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KEYWORDS Abstract. Conventional multi-stage AC/DC/DC, AC/DC/AC, DC/DC/DC, and
. DC/DC/AC converters are two ports converters used to connect a resource or load to an
AC/DC grid . a - . L .
. AC or DC grid. To connect several loads or resources to a grid, these converters can easily
connection; R . R R .
. be extended to a multi-port converter through a common DC-link, with simplified control
High-Frequency . . .
. and a reduced number of active switches. However, DC-link huge energy storage component
AC-link (HFAC) . e tepas s
increases the converter volume and cost and reduces its lifetime and reliability. On the other
converter; . .
. . hand, most of the resources with these types of converters have fault ride-through problems
Indirect matrix . . . L .. .
and the DC-link voltage increases during the grid-side faults. The indirect matrix converter
is a two-port High-Frequency AC-link (HFAC) converter without any intermediate energy
storage component, which can be used to connect just a single source or load to a grid. In
this paper, a generalized extension of a two-port indirect matrix converter (and the other
HFAC converters) to a multi-port converter is proposed. The modulation method, voltage
and current gains, and the reactive power limitation of the proposed structure are also
presented. Performances of the proposed structure and its modulation strategy are verified
through simulation in MATLAB/SIMULINK environment.

converter;
Modulation method;
Multi-port converter.

1. Introduction The intermediate DC-link capacitor simplifies

L he A the converter control through independent control of
Distributed Generators (DGs) are connected to the AC the DG-side and grid-side converters. The DG-side

or DC grids via conventional multi-stage AC/DC/AC, DC/DC or AC/DC converter controls the DG power
DC/DC/AC, AC/DC/DC, or DG/DC/DC converters, and boosts its low voltage to a desirable level for the

is ireseﬁtei in Figmte 1(af). These1 converters are a grid-side converter. The grid-side DC/AC or DC/DC
ack-to- }?C c}?nnecuon N ]t)vgol.vitage source Icon— converter controls the DC-link voltage by delivering
verters through a common -link capacitor.  In a generated power to the AC or DC grid. The DC/AC

hybrid system with two or more DGs and storages, .

L b 1 ded 1t converter can also generate reactive power to meet the
these conve?tirs}far]; elzieasaoy e}z(ten € t_o a r?u tlipoit AC grid or load reactive power requirements [6].
converter with the back-to-back connection of multiple Although the DC-link capacitor facilitates the

;foll‘zage soprce con}xlzerter‘ thFr9ugh ;hﬁlr 1(:05mm0n DC- converter control, it increases the converter volume,
ink capacitor, as shown in Figure 1(b) [1-5]. reduces its reliability, and causes grid-side fault ride-

through problems [7]. When a fault occurs on the

- Corresponding author. grid side, the grid-side converter voltage and power
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Figure 1. Structures of conventional back-to-back converters and an example of their application (a) Two-port converters

and (b) Multi-port converters.

decrease, while the DG power cannot be decreased
rapidly due to the independent control of the DG-
side and grid-side converters. Therefore, the DC-link
voltage increases due to its input and output power
inequality. Two types of methods are proposed in the
literature to solve this problem: adding an external
system such as energy storage or a brake resistor,
or improving the control structure of the DG-side
converter by getting feedback from the DC-link or
grid-side voltage. Both of these methods lead to the
complexity of the converter structure or control [8-10].
For this purpose, direct and indirect matrix converters
are proposed in the literature without any intermediate
energy storage component. These all-silicon converters
are more reliable and compact compared with the
conventional multi-stage AC/DC/AC back-to-back fre-
quency converters [11-13].

Due to the lack of an intermediate energy storage
component, it is difficult to extend this two-port
matrix converter to a multi-port one, and except for
a few special and non-expandable three-port cases [14-
22], most of the matrix converters proposed in the
literature are two-port converters used to connect a
single resource or load to an AC or DC grid. Therefore,
to connect several resources or loads the grid, unlike
extendable multi-stage back-to-back converters, several
matrix converters are required which increases the sys-
tem complexity and cost. In this paper, a generalized
structure for multi-port indirect matrix converters is
proposed which can be used to connect multiple DGs
or storage to an AC or DC grid or load. The presented
generalized structure can also be applied to the other
High-Frequency AC-link (HFAC) converters.

