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INTRODUCTION = GENERAL STRUCTURE

Design Power Execute ‘slower’ model Execute power converter HIL Simulation with real
Electronics Circuit parts on RT Processor model on FPGA controller
/ Circuit Editor \ / \ / \ / \
(SPS, PSIM, PLECS)

No FPGA programming

\ Host Computer / \ RT Processor / \ FPGA / \ Realcontroller/

FPGA model:

e Fast electrical circuit (user model)
* Runsin the FPGA (typical Ts<1 pS)
* |s connected with the CPU model
* Is connected with hardware 1/Os R'|'23|

Source: OPAL-RT




STRUCTURE = INTERNAL STRUCTURE

32 single float

72 booleans

Source: OPAL-RT

uo1l ... U32
Circuit sources

SWO01... SW72
Switch gates

eHS

Y01... Y32

.I Measurements
32 single float




CHIL and PHIL Setup at QEERI
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Considered System

DC EVSE

Pilot Wire (0BC)

AC/DC Converter
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AC/DC Converter
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S. Rivera et al,, "Charging Infrastructure and Grid Integration for Electromobility," in Proceedings of the

‘e Bridge Converter

/EEE, vol. 111, no. 4, pp. 371-396, April 2023, doi: 10.1109/JPROC.2022.3216362.
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Control Technigue
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Control Technigue
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SYSTEM AND CONTROL PARAMETERS

Description and Symbol Value
Grid voltage amplitude, E, 12042 v
DC-link voltage reference, 7, 400V
Grid-side inductance, L, 2.5mH
Rectifier-side inductance, L, SmH
Inductor resistances, R, and R 0.4Q, 0.5Q
Filter capacitor, C 22uF
DC capacitors, C, =C, 470uF
Load 40 Q-80Q
Virtual damping resistor, R, 8Q
PI gains, K, and K, 0.04, 10
Sampling period: 7, 40ps

YOUR IDEAS
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Test Results
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Steady-state responses of dc- and ac-side variables under unbalanced grid.
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(b)
Steady-state responses of dc- and ac-side variables under balanced grid. Steady-state responses of dc-and ac-side variables under distorted grid. R r2 3 |
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Test Results
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(b)

Dynamic responses of dc-and ac-side variables for a step change in load
resistance from 80 Q to 40 Q and 7, from 400V to 450V.
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Test Resul
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Test Results
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Test Results
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Waveforms for scenario 3. (a) Non-distorted and balanced grid, (b) Distorted and balanced grid, (c) Non-distorted and unbalanced grid. e_, .e_, (200V/div),
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Waveforms for scenario 4. (a) Non-distorted and balanced grid, (b) Distorted and balanced grid, (c) Non-distorted and unbalanced grid. e, . e, (200V/dwv), R r2 3 |
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Conclusion

O C-HIL validation is a transformative approach that holds immense promise in advancing the
development of power electronic converters for EVSE,

O C-HIL validation accelerates development processes by facilitating rapid prototyping and
optimization of control algorithms, resulting in more efficient and reliable converter designs.

O It contributes to the creation of robust and resilient converter designs by evaluating controller
responses to fault conditions, ensuring adaptability to unforeseen challenges.

d The validation method supports bidirectional power flow control, paving the way for advanced
functionalities like vehicle-to-grid (V2G) services and efficient energy management.

O By bridging the gap between theoretical models and physical prototypes through hardware
integration, C-HIL validation enhances the accuracy of converter testing and validation.




essentially,
all models are wrong,
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