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Getting started with STM32 motor control SDK v5.0

Introduction

STM32 microcontrollers offer the performance of the industry-standard Arm® Cortex®-M
cores running either vector control (VC) or field-oriented control (FOC) modes, widely used
in applications such as high-performance drives for air conditioning, home appliances,
drones, building and industrial automation, medical, and e-bike.

The STM32 motor control software development kit (MC SDK) is part of the
STMicroelectronics motor-control ecosystem, which offers a wide range of hardware and
software solutions for motor control applications. It is referenced as X-CUBE-MCSDK or
X-CUBE-MCSDK-FUL according to the software license agreement applied. It includes the:

e ST MC FOC firmware library for permanent-magnet synchronous motor (PMSM) field-
oriented control

e ST MC Workbench software tool, a graphical user interface for the configuration of MC
SDK firmware library parameters, including the ST Motor Profiler tool (MP)

The STM32 motor control software development kit allows evaluation of the performance of
STM32 microcontrollers in applications driving single or dual three-phase permanent-
magnet synchronous motors within the STM32 ecosystem.

The ST MC Workbench software tool runs on a PC. It reduces design time and effort when
configuring the STM32 MC FOC FW library. Through its graphical user interface, it can
generate all the configuration files needed for an application, as well as monitor and adjust
some FOC algorithm variables in real time.

In addition, ST MC Workbench interfaces with STM32CubeMX to take advantage of its
ecosystem and customize embedded applications.
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General information

The MC SDK is used for the development of motor-control applications running on STM32
32-bit microcontrollers based on the Arm®@) Cortex®-M processor.

Table 1 presents the definition of acronyms that are relevant for a better understanding of
this document.

Table 1. List of acronyms

Acronym Description
GUI Graphical user interface
IDE Integrated development environment
FOC Field-oriented control
FW Firmware
MC Motor control
MC WB Motor control Workbench (STMicroelectronics SW tool)
MP Motor Profiler (STMicroelectronics software tool)
PMSM Permanent-magnet synchronous motor
PWM Pulse-width modulation
SDK Software development kit
VvC Vector control

More information about ST MC Workbench is provided in the STM32 motor control SDK
vb.2 tools user manual (UM2380) available at www.st.com.

a. Arm is a registered trademark of Arm Limited (or its subsidiaries) in the US and or elsewhere.
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Motor control ecosystem setup

A suitable ST Motor Control ecosystem environment includes:

A PC running the needed MC software tools

A third-party IDE

A third-party ANSI C-compiler

A JTAG/SWD interface for debugging and programming

An STMicroelectronics application board with one of the STM32 microcontrollers
supported. It drives the power stage and features:

— PWM outputs to gate driver

— ADC channels to measure currents
— DC bus voltage

A three-phase PMSM motor

A power supply

Refer to the STM32 motor control software development kit (MC SDK) data brief (DB3548)
at www.st.com and to the release note for more details.

Software tool setup

The STMicroelectronics motor-control ecosystem runs on a PC with Windows® 7.

The following PC software tools are correctly installed:

ST MC Workbench (v5.0.0 or later)

STM32CubeMX (v4.24.0 or later)

ST-LINK/V2 (v4.0.0 or later)

Any supported IDE:

-~ 1AR Embedded Workbench® for Arm® (v7.80.4)
- Keil® MDK tools (v5.24.2 or later)

—  Ac6 System Workbench (v2.3.0 or later)@

— ST TrueSTUDIO® for STM32 (v9.0.1 or later)@

Refer to the respective user manuals for proper installation. STMicroelectronics documents
are available from the Internet site at www.st.com:

STM32 motor control SDK v5.2 tools user manual (UM2380)

STM32CubeMX for STM32 configuration and initialization C code generation user
manual (UM1718)

STM32 ST-LINK utility software description user manual (UM0892)

Not supported in SDK v5.0 but in later versions.

3
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Hardware setup

The connection of the STMicroelectronics application board to the PC requires a USB
Type-A connector. Refer to the description of the application board for details on the USB
cable.

A dedicated description card is delivered with each STMicroelectronics application board for
proper installation. For more details, refer to the user manual of the board available at
www.st.com.

The selected hardware can be one of the three setups:

e  The complete MC Kit

e  One of the complete inverter boards

e  Any STM32 evaluation board combined with one of the ST evaluation power stages
that include the MC connector

UM2374 Rev 3 7/25
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3 Getting Started

Warning: Check that the board is correctly configured for the motor
control application and supplied with the expected input
voltage.

