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Unified Controller for Solar Array Simulator

Thusitha Wellawatta', Young-Tae Seo’, and Sung-Jin Choi®

Abstract

A solar array simulator is a special power supply that regulates the output voltage and current to simulate
the characteristics of a photovoltaic panel. The operating point of the panel is difficult to control with a single
controller because of the non-linearity of the output curve, which is determined by the amount of irradiation,
temperature, and panel material. In the conventional method, the output curve is divided into sections through
the current and the voltage mode controls. It reduces the overall performance of the system due to the
interchanging control mode. By using the single mode controller, the noise interference of the measured value
and the stability of the control around the maximum power point were demonstrated. To solve these issues,
this study proposes a new unified controller. The stability of the controller was analyzed along with operating
principles, and performance improvement was experimentally verified.
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Fig. 1. Solar array simulator.
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Fig. 2. Look-up table based solar array simulator engine.
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Fig. 3. Photovoltaic I-V characteristic curve.
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Fig. 14. Experiment result (Sequence mode): (a)-(b) Conventional method, (c)-(d) Proposed method.

TABLE 1

CONVENTIONAL CONTROLLER

TABLE I

PROPOSED CONTROLLER

TABLE I
SPECIFICATION OF HARDWARE

Controller Parameter Controller Parameter Buck Converter Parameter
Sampling frequency | 50kHz Sampling frequency | 50kHz Input Voltage 60V
kp 017271
Current ” 08 Phase margin 64.6° Inductor 600uH
Mode Cutoft freq | 197K Gain margin “343dB Capacitor 4k
Velt kp 01259642 Cutoff frequency 3.98kHz Capacitor ESR 082932
oltage i Switching Frequenc 100kHz
Mode-1 ki 20N Settling time 7500 g Y
Cutoff freq | 6kHz Voc 42.1V
b0 0303345 b0 0.31369728 I py
sc )
- bl -0.49367104
bl 0.087633 Coefficients Referred PV
Voltage b2 0.161784 of b2 | 0.18500096 panel ) Vmpp | 33.7V
Mode—-2 (MSX120
ode al 0 controller 1 B Impp | 356A
a2 -1
Cutoff freq | 19.1kHz a2 |0 Pmax | 120W
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