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Objectives

The purpose of this hands-on workshop is to:

* Get you up and running with the STM32 PMSM FOC SDK
using the ST MC Workbench with the final purpose of
running a PM synchronous motor with STEVAL boards.

» Show you where to go for documentation, firmware
libraries and application notes and additional ecosystem
support

* Help you obtain additional technical support



Systems check

* Everyone should have:
* A Windows laptop (XP, Vista or Win 7, Win 8)
« A ST-LINK dongle (optional)
* USB to RS-232 dongle and a null modem cable (optional)
* The permanent magnet motor you want to run
« A multimeter (optional)
» An oscilloscope with current probe (optional)
* An insulated DC and or AC power supply

* Ready to begin?



Hardware setup



Step #1 — Hardware setup

* It is possible to choose one of the following offers:
« Complete Motor Control Kit.
* One of the complete inverters currently in stock.

« Any STM32 evaluation board combined with one of the ST evaluation
power stages both including the MC connector.

* The following slides report all available boards present in
the ST stock that can be used to arrange a motor control
system.

 Follow the instructions in the related user manual to set up each board.



Motor control board offer mm

STM32
controller board

Power stage

Debugger/programmer |+ oard E =
Pl PMSM
W < motor

Segger J-Link

(Included)

Al-JTAG/OPTO-1

Kit: from isolated debug probe to motor

7

Complete 3ph Inverter solutions
Control and power stage in single board

CoowDh sTEvAL1HMO34V2 |

Dual motor drive + digital PFC
* 1 x 32bit Micro STM32F103C8T6
* 1 xIGBT SLLUMM™ STGIPS20C60
* 1 converter based on Viper16L

PMSM FOC Motor Drive
* 1 x Motor Driver ICLE6230PD
* 1 x 32bit Micro STM32F103C

PMSM FOC Motor Drive

* 1 x 32bit Micro STM32F100C6

* 1 x1GBT SLUMM™ STGIPN3HE60
* 1 convertar based on Viperlf

BLDC Six-Steps Motor Drive

* 1 x Motor Driver ICL6230Q
* 1 x Bbit-Micro STMBS

STEVAL-IHMO38V1

FAN Drive + PFC +IrDA

* 1 x 32bit Micro STM32F100

* 1 x IGBT SLUMM™ STGIPN3HE0
* 1 PFC controlier LE562A

STEVAL-IHM042V1

PMSM FOC Motor Drive

* 2 x Motor Driver IC L6230PD
* 1 x 32bit Micro STM32F303C8T6
* 1x DC-DC converter STIS14PHR

Low voltage drives High voltage drives

Flease vislt Syslem evauation board or contact 3 Jocal ST affice

Power

Complementing MC starter kits
board

.
Evaluation boards for 3-ph motors
Full set of control board featuring all ST MCUs with MC Connector

Control
board

STM32 PMSM I:OC SDK w4.0

ATOUALATRZIVY P -
. IneieseoaL  STOALIINLN

M

Full set of Power Stage with MC Connector
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Ffaase vistt it ivoow stoomevalboards  or coatact 2 Jocal ST amice

G| STEVALAHMO25VL | =+ ===t

-

FOC FOC Dual FOC
A A
2 TMazE10ex Wi 6 TMIZF102 seszrox awszee |
ATRIGHNGOAL  STOMLMIIMN ATRCDML

< | STEVALAHMO35V2 ==+ ===t

SLLIMM™ (ST IPMs) based

Complementing MC starter kits
Main Power Stages for 3-Ph motors ma

| STEVAL-IHMO02312:3 | 2 e

*3x PWM smart drver L6390
*1 converter based on Viper16
* 7 x1GBT power switch STGP1ONCE0KD

* 1 xIGET SLUMM™ STGIPL14K60
* 1 converter based on Viperlf
* 1 xIGET STGP10ONCE0KD

| STEVAL-IHMO21v2 | ==+ =eee

*3 % PWM smart driver L6390
*1 converter based on Viperi2
* 6.x MOSFET power switch STDSN52U

| STEVALIHMO028V2 - = ouce
* 1 xIGET SLLUIMM™ STGIPS20C60
* 1 x PWM SMPS VIPer26LD

* 1 x IGET STGW35NB60SD

| sTEVALIHMO32V | "= =

* 1 xIGBT SLUMNM™ STGIPN3HE0 *3 x PWM smart driver:

* 1 x PWM SMPS ViPer16L 2xL6392D and 1x L6391D
*1 converter based on Viperi2
| *6 x IGBT power switch: STGD3HF60HD
= |STEVALIHMOasYY =" === o> | STEVALIHMO3 2 |- =

= 1 x IGBT SLUMM™ STGIPN3HE0A
= 1 x PWM SMPS ViPer0BLS 355
= Op Amp. And Comp. TSV and TS374

v Powsr stags up to 12:24v

Sae * 3 x dual PowerMOSFETs STSBdnh3!
*2x PWM smart driver L6387E
*® ix step down converter LASTED

Gate drivers & Power Transistors based

Flesse us!: Sigamaiayaton hpgsor ovtact s oo SToMx



Motor control kits

ST Link

Part Number Description on-board

STM32100B-MCKIT | Motor control starter kit for STM32F100 (128KB Flash) Value Line MCUs Yes Single drive

Motor control starter kit for STM32 (128KB flash) Performance and

STM3210B-MCKIT . .
Access Line microcontrollers

No Single drive

P-NUCLEO-IHMO001 | STM32 Nucleo Pack FOC and 6-step control for Low voltage 3-ph motors Yes (embedded) Single drive

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

STM3210B-MCKIT STM32100B-MCKIT P-NUCLEO-IHMO001

Serial communication RS232 Power stage

- ~
Debugger/programmer [Sokion boardI'V e e

Segger J-Link

(Included)

Al-JTAG/OPTO-1

Lys
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http://www.st.com/web/catalog/tools/FM116/SC959/SS1532/LN1199/PF252075?s_searchtype=partnumber
http://www.st.com/web/catalog/tools/FM116/SC959/SS1532/LN1199/PF203167?s_searchtype=partnumber
http://www.st.com/web/catalog/tools/FM116/SC959/SS1532/LN1199/PF252075?s_searchtype=partnumber
http://www.st.com/web/catalog/tools/FM116/SC959/SS1532/LN1199/PF203167?s_searchtype=partnumber

ST complete inverters mm

- ST Link
Part Number Description Type
P on-board yp
Dual motor control and PFC demonstration board featuring the Single/Dual
STEVALIHMOSAVZ | 511327103 and STGIPS20C60 No drive
Low power motor control board featuring the SLLIMM™ . .
STEVAL-IHMOSBVL | o1 1pN3HE0 and MCU STM32F100C6T6B No Single drive
STEVAL-IHMO038V1 | 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 No Single drive
SLLIMM nano™
Compact, low-voltage dual motor control board based on the Single/Dual
STEVAL-HMO42V1 | 5132F303 and L6230 ves drive
STEVAL-IHMO043V1 6-Step BLDC sensorless driver board based on the STM32F051 No Single drive
and L6234
STEVAL-IENOO3V1 DC PMSM FOC motor drive No Single drive

STEVAL-IHM034V2
% |

life.augmented
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http://www.st.com/web/catalog/tools/FM116/SC1077/PF259578?s_searchtype=partnumber
http://www.st.com/web/catalog/tools/FM116/SC1077/PF252858?s_searchtype=partnumber
http://www.st.com/web/catalog/tools/FM116/SC1077/PF255633?s_searchtype=partnumber
http://www.st.com/web/catalog/tools/FM116/SC1077/PF255604?s_searchtype=partnumber
http://www.st.com/web/catalog/tools/FM116/SC1077/PF255515?s_searchtype=partnumber
http://www.st.com/web/catalog/tools/FM116/SC1077/PF255605?s_searchtype=partnumber
http://www.st.com/web/catalog/tools/FM116/SC1076/PF252702?s_searchtype=partnumber

ol STM32 evaluation boards

o 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 STM32F2071G MCU Yes Single drive
STM32303E-EVAL Evaluation board for STM32F303xx microcontrollers Yes Single/Dual drive
STM3240G-EVAL Evaluation board for STM32F407 line - with STM32F407IG MCU Yes Single drive

