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|1l EV HIL OVERVIEW AND CHALLENGES

Test Approaches Along the Design Lifecycle

Model in Software in Power TestCell
the Loop the Loop Level HIL (Physical Testing)

GOAL

N

Confidently Test Earlier in the Development Cycle

Increasing ability to choose scenarios
Flexibility to test differenttechnology

Less dependence on real system availability
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EV HIL OVERVIEW AND CHALLENGES

Unique Challenges of EV HIL

Near impossible to achieve complete automated test
coverage with conventional dynamometers and road testing

Fast dynamic response of power electronics inverters
and motors makes conventional HIL Test systems
unsuitable for EV HIL

Power electronics simulation should be at least 100x faster
than inverter switching frequency to achieve 2% accuracy

10kHz switching frequency = 1MHz simulation




EV HIL OVERVIEW AND CHALLENGES

EV Traction Inverter

Converter (DCto DC)

Controller Power.
Electronics
T HVDC T
EVSE ) oBC ) Battery Pack N\ inverter Motor )
(DC to AC) . .
Drivetrain
Controller Controller -
— — Modules Controller (X phase AC | o—3 (Gearbox,
Controller : etc.)
AC HVDC BMS to mechanical) Torque
Power Power ( ) Cells
. orDC ;
Electronics Electronics

Infrastructure On-Vehicle




EV HIL OVERVIEW AND CHALLENGES

Testing Enabled
Through HIL

Validate ECU performance over a wide
range of parameter variations to achieve
full test coverage

Verify ECU functionality in range of
conditions, including extreme
environments not easily created or
replicated in the real world

Map test cases to requirements to ensure
complete test coverage

Perform regression tests with ease to
quickly validate design iterations



EV HIL OVERVIEW AND CHALLENGES

Top Priorities for NI Inverter Test System

- Minimize the time and complexity for the test engineer

 When mapping the test and DUT needs to the required hardware

« Configuring the IO and signal paths in the tester

» Getting initial DUT communication working for “Hello World” (fault free DUT-tester setup)

« Getting models integrated into the tester toolchain

- Improve model performance and integration with The MathWorks Simulink™ tools




i NI SOLUTION

Inverter Test System

HIL Real-Time Powertrain Simulation
1 or 2 DUT Configurations

Integrated Model Workflow

Signal Banked Mass Interconnect

Faster Deployment and Procurement

ni.com




NI INVERTER TEST SYSTEM (ITS) INTRODUCTION

NI Inverter Test System Diagram
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Measurement Rack

Linux Real-Time Controller (PXI)
VeriStand Engine

Battery & Vehicle Models

Mass Interconnect

I/O Slots
FPGA

Inverter & Motor Models

Analog/Digital /O
Resistor Simulation
Comms (CAN or other)

Signal Conditioning (SLSC)
Fault Insertion

Load and Sensor Simulation

Programmable Power Supplies
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Server

System, Data, Test Management
(SystemLink™ Software)

Supervisory User Interface (Ul)

Test Results
Data Analytics

Development Machine

Test Executive

System Definition/Debug

Simulink™ IDE (External Mode)
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NI INVERTER TEST SYSTEM (ITS) INTRODUCTION

NI ITS Traction Inverter HIL Test
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nl ITS ARCHITECTURE & ADVANTAGES

NI TS
Architecture &
Advantages
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nl ITS ARCHITECTURE & ADVANTAGES

NI Inverter Test System Summary

Customer Defined, Flexible & Scalable, High Performance, Open For Integration

SystemLink — data and system management
TestStand — test executive

VeriStand — real-time test and model integration
Opal-RT add-on — FPGA based PE modeling
LabVIEW - programming and customization

Measurements and 1/O
Communications
Power Electronics Models in FPGA

Switch, Load, Signal Conditioning for
fault insertion and routing signal paths.
Ease of connection and wiring.

Cabling references for flexible connections to DUTs

Traction inverter ‘control board’ aka ‘MCU/VCU’
aka ‘cracked inverter

Programmable loads and DUT power

Complete Test Systems Delivered
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ITS ARCHITECTURE & ADVANTAGES

NI VeriStand

RT Stimulus Generation
Hardware 1/0O

Alarming

Deterministic Model Execution
MATLAB® and Simulink® Support
Mapping and System Visualization
Multi-chassis Synchronization
Closed-Loop Control

Data Logging

Test Automation

Calculated Channels

User Account Management
Multi-chassis Data Sharing
Scaling and Calibration




ITS ARCHITECTURE & ADVANTAGES

Model Based Development
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nl ITS ARCHITECTURE & ADVANTAGES

ITS Model Integration

SIMULINK EXAMPLE

Simulink Circuit Model Simulink External Data Analytics

Analog 1/0
Digital I1/O

ni.com




nl

ni.com

ITS ARCHITECTURE & ADVANTAGES
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ITS ARCHITECTURE & ADVANTAGES

ITS Components

ni.com

Virtual ECU
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Mapping

Phasor Analysis
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Traction ECU Control
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Motor Speed
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Gate Driver Faults

Inverter & Motor
Cycle Average Model
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[

Veristand/TestStand IDE
Test Operator
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Gate Command Input

Line-to-Line Voltages

Phase Currents

DC Link Voltage

Motor Position,
Speed

Gate Command

FPGA Solvers
~2 MHz

IfC & Fault Insertion

Traction ECU DUT
(Physical ECU)

MATLAB and Simulink are registered trademarks of MathWorks®, Inc.
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ITS Getting Started
and Model Integration
Experience




Advanced Compute

I/O Breadth

Customizability

Integration

NI CUSTOMER CONFIDENTIAL



nl ni.com
NI Offerings Along the Inverter Design Lifecycle

Reduce Development Time and Improve Engineering Efficiency Through Model Reuse

Powertrain and Vehicle Models

Signal-Level HIL TestCell—eDyno
sHIL Physical Testing

Field
Test

Model-in-the-loop
Software-in-the-loop
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Next Steps



https://gateway.on24.com/wcc/eh/2429684/lp/3369483/america-hardware-in-the-loop-testing-of-ev-traction-inverter-ecus
https://www.ni.com/en-us/contact-us.html
https://www.ni.com/en-us/solutions/transportation/validating-traction-inverter-controllers.html
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