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Abstract - A comparative analysis of field and simula-
tion experiments on an asynchronous motor is pre-
sented. Factors affecting the modelling accuracy of the
asynchronous motor are discussed. Conditions at which
the simlation test and measurement results were in the
closest agreement are outlined.

Keywords: Asynchronous Motor, Electromagnetic Tran-
sients, Simulation Model.

[. INTRODUCTION

Often, in order to solve a given electrical problem, it is
hard to perform the necessary experiments on a real sys-
tem. Such experiments are usually difficult, expensive and
can endanger power system security. On the other hand, the
simulation experiments are cheaper, they are easier and
safer to conduct, and they do not affect the real sysiem op-
eration at all. Providing that the mode! is adequate, all the
experimentation work can be done on a computer and only
the confirmation tests performed on a reat system.

In this paper, an experiment conducted on a motor op-
erating in the industrial power network at the Copper
Smelting Works in Glogow, Poland is described. At the
same time, results of simulation experiments on a computer
model of the same part of the power network are presented.
These simulation experiments have been performed to ex-
amine the modelling accuracy.

The main objective of this paper is to present a com-
parative analysis of the real system measurements and the
simulation test results for the asynchronous motor supplied
from the industrial power network. For the simulation tests
PSCAD/EMTDC electromagnetic transients simulation
program has been used and the motor model included in the
software was adapted for the experiments.

[1. FIELD EXPERIMENT
A. Test System

A 6kV, 500kW asynchronous motor operated at the
Copper Smelting Works in Glogow, Poland is considered.
The electric circuit, shown in Fig. 1, consists of two sub-
stations: S1 and S2 connected by a cable C2 and a current-
limiting reactor. Another cable C1 is also connected to sub-
station S1. At the end of this cable a three-phase line-to-
ground fault is applied. The asynchronous motor and a
6.0/0.4kV, IMVA transformer are connected to substation
S2. A group of low voltage motors is also connected to the
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0.4 XV side of the substation S2 transformer. The system
supplying the industrial power network is connected to the
110 kV side of the substation S1 transformer.

B. Experimenis

Experiments were aimed at observing the motor opet-
ating after sudden drop of voltage at the bus supplying the
motor. During these experiments an instantaneous phase
voltage at bus S2 Vs, was recorded along with a reference
voltage V. observed at the bus of another substation sepa-
rated from buses S1 and S2. The difference between the
voltages Vg, and V, was also recorded. (Fig. 2, 3). The ex-
periments were petformed during the following circuit
conditions:

a) a 3-phase line-to-ground fault is applied at the end of
the cable C1 not connected to bus S

b} the cable C1 is connected by closing the switch W1

c) the cable C2 is disconnected by opening the switch W2
approximately 0.2 s after closing the switch W1,

II1. SIMULATION EXPERIMENT
A. System Model
For the circuit considered in the field experiments
shown in Fig. 1, a simulation 3-phase model was built us-
ing the PSCAD/EMTDC electromagnetic transient simula-

tion program.
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Fig. 1. Part of the system considered for experiments.
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Fig. 2. Results of field experiments: a), b) before opening W2; c), d) immediately before and after opening W2.
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Fig. 3. Voltage Vgp, during simulation at: a) closing W1,
b) opening W2,

The system supplying the substation S1 was repre-
sented by a Thevenin equivalent placed on the 110kV side
of substation transformer. The cables C1 and C2, present in
the circuit, were modelled as IT-sections. To represent a
group of low voltage motors a reactance was placed on the
0.4 kV side of the S2 substation transformer, which value
was calculated to be equal to 0.204 £2.

The simulation test reconstructed the sequence of
events as it happened in the field experiment. The motor
parameters were verified during simulation runs, which
were performed with different integration time-steps.

