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3-Phase BLDC Motor-Control Block Diagram
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Electric Motor: Classification

Permanent Internal
Magnet mounted PM

Sinusoidal (PMSM)

Surface

Higher efficiency mounted PM

and/or reliability Synchronous Wound field

Trapezoidal
(BLDC) PM

Switched
Variable reluctance
reluctance

Asynchronous

(ACIM) Squirrel cage
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
’I * ACIM: 3-phase induction motor Basic ADC/PWM requirement Requires 3-phase timer + sync’d ADC
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PMSM and BLDC Motors

* Permanent Magnet Synchronous Motor (PMSM)
« Stator is the same as AC IM: three phase windings
* Rotor houses permanent magnets

« on the surface - Surface Mounted (SM) PMSM
» Buried within the rotor - Internal (I) PMSM

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

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

* Permanent Magnet BrushLess DC motors (BLDC)
» Like PMSM - and despite of their name - require alternating stator current

» Like in PMSM, rotor houses permanent magnets, usually glued on the
surface

» Like PMSM, stator excitation frequency matches rotor electrical speed

« Unlike PMSM, rotor spinning induced trapezoidal shaped Back Electro-
Motive Force (Bemf)

» Gives best performances (torque steadiness) when driven by rectangular-

" ’ shaped currents
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= Operating voltage from 8V to 45V STSPI N32 FO TeCh N |Ca| Detal IS

= 3-phase gate driver for high performances

* 600mA current capability
» Real-time programmable over current

SWD_I0 SWD_CLK sw M VREG12

* Integrated bootstrap diodes ppvoma | prrr—
» Cross conduction, under-voltage and REGULATOR REGULATOR
temperature protections
= 32-bit STM32F0 MCU with ARM ® Cortex® MO Core e .
« STM32F031x6x7 48MHz, 4-Kb SRAM and 32-Kb Flash LRI
 12-bit ADC (ADC inputs & | 25 Hall
« 1to 3 shunts FOC supported USART itetace) Decoding logic
« Communication interfaces 12C, UART and SPI
- Complete Development Ecosystem available Ophmps P
= 4x Operational Amplifiers and a Comparator GND 3FG_PAT OPxPOPXN OPx0  0CCOMP

= On-chip generated supplies for MCU driver and external circuitry
» 3.3V DC/DC buck regulator — Input voltage up to 45V
« 12V LDO linear regulator
* UVLO protection on all power supply voltages

= Embedded Over-Temperature Protection

Lys
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= Package : VFQFPN 7 x 7 x 1.0 - 48L




STSPIN32F0 Application Example
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Making Your Designs Easier

To support STSPIN32F0, a comprehensive set of design tools is available, including:

Reference Code Description

STSPIN32F0 evaluation board

Three-phase brushless DC motor driver evaluation board

STEVAL-SPIN3201 * Input voltage from 8 to 45 V

e Output current up to 15 Arms

» Power stage based on STD140N6F7 MOSFETs

« Sensored or sensorless field-oriented control algorithm with 3-shunt
sensing

User manual for STEVAL-SPIN3201: advanced BLDC controller with

UM2154 embedded STM32 MCU evaluation board
STSW-SPIN3201 Firmware example for field oriented motor control (FOC)
UM2152 User manual for Getting started with the STSPIN32F0 FOC firmware

example STSW-SPIN3201

" ’ STSW-STM32100 Library: STM32 PMSM FOC Software Development Kit
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Why 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.

g )
KN N7, —— conrol AN s

a-phase g _ d D-controller d L [ ropase
b-phase | 3-pthna se F{utr:‘a: ting Stati;;nary 353‘3? | bphase
opnase | Stationary B Stationary q — q Rotating B Madulation [ cphase

Independent control
\ of flux and torque /




FOC Single Motor For Budgetary Applications

« Target applications:
« All those applications where:

« Dynamic performance requirements are moderate
* Quietness of sinusoidal current control (vs six steps drive) is valuable
« Extended speed range is required

 Particularly suitable for pumps, fans and compressors

Sinuseidal eontrol

Current Current

me Mw /\/\/

Six-steps drive

o More silent

o Lower torque ripple

° Exttended speed range
casier to be achieved

DW Spray &  h§
drain pumps &%
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FOC Single Or Dual Motor For Higher Performance

- Target applications:
« Wide range from home appliances to robotics, where:

» Accurate and quick regulation of motor speed and/or torque is required
(e.g. in torque load transient or target speed abrupt variations)

 CPU load granted to motor control must be low, due to other duties

STM32F103 STM32F 3xx STM32F2xx | STM32F4xx >
) Fitness, wellness and
4 healthcare
XD

Industrial motor
drives

And much much more...

ARy €
r,’ Power tools
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PMSM FOC Overview

» 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 alg)

» current controllers needed (PI/D,FF)

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

1%
AVAVAIR
SAVAVA®,

‘—’ 7 VA NN T maimized f..
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PMSM FOC Overview: Reference Frame Transformations

* Clarke: transforms i,ip,i; (120°) to i,,i5 (90°); (consider that ia+ib+ic=0);

* Park: currents I,ig , transformed on a reference frame rotating with their
frequency, become DC currents i,,i4 (90°)!

l,s =1,C086, —1,5In6,

C o .
lys =1,8IN6, +1,€0860, | ... .19

* Pl regulators now work efficiently in a ‘DC’ domain; their DC outputs, voltage
reference v,,vyare handled by the Reverse Park -> v,,vg; AC domain

-V, =V C0S 0, +V,Sin G,

‘,’ I ....... Vd ....... ........ V/}:_Vquingr+Vdscosgr
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Single PMSM FOC — Block Diagram

Power Bridge

IPM

Speed sensors:
Sensorless,

Gate drivers Current

Sensors:

ST SLLIMM™

SMART Hall,
SHUTDOWN-BKIN, BShur:télsS AT Encoder
DC V - TEMP

L O AT
FOC FW lib — STM32

Speed Control FOC Current Control

MTPA & FLUX PID
WEAKENING

CONTROLLER m

RAMP
GENERATOR

PHASE CURRENTS
FEEDBACK —

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

—————————————
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Gate drivers Motorl

4 R
>,
Current sensors: Speed sensors:

3shunt/1shunt/ICS Sensorless,
\
Hall,
Encoder

R

: 4 _
Gate drivers | Current sensors: } Speed sensors:

| 3shunt/1shunt/ICS Seﬂsorless,
Hall,

"’ Encoder
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Motor Current Sensing — Why?

