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ABSTRACT:

Transformer less hybrid series active filteris
proposed to enhance the power quality in single-
phase systems with critical loads. This paper assists
the energy management and power quality issues
related to electrictransportation and focuses on
improving electric/ vehicle load connection to the
grid. The control strategy is designed to prevent
current harmonic distortions of nonlinear loads to
flow into the utility and corrects the power factor of
this later. While protecting ' sensitive loads from
voltage disturbances, sags, and swells initiated by the
power system, ridded of the series transformer, the
configuration is advantageous for an industrial
implementation. This = polyvalent hybrid topology
allowing the harmonic isolation and compensation of
voltage distortions could “absorb or inject the
auxiliary power to the grid. Aside from practical
analysis, this paper also investigates on.the influence
of gains and delays in the real-time controller
stability. The simulations and experimental results
presented in this paper were carried out on a 2-kVA
laboratory prototype demonstrating the effectiveness

of the proposed topology.

Index Terms—Current harmonics, electric vehicle,
hybrid series active filter (HSeAF), power quality,
real-time control.

INTRODUCTION:

THE forecast of - future Smart Grids
associated with electric vehicle charging stations has
created a serious concern on all .aspects of power
quality of the power system, while widespread
electric vehicle battery charging units [1], [2] hav
detrimental effects on power distribution system
harmonic voltage levels [3]. On the other hand, the
growth o harmonics fed from nonlinear loads like
electric vehicle propulsion battery chargers [4], [5],
which indeed have detrimental impacts on thepower
system and affect plant ‘equipment, should be
considered the increased rms and peak value of the
distorted current waveforms increaseheating and
losses and cause the failure of the electrical equip
Moreover, to protect the point of common coupling
(PCC) voltage restorer(DVR) function is advised. A
solution is to reduce the pollution of power
electronics-based loads directly at their source.
Although several attempts are made for a specific
case study, a generic solution is to be explored. There
exist two types of active power devices to overcome
the described power quality issues. The first category
are series active filters (SeAFs), including hybrid-
type ones. They were developed to eliminate current
harmonics produced by nonlinear load from the
power system. SeAFs are less scattered than the shunt
type of active filters [8], [9]. The advantage of the
SeAF.compared to the shunt type is the inferior rating
of the compensator versus the load nominal rating
[10]. However, thecomplexity of the configuration
and necessity of an isolation series transformer had
decelerated their industrial application in the
distribution concern of addressing voltage issues on
sensitive loads. Commonly known as DVR, they
have a similar configuration as the SeAF. These two
categories are different from each other in their
control principle. This difference relies on the
purpose of the irapplication in the system
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Fig. 1. (a) Schematic of a single-phase smart load with the compen-
mlg installation. (b) Electical diagram of the THS=AF in a single-phase

isolation transformer and promotes industrial
application for filtering purposes. The setup has
shown great ‘ability to  perform requested
compensating tasks for the correction of current and
voltage distortions, - PF correction, and voltage
restoration on This paper is organized as follows.
The system architecture is introduced in the
following section. Then, the operation

principle of the proposed configuration is explained.
The third section is dedicated to the modeling and
analysis of the control algorithm implemented in this
work. The dc voltage regulationand its considerations
are briefly explained, and the voltage and current
harmonic detection method is explicitly described. To
evaluate the configuration and the control approach,
some scenarios are simulated. Experimental results
performed in the laboratory are demonstrated to
validate simulations. This paper is summarized with a
conclusion and appendix where further mathematical
developments are demonstrated.

