Model-Based Design Toolbox
Battery Management Systems

Quick Start Guide

Automatic Code Generation for Battery Cell Controllers
Version 1.2.0

Target-Based Automatic Code Generation Tools
For MATLAB™/Simulink™/Stateflow™ Models working with Simulink Coder ™ and Embedded Coder®

© 2024 NXP Semiconductors. All rights reserved x




1 INSTAHTATION ...t bbb 1-3
1.1 SyStem REQUITEIMENTS .......c.oiiiiiieieiesieee et 1-3
1.2 SOftware REQUITEIMENTS.......ccuiiieiieeie ettt e e sre e nnes 1-3
1.3 INSEAHALION STEPS. ....ceiieiieiiiiitieeei e 1-3

1.3.1 Install NXP Support Package for BMS.........c.cocoiieiiiie e 1-3
1.3.2  Install NXP Model-Based Design Toolbox for BMS ..., 1-5
1.3.3  Generate and Activate NXP MBDT for BMS liCenSe ........cccocovvvvieieneniieiennn, 1-9
1.3.4  Setting the Path for Model-Based Design Toolbox and Toolchain Generation. 1-13

2 RUN MOGBIS ...ttt bbbt 2-15
2.1 Examples Library & Help ... 2-15
2.2 HArdWare SEIUD ...ocviiieie ettt et esae e a e na e beebeennenneas 2-15
2.3 Running the HVBMS EXaMPIES.......cccoiiiiiiiieiiie e 2-17

3 BMS Examples Development GUIEliNg ..........cccoeeieiiiiicii e 3-20
3.1 Configure components in the S32 Configuration Tool or EB tresos Studio ............. 3-20
3.2 Configure Board INitialiZation ...........cccocviiieiieieiie e 3-21
3.3 INItIAHZE SUDSYSIEM ...t 3-23
3.4  Organize the TPL data exchange using Transactions DescCriptors ...........ccccccvevennen. 3-24

Model-Based Design Toolbox Battery Management Systems 1-2

Quick Start Guide



1 Installation

Installing the Model-Based Design Toolbox is the first step in setting up and running automatic
C code generation from MATLAB/Simulink for NXP’s battery cell controllers and development
boards.

1.1 System Requirements

For a flawless development experience the minimum recommended PC platform is:
o  Windows® OS: any x64 processor
e Atleast4 GB of RAM
e Atleast 6 GB of free disk space.
e Internet connectivity for web downloads.

Operating System Supported

SP Level 64-bit
Windows 10 X
Windows 11 X

1.2 Software Requirements

MBDT for BMS Requires the following NXP Software product:
e Model-Based Design Toolbox for S32K3xx 1.4.x

1.3 Installation Steps

NXP’s Model-Based Design Toolbox is delivered as a MATLAB Toolbox Package that can be
installed offline or online from MathWorks Add-ons.

1.3.1 Install NXP Support Package for BMS

This package guides you through the download, installation, and activation process of the MBDT
for BMS. For demonstration purposes only, the 1.0.0 version has been used throughout the
following steps.

a. Goto MATLAB Add-Ons
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o\ MATLAB R20212

ata Workspace

5
B n Variable ¥ 7 Run and Tim
e L OpenVariable Favorites & Run and Time Simulink

29 Clear Workspace ~ ~ (& Clear Commands ~
RIABLE 0E

L New Variable ® L Analyze Code o

Code Analyzer
Colors

Command History
Command Window
Comparison
Current Folder

MATLAB Add-Ons Preferences

Installation Folder
This is where MATLAB puts installed Add-Ons.
C\Users\numssfB\Documents\MATLAB\Add-Ons

Restore Default Folder

-
Wind Wo @
Name
xample_readme.htm! (Chr. v
No det: labl
4\ Preferences - O X

The default location can be changed before installation by modifying the Add-Ons path from

MATLAB Preferences.

Note: It is strongly recommended to install the MATLAB and NXP Toolbox into a
location that does not contain special characters, empty spaces, or mapped drives.
Also, consider choosing a short path like C:/MATLABAddONs.

b. Search for the “NXP Support Package BMS”.

o

e

Read the License Agreement and press | Accept.

Install the “NXP Support Package BMS” by pressing the Add button.

e. Once the process is successful, press the Open Folder button.
4\ Add-On Manager — =] X
Installed Updates® Get Add-Ons

( <))
Name Author Install Date
.i ii Motor Control Blockset version 23.2 4 MathWorks 24 October 2023
) NXP Model-Based
h NXP_MBDToolbox_LPC583x version 100 Design oo voam  144uy 2023
R NXP Model-Based §
%‘. NXP_Support_Package_BMS version 1.0.0 Design Toolbox Team 24 November 2023
- Signal Processing Toolbox version 232 4 MathWorks 24 October 2023
ﬁ Simscape version 232 4 MathWorks 24 October 2023
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f.  Run the NXP_Support_Package BMS.m script to start the NXP Support
Package for BMS.

4\ MATLAB R2023b - o0 X

= - N\ R variable v p> L Analyze Code Q2 (7} €% Communi ity
l=n | (5] Find Files & ! B @) B © Preferences L’% & =
New MNew  New Open [ Compsre Import Clean Emalimiegne  pon (@ Reavins Simulink | Loyout (3 ecpath  Add-Ons  Help ) RequestSupport
Script LiveScript ¥ - Data Dats [/ Clesr Workspace v - (% Clear Commands v - - v [Z Learn MATLAB
FILE 3 cope SIMULINK ENVIRONMENT RESOURCES
> @5 » G » repos » mbdt bms mlandrei » staller Projects ¥ oolbox for BMS » packager » NXP_Support_Package BMS » -
| C bbdt_brs_mland ller P MBDToolbox for BMS i NXP_S: Package BMS £
Current Folder dow ®
Name i Name A%
© Folder
img

) Class

' NXP_Support_Package BMS.m
= App

%3 NXP_Support_Package BMS_App.mlapp
= Text Document

[ readmett

NXP_Support_Package BMS.m (Class) v

Copyright 2023 NXP

1.3.2 Install NXP Model-Based Design Toolbox for BMS

NXP Support Package for BMS is a graphical user interface guide that helps to download
and install the Model-Based Design Toolbox and also generates and installs the free-of-

cost license from the NXP website.

