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ST 1s committed to Motor Control

STMicroelectronics was among the first to recognize this trend and today offers a full range of
component for optimizing motor control systems.

ST is universally acknowledged as the supplier with the most comprehensive semiconductor
portfolio for such applications, including:

* Microcontrollers
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Electric Motor: Classification

Permanent Internal
Magnet mounted PM

Sinusoidal (PMSM)

Higher efficiency

and/or reliability Surface

mounted PM

Synchronous Wound field
Trapezoidal
(BLDC) PM
Switched
Variable reluctance
reluctance
AC
Stepper
Asynchronous Squirrel cage PP
(ACIM)
DC (brushed)

Wound rotor

Universal

Limited computation needs Computation intensive
« PMSM: 3-phase permanent Driving method well-known, Complex driving, requires specific
magnet synchronous motor mastered by customer knowledge and/or support

_ _ Light ecosystem Complete ecosystem necessary
‘Y’ * ACIM: 3-phase induction motor Basic ADC/PWM requirement Requires 3-phase timer + sync’d ADC

TeLsugranhen



Electric Motor: MCU mapping

STM32

Permanent
Magnet

Sinusoidal (PMSM)

Internal
mounted PM

Higher efficiency

and/or reliability Surface

: mounted PM
Synchronous sTmg § STMS2 Wound field

Trapezoidal
(BLDC) PM

Switched
Variable reluctance

reluctance
AC STM32 + dSpin

w STM8 STM32 .
Squirrel cage

DC (brushed) Asy(r'z?:rw)us

EA Wound rotor Main M(iD focus

L
-

Universal

7~ N\

Complete Motor
Control ecosystem
(FW Library)

Supported with ST
products but no

* PMSM: 3-phase permanent — ecosystem
olution
magnet synchronous motor available today

. . Complete Motor
‘ Solution available
Y/  ACIM: here 3-phase induction [ (HW & SW) ] Control ecosystem
TeLzugranben motor (FW Ilbrary)




Electric Motor Families:

WITH BRUSHES BRUSHLESS

ELECTRONICALLY COMMUTATED

| 1 & 3 phase induction BLDC + SR
UNIVERSAL Asynchronous Synchronous

Standard MCU — Triac Control

Dedicated MCU — 3 phase Inverter Control

Note: SR is Switch Reluctance Motor

Sugtanten



The Brush DC Motor




The Brush DC Motor

The rotor of the brush DC motor includes a winding which is fed by a DC
voltage source through carbon brushes. The stator circuit comprises a
permanent magnet structure or a winding. If the stator includes a winding, the
latter can be connected to the rotor winding in series, or in parallel or can be
excited separately.

Brush DC motors can be driven in voltage mode since the motor speed is proportional to the supply
voltage.

However, to control the torque of the motor, a current control loop is usually added in higher
performance systems.

For bi-directional operation, the rotor current must be inverted with respect to the stator magnetic
field.

Major Applications:

Consumer audio/video - Shavers - Toys - Cordless tools - Automotive body functions - Traction —
Servomechanisms - Factory automation - Machine tools

Typical Application Parameters

*Supply Voltage: 6 to 320 Vdc
*Motor Power: up to 20,000W
*Speed Range: 0 to 30,000 RPM

G_
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Single Switch Chopper

For the unidirectional operation of a brush DC motor, only one power switch is
needed. In case of PWM control, a freewheeling diode is connected across the
motor.

SMART POWER IC &7
+0O
MICROCONTROLLER 7/
cammands sense resistor

2
o
i
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Full-Bridge Converter

This configuration enables the bi-directional operation of brush DC motors.

unrantern

SMART POWER IC <7/

+0O

_— =

LEMLe resision reference cammands
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Universal Motor: Introduction

The Universal Motor is a brush motor with a series excitation. As its torque is
Insensitive to current direction, it can take AC or DC source supply. The speed is
controlled by varying motor voltage.

Major Advantages of Universal Motor

v Variable speed in a large range

High torque at start-up

Speed adjustment is easy to implement
Low cost solution

Directly on the mains

NN

Major Drawbacks of Universal Motor
Low life time (3000hrs)
Sparkles, RFI perturbations

x Brushes Noise

x Low Efficiency

*®

Collector

*®
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Universal Motor: AC Universal Motor Drive

The motor is connected to the mains through an ACS device. AC Voltage across
the motor varies in phase-control mode by means of a microcontroller which
sets the TRIAC triggering time.

Phase Angle Principle

4 Umot (Motor Voltage)

Imot (Motor Current)

Al :
7 \VAR:

Torque = k. 12
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Advantag

Principle:

This method consist of change the RMS
voltage applied in motor. In this case the
voltage is a function of the firing angle of the
TRIAC.

The Conduction angle ( «) or firing angle,
varies from 0°to 180°

ADVANTAGES :
- SIMPLE CONTROL CIRCUITS

SOFT START (inrush current limitation)

TORQUE COMPENSATION

Ly

Phase Angle Control:

Control signal

Load current
(resistive load)

es and Drawback

A

ON

ore ] L

iConduction i D

Idelay E<_>I
| : |
I 1

DRAWBACK :

2z Conducted HARMONICS

¢ Poor Efficiency



WASHING MACHINE

Universal Water Door Detergent Timer Heater
motor Valve Lock dispenser  pump  motor relay

5'”¥s{:;°§“ % % % | %
g g

CONTROLLER

\- ™

220 Vac

L

‘7!

Sugtankern



V line

Insulated
temperature
sensor

Sugtanten

Typical Application: MCU+TRIAC

REFRIGERATOR

Cabinet Defrost
Compressor Fan lamp Valve resistor

d

CONTROLLER




V line

Door switch

Typical Application: MCU+TRIAC

MICROWAVE OVEN

Lamp

® O O

+ table

Rotating ﬁ’D . dﬂ)
an

”'*ﬁ

’ Magnetron
Gril circuit
(Heater)

POWER SUPPLY

R

+Vce

Control circuit board

ST6232
ST7221xx

o °

Oy
ooza| £
@EED
Slalals)

ST52xxX

1

T1:BTA12-600 CW

T2: T410-600

T3: BTB12-600 CW



VACUUM CLEANER

Line voltage (100 V/DIV.) /
® +vee | FH - / \\1
ST62xx [— |/ \ 1/
O 5 ST52xx |— ~/ R
ST7L|teXX _ L Load current (2:Amp./IDIV.)I
/\ A I\
/ / [ \2
\ /]
Triac control with MCU v v

[ 20 N

Sugtanten



Sugtanten

Typical Application: MCU+TRIAC

AIR CONDITIONING

External Unit Room Unit
2-Way Auxiliary
Outdoor Valve Heater I function Indoof
Compressor Fan (cold -hot) 1500 W g lower  ( low power) Fan
1
7 I
Relay ®
ase

ko A

HIIENEEN

L]

SSSSSSS

Opto insulated driver stage

= =

MCU + Buffer




Universal Motor: DC Universal Motor Drive

A THYRISTOR supplies the motor during the positive mains half cycle.

Both the THYRISTOR and its control are connected in such a way that the
motor back-EMF compensates the motor load variations to adjust the speed.

This low-cost circuit is popular for low power and intermittent use equipment.

‘1—



High Frequency PWM Universal Motor Control

The rectified voltage across the motor varies in PWM mode at an inaudible
switching frequency.

The DC supply provides a smooth current operation, reducing motor acoustic
noise and improving motor efficiency.

2
o
i
2
T
o



DC PWM Control: Principle

Umot

1
I TURBO-
| SWITCH

Imot

P MOS
*\cet EI‘ MEU W\I D

[T = Low current ripple

Flexible PWM generator within MCU to fix the speed:

<

= Reduced acoustic noise

1 register value for Frequency
1 register value for duty-cycle > Optimized efﬁciency

G—



Induction Motors: Single-Phase




Phase-Controlled Induction Motor Drive

A silent and cost-effective variable speed drive can be achieved by an
Innovative topology whereby the speed is controlled. A simple phase-control
switch can then vary the speed by adapting the motor torque profile. (See also

the AC Universal Motor Drive)

i
o
i
2
T
o

TORQUE

VOLTAGE INCREASE

Ll.lmoi (Motor Voltage)
| »

X
‘ t

Imot (Motor Current)

N

™

N

K] ¢

© i

CONTROL
SUPPLY

— MICROCONTROLLER

o :




Bi-Directional Induction Motor Drive

When a motor with a phase-shift capacitor is used, the direction of rotation can
be reversed by means of two AC switches which connect the phase-shift
capacitor in series with either of the two stator windings.