High density dual motor control demonstration board based on the No Single/Dual drive

Sl el STM32F103ZE microcontroller

Dual motor drive control stage based on the STM32F415ZG No Single/Dual drive

STEVAL-IHM039V1 .
microcontroller

STM32072B-EVAL STM3220G-EVAL STM3240G-EVAL STM3210E-EVAL STEVAL-IHM022V1 STM32303E-EVAL STEVAL-IHM039V1

(1) Only necessary for high-voltage applications or if not included with the evaluation board:

= ST-LINK/V2

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

Lys
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http://www.st.com/web/catalog/tools/FM116/SC959/SS1532/LN1199/PF259717?s_searchtype=partnumber
http://www.st.com/web/catalog/tools/FM116/SC959/SS1532/LN1199/PF204176?s_searchtype=partnumber
http://www.st.com/web/catalog/tools/FM116/SC959/SS1532/LN1199/PF250374?s_searchtype=partnumber
http://www.st.com/web/catalog/tools/FM116/SC959/SS1532/LN1199/PF260953
http://www.st.com/web/catalog/tools/FM116/SC959/SS1532/LN1199/PF252216?s_searchtype=partnumber
http://www.st.com/web/catalog/tools/FM116/SC1077/PF223265?s_searchtype=partnumber
http://www.st.com/web/catalog/tools/FM116/SC1077/PF253396?s_searchtype=partnumber
http://www.st.com/web/catalog/tools/FM146/CL1984/SC720/SS1450/PF251168
http://www.st.com/web/catalog/tools/FM146/CL1984/SC720/SS1450/PF251168

ST evaluation power boards

with MC connector

Part Number Description

STEVAL-IHM021V2 | 100 W, 3-phase inverter based on L6390 and UltraFASTmesh™ MOSFET for speed FOC of 3-phase PMSM motor drive

STEVAL-IHMO023V3 | 1 kW 3-phase motor control evaluation board featuring L6390 drivers and new IGBT STGP10H60DF

STEVAL-IHMO025V1 | 1 kW 3-phase motor control demonstration board featuring the IGBT SLLIMM™ STGIPL14K60

STEVAL-IHM028V2 | 2 kW 3-phase motor control demonstration board featuring the IGBT intelligent power module STGIPS20C60

150 W inverter featuring the L639x and STGD3HF60HD for 1-shunt based sinusoidal vector control and trapezoidal scalar

STEVAL-IHMO032V1
= | control

STEVAL-IHMO035V2 | 3-phase high voltage inverter power board for FOC and scalar motor control based on the STGIPN3H60 (SLLIMM™-nano)

STEVAL-IHMO045V1 | 3-phase high voltage inverter power board for FOC based on the STGIPN3H60A (SLLIMM™-nano)

STEVAL-IPMOSF™ 3-phase motor control power board featuring STGIFSCH60TS-L

STEVAL-IPMO7EY  3_5hase motor control power board featuring STGIF7CH60TS-L

STEVAL-IPM10F™ 3-phase motor control power board featuring STGIFI0CH60TS-L

STEVAL-IPM10B" 3-phase motor control power board featuring STGIBI0CH60TS-L

STEVAL-IPM15B")  3_5hase motor control demonstration board featuring STGIB15CH60TS-L

Note 1: Available Q4/15

Lys
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http://www.st.com/web/catalog/tools/FM116/SC1077/PF247220?s_searchtype=partnumber
http://www.st.com/web/catalog/tools/FM116/SC1077/PF260531
http://www.st.com/web/catalog/tools/FM116/SC1077/PF250705?s_searchtype=partnumber
http://www.st.com/web/catalog/tools/FM116/SC1077/PF260361
http://www.st.com/web/catalog/tools/FM116/SC1077/PF251954?s_searchtype=partnumber
http://www.st.com/web/catalog/tools/FM116/SC1077/PF259142?s_searchtype=partnumber
http://www.st.com/web/catalog/tools/FM116/SC1077/PF259564?s_searchtype=partnumber

Flexible approach:
STEVAL-IPMxx

Power board

Flexible MC platform

« The STEVAL-IPMnmx evaluation board is a universal, fully-tested and populated-design consisting
of a 3-phase inverter bridge based on the SLLIMM™ 2nd series IPM,

« The main characteristics are small size, minimal BOM and high efficiency. It consists of an interface
circuit (bus and V. connectors), bootstrap capacitors, snubber capacitor, short-circuit protection,
fault event circuit, temperature monitoring, single/three shunt resistors and filters for input signals.

* Adouble current sensing option is provided: three dedicated on-board op amps or by using the op
amps embedded on MCU.

+ Hall/encoder part completes the circuit.

SLLIMM™ card

] +15+20v

DC
3 shunt/single e
and network sensing 2L
]
25
© (7}
-
+450 V
DC
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Power board .
Features and architecture

_ STEVAL-IPMxXx

* Inverter evaluation board based on
2"d series of ST’s SLLIMM™ |IPM trench-gate field-stop technology IGBT
STGIxxCH60x full-molded or DBC package

* Input bus voltage: 125 + 450 V¢
* Nominal power: from 300 W to 3 kW SLLIMM™ card

] 1s-20v

* Current capability: from 5 to 30 A (nominal)

« Hardware overcurrent protection using SLLIMM’s Smart DC
Shut Down 3 shunt/single )
) _ and network sensing 3L
» Motor current sensing: single or three shunt % §
configuration =5
I
« ST’s MC connector compatible
+ Two options for sensing: on-board op amps or the
MCU’s
* DC bus voltage sensing to MCU 1450V
« Hall sensors (3.3/5 V) / encoder inputs (3.3/5 V) to MCU DC

« Testing pins for all IPM signals
* Very compact size

Lys
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STEVAL-IPMnmx
SLLIMM™ “cards’

¥ 1
A

" IPM current capability:

B

-

B

"~

-
- _Kl

'20= 20A
 30=30A

|
|
|
_________ k [ F = Full molded package

~ B =DBC package

Example of codes:
r - STEVAL-IPMO5F {SLLIMM Gen 2 Full Molded 5A

- STEVAL-IPM20B SLLIMM Gen 2 DBC 20A

life.augmented



Reference /

Hardware key features 1/3

Motor type /

Voltage Power Application focus
bundle g control type * PP
PMSM. 1x STM32F103C8T6 | _ .
STEVAL-IHMO034V2 | 230V, Nominal Upto 1.3k W | Dual Motor (FOC) + 1x STGIPS20C60 ro%r:‘npa?rio:]';’ﬁib ‘;]ci’;"pressors’
digital PFC 1x Viper16L g
90 — 285 V PMSM 1x STM32F100C6 Wat dish wash
STEVAL-IHMO36VL | 7, = “C Upto 100W | -5 1x STGIPN3H60 aﬁT p”mpsr’]. IS washers,
- DC 1x Viper16 wasning machines
PMSM. 1x STM32100 Complete drive: fans. ceilin
STEVAL-IHMO38V1 | 90 — 265 V. Upto40W | FOC 1x STGIPN3H60 o e AN, Celing
1x L6562A ans, pumps.
120/230 V PMSM/BLDC 1x STGIPNSHGO
STEVAL-IHM040V1 . AC Up to 100 W . 1x STM32F100C8T6 | Complete drive: pumps, fans
nominal (60/50 Hz) FOC/Six step
1x VIPerl16
PMSM, 2x L6230 Complete drive: fans. b
STEVAL-IHMO042V1 | 8-48V Upto10W | FOC 1x STM32F303 toorsnp ete drive. fans, blowers,
Single/3 shunt 1x ST1S14 Y
BLDC 1x L6234 Complete drive:
STEVAL-IHMO043V1 | 7 t0 42 Vpe Upto35W | . ol 1x STM32F051C6T6 omp.te © :'Ve' ekon
IX-Step motor contro 1x L78L33ACD SecCurity systems, S.
PMSM, 1x STM32F103C Complete drive: pumps,
STEVAL-IFN003V1 8-48V UptodsW | o2 1x L6230PD security systems, ATMe
BLDC 1x STM8S Complete drive: pumps,
STEVAL-IFNO04V1 8-48V Upto35W Six-step motor control 1x L6230Q security systems, ATMs

