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1. Procedure targets and requirements

* This guide will focus on a brief description of the main steps required to drive a generic
PMSM with the EPC91132 board, either using a sensorless algorithm or exploring the
magnetic encoder embedded in the inverter for more accurate control.

* Since the microprocessor for this specific board has been chosen from the STM32 family,
the motor control firmware can be easily generated using the ST motor control

e development suite. In particular, we recommend using the latest version of the STM32 MC
aereel SDK (v6.4). Refer to the following link to install the software: X-CUBE-MCSDK - STM32

Workbench_b.

e Motor Control Software Development Kit (MCSDK) — STMicroelectronics.

s

 If it is the first time using the ST motor control workbench (MCW6), please refer to this
manual: How to use STM32 motor control SDK v6.0 workbench - User manual
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1. Procedure targets and requirements

Below are listed the ST website links from which the user must install the two additional software tools
to correctly generate, flash, and run the motor control firmware:

 STM32CubeMX (initialization code generator): https://www.st.com/en/development- tyx

tools/stm32cubemx.html STM32Cube
MX

 STM32CubelDE (Integrated Development Environment for STM32): ]3

https://www.st.com/en/development-tools/stm32cubeide.html Sﬂgmbel
DE 1.17.0

 OPTIONAL STMCubeProgrammer (for quick programming using .elf files):
STM32CubeProg | Software - STMicroelectronics

oTg

STM32CubeP
rogrammer
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1. EPC91132 inverter board

The EPC91132 evaluation board is a 3-phase BLDC
motor drive inverter designed with an optimized form
factor for small humanoid robot joints and 23 mm
drone motors. The whole inverter is housed within the
23 mm inner circle, while the external frame can be
adjusted to fit different motors.

This guide refers to the full form factor. In this
configuration, the board features an external PCB ring
that is meant, for mechanical reasons, to install the
board into a specific humanoid joint motor and to
place connectors J130 and J1. This solution is useful
for debugging the firmware and for lab tests.
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1. STLINK-V3MINIE

To communicate properly with the microcontroller on the
EPC91132 board, use the STLINK-V3MINIE

debugger/programmer with the tiny probe for STM32
microcontrollers, as shown in the figure.

After connecting the JTAG/SWD interface between the two
boards, power on the inverter via connector J1 to supply the

microcontroller with 3.3V (check the vyellow LED on the
EPC91132).
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2. Motor specifications

Before starting the creation of a new project on the motor control workbench, it is essential to
know the motor parameters, which can be obtained from the motor datasheet or through
simple experimental measurements. On the first pages (3-6) of the following guide, it is shown
how to proceed: Commissioning a motor using ST Motor control.pdf.

The main motor parameters required to insert into the project are the following:

Phase resistance (Q)

Phase inductance (mH)

Pole pairs

B-Emf constant (Vrms/krpm)
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3. Opening the tools from MCW6

e To open the STMC board
designer (application used to
configure the driver board), .
click on ‘Tools” and then select e e

STM32G431CB

‘Board Designer’ E—

Board: EPC91118
Motor: Unitree

New project @ |oad Project

%% EPCI91120_drone_sensorless

STM32G431CB

Type: FOC / Insulated Current Sensors

Board: EPC91118
Motor: Tt -3

Example Projects:

Project name MCU
ACIM FOC STM32G431RB
ACIM V/F Open Loop STM32G431RB
FOC STM32H745Z1 with IHMO08
STM32H74571

example
Electronic speed control on B-

) STM32G431CB
G431B-ESC1 kit
EVSPIN32G4 example STSPIN32G4
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& Motor Profiler

@ Motor Pilot

Motor Control WorkBench

or_encoder

%8 Boards Manager

nsors
%8 Board Designer

Power: EPC9186
Motor: Motore SkW

Type
ACIM / FOC

ACIM / V/F

FOC/ 35h

FOC /3Sh

FOC/ 3sh

Control

NUCLEO-G431RB

NUCLEO-G431RB

NUCLEO-H745ZI

B-G431B-ESC1

EVSPIN32G4

#B, EPC91118_5kWmotor_OLcurrent

STM32G431CB

Type: FOC / Insulated Current Sensors

Board; EPC91118
Motor: 5SkW_moto

Powers
STEVAL-IHMO023V3

STEVAL-IHM023V3

X-NUCLEO-IHMO8M1

B-G431B-ESC1

EVSPIN32G4

All rights reserved ©2025 STMicroelectronics | ver: 6.3.2 Desktop

STM32G431CB

English 73

#%, MGB008E-i9_EPC91118_sensorles

Type: FOC / Insulated Current Sensors

Board: EPC91118
Motor: MG

Motors

ACIM SELNI AHV 242 NO6

ACIM SELNI AHV 242 NO6

SHINANO

SHINANO

SHINANO

Description
Sensorless Field Oriented Con...

