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Motor Control Competence Center mission

innovative, convenient and mature

to Design and with our Regional Customers

in order to leverage on the

for
in order to boost in the market segment
« SYSTEM R&D « PARTNERSHIP
+ HW Reference Design, Application Boards  Overall Motor Control System expertise
* FW Application Modules for the ST MC Library  Partnership & new algorithms;
* System Solutions » Customer’s IP porting to ST platforms
« CUSTOMER SUPPORT * NPP, NSP, GAP
Evaluation & Training with ST Tools * Products validation in-application: feedback to divisions
« ST Kit Product Selection (in cooperation with TM) * New Product, New Solution Proposals: specification / roadmap
«  Schematics; Layout review; Tuning (in cooperation with FAE) * Inter-divisional / strategic MKT / Joint Labs: information & technology
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Home & Professional
Appliances
Airconditioning

WM -fridge-DW -blenders

Ceiling Fan—-Rangehood

Products
STM32 MCU / STSPIN32Fxxx
Family of SIP, IGBT, IPM,
MOSFET, Gate Drivers, STSPIN,
Sensors, Imaging, Connectivity

Automation
Servo — robot handler - fan
door — shutters - conveyors
Textile machine - pump

Products
STM32Fxxx Family of SIP, IGBT,
IPM, MOSFET Gate Drivers,
STSPIN, Sensors, Imaging

Motor Control Competence Center
Major focus sectors

(@@ Motor Control
N

Industrial
transportation

Scooter — forklift — golfcart
Elevator

Tools

Power tools, garden tools

Products
STM32Fxxx Family of SIP, IGBT,
IPM, MOSFET Gate Drivers,
STSPIN, Sensors

Products
ST32Fxxx Family, IGBT, IPM,
MOSFET
Gate Drivers,
STSPIN/MEMS/Sensors

Consumer
vacuumé&robot cleaner,
balance board,ESC,
EduRobot,Fitness

Products
STM32Fxxx Family of SIP, IGBT,
IPM, MOSFET
Gate Drivers, STSPIN, ToF,
Sensors, connectivity
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Motor Definition

An electric motor is a device converting electrical energy into mechanical energy

This conversion is usually obtained through the generation of a magnetic field by means of a current flow into on or more coils

L (B

Electrical Energy Motor Mechanical Energy

&)
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Magnetic Field Generation

The rotation is obtained thanks to the attractive force between two magnetic fields:
One field is located on the rotor (the moving part)

The second magnetic field is located on the stator (the body of the motor)

Usually, one of the two is generated by a permanent magnet while the other one is generated through an electromagnet (coil)

The relation between electrical energy (current) and magnetic field generated by a coil is obtained through the following
formula:

ph

B=k'1ph

Ky :
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Torque and Angle

The output torque of an electrical motor depends on the intensity of the rotor and stator magnetic field and on their phase
relation:

Rotation

Tq X B’I"Ot ° BStCl ° Sln9 X Iph ° Sine

The angle 0 between the two magnetic field is named load angle.

The maximum output torque, and then the maximum efficiency, is obtained when the load angle is 90°.

Ky 9
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Back Electromotive Force

The rotation of the rotor magnetic field (B,;) causes a variation of the magnetic flux in the solenoid.

Consequently, an electromotive force is generated that counteracts the magnetic flux change (Lenz’s law).

This effect is named back electromotive force (a.k.a. BEMF) and it is proportional to the motor speed
according to the formula:

VBEMF = ke . Speed

Ky 10
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Basic Principle

The electric motor operation is based on following points:

« At least one of the two magnetic field is generated by a coll carrying a current

* Phase relation between the rotor and stator magnetic field (i.e. the load angle)

must be always grater than O° in order to keep the motor in motion (negative
angles reverse the rotation).

« Qutput torque depends to both coil current and load angle.

* Motor rotation causes a back electromotive force (BEMF) opposing the motion
itself.

Ly
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Inductive Load

Motor expressed as inductive load
An inductive load can be represented as an LR series which stores energy in the form of current

Applying a voltage to the load, it is possible to change the amount of current stored into the inductance.

Scenario 1 (ON time) Ve
Inductance is charged applying a i(t) =— + ( (0) — _) —t-R/L
voltage:

Vs

Scenario 2 (slow decay) _ _ _tR/L
i Inductance is discharged shorting the i(t) =i(0)-e
leads:

+ Scenario 2 (fast decay) Vs Ve
i vs  Inductance is discharged shorting the  i(t) = —— < (0) + R) —t-R/L

"—l voltage: .
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PWM current control basics

The most common method to control the current is the fixed OFF time method.

It is a closed-loop approach which implies the measurement of the controlled current.

; ¥ 5 ) Both PWM frequency and
s * _ _ duty-cycle changes according
! I to the target current and
boundary conditions.

The inductor is charged applying The inductor is shorted (slow decay)
the bus voltage until the target for a fixed time
value is reached

lres 7\/&/

W

Time

OFF time
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To measure the motor phase currents a conditioning network is required.
The STM32 FOC SDK supports three current sensing network

» Insulated current sensor (ICS)

* Three shunts

» Single shunt

Single Shunt Three Shunt Insulated Current Sensor (ICS)

Cost Optimized Best Quality

ﬁ
ﬁ 14
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Insulated Current Sensing

Insulated current sensor is used to measure directly two of the motor phase currents.
Usually, ICS is provided with the adapting network.

It is important to choose the proper sensor according the range of current to be covered.

VCC -_—
[y
Vix
>
—_— Ix

Ky 15
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Three Shunt Current Sensing

Current flows into the shunt when the relative low side switches is closed.

According to the PWM duty cycles,
the voltage on shunt resistor is proportional to the motor phase currents after a stabilization time.

The third can be computed using: Ia+Ib+I1c=0

L

AN AN AN r i i
7| | |

iR AN AN ' ol :
Vsha i—d‘—q‘* —- ;ﬁ-i

I, N | |

Veng E—V‘—b‘:&‘:\f"—ﬁ

ety

Vsha l_|-|1 _|-|]_ _I-l]_ e | i'c |

1S7; - "
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Single Shunt Current Sensing

For each combination of the low side switches, the current that flows in the shunt resistor is indicated in the table

6 Open Open Open 0
Open Closed Closed
Open Close Close I,
_I\ _IN\‘ T_I§ Open | Open | Close —I.
T Ty 3 Close | Open_ | Close I
Closed Open Open S

Isnl

’l 17
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Single Shunt Current Sensing I

T .
AV (6] _
I —
(o]
........ o
— [q\] (0] <= — AN (40} <=
~ &~ ~ 0 ~ ~ ~ -
||||||||||||||| L S
Aw ............
4
I I e ] __ N I S
-
<]
[o]
(o]
— [q\] [40] = — [q\] [4p] K
~ B~ ~ - M~ ~ ~ 4
S S
[o]
[o]
i [q\] (qp] = — [\ (401 <=
M~ M~ M~ 4 M~ B~ B~ 4

<MCSDK 5.4 >

18

life.augmented



Control Method (Six-step / FOC)




Motor Control

Competence
Center

PMSM (Permanent Magnet Synchronous Motor)
Rotor houses permanent magnets
* Onthe surface > SPMSM (Surface Mounted PMSM)
» Buried within the rotor - IPMSM (Interior PMSM)

Stator excitation frequency must be synchronous
with rotor electrical speed

Rotation induces sinusoidal Back Electro-Motive Force
(BEMF) in motor phases

Gives best performances (torque steadiness) when driven by
sinusoidal phase current

\/ O Typical B-emf shape

B Optimum current shape

Ly
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PMSM vs BLDC

BLDC (Brushless DC Motor)

Rotor houses permanent magnets

Stator excitation frequency must be synchronous
with rotor electrical speed

Rotation induces trapezoidal Back Electro-Motive Force
(BEMF) in motor phases

Gives best performances (torque steadiness) when driven by
rectangular phase current

Generally, nowadays, BLDC magnetization is same as
PMSM

No difference between BLDC and PMSM practically

/N

/ Y

O Ideal B-emf shape

7 B Typical B-emf shape

N/

S~—

W Optimum current shape

20
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Three-phase BLDC/PMSM

Basics — load angle and rotation

The torque applied to the
motor is proportional to the
sine of the load angle (0).

In order to keep the motor in
motion, it is necessary to change
the direction of the stator

When the rotor magnetic magnetic field.
field approaches the stator

one, the torque is reduced.

Q
Q
Q
Q
Q
Q
Q
0
Q
Q
Q
Q
Q
Q
Q
Q
K
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Three-phase BLDC/PMSM

Basics — electrical model

Back electromotive force
generators.

BEMPFs are three sine wave
voltages(*) delayed from
each other by 120°.

Phase impedance
th = Rph + iwLph

The sinewave amplitude is
proportional to the motor
speed:

VBEMF = ke . Speed

Ky 2
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Three-phase BLDC/PMSM

6-step driving — rotor position

The 6-step driving imposes a current
between two of the three phases
leaving the third one floating.

In this way the stator magnetic field can
be positioned in 6 discrete directions.

The scanning of the 6 driving
combinations of the six step is
synchronized by the rotor position.

The rotor position can be monitored
through Hall sensors or using a BEMF
sensing technigue (sensorless)

life.augmented
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Three-phase BLDC/PMSM

6-step driving — Hall sensors feedback (30° - 90 °)

/_ H,, = High

H, = Low

H,, = High

<
A
<
._________i______.__._ -

Kyy g
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Three-phase BLDC/PMSM

6-step driving — Hall sensors feedback (90° - 150 °)

Tl -
0 : iy : / H, = High
I |
I |
I |
| !
v : : H,, = Low (L RRRRINY
|
o/
I |
I |
W I . : H,, = Low
I —lw | /
|
I |
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Three-phase BLDC/PMSM

6-step driving — Hall sensors feedback (150° - 210 °)

/_ H,, = High

H,, = High

H,, = Low

life.augmented



Motor Control

Competence @@

Center

Three-phase BLDC/PMSM

6-step driving — Hall sensors feedback (210° - 270 °)

—— =1
I | —
I | /— B
ly ||
[
I |
| I
I
| i H,, = High
Vv I ly : Y, 19
/ | |
I |
I |
I |
W I ! H,, = Low
I |
I/ |
I |
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Three-phase BLDC/PMSM

6-step driving — Hall sensors feedback (270° - 330 °)

-1
I | —
I I /_ _
—ly |1
|
l |
| |
l |
I | H,, = High
/ | |
| i
| |
| [
W 1 Hy, = High
| |
/ | |
I |
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Three-phase BLDC/PMSM

6-step driving — Hall sensors feedback (330° - 30 °)

=1
I i
|
U : /T H, = Low
|
I |
I |
I |
I |
I | H, =Low
V T ] v
/ | 74 :
i
I |
|
W L iw | H,, = High
I |
/ | |
I |
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Three-phase BLDC/PMSM

6-step driving — sensorless driving

When the magnetic field of the rotor
crosses the unloaded phase, the
respective BEMF voltage changes
polarity (zero-crossing)

The sensorless driving detects the
BEMF zero-crossing measuring the

y ‘ ~~~~~ 7 U Vi =Veemru + Venter voltage on the floating phase
S

In order to detect the zero-crossing
Venter E of the BEMF the center-tap voltage

v must be know.

v Some motors makes the center tap
available. In other cases, it can be

— reconstructed through the phase
W voltages.
Kyy 30
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Three-phase BLDC/PMSM

Field Oriented Control

The Field Oriented Control (FOC) algorithm allows to obtain
the maximum performance from a BLDC/PMSM motor.

