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« X-CUBE-MCSDK 8§ X-CUBE-MCSDK-FUL
e« STM32CubeMX (v4.25.1/v4.26.1) 5 B4
« ST-LINK/V2 (v4.2.0)

IDE:

- IAR Embedded Workbench for Arm (v7.80.4/v8.20.2)
— MVision® IDE for Arm® (Keil® MDK) v5.25
— Atollic TrueSTUDIO for STM32 version 9.0.0
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http://www.st.com/content/st_com/en/products/embedded-software/mcus-embedded-software/stm32-embedded-software/stm32cube-expansion-packages/x-cube-mcsdk.html
http://www.st.com/content/st_com/en/products/embedded-software/mcus-embedded-software/stm32-embedded-software/stm32cube-expansion-packages/x-cube-mcsdk-ful.html
http://www.st.com/content/st_com/en/products/development-tools/software-development-tools/stm32-software-development-tools/stm32-configurators-and-code-generators/stm32cubemx.html
http://www.st.com/content/st_com/en/products/development-tools/hardware-development-tools/development-tool-hardware-for-mcus/debug-hardware-for-mcus/debug-hardware-for-stm32-mcus/st-link-v2.html
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@ Reference Manual 5.2.0
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%% ST Motor Control Workbench

File Tools Help Documentation

B rewProject B | vad Project

Recent Projects
Filenamea Type MCUs
refrigerater solution f030-2018 0416 stmex SINGLE STM32F030x
) STM32F301=6/8 -

SDK43x-P-NUCLEO-IHMO001-BullRunning. stmex SINGLE STHA2F302E/R
Noname.stmex SINGLE  STM3ZF072x
MNoname. stmex SINGLE STM32F051x
refrigerator solution f030-2018 0416.stmex SINGLE  STM3I2F030x

: STM32F301x6/8 -
P-NUCLEQ-HMO01-BullRunning11.stmex SINGLE STMAIF302EE
0303shunt. stmex SINGLE  STM32F030x

1 Motor ProfilersS
Mation Control Suite Jif

fial

control board

Custom

P-NUCLEOQ-IHMO01 35h -
board: NUCLEQ-F302R&

NUCLEO-FO72RB
Custom
Custom

P-NUCLEQ-IHMOO01 35h -
board: NUCLEQ-F302R2

MUCLEOQ-FO30RE

power board

Custom

P-NUCLEOQ-HMOO1 3Sh - 2
beard: X-NUCLEO-HMOTH
X-NUCLEC-HMOTI1

Custom

Custom

P-NUCLEOQ-IHMOO1 35h -
board: X-NUCLEQ-HMO7M1

K-NUCLEOQ-IHMOTM1

motor 4
Custom

Bull Runn

BullRunni| £
Shinano |
Custom

Bull Runn'—j

BullRunni =

T m

Example Projects

Filename Type MCUs
HNUCLEO_L452RE_IHMOTM1_SHINANO_1S_PLL SINGLE  STM32L452xx
NUCLEO_L452RE_IHMOTM1_SHINANO_35_PLL SINGLE  STM3Z2L452xx
NUCLEO_L476RG_IHMOTM1_SHINANO_3S_PLL SINGLE ~ STM3ZL4&TExx
NUCLEO-F7456ZG_IHMOTM1_SHINANDO_3S_PLL SINGLE  STM3ZF476xx
STM3ZF4TE_IHMOTM1_15_SHINANO_PLL SINGLE  STM3ZLATExx
NUCLEO-F303RE-X-NUCLED-HM16M1-GimBal SINGLE STM32F303xE
NUCLEO-F445RE_HMO7TM1_BULLRUNMING_35 PLL SINGLE  STM32F446xC-xE
NUCLEO-F446RE_IHMOTM1_SHINANO_1S_CORDIC SINGLE  STM32F446xC-xE
NUCLEO-F4486RE_IHMOTM1_SHINANO_35_CORDIC SINGLE  STM3ZF446xC-xE

NUCLEO_F103RB_LD_IHMOTM1_SHINANO_15_STO_PLL SINGLE STM32F103 Low Density
NUCLEO_F103RB_MD_HMO7TM1_SHINANO_35_STO_PLL SINGLE  STM32F103 Medium Density

control board
MUCLEO-L452RE
NUCLEO-L452RE
NUCLEO-L476RG
NUCLEO-F746ZG
STM3ZL4TEG-EVAL
NUCLEO-F303RE
MUCLEO-F445RE
NUCLEO-F446RE
NUCLEO-F446RE
NUCLEO-F103RB
MNUCLEOQ-F103RB

power board
H-NUCLEQ-HWMOTI1
H-NUCLEC-HMOTM1
H-NUCLEQ-IHMOTIM1
X-NUCLEC-HMOTR1
X-NUCLEC-IHMOTI1
H-NUCLEOQ-HM16K1
H-NUCLEQ-HWMOTI1
X-NUCLEQ-IHMOTI1
H-NUCLEC-HMOTM1
H-NUCLEC-IHMOTIM1
X-NUCLEC-IHMOTI1

STM3210E-EVAL_IHMO7M1_SHINANO_15_ENC SINGLE STM32F103 High Density STM3210E-EVAL H-NUCLEOQ-IHMOYM1
STM3210E-EVAL_IHMO7TM1_SHINAND_15_HALL SINGLE  STM32F103 High Density STM3210E-EVAL H-NUCLEOQ-IHMO7MA
STWM3210E-EVAL_IHMO7M1_SHINANO_35 ENC_FF SINGLE  STM32F103 High Density STM3210E-EVAL H-NUCLEOQ-IHMO7MA
1| n

F

motor »|
Shinano |||
Shinano |
Shinano || =
Shinano |
Shinano |
GimBal ||
BullRunni
Shinano |
Shinano |
Shinano |
Shinano |
Shinano |
Shinano |
Shinano | -
2
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MNew Project ]
Application type System
Custom - @ Single Motor ) Dual Motors
Select Boards: () Inverter ) MC Kit @ Power & Control
Control
custom board » Control board where the control stage
parameters have to customized by the user
MNew Project Info -
o The motor was profiled with the following operation condition:
ower
custom board » Power board where the power stage
parameters have to customized by the user
Bull Running BRZ2804-1700kv
Start up parameters PWM Frequency: 20000 Hz
MNominal Current: 1.2 Apk FOC Rate: 1 PWM periods
Nominal Veoltage: 11V Cut off Frequency: 6000 rad/s
These values have been imported into the project
Motor
Ganaric Low volfsgs <= 501" - Maagnetic structure Surface Mounted
Pole Pairs 2
Matar low voltage Nominal Speed 4000 rpm
Nominal Voltage 24\

Hominal Current 1.8 Apk

[oc_J [ Cnen
Kys
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% SThotor Contral Workhench [Nonaroel*

File  Teools Help Documentation

‘“SHX®+ 000 | EirEnx

HEMHECE

SR

AC Input Info -3
O
o—

MCU and
Clock Freq,
DAC
functionality

&

9 Control Unit
Drive Management

Motor: BufiRunmaing - Control Board: P-NUCLEO-HMO01/002 35k - board- NUCLEO-F302R8 - Power Board: P-NUCLEO-HMOD1/002 35k - board- X-NUCLEOHF | r

/4

S
; Lz augrmented

J_. Rated Bus Voltage

{ 11V(5-36)V
T
2

PRSI,

Drivers

=<
e I

EEAVFFAHECE

AFP{ER

Matar Id

Message

The "PFC"is not supported in the FW for SDK5x excepted for SDK for "STM32F103 High Density”. All parameters will be B
The "Sensordess (HF+Observer) is not supported in the FW for SDK5. All parameters will be disabled.

F2 meus are not supported in the FW for SDKEx -

1 | 3

Info / Emors / Wamings EE”QE EQ

Variable Mator Ui Time
PYWM frequency 30000 Hz ﬁ 04:15.08
Sensor selection main Sensordess (0. ﬁ 04:15.08
Sensor selection aux Sensordess (O 6 04:15.08
Torque&Flee - Execution rate 1 PW ‘_|

Bus voltage sensing true

4| [ | >

==
=4

EfZHX
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File | Tools  Help Project Properties ]
Mew Project Property Value
Open Project... Mame P-Muclea-IHMO01-Bullunning

_ FilePath C:\P-Nucleo-IHMO0 -Bullmunning stmox
Close Project Output path C:\P-Nucleo-HMOO1-Bullrunning
EH  SaveProject Socti -
ection
I8 Save Project As... Type SINGLE
v ]

T Properties IS T————)

Recent List 3
w Recent List Delete
[ Ewt

New Project: 8JEZE— M INE
Open Project...: ¥ JA— 1 IIBERINHE
Close Project: XAIERINE
Save Project: fEFIERIS 4R RFHTHNINE

Save Project As...: BFJHBIINB RFHIEERISUSE
Properties: EEINBEREM

Recent List: \&IEF I B S IZRFINE — P IBIE
Recent List Delete: fllfs &RV B 73R

57 Exit: NFEHECEE IEH
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Workbench3ZER (2)

Restore Info Message: ZEM B R~AFPSEE

File | Tools | Help  Documentation — .
. . Function Port/Fin Available port  Shared *
€ (M Pinassignment I e e (T 1
. CH1 A8 C0, A%
4+ Generation CH2 AS C1.A9
CH3 A10 2, A0
Moto| : BKIN ATt C3, AT
I"-:nl'J MDnltDr Start/Stop button Pin (DIO - BTN)
GPIO c13 ci3 3
# ClearLog Driver Signal Ensble (DIO - MCT - Enb)
(= ExportLog b o o
GPIO c12 c12
v | Restore Info Message USART Channel (USART2)
@ A2 A2, A14, B3
RX A3 23, A15, B4 n
v Pin assignment:{&EMCURYS |13 BeADRIRAIAT A5 | B S
v Generation:FRIEEMERYIDE, LEREMCR B TR oorme o o
Bus Voltage feedback ADC (ADC1) -
7 Monitor: M iZF iR =
-functions: 0
-pins: 0
‘/ Clear Log B%%F{I:llu\% Press check button for more information
v Export Log: BREFEERUNAR SHBIBESUY e ] [ e
v
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Workbench3ZE