Note: Refer to the user manual of the related hardware to setup the correct configuration, voltage
range, serial communication capabilities, and programming/debugging interface.

3.1 Hardware connection

Connect a USB cable between the PC and the STMicroelectronics application board and
the JTAG/SWD programming cable if it is different from the USB cable.

3.2 Motor profiling

Launch the ST MC Workbench software tool either by:
e clicking on its icon
e running it directly from the installation folder tree

Both ways of launching the ST MC Workbench are illustrated in Figure 1.

Figure 1. ST MC Workbench - Icon and installation folder tree

STMicroelectronics
FOC SDK
v4.3.0
v2.0.0
%% ST Motor Control WorkBench
i B ST Motor Profiler

Open the ST Motor Profiler tool either by:
e Using its dedicated button in the ST MC Workbench GUI as illustrated in Figure 2
e  Running it directly from the installation folder tree as illustrated in Figure 1

Figure 2. ST MC Workbench - GUI expanded top view

(7) Motor Profiie;rﬁ&
Foc

Filename SDK Type MCUs control board power board motor

ST Motor Cont

File Tools Help Documentation

‘* New Project

Recent Projects
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Click on the Select Boards button to display the list of supported boards as shown on
Figure 3 and select the STMicroelectronics application board setup. Figure 4 on page 10
presents examples from this list.

Note: The ST Motor Profiler tool may be used only with ST hardware in the list of supported
setups.

Figure 3. ST Motor Profiler - GUI

, ST Motor Profile

‘ ’I augmented

Motor Profile&%
Motion Control Suite jy,) ;'

Pole Pairs: l:l = how to detect...

Speed and Gurrent limits
Max Speed: RPM
ﬂ: & Select Boards Max Current: l:l Apk 0.28 - 30 Apk

VBus: \:l\l 8-400 V

Magnetic: (= SM-PMSM _/I-PMSM
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Figure 4. ST Motor Profiler - Hardware setup list examples

Hide boards with warning

Search Control board by name

NUCLEO-F302R8
STM3ZF302R8T6

® Active

One Motor Control connector
STLINKV2 Embedded

' Product Web Page

X-NUCLEO-HMO7M1 38h
L6230PD

©® Active

Bus voltage ©8-48Vdc
DC Input voltage ©8-48Vdc
Qutput peak current - 028 -2 8 A

& Product Web Page

NUCLEO-F303RE
STM32F303RE

@ Active

One Motor Control connector
STLINK/V2 Embedded

£ Product Web Page

STEVAL-IPMOSF 38h
STGIF5CHE0

©® Active
Bus voltage 0125 - 400 Vde

DC Input voltage ©125 - 400 Vde
Qutput peak current: 0.8 - 8A

& Product Web Page

Search Power board by name

Hide obsolete boards

NUCLEO-F302R8
STM3ZF302RBT6

@ Active

One Motor Control connector
STLINKN2 Embedded

&' Product Web Page

NUCLEO-F303RE
STM32F303RE

@ Active

One Motor Control connector
STLINK/V2 Embedded

& Product Web Page

X-NUCLEO-IHM08M1 3Sh
STL2Z20NGFT

@ Active
Bus voltage

DC Input volta: :
Ol.llplfl peak cg?renl :

Z Product Web Page

STEVAL-IPM10B 3Sh
STGIB10CHEO0TS L

@ Active
Bus voltage 0125 -400 Vdc

DC Input voltage ©125 -400 Vdc
Qutput peak current: 1.5-13A

& Product Web Page

Click on the STMicroelectronics hardware setup to select it and configure the ST Motor
Profiler tool.

As an example, Figure 4 shows the selection of the P-NUCLEO-IHM001 motor control

Nucleo Pack with NUCLEO-F302R8 and X-NUCLEO-IHMO07M1.

After hardware setup selection, fill in the parameter fields with the motor information:

e The number of pole pairs of the motor (mandatory field)

e  The Max Speed of the motor (optional field)
By default, the ST Motor Profiler tool searches for the maximum allowed speed
matching the motor and the hardware setup used.

e  The Max Current allowed by the motor (optional field)

By default, it is the maximum peak current deliverable by the hardware setup.
e  The nominal DC bus voltage used by the hardware setup (optional field)
By default, it is the power supply stage as either the bus voltage for low voltage
applications (DC voltage), or the RMS value for high voltage application (AC voltage).
e  The magnetic built-in type (mandatory field)
By default, the SM-PMSM is selected.

e  The Ld/Lq ratio (mandatory field) only when I-PMSM built-in is selected as shown in
Figure 6 on page 11

10/25
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Figure 5 provides example values for the BR2804-1700KV-1 motor provided with the
P-NUCLEO-IHMO001 hardware setup.

