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Virtual Vehicle Development is Growing in Complexity

▪ Companies are deepening virtual development

– Increasing reliance on system-level simulation for 

development

– Reducing scope of physical prototypes towards 

confirmation and final validation

– Focus on powertrain, vehicle dynamics and ADAS / AD

GM: Autonomous parking developmentFord: Build Virtual Vehicle in minutes Bosch: Autonomous truck development

https://www.mathworks.com/videos/low-velocity-maneuvering-development-with-the-mathworks-toolchain-1622124103577.html
https://www.mathworks.com/videos/model-based-agility-with-ford-automated-system-simulation-toolchain-fasst-1592849717839.html
https://www.mathworks.com/videos/simulation-framework-for-highly-autonomous-trucks-in-a-logistics-centre-1622072544411.html
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Virtual Vehicle Development is Growing in Complexity

▪ Companies are deepening virtual development

– Increasing reliance on system-level simulation for 

development

– Reducing scope of physical prototypes towards 

confirmation and final validation

– Focus on powertrain, vehicle dynamics and ADAS / AD

▪ Common challenges

Integration of both 

physics and software 

models

Access to “right level” 

fidelity models across 

organization

Deploying models to 

users who aren’t tool 

experts
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MathWorks Offering for Virtual Vehicle Simulation
Engineering Tools + Application Expertise

Create       
Vehicle

Integrate 
Software

Author  
Scenarios

Simulate & 
Analyze

Deploy 
Simulation

Vehicle Templates

Subsystem Libraries

Modeling Guidelines

C/C++ Interface

Reduced Order Models

FMU Integration

Scene & Scenarios

Open Standards

Drive Cycles

Visualization

Data Analysis

Report Generation

Cloud Integration

Datalake Integration

HIL Deployment

Value proposition:

▪ Proven tools for modeling 

of physics and software

▪ Reference applications 

for reduced time-to-

simulation

▪ Common platform for 

model reuse

▪ Solutions for large-scale 

modeling and simulation

▪ Flexible platform for 

growth / new use cases
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Problem statement: the electrification of the powertrain
Current challenges

The automotive sector is focusing on reducing CO2 emissions. For this scope, Battery Electric 

Vehicles (BEVs) are a promising solution:

▪ Localize emissions to energy production source

▪ Can be charged with renewable energy

However, engineering challenges remain …

700 kWh 95 kWh

95 kg 700 kg

85 L 430 L

Diesel tank (70 L) Li-Ion Battery
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System Architecture

System-level models to quantify 

vehicle range, battery performance, 

and costs.

Abhisek Roy

System Engineering

Introduction to the Customer

Objectives

Target:

• Range estimation and component sizing

Test Case:

• Effect of Environmental and cabin conditions on Range, 

• Different Drive cycles- MIDC/WOT 
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Sree Varshini

Head of COE’s

Thermal Management

Perform HVAC studies

E-Powertrain

Perform detailed Motor 

design studies

Battery Team

Perform detailed battery 

design studies

Objectives

Component-Level Test Cases:

• Battery Thermal Behaviour

• Motor-Inverter Thermal Behaviour

• HVAC for refrigeration performance 

System-Level Test Cases:

• EV Thermal Management 
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Sree Varshini

Head of COE’s

Thermal Management

Perform HVAC studies

E-Powertrain

Perform detailed Motor 

design studies

Battery Team

Perform detailed battery 

design studies

System Architecture

System-level models to quantify 

vehicle range, battery performance, 

and costs
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Cloud

Vehicle Test Cases

Test Case:

Effect of Environmental and cabin conditions 

on Range, Different Drivecycles- MIDC/WOT 

Source Control

To support collaborative development 

practices
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Virtual Vehicle Composer App Offers Uniquely Flexible Solution

1. Specify model 

type

2. Parameterize 

subsystems

3. Select test 

scenarios

4. Generate 

model

5. Customize as 

needed
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Root Level
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Root Level Model

1. Set target speed and ambient conditions
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Root Level Model

1. Set target speed and ambient conditions

2. Set brake / accel / shift commands to achieve target speed
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Root Level Model

1. Set target speed and ambient conditions

2. Set brake / accel / shift commands to achieve target speed

3. Set lower-level control commands (e.g., engine / motor torque)
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Root Level Model

1. Set target speed and ambient conditions

2. Set brake / accel / shift commands to achieve target speed

3. Set lower-level control commands (e.g., engine / motor torque)

4. Calculate vehicle response
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Root Level Model

1. Set target speed and ambient conditions

2. Set brake / accel / shift commands to achieve target speed

3. Set lower-level control commands (e.g., engine / motor torque)

4. Calculate vehicle response

5. Report results
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Battery Sizing and Performance Analysis

▪ How should I resize my battery? 