(3)

File Teels | Help | Documentat File Toocls Help | Documentation
@ | h © Content @ ' | I s (s Release Note
H ¥ ﬁ
4 ﬂ About... ﬁ Getting Started
Motor: BuliRunning &' Firmware Reference

Lys
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9 New: GlE—NFTIRE
&= Load: HIH—ANIERIE
ko Save: (ERIERIAHZHRFFIFIVINE
¢ Clear Log: iBMREPEERXR
@ Pin assignment : FEEMCURIE B EeFNRISAIET B |H)
4 Generation: tRIEFMEMIIDE, 4REMCRFITIES 4.
‘\,}‘ Click to open monitor: YSi=FHEEIEER]
© Help: IRHELF AN HRTIDIE) R
€ About: BRIZMNFARIIRAS

NS N N N N U N RN
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%% ST Motor Control Warkbench [P-MNucleo-IHMO01-Bullrunning] Ii“ilﬁ

File Tools Help Documentation

‘ESHX®+ OO

Motor: BulfRunning - Control Board: PNUCLEC-HMOOT/002 354 - board: NUCLEO-F302R8 - PowerBoard: P-NUCLEO-HMOOT/002 35h - board: X-NUCLEO-HMOMT rl
1
AC Input Info -9 . le.augrmented
oy o J_ Rated Bus Voltage
o g 1V E-38V
O
9 X Drivers
Control Unit 2
S u
Ixshizdlesie N — U OENsE
Drive Management 72’
B 3 - 2%
1
s 1
1
MCU and 1
Clock Freq. :
1
1
{4 7S]
izl flotog Uil Time Motor Id Message -
EWM f’e:”e”c" } gomn4 HZE & 115629 The 'PFC’is not supported in the FW for SDK5x excepted for SDK for 'STM32F103 High Density’. All parameters will be disa...
ensor selection main _T?‘_’r ess {E) 6 11:56:29 The "Sensordess (HFI+Observer)' is not supported in the FW for SDKS 2. All parameters will be disabled. =
iensorzsedmn e _r — - (7] 11:56:29 F2 mcus are not supported in the FW for SDKSx
OraUEBTILE - fon rate 6 11:56:29 F103 High Density in dual Motor mcus are not supported in the FW for SDK5x -
Bus voltage sensing true -
< T I 3 Infa / Emors / Wamings | Change Log
= — m TIT | — M — T = i = m an T

) /4
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File Tools Help

PmE X

Motor: BullRunning -

Documentation

®+ OOO

Control Board: P-NUCLEO-HMO01,/002 35k - board: NUCLEO-F302R8E

AC Input Info o—|
v

%

o—
Inrush Current
Limiter

9 Control Unit

Firmwiare
Drive Management

- PowerBoard: PNUCLEC-IHMOOT/002 35k - board: X-NUCLEO-# ‘_

Drivers

Motor | Sensors

J_. Fated Bus Voltage
1IVIE-38V

Magnetic structure

Electrical pammeters

MCU and —_— R
Clock Freq. igitcl Max. Application Speed
Nominal Currert
D‘.M: Analog Input Nominal DC Voltage
functionality and Protection
Rs
Ls
B-Emf constant
Variable Motor Uni Time Inertia
PWM frequency 30000 Hz 6 0419.08 Friction
Sengor selection main Sensordess (0. 6 D-l:‘IB:DB
Sensor selection aLx Sensordess (... o 042538
Torque&Flux - Execution rate 1 PW ‘ I:
Bus voltage sensing true - e ———

4 T

Irfo # Emars / Wamij

[Surace Mounted PMSM |

7 £

o

1.20 2| Apk

1.0 B v

0.1 k]| ohm
0.018 ] mH
Vs
0.348 ] uNms2
0.437 | uhems

[ile. augmentad

HHZEX

Motar | Sensors

Sensors
Hall sensors

Sensors displacement
Placement electrical angle

Quadrature encoder

Pulses per mechanical revolution

r SDK5x

I Save parameters

© 2018 STMicroelectronics — 1B PrA ALF]
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ERARER
AR
BUEFE
FEAFEEE
FEALEE /Y
FEALAEE
FEA14E5]
FEALRESD

-

Motor - Parameters

Motor | Senzors

Mator - Parameters

Motor | Sensors

Magnetic structure

Blectrical parameters
Pale Pairs
Max. Application Speed
Mominal Cument
Mominal DC Voltage

fH R
Ls

%Sz B-Emf constart

==} Inertia

Friction

< Surface Mounted PMSM - >

15000

1.20

nao

0Mm
0.012
0.4

0342

0.437

pm

Aple

Chm

[EE:

WrmsAapm
uN"m’s2

uM*m’s

—
Magnetic structure Intemal PMSM -
Electrical parameters
Pole Pairs 7 =
Max. Application Speed 15000 2| mm
Mominal Cument 1.20 = Aplk
Mominal DC Vaoltage 1.0 — ()
Rs 0.1 = Ohm
Ld 0.018 ¢ mH | EB#/ld%HEE Rk
L D.018 H | EBHLadhER Rk
Ld/Lq ratio 1.000 : d3HFR /A oAHER
B-Emf constant 0.4 =/ Vs dapm
Inetia 0.348 | uN'm’s2
Friction 0.437 = uN'm’s

%

7N

[H Save paameters

[H Save parameters

© 2018 STMicroelectronics — 1% A HUF]
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Chl
s

> HallEEBaE: > JRIBEs S

. _ S—— « Resolution: ¥R, v
. EBHIHall AT L FHOEIBHAMER AR | SR, S
N \ sowm. Pulse/Round
PERERNIERBE, B -~ ulse/Roun \ )
o EEE—RERYRIBES KRN

+ BARIHARRIR BB BN
ﬁgﬁgog ’ B : farward jitter backward jitter farward

3 Sensor 120° 3 Sensor 60°

H1 H1

/] [ |

H2 H3
A -

mf—— | o+ L
el [ el [ ||
we| L [ wel [

Lys
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#% ST Motar Control Workbench [P-Nucleo-IHMO0L-Bullrunning] =N R

File Tools Help Documentation

@ils | ) A
"SHX®s OO0
Motor: BuliRunning - Control Board: P-NUCLEOQ-HMI0T/002 38h - board NUCLEQ-F302R8 - Power Board: P-NUCLEQ-IHMODT/002 35k - board X-NUCLED-IF r

AyJ

o, augmentad

) ) Bus Voltage
Rated Bus Voltage Sensing

AC Input Info

AC Input Info Power Stage - Rated Bus Voltage Info
. Rated Voltage
Hardware Settings
Min rated voltage E 2 v
Voltage [c:ustum '] Max rated voltage 36 H Vv
Mimimum 160 | Vims @ 50Hz Mominal voltage 11 = v
Mazdmum 30 = | Vrms (T 60 Hz
Mominal 230 = Vrms -m
=
Sensing
Firmware protection
Cvervoltage
Varizble i
FWM fred Set intervention threshold to madmum power stage input voltage | cokea
Sensor sef Crver voltage 340 - Vime are not supported in the FW for SDKSx El
Sensor se = Z | saved successfully. -
Torque&F| 3
Bus voltag
« [ ]

life.augmented
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File Tools Help

Motor: BuliRunning

Documentation

AC Input Info

“% ST Motor Control Workbench [P-Nuclec-IHMO01-Bullrunning]

o

P
o

‘dEH X e+ O00

Control Board: PNUCLEO-HMOGT/O02 35h - board: NUCLEO-F302RE -

&

9 Control Unit

Fimmwiare:
Drive Management

MCU and
Clock Freq.

DAC

functionality

Power Board: P-NUCLEQ-IHMORT002 350 - 4

J_. Rated Bus Voltage

g HV(E-36)V

Bus Voltage
Sensing

Drivers

m+

!
l

b
=< =

Y

!
3
g
H
Al

l-l-
Dt

b e e e

B Powerstage ____, _ Confrol stage _
» WEus :
[
[
E1 |
163.00 |2 kOhm |
[
: Vs feedbock
T T O
[
Rz [ Ra
o |
I ‘
[
|
|
= [
[
[
_________________ A - .
Bus voltage divider 1/... 1517

Variable

PWM frequency

Sensor selection main
Sensor selection awx
Torque&Flux - Execution rate
Bus voltage sensing

Mator

30000
Sensordess (0.
Sensoress

1

true

< | I

Time
& 041908
& 041308
& 4om3

Mator Id Message

F2 mcus are not supported in the FW for SDK5x

F103 High Density in dual Motor mcus are not supperted in the FW for SDKSx
Project: "P-Nucleo-IHMD01-Bullrunning” saved successfully.

<

S7aE0

Info / Erors / Wamings |C}'|ange Log |

Lys

life.augmented
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“% ST Motor Control Workbench [P-Nuclec-IHMO01-Bullrunning]
File

Tools Help Documentation

‘dEH X e+ O00

Motor: BuliRunning - Control Board: P-NUCLEOQ-HMI0T/002 38h - board NUCLEQ-F302R8 - Power Board: P-NUCLEQ-IHMODT/002 35k - board X-NUCLED-IF r

AC Input info IS

Bus Voltage

Drivers

Hardware Settings

iy @ J_ Rated Bus Voltage
o g HV(E-36)V

Polarity [Pﬁi'ﬂ'& high - ]

Additional Features

Variable

PWM fref
Sensor s
Sensor s
Torqued
Bus voltd

<

enable
Change state after 1000 = ms

Sensing

> /4

Lie. augmentad

supparted in the FW for SDK5x
ity in dual Motor mous are not supported in the FW for SDKSx
Eo-IHMO01-Bullunning' saved successfully.

