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1 Introduction

The Model-Based Design Toolbox (MBDT) enables the model-based design workflow targeting NXP processors
via the MATLAB and Simulink environments.

NXP MBDT integrated the system and peripheral devices interface blocks and their real-time Drivers(RTD),
Automotive Math and Motor Control Library(AMMCLIB), Compilers and Toolchain. It is a Simulink-embedded
target supporting NXP MCUs for direct rapid prototyping and built-in support for software-in-the-loop and
processor-in-the-loop (SIL and PIL) development workflows. It also generates and deploys code automatically
to start up the MCU and run complex applications, which enable control engineers and embedded developers to
shorten project life cycles.

This documentation describes how to run the demo project. It includes the compilation of the project and the
connection between the hardware and the operation of the FreeMASTER. The details about the demo design
and migration are not included. See the related documents on www.nxp.com for more information.

This software is validated on the S32K396 Evaluation Boards (EVB), Mother Board (MB), and two of the 3-
phase LV PWR board.

2 Hardware, Software, and Tools

The following is a list of hardware and tools required:

» Boards: S32K396 EVB and 3-phase LV PWR board

» Debugger: Lauterbach for Cortex-M7/Multilink PE micro debugger
PCIE Cable

USB Cable

The following is a list of software and tools required:

* AUTOSAR Tool: EB Tresos 29.0.0

* GUI: FreeMASTER 3.2.0.5

MCAL: SW32K3_RTD_4.4_R21-11_3.0.0_P01_HFO01

IDE: S32 Design Studio for S32 Platform 3.5

MATLAB R2023a

Embedded Coder Support Package for ARM Cortex-M Processor version 23.1.0
* NXP_Support_Package_S32K3xx version 1.4.0

* NXP_MBDToolbox_S32K3xx version 1.4.0

Note: MCAL SW32K3 RTD 4.4 R21-11_3.0.0 P01_HFO01 installation can cause an error that the installation
path is too long. Click ignore to continue the installation.

3 Build demo

If you want to run the demo without any modifications, you don’t need to build the project. The built binary
(832k396_pmsm_mc_mbdt/mbd/mbd_ebt.elf) is provided in the release package.

Before building this project, ensure that the tools have been installed. The following steps give a guide to
building the demo.

3.1 Open model and setup configuration

Add folder ‘data_dictionary’ and ‘modules’ into the MATLAB path. For example, see Figure 1.

UG10136 All information provided in this document is subject to legal disclaimers. © 2024 NXP B.V. All rights reserved.

User guide Rev. 1.0 — 23 May 2024

2/18


http://www.nxp.com

NXP Semiconductors

UG10136

Getting Started with the S32K396 MBDT Motor Control Demo

pLOTS APPS EDITOR VIEW

G ENENCRCIN@N] search Documentation

P & ZHENYUY

E{.‘ﬁ ’Eﬁ dLP U3 [ Find Files & B Ve E{:

Analyze Code
L& Analyz \3 |
Hg save Workspace

& Run and Time

New  New  New Open ([ compare Import Clean Favorites
v D:

Script Live Script v

E=| @ Preferences B =
simulink | Layoutf T sorpam  |Add-Ons  Help = Request Support
ata  Data [Z Clear Workspace v [ Clear Commands v - = ~ Bl Learn MATLAB

(o) €3 Community

All changes take effect immediately.
metadata . MATLAB search path:

FreeMASTER cont. * Add Folder. "

mbd_ebt_Config
mbd_ebt_ert_rtw Add with Subfolders.
mbd_ebt_TresosP.

slpij

Figure 1. Add folder to MATLAB path

EE]

&

BEE

532k396_pmsm_mc_mbdt\data_di
»32k396_pmsm_mc_mbdt\module
\MATLAB Add-Ons\Toolboxes\NXP

Name =

FLE VARIABLE CODE SiM ENVIRONMENT RESOURCES =
> = -
A EE T e Cor Users b | 4 serpath — o £
Current Folder @ ® X Workspace ®

Name + Git

Hotfix replaces RTD drivers: copy files from "common/rtd_hotfix" to the RTD installation path “NXP/SW32
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Change the workspace to the project folder s32k396_pmsm_mc_mbdt/mbd. Then open the project model

mbd_ebt.six in MATLAB.
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Figure 2. Open project

Change Project Configurations:

In the model, click ‘Hardware Settings’.
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Figure 3. Hardware settings

View 61 warnings

125%

FixedStepDiscrete

1. Change the EB project Template.
In the Configuration Parameters options, click Hardware implementation -> Hardware board settings -
> Hardware, and configure the Configuration Template as ‘mbd_TresosProject, which is in the folder
s32k396 _pmsm_mc_mbdt/ebt default_project config.
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In the dialog box, select ‘Overwrite the existing folder . After that, click ‘Apply’ to save this configuration.
Figure 4 shows the steps.

