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Abstract

In this paper presents a direct power control (DH@) three-phase matrix converters operating adfiadi power flow controllers
(UPFCs). Matrix converters (MCs) allow the direa/ac power conversion without dc energy storagkslitherefore, the MC-based
UPFC (MC-UPFC) has reduced size and cost, reduegcitor power losses, together with higher rellipi Theoretical principles
of direct power control (DPC) based on sliding madatrol methods are established for an MC-UPFCatyit model including the
input filter. As a result, line active and reactipewer, together with ac supply reactive power, bardirectly controlled by selecting
an appropriate matrix converter switching state lassy good steady-state and dynamic responses.riexpetal results of DPC
controllers for MC-UPFC show decoupled active améative power control, zero steady-state trackingre and fast response
times. Compared to an MC-UPFC using active and tigagower linear controllers based on a modifieehwrini high-frequency
PWM modulator, the experimental results of the aded DPC-MC guarantee faster responses withoutstvt and no steady-state
error, presenting no cross-coupling in dynamic ateady-state responses.

Keywords: Ac/ac conversion advanced direct power controleatrix converter, unified power flow controller.
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1. INTRODUCTION

Electric power flow through an alternating current
transmission line is a function of the line impecanthe
magnitudes of the sending-end and receiving-endages,
and the phase angle between these voltages. Edgerttie
power flow is dependent on the voltage across the |
impedance. Electricity market deregulation, togethéth
growing economic, environmental, and social congehas
increased the difficulty to burn fossil fuels, aodobtain new
licenses to build transmission lines (rights-of-yvand high-
power facilities. This situation started the growthf
decentralized electricity generation (using rende/anergy

power factor [13]-[14]. These minimum energy sterag/ac
converters have the capability to allow independeattive
control on the UPFC shunt and series converterssidile
guaranteeing that the active power exchanged onJfEC
series connection is always supplied/absorbed kystiunt
connection. Conventional UPFC controllers do nadrgatee
robustness [6]-[8] and [11], [12]. In [10], the @&pdence of
the matrix converter output voltage on the modatati
coefficient was investigated, concluding that MCRAP is
able to control the full range of power flow. Reteannlinear
approaches [5] enabled better tuning of Pl corroll
parameters. Still, there is room to further imprtve dynamic

resources). Unified power-flow controllers (UPF@pgble the
operation of power transmission networks near tm@ximum
ratings, by enforcing power flow through well-defth lines
[2]-[4]. These days, UPFCs are one of the mostatiéesand
powerful flexible ac transmission systems (FACT8&Yides.
The existence of a dc capacitor bank originatestiaddl
losses, decreases the converter lifetime, and dmege its
weight, cost, and volume. In the last few decadas,
increasing interest in new converter types, capabfe
performing the same functions but with reducedagfemeeds,
has arisen [10]-[12]. These converters are capaifle
performing the same ac/ac conversion, allowingrbeadional
power flow, guaranteeing near sinusoidal input andput
currents, voltages with variable amplitude, andustdjble

response of UPFCs, using nonlinear robust contsolle

In the last few years, direct power control techeis have
been used in many power applications, due to gigiplicity
and good performance [12]. In this paper, a maiorverter-
based UPFC is proposed, using a direct power dontro
approach (DPC-MC) based on an MC-UPFC dynamic
model(Section II). In order to design UPFCs, présgn
robust behaviour to parameter variations and ttudiances,
the proposed DPC-MC control method, in Sectionisibased
on sliding mode-control techniques [9], allowing treal-time
selection of adequate matrix vectors to controlutnpnd
output electrical power. Sliding mode-based DPC-MC
controllers can guarantee zero steady-state etmads no
overshoots, good tracking performance, and fastamhn
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responses, while being simpler to implement andiirew
less processing power, when compared to propoktiona
integral (PI) linear controllers obtained from lmeactive and
reactive power models of UPFC using a modified Ygng
high-frequency PWM modulator.

The dynamic and steady-state behaviour of the pep®PC-

MC P, Q control method is evaluated and discusssdgu
detailed simulations and experimental implementatio
(Sections IV and V). Simulation and experimentasutts
obtained with the nonlinear DPC for matrix convettased
UPFC technology show decoupled series active and
shunt/series reactive power control, zero steaalgserror
tracking, and fast response times, presentinglésgltdynamic
and steady-state responses.

