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COMPUTER SIMULATION OF THE
BEHAVIOUR OF A CONVERTER DURING
ENERGY TRANSMISSION TO THE GRID

Adamidis Georgios — Theodoridis Alexandros

— Fyntanakis Athanasios
∗

In this paper, a theoretical analysis of a system consisting of an inverter, a reactive and active power control circuit,

a load and the grid is carried out. The mathematical model of the inverter, its driving circuit and the control circuit is

developed while taking into account the connection coils as well as the grid and the load. The system was simulated with

the aid of the OrCad family (Capture & PSpice) software, results are presented and conclusions are derived as far as the

control of the reactive power transmitted through the inverter to the grid is concerned.
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1 VOLTAGE SOURCE INVERTER

CONNECTED WITH A STRONG GRID

In many cases, in power systems, the use of an inverter
which connects a constant voltage or current source to
a grid is necessary. Eg , in wind farms, the three-phase
voltage obtained at the wind generator output is rectified
and then inverted in order to be connected to the grid at a
constant voltage and frequency level. Additionally, when
producing electrical power from a photovoltaic park, the
dc voltage is inverted for feeding the grid or a specific
load. Since the voltage level at the output of the rectifier
is not stable due to voltage changes at the wind generator
output, a dc-dc converter is used so that the voltage
at the inverter input is constant. Due to the existence
of diodes connected antiparallel to the other controlled
semiconductor elements (eg IGBTs), the current flow can
change and as a result the power flow can change (Fig. 1).
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Fig. 1. System including a wind generator, a rectifier, a dc-dc

converter, an inverter, a transformer and the grid.

In this paper, the operation as well as the control of
an inverter supplied by a constant voltage source and
connected to the grid are examined (Fig. 2).

With appropriate regulation of the inverter, it is pos-
sible to adjust the power exchange between the voltage
source and the grid. Connection coils Lk are connected
between the inverter and the grid. In order to avoid un-
willing power pulses, the inverter has to be synchronized
with the grid frequency, ie, the frequency of the basic

harmonic of the inverter output voltage has to be equal
to the grid frequency
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Fig. 2. Voltage source inverter connected with a strong grid.

2 POWER CONTROL LOOP’S

MATHEMATICAL MODEL

If the three voltages of the grid are symmetrical and
the inverter is developed and regulated symmetrically,
then the three phase circuit illustrated in Fig. 2 can be ex-
amined with the help of the following single phase equiv-
alent circuit (Fig. 3).
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Fig. 3. Single phase equivalent circuit.

Here, Vinv is the basic harmonic of the inverter output
voltage and Vn is the grid voltage.

This circuit can be analyzed with the aid of complex
numbers and the vector diagram of the voltages can be
illustrated in the complex plane.
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Fig. 4. Power control loop in block diagrams.

In general, it is valid that

S = P + jQ . (1)

The complex power transmitted through the inverter to
the grid is given by Equation 2.

S = 3Vn,rmsI
∗ = |Vn,p,rms|

λ|Vn,p,rms| sin β

ωLk

− j|Vn,p,rms|
|Vn,p,rms|(1 − λ cos β)

ωLk

. (2)

Here, Vn,rms is the “rms” value of the grid phase voltage,
Irms is the “rms” value of the current, Vn,p,rms is the
“rms” value of the grid polar voltage, λ is the voltage
ratio Vinv/Vn (Vinv is the basic harmonic of the inverter
output voltage) and β is the phase difference between
these two voltages. It is considered that the connection
coil ohmic resistance is negligible and that the grid volt-
age phase is zero (phase “a”). From Equations 1 and 2,
Equations 3 and 4 can be derived.

P =
λ|Vn,p,rms|2 sin β

ωLk

, (3)

Q =
|Vn,p,rms|2(λ cos β − 1)

ωLk

. (4)

Due to the fact that

Sref =
|Vn,p,rms|2

ωLk

, (5)

where, Sref is the complex short-circuit power of the grid
at the connection point, Equation 6 and 7 are valid.

P = Srefλ sin(β) , (6)

Q = Sref[λ cos(β) − 1] . (7)

It is obvious that the active and reactive powers are two
parameter functions and these two parameters (λ and β )
change independently. With the use of partial derivatives,
Equations 8 and 9 are obtained.

dP =
∂P

∂λ
dλ +

∂P

∂β
dβ , (8)

dQ =
∂Q

∂λ
dλ +

∂Q

∂β
dβ . (9)

Taking into account Equations 6 and 7, Equations 8 and
9 can be written as

dP = Sref[sin(β)dλ + λ cos(β)]dβ , (10)

dQ = Sref[cos(β)dλ − λ sin(β)dβ] . (11)

The last two equations (Equations 10 and 11) can obtain
a matrix form

[

dP
dQ

]

= Sref

[

sin(β) dλλ cos(β)
cos(β) −λ sin(β)

] [

dλ
dβ

]

. (12)

From Equation 12, it can be seen that a change in the
value of parameters λ and β results in a change in
the value of the active and reactive power transmitted
through the inverter. However, the active power is af-
fected mainly by the change of parameter β , while the
reactive power is affected mainly by the change of pa-
rameter β . The control’s objective is to adjust these two
parameters so that, according to the system’s require-
ments, the flow of the desirable amount of active and
reactive power is achieved.