Lys

life.augmented
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%% ST Motor Control Workbench [P-Nuclec-IHMOOL-Bullrunning]

File Tools Help

Documentation

EHIX s OO

oo = ‘

Power Factor Correction
Motor: BulfRunning - Control Board: P-NUCLEO-HMOOT,002 35h - board NUCLEC-F302R8 Power Board: P-NUCLEO-IHMOD 002 350
| Hardware Settings | PFC Parameters
AC Input Inf Bus Voltage
~ |  Rated Bus Votage sensing PFC Parameters
e
L V(5 -36) W Enabling feature
[| Power Facter Comrection Current Regulation
Hardware Settings | PFC Parameters PWM frequency 40000 =/ Hz 1000 /|16 $ P
Hardware SBﬁingS Current regulation execution rate PWM periods 700 /256 = L
SW Cument Limitation 4.999 = Apk
Nominal power 1000 = W
Nominal curent 6149 2| ok oltage Regulation
Shurt resistor value 0.220 ~! ghm 0 & referance 350 2 v 1000 s |16 H P
OPAMP on power stage PFC over-voltage threshold 370 = V 700 / |256 = 1
i
use OPAMP for Cument Protection Violtage regulation frequency 100 = Hz
Comparator threshaold 120 —
Overall network gain 276 = I ______ Soft Start Duration 300 +) ms
Bxpected Over Curent threshold  |1.976 =] Apk Switch-on Power level 250 = W
Max. power transistor cument 10.000 = Apk Switch-off Power level 50 = w
Variable AL voltage sensing divider 1/... 116 = Digtal fitter duration on AC syncpin - |1.3 = usec
EWM fre:l;e;cy - Ton propagation delay 2550 = ns Diigital fiter duration on OCP pin 13 = usec
ensor selection main
Sensor selection alnx Toff propagation delay 2550 = ns 1 the FW for SDK3)
Torque&Flux - Execution rate L . =
Bus voltage sensing Driving signal polarty
4 LUl Qvercument signal polarity
AC Maing synch signal polarity Falling edge -

life.augmented
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File Tools Help

Motor: BuliRunning

Documentation

‘SHX s OO

9 Control Unit
Firmwiare:

MCU and
Clock Freg

DAC

%% ST Motor Control Workbench [P-Nuclec-IHMO01-Bullrunning]

Control Board: PNUCLEO-HMOGT/O02 35h - board: NUCLEO-F302RE -

J_. Rated Bus Voltage

AC Input Info o— -
A
o

g HV(E-36)V

Drivers

Power Board: P-NUCLEO-IHMO01/002 350 - board: X-NUCLEOHF

izl ploiog il Time Motar Id Message

P frequen_c'_.f : 30000 Hz E ﬁ 04:15:08 F2 mcus are not supported in the FW for SDK5x

Sensor seled!on main ,Eensor—less {9 ﬁ 04:15:08 F103 High Density in dual Motor mcus are not supperted in the FW for SDKSx
Sensor seleation alx 2ensoriess & ﬁ 04:25:38 Project: "P-Nucleo-IHMD01-Bullrunning” saved successfully.

Torque&Flux - Execution rate 1 PW < w

Bus voltage sensing true -

< | I | 3 Info / Emmors / Wamings | Change Log

Lys

life.augmented

Ternperature Sensing

Hardware Settings

Temperature sensing - V0
Temperature sensing - T0
AV/AT

Mz warking temperature on sensar

fi055 =] mv
25.0 <
SR
10 = T

Firmware protection

Enable

Ower-Temperature

Set intervertion threshold to power stage max working temperature

Chvertemperature threshold

Hysteresis

110

10 T

] |

© 2018 STMicroelectronics — 1% A HUF]
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“% ST Motor Control Workbench [P-Nucleo-THMOOL-Bullrunning] e[ -E0 |23

File Toocls Help Documentation

QL Tk
‘EEH X e (000
Motar: BuliRunning - Control Board: P-NUCLEQ-HMO01,002 35h - board NUCLEO-F302R8 - Power Board: P-NUCLEO-IHMODT/002 38k - board: X-NUCLEOF r

> /4

. Power Stage - Driving Signals Polarity - U Driver i Bus Voltage lile. augmenitad
Hioh side drivi ol fated Bus Voltage =heing
igh side ariving signa 1W(5-36)V [«

Polarity Paower Stage - Power Switches

Low side driving signal e ] Min dead+ime ns
B —_
Complemented from high side A AF AF Max switching frequency kHz
Polarity Active high - ' 2
HW ingerted dead time ns N } "‘\} - } —

Driver enabling signal J I
ki

signal -
Palarity Active high

Force same values for UV W Driver

Share signal enable
Message o~
F2 mcus are not supported in the FW for SDK5x
F103 High Density in dual Motor mcus are not supported in the FW for SDKSx El
Project: "P-Nucleo-IHMO01-Bullrunning” saved successfully. -
l Rone I i r

Lys
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Documentation

‘SBHX®+ OO0

Motor: BuliRunning

AC Input Info

o
A
o

&

9 Control Unit

Fimmwiare:
Drive Management

MCU and
Clock Freq.
DaC
functionality

Control Board: PNUCLEO-HMOGT/O02 35h - board: NUCLEO-F302RE -

e Bus Voltage
Sensing

J_. Rated Bus Voltage

g HV(E-36)V

Drivers

m+

!
l

Lile. augrnentad

Power Stage - Current Sensing
Cument sensor and signal conditioning

Cument reading topology

izl ploiog Urafs Time Motar Id Message

P frequen_c'_.f : 30000 Hz E ﬁ 04:15:08 F2 mcus are not supported in the FW for SDK5x

Sensor seled!on main ,Eensor—less {0 ﬁ 04:15:08 F103 High Density in dual Motor mcus are not supported in the FW for §
Sensor seleation alx S ﬁ 04:25:38 Project: "P-Nucleo-IHMD01-Bullrunning” saved successfully.
Torque&Flux - Execution rate 1 PW < w

Bus voltage sensing true -

< | I | 3 Info / Emors / Wamings | Change Log

IC5 gain

Yiunt resistoris) value

Amplification on board
Amplifying networl gain
THise

T-nise

Max Readble Cument:

| Three Shunt Resistors -
1000 =] wa

0.330 2] ohm

153 B

Lys
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Bk

FE KA

¢

=)

-~

FRSRAEIR MR 1+ 5/ R4). . R2//R)
((R2//R3)+R1)

.. Amplifying Network Gain Calculator ]|
Power Stage - Current Sensing Vip [ 335
Imax 2801
Current sensor and signal conditioning ¥
Mrsedated current sesor 0CS)
Current reading topology | Three Shunt Resistors D m
Wy
™S Agin W 2 2 R4
-2 03 AL = a
. - e
Shunt resiston(s) value 0.330 = ohm = Rununt 033000
. . Prating 051
Amplification on board
Amplifying network gain 1453 = Calculate -
- -
T+ise 700 = ns Faraneler s
Mame Value Unit  Description Mame Walue Unit  Description
T-ﬂﬂise ?{H] : ns Imazc 280 A Desired masimu Overall gain 1.528 Overall gain of t
A\ Wm 33 v Reference volta Offset network attenuation 0.764 Signal attenuatio
R-shunt 0.330 Ohm  Shurt resistor va... Op-amp gain 2.000 Gain of the "Mo...
P-rating 05 W Shurt resistorm... Vout (polarization) 1.559 W Opamp output v
Max Readble Cument: 3268 A R1 680 Ohm  Resistance of th Min Vout 0.147 Vv Opamp output v
5 R2 2200 Ohm  Resistance of th Max Vout 2571 W Opamp output v
? R4 2200 Ohm  "Non4inverting” ... Power dissipated on shunt 0647 w Power dissipate...
R5 2200 Ohm  "Nondinvering"
Vmeu 33 v MCU voltage
Export Confim Cancel

life.augmented © 2018 STMicroelectronics — 1484 BT B
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File Tools Help Documentation

@ils | ) A
"SHX®s OO0
Motor: BuliRunning - Control Board: P-NUCLEOQ-HMI0T/002 38h - board NUCLEQ-F302R8 - Power Board: P-NUCLEQ-IHMODT/002 35k - board X-NUCLED-IF r

Y /4

I g
o N o Bus Voltage Lo, cugmented
Power Stage - Owver Current Protection Sensing
Cwer Cument Protection
Comparator threshold 0.50 — -
Temperature

Chver cument netwonk offset 0.00 = ¥V i

Ower cument networkc gain 0.1200 = WA Power Stage - Over Current Protection

Expected over-cument threshold 27773 A f Ower Current Protection

) ] Comparator threshold .50 = V
Ower-cument feedback signal polarity
) o y}\rer current netwark gain 0.1800 = WA
Cwer-cument protection disabling network
Expected over-cument threshold 27778 A
Over-curent protection disabling network polarity Active high - e S?apraa?g ____ Overcument feedback signal polarity
<< Less 4
( ] | More =»
N

o
P the FW for SDK5x
Sen btor mcus are not supported in the FW for SDKS.
Sm'dm_ S €& 042532 Project: "P-Nucleo-HMOD1-Bullunning saved successfully. =
Torque&Flux - Execution rate 1 PW 3| = .
Bus voltage sensing true -
< I | r Info / Emors / Wamings | Change Log
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File Tools Help Documentation

‘CSHX e+ OO

Motor: BullRunning -

Control Board: P-NUCLEC-IHMO0T/002 35h - board: NUCLEO-F302R8 - PowerBoard: P-NUCLEO-IHMOOT/002 35h - board: X-NUCLEO-IHMOZMT

Bus Voltage

Xz H T

E=R(F=E

=3

Lys

Lle augrmentad

AC Input Info .3 =
- iy J_ Rated Bus Voltage
o

MCU and

Clock Freq.