Il. SYSTEM ARCHITECTURE:

The THSeAF shown in Fig. 1 is composed of an H-
bridge converter connected in series between the
source and the load.A shunt passive capacitor ensures
a low impedance path for current harmonics. A dc
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Fig. 2 Terminal voltage and current wavelrms of the 2-KVA single-

phasa system withcut compensator. (a) Regular operation. (b) Gnd's
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system is described in [19]. The system is
implemented for a rated power of 2200 VA. To
ensure a fast transient response with operation, the
controller is implemented on a dSPACE/dsp1103.
The system parameters are identified in Table I. A
variable source of 120 Vrms is connected to a 1.1-
kVA nonlinear load and a 998-VA linear load with a
0.46 PF. The THSeAF is connected in series in order
to inject the compensating voltage. On the dc side of
the compensator, an auxiliary dc-link energy storage
system is installed. Similar parameters are also
applied for practical implementation.
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Fig. 3. THSaAF equivelant d rcuit for cument harmonics.
perform

the compensation of current issues and maintaining a
constant voltage free of “distortions at the load
terminals. The behavior of ‘the SeAF for a current
control approach is evaluated from the phasor’s
equivalent circuit shown in Fig. 3. The nonlinear load
could be modeled by a resistance representing the
active power consumed and a current source
generatingcurrent  harmonics.  Accordingly, the
impedance ZL represents the nonlinear load and the
inductive load. The SeAF operates as an ideal
controlled voltage source (V comp) having a gain (G)
proportional to the current harmonics (Ish) flowing to

the grid (Vs)

frequency creates a low-impedance path for all
harmonics and open circuit for the fundamental; it

also helps

for PF correction.

mep=c_rf|:| —VLF,. (1

This allows having individual equivalent circuit for the fun-

mmental and harmonics
unmﬂ = 1_;21 + 1__.-“1 FL = lI"J-L:I + FLH- (2}

The source harmonic cument could be evaluated

foh = = Zadan + lI"’r:n:\t:l:\q:vn +Ven (3)

Via =Z0(In — Il IEN
Combining (3) and (4) leads to (5)

Tp= 2 5

= (G =250 )

If
gain G is sufficiently large (G—), ithe source
current will become clean of any harmonics (Ish —
0). This will

help improve the voltage distortion at the grid side. In
this approach, the THSeAF behaves as; high-
impedance open circuit for current harmonics, while
the shunt high-pass filter tuned at the system

I11. MODELING AND CONTROL OF THE
SINGLE-PHASE THSeAF:

Based on the average equivalent circuit of an inverter
[23], the small-signal model of the proposed
configuration can be

obtained as in Fig. 4. Hereafter, d is the duty cycle of
the upper switch during a switching period, whereas
“v and "i denote the average values in a switching
period of the voltage and current

Ly L + o=
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Fig. 4. Small-signal model of ransbrmeress HS2AF in series be-
twaen the gid and the load.

of the same leg. The mean corverter output voltage and cument
are expressed by (63 and (7) as follows:

= (2d — 11} i
el | Voo (a)
where the I:'_.-'."II:' -1 CqIJ:I.'S. b a2, the

ipo = mIr. (Tl
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- If the harmonic frequency is high enough, it is
possible assume that there will be no voltage
harmonics across the load. The state-space small-
signal ac model could be derived by linearized
perturbation of the averaged model as follows:

Hence, we obtain
1] 0

1
fey =7 -
4 |ToEEF 1] 0 Thor 0 =1/05pp
— f_: =|=-1/Lz =1/Lg —v./Leg —v./Lg ]
i =1Ly 0 =r flgp —rfLy 0
i Y 0 —Ry /Ly,
Doy a0 i
BoEPF 0o 0 s
| 2 fH|fE 0 A [x|Vee| (1
Iy i Iy a oy
I, a Eir—l_.-'I._-,
Moreowver, the output vector is
y=Cxr4 Du (11
or
‘i‘c_r T
Toamp| _ [1 O v 7o O] TC-:’;PF
i | (o1 0 00 =
i
ir 1
ig
a0 o - P
+[|:| 0 _l]x PEC]. (12}
n

