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STM32 motor control SDK v5.2 tools

Introduction

The STM32 motor control software development kit (MC SDK) is part of the
STMicroelectronics motor-control ecosystem. 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 (FOC)

o ST MC Workbench software tool, a graphical user interface for the configuration of the MC
FOC 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.

This user manual details the use of the software tools in STM32 motor control software
development kit.
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General information

Note:

1.1

3

General information

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

The ST MC Workbench software tool provides an easy way to configure motor control
application software matching a hardware setup. The projects it generates on this basis are
compatible with the use of STM32CubeMX for further extension or modification of the
application.

ST MC Workbench runs on a Windows® 7-based PC system equipped with a USB
Type- A connector for connecting to the application board.

Refer to the STM32 MC SDK release note for all information about possible use of the ST
MC Workbench software tool.

ST MC Workbench provides contextual information tips when the cursor goes over
parameters in the GUI window. 1

Definitions

Table 1 lists the 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 software tool)
MP Motor Profiler (STMicroelectronics software tool)
OCP Over-current protection
PFC Power factor correction
PMSM Permanent-magnet synchronous motor
PWM Pulse-width modulation
SDK Software development kit

a. Arm is a registered trademark of Arm Limited (or its subsidiaries) in the US and/or elsewhere.

UM2380 Rev 3




General information UmM2380

1.2 Reference documents

Arm® documents

The following documents are available from the http://infocenter.arm.com web page:
e  Cortex®-M0 Technical Reference Manual
e Cortex®-M3 Technical Reference Manual
e  Cortex®-M4 Technical Reference Manual

STMicroelectronics documents

The following documents are available from the www.st.com web page:

e  STM32FO0 Series product data sheets

e  STM32F1 Series product data sheets

e  STM32F2 Series product data sheets

e  STM32F3 Series product data sheets

e  STM32F4 Series product data sheets

e  X-NUCLEO expansion boards motor control - Selection guide on-line presentation

3
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2 ST Motor Profiler

The ST Motor Profiler software tool is used to identify the motor’s main PMSM
characteristics, which are further transferred to the ST MC Workbench.

2.1 Launching the ST Motor Profiler

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

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

Figure 1. ST Motor Profiler - Icon and location in the start program list

STMicroelectronics

15 FOC SDK,
’ &y | v430
° i - 'I.I'SG'U

%% ST Motor Control WorkBench

- i
gﬁﬁg I &7 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, or
e running it directly from the installation folder tree, as illustrated in Figure 1.

Figure 2. ST MC Workbench - GUI expanded top view

File Tools Help Documentation

F New Project Q Motor Pr_ofi?%r__@&

Recent Projects

Filename ;g_,c( Type MCUs control board power board motor
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A GUI window is displayed by the ST Motor Profiler, as shown in Figure 3.

Figure 3. ST Motor Profiler - Startup GUI

, ST Motor Profile

‘ 'I augmented

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

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

Speed and Current imits

Max Speed: RPM

ﬁ: & Select Boards Max Current: l:l Apk 0.28 - 30 Apk
VBus: \:l\l 8-400 V

Magnetic: (= SM-PMSM _/I-PMSM

Rs Ls _
o WA—G00™ -
Vaus . - i
o K nertic Ao Spe
i)
2.2 Hardware setup configuration

Click on the Select Boards button (as shown in Figure 3) to display the list of supported
boards, as illustrated in Figure 4. Select the used application board within this list.

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

3
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Figure 4. ST Motor Profiler - Hardware setup list examples

Hide obsolete boards

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

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 38h

STL220NGFT

@ Active
Bus voltage

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

Z Product Web Page

STEVAL-IPM10B 3Sh
STGIB10CHEO0TS L

@ Active
Bus voltage

DC Input volta
Ol.llpl.ﬁ peak c?l?rem 1.h-

& Product Web Page

2125 -400 Vdc
2125 -400 Vde
13A

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:

3

The number of pole pairs (mandatory field)

The Max Speed (optional field)

By default, the ST Motor Profiler tool searches for the maximum allowed speed
matching the motor and the hardware setup used.

The Max Current allowed by the motor (optional field)

By default, it is the maximum peak current deliverable by the hardware setup.

The nominal DC bus voltage used by the hardware setup (optional field)

By default, it is the power supply stage, either the bus voltage for low voltage
applications (DC voltage), or the RMS value for high voltage applications (AC voltage).
The magnetic built-in type (mandatory field)

By default, the SM-PMSM is selected.

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

UM2380 Rev 3 11/79
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Figure 5 gives 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 Speec: | 16000|RPH

Max Current: | 28| Apk 0.28-2.8 Aok

VBus: 12.V 8-48V

Magnetic: = SM-PMSM _ -PMSM

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

Pole Pairs: ‘ ?| 7= how to detect...

Speed and Current imits

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

VBus: 12|V 8-48V

Magnetic: '« SM-PMSM| = [-PMSM

Ld/Lq ratio: | 004 0.001 - 10

12/79
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2.3 Hardware setup connection

Once the ST Motor Profiler is configured, click on the Connect button, as shown in Figure 7.

Figure 7. ST Motor Profiler - Configured GUI

‘ 'I ife.augmented

Motor Profile'rﬁ%
Motion Control Suite ;'

@ NUCLEO-F302R8 ® X-NUCLEO-IHMO7M1 3Sh Pole Pairs: 7| = howtodetect..
STM32F302R3T6 L6230PD
Speed and Current limits
Max Speed: RPM
@‘I Max Current: l:IApk 028 -28 Apk
e VBus: I:IV 8-48V

QOne Motor Control connector Bus Voltage: 8 - 48 Vdc
ST-LINKA2 Embedded Output peak cument: 0.2 - 2.8 A Magnetic: =) SM-PMSM |-PMSM
' Product Web Page [ Product Web Page

€ Remember to properly configure the boards in Motor Control mode

@ Connect...
L

YT
(o] Ke Max Speed

Once the connection is requested, a status widows is displayed, as shown in Figure 8. Its
content depends on the hardware setup history.

Figure 8. ST Motor Profiler - Download status window

ST-Link

[ ST-Link Connection €
[ Executes a Full chip erase operation €)
(O Load binary and Verifies programming operation

(] Reset

3
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If a problem is encountered, a troubleshot message window (among those listed in Table 2)
is displayed to support recovery actions.

Table 2. ST Motor Profiler - Troubleshot message examples

Met;slzzge Information content Action needed
Depending on the status window:
Soamcton seror — If the programming procedure cannot be
executed, check the JTAG/SWD
Error rs:l:riler;an?;g;g:!wed. werify if this board requires both connection, programming cab|e_
— If the programming procedure is executed
Ok but the Motor Profiler cannot communicate
with the board, check the serial
communication connections.
rarning, Firmware Upgrade neuirad When the board is new or has been erased,
et e the e of the conmecied the motor profiler FW is automatically loaded
Warning s S into the microcontroller by pressing the
Upgrade Firmware button to confirm proper
Upgrade Firmware Cancel FW upload
Warning, Device family board mismatch.
Device family board mismatch.
Warnin Found STM32F30Td-%6-x8/F 302x4-%6-xB/F 31810 Acknowledge and return to the selection of the
9 S T boards used in the hardware setup.
Check ifthe connected board and selected one are the same.
Ok
Faults ©
UOEI”EF .".D:Iage In case of over- or under-voltage detection,
Faults n Erl"l':' age @ correct the bus voltage setting and its proper
Overheat connection to the power board.
Startup failure
Speed feedback
Cwer current
14/79 UM2380 Rev 3 Kyy
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Once the connection is successful, the Start Profile button is proposed in the GUI (see

Figure 9).

Figure 9. ST Motor Profiler - Connected GUI

"l ife.augmented

Motor Profile&%
Motion Control Suite §y, '

® NUCLEO-F302R8
STM32F302R8T6

One Motor Control connector
ST-LINKNZ Embedded

(@ Product Web Page

@ Disconnect

P Start Profile

® X-NUCLEO-IHMO07M1 3Sh
L6230PD

Bus Votage: 8 - 48 Vi

'de
Qutput peak cument: 0.28 - 2.8 A

[ Product Web Page

€9 Remember to properly configure the boards in Motor Control mode

Rs Ls
O—W— 0™

Vaus

Imex
o

Pole Pairs: 7| ™ howtodetect..