For this purpose, in Section 2, the basic in-
direct matrix converter and its modulation method
are investigated. = The voltage and current gains
of this converter are also presented in this section.
In Section 3, the generalized structure of a multi-
port indirect matrix converter is presented which
can be used to connect multiple DC or AC DGs
and storage to an AC or DC grid or load. Mod-
ulation and commutation methods of the proposed
structure, and the voltage and current gains are
also presented. Finally, the proposed generalized
structure is verified through simulation in MAT-
LAB/SIMULINK environment for different cases and
conditions in Section 4 and conditions in Section 5.

2. Indirect matrix converter

The indirect matrix converter is a three-phase to
three-phase HFAC converter without any intermediate
energy storage component. The basic structure of a
three-phase to three-phase indirect matrix converter is
depicted in Figure 2. As presented in this figure, this
converter is a back-to-back connection of two current
source and voltage source converters with bidirectional
four-quadrant switches. Although conventional in-
direct matrix converters are sparse counterparts of
this basic topology with fewer active switches, in this
manuscript just the basic topology is considered whose
principles are applicable to all sparse topologies [23].
Due to the lack of huge energy storage components,
these all-silicon converters are more compact and reli-
able compared with conventional back-to-back convert-
ers [24,25].
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Figure 2. Schematic diagram of a three-phase to three-phase indirect matrix converter.

2.1. Modulation method

Since an indirect matrix converter is a back-to-back
connection of a voltage source converter with a current
source converter, one of the most complete modulation
methods proposed for this converter is indirect Space
Vector Modulation (SVM) [25,26]. In this modulation
method, at first, it is supposed that the voltage
source and current source converters of the indirect
matrix converter are controlled independently by their
conventional SVM methods and their switching states
and times are calculated. Finally, calculated switching
times and states are combined in the indirect SVM to
control the indirect matrix converter the same as the
back-to-back connection of a voltage source converter
and a current source converter.

2.1.1. SVM of the voltage source converter

The voltage source converter of an indirect matrix con-
verter is specified in Figure 2 which its voltage source
value is vp,. To control this voltage source converter,
conventional SVM is used which its switching states
and vectors are presented in Table 1 and Figure 3(a).
Two of these vectors (i.e., V7 and I_/;;) are zero vectors
and the other remaining 6 vectors split a3 plane into
6 sectors.

The desired output voltage vector I_/Iovref in each
sector of (j)can be constructed by the two adjacent
vectors of this sector as presented in Figure 3(b).
Hence, as depicted in Figure 3(c), for Dv; portion of
each switching period T vector I7j, for Dvj4, portion of
T, vector I_/;-H and for the rest of the switching period

Table 1. The voltage source converter switching states
and space vectors.

Vector name Switching state

Vi Sap  SBn  Scn
V. Sap  SBp Scm
Vs San  SBp  Scn
Vi San  SBp  Scp
Vs San  SBn  Scp
Vs Sap  Sen  Scp
Ve {v7 San  Sma  Som
Vs SAP SBp SCP

vector I_/b are applied. Dvj;, Dv;y1, and Dvg can be
obtained as follows:

Dv; =my,sin (3 —6,)

Dvjy1 =m,sin(8,) (1)

D’UO =1- D’l}j — D’Uj+1

where, m, is the voltage source converter modulation
index which controls the converter voltage gain as
follows:

VO re
my, = V32 (2)

Upn,ave
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Figure 3. The voltage source converter space vectors in the a3 reference frame and its SVM pattern.

Vo,res is the desired output phase to neutral voltage
amplitude, and vy, qve is the DC-link averaged voltage.
The modulation index can be selected as 0 < m, <1,
and the maximum phase to neutral voltage amplitude
which can be constructed with this modulation method
is 22222 - The averaged output voltage and DC-link
current, of this voltage source converter is as follows:

— — —

Vo,ave = -va‘/j + DUj«I»l‘_/tj#»l + DUO‘_/B = vo,refa (3)

) 3 - . o
ipmave = 5o D050+ Duga Vi 1)
Upn
3
= gmvfo CO8 ¥, (4)

where, I, and ¢, are the instantaneous output current
amplitude and phase angle with respect to the output
voltage.