Firmware
Drive Management o

N —————

4 1V({E-38)V

Start-up parameters |
Drive Setting
Additional Features

Sensing and FW protection

Sensing

,
- _.‘
- SECEVEV I

DAC

functionality [l and Protection | - ey Xty Ve ,
Variable Motor Uni = Time Motor Id Message G~
PWMfrequency 20000 Hz E @ 1152 The 'PFC"is not supported in the FW for SDK5 x excepted for SDK for 'STM32F103 High Density’. Al parameters wil be disa...
Sensor selectfon main Sensordess (0. G 11:56:29 The "Sensordess (HFl+Observer)'is not supported in the FW for SDKSx. All parameters will be disabled.
Sensor selection aux. 6 11:56:25 F2 mcus are not supported in the FW for SDK5x
TorquedFlu - Mlon rate 1 P 6 11:56:29 F103 High Density in dual Motor mcus are not supported in the FW for SDKSx -
Bus voltage sensing true -
< i | 3 Info / Emors / Wamings |C}1ange Log|

) /4
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© 2018 STMicroelectronics — 1B PrA ALF]



Drive Management - Speed Position Feedback Management

Mainsensor | Auiliary sensor |

Sensor selection [Sensor—less {Observer+PLL)
IMax measurement emors number before fault 3 =
ObserversPLL
Variance threshold 10.00
Average speed depth for speed loop 64
Average speed depth for observer equations 64
B-emf consistency tolerance 100.00
B-emf consistency gain 100.00
[] Manual editing enabled
Observer FLL
G1 [1380 = 224 = 7 |16384
G2 [2895 z 52 = / |63536

[ Back compatibility

o

-

A

Drive Management - Speed Position Feedback Management

Main sensor | Aidliary sensor I

Sensor selection [Hall SENsors

Mazx measurement emors number before fault 3

Alr

Hall Sensors
Average speed FIFO depth 6

Input Capture fiter duration 13

Rl L

usec

Ak

Drive Management - Speed Position Feedback Management

Main sensor | Auxiliary sensor I

Sensor selection [Quadmture encoder

Max measurement emors number before fault 3 z
Quadrature Encoder
Average speed FIFO depth 16
Input Capture filker duration 0.7

Reverse counting direction [l

Lys

life.augmented

-
-

-
-

usec

FRESEY

Drive Management - Start-up parameters

Encoder alignment settings

Duration 700
Alignment electrical angle 50
Final curment ramp value 195

»

=| ms
= deg
A
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IIIA

C(EREE(2)

2 2 Amplitude from Amplitude
|€| =l +eﬂ = | observer from PLL/CR | | W PLL B .
errors  : : =@, 00, B /CR

Observed bemfs are
consistent with
physical model if

Speed Average value match is found
64

2@

_ =l
“ 64

Speed VagLance

2
: P pACEIY
=12 * ‘variance threshold o= E— Sensor selection

64 Max measurement emogiiumber before fault

> BEMFIKZEL ; .

Drive Management - Speed P

Main sensor | Suxiliary M¥nsor |

3 -20 i-lo p lo: 20 30

° 0 \I!JI*J? Average speedEp .
| Aversge sooglf
° 'Lﬁx'_‘éjg 100%HT_]' , 8 mgu:t#:u I;_I:ﬁ B-emf consistency tolerance 100.00 %

B-emf consistency gain 100.00

*EJ:E %%&i-l_%?%éu EI\J/?\%'& I _ﬁﬁlraﬁz [[] Manual edting enabled
;R—F%_;H'gﬂgaﬁ ! 1%%% %ﬁlAéﬁj:E G1 12064 : 265 |/ 16384 H F

o2 [27061 B 1 =1| 7 [65536 =11
[] Back compatibility

Lys

life.augmented
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Drive Management - Speed Position Feedback Management
Main sensor  Awxiliary sensor |
[7] Enable awdliary sensor
Sensor selection Sensordess (Observer+Cordic)

T
wa

Drive Management - Speed Position Feedback Management

Main sensor  Auxiliary sensor |

(RN )7

Drive Management - Speed Position Feedback Management
Main sensor  Auxiliary sensor |

Enable ausdlary sensor

Sensor selection [ Hall sensors

Hall Sensors
Average speed FIFO depth 6
Input Capture fiter duration 13

Lys

Observer+Cordic Enable auxiliary sensor
Variance threshold 400.0 = % Sensor selaction | Quadrture encoder -
emo = 1 -
Awverage speed FIFO depth for speed loop 64 = ) . - z
Quadrature Encoder
Awverage speed FIFD depth for observer equations 64 =
Average speed FIFO depth 16 =
B-emf consistency tolerance 100.00 = %
Input Capture fitter duration 0.7 2| usec
B-emf consistency gain 100.00 = % Reverse counting direction B
Maximum application acceleration 6000 = mm/s
B-emf quality factor 0017 =
[] Manual editing enabled
Observer
G1 |-1380 =
G2 473 :
[ Back compatibility
Nrne

life.augmented

Done |
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- BIEREEAHEE

Jllﬁi?ENEZ_ﬂJ
ra i sERE
trikE HZL
[RomsksE

Boifi&ElE, 88
E, BB, iJia

Lys
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Start up on Fhy
Drive Management - Start-up parameters Detection Duration 1000
Sensordess rev-up settings Braking Duration 1000
/VD Onthe-Fly startup
Profile
@) Basic
/v@- Advanced customized
Initial electrical angle S0 = deg
Final speed (pm) ment (4)
2000 — 1.0
2) |700 | (2000 = [0.70 = -
3700 = [2000 <] 070 = £ P00 o
o z - =
4) [700 2000 0.70 3 1000— —05 g
2 = ' =
5) |700 L =
cute sensordess algorithm starting from — ; 0.0

0 1000

Rev-up to FOC switch-over
Enable

Consecutive succesful start-up output tests
Minimum start-up output speed
Duration
Estimated speed Band tolerance upper lifii

Estimated speed Band tolerance lower lim

Duration (ms)

T
2000

TNAARFFIE

R

© 2018 STMicroelectronics — 1% A HUF]
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IKER B

PWMER R

Drive Management - Drive Setti

PWM generation and cument reading Default settings
PWM freguen: = Hz
ey = Contlmoce
High sides PWM idle state
Target speed 3000 2 mpm
Low side signals and deadtime
e e ; a00 : arget stator cument fiux component  |0.00 = A
] . o state Tumoff arget stator Cume orque 0.00 = [

Torgue and fle regulators

Speed regulator Execution rate PWM periods

Execution rate 1.0 ms

Al

s 18 P
/ 256 =

e \ /

EEIRKD & Ki EBiRIRKp & Ki

life.augmented
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File Tools Help

Motor: BullRunning

Documentation

5T Motor Contrel Workbench [P-Mucleo-IHMO01-Bullrunning]™

‘BEHX®+ O00

Control Board: P-NUCLEC-IHMOOT/002 35h - board: NUCLEO-F302R8 -

MCU and
Clock Freq.

DAC
functionality

Firmware
Drive Management

Power Board: P-NUCLEO-HMOOT/002 35h - board: X-NUCLEO-IHMOZMT

A Drive Management - Additional Features and PFC settings

AC Input Info S j-—_'
n, . Rated Bus Voltage| .
o @ g 1VE-36V Fiwx weakening Fluox weakening
1 3000 Hspmee e
MTPA
5000 = /| 32768 = 1
Feed Forward | IE” | Iz"
Drivers Voltage limit 335 lil %
9 Control Unit Sensoress speed feedback

| Inrush Cument Limiter |

e

Drive Setting

Additional Feature:

Sensing and FW protection

Variable

PWM frequency

Sensor selection main
Sensor selection awx
Torque&Flux - Execution rate
Bus voltage sensing

Motor

30000
Sensordess (0.

< m

Time Motor Id Message i
ﬁ 11:56:25 The "PFC"is not supported in the FW for SOK5x excepted for SDK for 'STM32F103 High Density’. All parameters will be disa...
ﬁ 11:56:29 The "Sensordess (HFl+Observer)'is not supported in the FW for SDKSx. All parameters will be disabled.
ﬁ 11:56:25 F2 mcus are not supported in the FW for SDK5x
ﬁ 11:56:29 F103 High Density in dual Motor mcus are not supported in the FW for SDKSx -
Info / Emors / Wamings | Change Log

Lys

life.augmented
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File Tools Help Documentation

‘BEHX®+ O00

Motor: BullRunning - Control Board: P-NUCLECHHMOO0T/002 35k - board: NUCLEO-F302R8 - Power B| Drive Management - Sensing Enabling and Firmware Protections

DC Bus voltage sensing

AC Input Info -3 =
o @ L Reted B [7] Enable

o 1V
g_ 6% Over-voltage Under-voltage
Mator control Enable
Enable

Set intervertion threshold to power stage min rated voltage
Drivers [ i 1
‘ ’ Control Unit Set intervention threshold to power stage max rated voltage Under-voktage threshold v
Qyer-voltage threshold 36 = V
Firwere Prosev

Drive Management
|§arl— up parameters

Drive Setting

Additional Features
MCU and
Clock Freq, Sensing and FW protection

) (i

voltage lDtsable PWM generation

On over-voltage, disable over-cument protection by HW

Variable Motor Uni = Time Motor Id Message o
;WM fre:l”e”_c” _ :m4 Hl=ll @ 115629 The 'PFC"is not supported in the FW for SDK5 x excepted for SDK for 'STM32F103 High Density’. Al parameters wil be disa...
Sensor selectfon main filsor 58 {O ﬁ 11:56:29 The "Sensordess (HFl+Observer)'is not supported in the FW for SDKSx. All parameters will be disabled.
Tensor;Fl Ection aux. r o - ﬁ 11:56:25 F2 mcus are not supported in the FW for SDK5x

OrguUesFix - - ion rate ﬁ 11:56:29 F103 High Density in dual Motor mcus are not supported in the FW for SDKSx -
Bus voltage sensing true -
< i | 3 Info / Emors / Wamings | Change Log

Lys
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File Tools Help Documentation

‘EHX®+ O OO

Motor: BuliRunning - Control Board: P-NUCLEOQ-HMI0T/002 38h - board NUCLEQ-F302R8 - Power Board: P-NUCLEQ-IHMODT/002 35k - board X-NUCLED-IF :