Speed and Current limits

Max Speed: RPM
Max Current: l:lApk 0.28 -2.8 Apk

VBus: \:l\l g-48V

Magnetic: ‘= SM-PMSM  I-PMSM
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Motor profiling

Click on the Start Profile button proposed in the GUI as indicated in Figure 9 to start motor

profiling.

The profiling first identifies the electrical parameters, and then the mechanical ones. In case
of over-current fault detection, the profiling is restarted with a reduced current.

When the profiling is successfully completed, all the motor measurements are shown in

green or orange (depending on their relative accuracy), as illustrated in Figure 10. When
one or more results are displayed in red, check the hardware setup and restart the motor
profiling sequence.

Figure 10. ST Motor Profiler - Profiled motor GUI

- ST Motor Profile

‘ " augmented

Motor Profile’l;%
Motion Control Suite §/ 7 5

@ NUCLEO-F302R8
STM32F302R8T6

=

One Motor Control connector
ST-LINKNV2 Embedded

(@ Product Web Page

@ Disconnect
P Start Profile
Save...

@ Play

€) Remember to properly configure the boar

® X-NUCLEO-HMO7M1 3Sh
L6230PD

37 B

.
Bus\Vbltage: 8 - 48 Vdc
Qutput peak cument: 0.28 - 2.8 A

[ Product Web Page

ds in Motor Control mode

Electrical Model
Rs Ls

VBUS
1275V lmen
1.01 Apk e

Pole Pairs: 7| ™= howtodetect..

Speed and Current [imiis

Max Speed: RPM
Max Current: |:| Apk

VBus: I:IV 8-48V

Magnetic: = SM-PMSM  I-PMSM

0.28-28 Apk

Mechanical Model

Friction 529.51 nN-mrs

F A
( ® i

Inertia Max Speed

353.18 nN-m-s* 15680 RPM

2.5

Profiled motor saving

Click on the Save button (refer to Figure 10) to store the motor measurements for later use
with the ST MC Workbench software tool. Figure 11 shows the menu displayed in that case:

e  Enter the name of the profiled motor, such as BR2804-1700KV-1
e  Provide details about the profiled motor, such as 3-phase motor with 7 pole-pairs under

12 Vdc

e  Eventually add details on the hardware setup used

16/79
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Figure 11. ST Motor Profiler - Save window

Save x

BR2804-1700KV-1

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

2.6 Motor spinning

Click on the Play button (refer to Figure 10) to spin the profiled motor.

Figure 12 shows the sequence of operations to operate the motor through the spin control
window:

1. Preset the maximum acceleration

2. Click on the Start button to activate motor control

3. Adjust the Speed [RPM] slider with the cursor

Figure 12. ST Motor Profiler - Spin control window (Start)

. Play with Motor x
| 2
| P Start
| Maximum Acceleration 3000) RPM/s
15680 0 15680
Speed [RPM]
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Figure 13 shows the two additional steps to stop the motor properly through the spin control
window:

4. Click on the Stop button to stop activating motor control
5. Click on the Done button

Figure 13. ST Motor Profiler - Spin control window (Stop)

Play with Motor 4

Maximum Acceleration 3000 | RPM/s Over woltage

Speed [RPM]

H Stop 4

Faults ©

Under woltage

Cverheat

15680 0 1 Startup failure
Speed feedback

7940 RPM Over current

2.7
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Closing the ST Motor Profiler

Click on the Disconnect button (refer to Figure 10) to release the connection properly and
close the ST Motor Profiler window by means of its upper-right icon. A confirmation window
is displayed (see Figure 14).

Figure 14. ST Motor Profiler - Tool closure confirmation window

Please confirm

Are you sure you want to close the application?

Any unsaved data will be lost.

Yes No

If the motor parameters have not been saved yet and need to be, proceed as follows:
1. Select the No button in the confirmation window

2. Click on the Connect button, as shown in Figure 7

3. Save the motor parameters, as detailed in Section 2.5

Clicking on the Yes button closes the ST Motor Profiler software tool, unsaved motor
parameters being lost.

UM2380 Rev 3 ‘Yl




UmM2380 The ST Motor Control Workbench

3 The ST Motor Control Workbench

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 15.

Figure 15. ST MC Workbench - Icon and location in the start program list

STMicroelectronics

FOC 50K

MZ 50K 501

M S5DK 5.0.3

% MCSDKS511

E MZ5DK5.1.3

Motor MC SDK 5.2.0

Control " Motor Profiler

Workbench %% MotorControl Workbench

@ Reference Manual 5.2.0
& Release Motes 5.2.0
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The ST MC Workbench GUI features three different areas (numbered boxes in Figure 16):

1. User-buttons: used to start a new project, to load a previous one, or to launch the ST
Motor Profiler software tool

2. Recent Project: used to load a recent project
3. Example Projects: used to load a project example

Figure 16. ST MC Workbench - GUI (Launch window)

File Tools Documentation

Help

New Project 2% Load Project T (7) 1 Motor Prof

— Mation Control Su

e,L§
Recent Projects

Filename ;g’c( Type MCUs control board power board motor
P-NUCLEQ-IHMO001/002 P-NUCLEOQ-IHMO001/002

38h - board: 3Sh - board Bull Running Motor
NUCLEO-F302R8 X-NUCLEQ-IHMO7M1

STM32F301x6/8 -

MySpinningMotor. stmcx 500 SINGLE STMA2F30246/8

Example Projects

Filename Type MCUs control board power board ‘motor -
i
NUCLEO-F303RE-IPMOSF-Shinano SINGLE STM32F302:E NUCLEQ-F303RE STEVALAPMOSF e oEaNL 1
NUCLEO-F303RE-IPM10B-Shinano SINGLE STM32F303:E NUCLEO-F303RE STEVAL-PM10B D S0EaNLA 1
NUCLEQ-F303RE-IPM158-Shinano SINGLE STM32F3031E NUCLEQ-F303RE STEVAL-PM15B S OEaNL 3
NUCLEO-F303RE-X-NUCLEQ-HMO7M1-BullRu SINGLE STM32F303:E NUCLEQ-F303RE K-NUCLEO-HMOTM1 gg’;?gﬂ‘;guw ]
NUGLEO-F303RE-X-NUCLEO-HMOBM1-Shinar SINGLE STM32F303:E NUCLEO-F303RE XNUCLEO-HMoBMT  PRnane

P-NUCLEO-HMO001 3Sh P-NUCLEO-HMOO1 38h

STM32F301x6/6 - N N Bull Running

P-NUCLEO-HM001-BullRunning SINGLE - board - board:

STM32F302:6/8 NUCLEO-F302R8 %-NUCLEO-HMo7M1  BR2804-1700kV "I
P-NUCLEO-IHM001 38h P-NUCLEO-IHMOO1 3Sh

P-NUCLEO-HMOO1-Shinano SINGITERL e SIELY

- board: - board:
¥ -~ .augmented
STM32F302x6/8 NUCLEO-F302RS8 Y-NUCLEQJHMO7MA LADS2-080E3NL1 g
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3.1 Creating a new project

Clicking on the New Project button (see Figure 16) displays the New Project window (see
Figure 17) used for the definition of the hardware setup information through steps 7 to 4:

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 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 17. ST MC Workbench - New Project window

Application type System
Custom 9 Single Motor Dual Motors

Select Boards: | ) Inverter MC Kit 0 Power & Control

Contral
custom board »  Control board where the
control stage parameters ha...

Power
custom board «  Power board where the
power stage parameters h___

Motor

Genaric Law voltage <= 50V Maanetic structure Surface Mounted
- Pole Pairs 2

Generic Low voltage <= 50/ Nominal Speed 4000 rom

Genenic High voltage > 50V Nominal Voltace 24V

Shinana LAOS2-050ENLT Nominal Current 1.8 Apk

Bulf Running BRZE04-1700kv

Alfen Bradley TL-A220P-H/32AN

3-phase Motor BR2804

motor created by user

The created project imports the hardware settings according to the selected boards and
motor profiling results. It also imports other settings like the PWM frequency and the startup
acceleration used during motor profiling.

