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CONTROL OF NONLINEAR GAS TURBINE SYSTEM USING STRATEGIES 

OF MULTIDISCIPLINARY DESIGN OPTIMIZATION 

NADJI HADROUG (1), AHMED HAFAIFA (1), ABDELLAH KOUZOU (1), MOULOUD GUEMANA (2)  

AND AHMED CHAIBET (3) 

Abstract: Gas turbines are known in recent years over a considerable development in many 
industrial applications. Especially in the field of transportation and reinjection of gaz. 
Despite their many advantages, their high sensitivity to accentual defects  is very important 
because the influence of these defects can be critical to the proper functioning of these 
rotating machines. This paper is a contribution to the study of a gas turbine compressor 
station Type Titan 130, where this study proposes the analysis of the output parameter 
control strategy of the studied  gas turbine, based on the multidisciplinary optimization of 
their operating variables, to meet the operating constraints and to maximize the life of this 
machine. The obtained results are satisfying and reliable for performing economic 
contributions  to the studied  system. 

Keywords: Gas turbine, Multidisciplinary optimization, configuration control, power 
turbine. 

 

1. Introduction 

The study of the complex industrial systems 
have become a modern industrial challenge to 
analyze the sustainability of the operation of 
industrial systems. This certainly reduces the 
intervention costs and allows better meeting the 
objectives a priori for optimal system operation. For 
this purpose, this work proposes the study of the 
output parameters control strategy of a gas turbine 
based on optimizing their output variables to meet 
the operating constraints, to maximize the duration 
life of this machine, to prevent the aerodynamic 
limitations caused by the dropout problem and to 
ensure correct conduct of this system.  

In general, the control problem consists of 
obtaining dynamic models of systems, then using 
these models to determine the control laws or the 
strategies to achieve the desired system response 
and performance. Indeed, the gas turbine system is 
made by sensitive organs to accidental faults that 
can be critical and costly for both sides, the 
humanly and the financially sides on the correct 
operation of the gas turbine used in pipeline. In 
order to build a predictive system capable of 
estimating the state of operation degradation of gas 

turbines in operation even under severe degraded 
mode. However, the complexity of the design 
optimization depends on the complexity of the 
relevant disciplines, the sizing problem and the 
nature of objectives and constraints. In the case of 
the considered gas turbine, multidisciplinary 
optimization is proposed to the multivariable 
control of the studied gas turbine output variable. 

 

2. Strategies of Multidisciplinary 
Optimization 

Several multidisciplinary optimization 
strategies have been presented literature [1, 7, 9, 15, 
16]. This optimization can facilitate the control of 
variables in interaction between system elements 
and can be used as decision support in regulation. In 
the case of the studied gas turbine, the choice of the 
parameters and the modeling and implementation of 
a control strategy and decision making are 
obviously important regarding the supervisory 
system configurations eligible for the gas turbine. 
The optimization problem can be presented by the 
minimization of the function  ),,( zyxf  with 
respect to  constraint functions, given by: 
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where x  is the state variables, y  are the coupling 
variables, z  are the design variables, c  is a 
function of coupling, f  is an objective function, g  
is the inequality constraints, h  are the equality 
constraints and R is residues function. 

In this work, a more particular interest will 
be also transmitted to the defect detection phase 
which affect the system output variables of the 
studied gas turbine. Indeed, fault detection through 
the generation of a fault indicator called residue, 
this indicator is defined by a consistency 
relationship. It is designed to be zero on average in 
a case of operation. In contrast, in a case with 
default, the residue takes value away from its mean 
value and it is used to indicate the presence of a 
defect. The generation of residues characteristic of 
how the system, is the fundamental problem of 
diagnosis model based. This technique relies on the 
use of a correct assumed system model and 
generates residues that are the differences between 
the measured output signals and the estimated ones, 
as shown in Figure 1. 

 
Fig. 1.  Residual generation 

For minimizing the equation error, the 
process model is written as:  

Tky )(                   (2) 
With   and  designating the parameters 

and regression vectors given by:  
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 The equation error (.)  is introduced to the 
parameter estimation defining discrete transfer 
function of the system using the flowing formula: 
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The error is defined by equation:  
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Where )(ˆ zA  and )(ˆ zB  are the estimates of 
)(zA and )(zB . 

