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1. INTRODUCTION

The inverter is a power converter processing DC power into controllable AC power of its current and
voltage waveforms. Current source inverter (CSI) is a power inverter circuit converting DC current input into
a predetermined AC output [1], [2]. A CSl is able to provide a variable AC output current and, simultaneously,
varies the voltage depending on the connected load. CSls require a DC power source that supplies the DC
current to the circuits. This is often achieved using inductors employed in the DC current circuit generator
together with DC power source, which helps control the desired current magnitude of AC output current. The
AC output current can be sinusoidal, square, multilevel wave, or pulse-width modulated (PWM) waveform,
depending on the inverter’s control design [3]-[5]. Because of its higher power quality, a sinusoidal AC current
with small waveform distortion is the most popular operation mode for many applications such as in AC motor
drive, uninterruptible power supply (UPS), power compensator, and in renewable energy conversion system

[6]-[8].

In an AC motor drive system, a CSI offers features such as faster dynamic response, better quality of
AC current, and lower gradient voltage compared with the voltage source inverter (VSI) [9]-[12]. The
traditional thyristor based CSI circuits were applied for high power motor drive in industrial processes. Power

Journal homepage: http://beei.org


https://creativecommons.org/licenses/by-sa/4.0/
mailto:suroso.te@unsoed.ac.id

3290 O3 ISSN: 2302-9285

quality issues such as waveform distortion and harmonics are some concerns of this thyristor converters
[13], [14]. High speed switching devices such as insulated gate bipolar transistors (IGBTs) and metal oxide
semiconductor field effect transistors (MOSFETS) can be applied to improve the power quality of inverter by
reducing output waveform distortion [15], [16]. In the distributed power generation, a grid connected CSI offers
advantages such as ability to operate in unity power factor operation, higher power quality of AC current
waveform, more immune from power grid disturbance, and possibility operating with boost up voltage feature
without step-up power transformer [17]-[20]. Moreover, the lifetime of power inductors applied in CSI
topologies is longer, and more durable than electrolytic capacitors utilized in VSIs. The power inductor together
with DC power source are needed to create the DC current sources of the CSI circuit [21]-[23].

However, currently there are still some issues that must be addressed to make the CSI inverter type
more competitive with its dual, i.e. VSI. One of them is the efficiency problem [24]-[26]. Generally, the CSI
operates with lower efficiency compared to voltage source inverter. The dominant reason is because of
conduction losses introduced by power inductors and power switches. A low resistance of power inductor using
super conductor technically can be an alternative solution to reduce the losses. However, the cost will be more
expensive, so it will not be attractive economically. Ultrafast power diodes are traditionally implemented in
series connection with IGBTs or MOSFETS to achieve unidirectional current switches contributes conduction
losses of inverter circuits [27], [28]. Therefore, other strategies are required to improve the efficiency of CSI.

A common-emitter current source inverter (CE-CSI) is a specific type of current source power inverter
that uses a common emitter configuration of its emitter terminal of IGBTs or MOSFETSs to generate AC current
waveform. This configuration offers features such as simpler gate drive power switches, and more suitable for
high speed switching operation [29]. A three-level common-emitter CSI configuration needs four controlled
switches in series with four high speed power diodes plus two diodes connected to the two legs of its power
switches [30]. The more number of power diodes will cause higher losses in the inverter circuits. As a results
lower efficiency operation is unavoidable. Compare to the three-level H-bridge CSl, it also has features related
to its common-emitter configuration such as simpler gate drive circuits, and possibility for higher switching
speed operation. A potential application of single-phase CE-CSI is for photovoltaic power conversion as
discussed in [31].

This paper presents and discusses a circuit of two-level CE-CSI having simpler and less component number
of switching devices. Moreover, the inverter circuits utilize two inductors with single magnetic core as part of DC
current source generator circuits. The inverter circuit was tested through computer simulation. Moreover, a
laboratory experimental prototype was set-up, and tested to verify the inverter circuits experimentally.