Parameter λ is directly related to the inverter output
voltage. However, this voltage is related to the inverter’s
input voltage Vd . Vd can be adjusted by a mixed DC-DC
converter (Fig. 1) according to Equation 13.

Vd

Ve

= D
1

1 − D
. (13)

Here, Vd is the converter output voltage (ie, the inverter
input voltage), Ve is the converter input voltage and D
is the ratio of the conducting duration Te of the switch
(semiconductor element) to the period of the converter T
(D = Te/T ).

In addition, parameter λ can be controlled by the
magnitude modulation factor ma (Equation 14) when the
SPWM (sinusoidal pulse width modulation) technique is
used for triggering the inverter semiconductor elements.

ma =
V control

V tri

. (14)

In this case, the inverter input dc voltage Vd is kept con-
stant and the inverter output voltage (and as a result pa-
rameter λ) changes due to the variation of ma . This fac-
tor changes by changing the amplitude of the sinusoidal

waveform V control which is used for the implementation
of the SPWM technique. The amplitude of the triangu-

lar waveform V tri used for the same reason is constant.
Parameter β is related to the time instant at which the
inverter semiconductor elements are triggered.

In order to achieve the power control, it is necessary to
find the inverse matrix of the central matrix of Equation
12. As a result, Equation 15 is derived.
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Fig. 5. Circuit implementing Park transformation.

[

dλ
dβ

]

=
1

Sref

[

sin(β) cos(β)
cos(β)

λ
− sin(β)

λ

] [

dP
dQ

]

(15)

For verification reasons, Matlab software was also used
for finding the inverse matrix.

The control is based on the comparison between the
desirable value of both the active and reactive power
and their corresponding existing values. As long as the
difference between desirable and existing values is zero,
parameters λ and β do not change. However, when the
aforementioned difference is not zero, parameters λ and β
change according to Equation 15 until the existing values
of P and Q are equal to their corresponding desirable
values. The latter must not exceed the inverter’s nominal
values and parameters λ and β should shift between their
limits which are 0.8 < λ < 1.2 and −12◦ < β < 12◦ since
it is valid that S = 0.25Sref , where S is the complex
power transmitted through the inverter [1].

3 COMPUTER SIMULATION OF THE SYSTEM

For the calculation of the existing values of active and
reactive powers, it is necessary to calculate the existing
values of parameters λ and β . Thus, the existing grid
voltage is compared with the existing basic harmonic of
the inverter voltage which is obtained after filtering the
inverter output voltage.

In Fig. 4, the power control loop of the system is
illustrated in block diagrams.

The three-phase grid voltage and the three-phase in-
verter output voltage are transformed into a two-axis sys-
tem. There is a transition from the a, b, c system to the
α, β system. The equations that are valid for this modi-
fied Park transformation are the following:

[

uα

uβ

]

=

[

2/3 1/3

0 1/
√

3

] [

uab

ubc

]

. (16)

Figure 5 depicts the circuit with which the aforemen-
tioned transformation is implemented into Capture for
computer simulation. The amplitude and the phase of ei-
ther the grid voltage vector or the inverter voltage vector
are calculated with the help of the corresponding compo-
nents Va and Vβ .

The ratio of the inverter’s voltage amplitude to the
grid’s voltage amplitude is equal to the value of parameter
λ . Every time instant, the difference between the phase
of the inverter voltage and the phase of the grid voltage
(while taking grid phase ”a” as a reference) corresponds
to the phase difference of the two voltages.

This phase difference is equal to the value of parameter
β . Due to the fact that these two voltage vectors rotate
with an angular frequency of ω (ω = 2πf , f is grid’s fre-
quency), parameter β has to be continuously calculated.
For the correct calculation of parameter β during the
computer simulation of the system, the following tech-
nique is followed.

As far as the inverter voltage phase δ1 is concerned it
is valid that:

• during the time period at which both α - and β - com-
ponents of the inverter voltage are positive, the phase
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Fig. 6. Vector diagram of voltages, currents and powers for a

specific function mode of the system.
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Fig. 7. Circuit implementing the technique for the calculation of

parameters λ and β .

of the inverter voltage is equal to the “arctan” of the
ratio Vβ/Va .

• during the time period at which α -component is nega-
tive while β -component of the inverter voltage is pos-
itive, the phase of the inverter voltage is equal to the
sum of the aforementioned “arctan” plus 180◦ .

