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Abstract— This paper proposes a capacitive-coupling gridheated inverter (CGCI), which consists of
a full bridge single-phase inverter coupled to aogrid via one capacitor in series with an inducThe
fundamental-frequency impedance of the couplingndéinas capacitive. In contrast with the conventlona
inductive-coupling grid-connected inverter (IGCHjs structure provides an alternative interface use
between a low-voltage DC microgrid and an AC gi#dcomparison between the CGCI and IGCI is
performed. It is concluded that the CGCI is ableramsfer active power and provide lagging reactive
power at an operational voltage much lower thahah¢he IGCI. This reduces the system's initiadtcand
operational losses, as well as the energy storéaeiC-link capacitor. The CGCI has been analyaedl
a DC voltage selection method is proposed. Usirggiiethod, the DC-link voltage of the CGCI remaans
approximately of 50% of the peak grid voltage. tldiion, aP-unit current controller is proposed for use
with the CGCI, as a proportional-integral controlie not suitable. Finally, simulation and expenntse

show the effectiveness of the proposed approach.

1.INTRODUCTION

Due to increasing concern for the environmartgrest in renewable energy resources has intedsif
Distributed generation (DG) based on renewablergesergy is expected to increase at an unprecatlente
rate worldwide [1-3]. The energy obtained from ngable sources is not only used to feed local Idads
is also transferred to the grid. Grid-connectecerters provide flexible interfaces for the impadatand
exportation of renewable energy to and from thd pti7].

In the past, the main task of a grid-connected rievewas to transfer active power from renewable
resources to the grid [8-10]. However, the intagrabf uncontrollable resources, such as wind adrs
energy, may endanger the stability and power quafithe grid. Independent reactive power compenmsat

devices such as active power filters or static Byormous compensators (STATCOMSs) can be installed to



ensure that the chief task of a grid-connectedrievés active power flow control [11-13].

As the current of an active-power flow is orthogbto that of a reactive power flow, it is econoatito
use the same inverter to transfer active and ngapbwer. Inverters capable of providing reactioever to
the utility grid played a very important role indtmy's systems. Controlling reactive power improtes
quality of low/medium voltage distribution networlensuring that the latest technical requiremeetg
distribution system operators can be met [14-1%Falel-connected inverters with active and reactiv
power flow control have been examined by [16-19kt8ms that integrate renewable energy sources and
provide wide-range power flow control have beenestigated by [20-24]. However, grid-connected
inverters capable of wide-range reactive powerrobmiave a high direct current (DC) link voltags, the
voltage drop on the coupling inductor is proporéibto the reactive power [23-24]. In [20], two diaty
inverters are added to increase the output voliaigge of a grid-connected inverter. To provide \wiaege
reactive power control, a grid-connected inverteistrhave a high rating, which requires a lot ofrgpeo
be stored in high voltage DC-link capacitors [23-ZBhis increases the system’s cost and operational
logsgarallel-connected inverter used to integrateieragrid or renewable energy source into the wtilit
grid, as described above, is usually coupled topihiat of common coupling (PCC) via an inductor, an
inductor-capacitor (LC) filter or an LCL filter. Enefore, such parallel-connected inverters aresified as
inductive-coupling grid-connected inverters (IGCIg) this paper. Another type of parallel-connected
inverter, which is coupled to the PCC via one cépa series with an inductor, has been useckactive
power compensation and harmonic suppression dej@Ze28]. The equivalent impedance of the coupling
branch at a fundamental-frequency is capacitiveerdfiore, this type of inverter is classified as a
capacitive-coupling grid-connected inverter (CGQlhe existing literature has shown that the rabha@
power converter is reduced when capacitors aretet@to its coupling branch [29-30]. Capacitonks
are usually much cheaper per KVA than active pofiars from the same vendor [31-33]. Therefore,
CGCis provide a more cost-effective solution th&Cls, particularly when used to suppress the reacti

power of high-power loads.



