )4(  

b

SH SH

K x x x x
x

C C
3 4 4 6

4  )5(  

    fuT    wT     
  bK        SHC  
      DC     .  

2-2-2     
         - 

            
  ]18 .[          

( )
SR SR

xx x u x x
T T R

1
5 5 2 4 6

01 1  )6(  

sm sm

x x x
T T6 6 5

1 1  )7(  

    SRT     smT   
  R   .  

2-2-3     
            
               

           ]19 .[
        

hp

ch ch

F
x x x x

T T7 7 4 6
1  )8(  

( )lp

co co ip

F
x x x x x

T T F8 8 9 8 7
1 1  )9(  

( )

( )

lp

ch Ch rh

ip lp

rh hp CO CO ip

F
x x x x x x x

T T T
F F

x x x x x
T F T T F

9 7 4 6 9 8 7

7 8 9 8 7

1 1

1 1 1
 )10(  

    chT     rhT   
  coT   Cross over  hpF ipF  lpF   

         
   .  

2-2-4       
         

l
Dx x x d
M M M1 1 90 0

1 1  )11(  

   M    D     ld 
   .  
  - -       

-              
     -   .  

3-      
 2     -      .

           
    -    .     
    -           

  -      .  

www.SID.ir



Arc
hi

ve
 o

f S
ID

96                                                                                                                               9  2  1390 

 

            
  .          -  
             

      .          
            .  

4-      
              
           ]20[ . 

            
    

( ) ( ) ( ) ( )nx f x b x u d t  )12(  

   ( )f x  ( )b x         
          f  b  . 
 ( )d t          .   
 x[ ] [ ( ) ( ) ( )]n Tt x t x t x t1    .   

     ( )dx t       
      

E( ) x( ) x ( ) [ ( ) ( ) ( )]n T
dt t t e t e t e t1  )13(  

            
      .       

             

( )( ) ( ) ,n
ds D D D e D
dt1 2 1  )14(  

            
          .   

              
    

( ) ( ) ( )eq nu t u t u t  )15(  

ˆ ˆ( ) ( )n
eq ru t b x f1 1  )16(  

n n n n
r d d n n dx x b x b x b x b x1 1 1

1 1 1 1  )17(  

       ( )nu t    
                
        )18 (   ]21 [  

           

ˆ [( ) tanh( ) ]s
n

su b F e s1  )18(  

          ˆmaxF f f  .  
        sFe2   
             

      .        
     .        

             
         .  
         -  

   
( ) ( ) ( ) ( )i

n
m

i i j j i
j

x f x bi x u d t
1

 )19(  

[ ]T
ns s s s1 2  )20(  

( )( )( ) ( ) ,i i i i n i
ds D D D e D
dt1 2 1  )21(  

w [ ]T
nw w w1 2  )22(  

[( ) tanh( ) ]
i

is i
i i i i i

i

s
w F e s  )23(  

ˆˆ ( )n
rU B x f W1 1  )24(  

  i i i  i        
    

i

is
i i i i i iS S s e s2  )25(  

5-         
    

   -   B      
    .            

x2       x6   u2     
 u1    .          

         x2  u1    
 x6  u2       x2   

u1      x6   u2   
 .          

SH D chC x x C x T x x2 1 3 5 5  )26(  

lMx Dx x d6 6 5  )27(  

SH D ch
fu fu

C x x u C x T x x
T T2 1 1 3 5 5
1 1  )28(  

[ ( )]

l
ch ch ch

ch ch

l
ch g g

ch ch ch g

l
ch g ch g

Mx Dx x x x x x d
T T T

Dx x x x
T T

x
x x u d

T T T R

Dx x x x x x
T T T T

x u x x d
T T T T R

6 6 5 2 4 2 4

6 5 2 4

6
2 4 2

6 5 2 4 2 4

2 2 2 6

1 1 1

1 1

1 1 1

1 1 1

1 1

 )29(  

     gT       sm SRT T 
 .        x2  u1    

x6  u2   .  
           

