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This paper examines an important topic called Total Harmonic Distortion (THD) of input current in ac-
dc rectifiers. It is especially important in high-power electric vehicle charging stations, which causes
oscillations in the power grid.Since the in the rectifiers the input LC filter has the role of filtering and
reducing oscillations.In this paper, changes are applied to the rectifier controller, which makes the LC
filter behave like an RLC filter.which causes the damping of the input current oscillations to the power
grid. Since it does not use any real resistance, the efficiency of the converter does not decrease and losses
do not increase. Therefore, it is called virtual resistance control method. It can be considered in series
or parallel with inductor or capacitor.This research is to reduce oscillations in high power loads in steady
state, which can reduce losses in the filters of the chargers. In the following, the simulation results of
the battery charger rectifier are in steady state, And finally to validate it The proposed method has been

implemented in a laboratory and the results have been displayed.
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NOMENCLATURE

EVs electric vehicles.
F — bridge Full bridge.

G2v Grid-to-Vehicle.

Iy, the input current of rectifier.

Iye the current of the network input.

i the input reference current of the charger.
PWM pulse width modulation.

Rip3a the virtual resistance.

THD the total harmonic distortion.

Vac the voltage of the network input.

Vie the DC-link voltage.

1. INTRODUCTION

Figure 1 shows the voltage type of PWM AC-DC converter cir-
cuits. An input LC filter is commonly used in AC-DC PWM
converters to minimize input current harmonics. Because the
resistance of the LC filter is usually very low, the oscillation is
damped slowly and continuous fluctuations are observed in the
resonant frequency of the LC filter. Under these conditions, the
source flow will be severely disturbed [1, 2]. Various methods

have been proposed for damping oscillations in the input LC
filter. These methods require additional current and voltage
sensors and are designed and usually difficult to design. In
this paper, a new control method for fluctuation damping in the
input LC filter of AC-DC PWM converters is proposed. Fluctua-
tions in the input LC filter are neutralized using a virtual resistor.
A virtual resistor is an additional control algorithm that causes
the LC filter to behave as if a real resistor were connected. Since
no real resistance is used, the oscillations can be neutralized
without compromising performance. The implementation of
the virtual resistor depends on how the resistor is connected
to the LC filter. The resistor can be connected in series or in
parallel to the inductor or filter capacitor. Four possible connec-
tions of virtual resistors are described in this paper. The results
show that fluctuations in the input LC filter can be effectively
neutralized using the provided virtual resistor [3, 4]. Here, a
new control method has been implemented in the laboratory
to prove the correct operation. Due to the lack of features and
only to show the performance of the new controller, an acidic
battery has been used for the charger output. And laboratory
results show that the harmonic input current is reduced. And
this method can be used in high power chargers as well as in the
vehicle [5]. By reviewing various papers, the approach of several
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papers on the topic of virtual resistance is given. It is stated in
the paper [6] In order to achieve equilibrium stability, a virtual
resistor is added as a damping factor in power shaping passivity b

based controller. The controller is based on energy modification
in which its control of energy is done through suitable damp-
ing injection by incorporating a virtual resistor in series with
the inductor or in parallel to the capacitor. It is stated in the
paper [7], A virtual-resistor-based active damping approach is
presented and analyzed to modify the output impedance of the
rectifier and improve the stability of the system under all operat-
ing modes irrespective of the power flow direction. It is stated in
the paper [8], This control method is to deliver a stable operation
of dc charger voltage at the specified range and produces good
power quality on both input and output.

2. AC-DC CONVERTER

Figure 1 shows a diagram of a PWM AC-DC voltage inverter
with an LC filter on the input side. This converter is usually
controlled using a dual loop controller. The outer loop controls
the DC output voltage and the inner loop controls the input
current of the converter.