» The purpose of field oriented control is to regulate the
motor phase currents.

 To do this the three motor phase current need to be
measured.

Measured motor
phase current

L Voltage command d

PWM duty

Current reference

_

Lys
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Current Sensing Topologies

- To measure the motor phase currents a conditioning
network Is required.

* The STM32 FOC SDK supports three current sensing
network
 |nsulated current sensor (ICS)
* Three shunts

Insulated current sesor (ICS) Three shunts Single shunt

= I —In = = —In I
= I i = = I\ =y

Best quality Cost optimized

R
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Current Sensing Topologies

+ According to the HW the current sensing topology can be
selected in the power stage scetion of Workbench

Insulated current sesor (ICS)

5

%%

Fower Stage

Three shunts

- //
B Drive Managemert

Single shunt

Control Stage

—In

-

Power Stage - Current Sensing

53

Cument sensor and signal conditioning

Cument reading topology

Shunt resistor(s) value
Amplfication on board
Amplifying network gain
THise

Toize

- I
= =N
I N\
= =y

[Three Shunt Resistors

L1

4|k Ak

ohm

ns

na

Calculate




STM32 PMSM FOC SDK v4.3

« STSW-STM32100 - includes the PMSM FOC FW library, ST MC Workbench (GUI) and
Motor Profiler (GUI), allowing the user to evaluate ST products in applications driving
single or dual Field Oriented Control of 3-phase Permanent Magnet motors (PMSM),
featuring STM32F3xx, STM32F4xx, STM32F0xx, STM32F1xx, STM32F2xx

specific applications

Single / Dual
simultaneous FOC
STM32F3xx
§$mg§|l::§ 72, Wide range of motor control
STM32F1xx @ algorithms implemented for

STM32F2xx Yot ‘

STM32 PMSM FOC SDK v4.3

Motor Profiler
Real time measurement and
tuning of the motor

STM32F PMSM FOC FW library ST MC Workbench
‘— MISRA C rules 2004 compliancy Full customization and real time
,I Strict ANSI C compliancy communication through PC software
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Feature Set According To The Micro

STM32FE4xX, STM32E3XX

’ SHIVIS2ZELOSXTH D/ XITFSHIVISZE2XX

STTVSZ25108:¢ LD/VYID)
STIVISZELO0XS SHIVISZEOXX

1shunt

Flux Weakening

IPMSM MTPA

FO supported

Feed Forward

Sensor-less
(STO + PLL)

Sensor-less
(STO + Cordic)

FreeRTOS

Encoder

Hall sensors

Startup
on-the-fly

ST MC
Workbench
support

Lys
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USART based
com protocol
add-on

Focrate =

Max FOC®
F100 ~11kHz
FOxx ~12kHz

Max FOC®
~23kHz

PWM freq
Execution rate

Digital PFC®

Motor Profiler

Dual FOC

HFI®)

Max FOC®@
F103 ~23kHz
F2xx ~40kHz

Max FOC®
F3xx ~ 30kHz
F4xx ~50kHz

Max Dual FOC®
F103 ~20kHz

F2xx ~36kHz

(1) High Frequency Injection
(2) Max FOC estimated in sensorless mode
(3) STM32F103xC/D/E/FIG and STM32F303xB/C

Max Dual FOC®

F3xx ~27kHz
FAxx~45kHz




STM32 FOC SDK — Lab Session

Tools: configuration with PC SW ‘STMCWB’, ‘Motor Profiler’, IDEs




Motor Control — SDK — Workflow

Use Motor specs

or Identify the
Setup the HW » motor with

Motor Profiler

Debug and Real <: Finalize the

time monitoring ngr?(%tevr\]/gﬂ

i
]

Lys
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Motor Control — SDK — Workflow 1/4

« First step - Setup the Hardware, according the user's targets it is possible to choose the more suitable HW among
the different ST “ready-to-start” evaluation boards.

« Setup them according the specification stated in each related user manual.

« Connect the board together (if required), power supply and plug your motor.

STMG2 Power stage
< oconroller board
D SUECIPEOGIIAET 1 otatiom board L R

= — P PMSM
P <« OB Mmalor
segger 2Lk %
Al-JTAGIPTO-1 1 mocas
MC Connector
prIIS | Notincluded Ty

IS 71 e ‘ —‘ﬁ’

1

]

]

l\ 2% Power siage X Moter
\

T LR g WA | U [SPRRY
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Flexible MC Platform

Full set of Power board
featuring Power Transistor,
IPM, MC Diriver ICs.