Figure 5. ST Motor Profiler - SM-PMSM parameters example

Pole Pairs: = how to detect...

Speed and Current limits

Max Speed: 13000 | RPM
Max Current: Apk 0.28- 2.8 Apk

VBus: W B-48 VWV

Magnetic: (=) SM-PMSM [ -PMSM

Figure 6. ST Motor Profiler - I-PMSM parameters example

Pole Pairs: | ?I = how to detect...

Speed and Current imits

Max Speed: 16000 | RPM
Max Current: Apk 0.26 -2.8 Apk

VBus: | 12-IV 8-48V

Magnetic: '« SM-PMSM| = [-PMSM
Ld/Lq ratio: 0.04| 0.001 - 10

Click on the Connect button shown in Figure 3: ST Motor Profiler - GUI on page 9.

Note: The correct FW is automatically loaded into the microcontroller by pressing the Upgrade
Firmware button, then any previous downloaded firmware is erased.

If the programming procedure cannot be executed, check the JTAG/SWD programming
cable.

If the programming procedure is executed but the Motor Profiler cannot communicate with
the board, check the serial communication connections.

3
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Once the connection is established, press the Start Profile button to start motor profiling as
shown in Figure 7.

When the profiling is successfully completed, all the motor measurements are shown in
green or orange as illustrated in Figure 7. When red color is shown, check the hardware
setup and restart the motor profiling sequence.

Figure 7. ST Motor Profiler - Measurement results

I —[a] x
‘ 'I augmented
Motor Profile&%
Motion Control Suite iy, .}
® NUCLEO-F302R8 ® X-NUCLEO-IHMO7M1 3Sh Pole Pairs: 7| = howtodetect..
STM32F302R3T6 L6230PD
Speed and Current limits
Max Speed: RPM
%"’ Max Current: l:lApk 0.28 -2.8 Apk
T VBus: \:l\l 8-48V
One Motor Control connector Bus Vottage: 8 - 48 Vdc
ST-LINKNVZ Embedded Qutput peak cument: 0.28 - 2.8 A Magnetic: (+) SM-PMSM -BPMSM
[ Product Web Page (& Product Web Page
€9 Remember to properly configure the boards in Motor Control mode
© Disconnect © Electrical Model Mechanical Model
R0.180 L5 0.01 mH L
P Start Profile D_M_fd-ﬂ- Friction 5573 nN'm-s
@) Save... v
e 12.;u15v Imax .-c-' L0
a® Play 1.2 Apk Ke Inertic Max Speed
0.9 Vrms/kRPM 365.03 nN-mrs* 15860 RPM
(]
Click on the Save button (Refer to Figure 7) to store the motor measurements for later use
with the ST MC Workbench software tool. Figure 8 on page 13 shows the menu that is
displayed in that case:
e  Enter the name of the profiled motor (e.g. BR2804-1700KV-1)
e  Provide details about the profiled motor such as 3-phase motor with 7 pole-pairs under
12 Vdc
12/25 UM2374 Rev 3 Kyy
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Figure 8. ST Motor Profiler - Save window

Save x

BR2804-1700KV-1

3-phases PM5M motor
with 7 pole-pairs under
12Vdd

Click on the Disconnect button to stop using the ST Motor Profiler tool and close the
window.

3.3 MC project generation

Launch the ST MC Workbench software tool either by clicking on its icon, or running it
directly from the installation folder tree as shown in Figure 1 on page 8, or revert to the ST
MC Workbench GUI as shown in Figure 2 on page 8. Click on the New Project button.

Provide the hardware setup information in the New Project window once it is displayed as
shown in Figure 9 on page 14:

1. Select the Application Type

2. Check the Single Motor or the Dual Motors check box

3. Select the ST hardware setup boards:

— Ifthe ST board is a complete inverter board (single board with both power and
control electronics), select the Inverter combo box and select the Inverter choice
from the drop down list

— Ifan ST MC Kit such as P-NUCLEO-IHMO001 is used, select the MC Kit combo box
and select the Kit choice from the drop down list

— If the system is composed of a control evaluation board associated with a power
evaluation board, select the Power & Control combo box and select the Control
board and the Power board from the drop down lists

4. Select the profiled motor from the drop down list
5. Click on the OK button to import all needed hardware settings

3
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Figure 9. ST MC Workbench - New Project window

Application type

Custom

System

@ Single Motor | ") Dual Motors

Select Boards: ! Inverter ( ) MC Kit 0 Power & Control

Control

custom board

Control board where the
control stage parameters ha. ..