CONTROL
SUPPLY

2
o
i
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Multi-Winding On/Off Induction Motor Drive

The stator coil is divided into 3 or 4 pairs of winding. The speed is adjusted
stepwise by connecting different combinations of these windings to the mains
through AC switches in order to change the number of excited stator poles and
the base speed.

CONTROL
SUPPLY

TORQUE
A

POLE NUMBER
DECREASE
—_—

A
&
d

2
o
i
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High Frequency AC Chopper Induction Motor Drive

The induction motor is driven in high frequency mode by an innovative single
switch topology, which delivers a silent and cost effective variable speed drive.

DUTY E¥CLE

&
Imot

current
sanse

MICROCONTROLLER |

referénce — 5 57 PW M modlation

The speed is controlled by the motor voltage: the power switch runs in PWM
mode and its duty cycle changes linearly to control the speed versus the torque.

‘1—



High Frequency AC Chopper Induction Motor Drive Experimental Results

Harmonic Content of the Motor Current
ImdrT T Wim (W) [T T R e e T
i Mator Crrant load (&) -

24f

! IGET Volfage

L -l ":::r"{::::::: 1 :":':' [J/| IS PRI AN TN PPN SAMPNS NP NP PN
R H'H'NH”\ :

: LRI I|,I. T '] | {200 [

RN e \'\

- RN |l|. (RRRIERI oo o

IR N j

| Wl e

t

- T|me T IEr‘;lISI.I'i] IV, sl Hz 150 He 50 Hz/Div.

FFT of the Motor Current

o
f-’:*
b
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High Frequency AC Chopper Induction Motor Drive Phase Angle
Partialization driving comparison

with TRIAC driver and Phase Angle Partialization

II.I
o
5 *
El
5

. MotorCurn Curtentramonic Conten
o [T M\ e[| T
ol Motor Current t L ] 30|
OMWI NWMHMW W 2'52

i : |

- o I 1 1-5;HHHHHHHHHH:HHHHHHHHHH

s i
05
' S -
sgﬂﬁﬁn 500 68 29 S0 Hz 150Hz 250 Hz 50 Hz/Div.
e 400 0.1 0.0



Induction Motor: The Three-Phase
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The three-phase induction motor is a brushless motor. Its stator is copper wound
and the rotor is typically made of an aluminum squirrel cage. The motor is

supplied with three sinusoidal voltage waveforms which produce a rotating stator
field.

The speed is adjusted by the field frequency. The rotor follows this field with a lag
called the

Typical Application Parameters

*\/oltage: 100to 240 Vac *Speed Range: 0 to 20.000 RPM
Motor Power: 50 to 2200 W eFeatures: Robust, silent and reliable

Major Applications

Washing Machine, Fans, Air Compressor, Heating, Ventilation and Air
Conditioning, Industrial Control.

Note: Slip frequency is the difference between stator frequency f and rotor frequency

<7
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Three-Phase Induction Motor in Scalar Control Mode

Scalar control is typically achieved by controlling the voltage to frequency ratio

(V/f) in an open or closed loop. Optimized motor efficiency can be achieved by
implementing slip regulation.

MICROCONTROLLER

CENTERED PATTERN SWITCHING

Note: Slip frequency is the difference between stator frequency f and rotor frequency

‘,—
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The Brushless DC Motor
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The Brushless DC Motor

The stator of the brushless DC Motor is copper wound and its
rotor features a number of permanent magnets. The motor is
supplied with three alternative waveforms which produce a
rotating stator field. The rotor runs at the synchronous speed,
and optimum motor efficiency occurs when the current in the
motor and the back-EMF are in phase.

Typical Application Parameters

Voltage: up to 60Vdc; 100 to 240Vac  Features: High torque capability at start

Motor Power: 5 to 2,200W up and low speed, Highly efficient and
Speed Range: 0 to 30,000 RPM compact

Major Applications

Heating, ventilation and air conditioning, Refrigerators, Medical equipment,
Robotics, Fans, Pumps, Hard disk drives, CD/DVD drives.

G—



Brushless DC Motor In six step mode

The motor is supplied by three trapezoidal 6-step waveforms. During each step,
two phases are excited. In sensorless mode, the unexcited phase is monitored to
read the back-EMF.

back-EMF

current

2
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Brushless DC Motor Iin Sinusoidal Mode

The motor is supplied by three sinusoidal waveforms. This control mode delivers
low levels of acoustic and electromagnetic noise. A resolver and current sensors
are normally needed for high-performance operation.

2
o
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L

e 2

. - 4 |
ST solutions to drive three phases &&.
permanent magnet motors

=
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What 1s FOC?

* FOC is the acronym of Field Oriented Control.
» The purpose of the FOC is to maximize the electro-magnetic torque

provided by the motor keeping the two magnetic fields (rotor and
stator) always at 90 electrical degrees.

Stator magnetic field

Rotor magnetic field

‘ % (DS ) cl)s
r — ws
90,
’) :
P,
wl’

Torque T, is maximized if the
two field are kept at 90°

i
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Benefits of FOC

* Best energy efficiency even during transient operation.

* Responsive speed control to load variations.

* Decoupled control of both electromagnetic torque and flux.
» Acoustical noise reduction due to sinusoidal waveforms.

 Active electrical brake and energy reversal.

N



PMSM FOC Basics

* Field Oriented Control: stator currents (Field) are controlled in amplitude
and phase (Orientation) with respect to rotor flux

»current sensing is mandatory (3shunt/1shunt/ICS)

»speed / position sensing is mandatory (encoder/Hall/sensorless algorithm)

»current controllers needed (PI/D,FF)

“*not easy... high frequency sinusoidal references + stiff amplitude modulation..
ssreference frame transformation (Clarke / Park) allows to simplify the problem:

/m
0§§@Q
YN/

\AVAVASY

T, maximized if...




PMSM FOC Basics:

reference frame transformations
« Clarke: transforms iy,i,,i. (1209 to i 4,ig (909; (consider that ia+ib+ic=0);

- Park: currents ig,lg , transformed on a reference frame rotating with their
frequency, become DC currents i;,iq (909

i
o
i
2
T
o

I =1, C0SE, —i,8NG
lgs =1,8ING, +1,C086,

-V, =V, COSE, +Vy Sing,

V==V, Sing, +v,cosl, |




FOC FW lib

Speed Control

RAMP
GENERATOR

MTPA & FLUX
WEAKENING
CONTROLLER

PMSM FOC - Block Diagram

Power Bridge

IPM

Gate drivers S Speed sensors:

: Sensorless,
Sensors:

SMART Hall,
SHUTDOWN-BKIN, S LR Encoder

DC V - TEMP ICS

Ll L
— STM32

FOC Current Control

PID

ST SLLIMM™

PHASE CURRENTS
FEEDBACK

ROTOR
SPEED/POSITION
- - FEEDBACK
DC domain | AC domain



ST PMSM FOC library

» Speed/position sensors supported: Features
e Quadrature Encoder

= Expensive sensor, usually only in robotics applications
» Hall Sensors

= Cheaper sensors, usually for application requiring full
torque at zero speed

e Sensor-less

= High frequency injection (ST patent pending): . High Frequency Injection

. Minimum points of the
envelop of 1, show diq
axes -> angle detaction !

= for anisotropic motors (IPMSM, Ld<Lq)

= allows precise rotor angle detection; it enables
advantages of FOC in torque/speed/position control
mode at very low and zero speed g -;:,1-::.3' )

= State observer + PLL

= Use electrical quantities (mainly current feedback) to
estimate rotor position

= Used for many applications not requiring full torque at
zero speed or very low speed operations (< 3-5% of
nominal speed)

= State Observer + CORDIC

Lys
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ST PMSM FOC library

Features

« Current sensing topologies:

e 1 shunt resistor placed on the DC link

» ST patented algorithm
* Only one op-amp /shunt resistor is needed - lowest cost F

* Current reading algorithm may result in not accurate
torque regulation

» 3 shunt resistors placed in the three legs
» Current reading accuracy: high

» Best compromise cost / performances
e 2 Isolated Current Sensors (ICS)

* Not dissipative current sensing topology - mandatory
when current exceed some tens Ampere

* Expensive

e Any possible configuration (2 motors x 3
current sensing x 3 speed sensors type) is
supported by FW library

Lys
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The Stepper Motor




he Stepper Motor

The stepper motor carries windings on the stator only. The
rotor usually features permanent magnets.