2.1.2. SVM of the current source converter

The current source converter of an indirect matrix con-
verter is specified in Figure 2 which its current source
value is %,,. To control this current source converter,
conventional SVM is used which its switching vectors
are presented in Table 2 and Figure 4(a). Three of these

vectors (i.e., Ir, Iy, and I_;;) are zero vectors and the
other remaining 6 vectors split a3 plane into 6 sectors.

The desired input current vector f;-’ref in each
sector of (& can be constructed by the two adjacent
vectors of this sector as presented in Figsure 4(b).
Hence, as depicted in Figure 4(c), for Dij portion of
each switching period T vector [_;ﬁ for Dij41 portion
of T vector I_;c+1, and for the rest of the switching

Table 2. The current source converter switching states
and space vectors

Vector name  Switching state

I, Sap Sen
I Sbp Sen
Is Stp San
| Sep San
Is Secp Sba
Is Sap Stn
I7 Sap San
Io | Is Sbp Sbn
Is Sep Sen
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Figure 4. The current source converter space vectors in the a3 reference frame and its SVM pattern.

period vector I_f) are applied. Diy, Dipy1, and Dig can
be calculated as follows:

Dik = M, sin (% — 91)

Dijy1 = mesin (6;)

DiO =1- D’Lk - Dik+1

where, m, is the current source converter modulation
index which controls the converter current gain as
follows:

m, = Jurel (©)

Lpn,ave
I; rey 1s the desired input current amplitude, and p,,qve
is the DC-link averaged current. The modulation index
can be selected as 0 < m, < 1, and the maximum
current amplitude which can be constructed with this
modulation method is %,y 0. The averaged output
current and the DC-link voltage of this current source

converter is as follows:

-

Iave = Digdi + DigyrIigr + Diglo = T rey,

(7)

3 W o
Upn,ave = i {Dzk[k-‘/i‘l'le{—lIk-l—l"/i}
pn
3
= §mCVi COS 5, (8)

where, V; and ¢; are the instantaneous input phase-
neutral voltage amplitude and phase angle with respect
to the input current.

2.1.3. SVM of the indirect matriz converter

SVM of an indirect matrix converter is a combina-
tion of voltage source and current source converters
modulations. To construct the desired output voltage
vector VO,Tef in the sector (H)and desired input current
vector f;’ref in the sector (&) vectors ‘7] and ‘7}+1 in
the voltage source converter, and vectors ﬁ and -f;c+1
in the current source converter are used. For this
purpose, as presented in Figure 5, Dj; portion of the
switching period vectors ‘7] and 1:;, Dj(r41) portion
of the switching period vectors ‘7] and _Z_—;c+1, D1y

— =

portion of the switching period vectors Vj;, and I,
and D y1)(x41) portion of the switching period vectors
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Figure 5. The indirect matrix converter space vector modulation patterns.

‘7;‘+1 and j;c«l»l are applied. And for the last remaining
part of the switching period (i.e., Dy), vectors Vo and I,
are applied. Where Djk, Dj(k+1)7 D(j+1)lc7 D(j+1)(k+1)
and Dy are calculated form Eqgs. (1) and (5) as
presented in Eq. (9). Similar to Figure 5(a) and (b),
order of applying input, output and zero vectors can be
changed arbitrary to reduce the switching frequency
and loss or the output voltages and input currents
distortion and THD.

,

Dji = DvjDig = mysin (% — 90) sin (g — 91-)
D41y = DvjDigg1 = mysin (% — 90) sin (6;)
D41y = Dvj1Dig = mysin (6,) sin (5 — 0;) (9)

D(]'+1)(k+1) = D’U]‘+1 DikJrl = M sin (00) sin (91)

Do =1=Djr = Djk+1) = Dg+iye = Dg+nye+1)

where m; = m.m, is the total matrix converter
modulation index which can be selected as 0 < m; < 1.

2.2. Voltage and current gains

With the indirect modulation strategy presented in
Figure 5, for the Dij portion of the _time duration
applying V in the output converter, I, is applied in
the input converter, and for the remaining Diyy1 part
of this time ﬂ+1 is applied in the input converter.
Also, for the Dij, portion of the time duration applying
VJ_H in the output converter, Ik is applied in the input
converter, and for the remaining Dij,q part of this

time j;c«l»l is applied in the input converter. Therefore,
the averaged DC-link voltage during applying Vj, f/}ﬂ
and also the whole of the switching period is the
same as Eq. (8), and with respect to Eq. (2), the
averaged output phase-neutral voltage vector which
can be obtained by the indirect modulation strategy is:
(10)

3
Vo,ave = %mtVi cos @; ~ 0.866m,V; cos ;.

It can be seen that the maximum output phase-neutral
voltage which can be constructed with the indirect
matrix converter depends on the input power factor
of the converter. When the input power factor is one
the maximum output phase-neutral voltage is 0.866 of
the input phase-neutral voltage.

