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Design and Analysis of 3-Section Hybrid Control Method
for Solar Array Simulator

Young-Tae Seo', Thusitha Wellawatta!, and Sung-Jin ChoiT

Abstract

A solar array simulator (SAS) consists of an engine that generates a setpoint according to panel characteristics, a
power stage that provides the actual output, and a controller. Particularly, if the control method is not suitable due to
the nonlinearity of the solar panel output curve depending on the irradiation amount and the temperature, and the
variation of the curve factor depending on the various panel materials, then the panel simulation function cannot be
performed properly. Current and voltage mode controls are usually used for the conventional control method. However,
these control methods deteriorate the control performance near the maximum power point; thus, a hybrid control
method using two or more controllers has been investigated. In this study, we analyze the hybrid control method
using three controllers divided into different areas. The design equation of the controller is derived based on the small
signal modeling of each controller, and the simulation performance of the solar array simulator verifies its stability

and response speed.

Key words: Solar array simulator, Hybrid controller, 3 section control

1. M B

SAAR7E 7P vEel nad 971e ol AL A
&ate] WAshs drle s AT 2 9l
o 3 A4S FAE 2 ok RAR dA B
=7kso] Wdst AAdE sta gl A
A A7 FERAL Qi S
T Qe ol aeoly
Ao, FAetA AHEE 4 7] whtelth

A HE g B A2" A Yo Eo] o]
wopell whel Arehar Jhwrehs dHlel flo] Aok &
ol Sirh AA g HES olgste] A AlaHE

i
o
11

Paper number: TKPE-2018-23-1-7
Print ISSN: 1229-2214  Online ISSN: 2288-6281

T Corresponding author: sjchoi@ulsan.ackr, School of
Electrical Engineering, University of Ulsan
Tel: +82-52-259-2716

'School of Electrical Engineering, University of Ulsan
Manuscript received Sep. 26, 2017; revised Nov. 3, 2017,
accepted Jan. 2, 2018

T .
E Converter '
: M Lo i
: i —'® ..
C E A == E v
: I N -
: H ” ” ¢
R M
Duty Tsens Vsens
\ A 4 Y
P Vet SAS engine
Controller < (Reference Generator)
(Ol‘ Iref)
Temperature(T) Irradiation(U)

Fig. 1. Scheme for solar array simulator.
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Fig. 12. Solar array simulator using PSIM.
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SAS Engine & Controller
(a) Power controller using P& algorithm

P&O Algorithm

P_panel P MPP Power Reference Power

Vref Vo Vsens Reference V Output V P&O V

Iref lo Isens Reference | Output |l P&O | ~
0.195 0.2 0.205 0.21 0.215
Time (s)
(b) Current mode (3Q)
P_panel P MPP Power Reference Power
Vref Vo Vsens Reference V Output V. P&0 V
Iref lo Isens Reference | Output | P&O | =
0.165 0.17 0.175 0.18 0.185 0.19
Time (s)
(c) Voltage mode-1 (12Q)
P_panel P MPP Power Reference Power Ll
Vref Vo Vsens Reference V OutputV P&O V
Iref lo Isens Reference | Output| P&O |
0.172 0.174 0.176 0.178

Time (s)

(d) Voltage mode-2 (40Q)

Fig. 15. Solar array simulator with power controller.
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(b) Experiment of setup
Fig. 16. Solar array simulator.
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(c) Voltage mode-2 operation when RL=40Q
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Fig. 17. Experiment result for operation modes when
1000W/m?, 25°C.
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(a) Operation mode change from voltage mode-1 to voltage
mode-2, RL=12Q—40Q
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(b) Operation mode change from voltage mode-1 to voltage

mode-2, RL=12Q—40Q when transient time zoom in
Fig. 18. Experiment result for operation modes change
when 1000W/m2, 25C.
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