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INTRODUCTION It is important to verify the validity of simulation models or products prior to deployment in the field. Hardware in the loop allows models to
interface with hardware and receive signals back from the hardware to in turn affect the next time step, all in real time. Two examples are provided below.

EXAMPLE 1 The first example is the testing of a heater controller intended to

EXAMPLE 2 The second example is the verification in hardware of a model of a

provide demand response frequency support to the grid by increasing or decreasing
the load with increasing or decreasing power system frequency.

PV system connected to the grid. UCD implemented CIT’s model in hardware (academic
collaboration).

METHODOLOGY

METHODOLOGY

A Class D power amplifier was used to create disturbances to the grid voltage/
frequency and the response time of the device was measured. The fidelity of the
power amplifier frequency and voltage was verified prior to these tests. The response
time to frequency ramps from 50-49.5 Hz was measured with the following
disturbances to the voltage: sub-synchronous frequency oscillations, phase jumps,
harmonics, flicker, voltage magnitude variations and voltage dips.
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RESULTS
HEATER CONTROLLER FREQUENCY ACCURACY TEST
In order to respond to the system frequency the device must measure the frequency
somehow. In this test a known frequency sinusoid was applied to the device and its
frequency measurement was recorded.

VOLTAGE HARMONICS TEST
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RESULTS

PV Array Emulator generated Power

PV Array Emulator current controller

A waveform with 8% THD as per the DSO grid code was applied to the device and its
response time for the previous frequency disturbance was measured.

VOLTAGE FLICKER TESTS

PV Array Emulator voltage controller
DC Link Voltage Controller

One of the voltage flicker tests applied was a 5% ΔV/V (magnitude) with a frequency of
0.15Hz (of the amplitude change) giving a Long Term flicker severity of 1 (DSO Grid
Code) and the corresponding response time to the previous frequency disturbance was
measured.

CONCLUSIONS
The device performed well in all the tests performed. The manufacturer, Glen Dimplex,
an ESIPP Industry Partner, was informed of the results via a comprehensive report
(Industry Interaction).

CONCLUSIONS

PV System Active Power to Grid (Models include losses)

There is good agreement between the model and hardware results. A journal paper is in
review at the moment.
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