Full set of control board
® featuring all ST MCUs

STM32XX-EVAL
Control board

STEVAL-XX
Power board

NUCLEO-XX
Control board

MC Connector

Lys
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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!!  FoECGEE

Motor Profiler

MotionControfSuite
® NUCLEO-F302R8 ® X-NUCLEO-IHMO7M1 3Sh Pole Pairs: 7 how to detect..
STM32F302RET6 L6230PD
: Max Speed: | 4000 |RPM
) Max Current: A 280mA -2.8A
VBus: Vv 8V-48V
One Motor Control Bus Voltage: 8 - 48 Vd S
STLINKNV2 Embedded " Oupu pask cument; 0.28 - 2.8 A Magnetic: (=) SM-PMSM ()I-PMSM
(Z' Product Web Page (Z' Product Web Page
0 Remember to properly configure the boards in Motor Control mode
- Electrical Model Mechanical Model Faults ©
© Disconnect FOC duration
Rs1.8430Q Lss84a.30pH Over voltage

Friction 304.59 nNemes
Under voltage

P Start Profile o_m_fo'o'
. 2 : STa, Overheat
Save... Vaus ' . l. Startup failure
12.05V Imox » ol = Speed feedback
” o Play o 127A Ke Inertia Max Speed Over current

0.5 Vrms/kRPM 209.56 nN+mes? 14.87 kRPM FW error
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Motor Profiler
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Set Up Motor Parameters

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

 For a custom project, the user can set all the parameters.

= Futer - Toramsturs
- R, Woler | Sermam
% ) P I [Sudncn Masmmd FHER =
s o
B} == N
. Fida Pam:
e - =
Moo, Azl a0 Speosd nn e
vd dre Fizmired Tt 210 = Ak
K O ekage ] v
ns& n
1 Ff TH
[T — an Oy [T
Wi ncen g2
L3r
o, o o foron rormrminm | —
Dt T )
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Setup Motor Profiler

-« “Select Boards” button and a list of supported boards will be shown. The Motor
Profiler feature can be used only in the systems listed there.

‘ ' life.augmented
Motor Profiler
MotionControlSuite
Pole Pairs: l:l T how to detect...
Wax Speed: | |RPM
rent: I:l.ﬁ QQQQQQQQ
0 select L
netic: (<) SW-PISM ()t

Lys
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Setup 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.

Selecting the kind of Motor

« Surface Permanent Magnet motor SM-PMSM or Internal Permanent Magnet motor [-PMSM In this last case is
necessary to provide also the Ld/Lq ratio as input.

SMEPMSM Pole Pairs: = how to detect... Pole Pairs: = how to detect... I-PMSM
Max Speed: [10000|RPM Max Speed: (10000 (RPM
Max Current: s"-\ 270mA - 2.84 Max Current: A 27OmA-2.8A
VBuS: ‘u’ av-4av VBus: \.f Bv-48V

‘ Ld/Lq ratio: 0.001 - 10
” Magnetic: («)SM-PMSM J1-PMSM Magnetic: () SM-PMSM (=) -PMSM
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Setup Motor Profiler
« Connect the HW chosen to the PC

* Click on the “Connect” button
* If the communication has succeed

* Click on the “Profile” button

ﬂ Remember to properly configure the boards in Motor Centrol mode

o—W——001
Vel +
M —_—
O

) Connect...

Lys
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Run Motor Profiler

* Procedure will end in about 60 seconds.

Motor stopped

Rs measurement
Ls measurement

Current requlators set-up

Open loop

Ke measurement S B 1 {11 I
Sensorless state observer set-up J Vv

A

Switch over

Closed loop

o
Friction coefficient measurement 4;3«’”
Moment of inertia measurement i e
Speed regulator set-up .

Lys
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Motor Profiler Complete

At the end of the procedure, the measured parameters
will be shown on a dedicated window.

Electrical Model Mechanical Model Faults €
FOC duration

Friction 304.59 nNemes Overvoltage

P> Start Profile O_M_l'o‘o' Under voltage
Overheat

Save... Vaus c. [. Startup failure
12.05V Speed feedback

® Play 1 27 A i Ke Inertia Max Speed Over current

0.5 Vrms/kRPM 209.56 nNemes? 14.87 kRPM FW error

@ Disconnect
Rs1.843Q Lss84.30puH

* It is possible to import them on the workbench project and save them
for later use.

Save

ProfiledMotor

&7
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Motor Identified

- Motor Identified: user can start and stop the motor
thorough “Start” and “Stop” button.

* It Is possible to create ST MC Workbench new project
with the profiled motor ,clicking “New Project”, in the
Motor section the user can find

Motor
Gananc Low volfags <= 5017 - Magnetic structy
: - Pole Pairs

GEHEHF LE’!H’ voltage {J:ﬁm_ Hominal Speed
(Ganarc High voltage > 501 Nomi

) ominal Voltage
Shinang Lgﬂﬁ?-ﬂ&ﬂﬂﬁﬂ Nominal Current
Bl Running BRZE04- 17000
ProfiledMator motor created by user l




Motor Profiler

» The Motor Profiler algorithm is intended to be used for a
fast evaluation of the ST three phase motor control
solution (PMSM)

- Motor Profiler can be used only using compatible ST
evaluation boards. Choosing the best ST HW according
to the motor characteristics.

» The measurement precision can not be like when an
Instrumentation Is used.

* Motor Profiler measurement cannot become significant
for some motors, please see the limits reported in the
software tool.



How To Manually Measure Motor
Parameters
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STMCWB — Motor section contains:

 Electrical motor parameters

* Motor sensor parameters

W 5T Monor Comar Wokdench Morersedd]

e ook Moy Docevertstes

JelXes O 00

o=

Maw

PMSM - Motor Parameters

-
Motor - Electrical parameters

Magnetic stnucture

Electrical parameters

Cuadrature encoder

Pulses per mechanical revalution

Toeet P Hs
foatoes
it m / Pole Pairs
== =
Max Rated Spesd
B §
[ MNominal Current
...‘ MNominal DC Voltage
"Gt e Ls
Demagnetizing Cument
B-EmfConstant
Ve Tow o
e o g Motor - Sensor parameters g
Wt e e
L MO N
Pole e
P Sngancy W00E
Camwmt ot aingy Towe St 7 Sa-lmrs
o s “ Hall sensors
I.hmm_ v .
Pt TS P PO 06 00 Sensors displacement 120 deg
Placement electrical angle 240 deg

250 ]| Ohm

’ S|

o

.