The stepper motor converts digital current pulses into fixed
angular steps.

For this reason, they are normally used in an open loop configuration and they
are the most cost-effective solution in many positioning applications.

Electrically speaking, there are two basic types of stepper motors:

*Unipolar: the current is allowed to flow only in one direction through the
motor windings

*Bipolar: the current will flow in both directions through the windings

G—



The Stepper Motor: Control Methodologies

A stepper motor driver typically works in switch mode and includes a current control circuit whereby the
current in the windings is usually controlled in such a way that it follows a predetermined profile.

In half and full step modes, the current profile is rectangular whilst in micro step mode it is nearly
sinusoidal.

A power bridge is needed to drive bipolar stepper motors; but an array of switches is sufficient to drive

unipolar stepper motors.
Typical Application Parameters

*Supply Voltage: 12 to 180Vdc

*Motor Power: up to 300W

*Speed Range: 0 to 1,000 RPM

eAngular Resolution: 0.1 up to 45 degrees

Te—
—
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*Features: High torque, Position accuracy

Major Application

Printers, Automotive, Air conditioning louver, Factory automation, Machine tools

Ly
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PRINCIPLE
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Driver for Unipolar Stepper Motor

All stator windings share a common terminal. The free terminal of each winding
IS connected to a separate power switch. Diodes are used for clamping the
voltage across the switches at turn-off.

2
o
i
2
T
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SMART POWER IC <7/

+0O

?

POWER
J: SUPPLY o

MICROCONTROLLER 7/

o

reference  commands

sonse resislor
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Driver for Bipolar Stepper Motor

A full-bridge converter is required to drive each of the two windings of a two-
phase motor, whereas a three-phase inverter is needed to drive a three-phase
motor.

Two-Phase Bipolar Stepper Motor Drive

A A SMART POWER IC &7

Multi-phase Bipolar Stepper Motor Drive

SMART POWER IC 7

III
o
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Switched Reluctance Motors
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Switched Reluctance Motors

Switched Reluctance Motors (SRM) are step-motors where both stator and rotor have
salient poles. No permanent magnets are used, therefore the magnetic flux is produced
by means of the stator coils. The speed is controlled by varying the frequency of the
voltage control signal as in a stepper motor.

Major Advantages of SR Motor

» Speed variable in a wide range

» Easy speed control implementation

* High torque at start-up

» Absence of brushes and magnetic parts
» Low manufacturing costs

Major Drawbacks of SR Motor . ) S,;?,T:r

* Not directly on the mains Phase

winding

» Complex electronics for control

_ 3-phase, 6/4 motor configuration
e High system costs

Typical Applications: Vacuum cleaners, Washing machines, Food processors

Lys
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SRM drive with rotor position feedback

idealized
inductance
|
| 6>
ideal
current
urrent ﬂ ’ \
voltage J_H_l r‘_l
idealized
inductance
current /\ /\
voltage

L

Since therelation linking the supplied torque T
and the phase current i is

r=i_dL

2 do

current has to be supplied when the inductance L
seen from each phase (and variable with rotor
position with respect to stator phase) isrising in
order to have positive torque.
If current is supplied during L decreasing, a

braking effect is obtained.
Me—ertr - i position sensor

(here not time related)

S e BN e B signal

pdse signal
at low speed

phase signal
at high speed




SRM Position Sensor Placement

Hall or photo-transistor sensors can be placed on the stator shaft to measure rotor position,
therefore inductance variations.

Example of 3 photo-transistor sensorspositioned at 120 degreesdistance

Tek EIGTH 500kS/s 16 Acqs =0
[ 1 .
............... eA l
Y R AR | Chgpenod I
: : : i : : : : 1 3.2536ms |
................................ : s ~
bl oottt || 1 Ch3 +Duty <
oo o | UwwTE K B A o 57.72 % P
. . I
e oo ool oo ool oo ! i
1
| EEURURRRUREAN] REPRERURE™ “PRURRRR! RUSERRNEAERE B8
~
...................................................... \/
S I e s R 20 7 re 2000
ch3 2.00v

10:57:25

Sensors measures from oscilloscope 120 degree sensors position on a 6/4 SRM
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Current Mode Modulation (2N Switches)

With this technique, the magnitude of the current flowing into the stator windings is
controlled using a control loop on a current feedback.

The current winding in each phase is directly measured with a current/voltage converter
or a current sense resistor connected in series with the phase. The current is compared

with a desired value to calculate the error signal, that is compensated via a suitable
control law.

fa)

o + b > _w,am. —a-"""d”l';{i“; af Fﬁ;ﬁ]-i i-'-—T1 an Ty T2 uffr-:[ b
rf " 1 I'*'-——‘dl Taon "l
Hardware topology of PWM Current V and | phase Waveform

Mode Control

G—
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2n Switches Inverter Driver

Advantages

» Single phase current modulation (by
using the pre-phase High-Side +DChus
Switch)

» Fast phase turn-off

» Fastest phase de-energizing

» VBus fully exploitable

Drawbacks

»High cost (6 power switches + 3
drivers)

> High end microcontroller (6 [Hfghsidel AT ]
independent control signals) e

‘1—



N+1 Switches Inverter Driver

Advantages

> Low cost (3 power switches + 2 drivers)

> Low end microcontroller (4 independent
control signals + 1 PWM)

> Only 1 fast switch and 4 slow switch

Drawbacks

» Current 'tail' after phase turn-off

» Common current phase modulation

> Vbus higher than rated motor voltage (PWM
duty cycle <<100%)

» Less Torque capacity due to no phase overlap
energizing possibilities

e, ougranhen
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Industrial Motion Control

:_{@' Motor type Applications addressed h_

Home appliances (washing
machines, Fridge, etc..)

Industrial (pumps, fans,
etc.) Servo drives,
Robotics

Industrial

Security system
Building automation
Medical and Appliances

Stepper motors

DC Brushed Battery power application
Motors like Power tools and more .

Appliances like washing

Universal motor .
machlnes, vacuum

And AC Load cleaners, power tools etc.

T

7 [as!
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ST Motion Control Ecosystem
3-Phase Motors ST PMSM FOC SDK

Ready-to-use ST Solution for Motion Control

/ MCUs for \ /\ / IPM, Power transistors, \

Motor Control (8-32 bit) it Motor driver ICs
@@ ¢ QO W‘
ST MC Workbench Wide range of algorithms HW tools
for specific applications
, PC SW GUI
Full customization (FOC — 6step)
L andrealtime
i _____ communication @ @ ﬂ‘ WM P
\ )L . / ﬁ::-r r'r"IG-TDF oc::mrol

[ Technical Support (WW level) ]

MC FW




3-ph Motors
High voltage

PFC Controllers (L49xx)

Rectifiers (STTHxx, STPSxx)

Power Transistors
IGBT (TFS 600V - 1200V)
IPM (SLLIMM™)

Power MOSFETs (MDmesh™ M2, M5 600V-650V) Power MOSFETs
IGBT (TFS V,HB 600-650V)

(Mdmesh™ M2, M5 520V-650V, SiC 1200V)

&

B -

8

i
power supply

.

Current
sensing

Sensor and signal
conditioning /
Power Management Op. Amp. and Microcontrollers 8-bit / 32-bit L63é5at|‘_3623"e§49
X, X, X,
VIPERXX, LDO. DC-DC.. comparators STM32Fx (CORTEX MO, M3,M4), STM8S STGAPLS: TD35x
(TSVxx, LMxx)

Lys
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3-ph Motors

Low Voltage

Motor driver ICs

Gate Driver for MOSFET/IGBT . 16230, L6234, L6235 L6229 Power MOSFETs
« STSPIN230 s STripFET F6,F7 (20V+350V)
* L638x, L639x, L649x, TD35X « STM32SPINFO

g N )
DC bus
® o9 -

- &

driver

power supply @ @ @
1 1

Power Management

DCDC converter, LDO, ...

v

Current
sensing

Sensor and signal
\ conditioning D j

Op. Amp. and
Microcontrollers 8-bit / 32-bit comparators
STM32Fx (CORTEX M0, M3,M4), STM8S (TSVxX, LMxX)

Lys

Tools (HW & SW)




Dual motor in Home appliances User cases

Currenl sensors.
3shunt/1shuntICS

SLLIMM™

TeLsugranhen

Current sensors:
3shun¥1ehuntICS

Curent sensors:
Ishunti1shuntiCS

SLLIMM™

|

|
<
D
S

= | compressor

~

irrent sen: |
dshunt/ishuntIC5  — r

Current sensuis.
3shunt/1shunt/ICS
P

SLLIMM™

Bshurt/t shunt/I25

Current sensors.
3shurt/Ishunt/ICS

SLLIMM™

Main
pump

Drain
pump

Fridge
compressor

_ Freezer

: compressor



STM32F4xx, STME2F3xx

||
STMI2ZF103x HOIXL, STM32FD0x
STM32F103% LDMD
’ r
;]

2P0

EAT T areTy Max FOGH Mg FOCH
ET0+PLL | y

F103~25aHz Fun ~ 30kHz
F2u ~40kHe Fahen ~50kH

Hall sermsars

Max Dua lax Cual

Foo Foom
USART bazed | Meax FOT

F103~20sHe Flux~2Taz

£am presacal Fotex 32kl itz

Reliable and efficient start up, low speed operation

Expand the speed limits of a PMSM
—> reach compressor’s maximum power capability

Gale driver SLLIRR ™

Optimize of the torque for each load
- energy efficiency

A" et Sensors 3Shunt1SUNtICS

BuiAlLg eng

Smooth drive insertion when the outdoor fan is
moving due to the wind.