@ Configuration Parameters: mbd_ebt/ModelReference_Configuration (Active) o

Q

Solver Hardware board: |NXP S32K3xx
Data Import/Export

Code Generation system target file: erttic
Math and Data Types

» Diagnostics Device vendor: ARM Compatible v | Device type: ARM Cortex -
Hardware Implementation » Device dotails

Hardware board settings

Model Referencing
Simulation Target
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Coverage v Target hardware resources
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Elockng Hardware Part: |S32K396-Q289 1 -
R Co
[c Template: C vds_s32k396_mc\s32k396_pmsm_mc_mbdtiebt_defpul| | Browse
Hardware
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Timers
|
Download
|_| Use an external Board Initialization Template
Tools Paths
PIL Board Initialization file: Initialization stored in model Browse
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MCL’ 3
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oK H Cancel H Help | |

Figure 4. Change the configuration template

2. Change EB tool path and RTD location.
In the Configuration Parameters options, click hardware implementation -> Hardware board settings -
>Tool Paths, and change the ‘EB Tresos Tools location’ to the location where the tools are installed in the
computer.
Then, change the RTD location to the place where the "SW32K3_RTD_4.4 R21-11_3.0.0_P01_HFO01"
version is installed. In the dialog box, select ‘Overwrite the existing folder . After that, click ‘Apply’ to save
this configuration. Figure 5 shows the steps.

ation Parameters: mbd_ebt/} efere nfi \ctive) ]
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| » Diagnostics. Device vendor: ARM Compatible v | Device type: ARM Cortex v
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Figure 5. Change tool path and RTD location
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3.2 Build the project

Click the ‘Build, Deploy, and Start’ button. Then the project starts to generate codes and build. When the build
is finished, an executable file * mbd_ebt.elf’ can be found in the folder s32k396 pmsm_mc_mbdt/mbd. Also, a
binary file is generated in the same folder ‘mbd_ebt.bin .

SIMULATION MODELING
y )
e ] & s i &
(NP 532300 < )| Herdware v || Stop Time Monitor Data Logic Build, Deploy
\ Settings &Tune = | Inspsctor  Analyzer & Stars -
HARDWARE BOARD PREPARE RUN ON HARDWARE REVIEW RESULTS DEPLOY

Figure 6. Build project

Also, there is another way to build the project. Open the ‘Embedded Coder app in the APPS gallery. Then, click
the ‘Build’ button.

SIMULATION DEBUG MODELING FORMAT HARDWARE APPS

Code for component
ode |[22k396 pmsm mc_eb
rface ~

‘GENERATE CODE
FintestateMachine Reset state.

.
-] o

»

Figure 7. Build project

3.3 Download elf file into board

3.3.1 Download via Multilink PE micro debugger

If using the PE debugger to download the project elf file, it can be automatically processed after build. Before
building the project, ensure that the configuration is selected as PE debugger in the configuration parameters.

To configure the PE debugger as the download tool, follow the steps shown in Figure 8. Click Apply before
closing the configuration to save the changes.
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Figure 8. Configure the download tool

When the project finishes build, see Section 3.2, the binary is loaded into the board automatically. And a dialog
box pops up. See Figure 9.

S — - —
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Figure 9. Download finish dialog box
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3.3.2 Download via Lauterbach

If using the debugger Lauterbach, Simulink cannot download the file. So when the Download failed dialog
box pops up, abort it, and that means the project has been built and compiled successfully. Then, load the
generated file ‘mbd_ebt.elf’ through the Lauterbach script ‘debug/s32k396 flash _c0.cmm’.

4 Run demo

4.1 Connect hardware

Warning: Do not power-on while connecting any hardware.

As shown in Figure 10, the EVB board is the central controller and the predriver with motor is the actuator.
Download the compiled file through the debugger and observe the variables in FreeMASTER using the USB
cable. To connect all the hardware devices perform the following steps:

Figure 10. Demo connection

1. Connect the three-phase winding of the PMSM to J4 on the predriver and connect the resolver signal to J8
on the predriver.

Connect motor control signals from J14 on the predriver to J44 on the EVB board.

Connect the debugger between JTAG J20 and the computer.

Connect the USB cable between J15 and the computer, then the EVB LED D30 will be solid green.
Plug in the 12V power supply port J1 on the EVB board, then the EVB LED D4 will be solid green.