325.0 B v

8.000 [ mH

20 B A Auto
S|
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PMSM - Electrical Motor Parameters

« Select either Internal PMSM or Surface
Mounted PMSM according to the
magnetic structure of your motor

- If you don’t have this information you
need to measure both Ld and Lqg
iInductance for verifying it

o |IF EPA(GEG) (GRS mmp SM-PMSM

- See next slides for learning how to
measure motor inductances

Pole Pairs
Max Rated Speed
Momirl | Current

Mominal | DC Voltage
Ls

Demagnetizing Cument

B-EmfConstant

Surface Mourted PMSM — +

250 =/ omm
4
5000

2.00 = A




PMSM — Pole Pairs Number

- Usually, it’s provided by motor supplier

* In case it’s not or if you’d like to double check it

 Connect a DC power supply between two (of the three)
motor phases and provide up to 5% of the expected nominal
DC bus voltage (you may also set current protection to nominal
motor current)

« Rotate the motor with hands (you
should notice some resistance)

DC voltage source

* The number of rotor stable positions in
one mechanical turn represents the number of pole pairs

Lys
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How To Measure Motor Inductance 1/3

In case of SM-PMSM, the phase inductance does not depends on rotor position. In this case Ls notation is also
utilized

* If you have a RLC meter

« Connect it phase-to-phase and measure series R and L at 100Hz (make sure rotor doesn’t move)
* Repeat 4*number of pole pairs times:

« Turn the rotor by 360/(4*number of pole pairs)
mechanical degrees,

« Wait for new measurements to get stable RLC meter
f = 100Hz
« Read new measurement

SN 0+(Lg-Ld)/(Ld+La) <15% JL JESIVIRIVISIY

In this case, in the Workbench you can use for Rs
and Ls half of the values read on the instrument
STMCWB requires phase to neutral value

&7
life.augmented » ‘
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How To Measure Motor Inductance 1/3

= 2*(max(L)-min(L))/(max(L)+min(L)) > 15% =) | - PMSM

In the Workbench you can set Ld equal to minimum measu‘red value divided by 2 (STMCWB

requires phase to neutral value), set Lq equal
to maximum measured value divided by 2

Set Rs equal to average measured resistance divided by two

e BN
- —O- %

f = 100Hz
IS7]
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How To Measure Motor Inductance 2/3

* If you don’t have a RLC meter

* For Rs, measure the DC stator resistance phase-to-phase and divide it by two

* Once measured Rs, it's necessary to measure L/R time constant between two motor phases.

Lys
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Connect DC voltage between two motor phases
Connect oscilloscope

Increase the voltage up to the value where the
current equals the nominal one, rotor with align

Don’t move rotor any more

Disable current protection of DC voltage source
Unplug one terminal of the voltage source cable without switching it off

Plug the voltage source rapidly and monitor on v
the scope the voltage and current waveform 0.63*  |----

The measurement is good if the voltage is a nice step and the current increase
like I~ * (1-e- t *L/R) —
%l e

Measure the time required to current waveform to rise up to 63% T=L/R

without RLC meter

Vv

This time is Ld/Rs constant. Multiply it by Rs and you'll get Ld value
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How To Measure Motor Inductance 3/3

* Once measured Rs, it’s necessary to measure Lg/Rs time constant between two motor phases.

« Connect DC voltage between two motor phases

» Connect oscilloscope

* Increase the voltage up to the value where the =
current equals the nominal one, rotor with align W JA

» Lock the rotor in this position (so that it can not move
anymore)

« Change DC voltage source connections as shown in the
second figure

« Unplug one terminal of the voltage source cable without switching it off

» Plug the voltage source rapidly and monitor on the scope the voltage and current R 5

« The measurement is good if the voltage is a step and the current increase » Vv

like I, * (1-e"*"tR) 0.63*., -
* Measure the time required to current waveform to rise up to 63%
« This time is Lg/Rs constant. Multiply it by 2Rs/3 and you’ll get Lq value —> L/:R% g
T=
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How To Measure Bemf 1/2

« The B-emf constant represents the proportionality constant between the mechanical motor speed and the
amplitude of the B-emf induced into motor phases:

VBemf = Ke " Wmec

- To measure K, , usually is sufficient to turn -
the motor with your hands (or using drill or
another motor mechanically coupled) and
look with an oscilloscope to phase-to-phase
induced voltage (Vgems )

- If you have no access to the rotor (e.g. in
compressor applications) see next slide

+ Measure VBemf frequency (FBemf) and peak-to-peak amplitude (VBemf —A)

« Compute Ke in Vrms / Krpm:

m K — Vieeni_a [V peak —to — peak]- pole pairs number -1000

¢ 2.J2-F Hz1-60
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How To Measure Bemf 2/2

« If you have no access to rotor (e.g. in compressors)
follow this procedure:

» Configure power stage (see later)

« Configure drive parameters for sensor-less as described in
slides 16-19 but

« Set current ramp initial and final values equal to motor nominal
current value

« Set the speed ramp duration to 5000ms and speed ramp final
value to around 50% of maximum application speed

« Set minimum start-up output speed higher than speed ramp final value
» Configure control stage

« Start the motor ramp-up and look with the oscilloscope to the

voltage between two motor phases
» When the driving signal are switched off, rotor was probably

moving then look to the B-emf

m K — Vieeni_a [V peak —to — peak]- pole pairs number -1000

¢ 2.J2-F Hz1-60
life.qugmented V2 gemt [HZ] No Access to rotor
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Other Electrical Parameters