1. Verify MBDT for S32K3xx v1.4.x Installation

MBDT for BMS 1.2.0 requires MBDT for S32K3xx 1.4.0, 1.4.1 or 1.4.2 to be installed
and configured in the current MATLAB instance. Press Verify MBDT for S32K3xx

v1.4.0 Installation.

If MBDT for S32K3xx is not installed or you have a different version than 1.4.x, please

proceed to install first the MBDT for S32K3xx 1.4.0!

2. Press Go to NXP Download Site Button. In the newly opened window, Review the Terms

and Conditions as you scroll down, and press the | Agree Button.
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"4\| MXP's Model-Based Design Toolbox for BMS: Installation Guide

Installation Guide for NXP's Model-Based Design Toolbox for BMS

The NXP's Model-Based Design Toolbox for BMS provides an integrated
development envirenment for configuring and interfacing NXP's S32K3xx
MCUs with NXP's battery cell controllers. The toolbox generates all of the
necessary software automatically (including initialization routines and
device drivers) to execute battery management system applications.

Model-Based Design Toolbox for BMS reguires Model-Based Design
Toalbox for 332K 30

This wizard is design to guide you throughout dovmload, installaticn and
activation of the Model-Based Design Toolbox for BMS.

gnupregisier b —

p

v|‘

ap.comieomenulymbl

Choose the NXP Model-Based Design Toalbox revision you wish to download and install

1.0.0
Mote: Only one version of the Toolbox can be aclive as Add-Ons

Step 1: MBDT for BMS requires MBDT for S32K3xx v1.4.1 or newer. For this. please install MEDT
for $32K3xx v1.4.0 from MATLAB Add-Ons and perform the actions below.

Verify MBOT for S32K3xx v1.4.0 Installation

Step 1: Download the NXP BMS Toolbox from NXP website
and install it as Add-On using MATLAR installer.

Step 2: Generate a free-of-cost license from NXP website,
downlozad and install into toolbox License folder

[ Go To NXP Download Site ] [ Generate License File ]
Convert ZIP to MLTBX [ Activate NXP MBD Toolbox ]
Install MLTBX File as Add-On Verify MBD Toolbox License ]

Verify MBD Toolbox Installation

Apply S32K3xx¢ v1.4.1 Paich

[ ]
[ ] [
[ ]
[ ]

[ Go To Support Site ] [ Go To NXP MBDT Site ]

Close

Note: If the page is not displayed as below, please go to the location presented
in chapter 1.2.5. After selecting NXP Software go to Automotive SW -
Model-Based Design Toolbox and select the latest release available.

r
A

PRODUCTS APPLICATIONS DESIGN CENTER

} SUPPORT COMPANY

HXP > Design » Software Terms and Conditions

Software & Support age
Product Lit Software Terms and Conditions
Product Search Model-Based Design Toolbex for BMS 1.0.0
Order History

Please read the following agreement and click "l AGREE" at the bottom before downloading your software.

Recent Product Releases
Recent Updates LA_OPT_NXP_Software_License v50 November 2023

Licensing

License Lists

Offiine Activation

FAQ
Download Help

Table of Contents

IMPORTANT. Read the following NXP Software License Agreement ("Agreement”) completely. By selecting the "I Accept™
button at the end of this page, or by downloading, installing, or using the Licensed Software, you indicate that you accept
the terms of the Agreement, and you acknowledge that you have the authority, for yourself or on behalf of your company,
to bind your company to these terms. You may then download or install the file. in the event of 2 conflict

the terms of this
Agreement and any license terms and conditions for NXP's proprietary software embedded anywhere in the Li

oftwarefile, the
terms of this Agreement shall control. If a separat license agreement for the Licensed Software has been signe

 you and NXE, then that
agreement shall govern your use of the Licensed Software and shall supersede this Agreament.

FAQs

MXP SOFTWARE LICENSE AGREEMENT

This is a legal agreement between your employer, of which you are an authorized representative, or, if you have no

3. Download the SW32_MBDT_BMS _1.2.0 DYYMM.mltbx file.

Note: The downloaded file has the .zip extension instead of .mltbx. The next step
helps to convert to the right format.

4. Go back to NXP Support Package for BMS and press the Convert .ZIP to .MLTBX
button. In the newly opened Browsing window, select the file downloaded and press
Open.

Model-Based Design Toolbox Battery Management Systems
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Installation Guide for NXP's Model-Based Design Toolbox for BMS

The NXP's Model-Based Design Toolbox provides an integrated
development envirenment and toolchain for configuring and

all of the Y 50 re ud
initialization routines and device drivers) to execute complex
applications (g.g.: mofor control algorithms. communication
protocals or sensor-based applications) on NXP $32K3xx MCUs.

This wizard is design fo guide you throughout dowmload, installaticn and
activation of the Model-Based Design Toolbox for BMS.

Select one of the available actions below to orecesd...

Note: A vald MXP aczourn aceess 1o NXP Downiaad |

Usie it wvwrw g comisignupiregisier 5 cresle a new 3050
The NXP aocount gives access b free cantent on the

Vo' Vot B i ot
it ity rxp commicameruityiebol

Choose the NXP Model- Based Design Toolbox revision you wish fo download and install. [ o o -
Note: Only one version of the Toolbox can be active as Add-Ons =

Verify and Install MBD'T for S32K3; 4x

Step 1: MBDT for BMS requires MBDT for $32K3xx v1.4.1 or newer. For this. please install MEDT
for S32K3xx v1.4.0 from MATLAB Add-Ons and perform the actions below.

Verify MBOT for S32K3xx v1.4.0 Installafion

Download and Install the NXP MBD Toolbox for BMS
Step 1: Download the NXP BMS Toolbox from NXP website Step 2: Generate a free-of-cost license from NXP website,

and install it as Add-On using MATLAR installer. downlozad and install into toolbox License folder
R
[ Convert ZIP to MLTBX ] [ Activate NXP MBD Toolbox ]

[ Install MLTEX File as Add-On ] [ Verify MBD Toolbox License ]

[ Verify MBD Toolbox Installation ]

[ Apply $32K300 v1.4.1 Patch ]

[ Go To Support Site ] [ Go To NXP MBDT Site

5. Go back to NXP Support Package for BMS and select the Install MLTBX File as Add-
On button. In the newly opened window, browse for the MLTBX file and press Open.

z NXP's Model-Based Design Toolbox for BMS: Installation Guide - X

Installation Guide for NXP's Model-Based Design Toolbox for BMS

The NXP's Model-Based Design Toolbox provides an integrated
development environment and toolchain for configuring and

all of the y software lud
initialization roufines and device drivers) to execute complex
applications (e.g.: motor control algorithms. communication
protocols or sensor-based applications) on NXP $32K3:0c MCUs.

