EPC91118-20 - EPC91122
Motor Commissioning
Quick Start Procedure
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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 EPC91118-20-22 boards, both using a sensorless algorithm or exploring the
magnetic encoder embedded in the inverter for a 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 development
suite. In particular, it is recommended to use the newest version of the STM32 MC SDK

7. ol (v6.4). Refer to the following link to install the software: X-CUBE-MCSDK - STM32 Motor
el Control Software Development Kit (MCSDK) — STMicroelectronics.

Workbench_b.

Y
3.2

« If it is the first time using the ST motor control workbench (MCWG), 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 to correctly generate, flash and run the motor control firmware:

« STM32CubeMX (initialization code generator): hitps://www.st.com/en/development- é“x

tools/stm32cubemx.html STM32Cube
MX

« STM32CubelDE (Integrated Development Environment for STM32): B 1)) =

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

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

oTg

STM32CubeP
rogrammer
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1. EPC91118-20-22 inverter board

The EPC91118-20 and EPC91122 inverter boards
are similar and are 3-phase inverters for
humanoid robot joints.

EPC91122 features a 3-phase module EPC33110
EPC91118 features three EPC23104 ePower
Stage IC.
EPC91120 features three EPC23102 ePower
Stage IC.

The EPC91118 Quick Start Guide is available at

~ Forevaluationonly; 3]

the link: EPC91118 qsq.pdf

| EPC33110 |

"POWER CONVERSION |

not FCC approved for
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1. STLINK-V3MINIE

To properly communicate with the microcontroller located on

| STLink-V3mini |

the EPC91118-20-22 board, it is recommended to use the
STLINK-V3MINIE debugger/programmer with the tiny probe
for STM32 microcontrollers, as shown in the figure.

After arranging the JTAG/SWD interface between the two
boards, it is essential to power on the inverter from the

connector J1 to supply the microcontroller with 3.3V (check
the yellow LED on the EPC91122).

EPC - POWER CONVERSION TECHNOLOGY LEADER
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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 measures. 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

 To open the STMC board
designer (application used to Kys

Motor Control WorkBench

English 73

configure the driver board), B Newproject @ Load Project
click on ‘Tools’ and then select RacerTPTojects:

%% EPCI1118_unitree_encoder 3

@ Motor Pilot

‘ Boa rd D eS i g n e r’ STM326G431CE 28 Boards Manager

& Motor Profiler

or_encoder

Txﬁe: FOC / Insulated Current Sensors %8 Board Deswgner nsors
ﬂm

Board: EPC91118 Power: EPC9186
Motor: Unitree Motor: Motore SkW

%% EPCI91120_drone_sensorless

STM32G431CB

Type: FOC / Insulated Current Sensors

Board: EPC91118
Motor: Tt -3

Example Projects:

Project name MCU Type
ACIM FOC STM32G431RB ACIM / FOC
ACIM V/F Open Loop STM32G431RB ACIM / V/F
FOC STM32H745Z1 with IHMO08
STM32H74571 FOC/ 3sh

example
Electronic speed control on B-

) STM32G431CB FOC / 35Sh
G431B-ESC1 kit
EVSPIN32G4 example STSPIN32G4 FOC/ 3sh

EPC - POWER CONVERSION TECHNOLOGY LEADER

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

#%, 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

To open the STMC board
designer (application used to
configure the driver board),
click on “Tools’ and then select
‘Board Designer’

To open the STMC motor pilot
(application used to drive the
motor), click on ‘Motor Pilot’
inside the MCW project

ﬂ: MC Workbench - EPC91118_unitree_e

A Home | [3) Save
Project Steps

[ Project Hw & Info

Stage
O Motor

[0 gefed Sensing Selection
1 Current Sensing

[0 Bus Voltage Sensing

[0 Speed Sensing Config.
[ Drive Settings

[0 stage Configuration
O User Interface
[0 Application Configuration

[0 Pins Usage & Hw Changes

.
[iil

ncoder

#% Generate the project | & Motor Pilot | @ About

Power Supply

Inverter Board
CB ( EPCO1118

U, v,
PWM
Generation

English &Y @&

Bus Voltage
DC Bus: 24 Vdc - 35 Apk Sensing
Analog
Digital
I & _sensorless
w +\' A > i +\' ry
100 kHz
v *\'x >\ x *\':

All rights reserved ©2025 STMicroelectronics | ver: 6.3.2 Desktop
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3. ST MCWG6 project

Download from this repository
the .json file (EPC91118.json
that is the same for EPC91118-
20-22 boards) of the inverter to
be used in the project: GitHub -
epc-co/MotorDrive-RefDesign-
Firmware: EPC's Motor Drive
Reference Designs Firmware
repository

Import the .json file of the
board to the STMC board
designer, which is a tool inside
MCWe6.

