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Abstract - Measuring instruments, measurement methods, and an exemplary analysis of the impact of chosen operating

stages of the converter drive on the power supply network have been presented. The measurements of electrical and

mechanical parameters in drive systems used in industry are complex. The task is difficult due to the necessity of connecting

a measuring instrument into electric circuits of an active facility with the use of only short non-operational periods of the

device. However, a well chosen model of a drive system allows the multivariate research of the impact of drive parameters

and a control algorithm used on voltage and current harmonic content and performance of the system, and therefore on a

simulation analysis of the impact of the drive on the power supply network.
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I. INTRODUCTION

The determination of the impact of a drive on the power
supply network and possible determination of the impact of
the network on the drive is complex and in some applications
could be critical [1]. The complexity of the task results from
the necessity of acquiring appropriately advanced measuring
instruments and of employing methods of analysis concerning
advanced drives. The methods of analysis should be based on
appropriately advanced software that allows the simulation of
the drive behavior in its key operating stages while taking into
account all significant phenomena occurring in the drive.
Measuring systems used should provide small measurement
errors and a high measurement frequency. The high
measurement frequency is especially relevant in the case of
converter drives. It is also relevant to obtain measurements in
a limited time, especially in industrial conditions.

This article is dedicated to demonstrating measurement
capabilities of the Institute of Electromechanical Systems and
Industrial Electronics and the Faculty of Electrical
Engineering, Automatic Control and Informatics of the Opole
University of Technology. These capabilities, along with the
software acquired, allow the multivariate analysis of the
impact of the drive on the power supply network. The key to
the multivariate analysis is to determine the parameters of the
drive properly. In the case of this type of analysis, it is
possible to determine the parameters of the drive using an off-
line method. However, in converter drives, it is also necessary
to exactly determine the algorithm used for controlling power
electronic elements. The determination of the drive parameters
and control algorithm allows a substantial reduction of the
number of necessary measurements. The measurement system
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was designed to meet high requirements in terms of the
number of simultaneously measured channels (16 channels),
the sampling (up to 1 MS/s sample and hold) and duration of a
measurement. These also concern the aspects of security
measures in the system for the range of voltages measured (up
to 50 kV without capacitor voltage transformers) and currents
(up to 2 kA). Additionally, all measurements were done in
class A.

1. SYSTEM FOR MEASURING CONVERTER
DRIVES

In the Institute of Electromechanical Systems and Industrial
Electronics of the Opole University of Technology, a
measuring system for measuring dynamic states in power
supply networks and drive systems was developed. The
modular measuring system is composed of [2]:

» National Instruments components, assembled on the
NI PXle-1062Q chassis, comprising two measuring
cards with A/D NI PXI-6133 converters (sampling
rate 2.5 MS/s synchronically in all 16 channels, 14-
bit), an oscilloscope (digitizer) NI PXle-5122 (100
MS/s in two channels, 14-bit), an NI PXI-7852R
multifunction module with a FPGA XILINX Virtex-5
LX50 architecture, an NI PXle-8130 controller (Fig.
1).

» al TB hard drive matrix, capable of real-time writing
a data stream from 16 channels of the PXI-6133 cards
at a rate of 400 kS/s.

» BNC 2120 shielded connector blocks which allow the
measuring system to be connected by means of
coaxial cables.
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Fig. 2. Schema of the measuring system

PPu, PPv, PPw — Rogowski coils, PG — encoder In addition,
the software was capable of using the system abilities to
collect data in real time. The reliability of the program is
relevant here. It should allow reliable measurements in
industrial conditions where it is often possible to take only a
one-off measurement.