The active power transfer capability of CGCls wiast examined by [29], which showed that a CGCl is
able to transfer active power and compensate keaptwer when its operational voltage is lower than
grid voltage. However, the study used a fixed itgdccurrent to compare the CGCI with an IGCI ardl di
not compare the power transfer capability of the tievices at different power levels. In additiczf][did
not discuss DC-voltage selection for the CGCI. Pnev work has shown that CGCIs are able to
compensate harmonic currents at a low operatioolghge by tuning coupling impedance [27, 34]. As th
focus of this paper is power flow control at thedamental frequency, the design and control ofXG€Is
with harmonic suppression capability is not addedss

In Section 2 of this paper, the power flow conicbhracteristics of an IGCI and a CGCI are analyzed
and compared, with special reference to the relahip between the operational voltage and the
controllable power range. In Section 3, the powant| capability of the proposed CGCI and the DC
voltage selection method are described. A contystesn block diagram is provided and analysed in
Section 4. In Section 5, the results of simulatians shown to verify the effectiveness of the pemub

CGCI. The experimental results are provided in iSad.

2.CoMPARISON OFIGCI AND CGCl

The configuration of a single-phase IGCI is showrFig. 1(a). A CGCI can be created from a single-
phase IGCI by replacing the coupling inductor watbapacitor in series with an inductor, as showhign
1(b). The power flow control characteristics of tiw® inverters are compared in this Section. #ssumed
that the DC bus of each inverter receives activegodrom an external source, which may be a renavab
energy source or an energy storage unit.

The IGCI is coupled to the grid via an inductor,iethis mainly used to suppress output current eppl
The CGCl is coupled to the grid via B@ branch, which presents capacitive impedance dutidamental
frequency. The.C branch can be replaced by a capacitor in an elguaircuit. The impedance of the

coupling branch is expressed as follows.
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It is assumed that the voltageat the PCC is located on the positive horizontéd axd has a phase

angle of zero. The current injected from the IGad ghe CGCI to the power grid is expressed asvidlo

IC: ch+J IC.C|1 (2)
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Fig. 1 Circuit configurations: (a) single-phase IG®) single-phase CGCI.

The complex power flowing from the inverterthe grid is expressed as follows.

§$=U-T =V (lea=Jjleq) = Pinj + Qunj. (3)
According to the direction of the current defil in Fig. 1P;y is positive when active power is injected
into the grid, and);; is positive when the reactive current lags thd-grde voltage, that is, reactive power
is provided to compensate for the inductive loatihien only the fundamental-frequency component is
considered, meaning that the harmonic componeatgaored, the grid-connected inverter is modeked a
voltage source. The power flow between the inveated the grid can be calculated as shown below,

following [35, 36].

VeV \'& VsViny . .
P = (% cosd — 75) cosO + %smS - sinB 4)(
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Qinj = (% cosd — V—ZS) sin® — %sinS - cosO (5)

In (4) and (5)Vin is the output voltage of the inverter; ahdepresents the phase angle betwégand
Table 1 provides th& andé values for the IGCI and the CGCI. The power baséeifined for the IGCI
the CGCl respectively. The expressions are giveérainle 1. The active power and reactive power ach e
normalized to the defined power base and the quoreing expressions are listed in Table 1. Althqugh
power base is defined differently for the IGCI ahd CGCI, it can be set to the same level by varyire
coupling impedance. In the following discussiontmalized values are used to compare the poweraontr
capabilities of the two inverters. The output vgaof the inverter is normalized Y&, the grid voltage at
PCC. When the amplitude of the inverter's outputtage is fixed, both the active power flow and the
reactive power flow between the inverter and thd gary according to the phase angle. Five cases ar
considered within a range of normalized voltagei@alfrom O to 2; i.e., the voltage varies from @aooble
the value oVs. The variation in the active and reactive powetdagluced from the expression in Table 1

shown in Fig.2.