Lys
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http://www.st.com/web/catalog/tools/FM116/SC1077/PF259578?s_searchtype=partnumber
http://www.st.com/web/catalog/tools/FM116/SC1077/PF252858?s_searchtype=partnumber
http://www.st.com/web/catalog/tools/FM116/SC1077/PF255633?s_searchtype=partnumber
http://www.st.com/web/catalog/tools/FM116/SC1077/PF255604?s_searchtype=partnumber
http://www.st.com/web/catalog/tools/FM116/SC1077/PF255515?s_searchtype=partnumber
http://www.st.com/web/catalog/tools/FM116/SC1077/PF255605?s_searchtype=partnumber
http://www.st.com/web/catalog/tools/FM116/SC1076/PF252702?s_searchtype=partnumber
http://www.st.com/web/catalog/tools/FM116/SC1077/PF252686

Reference /
bundle

Voltage

Hardware key features 2/3

Power

Motor type /

ST parts

Application
focus

control type *

120/230 V.. nominal PMSM/BLDC * 3x L6390 Power board: water pumps,
STEVAL-IHM021V2 AC Up to 100 W FOCI/Six step * 1xViperl2 fans, dish washers, washing
(60/50 Hz)
3 shunts * 6x STD5N52U machines
90 — 285 V PMSM/BLDC * 3x L6390 Power board: pump3,
STEVAL-IHM023V3 | .- = oo \A/C Up to 1 kW FOCI/Six step * 1x Viperl6 compressors, washing
pe Single/3 shunts * 7x STGP10HG60DF machines and more
* 1x STGIPL14K60 Power board: pumps,
STEVAL-IHM025V1 225_ zigov \A/C Up to 1 kW EL\)/ICS:g/BLItDC * 1x Viperl6 compressors, washing
- bc X step * 1x STGP1ONC60KD | machines and more
90 — 285 V PMSM/BLDC *1x STGIPS20C60 Power board: pumps,
STEVAL-IHM028V2 | .o =, oo \’}C Up to 2 kW FOCI/Six step * 1x VIPer26LD compressors, air conditioning
e single/3-shunt * 1x STGW35NB60SD | and more
PMSM/BLDC s 2x16392D Power board: pumps
i * 1xL6391D ’ !
STEVAL-IHMO032V1 5223/2’*88 ?/mlnal Up to 150 W FOCI/Six step « 1xViper12 compressors, fans, dish
AC H
single/3-shunt ¢ 6 x STGD3HEGOHD washers and more
PMSM/BLDC Power board: pumps,
* 1x STGIPN3H60
STEVAL-IHMO35V2 | 120/230 Ve nominal Up to 100 W FOC/Six step e 1x VIPer16L compressors, fans, dish
single-shunt washers and more
30-270V PMSM * 1x STGIPN3HG60A Power board: pumps,
STEVAL-IHM045V1 | /- o VAC Up to 100 W FOC * 1x VIPerO6L compressors, fans, dish
b Single/3-shunt * 1Ix TSV994 washers and more

Lys
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http://www.st.com/web/catalog/tools/FM116/SC1077/PF247220?s_searchtype=partnumber
http://www.st.com/web/catalog/tools/FM116/SC1077/PF260531
http://www.st.com/web/catalog/tools/FM116/SC1077/PF250705?s_searchtype=partnumber
http://www.st.com/web/catalog/tools/FM116/SC1077/PF260361
http://www.st.com/web/catalog/tools/FM116/SC1077/PF251954?s_searchtype=partnumber
http://www.st.com/web/catalog/tools/FM116/SC1077/PF259142?s_searchtype=partnumber
http://www.st.com/web/catalog/tools/FM116/SC1077/PF259564?s_searchtype=partnumber

NEW

Hardware key features 3/3

Reference / Motor type / -
Voltage yp . | ST Parts Application focus
bundle control type
PMSM/BLDC .
STEVAL-IPMO5FY _ . 1 x STGIF5CH60TS-L Power board: water pumps,
125—-450 Vpe Up to 500 W FOC/Six step . 1xTSV994 fans, dish washers and more
3shunts
PMSM/BLDC .
STEVAL-IPMO7EF®Y _ . 1 x STGIF7CH60TS-L Power board: water pumps,
125 - 450 V¢ Up to 700 W FOC/Six step . 1xTSV994 fans and more

Single/3 shunts

Power board: pumps,

® 1 x STGIF10CH60TS-L
STEVAL-IPM10F™ _ PMSM/BLDC :
125 —450 V¢ Up to 1 kW FOC/Six step  1x TSV994 compressors, washing
machines and more
PMSM/BLDC Power board: pumps
* 1 x STGIB10CH60TS-L !
STEVAL-IPM10B") 125—450 Vpe Up to 1.5 kW FOC/Six step  1x TSV994 compressors, air conditioning
single/3-shunt and more
PMSM/BLDC Power board: pumps
* 1 xSTGIB15CH60TS-L ’
STEVAL-IPM158™" 125 —450 Ve Upto2 W FOC/Six step o 1x TSV994 compressors, fans, dish
single/3-shunt washers and more

Note 1: Available Q4’15

Lys
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ST MC Workbench

SDK workflow 1/5

W 5T Nomor Comynl Woddench [MorersedOd]
» Toeh Moy Docererdstes

JadHXers O 00
Molor

g

Maw

15.5]

« Open the ST MC Workbench and create a new project (see Step #6).

Lys
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ST MC Workbench

ix.’: ) -
—=4 \ m —Z
SDK
Paramet i
arameter
ame User project
MC library
project
(Source code)

SDK workflow 2/5

» Generate the configuration (.h) files for the firmware library (see Step #9).

Lys
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ST MC Workbench

SDK workflow 3/5

N 0 = S
i::;m = ‘ P
SDK IDE
A
h _ i o
Parﬁlngster User project J LEXE
MC library i SIAR
project ' S@Y—STEMS [>Z KEIL
(Source code) NGRS

- Compile the FW library using available IDE (IAR, Keil) (see step #10).

Lys
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S_T MC Workbench

SDK workflow 4/5

 Flash the executable into the microcontroller using ST-LINK (see Step

#10).

Lys

gmented

',ﬁ,"‘ V] ,-)om =
N i o’
SDK IDE
A
h R sT-Lin
Parameter User project )
files pire] J L.EXE
MC library Bk oo ®IAR
. .LIB ==, -
prolect SYSTEMS DZ KE I L
(Source code) Tools by ARM




SDK workflow 5/5

ST MC Workbench
'f-‘." V] ,aom —=
|E R 0 = Serial communication for "run-time" feedback
SDK IDE
A 4
- . SR IS T-Link
r r Ser projec
files ProJ J EXE
MC librar 101001 =
. y LB S IAR -
project SYSTEMS DZ KEIL
(Source code) Taels by ARM

 Establish a real-time communication with the firmware using the
monitor feature of ST MC Workbench to start the motor, set the speed

and get feedback (see Step #12).

Lys

life.augmented



Software setup



Step #2 — Software setup

* Download and install the STM32 PMSM FOC SDK

* You can find it at www.st.com and searching for part number STSW-STM32100

STSW-STM32100 Active STM32 PMSM FOC SDK motor control firmware lbrary (UM1052)

* It contains both the firmware package and the ST MC Workbench (PC GUI)

- After installation, you will have the following new folders:

-~

4 | Program Files (x86) o Marne
4 STMicroelectronics
. S5TM32 PMSM FOC LIB
4 || FOCSDK
. STMCWE
L. 5TM32 PMSM FOC LIB
» Ju STMCWE =]

‘,’ ST MC Workbench FW package


http://www.st.com/
http://www.st.com/web/catalog/tools/FM147/CL1794/SC961/SS1743/LN1734/PF257936?s_searchtype=partnumber

Step #3 — IDE setup

- An IDE (Integrated development environment) is required to compile,
flash and debug the application.

» Two IDEs are supported: IAR EWARM and KEIL pVision.

