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Thermal management is a very important discipline for Battery Electric Vehicle (BEV)
Optimal operating temperature is rather low
Heat energy is not inherently available
It interacts to their performance behavior due to derating
Can be relevant for driving comfort or even safety

This presentation describes a method to frontload thermal management development and

testing from prototype vehicles to a hybrid testing lab consisting of simulation models and
real hardware UUTs

An integrated approach to describe the behavior of the thermal system in a testing
environment was developed

The thermal interface between simulation and real components was realized

A functional vehicle prototype was developed which consists of real and simulated
components
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Overall Setup
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Simulation Integration Workflow

Since testbed time is expensive, a step-by-step integration methodology was developed
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Office Co-Simulation with Model.CONNECT™

BEV co-simulation model in AVL Model.CONNECT™ co-simulation platform

 Full CRUISE vehicle
model

« KULI thermal system
 Dymola AC model

* Front e-motor
 Rear e-motor

« HV Battery

* Driver model

« Boundary conditions
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fm

FUNCTIONAL
MOCK-UP
INTERFACE

LNGCTPLS

Cycle run

Powertrain

E M _front

-
n—I
FUNCTIONAL

MOCK-UP
INTERFACE

EM front

Cooling_MT

M_rear

fmi

FUNCTIONAL
MOCK-UP
INTERFACE

EM_rear

Dejan Ciglar | | 02 rujna 2019 | 6




CONTENT

« Background

« Overall Setup

« Simulation integration workflow

« Office co-simulation with Model.CONNECT™

« Setting up an testbed simulator
HV Battery simulator
Powertrain testbed simulator

« Testbed measurements
Quick charge
High speed
Race track

Dejan Ciglar | | 02 rujna 2019 | 7




HV Battery simulator for quick charge
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Testbed setup for quick charge
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Powertrain Testbed Simulator
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AVL CRUISE™ vehicle model in office co-
simulation

« Main vehicle components
modeled in CRUISE™
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AVL CRUISE™ vehicle model for powertrain
testbed usage

 Vehicle model

« Running on
Testbed.CONNECT™

« First paired with a
conventional powertrain
simulation

« | Wheel flanges
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AVL CRUISE™ Powertrain Model

« PUMA Open 2 powertrain testbed
simulator

« Identified and replaced internal
simulation model

« | Wheel/Dyno flanges in speed mode

| Elastic shafts

« | Axle flanges

« | Dyno model has been added
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Dynamic Conditioning Module
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Powertrain Testbed Simulator
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Overall Setup
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Quick Charge - Vehicle vs. Simulation

‘ Quick-charge - Comparison vehicle prototype vs. ThermolLab ‘
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High speed - Vehicle vs. Simulation

Vehicle Velocity
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Race track - Vehicle vs. Simulation

‘ PG — Comparison vehicle prototype vs. ThermoLab
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Outlook

Software/hardware-coupling is an effective way to close the gap between simulation or co-
simulation and the full vehicle prototype testing

The further development and improvement of the high-dynamic conditioning units

Consequent implementation of this approach in different projects (i.e. PHEV)

Learn more about the possibilities and the limits of this method in substituting full-vehicle
prototype tests
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