# STMC Board Designer

‘ " life.augmented

Board kind

Selected 0 of 34

+ Create new board

> Boards Aggregation @

r

Name

B BOARDS

hm cusToMm

STMC Board Designer

All rights reserved ©2025 STMicroelectronics | ver.

Rated
Curre
(A)

ent

Rated
Power (W)

Clock
Mcu Freq

(MHi)

epc-co.com
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3. ST MCWG6 project

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

EPC — POWER CONVERSION TECHNOLOGY LEADER

New Project

Project name:

Motors

Inverter Hardware Mode:

Modular

Num. Motors:

1 Motor

Driving Algorithm:
2 Motors 6-Step

O Iinverter

Choose from a collection of all-in-one
inverter boards as well as the target motor.
The inverter board contains both the
control and power components. This mode
is meant for users who need space-efficient
solutions on a all-in-one board ready to
work with a motor.

epc-co.com
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3. ST MCWG6 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

EPC — POWER CONVERSION TECHNOLOGY LEADER

B MC Workbench

New Project

General Info

Motors

Motor: Unitree

Teknic_M-3411P-LN-

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

Allen Bradley TL-A220P-HJ32AN
TL-A220P-HJ32AN
Magnetic Struct.: SM-PMSM
Pole Pairs: 4
Max Speed: 5 krpm
Nominal Voltage: 325 V/
Nominal Current: 2.95 Apk

Allen Bradley | 1
I-PMSM Allen Bradley TL-A220P-HJ32AN

Magnetic Struct.: SM-PMSM Magnetic Struct.: I-PMSM
Pole Pairs: 21 Pole Pairs: 4
Max Speed: 1.7 krpm Max Speed: 5 krpm
Nominal Voltage: 48 vV Nominal Voltage: 325 v
Nominal Current: 35 Apk Nominal Current: 2.95 Apk

Bull Running BR2804-1700kv GimBal GBM2804H-100T

External rotor type - 7 poles pairs brushless - DC motc ower GBM2804H-100T Brushless Gimbal Moto

Magnetic Struct.: SM-PMSM Magnetic Struct.: SM-PMSM
Pole Pairs: 7 Pole Pairs: 7
Max Speed: 15 krpm Max Speed: 1.57 krpm
Nominal Voltage: 12 Nominal Voltage: 12.6 \/
Nominal Current: 1.2 Apk Nominal Current: 300 mApk
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3. ST MCWG6 project

« Make a new project, ST
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

New Project

General Info
Motors

Inverter

Motor: Bull Running BR2804-1700kv

Teknic_M-3411P-LN-08D

Magnetic Struct.: SM-PMSM Magnetic Struct.: SM-PMSM

Nominal Voltage: 150 vV
Nominal Current: 10 Apk

Nominal Voltage: 48 vV
Nominal Current: 35 Apk

parameters inside the
project

EPC — POWER CONVERSION TECHNOLOGY LEADER

Bull Running BR280.
ernal rotor type - 7 pole

Magnetic Struct.: SM-PMSM Magnetic Struct.: SM-PMSM

Nominal Voltage: 325 V/
Nominal Current: 2.95 Apk

Allen Bradley |
I-PMSM Allen Bradley TL-A220P-HJ32A
Magnetic Struct.: I-PMSM
Pole Pairs: 4
Max Speed: 5 krpm
Nominal Voltage: 325 v
Nominal Current: 2.95 Apk

GimBal GBM2804H-100T
iPower GBM2804H-100T Brushless Gimbal Moto
Magnetic Struct.: SM-PMSM
Pole Pairs: 7
Max Speed: 1.57 krpm
Nominal Voltage: 12.6 \/
Nominal Current: 300 mApk
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3. ST MCWG6 project

° Make a new project, b MC Workbench ~ s %
choosing ‘Inverter’ as
Hardware Mode

New Project

* [1] Import the .json file of
the motor and then [2]
Choose It In the IISt ;«.niE,VAL_SPINazuz o EOEWPS?HWHS ~ EEWPC?TZOH

« Otherwise choose a motor
profile provided by ST and
then you will change the
parameters inside the
project

« Choose the inverter board
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3. ST MCWS6 project

Save the file project to be able to

generate the code

% MC Workbench

#A Home

Project Steps

O Project Hw & Info

Stage

]

