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1. Introduction 
 

One of the most important problems in power system 
dynamic stability is low frequency oscillations. This 
kind of oscillation has significant effects on the stability 
and security of the power system. In some previous 
papers, a fact was introduced that a steam pressure 
continuous fluctuation in turbine steam inlet pipeline 
may lead to a kind of low frequency oscillation of 
power systems [1, 2]. Generally, in a power generation 
plant, steam turbine system composes of some main 
components, i.e. a boiler or steam generator, stop valves, 
control valves and turbines that are connected by piping. 

In the conventional system, the turbine system is 
composed with a lot of stop and control valves. The 
steam is provided by a boiler or steam generator. In an 
abnormal case, the stop valve shuts of the steal flow to 
the turbine. The steam flow to the turbine is regulated 
by controlling the control valves. The control valves are 
provided to regulate the flow of steam to the turbine for 
starting, increasing or decreasing the power, and also 
maintaining speed control with the turbine governor 
system. Unfortunately, the control valve has inherent 
static friction (stiction) nonlinearity characteristics [3, 
4]. Industrial surveys indicated that about 20-30% of all 
control loops oscillate due to valve problem caused by 
this nonlinear characteristic. 

In this paper, steam turbine control valve stiction 
effect on power system oscillation is presented. To 
analyze the stiction characteristic effect, firstly a model 
of control valve and its stiction characteristic are 
derived by using Newton’s laws. A complete tandem 
steam prime mover, including a speed governing system, 
a four-stage steam turbine, and a shaft with up to for 
masses is adopted to analyze the performance of the 
steam turbine. 

The governor system consists of some important 
parts, i.e. a proportional controller, speed relay, control 
valve with its stiction characteristic, and  stem lift 
position of control valve controller. The steam turbine 
has four stages. The steam chest is represented by the 
first stage. The three other stages represent either 
reheaters or crossover piping. The shaft model which 
represents a four-mass system is coupled to the mass in 
a synchronous machine (generator) for a total of five 
masses. To analyze the oscillation in power system, an 
IEEE benchmark is used as reference scenario. In this 
scenario, a single generator is connected to infinite bus 
via a transmission line. 

2. Steam Turbine Model 
 
2.1 Governing System 

 
In this paper, an electro-hydraulic speed-governing 

system is considered. This speed-governing type 
provides flexibility through a use of electronic circuit in 
place of mechanical component in the low power 
portion. A typical configuration of the speed governing 
system and its approximate mathematical model are 
shown in Figs.1 and 2, respectively. 

Fig. 1. A typical steam turbine electro-hydraulic speed 
governing system. 
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Fig. 2. Approximate mathematical model. 
 

2.2 Steam Turbine System 
 

For analysis, a four stage steam turbine is considered. 
All the stages are modeled by the first-order transfer 
functions. The steam chest is represented by the first 
stage. The three other stages represent either reheaters 
or crossover piping. In this model, the boiler or steam 
generator pressure is assumed constant at 1.0 pu. Fig. 3 
shows the block diagram of the steam turbine. 
 

3. Power System Stability Analysis 
 

A single generator machine infinite-bus power 
system is considered in this analysis, as shown in Fig. 4. 
In this analysis it is assumed that a three-phase short 
circuit occurred at the high line neighbor of generator at 
t = 60s and the fault is cleared at 60.3s. The response of 
the generator active power is shown in Fig. 5. The three 
phases short-circuit lead to an unbalance condition 
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between the mechanical power and the electrical power 
of the generator. After the clearing of fault, the 
operation of the governor control valves which have 
inherent stiction characteristics cause an oscillation on 
steam flow. Finally it may lead oscillation on the active 
power of generator as shown in Fig. 5. the active power 
is oscillate for 3s. 
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Fig. 3. Steam turbine system model. 
 

 
Fig. 4. Power system model. 
 

 
 
Fig. 5. Generator active power. 
 

4. Conclusions 
 

A steam turbine control valve stiction effect on 
power system oscillation was presented. To analyze the 
oscillation in power system, an IEEE benchmark is used 
as reference scenario. In this scenario, a single 
generator is connected to infinite bus via a transmission 
line. The simulation result showed that after the 
clearing of fault, the operation of the governor control 
valves which have inherent stiction characteristics cause 
an oscillation on steam flow. This oscillation will lead 
oscillation on the active power of the generator. 
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