Input different 

Scenarios

• Drive Cycles

• Initial Battery Charge

• Ambient Temp

Change Design 

Parameters

• #Cells

• Motor Size

• SoC est. technique

Measure Dynamic 

Response

• Vehicle Speed

• Battery Temp

• Motor Current

Iterate

Calculate 

Metrics

• Est. Range

• Fuel Consumption
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Component sizing problem statement

▪ Goals:

– Find battery size & gearing that 

provides good efficiency at a 

reasonable price

▪ Constraints:

– Meets typical driving demands

– Reasonable BEV range

– Reasonable acceleration

▪ Design Variables:

– Number of battery cells in parallel (Np)

– Number of battery cells in series (Ns)

– Gearbox ratio (Nd)
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Component sizing problem statement

▪ Goals:

– Find battery size & gearing that 

provides good efficiency at a 

reasonable price

▪ Constraints:

– Meets typical driving demands

– Reasonable BEV range

– Reasonable acceleration

▪ Design Variables:

– Number of battery cells in parallel (Np)

– Number of battery cells in series (Ns)

– Gearbox ratio (Nd)

min f(x) = w1*ECR + w2*Cost

   ECR = Energy Consumption Rate [Wh/km]

g1: DriveCycleFault < 0

 g2: Range > 400 km

 g3: t0-100 < 8 sec

x1: 20 < Np < 50 (Integer)

 x2: 320V /3.6V < Ns < 600V /3.6V (Integer)

 x3: 2 < Nd < 10 (Continuous)
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Running simulations as a function call
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Optimization Results

Metric Baseline Target
Optimized

(% improvement)

Energy consumption 

[kWh/100km]
15.1 < 15 14.4 (-4.6%)

Cost [€] 6428 < 7500 7232 (+12.5%)

Range [km] 340 > 400 401 (+17.6%)

Acceleration time t0-100 [s] 7.14 < 8 8.0 (+12.0%)

Gearbox ratio Nd 9 5.05

Cell configuration 96s31p 108s31p

Bus voltage [V] 345.6 388.8

Capacity [kWh] 51.4 57.9

Performed 200 function calls (~2,5 hours)
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System Level Test Cases to be performed

System-Level

▪ AC-on/off-Humidity/Temp/Elevation

▪ AC-on/off-Humidity/Temp/Elevation

▪ Different Drive cycles- MIDC/WOT
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Simulate Battery Thermal Behavior

1. Build an 

electrothermal

pack model

2. Set up a liquid 

cooling system

3. Test pack behavior 

in a fast-charge 

scenario

Today’s aim is to show how you can use Simscape Battery to:
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What is Simscape Battery?
Overview

▪ Add on product of Simscape

▪ Design and simulate battery and energy 

storage systems

– Electrothermal cell behavior

– Battery pack design

– Battery management systems (BMS)

▪ With Simscape Battery you can

– Test packs for electrical & thermal requirements

– Test BMS algorithms



26

Testing the Limits of a Battery Pack
The pack we will use today

▪ The thermal and electrical modeling will be 

applied on a previously-sized battery pack

– 3072 cylindrical cells (21700 format)

– Electrical scheme 96s32p

– Cell are disposed in 4 modules

– Installed energy: 50 kWh

▪ Generated from an optimization study for a 

mid-size electric sedan (400 km range)

» MAC 2022: Fulfill Range, Acceleration, and Cost Targets Using Battery Sizing

1st Module

2nd module

3rd module

4th module

Cooling plate

Housing

https://www.mathworks.com/videos/master-class-fulfill-range-acceleration-and-cost-targets-using-battery-sizing-1669124206915.html
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Understanding the Cell Model
Multi-domain physical model

▪ Multi-domain physical model

▪ Electrical cell model

– Cell described with an RC circuit 

– Different levels of detail available

▪ Thermal lumped cell model

▪ Power losses calculated from 

Ohmic losses

» Battery (Table-Based)

