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Introduction 

 
Accuracy of power system stability investigation and 

reliability of the study results depends on the accuracy of 
the used dynamic models of generating units. More 
accurate models ensure more reliable evaluation of 
maximum permissible capacities of power flows, loadings 
of separate generating units and possibilities of transient 
processes control. 

Identification of dynamic models for power system 
stability and transient studies requires large amount of 
information about the equipment and its characteristics. 
The lack of data may make uncertainties in evaluation of 
dynamic models of generating units as well as simulation 
of operating conditions of power system. 

 
Dynamic model of synchronous generator 

 
The synchronous generator may be presented by the 

operator expressions for the direct and quadrature axes: 
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here Δufd(s), ΔΨd(s), ΔΨq(s), Δid(s), Δiq(s) is the exciter 
voltage; the variation of flux linkage and current 
components; G(s) is the transfer function between rotor 
and stator; Ld(s), Lq(s) is the inductances in operator form 
of d and q axis. 

The one-line diagrams corresponding to the (1) and 
(2) and representing the synchronous machine are shown 
in Fig. 1. The generator is presented as a set of n RL 
circuits connected in parallel for d and q axes. 

The transfer functions of the generator’s flux linkage 
and inductances are described as following [1]: 
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here Tdℓ is the flux linkage time constant; Td and Tq is the 
short circuit time constants of d and q axes; Td0 and Tq0 is 
the short circuit time constants of d and q axes; nd and nq is 
the number of circuits of d and q axes. 
 

 
 
Fig. 1. Generalized schemes of the synchronous generator’s 
direct axis (a) and quadrature axis (b) 
 

In practice, two-circuit diagrams of d and q axes are 
used for modeling of synchronous generators [2]. 

The producing of synchronous generator dynamic 
models and the calculation of their parameters need to 
know the type of generator, and the nominal total power 
SN, active power PN, nominal power factor of cosφ, the 
nominal generator voltages and currents UN and IN, the 
field voltage and current UfN and IfN and the power 
diagram QG=f(PG). 

The main generator dynamic parameters are the 
inductive reactance's of direct-axis and quadrature-axis, 
time constants of field winding at open circuit (no load) 

Δufd 
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and short circuit and rotor inertia. The detailed list of 
parameters used in dynamic model is presented in Table 1. 
 
Table 1. Parameters of synchronous generator 
Inductive reactance's and resistances, in p.u., at rated power and 

voltage SN and UN 
1. d-axis synchronous inductive reactance xd 
2. q-axis synchronous inductive reactance xq 
3. d-axis transient inductive reactance x'd 
4. q-axis transient inductive reactance * x'q 
5. d-axis subtransient inductive reactance x"d 
6. q-axis subtransient inductive reactance x"q 
7. Leakage reactance xℓ 
8. Stator resistance ra 
9. Field circuit resistance ** rf 

Field circuit time constants 
10. d-axis open circuit transient time constant ** T'd0 
11. q-axis open circuit transient time constant * T'q0 
12. d-axis open circuit subtransient time constant T"d0 
13. q-axis open circuit subtransient time constant T"q0 

Total inertia of generator, turbine and exciter 
14. Inertia constant, s TJ 
15. Moment of inertia, kgm2 (GD2/4) or J 
16. GD2, kgm2 GD2 

Open circuit saturation 
17. Saturation at rated voltage UN S(1.0) 
18. Saturation at voltage 1.2UN S(1.2) 

Note: * is the parameter is not used for salient rotor (hydro) 
generators; ** – T'd0 and rf are given at certain temperature of 
field winding during measurement. 
 

The dynamic parameters of the synchronous 
generator can be identified according to two types of field 
tests: 

• regime test – the disconnection of the generator 
loaded by only reactive load; 

• frequency response test of the stopped generator. 
 

Evaluation of dynamic model parameters according to 
regime test data 

 
The dynamic parameters of the generator d-axis can 

be identified with sufficient accuracy according to the 
regime test data. During the test of unloaded generator 
which consumes the reactive power from the network, the 
terminal voltage and current are registered. 

Processing of test data according to the voltage 
variation, the d-axis parameters x″d, x'd, xd, T″d0, T'd0 are 
determined. 

Terminal voltage of the disconnected generator can 
be expressed as follows 
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here U0, I0, U∞ is the initial voltage and current and the 
steady state voltage of the disconnected generator; U'0, U″0 

is the initial values of transient and sub transient voltages; 
T'd0, T″d0 is the direct axis open circuit transient and sub 
transient time constants; xd, x'd, x″d is the direct axis 
synchronous, transient and subtransient inductive 
reactance's. 

The variation in voltage when the generator that is 
loaded with capacitive reactive load was switched off is 
shown in Fig. 2. The initial value of the sub transient 
voltage U″0 can be expressed from the first voltage jump 
and a sub transient inductive resistance value can be found: 
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At the subsequent voltage curve point (when the 
short-term voltage component extinct) derived tangent to 
the line that corresponds settled voltage U∞ a direct axis 
transient time constant T'd0 can be determined. 
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Fig. 2. The variation in voltage when the generator loaded with 
capacitive reactive load was switched off 
 

Extrapolating the curve of the exponential transient 
voltage U' to the stoppage time the value of U'0 is 
determined. According to it, the direct axis transient 
inductive resistance x'd value is determined as follows 
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The d-axis synchronous inductive resistance value is 
determined similarly 
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Table 2. Typical ratios for the d and q axis generators parameters 
 

Parameters Non-salient pole 
generator 

Salient pole 
generator 

xq 0.9 xd (0.6-0.7) xd 
x'q 1.5 x'd – 
x″q x″d x″d 
T'q0 0.3 T'd0 0 
T″q0 T″d0 T″d0 

 

 
The value of the d-axis sub transient time constant 

T″d0 is defined by extrapolating the tangent at certain point 
of the U″0 curve to the derived U' curve. 
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The leakage resistance of the stator inductive xℓ value 
is not normally determined with the tests. It can be 
assessed in accordance with the manufacturers’ data or 
approximately - according to longitudinal resistance xd: 
xℓ ≈ 0.08∙xd. 