Various PWM techniques for controlling the converter input
current have been proposed in the literature. As shown in Figure
2 of the control block diagram in the inner loop, the actual DC
output voltage is initially compared to a voltage reference, which
is to receive the DC output voltage error signal. The error signal
is then processed by the DC output voltage controller to deter-
mine the reference of the converter input current (the controller
is usually used here (PI)). In the outer loop, the converter input
current reference is compared to the actual current value to deter-
mine the input error signal. The error signal is then processed by
the converter input current controller and applied to the rectifier
converter through the PWM switching pattern [7]. The LC filter
is usually designed to have a resonant frequency lower than the
lowest harmonic frequency. If the converter is controlled using
the PWM technique, which has a constant switching frequency,
the design is relatively simple because we can only select the
resonant frequency, which is less than the switching frequency. If
the converter is controlled using a variable frequency hysteresis
controller, it is difficult to determine the lowest harmonic fre-
quency. There is a possibility that the lowest harmonic frequency
is equal to the resonant frequency of the LC filter. If the resonant
frequency is designed to be very low, the filter size will be very
large. To reduce losses in the filter, the noise resistance of the

Fig. 3. a) Equivalent circuit of single-phase rectifier. b) block
diagram equivalent to single phase rectifier [6].

filter must be very low. Although, a combination of a large LC
filter with noise resistance may cause very slow oscillation and
response problems [7].

3. THE CONCEPT OF VIRTUAL RESISTANCE

Fluctuations in the LC circuit can be attenuated by using a re-
sistor connected to the LC circuit. All electrical engineers un-
derstand this concept. Although damping fluctuations using
resistors is very effective, it cannot be used at high powers due
to high resistance losses. Understanding the basic principles of
oscillation damping in an LC circuit using a resistor is proposed
as the basis of the concept of virtual resistance. Figure 3a shows
a circuit equivalent to the single-phase AC side of an AC-DC
PWM converter. The i;, current source is the main component
of the AC-DC phase input current of the PWM converter, which
is assumed to be the same as the reference input current used
to control the converter. The source voltage of the phase is e;.
Figure 3b shows a block diagram that can be used to analyse
the dynamic behaviour of a circuit in Figure 3a. Based on the
block diagram in Figure 3b, the following transfer function is
obtained:

Is(s), Vs (s), and Vi, (s) are the Laplace transform of the source
current, the capacitor voltage of the filter, and the input current
of the converter, respectively. And s is the Laplace operator.
Equation 1 shows the relationship between source current and
rectifier input current. And displays the source stream behavior.
In practice, the oscillation state is usually quenched by losses
in the LC circuit. Fluctuations can be neutralized or damped
by using a resistor attached to the LC filter. The resistor can be
connected in series or in parallel to the inductor or filter capacitor.
Figure 4 shows the four possible resistance connections in the
LC filter.

Figures 5 to 8 show block diagrams showing the effect of resis-
tance to damping fluctuations for each possible connection. As
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Fig. 5. a) The actual resistor R1 series with inductor. b) Manip-
ulated diagram block of Figure a and represents the virtual
resistance.

mentioned earlier, using a real resistor for oscillation damping
significantly reduces system performance. If a virtual resistor
that does not cause any losses replaces the real resistor, it can
cause the damping to fluctuate without reducing efficiency. As
shown by the block diagram in Figure 5a, the role of the series
resistor with the inductor is to reduce the inductor voltage that is
proportional to the current flowing through it. The block shape
in Figure 5a can be shown in Figure 5b, which behave similarly.
Because the block diagram in Figure 5b is the only result of ma-
nipulating the block in Figure 5a. Instead of using real resistors,
Figure 5a shows the role of virtual resistors with a constant C1R1
coefficient in the inductor current derivative in Figure 5b. The
output of the CIR1 derivative is injected into the 7, stream and
collected. In a similar process, a virtual resistor equivalent to the
real resistor can be created, as shown in Figures 6a, 7a, and 8a,
which are equivalent to Figures 6b to 8b.