2. PROPOSED INVERTER CIRCUITS

This paper proposed and discussed a different circuit configuration of two-level CE-CSI with a single
magnetic core for its inductors. Figure 1 shows the main circuit of the two-level CE-CSI with two ideal DC
current sources. The circuits consist of two IGBTSs where their emitter terminals are joined. This configuration
is called as common-emitter configuration. High-speed discrete diodes in series with IGBTSs are required to
achieve single-directional current of the IGBT switches. The filter capacitor Cs is used to filter harmonic
components of the PWM current (Iswwm) generated by the inverter circuit. Two DC current sources are required
in this inverter circuit as input power source. These DC currents will be converted into two-level AC current
waveform, i.e., level +1 and —I.
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Figure 1. Two-level common-emitter CSI [29]
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Table 1 lists the operation states of power switches Q1 and Q> to generate two two-level AC current
waveform. The details of current paths for +1 and —I current level generation are shown in Figure 2. Figure 2(a)
is for +I current, and Figure 2(b) is for —I current generation. Compared to the three-level CE-CSI, this inverter
circuit can simplify the number of power devices such as IGBTs, power diodes and gate drive circuits as listed
in Table 2. The number of IGBTSs and its gate drive circuits were reduced from four devices into two devices
only. Moreover, the number of power diodes was reduced significantly from six diodes become two diodes.
These will simplify the overall circuit component number of inverter circuits.

Table 1. Operation states of power switches
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Figure 2. Operation modes of inverter circuits; (a) output current +I and (b) output current -1

Table 2. Comparison of device number between three-level and two-level CE-CSI

Device Three-level CE-CSI  Two-level CE-CSI
IGBT 4 2
Diode 6 2
Gate drive circuits 4 2

Moreover, Figure 3 presents the proposed two-level CE-CSI equipped with DC current source
generation circuit. The DC current generator circuits consist of power switch Qch, diode Dg, current sensor S,
and inductors L1, L,. The new unique point of these inverters is that the inductors L; and L utilize the same a
single magnetic core. The two coils are wound in opposite directions. The power switch Qch is used to control
the current in the inductors Ly and L,. The magnitude of each current is half of the total current flowing through
current sensor S. The position of dot point in the figure represents the direction of coil wiring of the inductor.
Diode De functions to keep current paths of inductor current during switching operation of switch Qch. The DC
voltage Vg4 was connected to the DC current generation circuits as a power source of the inverter circuits. The
two inductors with a single core will simplify the inductor design. Moreover, the dc current ripples of inductors
will be reduced. The acceptable DC current ripple, inductor losses, and its size were some important criteria in
choosing the inductors.
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Figure 3. Two-level CE-CSI with DC current generator circuits
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To adjust the current flowing through the inductors, a proportional integral (P1) current regulator was
applied as shown in Figure 4. The triangular signal will modulate the error between I4. and I to generate a
control signal of Qch. Moreover, in order to output a closely sinusoidal AC current, PWM technique was utilized
as shown in Figure 4. The PWM method implemented a single triangular signal, and a sinusoidal signal as the
modulating signal. The main output frequency of AC current was set by the frequency of the sinusoidal
modulating signal. In this test, a 50 Hz sinusoidal signal was applied.

A
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Figure 4. Current control of DC current generator circuits and PWM strategy

3. RESULTS AND DISCUSSION

In order to examine the basic characteristics of the inverter circuit, computer simulation tests were
carried out using PSIM software. The circuit parameters were presented in Table 3. The inductor size of L, and
L, was selected to be the same at 4 mH. A filter capacitor 10 pF was connected at the output terminal of the
inverter. The triangular frequency used in the current controller and PWM modulation was 22 kHz to attain
features of high-frequency switching devices IGBTs or MOSFET in the circuits. The inverter circuit delivered
AC power to an inductive power load with resistor 5 Q and inductor 1 mH.