R1

C1

R0

RSDEm

12

11

12

RthermMcell

P
o

w
e

r 
lo

s
s
e
s

https://www.mathworks.com/help/sps/ref/batterytablebased.html?searchHighlight=Battery%20table%20based&s_tid=srchtitle_Battery%20table%20based_1
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Understanding the Cell Model
Multi-domain physical model

▪ Multi-domain physical model

▪ Electrical cell model

– Cell described with an RC circuit 

– Different levels of detail available

▪ Thermal lumped cell model

▪ Power losses calculated from 

Ohmic losses

▪ Not enough? You can also create 

your own custom cell

» Battery (Table-Based)

Em

R1

C1

R0

12

RSD

11

12

RthermMcell

Implementation

▪ Pre parametrized cell

▪ MOLICEL INR 21700 PB4

▪ Simple model, no dynamics

https://www.mathworks.com/help/sps/ref/batterytablebased.html?searchHighlight=Battery%20table%20based&s_tid=srchtitle_Battery%20table%20based_1
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Two possible cases for RC circuit (Em, R0, R1…) parametrization:

▪ Look-up tables are known

▪ Look-up tables must be estimated

Parametrizing the Cell Model
RC circuit parametrization

iCell

New iteration
=

Simscape model 

(Em,R1,R0,C1)

Vmodel

Done

Em

R1

C1

R0

Vreal
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» Estimate Battery Parameters

https://in.mathworks.com/help/autoblks/ug/generate-parameter-data-for-estimations-circuit-battery-block.html
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Building a Battery Pack within a Few Minutes
with the Battery Builder App

▪ Construct battery pack models 

using interactive modeling app

– Create new battery objects to model 

cells, modules and packs

– Plot results while building the pack

– Generate library from battery pack

▪ Possible to build the Battery with 

Simscape Battery API

» Battery Builder

Implementation

▪ 3072 cells disposed on four modules

▪ Electrical scheme 96s32p

https://www.mathworks.com/help/simscape-battery/ref/batterybuilder-app.html
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Finding the Tradeoff Between Calculation Speed and Precision
Choosing the right model fidelity for the pack

» More to Model Resolution

Detailed Grouped Lumped

Implementation

Selected a Grouped model resolution by 

dividing each module in four cell groups. 

https://www.mathworks.com/help/simscape-battery/ref/simscape.battery.builder.module.html?searchHighlight=Module&s_tid=srchtitle_Module_1
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X

Y

Discretized along X & Y

X

Y

Discretized along X

X

Y

Lumped plate

Finding the Tradeoff Between Calculation Speed and Precision
Choosing the right model fidelity for the plate

Implementation

The plate was discretized in a 4 by 4 

layout as shown below:
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Simulating Fast-Charge Behavior
Understanding the model implementation
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Simulating Fast-Charge Behavior
Results

State
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E-Powertrain
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Electric Vehicle Thermal Management

» EV Thermal Management System

https://in.mathworks.com/help/hydro/ug/sscfluids_ev_thermal_management.html
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Drive cycle scenario shows serial to parallel mode transition

serial to parallel modechiller bang-bang control

compressor ramps up

when chiller is on
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Test Cases

Component-level

▪ Battery Thermal Behaviour for Fast Charing

▪ PMSM controller simulation for performance

▪ EV Thermal Management controller performance

Interested to understand the performance of these subsystems when 

integrated with System Level Simulation!!
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Test Cases

System-Level

▪ AC-on/off-Humidity/Temp/Elevation

▪ AC-on/off-Humidity/Temp/Elevation

▪ Different Drive cycles- MIDC/WOT

Component-level

▪ Battery Thermal Behaviour for Fast Charing

▪ PMSM controller simulation for performance

▪ EV Thermal Management controller performance
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Baseline results:

▪ 30 degC

▪ 0.4 relative humidity

▪ Cabin Temp: 25 degC

▪ WLTP Class 3

▪ 1 passenger
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Effect of Ambient Temperature: 45 degC
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Effect of High Ambient Temperature and High Humidity
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Offloading Serial Computations

▪  job = batch(...);

MATLAB 

Desktop (Client)

Result

Work

Worker

Worker

Worker

Worker
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Simulation Manager
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Start the transformation 

with the right support

► Trials and evaluations

► Consulting services

► Training services

► Technical support

https://www.mathworks.com/campaigns/products/trials.html
https://www.mathworks.com/services/consulting.html
https://www.mathworks.com/services/training.html
https://www.mathworks.com/support.html
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Learn more
mathworks.com/

https://in.mathworks.com/
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