3
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3.2

3

After a few seconds, a New Project Info window is displayed where the motor operating
conditions can be checked, as shown in Figure 18.

Figure 18. ST MC Workbench - New Project Info window

MNew Project Info ﬁ

@ 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
Mominal Voltage: 121V Cut off Frequency: 6000 rad/s

These values have been imported into the project

Clicking on the OK button opens the same GUI (as if loading an existing project), as detailed
in Section 3.2.

Loading an existing project

Clicking on the Load Project button (see Figure 16) displays the hardware configuration
window used for the tuning of hardware setup information, shown in Figure 19:

Icons and Menu: used for the control of all project settings such as project workspace
directory, used IDE, and others

Hardware details setting buttons: used to fine tune the functionalities of the selected
hardware, such as motor parameters or sensor use

Main hardware settings: view of the main parameters at a glance

User information: feedback about user actions on project settings. As an example, it
can inform the user that a new project has been created, but not yet saved

Hardware setup information: informs the user about overall hardware part settings
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Figure 19. ST MC Workbench - Hardware configuration window (global view)

File Teols Help Documentation
@|J| I % @ ¥+ [ eﬁ‘—kunsandMenuarea
Motor: Bulf Running BRZ804-1700kv -  Control Board: P-NUCLEO-IFMO0T 38h - board NUCLEO-F302R8 - Power Board: P-NUCLEO-HMOOT 35h - board: X-NUCLEO-HMOZMT I r
f - ! "j
AC Inputinto [PEE 4 1=.cugmeniec
Al |, Rated Bus Votage
Hardware setup o 4 VG-V
information 1
0
Hardware details settings
Drivers buttons area
Control Unit Phase v MIRNEIIR «—
— v M
Drive Management
BT 3 A3 -3 —
g:sur_anr |
- nsing |
User
et B |
Clock Freq. A . Profection |
I
I
I
I
Speed N |
sensing
Main hardware settings User information !
arizhle Moo it Time Motor  Id  Message
Pl frequency 30000 iz @ nas The 'LCD"is not supported in the FW for SDK5.x. All parameters wil be disabled.
ge””’ se:‘*“'”“ main Sensordess (ObserversPLL) @ o The PPFCis not supported in the FW for SDK5x excepted for SDK for 'STM32F103 High Density’. Al parameters willbe disa...
TE”S‘”;;EC“";S”" | R @ 025 The ‘Sensorless (HFl+Observer]'is net supported in the FW for SDKSx. Al parameters will be disabled
orquedFlox - Execution rate penads 0 03:20:55 F2 mcus are not supported in the FW for SDKSx
Bus voltage sensing e @ 0205 F103 High Denstty in dual Mctor mcus are not supported in the FW for SDKSx
Over-voftage e O 03205 The new projsct P-NUCLEC-HMO01-BullRunning (to be saved ) has besn created as copy of the example project P-NUCLE.
Underwattage frue
Temperature sensing true
Cumert readingtopology ~ Three Shunt Resistors
Infa / Emors / Wamings | Change Log

The following sections provide detailed informations about the areas shown in Figure 19:
e  Section 3.3: Icons and Menu area

e Section 3.4: Configuring a project

e  Section 3.5: Main hardware settings

e  Section 3.6: User information

3.3 Icons and Menu area

The Icons and Menu area is used for the control of project settings through several menus,
described in this section:

e  File menu on page 26

e  Tools menu on page 28

e  Help menu on page 33

e  Documentation menu on page 35

Shortcuts exist through usage of icon buttons, as summarized in Table 3.
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Table 3. ST MC Workbench — Menu icons

Function

Icon

Description

Create a new project

+)

Create a new project, as shown in Figure 17

Load an existing project

L=

Load and open an existing project, as shown in Figure 19

Save the current project

Save the current project settings

Clear the log

Clear the user information sheet, as shown in Figure 35

Pins assignment

» X L

Check the pin assignment of the MCU as well as the pins left available, as
shown in Figure 27

Generate or
Update the project

-

Open the GUI to Generate or to Update the MC application project files for
the selected IDE, as shown in Figure 33

Open Monitor

Monitor and spin the motor, as shown in Figure 34

Help

Open the on-line help file

About

Check the ST MC Workbench software tool version, as shown in Figure 38

3

UM2380 Rev 3 2579




The ST Motor Control Workbench UmM2380

3.3.1

26/79

File menu

Figure 20 shows the File menu of the hardware configuration window.

Figure 20. ST MC Workbench - File menu

File | Tools Help Documentation

]

New Project 'y F
O %00

L3 Open Project...
Close Project
Save Project

=
A Save Project As...
= Properties

Recent List 3
Recent List Delete

@ Exit

| U

This menu allows the user to:

Create a new project, as shown in Figure 17
Open an existing project, as shown in Figure 19

Close the current project.
If the project is not saved yet, a confirmation window is displayed asking for one of
three possible answers, as shown in Figure 21:

—  Yes: the current project is saved
— No: the current project is not saved and its settings are lost
—  Cancel: returns to the hardware configuration window shown in Figure 19

Save the current project settings.
If the project is not saved yet, a file manager window is displayed asking to save the
current project settings as a new project, as shown in Figure 22

Save the project settings as a new project.
A file manager window is displayed asking to save the current project settings as a new
project, as shown in Figure 22

View the project properties.
A window is displayed with some project informations, as shown in Figure 23

Load an existing project from the recent-project list.
If the current project is not saved yet, a confirmation window is displayed asking to
delete it from the recent project list, as shown in Figure 24

Delete the recent project list, after user confirmation, as shown in Figure 25

Exit from the hardware configuration window.
If the project is not saved yet, a confirmation window is displayed asking for one of
three possible answers, as shown in Figure 21:

—  Yes: the current project is saved
— No: the current project is not saved and its settings are lost
—  Cancel: returns to the hardware configuration window shown in Figure 19
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Figure 21. ST MC Workbench - Project saving confirmation window

'e. Save project before close?

Organize ~ New folder

o Libraries
. Documents
. Git
4. Music
= Pictures
!, Videos

& Computer
& OSDisk (C)

(lls 2pdl | * Computer » OSDisk (C) b WorkSpace b SDK5.00 b ~| 43 )| Search sps.00 L

Name Date maodified Type

| Euro2017 - Example 2/6/2018 4:45 PM File folder

m

~ 4| 1

1T Sl S DK 5 0x-P-NUCLEQ-IHMO001 -BulIRunning.stmex|

Save as type: IST Workbench (*.stmcx)

= Hide Folders

Property
Mame
Output path

Section
Type

Walue

P-MUCLECHHMO01-BullRunning
CAUsers'frg 02635 Documents My WorkdingArea"\MCD\Customers Support* Tickets & DEMBu...

FMSM
SINGLE
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Figure 24. ST MC Workbench - Recent project list confirmation window

5T Motor Control workcenc i

% The file CA\WorkSpace\SDK5.0.0\MySpinningMotor.stmcx doesn't
exist.
Do you want remove the item from MRU list?

Figure 25. ST MC Workbench - Project deleting confirmation window

| ST Motor Control |

3.3.2 Tools menu

Figure 26 shows the Tools menu of the hardware configuration window.

Figure 26. ST MC Workbench - Tools menu

File | Tools | Help  Documentation

¥ Generation

) Monitor
# Clear Log
r..': Export Log

v | Restore Info Message
- T—
Fower Stage
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This menu allows the user to:

e  Check the pin assignment of the MCU as well as the pins left available, as shown in
Figure 27:

Click on the Check button to control the coherency of the pin assignment. A
reporting window is displayed, see Figure 28. Use the OK button to close it.

Click on the Reset button to restore the default pin assignment of the
STMicroelectronics board. A confirmation window is displayed, see Figure 29.
Click on the Yes or No button to confirm or invalidate the action.