2. UPFC POWER SYSTEM

A simplified power transmission network using thregosed
matrix converter UPFC is presented in Fig. 1, Bighows the
simplified three-phase equivalent circuit of thetmxaUPFC
transmission system model. For system modelling,pbwer
sources and the coupling transformers are all densil ideal.
Also, the matrix converter is considered ideal eepresented
as a controllable voltage source, with amplitude and
phase. In the equivalent circulty, is the load bus voltage;
The DPC-MC controller will treat the simplified edents as
disturbances.

R L

GIS@* Manic "T;'lﬁ L’

Fig 1: Transmission network with matrix converter UPFC.

Where Vs and V; are, respectively, the sending-end and
receiving-end sinusoidal voltages of geand Grgenerators
feeding load,. The matrix converter is connected to
transmission line 2, represented as a series iadcaetwith
series resistancéd { andR,), through coupling transformers
andr,.

Vis

Fig 2: Three-phase equivalent circuit of the matrix URH@
transmission line.

Considering a symmetrical and balanced three-pbgstem
and applying Kirchhoff laws to the three-phase egjaint
circuit (Fig. 2), the ac line currents are obtainied dq
coordinates.

dly Rt 1 ... -

dt :wqu EIdeE(\-‘/Ld*"lwd) (1)
dl, Rso 1, . . )
df = —wfd - 7.[.:2 Iq -+ 7[;2 (T’Lq — LRUq)- (2)

The active and reactive power of sending end géore@] are
given in dq coordinates by
-
Li}.‘

— r s -
Assuming Vzoq4 and Vy, =V, as constants and a rotating
reference frame synchronized to #iesource so thdf;, = 0,

active and reactive power P and Q are given byat®) (5),
respectively.

Based on the desired active and reactive poRgl,@res),
reference currentd fr, Iref) Can be calculated from (4) and
(5) for current controllers [20]. However, allowify Q actual
powers are sensitive to errors in el values.

2.1 Matrix Converter Output Voltages and Input
Currents

A diagram of the UPFC system (Fig. 3) includes tiee-
phase shunt input transformer (with windings Tg, T), the

three-phase series output transformer (with winglimg Tg,

Tc ) and the three-phase matrix converter, repredesasean
array of nine bidirectional switcheg; Sith turn-on and turn-
off capability, allowing the connection of each oofthree
output phases directly to any one of the three tigghases.
The three-phase (ICr) input filter is required &establish a
voltage-source boundary to the matrix converterabéng

smooth input currents.
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Fig 3: Transmission network with matrix converter UPFC.

Applying dqg coordinates to the input filter statariables
presented in Fig. 3 and neglecting the effectshefdamping
resistors, the following equations are obtained:

i ] 1. 1

d.td = wiiq — 5Va — ofzh‘ MG

d’iiq o 1 P

dt ““"d_'_g\/_g" 9.!1/“'_'_ l"“'

dV; . 1

r_ltd=wp‘179vﬁ(““j+ P Tol d+9\qu

AV _ oy L L1 1 1

dt wVa ot Somata * 55te — 5 R5% T 3g'

(6)

Where \jy, Vig, lia, liq represents, input voltages and input

current in dg components (at the shunt transfoseeondary)
and Vg, Vg la lg, are matrix converter voltages and input
currents in dq components, respectively.

3. DIRECT POWER CONTROL OF MC-UPFC
3.1 Direct Control of Matrix Converters Input
Reactive Power

In addition, the matrix converter UPFC can be aafed to
ensure a minimum or a certain desired reactive p@awehe
matrix converter input. Similar to the previous sigierations,
since the voltage source input filter (Fig. 3) dyres (6) has a
strong relative degree of two [25], then a suitablieling
surfaceSy; (eqi,t) (19) will be a linear combination of the
desired reactive power erray; = Q; and its first-
order time derivative.