The objective of the algorithm is to control the vector
components of the stator magnetic field (i.e. the phase currents)

in order to obtain the target intensity and phase relation with
the rotor magnetic field.

Ty X Brot * Bstq » SIn6O o Ipyp, - Sin 6

Ly
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Three-phase BLDC/PMSM

a f
Field Oriented Control
_ p axis
D-Q rotation reference frame \V A
d-qg reference frame is a projection of a, b, c variables. '
Control factors can be reduced from three to two. q axis

(a—b—ctod—q)

The d-axis and g-axis have independence d ‘ AN
by being orthogonal. f

D-axis (Direct Axis) I RN s U
Aligned with rotor flux vector. I @& NWAARA O axis

Control flux density (i.e. Flux(field) Weakening) Q_P
AU D (V) il (W)

Q-axis (Quadrature Axis) L’ '
(X
32

Aligned perpendicularly to the d-axis
Control torque directly

Ly
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Field Oriented Control

Varef = Vdref cos(0y,) — Vqref sin(0,.)
V,Bref = Vdref sin(By,) — Vqref sin(6,-)

9 Inverse Space
I —— Park g Vector

lgs = lgs €0S(0y,) + igs sin(0,,.) fas = ll1] 2
g = —ligsSIiN(0y,) + igs cos(O Igs = —=ly + =1
ﬁ qs as (C/) Bs (C/) Bs V3 u V3 v 33
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Field Oriented Control — pros & cons

Pros Cons

. Can control the efficiency of the  Implies complex calculations which
system imposing a load angle cannot be performed by low level
(direct component of the current) microcontrollers

. Smooth operation thanks to the * Needs the information of the rotor flux

(i.e. expensive sensors or more

sinusoidal driving :
complex calculations)

Lyy s
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STM32 for Motion Control — Ecosystem

Motor Control Suite
* Online tool that provides easy access to motor-control

resources in the STMicroelectronics MCU ecosystem ﬂo';‘;?ciﬂ::;
* For STM32, STSPIN32 and STM8 MCUSs. Solution Finder
%= &
o
¥
—— Motor Control SW Dev. Kit (SDK)
N [ ' P » Motor Control FW lib: full feature library
. . ube | -Cube- o . ;
Visit the STM32 Motor control Generic Software Eﬁ Software Motor Con_trol Workben_ch. Graphical
Toolset Development Kit (GUI) configurator/monitor

dedicated web page: . For STM32, STSPIN32 MCUs.

www.st.com/content/st com/en
/stm32-motor-control-

ecosystem.html HW boards

»—{ :q
ST Portfolio (Power)

‘\ Driver, MOSFet, IGBT, Protection Diods...

L
STM3? " STM32Cubexx
Cube(34 + Embedded software bricks
* For all STM32xx (flagship for Motor Control: STM32G4)

Motor Control Profiler

o ; ; Dedicated Motor Control STM32CubeG4
Automatic detection of key Software Tool Generic Embedded
parameters (Rs, Ls, Ke) Motor Profiler Software Library

+ Zero equipment required
* For STM32 MCUs.

Ky 3
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MCSDK work-flow

Electnul model Mechamal model
W m@ W Kz‘f STM32
ST Motor Control &*
Workbench praiing e
Motor F’roﬂl:i;% — .
Maotion Control Suits, N

System
Motor

Configuration
Characterization

Hardware
Setup

GUI

Motor Control
Workbench

Motor Drive

Fi_nal_ Tuning GUI
Application

Development

Project
Configuration

CubeMX & IDE

Motor Control
Workbench

STM3?2 " —— .0
CubelDE sTM32 U

o . L e X CubeMX
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- ST Motor Control SDK

Install MCSDK 6.1.0

— m Get Software
Ly ... o =ee ons a w &
CCUBEMCSDK - . Part Number 4 Download All versions
fn}éﬂgégowr Control Software Development Kit +  X.CUBE.MCSDK S
_________________________ -
: +  X-CUBE-MCSDK-§ I
Visit the STM32 Motor Control -
SDK web page:
https://www.st.com/en/embedd
ed-software/x-cube-mcsdk.html @
= MotorControl )
‘ — Motor Pilot 6.1.0
) /4 . Workbench 6.1.0 38
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ST Motor Control SDK

Motor Profiler

GUI  Configuration Help

ssssssssssssssssssssss

o

Motor Pilot 6.1.0
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ST Motor Control SDK

Motor Profiler

= == o o S S B S B B D O N BEE BEn BEn BEE BEE NN BN BEE Bam EEm B o Em Em

| |
I  NUCLEO-G431RB X-NUCLEO-IHMO08M1 3Sh I
& ST Motor Pilat V1.1.3 - profiler —I STM32G431RB STL22°N6F7 I
Graph & Record I I
= | |
Appication  Registers  Logs I I
I{ l
a0 |
I One Motor Control connector :'é'"'::m'"v':“j.m g8 4

ge : 10 - 48 Vdc |

Select igards I ST-LINK/V2 Embedded Output peak current : 3 - 30 A
Detect boards e Aok | Product Web Page U Product Web Page (4 |
Magnetic: SM-PMSM I-PMSM | |
| I i |

—— A1 Errnve

Electrical model

Rs0Q Ls 0 mH

o o

NUCLEO-G431RB X-NUCLEO-IHMO8M1 3Sh - )
STM32G431RB STL220N6F7 Pole pairs: Detect pole pairs @

Ke 0 Vrms/kRPM Inertia 0 p! Waoc. o5 : REM
Max current: Apk
Bus voltage: 10 - 48 Vd ~
( Ok Midkot Contiol Cormadton e e e Magnetic: () SM-PMSM I-PMSM

ST-LINK/V2 Embedded Output peak current: 3 - 30 A

Ky n
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ST Motor Control SDK

Motor Profiler

& ST Motor Pilot V1.1.3 - profiler - m} x

GUI Configurstion  Help

Graph &Record

i I

Application  Registers  Logs

—25

NUCLEO-G431RB X-NUCLEQ-IHMO8M1 3Sh i
STM32G431RB STL220N6F7 Pole pairs: Detect pole pairs &'
i T

Pole pairs detection

Max speed: RPM

Max current: Apk
one ot Cotrl connectr Busvotageco- dovac Magneticc O SMPMSM LpMSM You don't know the number of pole pairs ?
ST-LINK/V2 Embedded Output current: 3 - 30 A - - -
. Click on start to begin the detection process.
Electrical model Mechanical model ot o FFTOrS

m Rs 032 Q Ls 0.44 mH Friction 13.01 uN.m.s 9 Over Voltage
@ Under Voltage

® Over Heat

Start profile O—«VV;" 6-6- e

@ Start Up Failure
are Vbus N\
Start Hall profili... 236V Imax 2 Apk |

® Speed Feedback
| save | R
o Max speed

® Qver Current
Ke 4.57 Vrms/kRPM Inertia 8.33 pN.m.s2 3714 RPM

@ Software Error

Hall profiler

Close Start
Kys "
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Motor Profiler

: : X
Pole pairs detection ™  Pole pairs detection

Before launching the detection,please check that Apply a mark to the fixed
your 3 phases are connected to the power board and part and the rotating part
set the current to 10% of the maximum current supported

by the motor.

Back Next Back Begin
Lys 2
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ST Motor Control SDK

Motor Profiler

Pole pairs detection

Spin your motor manually, the number of pole pairs is
the number of notches you will feel during a complete
mechanical rotation of the motor.

oo e e o e e e —— |

% Need Help ?
G CEOEEH -

Stop Finish Mox speed

Max current: Apk

"_l Magnetic: (' SM-PMSM I-PMSM 4
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Motor Profiler

NUCLEO-G431RB
STM32G431RB

One Motor Control connector
ST-LINK/V2 Embedded

X-NUCLEO-IHMO8M1 3Sh
STL220NGF7

Bus voltage: 10 - 48 Vdc
DC Input voltage: 10 - 48 Vdc
Output peak current: 3 - 30 A

Pole pairs: 2
Max speed: RPM
— - ——— — ~N
( Max current: 15 Apk )]
N e e e e - -
Magnetic: () SM-PMSM

Electrical model

Start profile
-
- Vbus
Start Hall profili... 23.56 V

| save | o

Rs 0.32Q
N
|

o—vW——00t

Imax 1.5 Apk ]

Ls 0.4 mH

4—

Ke 2.26 Vrms/kRPM

Ly
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Mechanical mo

Friction 3.97 pN.m.s

Max speed

Inertia 3.29 pN.m.s? 7410 RPM

Detect pole pairs &

ST Motor Control SDK

« Motor turns automatically

o After 30-40 seconds,
Motor parameters are
updated.

Errors
@ FOC Duration

@ Over Voltage
@ Under Voltage
@ Over Heat
Electrical model Mechanical model
Rs 0.32Q Ls 0.4 mH Friction 8.26 uN.m.s
Vbus \
23.62 V Imax 1.5 Apk ,|
<«
o Max speed
Ke 4.56 Vrms/kRPM Inertia 5.19 pN.m.s? 3732 RPM

44
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ST Motor Control SDK

Motor Profiler

| Please, can you confirm that the motor is spinning in the wanted positive direction. |
1

: o - =

NUCLEO-G431RB X-NUCLEO-IHM08M1 3Sh i 5 I

LI STLLoNer Pole pairs: | 2 Detect pole pairs & e e e e e e e e e e e e, e, —
Max speed: RPM
Max current: 15 Apk

One Motor Control connector gt oA i RO Magnetic: () SM-PMSM I-PMSM

ST-LINK/V2 Embedded Output peak current: 3 - 30 A

- . E
Electrical model Mechanical model o

g aw @ Over Voltage
m Rs 0.32 Q Ls 0.4 mH Friction 8.26 pN.m.s © Under Voikage
@ Over Heat
Start profile O_W_fao- @ Start Up Failure
1

I Vb —_—g @ Speed Feedback
ot us @ Over Current
I Start Hall profili... | 23.62 V Imax 1.5 Apk | @ Software Error
X - —
o Max speed
Ke 4.56 Vrms/kRPM Inertia 5.19 pN.m.s? 3732 RPM
‘ ’ l 45
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ST Motor Control SDK

fil i
Motor Protiler Save profiling results
Motor name: , ,
shinano_webinar
Description: ) )
pt shinano_webinar
[x] [ x)
NUCLEO-G431RB X-NUCLEO-IHMO8M1 3Sh -
STM32G431RB STL220NG6F7 Pole pairs: 2 Deteq
Max speed: RPM
Max current: 15 Apk
"BEmfConstant": 4.56
One Motor Control connector D IRt relinges 10 48 Ve Magnetic: () SM-PMSM I-PMSM " comp :ct};lflllty" DI
ST-LINK/V2 Embedded Output peak current: 3 - 30 A "5ixs;:ep“

- 1.

