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Simscape Battery – Main Workflow Themes

2. Thermal Management System Design1. Battery Pack Design

4. Support for Deployment and HIL3. Battery Management System Design
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Technology Development Cycle

The Value of Simscape Battery

▪ Simscape Battery provides a framework that is assembled specifically to create a bridge 

between cell and system.

▪ The bridge directly supports upskilling as well as design exploration and design rigor, 

meaning you can navigate the technology development cycle rapidly and with confidence.

BMS 

Algorithms 

and 

Components

HIL and 

Deployment 

Support

Battery Pack 

Design

Building a Bridge between Cell and System



6

Technology Architecture
Technology Platform Strategy
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Simscape Battery
Overview

▪ Design and simulate battery and 

energy storage systems

– Electrothermal cell behavior

– Battery pack design

– Battery management systems (BMS)

▪ With Simscape Battery you can

– Evaluate pack architectures for 

electrical and thermal requirements

– Verify robustness of discharge, charge 

and thermal management algorithms

– Validate algorithms using HIL testing
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Simscape Battery
Key Features

▪ Battery Pack Builder (MATLAB API, App)

– Automatically assemble cell models into battery pack

– Define electrical and thermal connections (series, parallel)

– Adjust tradeoff of simulation speed and model fidelity

▪ Cooling plate models

– Includes edge, parallel channel, and U-shaped channel

▪ Battery management algorithms

– Includes charge/discharge, SOC, SOH, cell balancing,

thermal management, protection

▪ Application-specific examples

– EV charging, Microgrid with BESS 

▪ Support for C-code generation
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Battery Pack Builder

▪ Text-based design workflow with MATLAB API supports rapid pack design.

▪ Define the battery pack structure in as few as 6 lines of code.

▪ Automatically create a Simscape model of the pack in 1 line of code.
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Battery Pack Builder

▪ Visualize the pack geometry and topology at each stage of the design.

▪ Define and visualize the simulation strategy.
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Battery Pack Builder

▪ Define cell format, stacking and 

topology.

▪ Keep track of volume, mass and 

dimensions.

Cylindrical Cell

Prismatic Cell

Pouch Cell

Hexagonal Square

Single Stack

Single Stack

NStack
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Battery Pack Builder

▪ Parameterize battery models from MATLAB scripts 

to support effective parameter management at 

scale and to support design space exploration.
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Battery Pack Builder

▪ Add temperature dependence, battery fade, battery 

aging and other cell characteristics.

▪ Add thermal ports that connect your battery pack to the 

ambient environment and to cooling systems.

▪ Add passive cell balancing circuits...

… define all this from MATLAB.
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Battery Pack Builder
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Battery Builder App

▪ Construct battery pack models 

using interactive modeling app

– Create new battery objects to model 

cells, modules and packs

– Import existing battery objects from 

your workspace or MAT file.

– Create a 3-D battery object plot, 

and export to a MATLAB figure

– Inspect the battery object hierarchy

– Edit the battery object properties, 

such as geometrical data and thermal 

boundary conditions.

– Create a library model from an object
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EV Fast Charging
Thermal Management

Power up to 350 kW

Thermal Management

Large heat generation

Fast Aging
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Pouch Cell with Bottom Plate Cooling

coolant

cooling plate

battery cells

Temperature gradient

Internal Resistance

Aging Rate
= f (T)
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Temperature and Thermal Gradients

Performance – Life – Safety

10ºC < T < 35ºC

DT < 6ºC

▪ Inhomogeneous current

▪ Uneven aging

▪ Accelerated degradation

▪ Localized heating

▪ Uncertain T monitoring

RequirementsEffects
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Battery T - Research
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Yu et al., Distributed internal thermal monitoring of lithium ion batteries with 

fibre sensors - ScienceDirect

S. Goutam et al. 10.1016/J.APPLTHERMALENG.2017.07.206
https://www.sciencedirect.com/science/article/pii/S1359431117325565?via{%}3Dihub

Enabling Fast Charging - Battery Thermal Considerations (osti.gov)

NMC/graphite, End of a 2C constant current discharge.  SOC 100% to 0%

https://mediatum.ub.tum.de/doc/1388435/1388435.pdf
https://www.sciencedirect.com/science/article/pii/S2352152X22003188?via%3Dihub
https://doi.org/10.1016/J.APPLTHERMALENG.2017.07.206
https://www.sciencedirect.com/science/article/pii/S1359431117325565?via%7b%25%7d3Dihub
https://www.osti.gov/pages/servlets/purl/1408689
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Solution

▪ Electrical Domain - Battery Cell 

(Simscape Battery)

▪ Thermal Domain - Reduced Order Model 

from FEA (PDE Toolbox)

Combine

Finite Element Analysis + System Level Simulation
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Thermal Model Reduction

SAND2010-6352 (osti.gov)

𝜌𝑐𝑝
𝜕𝑇

𝜕𝑡
+ ∇ ⋅ k∇𝑇 = 𝑞 FEM 𝑀 ሶ𝑇 + 𝐾𝑇 = 𝑄

Size: 103 to 106PDE

𝑀𝑟
ሶ𝑇𝑟 + 𝐾𝑟𝑇𝑟 = 𝑄𝑟Projection

Size: 10 to 100

Find modes Φr

𝑀𝑟 = Φr
𝑇𝑀Φr

https://www.osti.gov/servlets/purl/991534
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Thermal Model Reduction - Workflow

1- Create geometry

2- Create thermal problem as ‘modal’