Open Loop Control of an AC 1.

FOC example with control bo...

Electronic speed control on B...

EVSPIN32G4 example with S...
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3. Opening the tools from MCW6

’-M Workbench - MG8008E _i9_EPC911

* To open the STMC board &7 :\,".;:::’.;C.;;r;::?,' & tome | D sag @ WotorPiot @ About o 1112@
designer (application used to Project steps = Gy
configure the driver board), 0 bt o S T
click on ‘Tools’ and then select R
‘Board Designer’ o ol

Temperature " Sensorless

¥| Speed Sensing Selection

 To open the STMC motor pilot
(application used to drive the
motor), click on ‘Motor Pilot’ RO -l st IS R FRE
inside the MCW project S o

[0 User Interface =

O curren t Sensing
[0 Bus Voltage Sensing

[0 Temperature Sensing

O Application Configuration

[0 Pins Usage & Hw Changes

All rights reserved ©2026 STMicroelectronics | ver: 6.4.2 Desktop
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3. ST MCWG6 project

* Download the .json file ..
(EPC91132.json) of the inverter Kyy.....- STMC Board Designer ® roor @
to be used in the project from o Boose B oca Blie melcamca roia o
this repository: GitHub - epc- -
co/MotorDrive-RefDesign- e
Firmware: EPC's Motor Drive
Reference Designs Firmware
repository

* Import the .json file of the
board into the STMC board
designer, which is a tool inside
MCWB6.

All rights reserved ©2025 STMicroelectronics | ver: 1.0.0
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choosing the board and @
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3. ST MCWS6 project

 Make a new project,
choosing  ‘Inverter’ as
Hardware Mode

“x MC Workbench - Zoom: 90%

Select Motor

EFFICIENT POWER CONVERSION |

* [1] Import the .json file of
the motor and then [2]
choose it in the list

S5kW m otor

> |IGBOOBE-i9 [2]

Magpnetic Struct.: SM-PMSM
Pole Pairs: 5
Max Speed: 3 krpm
Nominal Veltage: 48 V
Nominal Current: 80 Apk

(€

Magpnetic Struct.: SM-PMSM
Pole Pairs: 5
Max Speed: 3 krpm
Nominal Voltage: 48 V
Nominal Current: 120 Apk

€

Magnetic Struct.: SM-PMSM
Pole Pairs: 21
Max Speed: 2 krpm
Nominal Voltage: 60 V
Nominal Current: 15 Apk

Teknic_M-3411P-LN-08D ‘

6

Magnetic Struct.: SM-PMSM
Pole Pairs: 4
Max Speed: 3 krpm
Nominal Voltage: 150 V
Nominal Current: 10 Apk




3. ST MCWS6 project

Make a new project,
choosing  ‘Inverter’ as
Hardware Mode

[1] Import the .json file of
the motor, and then [2]
choose it in the list
Otherwise, choose a
motor profile provided by
ST, and then vyou will
change the parameters
inside the project

o MC Workbench - Zoom: 90%

Select Motor

Bull Running BR2804-1700kv

¢

Magpnetic Struct.: SM-PMSM
Pole Pairs: 7
Max Speed: 15 krpm
Nominal Voltage: 12V
Nominal Current: 1.2 Apk

GimBal GBM2804H-100T

¢

Magpnetic Struct.: SM-PMSM
Pole Pairs: 7
Max Speed: 1.57 krpm
Nominal Voltage: 12.6 V
Nominal Current: 800 mApk

SM-PMSM 320V motor

¢

Magnetic Struct.: SM-PMSM
Pole Pairs: 4
Max Speed: 4 krpm
Nominal Voltage: 320V
Nominal Current: 4 Apk
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I-PMSM 24V motor

¢

Magnetic Struct.: I-PMSM
Pole Pairs: 2
Max Speed: 4 krpm
Nominal Voltage: 24 V
Nominal Current: 1.8 Apk




3. ST MCWS6 project

Make a new project,
choosing  ‘Inverter’ as
Hardware Mode

[1] Import the .json file of
the motor, and then [2]
choose it in the list
Otherwise, choose a motor
profile provided by ST, and
then you will change the
parameters inside the
project