"description": "shinano webkinar",

"friction": 5.26,
= "hallSensor": {
3 . °
Final result: 64 Errors "placemsntElectricalingle": &4,
® FOC Duration "sensorsDisplacement™: 120
m St i E e
© Under Voltage "hardwareFamily": "MOTOR",
® Over Héat ; "hasHallSensor": true,
Start profile @ Start Up Failure Widms Weni - .
Positive rotation angle 100% 100% Negative rotation angle @ Speed Feedback 1d": "shinano_webinar®,
o 6 ° "2 . L c G
Start Hall profili - : # 0 ik it wcbinaen
all proriil... @ Software Error label": "shinano_webinar",
r In "ls": 0.4,
I m I 7 I.magIIEtiCStruCtEIEIl -
"ld 1g ratio®: ""
Ll L] L] n n
. typa": SM-PMSM
Sensors displacement: 120 ° L ; F
.
"maxRatedSpeed": 27
"nominalCurrent™: 1.

"nominalDCVoltage":
"polePairs":
" o

Ly
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MC Workbench
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Yy ¥ : o & ‘,&ﬂ
- “—| L (*, - 7z — \ " MOtO rcontrOI
il ' 1772 o Workbench6
? o ver. 6.1.0
MotorControl U (R

Workbench 6.1.0

Kys a7
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MC Workbench

General Info

Motor
Motors
Q | (23/23) e
Power
Shinano LA052-080E3NL1
General Info
Control
Power
MAXON EC-I 100W Shinano LAC  Motors
brushless DC motor with en nner rotor Q 17 /17 @
Power
Magnetic Struct.: SM-PMSM Magnetic St
Pole Pairs Pole F X-NUCLEO-IHM08M1
Max Speed: 4.5 krpm MaxSg  Control
Nominal Voltage: 36 V Nominal Vol General Info
Nominal Current: 1.6 Apk Nominal Curn - Se Q 16 /16
B X-NUCLEO-IHMO7M1 (®) X-NUCLEO-IH
hr NUCLEO-G431RB
SM-PMSM 320V motor I-PMSM 24V
Motor high voltage Motor low volta (®) NUCLEO-G431RB NUCLEO-G474RE
I STM32 N 64 d opment rd
. . STM32 Nucleo-64 development boa
Magnetic Struct.: SM-PISM Magnetic Str
Pole Pairs: 4 Pole F
Max Speed: 4 kpm Max Sp

< Prev

Motor Drive: Motor Driv
Rated Voltage: [3 - 43] V Rated Voltac
Rated Current: 28 A Rated Curre

MCU: STM32GA74RETx

Clock Frequency: 1 Clock Frequency: 170
< Prev Clock Source: 24_crysta Clock Source: 24_cr

™ naan

) /4 "

life.augmented

™ Natn Brind
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% MC Workbench

‘,’ lite.augmented

B New project

& | nad Proiect

Recent Projects:

4% SDK6_GA4T4RE_IHMO8M1_FOC

STM32GATARE

% SDK6_SIx2FOC

STM3ZGAZ1RB

Type: FOC / Three Shunt Resistors
Control: NU RE
Powers: X-NUCLEC-IHMOEM1
Motors: Shinano LADS2-080E3ML1

Example Projects:

Project name MCU

ACIM FOC STM32G431RE

ACIM V/F Open Loop  STM32G431RE

FOC STM32HT45Z

) STM32H745Z1
with IHMO8 example

Motor Control WorkBench

& Tools

% webinar_project

STM32G431RE

Type: FOC / Three Shun

Control: N
Powers: X. LE
Motors: MAXON_1

% 6_Step_CM

STM32G431RE

Type: 6-Step / Current Mode

Control: N

| @ About |

31RE

Powers: X-NUCLEC-IHMO7M1
Motors: Shinano LAD32-08023ML1

Type

ACIM / FOC

ACIM / W/F

FOC/
short_topolegy_
3-5HUNT

All rights reserved ©2022 STMicroelectronics | ver: 6.1.0

Control

NUCLEC-G431RE

NUCLEC-G431RE

MNUCLEC-HT45Z

English

STM32G431CB
Type: FOC / Three Shunt Resist
Control: B-G437B-E5C1
Powers: B-G431B-E5C1
Motors: Shinano LAD52-080E3ML1

Powers Motors Description

ACIM SELNI AHV 242
NO6

STEVAL-IHMD23V3 Sensorless Field Ori...

ACIM SELNI AHY 242
NO6

STEVAL-IHMO23V3 Open Loop Contral ...

X-NUCLEQ-IHMO8MT SHINAMO FOC example with ...

Ly

life.augmented

I General Info
Motors
Power

Control

ST Motor Control SDK

| Project Name & Description

Project name: MC_Webinar

Project for Motor Control Basic Webinar

Description:

e

o - o o o o= o

Select Motor Control Algorithm & Hardware

Num. Motors:

I——————q————————

Algorithm: (@ FOC | I Hardware: (® Modular |
I 6-Step | | Pack |
L= — - 1 Inverter |

Modular : Control Board + Power Board + Motor
(i.,e. NUCLEO + X-NUCLEO + Motor)

Pack : ST Modular Kit Product
(i.,e. P-NUCLEO_IHMO002/03)

Inverter : ST Inverter Product
(i.,e. EVSPIN32G4, EVSPIN32F0601Q1)
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Center

MC Workbench

« Max. Current
+ Bus Voltage

* Control Mode
- Torque, Speed
- (Position)
 Control Gain
 Feed forward
*  Flux weakening

«  PWM frequency

* |dle state
 Dead-time

« Bootcap config.

* Over modulation

* Discontinuous PWM

Ly
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ST Motor Control SDK

4% I Workbench - *MC_Webinar

#8 Generate the project ‘ @ Motor Pilot ‘ ® About

g) II\IUCLEG-—.GQEWRB @XVNU-CLEGVIHMUSMT

sw2  STM32G431RB

O Project Hw & Info

Power Supply Bus Voltage

Sensing

Analog

Stage DC Bus: 24 Vdc - 1.6 Apk

0O Motor

O Power Suppl Fp
el Digital

[0 PWM Generation

[ Current Sensing

[ Bus Voltage Sensing

Temperature
Sensing

sssss

Drive Settings

O stage Configuration

O User Interface

O Application Configuration

O Pins Usage & Hw Changes

Current
Sensing

Speed

Sensing

All rights reserved ©2022 SThicroelectronics | ver: 1.0

Bus voltage sensing
OVP/UVP
Recovery action

Temperature sensing
OTP (Hysteresis)

Motor type

Motor parameters
Position sensor config.
- Hall sensor

- Encoder

Position sensing type

- Sensorless(PLL/Cordic)
- Hall sensor

- Encoder

Auxiliary sensor
Sensorless start-up

parameters
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ST Motor Control SDK

MC Workbench

|
« Max. Current I
» Bus Voltage |

* Bus voltage sensing
« OVP/UVP
FOC Wizard _ * Recovery action

% MC Workbench - MC_Webinar

Project Hw & Info Provide here below the Max Current and the Bus Voltage levels that will be used by this application.

e Tm T +  Temperature sensing
Max. application Current: A Upto 1.6 A o OTP (Hysteresis)

Motor

« Control Mode 0 L ___" By wmwvens
- Torque, Speed 0 e
- (Position) | -
e ControlGain | = osa
* Feed forward SR
* Flux weakening 0 sarnrc

O Application Config

Power Supply

Power board Info: Motor Info:

PWM Generation
@ Maximum rated current: 30 Apk @ Max current: 1.6 Apk

* Motor type

* Motor parameters

» Position sensor config.
- Hall sensor
- Encoder

Current Sensing (@) supported voltage range: (10 - 48) Vdc (%) Max DC Voltage: 24 Vdc

Bus Voltage Sensing
Temperature Sensing
Speed Sensing
[ Pins Usage & Hw

Drive Settings

Stage Configuration

«  PWM frequency
* Idle state —
 Dead-time

* Bootcap config.

* Over modulation

* Discontinuous PWM

Ly

life.augmented

» Position sensing type
- Sensorless(PLL/Cordic)
- Hall sensor
- Encoder

* Auxiliary sensor

» Sensorless start-up
parameters

User Interface

Application Configuration

Pins Usage & Hw Changes
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* Max. Current
* Bus Voltage

« Control Mode
- Torque, Speed
- (Position)

« Control Gain

* Feed forward

* Flux weakening

«  PWM frequency

* Idle state
 Dead-time

» Bootcap config.

* Over modulation

* Discontinuous PWM

Ly
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ST Motor Control SDK

O Project Hw & Infl

Stage
O Motor
O Power Supply

O PWM Generatil

O Application Config

O Pins Usage & Hw

% MC Workbench - MC_Webinar

FOC Wizard

Project Hw & Info

Stage

Motor

Power Supply

PWM Generation

Current Sensing

Bus Voltage Sensing

Temperature Sensing

Speed Sensing

Drive Settings

Stage Configuration

User Interface

Application Configuration

Pins Usage & Hw Changes

| XD Bus Voltage Sensing

———————————— l

I MCU pin mapping v
|

I ADC: I

|

Sampling time: l
— o o o o Em mm Em

m Over voltage

Recovery action:

Threshold:o Voo24-23V

m Under voltage

Threshold:o

I+ Bus voltage sensing :
:- OVP/UVP I
. Recovery action [

« Temperature sensing
 OTP (Hysteresis)

* Motor type

* Motor parameters

» Position sensor config.
- Hall sensor
- Encoder

» Position sensing type
- Sensorless(PLL/Cordic)
- Hall sensor
- Encoder

* Auxiliary sensor

» Sensorless start-up

parameters
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« Max. Current
+ Bus Voltage

* Control Mode
- Torque, Speed
- (Position)
 Control Gain
 Feed forward
*  Flux weakening

«  PWM frequency

* |dle state
 Dead-time

« Bootcap config.