Qiref -

. od
SQs (er } t) = (Q'i:-cr - Q'i) =+ RQ;‘ dt (Qi:-er - Q'i)'

The time derivative can be approximated by a disctiene
difference, asKy has been chosen to obtain a suitable
switching frequency, since as stated before, tHiding

surface needs to be quantized only in two levelsaid +1 )
using one hysteresis comparator.
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Fig 4: (a) Output currents and their corresponding se¢byr
Input current state-space vectors, when outputntsrare
located at sectopl The axis is represented, considering that
the input voltages are located in zong.V

To full fill a stability condition similar to (15)¢onsidering the
input filter dynamics (6), (20) is obtained.

L] o
Sqileqi,t) =
d%iiy

» [ (diig - 1 1y
1’;:!( at +ﬁc;-;?) = Vig | —wiia + 7\/_3' _ﬁlq +

I'ra o I&rQe

w (A

; 1 V. — _Ir‘ _ Lig o
Py hp Vit \ﬁg Y~ 56+ 56
(20)

From (20), it is seen that the control input, thenatrix input
current, must have enough amplitude to impose itpe of
Soi (eqi,t) Supposing that there is enough amplitude, (9)
and (12) are used to establish the criteria (13}hnose the
adequate matrix input current vector that imposesrteeded
sign of the matrix input-phase currépt related to the output-
phase currents by (9).

1. 1f So; (eqirt) > 0 =>Sy; (eqi, t) < 0, then select vector with
currenti,< 0 to increase@; .

2. If Sg; (equt) <0 =>Sy; (eqi, t) > 0, then select vector with
currenti,> 0 to increase@; .

The sliding mode is reached when vectors appliedhto
converter have the necessdpycurrent amplitude to satisfy
stability conditions, such as (15). Therefore, tmase the
most adequate vector in the chosen dq referenceefrd is
necessary to know the output currents locationesithe i,
input current depends on the output currents (Tdple
Considering that the dqg -axis location is synchtmnwith the
Vi, input voltage (i.e., reference frame depends an \th
input voltage location), the sign of the matrix atdee power
Qi can be determined by knowing the location of theut
voltages and the location of the output currenis. 4.
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Table1: State-space vectors selection, for input voltages P PR
located at sector, ¥/
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4. SIMULATION RESULTS

The performance of the proposed direct control esystvas
evaluated with a detailed simulation model usinge th
MATLAB/SIMULINK SIMPOWERSYSTEMS to represent
the matrix converter, transformers, sources andstrgssion
lines, and SIMULINK blocks to simulate the contsylstem.
Ideal switches were considered to simulate matomverter

semiconductors minimizing simulation times.
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voltage, (b) Output current.

Fig 5: Modeling circuit of the three-phase matrix coneert Fig 8: SIMULINK results of proposed UPFC (a) magnitude of
operating as a UPFC with direct power control. Output voltage, (b) Magnitude of output curren},Real
power, (d) Reactive power

Volume: 02 Issue: 11 | Nov-2013, Available @ http://www.ijret.org 472




IJRET: International Journal of Research in Engineering and Technology

el SSN: 2319-1163 | pl SSN: 2321-7308

I
|

(R
R \uﬂ"h‘l M !NM'-:" f

T

Fig 9: SIMULINK results of without UPFC (a) Output
Voltage, (b) output current.

Fig 10: SIMULINK results of without UPFC (a) Magnitude of
output voltage, (b) Magnitude of output curren},real
power, (d) reactive power.

Simulation results confirm the performance of theppsed
controllers, showing no cross-coupling, no steadyeserror
(only switching ripples), and fast response timasdifferent
changes of power references. The results (Fig.Iso show
fast response without cross coupling between actind
reactive power. This confirms the DPC-MC robustné&ss
input filter parameter variation, the ability to evpte at low
switching frequencies, and insensitivity to switdhi
nonlinearity.

CONCLUSIONS

In this Presented simulation results show thatvactnd
reactive power flow can be advantageously contlolbgy
using the proposed DPC. Results show no steady-stadrs,
no cross-coupling, insensitivity to non-modeled alyiics and
fast response times, thus confirming the expecgztbpnance
of the presented nonlinear DPC methodology. Theinét

DPC-MC results were compared to Pl linear actival an

reactive power controllers using a modified Vemutigh-
frequency PWM modulator.
dynamic response, the Pl performance is inferiorerwh

compared to DPC. Furthermore, the PI controllersl an

modulator take longer times to compute.

Despite showing a suitable
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