This wizard is design to guide you throughout downlaad, installation and
acfivation of the Model-Based Design Taolbox for BMS

Zelect one of the available actions below to broceed

Avvali NXP accour e 1o acces P Download

o creale 3 new a0

L
ikl

Choose the NXP Model-Based Design Toolbox revision you wish fo download and install- 1.00 =
MNote: Only one version of the Toolbox can be active as Add-Ons -

Verify and Install MBDT for S32K3

4x

Step 1: MBDT for BMS requires MBDT for S32K3xx v1.4.1 or newer. For this. please install MEBDT
for S32K%ce v1.4.0 from MATLAB Add-Ons and perform the actions below.

Verify MBDT for 532K3xx v1.4.0 Installation

Download and Install the NXP MED Toolbox for EMS

Step 1: Download the NXP BMS Toolbox from MXP website Step 2: Generate a free-of-cost license from NXP website,
and install it as Add-On using MATLAB installer. download and install into toolbox License folder

e

[ Install MLTEX File as Add-On ] - [ Verify MBD Toolbox License ]

[ Verify MBD Toolbox Installation ]

[ Apply S32K3xx v1.4.1 Patch ]

[ Go To Support Site . ] [ Go To NXP MBDT Site . ]

Model-Based Design Toolbox Battery Management Systems 1-7
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6.

Note: Installation might take several minutes.

In the MATLAB Add-On Manager, Review the Terms and Conditions as you scroll down,
and press | Accept Button. This action starts MBDT for BMS Toolbox installation

process.

License Agreement: NXP_MBDToolbox_BMS

LA_OPT_NXP_Software_License v5@ November 2023

IMPORTANT. Read the following NXP Software License Agreement
("agreement”) completely. By selecting the "I Accept” button at the
end of this page, or by downloading, installing, or using the
Licensed Software, you indicate that you accept the terms of the
Agreement, and you acknowledge that you have the authority, for
elf or on behalf of your company, to bind your campany to
terms. You may then download or install the file. In the
event of a conflict betueen the terms of this Agreement and any
license terms and conditions for NXP’s proprietary software
embedded anywhere in the Licensed Software file, the terms of this
Agreement s
Licensed Software

asreement shall eavern vour use of the |icensed Software and shall

ell control. If o separate lice

o ] oo ]

7. Once the installation is complete, go back to NXP Support Package for BMS and press

the Verify MBD Toolbox Installation button.

L

Installation Guide for NXP's Model-Based Design Toolbox for BMS

x|

The NXP's Model-Based Design Toolbox provides an integrated
development environment and toolchain for configuring and
generating all of the necessary software automaically (including
initialization routines and device drivers) to execute complex
applications (e.g motor control algorithms, communication

activation of the Model-Based Design Toclbox for BMS

8 = ed
- X

protocols or sensor-based applications) on NXP S32K3xx MCUs.

This wizard is design to guide you throughout download, installation and

Sign up now!

Choose the NXP Model-Based Design Toolbex revision you wish to download and install: 1.0.0
Mote: Only one version of the Toolbox can be active as Add-Ons

v\‘

for $32K3xx¢ v1.4.0 from MATLAB Add-Ons and perform the actions below.

Verify MBDT for $32K3:0c v1.4.0 Installation ]

Step 1: MBDT for BMS requires MBDT for S32K3:x v1.4.1 or newer. For this. please install MBOT

Step 1: Download the NXP BMS Toolbox from NXP website
and install it as Add-On using MATLAE installer.

Step 2. Generate a free-of-cost license from NXP website,
dewnload and install into toolbox License folder.

)

]

]

[ Go To NXP Download Site ] [ Generate License File

[ Convert ZIP fo MLTBX ] { Activate NXP MED Toolbox
[ Install MLTBX File a3 Add-On ] { Verify MBD Toolbox License
[ Werify MBD Toolbox Installation ]

[ Apply 532K3uc vl 4.1 Patch ]

[ Go To Support Site. ] [ Go To NXP MBDT Site ]

Model-Based Design Toolbox Battery Management Systems

Quick Start Guide

Close

1-8



8. Update MBDT for S32K3xx 1.4.0/1.4.1/1.4.2 to version 1.4.3, by pressing the Apply
S32K3 v1.4.3 Patch.

1.3.3 Generate and Activate NXP MBDT for BMS license

Even though the MBDT for BMS s free of charge, users still need to generate and install a
free license. The following steps guide you on how to achieve such a license.

1. Press the Generate License File in the NXP Support Package for BMS.

2. Inthe newly opened webpage, select the checkbox as shown below, and press the generate
button.

Note: The following page shows the process required for the MBDT for S32K3xx
toolbox. The License for MBDT for BMS can be achieved similarly. If a similar
webpage as shown below is not being displayed, please go to the same page as
described in the Note mentioned in step 1, in section 1.2.2. After selecting the latest
available release, navigate to the License Keys tab.

} { PRODUCTS APPLICATIONS DESIGN SUPPORT COMPANY
NXP . Design - License Information
Software & Support = =
License Information

Product List

Product Search Model-Based Design Toolbox for $32K3xx 1.1.0

Order History Generat

Recent Product Releases

(== §32K3 Standard {pre-
Recent Updates
SW3ZK3-STDSW-D_101822467

Licensing

License Lists 10

Offline Activation 9F61-COCE-10C5-A7BC

Download Help License Applicable to Productis):

Table of Contents Version  Descripfion

1.0.0 Model-Based Design Toolbox for S32K3xx 1.0.0 (View EULA
FaQs 101 Available
wr
4\

ABOUTNXP CAREERS INVESTORS MEDIA CONTACT SUBSCRIBE

Privacy | Terms of Use | Terms of Sale | Slavery and Human Trafficking Statement | Accessibility

3. Select Disk Serial Number, and type the host id number. Give a name (no spaces) to the
license, and press the Generate button.