]
(]
O
]
O
O
]
O

Motor
Power Supply

PWM Generation

Speed Sensing Selection
Current Sensing

Bus Voltage Sensing
Speed Sensing Config.
Drive Settings

Stage Configuration

O User Interface

O Application Configuration

O Pins Usage & Hw Changes

MU e d
.! STM32G431CB Q} EPCO1M8

Power Supply

DC Bus: 48 Vdc - 30 Apk Sensing

Bus Voltage

EFFICIENT POWER CONVERSION |

L

English

W Analog

Digital

5
,\ Sensorless

Unitree

Motor SM-PMSM

5 U v,w
Drive PWM
Settings Generation
16 kHz
VAvA

Current

A A A ' >\ A >\ X >\ A
:

|

I Sensing
|

|

|

|

I

|

|

I

|

|

|

|

|

|

I

A rights reserved ©2025 STMicroelecironics | ver; 6.3.2 Deskiop

(e

Speed -']r

Sensing




3. ST MCWG6 project

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

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

EPC — POWER CONVERSION TECHNOLOGY LEADER

" MC Workbench - EPC31118_unitree_encoder

FOC Wizard

ccccc

Description:

epc-co.com
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3. ST MCWG6 project

Save the file project to be able to
generate the code

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

For the configuration of othe
sections, please refer to the
previously mentioned repository,
iIn which there are two projects
configured for EPC91118 and
two different motors

# MC Workbench - EPC31118_unitree_encoder

FOC Wizard

epc-co.com
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3. ST MCWG6 project
GitHub - epc-co/MotorDrive-RefDesign-Firmware: EPC's Motor

 For a sensorless motor Drive Reference Designs Firmware repository
control use the .stwb file :
inside this folder as a model,
especially for ‘speed sensing
configuration” and  ‘drive
settings’

Cruss-Reference Table

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

Boards w/ integre=d MCU

Teknic Motor (DummyNema)

MA330031-2 PIM  Nucleo G431RB

Adapter Board —
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3. ST MCWG6 project
GitHub - epc-co/MotorDrive-RefDesign-Firmware: EPC's Motor

 For a sensorless motor Drive Reference Designs Firmware repository
control use the .stwb file f
inside this folder as a model,
especially for ‘speed sensing
configuration” and  ‘drive
settings’

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

MA330031-2 PIM  Nucleo G431RB RA6T2 LaunchXL-F28069

Adapter Board —
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4. Generating the firmware

« Generate the code through YT Y ———————
STM32CubeMX interface
inside MCW project

Project Steps =

@
(d

Analog

Digita

Sensorless

O0O0O0oOoo0ooaoaod

Main




4. Building the firmware

« Generate the code through
STM32CubeMX interface
inside MCW project

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

EPC — POWER CONVERSION TECHNOLOGY LEADER epc-co.com 24



4. Building the firmware

« Generate the code through
STM32CubeMX interface
inside MCW project

« Open the project in
STM32CubelDE:
click ‘Directory...’

EPC — POWER CONVERSION TECHNOLOGY LEADER epc-co.com 25



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 the code
generation

EPC — POWER CONVERSION TECHNOLOGY LEADER

epc-co.com
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4. Building the firmware

» Generate the code through
STM32CubeMX interface & B —
inside MCW project - ’

« Open the project in
STM32CubelDE

« Select the project from thé
explorer

i EPC91118_unitree_encoder

EPC — POWER CONVERSION TECHNOLOGY LEADER epc-co.com 27



4. Building the firmware

Generate the code through
STM32CubeMX interface
inside MCW project

Open the project in
STM32CubelDE

Select the project from the
explorer

Build the code and verify.
the result of the process

EPC — POWER CONVERSION TECHNOLOGY LEADER

 BETE - wwe = i

+11BEx-eB .-

eabi-size EPC91118_unitree_en

Finished building: default.size.stdout

epc-co.com



4. Flashing the firmware — hardware requirements

d

« 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

STLINK-V3MINIE and to a —
power supply

EPC — POWER CONVERSION TECHNOLOGY LEADER

epc-co.com
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4. Flashing the firmware — cont.

Generate the code through
STM32CubeMX interface : mayero o ooc EmRTETREensTEE
inside MCW project

Open the project in

STM32CubelDE

Select the project from the

explorer

Build the code —_— -
Connect the inverter to The download must be
STLINK-V3MINIE and to a B Verified successfully

Verifying ...

power supply

Flash the firmware to MC
after connecting
STLINK-V3MINIE to PC

Ensure correct exit
from the process

(especially when using
debug connection BH )

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



EFFICIENT POWER CONVERSION |

5. Driving the motor

O'EP
For evaluahon only;
‘ not FCC approved for
resale

« Solder the motor phases to the respective phase pads
on the EPC91118-20-22.

e
133 p13o
e RRL




5. Driving the motor

« Solder the motor phases to the
respective phase pads on the
EPC91118-20-22.

