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Abstract—This article is devoted to the development of adjustable electronic load for direct current power
supply testing systems. The structure of the electronic loadunit, which allows to regulate the currents of the
tested source and carry out the recovery of energy to the electrical grid, is described in the article. The
structure of thisunit includes booster converters, working on a common direct current link, full-bridge inverter,
smoothing filter and electrical grid transformer. The basic relationships for element parameters calculation of
constituent parts are determined. The control devices of converters and inverter, in which relay current
regulation is implemented, are developed. In the Matlab Simulink software environment a model of the
proposed electronic load is realized. With the use of developed model researches were conducted, which
confirmed the ability of the proposed electronic load to regulate input currents and perform energy recovery.

Index Terms—Electronic load; energy recovery; testing of power supplies.

I. INTRODUCTION

Direct current (DC)sources are widely used to
power a variety of electronic equipment [1], [2].
Essentially such sources are sources of secondary
power, which convert the electric power of the
industrial grid to electric power of direct current [3].
Power sources that are on the market differ in their
purpose, power, output voltage, efficiency factor and
many other parameters. But characteristic property
of all these devices is the ability to maintain the
output voltage or current with given accuracy for a
long time while the load could change within the
specified limits. Therefore, in the production of such
power supplies, it is mandatory to test the finished
products to control their characteristics. Similar
procedures can be performed at service centers when
troubleshooting [4].

For these purposes devices and systems different
in complexity and functionality are used. The market
now has specialized systems for testing specific
power supplies, as well as more versatile equipment
that can be configured to test different purpose
systems.

For a comprehensive study of DC sources
automated testing systems are used [5], the
approximate structure of which is shown in Fig. 1.

In addition to the tested device, such a system
includes: a voltage regulator, a regulated electric
load, a set of measuring and a control units for the
entire system. Such complex systems provide
measurements of a set of characteristics, among
which some should be distinguished:

— output characteristics (output voltage, output
current, efficiency, pulsation dispersion, etc.);

— input characteristics  (starting current,
harmonic current composition, power factor, etc.);

— time and transition characteristics (turn-on
and shut-down time, dispersion in transient
processes, etc.);

— special characteristics.
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Fig.1. Structure of the automated testing system
of secondary power sources

The widespread use of such systems is prevented
by its high price, so specialized devices and systems
with less functionality are used predominantly.

Considerable attention is paid to the development
of systems for testing computer power units, due to
their widespread distribution. A characteristic
feature of these blocks is the presence of different
output voltages, which are divided into several
groups. For each of these groups, there is a
maximum current for which the voltage should not
differ from the specified value by more than 5%.

II. ANALYSIS OF EXISTING SYSTEMS

To study the characteristics of the computer
power supply unit different solutions are used [6] —
[9]. Mandatory part of these systems is an

©National Aviation University, 2018
http://jrnl.nau.edu.va/index.php/ESU, http://ecs.in.ua



102

ISSN 1990-5548 Electronics and Control Systems 2018. N4(58): 101-107

adjustableelectronic load, without which the correct
testing of power supply is impossible.

In article [6] a multi-pin variable resistor is used
as such a load module. In articles [7], [8] as a load
module set of resistors is used. These resistors
connected to the tested power supply trough the
electronic keys which are commutated by the control
signals. In article [9] electric motor with a voltage
regulated module is used as electronic load unit.

Typical drawback of such load units use is their
low energy efficiency. This is due to the fact that
during testing procedure the energy consumed from
the power supply reaches its maximum value, and
the time of testing can be quite long. This electric
energy isconverted into thermal energy in loadunit,
which may need additional cooling system.

III. PROBLEM STATEMENT

For energy-efficient operation of the automated
testing system of computer power units, it is
necessary to ensure the transmission of energy
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consumed from the power unit to the electrical grid.
The implementation of such a function of
recuperation involves the use of semiconductor
energy converters as a load [10]. Considering the
need to adjust the load input currents in accordance
with the testing algorithm, it would be appropriate to
combine these functions in one device.

Therefore, the purpose of this work is to
determine the approaches for buildingsemiconductor
energy converter acting as a regulated energy-
efficient load. This converter should recuperate
electric energy to the grid with unity power factor
and with minimum harmonic distortion.