* Over modulation

* Discontinuous PWM

Ly
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ST Motor Control SDK

8 MC Workbench - MC_Webinar

FOC Wizard

Project Hw & Info

O Project Hw & Infl Stage

Stage
J Motor
0O Motor
O Power Supply
Power Supply
[0 PWM Generati

PWM Generation

Current Sensing

ssssss

Bus Voltage Sensing
O stage Configu
Temperature Sensing

O User Interface

O Application Confi{ SpeediSen=mi

O Pins Usage & Hw Drive Settings

Stage Configuration

User Interface

Application Configuration

Pins Usage & Hw Changes

NTC thermistor info

V@25°C: 1.06V

dV/dT: 22.7 mV/°C
Max working temp.: 110 °C

227 mV/°C-1.06 V@ 25°C - 110 °C max

| INS

I Threshold:o °C (1-110°C

Hysteresis:

o Lo oo | o]

Bus voltage sensing
OVP/UVP
Recovery action

Temperature sensing :
OTP (Hysteresis) I

Motor type

Motor parameters
Position sensor config.
- Hall sensor

- Encoder

Position sensing type

- Sensorless(PLL/Cordic)
- Hall sensor

- Encoder

Auxiliary sensor
Sensorless start-up

parameters
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MC Workbench

* Bus voltage sensing
« OVP/UVP
FOC Wizard . * Recovery action

% MC Workbench - MC_Webinar

« Max. Current
« Bus Voltage

Project Hw & Info

| .
O Project Hw & Infof Stage Motor name:o I ° Tempera'tu re SenSIng
Stage otor Description: I ® OTP (Hyste reSiS)
° Control Mode O Motor M o e e m m— m—
[ Pouer suply Power Supply I E t WRFmEConstant™: 4.5612545556640625 l
- TO rq l:'l .e’ Speed P Generation I Motor magnetic structure: = "C'Bmﬁatfljility; : - [ - I l ————————————
- (Position) : - : : *  Motor type :
. Y urrent Sensing 1.
° Control Gal N | Ot o I et parametens :?e?cr%pti-m': : "shinano_webinaz", : 1°® |\/|Ot0l‘ pal‘am eters JI
rive Settings us Voltage Sensing riction®: S.ZE, —_—e—_—e_————————— -
+ Feed forward 0 S8t | T acementElectricalnagle: €4 I * Position sensor config.
° . O Ve Interace Temperature Sensing I Max current: Apk ( MeemooreDisplacement®: 1o i )
FI UX Weaken I ng O Application Confi Speed Sensing I Max DC Voltage: v ( l '}';LardwareE‘amily" ;. "MOTOR", I H al I Se nsor
Re: 0 "hasHall3ensor": true, I = EnCOder
[ Pins Usage & Hw Drive Settings I = ::_1:.d" H I.IBEJ:'HZHE.'?WEbinar"' I
PWM f Stage Configuration I Ls: mH "i:}iz;i? ;sl;i;la;la_webinar", I
° reguenc | B-Emf constant: Vims/kRPM :ls" : t é'st R ey .
q y User Interface T mag]:idiiq_izziw‘:i? '-'",{ I ° POSItIOn SenS| ng type
y Id Ie State | I Mechanical parameters "type": "SM-PM3M" I H
[ ] Dead_tlme Application Configuration I '}'r'naxRatadSpaed": — I = SensorleSS(P LL/COfd|C)
° BOOtcap CcO nﬂg = I e e iiiﬂiﬁfﬁ:ﬁge' i €2211608B867188, | - Hall sensor
+ Over modulation : I - Encoder
. ) I Max. Application Speed: ° A Xi I i r n r
« Discontinuous PWM ! HXlary Senso
« Sensorless start-up

Ly

life.augmented
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« Max. Current
+ Bus Voltage

* Control Mode
- Torque, Speed
- (Position)
 Control Gain
 Feed forward
*  Flux weakening

«  PWM frequency

* |dle state
 Dead-time

« Bootcap config.

* Over modulation

* Discontinuous PWM

Ly
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ST Motor Control SDK

D) Project Hw & Infg

Stage
0O Motor

O Power Supply

O PWM Generatij

ssssss

O stage Configu

O User Interface

O Application Confid

O Pins Usage & Hw

8 MC Workbench - MC_Webinar

FOC Wizard

Project Hw & Info

Stage

Motor

Power Supply

PWM Generation
Current Sensing
Bus Voltage Sensing
Temperature Sensing
Speed Sensing

Drive Settings

Stage Configuration

User Interface
Application Configuration

Pins Usage & Hw Changes

Electrical parameters

Max current:

Max DC Voltage:

Rs:

Ls:

B-Emf constant:

Mechanical parameters

Inertia:
Friction:

Max. Application Speed:

o]

mH

@ Power board maximum rated current: 30 Apk

@ Power board supported voltage range: (10 - 48 Vdc)

Vrms/kRPM

LN

HN-

me?

m-s

I m Hall Effect
1

Sensors displacement:

I m Quadrature Encoder

Pulses per mechanical revolution:

Has index pin (Ch Z)

Placement electrical angle:

Com Lo oo | o]

Bus voltage sensing
OVP/UVP
Recovery action

Temperature sensing
OTP (Hysteresis)

Motor type

" Position sensor Eoﬁfia. I
- Hall sensor |
- Encoder :

Position sensing type

- Sensorless(PLL/Cordic)
- Hall sensor

- Encoder

Auxiliary sensor
Sensorless start-up

parameters
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« Max. Current
+ Bus Voltage

* Control Mode
- Torque, Speed
- (Position)
 Control Gain
 Feed forward
*  Flux weakening

«  PWM frequency

* |dle state
 Dead-time

« Bootcap config.

* Over modulation

* Discontinuous PWM
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ST Motor Control SDK

% MC Workbench - MC_Webinar

FOC Wizard

- o o o o O O o .
Project Hw & Info

Main Sensor Auxiliary Sensor Sensorless start-up parameters Observer + PLL (Sensorless)

Observer + Cordic (Sensorless)

O Project Hw & Infol Stage I

Speed Sensor Mode: =~ Observer + PLL (Sensorless) Quadrature Encoder

Stage Motor
0O Motor Max Num. Errors before fault: Hall Sensor
0 oo S | jial

O PWM Generatij

— e e e mmm mmm mmm == =) adrature Encoder
PWM Generation I Observer + PLL (Sensorless) I
I Average speed FIFQ depth:
Current Sensing .
O 5o Nein I Variance Threshold: I Input capture filter duration: psec
[ Drive Settings Bus Voltage Sensing Average speed depth for speed loop: I Pulse per mechanical revoluti 400
O stage Configu I Reverse counting direction
Temperature Sensing Average speed depth for observer equations: I
O User Interface I
Speed S B-emf consistency tolerance: I Start-up parameters
O Application Confid peed sensing I
B-emf consistency gain: I
O Pins Usage & Hw Drive Settings I [ Duratiot m:
Sensorless speed feedback I
l Alignment electrical angle of Id: deg
Stage Configuration - o T S S DS S S e S R e
-~ o o O S S O S S M S B e Final " . R
inal current ramp value:

Hall Sensor
User Interface

Auto Caleulate

Application Configuration Average speed FIFO depth:

Input capture filter duration: psec
Fins Usage & Hw Changes Sensors displacement: 120 deg
0.01P: 213 /16384

Placement electrical angle: 300 deg

1
1 1
| Gl 24217 |
| G2 27782 I
1 1

0.000E2 8 / 65536
_— e o o o e e S S S B S S S

Disable electrical angle interpolation

oo Lo oo | reem |

Bus voltage sensing
OVP/UVP
Recovery action

Temperature sensing
OTP (Hysteresis)

Motor type

Motor parameters
Position sensor config.
- Hall sensor

- Encoder

Position sensing type |
- Sensorless(PLL/Cordic)!
- Hall sensor
- Encoder I

Auxiliary sensor
Sensorless start-up

parameters
56



Motor Control

Competence @@

Center

MC Workbench

« Max. Current
+ Bus Voltage

* Control Mode
- Torque, Speed
- (Position)
 Control Gain
 Feed forward
*  Flux weakening

«  PWM frequency

* |dle state
 Dead-time

« Bootcap config.

* Over modulation

* Discontinuous PWM
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ST Motor Control SDK

O Project Hw & Infg

Stage
0O Motor
O Power Supply

O PWM Generati|

ssssss

O stage Configu

O User Interface

O Application Confid

O Pins Usage & Hw

% MC Workbench - MC_Webinar

FOC Wizard

Project Hw & Info
Main Sensor Augiliary Sensor Sensorless start-up parameters

Stage I m Auxiliary Sensor: I
1 a1
1

Motor Speed Sensor Mode: | Quadrature Encoder

Power Supply Max Num. Errors before fault: 3
- o o o o o O o .
PWM Generation
Quadrature Encoder
Current Sensing
Average speed FIFO depth:
Bus Voltage Sensing
Input capture filter duration:

Temperature Sensing Pulse per mechanical revolution: 400

. Reverse counting direction
Speed Sensing
Drive Settings
Start-up parameters

Stage Configuration

Duration:

User Interface
Alignment electrical angle of Id:

Application Configuration .
Final current ramp value: A

Pins Usage & Hw Changes
MCU pin mapping

Timer:

I3 T X

Bus voltage sensing
OVP/UVP
Recovery action

Temperature sensing
OTP (Hysteresis)

Motor type

Motor parameters
Position sensor config.
- Hall sensor

- Encoder

Position sensing type
- Sensorless(PLL/Cordic)
- Hall sensor
- Encoder

~ Sensorless start-up
parameters
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ST Motor Control SDK

MC Workbench

* Bus voltage sensing
« OVP/UVP
* Recovery action

% MC Workbench - MC_Webinar

« Max. Current
+ Bus Voltage

FOC Wizard

45 I Workbench - *MC_Wi

Project Hw & Info

Main Sensor Auxiliary Sensor Sensorless start-up parameters

Stage | Sorwppretic . T T T T TS y « Temperature sensing
* OTP (Hysteresis)

O Project Hw & Infol

Stage

* Control Mode S
- Torque, Speed 0 e
- (Position) -
e ControlGain | = oso
* [Feed forward 5 oo

d FIUX Weaken'ng O UserInterface

O Application Config

Motor

Initial electrical angle of lq: deg On-the-fly start-up:

Power Supply

Duration (ms) Speed target (rpm) Current target (A)

PWM Generation

« Motor type

* Motor parameters

* Position sensor config.
- Hall sensor

- Encoder

Current Sensing
Phase 2: 200

Bus Voltage Sensing

Phase 3: 200

Temperature Sensing Phase 4: 500

Speed Sensing

O Pins Usage & Hw Drive Settings

Stage Configuration

1125 A A A A 1

«  PWM frequency
* |dle state —
 Dead-time

« Bootcap config.

* Over modulation

* Discontinuous PWM

Ly

life.augmented

« Position sensing type
- Sensorless(PLL/Cordic)
- Hall sensor
- Encoder

* _Auxiliary sensor _ _

» | Sensorless start-up |

I parameters I
(V- ~ 58

User Interface 750 067

Speed target (rpm)
() Jabeyuaing

w
=
@
=)
w
o

Application Configuration

Pins Usage & Hw Changes 0 0
0 200 400 G600 800 1000 1200 1400 1500

Time (ms)

I Sreedtarget [ Current target

I3 T X
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MC Workbench

* Bus voltage sensing
« OVP/UVP
FOC Wizard . * Recovery action

8 MC Workbench - MC_Webinar

« Max. Current
« Bus Voltage

Project Hw & Info I
125 A1

O Project Hw & Infof Stage g 750 0.67 g hd Temperature SenSIng
+  OTP (Hysteresis)

« Control Mode e
- Torque, Speed
- (Position) - | * Motor type
- Control Gain e R - Motor parameters
. Feed forward SN B «  Position sensor config.
- Hall sensor

® FIUX Weakenlng 0 User Interface
- Encoder

O Application Confid

Power Supply 0 0
0 200 400 600 800 1000 1200 1400 1600
Time (ms)

I Speedtarget [ Current target

PWM Generation

Temperature Sensing Start-up exit condition v

Speed Sensing

Start-up speed threshold: rpm

O Pins Usage & Hw Drive Settings

Consecutive correct measures:

Stage Configuration

«  PWM frequency
* |dle state S—
 Dead-time

* Bootcap config.
* Over modulation
 DiscontinuousPWM | B L e e e e A e L e e e e - -

Y71 Com e oo | o]

life.augmented

Estimated limits for the speed band tolerance

» Position sensing type
Uppertimi - Sensorless(PLL/Cordic)
imamm| e = m m— - _”___ZZZZZZ:Z - Hall sensor

- Encoder
* _Auxiliary sensor _ _
* | Sensorless start-up |

I parameters 1
|_p - D59

Lower limit:

User Interface

Application Configuration
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MC Workbench

* Bus voltage sensing
« OVP/UVP
* Recovery action

% MC Workbench - MC_Webinar

e Max. Current

FOC Wizard
+ Bus Voltage

Project Hw & Info

O Project Hw &Infg Stage E; 750 067 g ° Temperature SenS|ng
« OTP (Hysteresis)

* Control Mode e
- Torque, Speed 0 e
- (Position) | - * Motor type
« Control Gain e e «  Motor parameters
Feed forward ol «  Position sensor config.
- Hall sensor

® FIUX Weaken'ng O UserInterface
- Encoder

Power Supply 0 0
0 200 400 600 200 1000 1200 1400 1600

Time (ms)

I Sreed target [ Current target

PWM Generation

Temperature Sensing ' Start-up exit condition v

O Application Confid Speed Sensing

Start-up speed threshold: rpm

O Pins Usage & Hw Drive Settings

Consecutive correct measures:

Stage Configuration

«  PWM frequency
* |dle state —
 Dead-time

« Bootcap config.
* Over modulation
 DiscontinuousPWM | B L e e e e o 2 e D e e e e - -

Ly
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Estimated limits for the speed band tolerance

« Position sensing type
Lppar e - Sensorless(PLL/Cordic)
bt = = = - - -IZIZC--IZZZZZIZ:c: - Hall sensor
- Encoder
* _Auxiliary sensor _ _
» | Sensorless start-up |

I parameters I
(V- - 60

User Interface Lower limit:

Application Configuration
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« Max. Current
+ Bus Voltage

* Control Mode
- Torque, Speed
- (Position)
 Control Gain
 Feed forward
*  Flux weakening

ST Motor Control SDK

D) Project Hw & Infg

Stage
0O Motor
O Power Supply

O PWM Generatij

ssssss

O stage Configu

O User Interface

«  PWM frequency I
. Idle state :
 Dead-time :
« Bootcap config. I
* Over modulation [
« Discontinuous PWM

life.augmented

O Pins Usage & Hw

O Application Confid

8 MC Workbench - MC_Webinar

FOC Wizard

Project Hw & Info

Stage

Motor

Power Supply

PWM Generation

Current Sensing

Bus Voltage Sensing

Temperature Sensing

Speed Sensing

Drive Settings

Stage Configuration

MCU pin mapping

PWM Frequency:

PWM idle state high side:

Charge Boot Capacitor Time:

Charge Boot Capacitor Duty:

Meodulation flags:

User Interface

Application Configuration

Pins Usage & Hw Changes

Driving topelogy:

PWM idle state low side:

SW dead-time:

dead-time:

Timer:

Ch. U:

Ch. V:

Ch. W:

Active Polarity:

Ch. U neg:

Ch. V neg:

Ch. W neg:

Hz  from 2 kHz to 100 kHz

U, V. W, Uneg, Vneg, Wneg

1000 ns

ms

Over modulation Discontinuous PWM I

PAS

PAS
PA10

Active high

PAT

PBO

PB1

o Lo oo | o]

Bus voltage sensing
OVP/UVP
Recovery action

Temperature sensing
OTP (Hysteresis)

Motor type

Motor parameters
Position sensor config.
- Hall sensor

- Encoder

Position sensing type

- Sensorless(PLL/Cordic)
- Hall sensor

- Encoder

Auxiliary sensor
Sensorless start-up

parameters 61
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* Bus voltage sensing
« OVP/UVP
* Recovery action

% MC Workbench - MC_Webinar

« Max. Current
+ Bus Voltage

FOC Wizard

Project Hw & Info

« Temperature sensing
* OTP (Hysteresis)

O Project Hw & Info| Stage Execution timEP 50 ps

Control mode: Feed forward

Auto Calculate Torque/Flux Kp & Ki

Stage
0O Motor

Motor

* Control Mode
- Torque, Speed
- (Position)
 Control Gain
 Feed forward
*  Flux weakening

Torgue control

O Power Supply

Power Supply Cut-off frequency: rad/s

PWM Generation

Torque (lg) current regulator Flux (Id) current regulator

* Motor type

* Motor parameters

* Position sensor config.
- Hall sensor
- Encoder

Current Sensing

Target: from speed regulator Target: 0 A and weskening

ssssss

P: 2446 /256 9.55469 P: 2446/ 256 9.55469

Bus Voltage Sensing

O stage Configu

|
[
1
I Speed control
|
1
|
|

l: 2283 /8192 0.27869 I 2283 /8192 0.27869
Temperature Sensing — o O O O O e e S S B S S EE S S EEe S S S S S S e

O User Interface

Speed Sensing Speed regulator v m Flux weakening regulator

O Application Confid

O Pins Usage & Hw Drive Settings Execution rate: ms

Voltage limit:

Target speed: rpm p-

Stage Configuration 3000 |/ 32768 0.09155

«  PWM frequency
* |dle state —
 Dead-time

« Bootcap config.

* Over modulation

* Discontinuous PWM

Ly
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Auto Calculate Kp & Ki
I: 5000 |/ 32768 0.15259

« Position sensing type
- Sensorless(PLL/Cordic)
- Hall sensor
- Encoder

* Auxiliary sensor

« Sensorless start-up
parameters

P: 2972 /512 5.80469

User Interface
I: 266 /16384 0.01624

Application Configuration

Pins Usage & Hw Changes Speed regulator Torque (lq) current regulator

‘B -‘H
— Y

I3 T X
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* Bus voltage sensing
« OVP/UVP
* Recovery action

% MC Workbench - MC_Webinar

« Max. Current
+ Bus Voltage

FOC Wizard

Project Hw & Info

tor v I ux weakening regulator -
S— - | e :.m e e : «  Temperature sensing
—_—— e = —— — e o I Sectionrae e o e : « OTP (Hysteresis)
| ) Control Mode | E:’::::S“pmy | Target speed: rem |I P: 3000 |/ 32768 0.09155 I
| -Torque, Speed ! oL B e
: - (Position) : L e e I I « Motor type
I * Contr0| Galn I sssss Bus Voltage Sensing Speed regulator Torque (lq) current regulator * MOtor parameters .
1 © Feed forward [ 0 sagecot , R * Position sensor config.
1 « Flux weakening [ 0 s - Hall sensor

Speed Sensing

O Application Confid

1440 rpm — *—p

A
E

-®

- Encoder

~®

O Pins Usage & Hw Drive Settings

Stage Configuration

«  PWM frequency
* |dle state —
 Dead-time

« Bootcap config.

* Over modulation

* Discontinuous PWM

Ly

life.augmented

« Position sensing type
- Sensorless(PLL/Cordic)
- Hall sensor
- Encoder

* Auxiliary sensor

« Sensorless start-up
parameters

User Interface Flux weakening regulator Flux (Id) current regulator

Application Configuration >

Pins Usage & Hw Changes
98.5 % — LA
0.
-A

-

0 H
:

v

H

oy

1.0 -® M -0 -
-A
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MC Workbench

Project info.
Open pI’OjeCtS # Home | & Generate the project | @ Motor Pilot | ® About
- output folder project Steps = B Gicon  Shiiiion @i e «  FOC execution time
- CubeMX «  Current sensing topology
- Three shunt resistors
- Single shunt resistors
A +  Switching characteristic
Temperature LESanesE .
Sensing - T-rise
Shinano LA0S2-080ENL - T-noise
ey S « Sampling time
g « OVP

4 MC Workbench - *MC_Webinar

) Project Hw & Info

Power Supply

Bus Voltage
Stage DC Bus: 24 Vdc - 1.6 Apk Sensing

0O Motor

O Power Supply

Digital

O PWM Generation

Start/Stop button 3 Curer eneng

O Bus Voltage Sensing

USART Protocol
peed Sensin 5

B MCU Pln_map EZ;JZZ‘ Drive Settings U v, w

- BaUdrate User Interface

- Buffer size

O Pins Usage & Hw Changes

20 kHz

S

=
2
i
ot
>
ot
>

Current Speed
Sensing Sensing

FreeRTOS
DAC

r All rights reserved ©2022 SThicroelectronics | ver: 1.0
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MC Workbench

% MC Workbench - MC_Webinar

FOC Wizard

j* FOC execution time I
* Current sensing topology:
- Three shunt resistors
- Single shunt resistors

« Switching characteristic

Project Hw & Info Current Sensing

Stage

Regulator execution time:

Motor Current reading topology:
Amplification: External OpAmps

Power Suppl
ey Shunt Resistor: 10 mOhm

Channel W: ADC2_IN6 (PCO)

| I |
. Gain: 5.181 I T I N
PWM Generation T | ! I la rature Y 42 o Nttt . I
T-rise: ns 1 i + T = T‘”Se
Current Sensing 1 I | - I
T-noise: ns T, : I : - T‘ﬂOlse
Bus Voltage Sensing Readabl " . 33 A 3069 A] — £ 3059 A | | | . . I
eadable current range: |- X * 30, T, | P | SM-PMSM I. SamE“ng tlme '
Temperature Sensing 1 ( I | \ T-rise / -— o — — — e - - = = -
MCU pin mapping Vena N s AL Ae o o N ® OVP
5 1 > A A [
peed Sensing i I | /"_—"'-\
1 | 1y I
ADC: ADC1/ADC2 Y
Drive Settings ! VShB : fr | ' ‘JI S d
Channel U: ADC1_INT (PAQ) ] | | pee
v I [ | Sensing
SiageiConnqiiation Channel V: ADC1_IN7 / ADC2_IN7 (PC1) She | e A
I
|
I
|

<
-
G
o

User Interface

Sampling time:

Application Configuration I Max Modulation: 100 %
— o o o Em o EEm m EEm Em EEm EEm Em EEm Em EEm EEm M EEm R M EEm Em

Pins Usage & Hw Changes u

Ampl. U
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% MC Workbench - MC_Webinar

FOC Wizard

Project Hw & Info Current Sensing

Stage
Motor 0 mm —m - - -
Power Supply
PWM Generation

Current Sensing

Bus Voltage Sensing

Temperature Sensing

Speed Sensing

Drive Settings

Stage Configuration

User Interface

Application Configuration

Pins Usage & Hw Changes

life.augmented

OCP Mode:
Digital Filter Duration:

Threshold:
Signal polarity:

External Comparators

30A

Active low

| BKIN2

+ FOC execution time
* Current sensing topology
- Three shunt resistors
Digtal - Single shunt resistors
« Switching characteristic
- T-rise
- T-noise

rature | 8 i N opet e

1+ OVP

Speed

Sensing
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MC Workbench

’ MC Workbench - MC_Webinar

[ Project generation m} X

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

B P T
~+— CubelDE

Target Toolchain ™
ST STM32CubeIDE -

Tools by ARM

#A Home ‘ Save

stz STM32G431RB

Project Steps

E Project Hw & Info

Stage
O Motor ———
Power Supply ’ DIC Bus: 24 Vde - 1.6 Agk,
PWM Generation

Current Sensing

Firmware Package Version

. ) Temperature
ErEy STM32 FW V1.5.1 (Recommended) - i
Bus Violtage Sensing =1 > I
—_— . - ‘ z = & = ° Y Shinano LADS2-030F3NL1 Selecting "not installed” firmware or “Latest” will require internet =
Temperature Sensing Drive Setfings uvw " b i connection —
. (
— ﬁ‘

