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Abstract: Paper deals with testing of a specific centrifugal fan under different conditions — changes in supply voltage and flow rate
regulation by throttling, as well as the application of frequency control. A digital portable multifunctional device has been used for
measuring and analyzing three-phase electrical circuits. Some intrinsic electrical variables have been measured and recorded, and others
have been subsequently calculated. Comments, conclusions and recommendations have been done. The results obtained would be interesting
for specialists dealing with this technical equipment.
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1. Introduction 2. Some technical considerations

The energy base of production, which is the electric drive Historically speaking — George Westinghouse acquired in July
(ED), determines the technical level of efficiency of the 1888 Nikola Tesla's patents from April 1888 for alternating current
equipment's functioning. The development of the ED is moving induction motors, transformers and a distribution system and
along the path of increasing economy and safety. The technical began to manufacture and sell the world's first small electrical
level, operating mode, and operating conditions of electrical appliance — a fan powered by a 125 W AC motor. Otherwise, the
equipment determine the productivity, quality, and cost of first three-phase EM was invented in 1889 by Mikhail Osipovich
production, i.e. all the main indicators characterizing the efficiency Dolivo-Dobrovolsky, a Russian engineer working as a chief
of work, both of individual workshops and of entire enterprises electrician at the German company AEG.
[1] Fans are machines used to transport gases and gas mixtures.

Electric motors (EMs) are used to provide forces and torques They are used for ventilation of domestic, industrial and other
to generate motion in countless industrial applications [2]. premises, for heating systems (air-conditioning installations), for
According to a number of estimates, electromechanical systems cooling motors, for exhausting flue gases. They provide air flow in
powered by EMs consume over 2/3 of all electricity generated in combustion and other technological processes. They are used in
countries such as the USA, Japan and the European Union. In refrigeration and drying equipment. They can transport granular
Bulgaria, the situation is similar, but the difference is that the use and powdery products such as flour, grain, cement, sawdust,
of energy-efficient EDs and technologies is not yet widespread. shavings, etc. Their division into groups depends on the pressure

of the gases at the outlet and their purpose. The fans create a
pressure difference between the outlet and inlet of 0.001 to 0.01
MPa. A special feature is that for fans the torque needed varies
roughly with the square of the speed [4].

The development of industrial technologies leads to an
increase in the number of EMs used. In production units and
mechanisms, alternating current EMs are most often used, while at
the same time, the widespread use of induction motors (IMs) as
part of the EDs of various production machines, mechanisms and The need for a good ventilation system that provides a
processes is well known due to their undeniable advantages. sufficient amount of fresh air in the premises and, accordingly,
removes the exhaust air is well known. However, regardless of the
damage caused to people's health by prolonged stay in rooms with
stagnant air, in modern construction the emphasis is mainly on
good insulation of buildings and limiting the infiltration of outside
air into the premises. The organization of good ventilation is often
overlooked. The only solution to ensure sufficient fresh air is the
implementation of good ventilation. Controlling the quality of air
in the home and work environment is of great importance and for
this reason a European standard regulates the requirements for the
design and assessment of the energy efficiency of buildings,

Induction motors account for about 90% of all EMs and
consume about 40% of the electrical energy produced [2]. This
versatile application is explained by the extremely skillful
combination of operational and design characteristics of these
motors: relatively simple and inexpensive design, simple and
rugged structure, high operational reliability, minimal
maintenance, high efficiency, economy of operation, good
overload capacity [3, 4]. In fact, the IM is the workhorse of many
industrial applications [2].

In this regard, the issue of appropriate control of IMs is focused on indoor air quality. In fresh air processing systems,
relevant. The ultimate goal is to reduce the individual types of options for natural organized ventilation, night ventilation or
their losses. [2]. A wide range of IM speed control strategies exist, forced ventilation are first sought.

including voltage control, voltage and current-fed variable-
frequency inverters, cycloconverters, and slip-energy recovery.
However, within the application areas being considered, the use of
voltage- and current-fed inverters predominates [3]. Variable
speed drives (VSDs) are currently being actively implemented. In
them frequency control is implemented using autonomous voltage
inverters, which allows solving a number of problems related to
the imperfection of existing ED systems. In a vector controller, the
magnitude and the phase of the supply currents must be controlled
in real time, in response to changes in both the speed and the
torque demands.

