
A Hardware Grid Simulator to Test Grid-Connected
Inverter Systems

Arun Karuppaswamy B
Department of Electrical Engineering,

Indian Institute of Science,
Bangalore, Karnataka.

Email: akp@ee.iisc.ernet.in

Vinod John
Department of Electrical Engineering,

Indian Institute of Science,
Bangalore, Karnataka.

Email: vjohn@ee.iisc.ernet.in

Abstract—Grid-connected systems when put to use at the
site would experience scenarios like voltage sag, voltage swell,
frequency deviations and unbalance which are common in the
real world grid. When these systems are tested at laboratory,
these scenarios do not exist and an almost stiff voltage source is
what is usually seen. But, to qualify the grid-connected systems
to operate at the site, it becomes essential to test them under
the grid conditions mentioned earlier. The grid simulator is a
hardware that can be programmed to generate some of the typical
conditions experienced by the grid-connected systems at site. It is
an inverter that is controlled to act like a voltage source inseries
with a grid impedance. The series grid impedance is emulated
virtually within the inverter control rather than through p hysical
components, thus avoiding the losses and the need for bulky
reactive components. This paper describes the design of a grid
simulator. Control implementation issues are highlightedin the
experimental results.

Index Terms—Grid Connected Systems, STATCOM, Active
Filter, Grid, Sag, Swell, Unbalance, Grid Simulator

I. I NTRODUCTION

Systems connected to the grid like the STATCOM, Active
Filter and Distributed Generation system would experience
typical grid situations like voltage sag, voltage swell, fre-
quency deviations, unbalance and the like when put to use
at the site. To qualify these systems to be commissioned at
the site requires testing them under the different conditions
mentioned above. IEEE specifies several tests to qualify Dis-
tributed Generation systems to be connected to the grid [1].
The same tests can be applied to systems like STATCOM and
Active Filters also – as they share the common link of being a
grid-connected system like the distributed generation systems.
Then, a need arises that we have a hardware set-up to generate
the different grid scenarios. Such hardware is termed as the
“Grid Simulator”, as it imitates the grid conditions. It is just
a high power inverter that is controlled to act as a voltage
source in series with line impedance – similar to the model of
a real time grid. The impedance is emulated virtually within
the inverter control so as to avoid losses and the need for
bulky reactive components. Further, this gives the flexibility
of varying the grid impedance to our liking depending upon
the required site test conditions.

Though an important tool, very little available literatureis
related to the grid simulator. In [2], a grid simulator for single
phase systems has been discussed. Besides being limited to

single-phase systems and primarily meant for testing of single-
phase distributed generation systems, the paper mainly focuses
on the control of the inverter rather than the issues relatedto
the grid simulator. In [3], there is a mention of a 250kVA grid
simulator that is used to generate sag, swell and harmonic
issues to test distributed generation systems. However, very
little technical detail is available. In the current paper,focus is
on the various issues related to a three-phase grid simulator.

II. T YPICAL GRID DISTURBANCE - AN EXAMPLE

Fig. 1 shows a typical system (a STATCOM) connected to
the grid. Suppose a fault occurs at point F in the grid, the
circuit breaker at point B would act and try to isolate the fault.
But before the circuit breaker has acted, there would be a
huge current flow which would have caused the voltage at the
point D to sag momentarily till the circuit breaker has acted
and isolated the fault. In the same lines, one can think of
different conditions like voltage swell, frequency deviations,
unbalance and the like to occur for shorter durations of time.
Since shutting down and restarting the grid-interconnected
systems during these faults would not be a good solution,
it is expected that the system be able to ride through these
fault conditions. A grid simulator would help us generate the
different short time grid disturbances so as to use it to test
the ride-through capability of a STATCOM or an active filter.
Also, it can be used to test the safety features and to study
the dynamics of any grid-connected system under different
grid conditions.

STATCOM

B

D

F

Grid

Fault Current

Load

Fig. 1. A typical fault condition in grid encountered by a grid connected
inverter.

Having understood the necessity of ride-through capability
of grid-interconnected systems, it becomes essential thatthere



exists a set-up that can be used to create the fault conditions
normally observed in the grid. The Grid Simulator is the set-up
that can do this. It is a high power inverter that is controlled to
output a voltage that is the same as that would have been seen
by the system connected at point D in Fig. 1 under different
fault conditions.

III. H ARDWARE SET-UP
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Fig. 2. Grid simulator hardware structure to emulate a voltage source behind
a specified stiffness andX/R ratio.

The inverter used for the grid simulator is to be of higher
power rating compared to the system under test so that any
over-current resulting while testing the system does not trip
the grid simulator. Further, as the grid simulator is acting
as the grid now, it needs to supply both active, reactive and
harmonic power. This necessitates the need for a front-end
for the inverter. So, altogether the set-up needs to be high
power back-to-back inverter set-up. A 50kVA inverter has been
designed and is aimed at testing equipments of up to 10kVA of
power level. Fig. 2 shows the hardware structure. As shown
in the figure, a common TMS320F2812 board controls the
front-end converter [FEC] and the inverter.

IV. EMULATION OF IMPEDANCES

The impedances are emulated by measuring the three-phase
inverter output currents and subtracting the voltage drop
[vdrop(t)] that would have been caused by them due to
the grid impedance, from the ideal grid voltage reference
[vgrid(t)].

vref (t) = vgrid(t) − vdrop(t) (1)

Where,vref (t) = Reference voltage for the inverter.