Speed Sensing 20 kHz

I Drive Type

SM-PMSM
| I (8 HAL - Hardware Abstraction Layer I SYS' | MS
Current Speed -
Stage Configuration 1 t % =S ’1’5 O LL-Low Level
t :[% === — > g = — e e o o o o e o= omm o)
. -

GENERATE
S s 3 o3 == ]

Main |
|

Drive Settings 0ow

(0 I I 6 R

[0 Application Configuration

R ? HAL (Hardware Abstraction Layer)

» High-level and feature-oriented API

All rights reserved ©2022 STMicroelectronics | ver: 6.1.0 L L (L 0 W L eVeI )

‘_ » low-level APIs at registers level
> /4 67
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Open STM32CubeMX to see how the firmware settings for motor drives are made.

m Project generation

@ SETTINGS

STM32CubeMX

Target Toolchain

Firmware Package Version

Selecting "not installed” firmware or "Latest” will require
internet connection

¥ ceneration
w/

NC\parameTers_CONVECS10n_geXx.n
\pmsm_motor _parameters.h

Y \power_stage parameters.h

... \Srch\=tm32g4xx_mc_it.c
wch\mc_parameters.h
...\Src\mc_parameters.c
...\3rc\register interface.c

. ch\me_perf.h

...\3rchmc perf.c

...\Inc\register terface.h
...\3rc\usart aspep driver.c
...\3rchmc con = registers.c
‘mc o " registers.h
chaspep.h -
Srchaspep.c

wc\me_app hooks.h

... \5rc\mc_app hooks.c
Srchstm3zgéxx it.c
wchstm32g4xx it.h

... \Srchstm32g4xx hal mep.c
Inchstm32g4xx hal conf.h
rchmai
-..\Srcimai

Sh

Completed

OPEN FOLDER

RUN 5TM32CubeMX

[0 STM32CubeMX MC_Webinar.oc: STM32G431RETx

=
stmz File Window
CubeMX

-— MC_Webinar.ioc - Pinout & Configuration

Pinout & Configuration

System Core Trigger Mode
ource [TR1
Lo ce |Disable
Timers Channelt [PWM Generation CH1 CHIN
= Channel2 WM Generation CH2 CH2N
LPTIM1 annel3 [PWM Generation CH3 CH3N
TC

Channel4 [PWM Generation No Output

Channel5 Disable

Channel Disable

(O Activate Break Input

TIMB

TIM15 Activ Input 2
M6 S % -
Tit? Use ETR as Clearing Source [Disable
Connectiaty . Coowetor |

Rn-l Configuration
Mutimedia >

Security
{Configure the below parameters
Computing
Middievare Counter Settings
Prescaler (PSC - 16 bits vaiue)
Utities Counter Mode
Dithering

Counter Period (AutoReload Register - 16
Intemal Clock Division (CKD)
Repetition Counter (RCR - 16 bits value)
auto-reload preload
Stave Moda Controlles
Trigger Output (TRGO) Parameters
Master/Siave Mode (MSM bit)
Trigger Event Selection TRGO
Trigger Event Selection TRGO2

Help

Clock Configuration
Vv Software Packs

((TIM_CLOCK_DIVIDER) - 1)
Center Aligned mode1

CYCLES)/2)

Reset (UG bit from TiMx

Project Manager

& Pinout view

@ oy X

GENERATE CODE

Tools

TCK
™S

StartStop [PushButton]

RCC_OSC_IN
RCC_0SC_OUT

Mi_CURR_AMPL_W
M1_CURR_AMPL_V
M1_TEMPERATURE

M1_CURR_AMPL_U
M1_BUS_VOLTAGE
UART_TX

UART Rx [

TM32G431RBTx
LQFP64

o

Mi_ocP

MI_PWM_WH
MI_PWM_VH
MI_PWM_UH

X

&7

va
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Generated folder consists of motor control source code, STM32CubeMX project and IDE project.

m Project generation

@ SETTINGS

STM32CubeMX

Target Toolchain

Firmware Package Version

Selecting "not installed” firmware or "Latest” will require
internet connection

¥ ceneration
w/

.. \LNC\PaTameTers_CONVEIS1ON geXX.n

\pmsm_motor _parameters.h

N \power_stage parameters.h

“Srch=tm32g4xx_mc_it.c

nc\mc_parameters.h

Srch\mc_parameters.c

..\3rc\register interface.c

. .\Inc\mc perf.h

Srcimc perf.c

..\Inc\register interface.h

..\3rcl\usart aspep driver.c

..\Src\mec_co ration registers.c

..\Inc\mc_configuration registers.h
.\Inchaspep.h -

Srchaspep.c

..\Inc\mc_app hooks.
..%\5rc\mec_app hooks.
L %Srchstm32gdEx it.
..%Inch\stm32g4xx it.h
..%5rch\stm32g4xx hal msp.c

oo

I

..%Inch\=tm32g4xx hal conf
..\Inc\main.h
..\S5rc\main.c

Completed

RUN 5TM32CubeMX CLOSE

Ly

life.augmented

nar_TrainingWebinar,MC_Webinar

HueyCHO! » 03_Seminar_Training » Webinar » MC_Webinar » wv | 0 2 Search MC_Webinar
Mame
: Drivers :
: Inc S d 1
| MCSDE_vE.1.0-Full ource code :
1
- Src J
L SMMBacubelDE o ___.STM32CubelDE Project ]
ExtSettings
D Jmxproject
[ e e
LRMC Webinarioe oo STM32CubeMX Project ]

MC_Webinar.ioc.bak
D MC_Webinar.ioccwhb
D MC_Webinar.log
D MC_Webinar.settings
[ ] MC_Webinar.wbdef
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MC Workbench

03_Seminar_Training * Wehinar » MC_Webinar * 5TM32CubelDE

Mame

settings
Application
Debug
Drivers
Middlewares
E Lcproject
E Jproject
D MC_Webinar.launch
D 5TM32G431RBTX_FLASH.I

life.augmented

E Webinar - MC_Webinar/Application/User/main.c - STM32CubelDE

Eile Edit Source Refactor Navigate Search Preject Run Window Help

A |@v%v@“q‘@;‘@vﬁﬁvﬁv@vf{;vﬁvq‘v‘ggv‘ iRI[E Tig -~ LR =N= R

[ Project Explorer 23
- E MC_Webinar (in 5TM32CubelDE)
> #, Binaries
I S P T — —
v (= Application
I > (= Startup
v [= User
I > [ aspep.c
[§) hall_speed_pos_fdbk.c
[ main.c
(& mc_apic
[ mc_app_hooks.c
|8 mc_config.e
[ mc_configuration_registers.c
[ mc_interface.c
|8 mc_math.c
[ mc_parameters.c
[ mc_perf.c
[ mc_tasks.c
[§) mep_config.c
[ matorcontrol.c
& pwm_cur fdbk.c
[ register_interface.c
& regular_conversion_manager.c
[§) stm32gaox_halmsp.c
[y stm32gdix_it.c
[ stm32gdix_mc_it.c
[ syscalls.c
[ sysmem.c
|8 wsart_aspep_driver.c
b (cmllbigen -
> (= Drivers
» & Middlewares
m MC_Webinarioc
= MC_Webinar.launch
|ig STM32G431RETX_FLASH.Id

| A -

/MC_Webinar/Application/User/main.c

%5 T § = B [dmanc 2 [g stm32gd me_ite [8] startup_stm32g431rbte.s

1 /* USER COD EGIN Header */

|t @

20 /=

3

a4 * @file : main.c

5 * @brief : Main program body

3

7 * @attention

3

9 * Copyright (c) 2823 STMicroelectronics.

1@ = All rights reserved.
11 =

12 * This software is licensed under terms that can be found in the LICENSE file
13 = in the root directory of this software component.

14 * If no LICENSE file comes with this software, it is provided AS-IS.

15 *

16

17 */

182 /* USER COD
13 /* Includes -
28 #include "main.h"
21

229 /* Private includes -------------mmmmmommoo oo

23 /* USER CODE BEGIN Includes */

24

25 /* USER CODE END Includes */

26

27= /* Private typedef -------------oooooo
28 /* USER (O EGIN PTD */

29

3@ /* USER CODE END PTD */

31

T L ————— L

33 /%
34 /%
35

362 /* Private macro --
37 /* USER CODE BEGIN

[#] Problems ] Tasks [ Console 2 [T Properties = 8

E X% BEREE 25

<terminated> MC_Webinar [STM32 Cortex-M C/C++ Application] ST-LINK (ST-LINK GDB server)

~
Verifying ...

Download wverified successfully

< >

e} Build Analyzer &3

- [m] X
Q E||[E 4

= O g Outline 2 Build Targets = O
2 Bl 1% W o 3§
mainh ~

hadc1 : ADC_HandleTypeDef
hadcZ : ADC_HandleTypeDef
heordic: CORDIC_HandleTypeDef
htim1 : TIM_HandleTypeDef

huart2 :
hdma_usart2_nc - DM
hdma_usart2_tc : DA | y
SystemClock_Config(veid) : void
145 MX_GPIOInit(void) : void

++5 MY_DMA_Init(void) : voi
145 MX_ADC1 Initivoid) :
++5 MX_ADC2 Init(void
++5 MX_CORDIC_Init(void)
145 MX_TIM1 Initfvoid) : void

++5 MX_TIM2 Init{void) : void

HS MX_USARTZ_UART Init(void) : void
145 MX_NVIC Init(void) : void

® main(void): int

o SystemClock_Config(veid) : void
® 5 MX_NVIC_Init(void
® 5 MX_ADCI_Init(void) : void

® 5 MX_ADCZ_Init(void) : void

® ° MX_CORDIC_Init(void) : void

® 5 MX_TIM1_Init{void) : void

© 5 MX_TIM2_Init(void) : void

® ° MX_USART2_UART Init(void) : void

Teeeeee®® Ot

void

MC Webinar.elf - /MC_Webinar/Debug - Feb 1, 2023, 11:28:21 AM

Memory Regions  Memory Details

Region Start address
8 RAM 020000000
e FLASH 0x08000000
<

®f void
v o5 oid v
< >
== Static Stack Analyzer =% =0
End address Size Free
0x20008000 3ZKB 2363KB
0x08020000 128 KB 86.19 KB
>

