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Abstract. The parameter estimation of a synchronous generator using the still frequency responses
is presented in this paper. The required data is obtained to estimate the electrical parameters of the
direct and quadrate axis models and the complete set of parameters was used in a five-order
simulation model for a synchronous machine. To check the validity of the estimated parameters, the
impact load simulation experiment is carried out at the generator terminals. A synchronous
generator rate 120kVA, 400V, 1500 rpm, 50 Hz was used in the investigation. The measured data
are compared with the simulation response of the generator model using the parameters estimated
from the still frequency response, which can be seen that the data of simulation and the data of
experimental match accurately.

Introduction

The isolated power system is different from the infinite grid, which is always supplied by the
diesel generating set. The load characteristics of the isolated power system are different from that of
the grid power supply system. Currently in the isolated power system, harmonic, pulse, impact load
is increasing. Therefore, the dynamic characteristics of the isolated system are mainly determined
by the interaction of the diesel generator and the critical load[1]. Synchronous generators play an
important role in the stability of the power systems[2]. A proper model and accurate parameters for
synchronous generators are essential for a valid analysis of stability and dynamic performance.

Currently, synchronous generator parameters in the simulation system of power system is used
value provided by manufacturers or the typical value. Even a simplified model of synchronous
generator is adopted because the lack of actual parameters.

In recent years, parameters of the synchronous generator model can be obtained by many tests
which have been standardized[3,4]. Some tests are based on on-line measurements, while others are
based on off-line tests. The sudden three-phase short-circuit is an online test while the frequency
response is an off-line (or standstill) test[5]. The off-line tests can be carried out when the machine
is not in service.

In this paper, the standstill frequency response, typically use low test voltages to obtain the
resistances and unsaturated induction parameters is adopted to identify electrical parameter of
synchronous generator.

Model of the synchronous motor

The objective of this paper is twofold. The first object is building the mathematical model of the
synchronous generator. The second aim is to estimating the fundamental electrical parameters of the
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synchronous machine assumed model using the data acquired in the frequency response test.

Synchronous generator models have been developed since several decades ago. The set of
differential equations, that describes the electrical dynamics of the generator, is based on a model
structure defined by electrical equivalent circuits according to the two-axis theory. By transforming
the three-phase variables, from the three-phase reference frame into a two windings reference frame,
a simplification in the model is achieved [6,7].The mathematical model of the synchronous machine
presented here used in the two loop rotor model based on the Park equation.

The equivalent circuit diagram of the d and g axis system can be obtained by the voltage and flux equations of
the motor, as shown in Figure 1. The test procedure will be discussed according to the following
equivalerg,&ircuit of d and g axis[8].
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Fig.1 Equivalent circuit

Description of the frequency response experiment

The parameters of the motor synchronous generator is obtained by frequency response method.
The offline frequency response test has been intensively investigated and it has already been
standardized[9]. Static frequency response method from the d axis and g axis flux and stator current
and excitation voltage of the functional relationship, through a certain calculation to get the d axis
and g axis parameters.

The three-phase stator winding is excited by passing through a single phase variable frequency
current, and the frequency response of the transfer function is obtained by collecting the voltage and
current of the stator winding and the voltage and current of the excitation winding.

Tab.1 Measuring the transfer function

Operating  impedance Stator to excitation Stator  to  excitation | Operating impedance
of daxis transfer function transfer impedance of g axis
Au Ai Au Au
Zy(9) =" sG(s) =~ Zuo(8) =7 Z(9) =
Iy ug=0 ly up=0 " 11=0 Alq up=0

Static frequency domain method is based on the functional relationship between the d axis and g
axis flux and stator current and excitation voltage, through a certain calculation to get the d axis
and g axis parameters.

The principle of frequency response testing is applying on a certain frequency of disturbance
signal on the tested system and recording its frequency response, and then through a certain
calculation to get the d axis and q axis electrical parameters.
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The three-phase stator winding is excited by passing through a single phase variable frequency
current, and the frequency response of the transfer function is obtained by collecting the voltage and
current of the stator winding and the voltage and current of the excitation winding. A complete set
of electrical parameters of a synchronous generator can be obtained from the four essential transfer
functions, which is measured with the generator rotor stationary and can be seen in Table 1.

Static frequency domain method is based on the functional relationship between the d axis and g
axis flux and stator current and excitation voltage, through a certain calculation to get the d axis
and g axis parameters. To obtain the desired frequency response (given in table 1), the rotor of the
synchronous must be oriented according to certain requirements. And the excitation winding is
either open or short circuit in the measurement process. After the test is connected well, the
corresponding frequency of the sinusoidal current excitation is inputted on the selected frequency of
each point of, and then the appropriate response output is captured and recorded. Finally, the
corresponding data are processed by Matlab application program, and the discrete frequency points
are sorted into corresponding frequency response curves. Static frequency response test plan is
shown in figure 2.

simulator nalog
interface amplifier . 3
1 —U
box ﬁ d o e
38 i
o H
N\ | i
| AD ] = '
i - E 1]
| 1, H
Y P :
Target i
simulation
t U e <
Indusirial Personal
Compuier