I11. MODEL OF THE ANALYSED
CONVERTER DRIVE SYSTEM
The model used in the research includes the power track of a
three-phase bridge rectifier and its commutations. Besides, the

model contains the whole structure of the converter part of the
drive. This allows consideration of all commutations between
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transistors and diodes inside the rectifier [5]. The mono
harmonic model [6] of the asynchronous motor and the model
of the system controlling the rectifier by means of the scalar
control V/f = const were used [6, 7]. The calculations were
made by a formalized variable structure method. The
parameters resulting from the real characteristics of the pump
were used to simulate the load. This allows the effective
modelling of commutations inside the rectifier and energy
losses resulting from these commutations. Considering the
complex model is important because in the frequency
converter, the voltage across the capacitor in the intermediate
circuit changes. The change of this voltage depends on the
rectifier and the amount of energy consumed by the inverter

[5].
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Fig. 3. Model of the drive and power supply network with a marked cross section (CS),

TrDS - distribution transformer, TrCON - converter
transformer, and LR — line reactors The following simplifying
assumptions were adopted for the construction of the
mathematical model of a squirrel-cage asynchronous motor:
the whole symmetry of the construction of the stator and rotor,
the continuous distribution of the phase windings in the stator
and rotor circuit, even air gap, the division of the magnetic
flux into the main and the leakage, the linearity of the
magnetic circuit, the sinusoidal distribution of the magnetic

field in the air gap, and no changes in the distribution of the
magnetic field with the saturation of ferromagnetic materials.
Rotor parameters were viewed from the stator.

IV. ANALYSIS OF THE IMPACT OF THE DRIVE
ON THE POWER SUPPLY NETWORK

The methodology of the mathematical analysis of the impact
of the drive on the power network is based on strategy
presented in Fig. 4.
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Fig. 4 Methodology of the measurements and mathematical analysis [5]

Table 1. Selected parameters

The total harmonic distortion (THD) was used in order to ) , - )
regarding the quality of operation of the drive

assess the impact of the system on the power supply network

[9], whereas the calculated performance of the converter part Power supply | THDr[%] | THDv [%] | 7
of the drive system was used to carry out the economic Measurement
: : Rectifier 60.24 6.60
assessment. The assessment was carried out for a variable 0.977
. o Motor 6.02 848
value of the power line reactor parameters before the rectifier Model
and for a variable load of the motor, which was achieved by a Rectifier 5784 5.07
change in the modulation frequency in the inverter. Motor 556 7.80 0.987
T T 350 v
400 rgasuremant | ——— e e e
rnodal — —— el

-
i
=

Valkage uff, V)

- B

.:-'-'""-ﬁ-’.-

Cumerd [ult]l, (¥]
E

-
[=]
=a

h
=]

2T Xs FOa Q702 03 XFO3s F0d 7S 1] L U LN 1 1]
Time, bs]

400 500 IO Y000 800 A

Fraquancy [Hz)

1000

Fig. 5. Fragments of the voltage waveform (uL1) at the input of the converter (left),
and the voltage spectrum (uL1) at the output of the converter (right)

The analyses of the results of measurement and of simulation
allowed exact determination of the relevant parameters of the
operation quality and the performance of the drive system. The
results of measurement and those of the simulation are in fair

agreement. The use of the proposed model of frequency
converter makes possible calculating the efficiency of the
converter part of the drive with a high probability.
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V. CONCLUSIONS

The paper presents the methodology enabling the analysis of
the impact of the converter drive on the power supply network
as well as the impact of the network on the drive to be
performed [4, 5, 8]. The key points in such an analysis are: the
use of an appropriate measuring system that is chosen in terms
of possibilities, the ability to take precise measurements,
correct determination of drive parameters, simulation
reflecting normal behavior of a system, determination of
quality of operation parameters relevant due to the impact of
the drive on the power supply network, and arriving at the
right conclusions after the analysis. The comparison of the
results of measurement with the results of drive simulation
indicates that there is high correspondence between these
waveforms, both in reference to the voltages and currents
powering the frequency converter and the currents powering
the motor. This is validated by the applied methodology,
which allows the multivariate analysis of the impact of the
converter drive on the power supply network and the
possibility of analyzing the impact of the network on the drive.
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