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Introduction 
 

Study of power system (PS) stability and 
electromechanical transient processes is needful for the 
generating units load control and power reserve 
forecasting, lines disconnection for maintenance schedule, 
automatic protection design and supervisory control 
coordination. Precision of power system steady-state and 
transient stability analysis depends on the accuracy of 
usable power system elements models. Incorrect 
determination of stability margins may cause emergency 
conditions in the power system, otherwise, if determined 
stability conditions are smaller than real, power system 
operation would be uneconomical. The most influence 
onto transient processes depends on the generating units 
and their excitation systems and turbine speed governor 
operation [1]. The data of excitation systems designed in 
the Soviet Union are not sufficient for accurate excitation 
system models. It is necessary to create excitation systems’ 
testing and model parameters identification methodology. 

 
Dynamic model identification methodology 

 
The object’s static and dynamic characteristics, static 

and dynamic nonlinearities and characteristics’ sensitivity 
to operating parameters must be accounted while 
identifying the dynamic object. The model structure is 
composed by using theoretical studies, and the parameters 
are estimated from test data. Usually power system 
dynamic model structures are known and can be described 
by linear or nonlinear differential equations. The task of 
identification is to determine the model parameters 
numerical values. The parametric identification methods 
are used for identification of dynamic models in power 
system transient investigation [2, 3]. The task of 
identification in time domain is determination of transient 
function between input and output signals 
 

( ) ( ) ( ) ( ) ( )teqHtuqGty θθ ,, += ;            (1) 
 

here q – shift operator; θ – transfer function parametric 
vector; e(t) – sequence of random unrelated data. 

The parameters θg and θh of discrete generalized 
parametric model partial cases response functions G(z, θg) 
and H(z, θh) are identified using sampled input and output 
signals u(t) and y(t). The main transient function G(z, θg) of 
identified discrete model is converted into continuous time 
domain transient function ( )θ̂,ˆ sW . The parametric vector 
θ̂  of the continuous time model is determined from 
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The identified model must meet three similarity 
conditions: 
- The autocorrelation of measured and simulated 
identified transfer function output signals must be near 1, 
and the least square criterion must be as small as possible. 
- Degree of determined transfer function polynomials 
must be equal or close to the degree of polynomial of the 
known transfer function. 
- Parameter vector members of identified continuous 
time transfer function must be equal or close to the 
members of known transfer function parameter vector. 
 
Dynamic model of high frequency excitation system 
 

The high frequency excitation system (Fig. 1) 
consists of alternating current high frequency exciter and 
two three-phase semiconductor rectifier bridges connected 
in series. The exciter is inductor type three-phase 500 Hz 
self-excited synchronous generator all windings of which 
are fitted on stator. The main field winding L1 is 
consequently connected with the main generator field 
winding. The windings L2 and L3 are regulating windings 
and regulating currents i2 and i3. Regulating currents vary 
depending on the main generator terminal voltage 
deviation ΔUG. Automatic excitation controller consists of 
magnetic amplifiers MA2 and MA3. The OEL block 
represents over excitation limiter. The structure of high 
frequency excitation system model is created considering 
to the excitation system construction and operation [4]. 
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generator field circuit. The current component of 100 Hz 
inducted of unbalanced short circuit is observed. 

Generating unit operating parameters before 
disturbances are listed in Table 1. 
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Fig. 4. Transient of excitation system controller input voltage due 
to short circuit in line LN 307  
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Fig. 5. Transient of generator rotor voltage due to short circuit in 
line LN 307 
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Fig. 6. Transient of generator rotor current due to short circuit in 
line LN 307 
 
Table 1. Generating unit operating parameters before transients 
(A – line-to-line fault, B – short time voltage drop, C –voltage 
step increase) 
Field test 
number 

Distur-
bance 

P,  
MW 

Q, 
Mvar UG, kV Urot, V Irot, A 

1 A 62.2 -35.4 18.13 126.32 749.0 
2 B 62.3 -26.6 18.15 113.54 664.7 
3 B 61.9 65.7 18.94 260.0 1527.4 
4 B 140.7 75.88 19.01 328.2 1889.4 
5 B 95.5 72.63 19.05 288.0 1684.3 
6 C 64.7 -12.2 18.32 138.5 823.8 

 
Excitation system model identification and dynamic 
characteristics investigation 
 

The suggested excitation system linear dynamic 
model parameters identification methodic is based on 
parameters estimation from some tests data or some 
transient processes. The identification sequence is: 
1. A set of parametrical models transfer functions is 
created for the ith experiment 
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here m is the number of identified transfer functions for the 
ith experiment; n is the number of experiments. 