* Max rated speed (rpm)

«  Should be provided by motor producer (if not, ;
set it to max application speed) Motor - Electrical parameters S
*  Maximum motor rated speed above which
motor can get damaged Magnetic structure Surface Mounted PMSM ']
*  Maximum application speed must be lower |
than this value Hectical parameters
Rs 250 = Ohm
* Nominal current (in A, O-to-peak) ole Pairs i :
*  Motor rated current, must be provided by :
motor producer Max Rated Speed 5000 *| pm
« It will be used to limit the imposed motor Nominal Curent 200 <] A
phase current during normal operation _
MNominal DC Voltage 325.0 = ¥
- Nominal DC voltage s 3.000 7 mH
* Nominal DC bus voltage from which the motor Demagnetizing Curent 20 4 A Auto
should run, must be provided by motor :
prOducer B-EmfCanstant 20 = Vms/Kmpm
 Demagnetizing current
* Rotor demagnetizing current, may be
provided by motor producer (if not use default
value, i.e. motor nominal current)
« Used to limit the amount of target negative Id
during flux weakening

Lys
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Motor Control — SDK — Workflow 3/4

- With Motor Profiler the motor is running but the user can develop his own
code!

 Finalize the MC project using Workbench and use your favorite IDE to
develop your code.

MC Workbench
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Create A New WB Project
Based On The ST Evaluation Board
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Create A New WB Project
Based On The ST Evaluation Board

Choose:

1. Applications oplication type
AO& J
Ezmp?essor
Ao condiforing |
Dish washer |
Fans
]
9
K KYI
” ! :m;_rrente:iﬂ
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Create A New WB Project
Based On The ST Evaluation Board

Choose:

—s\

A |

2. Single or dual motor

Foneer
STFRuA (& 15h D gt voltsoe 400 Ve
based on Cuteut ok current vo y
Tl =50 Nomeal Power 1o o 1220 ;
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N
Motor
Gy iy eonetic strusture Surfaze Mourted
Pole Pars
Notoe lose votegn Nominal Spead 4003 oer
Normnal Voltags unv
Nowanal Current Ak

e )
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Create A New WB Project
Based On The ST Evaluation Board

Choose:

—s—\

3 Board approach:
Choose if you are using Inverter,
MC Kit or Power plus Control
boards.

e Select the board used or create

e Sorses oo your own custom board.

e
&7
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Create A New WB Project
Based On The ST Evaluation Board

Choose:

4. Motor:

Choose motor from a motor
database. (You can save your motor
parameters from your project.)

Ays L
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Create A New WB Project Based On An Example

* Choose the WB example 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.
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Create A New WB 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.

W51 Mofor Control

Ir il l—— ]

Fik  Tews Hoe Jounenklizn
S K ®s O L 00

STM32303E-EVAL
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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.

v-a mmmMM—

Q@HXQ* D .00




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.

Lys
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Application type

[ 27 N € WOl HomamE . ——— e T 2 | ST
AT 2 & -+

Fle Tecls Hdp  Dotumontastce
‘ eﬁH%ﬁ" .00

Drve: Management




Parameter Generation

- Once all the parameters have been entered in the ST MC Workbench, select the output path in the option form
and choose ‘SystemDriveParams’ present in the FW working folder.

« Click on the ‘Generation’ button to configure the project.

Option Farm @
ntation Template folder:
<application_folder>\working\templates_040000\PMSH W Default
pd O |4 —
Cugeadt fald

+
nnnnnnn U MSystemDrive Parsms'y o4 Browse Defauit

Environmert macros
Template defautt folder fi 1_folder>"working lates_040000'PMSM\
Quiput default folder  <working_folders\STMCWBE_Output's
Application folder C:\Program Files (<86)%5TMicroelectronics \FOC SDKNSTMCWE
4 | 5TM32 PM5SM FOC LIBw4.0
Web Working folder CAVSS\MC\3PH\DD46. 14\SOFTWARE\FIRMWARE"Setup\STM32-FOC-SDK\STM32 PMSM FOC LIBv4.0NCe
4 el

Available macros:

> [ FI’EERTOSPI’OJECI: <defa_u|t__folder> the default folderfo_rtemplate or output

<application_folder>  the STMCWB application folder Eati
> LCD‘PI’OJECt <working_folders the cumert project folder atabion

4

> o MCApplication

e

[
[
[ . Libraries - E “ |- o &
[
[
[
[

> MCLibrary
> W PFC_Project
> Project
.. SystemDriveParams
> Ju UlLibrary
I g Utilities
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Compile And Program The MCU

* Run the IAR Embedded Workbench.  |:§1AREmbedded Workbench

» Open the IAR workspace (located in Project\EWARM) folder according to the %‘%

microcontroller family (e.g. STM32F10x_Workspace.eww for STM32F1).

- Select the correct user project from the drop-down menu according to the control
stage used (e.g. STM32F10x_UserProject - STM3210B-EVAL).
Compile