Plug in the 24V driver power on port J13 of the predriver, and then the predriver LED D14 will be solid
yellow.

ok wbd
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Figure 11. S32K396 EVB

Table 1 shows more details to prepare the EVB board connection for this project. Ensure that all the jumpers on
the S32K396 EVB(SCH-54614_A) are in the correct positions.

Note: If the S32K396 EVB version is SCH-55517_B, J71 should connect with 2-3 to use the push button.

FS26_LPSPI_SIN <<
1-2
HDR 1X3
1
Ly '
7" User Push Button o]
SW5 J71
i
EVQ-PE105K Lzss ]
— “R142
1000pF LA0K
— L
GND GND
Table 1. Jumpers on the S32K396 EVB
Jumper Connection
J4 2-3
J6 2-3
J7 2-3
J28 2-3
J45 2-3
J67 Disconnect
4.2 Run Motor with FreeMASTER
Ensure that the 3-phase LV PWR board is powered with 24V.
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1. Open FreeMASTER application K396_PMSM_FOC.pmp.
2. Refer to Figure 12 to configure the FreeMASTER.

3. Click the GO icon on the FreeMASTER, then observe if the variables on the FreeMASTER are being

updated. If the variables are being updated, the connection has been established successfully. Otherwise
repeat step 1.

& K396_PMSM_FOC.pmp - FreeMASTER
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6
g
2
@

X

| CommMAP Files | Pack Dir | HTML Pages | Demo Mode | Views & Bars |
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[ | | Default symborile: || ITERYCNEETE] I J
‘ © RS232  Por [COM_ALL _v||[Acom ports will be scanned |

[

|

File format ‘Bmary ELF with DWARF2/DWARF4 dbg format. ﬂ Edit
Speed: |115200 - Timeouts and Retries.

| Listof all valid \mbd_ebtelf o
 Plug-in module | symbolfiles

Del

| View

Note: The file selected inthe list will be used as default symbol file
whenthe projectis opened

=
[ 1=

[V Save setiings to project file [~ Save setiings to registry. use it as default

Communication state on startup and on projectload
 Open por at startup |
@ Do notopen port at startup ‘ r
(" Store port state on exit apply it on startup

| ~Behavior

[+ Promptta reload symbols when symbol file changes and show missing symbols
[~ Store port state to projectfile when saving. apply upon its load Advanced ‘ ® Aways (" Exceptaferinitial projectload

OK Cancel ‘ ‘ 0K Cancel

Figure 12. Configure the FreeMASTER
4. Click the ON/OFF button on the App Control page to run the motor.

& K396_PMSM_FOC.pmp - FreeMASTER
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Ready RS232; port=COM5;:speed=115200;

Figure 13. Control motor with the FreeMASTER

5. Click the speedometer pointer on this page, to set a required speed. The motor accelerates to track the
required speed.
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[ K396_PMSM_FOC.pmp - FreeMASTER - m] X
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RS232; port=COM5;speed=115200;

Figure 14. Set speed via FreeMASTER

6. Also, there are other control modes can be select in pane Control Struc. Select other modes when control
state is OFF, and modify the required input parameters and press Enter to make it effective.

[E K396_PMSM_FOC.pmp - FreeMASTER

- X
File Edit View Explorer Project Tools Help
SHOD o = [2) [ & Tahoma -8 - B XU @S|
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RS232; port=COM5:speed=115200;

Figure 15. Control Mode and parameters set
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5 PIL demo

Connect the hardware following steps in 4.1, and open the PIL model “pil_model_ebt.mdI”. Before running, we
need to link the local project source paths of the hardware model first. Then run the PIL simulation demo with
one click. Below are the detailed steps.

First, please check the configuration settings.

1. Click “Set Path” in the MATLAB menu, select “Add Folder” to add the folder “data_dictionary” and “modules”
under the project root path, and save changes. This step ensures that the built model can successfully find the
dependency files and reference modules.

P L& Analyze Code fv% (o (% Community
-1% B Iﬁl E (@) Preferences ; Q) =
orites EusaRd NS Simulink  Layout | 51 5et path Add-Ons  Help — ESqusisippert
[ |## Clear Commands ~ 4 e v [El Learn MATLAB
CODE SIMULINE EMNVIRONMENT RESOURCES
4\ Set Path - O

All changes take effect immediately.

