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2 Motor control ecosystem
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STM32 for motor control




STM32 portfolio

STM32MP1 STM32MP2

Up to 1 GHz Cortex-A7

Dual 1.5 GHz Cortex-A35

209 MHz Cortex-M4 400 MHz Cortex-M33
A STM32F7 (] sTM32HT
. " 1082 CoreMark Up to 3224 CoreMark MCU with neural
* H|gh Perf 216 MHz Cortex-M7 Up to 550 MHz Cortex -M7 processing unit
: : 240 MHz Cortex -M4
MCUs STM32F2 CEUVER TR () STV32HS 2 vortex
Up to 398 CoreMark Up to 608 CoreMark Up to 1023 CoreMark
120 MHz Cortex-M3 180 MHz Cortex-M4 250 MHz Cortex-M33
% STM32F3 (¢l STV32G4
245 CoreMark 569 CoreMark Mixed-signal MCUs
)) Mainstream 72 MHz Cortex-M4 170 MHz Cortex-M4
MCUs Rl stmzeco  [RCERSIVERSIR € sTv32c0  IRCERIVErIS
114 CoreMark 106 CoreMark 142 CoreMark 177 CoreMark
48 MHz Cortex MO+ 48 MHz Cortex-M0 64 MHz Cortex-M0+ 72 MHz Cortex-M3
= U|tra_|OW power STM32L0 7 STM32L4 STM32L4+ STM32L5 STM32U5
75 CoreMark 273 CoreMark 409 CoreMark 443 CoreMark 651 CoreMark
MCUS 32 MHz Cortex-M0+ 80 MHz Cortex-M4 120 MHz Cortex-M4 110 MHz Cortex-M33 160 MHz Cortex-M33
: STM32WL STM32WB STM32WBA
\ ereleSS 162 CoreMark 216 CoreMark 407 CoreMark
N MCUs 48 MHz Cortex-M4 64 MHz Cortex-M4 100 MHz Cortex-M33
48 MHz Cortex-M0+ 32 MHz Cortex-M0+
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- Latest product generation

Radio coprocessor only New series introduced in 2023

3 Preannouncement



cerormance. 5 Flagship STM32 motor control MCUs

480+240 MHz
(1027+300 DMIPS)

STM32H7xx
Dual core (C-M7 + C-M4)
550 MH .
(1327 Di/IIPS) Single (C-M7)
High-performance MCUs
170 MHz
(213 DMIPS)
STM32F30x/G4xx
Cortex-M4
Mixed-signal MCUs
64 MHz
(59 DMIPS)

 STM32F0X/GOX
~ Cortex-M0/MO+

Flash

life.augmented 16 KB 32 32 KB 512 KB 256 KB 512 KB 2 MB

Cost-effectiv;e MCUs




b
Motor control pack =

Full feature for motor

control

and analog

¢ P-NUCLEO-IHMO03

General purpose / motor control

Memory Analog
A
@@
512 KB
@@ STM32G4x3 Performance line
SIVEZCLS Access line
32 KB
7 | | -
32-pin 128-pin Pin count

life.augmented

Motor Control

%
b
&)
>
)
©
®
—
e
wn
)
o
cC

STM32G4 mixed-signal MCUs

Home appliances, E-bikes, air conditioning,

Arm Cortex-M4 CPU @ 170 MHz
Mathematical accelerator (Cordic)
Advanced Motor control timers

Fast comparators

4 Msps ADC-12-bit + HW oversampling
Op amp with built-in gain (PGA)
DAC-12-bit

1% RC accuracy

(UART communication w/o external Xtal)

Industrial equipment

Fast CPU 170 MHz

Mathematical accelerator (Cordic)
High temperature 125°C

CAN FD support

SPI, USART, I2C

Advanced timers

Real-time clock with backup registers
Dual bank flash for live upgrade

AES & security 7
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STM32 motor control ecosystem

ST-MC-SUITE

Motor Control
Motor Control \ / X-Cube-MCSDK
Software Tool
Embedded software algorithm & I ‘ Protection Diodes
Embedded software FAQ, etc.

Motor Control Suite (ST-MC-SUITE)

* Online tool that provides easy access to motor-control resources
in the MCU ecosystem - for STM32, STSPIN32, and STM8
MCUSs.

Motor Control SW Development Kit (X-CUBE-MCSDK)

» Motor Control FW lib: full feature library
» Motor Control Workbench: Graphical (GUI) configurator/monitor
* For STM32, STSPIN32 MCUs.

STM32Cube

+ Embedded software bricks
* Most of STM32 series supported (STM32G4 = Motor Ctrl flagship)

Motor Control Profiler

« Automatic detection of key parameters (Rs, Ls, Ke)
« Zero equipment required
* For STM32 MCUs.