- They are available at the following addresses:
 |AR Embedded Workbench for ARM - IAR Systems (http://www.iar.com/)
« Keil Embedded Development Tools for ARM, Cortex-M ... (http://www.keil.com/)

AR  S|KEIL

SYSTEMS



http://www.iar.com/Products/IAR-Embedded-Workbench/ARM/
http://www.iar.com/
http://www.keil.com/
http://www.keil.com/

e

=

« If the control board or the complete system doesn’t embed the ST-LINK, a

Step #4 — ST-LINK installation

stand-alone dongle is required.

* In any case, you must install the ST-LINK driver that can be found in the ST
website searching for part number ST-LINK/V2 or ST-LINK/V2-ISOL

 Click on Design Resources, download and install the STSW-LINKO09

Related Tools and Software

ST-LINKN/2

£

Active ST-LINKA2 in-circuit debuggeriprogrammer for STMS and STM32

—

Part Number Description

STSW-LINKDO4 STM32 ST-LINK utility

STSW-LINKOD ST-LINKMNZ firmware upgrade

STSW-LINKOD ST-Link, ST-LinkN2, ST-LinkAV2-1 USB dniver signed for XP, WindowsT,

Windowsd
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http://www.st.com/web/catalog/tools/FM146/CL1984/SC720/SS1450/PF251168?s_searchtype=partnumber
http://www.st.com/web/catalog/tools/FM146/CL1984/SC720/SS1450/PF251168
http://www.st.com/web/en/catalog/tools/PF260219

Step #4 — ST-LINK Installation

- On the same page, download and install also the
STSW-LINKO04 — STM32 ST-LINK utility

(This will be required to flash the LCD FW code into the MCU).

Related Tools and Software

Part Number DESCFipTiDH

STSWW-LINKOD3 ST-LINKMZ USB dniver for Windows 7, Vista and XP
STSWW-LINKOD4 STM32 ST-LINK utility

STSW-LINKODS ST-LINKMNZ firmware upgrade

STSW-LINKODS ST-LINKMNZ USB driver for Windows 8

life.augmented


http://www.st.com/web/en/catalog/tools/PF258168

¥
-

Step #5 — Connect ST-LINK

» Using the USB cable, connect the control board with ST-LINK embedded
(or the ST-LINK dongle) to the A male connector into your laptop.

- Wait for Windows to recognize file Action View _Help
1 : e | mHE e
the ST-Link device and follow et
any steps required to install the D oo Deces
d rlver. z fj? g;;r;:;\:ji:;c:;nd game controllers
4. a Universal Serial Bus controllers
i Standard Enhanced PCI to USB Host Controller
* Upon successful driver e e
recognition, the ST-Link device e e e comoer
should be fully enumerated in "R Sandard OpenHCD 1S ot Cotrller
the Windows Device Manager ot wass Sorage Dovice
as shown: " oot Root b
- § USB Root Hub
- @ USB Root Hub

Lys
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Step #5 — Driver trouble-shooting

1. Open Device Manager. 23 Device Manage

File Action View Help
&= |7 HF "
2. Right-click on the > & Network adapters

“ . ’ . . 4 ﬂ?;l Other devices
STM32 STLink” Driver icon. - [l sT™32 STLink N
> -Wf| Portable Devices
|:> - Processors

1] H > f«éﬂiﬂ Sound, video and game controllers
3. Select “Update Driver DR Systom derices
SOftW are” ] 4§ Universal Serial Bus controllers

Standard Enhanced PCI to USB Host Controller

Standard Enhanced PCI to USB Host Controller
Standard OpenHCD USB Host Controller
Standard OpenHCD USB Host Controller
Standard OpenHCD USB Host Controller
Standard OpenHCD USB Host Controller

USBE Mass Storage Device

Lys
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Step #5 — Driver trouble-shooting

4. Select “Browse my Computer Browse for driver software on your computer

fo r d r i V er S O ftW ar e” Search for driver software in this location:
C\Users\Sean\Documents A Browse...

[¥] Include subfolders

How do you want to search for driver software?

= Let me pick from a list of device drivers on my computer

This list will show installed driver software compatible with the device, and all
driver software in the same category as the device.

< Search automatically for updated driver software
Windows will search your computer and the Internet for the latest driver
software for your device, unless you've disabled this feature in your device
installation settings.

< Browse my computer for driver software
Locate and install driver software manually.

5. Select “Let me pick from a list of
device drivers of my computer”.

6. Click “Next”.
Lys

life.augmented



Step #5 — Driver trouble-shooting

* The “STMicroelectronics ST-Link dongle” should be listed.

7. Click “Next”.

Select the device driver you want to install for this hardware.

Select the manufacturer and model of your hardware device and then click Mext. If you
J have a disk that contains the driver you want to install, click Have Disk.

Show compatible hardware

Model
. STMicroelectronics STLink dongle

J
& This driver is not digitally signed!

Tell me why driver signing is important

Lys
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Step #5 — Driver trouble-shooting

« A warning message may appear.

8. Select “Install this driver software anyway”.

@ Windows can't verify the publisher of this driver software

< Don't install this driver software

You should check your manufacturer's website for updated driver software for
your device. 5

< Install this driver software anyway

Only install driver software obtained from your manufacturer's website or disc.

Unsigned software from other sources may harm your computer or steal
information.

(v See details

Lys
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Step #5 — Driver trouble-shooting

* You should receive a message: T o N
“Windows has successfully File Action | View | Help

updated your driver software”. = mEIHm RS

P E'? Network adapters

» -l Portable Devices

B n Processors

B @ Sound, video and game controllers
'~ System devices

4. a Universal Serial Bus controllers

Windows has successfully updated your driver software

ﬂ Standard Enhanced PCI to USB Host Controller
ﬂ Standard Enhanced PCI to USB Host Controller
ﬂ Standard OpenHCD USBE Host Controller
ﬂ Standard OpenHCD USBE Host Controller
ﬂ Standard OpenHCD USBE Host Controller
i Standard OpenHCD VSE Host Controller

{ STMicroelectronics STLink dongle|
------ ﬂ USE Mass Storage Device

# USB Root Hub

Windows has finished installing the driver software for this device:

STMicroelectronics STLink dongle

* Re-check Device Manager to
ensure “STMicroelectronics
STLink dongle” is functioning
normally.

Lys
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Set up workbench project



tep #6 — Create a new WB project based
on the ST evaluation board

%% ST Motor Control Workbench

File Tools Help Documentation C h O O S e : N eW P rOj eCt

= == =— == =

‘T’ New Proje B oad Project ) P About

»

Recent Projects

Filename Version FOG SDK Type
SDK41x-5TM32F302-X-NUCLEQ-HMO7WM1_1adc -Amtech. stmcx 41.0 41.0 PMSH
SDK41x-5TM32303C-EVAL-MB455-5Shinano-SINGLE-DRIVE . stmex 41.0 41.0 PMSH
SDK41x-5TM32303C-EVAL-MB45%-Shinano-DUAL-DRIVE. stmex 41.0 41.0 PHSK
SDK41x-STM32F030-X-NUCLED-HMOTM1_1ADC motore drone.stmex 41.0 41.0 PMSM
SDK41x-5TM32F302-X-NUCLEQ-HMO7TM1_1ADC motore drone.stmex 41.0 41.0 PMSH
SDKA40x-5TM324xG-EVAL-MB455-Ametek.stmc 400 400 PMSH
SDK41x-GAPDrive_Claudie-Comau.stmex 41.0 41.0 PMSH L
Filename Version FOC SDK Type
SDK41x-STEWAL-IFNOO3V1-Shinano. stmex 41.0 41.0 PMSM
SDK41x-STEVAL-HM 022V 1-MB458-Shinano-DUAL-DRIVE. stmcx 41.0 41.0 PMSH
SDK41x-STEVAL-HM 022V 1-MB458-Shinano-SINGLE-DRIWE. stmcx 41.0 41.0 PMSH
SDK41x-STEWAL-HM 034V 2-PM SM-SINGLE-DRIVE. stmex 41.0 41.0 PHSK
SDK41x-STEWAL-HM0358V1-MB453-Shinano-DUAL-DRIVE.stmex 41.0 41.0 PMSM
SDK41x-STEVAL-HM 035V 1-MB458-Shinano-SINGLE-DRIWE. stmcx 41.0 41.0 PMSH | M
SDK41x-STEVAL-HM 035V 1-MB455-MotorProfiler-SINGLE-DRIME. stmcx 41.0 41.0 PMSH
SDKA1x-STEVAL-HM 0400V 1 stmex 41.0 41.0 PHSK
SDK41x-STEWAL-HM 042V 1-Shinano-DUAL-DRIVE. stmex 41.0 41.0 PMSM
SDK41x-5TM320518-EVAL-MB455-Shinano.stmex 41.0 41.0 PMSH
SDK41x-5TM32100B-EVAL-IHM023V 3-Shinano.stmecx 41.0 41.0 PMSH
SDK41x-5TM32100B8-EVAL-MB45%-Shinano. stmex 41.0 41.0 PMSKM ,’
SDK41x-3TM3210B-EVAL-MB458-Shinano.stmex 41.0 41.0 PMSK
SDK41x-3TM3210B-EVAL-HMI35Y2-Shinane.stmex 4.1.0 4.1.0 PMSM 7 life .augmented
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Step #6 — Create a new WB project based
on the ST evaluation board