Table 3. Test parameters

Parameters Value
Inductor 1 4 mH
Inductor 2 4 mH
Load R=5Q and L=1 mH
Filter C¢ 10 uF
Output AC frequency 50 Hz
Triangular frequency 22 kHz
DC input voltage 24V

Figure 5 shows the simulation test of inverter circuit presenting the load current (ILoad) and lewm
waveforms. A sinusoidal 1 sq and its Iewwm before filtering were generated by the inverter circuit. Moreover, an
enlarged signal of PWM two-level current waveform was confirmed in Figure 6. The frequency of Ipwm Was
22 kHz as set by the frequency of carrier signal in the PWM technique. Harmonic analysis result of 1. Was
depicted in Figure 7. As can be seen in this harmonics profile, the magnitude of low-order harmonics
components of 3", 5™ 7 and 11" were 0.07%, 0.2%, 0.07%, and 0.28%, respectively. The low orders of
harmonic components were less than 0.3%. Moreover, Figure 8 presents the low harmonics profile of the lpwwm.

Figure 9 shows the DC current waveforms of the inductors 11, I, and their total current 5. A relatively
small DC current ripple was achieved by using proposed DC current source generation of the inverter circuits.
The inductor current waveforms during load change were depicted in Figure 10. The current controller kept
stable DC currents flowing through the inductors. The current pattern flowing in the MOSFET Q1, Qz, and Qcn
was presented in Figure 11. These current waveforms were not continuous DC currents. They were PWM DC
currents formed by the PWM pattern of their gating signals. An efficiency profile of the two-level inverter
constructed using power MOSFETSs is shown in Figure 12. The maximal efficiency of the two-level common-
emitter CSI was 91.68%. The power losses components were presented in Figure 13. The conduction losses of
the power diodes were the most dominant power losses in this inverter circuit.
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Figure 5. I 0as and PWM AC current waveforms
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Figure 6. Enlarged waveforms of 1 s and lpwm
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Figure 8. Harmonics spectra of Ipwm
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Figure 13. Power loss analysis of inverter components
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A laboratory prototype of two-level CE-CSI was made and tested in the laboratory. The power
MOSFET switches and diodes were realized by IRFP460 and STTH6012W, respectively. The ACS 712 current
sensor was implemented to sense the current of DC current generator circuits. Figure 14 shows an experimental
circuits of the proposed inverter. The laboratory prototype of the power inverter circuits and its power inductor
are shown in Figures 14(a) and (b), respectively. The MOSFETS driver circuits was constructed by optocoupler
TLP250S and DCP020515 as its power supplies. The DC input currents of inverter circuits are shown in
Figure 15. Figures 15(a) and (b) show the measured DC current flowing through inductor (I;) and current
flowing thru current sensor (l3), respectively. The current waveforms were measured by using CP06 AC/DC
current probe. Stable and low ripple DC currents were attained experimentally. The I, ,ad waveform is presented
in Figure 16. It was a sinusoidal current with low distortion. The two-level CSI circuit was experimentally
confirmed work well generating a sinusoidal I cad Waveform.
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Figure 16. I oaq Waveform
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4. CONCLUSION

A two-level CE-CSI with single magnetic core inductors was presented and discussed in this paper.
The inverter circuit was able in simplifying inverter circuits compared to the three-level CE-CSI in case of
device number, i.e., power diodes, MOSFETS, and gate drive circuits. The number of IGBTs/MOSFETSs and
its gate drive circuits were reduced from four devices into two devices only. Moreover, the number of power
diodes was reduced significantly from six diodes become two diodes. The two-level CE-CSI is able in
delivering a low distortion of sinusoidal AC output current. The low orders of harmonics components of Iioad
were less than 0.3%. Moreover, the maximum efficiency of the two-level common-emitter CSI in this research
was achieved at 91.68% with diodes as the major devices of power losses. It is the main challenge in
implementing this inverter. The two-level CE-CSI was verified its basic operation using computer simulation
and experimental test in laboratory. Development of the two-level inverter circuits such as for photovoltaics
power conversion will be the next research topic.
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