Choose the inverter board

& MC Workbench - Zoom: 90%

Select Board

-1 E

EPC91132

User
Inverter

MCU: STM32G431KBUx
Clock Frequency: 170 MHz
Clock Source: internal_osc
Motor Drive: MG8008E-i9
Rated Voltage: [10 - 60] V
Rated Current: 15 A
Rated Power: 700 W

»@ @ -

@) EPCO1139

User
Inverter

L)

1

MCU: STM32G431KBUx

Clock Frequency: 170 MHz
Clock Source: internal_osc
Motor Drive: MGB008E-i9
Rated Voltage: [10 - 60] V
Rated Current: 10 A
Rated Power: 500 W

»08 -

@) EPC91142

User
Inverter

MCU: STM32G431CBYx
Clock Frequency: 170 MHz
Clock Source: internal_osc
Motor Drive: Vertiq 23-06 G1
Rated Voltage: [10 - 30] V
Rated Current: 5 A
Rated Power: 500 W

EFFICIENT POWER CONVERSION |

Q| C | (247124

B-G431B-ESC1

MCU: STM32G431CBUx

Clock Freque

ncy: 170 MHz
Clock Sou

rce: 8_crystal

Motor Drive: M1
Rated Voltage: [8 - 28] V

Rated Curre

ent: 40 A

Rated Power: N.A. =

Data Brief

@ Product Folder

Cancel




3. ST MCWS6 project

# MC Workbench - *UNTITLED

g Save th e fi | e p FOJECt tO be d b I e ww@ Save % Generate the project @ Motor Pilot ~ ( About

generate the code

Project Steps =

O Project Hw & Info

Stage
O

ooooooooao

Motor

Power Supply

PWM Generation

Speed Sensing Selection
Current Sensing

Bus Voltage Sensing
Temperature Sensing
Speed Sensing Config.
Drive Settings

Stage Configuration

O User Interface

O Application Configuration

O Pin

s Usage & Hw Changes

“ MCuU Inverter Board
smz  STM32G431KB ( EPCO1132

Power Supply

DC Bus: 60 Vdc - 15 Apk

Drive
Seittings 8 Ceneration

Bus Voltage

Sensing

Temperature
Sensing

EFFICIENT POWER CONVERSION |

- o X

English X &

WU Analog

Digital

Current
Sensing

Speed

Sensing

Main

All rights reserved ©2026 STMicroelectronics | ver: 6.4.2 Desktop




3. ST MCWG6 project

* Save the project file to be able to
generate the code

* |In the ‘Motor’ window, you can
change the motor parameters
and possibly save them into a
new .json file

EPC — POWER CONVERSION TECHNOLOGY LEADER

FOC Wizard

B-Emf constant:

Rated Flux: 0.034759 V/Hz

epc-co.com
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3. ST MCWG6 project

% MC Workbench - MGS00SE_i9_EPCI1132_encoder

Save the project file to be able to
generate the code

In the ‘Motor’ window, you can
change the motor parameters
and possibly save them into a
new .json file

For the configuration of other
sections, please refer to the
previously mentioned repository,
which contains two projects
configured for EPC91132 and
two different motors

FOC Wizard

MCU pin mapping

epc-co.com
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3. ST MCWG6 project

* For sensorless motor control,
use the .stwb file inside this
folder as a model, especially

for ‘speed sensing
configuration” and ‘drive
settings’

EPC - POWER CONVERSION TECHNOLOGY LEADER

GitHub - epc-co/MotorDrive-RefDesign-Firmware: EPC's Motor

Drive Reference Designs Firmware repository

Cross-Reference Table

Use this table to find the firmware package that match you inverter and your microcontroller.

Boards w/ integrated MCU

Teknic Motor (DummyNema)

Unitree A1 Motor MG8008E-i9 Motor
STMCWB6 Desc (JSON) STMCWBS Desc (JSON

STMCWB6 Desc (JSON)

Sensorless Sensored

Sensorless Sensored
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3. ST MCWG6 project

For sensorless motor control,
use the .stwb file inside this
folder as a model, especially

for ‘speed sensing
configuration” and ‘drive
settings’

If the motor shaft has a
magnet to interface with the
encoder, look at this
reference project

EPC - POWER CONVERSION TECHNOLOGY LEADER

GitHub - epc-co/MotorDrive-RefDesign-Firmware: EPC's Motor

Drive Reference Designs Firmware repository

Cross-Reference Table
Use this table to find the firmware package that match you inverter and your microcontroller.