Gate drver SLLIMMT™

J |\
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Dual Driving

d

Fridge

€SSsor

compr

Freezer
compressor

Fridge IPs

High Frequency Injection (HFI)
Reliable and efficient start up, Low speed operation

Flux Weakening

Expand the operating limits of a PMSM by
reaching speeds higher than rated - to reach the
maximum power capability of the compressor

Maximum Torque Per Ampere (MTPA)

Optimization of the torque for each load (current) >
increasing of efficiency



Washing Machines IPS g

—r— 2 e High Frequency Injection (HFI)
= o e Bl ] 2 Low speed operation, > high efficient at each

start up during washing cycle

Flux Weakening

Expand the operating limits of a PMSM by
reaching speeds higher than rated - to keep
high speed during spin dryer phase (the load

Maximum Torque Per Ampere (MTPA)

Optimization of the torque for each load (current)
- increasing of efficiency

Drain

pump
Feed Forward Improve the control of the current at
high speed - useful WM centrifugal.

Dual Driving

‘ decrease)
Overvoltage Protection HW/S
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Flexible motor control platforms

STM32 PMSM FOC SDK
(Firmware library)

Flexible
Motor Control platform

Complete
Motor Control drives

STM32 ODE:

Nucleo + X-NUCLEO

Motor Control

based on
ST MC connector

Control stages

MC Connector

1o

Power stages

Lys

TeLsugranhen
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Motor control kits

Part Number Description S
on-board
P-NUCLEO-IHMO001 STM32 Nucleo Pack FOC and 6-step control for Low voltage 3-ph motors
----------------------------------------------------------------------------------------------------------------- Yes (embedded) Single drive
P-NUCLEO-IHMO002 with DC Power supply
STM32100B-MCKIT | Motor control starter kit for STM32F100 (128KB Flash) Value Line MCUs Yes Single drive
STM3210B-MCKIT Motor C(.)ntroll starter kit for STM32 (128KB flash) Performance and No Single drive
Access Line microcontrollers

The motor control kit connections represented below can also be applied when combining STM32
control boards and evaluation power boards.

e P-NUCLEO-IHMO001
STM3210B-MCKIT STM32100B-MCKIT * P-NUCLEO-IHMO002

Serial communication RS232

Sequer J-Link

A-ITAGRIFT) -1

MC Conneclor

4 Matinzluded T

 — |
‘,’ MG Canre-ctar]
H

e oo anben

.
e —————————————
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P-NUCLEO-IHMO01/P-NUCLEO-IHM02
Low Voltage MC kit for PMSM/BLDC motor

s e

» 3-Phase motor control application
(up to 50V,1.4 A)
: * 6 Step modulation -
K 7 4 / FW library compatible with
e ; ™\ STM32Cube Mx (X-CUBE-SPN7)
LV BLDC Motor ~ ST MC SW Tools :
_ * Vector drive control —
= ST PMSM FOC SDK (STSW-
\ - Plug and Spin :

*Expansion Nucleo Board with STSPIN L6230

\

e
ugranter

allow the engineers to easily implement high end motion control algorithms (available with MC SDK).



High Voltage MC Kit Solution

» A kit designed to allow easy and effective evaluation of high voltage motor
control devices offered by ST.

* Extend the NUCLEO range to include high power motor control

+ +
SLLIMM CARD
K NUCLEO-F303 X-NUCLEO-IHM09M1 STEVAL-IPM10B /
Nucleo Board with STM32 for Expansion Nucleo Board Power Evaluation Board
Motor control with MC Connector with SLLIMM gen. Il IPM

-
o

5*
El

=



ST Complete Inverters

ST Link

Part Number Description Type
P on-board yp
Dual-motor control and PFC demonstration board featuring the Single/Dual
STEVAL-IHMOS4V2 | S1\132F103 and STGIPS20C60 No drive
Low-power motor control board featuring the SLLIMM™ . .
STEVAL-IHMOS6VL | o1 pN3HE0 and MCU STM32F100C6T6B No Single drive
STEVAL-IHM038V1 | BLDC ceiling fan controller based on STM32 and SLLIMM-nano No Single drive
STEVAL-IHMO40V1 BLDC/PMSM driver demonstration board based on STM32 and the NoO Single drive
SLLIMM-nano
i Compact, low-voltage dual-motor control board based on the Single/Dual
STEVAL-IHMO42VL | S1\132F303 and L6230 Yes drive
STEVAL-IHMO043V1 g}fﬁ% ;33L4DC sensorless driver board based on the STM32F051 NoO Single drive

STEVAL-IHM034V2 STEVAL-IHM036V1 STEVAL-IHM042V1 STEVAL-IHM043V1 STEVAL-IHM038V1 STEVAL-IHM040V1

TeLsugranhen



Flexible MC Platform
Building Your Evaluation Kit

Full set of power boards 41
featuring Power Transistors,
IPM, and MC Diriver ICs.

Full set of control boards
featuring all ST MCUs

STM32XX-EVAL
Control board

STEVAL-XX
Power board

NUCLEO-XX X-NUCLEO-IHM09M1
Control board Connector Adapter

MC Connector

IL:.
o
5 *
El
=



The MC connector

34-pin connector dedicated to motor control applications, it is a standard ST interface
between MCU evaluation boards and power boards.

s
o
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T
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Reference /
bundle

Key hardware features 1/3

Motor type /

ST Parts

Application focus

control type *

PMSM/BLDC
1 x STGIF5CH60TS-L Power board: water pumps,
STEVAL-IPMOSF 125 - 400 V¢ Up to 700 W FOC/6-step 1x TSV994 fans, dish washers and more
3-shunt
PMSM/BLDC
1 x STGIF7CH60TS-L Power board: water pumps,
STEVAL-IPMO7F 125 — 400 V¢ Up to 800 W ‘FOC/6—step 1x TSV994 fans and more
Single/3-shunt
Power board: pumps,
PMSM/BLDC 1 x STGIF10CH60TS-L -
STEVAL-IPM10F 125 —400 Vpe Upto 1 kW FOC/6-step 1x TSV994 comp'ressors, washing
machines and more
PMSM/BLDC 1 x STGIB1OCH60TS-L Power board: pumps,' o
STEVAL-IPM10B 125 — 400 Ve Up to 1.2 kW FOC/6-step 1x TSV994 compressors, air conditioning
single/3-shunt and more
PMSM/BLDC 1 x STGIB15CH60TS-L Power board: pumps',
STEVAL-IPM158 125 — 400 V¢ Up to 1.5kW FOC/6-step 1x TSV994 compressors, fans, dish

single/3-shunt

washers and more

Lys
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STEVAL-IPMxXxX
SLLIMM™ “Cards plan”

SLLIMM™ Cards plan

e STEVAL-IPM08B - STGIB8CH60TS-L Planned
« STEVAL-IPM20B - STGIB20M60TS-L Planned
e STEVAL-IPM30B - STGIB30M60TS-L Planned

SLLIMM™ nano Cards plan

e STEVAL-IPMNG3Q > STGIPQ3H60T-Hxy in production
STEVAL-IPMnM1N - STIPN1M50T-H Planned
STEVAL-IPMnM2N - STIPN2M50T-H Planned
STEVAL-IPMnG5Q - STIPQ5M60T-Hx  Planned