Table 1Power base and power flow in per-unit form

IGCI CGCl
Coupling impedance Z=olL, 0=9¢° Z=1/(®C), 6= - 90
Power base Soase i =V (0L) Spee « = Vs -0C
A t Pinj Vinv i Sin§ I:)inj Vinv CSin§
ctive power - = = =",
p Sna\se_i VS Soase_c VS
Qinj \/inv i Q j V
Reactive power — —=—,¢Cos6-1 2 =1--—"="c05
p Snase_i VS Soasefc VS

Fig.2 shows that the active power profiles haveodd symmetry for both the IGCI and the CGCI. The
active power injected to the grid is zero whenitherter’'s operational voltage is zero. The acfasver
increases as the inverter voltage increases. The t&vel of active power can be injected into sabed
from the grid by varying the phase angle of theenter voltage. The IGCI injects active power to gjniel
when the phase angle is positive, and the CGCttmjactive power when the phase angle is negative.

However, as shown in Fig. 2(a), the normalizedtreagpower equals -1 when the operational voltage o



the inverter is 0. This negative value indicated the injected current from the IGCI is leading ttoltage
the PCC. The reactive power of the IGCI takes atipesvalue only when the inverter voltage is highe
the grid side voltag®'s. However, the normalized reactive power of CGQlag 1 when its operational
voltage is 0, as shown in Fig. 2(b). A positiveuelfor the reactive power indicates that the igect
from the CGClI is lagging the grid side voltagethié loading at the PCC is inductive, the powerdacan

increased by increasing the positive reactive power
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Once the external sources are connected to theU3Cte inverter is able to inject active powethe

The output voltage values required for the IGCI #mel CGCI to transfer active and reactive power are

Fig. 2 Normalized power flow: (a) IGCI; (b) CGCI.



calculated as follows.

Vinv_i _ I:i)nj 2 Qinj 2
v _\/(Snase_i) +(Sme_i +1) (6)
Vv P Q.
inv_c — in 2 1N _1 2 7
2 \/(Sm_c) +($me_c ) (7)

Fig. 3 shows the required operational voltage @& ifverter at five active power levels when the
normalized reactive power varies from -1 to 1.hk operational voltage of the inverter is lowemtivg,
both the IGCI and the CGCI provide reactive poweomnly one direction, as illustrated in Fig. 3. tAe

same time, the active power must be lower thampdtiveer base.
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Fig. 3 Comparison of output voltage values at delavels of power flow
This paper investigates the use of a grid-connectedrter to inject active power into the grid and
compensate reactive power from the inductive |G proposed inverter type is a CGClI, as this deldc
capable of providing positive active power and pesireactive power simultaneously when its opersl

voltage is lower than the grid voltage. As a restlié voltage rating of the inverter remains lovad d@he



energy stored in the DC-link is greatly reducedtHa next section, the selection of DC voltage thar

is analysed in detail.

3.Dc VOLTAGE SELECTIONfor CGCI

As previously discussed, the power transfeabaipy of the CGCI varies according to its opevatl
voltage, the maximum amplitude of which is detemulitoy the DC-link voltage of the inverter. The iait
cost of the CGCI and its operational losses areetomhen the DC-link voltage is reduced. Thereftine,

selection of an appropriate DC-link voltage for @@CIl is addressed in the system design.

A. Power base and coupling impedance of CGCI

The normalized output voltage of the CGCl is cldtad as shown in (7), and its variation in powewf
is depicted in three dimensions (3D) in Fig. 4{&)e output voltage is zero when the active poweer®
and the reactive power is equal to the power blage.4(b) is the left view of Fig. 4(a), in whicthe
horizontal axis indicates variation in reactive gowAs shown in Fig. 1(b), the CGCI operates aghaiti
power filter when no external sources are connettats DC-bus. In this situation, the output vgkaof

the inverter varies in linear proportion to theatege power, as shown in Fig. 4(b).
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Fig. 4 Variation in inverter voltage with power) @D view; (b) left view.

When external sources are connected to the DCthasZGClI injects active power in to the grid. Ihca
be concluded from Fig. 4(b) that the output voltaf¢he inverter increases as the active poweeases.
When the active power transferred is fixed, theunegl inverter voltage varies according to the tigac
power. The active power is transferred at a lowsgrational voltage when the magnitude of the reacti
power is close to that of the power base. Therefibie most effective to connect the CGCI to the®
which requires continuous reactive power compeosaiio ensure that the CGCI continuous to opertate a

a low DC link voltage, the power base is chosem@tng to the average load reactive power at th€,PC

which is denoted b , as follows.