Close the window (upper-right click) to cancel the pin assignment action.

e  Generate the MC application project files for the selected IDE:

If the current project is not saved yet, a file manager window is displayed asking to
save the current project settings as a new project, as shown in Figure 22.
Canceling this action, displays an information window indicating that the project
needs to be saved before generating any files. Use the OK button to close it, as
shown in Figure 30.

If the current project is saved, a project settings window is displayed to select the
STM32CubeMx version usage (if several ones are installed) and to select the IDE
toolchain (note that HAL/LL driver selection is not used in this current MC
Workbench version).

Click on the Generate button to create the *.ioc file, or click on the Update button
to update an existing *.ioc file (useful to keep additional modifications from
STM32CubeMX usage).

Then, the Generation tab is activated to inform about the used version
configuration, and to show the IDE toolchain generation log (see Figure 31) while
the user information sheet is updated (see Figure 32). When completed, the user
has to manually close the progression window.

. Monitor and spin the motor, as shown in Figure 34. Refer to Section 3.7 for details.
e  Clear the user information sheet, as shown in Figure 35.

e Export the user information sheet in a log file in text format and open it in a text editor,
as shown in Figure 36.

e  Show user information messages when necessary.
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Figure 27. ST MC Workbench - Pin Assignment window

Press check button for more information

Check | [ Reset

Function Port/Pin Available Shared
Motor Contral Timer (TIM1)
CH1 A3 CO0 A8
CH2 A3 C1 A8
CH3 AlD C2 A10
BKIN AN c3 AN
Start/Stop button Pin (DIO - BTN)
GPIO ci3 Cc13
Driver Signal Enable (DIO - MCT - Enb)
GPIO cio cio
GPIO c11 c11
GPIO ci2 ci2
USART Channel (USART2)
X A2 A2 Al4,B3
RX A3 A3 A15.B4
Phase current feedback ADC (ADC1)
ADC1_IN1 AD Al
ADCI1_IN7 ci ci
ADC1_ING co co
Bus Voltage feedback ADC (ADC1)
ADC1_IN2 Al Al
Temperature feedback ADC (ADC1)
ADCI1_INS c2 c2
DAC (Debug)
CH1 A4 A4
Conflicts:
- functions: 0
- pins: 0

Figure 28. ST MC Workbench - Pin Assignment check window

| : Pin assignment check ok!
i

All custom configuration are lost.

' Do you want to continue?
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Figure 30. ST MC Workbench - Information window

'0 You have to save at least once the project before generating the
W' iles.

Generation

Version info:
MC Workbench : -1.0.18254

WE_to_Mx - 0.11.8
STM32CubeMx - 4.25.1

MC Firmware Library: 1.1
Ceneration options:
Target Toolchain : IAER EWABRM
Target Driver : HAL - Hardware Abstraction Layer

Generating. ..

C:\WorkSpace \SDES.O0.0NTests\Test MCOCSDEN
-..%"Test MCSDE.icc
...hw.extSettings
-.-%"Test MCSDE.iocc.kbak

Code generation started

-template-18-0&-05

Figure 32. ST MC Workbench - User information sheet example

Time
02:51:37
02:51:37
02:51:37
02:52:19

ceeee

Motor Id Message
Project 'SDK50x-P-NUCLEQ-IHMO01-BullRunning' saved successfully.
Generation files starting
Create the output folder C:\WorkSpace\SDKE.0.0\SDK50x-P-NUCLEQ-IHMO01-BullRunning
File generated on folder: 'C:\WorkSpace\SDK5.0.00\SDK50x-P-NUCLEO-IHMO01-BullRunning'

Info / Errors { Warnings | Change Log
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Figure 33. ST MC Workbench - Project Settings option window

Settings | Generation

STM32CubeMx
.4'25' 1

Target Toolchain
IAR EVVARM

il MOK-ARM V4
il MOK-ARM V5
ST SW45TM32
ST TrueSTUDIO

HAL/LL Drivers Selection

:HAL - Hardware Abstraction Layer

| ’ Generate

Figure 34. ST MC Workbench - Monitor window

File Tools Help

Status

O K I® ¢

Documentation

e 0 o Port COM3

- 115200 - & .

. &

o

‘Sensor selection main
Sensor sslection aux
Torque&Fux - Execution rte
Bus voltage senising
Overvottage

Underwoltage

Temperature sensing
Currert reading topology

Sensorless (Observer=PLL)

1 PWHM periods

true
Three Shurt Resistors

Basic | Advanced | Registers | Configuration Device not connected Generic
Net connected
° 1000
Faults 150 200 1000 Motor 1
100 250
@ rocdumtion T, 10 500 1800 500 Start Motor
@ Overvotage oo Q Stop Motor
@ Undervokoge 0o 0w a0 00
Stop Ramp
O Overmeat \
Fault Ack
Start-up fail
Q@ satwiaire Bus Vokags (Volt) 12 Motor Power (W)
@ Spesdfeedback Encoder Align
@ Overcurent All motors
@  Software eror
10000
PFC
Manior {3, 15000 PFC Enabls
0
FFC Disable
Measured speed (pm)
PFC Fault Ack
4998
Measured speed fipm) 0 Final ramp speed (pm)
augmented
iz g ok Bene Motar |l | Messags
PWM frequency 30000 Hz

Info / Emors / Wamings | Change Log
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Figure 35. ST MC Workbench - User information sheet cleared

Time

Motor Ild Message

Info [ Errors { Wamings |Change Log‘

Figure 36. ST MC Workbench - User information log file example

| SDK50x-P- =

File Edit Format View Help

App: STMCWB ~

Time: 02/20/2018 15:09:46

Project: SDK530x-P-NUCLEO-IHMOO1-BullRunning

Filename: C:\WorkSpace\SDK5.0.0\5DK50x-P-NUCLEQO-THM001-Bul1Running. log

Type Time Motor TId Message

UNK  03:08:27 Generation files starting

UNK  03:08:54 File generated on folder: 'C:\WorkSpace\SDK5.0.0\SDK50x-P-NUCLEQ-IHM001-BullRunning"'
3.3.3 Help menu

3

Figure 37 shows the Help menu of the hardware configuration window.

Figure 37. ST MC Workbench - Help menu

File Tools

This menu allows the user to:
e Have easy access to the on-line help file

e  Check the ST MC Workbench software tool version.
Select the About... menu to prompt the software tool version window, and click on the
OK button to quit this window, as shown in Figure 38.

UM2380 Rev 3 33/79




The ST Motor Control Workbench

UM2380

34/79

Figure 38. ST MC Workbench - About window

About 5T Motor Contr

augrmented

ST Motor Contral Warkbench

Ver. 5.2.0.18503

Copyright © STMicroelectronics 2018

onling support

MCSDE_v5.2.0-Full
WE_to_Mx version "0.13.3"
WE_to_M«template version "18-08-02"

[Device]
Device not connected

[Modules]
MMICalc DLL - Version 1.0.4.0
Basic Motor Cantrol Serial Protocolo Library - Version 3.3.0.0

TL_003 Frame Transport Layer - Version 1, 0, 0, 0

This software is provided under the acceptance of the license agreement. By
using the Licensed Software, You are agreeing to be bound by the terms and
conditions of this Agreement. Do not use the Licensed Software until You have
read and agreed to all terms and conditions.

View the End-User License Agreement
-OK
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3.34 Documentation menu

Figure 39 shows the Documentation menu of the hardware configuration window.

Figure 39. ST MC Workbench - Documentation menu

File Teoels Help | Documentation

(g Release Note 6

Z Getting Started
@ Firmware Reference

Fower Stage

This menu allows the user to:

e Have access to the STM32 MC SDK documents in pdf format
e Read the STM32 MC SDK package Release Note

e  Open the on-line STM32 MC Firmware Reference document

3.4 Configuring a project
Depending on MC application software needs, MC FOC firmware is set according to the
hardware part used. The following functionalities are detailed in this section:
e Motor on page 35
e  Power stage on page 38
e  Drive management on page 47
e  Control stage on page 59

3.41 Motor

Figure 40 shows the Motor window used for motor configuration. The user has to click on
the motor or on the sensor to pop-up the GUI for parameter settings:

e the motor parameter GUI is shown in Figure 41
e the sensors GUI is shown in Figure 42

3
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Figure 40. ST MC Workbench - Motor window

. Rated Bus Voltage
1IV{E-IEBV

=
g
;
|

. Drivers )
Control Unit Phase u TR JIR I I
m R I ]
e wana: i
BN 3 3 43 i o=
1 i
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MCU and f Rl Interfoc 2
Clock Freq, - ' i 4

| |
H B

The PMSM motor parameters are imported from the ST Motor Profiler tool (refer to
Section 2) or entered manually, as shown in Figure 41.