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

@ ST Motor Pilot V1.2.12 - MC_FOC_SDK
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5. Driving the motor

« Solder the motor phases to the

respective phase pads on the ° 1 S—

EPC91118-20-22. e o B e o o7
 Open ST motor pilot included in ™ ™ = ™ "2

STM32 MC SDK and connect the

0 VBUS || TEMP POWER MCP over UARTA [10]
=250 250

board, checking the correct COM
port o e

Max Readable Current: 37.500 A
Nominal Current: 35.000 A

« Check for a  successful i AT

————— 1750 Primary speed sensor: Encoder

t- . th " h k I I RPM éux speed sensor: N? seng:rs
urrent sensing topology:
CO n n e C I O n I O e rW I S e J C e C a Mechanical Speed: RPM v deg w iachr?rt;Iincy: 100000 Hz

Medium frequency: 1000 Hz
Speed: RPM VBus Sensing: Enable
s Open Loop: Enable

the connections, and check if the | :
micro is powered

Configuration Target Speed (RPM) 1500 RPM

Duration 0 ms

OpenLoop

CPU=10.2%

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



5. Typical connection

* This connection outcome will

appear if the

B process Is still ongoing inside

STM32CubelDE

debugging

error

@ sTMo™ 212 - MC_FOC_SDK
GUI Configuration Help ™

EFFICIENT POWER CONVERSION |

Board Connection

UART  Port COM3 v |  Speed 1843200 - O Pol

Application Registers Logs ASYNC Config Terminal

IDLE

1Q FOC Duration

O Over Voltage

1O Under Voltage

O Over Heat.

O Start Up Failure -1000 1000

1O Speed Feedback

© Over Current ~2000 2000
O Sotware Error

O Driver Protection ®

-3000 3000

-4000 4000
RPM

1500

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

« This connection outcome will
appear if the debugging S

[ B W5 4 *SFidbid &

process is still ongoing inside §
STM32CubelDE o : :
 Click on “Terminate’ button to |
interrupt the debug connection

MX_GPIO_Init();
MX_DMA_Tnit();

MX_ADC1_Init();
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

« This connection outcome will
appear if the
process is still ongoing inside
STM32CubelDE

 Click on ‘Terminate’ button to
interrupt the debug connection

« Ensure correct exit from the
process

B Project Explof

156 g

EPC - POWER CONVERSION TECHNOLOGY LEADER

B8 workspace 1.18.0 - EPC91118_unitree_encoder/Application/User/main.c - STM32CubelDE

debugging FFEE

Bals A “

Search  Project Run  Window  Help

ArSFibid & EF ©

nal handler called>() at fe B main.c >
| HAL_Init();

SystemClock_Config();

MX_GPIO_Init();
MX_DMA_Tnit();

MX_ADC1_Init();
MX_ADC2_Init();

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

ENEEE « =

Updates Available

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

You will be reminded in 4 Hours.
Set remind

epc-co.com 37




5. Typical connection error

This connection outcome will
appear if the debugging
process is still ongoing inside
STM32CubelDE

Click on ‘“Terminate’ button to
interrupt the debug connection
Ensure correct exit from the
process

Retry the connection with the
MCU and verify the correct
execution

EPC - POWER CONVERSION TECHNOLOGY LEADER

@ ST Motor Pilot V1.2.12 - MC_FOC_SDK

pal® ST MCSDK 6.3.2

Logs ASYNC Config

Motors:
MCP over UARTA [10]

Power Stage: ~EPC91118

Max App Speed: 1700 RPM

Max Readable Current: 37.500 A
Nominal Current: 35.000 A

Primary speed sensor: Encoder

Aux speed sensor: No sensor

urrent sensing topology: ICS
ate:

PWM frequency: 100000 Hz
Medium frequency: 1000 Hz

epc-co.com




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 quide - 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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https://wiki.stmicroelectronics.cn/stm32mcu/wiki/STM32MotorControl:STM32_MC_Motor_Pilot_-_Start-up_guide
https://wiki.stmicroelectronics.cn/stm32mcu/wiki/STM32MotorControl:STM32_MC_Motor_Pilot_-_Start-up_guide
https://wiki.stmicroelectronics.cn/stm32mcu/wiki/STM32MotorControl:STM32_MC_Motor_Pilot_-_Start-up_guide
https://wiki.stmicroelectronics.cn/stm32mcu/wiki/STM32MotorControl:STM32_MC_Motor_Pilot_-_Start-up_guide
https://wiki.stmicroelectronics.cn/stm32mcu/wiki/STM32MotorControl:STM32_MC_Motor_Pilot_-_Start-up_guide
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https://wiki.stmicroelectronics.cn/stm32mcu/wiki/STM32MotorControl:STM32_MC_Motor_Pilot_-_Start-up_guide
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