seeTEes o
File Tocls Help  Decumentation C h O O S e :

3 : . .
New Project = Load Project H H P
o 1 : 1. Applications Application type
= Generic E
‘ Generic
- Pumps
| Application type 1 S_yslen i Motor ol Li Compressor
Genere v ©® SngdeMeor © Dl Motors TR
| Digh washer
MCU Supported Fans
Select Power and Control Boards STM32Fdoc
B ) B STM32F 30
) Inverter ) MC Kit @ Power & Control STM32F 2
STM32F103x
Control Evaluation board for STM32 FO series - with STM32FO51 e
STM320518-EVAL - mMcu |
|
Power 2 kW 3phase motor control evaluation board featuring the D Use old Library
_ || STGIPSZ0CED IGET inteligent power module - MOTOR
STEVAL-HMO282 MP ’ PROFILER supported /

M1 Generic Low volage <= 501" -

life .augmented

[ ok ][ cancel
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Step #6 — Create a new WB project based
on the ST evaluation board

e

File Tocls Help  Decumentation

Choose:

':F New Project | Load Project

7
| Application type System 2 Motor Control Library
Generic - @ Single Motor () Dual Motors 410
MCU Supported
Select Power and Control Boards STM32Fdoc
) ) ) STM32F3cc
) Inverter ) MC Kit @ Power & Control STM32F 2 L
STM32F103x .
Cortral Evaluation board for STM32 FO series - with STM32FO51 e 2. SIn g le or dual motor
STMI20518-EVAL - MCU , |
< E
Power 2 kW 3phase motor control evaluation board featuring the D Use old Library i
_ || STGIPSZ0CED IGET inteligent power module - MOTOR
STEVAL-HMO282 MP ’ PROFILER supported /
M1 Generic Low volage <= 501" -
life .augmented
[ ok ][ cancel
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Step #6 — Create a new WB project based

on the ST evaluation board

seeTEes
File Tocls Help  Decumentation C h O O S e :

':F New Project —-‘—_ Load Project
| Application type System i N N
Generic - @ Single Motor ) Dual Motors T:‘gr Control Library
I MCU Supported
Select Power and Control Boards 3 STM32Fdoc
) Inverter ) MC Kit @ Power & Control g$m£:§§ \ L.
STM32F10% [
Control == Evalustion board for STM32 FO series - with STM32FO51 e : :
STM320518-EVAL - . MCU o~ b |
Power ase motor control evaluation board featuring the D Use old Library - l
STEVALIHMO28Y2 MP ~ ‘ gig,f%%%ﬂﬁﬁ;me‘"glm powemodle HOTOR 3. Board approaCh:
« Choose if you are using Inverter,
MC Kit or Power plus Control
boards.
» Select the board used or create
your own custom board.
Motor

M1 Generic Low volage <= 501" -

Lys
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Step #6 — Create a new WB project based
on the ST evaluation board

seeTEes .
File Tocls Help  Decumentation C h O O S e :

':F New Project | Load Project 1 About
NewProject R R = N
| Application type System _ Motor Control Library [
Generic - @ Single Motor ) Dual Motors 410 \J
|
MCU Supported
Select Power and Control Boards STM3Z2Fdoc
B ) R STM32F o
) Inverter ) MC Kit @ Power & Control STM32F 2
STM32F10%
Control == Evalustion board for STM32 FO series - with STM32FO51 e
.  MCU
STM320518-EVAL -
I
Power 2 kW 3phase motor control evaluation board featuring the D Use old Library
_ || STGIPSZ0CED IGET inteligent power module - MOTOR
STEVAL-HMO282 MP ’ PROFILER supported

4. Motor:

Choose motor from a motor

database. (You can save your motor
4

s parameters from your project.)
M1 Generic Low volage <= 501" - "’

life .augmented
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Step #6 — or Create a new WB project

based on an example project

* 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.

%% ST Motor Control Workbench

File Tools Help Documentation

‘ New Project é Load Project _i- About

— o o o E—

3

Recent Projects

Filaname Version FOC SDK Type
SDK41x-STM32F302-X-NUCLEQ-HMO7M1_1adc -Amtech. stmecx 4.1.0 4.1.0 PMSHK
SDK41x-STM32303C-EVAL-MB458-Shinane-SINGLE-DRWE stmecx 41.0 4.1.0 PRSM
SDK41x-5TM32303C-EVAL-MB458-Shinano-DUAL-DRIVE. stmox 4.1.0 4.1.0 PMSHK
SDK41x-5TM32F030-X-NUCLEO-HMO7M1_1ADC motore drone stmex 410 410 PRSI
SDK41x-STM32F302-X-NUCLEQ-HMOTM1_1ADC motore drone.stmex 41.0 41.0 PMSHK
SDK40x-5TM324xG-EVAL-MB458-Ametek stme 400 400 PRSI
oo Sl -l Dk C 0G| G e o o o o o e o o o e e e e e e e P — —

\
Filename Version FOC SDK Type I
SDK41x-STEVAL-IFNO0IV1-Shinano. stmcx 4.1.0 4.1.0 PMSHK
SDK41x-STEVAL-HMOZ2W1-MB458-Shinano-DUAL-DRIVE stmex. 410 410 PRSI I
SDK41x-STEVAL-HM022V1-MB45%-Shinano-SINGLE-DRIVE. stmex. 41.0 41.0 PMSHK I
SDK41x-STEVAL-HM 034V 2-PMSM-5INGLE-DRIVE stmecx 410 410 PRSI
SDK41x-STEVAL-HM03%V1-MB45%-Shinano-DUAL-DRIVE stmex 41.0 41.0 PMSHK I
SDK41x-STEVAL-HM0359V1-MB458-5hinano-SINGLE-DRIVE. stmex. 4.1.0 41.0 PMSHK L4 I
SDK41x-STEVAL-HM03%V1-MB458-MotorProfiler-SINGLE-DRIVE. stmex 41.0 41.0 PMSHK I
SDK41x-STEVAL-HM040W1 stmex 4.1.0 41.0 PMSHK
SDK41x-STEVAL-HM042W1-Shinano-DUAL-DRIVE stmcx 41.0 41.0 PMSHK I
SDK41x-3TM320518-EVAL-MB453-Shinano.stmcx 4.1.0 41.0 PMSHK I
SDK41x-STM32100B-EVAL-HM023V3-Shinano. stmex 41.0 41.0 PMSH
SDK41x-5TM321008-EVAL-MB45%-Shinano. stmex 4.1.0 4.1.0 PMSHK I ,’
SDK41x-STM3210B-EVAL-MB458-Shinano.stmex 41.0 4.1.0 PRSM '

_SDKM_X—STLBN UE\.-’Aﬂ"JUEfZ—ﬂmno._simcx_ e e e o e e o e e 2.0 —_— :1.0_ PMSHK — _’ - e .Gugmenfed
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Step #6 — 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.