Figure 41. ST MC Workbench - Motor parameter GUI

Moty | Cavmon
Magras @ty irnarmal PGA -
bezecal parteny
e By 7
by Spplcaon fpesd TG0 o]
taomwl Cumet 120 gl
Yaormwnal 07 ‘oo g1l W
Fa an L b
L 08X IomH
L4s rat 1000
B £ coritart o4 o e pe
Sarvm
%] i Posa
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The selection of the sensors used (all selection configuration are allowed) and the setting of
sensor parameters is illustrated in Figure 42.

Figure 42. ST MC Workbench - Sensor parameter GUI

Mator | Sensors

Sensors
Hall sensors
Sensors displacement 120 | deg

Placement electrical angle 300 = deg
CQuadrature encoder

Pulzes per mechanical revolution 400 =

im——

Click on the Save parameters buttons (refer to Figure 41 and Figure 42) to reuse the
parameters in a following new project. The save motor parameter window asks for a name

and a short description of the set parameter, as shown Figure 43.

Figure 43. ST MC Workbench - Save motor parameter window

Mame
Bull Runner

Description

Doc example|
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3.4.2

Power stage

Figure 44 shows the Power Stage window used for power stage configuration through
several GUIs for parameter settings:

AC voltage input information (refer to Figure 45)

DC bus voltage input (refer to Figure 46), and sensing information (when supported;

refer to Figure 47)

Temperature sensing use (when supported; refer to Figure 48)
Current sensing use (refer to Figure 49 and Figure 50)
Over-current protection setup (when supported; refer to Figure 51)

Power drivers setup (x3; refer to Figure 52)
Power switches setup (x6; refer to Figure 53)
Brake use (when supported; refer to Figure 54)

Inrush Current Limiter feature (when supported; refer to Figure 55)

Power Factor Correction feature (when supported; refer to Figure 56)

Figure 44. ST MC Workbench - Power Stage window
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9 Control Unit
Drive Management
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Figure 45 shows the AC Input Info GUI where the user applies the pre-defined AC voltage
range or customizes it according to the hardware setup. In addition, an input over-voltage
protection is set by default to the maximum AC voltage. To modify it, uncheck the box and
enter the desired threshold value.

Figure 45. ST MC Workbench - AC Input Info GUI

Hardware Settings Hardware Settings
Vatage 230V - 50 - Vekage T -] N
Leeum 1 i Ve & 50k Hiremum 15V - boks I ® S0H:
M 2 i m B0 He Manermm f&-m:ﬁ_ﬂ =] L.
Harurual FE T T~ Wy hisnal 1) 7~ e
Firmware protection Firmware protection
Chomrwaltage Chvrr ot age
¢ Sl nterverton heeshold b miomum povelr 2808 rput volags ¢ Sl imtervertion hreshold 4o miomum power Bage npul volags
Dione Do
—_ —_— =
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Figure 46 shows the Rated Bus Voltage Info GUI where the user configures the DC bus
voltage input range (minimum and maximum rated values), as well as the nominal voltage.

Figure 46. ST MC Workbench - Rated Bus Voltage Info GUI

OWE age - Rated B

Rated Voltage

Min rated volttage

Max rated voltage

Mominal voltage
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The sensing implementation topology and related values can then be defined, as shown in
Figure 47. The inverse value of the DC bus voltage divider is automatically computed.

Power Stage - Bus Voltag

Figure 47. ST MC Workbench - Bus Voltage Sensing GUI

Whus feedbock
0

Ra
100.0 = kOhm

i
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Figure 48 shows the Temperature Sensing GUI where the user configures the temperature
sensing range as a function of the hardware setup. In addition, an input over-temperature
protection is set by default to the maximum working temperature. To modify it, uncheck the

box and enter the desired threshold value. The hysteresis value can be updated as well by
the user.

Figure 48. ST MC Workbench - Temperature Sensing GUI

Hardware Settings

Temperature sensing - V0 1055
Temperature sensing - TO 250
AVAAT 227

Max working temperature on sensor | 110

Firmware protection

Enable

Cver-Temperature
Set intervention threshold to power stage max working temperature

Hysteresis

UM2380 Rev 3 41/79




The ST Motor Control Workbench

UM2380

Figure 49 shows the Current Sensing GUI where the user selects the current sensing
topology, and defines the conditioning method. Clicking on the Calculate button displays the
Current Sensing Gain Calculator GUI, which is useful for setting the amplifying network gain

value.

Figure 49. ST MC Workbench - Current Sensing GUI

Shunt ressiorhy] vslue

eyl e o1 B3RS

Al Astwords gan

Figure 50 shows the Amplifying Network Gain Calculator GUI where the user configures the
sensing implementation topology and related values.

Figure 50. ST MC Workbench - Amplifying Network Gain Calculator GUI

MA
vy
R4

680}~
Rs| 2800)2
Enable

Amplifying Network Gain Ca &3]
Vi 335
Imax 28015
Ry | 2200

Rshunt 0.3300hm

P,.,n'..g 05
Parameters Result
Name Value Unit  Description Name Value Unit  Description
Imax 280 A Desired maximu... Qverall gain 1.289 Overall gain of t..
Vm 33 v Reference volta... Offset networl attenuation 0644 Signal attenuatio...
Rshunt 0330 Ohm  Shurt resistor va Op-amp gain 2.000 Gain of the "No
P-rating a5 W Shunt resistorm.. Wout (polarization) 1314 ¥ Opamp output v...
R1 680 Ohm  Resistance of th.. Min Vout 0124 ¥ Opamp output v..
R2 2200 Ohm  Resistance of th Max Vout 2505 V  Opamp output v
R3 2800 Ohm  Resistance of th.. Power dissipated on shurtt 0647 W Power dissipate...
R4 2200 Ohm  “Non-nverting” ...
R5 2200 Ohm  "Non-nverting”
Vmcu 33 v MCU voltage

Exot Corim
Note: All the needed firmware values are automatically computed.

42/79

UM2380 Rev 3

3




UM2380

The ST Motor Control Workbench

Click on the Export button to save the configuration and generate an HTML page with the
implementation and the computation reported. Click on the Confirm button to save the
configuration. Click on the Cancel button to invalidate the modification. Both buttons close
the window.

Figure 51 shows the Over Current Protection GUI, where the user configures the external
over-current protection comparator settings. It illustrates the selection of the trigger input
signal polarity from the related drop-down box. This value is also known as the over-current
feedback signal polarity.

Depending on MC application software needs, the user can decide to use an output pin to
disable this external OCP mechanism. In this case, the Over-current protection disabling
network checkbox must be checked and the active signal polarity set.

If the internal comparator is used, refer to Control stage.

Figure 51. ST MC Workbench - Over Current Protection GUI
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Note:

44179

Figure 52 shows the Power drivers GUI where the user parameterizes each power driver
(one per motor phase) with its high- and low-side values.

Figure 52. ST MC Workbench - Power drivers GUI

High side driving signal
Polarty
Active low
l

Low side driving signal

Complemerted from high sids

Active high
HW inserted dead time 200

Driver enabling signal

signal
Palarity Active high

Force same values for UV W Driver

[ Share signal enable

The user can easily force the same settings for all three power drivers by ticking the “Force
same values for U, V, W Driver” checkbox.

When the low-side driver is not hardware driven and complemented from the high side, the
HW inserted dead-time definition is useless. Otherwise, the dead-time must reflect the
implemented hardware electrical characteristics.

Select the Share signal enable checkbox to save the two other remaining Low side driver
enabling pins (refer to Control stage).

Figure 53 shows the Power Switches GUI where the user configures the six power switches
according to their electrical characteristics.