S c=Q (8)
The equivalent capacitance in (1) is deduced bgtgubing (8) for the power-base definition in Tab)
as follows.
Q
C=—=- 9
Vo )

A coupling inductor is used to limit the high-freancy current ripple, which is approximately 5% loé t

coupling capacitor impedance, as shown below.
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oLc=0.05/ (Cc) (10)
The coupling impedance can be calculated by comgifl), (9) and (10). Using the resulting coupling
impedance value, the reactive power provided byctygacitive-coupling branch is shown to equal the
average load reactive power when the output voltddbe inverter is zero. When the load reactivevgo
varies in the vicinity of its average value, a lowerter operational voltage is required to compémgor

the reactive power.

B. Sdlection of DC-link voltage

The DC-link voltage determines the maximum outmltage of the inverter. The achievable power flow
range between the inverter and the grid is bouryetthe output voltage of the inverter. Fig. 5 po®s a
view from above of Fig. 4(a), which illustrates thewer flow range bounded by the inverter's output

voltage. The operational voltage of the invertegath point can be calculated using (7).

innj | Sbase_c
1.8
1.6****7': ,,,,,,,,,,,,,,
1417
1.2¢
1 4 Shase_c
0.8}
0.6F-% + Vinv/Vs=0.2
\ * Vinv /Vs=0.4
04 - Om ¥ Vinv/Vs=0.6
. Vinv /Vs=0.8
0.2F- - Do | < Vinv / Vs=1
0
-1 -0.5 0.5 1

e
Pinj/ Sbase_c
Fig. 5 Power flow characteristics of CGCI

Two operation points are marked in Fig. 5. The séwel of active power is injected to the grid la¢ge

two points. The reactive power at the two pointdasoted by ¢ .., and Qyjow, respectively. If the active
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power is fixed, the range of variation in the resefpower is symmetrical to that of the power base]
varies according to the inverter voltage. The vaftdistance between the two points marked in 5ig.

denotes the reactive power compensation rangesangressed as follows.

Rband = w . (11)

Due to the symmetrical properties describeel réactive power compensation range can be exprasse

follows.

M _ |nj up Snase c Soase_c B Qinj low (12)

2 Snase_c Snase_c

The output voltage of the inverter correspogdim this reactive power range is deduced by comdgin

(7) and (12), as follows.

Vinv = VS\/( SPinj ) + ( band ) (13)

base_c
The maximum active power to be transferred ateidnined by the external source connected to the
CGCI. The output voltage of the inverter is seldciecording to the required reactive power rangenwvh

the active power reaches its maximum value. Thegethhe DC-link voltage of the CGCI is calculatesd a

follows.

. inj.max band 14
Vdc.de5|gn M\/_V \/ Sb ) +( 2 ) ( )

The coefficientM is introduced to provide redundancy in the DC-lwidtage design. When a safe
margin of 15% is selecte] equals 1.15. A wider compensation range requitgglteer voltage.

One case is considered here in which the apppmaver of the load at the PCC is set to 1, wiower
factor of 0.85. Assuming that the load is linead #me distortion power is ignored, the load acposver is
normalized to 0.85, and the reactive power is aygprately 0.52 in per-unit form. The value 8fs ¢ IS
established from the reactive power, giving 0.5pir unit form for this case study. The following

considerations should be taken into account.

* Reactive power compensation only.
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If no external sources are connected to the C@t@I,CGCI operates as a hybrid power filter when
compensating the reactive power. The DC-link vatag determined by the required reactive power
range, anPiyj max IS Z€ero.
* Active power control with fixed reactive power.
After an external source has been connected, aptiveer is injected into the DC bus. The DC-link
voltage varies according ®Binmex, andRuang IS set to zero if the reactive power is fixed gl c.
Assuming that the penetration rate of the activergyoat the grid side is lower than 15%, the highest
value of the active poweRi,mx IS approximately 0.26, as calculated from the sete&as c. The
corresponding DC-link voltage is 0.42.
* Active and reactive power control.
When the maximum value of the active powBimx, IS approximately 0.26, the reactive power
compensation range, Rband, is set to 0.8 to eisate¢he CGCI can cope with the variation in |o8kis
increases the DC-link voltage to 0.77-Vs.
It is assumed that the load active power isk8\b and S, ¢ IS 2 kVar. The system parameters are
determined from the results of the case study amdisted in Table 2. The required DC-link voltagel 70
V. To achieve the same power range, the DC-linkaga of the IGCI must be higher than 1.425} i.e.
approximately 340 V or higher. At this DC voltadgkee energy stored in the DC capacitor of the IGCI i
four times greater than that stored in the CGCI.