III
o
& *
b
=]
T
o
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Power STEVAL'IPM”GBQ

board

Lys

Features and architecture

Inverter Evaluation Board based on
2"d series of ST's SLLIMM™ IPM Trench Gate Field Stop Te chnology IGBT

Input voltage: 125 + 400 Ve

Nominal power: up to 300 W

Input auxiliary voltage: up to 20V DC

Single- or three- shunts resistors for current

Three options for current sensing: external dedicated

op-amps, internal SLLIMM-nano op-amp (single) or SLLIMM™ Card

through MCU ] +15+20

Overcurrent hardware protection _ bC
o ) 3 shunt/single

IPM temperature monitoring and protection

Hall sensor or encoder input

2"d series of SLLIMM-nano IPM

(STGIPQ3H60T-H — Full Molded package)

Motor control connector (32pins) interfacing with ST

MCU boards

Hall/encoder
Sensors

15, g anten Motor +450V DC



Key hardware features 2/3 mm

Reference / Motor type / Application
Voltage Power .
bundle control type focus
120/230 V. nominal PMSM/BLDC * 3xL6390 Power board: water pumps,
STEVAL-IHM021V2 (60/50 Hz)AC Up to 100 W FOC/6-step * 1xViperl2 fans, dish washers, washing
3-shunt * 6x STD5N52U machines
90 _ 285 \V/ PMSM/BLDC ° 3X L6390 Power board: pumps’
STEVAL-IHMO023V3 | ©_ ° \A/C Up to 1 kW FOC/6-step * 1x Viperl6 compressors, washing
pC Single/3-shunt * 7x STGP10H60DF machines and more
90 — 285 V PMSM/BLDC *]1x STGIPS20C60 Power board: pumps,
STEVAL-IHMO028V2 125 — 400 \A/C Up to 2 kW FOC/6-step * 1x VIPer26LD compressors, air conditioning
pe Single/3-shunt * 1x STGW35NB60SD and more
e 2xL6392D
. PMSM/BLDC Power board: pumps,
e 1xL6391D
STEVAL-IHM032V1 230 V¢ nominal Up to 150 W FOC/6-step , compressors, fans, dish
86 t0 260 V¢ Sinale/3-shunt * 1x Viperl2 h q
ingle/3-shun e 6 x STGD3HF60HD washers and more
PMSM/BLDC Power board: pumps,
¢ 1x STGIPN3H60
STEVAL-IHMO035V2 | 120/230 V,; hominal Up to 100 W FOC/6-step compressors, fans, dish
AC . * 1x VIPerl6L
single-shunt washers and more
30— 270V PMSM * 1x STGIPN3HG60A Power board: pumps,
STEVAL-IHM045V1 40 — 400 VAC Up to 100 W FOC * 1x VIPerO6L compressors, fans, dish
pc Single/3-shunt * 1x TSV994 washers and more

Lys
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STM32 evaluation boards
with MC Connector

Part Number Description ST Link on-board

STM32072B-EVAL Evaluation board with STM32F072VB MCU Yes Single drive
STM3210E-EVAL Evaluation board for STM32 F1 series - with STM32F103 MCU No Single drive
STM3220G-EVAL Evaluation board for STM32 F2 series - with STM32F207IG MCU Yes Single drive
STM32303E-EVAL Evaluation board for STM32F303xx microcontrollers Yes Single/Dual drive
STM32446E-EVAL Evaluation board for STM32F407 line - with STM32F407IG MCU Yes Single drive
STEVAL-IHMO39V1 Dl_JaI motor drive control stage based on the STM32F4152G No Single/Dual drive

microcontroller

STM32072B-EVAL STM32446G-EVAL STM32303E-EVAL

For the complete list visit st.com

= ST-LINK/V2

In-circuit debugger/programmer. = ST-LINK/V2-ISOL (2500 VRMS high isolation voltage)®

Lys

e oo anben

(1) for high-voltage applications if not implement ed in the evaluation board



STM32 ODE

Hardware Components

STM32 Nucleo Development Boards

 Based on ST's 32-bit ARM Cortex-M based
STM32 microprocessors

* Development boards for all STM32 families
available or planned

STM32 Nucleo Expansion Boards

» Boards with additional functionality: Motion
control , sensing, connectivity, power, analog

* Plugged on top of the STM32 Nucleo developer
board or stacked on top of other expansion
boards

» Leverage ST wide product portfolio

el ounfanhen



Expansion board for 6 Step and FOC driving of BLDC
motors (low Voltage)

» Driver for Low voltage 3 phase Motors

» Stacked connection of multiple boards

» Suitable for Mass and Hobbistic market

* Input voltage: 8 - 48Vdc

* Max output current: 1.4 Arms

*NTC on board

* DAC connector for debug

» 3 shunt/ 1 Shunt current sensing configuration

* Compatible with FOC Library: STSW-STM32F100

6 STEP Motor control Library

« L6230PD
* BAT30KFILM
* TSV994IPT

Key Products Key Features

S

T
T

CEL gl an

L6230 Expansion Board

Order Code: X-NUCLEO-IHM0O7M1
\_




MOSFET F7 Expansion Board for NUCLEO

Expansion board for PMSM / BLDC motor control
based on POWER MOSFET F7

Driver for Low voltage 3 phase Motors with 60V F7
Power MOSFET

* Input voltage: 10 — 48Vdc

* Max output current: ~15A

*NTC on board

* DAC connector for debug

» Compatible with FOC and 6 Step alghoritm

Key Features

e STL220N6F7
o - L6398
(&)
= ¢ TSVO9IPT Application Motor control
E o 5
= Segments:
é” Status, Estimated  Available
End Date
Order Code: X-NUCLEO-IHM08M1
g _/

S

T
T
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Key hardware features 3/3

Reference / Power/ | Motor type / -
yp . | ST Parts Application focus
bundle current | control type
PMSM/BLDC 1x 16230 Sewing machines, pumps
X-NUCLEO-IHMO7M1 Up to 48V Up to 2.5A FOC/6-step 1x BAT30KFILM droneg » PUMpS,
Single/3-shunt 1XTSV994IPT '
PMSM/BLDC 6XSTL220N6F7 Drones, e-bikes, drills,
X-NUCLEO-IHM08M1 10 — 48Vvdc Up to 15A FOC/6-step 3xL6398 pumps, etc.
Single/3-shunt IXTSV994IPT
Motor control connector Allow connection of STM32
X-NUCLEO-IHM0O9M1 adapter Not silicon devices NUCLEO boards with any ST
P motor control power boards
1xSTSPIN230
PMSM/BLDC ' .
X-NUCLEO-IHM11M1| 1.8V to 10 Vdc Upto 1.3 6-step IXTSVI91ILT BLDC 3-phase Motor Driver

1XxBAT30KFILM

Lys
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Motor control — SDK workflow



Benefits of FOC

* Best energy efficiency
even during transient operation, due to optimal current angle

* Responsive speed control
to load variations, due to direct and decoupled control of electromagnetic torque and
flux

* Precise position control
due to direct and decoupled control of electromagnetic torque and flux;

» Acoustical noise reduction
due to sinusoidal waveforms / optimized control

Control %
Process

d d a-phase
a-phase a cotat D-controller Stat a -
otatin .
b-phase | a-pthoase to ’ tattgnaw Eg‘?‘iﬁ e
Stationary Stationary Rotating Modulation
h —
c-phase B d Q-controller —3— £ =




Motor control — SDK — Workflow

Send commands
with serial
communication
| ./ | A ?"
L Mt

Set up the HW .

N

Use motor specs
or identify the
motor using

Motor Profiler

Finalize the
project with
Workbench




ST MC Workbench
PC GUI for FOC SDK v4.2 ™=

Configure the MC FW lib

Generatiing .h files

Drive
Management

T —

ST MC Workbench

I MC
Build Your Project + prSolj?(;:t — executable

Toolchain

Program the HW and executable
RUN your motor

c
9
e
®©
O
o
Q.
<
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Feature of STM32 FOC SDK m=

 In Drive settings, choose a correct PWM frequency and torque and flux execution

rate in such a way that the FOC rate = PWM,fTeq Is compatible with the
Execution rate

maximum FOC rate according to the microcontroller used.