Fig. 2 Static frequency response test

Estimation of fundamental parameters
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Figure 3 shows the operation of impedance frequency response curve. By drawing the curve of
figure 4, we can determine the stator synchronous motor d axis inductance and the stator resistance.
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ur=0, namely the excitation circuit short circuit, type 1 can be obtained:

u 1
d .
- = Ra + JC()LU + 1 1 1 (1)
lg
us =0

- +- + -
= joL, JoL  +Ry, JjolL_ +R;

When the excitation frequency decreases to 0, thus tends to R,, therefore can determine the stator
resistance.
limz,(s) =R, =0.01620
S

2
Subtract Z, from Z4 and divide by the Laplace operator can get the operating inductance.
Z,(s)—-R
(=2 R ®
L,(s)=L_+L L
d o e 1. Sl SLg (4)

+ +
sL,+R, sL+R;

By the formula (3-3), the d axis stator inductance is equal to the value of the value at the
frequency of 0. The value of the amplitude frequency characteristic curve can be obtained.

Iirrg L,(s) =L, =1500uH (5)

The method of using the frequency response curve data obtained from the test and the relation
between the data and the frequency response curve obtained by the transformation is given here.

After obtaining can be based on factory design data or experience to get a sense of leakage. Here, in
the follow-up of the actual modeling and simulation to verify the rationality of the value.

L, =74uH ©)

List of other electrical parameters can also be obtained in the corresponding frequency curve,
which will not go into here. The electrical parameters of generators as shown in table 2.

Table 2 Electrical parameters of generator

R.(Y) | L, (uH) Ly (1 H) Ly (uH) | Rp(Q) Lo (12H)

0.0162 54 0.0015 0.001466 0.0624 74
R, L, L, Leg R, Lo

0.0090 116 692 638 0.0245 36

Verification of synchronous generator parameters

After obtaining the motor parameters of the synchronous generator, the simulation model of the
generator set is established in Matlab/Simulink, as shown in figure 5. A synchronous generator rate
120kVA, 400V, 1500 rpm, 50 Hz was used in the investigation. The complete set of parameters
was used in a machine model to simulate the impact load. The model is divided into three parts,
which is the diesel engine, the excitation control and the generator model.
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Fig.5 Verification model of electrical parameters

To check the validity of the estimated parameters, the impact load simulation experiment is
carried out, which is shown in © e 5. Based on the d-axis and g-axis equivalent circuits of the
synchronous generator, its five-order parameter model is derived. In the simulation system, the
impact load is used to simulate the transient high power demand characteristics of all kinds of
devices for power supply in short time (within 10s).At the same time, the linear load in the loading
and unloading process will cause the power supply bus instantaneous current and voltage
fluctuation. The measurement model monitoring the voltage and current of AC bus and the voltage
of DC side capacitor to verify whether the electrical parameters of the generator set is correct.

According to the above requirements, respectively to the different cases such as linear load in the
loading and unloading, impact load start loading (full load, non full load), loading after startup
(process load, uniform load) and unloading is simulated and analyzed. The model predictions were
compared with measurements of the online test. The composition of loads of impact simulation test
during loading the linear load is as following. Generator capacity is 60kVA, linear load is p = 20kW, q=
4kW and the load time is 2s.
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Fia. 6 The waveform of simulation

(a) electrical parameters (b) parameters of generating units

The simulation waveform of instantaneous active power p, instantaneous reactive power g, a
phase instantaneous voltage u,, instantaneous current i,, voltage effective value U,, current
effective value 15, is shown in Figure 6(a). After loading, p = 20kW, q = 4kW, u, is from 237V to
230V, i, is from OA to 29.4A, the peak value Uapeak max = 333V, Uapeak min = 320V, the steady peak
value Uzpeak= 326V, and then fluctuation rate of voltage is 3.99%. The generator internal parameters
such as speed w, power angle 6 , electromagnetic torque T and excitation voltage Vs is shown in
Figure 6 (b).

From Figure 6(b), it can be seen that the influence of the load on the internal parameters of the
diesel generato.The drop of generator rotor speed w is about 0.5%, the time of fluctuations is1.5s,
power angle 6 =20.25°, electromagnetic torque T, = 0.408 pu, excitation voltage Vimax = 1.5 pu,
Vimin = 1.25pU, Visteagy = 1.4 pu, AV; = 0.25pu, fluctuation rate of excitation voltage is 17.9% and
the time of fluctuate is 1.5s.

Sometimes the estimated parameters are compared with actual ones. The measured data are
compared with the simulation response of the generator model using the parameters estimated from
the still frequency response. A synchronous generator rate 120kVA, 400V, 1500 rpm, 50 Hz was
used in the investigation. The measured fluctuation rate of voltage is 3.94% and the measured
fluctuation rate of excitation voltage is 17.6% . It can be seen that the data of simulation and the
data of experimental match accurately.

Conclusion

A model of the synchronous generator applied in an isolated power supply system is developed
in this paper whose electrical parameters are obtained by still frequency responses. Furthermore, the
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description of the developed experimental for both standstill and online tests is presented. The
developed model has been verified under the impact load simulation in the isolated power supply
system. The measured data of online test are compared against the simulation response of the
machine model using the parameters estimated from the still frequency response. Good accuracy
was obtained and it was concluded that the set of parameters obtained from the still frequency
response can predict complete direct and quadrate axis models for a synchronous machine.
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