Table 2 Parameters determined from the case study

Grid-side voltage 220V

Load active power 3.5 kW
Power basement, Sy e ¢ 2 kVar
Pini.max 500 W

Rpand: [Q injup. Q injiow)] 0.8 :[1.2 kVar, 2.8 kVar]
DC-link voltage 170 V
Filter capacitorC; 125 uF
Filter inductor, L¢ 4 mH

C. Summary

The selected coupling impedance and DC-link voltegjaes are presented in this section. The proposed
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design enables the CGCI to achieve the followingilgieimultaneously at a low DC-link voltage.
* Injection of active power from the external soutce¢he grid when the reactive power varies within
the compensation range.
* Improvement of the power factor at the grid side.

The control system of the CGCl is described initlatdhe next section.

4.CGCICONTROL SYSTEMS

Fig. 6 shows the overall control blocks of B&CI. The single-phase instantaneous reactive power
theory (IRP) is used to calculate the instantandéoas power and the current reference. It is assutimat

the loads are linear. The reactive power of thddda calculated as follows.

Q =V, cosf—-V.i, Sirg , (15)

In Eq. (15)j. is the load current arigy is its delay for one quarter of a cycle. The refiee currents are

calculated as follows.

P
i o :iz[vm sind v, cod| { S"”’CE} . (16)
Y Q.

m
The active power injected to the grid, whiclusuially determined by the external energy soulisesgt
manually, as shown in Fig. 6. The reference cusran¢ compared with the output current of the CGCI.
The current errors are sent t®-anit, the output of which is the pulse width maatidn (PWM) reference.

TheP-unit is described in detail later this Section.

Psource —
Current

Reference lre lerror P. _Vref PWM —
. Instantaneous| QL oad Calculation unit
li— Power >

Calculation y .
lc

Vs PLL P2 t

Fig. 6 Block diagram of CGCI control system

The current controller of the CGCI is makland a block diagram of the CGCI system is plexin
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Fig. 7.Kpwu is the inverter gain, which is regarded as unitewthe control system delay is ignored.

_________ V
| Punit ! S
' 'V, V; C.S .
| | l E ref inv C
ref ooy kp+kms -t Koy LC5:1 i
| <
Fig. 7 Block diagram of CGCI system model
The corresponding transfer function is deduas follows.
Ic(s) = Giref _ic(s) I ref (S) - sz_ic(s)vs(s) = P CC ' kPWM S Iref (S) - CC S V, (S)

L.C.S*+P-Cq Koy -S+1 L.CS*+P-Cq Koy -S+1 °

(171'he control system of an IGCI usually sendsesu tracking errors to a proportional-integral)(unit

to generate a PWM reference [37]. However, Rlaunit is used in the control system of the CGEIn

(17) is replaced bykgtki/s). Whenk,=70, k=2000 and the parameters are as listed in Taltlee2system
response is as shown in Fig. 8(a). If only propoi () control is used, the system response is as shown
in Fig. 8(b), wherek,=70. It can be concluded that the output currenthef CGCI is unable to track the
reference when BI controller or & controller is used. In these cases, the systeforpgaince is poor. Fig.

7 shows the new control block proposed in this papkich has the following formula.

d(J-O ierrordt) (18)

v, =k
ref dt

p’ loror T I(ID

Whenk, = 70 andkp = 3200, the total gain of tHe-unit is 3270. The corresponding system response is

depicted in Fig.8(c), which shows that the curtestking performance is greatly improved.

