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Abstract—This paper introduces a low-order system frequency response model (SFR). SFR model 

is simplified from other models, which can be used to estimate the frequency response of a large 

power system, or sudden load disturbance of the island.SFR model is based on the  neglecting 

nonlinear power system of u the units equation, which is controlled by the steam turbine generator . 

This means that the generator inertia and reheat time constant make system average frequency 

response. In addition, because of the two time constant , the resulting frequency response can be 

calculated in the closed loop form, which provides a simple and accurate method to estimate the 

essential characteristics of the system frequency response. 

Introduction 

Electric power system frequency is one of the important indexes of power quality,  which 

is one of the most important parameters in the power system operation. Power system frequency has 

a very important impact for power supply equipment and the users of the electric equipment of 

safety and efficiency. The basic task of the operation of the power system is maintainning the 

system frequency for planned value, which ensure the frequency deviation no more than the 

allowable value. 

      Research on a unified frequency model can be traced back to 70 years ago, common 

methods is the reference on the model of the Rudenberg[1], who offers a lot of the aspects as the 

concept of mathematical deduction. The regional control of frequency analysis method has found in 

[2]-[3].[4]-[5] is described interconnected power grid frequency control simulation and load 

disturbance on the system frequency influence.[5]-[6] introduced the method of frequency 

measurement.[7] provides a based on the trend of the DC power system frequency response analysis 

method.But they are too complex, our strategy is providing a low order model  through the typical 

time constant and speed control to maintain necessary average frequency response in system. 

SFR model 
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Fig.1. Debugger-turbine model. 
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   If we assume the twice time constants for heat and inertia system , which lead to the change in 

the first few seconds.So we have reduced order model shows the power plant in figure 2. 

SP
P = Incremental power 

e
P = machinery power of Steam turbine 

m
P = Generator power load power 

αP =
m
P -

e
P  ω∆ = Velocity increment 

H
F =A small part of the HP steam turbine power 

R
T = reheat time constant  H= Inertia constant  D= Damping factor   

m
K = gain factor of Mechanical power 
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Fig. 2. SFR reduced order model. 
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Obviously, Response characteristics are
SP
P and

e
P，although they are different symbols, 

they have the same form.In many studies,we care the value of
e
P（when

SP
P =0）its characteristic is 

sudden load disturbance.Simplified system as shown in figure 3. 

We can define disturbance power as input variables of the new system. 

dP

mP

αP

DHS +2

1
ω∆

( )
( )STR

STFK

R

RHm

+

+

1

1

 
Fig. 3. Input of simplified SFR model in the disturbance. 

d
P >0 generator power suddenly increased    

d
P <0 the load power suddenly increased                                             (3) 

So we can conclude, frequency response 
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For sudden disturbance, we usually have such calculations for
d
P  

( ) ( )tuPtP
stepd

=                                                                    (5) 

step
P is a unit step function based on 

SB
S and ( )tu . In the Laplace, 

( )
s

P
sP

step

d
=                                                                      (6) 

RETRACTED

RETRACTED

RETRACTED

RETRACTED

Advanced Materials Research Vols. 518-523 3821



 

The above formula can be calculated into (4), 
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 In the form of time domain for above equation, 
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Standardizations 

We bring all the unit into a single large units, representing all units in the whole system, so we can 

list the following equations: 
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We assume that all equation based on common system 
B
S ,  

∑=
n

i

BiSB
SS                                                                     (14) 

So from（11）-（13）, 
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m
K is a kind of effective unchanged gain parameters,which has relations with general mechanical 

power on pressure-regulating valve . This parameter affectes the system power factor and spinning 

reserve, as follows: 
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R
F = Power factor  

SR
f = Capacity factor on spinning reserve 

Example 

A The System Of the Equivalent System Response 

It is very effective to examine the results of the transient response through several important 

parameters. From the equation (8), we can calculate the slope of the response. 

( )1sin Φ+−

+
=

∆ tt

m

stepn rne
KDR

RP

dt

d ωξωαωω
                                                         (17) 

We care about  two values as follows. the first one is when t=0, corresponding is the biggest 

slope value, and when slope is 0, corresponding is the largest frequency deviation. 

1 t=0 
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 in equations (19)，We use the parameter of
z
t ，we can calculate 
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In figure 4，The initial slope depends on
step
P andH. If we change the two parameters, the initial slope 

will change. zt is not the function of
step
P ，so the biggest frequency deviation occurs in exactly the 

same time (2.35 s) disturbance. 

m

step

KDR

RP

+
=∆ω                                                                  (21) 

step
P andω are increasing, standardization of values,when

step
P =-0.3，R=0.05， 
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B. High pressure points H
F
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Fig.4..Different value corresponding to frequency response. 

 

H
F is a thermal parameter,which is not rely on the steam turbine。Figure 4 shows different 

H
F  

and other parameters in the same figure.Larger
H
F , have a remarkable effect on ξ , which can make 

the system damper（ξ >1）.Frequency response can be calculated from (7) . 
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Transfor to time domain, 
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Performance analysis and model limitations 

For a given system, performance analysis model is easier to use the SFR from a practical 

system for the disturbance.Droop characteristics R depends on the turbine droop adjustment, which 

is due to the influence of the value of the governor.Through the observation from  steady-state 

frequency error, it can also be calculated from (21), 
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The frequecy of the load related 

As is known to all, the load of power system is relevant with the system frequency . The 

method to find the frequency correlation between load is to establish a load model. 

( )ω∆+=
fLL
kPP 1

0
                                                            (26) 

The change of incremental load is a function of the change of incremental frequency. The results 

include the flagging constant D ω∆=∆ DP
L

                                           (27) 

The use of the system SFR model in the actual disturbance 

 

Fig.5.Validation in actual interference model. 

 

In the system, it is easy to calculate the disturbance and the error of steady state frequency  and 

H . Reheat time constant need the experiment and error estimate. The actual system of data SFR 

proved the validity of the model, in figure 5.   

Conclusions 

SFR model is a simplify of large disturbance interconnected system, which ignore some time 

constant.It approximates the performance of system frequency , including the speed regulator and 

the response of the steam turbine. Although simple of the model,it is still good, compared with the 

actual system . In addition, the model provides a method to detect  frequency responses according 

the different system parameters influence of frequency response, which is difficult to get in high 

order model . 
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