• during the time period at which both α - and β - com-
ponents of the inverter voltage are negative, the phase
of the inverter voltage is equal to the sum of the afore-
mentioned “arctan” plus 180◦ .

• during the time period at which α -component is pos-
itive while β -component of the inverter’s voltage is
negative, the phase of the inverter’s voltage is equal to
the sum of the aforementioned “arctan” plus 360◦ .

The phase δ2 of the grid’s voltage is calculated in a
similar way. Every time instant, parameter β is equal
to the difference of the two phases (Fig. 6).

In Fig. 6, one of the four function modes of the system
is illustrated. In this mode, both active and capacitive
reactive powers are transmitted through the inverter to
the rest of the system.

Figure 7 illustrates the circuit with which the afore-
mentioned technique is implemented into Capture for
computer simulation.

Every new value of parameter λ corresponds to a new
value of the amplitude of the basic harmonic of the in-
verter’s output voltage, since Vinv = λVn (Vn is con-
stant). Every new value of this voltage corresponds to a
new value of ma , since ma = 1.633Vinv/Vd (Vd is con-
stant). Every new value of ma corresponds to a new value
of the amplitude of the sinusoidal waveform (the control

signal), since V control = maV tri (V tri is constant). Re-
spectively, every new value of parameter β corresponds to
a new value of the phase of the aforementioned sinusoidal
waveform (Fig. 8). Substantially, this sinusoidal voltage
source used for the triggering of the inverter semicon-
ductor elements is a source with variable amplitude and
variable phase (Fig. 9). In Fig. 9, input V(%IN1+,%IN1–)
corresponds to output 1 of the control loop giving the
source’s amplitude, while input V(%IN2+,%IN2–) corre-
sponds to output 2 of the control loop giving the source
phase. The calculation of new values for parameters λ
and β continues until the existing values of active and
reactive power are equal to their corresponding desirable
values.
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Fig. 8. Circuit implementing part of the control loop.

4 SIMULATION RESULTS

Based on all that is mentioned above, the whole system
including the inverter with its driving circuit, the load,
the grid and the control circuit were simulated. According
to the requirements of the load, the system operates in
such a way that the inverter supplies the rest of the
system with active power while it compensates part of the
load’s inductive reactive power by supplying capacitive
reactive power. The load’s nominal values are:
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Fig. 9. Circuit implementing the sinusoidal voltage source with
variable amplitude and variable phase.
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Fig. 10. Grid’s, inverter’s and load’s active power waveforms.
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Fig. 11. Grid’s, inverter’s and load’s reactive power waveforms.

PL = 290 kW, QL = 62 kVar, and VL = Vn = 0.4 kV.

During system’s steady state, the grid supplies only a
part of load’s active power and the rest is given through
the inverter. In Fig. 10, the active power of the grid Pn ,
of the inverter Pinv and of the load PL are illustrated.

In Fig. 11, the reactive power of the grid Qn , of the
inverter Qinv and of the load QL are illustrated.

In Fig. 12, the current of the grid In , of the inverter
Iinv and of the load IL are illustrated.

In Fig. 13, the voltage of the grid Vn , of the inverter
Vinv and of the basic harmonic of the inverter output
voltage are illustrated.

In Fig. 14, the variations of the complex power of the
grid Sn and of the inverter Sinv during the transition
from one initial steady state to another one are illus-
trated.

In Fig. 15, the variations of the reactive power of the
grid Qn and of the inverter Qinv during the transition
from one initial steady state to another one are illus-
trated.

Until the time instant of t = 120 ms, the system de-
picted operates without the control. After this time in-
stant, the control circuit starts functioning. From Fig. 15,
the improvement of the system’s operation (ie, the grid’s
power factor increases) can be seen since the grid’s com-
plex power degreases while the inverter’s complex power
increases. In Fig. 16, the decrease of the grid reactive
power and the increase of the inverter reactive power can
also be seen. Thus, the current from the grid to the load
degreases and the current from the inverter to the load
increases.

5 CONCLUSIONS

After the development of the mathematical model of
the whole system and the implementation of the power
control loop, the computer simulation was conducted with
the aid of the OrCad family software. Not only were the
components and the models of this software used, but
also, they were expanded in order to improve the sim-
ulation and the computer’s speed. The correct selection
of the system’s elements was carried out with the help
of the computer and then, the system’s behaviour was
analyzed as far as the control of the reactive power trans-
mitted through the inverter to the grid is concerned while
taking into account the load’s requirements. It is obvious
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Fig. 14. a) Grid’s complex power waveform during transition,
b) Inverter’s complex power waveform during transition.
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Fig. 15. a) Grid’s reactive power waveform during transition,
b) Inverter’s reactive power waveform during transition

that with such a system the grid’s power factor can be in-
creased. With the aid of the circuits developed, any other
similar system can be examined no matter the kind of the
load and the value of the renewable power source.
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