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Abstract: Micro turbine-generator is suitable for different distributed generation applications. Due to its high
speed, it is necessary to use a frequency converter to deliver the power at 50/60Hz. In this paper, application of
Matrix Converter as micro turbine-generator interface converter is addressed. In this way, the interface
converter becomes more compact due to omission of dc link capacitor (common in rectifier-inverter interface
structure). Also, it is shown by the simulation results that by using matrix converter, quality of the output
voltage is enhanced.
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l. INTRODUCTION

In recent years, application of Distributed Generation (DG) sources has increased significantly. Micro
turbine- Generator (MTG) is well suitable for different distributed generation applications, because it can be
connected in parallel to serve larger loads, can provide reliable power and has low-emission. MTGs have the
rated power from 30 to 250 kW, generating electricity in ac, and they can be installed in isolated conditions or
synchronized with the electrical utility. The main characteristics of MTG can be summarized in low
maintenance, capacity of operation with liquid and gas fuels (including natural gas) and small area required for
installation [1]. MTGs are available as single-shaft or split-shaft units. Single-shaft unit is a high-speed
synchronous machine with the compressor and turbine mounted on the same shaft. While, the split-shaft design
uses a power turbine rotating at 3000 rpm and a conventional generator connected via a gearbox for speed
multiplication [2]. In this paper, the single-shaft structure is considered. Single-shaft MTGs are usually
composed of gas turbines, electric power generators (usually a permanent magnet synchronous generator-
PMSG), frequency converters (interface converters), and protection and control systems (Fig. 1) [1]. The
interface converter is used to convert PMSG output voltage frequency (high frequency) to power system (50/60
Hz) frequency.

1. MICROTURBINE MODELING
In this paper, the model proposed in [3,4] is considered for micro turbine. The modeling of micro
turbine has been done in Matlab/Simulink (Fig. 2). As can be seen in Fig. 2, the model is made up of speed
controller, acceleration controller, temperature controller and fuel system (including valve positioned and
actuator). The exhaust temperature function f1 and torque function f2 is given by:

SU=T, =700 — W, )+ 55001 — @) (1
F2=13W,, —023)+05(1—®) (2)
Where w denotes turbine speed, Wf1 and Wf2 are fuel flows signals, and TR denotes rated exhaust temperature.
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Fig. 1. Block diagram of a single-shaft MTG
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1. MATRIX CONVERTER (MC)

MC is an array of controlled semiconductor switches that connects directly the three-phase source to
the three phase load. In the other words, MC performs a direct AC/AC conversion. While, AC/AC conversion is
conventionally achieved by a rectifier stage, a dc link and an inverter stage. Since, in the MC the switching is
performed on sinusoidal waveforms, the output voltage quality can be better than the conventional rectifier
inverter structure. Also, there is no dc-link (large energy storage element) in MC. So, the MC is more compact
compared to conventional AC/AC converters [5,6]. A common matrix converter structure consisting of 3x3
switches is shown in Fig. 3. As can be seen, it connects a three-phase voltage source to a three-phase load [6].

The matrix converter requires a bidirectional switch capable of blocking voltage and conducting
current in both directions. Unfortunately, there are no such devices currently available, so discrete devices need
to be used to construct suitable switch cells. In this paper, the common-emitter back to back structure is used as
bidirectional switch. The Simulink model of this switch is shown in Fig. 4.
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Fig. 3. Basic MC Structure

Normally, the matrix converter is fed by a voltage source and, for this reason; the input terminals
should not be short circuited. On the other hand, the load has typically an inductive nature and, for this reason,
an output phase must never be opened [5]. Considering Fig. 3 and de fining the switching function of a single
switch as [5]:
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1 switch S,ﬁj closed
Skg; = . 3
0. switch S y; open
K=14.B.C} j=1{a.b.c}
The constraints discussed above can be expressed by:
Sy + 8 + 8 =1 Jj={la.b.c} (4)

The load and source voltages of Fig. 3 with reference to supply neutral are considered as follows:

Vg ({] V4 (*')
Vr:l =1 Vs ('r:l I'];' =| Ve ('r]l {5)
ve () velr)
So, it can be written that:
val)] [54(0) Sg.e) Se(e)|[vale)]
“.r;(f} :_ S {f} Sgp {f} Sep {f} “’3{“} (6)
“’c(f]_' SAc{f} S‘Hc{{} S(C{{]l velr)
v, =TV,

Where T is the instantaneous transfer matrix. In order to derive modulation rules, it is also necessary to
consider the switching pattern that is employed. This typically follows a form similar to that shown in Fig. 5.
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Fig.5. Switching pattern

By considering that the bidirectional power switches work with high switching frequency, a low-
frequency output voltage of variable amplitude and frequency can be generated by modulating the duty cycle of
the switches using their respective switching functions. Let mkj(t) be the duty cycle of switch Skj, defined as
mkj(t)=tkj/Tseq, which can have the following values:

O<mg <1 K={4.B,C} j={a.b.c} (7)
The low-frequency transfer matrix is defined by:

14a(t) mga(e) mea(e))
Me)=| myp(2) mpylr) me, ()] ()
fn_dc{!} IJ‘?EC{(} fn(:z{!}_l
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The low-frequency component of the output phase voltage is given by:
Fole)= Aq(e )i (x) (9)

Some modulation techniques have been presented for MC control. The most popular of them are

Venturini, Scalar, and Space Vector Modulation (SVM) methods [5].