« Compile and download. / & program

. Y
& STM32F10x_ Workspace - IAR Embedded Workbench IDE / b= )
File Edit View Project Tools Window Help o
W EIEIEERE 4V euEreedah nun sl
L s = |readme.b(t| f » %
STM32F10x_UserProject - STM3210B-EVAL - lf 1 T —
e -
. 2 HEEF EE L EE L |
& B
Files il 3 * Bfile  README.TXT
B B ST32F 0x_Workspace 4 * @author SIMicroelectronics - System Lab - MC Team
LE I STMI2F 0x_UserProject - 5TM3210B-EVAL v 5 * @veraion 4.0.0
& [ bator control & * @date 28-May-2014 10:45
[:IMCAppIicatiDn . 7 * fbrief 5TM32 PMSM FOC library v4.0; README.TXT
'_EDMC lerary a HEEF EE L EE L
} 9 * @attention E
| FHainterace 0 . E
| l_E-‘[:“'b 11 * <hZ><center>scopy; COPYRIGHT 2014 STMicroelectronics</center></ha>
| [ MC_Librany_STM3IZF1 0x_dual_drive.a 12 *
| [ MC_Library_STM3I2F10x_singla_drive.a 13 # Licensed under MCD-5T Liberty SW License Agreement V2, (the "License");
[ijstem & Drive Params 14 * You may not use this file except in compliance with the License.
Select —E [ 5td project template . 15 * You may obtain a copy of the License at:
. *
roject & L Userinterface . 1: * http:// t.com/soft 1i t liberty vz —
proj Bl main.c . i . p://www.3t.com/software_license_agreement liberty v
_ readme.b:t_ 19 * Unleas required by applicable law or agreed to in writing, scftware
stm32f1 O _itc - 20 # distributed under the License iz distributed on an "AS IS" BASIS,
strn 3211 0x_MC_it.c * 21 * WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or implied.
B Tirmehase.c B 22 * See the License for the specific language governing permissions and
UITask.c - 23 * limitations under the License.
1 0utput ay *
25 ETTT T T
= 26 */
‘ ” | STH32F104_UserProject | = =l
Ready Ln 8, Col43 System NUM =
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Compile And Program The MCU

KA Keil uVisions DZ KE | E

Tools by ARM

« Optionally, run Keil uVision.

* Open the Keil workspace (located in ProjecttMDK-ARM) folder according to the
microcontroller family (e.g. STM32F10x_Workspace.uvmpw for STM32F1).

- Select the proper user project from the drop-down menu according to the control
stage used (e.g. STM3210B-EVAL).

« Compile and download.

Program

7
KA CAVSS\MC\3PH\0046.1 M\ SOFTWARE\FIRMWARE\Setup\STM32-FOC-SDK\STM32 PMSM FOC LIBv4.0\Web\Project\MDK-ARM\UserProject\STM32F 10x_UserProj

File Edit View Project Flash Debug Peripherals Tools

b Faject —-—— -

Gels plo ol . lenn:
2 (| e sTM3210B-EVAL BN

SVCS  Window Help
‘ = = ,r,.r:| [# #incude

readme. bt

=Rl S TM32F10x 'JserProject
HOB-EVAL

Library_interface_common

CLibrary_interface

-4 MClLibrary_lib

MC_Library_STM32F10x_single_drive.lib

MC_Library_STM32F10x_dual_drivelib

{77 MCApplication_interface
{77 MCA&Hcation rivate

Select

Compile

{77 UlLibrary_interface
#-{77 UlLibrary_private
{7 UlLibrary_src

-z Project

[-{77 System & Drive Params
-z Doc

EPrmect|@B-:-3ks {} Functions | (1, Templates

Ea#fmc|| 2,
fkk

o o R R R R R R R R R R R R R R R R R R R R R R R R O RO R R R R R R R R R R R R R R R R R R R R R R R R R R R
* @Bfile README . TXT

Bauthor STMicroelectronics — System Lab - MC Team

@version 4.0.0

@date 28-May-2014 10:45

@brief 5TM32 PMSM FCC library v4.0; README.TXT

R R R R R R R R R R R R R R R R R R R R R R R R R R R R AR R R R R R R R R R R R R R R R R R R

@attention
<h2»<centerr>&copy; COPYRIGHT 2014 STMicroelectronics</center></h2>

"
*

=

=

=

=

=

"

*

# Licensed under MCD-5T Liberty 5W License Agreement V2, (the "License"):;
# You may not use this file except in compliance with the License.

# You may obtain a copv of the License at:
=
=
"
*
=
=
=
=
=
"

http://www.st. com./software_license_agreement_liberty_vQ

Unless required by applicable law or agreed to in writing, software
distributed under the License is distributed on an "A5 IS" BASIS,
WITHCUT WARRANTIES CR CONDITICNS CF ANY KIND, either express or implied.
See the License for the specific language governing permissions and
limitation=s under the License.

B e R R R R R R R BB R R R R RR R BB R R RR R R R R R R R R R R R R R R R R R R R R R R R

[ ]

| »

m

ST-Link Debugger L:26 C:5




Motor Control — SDK — Workflow 4/4

 Finally the user can send commands (e.g. start, stop, execRamp, ...) via
serial communication.

» Use the Workbench for debugging and real time communication.
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+ Arrange the system for running the motor:

Run The Motor

« Connect the control board with the power board using the MC cable.

« Connect the motor to the power board.

« Connect the power supply to the power board and turn on the bus.

- If the board is equipped with the LCD:

» Press joystick center on Fault Ack button to reset the faults.

* Press joystick right until the Speed controller page is reached.

* The press joystick down to reach the Start/Stop button.

* Press the center of the joystick to run the motor.

STM32 FOC SDK

Lys
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Configuration and debug
Motor_ Ctrl mode

K VEI [SpdiTrq_ | 3

~Power board status —

DC Bus volt [24
Heatsink T° [35 @
“DAC Settings

Chl | la | J?

Ch2 | b [¥]

0 C|
Motor selected 1

~Faults _ﬂ

Under volt

Over temp
N—
Fault ack

STM32 FOC SDK

Speed controller
~Set point

Target speed Measured speed
1500 Wrpm 1500 trpm
Ramp duratlon

[ 1000 Bms Exec Start/Stop 2

~PID gains Flux wk. tuning —
KP [ 1000 _‘ |VBUS & BUS &

KP KI
0 @[ o

Motor selected: 1
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modem cable).

Optionally you can start the motor using the ST MC Workbench.
Connect the PC to the control board with the USB to RS-232 dongle (and a null

Run The Motor

* Open the Workbench project used to configure the firmware and click on Monitor

button.