Pawer

Power board where the
power stage parameters h___

custom board

Motor

Generc Low voftage <= 50V
Genaric Low valtage <= 50V
Genaric High voltaga > 50V
Shinano LADS2-050E3NLT
Bull Running BR2Z804-1700kv
Alfan Bradiay TL-AZ20P-HJ32AN
-phase Motor BR2804

Maanetic structure Surface Mounted
Pele Pairs
Nominal Speed

2
4000 rom
Nominal Voltace 24V

Nominal Current 1.8 Apk

motor created by user

After a few seconds, a New Project Info window is displayed where the motor operating
conditions can be checked as shown in Figure 10.

Figure 10. ST MC Workbench - New Project Info window

Mew Project Info

55=)

0 The motor was profiled with the following operation condition:

Bull Running Motor

Start up parameters PWM Frequency: 30000 Hz
Nominal Current: 1.1 Apk FOC Rate: 1 PWM periods
MNominal Voltage: 121V Cut off Frequency: 6000 rad/s

These values have been imported into the project

14/25
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Click on the Generation button as indicated in Figure 11 to open the Project Settings
window. Then, select the working area to save the project and click OK.

Figure 11. ST MC Workbench - Project Settings

File Tools Help Documentation

‘WX e+]O 00
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AC Input Info  -Z —
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i
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9 Control Unit R Iy I
Drive Management
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Clock Freq

Gl

14,
s
£

HT *
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I
e I
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Sersing

Vanable Mator Ly = Time Motor I Message
PYWM frequency 30000 He ﬂ o 055127 The 'Sensordsss (HFl+Obsrver) is not supported in the FW for SDK5:x. All parameters will bs disablsd
Sensor selection main Sensoriess (0 8 ms F2 meus are not supported in the FW for SDK5x L
Sensor selection auwx o o5z F103 High Densiy in dual Motor meus are not supported in the PV for SDKSx 1
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Select the favorite STM32CubeMX version, and Toolchain / IDE as shown in Figure 12

(default is ST TrueSTUDIO®), as well as the HAL or LL driver use.

Figure 12. ST MC Workbench - Project Settings window(@

Settings | Generation

STM32CubeMx
_4. 26.0

Target Toolchain

HAL/LL Drivers Selection
(HAL - Hardware Abstraction Layer

a.

The TrueSTUDIO® and SW4STM32 framework tools are not supported in SDK v5.0 but in later versions.

UM2374 Rev 3
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Note:

3

Figure 13. ST MC Workbench - Project generation button

Click on the Generate button as indicated in Figure 12 to generate the MC project. This
action also opens the Generation tab from the Project Generation window, as shown in
Figure 13, which presents the log view. The generation of the MC project takes several
seconds.

Generation

Version info:
MC Workbench : -2.0.18503
WE _to Mx : 0.13.3 . template-18-08-02
STM3ZCubel: : 4.28.0
MC Firmware Library: .2.0-Full
Feneration options:
Target Toolchain : IARR EWARM
Target Driver : HAL - Hardware Abstraction Layer

Fenerating. . .
C:\WorkSpace'\S5DES5.0_04Testsh P-NUCLEC-THMO01-BullBunning®,
-« WBE-NUCLEQ-IHMOOl-BullRunning.icc

.. .h.extSettings

Code generation started

UM2374 Rev 3

For a new project, a window is displayed for the configuration of the corresponding
workspace settings before project generation as shown in Figure 14. Select the workspace
directory and click on the OK button. This step takes several seconds.
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Figure 14. ST MC Workbench - Workspace selection

% ST Motor Control Workbench - Save as ﬂ
OO—\\ » Computer » OSDisk(C:) » WorkSpace » SDK5.0.0 [ 43 |[ search spKs.00 o]
Organize - New folder v Q

Name Date modified Type Size
No items match your search.
N
! — |
File name: MySpmnmgMotod -
Save as type: | ST Workbench (*.stmcx) '] b
<) Hide Folders [ Save ] l Cancel ]
i
=

The Info / Errors / Warning area provides information about the project generation progress
as shown in Figure 15.