In this paper, the Venturini method is applied for MC control. In this method, switching timing can be
expressed in terms of the input voltages and the target output voltages, as follows:
my; fy _1 1+#_ (10)

) seq 3 i"r'r_n I

K={4,B.C} J=1ab,c}

Where, i,V is the amplitude of source voltages.

V. PERMANENT MAGNET SYNCHRONOUS GENERATOR (PMSG)

Micro turbine produces electrical power via a high-speed generator directly driven by he turbo
compressor shaft. Small gas turbines benefit in particular when the gearbox that reduces the shaft speed to the
speed of conventional electrical machines is eliminated, as is the case with the single-shaft designs considered
here. The result is a more efficient, compact and reliable machine and the shaft speed is normally above 30,000
rev/imin and may exceed 100,000 rev/min. High energy permanent magnets and high yield-strength materials
like neodymium-iron-boron (NdBFe) or Samarium-cobalt magnets have proved very suitable for high-speed
electrical machines .

In the following sections the equivalent circuit of a permanent magnet synchronous machine (PMSM)

is presented along with a brief description of its construction, operation and the permanent magnet materials.
In a permanent magnet synchronous machine, the dc field winding of the rotor is replaced by a permanent
magnet. The advantages are elimination of filed copper loss, higher power density, lower rotor inertia, and more
robust construction of the rotor. The drawbacks are loss of flexibility of field flux control and possible
demagnetization. The machine has higher efficiency than an induction machine, but generally its cost is higher.

PERMANENT MAGNET MATERIALS

The property of a permanent magnet and the selection of the proper materials are very important in the
design of a permanent magnet synchronous machine (PMSM). A good permanent magnet should produce a high
magnetic field with a low mass, and should be stable against the influences which would demagnetize it. The
desirable properties of such magnets are typically stated in terms of the remanence and coercivity of the
materials, and are quoted in Tesla, the basic unit for magnetic field B.

Iron, nickel, cobalt and some of the rare earth metals exhibit a unique magnetic behavior which is
called ferromagnetism. Ferromagnets tend to stay magnetized to some extent after being subjected to an external
magnetic field. The fraction of the saturation magnetization retained (remanence) when the driving filed is
removed is an important factor for the selection of the permanent magnets. All ferromagnetic materials have a
maximum temperature known as Curie temperature, where the ferromagnetic property disappears.
Consequently, the range of temperatures plays an important role in the operation of a PMSM.
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V. SIMULATION RESULTS
In this section, the MTG is simulated in Matlab/Simulink. The model of PMSG available at Simulink
library is used for generator simulation. This PMSG has 8 poles and its rated power is 30kW. In simulations, the
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focus will be on comparison of output voltage quality of two MTG interface converters (matrix converter and
conventional rectifier-inverter structure). In order to perform a true comparison, switching frequency of both
converters is set to 5 kHz and output LC filters parameters are chosen to be the same. The block diagram of the
simulated system is shown in Fig. 6.

The reference speed of the MTG is set to 45000 rpm. At first, The RLC load is 0.2 pu. Then, at
t=14sec, the load has a step increase to 0.8 pu. The torque response of the micro turbine is compared with the
load demand in Fig. 7. It can be seen that the torque has a good convergence. Also, speed of MTG is shown in
Fig.8. As it can be observed, the speed converges to its reference value, too.
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At this speed, the output frequency of the PMSG is 3000Hz and must be converted to power system
frequency (60Hz). As it is mentioned earlier, it can be achieved using matrix converter or conventional rectifier-
inverter structure. In Figs 9(a) and 9(b), PMSG output phase-a voltages at 0.2 pu and 0.8 pu loads are shown.
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Fig 9. PMSG output voltage: (a) load=0.2 pu (b) load=0.8 pﬁ “

Matrix and conventional converters operate on these load voltages to construct a 60Hz, 440V(p-p)
output voltage. Output waveforms of these converters before filtering are shown in Figs. 10 and 11,
respectively.
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These voltages are filtered by the LC filter to construct the load terminal voltages. Figs 12 and 13 show
the filtered voltages waveforms. As it can be seen, the voltage THD values (5.5% and 4.5% for 0.2 and 0.8 pu
loads) using MC are less than the ones in the case of conventional rectifier-inverter structure 7.2% and 6.5% for
0.2 and 0.8 pu loads).
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Fig.12. load terminal voltage using MC: load= 0.2 pu (top) load=0.8pu (bottom)
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Fig.13. load terminal voltage using conventional converter: load= 0.2 pu (top) load=0.8 pu (bottom)

V1. CONCLUSIONS
In this paper, application of the matrix converter as output frequency converter in micro turbine-
generator is addressed. Comparison of simulation results of MTG using matrix and conventional interface
converters demonstrated the ability of MC to deliver a higher quality voltage to the load.
Also, it is worthy to be noted that through application of MC the large dc link capacitor which is
common in the rectifier-inverter structure is omitted. So, the interface converter can be more compact and less
expensive.
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