s e b e1 1 1 1  )30(  

s e c e c e2 2 1 2 2 2  )31(  

www.SID.ir



Arc
hi

ve
 o

f S
ID

    :     -      ...                                                                                                      97  

 

  
 3 :         . 

  
    e1  e2      b1 c1  c2  

    .         
   

d ds x x b x b x1 2 2 1 2 1 2  )32(  

d d ds x x c x c x c x c x2 6 6 1 6 1 6 2 6 2 6  )33(  

( )

( )

( )

( )

D ch d
SH

D ch d
SH

D ch d
SH fu fu

D ch d
SH

s x C x T x x x
C
b x C x T x x b x

C

x u C x T x x x
C T T

b
x C x T x x b x

C

1 1 3 5 5 2

1
1 3 5 5 1 2

1 1 3 5 5 2

1
1 3 5 5 1 2

1

1 1 1
 )34(  

(

)

ch ch ch g

l
ch g ch g

d d d

s Dx x x x x x
M T T T T

x u x x d
T T T T R

x c x c x c x c x

2 6 5 2 4 2 4

2 2 2 6

6 1 6 1 6 2 6 2 6

1 1 1 1

1 1  )35(  

   )24 (     B 1   
       u1  u2      

ˆ
fu SH

fu SH
ch g

ch g

T CT C
MT TB

x
x

MT T

1

1

2
2

1 0 0

0
0

 )36(  

sgn( )
sgn( )

fu SH

ch g

T C
u G k s

MT T
u G k s

x

1 1 1 1

2 2 2 2
2

0

0
)37(  

 G1  G2    

( )

( )

D
ch

SH b SH SH

d D ch d
SH

CG x x T x x
C T C C

bx x C x T x x b x
C

1 1 3 5 5

1
2 1 3 5 5 1 2

1 1

 )38(  

(

)

ch ch

l
ch g ch g

d d d

G Dx x x x
M T T

x x x x d
T T T T R
x c x c x c x c x

2 6 5 2 4

2 4 2 6

6 1 6 1 6 2 6 2 6

1 1 1

1 1  )39(  

   u1  u2         

sgn( )

fu D fu ch fu fu SH d

fu fu D fu ch fu

fu SH fu SH

u x T C x T T x T x T C x
T b x T b C x T bT x T b x

T b C x K T C s

1 1 3 5 5 2

1 1 1 3 1 5 1 5

1 2 1 1

 )40(  

sgn( )

ch g gg

ch g l ch g ch g
d

ch g ch g
d

ch g ch g
d

T TT T D
u x x x x x x

x x Rx
T T d T T MT T

M x c x
x x x

MT T MT T
c x c x

x x
MT T MT T

c x k s
x x

2 3 5 2 4 4 6
2 2

6 1 6
2 2 2

1 6 2 6
2 2

2 6 2 2
2 2

1
2

 )41(  

             
    )23 ( )24 (    
               
    

( ) tanh( )

( ) tanh( )

fu SH

ch g

s

s

T C
u

MT T
u

x

sF e s
G
G s

F e s

1

2
2

1
1 1

1 1 1 1
1 1

2
2 2 2

2 2 2 2
2

0

0

 )42(  

6-     
            
    320      -   

          
  .      2       

    .  

6 -1        
    

              
      .   ( )t 

   p.u. 1/0       3   .
         sec 350   

  p.u. rad/sec 006/0 )Hz 046/0(  .   
              

        .    
   4   .  

6 -2         

             
             
  .    pu 1/0      ( )t 

      5     .   
                             

www.SID.ir



Arc
hi

ve
 o

f S
ID

98                                                                                                                               9  2  1390 

 

  
 4 :         .  

  

  
)(  

  
)(  

 5 :         ) (   ) (
  .  

  
          .     

   b1            
             5  

  .           
      .      
          .    
     .     
           