N %> &
% ﬂ M@‘
Development Kit
Dedicated Motor Control
Driver, MOSFet, IGBT,
Software tools Knowledge database
stm32-motor-control-ecosystem.html

Solution Finder
HV boards Software
/ \
/ \ ST Portfolio (Power)
STM32 Cube Ecosystem STM32 Motor Control Wiki
"l Visit the STM32 Motor control web page: 9
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http://www.st.com/content/st_com/en/stm32-motor-control-ecosystem.html

Use ST-MC-
SUITE online tool

to identify your
most appropriate

hardware board

#include "MC.h"

{

}

Hardware

Final application
development

User code

CMCI oMCI = GetMCI(M1);
MCI_ExecSpeedRamp(oMClI, final speed, ramp duration);
MCI_StartMotor(oMClI);

Motor

characterization

Motor drive tuning
Motor Pilot

< ‘.’q_.i:?‘.-

From hardware to final motor control application

Motor Control |
Workbench

System configuration

Project configuration :
Project build

STM32CubeMX & IDE

CubelDE

>

CubeMX

LAY
KEIL

Tools by ARM
10




What’s New in the MC-SDKv6.x?

30 kHz

=» Visit the STM32 Motor Control Wiki!

Ly
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X-CUBE-MCSDK v6.X

FOC and 6-Step supported from the GUI Motor Control
Workbench (MCWB)

More autonomy for designers: Designers can describe
their own hardware boards and configure its features with
the MCWB

More comprehensive graphical peripheral
configuration

Firmware configuration options match the hardware
capabilities
(no impossible case)

Support for all series supported by v5.4+5.Y (except F1)
Introduce support for CO and H5

11



FOC target application and benefit

« Target applications:
 In applications where:
« Dynamic performance requirements are moderate
* Quietness of sinusoidal current control (vs six steps drive) is valuable
» Extended speed range is required

« Particularly suitable for pumps, fans, and compressors
Six-steps drive Sinusoidal control

—/ \/\.,

DW spray & Y * More silent
drain pumps | | G - Lower torque ripple
‘ } | - Extended speed range

Current P Current

easier to be achieved

‘,l Fridge compressor 12

WM Drain pump

life.augmented



MC Workbench in MC SDK V6.X

« Enhanced for a better usage experience
* New and nicer look GUI & feel
« HALJ/LL version usage selection
« |IDE version usage selection

- Additional settings for code generation K STM32CubeMX

« Automatic migration from older version 7

« STM32CubeMX
should already
be installed

Project generation

|

Ky 13
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Project Steps

O Project Info

[0 User Interface

Stage

O Motor
Power Supply
PWM Generation
Current Sensing
Bus Voltage Sensing
Temperature Sensing

Speed Sensing

Oo0ooOoooag

Drive Settings

4=

O

MCU
smaz  STM32G474QE

STM32 MC Workbench global view

a8 Generate the project | @ Motor Pilot | @® About

0 Control Board
Oof STM32GA74E-EVAL

Power Board
STEVAL-IPMO5SF

Power Supply

DC Bus: 325 Vdc - 3 Apk

Drive Settings

____________________________________________________

UV, W

Bus Voltage

Sensing

Temperature
Sensing

Hardware info area

Analog

Digital

Allen Bradley TL-A220P-HJ32AN
Motor SM-PMSM

16 kHz

<

<

=
»

Current
Sensing

(o

Speed

Sensing

Main

Hardware-configuration details area

All rights reserved ©2022 STMicroelectronics | ver: £.0.0
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MC SDK Motor Profiler

* When the hardware is ready, how can users identify the motor when they don't
know the motor parameters? it

. . "l life.augmented
« By using the Motor Profiler!
* Follow the instructions in following slide.

New project & Load Project & Tools ‘ @® About ’

i © Motor Profiler
Recent Projects: ; otor Profiler

4% Test MCSDK6.1
STM32G431RR

uuuuuuuuuuuuuuuuuuuu

e Electrical model Mechanical model TR

® FOC Duration
Over \

Rs0Q Ls 0 mH Friction 0 pN.m.s

O—vWW——G01
Vbus
oV Imax 0 Apk

-

ax speed
Ke 0 Vrms/kRPM Inertia 0 pN.m.s? 0 RPM
‘7[ ‘

life.augmented




Motor Profiler parameter detection step

Motor stopped

Rs measurement
LS measurement
Current regulators set-up

Open loop / AN
Ke measurement LI 5 sec

Sensorless state observer set-up
Switch over

‘J | Hhilnj‘.