&t %
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e |

@ mainc & | | [ stm32gdwx_me_itc 2
T = = T 5T TUsSER (ODEEND PRIV
186 /* USER CODE BEGIN SysInit */ 68
181 61 /* Public prototypes of IRQ h ers called from assembly code ---——-----—-—-—---- */
1@2 /* USER CODE END SysInit */ 62 woid ADC1_2 IRQHandler(void); . .
103 o , , 53 void TIM_UP_ML_TRQHandler(void); Motor control interrupt functions
184 /* Initialize all configured peripherals */ 64 woid TIMx_BRK_M1_IRQHandler(void);
185  MX_GPIO_Init(); 65
186 MX_DMA_Tnit(); 66 woid SPD_TIM_M1_IRQHandler(void);
1a7 MX_ADCL_Init(); 67 woid HardFault_Handler(void);
188 MX_ADC2_TInit(): 58 wold SysTick Handler(void):
189 MX_CORDIC_Init(); 59 woid EXTI15_1@ IRQHandler (void);
118 MX_TIML Init(); 70
111 MX_TIM2 Init(); 71 #if defined (CCMRAM)
112 MX_USARTZ_UART TInit(); 72 #if defined (_ TCCARM_ )
113 MX_MotorControl_Init(); 73 #pragma location = “.comram”
114 74 #elif defined (_ CC_ARM) || deflned( GNUC__)
115 /* Initialize interrupts */ 75 __ attribute ((section (".ccmram"))})
116 MX_NVIC Ir11tQ_. 76 #endif
117 I.-"'* USER CODE BEGII’J 2 *,." I 77 #endif
118 User code initialization e , ,
119 | /* vser CODE END 2 *f 79 * [@brief This function handles ADCL/ADC2 interrupt request.
129 & = === 80 * fparam None
121 Jf* Iofipite loqn "l mm e 81 * f@retval None
122 /* USER CODE BEGIN WHILE */ 1 82 *f
123 Iwhi]e (1) 23= void ADC1_2 1RQHand1er(vo:d)
124 { 340y == == - e
125 I_ .-"’*_USE CEE ﬂD ﬂILE_*f_ — 85' /* USER CODE BEGIN ADC1_2 IRQn @ */ I
126
127 /* USER CODE BEGIN 3 */ S?I /* USER CODE END ADC1_2 IRQn @ */ I
128} —_— =
129 /* USER CODE END 3 */
138 }
131
132._.‘;’** H
133 * f@brief System Clock Configuration ertten user COde between
134 * fBretval None
135 = /* USER CODE BEGIN xxxxx */
136= void SystemClock_Config(void) 96 /* USER CODE END HighFreq
137 { 7 | = === === = and /* USER CODE END xxxxx */,
138 RCC_OscInitTypeDef RCC_OscInitStruct = {8}; 98 /* USER CODE BEGIN ADC1_2 IRQn 1 */ .
139 RCC_ClkInitTypeDef RCC_ClkInitStruct = {@}; g9 | would not be removed after regenerat|0n
148 l@@ /* USER CODE END ADC1 2 _IRQn 1 */
1412 /** Configure the main internal regulator output wvoltage lel —— )

147

*® 4
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@ STMator Pilot ¥1.1.3 - defaultApp

GUI  Configuration  Help

Application  Registers  Logs

Discover Board

Launch Profiler

QML Application ready

@‘ Choose a QML Application file

« MC_SDK_8.1.0 » Utilities » PC_Software » STMotorPilot » GUI

T
Organise = Mew folder
-~
Desktop *  Name
Documents D defaultipp.gml
Micrasoft Tearns D MC_BSTEP_SDK.qml
Pictures [ ] MC_FOC_sDK.qml
MC_FOC_ZEST.qml
[ This PC - P
- D PositionControlApp.qml
< 3D Objects D PositionGauge.gqml
I Desktop D profiler.qml
Documents [ SimpleAppMCPV2.gml
; Downloads D SimpleAppMCPYV2_GSTEP.qml
J'i Music
[&=] Pictures
m Videos

e O5Disk (1)
- MOD_G431RE (D

L

Date modified

11/17/2022 1:00 AM
11/28/2022 8:15 PM
12/15/2022 5:44 PM
11/16/2022 7:06 PM
11/28/2022 8:05 PM
12/10/2021 12:30 AM
12/16/2022 12:33 AM
11/16/2022 710 PM
12/10/2021 12:30 AM

Type

QML File
QML File
QML File
QML File
QML File
QML File
QML File
QML File
QML File

] £ Search GUI

=~ m @
Size

12 KB
34 KB
66 KB
190 KB
28 KB
11 KB
226 KB
G KB
5KB

File name: | MC_FOC_SDK.gqml

v| QML document (*.qml) ~

CPU=11.5%
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@ ST Motor Pilot V1.1.3 - MC_FOC_SDK - o X
GU Configuration  Help L
Baudrate T -
COM t 1EardC i I Graph &Record -i
por LUART - Port [COM& | | speed 1843200 - @® poling & I L ® | i | h.f‘e ﬂ,’_|
T~ s e e s e e S S S S S e e e S e e > e e e e e e e e e e S S S S S S . . B
Connection e a——
innlnfo | e e e e r ______________
version Info. B — : —
L
——— == — —
Errors: II Speed Control Measures " MC Configuration I =
I @ FOC Duration Speed PI regulator
r

Motor control
status
Clear fault

Control mode

- Current

- Speed
Start/Stop

Stop speed ramp

* Speed referenc

+ Set speed rami

Ly

POWER

II Control Stage: NUCLEO-G431RB
Power Stage: X-NUCLEO-IHMO8M1 I

Motors: 1
" MCP over UARTA [10] I
Max App Speed: 4000 RPM
" Max Readable Current: 31.853 A
Nominal Current: 1.600 A
Nominal Voltage: 24 V
" Control Type:FOC
Primary speed sensor: STO+PLL

Auxspeed
" Current sensing topology: 3 Shunt
FOC rate: 1
PWM frequency: 20000 Hz
" Medium frequency: 1000 Hz
VBus Sensing: Enable
Temperature Sensing: Enable
e e o -

Speed Kp: g 2972 + SR
Speed Ki: [ & ST
Kp divisor:

Torque (Iq) PI regulator

Torque Kp: B b I 16V/S16A
Torque Ki: B 1000 b R<16V/(5164.ppm)

Torque Reference: 0 s16A

Flux (Id) PI

Flux Ki: S 1000 b 16V (s164.ppm)

>

CPU=15.2%

life.augmented

High resolution plotting
Record log data

Monitoring

- Motor speed

- Bus voltage

- PCB temperature
- Motor power

- Speed/Current
DAC Signal

Motor control information

- Board

- Control Type

- Sensor

- Current sensing topology
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ST
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@ ST Motor Pilot V1.1.2 - MC_FOC_SDK
GUI  Configuration  Help

« Speed control gain

Board Connection Graph & Record

G o ) [ s | et | @ 7 @ ol

Application  Registers  Logs

Status
Application

Measures

Errors: Speed Control MC Configuration

Control Stage: NUCLEO-G431RB
POWER Power Stage: X-NUCLEO-THMOSM1
@ Start Up Failure
@ Speed Feedback
@ Over Current

[}
Col

Temperature Sensing: Enable
SPEED

Sotware Error
Ack Faults
ntrol

Stop ramp

Configuration
— o —

Speed: 996

- d: 0 s164

Speed Ramp

Target Speed [ =01 1000 |52 RPM

Advanced Configuration I

Debug / DAC

Advanced Configuration

— e o -
Speed PI regulator

Speed Kp: B 2072 + SR
spss ..

Ki divisor: ESLEREE hd

|

1

1

|

1

1

|

I Torque (1) PL regulator

| e ewm
I Torque Ki: [ =16 s164.pprm)
1

1

|

1

1

|

1

Torque Reference: 0 s16A

Flux (Id) PI

Flux Kp:

4000 b < 16V/S16A

Flux Ki:

* Current(Torgue) control gain
- Torque reference(l ")

- for Speed Control

Flux weakening gain

Flux weakening reference

= e o e e = ==

Advanced Configuration I

Currents _Speed

State Observer with PLL

State observer gain
- Change G2 value
(12,14, 18,...)
if tuning is required
PLL gain
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ST Motor Control SDK

@& ST Metor Pilot V1.1.3 - MC_FOC_SDK

GUI  Configuration  Help

Board Connection

~

UART | Port [COM4 | | &2 | Speed | 1843200 -

Application  Registers  Logs

Status

Configuration

Advanced Configuration

=
=

6

Speed Control

Mechanical Speed: 996 RPM

-0

Speed Reference: 996 RPM

Speed Ramp

Target Speed

Duration

@ roling  ® [sTMcsDK s, 1.0

Graph & Record

Measures MC Configuration

Control Stage: NUCLEO-G431RB.
Power Stage: X-NUCLEQ-THMOBM1
Motors: 1

MCP over UARTA [10]

Max App Speed: 4000 RPM
Max Readable Current: 31.853 A
Nominal Current: 1.600 A

VBUS TEMP POWER

Nominal Voltage: 24 V

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

Temperature Sensing: Enable

\ o a0
S RPM
Speed: 995 RPM
Id: 0 S16A

Debug / DAC

Lyy

Jife.ougrmented

Advanced Configuration

Currents _Speed

Speed PI regulator

Speed Kp:
Speed Ki:
Ki divisor: ESLEREE hd

Torque (Iq) PI regulator

+ SEUEE

= 1000 |5 As16v/(s164.ppm)

Torque Reference: 0 s16A

Torque Kp:

Torque Ki:

Flux (Id) PI

Flux Reference :

CPU=15.2%
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@ ST Motor Pilot V1.1.3 - MC_FOC_SDK
GUI  Configuration Help

Board Connection Graph &Record

Uit ] port [coms |2 speed 1595200 | | Discomnect | @ poling @) @ [cosersironueypoamenistadsr | ‘7’

Jite. augmanted

Application Registers Logs

@‘ High_Frequency_Plot_0

- [m] X
Status Applicat
ication
G Run Control Zoom Mode Type  View
RUN
(] (G et 21
Erors: Speed Control Measures MC Configuration ]
Scale
Control Stage: NUCLEO-G431RB Scale
VBUS TEMP POWER .
Power Stage: X-NUCLEO-THMOBM1 B STOPLL_EL_ANGLE BEHALL_EL_ANGLE O Trigger __42595.8000 E
Motors: 1
MCP over UARTA [10] 42595.8 Offset

Max App Speed: 4000 RPM

Max Readable Current: 31.853 A

Nominal Current: 1.600 A 4075.6
Nominal Voltage: 24 V —
Control Type:FOC
Primary speed sensor: STO+PLL 25557.5 ‘,f
Auwx speed sensor: Hall sensor
Current sensing topology: 3 Shunt
FOCrate: 1 " oo _—
PWM frequency: 20000 Hz 17038.3 o
Medium frequency: 1000 Hz
0.5 W VBus Sensing: Enable S
Temperature Sensing: Enable 8519.2
Level
peed 10000.00
0.0 El
Maths
Mechanical 5 : 1416 RPM
-8519.2
-17038.3
Configuration Speed Reference: RPM
-25557.5
5 Ram
Advanced Configuration peed Ramp
-34076.6
Target Speed [ 2000 | S| RPM Debug / DAC

Duration o m + LY -42595.8
0.0
Execute Speed Ramp

37.7 753.3 1130.0 1506.7 1883.3 2280.0 2636.7 3013.3 3390.0

<
=

6

Missed samples 0 Total Rx packets 2358 Slow down LivePlot

76

CPU=9.8%

life.augmented



Motor Control

Competence
Center

Motor Pilot

) /4

life.augmented

ST Motor Control SDK

@ STMotor Pilot V1.1.3 - MC_FOC_SDK

GUI  Cenfiguration  Help

Board Connection

UART Port | COM4. = Speed | 1843200

Disconnect | @) Poling  ®) [sTMCsDK6.1.0

Application Registers Logs

C:/Program Files (x86)/STMicroelectronics/MC_SDK_6. 1.0/Utilites/PC_Software /STMotorPilot/RegisterList/ReglListSTMV 2, json