Boards w/ integrated MCU

Teknic Motor (DummyNema) Unitree A1 Motor MGB8008E-i9 Motor

STMCWEB6 Desc (JSON) STMCW

STMCWB6 Desc (JSON)

Sensored

Sensored

Sensored
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4. Generating the firmware

* Generate the code through
STM32CubeMX interface
inside MCW project

EFFICIENT POWER CONVERSION |

“x MC Workbench - MG8008E_i9_EPC91132_encoder = o X
‘_ Motor Control ) )
Y/ | Workbench # Home #% Generate the project =~ @ Motor Pilot ~ (® About English X ©
[ Project generation o (m} X
Project Steps
SETTINGS * GENERATION
£ /
[ Motor - Analog
O Power Supl Digital
O PwWM Geng
ensorless
[0 Speed Sen
. Target Toolchain
[ Current Sej
ST STM32CubelDE v
OB tag
O
O s
Firmware Package Version
L STM32 FW V1.6.0 -
b s Selecting "not installed” firmware or "Latest" will require internet
connection
O User Interfacg]
Drive Type
O Application G )
@ HAL - Hardware Abstraction Layer
LL - Low Level
O Pin je & O

GENERATE

Al rights reserved ©2026 STMicroelectronics | ver: 6.4.2 Desktop




4. Building the firmware

* Generate the code through
STM32CubeMX interface
inside MCW project

e Open the project in
STM32CubelDE: click ‘File’
and then ‘Open Project
from File systems’

EPC — POWER CONVERSION TECHNOLOGY LEADER
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4. Building the firmware

* Generate the code through
STM32CubeMX interface
inside MCW project

e Open the project in
STM32CubelDE:
click ‘Directory...”
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4. Building the firmware

Generate the code through
STM32CubeMX interface
inside MCW project

Open the project in
STM32CubelDE: select
‘STM32CubelDE’ subfolder
from the project folder
created after code
generation

EPC — POWER CONVERSION TECHNOLOGY LEADER
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4. Building the firmware

* Generate the code through
STM32CubeMX interface
inside MCW project

e Open the project in
STM32CubelDE

e Select the project from the
explorer
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4. Building the firmware

* Generate the code through
STM32CubeMX interface
inside MCW project

e Open the project in
STM32CubelDE

e Select the project from the
explorer

* Build the code and verify

the result of the process

EPC — POWER CONVERSION TECHNOLOGY LEADER epc-co.com 28



4. Flashing the firmware — hardware requirements

Generate the code through
STM32CubeMX interface
inside MCW project

Open the project in
STM32CubelDE

Select the project from the
explorer

Build the code

Connect the inverter to a
power supply and to the
STLINK-V3MINIE

EPC - POWER CONVERSION TECHNOLOGY LEADER
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4. Flashing the firmware — cont.

Generate the code through
STM32CubeMX interface
inside MCW project

Open the project in
STM32CubelDE
Select the project from the
explorer _ ,_ I
Build the code e The download must be
Connect the inverter to B \crified successfully
STLINK-V3MINIE and to a

power supply
Flash the firmware to the
MCU after connecting
STLINK-V3MINIE to PC

Window  Help
L oinidigsd HETIE - F wde o i

[

Ensure you exit correctly
from the process
(especially when using a
debug connection B )

EPC —- POWER CONVERSION TECHNOLOGY LEADER epc-co.com
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OVERVIEW OF THE PROCESS ‘IEPG»

1. Procedure targets and requirements
2. Measuring the motor parameters

3. Creating a ST MCWS6 project

4. Generating and flashing the firmware

5. Operating the motor drive system



5. Driving the motor

* Solder the motor phases to the respective phase
pads on the EPC91132. Pay attention to the
phases’ order (U, V, W).
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5. Driving the motor

 Solder the motor phases to
the respective phase pads on
the EPC91132. Pay attention to
the phases’ order.

e Open the ST motor pilot
included in the STM32 MC SDK
and try to connect the board,
checking the correct COM port

1500
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5. Driving the motor

 Solder the motor phases to
the respective phase pads on
the EPC91132. Pay attention to
the phases’ order.

e Open the ST motor pilot
included in the STM32 MC SDK
and connect the board,
checking the correct COM port

e Check for a  successful
connection; otherwise, check == S
all the connections, and check ames
if the micro is powered

EPC - POWER CONVERSION TECHNOLOGY LEADER epc-co.com 34



5. Typical connection error

e This connection notification

will appear if the debugging &=l

EFFICIENT POWER CONVERSION |

Board Connection

B process is still running inside v e (e

Application Registers Logs

STM32CubelDE

IDLE

1Q FOC Duration
1O Over Voltage
1O Under Voltage
O Over Heat.