Model-Based Design Toolbox Battery Management Systems 1-9
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} { PRODUCTS APPLICATIONS DESIGN SUPPORT COMPANY

NXP . Design - Generate Licenses

Software & Support
Product List

Generate Licenses

nsiructions for finding your host ID details are available here.
Product Search

Please do not use spaces in the Name field (for node-locked licenses) or Host Description field (for floating licenses). These fields are
Order History available to add brief text notes to your license.

Recent Product Releases

Recent Updates

o License Applicable to Produc(s):
Licensing Version Description 101
. 1.0.0  Model-Based Design Toolbox for S32K3xx 1.0.0

Offiine Activation Node Host ID | Disk Serial Number v | |ccouux |
MName my_license| ‘

FAQ Node Host ID ~]| |

Download Help Name

Table of Contents Nede Host ID
Name

v |

FAQs

Name

Node Host ID
Name

v |

|
I
|
Node HostiD | v |
|
I
|

Generate

4. To find the host ID for your hard drive, please open a Windows Command Prompt and
execute the “vol” command.

Model-Based Design Toolbox Battery Management Systems 1-10
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5. Now that the license has been successfully generated, press the Save all button.

x PRODUCTS APPLICATIONS DESIGN SUPPORT COMPANY

HXP . Design = View Licenses

Software & Support
Product List

View Licenses

Below are the licenses you just generated.
Product Search

Recent Product Releases
License Applicable to Product(s):

Expiration Date: Dec 1, 2024

Recent Updales Version Description
R B 1.0.0  Model-Based Design Toolbox for $32K3xx 1.0.0
Licensing License Quantity: 1

License Lists

N . Disk Serial Number: 32566db9 (my_license)
Offline Activation Generated By: Marius Lucian Andrei on Jul §, 2022

FAQ #532K3 Standard Software (pre-production releases) - Model-Based Design

Download Help
Table of Contents

FAQs

6. Back to NXP Support Package for BMS, press the Activate NXP MBD Toolbox
button. In the newly opened window, Browse for the downloaded license.dat or

license.lic file, and press Open.

z NXP's Model-Based Design Toolbox for BMS: Installation Guide

Installation Guide for NXP's Model-Based Design Toolbox for BMS

The NXP’s Model-Based Design Toolbox provides an integrated
development environment and toolchain for configuring and

all of the Yy S0 i ludi
initialization roufines and device drivers) to execute complex
applications (2.~ motor control algorithms. communication
protocols or sensor-based applications) on NXP S32K3xx MCUs.

This wizard is design to guide you throughout download, installation and
activation of the Model-Based Design Toolbox for BMS

Select one of the available actions below to brocesd

Choose the NXP Model-Based Design Toolbox revision you wish fo download and install- 100 =
Mote: Only one version of the Teolbox can be active as Add-Ons

Verify and Install MBDT for S32K3xx v1.4.x

Step 1: MBDT for BMS requires MBDT for S32K3xx v1.4.1 or newer. For this. please install MBDT
for 532K%c0 v1.4.0 from MATLAB Add-Ons and perform the actions below.

Download and Install the NXP MBD Toolbox for BMS

Step 1: Download the NXP BMS Toclbox from NXP website Step 2: Generate a free-of-cost license from NXP website,
and install it as Add-On using MATLAB installer.

download and install into toolbox License folder

[ Verify MBD Toolbox License ]

[ Bo To Support Site . ] [ Go To NXP MBDT Site . ]

Model-Based Design Toolbox Battery Management Systems
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7. Final step is to check the license activation status, by pressing the Verify MBD Toolbox
License button. If everything goes well, a similar popup window as below will be
displayed.

ZI MNXP's Model-Based Design Toclbox for BMS: Installation Guide — X

Installation Guide for NXP's Model-Based Design Toolbox for BMS

The NXP's Model-Based Design Teolbox provides an integrated
development environment and toolchain for configuring and

ling all of the v software {including
initializafion routines and device drivers) to execute complex
applications (2.g.: mofor control algorithms. communication
protocol based i on NXP S32K3xx MCUs.

This wizard is design to guide you throughout download, installation and
activation of the Model-Based Design Toolbox for BMS.

3 Infa
NXP Model-Based Design Toolbox for BMS tivation was
Enjoy using this toolbox Sign up now!

Choose the NXP ModelFBased Design ToolDoX revision you Wis ad a HEUS 0. =
Mote: Only one version of the Toolbox can be active as Add-Ons.

Verify and Install MBDT for S32K3x00 v1.4.x

- *

Step 1- MBDT for BMS requires MBDT for S32K3xx v1.4.1 or newer. For this. please install MEDT
far 532K300 v1.4.0 from MATLAB Add-Ons and perform the actions below.

Download and Install the NXP MBD Toolbox for BMS

Step 1: Download the NXP BMS Toolbox from NXP website Step 2: Generate a free-of-cost license from NXP website,
and install it as Add-On using MATLAB installer. download and install inte toolbox License folder.

{ Go To Support Site . } { Go To NXP MBDT Site .. Close

NXP’s Model-Based Design Toolbox layout and Simulink Library are shown below:

25 Simulink Library Browser —

¢ % [enmien o -|[B-0- @)= @

O
X

NXP Model-Based Design Toolbox for BMS

~ NXP Model-Based Design Toelbox for BMS -~
¥ BMS Battery Cell Controllers
BCC Blocks
BCC Safety Library Blocks
~ BMS Example Projects
NXP Model-Based Design Toolbox for S32K3xx MCUs
simulink
Automaotive Math and Motor Control Library for NXP 532K3x MCUs
AUTOSAR Blockset
Control System Toolbox

Deep Learning Toolbox
Embedded Coder BMS Battery Cell Controllers BMS Example Projects

R Y " B VIRV

Embedded Coder Support Package for ARM Cortex-A Processors
Embedded Coder Support Package for ARM Cortex-M Processors
Embedded Coder Support Package for ARM Cortex-R Processors
Fixed-Point Designer

Fixed-Point Designer HDL Support

Fuzzy Logic Toolbox

HDL Coder

Motor Control Blockset

Report Generator

Simscape

L

simulink 3D Animation

Simulink Coder

Simulink Coder Support Package for STMicroelectronics Nucleo Board
Simulink Control Design

Simulink Design Optimization b4

LRV R VR v
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NXP’s Model-Based Design Toolbox documentation, help, and examples are fully
integrated with the MATLAB development environment. Get more details by accessing
the standard Help and Supplemental Software section:

@ Help — u] e
S @ [ nde | ¥ | Hog0)l

Documentation oo

NXP Model-Based Design Toolbox for BMS

« Documentation Home:

The NXP’s Model-Based Design Toolbox for EMS is a quick solution for testing and rapid prototyping battery management system applications using NXP's battery cell controllers.
Al NXP Model-Based Design Toolbox - .
for BMS (Supplemental Software) It provides an integrated development environment for configuring and interfacing NXP's S32K3xx MCUS with NXP's battery cell controliers. The toolbox generates all of the

necessary software automatically (including initialization routines and device drivers) to execute battery management system applications.
BMS Simulink Blocks

Model-Based Design Toolbox for BMS requires Model-Based Design Toolbox for $32K3xx.
Product Homepage

TR BMS Model-Based Design Toolbox Main Features:
= Support for MC33775A, MC33774A, MC33772C BCCs

= Support for MC33664 PHY and MC33665A PHY

= INtegrates SW3ZK3_BMS_GEN1_SDK_4.4_R21-11_1.0.3

= Integrates SW32K3_BMS_GEN1_SL_SDK_4.4_R21-11_1.0.2_DEMO

= Fully integrated with Model-Based Design Toolbox for S$32K3xx 1.4.3

= Fully integrated with Simulink Toolchain

= Compatible with MATLAB releases R2021a, R2021b, R2022a, R2022b, R2023a, R2023b, R2024a, R2024b
= Multiple configuration options using an external configuration tool (S32 Configuration Tools or EB Tresos)

Examples

= Ready to run battery management system examples for all supported components and Simulink Blocks

Click on any of the left side items to display information about:

= Check the main features supported in the latest release of the product

= Learn how o use the toolbox by creating a battery cell coniroller application with Simulink, configure the model to run on the NXP S32K3xx Series and test the application on
NXP HVMBS reference design

= Leam detailed information about each Simulink block that is supported to be configured with this toolbox for NXP battery cell controllers.

In case you need help or support then click here to reach NXP Model-Based Design Community

1.3.4 Setting the Path for Model-Based Design Toolbox and Toolchain
Generation

The Model-Based Design Toolbox uses the Toolchain mechanism exposed by the Simulink to
enable automatic code generation with Embedded Coder toolbox. By default, the toolchain is
configured for the supported MATLAB versions R2021a - R2024b. For newer MATLAB
releases, the user needs to execute an MBDT for S32K3xx 1.4.x toolbox m-script to generate the
appropriate settings for her/his installation environment.

This is done by changing the MATLAB Current Directory to the toolbox installation directory
(e.0.: . .\MATLAB\Add-Ons\Toolboxes\NXP_MBDToolbox BMS\)  and running  the
“mbd s32k3 path.m”and “mbd s32k3.target.create codertarget” scripts.

>> mbd s32k3 path

Treating 'C[..]\S32K3\src' as MBD Toolbox installation root.
MBD Toolbox path prepended.

Registering the toolchain

C:\Windows\System32\where.exe

Successful.

Creating folders for the target 'NXP S32K3xx' in the folder
'C:\[..]\S832K3\src\mbdtbx s32k3\codertarget\202la'...
Creating the framework for the target 'NXP S32K3xx'...
Registering the target 'NXP S32K3xx'...

Done.
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>> mbd bms_ path

This mechanism requires users to install the Embedded Coder Support Package for ARM Cortex-
M Processor as a prerequisite.

. 4 Acid-On Manaae.r ) - o *
Geot Add-Ons
Installed Q
Name Type Auther Install Date =
- Embedded Coder Support Package for ARM Cortex-M  Harcware Support e
Processors version 161 1 Fackage

MXP Model.Based
NXP_RADAR_Toolbox_for_S32R versicn 130 Tooibeo: Diersign Tooibo 9 March 2020
Team

Team

Simscape Electrical verson 7 1 . Mamn¥orks Product 24 September 20

MXP Modeol Basod
h NXP_Support_Package_S32R verson 130 Tooibeox Diersign Toolbox 11 November 2019

H Simmpe varsion 4 6 A MathWorks Produs 24 Sgpbimbsar 20 H |

The “mbd bms path.m” script verifies the user setup dependencies and will issue instructions
for a successful installation and configuration of the toolbox.
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2 Run Models

2.1 Examples Library & Help

NXP’s Model-Based Design Toolbox comes with an Examples Library collection that lets you
test different MCU on-chip modules and run complex applications.

The Examples Library mbd bms examples.slx can be opened from “{Model Based
Design Install Directory}\BMS Examples folder or directly fromthe Simulink
Library Browser main window.

Each category contains multiple examples that showcase different Model-Based Design Toolbox
capabilities that are categorized into different groups.

The examples are also available from standard MATLAB Help for NXP’s Model-Based Design
Toolbox Example.

2.2 Hardware Setup

All examples provided with the Model-Based Design Toolbox were developed with:
¢ HVBMS Reference Design Bundle Using ETPL RD-HVBMSCTBUN:

e 800 V Battery Management System (BMS) Reference Designs Using ETPL RD-
HVBMSCT800BUN:

i
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e 14V Battery Management System (BMS) Reference Design, Lead-Acid Replacement -
RD33772C14VEVM
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2.3 Running the HYBMS Examples

If the software setup is completed successfully, then all ingredients are present for running the
Model-Based Design Toolbox-specific examples. The examples delivered by the MBDT for BMS
toolbox are targeting the RD-HVBMSCTBUN, RD-HVBMSCT800BUN BMS bundles or the
RD33772C14VEVM. Moreover, for the supported derivatives, the Model-Based Design Toolbox
provides examples using both S32 Configuration Tools (modelName_s32ct.mdl/slx) and EB
Tresos (modelName_ebt.mdl/sIx) to demonstrate the interaction with the configuration tools it
provides integration with.

Navigate to “\BMS Examples\” folder and open the model according to the hardware used
and the desired configuration tool (e.g k358bmu_read s32ct.mdl)

The k358bmu_read s32ct.mdl example shows how to read cell voltages and currents from
the 800 V Battery Management System (BMS) Reference Designs Using ETPL with the MBDT
for BMS blocks. The RD-HVBMSCT800BUN is a reference design bundle for high-voltage
battery management systems providing a complete hardware solution consisting of the Battery
Management Unit (RD-K358BMU), Centralized Cell Monitoring Unit (RD33774CNTEVB), and
Battery Junction Box (RD772BJBTPL8EVB). This example also shows how to address some
other sensors and functionalities on the HYBMU board like the Pressure Sensor, Interlock Loop
functionality, and VCU CAN communication.