Figure 15. ST MC Workbench - Project generation build info

File Tools Help Documentation
QLS ® ) 0
- = @ +: | O 0
Mator: Bull Running BR2804-1700kv -  Control Board: P-NUCLEQ-#HMO0T 38k - board: NUCLEO-F302R8 - PowerBoard: P-NUCLEC-HMO0T 35k - board: X-NUCLEO-HMOAMT ‘—
= ' M
ACInputinfe [P & . cugmentec
& a | 0 . Rated Bus Voliage
o g 11V (5-36)V
B
9 i Drivers
Control Unit AF
m u
b "
Drive Management
O -3 -\3 A3 -
|
|
User !
e ond “7- |
— = = = :
|
|
speed [N |
Sensing
Varisble Motor Uit e Motocsm | mid i Messege
PWM frequency 30000 He & 05553 Project: 'P-NUCLEO-HMO01-Bul Rurring’ saved successfully
Sensor sslection main Sensordsss (Observer=PLL) 4 05 55 36 Generation fies tating
Sensor selection alix ] Create the output folder C:\Work Space’\SDKB.0. 0 Tests'F-NUCLEO-HMOO1-BullRunning
Torquebfi-Beotonrte 1 PUYH perods OI_- Projsct files generated on folder-C:\Work Space\SDK5. 0.0\ Tests\P-NUCLEO-IHM001-Bull Running’
Bus votage sensing true
Over-votage e ST Motor Control Workbench
Under-voliage e Double click to performe the action
Temperature sensing true
Cument reading topology Three Shunt Resistors
Info / Emors / Wamings | Change Lag |
C:\Program Files (86)\STMicroelectronics\FOC SDK\FullPackage v5,AMC_SDK_5.2.0\Utilities\PC_Software\STMCWB\ExampleProjects\NUCLEO_L452RE IHMOTM1_SHINANO 35 PLL stmcx i
—
Note: Do not close the ST MC Workbench software tool. It is further needed for motor control.
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3.4

Caution:

3.5

Caution:

3

Motor-control project compilation

Run the MC project either from the IDE, or by double-clicking on its workspace file. A

window as in Figure 16 is displayed.

In the IAR Embedded Workbench® for Arm® v7.80.4, the C compiler optimization must be

set to Speed.

Figure 16. IDE - MC Project view example

ey oo —

File Edit View Project ST-Link Tools Window Help
Nom@ = XK0 DcC < Q252 < B> [EAE RO =0+ _idiodas
Workspace v 8 X | mainc X M
[ MySpinningMotor = fo
Files & . 94 int main(void) -
E @ MySpinningMotor - MyS_. ol 1
pplicsion 96 /* USER CODE BEGIN 1 */
WARM 97
98 /* USER CODE END 1 */
. 99
me_canfia.c - 100 /* MCU Configuration r/ C
me_tasks.c . 101 ™
motor_cantral_prot . 102 /* Reset of all peripherals, Initializes the Flash interface and the Systick. */
motarcontrol.c . i .
stm320_me_to . M HAL Init()7
stm32fbo_hal_mep.c . ied )
stm32fDboc_itc . 105 /* USER CODE BEGIN Tnit */
ui_task c . 106
user_interface.c . 107 /* USER CODE END Init */
W Drivers . 150
i Middlewares . .
@ & Qutput 109 /* configure the system clock */
110 SystemClock_Config();
111
112 /* USER CODE BEGIN SysInit */
113
114 /* USER CODE END SysInit */
115
116 /* Initialize all configured peripherals */
117 MX_GPIO_Init();
118 MX ADC1l_Init();
119 MX TIM1 Init();
120 MX USART2_UART Init();
121 MX_MotorControl Init();
122
MySpinningMator « I ol
Debug Log v ox
Lag
Wed Feb 14,2018 17.56:24: 1R Embedded Workbench 8.11.3 (C\Program Files (<3E)\AR Systems\Embedded Warkbench 8. Dharmibinarmproc.dll
< [ »
Ready Lnl Coll System CAP NUM OVR E=

MC embedded application download

Download the embedded application to the target from the IDE. If the ST/LINK is correctly

installed, this is straightforward to perform.

Make sure that the ST/LINK is configured as the default debug/programming tools for the

IDE.

UM2374 Rev 3
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3.6 Spinning motor control and monitoring

The control and monitoring of the spinning motor are performed by means of the ST MC
Workbench software tool. Click on the Monitor button as indicated in Figure 17.