O Start Up Failure
O Speed Feedback
O Over Current.
1O Sotware Error

O Driver Protection

ASYNC Config Terminal

-1000 1000
-2000 2000
®
-3000 3000
-4000 4000
RPM
1500
0

0 A and try to configure the board

Graph & Record

i

3

Motors: -

Power Stage : -

Max App Speed: - RPM
Max Readable Current: NaN A
Nominal Current: NaN A
Nominal Voltage: - V
Control Type:-

Primary speed sensor: -
Aux speed sensor:
Current sensing topology:
FOC rate: -

PWM frequency: - Hz
Medium frequency: - Hz

CPU=11.2%



5. Typical connection error

e This connection notification
will appear if the debugging FEIEEEEEEN—.

[ B W5 4 *SFidbid &

LY = : nal handler called>() at

process is still running inside .
STM32CubelDE

* Click on the ‘Terminate’ button
to interrupt the debug &

MX_DMA_Init();

SystemClock_Config();

MX_ADC1_Init();

Con nection n ) 1 MX_ADC2_Init();

ox% eNeBEE =

Erasing internal memory sectors [@ 16]
Download in Progress:

File download complete

Time elapsed during download operation: ©0:60:00.892

Verifying ...

Download verified successfully Updates Available

Updates are available for your software.
Click to review and install updates.

You will be reminded in 4 Hours.
Set remind

| writable | Smart Insert |93:1:2657
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5. Typical connection error

e This connection notification
will a ppear if the debug ging ' e

Bals A . ArSFibid & EF ©

B Project Explof PEE @ nal handler called>() at fe B main.c >

process is still running inside : e
STM32CubelDE

* Click on the ‘Terminate’ button
to interrupt the debug B

MX_DMA_Tnit();
MX_ADC1_Init();

CO n n ectio n n ) 1 MX_ADC2_Init();
 Ensure a proper exit from the
process

SystemClock_Config();

File download complete
Time elapsed during download operati 00:00:00.892

Verifying ...

Download verified successfully

Shutting down...
Exit.

| writable | Smart Insert |93:1:2657

EPC - POWER CONVERSION TECHNOLOGY LEADER

ENEEE « =

Updates Available

Updates are available for your software.
Click to review and install updates.

You will be reminded in 4 Hours.
Set remind
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5. Typical connection error

* This connection notification
will appear if the debugging
process is still running inside .. ..

STM32CubelDE -
* Click on the ‘Terminate’ button “
to interrupt the debug ==
connection
 Ensure a proper exit from the
process

 Retry the connection with the
MCU and verify the correct
execution

EPC - POWER CONVERSION TECHNOLOGY LEADER

eeeeeeeeeeeeeeeeeeee

00000
—————

00000

—————

eeeeeeeee

PPPPP

Global Configuration
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5. Driving the motor

For a detailed guide on how to use the motor pilot tool, please refer to this link:
STM32 MC Motor Pilot - Start-up guide - stm32mcu

v v v v v

@~ &7

STM32 MCU

Main page
Artificial Intelligence
ISP
Connectivity
Low power
Memory
Motor Control

Introduction to Motor Control with
STM32

Getting started with Motor Control
Frequently Asked Questions

6-step Firmware Examples User
Manual

6-step - Optimization and
troubleshooting of sensor-less
firmware parameters

6-step Firmware Algorithm

How To manually configure the
motor parameters

Motor Control Boards Descripfion
SDK AC induction motor

SDK discontinuous PWM

SDK Overmodulation

Single Shunt Phase Shift

[ a
L

Welcome Microcontroller Solutions Software development kit

STM32 MC Motor Pilot - Start-up guide “

1. Overview of the STM32 MC Motor Pilot tool

The STM32 MC Moter Pilot is a monitoring tool for STM32 motor-control applications that:

» connects to MC applications built with the Ul module through the serial port

uses the new Monitor and Control Protocol (MCPV2)

allows for controlling, monitoring, and tuning MC applications

replaces the monitor part of STM32 MC workbench 4.X

RPM

The added value features of the STM32 MC Motor Pilot are indicated below.

EPC - POWER CONVERSION TECHNOLOGY LEADER
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