   .  

6 -3      

   6  7          
           

    10 %     .    
      :  
1(           

      -    .  
            

            .  
          .  

2(              
   .          
             
   .  

3(              
                .      

  
)(  

  
)(  

 6 :         pu 1/0  ) (   
 ) ( .  
  

  
 7 :            pu 1/0 .  

  
                

        .     
               
            
   .         

        .   
        .  

       -      
    .         
            
             
  .            

        .  
  8        5 %  
     .       

          .
        .  

7-    
           
 -       PI      .
             

         .   
               

           
-    .           

www.SID.ir



Arc
hi

ve
 o

f S
ID

    :     -      ...                                                                                                      99  

 

  
)(  

  
)(  

  
)(  

 8 :         ) (  ) (
     ) ( .  

  
              .
             .
            
             

   -    .  

  
     2       

     ]19[  
1 (   

/

sec , sec

sec , sec
sec

w fu

d sh

b

T T
C C
K

7 5
108 12
3 78

  

2 (     
/

/

/

/

/

/

/ /

/ / /

sec
sec
sec

sec
sec

,

,
, ,

ch

rh

co

g

hp ip lp

T
T
T
R
T

u u

u u
F F F

1 1

2 2

0 4
7 65
0 63

0 05
0 2

0 1 0 007

0 1 0 1 0 1
0 29 0 29 0 42

  

3 (   

/

secM
D

6
0 01

  

4 (  :  
      

/

/

/

/

pt

it

pb

ib

K
K
K
K

108
3 24
4 4

004

  

       
/

/

/

smc

smc

b
c
c
K
K

1

1

2

1

2

0 01
5
15

0 03
0 018

  

       
/ /

/ /

/ /

/ /

/ /

,
,
,

,
,F F

1 2

1 2

1 2

1 2

1 2

2 9 0 5
0 005 0 003
0 008 0 004
0 5 0 5
0 05 005

  

  
[1] M. Salehi and A. Afzalian, "Robust H  control design for a boiler  - 

turbine unit," in Proc. Int. Conf. on Smart Manufacturing 
Application, pp. 520-525, Apr. 2008. 

[2] W. G. Kim, U. C. Moon, S. C. Lee, and K. Y. Lee, "Application of 
dynamic matrix control to a boiler - turbine system," in Proc. IEEE 
Conf. on Control Application, vol. 2, pp. 1595-1600, Jun. 2005. 

[3] D. M. Y. Takagi, K. Mitsumoto, H. Oguchi, A. Nakai, and S. Hino, 
"A new control strategy for coal fired thermal power plants," in 
Proc. IEEE Conf. on Control Applications, pp. 1680-1685, Toronto, 
Canada, Aug. 2005. 

[4] Y. Wang and X Yu, "New coordinated control design for thermal 
power generation units," IEEE Trans. on Industrial Electronics,  
vol. 53, no. 1, pp. 123-130, Aug. 2010. 

[5] Y. Daren and X. U. Zhiqiang, "Nonlinear coordinated control of 
drum boiler power unit based on feedback linearization," IEEE 
Trans. on Energy Conversion, vol. 20, no. 1, pp. 204-210, 
Mar. 2005. 

[6] Z. L. Yong, "Improving performance of PID controller using 
artificial neural network for disturbance rejection of high pressure 
steam temperature control in industrial boiler," in Proc. Int. Conf. on 
Control, Automation and Systems, pp. 1204-1207, Oct. 2008. 

[7] W. G. Kim, U. C. Moon, S. C. Lee, and K. Y. Lee, "Fuzzy - adapted 
recursive sliding - mode controller design for nuclear power plant 
control," IEEE Trans. on Nuclear Science, vol. 51, no. 1, pp. 256-
266, Feb. 2004. 