MATLAB search path:
Add Folder... ‘ h's wl&%_pmm_m_mbﬂ\mduls
om i

T ; I
Add with Subfolders... k396_pmsm_mc_mbdt\data_dictionary

Figure 16. Set path for PIL model

2. Open data dictionary “MCAT_Parameters.sldd” and modify the parameter values as follow:
MBD_ALIGN_DURATION set as 30, MBD_SPEED_UP_CNT set as 2, MBD_SPEED_DOWN_CNT set as 2,
MBD_APP_OFF_CNT set as 2, MBD_CALIB_CNT set as 2. Save changes and close this data dictionary. Open
file "PMSM_appconfig.h" and modify ALIGN_DURATION as 30.

3. The first time you open the PIL model “pil_model_ebt.mdl”, please click “Migrate Existing Project” in the pop-
up window.

|4 Migrate model = X

The RTD delivered with the Model-Based Design Toolbox (MBOT ) release has
been upgraded to a newer version (3.0.0). Currently, the configuration

project associated to this model uses an dder RTD wersicn
(R21-11_3.0.0_P01_HFO1).

Would you like to migrate the existing project to RTD 3.0.07 Please note
that this process may require you to manually update some parameters in
< the extemal configuration tool, due to AP| changes.

Alternatively, the existing project could be replaced with the default
configuration MBDT provides for the RTD 3.0.0 version. Please note that in
this case all your previous configuration settings will be overwritten by

the default ones.

In both scenarics, a copy of the prgject using RTD R21-11_3.0.0_P01_HFO1
will be created next to the model.

Use Default Project Migrate Existing Project

L

Figure 17. Migrate MBD model setting

4. Wait for the model to open, then right-click at the blank space of the model and open “Model Configuration
Parameters”.

5. Change the EB configuration project at path “Hardware Implementation -> Hardware board settings -> Target
hardware resources -> Hardware -> Configuration Template” to the project folder “pil_TresosProject”. If a new
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window pops up, select “Overwrite the existing folder”. This step copies the pre-defined EB configuration files to

the model configuration folder “pil_model_ebt_TresosProject”.

Solver
Data Import/Export
Math and Data Types
Diagnosti
Wodel Referencing
Simulation Target

» Code Generation
Coverage

Hardware board: |[NXP S$32K3xx

Code Generation system target file- ertic

Device vendor: ARM Compatible ~ | Device type: ARM Cortex

» Device details

Hardware board settings

Target hardware resources

Groups

Clocking Hardware Part |S32K396-0289

C

| Configuration Template: \pil_TresosProject, | Browse

Build Options
Timers

Save configuration | | Open configuration

Figure 18. PIL hardware setting

6. Move to the next item “Tools Paths” in the setting. Modify the “EB Tresos Tools location” to the EB Tresos
installation path at your computer, change the RTD location to the place where "SW32K3_RTD_4.4 R21-11_3.
0.0_P01_HFO01" version (with hotfix replaced) is installed. and select “Overwrite the existing folder”.

Groups

] Configuration Tool: |EB Treses -
Referenced Configuration

Fo e EB Tresos Tools location: C\EB'\fresos Browse
Build Optiens RTD location: C:\ SW32K3 RTD_4.4 R21-11_3.0.0_P01_HF01 Browse
Timers Note™: Update EB Tresos and 532 Configuration Tools RTD settings if changing default RTD location

Dounload Export generated projects: Browse location Export
Tools Paths

PIL

Evtrrnal madn

Figure 19. PIL tools paths setting

7. At the item “PIL”, click “Refresh” to generate the EB tresos configuration files. Then set the “Serial port” as

identified in the “Device Manager” and set the other combo box the same as in Figure 20.

Groups
Gy Communication interface: | Serial Interface
Referenced Configuration

Hardware UART: |UartChannel_0

Hardware

Build Options Serial port: | COM10
TR Baudrate: | 115200
Download

Interrupt Priority: |7
Tools Paths

Figure 20. PIL communication setting

Configure...

8. Apply all the changes and close the model.
Now it's ready to build the model. Open model “pil_top.mdlI”.
9. Disconnect the USB cable first.

10. Open “SIL/PIL” in APPS. Check that the mode is set as “SIL/PIL Only” and the system under test is “Model

blocks in SIL/PIL mode”.

SIMULATION DEBUG MODELING FORMAT

3

SIL/PIL

1

|S"stem Under Test | Model blocks in SIL/PIL m.. | @

MODE PREPARE

% T
<@/ — Sto| T|m-|nf
Top Medel Mode | Normal . F -
SIL/PIL Settmgs Manitor  mg Fact Restart
Only = d Signals -

Figure 21. PIL application setting

11. Click “Run SIL/PIL” and wait for Simulink to build the model.
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SIL/PIL

o@ Fast Restart

*

Stop Tim

!

