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Abstract—This research deals with investigations on the “Active 

Generator” under rotor speed variations and output frequency 
control. It runs at turbine speed and it is connected to a three phase 
electrical power grid which has its own frequency different from 
turbine frequency. In this regard the set composed of a four phase 
synchronous generator and a natural commutated matrix converter 
(NCMC) made with thyristors, is called active generator. It replaces a 
classical mechanical gearbox which introduces many drawbacks. The 
main idea in this article is the presentation of frequency control at 
grid side when turbine runs at variable speed. Frequency control has 
been done by linear and step variations of the turbine speed. Relation 
between turbine speed (frequency) and main grid zero sequence 
voltage frequency is presented. 
 

Keywords—Power Generation, Energy Conversion, Frequency 
Control, Matrix Converter. 

I. INTRODUCTION 
ow, connection of a gas turbine to a three phase generator 
is done by a mechanical gearbox for matching the turbine 

output speed to the nominal synchronous generator speed. For 
higher power, more than 80 MW, use and make of the 
gearbox becomes difficult due to safety reasons and turbine 
must be operated at the synchronous speed [1]. The main aim 
of this work is to eliminate this mechanical system in 
replacing by a power electronics direct drive. By this means it 
will be available to overcome to the fixed speed ratio of the 
gearbox, and obtain a fixed frequency even from variable 
speed of the turbine. In this state the turbine speed is not fixed 
by grid frequency and can be determined directly due to other 
mechanical or electrical constraint. 

For this purpose it is possible to use a matrix converter 
which is a direct frequency changer without any element as 
intermediate and any DC link; it delivers the desired 
frequency with having the possibility for power flow to both 
side of converter due to the used bidirectional switches. Using 
of it in power plant permits to eliminate the start up system 
also. This converter normally is a force commuted converter 
[2], [3] and needs additional commutation circuit. Using 
natural commutation for this converter permits to eliminate 
these additional circuits and to be free from its drawback [1], 
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[4]. It is noted that because of high power consideration it is 
necessary to use thyristors (series and parallel) as switch and 
for these aims it is necessary to have at least one phase in 
generator more than the number of phases in output of 
converter, so we should have a minimum of 4 phases for the 
generator.  

The conventional and new topologies of generation in gas 
power plant are shown in Fig. 1 and Fig. 2 respectively. 

 

 
Fig. 1 Conventional gas power plant 

 

 
Fig. 2 Desired scheme for new gas power plant in future 

 
Set of this four phase synchronous generator and natural 

commutated matrix converter (NCMC) is named “Active 
Generator” which has really an active role on frequency 
conversion.  

Linear and step variation of the input frequency (rotor 
speed) that can be due to the gas turbine speed variation has 
been studied and simulation results has been achieved for 
having a fixed frequency in grid side. By this method it is also 
possible to run turbine at a range of speed depending to the 
value of the required electrical power. Harmonic analysis 
gives a relation between grid zero sequence voltage, generator 
and grid and also commutation frequency.  

II. STUDIED SYSTEM TOPOLOGY 
Connection of a four phase synchronous generator to a 

three phase grid through a NCMC has been presented in Fig. 
3. In this system the grid has been simulated by its Thevenin 
equivalent circuit at desired bus which will connect to output 
of converter or output of active generator. Nb phase 
synchronous generator has been modelled by the sub transient 
machine model defined by a sine wave electromotive source 
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that has two important system control parameters (phase and 
amplitude) [6], [7],[8] and its sub transient inductance and its 
phase resistance. 

 

 
In this scheme commutation is done between the adjacent 

phases with a frequency (fcom) which depends on input (fr) and 
output (f) frequencies [1], [5]. p is the number of pole pairs of 
the generator. 
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The time between two commutations is defined by: 

 

c
f

c
t /1=                                         (2) 

 
Some sequences of converter switching before, during and 

after commutation are shown in Fig. 4 by the mentioned 
commutation frequency for a four phase synchronous 
generator. 

 
   

S1 S2 S3 

   

S4 S5 S6 

 
Fig. 4 Some sequences of switching 

 
In this system, on ideal state, each grid phase is 

commutated every tc from one of the Nb generator phases to 
another one. Then each phase of the grid is connected to one 
phase of generator each Nbtc. 

It is important in this new converter [1], [5], due to the use 
of thyristors as switch and using the natural commutation to 
have a free phase to be able to doing the commutations; 
commutations are not done in fixed and predetermined times 
and it makes a postpone or delay in respect to forecasted 
times. Then due to this phenomenon, commutation duration 
depends on inductance and on current where the commutation 
is done.  

III. FREQUENCY CONTROL DUE TO LINEAR VARIATION OF 
TURBINE SPEED 

In this section the rotor speed or rotation frequency has 
been changed linearly by acting on turbine speed. By suitable 
control of the natural commutated matrix converter, the 
frequency of the converter output has been taken constant. For 
applying the suitable control, the commutation frequency that 
depends to grid and input frequency is modified in each 
instant to have a constant frequency in grid side; that control 
method and simulation results are shown in Fig. 5 and 6 
respectively. These figures show the switching time 
modification for each commutation due to the input frequency 
variation. 

For modelling of the linear variation of the input frequency 
the following form of the input frequency has been 
considered. 
 