[8] X. J. Liu, P. Guan, and J. Z. Liu, "Power plant coordinated predictive 
control using neuro fuzzy model," in Proc. of the 2006 American 
Control Conf., vol. 1, pp. 129-133, Minneapolis, Minnesota, US, 
Jun. 2006. 

[9] R. Cori and C. Maffezzoni, "Practical optimal control of a drum 
boiler power plant," Automatica, vol. 20, no. 2, pp. 163-173, 
Mar. 1984. 

[10] A. B. Abdennour and K. Y. Lee, "A decentralized controller design 
for a power plant using robust local controllers and functional 
mapping," IEEE Trans. on Energy Conversion, vol. 11, no. 2, pp. 
394-400, Jun. 1996. 

[11] W.  Tan,  H.  J.  Marquez,  and  T.  Chen,  "Multivariable  robust  
controller design for a boiler system," IEEE Trans. on Control 
Systems Technology, vol. 10, no. 5, pp. 735-742, Sep. 2002. 

[12] H.  Peng,  T.  Ozaki,  V.  H.  Ozaki,  and  Y.  Toyoda,  "A  nonlinear  
exponential ARX model - based multivariable generalized predictive 
control strategy for thermal power plants," IEEE Trans. on Control 
System Technology, vol. 10, no. 2, pp. 256-262, Mar. 2002. 

www.SID.ir



Arc
hi

ve
 o

f S
ID

100                                                                                                                               9  2  1390 

 

[13] H. Shayeghi, H. A. Shayanfar, and A. Jalili, "Load frequency control 
strategies: a state - of - the - art survey for the researcher," Energy 
Conversion and Management, vol. 50, no. 2, pp. 344-353, Feb. 2009. 

[14] J.  Zhen,  L.  Yong,  and  W.  X.  Jie  Liu,  "Modeling  and  controller  
design of superheated steam temperature system based on SVM 
combining adaptive DMC," in Proc. of the Sixth Int. Conf. on 
Machine Learning and Cybernetics, vol. 1, pp. 533-538, Hong Kong, 
Aug. 2007. 

[15] K. Kunitomi, A. Kurita, Y. Tada, S. Ihara, S. Price, W. W. 
Richardson, L. M. Smith, and G. Electr, "Modeling combined - cycle 
power plant for simulation of frequency excursions," IEEE Trans. on 
Power System, vol. 18, no. 2, pp. 724-729, May 2003. 

[16] Z. Hu, H. Fan, Y. He, "Robust controller design for boiler system," 
in Proc. Int. Conf. on Intelligent Computation Technology and 
Automation, pp. 445-449, Oct. 2008. 

[17] F. P. de Mello, "Boiler models for system dynamic performance 
studies," IEEE Trans. on Power Systems, vo1. 6, no. 1, pp. 66-74, 
Feb. 1991. 

[18] IEEE Working Group on Prime Mover and Energy Supply Models 
for System Dynamic Performance Studies, "Dynamic models for 
fossil fueled steam units in power system studies," IEEE Trans. on 
Power Systems, vol. 6, no. 2, pp. 753-761, May 1991. 

]19[        5   GIE . 
[20] H. Moradi, F. Bakhtiari - Nejad, and M. Saffar - Avval, "Robust 

control of an industrial boiler system; a comparison between two 
approaches: sliding mode control & H  technique," Energy 
Conversion and Management, vol. 50, no. 2, pp. 1401-1410, 
Jun. 2009. 

[21] M. Falahpoor, M. Ataei, and A. Kiyoumarsi, "A chattering  - free 
sliding mode control design for uncertain chaotic systems," Chaos, 
Solitons, and Fractals, vol. 42, no. 3, pp. 1755-1765, Mar. 2009. 

 

            1377  
               

 1379             .
    1381            

            .  
      :     

          .  
  

     1368         
     1370         

   .       –    1374 
              .

           1375  1381  
      .        :

              
    .  

  
    1373          

    1376           
       .       

–             
           1382      

  .  1383          
            .  

       :        
        .  

  

www.SID.ir