Appropriate parameters of the q axis can be 
extrapolated in accordance to typical d and q axis ratios 
that are presented in Table 2. 

 
Evaluation of dynamic model parameters according to 
frequency response test of the stopped generator 

 
The data of the stopped generator frequency response 

test allows identify the main parameters of the d and q 
axes: x″d, x'd, xd, T″d0, T'd0, x″q, x'q, xq, T″q0, T'q0 and 
resistances of the stator and rotor ra and rf. 

During the test, stator voltage and current and rotor 
current instant values were recorded. 

During the test data processing complex input 
reactance of the d and q axis – Zd(s) and Zq(s); transfer 
function rotor-stator s·G(s) for the different frequencies 
(s=jω=j2πf) are determined. Operator values of the 
inductances Ld(s) and Lq(s) determine estimating stator 
resistance: 
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here ra – the active resistance of stator windings, measured 
during the test at the temperature of windings. 

With operator transfer functions and inductance 
values and expanded with polynomial ratio the dynamic 
parameters of Ld , T'd0, T″d0, T'd, T″d and Lq, T'q0, T″q0, T'q, 
T″q are determined. Parameters normally used to determine 
by frequency identification methods [3]. 

During the rapid changes of measured value, when 
s=jω→j∞, marginal values of the inductances Ld(s), Lq(s) 
will be equal to transient inductance values L″d and L″q . 
L″d and L″q are expressed following: 
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Dynamic expressions of the inductances without the 
damping windings (the second rotor contour, contour with 
large time constants) will be less complicated and 
expressed as follows: 
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Rotor poles of the hydro units that are made of the 
steel sheets and the free currents closes through damping 
windings of rotor transverse axis. Hydro generators that is 
usually modeled with “2.1” model, now are designed with 
one contour in the transverse axis [4]. In case when 
damping windings time constants are smaller than the 
excitation windings time constants, it is considered that 
there is no transient inductance or transient time constants, 
just transient inductance L″q and the open circuit and short 
circuit time constants T″q0, T″q. Expression of the transient 
inductance L″q is similar to the expression of the transient 
inductance of the turbo generator 
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The test of the frequency response for the stopped 
generator is recommended only when the routine 
maintenance is completed and the generating unit is off for 
long time. 

In both cases of parameters’ identification according 
to regime test and frequency response test of the stopped 
generator, the test temperature θB and the identified time 
constant T'd0B must be taken into account and the value of 
excitation windings resistance rfB need to be adjusted to the 
winding temperature of the nominal regime θN: 
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Evaluation of inertia constant 

 
The inertia time constant TJ of the generating unit is 

determined from the generator tripping test, where the 

initial speed 0d
d

=
∗∆

tt
ω  is measured and the generator is 

loaded with low active load ΔP* 
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The initial rotor speed should be recorded with 
sufficiently high sampling frequency, and the time interval 
should be within 0.01-0.1 s range. 

During the test when unit operates under a small 
resistive load (SG = (0.1÷0.3)·PN + j0 MVA) and is turned 
off by generator switch, a step output change is applied to 
the rotor ΔP∗= PT, which accelerates unit’s rotor. An initial 
acceleration dω/dt (t=0) is determined from the registered 
rotor speed change and a time constant of the unit inertia is 
determined according to (21). 

 
Evaluation of saturation characteristic 

 
Generator saturation values of S(1.0), S(1.2) 

characteristics are determined by the open circuit (no load) 
characteristic (Fig. 3) [5]. 
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Fig. 3. Open circuit saturation characteristic 

 
Any source voltage Uqi* corresponding to the 

excitation current of Ifi* can be expressed as follows 
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and the values of the saturation curve:  
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here Uqi* and Ifi* is the source voltage and field current at 
ith point of open circuit characteristic; Uqt* is the source 
voltage value at the end of linear characteristic; C and D is 
the coefficients of the approximated characteristic. 

The open circuit characteristic is usually measured at 
1.0 and 1.1UN and it continues to be extrapolated to 1.2UN. 

According to the two nonlinear open circuit 
characteristic points K and M and the coordinates of the 
start of nonlinear approximation source voltage Uqt, the 
coefficients C and D are evaluated: 
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here UqK*, UqM*, IfK*, IfM*, Uqt* is the source voltage values 
and the corresponding excitation currents and the values of 
the nonlinearity start in source voltage expressed in per 
units. 

 
Conclusions 

 
The identification techniques of synchronous 

generators dynamic model’s parameters according to the 
field test data are presented in the paper. The most 
informative method for evaluation of direct and quadrature 
axes parameters is frequency response test of a stopped 
generator. If the parameters are evaluated according to 
regime test data, only direct axis dynamic parameters can 
be determined directly and the quadrature axis parameters 
can be evaluated according to typical ratios. 
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