=1 Eol/~<=)

i

. Rated Bus Voliage

L
q HV(E-36)V

ACInputinfo S
A E .
o

]

. Drivers
Control Unit AT AF
Drive Management

Clock Freq. T
DaC
functionality 5

) I~

Variable oo e Time Motar Id Message

FWM frequency 30000 Hz £ 6 04:15:08 F2 mcus are not supporty

Sensor selection main Sensordess (0. o 041908 F103 High Density in du
_ - 15 3

Sensor selection awx Sensordess (C 1) 047538 Frojsct: "P-Nucleo-IHMOI

Torque&Flux - Execution rate 1 PW <

Bus voltage sensing true -

< | I | 3 Info / Emors / Wamings | Change Log

User Interface

HW / Features | MCU Pins

LCD

Awvailable on Control Board

(w1}
o
m

|:|::'.::|
T
C

Start/Stop Button

Povailable on Contral Board

Enable

Available on Control Board

Enable
@ Bidirectional

(") Fast unidirectional

CH1 |M1 la

Serial Communication

Lys
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%% ST Motor Control Workbench [P-Nuclec-IHMOO0L-Bullrunning] EI E

File Tools Help Documentation
‘WHX e+ OO0

Motor: BuliRunning - Control Board: P-NUCLEOQ-HMI0T/002 38h - board NUCLEQ-F302R8 - Power Board: P-NUCLEQ-IHMODT/002 35k - board X-NUCLED-IF r

iy J_ Rated Bus Voltage

Control Stage - MCU and Clock Frequency Selection
o T q HV(E-36)V - —_
- MCL selection
]
MCU TYPE | STM32F301x6/8 - STM32F3026/8 v |
9 Control Unit 3] Mcu |STM32F302R8 |

Dive anagament [ T Workbenchep RBEI%HEHSI

A% AT Clock settings

MCU and J ] Clock source | BMHz Bxtemal crystal/ceramic resonator v?
Clock Freq. i i

CPU frequency [?2 v] MHz
““““““““““ Supply voltage
Mominal MCLU supply voltage 3.30 Iil v
izl ploiog il Time Motar Id Message
PWM frequency 30000 Hz £ ﬁ 04:15:08 F2 mcus are not supportd
Sensor selection main Sensordess (0. o 041908 F103 High Density in dug
Sensor seleation alx Sensordess (0 7] 04:25:38 Froject: "P-Muclea-IHMO01-Bullunning” saved successfulty. -
Torque&Flux - Execution rate 1 PW < w -
Bus voltage sensing true -
< | I | 3 Info / Emmors / Wamings | Change Log

Kys

life.augmented
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File Tools Help

milE

Motor: BuliRunning

Documentation

X

®+ OO

Control Board: P-NUCLEQ-IHMO01/002

AC Input Info o
P
o

Inrush Current

Q
O
(o}
3
=
o
c
=
=

Firmwiare:
Drive Management

MCU and
k

Variable

PWM frequency

Sensor selection main
Sensor selection awx
Torque&Flux - Execution rate
Bus voltage sensing

Inverter driving signal selection

Timer | TIM1 -
Remap |F‘artia| re-map v|
Fin Map

CH1 CHIN
CH2 CH2N
CH3 CH3N
BKIN2

PFC drive signal and feedback

Signal Enabler

CH1

Pot
Fin |C10 -
CH2

Fin |C11 -
CH3

Fin |C12 -

Share signal enable

Speed/position feedback
Encoder interfface

Timer [ TIM2

- |

Remap | Mo remap

- |

Fin Map
CHZ |B3 =~

Serial communication

Direct GPIO
Hall sensors interface DEC
Timer | TIMZ -] Port
Remap |Nn remap v| Fin |[C11 -
Fin Map ICL
CH1 o
cHz (g3 - Fin |C10 -
7 . OCP disablin
Fin |C11 -

Start/Stop Button GPIO

Z4=F1/0

< | I

Fin Map Pin Map
Port
Timer _ P"i".l'M El &anne{ USMTE - TX a
CMains [— ] Baucrate (115200 R
AC Mains udrate - RX
oo
0Cs IZI Remap Moremap -
Motor Uni =
0000 P | Done |
Sensordess (0. o 041908
?e”“‘”ess ©.. o | @ 0s2538 Project: ‘P-Nucleo-HMD01-Bulrunning’ saved successfuly.
< | T 3
true -
3 Info / Emors / Wamings |UEHQELOQ|

Kys
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© 2018 STMicroelectronics — 1B PrA ALF]



milE

File Tools Help Documentation

X®s 000

Motor: BuliRunning - Control Board: P-NUCLEOQ-HMI0T/002 38h - board NUCLEQ-F302R8 - Power Board: P-NUCLEQ-IHMODT/002 35k - board X-NUCLED-IF ‘_

Bus Voltage

u_
Inrush Current
Lirniter

9 Control Unit
Firmwiare:
Drive Management

O

Analog Input
functionality and Protection

J_. Rated Bus Voltage . - Sensing
HVE-28V

Lie. augmentad

v”_

e s gy

aichle oo s Time Mator Id Message o~
P frequen_cy : 30000 Hz H ﬂ 04:15:08 F2 mcus are not supported in the FW for SDK5x

Sensor seled!on main Sensoress (O 6 04:15:08 F103 High Density in dual Motor mcus are not supperted in the FW for SDKSx
Sensor seleation alx Sensoriess (O... & wmxn Project: ‘P-Nucleo-HMD01-Buliunning’ saved succsssfully. e
Torque&Flux - Execution rate 1 PW q w -

Bus voltage sensing true -

< n r Info / Ermors ./ Wamings | Change Log |

Kys
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“% ST Motor Control Workbench [P-Nuclec-IHMO01-Bullrunning]

File Tools Help Documentation

‘BHX®s OO

Motor: BuliRunning - Control Board: P-NUCLEOQ-HMI0T/002 38h - board NUCLEQ-F302R8 - Power Board: P-NUCLEQ-IHMODT/002 35k - board X-NUCLED-IF E

- Control Stage - Analog Input and Protection
AC Input info IS 1 1
L. @ J_ Rated Bus Voltage Phase cument feedback | Bus voltage feedback I Temperature feedback I FFC ﬂagefeedbackl
o 1MVE-3V Cument Sensing Topology Owver Currert Protection Topology
= Embedded PGA ) EniEiE e
- _ Extemal Protection
@ Exdemal OPAMP @® No protection
ny  Sensing
N Setting Fin map
Drivers .
9 Control Unit m K Sampiing Time | ADC ik Chphase U ADCT_IN1 (AD) -
Sampling Time 21 ns
) ) Ch phase V ADC1_IN11 (BO) A
Maximum modulation 97 %
Fimmwiare v

F— Ch phase W ADC1_ING (CO)
Peripheral Selection ADC1

Drive Management

Sensing OPAMP
MCU and Setting Fin map

Clock Freq. Peripheral selection I@ Mot inverting Inverting Output

OPAMP Gain [itemal ] chu (A1 ~| | OPAMP1 [A3 ~+| | OPAMPI
Int gain type |2—VI ChV |A7 - OPAMP2 @ OPAMP2
[ Calcuiate | chw (B0 ~

Y

B

Sensoress Mal Owerall Network Gain

H

Vout (polarization)
T+ise

[ Feedback net fitering

e bl ke Time Motar Id Message Pratection
PWM frequency 30000 Hz E ) ; Setting Pin map
= 04:15:08 F2 mcus are not supported in the WV fi Digi )

i : gital filter duration clock Inverting input
Sensor seled!on main ,E?f:lsc_:r.-lfss 0. o 041908 F103 High Density in dual Motor mcus nverting inpi
ie"s‘”:;'e“"’” A 1’" e - & s Froject: 'P-Nucleo-IHMOD1-Bullrunning Inverting input ntemal ~ ~ Not inverting Output

- Execution rat
B:;q::ha;:sensing e e - ™ | m Curent threshold 1668 [ Apk ChU |m_.| COMP1 chu (a0 ~
< ] | 3 Info / Emors / Wamings |C}13nge |-09| Voltage Threshold 12 -V ChVv (A7 - Chv |2 -

et chw [D1g | [comps cw [c8 ~
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%% ST Motor Control Workbench [P-Nuclec-IHMO01-Bullrunning]
File

‘SHX s OO

Control Board: PNUCLEO-HMOGT/O02 35h - board: NUCLEO-F302RE -

Tools Help Documentation

Motor: BulfRunning -

AC Input info ISR
a4
o

9 Control Unit
Firmwiare:

Power Bo

[ Control Stage - Analog Input and Protection

Phase cument feedhack | Bus voltage feedback | Temperature feedback | PFC stage feedback|

TRV NFIRIF (2)

Sensing
Setting Pin map
Sampling Time ADC clkc ADC Channel

Peripheral selection | ADC1

-

J_. Rated Bus Voltage

g HV(E-36)V

Drivers

use Input Resistance (R3) Input Resistance

A

100.0 .

m+

Variable Mator Uri = Time Mator Id  Message

PWM fI'BCILIEM_C)’ _ 30000 Hz E (5] 04:19:08 F2 mecus are not supported in the
Sensor saedfm main 55”5"”355 {o & 041308 F103 High Density in dual Mator m
Sensor selection aux Sensan & 04538 Project: 'P-Nucleo-IHM001-Bullun
Torque&Flux - Execution rate 1 PW < o
Bus voltage sensing true -

« M | b Info / Emmors / Wamings | Change Log

Kys
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File Tools Help Documentation

+% 5T Motor Control Workbench [P-Mucleo-IHMDO01-Bullrunning]

9 Control Unit
Firmwiare:

‘SBHX®+ OO0

| Control Stage - Analog Input and Protection

RIS AFOERIF(3)

Drivers

Variable Mator

PWM frequency 30000

Sensor selection main Sensordess (0.
Sensor selection awx Sensordess (0.
Torque&Flux - Execution rate 1

Bus voltage sensing true

< | I |

Time
04:15:08
04:19:08
04:25:38

Mator Id Message

F2 mcus are not supported in the WV fi
F103 High Density in dual Motor mcus

[ Phase curent feedback | Bus vottage fesdback | Temperature feedback. | PFC stage feedback |
Sensing
Motor: BuliRunming -  Control Board: P-NUCLEQ-IHMOOT/O02 35k - board- NUCLEO-F302RE - PowerBoard =iy FIRET
Sampling Time (615 ~|ADC ek ADC Channel
AC Inputinto D & ) Peripheral selection  ADCT
iy @ J_ Rated Bus Voltage
o g HV(E-36)V

Project: "P-Nucleo-IHMO01-Bullrunning

<

Info / Emmors / Wamings | Change Log

Kys
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Motor: BulfRunning -

File Tools Help Documentation

X®s 000

Control Board: P-NUCLEO-IHMOR 1,002 350 - board NUCLEG-F302R8 - PowerBoard

M,

AC Input Info o
Py

RIS NFIERIF (4)

o]
9 Control

Fimmware

Unit

Drive Management

CU and
Clock Freq.