STM32303C-EVAL

r o
% ST Moter Control Workbench [Noname000] [E=RTE
File Tools Help Documentation
e | = CY) | £ L
NeEHX et O, @0
Control Stage 32303C-EVAL
Label
. cugmented
aaaaaaaaaaaaaaaaaaa
ZMCP. | @ 123715 (C\3PHAD46, 14\SOF TWY) 0.

MMMMMM




Step #6 — 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.

r N
%% ST Motor Control Workbench [Noname000] [= [ B [l
File Tools Help Documentation
" = R | @ Bl
DX ®y O QO
Power Stage MB459
Label
]
- -
nfo  |j8
aaaaaaaaa
O
aaaaaaaa ent
Cort
e cugmentea
Variable Value Uni#|  Tme  Moor Id Message
SDK FOC Library STM32 MC P e 36:04 W C\IPH\DD46. 14\SOF TWARE\ E\S 32 K\STM32 FoC.
mmmmmm PMSM
Micro STMIZFIBC
[ T—
PMSM | STM32 MC PMSM FOC SDK v4.0




Step #6 — 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.

N
| 4% ST Motor Control Workbench [NonameDO! [ [ [
Appl |Cat| o nS || File Tools Help Documen
LEEH X e O
~ _ Drive Management
Application type bt
i~
- Motor
Generic
Pumps
Compressor
aaaaaaaaa
| Drive Manage et
Cort
Lite.cugmented
Variable Vabe  Uni*|  Tme  Motor K Message
SDK FOC Library STMI2 MC P @ 1zams W C\IPHADI4E. 14\SOF TWAREN P 32 KSTMI2 FOC
mmmmmm PMSM
Wiers STMIZFHHEC
P I B
PMSM | STRA32 MC PMSI FOC SDK vi.0




Step #6 — 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).

r 1
% ST Motor Control Workbench [Noname000] [E=SR =

File Tools Help Documentation

Neod X &+ O 2,00

Drive Management

Label

Motor

Sensing Enabling
and Fii

Power Stage

Control Stage

Variable Value Uni ~ Time Mator ld  Message
SDK FOC Library 5TM32 MC P A @ 12:3715 Working folder is set to C:\WSS\MC\3PH\DD46 14\SOF TWARE\FIRMWARE\Setup S TM32-FOC-SDK\STM32 PMSM FOC
Motor type PMSM

Micro STM32F303C

. 5

r PMSM | STM32 MC PMSM FOC 5DK v4.0 i
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Step #6 — Drive parameter tricks

* In Drive settings, choose a correct PWM frequency and torque and flux execution
rate in such a way that the FOC rate = ——/"¢1_i5 compatible with the

Execution rate

maximum FOC rate according to the microcontroller used.

STM32F4xx, STM32F3xx
STM32F103x HD/XL, STM32F2xx

STM32F103x LD/MD

STM32F100x, STM32F0xx

Flux

Weakening Dual FOC

IPMSM MTPA 3shunt HFI®M

Sensor-less FreeRTOS Max FOC® Max FOC®

Sensor-less

Feed Forward

(STO + PLL)

(STO +
Cordic) .

Encoder

Hall sensors

Startup\
on-the-fly

F103 ~23kHz
F2xx ~40kHz

F3xx ~ 30kHz
F4xx ~50kHz

ST MC
Workbench
support

USART based
com protocol
add-on

Max FOC
F100 ~11kHz
FOxx ~12kHz

Max Dual
FOC®

F103 ~20kHz
F2xx ~36kHz

Max Dual
FOC®

F3xx~27kHz
F4xx~45kHz

(1) High Frequency Injection
(2) Supported only for STM32F103, STM32F2, STM32F4
(3) Max FOC estimated in sensorless mode



Step #6 — 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 motor nominal current value / 2 (if load is low at low
speed, otherwise it can be set up to 0.8-1.0 times nominal current value).

+ Set speed ramp final value to around 30% of maximum application speed.
« According to motor inertia it may be required to increase the speed ramp duration.

+ Set minimum start-up output speed to 15% of maximum application speed (if required, decreased 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 motor nominal current according to load)

Basic

r 5
Drive Management - Start-up parameters =]

Sensorless rev-up settings
Profile
@ Basic

(@) Advanced customized

Speed ramp duration 1500 2| ms ) 0
Speed ramp final value 2700 | om : E
Curent ramp iniial value D60 ] A 2000 —
Cumert ramp finial valus 070 = A E 1500 —
Cument ramp duration 350 2| ms 3 2

Include alignment befors ramp-up -

Duration 700 <] ms

Alignment electrical angle 90 2 deg

Final current ramp value 0.60 2 A

B S Rev-up to FOC switch-over
Enable
Duration 100 2 ms

Consecutive succesful star-up output tests
Minimum start-up output spsed 580 2| mpm
Estimated speed Band tolerance upper imit 106.25 = %

Estimated speed Band tolerance lower limit 100.00 H %

Lys
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Step #7 — Set up motor parameters

+ ST MC Workbench — Motor section contains:

 Electrical 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.

Motor - Parameters =)
[ Motor | Sensors
aaaaaaaaaaaa
Electrical paramet ers
Pole Pairs 2 2]
Max. Application Speed 10000 m
aaaaaaaa ment 210
Nominal DC Vottage 05 8
Rs
Ls
Demagnetizing Cu ment @) At
EmfConstart s/Kpm
[F] Motor Profi
|




Step #7 — Set up motor parameters

* If motor parameters are unknown (or instrumentation to measure

them are missing), and if supported by the hardware, it is possible to
use the new Motor Profiler feature.

New Project e =]
b Application type e Motor Control Library
| Generic - @ Single Motor () Dual Motors 410
| MCU Supported

Select Power and Control Boards STM3I2Fdoc -

O et ©IMCKt @ Power & Control L E |

) Inverter ® @ Power rol

STM3IZF 103 Xam e
Control ‘ Evaluation board for STM32F 3020 microcontrollers - STM3ZF100x H
! STM3I2F ke
WP - L Hardware supporting
! : the Motor Profiler

Power pIRER

on boand featuring the [ Use old Library

BT intelligent power module - MOTOR

STEVAL-IHMO2EV2 MP - PROFILER supported

(M.P)

Motor The project supports
M1 Gensdc Low voltage <=501 = \ the Motor Profiler

pI feature

[ ok || cancel |




Step #7 — Setup Motor Profiler

These parameters must be set by the user

* Motor pole pairs

« Maximum application speed

Nominal speed of the motor will be computed and used to validate the maximum application
speed selected by the user.

- B
. Motor - Parameters u
* Nominal t o [sormn
ominal curren Motor [ Sersars
Magnetic stnucture Surface Mounted PMSM - =
Electrical parameters
— o e o e \
( Pole Pairs 2
I Max. Application Speed 4000 mm I
I MNominal | Cument 210 A I '
‘ Demagnetizing Cument 2.1 A Put I
— o o o e mm = = o=
Motor Profiler One Touch Tuning
[, Beforeto use the Mator Profiler feature is necessary to generate the corfiguration
files clicking on the ‘Generation’ button .
‘—, 7
life.augmented




Step #7 — Setup Motor Profiler

- Verify that the Motor Profiler check box is selected.

-
Motor - Parameters M
Motor | Sensors

Magnetic stnucture

Electrical parameters

g
8
g
-
oo &
z
=
A

Pale Pairs

Max. Application Speed

=}
3

Nominial Cument

| [T BT
o

Demagnetizing Cument Puto

) | (| ) votor Pt One Touch Tuning

Before to use the Motor Profiler feature is necessany to generate the corfiguration
files clicking on the ‘Generation’ button .

e
Kys :
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Step #7 — Setup Motor Profiler mm=

* Choose the kind of load.

-
Motor - Parameters M
Motor | Sensors

Magnetic stnucture Surface Mounted PMSM - =

Electrical parameters

Pale Pairs

[T

Max. Application Speed

ii
[ |G
g

S

Nominial Cument

Demagnetizing Cument

[T

[¥] Auto

Motor Profiler One Touch Tuning _

Before to use the Motor Profiler feature is necessany to generate the corfiguration
files clicking on the Generation’ button  §

Lys
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Step #7 — Generate and compile the FW

- Before running the Motor Profiler, execute Steps #9, #10 and #11 (#11
only if LCD is present in the board) to generate and compile the

firmware.