Follow the next steps to run the example:

1. Open and README.html file to understand the hardware and software requirements for
running the application.

@ Web Browser - K358BMU Read 532CT — [m] *
K338BMU Read $32CT + BEODHO ~
@ o 5| # | Location: [filey///Ci/repos/mbdt_bms_mlandrei/BMS/src/BMS_Examples/k358bmu/k358bmu_read_s32ct/k358bmu_read_s32ct_example_readme.html v

K358BMU Read S32CT

The k358bmu_read_s32ct.mdl example shows how o read cells voltages and currents from the 800 V Battery Management System (BMS) Reference Designs Using ETPL with the
IMBDT for BMS blocks. The RD-HVBMSCTS00BUN is a reference design bundle for high-voltage battery management systems providing a complete hardware solution consisting of the
Battery Management Unit (RD-K358BMU), Centralized Cell Monitoring Unit (RD33774CNTEWB), and Battery Junction Box (RD772BJBTPLSEVB). This example also shows how 1o
address some other sensors and funclionalities on the HVBIMU beard like the Pressure Sensor, Interlock Loop functionality, and VCU CAN communication.

The Initialize Function Simulink Block contains the initialization sequence of the 3x MC33774A and 2x MC33772C. If the application needs to be extended for multiple battery cell
controllers, the initialization sequence shall be adjusted to handle the desired number of the BCCs alongisde the settings inside the external configuration tools. The initialize blocks, also
handle the TJA1145A (a high-speed CAN transceiver) Initialization, by sending the required commands via the SPI-routed pins and instance on the HVBMU board. The Initialize Function
Block also starts the signal generation and measurement for the Interlock Loop, together with the GPT Timer used for the NPB8 pressure sensor

Every step time, the application starts the BCC conversion and reads the results, translating the RAW data into voltages and currents. Alongside this action, the GetDutyCyclaValues
custom code function uses the ICU RTD driver function to check the Interlock Auxiliary Circuit. The Pressure values, alongside the Pack voltage and Pack Current, are sent also via the
CAN VCU.

The NPB8 Pressure sensor is read asynchronously of the Step time, by using a GPT channel, configured in the external S32CT. A Finite State Machine has been implemented using
IMath\Works Stateflow for sending and reading the commands over SPI to the NPB8 Sensor. This Stateflow wakes the sensor, performs the read, and sets back the sensor into its normal
operation or sleep.

To also test the CAN communication, the example periodically sends CAM frames with the 1D 0x00A and 0x00F consisting of some measured values and uptime incremented each step
call and can echo all the packages with the 0xOFF id.

To handle the external BIMS analog front-end, the following components were configured inside the external configuration tool (Please also check the Note 2 below):

+ Becc_772¢ - Configures the Bcc_772c driver module and the settings used for all the Bee_772c devices connected on the TPL bus

« Becc_T74a - Configures the Bee_774a driver module settings used for all the Bee_774a devices connected on the TPL bus

» Bms_Common - Configures the Transaction Descriptor, TPL loopback method, chain IDs and a list of devices. Works together with Phy_665a

+ Phy_865a - Configures the MC33665a, and the TPL channels allocation. This component requires configurations in the Gpt, Icu, Mcl and Spi

« CAN_43_FLEXCAN - Configures the VCU CAN bus.

+ Dio - Configures individual DIO channels, generates Symbolic names for each channel. E.g. LED_RED, LED_GREEN, etc -
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2. Press the Build Model button and wait until the code is generated, compiled, and
downloaded to the evaluation board. Alternatively, you can press on the text highlighted in
the model to start the process automatically.

P k358bmu_read_s32ct - Simulink - O X
SIMULATION MODELING FORMAT HARDWARE
'g k358bmu_read_s32ct Jrec] g
8| @ |[Palkassbmu_read_s3zct ¥ hd 3,
= =
-1 N — I
| 000 mms g
[ g
=
)
7] = .
O =[]
..... - = —
.|_|
, 1
} ||
-H i
« |8 -
Model Data Editor
Ready 26% [Zoom in for more editing features] FixedStepAuta
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Open the FreeMASTER project associated with the model, and connect to the BMU. If successful,
the BMU.General tab shows the pack voltage and the pack current measured by the battery
management system.

& k358bmu_read s32ct.pmpsx - FreeMASTER

' File Edit View Oscilloscope Project Tools  Help

L FHOD-olE S es D B[R0 Tt & SN i Thons —— -|J[8 -IB s U BB ===
Project Tree v QX
2 MBDT HYBIMS Read 10758 Fack Vokase
-®15 BMU [
[ ] General] 107.984-|
L% Pressure C
" CMU

{4 Cell Voltages Module 1 107.962-

422 Cell Voltages Module 2 r
L.42 Cell Voltages Module 3 > 107880
f-j2 AINA Voltages L
i fZk AINx Voltages e
i§2% Internal Temperatures r
=08 TD Status
-3 BJB
L4k Pack Current r
2= Pack Voltage 107,974

107.576-

. L L
e 115R_Value[0] Sense mmmmm MSR_Value[T] 1Sense

60

40 |
I
h h |
20 ' | h
Eﬂ_ "' \ ' /H' | »\""
L ‘ L

20/ * ‘ | i

0

50

S S S T T S
6 7 [ 9 10 7 12 13 14 15 16
Time [sec]
General
Name | Value | Unit. | Period [ms] | Comment
| Pack_Valtage 107.981 v 100
| Temp_774A[1) 273 * 1000
| Temp_774A[2) 233 *C 1000
__|Temp_774A[3] 273 T 1000
| MSR_Value[0] ISense 12 ma 1000
| MSR_value[1].ISense 0 mA 1000
| Pressure 10L4 kP2 1000
| PressureTemp 0 = 1000
| PressureVoltage 3.31204 v 1000
| 1_acTivE_TIME 0 ticks 100
| 1L_pErIOD_TIME 0 ficks 100
B application comm...| Blvariable stimulus |
Pause oscilloseope data transfer RS232; port=COM3S;speed=115200; Scape Running
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3 BMS Examples Development Guideline

This section describes the main steps and components that need to be configured for developing
Simulink models to handle the NXP Analog Front End.