Graph & Record

. |C:ﬂJsers,i‘chnihuey,{DnEuments,i‘dfadsF

Ly

life.augmanted

Poll Id Name Value Access Unit Type Plot status 2l
1105 STOPLLKI 8 R dpp/s16V 516 Configure | OK PLL PID regulator K_I pare
1169 STOPLL_KP 213 R dpp/s16V 516 Configure  OK PLL PID regulator K_P par
1233 FLUXWEK_KP 0 NONE | s16A/(s16V2) 516 Init Flux weakening PID regul
1297 FLUXWK_KI 0 NOMNE  s16A/(s16V2) 516 Init Flux weakening PID regul
1361 FLUXWK_BUS 0 NONE | % u1e Init Flux weakening BUS Voltz
1425 BUS_VOLTAGE 23 R v U6 Configure  OK Bus Voltage measuremen
1489  HEATS_TEMP 30 R deg u1e Configure  OK Heatsink temperature
O 1616  DAC_OUT 2001 NONE  N/A uU16 Init  DAC Out 1
O 1680 DAC_OUT2 2001 NONE  N/A uU16 Init  DAC Out2
1937 FLUXWEK_BUS_MEAS 0 NONE % u16 Init  Flux weakening BUS Volt:
]
O 2001 I_A 0 R s1B6A 516 Configure | Init |_a phase current measur
2065 I_B 0 R s16A S16 Configure | Init |_b phase current measur
g p
IH 2129 |_ALPHA_MEAS 0 R s16A 516 Configure | Init lo current measurement
sk w0} mnmDE b Elee ) R s16A 516 s=gonfegure mewit B current measurement
I 2257 1_Q_MEAS R s16A 516 I lot 1 |_q current measurement
P! q
I 2321 1_D_MEAS i R s16A 516 I plot 2 jt |_d current measurement
I 2385 |_Q_REF RW s16A 516 I plot 1 |_q current reference (syn
2449 1D REF b RW  sl6A 516 plot2 |k Idcurrent reference (syn
- o o o o — e —
[l 6865 W_D_REF 0 NONE % u1e Init voltage reference (open |
A 5 onfigure nit | qvoltage
[0 2513 va 0 R 16V 516 Config Ini V_q voltag
A 5 onfigure nit ' dvoltage
[0 2577 vbD 0 R 16V 516 Config Ini V_d voltag
O 2641  V_ALPHA 0 R slay 516 Configure | Init Vavoltage
(I s onfigure nit voltage
[0 2705 v BETA 0 R 16V 516 Config I VB voltag
7 _EL_ slédegree nit easured electnical angle
O 2769 EMCODER_EL_ANGLE 0 MNONME  s16deg 516 I M d el | ang|
! slbspee nit easured mechanical rol
O 2833 EMCODER_SPEED 0 MNOME  s16speed 516 I M d h |
2897 STOPLL_EL_AMNGLE -17379 R slodegree 516 Configure | OK Observed electrical angle ¥
>
Readall Load (@ Use Register list from QML file
CPU=13.9%

@ Registers Plots - plot 2

Visualization Mode

M

2048.0
1638.4
1228.8

818.2

Zoom Mode View & Samples Management

Max Samples 8000

A o]l=

% puration [10 s

WD REF BID_MEAS

-409.6
§19.2
-1228.8

-1638.4

2048.0
415157.0 416268.1

417379.2  418490,3 4195014 4207125 4218237 4229343 4240459 425157.0

@ Registers Plots - plot 1

Visualization Mode

C I

1638.4
1228.8

819.2

Zoom Mode View & Samples Management

&

=
i

‘T | Duration [10 s

Max Samples 8000

B1.Q REF BIG_MEAS

(U s ST g i o e R NP L T SR NG S N

0.0
-409.6
-§19.2

-1228.8

-1633.4

-2043.0
407004.0 408115.1

4082262 410337.3 4114484 412559.6 4136707 4147813 4158929 417004.0
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Reference design for servo drive solution with Ethernet

STH270N8F7-2
80V, 17 mQ MOSFET

life.augmented

STEVAL-ETHO001V1
Based on STM32F767ZI (Cortex-M7)

Three-phase motor drive inverter based on STORIVE101
and STH270N8F7-2

On-board DC-DC converter and finear reguiator

Max. power dissipation up to 700W

NetX90 network controller

RS485 interface for digital encoder and host interface
Reaktime communication via EtherCAT protocol
Support firmware example inc. EtherCAT protocol

EVALKIT-ROBOT-1

Max operating ratings: 36V, 6Aqc
Based on STSPIN32F0A (Cortex-M0)

Position control loop based on Field Oriented
Control

MODBUS communication is supported

Maxon 100W 3-phase BLDC motor with
1024 pulse incremental encoder

Extremely compact footprint (40mm x 40mm)
Firmware example is provided from MCSDK

ST Motor Control Solutions

Dual Motor Control Platform with STSPIN32G4

Dual Motor Control Solution with STSPIN32G4 + STDRIVE101

Inverter 1

Inverter 2

&@

Integrated STM32G431 (Cortex-M4
Operating Range : 5 - 75V; 200W
FW & HW support for

« Dual BLDC motor FOC control

+ Sensored/Sensorless Algorithms
Sensor feedback is supported

+ Hall/Encoder sensor for both motor

« Compatible for both single and three shunt
CAN, RS485 Protocols

Switched Reluctance Motor(SRM)

Reference design for 3-phase vacuum cleaner SR motor

MCU : STM32F303CBT
Auxiliary power supplies

+ Flyback and linear converters : Viper26L,
LD1117850, SD1117S33C

Gate Drivers : L6395D

Asymmetric H-Bridge : STTH15RQ06,
STGB30H65FB

Sensorless with sliding mode observer(SMO)

Commercial Air Conditioning 7kW

Triple motors, Interleaved dPFC with Single STM32G4 MCU

+ STM32G4 based full platform control

+ Three BLDC motor FOC control

+ 1 Compressor+2 Fans

« Digital interleaved PCF, 2-stage, CCM
SLLIMM? for IPM inverter power

Trench Gate Field Stop IGBT
ST proprietary technology

VIPER31 Aux Power Supply section

SJ MOSFET and STM32G4 HiRes timer
for PFC High switehing frequency 60 — 80 kHz

STEVAL-IHM023V3

motor

design for |

Operating Range: 125-400 VDC or 90-285 VAC
Maximum output power for motors: up to 1 kW

Regenerative brake control

Tachometer/Hall/Encoder inputs

Possibility to connect BEMF daughterboard for
sensorless six-step control of BLDC motors

Total dimensions of board: 127 mm x 180 mm
SDK is supported with NUCLEO-G431RB

78




4% MC Workbench - m| ®

Motor Control
Competence ‘,’ liteugmentad Motor Control WorkBench English .

o tions
B New project & Load Project

Recent Projects:

%l MC_Webinar 4, SDK6_G474RE_IHMO8M1_FOC %% webinar_project %%, SDK6_B-G431B-ESC1 %% SDK6_SIx2FOC
STM32G431RB STM3ZG. E STM32G431RE STM32G431C8 STM32G431RB
S O | u t I O r Type: FOC / Three Shunt Resistors C) Type: FOC / Three Shunt Resistors Type: FOC / Three Shunt Resistors Type: FOC / Three Shunt Resistors Type: FOC / Three Shunt Resistors
Control: NUCLEQ-GAT4RE Control: NUCLEQ-GA31RE Control: B-G4318-E5C1 Control: MUCLEC-G431RE
Powers: X-NUCL 1 Powers: X-MUCLEC-IHMOSM1 Powers: B-G431B-ESCH Powers: X-NUC

Motors: Shinano LADS2-08023ML1 Maotors: MAXOM_1 Motors: Shinano LADS. Motors: Shinano LAD52-080E3ML1

Example Projects:
% [ e e e e e R e P = ndmomng Tkw
2 Project name McCu Type Control Powers Motors Description

Reference design for sel ACIM FOC STM32G431RE ACIM f FOC MNUCLEC-G431RE STEWAL-IHMO23V3 ACIM SELNI AHV 242 NOG

Sensarless Field Criented Control of an...

ACIM V/F Open Loop STM32G431RB ACIM £ V/F NUCLEC-G431RB STEVAL-IHMO23V3 ACIM SELNI AHV 242 NOG Open Loop Control of an AC Induction ...

rm control
— e R e M M R M M M M e R M M M M R e M e M e e e e e be control
FOC STM32H745Z1 with IHMO8 example STM32H745Z short_topology_  NUCLEQ-H745Z X-NUCLEO-IHMOBM1 SHINANO FOC example with control board STM3... [::52_5|age o
3-SHUNT [
T
. FOC / °
Electronic speed control on B-G431B- ~ . _ ) . ’
. STM32G431CB short_topology_  B-G431B-ESC1 B-G431B-ESC1 SHINAMO Electronic speed control on B-G431B-E... ly section
STM32E767Z ESC1 kit 2-SHUNT 4 HiRes timer
32bit, Cortex-M7, 216 M = huency 60 — 80 kHz
FOC / B
WEPIN32G4 example STSPIN32G4 short_topology_  EVSPIN32G4 EVSPINZ2G4 GIMBALL EVSPIN22G4 example and PMSM SHIM...
3-SHUNT
s th Potentiometer on P ! AL-IHM023V3
eed ramp with Potentiometer on P- i . o
: _ o= . STM32G431RB short_topology_ MUCLEC-G431RB X-NUCLEO-IHM16M1 GIMBAL GBM2804H-100T Speed ramp with Potentiometer on P-...
MNUCLEO-IHMOO3 kit .
3-SHUNT
- . FOC/
Position Control feature example on STM32G431RE hort_t NUCLEC RB X-NUCLEO-IHMO7MT 1AXON E 00w E le for Positi trol MNUCLE
V32G437 short_topology. -G431RE XN -IHWMIOT7 M MAXOMN EC-1 100W Example for Position control on -
NUCLEO-G431RE and MAXON Motar b T P [FARYDO 2N
2-SHUN rer for motors: up to 1 kW
. ]
hardware.Algorit s
6-Step example on IHMO3 pack and ~ ) ~ ~ . ~ ~ foderinputs
. STM32G431RB hmType.6STEP / MUCLEC-G431RB X-NUCLEO-IHM16M1 GimBal GEM2804H-100T 6-Step example on IHMO3 pack and no... BEMF daughterboard for
naminal bus voltage . SO oL
short_topology_ bontrol of BLDC motors
i loard: 127 mm x 180 mm
hardware.Algorit h NUCLEO-G431RB
6-Step example on _ __
. . . ) hmType.6STEP / v . . P ~ . )
MUCLEOG431+IHMOT in sensorless STM32G431RE hort 1 NUCLEC-G431RB X-NUCLEO-IHMO7TM1 GimBal GEM2804H-100T 6-Step example on Gimbal metor nucle..
short_topology.
current mode - T =
1-SHUN
FOC /
STSPIN32F0A FOC example on STEVAL- . . . _ . . .
TERERT STSPIN32F0A short_topology_  STEVAL-SPIN3201 STEVAL-SPIN3201 Bull Running BR2804-1700kv STSPIN32F0A project with 2 shunts inv...
- 3-SHUNT
life.augmented
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