Figure 53. ST MC Workbench - Power Switches GUI

Min dead4ime

Max switching frequency
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Figure 54 shows the Dissipative Brake GU| where the user selects the active signal polarity
used for the braking usage.

Figure 54. ST MC Workbench - Dissipative Brake GUI

Active high -

Active low
|

Figure 55 shows the Inrush Current Limiter GUI where the user selects the active signal
polarity used for the Inrush Current Limiter. This GUI offers the possibility to configure the
activation startup if needed.

Figure 55. ST MC Workbench - Inrush Current Limiter GUI

Hardware Settings

Additional Features Additional Features

Active

3

UM2380 Rev 3 45/79




The ST Motor Control Workbench UmM2380

Figure 56 shows the Power Factor Correction GUI where the user reflects hardware settings
and defines the PFC firmware parameters.

Figure 56. ST MC Workbench - Power Factor Correction GUI
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343 Drive management

Figure 57 shows the Drive Management areas used for the configuration. Clicking on the
Firmware Drive Management box gives access to the configuration of:

e  Speed/Position Feedback Management

e  Drive Settings

e  Sensing Enabling and Firmware Protections
e  Start-up Parameters

e Additional Features and PFC settings

Figure 57. ST MC Workbench - Drive Management window
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The following figures detail the Speed/Position Feedback Management GUI, where the user
selects and configures the sensor(-less) as the main one, and eventually the auxiliary as
another one, measuring the motor speed or position.

e  Through the Sensor-less (Luenberger observer + PLL) selection (Figure 58), user
configures the sensor-less estimator. User may also customize the Luenberger
observer and the PLL PI filters.

e  Through the Sensor-less (Luenberger observer + Cordic) selection (Figure 59), user
configures the sensor-less estimator. User may also customize the Luenberger
observer Pl filter.

e  Through the Quadrature encoder selection (Figure 60), user parametrizes the sensor
usage. User choses the counter direction.

e  Through the Hall sensors selection (Figure 61), user parametrizes the sensor usage.

e  Through the Auxiliary sensor tab, user selects and configures a second sensor(-less),
measuring the motor speed or position. To avoid mistakes, user can select only the
supported but remaining sensor(-less) when enabled (Figure 62).

3
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Figure 58. ST MC Workbench — Speed/Position Feedback Management GUI

(Sensor-less using Luenberger observer + PLL)

Main sensor l Auxiliary sensor ]

Sensor selection [Sensor—less {Observer+PLL)

Max measurement emors number before fault 3
Observer=PLL
Variance threshold
Average speed depth for speed loop
Average speed depth for observer equations
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B-emf consistency gain

[] Manual editing enabled

Observer

[ Back compatibiity
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Figure 59. ST MC Workbench — Speed/Position Feedback Management GUI
(Sensor-less using Luenberger observer + Cordic)

Main sensor l Auxiliary sensor ]
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Figure 60. ST MC Workbench — Speed/Position Feedback Management GUI
(Quadrature encoder)
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Figure 61. ST MC Workbench — Speed/Position Feedback Management GUI

(Hall sensors)
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Figure 62. ST MC Workbench — Auxiliary sensor(-less) GUI

Main sensor  Suxiliary sensor l

Enable awdliary sensor

Sensor selection [Quadmture encoder

3
Quadrature Encoder

Average speed FIFO depth

Input Capture filter duration

Reverse courting direction

3

52/79 UM2380 Rev 3




UmM2380 The ST Motor Control Workbench

Figure 63 shows the Drive Settings GUI, where the user configures the PWM generation,
the Speed or the Torque regulator, the Flux regulator and the default control settings.

Figure 63. ST MC Workbench — Drive Settings GUI

PWM generation and cument reading Default settings

PWM frequency 30000 2 Hz
High sides PWM idle state
Target speed 3000 2| mpm

Low side signals and deadtime

Tum-off

Torque and flux regulators

Speed regulator Execution rate PWM periods

Execution rate L
cution e Cut-off frequency 6000 <] redss

Torque
1000 s |18 o

600 &/ [256

136

Manual editing enabled

[] Manual editing enabled

The PWM frequency is used to drive the power switches, while the PWM idle state for High
and Low sides are usually Turn-Off (area 1).

The Speed or the Torque regulator (areas 2 and 4) configures the algorithm execution rate
(or Medium Frequency Task) linked with the Systick frequency usage. It is also the place
where user may customize the Speed or the Torque Pl filters.

User selects the default control mode (Speed or Torque) and its parameters in area 3.

The flux regulator (area 4) configures the motor flux control execution rate (or High
Frequency Task) linked with the number of PWM periods. User may also customize this PI
filter.
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Figure 64 shows the Sensing and Firmware Protection GUI where the user configures the
DC Bus voltage protection mechanism. From this interface the user can recall the other
protection mechanism GUI, Temperature and AC Input voltage.

Figure 64. ST MC Workbench — Sensing and Firmware Protection GUI

Drve Mansgement Sendng
DC Bus voltage sensing

Enable

Overvoltage Undervoltage

Mator contral Enable
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The following figures show the Start-Up Parameters GUI, where the user customizes the
motor ramp-up phase during a start-up sequence. User chooses between normal Rev-Up or
On-the-Fly start-up, and between Basic or Advanced profiles.

e Through the Basic Rev-Up phase (Figure 65), user defines the motor speed ramp and
its current consumption during that timeframe. When enabled, he also defines the
transition duration between the open-loop and the close-loop.

e  Through the Basic On-The-Fly phase (Figure 66), user defines the motor speed ramp
and its current consumption during that timeframe. Then, he also provides the speed
detection duration for the estimator convergence before testing the loop closure.

e  Through the Advanced Rev-Up phase (Figure 67), user defines up to five ramps for the
motor speed and its current consumption during a provided duration. Then, user
choses the first ramp to start from. When enabled, he also defines the transition
duration between the open-loop and the close-loop.

e  Through the Advanced On-The-Fly phase (Figure 68), user defines up to three ramps
for the motor speed and its current consumption during a provided duration. Then, user
also provides the speed detection duration for the estimator convergence before
testing the loop closure.

During this ramp-up phase, the loop is tested as a closed one when the estimated speed
range is within the provided variance (band tolerance). It is based from a minimum output
speed. User defines the number of consecutive passed tests to consider the loop as closed.
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Figure 65. ST MC Workbench — Start-Up Parameters GUI (Basic Rev-Up)
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Figure 66. ST MC Workbench — Start-Up Parameters GUI (Basic On-the-Fly)
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Figure 67. ST MC Workbench - Start-Up Parameters GUI (Advanced Rev-Up)
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Figure 68. ST MC Workbench — Start-Up Parameters GUI (Advanced On-the-Fly)
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Figure 69 shows the Additional Features and PFC settings GUI, where the user selects the
additional features usable for its motor control.

Note that when the Flux Weakening feature is selected, user parametrizes the Pl filter, as
well as the upper limit of the voltage to apply.

The Inrush Current Limiter button is popping-up the GUI shown in Figure 55.

Figure 69. ST MC Workbench — Additional Features and PFC settings GUI

Fliee weakening A weakening

anoo
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5000
[7] Feed Forward

Voltage limit
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Control stage

Figure 70 shows the Control Stage window used for the configuration of:
e MCU and clock frequency

e Analog input and protection

e  DAC functionality

e Digital IO

e Userinterface
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Figure 70. ST MC Workbench - Control Stage window
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Figure 71 shows the MCU and Clock Frequency GUI, where the user selects the MCU
used, as well as its clocking information.

Figure 71. ST MC Workbench — MCU and Clock Frequency GUI
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Figure 72 shows the Analog Input and Protection GUI, where the user selects the MCU pin
assignments and configures the analog input parameters.
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Figure 72. ST MC Workbench — Analog Input and Protection GUI (Phase current feedback)
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Through the Phase current feedback tab, the user
Configures and selects the ADC for the motor current acquisition, as well as its pins

usage (area 1). Note that the GUI reflects either the 1- or the 3-shunt topology

selected.