3.1 Configure components in the S32 Configuration Tool or EB

tresos Studio

To handle the external BMS analog front end, the following components were configured inside
the external configuration tool:

Bcc _772c - Configures the Bec_772c driver module and the settings used for all the
Bcc_772c devices connected on the TPL bus.

Bcc_774a - Configures the Bec_774a driver module settings used for all the Bec_774a
devices connected on the TPL bus

Bms_Common - Configures the Transaction Descriptor, TPL loopback method, chain
IDs, and a list of devices. Works together with Phy 665a.

Phy 665a - Configures the MC33665a and the TPL channels allocation. This
component requires configurations in the Gpt, Icu, Mcl, and Spi.

CAN_43 FLEXCAN - Configures the VCU CAN bus.

Dio - Configures individual DIO channels, and generates Symbolic names for each
channel. E.g. LED_RED, LED_GREEN, etc.

Gpt - Configures the timers channels used by the Phy 665a. Note: this component also
configures the StepTimer and ProfilerTimer used by the Simulink model.

Icu - Configures the Icu Channel Configuration Mapping for the Phy_665a sideband
signal, required by the Phy_665a and the channel required for the Interlock loop.

Mcl - Configures the DMA Logic Channels used by the Phy 665a.

Mcu - Configures the MCU module; Enables and configures the internal MCU clock
sources.

Platform - Configures Hardware Interrupt Handlers, implemented by the Real-Time
Drivers for the peripherals used across the entire application. E.g. DMA Channels, STM
& GPT timers, LPSPI, SIUL2 & LPUART. This component also sets the priorities for
the Hardware Interrupts.

Pwm - Configures the PWM channel required for the Interlock loop.

Port - Configures the external MCU SIUL2 pins muxing and functionality.

Rm - Configures the Direct Memory Access Multiplexer (DMAMUX) routes for the
DMA sources configuration.

Spi - Configures the Spi instances and sequences used to communicate with the

Phy 665a, the SPI communication for the CAN Transceiver, and the SPI communication
for the Pressure Sensor.

Uart - Configures the LPUART instance used for debugging and FreeMASTER
communication.
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{8 Peripherals - k358bmu_read _s32ctConfig.mex (532K358, Cortex-MT (Core 20)) [Offline] - o X

File Edit Tools Peripherals Views Help

A [B] Update Code ~ [2) ‘Functional Group | MBDT “m3 E Q @M PES@P L
@ Components 13 4 Peripherals = B [T Bec 774 12 [T Bec TT2c [@ Phy_665a = B 4 Overview 13 [g) Code Preview = 8
~ ~
[l ||© 11 CDD BCC_774A configuration pca; > Configuration - General Info
p— O | neme bec e ~ Configuration - HW Info
Processor: S32358
Bec T72c Bec 774 Bms_common Mode | General Mode Part number: S32K358_172MQFP
Core: Cortex-M7 (Core #0)
+ BCCT74A
LA Con't o SDK Version: PlatformSDK_S32K3
Name | Config BccT74a Driver Published
EcuC EcuM Gpt e S
Name 1 BecT74eDriver > Proje
Mel Meu 0s Phy_6652 ODevelopment error detection 7] « Peripherals
n .
Platform Pwm Rm B EHE== Configures the initialization of the SDK perip!
BEnable 12C feat: drivers,
Spi Uart PEnable FEH alarm feature
BEnable FEH wa
Drivers (+] BEnable FEH events feature [ oY
BEnable BAL feature
BaseNXP Siul2_Port o v Gene
%nable Direct SPI L B
MC337744 silicon version BCC_774A_SILICON_S0V
VI5YS cfgs ¥
2 ge
+ Neme COMTO VAUXACT VAUXCVC VDDCCVC CURMATCH WAKEUPCOMP TXTERML TXTERMH WAKEUP ¢
Bi v
LY== S S I8 I o o 0 e 5
<
4§\ Problems 2 ] Emor Log B Y=o
+3GPIO cfgs + [type filter text ]

Level Resource  Issue
# Neme INPEND INPENT INPENZ INPEN3 INPEN4 [NPENS INPEN§ INPEN7 OUTEND OUTENT OUTEN2 ¢ % Warning

0 Bec.. [ ] O | O O O O | O ] ] nl i Informatior Project

<

For the FD Baudrate of CanControl
No toolchain project detected

~ JFEH alarm cfgs +

This model uses a custom S32 Configuration Tool project for the peripherals configuration,
located next to the Simulink model, in the K358BMU_read_s32ctConfig.mex file. This custom
configuration project can be launched in S32 Configuration Tool from any of the MBDT Blocks,
which are placed inside the Simulink model, by opening the Block's mask and pressing the
"Configure” button. After the required changes are applied and saved in
the k358bmu_read_s32ctConfig.mex, the S32 Configuration Tool project needs to be closed and
the "Refresh™ button needs to be pressed in the Block's mask. By pressing the Refresh button, the
new configuration settings are updated inside the Simulink model.

If the k358bmu_read _s32ctConfig.mex file or <model_name>TresosProject folder is
deleted, the configuration is lost!

If the Simulink model changes are tracked via a Software Version Control system (Git, SVN, etc),
then the k358bmu_read_s32ctConfig.mex file or <model_name>TresosProject folder is
required to be pushed as well, and located next to the k358bmu_read s32ct Simulink file.

3.2 Configure Board Initialization

Board Initialization needs to be extended so that the additional components configured in the
external configuration tools (e.g. Bcc _772c, Bcc_775a, Phy 664, or Phy 665a) are also
initialized. Model-Based Design Toolbox inserts automatically the configuration code for the
components natively supported by the MBDT for S32K3, but the list needs to be extended with
the ones which handle the Battery Cell Controllers.