Figure 17. ST MC Workbench - Motor monitoring button

File Tool: Help Documentation
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Sensor selection s 8 5w Create the output folder C:\Work Space’\SDKS.0.0\ Tests\P-NUCLEO-HMO01-BullRurining
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Bus vottags sensing e
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A control and monitoring GUI is displayed as shown in Figure 18. Check the communication
link settings, configure it if needed, and click on the Connect button.

Figure 18. ST MC Workbench - Motor monitoring GUI
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The result of the connection is illustrated in Figure 19. Once the connection is established:
e  Click on the Start Motor button to spin the motor

e  Monitor the motor speed

e  Click on the Stop Motor button to stop the motor

Figure 19. ST MC Workbench - Use of the motor control and monitoring

File Tools Help Documentation

QQH X ®4 5| @ € rotfcoms  -[usa00

<&

Status Basic |Advanced I Registers | Conﬁgurauon‘ Firmware: ST MC SDK Ver. 5.0.0 Generic
O Run
100.0 -
Faults -
: Motor 1 -
) Foc durati . 500 -
o Over voltag ‘ 0o -
Q00
o Under volte
o Overheat 0 3 Stop Ramp
Heatsink
O senuwpi 0 Fault Ack
@ speed fea 0 5000 . ————.:. 5000
-5000 5000 Encoder
0 over curren 2 Y
10000 Mmm - Al motars
Monitor 5 & -10000 - 10000
£ -15000 ' ‘wsnna '
Measured speed (rp 15000 . ‘15999 PFC
PFC
2532
Measured speed (rpm) 2526 Final ramp speed (rpm)
Variable Molo U\:| Time Motor Id  Message
PWMfrequency 30000 HEl @ 111904 Command "Start Motor" done!
Sensor selection main Sensorles.
Sensor selection aux
Torque&Flux - Executionr.. 1 Pl
< | 1 | 3 Info / Errors / Wamings | Change Log
Note: In case of faults:

- Check the reason
- Correct the problem
- Click on the Fault Ack button

- Click on the Start Motor button to spin the motor again
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Precaution of use and restrictions

The motor profiling algorithm is intended for rapid evaluation of the ST MC solution. It can
be used to drive any three-phase PMSM without any specific instrument or special skill.

Although the measurements performed are not as precise as with a proper instrumentation,
ST Motor Profiler measurements are optimized (green color in Figure 7: ST Motor Profiler -
Measurement results on page 12) when:

e The stator resistance is greater than 1 Q

e The stator inductance is greater than 1 mH
Moreover, it is important to choose the appropriate HW according to the characteristics of

the motor. For instance, the maximum current of the motor should match the maximum
current of the board as closely as possible.

The ST Motor Profiler may be used only with compatible STMicroelectronics evaluation
boards.

Warning: Use the ST Motor Profiler tool to refer to the list of supported
systems.
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Table 2. Document revision history

Date

Revision

Changes

6-Mar-2018

1

Initial release.

3-Sep-2018

Document aligned on GUI improvement:

— updated Section 3.3: MC project generation and
Section 3.6: Spinning motor control and monitoring

— updated Figure 11: ST MC Workbench - Project
Settings, Figure 12: ST MC Workbench - Project
Settings window, Figure 13: ST MC Workbench -
Project generation button, Figure 15: ST MC
Workbench - Project generation build info, and
Figure 17: ST MC Workbench - Motor monitoring
button

12-Oct-2018

Updated references to UM2380.

Added ST TrueSTUDIO® to the list of supported IDEs
in Section 2.1: Software tool setup.

Updated Figure 5: ST Motor Profiler - SM-PMSM
parameters example.
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IMPORTANT NOTICE — PLEASE READ CAREFULLY

STMicroelectronics NV and its subsidiaries (“ST”) reserve the right to make changes, corrections, enhancements, modifications, and
improvements to ST products and/or to this document at any time without notice. Purchasers should obtain the latest relevant information on
ST products before placing orders. ST products are sold pursuant to ST’s terms and conditions of sale in place at the time of order
acknowledgement.

Purchasers are solely responsible for the choice, selection, and use of ST products and ST assumes no liability for application assistance or
the design of Purchasers’ products.

No license, express or implied, to any intellectual property right is granted by ST herein.

Resale of ST products with provisions different from the information set forth herein shall void any warranty granted by ST for such product.

ST and the ST logo are trademarks of ST. All other product or service names are the property of their respective owners.

Information in this document supersedes and replaces information previously supplied in any prior versions of this document.

© 2018 STMicroelectronics — All rights reserved
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