IV. PROBLEM SOLUTION

In the computer power supply units, there are
groups of output voltages of +3.3 V, +5 V, +12 V,
-5V, -12 V, but in the most modern devices there
are no negative voltages. The structure of the
proposed energy converter, which can be used as an
adjustable load, is shown in Fig. 2.
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Fig.2. Structure of the adjustable electronic load

It consists of: booster converters, the number of
which equals the number of voltage groups of the
tested block, the DC link, the output full-bridge
inverter, the smoothing LC filter and the grid
transformer.

The schematic diagram of the booster converter
is shown in Fig. 3.

L1 VD1

+0 Y H 0+
Ll | 1
Input _ I Output
VT1 control
-0 0-

Fig.3. Booster converter

Such converter, depending on the control, can
work in the mode of regulation of the output voltage,
or in the mode of input current regulation. Based on
the purpose of these converters in the system, it will
be rational to provide the regulation of the input
current. This is achieved by changing the duration of

the open and closed state of the transistor at high
frequency, which allows to reduce the weight and
size parameters of the inductance. Different
approaches are used for transistor control, the most
common of which is pulse-width modulation and
relay regulation. In this case, it would be efficient to
use relay control, since such control is the easiest in
implementation. This approach involves switching
of the transistor at moments of time when the
difference between the instantaneous value of the
inductance current and the given value exceeds a
certain value. The given current value Ujpaq™® is set
by the control unit and corresponds to the load level
for which the testing is performed. Thus, the real
value of the load current /,,q will be constantly
located in the "current corridor" Ali,.q around the
given value. The width of this "corridor"
corresponds to the width of the relayelement
hysteresis loop. InFigure 4 the structure of a control
unit that implements the described approach is
shown.
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Fig. 4. Structure of booster converter control unit

With a constant input current of the booster
converter, the electric energy will accumulate in the
capacitance of the DC link, which will lead to the
voltage increase. Returning of the accumulated
energy to the power grid is carried out by the
inverter. Its functional purpose is the formation of
the output current /., the shape and phase of which
must coincide with the shape and phase of the
electrical grid voltageUgis, and the amplitude
Louemaxis regulated depending on the DC link voltage.
In this case, the power factor is almost equal to 1, so
the recovery of the electric energy will not
negatively affect the power grid. Figure 5 shows the
scheme of the output part of the regulated load,
which includes afull-bridge inverter, a smoothing
filter and a grid transformer.
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Fig. 5. The scheme of the output part of the regulated load
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Regulation of the inverter output current I, is
carried out by alternating pairwise switching of
transistors VT1, VT4 and VT2, VT3. For this
purpose, it is also rational to use relay control. The
form of the output current set value Ujq,* must
coincide with the electrical grid voltage form, and
the amplitude must depend on the DC link voltage
Uc. The more energy is accumulated in the link, the
greater the voltage and the greater the amplitude of
the output current would be. The structure of the
control unit that implements the described approach
is shown in Fig. 6.

The input signals are the sensor signals of the
following values: grid voltageU,q, inverter output
currentUqy, DC link voltageUy,. and given value of
DC link voltage signalUc*. To form the set signal of
the inverter output current Uy, *, subtraction blocks,
regulator (proportional controller in this case), and
multiplication unit are used. At the output of the
subtraction block, the difference signal AUc is
generated. This signal is fed to a proportional
controller, which serves to determine the amplitude
of the output current. Next, by multiplication of the
amplitude signal on the signalUgiq, the signalU; o, *is
generated. Transistor control signals are generated
using a relay element, on the input of which the
difference between the Ujo* signal and the Uj gy
signal is given, which in turn is formed by the
second subtraction block. The opening of transistors
VT1, VT4 should occur at a high level of the relay
element output signal, and transistors VT2, VT3 —at
low. To distribute control signals an inverter is used.
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Fig. 6. Structure of full-bridge inverter control unit

During operation, the increase of load currents
will increase the voltage in the DC link, which
automatically will increase the output current. Thus,
the tasks of transmitting energy from the tested
power supply unit to the network with a unitary
power factor and voltage stabilization in the DC link
is automatically solved. Usage of a proportional
controller for formingU,,,* causes a Uc adjustment
error. But taking into account that for controlling
current relay control is used, this error will only lead
to a change of the current pulsations frequency.