[
[«]

(=]

Magnitude
5

.
o N
O p O

Phase
o

10
Frequency (Hz)

(@)



15

Magnitude

| [ RN
A e e o

Phase

Magnitude

Phase
o

-50
0

Frequency (Hz)

(©)
Fig.8 Bode diagrams @« ic(S) (a)using a P controller; (b) using a convemaid® controller; (c) using a

P-Unit controller
In the continuous-time system model, the pertorce of the proposeetunit is the same as that of a
pure proportional controller. However, the sole lmapion of proportional gain causes over-modulatio
and system instability. When the control algoritinimplemented in a digital controller, the disertime

control block is deduced as follows.

t/Tg (t=Tp)/Ts

TS(Zierror [n - k] - Z ierror[ n- l@) T To/Ts
Vref[n] =kp.ierr0r[r] +kID ’ ‘=0 T =0 =kp.ierror[n] +kID -I-_S Z ierror[n_iq (19)
D D k=0

In (19), Ts is the sampling period of the digital controllendalp is the time-constant used in the
differential part of the equations.

The system response to grid-side voltage isvehio Fig. 9. It is evident from Fig. 9 that the CGdoes
not amplify harmonic distortion in the grid-sideltagye. Therefore, the LC branch of the CGCI control

system is not responsible for the unwanted osiciat
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5.SIMULATION RESULTS
The simulation models are built using PSCAD/EMTDditware. The system configuration is given in
Fig. 1(b). The external energy source is modelked £C source, and its injection of active powethi®
DC-bus is determined by the setting in simulatidhe case study described in Table 2 is used in the
simulation. Additional settings for the simulatiare listed in Table 3.

Table 3 System settings for the simulation

Grid voltage 220V
Switching frequency 10 kHz
Ko, Kip, Ts, Tp 70, 3200, 0.0001s, 0.01s
Source inductor, Ls 1 mH
Load 1 15 ohm; 0.12 H, 8 ohm;
Linear loads Load 2 20 ohm; 0.06 H, 10 ohm;
Load 3 28 ohm; 0.04 H, 8 ohm;

A. Comparison of current control units

The three current controlle®, P andP-unit are compared in Section 4 using Bode diagrdetkiced
from the system transfer function. Each of the @éhcentrollers is used in the simulations to contha
CGCI. The load reactive power is equal to the setepower base. The active power to be transfesrset
to 1 kW. The results obtained are given in Figah@ Table 4. It can be concluded that the prop&sexiit
controller achieves the best performances in teariefy the required power to the grid. TiRlecontroller

fails to transfer active power to the grid. Theaslestate error is high when tRecontroller is used.
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Table 4 Comparison of current controllers

Current | Current| Active Reactive | Power
RMS THD | power (W)| power(Var)| factor
Load 18.4 0.00% 3483 2004 0.8y
Pl (k,=70,k=2000) 16.06 0.87% 3533 5.61 0.990
P (k,=70) 11.95 0.92% 2599 327 0.992
P-unit (k, =70,kip =3200)| 11.48 1.50% 2516 10.06 0.990

B. Comparison of IGCI and CGCI
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In this section, the performance of the IGCI isnpared with that of the CGCI. The DC-link voltage o

the IGCI is 400 V and the DC-link voltage of the ClGs 170 V. The results of the simulation are shaomw

Fig. 11. The two grid-connected inverters are tegteconditions of dynamic change in active powed a

reactive power. The results indicate that botlerters are able to transfer the required activegpamd

reactive power to the power grid. However, the apenal voltage of the CGCI is much lower than thiat

the IGCI.
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Fig.11 Grid-connected inverters used to achievedya power transfer: (a) IGCI; (b) CGCI.

C. Verification of the power flow control range of the CGCI

Three groups of linear loads are tested to vehé&/gower control range of the CGCI when its DC-link
voltage is set to 170 V. The selected reactive poage is given in Table 2. The load settings usdte

simulation are listed in Table 3. The simulatiosulés are illustrated in Figs. 12, 13 and 14. lg. B2, the
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load reactive power is shown to approach the ldweemdary. Fig. 13 shows the magnitude of the load
reactive power to be close to that of the poweepasd in Fig. 14 the load reactive power is shéevn
approach the upper boundary. In all three casesadhive power to be transferred is 500 W. Thevacind
reactive power values at the load side and thegydiel are listed in Table 5. The results indichst active
power from the external sources can be injectedh& grid when the reactive power is within the
range. The CGCI is able to transfer active powel i@active power simultaneously at a DC-link vgéta
approximately half the peak grid voltage. In aduhfithe distortion in the current profile is stilside the

acceptable range as illustrated in the simulatsults.