3- Assign material properties

4- Mesh

5- Solve modal problem (no loads)

6- Reduce

Rm = solve(model,'DecayRange',[-inf,0.05]);

rom = reduce(model,'ModalResults',Rm);
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Reduced Order Model (ROM) in Simscape Language

𝑀𝑟
ሶ𝑇𝑟 + 𝐾𝑟𝑇𝑟 = 𝑄𝑟
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Temperature Distribution
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Thermal Differences

DTmax ~ 6K Thermocouple Readings
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Summary

▪ Reduced Order Model of Battery Thermal Behavior

▪ FEA to System Level

Rm = solve(model,'DecayRange',[-inf,0.05]);

rom = reduce(model,'ModalResults',Rm);

▪ Find Temperature Distribution

▪ Solve in Simulink
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Analyze Battery Spatial Temperature Variation During Fast Charge
New Demo

https://kr.mathworks.com/help/simscape-battery/ug/battery-spatial-temperature-variation-during-fast-charge.html

https://kr.mathworks.com/help/simscape-battery/ug/battery-spatial-temperature-variation-during-fast-charge.html
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Thermal Management

▪ Change the simulation strategy of cooling plates to meet your model resolution 

needs for the combined electrical and thermal system.

Cooling Plate
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Thermal Management

▪ Change the simulation strategy of cooling plates to meet your model resolution 

needs for the combined electrical and thermal system.

Cooling Plate
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Thermal Management

▪ Change the simulation strategy of cooling plates to meet your model resolution 

needs for the combined electrical and thermal system.

Cooling Plate
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Thermal Management

▪ Change the simulation strategy of cooling plates to meet your model resolution 

needs for the combined electrical and thermal system.

Connections dependent on 

cooling plate architecture
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Thermal Management

▪ Build out your cooling systems with Simscape Foundation components (Thermal Liquid).

▪ Clear onramp to Simscape Fluids if additional modeling capability is needed.
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Thermal Management
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Battery Management

▪ Algorithms for cell balancing, current management, state-of-charge (SOC) and state-of-health 

(SOH) estimation, protection, and thermal management.

▪ Build out your electrical system with Simscape Foundation components (Electrical).

▪ Clear onramp to Simscape Electrical if additional electrical modeling capability is needed.
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Battery Management

▪ Ideal charge/discharge 

components can be used to 

assess functional response 

of the battery pack prior to 

detailed control design.
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Battery Management

▪ A range of Kalman filters are available to estimate State-of-Charge (SOC), which 

can form an input to State-of-Health (SOH) estimation.
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Battery Management

▪ Explore the design space by running multiple simulations 

programmatically.
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Battery Management
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Deployment and Hardware-in-the-Loop (HIL)

▪ BMS algorithms and Simscape Battery models are 

compatible with Simulink Compiler, Simulink Coder and 

Simulink Real-Time.

▪ BMS algorithms generate readable and efficient C/C++ code.

Equivalent results 

from FMU

Example – Create an FMU from a Simscape Battery model

https://www.mathworks.com/products/simulink-compiler.html
https://www.mathworks.com/products/simulink-coder.html
https://www.mathworks.com/products/simulink-real-time.html
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Real-Time Testing of Battery Management System

Main Controller
Measurement & 

Diagnostics
Battery Pack

▪ Testing BMS with Battery Cells

– Longer test cycles

– Difficult to reproduce results

– Difficult to test fault conditions

– Limited test automation
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Hardware-In-Loop Testing of Battery Management System

Wiring and Signal Conditioning

Automatic 

Code Generation

Main Controller
Measurement & 

DiagnosticsBattery Emulation

▪ Testing BMS with Emulated Battery Cells

– Reduce testing time

– Test fault conditions safely

– Automate testing
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Simulink Host 

Computer

Battery 

Pack Model

Battery 

Management 

Algorithms

Cell Voltages

Pack Current

SoC 

Estimation

Cell 

Temperature

Speedgoat Target 

Computer with Battery 

Emulation Card – IO991-06

Embedded Controller with 

Analog Front End Circuit 

(DUT)

DriveCycle

Charging

Balancing
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Deployment and Hardware-in-the-Loop (HIL)

▪ HIL interface blocks (which also work in desktop simulation) offer a convenient way to 

connect your battery to a cell supervisory circuit by packaging input signals, measurements, 

and a controlled current source in a single unit.
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Key Takeaways

▪ Simscape Battery provides a framework that is assembled specifically to 

create a bridge between cell and system.

▪ The bridge directly supports upskilling as well as design exploration and 

design rigor, meaning you can navigate the technology development cycle 

rapidly and with confidence.

– Battery Pack Design, Electrical and Thermal Battery Pack Components, BMS 

Algorithms and Components, HIL and Deployment Support, Reference Tutorials and 

Examples

▪ Using the PDE Toolbox and Simscape battery, you can create a Reduced 

Order Model(ROM) of battery thermal behavior at the system level from 

FEA models.
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On the Web

Simscape Battery Essentials on YouTubeSimscape Battery Essentials on MathWorks.com

https://www.youtube.com/playlist?list=PLn8PRpmsu08qVPY7_YXjMzqzFqh12suV5
https://www.mathworks.com/videos/series/simscape-battery-essentials.html
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On the Web

AI 기법을사용한전기기술 HIL Testing of Battery Management Systems

https://kr.mathworks.com/campaigns/offers/ai-for-electrical-technologies-white-paper.html
https://www.speedgoat.com/solutions/industries/power-electronics/hil-testing-of-battery-management-systems
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