Similarly, as presented in Figure 5, for the Duv;
portion of the time duration applying I, in the input
converter, ‘7] is applied in the output converter, and for
the remaining Dwv;11 part of this time V}H is applied
in the output converter. Also, for the Dv; portion of
the time duration applying I_;c+1 in the input converter,
X_/} is applied in the output converter, and for the
remaining Dv,;1 part of this time ‘_/;-_,_1 is applied in
the output converter. Therefore, the averaged DC-link
current during applying f;c, j;c+1 and also the whole of
the switching period is the same as Eq. (4), and with
respect to Eq. (6), the averaged input current vector
which can be obtained by the indirect modulation
strategy is:

(11)

3
L qve = gmtlo coS Y, = 0.866m 1, cOs @,.
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Figure 6. The two-port indirect matrix converter single-phase equivalent circuit.

3. Generalized multi-port indirect matrix
converter

The indirect matrix converter is a two-port HFAC
converter. However, in a hybrid system a multi-
port converter is required to connect two or more
AC or DC power resources to an AC or DC grid or
load. As presented in Figure 1, conventional back-
to-back converters can easily be extended to a multi-
port converter by connecting multiple voltage source
converter through their common DC link. However,
except for a few cases [14-22], most of the matrix and
HFAC converters proposed in the literature are two-
port converters which can be used to connect a single
DG or storage to an AC or DC grid. In this section,
a generalized structure of a multi-port indirect matrix
converter is proposed which can be used to connect
several AC or DC resources to an AC or DC grid or
load in a hybrid system.

The single-phase equivalent circuit of a two-port
indirect matrix converter is presented in Figure 6. As
presented in Figure 2, the input filter of the current
source converter is a capacitive filter which is a voltage
source element. Therefore, the output port of this
converter is also a controllable voltage source with the
value presented in Eq. (8). Since two voltage sources
with different voltages cannot be paralleled, the output
port of this converter must be connected to a current
source. In a similar manner, the output filer of the
voltage source converter is an inductive filter which is
a current source component. Therefore, the input port
of this converter is also a controllable current source
with the value presented in Eq. (4). Since two current
sources with different currents cannot be serried, the
input port of this converter must be connected to a
voltage source.

Since two or more current sources with different

currents can be paralleled, or two or more voltage
sources with different voltages can be serried, to extend
an indirect matrix (or HFAC) converter to a multi-
port converter several voltage source converters can
be paralleled in the output stage or several current
source converters can be serried in the input stage of an
indirect matrix converter. The single-phase equivalent
circuit of these multi-port converters are presented in
Figure 7 for three-port samples.

Therefore, as presented in Figure 7(a), in a
single-input multi-output matrix converter two or more
voltage source converters are connected in parallel in
the output stage, and as presented in Figure 7(b), in a
multi-input single-output matrix converter two or more
current source converters are connected in series in the
input stage. Where, the voltage and current source
converters can be a three-phase, single-phase or a DC
converter of Figures 8 and 9 respectively.

3.1. Modulation method

To control a multi-port indirect matrix converter the
same as a two-port indirect matrix converter indirect
SVM method is proposed in which, the voltage and
current source converters are controlled with the con-
ventional SVM method for the three-phase converters
or PWM method for single-phase and DC converters.
Then, switching states of these converters are combined
such that the desired averaged output voltage and
input current achieved. This process is described
for a single-input multi-output matrix converter and
multi-input single-output matrix converters in the two
following separate subsections.

3.1.1. Single-input multi-output matriz converter
modulation method

To simplify the single-input multi-output matrix con-

verter control and modulation, modulation index of
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Figure 7. Three-port indirect matrix converters equivalent circuit (a) Single-input multi-output indirect matrix converter
equivalent circuit; (b) Multi-input single-output indirect matrix converter equivalent circuit.

the input current source converter (i.e., m.) is selected
as one and the output voltage source converter modu-
lation indexes (i.e., my1,My2, ..., Myy) are changed to
control the outputs voltage and input current of the
multi-port matrix converter as follows:

I

1,T€
me = ’ f:]-a

Tpn,ave

3 3
Upn,ave = §mc‘/1 COS Y = 5‘/1'(308 Pis

n

V3
=> =5 Mutdor €08 Po,
=1

Ypn,ave

VO Te
My = V3Ll =1, . n.