May provide a recursive form of estimated 
̂  using the recursive least squares algorithm [12]: 
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For the minimization of the output error, 
instead of as previously calculate the error equation, 
rather evaluates the output error, given by:  

),(ˆ)()( kykyke                  (6) 

Where: )(
)(ˆ
)(ˆ

),(ˆ zu
zA
zBzy   and ),(ˆ zy   is 

the model output. 
The output of error (.)e  in this case is 

being a nonlinear function of the parameters to be 
estimated, then numerical optimization methods are 
used to minimize the error )(ke  with respect to   
parameters. From the modeling of these residues, a 
strategy of the output control of the studied gas 
turbine parameters, based on the optimization of 
their operating variables which will be introduced in 
the implementation section, which are typically zero 
mean and a variance determined in the absence of 
malfunctions. 
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3. Industrial Application  

A gas turbine is a combustion engine that 
can convert natural gas or other liquid fuels to 
mechanical energy, this energy then drives a 
generator. As part of this work, a gas turbine type 
two shafts TITAN 130  is studied, this gas turbine is 
installed at the gas compression station of Sonatrach 
SC3 in Djelfa, central Algeria. This gas compressor 
station is located on the pipeline of the GG1 line at 
a distance of 182 KM from the starting point to 
Hassi R'Mel southern Algeria, this station will 
enhance the transport capacity of the pipeline 07 to 

13 billion m3 per year. It also has three 
turbochargers and a turbine generator, a control 
building equipped with DCS (Digital Control 
System). The Titan 130 two-shaft is rated at 20,500 
hp with 36.2% efficiency and its single shaft 
configuration is rated at 15.0 MWe with 35.2% at 
ISO operating conditions [17]. The turbomachinery 
comprises a turbine engine and a compressor 
mounted on a steel frame, with the support systems 
and ancillary anti-slip material, this turbomachinery 
is means; (Compressor Set / Mechanical Drive: All 
Compressor / Drive Mechanical), as shown in 
Figures 2. 

 
 

Fig. 2.  Diagram of Titan 130 Two-Shaft Gas Turbine 

  
The gas turbine provides the power to drive 

the compressor, has two main parts: the gas 
generator (GP) and the power turbine (PT). The gas 
generator (GP) converts the energy of the fuel gas at 
high temperature that takes the power turbine and 

converts rotational energy. The fundamental 
principle of a gas turbine is converted fuel energy to 
mechanical energy by the application of a 
thermodynamic process known by the Brayton 
cycle, as shown in Figures 3.A and 3. B. 

 

 
Fig. 3.  A:  States air flow of Brayton cycle 
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Fig. 3. B: Curves of Brayton cycle 

3.1. A gas turbine control 

The model of the turbine discussed in this 
work has two entries: room temperature ( 1T ) and 
mass flow rate of fuel flow ( cm ), sensors supplied 
from the turbine outputs include: the speed of HP 
high pressure shaft (NGP), the low pressure shaft 
speed (NPT) and the temperature of the blades ( 3T ). 
These measurements can be used to provide 
different pairs of input / output for the closed loop 
control. There are other important variables such as; 

The air mass flow ( am ), the pressure ratio at the 
outlet of the axial compressor (PCD) and the fuel / 
air ratio ( f ). 

The proposed control configuration is 
shown in Figure 4, with the nonlinear model used 
for PI control configuration (proportional / integral). 
This closed loop control strategy is chosen for 
parameter optimization of a PI controller structure 
is designed for a nominal operating point of the 
discussed gas turbine. 

 
Fig. 4.  Control setting of different subsystem of the TITAN 130 turbine 

 
The mass flow rate of fuel flow ( ) is 

given by:  

k
PPmc


 2

2
1.              (8) 

The air mass flow ( ) is given by:  

 
 atma

a

PPVDkm
PPkm





 12               (9) 

 
The fuel / air ratio is calculated to ensure 

the control  of the ratio f  which is given by: 
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The air mass flow ( am ), the pressure ratio at the 
outlet of the axial compressor (PCD) and the fuel / 
air ratio ( f ). 

The proposed control configuration is 
shown in Figure 4, with the nonlinear model used 
for PI control configuration (proportional / integral). 
This closed loop control strategy is chosen for 
parameter optimization of a PI controller structure 
is designed for a nominal operating point of the 
discussed gas turbine. 