On the other hand, it should be taken into account
that transferring of energy from the DC link to the
grid has a pulsating nature. Since /,, coincides with

the shape of the grid voltage, its energy will be
changed with double frequency. At the same time,
current and energy consumption from the tested
power supply unit is constant over time. The
difference between these energies is compensated by
the electric field energy of the DC link, which leads
to the appearance of Uc voltage fluctuations. The
smaller the capacitance would be in DC link, the less
amount of energy can be stored, and therefore the
amplitude of Uc pulsations will be greater.
PossibleUc voltage drop can lead to a loss of
controllability of load current/,,,q. Neglecting the
value of losses, we can assume that the input power
is equal to the average output power on the period.



104

ISSN 1990-5548 Electronics and Control Systems 2018. N4(58): 101-107

The deviation of the voltage in the DC link from the
mean value is characterized by the pulsation
coefficient Kp = Uc,/Ucy, Ucy 1s the amplitude of
the voltage pulsations in the DC link, Ug, is the
average voltage value in the DC link. The value of
the capacitance is determined by the expression:

B

=— -4 1
20K, U}, )

where Py is the average energy of the period, ® is the
circular frequency of the current transmitted to the grid.

To ensure controllability of the load current, it is
necessary that the voltage Uc would be greater than
the highest voltage of the power supply unitbeing
tested, that is equal to 12 V. Therefore, the proper
average voltage value of Ug; and the magnitude of
its U, pulses should be selected. Obviously, when
testing a power supply unit of a given power for
reduction of the DC link capacitance, it is rational to
increase the Uc,. But such increase of Ug, voltage
would also lead to increase of the power transistors
switching frequency, which is determined by the
expression:

1

f= , )
Lload i A]load + Lload i A]load

Ur Uy +Ucg, —Ur

where Ur is the output voltage of the tested power
supply unit; L is the input inductance of the
booster converter.

Therefore, when designing a regulated load of a
given power, all the above-mentioned factors must
be taken into account.

It should be noted that since voltage Uc is used to
generate the Ujo.* signal, then the presence of
pulsations will cause distortion of the output current,
and change the power factor. To avoid this, when
calculating the Ujq,.* signal, the mean value of
voltage Uc,should be used.

To test the performance of the proposed approach
for building a regulated load with the possibility of
energy recovery, its visual model in the Matlab
Simulink [11] software environment was composed

(Fig. 7).

Fig. 7. Structure of a regulated electronic load model

In the developed model, three booster converters
with independent input current control are
implemented. The number of such converters should
correspond to the number of voltage lines in the
tested power supply unit. But for this analysis we
will consider their limited number.

As a tested power supply, threeEMF sources of
voltages 3.3 V, 5 V and 12 Vare used. The signals of
the given load currentsU ;i,,¢* are linearly variable

with saturation at 22 A, 20 A and 18 A for each
EMF source, respectively. For collecting data of
currents and voltages instantaneous values, ideal
current and voltage sensors are used. Inductance of
input reactors is equal to 0.5 mH, 1 mH and 2 mH
for different voltage lines, capacity of the DC link
5 mF. The parameters of the LC filter are set to
3mH and 100 pF which corresponds to the
resonance frequency of 290 Hz. Transform
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coefficient of the grid transformer is equal to 0.07.
The results of the simulation are shown in Fig. 8.
As can be seen from these graphs, the input load

currents follows the given values Ujjoq*. So the
proposed approach for controlling the these currents
ensures their direct regulation.
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Fig. 8. Modeling results: (a) are graphs of load currents and voltage in the DC link; (b) are graphs of the output voltage
and current of the inverter

During the first period of the grid voltage, the
output current of the inverter is not formed — this is
due to the need to determine the mean value of
voltage Uc. During this time, the capacity of the DC
link is charged and the voltage on it reaches 55 V.
After the first period, the inverter output current
increases and the transient process begin, which ends
in four periods of the grid voltage.In the quasi-steady
state, the amplitude of the output current remains
unchanged, and the current shape coincides with the
voltage shape. Power factor is equal to 0.999. Total
harmonic distortion is equal to 1.2%. This confirms
effective recuperation of energy consumed from the
tested power supply back to the grid.