DAC
functionality

Analog Input
and Protection

11V 5E-38V

J_. Rated Bus Voltage L

+M -
+w

a FPhase ¥

Drivers

Ab
Y

Sensoress Mai

Variable

PWM frequency

Sensor selection main
Sensor selection awx
Torque&Flux - Execution rate
Bus voltage sensing

Mator Uni *

30000 Hz
Sensordess (0.

Sensordess (0.
1 PV
true -

Time: Motar Id
04:15:08
04:19:08
04:25:38

ceee

Message
F2 mcus are not supported in the WV fi
F103 High Density in dual Motor mcus

Peripheral selection |ADC2

AL voltage sensing
Setting
Sampling Time 15 = [ADC clk

PFC ACVoltSens

|Phase = |Bus‘.':‘.,\. = 'IT 5 '|PFCstage‘ T |
Curmrent sensing
Setting Pin map
Sampling Time 15 ADC clke ADC Channel ADC12_IN13(C3) -

Pin map

ADC Channel

ADC12_IN3 (A3) -

Project: "P-Nucleo-IHMO01-Bullrunning

-

< | I

Info / Emors / Wamings | Change Log |
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4 ST Moter Contrel Workbench - Save as =)
@Qv\f_’, » Computer » Windows (C) »

Organize *  New folder

Type

Date modified

' Favorites —

M Desktop
& Downloads

29 PM  File folder
21 PM  File folder

Program Files

Program Files (x36)

%] Recent Places Users File folder

Windows

M File folder

12/26/2018 5:18 PM  File folder

4 Libraries | Workspace

| Documents
inl] Git

& Music

=] Pictures
=l Subversion

B videos

m

18 Computer
&2, Windows (C)
e NODE_F302R8 (D)
€ Network
3

[z i,

File name: Nename.stmaox

Save astype: [T Workbench (*stmeq

MRBEITIEEREY, S
AMPNEO, #H{TCubeMXiRA, —
IDERYIEIEFOHAL/LLAYIESE,

MRS TRMRRE,
LR TIRIR B N

[P~

AAE

CFERYAE

MC_

Z= Mz /)N

FIE.

“ Project generation

Settings | Generation

STM32CubeMx

4350 P
Target Toolchain

IAR EWARM -
HAL/LL Drivers Selection

|HAL - Hardware Abstraction Layer -

| [ Update ] [ Generate
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FHRERE, 2Br—1HIEE
O, %%Dﬁﬁ)jﬂiﬂzl-??fmﬁ, Sohl —
AR RELWN NERR, 7K
Iz?fl?ilil AFEEREEZE
hiD

' Project generation

Setnngs Generation

L e ame Lms s e s st oua 1

msm_motor_parsmeters.h
ower_stage_parameters. h
tm32£30x_me_it.c

c_paramsters. h

c_paramsters. o

\user_interface.c

‘user_interface.h

tm32f3xx_hal_msp. c
tm32f3xx_hal_conf.h

ain.h

m

Completed

Lys

life.augmented

MC

(AEHYS

7 Project generation

Settings |;

| Generation

Updated

Generating. . .

WVersion infeo:

MC Workbench
WE_to_Mx
STH32CubedX

MC Firmware Librarry:

Generation opticons:

Target Tooclchain

Target Driwver

ioo:

. extSettings

C:WP-Nucleo—

5. 2. 0. 18503
Q. 13. 3. template— 18— 0802
4 250
5. 2. 0—Full
: IAR EWARM
: HAL — Hardware Abstraction Laryer

IHMO01-Bullrunning\P-Nucleo~IHMO01-Bullrunning. ioc

C:\F-Nucleo—IHMOO1-Bullrunning’

Code generation started

Fk(3)

Time Motor Id Message
ﬁ 03:01:28 Generation files starting
6 03:03:51 Project files generated on folder:'C:\P-Nucleo-IHMD01-Bullunning”
Info / Emors / Wamings | Change Log
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FERHIIAR TAE S HRFAEI IR
$ProjectFoldenEWARM

Mame

Mame
) Drivers
EWARM D) il FMOOL Bulrunning.ewc
J Inc |#| P-Mucleo-IHMO01-Bullrunning.ewp
, MCSDE_v5.2.0-Full |#%] Project.eww
| Src aknl startup_stm32f302:8.=
|| .extSettings |=| stm32f302x8_flach.icf
|| .mxproject
mi.scratch

L__|

® P-Mucleo-IHMO01-Bullrunning.icc
™ P-NucIED-I-HMUUI-BuIIrunning.iu:uc.wl::l

| P-Muclec-IHMOD1-Bullrunning.log

|| P-Muclec-IHMOD1-Bullrunning.settings
|| P-Muclec-IHMOD1-Bullrunning.wh_def

NRAFZEREEMIMNE, ATBEEFIF . eww 4,
YIEBEEFIERMIME, iFHCubeMXETH.i0c XAEHRTT M,
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CubeMX(1)

}TFF.ioc {4, STM32CubeMXIG#FTFF.
FALEYS (o BCECE

IR

@ STW32CubeMX P-Nucleo-IHMOO1-Bullrunning.ioc: STM32F302RBTx (== =]
File Project Pinout Window Help
Eeél_f.leU! H&Q .\-U: nun-k
[] Keep Current Signals Placement # Q| =@ 4 | Find « | [#] Show User Label | =, | =, | &84 | A< 2o $ -
Pinout | Clock Configuration I Configuration | Power Consumption Calculator
‘Configuration -
i-Additional Software m
E| -MiddleWares
[ & FATFS P
[+}- & FREERTOS I_j f: I_j
G-'@ MotorControl z P ': il
B
L Ee L
[=-Peripherals Start/Stop {FushButon|
G- ADC1
[ & CAN RSN
E- & COMP2 e
EJ ﬁ COHN MI_CURR_APL_W
MI_CURR_SMPL_ Y
[+ & COMP& MI_TEMPERATURE
- % CRC b
- DAC
MI_OURR_svPL L U
[+ @ I2C1 MI_BUS_VOLTAGE
EJ U 12(:2 UART_TX [l
E- €39 1203
w69 1252 k ;
E- 5 1253 ° g
oAl
[ & TWDG
[+ & OPAMP2 -
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ik

R 45TA

CubeMX(2)

- ] To IZC1 (MHz)

To IZC3 (MHz)

s To 12C2 (MHz)

Ta AHB bus, cor

memory and DM

[ recmersre

72 FCLK Cortex cloc

APB1 peripheral

72 APB2 peripheral

72 APB2 timer clocl

oL 2]
APB1 timer clocl

pinout | Clock Configuration | Configuration | Power Consumption Caleulator |
12C1 Clock Mux
RTC Clock Mux =
HSI o
HSE HSE_RTC e
-
Input frequency 5753—__'_{ 12C3 Clock Mux
12768 e | 19E To RTC (KHz) e
LSI RC
0-1000 KHz LSI I12C2 Clock Mux
@ HSI
HkHz _..JI 40 To IWDG (KHz) @
SYSOLK
.'-i g To FLITFCLK (MHz) -
o
HSI RC System Clock Mux
HSI
»- @ 1 =
5 MHz SYSCLK (MHz) AHE Prescaler  HOLK (MHzZ)
HSE - = |
: = 7 /1 - |
ST APB1 Prescaler
PLLCLK = POLKL
36 MHz mas
PLL Source Mux
1582 e
PCLKZ
| USE Prescaler 72 MHz ma!
I . I 72 To USB (MHz)
. i
HSE )
-ﬁ:l_l" ' ABCL Presczler Lo ADC (HH2) USART1 Clock Mux
- | o z
437 MHz - 7 SYSCLK
—
HSI
] 1 "
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==

& 5TM32CubeMX P-Mucleo-IHMO01-Bullrunning.ioc STM32F302RETx
File Project Window Help

& TIM1 Cenfiguration

CubeMX(3)

io/ Parameter Settings || o/ User Corstamsl of NiC Seﬁmgsl =/’ DMA Settings. | «/ GPIO Settings|

ﬁ

2w §

7 Parameter Setfings || o/ User Constants | o/ NVIC Settings | =/ DMA Settings | o/ GPIO Settings|

Configure the below parameters :

Search : | Search (Crth-F) | P N

=] ADC_Settings
Clock Prescaler
Resolution
Data Alignment
Scan Conversion Mode
Continuous Conversion Mode
Discontinuous Conversion Mode
DMA Continuous Requests
End Of Conversion Selection
Overrun behaviour
Low Power Auto Wait
= ADC_Regular_ConversionMode
Enable Regular Conversions
Number Of Conversion
External Trigger Conversion Source
External Trigger Conversion Edge
Rank
Rank
= ADC_Injected_ConversionMode

Synichronous dock mode divided by 1
ADC 12-bit resolution

Left alignment

Enabled

Disabled

Disabled

Disabled

End of single conversion

Qverrun data preserved

Disabled

Enable

2

Regular Conversion launched by software
Mone

1

2

m

Middlewares

MotorControl g/

ADC1 -J-JJ'.‘:’I

DAC JU rx-'v

Configure the below parameters :