 
Fig. 4.  Control setting of different subsystem of the TITAN 130 turbine 

 
The mass flow rate of fuel flow ( ) is 

given by:  

k
PPmc


 2

2
1.              (8) 

The air mass flow ( ) is given by:  

 
 atma

a

PPVDkm
PPkm





 12               (9) 

 
The fuel / air ratio is calculated to ensure 

the control  of the ratio f  which is given by: 
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    (10) 

 

3.2. Application results 

The multidisciplinary optimization results 
developed in this work allows the control of gas 
turbine output variables.  Figure 5 shows that the 
power absorbed by the compressor is proportional 
to the pressure ratio for an ambient temperature 
range (0 ° C <Tamb <50 ° C). 
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Fig. 5.  Gas turbine power at different operating 

temperature 

 
In Figure 6, when the ambient temperature 

is high (> 30 ° C), it is noted that the performance 
of the profile tends to a maximum value of 7. Every 
time, it is not possible to exceed the value ( ε ≈ 
8.7091) given by the manufacturer, because of the 
limitations imposed by the resistance of materials. 
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Fig. 6.  Gas turbine efficiency at different operating 

temperature 

On Figure 7 and 8, the power absorbed by 
the compressor and that supplied by the turbine will 
vary proportionally with the ambient temperature 
and the PT remains almost constant because the 
combustion temperature limit (given by the 
manufacturer). 
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Fig. 7.  Gas turbine power at different operating 
pressure 
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Fig. 8.  Yield control of the examined gas turbine 

 
Figure 9.A shows the discharge pressure 

variation of the fuel gas valve in the combustion 
chamber, and the variation of its residue is shown in 
Figure 9.B. Figure 10.A shows the discharge 
pressure change axial compressor and the variation 
of its residue is given in Figure 10.B, the control of 
the position of the fuel valve to the gas inlet of the 
combustion chamber is shown in Figure 11. 
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Fig. 9.  A: Differential pressure of the fuel gas 

valve 
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Fig. 9. B: Residual variation of differential pressure 

of the fuel gas valve 
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Fig. 10.  A:  Discharge pressure axial compressor 
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Fig.10. B: Residual variation of discharge pressure 

axial compressor 
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Fig. 11.  Control of the fuel gas valve position 

The turbine rotational speed variation NGP 
are controlled, after optimizing the manipulated 
variables pressure and mass flow rate suction and 
gas turbine system of delivery is given in Figure 8, 
the speed sensor is used in order to measure the 
speed of rotation of the HP shaft of the axial 
compressor, where the target value recommended 
by the manufacturer is 100%. 
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Fig. 12.  Speed control of the turbine NGP 
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Fig. 9.  A: Differential pressure of the fuel gas 

valve 
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Fig. 9. B: Residual variation of differential pressure 

of the fuel gas valve 
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Fig. 10.  A:  Discharge pressure axial compressor 
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Fig.10. B: Residual variation of discharge pressure 

axial compressor 
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Fig. 11.  Control of the fuel gas valve position 

The turbine rotational speed variation NGP 
are controlled, after optimizing the manipulated 
variables pressure and mass flow rate suction and 
gas turbine system of delivery is given in Figure 8, 
the speed sensor is used in order to measure the 
speed of rotation of the HP shaft of the axial 
compressor, where the target value recommended 
by the manufacturer is 100%. 
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Fig. 12.  Speed control of the turbine NGP 
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To confirm the control performance in more detail, 
validation tests were performed on the considered 
gas turbine, Figure 13 shows the variation of 
exhaust temperature of the examined turbine. 
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Fig. 13.  Exhaust temperature control 

This method leads to an improvement of the 
efficiency of a gas turbine, Figure 14 shows the 
variation of combustion efficiency .For normal 
operation of the studied gas turbine, when the 
ambient temperature rises above the reference 
machine performance decreases. The reduction 
becomes large when the room temperature is 
maximum, as shown in Figure 14. 
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Fig. 14.  Combustion efficiency 

Figure 15 shows converted fuel energy to 
mechanical energy by the application of a 
thermodynamic process known by the Brayton 
cycle. 

The results of multidisciplinary 
optimization, applied to the control of the gas 
turbine output variable are satisfactory. They are 
used to solve some problems of supervision of this 
type of rotating machine. This allows the 
improvements in terms of studied gas turbine cost 
oversight, and the control configuration proposed  

also led to the improvements in the operation of the 
studied gas turbine. 
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Fig. 15.  T-S diagram of the real process in the 

studied gas turbine 

4. Conclusion 
The gas turbine system is composed of 

sensitive organs to accidental defects that can be 
critical and costly humanly and financially at the 
same time during the continuous operation of this 
system, especially in the gas transportation pipeline. 
Indeed, the complexity of the supervision in gas 
turbine plants is due to the strong interaction of the 
control loops in these industrial systems. For this 
purpose, the present paper presents the development 
of a multidisciplinary optimization which allows an 
efficient data representation of the studied gas 
turbine variables by integrating a control 
configuration for these variables. The improvements 
that have been obtained by using the optimized gas 
turbine output variables to simplify their control. 
These improvements are reflected in the 
performance of the power quality and output of the 
studied gas turbine. 
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