B. Motor Model and its Parameters

A squirrel cage induction machine medel (SQC100),
included in the PSCAD/EMTDC program, was used for
modelling the motor. This is a model of a double cage ma-
chine but only one cage was actually used. The equivalent
ctreuit for the direct-axis of the generalized machine used
by the PSCAD/EMTDC program is shown in Fig. 4. In this
figure L, is a stator leakage inductance, Ly is a magnetiz-
ing inductance, L, L; are first and second cage inductance,
L,s is a rotor mutual inductance, R, is a stator resistance,
and R, Rj are first and second cage resistances.

It was assumed that the mechanical torque in the motor
model was a square function of the rotor angular speed. For
the mechanical system of the motor running a pump, the
polar moment of inertia J was initially set to 0.54
MWs/MVA.

Not all of the parameters required for the motor model
were possible to obtain from the system data so that they
had to be determined experimentally prior to the simulation

Fig. 4. Electrical machine direct-axis equivalent cir-
cuit used in PSCAD/EMTDC.

tests. The initial values were adopted from [2] and are
shown in Table 1. Those parameters correspond to the tran-
sient electromechanical state model shown in Fig. 5. Based
on these values, parameters of the equivalent circuit in Fig.
4 were initialized.

The initial values of the motor model parameters were
then modified so that the rated active power and rated cur-
rent were matched at steady-state. The calculations of ele-
ments of the equivalent circuit in Fig. 5 and then verifica-
tion of those values with the PSCAD/EMTDC simulation
runs, allowed to establish the final values of R, R, X;, X
and X,, also shown in Table 1.

Table 1. Initial & final values of the motor model parameters

o ::.‘. IR . R_‘. . ".‘:J,X:x' Xm ) : Rr ‘.: Xr )
Parameters -1 ] [ IEEAT TR A

TS eepm s A pm. s dpanie Fropan, piu:
Initial values 0.013 0.067 3.8 100090} 0.17
Final values 0.013 0.050 3.8 100036} 0.17

The preliminary simulation experiments were aimed at
reproducing the real systern measurements and beside the
verification of electrical parameters it was also found that
the polar moment of inertia J should be equal to 0.5
MWs/MVA.

C. Simulation Results

The simulation results are presented in Fig. 6 and 7.
Shown there is the instantaneous voltage at bus S2 Vgz, and
its comparison to the reference voltage V..
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Fig. 5. Asynchronous motor equivalent circuit
for transient electromechanical states.
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Fig. 6. Simulation results: a), ) instantaneous phase voltage Vgz,, b}, d) difference of voltages Vi - Vgg,; 1= 5 ps.
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Fig. 7. Voltage Vgp, during simulation at:
a) closing W1, b) opening W2.

iv. FACTORS AFFECTING
SIMULATION EXPERIMENTS

Simulation parameters, accuracy of system component
models, and mode) interfacing to the network solution have
significant influence on simulation process and its results.
Some of the elements, which were found important for the
simulation experiments, are described below.

A. Integration Time-Step

The effect of integration time-step on the simulation
results was investigated. Simuiation runs were performed
with time-step values equal to 100ps, 50ps, 25ps and Sps.
Low frequency oscillations of the voltage Vg, were ob-
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Fig. 8. Voltage Vg2, during simulation at closing W1
for 7 =23, 50, 100 ps.

served in all cases and were found to be in a close match
with the field measurements (Fig. 2).

The high frequency voitage oscillations after closing
the switch W1, as seen in Fig. 3, were observed only for
simulation time-step equal to 5us, see Fig. 7a and Fig. 8.
The high frequency oscillations after opening the switch
W2 were observed in all cases shown in Fig. 7b and Fig. 9.
A more thorough investigation of the high frequency volt-
age oscillations allowed identifying two reasons of they oc-
currence: resonance oscillations of the electrical circuit,
and numerical oscillations due to large integration steps.

When small time-step was used (less than 50us), the -
numerical oscillations after opening W2 diminished and the
voltage waveforms were in close match with those ab-
served in real system.

B. Cable Model

Cables in the system were represented by Il-sections.
This approach allowed obtaining realistic low and high fre-
quency oscillations of voltage Vg,. The same kind of volt-
age distortion was observed when the cable C2 was repre-
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Fig. 9. Voltage Vs, during simulation at switching W2 off.
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