Search ;| Search (Citl+F) &

) Counter Settings
Prescaler (PSC - 16 bits value)
Counter Mode
Counter Period (AutoReload Register - 16 bits val.
Internal Clock Division (CKD)
Repetition Counter RCR - 16 bits valug)
auto-reload preload
Slave Mode Controller
= Trigger Output (TRGO) Parameters
Master /Slave Mode (MSM bit)
Trigger Event Selection TRGO
Trigger Event Selection TRGO2
£ Break And Dead Time management - BRK Configuration

{{TIM_CLOCK_DIVIDER) - 1)
Center Aligned mode1
((PWM_PERIOD_CYCLES) / 2)
Division by 2
(REP_COUNTER)

Disable

m

Trigger Mode

Disable (Trigger input effect not delayed)
Output Compare {OC4REF)
Reset (UG bit from TIMx_EGR)

BRK State Enable
BRK Palarity High
BRK Filter (4 bits value) 0
() Break And Dead Time management - BRK2 Configuration
BRK2 State Enable
BRK2 Polarity Low 2

Restore Default

Restore Default

[ pemty ] [ o

==

| | KN

LI
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IE4ERL:

@ STM32CubeMX P-Mucleo-IHMOO01-Bullrunning.ioc: STM32F302R8Tx

File Project Window Help o

@ulHiﬂugﬂEQ\§+—ittl~Pi¢ @ RE00x

| Pinoutl [:Iochonﬁguaﬁonl Configuratio
IE_nnﬁgurat'mn

i--Additional Software

- MiddleWares

EI @ FATFS

| User-defined

EI @ FREERTOS

Enabled
MotorControl
Enabled
E-Peripherals

&4 ADC1

| INL:IN1 Single-ended
IN2:IN2 Single-ended

- TNB:ING S?ngle—ended [ e % J I Ty I LQ'"
B0 Sreended |:
e ng DAC [l ru.;s, GPIO _'\c?
Activated NVIC =y

DAC -
OUT1 Configuration: = RCC é%!:?

Power Consumption Calml.atorl

| »

Middlewares

m

@ The Code is successfully generated under C:/P-Nucleo-IHMO01-Bullrunning

;
w2,

[ Open Folder ] EOpen ijecl; [ Close ]

WDG
Activated
RCC
- High Speed Clock (HS _
P — 3 < i 3
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IAR Embedded Workbench for Arm (v8.xx)

© Project - IAR Embedded Workbench IDE - Arm 8.22.2 =n =R

File Edit Wiew Project ST-link Tools Window Help

N E@ = XE0 OC < Q> K=< 050 R0 -=0 > _:dudh.

Workspace v+ 0 X |ma.Tn.{ ® | -

[P-NUCLE0HHMOO1 BulRunning ~| |main fu .

- g T FECERRAY* W CIRSEM R, FBF ISR NG SAOR
Files &= = o0 j: . .C[ A ] 17N \\
E @ P-NUCLEO-IHM0D... v 89  /* USER CODE BEGIN 0 *=/ N N
3 = Applicaton . X85, BIE I USER CODE BEGIN */#0/* USER

B EWARM a1  /* USER CODE END 0 +#/ 7 B I
Lo i@ User a2 * —_ :\|,b N
8] main.c . 93 [ /4s CODE END */ */]TL < |Eﬂo
i 94 # gbrief The application entry point. mi
mc_api.c L e joiel vV P
mc_config.c 1 95 *
mc_paramete... 96 * gretval None
[ mc_tasks.c 20 L -
motar_cantral . :: 5 :;.nt mainfvoid)|
motarcontrol.o 100 /* USER CODE BEGIN 1 */
reqular_cony... i
stm3Zf30x_mc... m 102 /* USER CODE END 1 +/
stm32f3o_hal .. i5e
stm32f30c_itc 104 /* MCU Configuration------------- %/
ui_task.c 105
L [ nser intasc = 106 /# Reset of all peripherals, Initializes the Flash interface and the Systick. #/
P-MUCLEO-IHMOOT -BullRunning 4 [T} | (£
Build * 0 X
hMessages
Build | Debug Log
Ready Errors 0, Warnings 0 Ln 98, Col15 System  CAP NUM OVR L=

7£1AR Embedded Workbench for Arm v8.xx4, CIRiREEHIVIEFHFREN
‘— Speed.
> /4
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@ Project - IAR Embedded Workbench IDE - Arm 8.22.2

File Edit “iew | Project | 5T-Link Tools Window Help
‘R @ | Ls AddFiles. . < Q> % —
Workspace (& Add Group.. "= >
[F-HUCLEDHMog1 | Tmport File List.. A A A
il Add Project Connection... ISER CODE END EBFF +#
iles .
Edit Configurations... . Debug Wlthout
= 'F’_-NUCLE( JSER CODE BEGIN 0 + Comp||e —
) W Applicati i | Remove Downloading
B EWAR JSER CODE END 0 #/
Lo @ User [T Create New Project...
"a Add Existing Project... Sbrief Ti - Make
c ghrie The applic
Rmc| % options.. Alt=F7 Download and Debug
M. gretval None
mc Version Control System 3
o _ main/(void)|
W ake
Mo .
. . Compile Ctrl=F7 F USER CODE BEGIN 1
=11 i . 1 _—
@ Rebuild Al r vser cooe =0 1+ | Toggle Breakpoint
stm & | Clean
] strm E T I
Blui t| @ Batch build.. pg | MCU Confaiguratior
s [ = - 5
|F'NLIELEEI l;w;::;;: C-STAT Static Analysis v[ Hesf’”“ of all per:
Suild E) | stop Build Ctrl+Break
|| b Ao ot o Download and Debug Ctri=D
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%% ST Motor Control Workbench [P-Nuclec-IHMO01-Bullrunning]

File Tools Help

Sl X ®+

Status

o Not connected
Faults

FOC duration
Cwer voltage
Under voliage
Owerheat
Start-up failure
Speed feedback
Over cument

Softwarne emor

[= =@]=]
Documentation
~ N N YA
Port COM33 - 115200 - oty k - Close Monitor 5--1-|' |% ﬁ%ﬁﬂg
asic | Advanced | Registers | Configuration Device not connected Generic
1000 — Target moto
100.0 B Mator 1
00 -
:
oo -
o
) — 0
Bus Voltage (Volt) 0 Motor Power (W) 0 Heatsinlk
Encoder Align
Dashboard area Al motors

PFC
Honitor S - PFC Enable
il Y
15000 , \15'00'3 PFC Disable
Measured speed {rpm)
PFC Fault Ack
0
s e = Measured speed {pm) 0 Final ramp speed (pm)
\ S
'{j(:m\ )

3l bl
larichic ol Lo Time Motor Id Message o~
EWM fre;”e”_“" _ :‘m"4 Rel=ll @ 033541 The 'PFC"is ot supported in the FW for SOK5x excepted for SDKfor 'STM32F103 High Density’. Al parameters wil be disa..