Upn,ave

(12)

For the DC outputs, the converters duty cycles are
calculated in a similar manner to achieve desirable
output voltages. It can be seen from Eq. (12) that the

same as an indirect matrix converter, the input and
outputs power factor limit the multi-output converter
voltage and current gains. After calculating modula-
tion indexes and duty cycles, switching times of each
vector of the input and output converters are calculated
using Eqs. (1) and (5), and the switching states
and times of the multi-port converter is calculated by
combining the input and each output switching states
and times with respect to Eq. (9) and Figure 10(a).
With respect to Figure 7(a), in the single-
input multi-output matrix converter, the input cur-
rent source converter is common between the output
voltage source converters. Therefore, as depicted in
Figure 10(a), for the input converter, at the first Diy
part of the switching period f;c, the next Diy part of
the switching period I_{], and at the last Dip41 part of
the switching period j;o«l»l of the input converter are ap-
plied. Since each output converter works independent
of the other omnes, its switching diagram is completely
similar to the two-port matrix converter presented in
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Figure 8. (a) Three-phase current source converter; (b) Single-phase and DC current source converters; and (c) Their
single-phase equivalent circuit.
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Figure 10. Switching states and timing diagram of the multi-port indirect matrix converter (a) Single-input multi-output

converter and (b) multi-input single-output converter.

Figure 5(a). Therefore, for the typical converter which
is in sector j, at the first D, part of the switching
period f/';-, the next Dy, (;11) part of the switching period
‘7}+1, the next Dy ; part of the switching period ‘707 the
next Dy 11)(j+1) part of the switching period 17;-+1, and
at the last D(y1); part of the switching period ‘7] of
the input converter are applied. With this modulation
method, each output port operates with the input port
similar to a two-port matrix converter.

3.1.2. Multi-input single-output matriz converter
modulation method

In a similar manner, to control the multi-input single-
output matrix converter simply, modulation index
of the output voltage source converter (i.e., m,) is
selected as one and the input current source con-
verter modulation indexes (i.e., M1, Me2, ..., My ) are
changed to control the output voltage and inputs

current of the matrix converter as follows:

VOTE
mqy = Jg’—f = 17

Upn,ave

. 3 3
lpn,ave = valo COS Yo = 710 COS Yo,

n

3
VUpn,ave = E §mclv;l COS @31,
=1
Lijrey
Mg = 2l =1 . (13)
Ypn,ave

For the DC inputs, the converters duty cycles are
calculated in a similar manner to achieve desirable
input. It can be seen from Eq. (13) that the same as an
indirect matrix converter, the inputs and output power
factor limit the multi-input converter voltage and
current gains. After calculating modulation indexes
and duty cycles, switching times of each vector of the
input and output converters are calculated using Eqs.
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Figure 11. The general scheme of the simulated single-input multi-output converters and their control structure.
(1) and (5), and the switching states and times of the is evaluated through simulation in the MAT-

multi-port converter is calculated by combining the
input and each output switching states and times with
respect to Eq. (9) and Figure 10(b).

With respect to Figure 7(b), in the multi-input
single-output matrix converter, the output voltage
source converter is common between the input current
source converters. Therefore, as depicted in Fig-
ure 10(b), for the output converter, at the first Duv;
part of the switching period V}, the next Dvg part of
the switching period Vo, and at the last Dvjyq part of
the switching period ‘_/;-4_1 of the output converter are
applied. Since each input converter works independent
of the other ones, its switching diagram is completely
similar to the two-port matrix converter presented in
Figure 5(b). Therefore, for the typical converter which
is in sector k, at the first D;; part of the switching
period I_L, the next Dj(x41) part of the switching period
I_;H_l, the next Dy;i, part of the switching period ]_(3, the
next D;11)x+1) part of the switching period ka, and
at the last D(;y1), part of the switching period ﬂ of
the input converter are applied. With this modulation
method, each input port operates with the output port
similar to a two-port matrix converter.