Configures the current sensing topology

— internal (Embedded PGA), area 2: user selects and sets the MCU Op-Amp usage
as well as the pin assignments, and defines the overall network gain (thanks to the
Calculate button that pops-up the GUI shown in Figure 50).

—  external (operational amplifier) to the MCU

—  no protection

— internal (embedded HW OCP), area 3: user sets the MCU comparator usage as
well as the pin assignment

— external to the MCU (only the Digital filter duration is required)

Configures the over-current protection topology:

UM2380 Rev 3
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Through the Bus voltage feedback tab (Figure 73), user selects and configures the ADC for
the DC bus voltage acquisition as well as its input pin usage.

A click on the Bus Voltage Partitioning button pops-up the GUI shown in Figure 47.

Figure 73. ST MC Workbench — Analog Input and Protection GUI
(Bus voltage feedback)
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Through the Temperature feedback tab (Figure 74), user selects and configures the ADC for
the temperature image acquisition (usually an NTC resistor) as well as its input pin usage.

Figure 74. ST MC Workbench — Analog Input and Protection GUI
(Temperature feedback)
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Through the PFC stage feedback tab (Figure 75), user selects and configures the ADC for
the PFC current sensing and the AC voltage sensing, as well as their input pins usage.

Figure 75. ST MC Workbench — Analog Input and Protection GUI

(PFC stage feedback)
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Figure 76 shows the DAC functionality GUI, where the user selects the DAC channel used
for debug (if any) and the data to output.

Figure 76. ST MC Workbench — DAC functionality GUI

Control Stage - DAC Fun
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Figure 77 shows the Digital I/O GUI, where the user configures the Timers used to
e control the power switches

e control the PFC driver

e configure the serial communication link for the UART

e interface the Encoder or the Hall sensors for the speed/position acquisition

e configure the Inrush Current Limiter.

Figure 77. ST MC Workbench - Digital /0 GUI
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Figure 78 shows the User Interface Add-on GUI, where the user configures the interface for
the control board usage: LCD (if supported), a Start/Stop push-button, and/or the serial
communication link with software application.
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Figure 78. ST MC Workbench — User Interface Add-on GUI
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3.5 Main hardware settings

At a first glance, the user can view the main hardware settings reflecting all the main
parameters as follows:

66/79

PWM frequency used
Main sensor usage selected

Auxiliary sensor usage selected when the hardware setup supports it
Torque and flux execution rate: it is the number of PWM periods executed during only

one complete FOC algorithm execution
Bus voltage sensing enabled/disabled
Over-voltage detection enabled/disabled
Under-voltage detection enabled/disabled
Temperature sensing enabled/disabled
Current reading topology selection

UM2380 Rev 3
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The hardware setting area is shown in Figure 79.

Figure 79. ST MC Workbench - Main hardware setting area

Variable : Motor Unit
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TorquedFlux - Execution rateé 1 PWM pericds
Bus voltage sensing Etrue :
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Current reading topology Three Shunt Resistors

Double clicking on any of the parameters in the Motor column directly displays the full
configuration GUI (refer to Section 3.4).

Note: This sheet is not configurable.

3.6 User information

A user information sheet provides feedback about user's action:

e The Info/ Errors / Warnings tab reflects the project settings or MC controls performed
and the resulting outcomes. This tab can only be cleaned

e  The Change Log tab reflects the hardware setting modifications done

The user information area is shown in Figure 80.

Figure 80. ST MC Workbench - User information area
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@ 115902 F1F2 mcu are not supported in the FW for SDK5.0
@ 115902 Working folder is setto C:\WorkSpace\SDK5.0.0
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3.7 Motor monitoring and spinning

Caution: By default, ST MC FOC firmware embeds the needed code to dialog with the ST MC
Workbench software tool. This section only applies if this code is embedded in the motor
control application software.

Figure 81 shows the monitor and spin control GUI, which a user can use to observe and
modify some MC parameters and to fine tune its MC application software through several
areas:

Communication link area: used to setup the connection with the board, connect to the
board, or disconnect from the board. It is also used for reading, writing or plotting data,
as well as for closing the GUI

Dashboard area: the adaptive dashboard area reflects the user experience in several
ways:

— Basic

— Advanced

—  Expert (register and configuration tabs)

Motor Control buttons area: used to command the hardware setup

Status overview area: used to monitor hardware setup at a glance

Figure 81. ST MC Workbench - Monitor and spin control GUI
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3.71 Communication link

The communication link area (refer to Figure 81) features several functions, listed in

Table 4.

Table 4. ST MC Workbench - Communication link GUl commands

Function Icon or field Detail
Port COM3 - Selects the communication port used from the drop-down box.
Configure the
communication link
115200 o Selects the communication speed from the drop-down box.

Connects to the board.

Connect or disconnect
Disconnects from the board
W
Forces the reading of data.

Read and/or write data
from/to MC application
software

| &

Suspends the periodic data writing and reading.

v

Resumes the periodic data writing and reading.

Plot speed data

ke

Displays the plotting window with the speed measured and the
speed reference, as shown in Figure 82.

Close the monitor and
spin control GUI

i . A
Close Monitor "/

Exits the GUI.
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Figure 82 shows the plotting window with an example illustrating the measured speed vs.
the reference.

Figure 82. ST MC Workbench - Plotting window
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3.7.2 Motor control dashboard

The motor control dashboard provides a set of views that can be selected as a function of
the user’s experience:

e Basic view (refer to Figure 83)
e Advanced view (refer to Figure 84)
e  Expert views (refer to Figure 85 and Figure 88)

Figure 83 shows the basic dashboard, where the user can:

e monitor the bus voltage, motor speed, and power component heat-sink

e modify the final ramp speed value, which may also be used to control motor speed
during spinning

Figure 83. ST MC Workbench - Basic dashboard view

Basic | Advanced | Registers | Configuration | Firmware: ST MC SDK Ver. 5.0.0

1000 -

100.0

500 -

A

Bus Voltage (Volt) 12 Mator Power (W) 0 Heatsink

-10000 _,

-15000 447 4%, 15000

-15000

4598
Measured speed {pm) 4398 Final amp speed {pm)
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Figure 84 shows the dashboard where the advanced user can:

e  Configure (drop-down boxes) control modes an monitor (blue fields) a few firmware
variables for debugging purpose using only the DAC

e  Monitor (blue fields) and define (white fields) some current controller parameters
e Tune the speed controller (white fields) through variables

e  Configure (white fields) the sensor-less observers: PLL and Cordic

e Tune (white fields) and monitor (blue fields) the flux weakening feature

Figure 84. ST MC Workbench - Advanced dashboard view

[ Basic | Advanced | Registers | Configuration | Firmware: ST MC SDK Ver. 5.0.0
Configuration and debug Sensordess Observer+PLL

Control mode Speed M Observer C1 1142
Power Board Status DAL Settings Ohsarver C2 1375

BUS Votiage 2 vot  chl [ IS 1545

Heatsink temp. gl C Ch2 llb '] PLL K 46

Cumrent contraller Speed controller Sensordess Observer+Cordic
Set cument reference in speed mode Speed ramp -~ _ Observer C1 0
Torque ref {iq) Target speed =1 pm
g Observer C2 0
Flux ref (Id) (] Duration 1000 = milliesc
Pl weakening tuning
) Kp 0
Measured curmerts FID Gains K 0
. Kp 2751
Torgue (Ig} 1628
K 1359 BUS Voltage allowed