By means of (10) and (12), the state-space
representation of the model is obtained as shown in
Fig. 4. The transfer function of the compensating
voltage versus the load voltage, TV _CL(s), and the
source current, TCI (s), are developed in the
Appendix. Meanwhile, to control the active
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Fig. 5. Gontral systemn scheme of the active part

dc auxiliary source should be employed to maintain
an adequate supply on the load terminals. During the
sag or swell conditions, it should absorb or inject
power to keep the voltage magnitude at the load
terminals within a specified margin. However, if the
compensation of sags and swells is less imperative, a

capacitor could be deployed. Consequently, the dc-
link voltage across the capacitor should be regulated
as demonstrated

IV. SIMULATIONS AND EXPERIMENTAL
RESULT:

The proposed transformerless-HSeAF configuration
was simulated in MATLAB/Simulink using discrete
time steps of

Ts =10 us. A dSPACE/dsp1103 was used for the fast
control prototyping. To ensure an error-free and fast
implementation, the complete control loop was
executed every 40 us. The

parameters are identified in Table I.

Fig. 11, Simulation of the system with the THSeAF compensating current harmonics and votags rqulation. (a) Source velage e, (b) source
current is, (c) boad voltage vz, (d) loadl cument iz, (2) active-fiter voage Vicomp, and (f) hamnonics current of the passive fier ipe.

The THSeAF reacts instantly to this variation and
does not interfere its operation functionality.
Meanwhile, it is normal to observe a slight transient
voltage variation depending on the

momentum of the load disengagement or connection.
To evaluate the compensator during = utility
perturbation, the power source became distorted as
depicted in Fig. 15. The

V. SUMMARY

A DSTATCOM, connected at the point of common
coupling (PCC), has been utilized to mitigate both
types of PQ problems . When operating in current
control mode (CCM), it injects reactive and harmonic
components of load currents to-make source currents
balanced, sinusoidal, and in phase with the PCC
voltages . In voltage-control mode (VCM) , the
DSTATCOM regulates PCC voltage at a reference
value to  protect critical loads from voltage
disturbances, such as sag, swell, and unbalances.
However, the advantages of CCM and VCM cannot
be achieved simultaneously with one active filter
device, since two modes are independent of each
other. In CCM operation, the DSTATCOM cannot
compensate for voltage disturbances. Hence, CCM
operation of DSTATCOM is not useful under voltage
disturbances, which is a major disadvantage of this
mode of operation This paper considers the
operation of DSTATCOM in VCM and proposes a
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control algorithm to obtain the reference load
terminal voltage. This algorithm provides the
combined advantages of CCM and VCM. The UPF
operation at the PCC is achieved at nominal load,
whereas fast voltage regulation is provided during
voltage disturbances. Also, the reactive and harmonic
component of load current is supplied by the
compensator at any time of operation. The deadbeat
predictive controller is used to generate switching
pulses. The control strategy is tested with a three-
phase  four-wire  distribution  system.  The
effectiveness of the IS AS SHOWN IN FGR
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Fig. 15, Experimental wavelorms under utility voltage distortion and
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Source of The proposed algorithm is validated
through detailed simulation and experimental results.
APPENDIx:
For the sake of simplicity, the resistance rc of the
switching capacitor filter Cf is neglected, and the
inductance Lf has an
ideal behavior.
A, Relationship of Load Voltage (V' ) and Grid
Valtage (Vg
Tyvpo(a) = Ve I 5_] = FLoad =
S Vals) Le4 Zaw + £ Load
_ LfLL f-'jrﬁa + L;RLE'-‘:-sz 4+ Ly= 4 Ry
A+B+C+D+E4+F
A=LpLleLaCyCypras
B =LyLsRCyCyprs'
C= I:L-fLL G.f + L.: Ly Cupr + L.fLSGr
+ LeLsCypp)s
D ={LyReCy + Ly ReCupp + LsRe Cupp)s®
E= Ii_r+ Ly +Lgis , F=R,.

B Rdation Batween Load Voltage (V' ) and
Compensating Valtage (V comp)

Vl:omp _ Zoux
Ve ZL.cad

_ LfLLCHpF 2% 4 LIRL Cyppa? + L_rﬁ
LplyCpa®+ LRy Cpa® + Ly + Ry ’

Ty l= =
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