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calculated in the closed loop form, which provides a simple an estimate the

Introduction

Electric power system frequency is one of the ortant ingexes of power quality, which

users of the electric equipment of
safety and efficiency. The basic task of the o e power system is maintainning the

allowable value.
Research on a unified A : an be traced back to 70 years ago, common

sed &n the trend of the DC power system frequency response analysis
X, our strategy is providing a low order model through the typical

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.
P, = Incremental power P = machinery power of Steam turbine P, = Generator power load power

P,=P -P Aw= Velocity increment F, =A small part of the HP steam turbine power
T,= reheat time constant H= Inertia constant D= Damping factor
K, = gain factor of Mechanical power

(1

Fig. 2. SFR reduced order model.
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Obviously, Response characteristi

ugh they are different symbols,
ue of 2 (when P,=0) its characteristic is

they have the same form.In many studies,we c

sudden load disturbance.Simplified system as sh
We can define disturbance po input viiables of the new system.

Aw

K, (1+F,T,9)
R(+T,S)

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

P, <0 the load power suddenly increased 3)

So we can conclude, frequency response

Ao ( R’ J[ 2 (1+T,5)P, : J @
DR+K, \ S +2¢w,S+w,

For sudden disturbance, we usually have such calculations for P,

P,(¢)=P,ult) (5)

P, is a unit step function based on S, andu(¢). In the Laplace,

By (s) =2 (©)
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The above formula can be calculated into (4),

" 'DR+K_\ S(S*+ 25@3 +0°)
In the form of time domain for above equation,
RP
Aw= ﬁ [1 +ae " sin(w,t + QD)] (8)
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Standardizations

0)

We bring all the unit into a single large units, representing all units |
list the following equations:

¢ systcl,"so we can

D> 2HsAwo=) P, ->P, (11)
ZPGVI :ZPSP,._Z(%JACO (12)
+7,8)> P, =K, (1+F,T,S)>. P, (13)

We assume that all equation based on commor

Su =25, (14)

So from (11) - (13) ,

K(I+ETS)| S,

£ 1
SBZZH (1+TR’S) 53 i " SB‘ZZ , ( 5)

K 1is a kind of effective yrameters,which has relations with general mechanical

(16)

f 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.

dAw _ aa)nR]).\'tep e—.;“m,,tsin(m,H!D,) (17)

dt DR+K,,

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.
1t=0
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(18)

Rw, P P
dof _akor
dt|, DR+K,

da)
2 —=0
dt
aRw P
=" o sin(w t + D) (19)

DR+K,
If wt+® =nz inequations (19), We use the parameter ofz., we can calculate

nr—® 1 4 T,
= =—tan | ———

’ ® o, ¢, T, -1
In figure 4, The initial slope depends on P, andH. If we change the two parameters

will change.?, is not the function of P, , so the biggest frequency deviation ocg

same time (2.35 s) disturbance.
RP

step

" DR+K,
and w are increasing,

w0=00N03) _ 4
(1)(0 05)+0.95
So we can deduce the final value

P,
step

)t awfs)— RPu
limAo(t) lims o(s) DR+ K.

1o

standardization of values,when P, =

slep

(22)

B. High pressure points Ey

20

Different value corresponding to frequency response

parameter,which is not rely on the steam turbine. Figure 4 shows different F,
eters in the same figure.Larger F, , have a remarkable effect on ¢, which can make

the system damper ( £>1) .Frequency response can be calculated from (7)
(23)

Aols)= IT,Ro.P,, 1+7,8
~ DR+K, \SU+TS)1+T,S)

Transfor to time domain,
_Z’TZ’RaiRrep 1 711_]; ea/T 7; ]; 4/Tz t)
-1

24)

k)= DRK \ T-T
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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),
S0RP,
=—>H7

" DR+K, (25)

The frequecy of the load related

As is known to all, the load of power system is relevant with thg#Syst . The

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

P, =P, (1+k,A0) (26)
The change of incremental load is a function of the change of j ental fi cy. The results
include the flagging constant D AP, = DAw (27)

The use of the system SFR model in the actual disturbajie

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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