STM32F4xx, STM32F3xx

STM32F103x HD/XL, STM32F2xx

STM32F103x LD/MD

STM32F100x, STM32F0xx

1shunt
3shunt ¥

Flux
Weakening

IPMSM MTPA

Feed Forward

Sensor-less
(STO + PLL)

Sensor-less
(STO +
Cordic)

Encoder

Hall sensors

Startup
on-the-fly

ST MC
Workbench
support

USART based
com protocol
add-on

Max FOC®
F100 ~11kHz
FOxx ~12kHz

3shunt

FreeRTOS

ICS

Max Dual
FOC®
~23kHz

Digital
PFC®)

Dual FOC

Max FOC®@
F103 ~23kHz
F2xx ~40kHz

Max Dual
FOC®

F103 ~20kHz
F2xx ~36kHz

Motor
Profiler

HFI®

Max FOC®
F3xx ~ 30kHz
F4xx ~50kHz

Max Dual
FOC®
F3xx~27kHz
F4xx~45kHz

(1) High Frequency Injection

(2) Max FOC estimated in sensorless mode

(3) STM32F103xC/D/E/FI/G and STM32F303xB/C
(4) Only for STM32F0xx



Motor control — SDK — Workflow 2/4

* When the hardware is ready, if the user does not know the motor
parameters, he can identify the motor.

* How? Using the Motor Profiler!!

* Follow the instruction in Step 6.
« If want to measure the Motor parameter in the lab Step 8

Y

y
3

Motor Profiler

MotronControfSuie
& NUCLED-F302RE & X-NUCLEQ-IHMOTM1 35h
ETNRIFI0ARETS LAFBOPT =
Max Spaed: | 4000 | REW
Max Current: 2|A
> s [l
ETLMENS Bt L - e SRS Magretic: (| SHPRER 1-PHSH
= Pyosue Wels Pagn Product Weh Page
.ﬂ, Be wrnfigis -'._' T
o Electrical Model Mechanical Model

R:1sazfy LizaappH

P Stact Profile Ericdicr 30898 al-mes
) S Vs i

1208 o i ' ” ' '
o Play o 1374 [ Inaria Nk Sapd

.5 Wirena/WRPM 20956 rib=mea? 13 B7 kRPMY

2
o

i

2
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Set up motor parameters

« ST MC Workbench — Motor section contains:
* Motor parameters
* Motor sensor parameters

* In this hands-on session, we will configure the system for sensor-less
control using a motor with a surface-mounted magnet.

* For a custom project, the user can set all the parameters individually.
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Set up motor parameters

* If motor parameters are unknown (or the instrumentation to measure
them is missing), it is possible to use the new Motor Profiler feature
with the supported ST hardware.

» Two ways to open the Motor Profiler:

From the Home page of the ST Motor Control Workbench
T
File Teals Help Docurmentation

From the “STMotorProfiler” installation folder

.. Program Files (x86)
. STMicroelectronics
.. FOCSDK
L ovd3
. STM32 PMSM FOC LIB
. STMCWB
. STMotorProfiler



Set up the Motor Profiler

* Click “Select Boards” to display a list of supported boards. The Motor
Profiler feature can be used only in the systems listed.

[ ' liie.augmented
Motor Profiler
MotionControlSuite
Pole Pairs: D I how to detect
Max Speed: | |RPM
MaxCurrent: | |A wA- 154
_—
etic: (=) SH-PMSM (1}

2
o
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Set up the Motor Profiler

Parameters set by the user:

* Motor pole pairs (mandatory)

Maximum application speed

* Not mandatory. If not selected, the Motor Profiler will try to reach the maximum allowed speed.

Maximum peak current

* The maximum peak current delivered to the motor

Expected bus voltage provided to the system.

Type of motor
e Surface-mounted permanent magnet synchronous motor (SM-PMSM)

* Internal permanent magnet motor (I-PMSM). In this case, the Ld/Lq ratio as input is required.

SM-PMSM Pole Pairs: [j = how to detect... Pole Pairs: El = how to detect... -PMSM
Max Speed: RPM Max Speed: [10000|RPM
Max Current: A 270mA-2.8A Max Current: A 270mA-28A
VBus: V 8v-48V VBus: V 8V-48V

Ld/Lq ratio: E 0.001 - 10
‘1 Magnetic: (=) SM-PMSH (I-PMSM Magnetic: * SM-PMSM = I-PMSH
P gt



Set up the Motor Profiler ma

» Connect the selected hardware to the PC.

» Click the “Connect” button.
e |f communication with the board is successful.

» Click the “Profile” button.

€ Remember to properly configure the boards in Motor Control made

o—W—00
VLS | B
O

D Connect...

2
o
i
2
T
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Run the Motor Profiler

* Procedure will end in about 60 seconds.

Motor stopped

Rs measurement
Ls measurement
Current regulators set-up

Open loop

Ke measurement
Sensorless state observer set-up
Switch over

A ”M”!"

U 5 sec
Ull“l“ul

Closed loop
Friction coefficient measurement

Moment of inertia measurement
Speed regulator set-up




Motor Profiler complete

* At the end of the procedure, the measured parameters will be
displayed in a dedicated window.

s Electrical Model Mechanical Model Fautts &
@ Disconnect FOC duration

Rs184302 Lssa.30pH Cwervoltage

P Start Profile Frichion 304:99 aikims Under voliage
Y Owverheat

Bl Save... Vaus (] < ,l" Startup failure
12.06V s ; - Spead fesdback

o® Play o 1L77a 4 ke Ineria Mo Speed Ower curranl

0.5 Vems/ kRPM 20956 AMemissl 14 B7 kRPM FW emor

* It is possible to import them into the Workbench project and save
them for later use.

Save x

ProfiledMotor

Motor profiled xxx




Motor Profiler complete m=

Play Mode
At the end of the procedure, it is possible to run and control the motor’s speed

_ Electrical Model Mechanical Model Fauits €
O Dizsconnect FOC duration
b et Prafie Rrigian leBsagnuH fweryoltage
a vollage §
i Play with Mator = werhﬁ?al-.
Bl Save.. ) failure £
f= =N adback [
| Play I . Stop Faults ﬁ' current |
-~ FOC duration (Q°  [Wemor i
N < ! Over valtage )
~ 7 Undervoltage
A Responsiveness RPIs e
Startup failure
4%k ] ik Speed feedback O |
Speed [RPM] - Over current ()
BN errar i)

9.81 kRPM

Lys
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Motor Identified

» Motor Identified: users can switch the motor on or off using the “Start”
and “Stop” buttons.

* It is possible to create a new ST MC Workbench project with the
profiled motor by clicking “New Project” in the Motor section.

2
o

i

2

T

o

Motor
Generic Low voltage <= 50V B SN St
- - Pole Pairs
Generic Low volfage <= 50V .
s . Nominal Speed
Generic High voltage > 50V Nominal Voltage
Shinano LAOS2-080E3NL 1 Nominal Current

Bull Running BR2804-1700kv
ProfiledMotor motor created by user




Motor Profiler Disclaimer

» The Motor Profiler algorithm is intended to quickly evaluate the ST
3-phase motor control solution (PMSM)

» The Motor Profiler can be used only when using compatible ST
evaluation boards. Choose the best ST hardware according to the
motor characteristics.

» The precision of the measurement is not like when using proper
Instrumentation.

* In certain cases, Motor Profiler measurements may not be reliable.
Please see the limits reported in the software tool.

. ougt anken



Set up workbench project



Create a new Workbench
project based on the ST evaluation board

» Choose the example Workbench project that best fits your needs.
* Choose the one with the same name of the ST evaluation board you are using, or
» choose the one with the same microcontroller you are using.




Create a new Workbench

project based on the ST evaluation board -

Choose: New Project
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Create a new Workbench
project based on the ST evaluation board

- Poriorboad shvas e die
2wreral Faes T ceroer mec by e e

P Fairg

Unmine Gzesd 0T e
B sl 24
tndh v Ciwredl Ak

[ ] e

Choose:
. |

Application type

"
Generic

Pumps

Compressar

Dish washer

Fans




Create a new Workbench
project based on the ST evaluatlon board ™=

‘ﬂnmwm_ — C— - — ==

Choose.

2. Single or dual motor

Frrem
ETRUALIFM IR 15k 1K bt vellecn 128 - 400 Wit 4
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Create a new Workbench
project based on the ST evaluatlon board ™=

ﬁmwm_ — e e —

[T . W Sngle Mot 7 il Motors
Select Boards! | mede SrNca & Pawser & Control 3
ﬁlﬂE?JDH-JETE mmmmmm l
B L
T oceers S H .
& idtn {l
-| 7 3. Board approach:
» Choose if you are using Inverter,
MC Kit or Power plus Control
boards.
P e MR « Select the board used or create
et et 03 your own custom board.