« Select the COM port and click Connect button. This establish the communication with

the firmware.

* To clear the fault, click Fault Ack and then Start Motor button to run the motor.

—=====-—= Monitor
;._-RM*IQ: vo

- =

- - )

uuuuu

Fault ACK




State Observer: Startup Procedure

» The sensorless algorithm is a bemf observer, so the motor should rotate to
produce BEMF. That's why a startup procedure is required. Startup needs to be
tuned (depend on inertia, load..)

» Two options of settings: basic and advanced

Basic Advanced

e N ™
Drive Management - Start-up parameters &l Drive Management - Start-up parameters &l
Sensorfess rev-up seftings Sensordsss rev-up settings
Profile Profil:
@) Basic @ Basic
) Advanced customized @ Advanced customized
Spsed ramp duration 1500 2] ms - Inital electrical angle 0 2] deg a0
Speed ramp final value [2700 2 mm E B
—o08 Duration {ms) ~ Final speed fpm)  Final cument (A) E s
Current ram initial value 080 =] A B - 3 500 i = o7 = _ E
Curert ramp final val o7 2 A g —os £ g - g
ramp final value £ 5 c - S . B E s
P —~ £ E 3 2) [500 = 500 =/ o8 £ = — 10 B
= B E = 3 E 2
Currert ramp duration 350 2] ms = "4 ® 3 50 =1 [ism =1jos ~ 2 E =
Includs alignmert before ramp-up E . o [0 =1 o0 =i = “os
Duration [700 2 ms g - 5 (250 <] 5000 =2 s F
- L B 0.0 O B 00
Alignment electrical angle 0 2] deg | | | | | | I
500 1000 1500 2000 Execute sensordess algorthm starting from 1000 1500 2000
Final cument I 080 =] A
1el cuent fem vale - Duration (ms} Duration (ms)
Consecuive succesful startup output tests 3 2 RS RRET F o Consecutive succesful start-up output tests 2 - AR DR
Enable Enable
Minimum start-up output speed 580 =] pm Minimum start-up otput spsed 1500 < om
Duration 100 2| ms Duration 10 2 ms
Estimated spsed Band tolerance upper limit 106.25 =] = Estimated speed Band tolsrance upper imit 106.25 4 %
Estimated speed Band tolerance lower limit 100.00 2] = Estimated speed Band tolerance lower it CEN 2] %
, ’
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How To Customize The Sensor-Less Start-Up

L i rDrive Management - Start-up parameters u
« Set current ramp initial and final values equal to motor o o
nominal current value / 2 (if load is low at low speed, Frile Basic
otherwise it can be set up to 0.8-1.0 times nominal current © Advanced cstonizad
Value) Speed amp duration 1500 | ms 10
T [ 2500 = =
- Set speed ramp final value to around 30% of maximum N =t E =08
. . ramp initial value 0.60 IZI A _ 2000 — =
application speed S T s Emo —os €
«  According to motor inertia it may be required to increase the et S S —
. MCIUaE allgrim: are ramp-up - :_
speed ramp duration o m - =
. . . 0 B BT e e e e S BT 5 — 0.
« Set minimum start-up output speed to 15% of maximum Algnmert slctcal ange deg T T e
application speed (if required, decreased it later) rre e ke L. Durston ()
« Set estimated speed band tolerance lower limit to 93.75% G e Revipto FOC sntchover
1 1 H inimum start-up o = m Enable
- Enable the alignment at the beginning of your development " . -
. . . I Sp and [olerance upper im _
(duration 2000ms, final current ramp value from 0.5 to 1 times it poec B e e .
motor nominal current according to load)
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Startup Procedure: Basic, Acceleration

Current ramp final value

A
]
o
=| Current ramp initial value
= | | -
@) : : Drive Management - Start-up parameters
| |
: : Sensordess rev-up settings
| | Profile
& ' > @ Basic
k— Current ramp duration —>| L time it e
| | -
A | |
o : : ) Speed rmmp duration 1500 2 ms
3 Speed ramp final value \ |
I I Speed ramp final value 2700 = m
(%_ | | = Sp P m
! : Cument ramp initial value 0.60 = A
|
: : Cument mmp final value 0.70 = A
| |
I I/ Cument ramp duration 350 = ms
] i S
T
: . Include alignment before mmp-up [l
_ | time
£ Speed ramp duration ﬁ Duration 700 2
|
) Alignment electrical angle 50 —| deg
Final curent rmamp value 1.95 —{ A
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Startup Procedure: Basic, Current

Current ramp final value

Current ramp initial value

Current>

Drive Management - Start-up parameters

Sensordess rev-up settings
Prafile
@ Basic

K— Current ramp duration —3 ) Advanced customized

'CJA Speed ramp duration 1500 = ms
> .
3 Speed ramp final value i ! Speed ramp final value 2700 =1 pm
o
| |
n | : 9 Cument ramp initial value 0.60 = A
| : ) Cument ramp final value D.70 = A
| |
: : ) Cument ramp duration 350 = ms
] i S
I - Include alignment before mmp-up [l
| .
] I time T 700 =
£ Speed ramp duration ﬁ Sl :
! Alignment electrical angle 50 —| deg
Final curent rmamp value 1.95 —{ A
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Startup Procedure: Advanced

* The programmed rev-up sequence is composed by a number of stages; for
each stage is possible to define the duration, the final torque reference and
the final speed of the virtual sensor.

It is possible to define the starting electrical angle.

It is possible to set step variation in the current using duration zero.

