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This paper presents a systematic approach to characterize the stability of a power-hardware-in-the-loop

Abstract PHIL Platform Configuration

Equivalent circuit of the simulated electrical

(PHIL) platform, an important step in PHIL tests. Many existing works focus the stability assessments on power system (Thevenin circuit)

the PHIL interface algorithm; however, this work considers all software and hardware subsystems that « PHIL system software interface (signal
form the closed loop of the PHIL experiment and develops a complete closed-loop stability assessment.

This assessment is developed in the context of a common framework that can be readily applied to controllers)

other PHIL platforms. This paper presents methods for characterizing key PHIL subsystems toward * PHIL system hardware interface (analog/digital
obtaining transfer functions to be used for analysis. The systematic stability assessment approach is converters, power amplifier, transformer,
demonstrated for a case study involving PHIL testing of a solar inverter and validated using Sensors)

experimental data.
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Table 1. List of Experimental Results of Evaluation of PHIL Platform Stability

Power Amplifier
Measured Power

DRTS

Injected Power

Accuracy

Active power Reactive power Active power Reactive power Error in active power
.. aps . o
Characterizing the PHIL Platform System Stability Evaluation il flaer) Ll (i) a
« Virtual system equivalent grid impedance Zs: applying the frequency scan approach in the selected | « Open-loop transfer function 39 0.07 3812 0175 26
electric grid, the output impedance we obtain is Zs=0.055+j0.12, with Rs=0.055 Q and Ls=100.2 pH. Gou(s) = YyyrHypZsGy = —HurHirZs+Greg)GeompKpactas 597 032 5.851 0.186 199
- oL HUTTIFESHL ™ 4 Hy pGregGcompKpacGas+2asY HuT . . -
* Power amplifier Ges and Zas: Nyquist Diagram 8.04 0.34 7.868 -0.192 -2.14
" 1 va grar _ 10.102 0.34 9.869 -0.195 231
Gos(s) = Vow(s) _ _G e~STdelay = we_so_goom Frequency swap from fundamental to 49! L R 1185 034 116 0.207
GS Vin(s)  s+Py S+4.6814e3 Vin, voltage reference from OPAL-RT 08 : g - b -2.11
—>  Vou, output voltage from power amplifier
Zgs(s) = 7.4e73s + 1 Perform experiments to determine the output 0.6 .
197,7°17.5,°s2 + 1 impedance of the power amplifier. 0.4 Concluslon
* HUT inverter YHuT: modeled as a Norton equivalent comprising a Von oo X i \\/;: g 0.2 This paper presents the stability evaluation of a PHIL platform prior to normal lab test and
controlled-current source with a parallel-connected admittance. ) . V; z study. First, a diagram of the PHIL platform including all the associated elements is
2 _1 7 " Cinw £ ) presented to give a high-level view of the system. Then, characterization is performed to get
00 3 Vowoe—— L T T g£-02p the mathematical representation of each element with special focus on four elements:
Yuur = Ciny -3 3 3 3SCinV 0.4 amplifier gain and output impedance of the power amplifier, equivalent voltage source

« Interfacing components: Greg, Gcomp,
Hrtxtr, Het, Her, Kaoc, Kz, Ks, Der, Dcr,

Yiur Vg -0.6

Hrsv, and Hrei are designed by the user; Kv, Dv, K1, Koac, GTxfr, -1_1 o8 o6 oa 02 °
Kv, and Ki can be derived from element specifications/data sheet. ’ ) Real Axis

impedance, and equivalent HUT admittance. Next, the stability is evaluated analytically by
checking the open-loop transfer function by the Nyquist criteria and poles of the closed-loop
system. Finally, experimental tests are performed to demonstrate the stability of the PHIL
system. This work provides a highly efficient tool to predict the stability of a PHIL simulation

uz 0.4 with accurate models of the components in the loop.
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