V. CONCLUSION

The features of constructing an adjustable
electronic load for computer power supplytesting

systemsare studied in this article.The structure of
such load is proposed, in which the booster
converters are used for the regulation of input
currents, and for the energy recovery a full-bridge
inverter is used. The correctness of the proposed
structure operation is confirmed by the research
carried out using the developed model.
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O. B. Cranenko, /1. C. HegamxkiBcbkmii. PerysiboBane HaBaHTa)eHHs 11 ABTOMATHYHOI0 TeCTYBAHHSA JKepet
JKUBJICHHS OCTII{HOIO CTPyMY

JlaHy CTaTTIO TPHCBSYEHO PO3POOI PEryJbOBAHOIO EIEKTPOHHOI'O HaBaHTa)KEHHS U CHCTEM TECTYBAaHHS IDKepel
JKHUBJICHHSI TOCTIHHOTO CTpyMYy. PO3TIISIHYTO CTPYKTYpYOIIOKY €EKTPOHHOIO HaBaHTa)KEHHSI, SIKE JO3BOJISIE PETYJIIOBATH
CTPYMH TECTOBAHOT'O JDKEpEa Ta 3JIHCHIOBATH PEKyIEpallilo eHeprii 10 eleKTpruYHoi Mepexi. J{o ckiaay nporo 610Ky
BXO/ISITh MEPETBOPIOBAYi ITiJBHMIIYIOUOTO THUILY, IO MHPAIIOIOTh HA CHUIBHY JIAHKY MOCTIHHOTO CTPyMY, MOCTOBUH
IHBEPTOP, 3T DKYI0UHH QiIbTp Ta MepexeBuil TpaHcdopmarop. BuzHaueHi OCHOBHI CITIBBIJHOLIEHHS! ISl pO3PaxyHKY
rapameTpiB eIEMEHTIB CKIIaJI0BHX YyacTuH. Po3pobieHi mpucTpoi KepyBaHHs IIEPETBOPIOBAYAMH Ta IHBEPTOPOM, B SIKHX
peaizoBaHO peJieiiHEe peryioBaHHSA CTpyMy. B mporpamHomy cepemoBuiti Matlab/Simulink peamizoBano Momens
3aIpOIIOHOBAHOTO EJIEKTPOHHOTO HAaBaHTa)KEHHS. 3 11 BHKOPHUCTAHHSIM MPOBECHI JOCITIJDKEHHS, SIKI ITiITBEPIHIN
3JIATHICTH PO3POOJICHOTO HABAHTAKEHHSI 3/1IHCHIOBATH PETyJIIOBaHHS BXIJHUX CTPYMIB Ta PEKyIepallito eHeprii.
Karo4oBi ciioBa: enekTpoHHe HaABaHTAXEHHS; PEKYIIEpallisi €Heprii; TeCTYBaHHs JPKEpeIl )KUBJICHHSI.
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A. B. Cranenko, /I. C. HepamxoBckuii. Peryimpyemasa Harpy3ka A aBTOMATH4YeCKOI0 TeCTHPOBAHHS
HCTOYHUKOB MUTAHUS MOCTOSTHHOTO TOKA

JlaHHas cTaThs MOCBSIIICHA pa3paboTKe PerynupyeMoi SIeKTPOHHON HATPY3KH IS CHCTEM TECTUPOBAHHUS HCTOUYHHUKOB
MUTaHUS TIOCTOSHHOTO TOKAa. PaccMOTpeHa CTpyKTypa OJOKa SJIEeKTPOHHON Harpy3Kd, KOTOpas TO3BOJISET
pEryaupoBaTh TOKH TECTHPYEMOTO HUCTOYHHUKA U OCYIIECTBIIATH PEKYMEPAlMI0 SHEPTHH B JIICKTPHUYECKYIO CeTh. B
COCTaB 3TOro OJIOKa BXOZAT NpeoOdpa3oBaTeNy MOBBIIIAIONIET0 THITA, paboTarole Ha ofliee 3BeHO TTOCTOSIHHOTO TOKa,
MOCTOBOW MHBEPTOP, CIIaXHBAIONIHi GUIBTP U ceTeBoil TpaHchopmarop. OmnpeneseHbl OCHOBHbIE COOTHOMICHHS s
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HWHBEPTOPOM, B KOTOPBIX pEaIM30BaHO pEJICHHOE pPEryIMpoBaHHME Toka. B mporpammuoi cpeae MatlabSimulink
peanu3oBaHa MOJAENb IPEAJIOKEHHOH AJIEKTPOHHOW Harpy3ku. C ee HCIONb30BaHWEM IPOBEIECHBI HCCIIECIOBAHMS,
KOTOpbIE TOATBEPAMIN CIHOCOOHOCTh pa3pabOTAHHONW HATPY3KH OCYIIECTBIIATH PETYIUPOBAaHHE BXOAHBIX TOKOB H
PEKyIepaIuo SHePTUH.
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