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Fig. 2. Three-variable control loop of steam turbine 
Legend:ΔMG - change of electric load of turbo-generator, Δω - change of angular speed 

of turbo-generator, Δm’01, Δm’02 - change of mass flow of withdrawn steam, Δp01, 
Δp02 - change of steam pressure in corresponding withdrawals, ΔyVT , ΔyST , ΔyNT -
 change of opening position of control valves of high-pressure, medium-pressure and 
low-pressure part of turbine 

It is considered that controlled variables y are Δω, Δp01, 
Δp02, disturbance variables v are ΔMG, Δm’01, Δm’02, 
manipulated variables u are ΔyVT , ΔyST , ΔyNT. 
 
3.1 Mathematical model of steam turbine 

Resulting differential equations for creating mathematical 
model of the plant were gained already after deriving and using 
linearization (ALSTOM Power, 1998). 

The first equation is equation of moment balance 
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It is possible to re-write the equations (9) - (11) into better 
form by introducing relative values, with regard to starting 
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where 
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The Laplace transform of an output (controlled) variable is 
given by the following relation 
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3.2 Synthesis of three-variable control loop 

In the next part of the paper the principal described in the 
paragraph 2.2 is used. First transfers of main controllers R11, 
R22, R33 are determined for modified diagonal transfer functions 
S11,x, S22,x a S33,x (8) then autonomy of control loop by using 
relation (5) is being solved and in the end fulfilment of the 
condition of invariance (approximate invariance) of control 
loop is ensured by using equation (7). At design of parameters 
of main controllers the following SISO methods of synthesis 
were used, i.e. Ziegler Nichols step response method (Balate, 
2004), method of desired model (Balate, 2004), polynomial 
method of synthesis for 1DOF configuration - pole placement 
method (Prokop et al., 2006). 

Transfer matrix of controllers GR (s) with utilization of a 
chosen synthesis method (polynomial method of synthesis) and 
transfer matrix of correction members GKC (s) are given by the 
equations (19) and (20). 

( )

⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢

⎣

⎡

−
+

+−+
+

++−−+
+

++−
+

++−+

=

s
s

ss
ss

s
s

ss
ss

s
s

s
s

ss
ss

ss
ss

s
s

sR

11.033.0
)09.2(

04.037.044.018.052.1
)06.1(

006.002.011.022.0312.013.009.1
)06.1(

003.002.008.0
)09.2(

03.022.039.009.081.0

2

2

22

G

 

(19)

45.0;
77.0

25.032.0;
52.118.2

37.139.306.2;3,...,1);()( 33222

2

11 =
+
+

=
++

−−−
=== KC

s
sKC

ss
ssKCiKCdiags iiKCG (20)

 
Simulation course of three-variable control loop of a steam 

turbine with utilization of chosen SISO synthesis method is 
presented on the Fig. 3. To simulation of the control loop the 
program MATLAB/SIMULINK was used (Karban, 2006). 
 

 
Fig. 3.Simulation course of control loop with utilization of 
polynomial method of synthesis 
 

Variables on the previous figure (Fig. 3.) correspond to 
variables in the three-variable control loop of steam turbine (see 
Fig. 2 and its detailed description). 

It is obvious from result of simulation of control loop 
presented on the Fig. 3 and from other simulation experiments 
(Navratil & Balate, 2007) that the condition of autonomy and 
invariance was fulfilled. Autonomy of control loop was ensured 
via binding members Rij, which are aside-from-diagonal 
elements of transfer matrix of controller GR (s). Invariance 
(approximate invariance) of control loop was ensured by means 
of correction members KCii which are considered for 
elimination of influence of diagonal disturbance variables v. 
 
4. CONCLUSION 
 

This paper dealt with a description of one of possible 
methods to control of multivariable control loop. By means of 
described method it is possible to ensure of autonomy and 
invariance (approximate invariance) of MIMO control loop 
simultaneously. It is considered that MIMO controlled plant has 
the same number of input and output signals. Next, it is 
considered that correction members serve to elimination 
influences only diagonal disturbance variables of transfer matrix 
of disturbance variables.  

Simulation verification of described method presented on 
three-variable control loop of steam turbine indicates that it is 
possible to utilize this method for control of MIMO systems. 
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