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Power Hardware In the Loop Study of Hybrid Energy Storage
System in DC Microgrids
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OPAL-RT 45 KVA Spitzenberger & dSPACE 1103 10kWh SAF'T Lithium ion
o . . OP-5600/0P-5607 Spies Power Amplifier controller battery module
“*The power amplifier is used to interface between the OPAL-RT | |
and hardware under test. Figure 1: Experiment setup for PHIL study.
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battery system based on the DC link voltage output from Figure 2: Closed loop system architecture for PHIL study.
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Figure 3: PHIL experiment results without battery system
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PV Specifications Values
Open circuit voltage 320V
Short circuit voltage 40 A = 400V [10V/dIV]
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Battery specifications Values [2A/d1v]
Nominal voltage 260 v,
Rated energy 10kWh
SC specifications Values [2A/d1v]
Terminal voltage 300V Wi, =
Capacitance 5.8F .. B
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PA specifications Values Lsc,d A
Power capacity A5kVA Step load | |
Peak current 616A change Time = [2s/div} .
Maximum DC output voltage 424\ o ' e
L, =2 mH, L, = 6.3 mH, Figure 4: PHIL experiment results with battery system
Converters Parameters Lscap =5 MH, R, =200 Q, C, =
2200 pF, C, = C4 =500 pF
Ko w=0.1,k ,,=1 «* The closed loop operation is achieved such that the DC link voltage is
Controller Parameters K_p ,=0.1,k =1 well maintained at v,. = 400V in-spite of the DC load change and the PV
kp . = 0.4, k, o = 150 current variations with battery system.
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- - “*The voltage deviation during the step load change is 2V, and the voltage
V.. =400V, f =10 kHz IS restored to its reference value in less than 400ms with the battery
LPF cut-off freq = 2175 rad/s system.
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T. = 20 s (dSPACE 1103 ‘*The presented PHIL experiment is effective for testing the energy storage
> devices for high power applications where the actual DC microgrid is not
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