Since the above calculation is done in the controller, there
are no actual physical impedances involved and so there
are no losses involved. Further, a digital controller gives
the additional flexibility of emulating different impedances at
will so that the system can be tested for any grid situation
depending upon the site conditions. The grid impedance being
generally modelled as a series combination of resistance and
inductance, a discussion on how they can be emulated follows:

A. Emulation of Resistance

For a resistance, the voltage drop can be calculated as,

vdrop(t) = R · i(t) (2)

Once the inverter output currents are measured, this amounts
simply to multiplying the same with a gain and can be easily
implemented in the controller.

B. Emulation of Inductance

For an inductance, the voltage drop is given by the relation,

vdrop(t) = L ·

di(t)

dt
(3)

This cannot be implemented directly, as differentiation
would lead to amplification of noise signals. Two different
approaches are proposed to overcome this issue.

1) Low Pass Filter approach: Since the frequency of noise
signals is high, the simple solution would be to first filter
the sensed currents to remove the noise and then to apply the
differentiation. The combined transfer function of the low-pass
filtered differentiator would be,

vdrop(s)

i(s)
=

ω · Ls

s + ω
(4)

2) State Estimation approach: Here integration is used to
avoid noise amplification. This method exploits the fact that
the actual inductance to be emulated is known. Fig. 3 shows
the state estimation approach. The controller can be a simple
proportional controller. The output of the controller would be
the required voltage drop.
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Fig. 3. State estimation control structure for emulating output inductance.

It may be noted that in both the approaches, the voltage
drop computed would be bandwidth limited. In the low pass
filter approach, the bandwidth of the low pass filter would
impose a restriction whereas in the state estimation approach
the bandwidth of the controller would be the limitation. In
either case, it can be seen that the achievable bandwidth is
dependent on the sampling frequency of the controller and
the switching frequency of the inverter. Higher the sampling
frequency of the controller, better would be the bandwidth.

V. I MPLEMENTATION METHODOLOGY

To facilitate the ease of testing the equipment under test,
a repeating sequence extending over time ‘T’ (say, 30 mins)
and consisting of five zones is generated as shown below
(after the first ‘T’ units of time, the same sequence would
repeat). The different zones are as follows:
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Fig. 4. Different timing zones required for practical implementation of point
of wave grid events.

Zone 1: In this zone nominal conditions are assumed
to exist i.e. the grid voltage and frequency is of nominal
value. This zone extends typically over a period of say 25
mins [i.e. T1 = 25 mins typically in Fig.4]

Zone 2: At the end of Zone 1, the sine wave might be
traversing some angle of its cycle (In Fig.4 it is around
120o). Zone 2 is to wait till the positive zero crossing point
is reached at the end of Zone 2. The zero crossing is linked
to phase R.

Zone 3: If the fault is required to start at some angle
of the sine wave (mentioned as “Point of Wave” in Fig.4),
Zone 3 will ensure that the nominal voltage magnitude and
frequency are maintained till then.

Zone 4: This zone represents the fault. The voltage
magnitude and frequency follow the fault values. This extends
to the required number of fault cycles as specified by the
user. In Fig. 4, it is 5 cycles including the cycle in which the
point of wave event occurs.

Zone 5: During this zone, the voltage magnitude and
frequency switch back to the nominal values and extends till
the repeating sequence ends.

VI. DSP RESULTS

Since both the inductance emulation techniques discussed
earlier are limited in bandwidth, the simpler low pass fil-
ter approach is being used in the current work. Bi-linear
transformation has been used for implementation [4]. The
implementation has been tested in the controller by using
currents generated internally within the DSP instead of the
actual currents sensed from the inverter. The DSP test results
are presented here. Work is in progress towards testing the
same using the 50 KVA back-to-back inverter being built in
the laboratory.

Fig. 5. A five cycle three phase voltage sag event.

Fig. 5 shows a three-phase voltage sag for five cycles.
Actually, the fault (sag in this case) is set to start at30o after
the positive zero-crossing of the R-Phase sine wave. This can
be seen clearly in Fig. 6 where the R-Phase is separated out
and zoomed.

Fig. 6. R-phase voltage reference showing the point of wave event.

To check the implementation of inductance emulation a
50 Hz sine wave was internally generated within the DSP
controller to act as the sensed current and the voltage drop was
calculated. Fig. 7 shows the current and voltage waveforms.



As can be seen, the current lags the voltage by90o. The
bandwidth was set at 1kHz, so at 50Hz, the voltage drop across
the inductance calculated using (4) is accurate.

Fig. 7. Voltage and current of an emulated impedance.

Then, a grid with R/X ratio of 1 was considered (and R = X
= 0.02 pu). Again a 50 Hz sine wave was internally generated
within the DSP controller to act as the sensed current and
the voltage drop was calculated. Fig. 8 shows the current and
voltage waveforms. As can be seen, the current lags the voltage
by 45o as expected. The magnitude was also found to match
the theoretical value.

Fig. 8. Voltage and current of an emulated grid impedance with R/X = 1
(and R = X = 0.02 pu).

To verify the bandwidth of the implementation, a triangular
current was generated within the DSP and the corresponding
voltage drop was observed. The first order response observed
in the voltage drop was used to check the correctness of the
implementation. Fig. 9 shows the waveforms obtained. The
results showed that the theoretical values matched with the
practical results.

VII. C ONCLUSION

The grid simulator is a useful and essential hardware that is
required for projects on grid-connected systems. The important
issues in the development of the grid simulator would be

Fig. 9. Computation of bandwidth of emulated impedance.

the emulation of inductance and the hardware issues that
might arise when testing the equipment under test like over-
currents leading to tripping of the Grid Simulator. In this
paper, impedance emulation has been discussed. The same
will be implemented using the 50kVA inverter being built.
On implementation, any hardware issues that arise would be
studied and solutions developed to mitigate them.
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