-

Drive Management - Start-up parameters

Torque ref. | |
c Stage 0 : : Sensordess rev-up settings
D | | Profile
=] : : ) Basic
© : : @ Advanced customized
| |
: : ~ Initial electrical angle 50 = deg
. | I 7
Duration 2{ : : :
A Stage O | | | time Duration ms)  Final speed fpm)  Final cument (A)
| | |
I I I 1) (500 = [0 = [1.0 =
L) : : I
o | | | 2 [250 =] 100 =] i :
(.% Final speed : : : 3) (200 = (300 =14 =
Stage 0 | I ! = = -
I : : 4) |0 = (300 =l (1.4 =
: — 5 [0 =] [300 <14 =
| | 43
| | time

|
‘,’ Stage 0 : Stage 1 Stage 2 Execute sensordess algorithm starting from
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Troubleshooting

« Problem: ‘SW error’ fault message appears and the motor do not even try to start
» Source: the FOC execution rate is too high and computation can not be ended in time

« Solution: In Drive settings, decrease ratio between PWM frequency and Torque and flux regulator execution
rate (e.g. increasing Torque and flux regulator execution rate by one)

* Problem: ‘Over-current’ fault message appears and the motor do not even try to start
» 18t possible source: wrong current sensing topology has been selected in power stage - current sensing

 Solution: select right current sensing configuration
« 2nd possible source: wrong current sensing parameters

« Solution: check power stage parameters
« 3" possible source: current regulation loop bandwidth is too high for this HW
« Solution: in drive parameters - drive settings decrease current regulation bandwidth (normally down
to 2000 rad/sec for 3shunt topology and 1000 rad/s for single shunt topology)

« Typical current regulation loop bandwidth max values are 4500 rad/sec for 1 shunt, 9000 rad/sec for
3-shunt
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Troubleshooting

* Problem: Motor initially moves but then doesn’t rev-up, then fault message ‘Rev-up failure’ appears

« Source: typically this happens cause the current provided to the motor is not enough for making it accelerate so fast
« 1stpossible solution: decrease acceleration rate by increasing Start-up parameters - speed ramp duration (being Start-up
parameters - speed ramp final value set to about 30% of maximum application speed)
« 2"d possible solution: increase start-up current by increasing current ramp initial and final values up to motor - nominal current

» Enabling ‘Alignment phase’ (at least at the beginning of the development) makes start-up more deterministic, use around 2000ms,
half of nominal current as first settings

+ Problem: The rotor moves and accelerate following the ramp-up profile but then it stops and the fault message ‘Rev-up failure’
appears (a mix of following problem sources can be occurring):

» 1stpossible source: Observer gain G2 is too high and this makes speed reconstruction a bit noisy (never recognized as
reliable). A mix of following solutions could be required:
» 1stpossible solution: decrease observer gain G2 by successive steps: /2, /4, /6, /8

« 2" possible solution: Enlarge Drive parameters—> Speed/position feedback management -2 variance threshold so as to make rotor
locked check less ‘demanding’. (up to 80% for PLL and 400% for
CORDIC)

« 2nd possible source: the “window” where the reliability of the estimation is checked is too small

» 1stpossible solution: increase speed ramp final value to around 40% of maximum application speed
"’ « 2" possible solution: decrease minimum start-up output speed to 10% of maximum application speed
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Troubleshooting

* Problem: The rotor moves and accelerate following the ramp-up profile but then it stops and the fault message ‘Speed
feedback’ appears

« Use speed ramps: having a target speed gently going from the start-up output speed to the final target will avoid abrupt
variations of torque demand that could spoil B-emf estimation

» A mix of following problem sources can be occurring:

» 1stpossible source: Observer gain G2 is too high and this makes speed reconstruction a bit noisy (for the selected
speed Pl gains). A mix of following solutions could be required:

« 1stpossible solution: decrease observer gain G2 by successive steps: /2, /4, /6, /8
« 2nd possible solution: Run motor in torque mode, if trouble doesn’t exist in torque mode, it means speed regulator
gains are not optimal try changing them
« 2nd possible source: frequent situation when the start-up has been validated too early
« Solution: Try increasing Start-up parameters - consecutive successful start-up output test (normally to not more
than 4-5) being minimum start-up output speed set to 15% of maximum application speed (if required, decreased
it later)

* Problem: motor runs but current are not sinusoidal at all
» 18t possible source: speed Pl gains are not good

r « Solution: decrease Kp gain (and act on Ki evaluating speed regulation
over/under shooting during transients)
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Use DAC Channels

* DAC functionality can help to debug and tune the

application.

Enabling

MCU and
Clock
Frequency

Control
Unit

I's \

Analog Input ! DAC 1

and Protection : functionality : Digital /'O
- —————

Selection with WB
- Advanced | Registers |Cor1ﬁgu|atior1

Cantrol Stage - DAC Functionality®  # ‘TR
o
j o M [1= -] m :
|‘ cH2 w1 (b I |

Configuration and debug Sen:

Cortrolmode (Toraue e

Power Board Status DAL Settings 1 Obs

BUS Vekags 0 over I ocn i 1

Heatsink temp. 0T 1 Ch2 [Ia v] 1 PLL
\——————————————v’

Cument controller Speed controller Sen:

Selection with LCD

STM32 FOC SDK

Configuration and debug
Motor_ Ctrl mode @ _Faults
(A1v¥ [SpdiTrq 7% i

—Power board status —

DC Bus volt ﬂ
Heatsink T° [35 @

- !

( DAC settings \ | Under volt

Hem [ la T,
e |
\ g (LFaultack

Motor selected: 1




Use DAC Channels

- Typical DAC waveforms of tuned system

Green: phase A motor current
Yellow: DAC chl (la)
Pink: DAC ch2 (Ib)

Green: phase A motor current
Yellow: DAC chl (Obs. BEMF Alpha)
Pink: DAC ch2 (Obs. BEMF Beta)
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Thank You!

life.augmented