As shown in Figures 5 and 7, implementing a series virtual
resistor with an inductor or filter capacitor requires a current
sensor. According to Figures 6 and 8, a virtual resistor con-
nected in parallel with the filter inductor or capacitor requires a
voltage sensor and amplifier. Of the four virtual resistor connec-
tions, three connectors R1, R2 and R3 require the installation of
a derivative. Because the jamming derivative may cause noise

Fig. 6. a) The actual resistance R2 parallel to the inductor. b)
Manipulated diagram block of Figure a and represents the
virtual resistance.
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Fig. 7. a) The real resistance of R3 series with capacitor. b)
Manipulated diagram block of Figure a and represents the
virtual resistance.

problems and amplify high frequency signals. Only connecting
a virtual resistor parallel to a capacitor does not require a deriva-
tive and is easier to implement. The application of the virtual
resistance R4 can be seen in the block conversion function of
Figure 8 shown in Equation 2.

IS

L1
Ly — 1+SLf/R4+52Lfo (2)

The addition of the sLf / R4 parameter to the denominator
of Equation 2 indicates the effect of the virtual resistor on the
charger. Compared to Equation 1, the denominator has changed.
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Fig. 8. a) The actual resistance R4 parallel to the capacitor. b)
Manipulated diagram block of Figure a and represents the
virtual resistance.

Fig. 9

4. CHECK THE PERFORMANCE OF THE SYSTEM IN EX-
CHANGE FOR THE APPLICATION OF VIRTUAL RE-
SISTANCE USING GRAPHS AND NYQUIST

According to the relationships obtained in the previous section,
it was a graph and Nyquist can be plotted and the system per-
formance in terms of virtual resistance can be observed. For
example, consider the equivalent circuit of Figure 8, in which
resistor R4 is used in parallel with the filter capacitor. Figure
9a shows a diagram, and Figure 9b shows a Nyquist diagram
in exchange for a change in resistor R4 in Equation 2 Which
indicates an increase in system stability. This comparison can be
seen similarly for other resistors.

5. SIMULATION RESULTS

To apply virtual resistance to the AC-DC controller, feedback
from the capacitor voltage of the Vcf filter is required. The co-
efficient 1/R4 determines the amount of virtual resistance in
the feedback. Figure 10 shows the proposed control block di-
agram for the application of virtual resistors. The PLL phase

PWM
Modulator

G1T, G2T1
G18,G2B

eeeee

Fig. 10. Control diagram block with virtual resistance applied.

Fig. 11. View of changes in SOC, current and battery voltage
in G2V mode.

Fig. 12. View of the input current and voltage and the dc out-
put voltage of the rectifier.

controller is also used in the control block. Reference Q* in-
dicates the amount of reactive power injected or absorbed by
the rectifier. In G2V mode, the charger draws power from the
network. Reference current is provided for the 10 amp battery
charger. It should be noted that the amount of reactive power is
considered zero. The initial charge of the battery is set at 50%.
Changes in voltage, battery current, and SOC charging mode of
the battery in network-to-vehicle mode are shown in Figure 11.
Figure 12 shows the input current to the charger. The uniformity
of voltage and current indicates the receipt of power with a unit
of power from the network. Figure 13 shows the two controller
modes without virtual resistor and with virtual resistor. With
the application of THD virtual resistance feedback, the input
current has been reduced from 6% to 3.6%.

6. LABORATORY IMPLEMENTATION

In this section, a virtual resistor parallel to a capacitor is used
to implement the proposed method. In this test, capacitor, self-
filter, control board and power board, as well as car battery were
used. In this experiment, due to the lack of access to a large
number of batteries and its high cost, a car battery was used
to perform the test. The purpose of observing the performance
of the new controller and also its effect is to reduce the input
harmonic current.
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Fig. 13. Rectifier input flow diagram in two modes without
virtual resistance and with virtual resistance.

Fig. 14. Power circuit board.