4. Simulation results

In this section, the proposed generalized structure

LAB/SIMULINK software environment. For this pur-
pose, a single-input multi-output and a multi-input
single-output indirect matrix converter are considered
in the two following subsections.

4.1. Single-input multi-output indirect matrix
converter

A single-input multi-output indirect matrix converter
can be used to connect different three-phase, single-
phase, or DC systems to each other. In these simu-
lations, three single-input multi-output converters are
simulated in three cases. The first one connects a
three-phase input system to the two different three-
phase output systems, the second one is used to connect
a three-phase input system to a three-phase and a
DC output systems, and finally, the third one is used
to connect a three-phase input system to the three
different three-phase output systems. The general
scheme of the simulated systems and their control
structure is presented in Figure 11. Circuit diagram
of the three-phase input current source converter is
presented in Figure 8(a), and the circuit diagram of the
output three-phase and DC voltage source converters
are presented in Figure 9(a) and (b) respectively.
The parameters of the input and output stages are
presented in Table 3.

4.1.1. Single-input double-output AC—AC-AC converter
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Table 3. Simulation parameters of the single-input
multi-output indirect matrix converters.

Vi 400 V
f; 50 Hz
AC input cos ¢; 1
Lfi 500 ,uH
Cyi 20 puF
Vo 200 V
fo 60 Hz
AC output 1 Zroad 10 Q436.78°
Ly, 5 mH
Cyo 1 uF
Vo 100 V
fo 75 Hz
AC output 2 (case 1 & case 3)  Rpoaa 5Q
Ly, 5 mH
Cio 1 puF
Vo 100 V
DC output 2 (case 2) Rioad 10§
Ly, 10 mH
Cio 5 pkF
Vo %V
fo 50 Hz
AC output 3 (case 3) Rroad 5 Q2/36.78°
Lyo 5 mH
Cio 1 uF
Switching frequency fs 20 kHz

In this case, to examine the converter performance, at
time 0.025 s the input power factor is changed from 1
to 0.8, and at time 0.05 s the AC output 2 voltage is
increased 50% and simulation results for this converter
is presented in Figure 12.

4.1.2. Single-input double-output AC—AC-DC converter
Similar to the previous case, in this case, at time 0.025
s the input power factor is changed from 1 to 0.8, and
at time 0.05 s the DC output 2 voltage is increased 50%
and simulation results of this converter is also presented
in Figure 13.

4.1.8. Single-input triple-output AC—=AC-AC-AC
converter

Similar to the two previous cases, at time 0.025 s the

input power factor is changed from 1 to 0.8, and at

time 0.05 s the AC output 2 voltage is increased 50%

and simulation results for this converter is presented in

Figure 14.

Vout1 (V)

Voutz V)

-200 I L I I I I L I I 14
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75

Time (msec)
Figure 12. Simulation results of single-input
double-output AC—AC-AC converter. I;,: AC input
current; Voyui1: AC output 1 line-to-line voltage; Vouio: AC
output 2 line-to-line voltage.
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Figure 13. Simulation results of single-input
double-output AC—AC-DC converter. [;,,: AC input
current; V,ui1: AC output line-to-line voltage; V,yi2: DC
output voltage.

4.2. Multi-input single-output indirect matriz
converter

Similarly, a multi-input single-output indirect matrix

converter can be used to connect different three-phase,

single-phase, or DC systems to each other. In these

simulations, three multi-input single-output converters

are simulated in three cases which, the first one
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Figure 14. Simulation results of single-input
triple-output AC—AC-AC-AC converter. [;,: AC input
current; Voyui1: AC output 1 line-to-line voltage; Vouio: AC
output 2 line-to-line voltage; V,u3: AC output 3
line-to-line voltage.

connects two different three-phase input systems to a
three-phase output system, the second one is used to
connect a three-phase and a DC input systems to a
three-phase output system, and finally, the third one
is used to connect three different three-phase input
systems to a three-phase output system. The general
scheme of the simulated systems and their control
structure is presented in Figure 15. Circuit diagram of
the three-phase and DC input current source converters
are presented in Figure 8(a) and (b) respectively,
and the circuit diagram of the output three-phase
voltage source converters is presented in Figure 9(a).
The parameters of the input and output stages are
presented in Table 4.

