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Introduction

• Power-Hardware-in-the-Loop (PHIL) Real Time Simulation

• Power Electronic (PE) Systems in an Electric Vehicle (EV)

• EV On-board Charger (EVC)

• Conceptual Idea of a PHIL-EVC System

• Experimental Results

• Conclusion and Future Work
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RTDS and Modern Power Electronics (PE)
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PE Devices in an Electric Vehicle (EV)

RIGA Lab

5

AC/DC

AC/DC DC/DC

DC/DCAUX. Output

Type-2 Charge 
Connector

Fast Charger 
Connector

On-Board Charger

Motor

Traction Control Unit

Battery Pack

HV(+) HV(-)

• Internal PE Systems,

• Traction Control Unit

• On-Board Charger

• Aux. Power Supply

• External PE System,

• DC fast Charger

• Critical Electrical

Elements

• Battery Pack

• Motor

• Grid Terminal



Block Diagram of EV On-board Chargers
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• AC Terminal – connecting to AC grid.

• DC Terminal – connecting to DC battery.



Overview of A PHIL-ECV System

• PHIL with a EV Charger (DUT) can be used as,

• Burn-in System.

• EVC function evaluating system.

• Power Quality study from the grid side.
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Hardware Configuration of PHIL-EVC
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AC Grid Model – SW-HW Interface
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DC Battery Model – SW-HW Interface
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Design and Development of PE Amplifiers
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Experiment – Battery Emulator Charging
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Experiment – Battery Emulator Discharging
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PHIL Experimental Setup
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Experiment – Battery Side (DC) Behaviour
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Experiment – Grid Side (AC) Behaviour
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Experiment – Both AC and DC Terminals
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Case Study – Voltage Sag
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Case Study – Weak Grid w/ PV Power Change
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Extend to Traction Control Unit (TCU)

RIGA Lab

20

• PHIL can be used for EV

Traction Control Unit

(TCU)

• DC – Battery Pack

• AC – Motor

T. Eskilson, and C. Ho, "Power Electronics-based
Power-HIL System for an EV Field Oriented
Motor Controller", IEEE ECCE21, Oct. 2021.



Conclusion

• PHIL created a flexible testing platform to evaluate EV 

On-board Chargers using “Virtual Reality” approach. 

• All the elements connecting to the EVC are real time 

simulated. But it gives a full power test for the EVC with 

practical results.

• Types of battery, grid conditions and fault senecios can 

be modified by a few clicks.

• It saves energy during commercial product burn-in test 

with condition changing.

• Further Power Quality and V2G function will be easily 

studied before doing any real installation.
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