A. Rectifier power board

Due to the limited access to the equipment, as well as the need
for switches with suitable switching speed and high current,
IGBT-Diode has been used in the construction of the power
board among the power switches. The power board image is
shown in Figure 14.

To limit % a parallel RC shock absorber is usually used at
both ends of the power semiconductor unit. L-series inductance
is used to limit % as a series shock absorber. Figure 15 shows an
example of a shock absorber circuit.

B. HCPL driver board

The introduced driver circuit includes a chip called HCPL316],
which is designed for IGBT power drivers. Features of this
chip include the ability to drive with zero and one logic, error
detection in case of problems in IGBT, the ability to reset the chip
in the event of an error and a wide range of supply voltage from
15 to 30 volts. Push-pull circuitry has been used to increase the
chip output current flow to the IGBT gate Which is shown in
Figure 16.

C. Sudden changes in ‘fTZt) voltage and Miller current control

Due to the high switching speed of the power elements, sudden
voltage changes of % when the IGBT is turned off cause a current
spike. The presence of a capacitor between the collector base
and the IGBT gate (Miller capacitor) causes the current spike
path (Miller current) to be transmitted to the gate through this
capacitor. Miller current due to passing through the gate causes

.
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Fig. 15. Snubber circuit.
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Fig. 16. HCPL chip output circuit with push-pull circuit.

voltage spike on the base of the gate and losses. To prevent
damage to the gate, the driver creates a path to drain the miller
current using a gate resistor and a 47 K(Q) esistor. To increase
the speed of the miller discharge and reduce losses, the driver
activates the 50x transistor when the switch is disconnected so
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Fig. 17. Location of the 47 kh resistor and the 50x transistor
(Miller clamp) [3].
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Fig. 18. Decreased gate voltage spike due to increased Miller
current discharge rate a) Miller current discharge in driver
resistance b) Rapid discharge of miller current with 50 x tran-
sistor inside driver.
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Fig. 19. Spike waveform of the voltage generated by the dis-
charge of the Miller current a) Miller current discharge in
driver resistance (gate voltage spike-emitter 3 volts) b) Rapid
discharge of miller current with 50 x transistor inside the
driver (gate voltage spike-emitter 1 volts)

that the miller current in the discharge path passes only through
the gate resistor (Figures 17-19). In power drivers, applying
reverse voltage at switch off time reduces off-time losses and
improves % transient mode. Increasing the output current of
the chip by using an external buffer reduces switching losses [3].

Figure 20 shows how the chip works in the control system
error mode. In case of an error in the control system, the reset
option is used to fix the error instantly. The circuit used to drive
the driver, including resetting the circuit and troubleshooting,
is shown in Figure 21, using a global reset. If there is an error
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Fig. 22. HCPL driver board.

in the circuit, the entire control circuit is reset, and if the error
is resolved, the system will continue to operate automatically.
Figure 22 shows a view of the driver circuit consisting of the
HCPL chip and peripherals.

D. Driver power supply

Due to the arrangement of IGBT power switches in the rectifier
to power the power gate switch, the output side of the drivers
can not be shared, because the negative end of the supply volt-
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Fig. 23. How to connect the driver power supplies to the recti-
fier.

Fig. 24. Driver power supply circuit.

age in each driver is given to the IGBT emitter and if the power
is shared between them two The input phases are short-circuited.
Thus, three supply voltages of 24 and 5 volts are required, two
of which are related to the three high switches and the other
jointly to the two low switches. Figure 23 shows how to connect
the driver power supplies. Isolated transformer with three sepa-
rate outputs has been used to provide separate voltage sources.
Figure 24 shows a view of the driver power supply circuit.

E. DSP processor

A DSP processor is used to process the data and send the com-
mand to the control board. High speed data processing capabil-
ity and high accuracy are the features of this processor Shown
in Figure 25.