Create a new Workbench
project based on the ST evaluatlon board ™=
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4 4. Motor:

ot Choose the motor from a motor
‘ ot R i database. (You can save your motor
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Create a new Workbench project

« Starting from the board selection or example project, the control stage
parameters will be populated with the correct values.

» For a custom project, the user can set all the parameters.
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Set up power stage

- Starting from the board selection or example project, the power stage
parameters will be populated with the correct values.

* For a custom project, the user can set all the parameters.
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Set up drive parameters

- Starting from the board selection according to the chosen application,
drive parameters will be populated with the correct values.

» For a custom project, the user can set all the parameters.
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Application type
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Drive Parameter

 In Drive settings, choose a correct PWM frequency and torque and flux execution

rate in such a way that the FOC rate = PWM,fTeq Is compatible with the
Execution rate

maximum FOC rate according to the microcontroller used.

STM32F4xx, STM32F3xx

STM32F103x HD/XL, STM32F2xx

STM32F103x LD/MD

STM32F100x, STM32F0xx

“ 1shunt
3shunt ¥

Flux
Weakening

IPMSM MTPA

Feed Forward

Sensor-less
(STO + PLL)

Sensor-less
(STO +
Cordic)

Encoder

Hall sensors

Startup
on-the-fly

ST MC
Workbench
support

USART based
com protocol
add-on

Max FOC®
F100 ~11kHz
FOxx ~12kHz

3shunt

FreeRTOS

ICS

Max Dual
FOC®
~23kHz

Digital
PFC®)

Dual FOC

Max FOC®@
F103 ~23kHz
F2xx ~40kHz

Max Dual
FOC®

F103 ~20kHz
F2xx ~36kHz

Motor
Profiler

HFI®

Max FOC®
F3xx ~ 30kHz
F4xx ~50kHz

Max Dual
FOC®
F3xx~27kHz
F4xx~45kHz

(1) High Frequency Injection

(2) Max FOC estimated in sensorless mode

(3) STM32F103xC/D/E/FI/G and STM32F303xB/C
(4) Only for STM32F0xx



Drive parameter tricks

 In Drive settings, decrease cut-off frequency of torque and flux regulator down to 2000 rad/s if power
stage — current reading topology is single shunt.

 In Sensing enabling and FW protections, uncheck the sensing options not supported by power stage
and check any “Set intervention threshold to power stage xxx” buttons.

 In Drive settings, initially set default target speed to at least 20% of maximum application speed.
 In additional features, start without any additional method (possible to add them later).
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Drive parameter tricks

If motor profiler is not used, in Start-up parameters, select the basic profile.

Set current ramp initial and final values equal to the motor nominal current value / 2 (if load is low at low
speed, otherwise it can be set up to 0.8-1.0 times the nominal current value).

Set speed ramp final value to approximately 30% of the maximum application speed.

Depending on the motor inertia, it may be required to increase the speed ramp duration.

Set minimum start-up output speed to 15% of the maximum application speed (if required, decrease it later).
Set estimated speed band tolerance lower limit to 93.75%

Enable the alignment at the beginning of your development (duration 2000 ms, final current ramp value from
0.5 to 1 times the motor nominal current depending on the load)
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Digital PFC



Digital PFC

Advantages of implementing active power-factor-correction (PFC)
using the same microcontroller which is driving the motor with ST FOC
algorithm:

» Performance optimization because the microcontroller knows
information on the load (for instance the power requested by the
motor) and can improve the performance of the PFC

» Cost saving (reduction of components count)
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Digital PFC
Enabling

 Digital “Power-factor-correction” algorithm working together with the
ST motor control FOC firmware is included in the ST MC FOC SDK
and can be enabled using the ST MC Workbench

I3% 7 Motor Control Worthench [Nana

Fil= Tools Help Documentation

‘EEHX®s O 00

Power Stage

Motor

£

Power Stage

Crwa Management

Control Stags

p i
Enable PFC
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Digital PFC

where to set parameters
» To enable the digital PFC, go in the Drive Management -> Additional

Features and PFC settings and click PFC Parameters

-
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Dnive Management

FW

Speed/Position

Feedback
Management

Drive Settings I

Sensing Enabling
and Firmware
Protections

Start-up Parameters

Additional Features
and PFC settings

User Interface
Add-on

,
Drive Management - Additional Features

] MTPA

[7] Flux weakening

[7] Feed Forward

[¥] Sensorless speed feedback

___________________




Digital PFC
SW settings

« Select “Enabling feature” to enable the PFC in the firmware.

Fover o PP o
Hardwar Setinga | PFC Paranciers
PFC Parameters
[# Enabing feature
Current Regulation
PYWM frequency |40000 2 090 = P
Ciarent requlston execLbon rete l:l PWM penoda {0 i‘ /56 i
S Dver Cument Threshold 4,953 1 Ak
Voltage Regulation
Dutpus voliage rfesence 350 = v 1Dﬂﬂ__—:_1 J :.ﬁi ':I P
PRC overvohtaga threshoid 37 v W e B
Violtage regulztion frequency [100 .;| Hz
Soft Stert Duraion | 300 i| s
Swich-on Power level 25 =W
Swkcheoff Powear levei 50 =] w
Digtal fiter duration on AC smepin (1.3 =] weee
Dighsl fitar dhrstian an OCF gin A ] usee




Digital PFC
HW settings

Set the Physical hardware parameters according to the selected power

stage.
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Power Stage - Power Factor Correc‘tb

I Hardware Settings | PFC Parameters {

Hardware Settings

Mominal power
MNominal cument
Shunt resistor value

OPAMP on power stage

Comparator threshold

Cwerall network gain

Mao. power transistor current

Ton propagation delay
Toff propagation delay
Driving signal polarity
Cwvercurrent signal polarity

AC Mains synch signal polarity

use OPAMP for Cument Protection

Expected Over Cument threshold

AC voltage sensing divider 1/

[1000 B w
;5.143 | Aek
0220 1| ohm
[1.20 = v
O
1.976 ] Aok
[10.000° = Ak
[118 2]
{2550 2 ns

Active low hd
Falling edge b




Digital PFC
Real Time monitoring

It is possible to enable, disable or make on-the-fly modifications on the PFC
variable using the WB monitor feature.
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» The PFC section must be enabled.

» To switch off the PFC, click “PFC Disable”.

Digital PFC

Real-time monitoring

» Click “PFC Fault Ack” to clear the PFC

faults.

PFC
| PFC Enable

PFC Disable

PFC Fault Ack

* The PFC status and register can be viewed and/or modified using
the direct access in the “Register” tab.

Q4D
OedE
OedF

PFC Status
PFC Hags
PFC DC bus reference

Vol

(50
51

PFC DC bus measured
AC Mains frequency

Volt

Hz

(52
<53

AC Mains voltage 04opk
PFC Cument loop Kp

Volt

(54
@55
(56

PFC Cument loop Ki

7 PFC Current loop Kd

PFC Voltage loop Kp

(57
(58

PFC Voltage loop Ki
PFC Voltage loop Kd

(59
x5A

PFC startup duration
PFC abilitation status

ms
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System Lab - Motion Control - Support Requests

The tracker allow to easy technical support second level of request :
easy balance between support / development , avoinding direct request.
All ST employes have access to Codex:
https://codex.cro.st.com/plugins/tracker/?tracker=8650&func=new-artifact

4 )
Customer " Spead/position sansar
Nore:
Current sensing topology
Businnes opportunity (ksystem'yoar) .
$———_ Mandatory : customer S
Expected Start of Producti H H 11 H —
: 1 of Froduction and opportunity identification N
Applicution
Motor Type
MNone v
Voltage rate
Board Used (It is possible to select multiple values using "ctrl’ key)
None - . .
STME2I0ICEVAL M Platform description Current (ate
STEVAL-IHMO45V
STME21008-MCK T
STME210B-4MCKIT
STEVAL-IHMO34V2 : .
STEVALHMOEV1 . Is using ST FW libeary
AT e e s s Yes v
MCU p'n (Not required if Board Usad is selected above) MC beary usad
vl 1-Web
other ST part numbers (Not required if Board Used is selected above) Compiler used
Formst | HTML ¥ Neee v
J

L
_‘_ Y. This tool is used also to provide source code of Library



Buck regulators:

« L597X

¢ L798X

¢ ST1S1X

+ L698X j

\_

+ &

Stepper Motors

Power Transistors
Power MOSFETs
(STripFET H7, F6, F7)

Half Bridge MOS Gate Driver:

Dual full bridge MOS Gate Driver:

Communication
interface

* 8-bit MCU:
* STM8S

* 32-bit MCU
* STM32F0
*+ STM32F1

\ * STM32F3

Auxiliary
power supply

-

* L638xE, 600V, 0.65A
* L639x, 600V, 0.43A
* L6491, 600V, 4A

* L6480, L6482 /

Driver

Signal

Current

conditioning

sensing =)

Lys
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Op. Amp. and
comparators

(TSVxx, LMxx)

Motor Driver ICs:
e L62xx, L62xxQ
o L647x
* L648x
« POWERSTEP1

- STSPIN2200)
- J

Tools (HW & SW)




X-NUCLEO-IHMO1A1

Stepper motor driver board based on L6474

Multi motor solutions
The X-NUCLEO-IHMO1Al is compatible with the Arduino UNO R3

connector, and supports the addition of other boards which can be stacked
to drive up to three stepper motors with a single STM32 Nucleo board.