To access the Board Initialization GUI, please go to Model Settings -> Hardware
Implementation -> Target Hardware Resources -> Hardware -> Configure Block
Initialization.
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|4 k358bmu_read_s32ct - Board Initialization - m] X
e S 91 +
Priority Component Init Code Header
Meu Mcu_InittNULL_PTRY); Mcu.h X
Meu_InitClock{MeuClockSettingConfig_0);
#f (MCU_NO_PLL==STD_OFF)
while { MCU_PLL_LOCKED I= Mcu_GetPlIStatus() )
[* wait until all enabled PLLs are locked */
1 switch system clock tree to PLL */
Mcu_DistributePlIClock();
#endif
Mcu_SetMode(McuModeSettingConf_0);
BaseNXP [ osi_InittNULL_PTR) [[ositn | x
Platform [ Platform_Int(NULL_FTR); |[ Piatform | x
Ml [ Mel_nitt&Mcl_Config_MBDT); |[mern | x
Custom [ Rm_inittNULL_PTR); |[cop_Rmn | x I
Siul2_Port | Siuiz_Port_Ip_Init(NUM_OF_CONFIGURED_PINS0,g_pin_mux_IntConfigAr0); |[ siuiz_Port_ip.n | x
Gpt [GptntNULL_PTR); |[@otn | x
Can_43_FLEXCAN | Can_43_FLEXCAN_Init(NULL_FTR); || can_43_FLExCANR | x
Pwm [ Pum_intiNULL_PTR); |[ Pwm.n | x
Uart [ Uart_int(nuLL_PTRY; |[coo_vartn | x
l Custom [leu_imituuLL_PTR) |[1eu.n | x I
Spi | Spi_init(NULL_PTR); || spin | x
Custom | Spi_SetAsyncMode(SPI_INTERRUPT_MODE); |[ spin [
Custom Std_ReturnType Status_665a; CDD_Phy_665a.h X
Stalus_665a = Phy_665a_Inil(PHY_B65A_SPI);
Custom Std_ReturnType Status_774a; CDD_Bcc_774ah X
Status_774a = Beo_774a_Init(MULL_PTR);
Custom Std_ReturnType Status_772c; CDD_Bec_772ch X
Status_772c = Bec_T72c_Init(NULL_PTR};

For this example, all the Components marked as Custom were added. Note that the Priority

column

specifies

the order in

which  the

code

will  be

generated.

An External Board Initialization Template can also be provided. For more details on how to
provide an initialization template, please check the MBDT for S32K3xx Release Notes and Quick
Start Guides.
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3.3 Initialize Subsystem

The Initialize subsystem provides the sequence blocks for the TPL bus Wake up and device
enumeration, while the main subsystem starts the battery cell controller conversion, receives the
messages over the TPL bus, and decodes the messages.

9} k358bmu_read_s32ct/Initialize Function/Init_774a * - Simulink

SIMULATION MODELING FORMAT HARDWARE
‘g L= AF  Init_774a = 5
& ] k353bmu_read_s32ct » \nitialize Function ¥ Init_'.-'?4a 3 - 5
3 =
Bl e — ~IE
= Q BocTTEa it g
Edl g
we
= T i I
MEXATTaa L
D E} et Bee. 1Tt B0 WebsapC i Wbl
’E Se—y
. - e ! B Common "
] K=
W e e
i
Srataman oy bk e |
A s ey e
B Common =
e St a3
-]
« ||& v
Model Data Editor
Ready 60% FixedStepAuto
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3.4 Organize the TPL data exchange using Transactions Descriptors

The messages sent over the TPL bus are organized in Transaction Descriptors.

O

Populate TD K 22
Send TD e
Decode TD

LClear D m—

Model Dnta feor  Code Magpéngs - Componant Interface

The main steps for data exchange between the MCU and BCCs via TPL are:

Note!

Populate Transaction Descriptor - Use the blocks Bcc_772c¢, Bcc_775a, and Bec_774a
to populate the TD Handlers. Please select the proper TD Handler configured for the TPL
version ID and device type.

Send Transaction Descriptor - Use the Bms_TD_Send from the Bms_Common Block.

Decode Transaction Descriptor - Use the Bcc_TD Block to access the RAW bytes from
the TD handler. Additionally, the Bms_772C_SL and Bms_TPL3_SL_EZ2E Blocks can be
used to search for the required data inside the TD Handler. When the commands are sent
over the TPL bus (E.g. when starting a conversion no response is waited from the Battery
Cell Controller) then this step can be omitted.

Clear Transaction Descriptor - Use the Bms_TD_Clear from the Bms_Common Block.

It is mandatory to set the following C compiler flag when the Bms_772C_SL or

Bms_TPL3 SL_EZ2E Blocks are used inside the model (BMS SDK SL): “-fno-short-enums”.
The C Compiler flags can be modified in the Model Settings -> Code Generation -> Build
process -> Toolchain Settings.

The functions inside the Bcc_772c, Bcc_775a, and Bec_774a Blocks are populating the selected
TD Handler (TD Handler is selected in each Block's mask and declared/configured in the external
configuration tools). The TD Handlers are physically sent on the TPL bus only when the
Bms_TD_Send function of the Bms_Common Block is executed.
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Note that the order in which the Blocks generate the C code (the same as the order in which the
instructions are populated inside the TD Handlers) is very important. The Bcc Blocks can be
ordered by specifying a priority for each block by right click on the block -> Properties ... ->

Priority
"ﬁ 358bmu_read_s3

SIMULATION

DEBUG

ield.

MODELING

FORMAT HARDWARE

E <A U Subsystem B | o
. Block P rties: (link) Bec_774a1 x
£ | @ |Palkasabmu_read s32ct b [Palsubsystem b ock Properties: (link) Bec_774a L
§ General Block Annotation ~ Callbacks
=@
| Bl Usage
E3 Open Block: Click on the link to open the block.
= Description: Text saved with the block in the madel file.
Priority: Specifies the block's order of execution relative to other blocks in the same model. b
| N Tag: Text that appears in the block label that Simulink generates. L
| = ChainAddr Bec MC33774a na ]
— Devaddr Function: Bec_774a_MSR_GetStatus S0 RetumTyp Open Block: Bec_774al F
HAIN_PRIMARY MeasChain e
0 p—
Description:
‘ ChainAddr Bec MC33774a ) (=]
— Davaddr Function: Bec_774a_MSR_GetStatus S1-RetumTyp 1
AIN_SECONDARY _ { MeasChain
ChainAddr Bee MC33774a )
Function: Bee_774a_MSR_GetFaults Std-RetumTyp:
DevAddr
—
Bec_774a1
Bms Common Phy ¢ g ——
Function: Bms_TD_Send R Priority:
[16 |
LETH
Cancel Help Apply
B3 7 hain Address 1
v
« | ¢ >
Mode| Data Editor
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Ready 100% FixedStepAuto |
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