Table 5 Simulation results verifying the reactive power range

Current Current Active power Reactive power  Power factar
RMS THD
Load 1 169 A 0.00% 3487W 1228Var 0.943
Source 1 13.67 A 1.24% 3005W -30Var 1.000
Load 2 18.4A 0.00% 3483W 2004Var 0.87
Source 2 13.6A 1.83% 2995W 9.26Var 1.000
Load 3 20.2A 0.00% 3473W 2741Var 0.785
Source 3 13.6A 1.91% 2976W 40Var 1.000
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Fig. 12 Current waveform and DC-link voltage foadbl
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6. EXPERIMENTAL RESULTS

A lab-scale prototype is built, and the CGCI systsmconfigured as that in Fig.1(b). The control
platform is based on the DSP TMS320F2812. The sygt@rameters are listed in Table 6. The grid-side
voltage is reduced to 55V due to the limitationdhef laboratory setting. When the active power(Gs/A2
and the reactive power compensation range is [82 Ma& Var], the DC-link voltage is 39 V. The recpd
DC-link voltage of the IGCI is higher than 70V. kar loads are used to verify the reactive power
compensation range of the selected DC voltage.eTgreups of loads are also tested experimentatly an
the results are provided in Fig. 15 and Table @wsthe CGCI is capable of controlling active andcteve
power flows simultaneously. The previously requirpdwer control range is also achieved in the
experiment. However, the measured THD of the sooatoeent, as shown in Fig. 15(b) is 6.16%. The
greater distortion recorded in the experiment igfthdue to noise introduced in the signal-coratithg

circuits and the truncation errors generated byikeel-point DSP

Table 6 Experimental system parameters

Grid voltageV, 55V
DC bus voltage 39V
Coupling capacitor 130 uF
Coupling inductor 3.5mH
Switching frequency 10 kHz

Load 1 0.06 H, 15 ohm, 100 ohm
Loads Load 2 0.06 H, 10 ohm; 100 ohm
Load 3 0.06 H, 5 ohm; 60 ohm

‘| Chl: Vdc, 39V;

Ch2: Source current,
1.60Arms;

Ch3: Load current,
2.42Arms;

Ch4: Injecting current,

H 2.08Arms;

‘Bmz (1 IN) 2.088790 Ras CILOA) 2. 1128329 | an (L Ri:) 11? 465m

Stopped 1661 Edge CH3 3
() 2013-03-04 10:50:40) Auto 43.00 96M_KPLOOP 2013

(a) Load 1
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Fig.15 Results of experiment conducted to verify ribactive power compensation range

Table 7 Results of experiments conducted to véhiéreactive power range

Current RMS Active Reactive Power

power power factor

Load 1 2.50 A 93 W 81 Var 0.76
Source under load 1 1.60 A 76 W -28 Var 0.95

Load 2 2.57 A 90 W 117 Var 0.63
Source under load 2 1.45A 70W -7 Var 0.98

Load 3 2.87 A 95 W 150 Var 0.58
Source under load 3 1.22 A 75W -6 Var 0.98
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7.CONCLUSIONS

In this paper, a CGCIl was proposed as a low-albsrnative to conventional IGCls. The power flow
control characteristics of the two types of gridwected inverter are analysed and compared. We can
conclude that the CGCI is able to transfer actioesgr with a much lower operational voltage when the

magnitude of its output reactive power is closéhat of its power base. As a result, the initiastcahe
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operational losses and the energy stored in thebDxCare all reduced in comparison with those of the
conventional IGCI. Furthermore, a DC voltage sébectmethod and a novél-unit current controller are
proposed for use with the CGCI. The results of $atons and experiments verified the feasibilitytio@

CGCl topology and the effectiveness of the contrethod.
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