Depending on the way the air movement is organized,
ventilation systems are mainly of two types — natural and forced
(mechanical) ventilation. Natural ventilation relies mainly on air
infiltration through the joints of windows and doors. The supply
and removal of air from the premises is carried out under the
influence of the difference in temperature of the internal and
external air (thermal pressure) and under the influence of the wind
on the building (wind pressure). In mechanical ventilation, the
supply and exhaust of air is implemented with the help of fans or
through a pre-built ventilation system. It also allows for pre-
treatment of the air supplied and extracted from the premises. A

It has been found that about 55% of IMs are used to drive fans number of specialists advocate the opinion that mechanical
and pumps. [5]. Centrifugal fans are the most common type [6]. ventilation is the only solution for ventilating modern, well-
. . . . . insulated buildings, in which the possibilities of natural ventilation

The main goal of this paper is to test a specific centrifugal fan are severely limited.

under different conditions (changes in supply voltage and flow rate
regulation by throttling, application of frequency control).

207 YEAR XIX, ISSUE 6 , P.P. 207-212 (2025)



INTERNATIONAL SCIENTIFIC JOURNAL "MACHINES. TECHNOLOGIES. MATERIALS"

WEB ISSN 1314-507X; PRINT ISSN 1313-0226

In order to comply with modern requirements for energy
efficiency of installations and reduce the amount of energy
required, a number of measures are being taken aimed at reducing
energy costs and increasing the efficiency of mechanical
ventilation.

Electric motors in general in driven fans are a source of energy
losses. One possibility to limit these losses and increase the
efficiency of the system is the use of frequency converters, which
allow for fan speed control [5]. They make it possible, by reducing
the motor speed when the load and the required amount of air are
reduced, to reduce electricity consumption.

3. Results

As a first part of the measurements carried out, the operation
of the tested centrifugal fan without any control applied to it was
affected. Below is a description of the object for study.

The tested IM is a driving component of a specific industrial
centrifugal fan. It is offered in Bulgaria by the company
VIKIWAT Ltd. [7].

Parameters of industrial centrifugal fan considered

Brand: VEMARK (own commercial brand of VIKIWAT Ltd.)
Fan type: centrifugal V-4D-300QD

Flow rate: 3200 [m¥/h]

Rated power: 1250 [W]

Supply voltage: 400 [V AC]

Rated current: 2.5 [A]

Rotational frequency: 1360 [rpm]

Noise level: 68 [dB]

Operational temperature: -10~60 [°C]

Fig. 1 General view of an industrial centrifugal fan V-4D-300QD.

The centrifugal fan is used when it is necessary to achieve a
high air flow rate. The low noise level during operation is an
advantage when installing it in ventilation systems or air ducts in
industrial halls or public buildings. The advantages of this fan are:
high efficiency, low vibrations, low noise level, high flow rate,
small dimensions and easy installation. It is possible to regulate the
fan flow rate by the motor speed with a properly selected
frequency converter. The fan cannot be powered by a modified
sine wave inverter — this will damage it.

To measure the electrical variables, the METREL MI 2292
power quality analyzer was used, which is a digital portable
multifunctional device for measuring and analyzing three-phase
electrical circuits. In recording mode, the measured values are
stored in memory for further analysis [8].

Using the METREL MI 2292, voltage and current values have
been measured at the input of the EM driving the centrifugal fan at
different throttle valve positions and supply voltage values set with
a three-phase autotransformer Goldsource 9 kVA/12 A. As is
known, the value of the supply voltage can vary within certain
limits in the upward and downward direction. This was simulated
by supplying an autotransformer, for which it turns out that in the
upward direction it is possible to reach an increased value of only
+3%Uy. The supply voltage values set one after another were
103%, 100%, 95% and 90% of the nominal voltage value. The
throttle valve has been set to different values of open position —
100%, 50% and 25%.

Below are presented the results obtained in graphical and
tabular form — Figures 2~13 and Table 1. Some of the results
shown are for a supply voltage of 90% from the rated voltage
value, since voltage fluctuations and deviations of the order of
decreases up to 10% often occur in power supply lines. This is
when the largest harmonic distortions of current and voltage are
observed.
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Fig. 2 Characteristics at a supply voltage value of 400 V (100% from the
rated voltage value) at 100% open throttle valve.
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Fig. 3 Voltage and current harmonics at a supply voltage value of 400 V
(100% from the rated voltage value) at 100% open throttle valve.
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Fig. 4 Characteristics at a supply voltage value of 360 V (90% from the
rated voltage value) at 100% open throttle valve.
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Fig. 5 Voltage and current harmonics at a supply voltage value of 360 V
(90% from the rated voltage value) at 100% open throttle valve.
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Fig. 6 Characteristics at a supply voltage value of 400 V (100% from the
rated voltage value) at 50% open throttle valve.
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Fig. 8 Characteristics at a supply voltage value of 360 V (90% from the
rated voltage value) at 100% open throttle valve.
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Fig. 9 Voltage and current harmonics at a supply voltage value of 360 V
(90% from the rated voltage value) at 50% open throttle valve.
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Fig. 7 Voltage and current harmonics at a supply voltage value of 400 V
(100% from the rated voltage value) at 50% open throttle valve.