Each identified transfer function of the ith experiment 
must meet the first and the second similarity conditions.  
2. Only one function ( )ii sW θ,  from the each transfer 
function set ( ){ }isW θ,  is chosen in such way, that a sum of 
parameter vector dispersion is minimal 
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here pi,θ  is pth parameter of ith experiment identified 
transfer function: { }0,1,1,0,2,1,0,1,0,, ,,,,,,,, iiiiiiiiipi ρρµµβββααθ = ; 

pθ  is a mean of pth parameter. 

3. The transfer function ( )θ,sW , the parameters vector 
θ  members of which are equal to the mean of the ith 
experiment transfer function parameter vectors iθ  
members, is established.  The identified transfer function 
of high frequency excitation system linear model is 
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4. The operating point of the bridge rectifiers is determined 
and the coefficients C and D are calculated. 
5. The parameters KA, TA, KE+SE', TE, KD, KN and KI–D of 
the excitation system are determined. 
6. It is verified if the identified model output signal 
matches the measured excitation system output signal. 

The parameters of high frequency excitation system 
model are identified according to the suggested methodic. 
The discrete time parametric output-error model is used for 
identification. The sets of transfer function ( ){ }θ,sW  are 
composed for each transient process by using parametric 
OE model. The coefficients of the chosen transfer 
functions according to (7) condition are listed in Table 2. 
The members of the averaged transfer function ( )θ,sW  
parameter vector are estimated (Table 3). 
 
Table 2. Parameters of identified transfer functions 
Field 
test 
No. 

Transfer function parameters 

α1 α0 β2 β1 β0 μ1 μ0 ρ1 ρ0 

1 0.035 9.32 0.040 0.408 1 -0.403 2.74 0.237 1 
2 0.279 0.682 0.022 0.171 1 -0.167 1.94 0.078 1 
3 0.059 8.00 0.015 0.212 1 -0.134 2.47 0.044 1 
4 0.029 15.88 0.024 0.371 1 -0.022 2.29 0.036 1 
5 0.070 12.38 0.030 0.264 1 -0.010 2.71 0.043 1 
6 0.039 7.03 0.010 0.267 1 -0.152 2.28 0.195 1 

 
Table 3. Parameters of the averaged transfer function 

α1 α0 β2 β1 β0 μ1 μ0 ρ1 ρ0 
0.0857 8.8813 0.0241 0.2828 1.000 -0.1484 2.4090 0.1059 1.000 
 

The optimization algorithm is used to find the model 
parameters. Estimated high frequency excitation system 
model parameters are listen in Table 4. 
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Precision of high frequency excitation system 
dynamic model parameters and efficiency of suggested 

identification methodic are verified.      
 

 
 

Fig. 7. Comparison of measured and simulated excitation system output signals transients: a) experiment No. 1, R = 0.971; b) 
experiment No. 6, R = 0.953 
 
Table 4. Parameters of identified excitation system model 

Parameter Value Parameter Value 
KA 4.148 KD 1.8108 

TA, s 0.1810 KI -1.3078 
KE 1.000 KN 0.1641 
SE’ 0.000 CRect. 2.141 

TE, s 0.1233 D 0.1610 
KC 0.1302   

 
The curves of measured excitation system transients are 
compared to the simulated curves, when the measured 
input signals are supplied into excitation system model 
inputs. The simulated signal matches measured one quite 
well in the most cases. The correlation coefficient value R 
exceeds 0.95 in five cases from six (Fig. 7). The 
correlation coefficient value R equals 0.808 only in one 
case from six. 
 
Conclusions 
 

A new model of high frequency excitation system is 
proposed. The created identification methodic of the 
excitation system dynamic model allows use the data of 
several transient processes and increases precision of 
model parameters estimation. High frequency excitation 
system dynamic model parameters were estimated from 

several transients’ data according to the created 
identification methodic. The efficiency of the methodic 
and the accuracy of the parameters were verified by 
comparing simulated and measured signals of the 
excitation system output electromotive force transients. 
The precision of the simulated signals exceeds 0.95 in the 
majority of studied cases. 
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