F. Controller interface board

The control interface is used to transmit command signals from
the processor to the driver, as well as to receive information from
current sensors, as well as to amplify the command signals, as

Fig. 26. Control interface board with buffer and current sen-
SOTS.

shown in Figure 26. The use of a current sensor (CSNE151-100),
in addition to proper accuracy, also separates the operation of the
DSP logic circuits from the power supply. The sensor used in this
dissertation is made by "honeywell" company, the specifications
of which are given in Table 1. Since the current of the power
circuit is not more than 3 amps, the arrangement of the last row
of the table was used. As shown in Figure 27, the power supply
of this sensor is symmetrical - 12 and 12 volt. Its output is flow
type. To connect to the DSP, it must be converted to voltage
by a grounded impedance. Depending on the resistance used,
the output voltage will change, so the necessary normalization
must be applied to the DSP processor program. Since digital
processors do not have the ability to convert negative analog
to digital values, a collector circuit has been used to solve this
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Table 1. Specifications of the current sensor and how to connect the pins

primary turns | primary current nom, Ipn(A) | primary current max,Ip(A) | primary current max,Ip(A) | pin connection
[
1 25 44 25
"I
a0 o
2 12 22 24 O-K}_O
e ie
ot
3 8 14 24 N
- % 34
i T
ot
4 6 11 24 e\f\ﬁ
nQy L)

ouT

-

o

Fig. 28. Addition of dc voltage to current sensor output.

problem. According to the circuit of Figure 28, first a constant
amount of DC is added to the motor current using an operational
amplifier. Because the sum accumulated is inverted. Using
another operational amplifier, correct the accumulated value
so that the current is always positive. Within the program, a
constant DC value is subtracted from the current value.

G. Inductor, capacitor and battery

According to Figure 29, the charger input inductor with a capac-
ity of 100 mAh and a capacitor with a capacity of 1000 micro-
farads are located at the charger input. A 12-volt lithium-ion
battery was used to test the control method. An overview of
the control circuit and rectifier power is given in Figure 30. The

.
|
i

Fig. 30. Overview of the power circuit and charger controller.

reason for using separate sections is that these boards can be
used for other experiments. For example, this board can be used
as an inverter by changing its connections.

H. lab results

The ultimate goal of this test is to harmonically reduce the
charger input current by applying virtual resistance feedback
to the charger controller. Therefore, to show the correct perfor-
mance of this control method, we need to display the charger
input current in two modes without virtual resistance feedback
and with virtual resistance feedback. Also, the DC voltage level
of the battery, which is charging for 5 hours, is shown in Figure
31

Figure 32 compares the Iacl current and the Iac2 current. It is
clear from the appearance of the diagram that the Iac2 current
has less harmonic. And such an idea can be used at larger
charger scales to reduce injected harmonics to the grid.
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Fig. 31. Vac: Input voltage to the charger. Vdc: Battery voltage
12 volt.
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Fig. 32. JIacl: Charger input current without virtual resistor
controller. Iac2: Charger input current with virtual resistor
controller.

7. CONCLUSION

A new concept of virtual resistance is proposed in this paper
to dampen fluctuations in the LC filter input of AC-DC PWM
converters. Virtual resistors can counteract fluctuations without
compromising the performance of converters. The virtual resis-
tor can be connected in series or in parallel with the inductor
or filter capacitor. It has been used in various papers about the
use of virtual resistance to reduce transient oscillations.It is also
used to dampen skips caused by keying and jumps caused by
keying mistakes. And it is usually used in low powers.But the
innovation of this paper is the reduction of network fluctuations
in steady state caused by high power consumers. Especially, in
charging stations that can be considered as the most common
equipment in cities in the near future. And one of its advantages
is the use of minimal equipment and without adding a new sen-
sor to the control system, which can reduce costs. And also the
elimination of the derivative in the new control circuit, which
reduces the possibility of error in the implementation.The sim-
ulation results show the effectiveness of the proposed method.
Expansion of the proposed concept for other applications and
other converters is under consideration. And in the continuation
of research, the effect of virtual resistance in reducing the output
voltage of the rectifier output can be investigated.
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