Closed loop i

Friction coefficient measurement *m%' 45 sec
Moment of inertia measurement Ty S -
Speed regulator set-up s T

16



MC SDK Motor Pilot

m‘ ‘WW\ : \#}m Ay MN

Mssed samples

Ly
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Real time monitoring: each sample can be
plotted and recorded

GUI customization: any developer can easily
customize Motor Pilot GUI to fit application needs

Most MCU registers can be monitored

17



Show current
status and
errors

Troubleshooting

Motor start

Motor stop

Click on the stop
ramp to stop it
before the end

Click on advanced
configuration

Ly
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@ 5T Maotor Pilot V0.9.20 - defaultipp
GUI  Cenfiguraticn  Help

Board Connection

Motor pilot, your digital oscilloscope

Display the version of the embedded firmware

Graph & Record

UART Port |COM& = ISpeed

1843200 Disconnect

® Poling | [sTMcsDK 5.v.4 |

Application Registers Logs Terminal ASYMC Config

Status

IDLE

Errors:

@ FOC Duration
@ Over Voltage

@ Under Voltage
@ Over Heat

@ Start Up Failure
@ speed Feedback
@ Over Current

@ Sotware Error

Control

Maode:

|~

Configuration

CPU Perf Measurements

| @]

Display speed, current, and other information

MC Configuration

Motors: 1
MCP over UARTA [10]

Max App Speed: 1572 RPM

Max App Current: 10 A

Max App Voltage: 36 V

Min App Voltage: 5V

Control Type: FOC

Primary speed sensor: STO+PLL
Aux speed sensor: No sensor
Current sensing topology: 3 Shunt
FOC rate: 1

PWM frequency: 30000 Hz
Medium frequency: 1000 Hz
VBus Sensing: Enable
Temperature Sensing: Enable
DACI1: Enable

Mcu Load: Enable

Speed Control Measures
VBUS TEMP
250 O 250
-500 500
-750 750
-1000 1000
-1250 1250
-1500 1500
v
-1750 1750
RPM Currents
10000 i 10000
Mechanical Speed: RPM -20000 20000
-30000 30000
~40000 40000
s16A
Speed Reference: M Ia: S16A
Id: <164
Speed Ramp
Target Speed 1500 RPM Debug / DAC
Duration 0 ms DAC 1

CPU Load: %
Min: Max:

Set target speed, duration, and

tap to apply ramp

/ DAC settings

Drag the knob to set the speed

kys
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Advanced Configuration

Speed PI regulator

Speed Kp: 2714
Speed Ki: 559
Kp divisor:
Ki divisor:
Torque (Ig) PI regulator
Torgue Kp: 3540
Torque Ki: 2360
Torque Reference: 0
Flux (1d) P
Flux Kp: 3540
Flux Ki: 2360
Flux Reference: 1]

164 ppm

c16A

[s16V/s16A

S 16V, (164, ppin)

c16V/s16A

[s16V/(s164. ppm)

18



Helping motor control designers
select the best solution for their design

For the highest level of design flexibility, ST offers all products to address a broad range of
low- and high-voltage applications, according to the most common application partitioning.

STM8/32 STDRIVE STPOWER
+ (Gate driver) + (MOSFET) \

SR S T332 n STSPIN / PWD-SPIN /
intg\ggtion” (MCU) (Gate drivers + MOSFET)

Ky 19
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Flexible motor control platforms

STM32 PMSM FOC SDK (Firmware library)

Flexible motor Complete motor STM32 ODE:

control platform control drives Nucleo + X-NUCLEO Motor control kit

Based on
ST MC connector

Control stages

MC Connector

i® m

Power stages

Dedicated Motor Control Nucleo Pack
(P-NUCLEQ-HMO3)

Ly, Board list 2
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B-G431B-ESC1 discovery kit

Electronic speed controller

 FOC and 6-step algorithms for BLDC/PMSM
* Designed for drones with up to 6S LiPo
» Qutput peak motor current 40A

PWM/CAN/UART

11 Sy
Flight control board
4= B
g2, 4

BLDC motor

e STripFET F7 power MOSFETs - 60V, 120 A
« Arm(a) Cortex®-M4 32-bit STM32G431CB MCU

21
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From ST website:

AN5143

ANS5166

UM2374
UM2380
UM1052
UM1053
UM1080

UM2392
UM3016
UM3027

Application note
Application note

User manual
User manual
User manual
User manual
User manual

User manual
User manual
User manual

ST MC Workbench technical document

How to migrate motor control application software from SDK v4.3 to SDK v5.x

Guidelines for control and customization of power boards with STM32 MC SDK
v5.0

Getting started with STM32 motor control SDK v5.0
STM32 motor control SDK v5.0 tools

STM32F PMSM single/dual FOC SDK v4.3
Advanced developer's guide for STM32F MCUs PMSM single/dual FOC library
Quick start guide for STM32F PMSM single/dual FOC SDK v4.3
STM32 Motor Control SDK_V5.x

How to use STM32 motor control SDSK v6.0 profiler
How to use STM32 motor control SDK v6.0 workbench

_______________________________________________________________________________________________________________________
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Our technology
starts with You

Find out more at www.st.com

© STMicroelectronics - All rights reserved.

ST logo is a trademark or a registered trademark of STMicroelectronics International NV or its affiliates in the EU and/or other countries. ‘
For additional information about ST trademarks, please refer to www.st.com/trademarks.
All other product or service names are the property of their respective owners.
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