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A Study on Performance Test of a Photovoltaic System Inverter using Real Time
Digital Simulator (RTDS)
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Abstract - A PV system inverter test module using RTDS was developed and performance test of a commercial PV
inverter was carried out. The developed module consists of one RTDS hardware rack, RTDS software models
representing PV array and simple distribution system, and two power amplifiers that was specifically designed for
generating power corresponding to signals from RTDS. Performance test results verified effectiveness and reliability of
the test module. It is expected that the developed test module may help PV inverter manufacturers improve and test

their systems in the developing stage.
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Fig. 1 Configuration of grid interface test module of PV
inverter
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Fig. 2 Equivalent circuit of a PV module
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Fig. 3 RTDS model of a PV array
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UDC file for desp0 PV_ARRAY {udc
UDC file location pied v

-Type of Processor Card 3PC -

Qpan Circuit Voltage [V 21.7 v i0.
Short Circuit Current 3] .35 A 0.
Valtage at Pmax V] 7.4 v .
Current at Pmax [A] .05 A 0.

W 0.

Maximum Power [W)] 53

G
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Fig. 4 Basic data of PV array

ARRAY CONF| IGURAT(ON
Name 1 Description Value 1 Unit | Min Max
{Series Modute Number 20 ; 100
Parreilel Module Number 9 100
‘Nc {PV Cells in Each Module 38 100
| Upsate || cancel || cantelal
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Fig. 5 Configuration data of PV array
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1. Mar Dascription_. “
Hinid Ideality Factor of PV Diode 1.5
) Temperatuve Dependency Factor B
Reference Temperature {C) 25

Temperature Coefficient of Isc [%/C)  10.085
Reference Solar intensity Wim 1000
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Fig. 6 Reference parameter of PV array

Destription i Value T Unit

it W
Plot Baturatisn Current of Array [A] Y- ¥ 0 1
Plot Series Resistance of Array [shm] Y. v 0 1
Plot Saturation Current of Modute at Tref[A] Y ¥ 0 1
Piot Short Circuit Current of Array 1A Yo ¥ i) 1
Piot Temperature Constant of lo Y ¥ 0 1
Plot Band Energy Gap (eV] Y. ¥ 0 1
Plot Open Circuit Voitage of Array [A] Y. ¥ 0 1
Plot Terminal Voltage of Array [V] Yo ¥ 0 1
Plot Output Current of Array (A} Y ¥ 0 1
Piot Power of PV Array [iV] Lo Yo ¥ o A
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Fig. 7 Options for internal output variables
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INTERNAL PLOT SIGNAL NAMES

g Description
:Saturation Currant of Array [A] Name 0 i0
{Series Rasistance of Array [shm] Name IRsA 0D
{Saturation Current of Module at Tref [A] Name Joref 0 o
'Short Circuit Current of Array [A] Name SCA 0 o
nAt {Temperature Constant of lo Name a 0 0
‘Band Energy Gap [eV] Name Eg [ 0
Open CircuitVoltage of Array o] Name  NotA RO
finvsA  iTerminal Vattage of Aray V] Name MsA 0 ‘0
|isAouputcurentoiAtay WName A o
I e e o
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Fig. 8 Internal output variables
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Fig. 9 Real time digital simulator (RTDS)
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Fig. 12 Circuit diagram of power amplifier
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Fig. 13 Power amp. performance in addition of full loading Fig. 14 Power amp. performance in removal of full ioad
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Fig. 15 Test bed for control performance of PV inverter
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a8 18 S33Me BoV|s AlE O 19 SYHESFHY H57|s MY
Fig. 18 Overvoltage protection test Fig. 19 Undervoltage protection test

a7 20 ASHUAZHAME (+5%) a3 21 ASNAZHAH (-5%)
Fig. 20 Grid voltage ramp variation test (+5%) Fig. 21 Grid voltage ramp variation test (-5%)

agl 22 AEXe 27 A AlE (03x =2H8™) O 23 AEXL &7 AXSG A" (HHe 70%)

Fig. 22 Momentary outage test (duration of 0.3 [sec]) Fig. 23 Instantaneous voltage drop test (70% of nominal
voltage)
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Fig. 24 Irradiance ramp variation test (500 — 750 [W/m?)
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Fig. 25 lrradiance ramp variation test (500 — 250 [W/m?))
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