Fig. 10 Characteristics at a supply voltage value of 400 V (100% from the
rated voltage value) at 25% open throttle valve.
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Fig. 11 Voltage and current harmonics at a supply voltage value of 400 V
(100% from the rated voltage value) at 25% open throttle valve.
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Fig. 12 Characteristics at a supply voltage value of 360 V (90% from the
rated voltage value) at 25% open throttle valve.
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Fig. 13 Voltage and current harmonics at a supply voltage value of 360 V
(90% from the rated voltage value) at 25% open throttle valve.

Table 1: Results obtained for maximum harmonic distortions.

Supply voltage| Throttle valve (opening) Thdy Thd,
100% 1.95 141

100%Uy 50% 2.56 1.96
25% 2.36 1.88

100% 149 1.62

103%Uy 50% 149 1.76
25% 148 1.95

100% 9.18 6.82

95%Un 50% 7.90 6.36
25% 8.12 6.67

100% 15.85 10.39

90%Uy 50% 13.67 11.15
25% 11.84 9.10

The second part of the measurements concerned the operation
of a centrifugal fan in conjunction with a frequency control. After
carrying out a market survey, an Omron Corporation frequency
controller Q2V-AB010-AAA was selected [9]. In Bulgaria this
product is offered by sole trader GEMAMEX MOTION CO. Ltd.
[10] and Sitel Ltd. [11].

Table 2: Frequency converter OMRON Q2V-AB010-AAA specifications.

Control mode Open loop vector

Supply voltage 230 V single phase

Max. motor output at constant torquefl.5 kW
(HD - Heavy Duty)

Max. motor output at variable torqueP.2 kW
(ND - Normal Duty — pumps and fans)

Rated output current HD 8 A/ ND 9.6 A
Operating temperature F10°C - +50°C
Degree of protection (IP) 1P20

Induction  motor, Permanent
magnet motor,  Synchronous
reluctance motor

Compatible motor type

Built-in communication MODBUS Slave, Serial RS-485,

USB

Voltage and current values have been measured using
METREL MI 2292. The measurements have been carried out at
different frequencies of the supply voltage — 10, 20, 30, 40 and 50
Hz.

Below are the results of the tests carried out — Figures 14~18
and Table 3.
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Fig. 14 Voltage and current harmonics at a supply voltage frequency of 10
Hz.
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Fig. 15 Voltage and current haronlcs at a supply voltage frequency of 20
Hz.
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F|g 16 Voltage and current harmonics at a supply voltage frequency of 30
Hz.
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F|g 18 Voltage and current harmonlcs at a supply voltage frequency f 50
Hz.

Other measurements are also possible, but those carried out so
far show certain trends.

211

Table 3: Results obtained for maximum harmonic distortion in
current at different supply voltage frequencies.
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Frequency,

Hz Phase

50

40

30

20

10

W|N[ | w[rof | w| N[ w| N | w| |-
w1
=
N
@

4. Conclusion

Based on the work done, the following concluding remarks can
be noted.

The topic discussed is interesting, as the results of some
developments in this area have not yet been put into practice.
Electric drives of fan mechanisms directly affect productivity and
create opportunities for the rational flow of technological
processes.

Regardless of the specific case — whether it is a new fan or an
existing one — it would be a good idea to take into account the
possible savings in electricity. They directly affect the monthly
and annual electricity costs.

A specific centrifugal fan has been tested. Considering that the
EM is a load with an active-inductive nature, the results obtained
justify the preliminary expectations and attitudes. For example,
when supplying with reduced voltage, the arising harmonic
distortions in voltage and current of some of the phases increase
significantly - this means that undervoltage protection should be
provided in the power circuit of the EM. Generally speaking, in
terms of voltage, there is a clear presence of 3rd and 5th
harmonics, and in terms of current — mainly the 5th harmonic. The
reported values for active power of the electric motor and root
mean square current at 100% open throttle valve and supply
voltage 400 V (100%) are 1339 W and 2.968 A respectively,
differing somewhat from those declared by the manufacturer —
1250 W and 2.5 A, accordingly.

The issue of frequency control of an IM by VSD is also
considered. From the experiments and the data obtained, it is clear
that the tested motor - frequency control set gives good results and
has great practical application not only in industry, but is also
convenient for research, training and use in laboratory conditions,
since the possibilities it provides can be practically seen.

The expansion and complication of the functions performed by
the ED, the application of new control tools require a high level of
training of specialists involved in its design, installation,
adjustment and operation. They must be well aware of the purpose
and element base of the individual components of the ED, its
properties and characteristics, be able to analyze the control
schemes of the ED, determine its economic indicators and select
the appropriate elements for it.

With the help of the studied frequency drive, students and
engineers from practice will be able to feel the need and
effectiveness of such control of EMs, as part of EDs, and will be
able to gain some practical skills.
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