ST MC Workbench

b | =

gggggg theeo

SDK IDE
A n
,h ) Rl
Parameter User project = EXE
files ——

MC |ibrary [1’3.1.10 @lAR
project ' SYSTEMS [>Z KEIL
Tools by ARM

(Source code)
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Step #7 — Run Motor Profiler

 Using the ST MC Workbench, run the Motor Profiler procedure.

’
%% 5T Motor Control Workbench [NonameD0&]*

File Tools Help Documentation

‘IS X ® @&f} © L0

@g Motor I

Mator

|
Power Stage |




Step #7 — Run Motor Profiler

» To execute the Motor Profiler procedure, connect the PC to the
microcontroller board via the USART connection.

» Connect the PC to the control board with the USB to RS-232 dongle (and a
null modem cable).

» Select COM port and communication speed (as set in the Control Stage ->
Digital 1/0).

—= ' ' — :
o= Motor Profiler ﬁ

ﬂlport COM22 ~ 115200 - A O

Start \

Before to use the Maotor Profiler is necessany to compile and download the executable into
the microcontroller using a supported [DE {like |1AR Embedded Workbench ar Keil
Microvision) as explained in the LUM1052 — Chapter 9 - "Working environment ™. “

Connect the control board with PC using RS5232 (COM) null modem cable

Lys
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Step #7 — Run Motor Profiler

* Press Connect.

* Press Start.

gl Motor Profiler u
Port COMZ22 » 115200 W % P
[ $. Start ]
Before to use th r Profiler is necessary to compile and download the executable into
the microcontroller a supported |DE (ike AR Embedded Workbench or Keil

Microvision) as explained in the UM1062 — Chapter 9 - "Warking environment ™.

Connect the contral board with PC using R5232 (COM}) null modem cable

Lys
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Step #7 — Run Motor Profiler

* Procedure will end in about 60 seconds.

Motor stopped

Rs measurement
Ls measurement
Current regulators set-up

10 sec

Open loop

Ke measurement SRR B ¥ 44 S B Y
Sensorless state observer set-up TRIEAI
Switch over

Closed loop

Friction coefficient measurement -, 45 sec
Moment of inertia measurement
Speed regulator set-up

life.augmented



Step #7 — Motor Profiler complete

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

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

-
85 Motor Profiler u Motor - Parameters u
'[ = — — —
Port [com11 -|[115200 -| & Motor | Sensors
oy Magnetic structus re Surface Mounted PMSM v
"A Start Motor Identified

Process completed! Blectical paramet, s
Click on the button to Pole Pairs Iz =
copy the actuals results = =
on the project. Max. Application Speed |10000 | mm

Actuals Results

|| lominal oltage 1 )
- o o ‘ & T
Ls 0167 mH Ls [0.167 | mH

B-Emf constant 38 Vms/Kmpm

Nominal DC Vokage 258  V Demagnetizing Curert 21 = A Auto
mmmmmm Speed 8454  mm B-EmfConsta 3.8 Vims/Krpm
) (' Copy Resuts on et
[T] Dont show this window after generating files [ Motor Profiler One Touch Tuning Vedham Lond
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Step #8 — Set up motor parameters

manually

- Select Surface Mounted PMSM in Motor — Electrical parameters —

Magnetic structure.

Max Rated Speed
Nominal Cumert
MNominal DC Voltage

Rs
Ls

Demagnetizing Cument

B-EmfConstart

[surtace Mounted PMSM v |

—

SIEIE
(=R =]
7| ) () [ [
o = I 4

> 3 9
= 5

| ] [ER] [E

03
F
£

] Auto




Step #8 — Set up motor parameters manually

- Set Max Rated Speed with the maximum motor speed according the application
specs.

- Set Nominal Current with maximum peak current provided to each of the motor
phases according the motor specs.

- Set Nominal DC Voltage with value of DC bus provided to the inverter or the rectified
value of AC input.

« Keep checked the “Auto” button near “Demagnetizing Current”.

[ Motor - Electrical parameters M‘

Magnetic structure Sutace Mounted PMSM + |

Electrical parameters
Pole P b s
Mzx Rated Speed 4000 = pm
MNominal Cument 210 = A
MNominal DC Voltage 240 = V _
Rs 0.35 2| Chm
Ls 0.600 = mH

[ Demagnetizing Current 2.1 = /1 Auto ”
B-EmfConstart 4.0 = Vims/Krpm

Lys ~
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Step #8 — Set up motor parameters manually mm

Pole pair number

* The number of pole pairs is usually provided by the motor supplier,
but 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 your hands, you should notice a little resistance, otherwise:
« If you are not able to rotate the motor, decrease the applied voltage.
« If the motor does not generate any resistance, gradually increase the applied voltage.

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

Blectrical parameters

m—) | Fole Pairs P 3
Max Rated Speed 4000 = mm
MNominal Current 210 = A

A

- Mrrmieml M Unbimmn ETH
DC voltage source
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Step #8 — Set up motor parameters manually

Stator resistance and inductance

* Using the multimeter, measure the DC stator resistance phase-to-
phase (Rs) and divide it by two.

« Connect the DC voltage between two motor phases.

« Connect the oscilloscope voltage and current probes as shown in the
figure.

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

* Don’t move the rotor anymore.
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Step #8 — Set up motor parameters manually

Stator resistance and inductance
Disable the 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 the scope the voltage and
current waveform until you get something like the one shown in the figure.

The measurement is good if the voltage can be assimilated to a step and the
current increase such as |, * (1-e t"UR),

Measure the time required to current waveform to rise up to 63%.

* This time is Ld/Rs constant. Multiply it by Rs and you'll get Ld value.

V
|oo MNOMINGl L. Vorage EERT) = v
* o
0.63*1., : _ Rs 0.35 +| Ohm
_ Ls 0.600 =/l mH
' >
;' :é Demaanetizing Cument 2.1 = A 7 &
T=L/R



Step #8 — Set up motor parameters manually

Back EMF constant Ke

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

[ Viemi = Ke * Wipee ]

- To measure Ke, it usually suffices to turn the motor with your hands
(or using a drill or another motor mechanically coupled) and use an
oscilloscope to look for the phase-to-phase induced voltage (Vgems )

uuuuuuuu
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Step #8 — Set up motor parameters manually

Back EMF constant Ke

- Measure the Vg, frequency (fz.+) and the peak-to-peak amplitude
(VBemf—A)

« Compute Ke in Vgys | Kepui:

K — Veunt A [V peak —to — peak]- pole pairs number -1000
. 2.2 f,,.. [Hz]-60

Demagnetizing Cumrent 2.1 A Auto

B-EmfConstarnt 4.0 = Vs Kpm
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Generate, compile, debug and run



Step #10 — Parameter generation mm=

* 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:
T | @5 <application_folder>\working'templates_040000\PMSHI\ v Defaut
L) | =2 B, )
oy i fold

+
TR 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 tati
> | LCDPraject <working_folder: the cumert project folder ntatien

> | Libraries — E"’ Ikl AL

[
[
[
) MCApplication
[
[
[

> 0 MClibrary nonnrnend
> W PFC_Project
> Project
.. SystemDriveParams
I UlLibrary
I g Utilities
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Step #11 — Compile and program the MCU

* Run the IAR Embedded Workbench. | % IAR Embedded Workbench

* Open the IAR workspace (located in Project\EWARM) folder according to the %J%QMRQ

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 g
- —
W EIEIEERE 4V euEreedah nun sl
L s = |readme.b(t| fo » X
STh32F104_UserProject - STM3210B-EVAL - lf 1 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
l_EDMC lerary a HEEF EE L EE L
} 9 * @attention E
| FHainterace 0 . E
| l_E-‘D“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 El main.c N o . p://www.st.com/software_license_agreement_liberty w.
_ 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,
stm 3 Ox_MC_itc . 21 # WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or implied.
Timebase.c * 22 * See the License for the specific language governing permissions and
UITask.c - 23 * limitations under the License.
@ [ Output ay *
25 ETET EET EET
= 26 */
r | STH32F104_UserProject | = =l
’I Ready Ln 8, Col43 System NUM =
A
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Step #11 — Compile and program the MCU

« Optionally, run Keil uVision.