Step
Back =

|'._-'|
2

Run

SIL/PIL

RUN

>

Step
Forward

A

Data
Inspector =

RESULTS

Figure 22. PIL application run

12. Download the debug file with PE micro debugger.

13. Connect the USB cable again after download starts and before download finishes.

When successfully downloaded, the Simulink time bar starts to count. Open “Data Inspector” to monitor the
logged signals in the model. Then use buttons to control the motor running status.

1. Select the data to be observed in the left area and draw it in the right graphics area.

| 4\ Simulation Data Inspector - pil_data_log.mldatx

Q @
Inspect Compare
Filter Signals
une
= Run 2: pil_top {(SIL/PIL)[Current] o
From1:1 —
From3:1 (&)
» [ Pwm @
From:1
wEl
thEl

~ [ STATEEVENT-model ()

D STATEEVENT-modei(1) -

STATEEVENT-model(2
~ [ SPEEDLOOP-model (2)

SPEEDLOOP-model(1
SPEEDLOOP-model(2
~ ] CURRENTLOOP-model (4)
CURRENTLOOP-mode
CURRENTLOOP-mode
CURRENTLOOP-mode
CURRENTLOOP-mode
Adc (B)
iDC-real
~ [ iABC-real (3)
IABC-real(1)
IABC-real(2)

Qe mhoH
T

Archive

Properties

Figure 23. Data inspector window

= [m] x
W STATEEVENT-model(1) m STATEEVENT-model(2)
® \ )
\ T 12 -> MBD_e_run
o T 6 -> MBD_e_ready
[] 00005 00010 00015 D000 DODZ5  D.0D30 00035 00040 00045 00050 00055 000D 00085 00070 00078
B SPEEDLOOP-model(1) ™ SPEEDLOOP-model(2)
0 ®
E
0
[ 00005 00010 000 D020 00025 00030 00035 00040 00045 00050 00055 00060 00085 00070 00078
B CURRENTLOOP-model(1) B CURRENTLOOP-modei(2) B CURRENTLOOP-medel(3) M CURRENTLOOP-model(4)
2 )
0
[ 00005 00010 00015 00020 00025 0020 00035 00040 00045 00050 00055 00060 00085 00070 00078
IABC-real(1) MIABC-real(2) M IABC-real(3) |
5
1
2
[ 0005 00010 00015 00020 D26 D0D30  OOO36 00040 00045 0D0SD 00056 000BD 00086 00070 00078
m Duly(1) ® Duty(2) m Duty(3)
o8 )
o
[ 00005 00010 00015 D000 00?5 D0D30 00035 00040 00045 00050 00055 00080 00085 00070 00075

1. When the logged signal STATEEVENT-model(2) reaches 6, which means the state machine event
“MBD_e_ready” occurs, press and hold the SW5 button for a while until STATEEVENT-model(2) becomes

7.

STATEEVENT-model(2) will eventually become 12.
3. Press and hold the SW8 until the logged signal SPEEDLOOP-model(1) steps from 0 to 41.9. It give an input

speed demand of 41.9 rad/s.
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4. Wait for the feedback speed to track the demand speed. Click “Stop” in
Figure22 to end this simulation process or directly set a “Stop Time” in Figure22.

W STATEEVENT-model(1) W STATEEVENT-model{2)

020 022 024 028 028 030

40

W SPEEDLOOP-model(1) ®m SPEEDLOCP-model(2)
ol -
0 0.02 0.04 0.08 0.08 0.10 0.12 0.14 0.18 0.18 020 022 024 028 028 0.30

B CURRENTLOOP-model(1) m CURRENTLOOP-model(2) ® CURRENTLOOP-model(3) m CURRENTLOOP-model(4)

0 0.02 0.04 0.08 0.08 0.10 0.12 0.14 0.18 0.18 0.20 022 024 026 028 0.30
iABC-real(1) miABC-real(2) miABC-real(3)
5
1
il f\—u- e e e e e
l\|
2 Q 0.02 0.04 0.08 0.08 0.10 0.12 0.14 0.18 0.18 0.20 0.22 024 026 028 0.30
m Duty(1) = Duty(2) m Duty(3)
0.3
0
0 0.0z 0.04 008 0.08 00 01z 014 ole 0.s 0zo 02z 024 026 028 030
Speed tracking process
6 Revision history
Table 2. Revision history
Document ID Release date Description
UG10136 v.1.0 23 May 2024 Initial release
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