                                   atftf rr ±= 0)(                   (3) 

where  
t
f

a r

Δ
Δ

=    Hz/sec 

 
To have the output frequency equals to the grid frequency 

and for fixing the output frequency of Active Generator, 
equation (16) has been modeled by the following equations 
(p=1). 

 
)*()()( 00 atNffatfNtf bcrbc ±=−±=  (4) 

 
)at*Nf/(1)t(f/1)t(t b0ccc ±==                    (5) 

From equation (5) it is seen that this function is a nonlinear 
function with respect to time. So during the simulation and 
during the speed variation we should modify the commutation 
frequency and commutation period while the commutation 
criteria [1] should be respected for having a safe commutation 
for each commutation. 

The simulations has been done by considering constant the 
flux of the machine (E/fr=cte).  

By this method, the commutation instant has been found 
through the intersection of the period of the nth commutation 
and the line y=t that is shown in Fig. 5 or: 
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Fig. 3 Studied system topology 
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It has also been done by intersection of the commutation 
period and the line y=t/n for the nth commutation that is 
presented on equation (7) and also in Fig. 6. 
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Fig. 5 Method of frequency control for determining the switching 

time (mode 1) 
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Fig. 6 Method of frequency control for determining the switching 
time (mode 2) 

IV. FREQUENCY CONTROL DUE TO STEP VARIATION OF 
TURBINE SPEED 

In this section the rotor speed of rotation frequency has step 
variations, and by suitable control of the NCMC, the 
frequency of the converter’s output has been taken constant. 
By applying the suitable control the commutation frequency is 
modified in each instant. Fig. 7 shows turbine speed variation 
during time and instantaneous power at grid side due to the 

variation of the input frequency. 

 
 

Fig. 7 Rotor frequency and Thevenin power  

V. SPECIAL TURBINE SPEED FOR THIS SYSTEM  
Amplitude of this oscillation depends on Em. It has been 

proved that power oscillation low frequency (fp.o) follows the 
below equation: 
 

fff cop 2. −=                                 (8) 

 
then for a four phase generator (p=1): 
 

fffff rrop 64)(*4. −=−=  

 
If fp.o wants be zero it should be: 
 

064 =− ff r  and  
 

ff r )4/6(=  
Then for f=50 Hz, fr must be 75 Hz. Therefore when generator 
frequency equals 75 Hz, the low oscillation frequency will be 
removed from instantaneous power, which is shown in Fig. 8. 
At less than 75 Hz this power also has low frequency 
oscillations then instantaneous power oscillation for all 
existing power in network is calculated by: 
 

ffffofp rc 642. −=−=                     (9) 

 
This power oscillation frequency is drawn in Fig. 9.  
As commutation frequency and converter control are 

determined by rotor speed, then by determination of fp.o at grid 
side, it will be possible to determine and to estimate the rotor 
speed or generator frequency when the grid frequency is kept 
constant. 

 

time(sec) 
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Fig. 8 Instantaneous power oscillation when fr=75 Hz 

 
 

 
Fig. 9 Instantaneous power oscillation frequency 

VI. GRIDZERO SEQUENCE VOLTAGE FREQUENCY AND ITS 
RELATION WITH ROTOR SPEED 

Due to the connection of the 4 phase system to 3 phase 
system, and by considering the star point of the generator as 
reference there will be a zero sequence component in grid 
voltage that is shown in Fig. 10.  

In this section and by using the results of the step variation 
for the rotor speed from Fig. 8 it can be noted that for two first 
harmonics and in conclusion for the others there exists a 
relation between grid and input frequency or grid and 
commutation frequency and grid and low power oscillation 
frequency [8]. The relation is shown in (9) and (10) where fr, f 
and fcom are the rotor, grid and commutation frequency 
respectively. 

For the frequency with high amplitude in frequency spectral 
(190 Hz in Fig. 11) it is approved that 

 
fffff rcb 34 −=+=                           (10) 

 
And for the frequency with low amplitude in frequency 
spectral (230 Hz in Fig. 11) it is determined that: 
 

fffff rca 982 −=−=                      (11) 
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Fig. 10 Grid zero sequence voltage  
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Fig. 11 Spectral analysis of grid zero sequence voltage 

 

VII. CONCLUSION 
In this paper by presenting the new type of generation in 

gas power plant, the transient behavior of this system, 
comprising a natural matrix converter connected to a four 
phase synchronous generator moved, by a turbine, has been 
studied when the speed is varying. This variation has been 
done for linear and step variations under constant flux for the 
generator. For having the fixed needed frequency in output of 
the matrix converter, the control strategy of the machine 
converter has been determined by two methods. Simulations 
for this two methods show that by this control the fundamental 
of the output frequency is fixed in the same value as the grid 
frequency. This control permits to the machine to operate at 
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variable speed when it is connected to a three phase grid.  
Spectral analysis of this new machine output shows that there 
is an optimal rotation speed frequency that corresponds to a 
frequency 75 Hz; at this frequency there is not almost more 
fluctuation in power and the rate of distortion is definitely 
weaker. For grid zero sequence frequency due to this 
connection the related formulas corresponding to grid, 
generator and power oscillation have been presented, so it is 
possible to determine the series of existing frequency in zero 
sequence voltage. 
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