Tools for Stepper and DC Brushed Motor

mw voltage stepper driver expansion X-NUCLEO-IHMOBAL \
board based on STSPIN220

* Supply voltage: 1.8V — 10V

* 2 A max output current

Up to 1/256 microsteps

Extremely low STBY consumption (~150nA)

* PWM current control with programmable off-time
Step-clock / direction inputs

Fully protected dual full-bridge

\ Ultra compact QFN package

KX-NUCLEO-IHM04A1 Dual brush DC motor driver expansion \
board based on L6206

* Supply voltage: 7V — 52V

* 5.6 A max output current

* RDS(ON)=0.3Q

* Fully protected dual full-bridge

» Parallel outputs operation for higher current capability
* Operating frequency up to 100KHz

* Programmable non-dissipative OCP
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Evaluation Tools 1/2 ga

Order code Description O
product
X-NUCLEO-IHMO01A1 Stepper motor driver expansion board for STM32 Nucleo L6474H/PD
X-NUCLEO-IHMO02A1  Two axes stepper motor driver expansion board based on L6470 for STM32 Nucleo L6470H
X-NUCLEO-IHMO03A1 POWERSTEPO1 System-in-Package motor driver expansion board for STM32 Nucleo POWERSTEPO1
X-NUCLEO-IHMO04A1  Dual full-bridge motor driver expansion board based on L6206 for STM32 Nucleo L6206PD
X-NUCLEO-IHMO5A1  Dual full-bridge stepper motor driver expansion board based on L6208 for STM32 Nucleo L6208PD

Low voltage microstepping motor driver expansion board based on STSPIN10D20 in QFN 3x3 package for

X-NUCLEO-IHMO6A1 STM32 Nucleo

STSPIN10D20

X-NUCLEO-IHM12A1 Low voltage dual brush DC motor driver expansion board based on STSPIN240 for STM32 NUCLEO STSPIN240

EVLPOWERSTEPO1 System-in-package integrating microstepping controller and 10 A power MOSFETSs; evaluation board POWERSTEPO1

EVAL6470H Fully |nt'egrated microstepping motor driver based on L6470 (Digtal Motion Engine and voltage mode control); L6470H
evaluation board

EVAL6470H-DISC Discovery kit: development tool to easily explore L6470 microstepping motor driver L6470H

STEVAL-IKM001V1 Evaluation kit based on the L6470H L6470H

EVALG470PD El;!yr(;ntegrated microstepping motor driver based on L6470 in high power PowerSO package; evaluation L6470PD

EVAL6472H Fully |nt'egrated microstepping motor driver based on L6472 (Predictive current control and adaptive decay); L6472H
evaluation board

EVAL6472H-DISC Discovery kit: development tool to easily explore L6472 microstepping motor driver L6472H

EVAL6472PD Fully integrated microstepping motor driver based on L6472 in high power PowerSO package; evaluation L6472PD

board
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Evaluation Tools 2/2 g

Order code Description O
product
EVAL6474H Microstepping motor driver based on L6474 (current control and adaptive decay) ; evaluation board L6474H
EVAL6474PD Microstepping motor driver based on L6474 in high power PowerSO package; evaluation board L6474PD
EVALG480H E:JI!?/uianttiiirzztidmicrostepping motor controller with Digital Motion Engine, SPI and voltage mode control; L6480H
EVAL6480H-DISC Discovery kit: development tool to easily explore L6480 microstepping controller L6480H
EVALG4S2H 2:!::;3252:5 em\:;:lrl(::;c;pnp;)r;i:r;otor controller with Digital Motion Engine, SPI, predictive current control and L6482H
EVAL6482H-DSIC Discovery kit: development tool to easily explore L6482 microstepping controller L6482H
EVAL6206PD Dual full-bridge motor driver in high power PowerSO package (programmable overcurrent); evaluation board L6206PD
EVAL6206Q Dual full-bridge motor driver in QFN package (programmable overcurrent); evaluation board L6206Q
EVAL6207N Dual full-bridge motor driver in PowerDIP package (embedded PWM current control); evaluation board L6207N
EVAL6207Q Dual full-bridge motor driver in QFN package (embedded PWM current control); evaluation board L6207Q
EVAL620SN Ect:::;ull—bridge motor driver in PowerDIP package (embedded stepping sequence generator); evaluation L6208N
EVALG6208PD eD\l/J;IlJZl{clilc-)tr)]rLdogaerjtepper driver in high power PowerSO package (embedded stepping sequence generator); L6208PD
EVAL6208Q Dual full-bridge stepper driver in QFN package (embedded stepping sequence generator); evaluation board  L6208Q

7 [as]



Industrial Motion Control

:_{@' Motor type Applications addressed h_

Home appliances (washing
machines, Fridge, etc..)

3-phase motors

Industrial (pumps, fans,
etc.) Servo drives,
Robotics

Industrial

Security system
Building automation
Medical and Appliances

Stepper motors

DC Brushed
Motors

Battery power application
like Power tools and more .

Appliances like washing
machines, vacuum
cleaners, power tools etc.

Universal motor
And AC Load

T
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HV Converters, 4W to 20W
« VIPer Plus, VIPer06, VIPerl6, (VIPerxx)

Universal and
single phase AC induction Motors

Communication
interface

Control unit
* 8-bit MCU: _ a
2oy
* 32-bit MCU power supply
¢ STM32F0 3
—

Zera crossing |
detection

T Current
Signal sensing )
conditioning

o

Op. Amp.
comparators
(TSVxX, LMxx)

and

J

Triacs H,T series
ACS™ ACST

(@]



Key Products Key Features

Vacuum Cleaner Control with STM8S and High Tj TRIACs
STEVAL-IHMO29V?2

Wide range input voltage (90VAC-250VAC
50/60Hz)

STM8S103F2P6 as Main Controller
1W SMPS based on VIPerl16L
Negative power supply

Direct driving of TRIAC

Soft-start and smooth power change function

Stand-by total consumption <300mW @

250VAC
Robust design
IEC-61000-4-4, burst up to 8kV 90-250VAC
IEC-61000-4-5, 2KV surge S0/60Hz N Power
A Regulation
+ STM8S103F2P6 @
* T1235T-8T ﬁ Universal
- VIPerl6L Motor
* L7905CP (Negative Voltage Regulator ) SWIM .
Debugger Motor Power
+ STTH1RO06 running Lovels

STM8S103F2P6

S
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ACS/SCR/Triac power boards

STEVAL-IHMO029V?2 Demonstrate High-Tj solution for 2000 W universal motor validate solution immunity to surges and EFT.
SCR/Triac Products: T1235T-8T

STEVAL-IHMO041V1 Universal motor speed control open loop or closed loop speed control modes demonstrate snubberless device
operation.

SCR/Triac Products: T1635T-8I

STEVAL-IHTO01V2 Compressor / Light bulb / Defrost resistor / Fan control
Demonstrate EFT immunity and fridge efficiency gains thanks to electronic control
Adapt Triac control and fridge control by Graphic PC interface
SCR/Triac Products: ACST610-8FP, ACS102-6TA, ACS110-7SN

STEVAL-IHTO05V2 Demonstrate feasibility of Triac / ACS control with 3V3 MCU
Validate solution immunity to surges and EFT.
SCR/Triac Products: T1635H-8I, ACST1635-8FP, Z0109MA, ACS108-8SA

STEVAL-IHTO06V1 Single-phase compressor control cabinet lighting by LEDs
SCR/Triac Products: ACST830-8T

STEVAL-IHTO07V1 Plug-in of the STMS8S discovery kit opto-transistor Triac and ACS insulated control
SCR/Triac Products: T1010H-6G, ACS108-6SUF
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