* Open the Keil workspace (located in ProjecttMDK-ARM) folder according to the

KA Keil uVisions

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

>1KEIL
Tools by ARM

« Select the proper user project from the drop-down menu according to the control stage

used (e.g. STM3210B-EVAL).

« Compile and download.

7
CAVSS\MC\3PH\0046. 1M SOFTWARE\FIRMWARE\Setup)STM32-FOC-5DK\STM32 PMSM FOC LIBv4.0\Web\Project\ MDK-ARM\UserProject\STM32F 10x_UserPro)

Program

#@%proj - uVision

Sclezle®

File Edit View Project Flash Debug Peripherals Tools SVCS  Window Help

BN AR

—

| 2 Daefale o e|E) A

1 f;:| [# #incude

H - STM3210B-EVAL
< -
P"y - [ resament x
ﬁ-E WorkSpace fr* -
’ Ea ETr 2 ::-.-' 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 T
1529 STM3Z10B-EVAL * @file RELDME . TXT
(-7 JCLibrary_interface_common * @author STMicroelectronics - System Lab - MC Team
X X . . E
-7z MCLibrary_interface version 4.0.0
A MCLibrary lib * Bdate 28-May-2014 10:45
By A - _ o * @prief  STM32 PMSM FOC library v4.0; README.TXT
MC_Library_STM32F10x_single_drive.lib R R R R R R R R R R R R KR R R R R R R R R R R R R R R K R R R R R R R R R AR KRR R AR AR R AR R R R AR AR AR RR R AR AR
MC_Library_STM32F10x_dual_drivelib * @Battention
{77 MCApplication_interface *
C I .. MCA::Iication arivate * <h2><center>&copy; COPYRIGHT 2014 STMicroelectronics</center></h2>
ompile c -
Select # Licensed under MCD-5T Liberty 5W License Agreement V2, (the "License"):;
. * You may not use this file except in compliance with the License.
prOJeCt * You mav obtain a copy of the License at:
=
w—
B RVMDK * http://www.st.con/software_license_agreement_liberty v2
{77 UlLibrary_interface "
E-{77 Ullibrary_private % Unless required by applicable law or agreed to in writing, software
..D UILibrary_srC # distributed under the License is distributed on an "AS I5" BASIS,
E-{77 Project * WITHCUT WARRANTIES CR CONDITICNS CF ANY KIND, either express or implied.
{7 System & Drive Params # See the License for the specific language governing permissions and
E-{] Doc * limitations under the License.
=
BB B BB R R R R BB RBBRRBRRRBRBBRRRRRRRRH -
IE| Project Books Functions Templates
= {} 0, ] [ ]
'I 5T-Link Debugger L:26 C:5 C
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Step #12 — Program LCD firmware m=

* Run the ST-LINK Utility. ', STM32 ST-LINK Utility

* File — Open file... and select the .hex file (located in LCDProject\hex) according to the
control stage used (e.g. STM3210B-EVAL.hex).

« Target — Program...

(68 sTMa2 5T LINK Uty [P e ™ ) i I e —————T |

File Edit View Target ST-LINK Help gram Files (x86) » STMicroelectronics » FOCSDK » S5TM32 PMSM FOC LIBvA.0 » Web » LCDProject » hex
Hd @22 @

Memory display Device Information

Address:  0x08000000 + Size: Ox1544 Data Width: 8 bits - EZ::: s} -~
Revision 1D MNarme Date modified Type Size

Device Memary | File : STM3210B-EVAL.hex | Flash sze

j:“:zm”"“;m':dd'rj ‘"g [T’;”“‘ms“”“ ‘”;““‘f“i]& F e F T =a - || STEVAL-THM022V1_DUALDRIVE.hex 6/25/2014 4:24 PM  HEXFile 157 KB
008010000 |10 4F 00 20 E5 oL o0l 08 50 52 1A 00 21 02 0L 08 [ | STEVAL-IHMO022V1_SINGLEDRIVE hex 6/25/2014 4:24 PM HEX File 142 KB
22:2122:2 ; Z; Z; Z: :; 2; 2; 22 :; 2; Zé Zi : Zj Zz Z: || STEVAL-IHMO39V1_DUALDRIVE. hex 6/25/2014 4:24 PM HEX File 140 KB
008010030 |FS 01 |01 08 00 00 00 00 (FE |01 o1 (08 |FD |01 01 0B || STEVAL-IHMO39V1_SINGLEDRIVE.hex 6/25/2014 4:24 PM HEX File 140 KB
0«08010040 (FF |01 |01 08 FF 01 01 08 FF 01 01 |08 |FF |01 01 (08 ] STM322F2xx dual.hex 6,/25,/2014 4:24 PM HEX File 159 KB
008010050 |FF 01 01 08 FF Ol 01 08 FF 01 01 08 FF 01 01 08 - o )

008010060 [FF 01 (01 08 FF 01 01 08 FF 01 01 08 FF 01 01 08 || STM322xG-EVAL hex 6/25/2014 4:24 PM HEX File 145 KB
008010070 |FF 01 (01 08 FF 0L 0L 08 FF 01 01 08 FF 01 01 08 | ] STM324xG-EVAL hex 6/25/2014 4:24 PM HEX File 143 KB
008010080 |FF (01 (01 08 FF 01 01 08 FF 01 (01 (08 |FF 01 01 08 §..j...j...j.. _ )

] = | = | STM3210B-EVAL.hex 6/25/2014 4:24 PM HEX File 142 KB
501145 & [STH32105-E1AL ] apened successfly || STM3210E-EVAL hex 6/25/2014 4:24 PM HEX File 139 KB
| | 5TM32100B-EVAL.hex 6/25/2014 4:24 PM HEX File 84 KB

| 5TM32303C-EVAL_DUALDRIVE. hex 6/25/2014 4:24 PM HEX File 155 KB
|| 5TM32303C-EVAL_SINGLEDRIVE.hex 6/25/2014 4:24 PM HEX File 139 KB

pismnnacted Pevioe D:— kore State : Device Memory Not Selected - 5TM320518_EVAL'ha 5""’25!{2014 4:24 F'M HEX FI|E 84 KB
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Step #13 — Run the motor

 Arrange the system for running 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 STM32 FOC SDK

Configuration and debug Speed controller
Motor_ Ctrl mode ~Set point
|1 VEI ISpd[Trq | a pBuLLS ‘ El Target speed Measured speed
~Power board status - ; . ,  1500 r'pm 1500 r‘pm
DC Bus volt - 9 Ramp duratlon |
Aing [Exec] | | [Start/Stop |
Heatsink T° [35 @ By s (1000 Bins Start/Stop
“DAC Settings = Under volt —PID gains Flux wk. tuning —
il a9 |ov 1000 |ng L
Over temp [ 500 1 - 5j
ch2 | b | v| o KI
5 [[_Fault ack 0 @[ o ol

Motor selected: 1 *

Motor selected: 1

Lys
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Step #13 — Run the motor

» 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 modem
cable).

» 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 f%c iale Lanltfck and then Start Motor button to run the motor.
&% ST Motor Control Warkbench [Noname000] / MOI’]ItOf (=] B [ % ST Motor Control Workbench [Noname000] // Connect
Fie Took Hep Documentatogg® mem o ™ File Took Help Documentation e T =
DEE X ®4 u} « Q0 DeEX e e s od-o o fa‘_} &
B e g -
I \. . " e s 4 Kud e
= ‘m ﬁ._/___ /e s
&V ‘ ‘ R
— — L2 | SelectCOM ...
— mer- {0 mex S = port v :
e L) Zm., =t Start
"I Fault ACK
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Releasing your creativity
with the STM32

@ /STM32 = @sT_world e’e st.com/e2e

a7 WWW.St.com/stm32


http://www.st.com/stm32