4.2.1. Double-input single-output AC-AC—AC
converter

In this case to examine the converter performance, to

decrease the AC input 1 power at time 0.025 s its power

factor is changed from 1 to 0.8, and at time 0.05 s

the AC output voltage is increased 50% and simulation

results for this converter is presented in Figure 16.

Table 4. Simulation parameters of the multi-input
single-output indirect matrix converters.

Vi 400 V
fi 50 Hz
AC input 1 cos ¢; 1
Ly 500 pH
Cly; 20 pF
Vi 150 V
fi 75 Hz
AC input 2 (case 1 & case 3)  cos ¢; 0.85
Ly 500 uH
Cyi 20 pF
Vi 100 V
Ly; 500 puH
DC input 2 (case 2) ! B
Cys 20 pF
Vi Y
fi 50 Hz
AC input 3 (case 3) cos b; 0.75
Ly; 500 pH
Cyi 20 pkF
Vo 200 V
fo 60 Hz
AC output Rrioad 10 ©
Ly, 5 mH
Cyo 1 puF
Switching frequency fs 20 kHz

4.2.2. Double-input single-output AC-DC—AC
converter

Similar to the previous case, in this case to decrease the

DC input 2 power at time 0.025 s its modulation index

is changed from 1 to 0.8, and at time 0.05 s the AC

output voltage is increased 50% and simulation results

of this converter is also presented in Figure 17.

4.2.8. Triple-input single-output AC-AC-AC—AC
converter

In this case, similar to the two previous cases, to

decrease the AC input 1 power at time 0.025 s its power

factor is changed from 1 to 0.8, and at time 0.05 s

the AC output voltage is increased 50% and simulation

results for this converter is presented in Figure 18.



14

Hossein Hojabri/Scientia Iranica (2025) 32(1): 6205

Ly - ;
b S
e S w
PN g .
NS 2 z
LTT = e
- &)
T 2
I, 5 E ==ﬁ
Z 8 []
e b 8 &b
o 22
Carrier
) )
<
1 =
L T, ED
) DV] -
ES ‘ §
~ .
o Dviy = >
2w . ) g
myx0,=1x6, | 3£ Dv, b S8
g2 5 £ 8 &
S % £l g°
o=} = - =
° 3 Vi gl O
%= == -,
258 Vo <
=] aQ,
> <
—/
— —
— —
=] -]
Dix = Din =
L. 25 | Dien | 2 ] o5 | Diwp |2
9 it =
5 D(j+|)k % ko 5B D(ﬁl)n § >
—» 2@ 5 2 — 25 & =
2% | Pt | & 5 3 2C | D | & g 3
& %D -:) °= = -ED o =
Sz Dojk = s e 3z Dojn g s e
s: T E| B s: T E| B
Z g Ik = = 23 L =) g
S s = & =3 — =y
S = I .8 S = T .8
e ES k+1 = e = B n+1 >
me; X0 08 T & My X0k o 1 &
0 2 0 2
—/ —
Figure 15. The general scheme of the simulated multi-input single-output converters and their control structure.
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Figure 16. Simulation results of double-input single-output AC-AC—AC converter. [;,1: AC input 1 current; [;,2: AC

input 2 current; V,,:: AC output line-to-line voltage.

5. Conclusions

To connect multiple Distributed Generators (DGs) and
storages to an AC or DC grid or load a multi-port
converter is required. Conventional back-to-back con-
verters can easily be extended to a multi-port converter
by connecting several voltage source converters through
their common DC link. Bulky DC link capacitor

simplifies converter control and extension, but increases
the system volume and reduces its life time. Common
high frequency AC-link converters such as indirect
matrix converters are two-port converters. In this
paper a general structure for a multi-port indirect
matrix converter is proposed which can be used to
connect several DC or AC resources to an AC or DC
grid or load. The proposed structure can be used to
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Figure 17. Simulation results of double-input single-output AC-DC—AC converter. [;,1: AC input current; [;,,2: DC

input current; V,,:: AC output line-to-line voltage.
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Figure 18. Simulation results of triple-input
single-output AC-AC-AC—AC converter. [;,,1: AC input
1 current; I;n2: AC input 2 current; [;n3: AC input 3
current; Vot AC output line-to-line voltage.

extend every HFAC converter to a multi-port converter.
The modulation method and voltage and current gain
of the proposed converter are also presented.
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