Fluee (1d) 359 Ref 0 %
Iq PID Gains Id PID Gains Meas 0%
Kp 6% Kp 696

Ki 357 Ki 357
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Figure 85 shows the dashboard where the expert user can:
e Read/Write (white field) or read only (blue fields) the content of 102 registers matching
corresponding variables in MC FOC firmware
Figure 85. ST MC Workbench - Expert dashboard register view
[ Basic [ Advanced | Registers | Configuration | Firmware: STMC SDK Ver. 5.0.0
Id Name LUnit Value Min Max Period Type Mode  Enable Last read Last write i
3 m Target motor 0 1] 255 0 ug RW never never
01 Flags 1] 1] 4294967... | 200 U3z R 20180221 151... |n/a
02 Status [ 1] 255 200 ug R 201802-21151... |n/a 3
03 Control mode 1 1] 255 500 ug RW never never
D4 Speed reference RPM 4958 -18000 18000 200 532 R 201802-21151... |n/a
05 Speed Kp 2751 1] 65535 0 ui6 RW 2018-02-21 15:1... |never
D6 Speed Ki 1359 1] 65535 0 16 RW 2018-02-21 15:1... |newer
07 Speed Kd i} 0 65535 o (131 RW never never
08 Torque reference (la) i} -32768 32767 0 516 RW never never
©05 | Torque Kp 596 0 65535 0 Ut |Rw 20180221 151... |never
DA Torque Ki 357 0 65535 0 16 RW 2018-02-21 151 never
0B Torque Kd i} 0 65535 o uie RW never never
bAC Fluee reference (Id) i} -32768 32767 0 516 RW never never
0D Flue Kp 696 1] 65535 0 ui6 RW 2018-02-21 15:1... |never
0E Fluee Ki 357 0 65535 0 uie RW 201802-21 15:1 never
c0F Fluee Kd i} 0 65535 o uie RW never never
10 Observer C1 -1142 -32768 32767 0 516 RW 20180221 15:1... |never
11 Observer C2 1375 -32768 32767 0 516 RW 2018-02-21 15:1... |never
12 Cordic Observer C1 0 -32768 32767 0 516 RW = never never
13 Cordic Observer C2 i} -32768 32767 o 516 RW [ |never never
14 PLL Ki 45 0 65535 0 ui6 RW 20180221 15:1... |never
15 PLL Kp 1546 1] 65535 0 16 RW 20180221 15:1... |never
e Flx weakening Kp 0 0 65535 0 (1313 RW ] never never -

Note:

3

When using the expert dashboard register view, the user has access to the additional icons
shown in Figure 86:

e  The first additional icon is used to import a configuration from another ST MC
Workbench project through the import register configuration window shown in
Figure 87

e The second additional icon is used to set the registers value to default ones
These icons are available only when the periodic write and read of registers has been
suspended, or before the connection to the board.

Figure 86. ST MC Workbench - Communication link icons
in expert dashboard register view

B.le

Close Monitor ¥

o

'n

These buttons do not exist in other dashboard views.
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Figure 87. ST MC Workbench - Import registers configuration window

Organize = Mew folder

- Favorites
Bl Desktop
4 Downleads
5| Recent Places
. Business Trip
J §TV0991
. Imaging
; MCD SW Development
., MCD Documents
. Users Application

o Libraries

Mame

% Development Repository
J Eurc2017 - Example
, MCSDK - Examplel
|*| Euro2017 - Example.stmex
|* MCSDK - Examplel .stmcx

File name:  MCSDK - Bamplel st

Date modified

2/27/2018 3:35 PM
2/6/2015 4:45 PM
3/6/2018 2:02 PM
2/2/201812:00 PM
2/27/2018 3:49 PM

Type

File folder
File folder
File folder
STMC Workbench...
STMC Workbench...

--“ ——
% 5T Motor Control Wo s |
lesBd  » Computer » OSDisk(C) » WorkSpace » SDK5.00 » - Search SDK5.0.0

- ISTMotor Control files (*.stmcx, VI

l

Open

Cancel ]

Figure 88 shows the dashboard where the expert user can:

e Import (button) the configuration from the current ST MC Workbench project

e  Customize (check boxes and white fields) the monitor view accordingly to the MC
application software
e Update (white fields) the startup configuration used with the motor. This is also known
as rev-up.

Figure 88. ST MC Workbench - Expert dashboard configuration view

Board Corfiguration

Import from builder
Mator avaiable | Single Motor +

Moatar 1 ar any matar
Sensordess (Obs+PLL)
[ Sensordess {Obs+Cordic)
[ Sensordess {HFI+0bs)
[] Quadrature encoder

[] Hall sensors

|| Pz weakening

DAC channels

Cortrol mode: Speed

Min speed -18000

Max speed 18000

A | {4 | [[]

Max bus voltage |36.0

Motor 2 (f available)

[] Sensordess (Obs=PLL)
[] Sensordess (Obs+Cordic)
|| Seneordess (HF1+Obs)
[ Guadrature encoder
[] Hall sensors

[ Fiee weakening
Control mode: none

Min speed -5000

Max speed 5000

Al | [ | (o]

Max bus voltage |500.0

Contgrn |

Firmware: STMC SDK Ver. 5.0.0

Revup Configuration

MNum Final Speed (pm) Final Targue
» 1 0 11029
2 2814 11029
3 2814 11029
4 2814 11029
5 2814 11029

Duration {ms) Last read
1000 201802-21 15:15:48.854
5628 2018-02-21 15:15:48.916
0 2018-02-21 15:15:48.979
0 2018-02-21 15:15:45.041
0 201802-21 15:15:49.104

Last write
never
never
never
never

never
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3.7.3 Motor control buttons

The motor control button area is shown in Figure 89. It is useful for motor control with
remote commands such as:

Start-up the motor when in idle state.
Stop the motor when in start or run state.

Stop a ramp during its execution request.
It does not stop the motor itself, but the execution of the defined ramp at the current on-
going speed or torque value.

Acknowledge a motor failure.
May be used only after fault correction to prevent security issues.

Align with the encoder used.
Enable or disable PFC usage when the hardware setup supports it.
Acknowledge a PFC failure when the hardware setup supports it.

Figure 89. ST MC Workbench - Motor remote control button view

Generic

Mator 1

Start Motor

Stop Motor

I )
[ ]
| StopRamp |
I )

Fault Ack

Encoder Align

Al motors

PFC
PFC Enable |

I
| PFCDisable |
I

PFC Fault Ack |
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3.74 Status overview

The status overview, illustrated in Figure 90, provides information on:
e the motor state machine

e the detected motor failure

e the measured motor speed.

Figure 90. ST MC Workbench - Motor status view

Status
Idle
Fautts
@ FOC duration
) Overvoltage
0 Under voltage
O Cverheat
D Start-up failure
) Speedfeedback
0 Cwver cument
Q Software emar
Moritor
0
Measured speed pm)
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Precautions of use and restrictions

4

3

Precautions 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 performed measurements are not as precise as with a proper instrumentation,
ST Motor Profiler measurements are optimized (green color in Figure 10) when:

e the stator resistance is greater than 1 Q

e the stator inductance is greater than 1 mH

It is important to choose the appropriate HW according to the characteristics of the motor.

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

The ST Motor Profiler can 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 5. Document revision history

Date

Revision

Changes

20-Mar-2018

1

Initial release.

02-Jul-2018

Updated document title to refer to software version 5.1.

Updated Section 3.3: Icons and Menu area, Tools menu,
Documentation menu, Power stage, Control stage and Section 3.4:
Configuring a project.

Minor text edits across the whole document.

Updated Figure 15: ST MC Workbench - Icon and location in the
start program list, Figure 18: ST MC Workbench - New Project Info
window, Figure 27: ST MC Workbench - Pin Assignment window,
Figure 31: ST MC Workbench - Script progress window, Figure 33:
ST MC Workbench - Project Settings option window, Figure 38: ST
MC Workbench - About window, Figure 39: ST MC Workbench -
Documentation menu and Figure 44: ST MC Workbench - Power
Stage window.

Updated caption of Figure 1: ST Motor Profiler - Icon and location in
the start program list.

Removed former Figure 32: ST MC Workbench - Update .ioc file
error window.

31-Aug-2018

Updated document title to refer to software version 5.2.

Updated Section 3.2: Loading an existing project, Section 3.4.1:
Motor, Section 3.4.3: Drive management and Section 3.4.4: Control
stage.

Updated Figure 15: ST MC Workbench - Icon and location in the
start program list, Figure 19: ST MC Workbench - Hardware
configuration window (global view), Figure 23: ST MC Workbench -
Project Properties window, Figure 38: ST MC Workbench - About
window, Figure 44: ST MC Workbench - Power Stage window,
Figure 57: ST MC Workbench - Drive Management window and
Figure 70: ST MC Workbench - Control Stage window.
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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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