Sensor selectfon main _?ns:_:r ?55 {E) 6 03:35:41 The "Sensordess (HFl+Observer)'is not supported in the FW for SDK5x. All parameters will be disabled.
Tensor:ﬁedlon E"'Ix. _r e - & 03354 F2 meus are not supported in the FW for SDKGx
OrqUEGILE - fon rate 6 03:35:41 F103 High Density in dual Motor mcus are not supported in the FW for SDK5x -
Bus voltage sensing true -
| i | 3 Info / Emors / Wamings | Change Log
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4 ST Motor Control Workbench [P-Nucleo-THMO01 -Bullrunning] =n =<
File Tools Help Documentation
9 i = e e
o o v 7 T
o H H % m * 9 6 Port |COM33 115200 \% % l . Close Monitor
Status - Advanced | Registers | Configuration Firmware: ST MC SDK Ver. 5.2.0 Generic
O Idle Configuration and debug Sensordess ObserversPLL tar
Fautts Cortrol mode [Speed w7 ] Observer C1 -1380
Power Board Status DAL Settings
® rocumr — Gurmrcz [ 205
° BUS Votiage 2 vt | Chl s 5 || pke 23
Over voltage ——
. Heatsink temp. 23 T Ch2 [|b v] PLL Ki & Stop Mater
o Under voltage
o Overheat Current controller Speed controller Sensordess Observer+Cordic
@  Start-up failure Set cument reference in speed mode Speed ramp ObserverCl O =
o Speed feedback Torque ref (Ig) (1} Target speed Pm b 2 R Encoder Align
— Server
o Over cumert Fluos ref (1d) 1] Duration 1000 EI millisec Al motars
o Software emor Flu weakening tuning
) Kp
Measured cuments PID Gains K E— PFC
Monitar - " 1000
Torgue (lg) 0 * S ———— PFC Enable
0 Ki 500 BUS Voltage allowed
Fluze (1) 0 R 0% PFC Diszble
Measured speed {pm)
lg PID Gains Id PID Gains Meas 0 % PFC Fault Ack
Kp 1051 Kp 1051
Ki 214 Ki 214
leaugmented
parichle oo Uil Time: Mator ld  Message o
PWhfrequency 30000 Hl=ll @ o354 The 'FFC"is et supported in the FW for SDKS x excepted for SDKfor 'STM32F103 High Densty'. Al parameters will be disa...
gensor sjedfon main S_ens:_:r.-léss {E) 6 03:35:41 The "Sensordess (HFl+Observer) is not supported in the FW for SDK52¢. All paremeters will be disabled.
ensor selection EILIXI 3 = (7] 03:35:41 F2 mcus are not supported in the FW for SDKSx
TorquedFix - Em.ecutlon ate 1 P 6 03:35:41 F103 High Density in dual Motor mcus are not supported in the FW for SDKBx -
Bus voltage sensing true 57
< m | 3 Info / Emors / Wamings | Change Log
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% 5T Motor Contrel Workbench [P-Nucleo-IHMO001-Bullrunning]
File Tools Help Deocumentation
9 i /‘i - d — B ) .
- H H % @ ¥ (L) Q 6 Port[comzz  -[[115200 - (_9 $ ll . <[ ¢ CoseMonitor
Status Basic | Advanced | Registers | Corfiguration Firmware: STMC SDK Ver. 5.2.0 Generic
O e Id MName Unit Value Min Il Period Type Mode  Enable Last read il Target motor
Faults 3 DD Tanget motor 1] 0 255 1] Lg RW never | Motar 1 - |
o FOC duration D Flags L] L] 4294967 | 200 u3z2 R never =
D2 Status 0 0 255 200 ug R never
@ Uncervar 03 | Cortrol mode 1 0 255 500 ug RW 20181228153 op Fotor
naer voliage
o Ovarhost QD4 Speed reference RPM 3000 -15000 15000 200 532 R 2018-12-2815:3... Stop Ramp
v [
05 Speed Kp 1000 L] 65535 L] u16 RW 20181228 15:3...
O stpiaiue 06 | Speed Ki 600 0 §5535 |0 U6 |RW 2018-12-28 15:3...
@ Spesdfeedback 07 | Spesd Kd 0 0 65535 |0 uts  |RW never | Encoder Aign |
' Over cument 08 Torque reference (Ig) 1] -32768 32767 1] 516 RW never [ All motors
0 Software emor 09 Torque Kp 1051 0 65535 0 U6 RW 20181228 15:3...
OocDA Torgue Ki 4 0 65535 1] 16 RW 2018-12-2815:3... PEC
Monitor 0B Torque Kd 0 0 65535 0 u16 RW never —
| PFCEnable |
0 1701 Flux reference (Id) 1] -32768 32767 1] 516 RW never e
sssured speed (o) 0D | Fux Kp 1051 0 65635 |0 Uls  |RW 2018-12-28 15:3... | PFCDisable |
leazured spy m
OOE | K 214 0 65535 |0 Ui RW 20181228 15:3... [ PFC Faut Ack |
DcOF Fluze Kd 0 0 65535 0 U6 RW never
Q10 Observer C1 -1380 -32768 32767 1] 516 RW 20181228 15:3...
11 Observer C2 2895 -32768 32767 0 516 RW 20181228 15:3...
O12 | Cordic Observer C1 0 37768 |32767 |0 S8 |RW — ‘,’
n.an oo Ao . n J— J— n car s [T P b4 )
< n | » o.augmented
Variable Motor Uri Time Motor d Message i
EWM fre:{”e”_“ _ gmm4 He E & 033541 The 'PFC"is ot supported in the FW for SDK5 x excepted for SDK for 'STM32F103 High Density’. All parameters will be disa._
Sensor se‘ectfon main Hensor_ e85 {O = 1] 03:35.41 The "Sensordess (HFl+Observer) is not supported in the FW for SDK5 x. All parameters will be disabled.
Tensor:ﬂedlon E""x. 1 o ﬁ 03:35:41 F2 mcus are not supported in the FW far SDKEx
orguesriLec- ion rate ﬁ 03:35:41 F103 High Density in dual Mator mcus are not supported in the FW for SDK5x -
Bus voltage sensing true -
< 1 | 3 Info / Emors / Wamings | Change Log
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File Teols Help

PEE X ®

Status

0 e

Faults
. FOC duration

Ower voltage
Under voltage
Overheat
Start-up failure
Speed feedback
Qwver cument

. Software emor

Hall sensors

= R
Documentation
‘ (7] o ‘ iPort[comss -|[115200 - <9 @ II .‘ Close Monitor | )
[ Basic | Advanced | Registers | Configuration | Firmware: STMC SDK Ver. 5.2.0 Generic
Board Configuration Revup Configuration |~ Target motor

Import from builder Num | Final Speed {pm) Final Torque ~ Duration ms) Last read Last wiite [m

Motor available | Single Motor + 3 1 0 0 0 2018-12-28 15:37:34 252 never
Motor 1 or any motar 2 0 10026 300 2018-12-28 15:37:34.355 never
Sensoriess (Obs+PLL) 3 132 12032 100 20181228 15:37:34.417 never
Sensordess (Obs+Cordic) o [—]
Sensordess (HFI1:Obs) 4 3996 12032 2500 2N312:28 15:37:34.473 never Stop Ramp
Quadrature encoder 5 3996 12032 0 2018-12-28 15:37:34.542 never

Flux weakening
DAC channels
Control mode: Speed

Encoder Align

[ &Il maotors

Min speed 15000 1
Max speed 15000 [ PEC
Maritar Max bus voltage PFC Enable
0
Motar 2 (f available) PFC Disable
Measured speed {pm) Sensordess (Obs+PLL)
Sensordess {Obs+Cordic) PFC Fault Ack
Sensordess (HF1+Obs)
Quadrature encoder
Hall zenzors | &
FlLee weakening ‘
Control mode: none 'l
Min speed -5000 EI i life augmented
) 1N
aizhic plotog g Time Motor ld  Message i
;WM fr:;“e”_c" _ :cm]4 Heloll @ 033541 The "PFC'is not supported in the FVW for SOK5x excepted for SDK for "STM32F103 High Density’. All parameters will be disa
Se"w 5;“!"” main Se”wf‘*"s ‘g @ 033541 The "Sensordess (HFl+Observer)'is not supported in the FW for SDK5x. All parsmeters will be disabled.
Tensor&Hedlon auxl 1en.,0r o558 ... o (1] 03:35:41 F2 mcus are not supported in the FW for SDK5x
OrqUEST - _ ion rate (1] 03:35:41 F103 High Density in dual Motar mcus are not supported in the FW for SDKSx -
Bus voltage sensing true -
4| 1 | + Infa / Emors / Wamings | Change Log |

ALl
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STM32
Motor Control
Workbench

* stmcx

STM32
CubeMx

BB ERKTTE

Keil / IAR

| »|software

project

STM32 Fxxx

Cube Firmware

IDE

L 2

L 2

Cube MX

t

{

Motor Control
SDK Firmware

)

MC Workbench

4

4

Control Stage

Motor

Power Stage
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- FF5EE Ul Library
- E{125095€ Motor Control Cockpit
- Ea{/l#=HE Motor Control Library

Lys
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o— Ul AP| —e&——— MC AP| ——— o

Ul Library Motor Control Cockpit
{ 3\
DAC Control API
Motor 1 Funcs ‘ ‘ Motor 2 Funcs
& J
Leb (" Init/Config. ) FOC Loop
MIC Protocol [ Components ] Park / Park™
rotoco -
Instantiation Clarke
UART Components Components
Communication Configuration integration
. 7\ J
( Safety Loop N wmc Loop
»
__Over Voltage P. Components
- integration
Over Heating P.
\\ v AN J

MC Low Level API

Motor Control Library

Speed & Position

Current Sensing

PID Regulator

Circle Limitation

Feedback & PWM Gen.
Inrush Current Speed & Torque
Revup Limiter Control Ramp Manager
E.ncoder Max. Torque per Feed Forward Flux Weakening
Alignment Ampere
Bus Voltage Temperature Power
On the Fly Startup Sensing Sensing Measurement
Open Loop FOC Gate Control GPIO Driver MC Math
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Faf

RBHEHEOE

& MC APISESCER \

R T B HECERRE

Motor Control Cockpit

r

.

API Implementation

Motor 1 Functions

Motor 2 Functions

FERVAM,

.

-

. —\ I e N\ Ay
Init. / Config. |}| MC Loop Safety Loop FOCLoop |1

I 1 I

Components : ‘State Machine‘ ‘ Over Current P. ‘ ‘ Park / Park ‘ :

| | Instantiation | || ‘Under Current P.‘ ‘ Clarke / PWM ‘ -
1 1

Components | |1 Cpmpone_:nts ‘ Over Voltage P. ‘ Components | |1

fi ti : Integration integration :
Configuration I ‘ Over Heating P. ‘ g I

J I J \U J J1

J

Lys
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S ZE S

2200188 Motor Control Cockpit EH=&B53 135

EE.;IH% J%JBJLL.\*I)"'.,S(U‘EEMEJJE’\JE)J
A fastisl
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FEATLEEE I

PMSM FOC Library

Speed & Position

Current Sensing

PID Regulator

Circle Limitation

Ramp Manager

Revup

Feedback & PWM Gen.
Speed & Torque Bus Vo!tage Temper.ature Inrus‘h §urrent E'ncoder Open Loop FOC
Control Sensing Sensing Limiter Alignment
Flux Weakening Feed Forward Max. Torque per Power GPIO Driver On the Fly
Ampere Measurement Startup

S ZE S

SERZHMIES, F— M EALMENEHIIN— T8RN, EREFA
B, BN, PIDEEFS. ..

Lys

life.augmented

© 2018 STMicroelectronics — 1% A AU



S ZE S

THBEEHLIERN R, BRTEERIRS, (ErTLURIERAAIS U 28 AEN AR EL.

BHETT

feed_forward_ctrl.c EljGeica
flux_weakening_ctrl.c S5HiteH
max_torque_per_ampere.c B ANGEFEIE
sto_cordic_speed_pos_fdbk.c REFI{(IE R Ecordic
sto_pll_speed_pos_fdbk.c EREMMNERIFPLL
revup_ctrl.c [EaEH

Lys
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S22

ARRERE

Ul Library APFREEEEAEENNEYE. BYEsEE XA
DAC FHlEA A0 DAC S5MREIN. BTIXNERA T LAERR
MCU #0 Workbench ., £ Workbench SsCIINSEBBILIE{TIRES
MC Protocol EI\JEL&
UART
Communication

Lys
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' Optional Component
L e

T

M andatory Component

Rectif

ier o

B
% : Brake ;

.
: | Vaoltage
.

Protect.

i | Voltage |

Under !

Protect.

Safety loop

-
[l
1

' Ower
5 current

____________________________________

Feference computation loop

B T Y

i LTI
v MTPA = il Clarke, Park [
o ;  j Weaken. ; { 1 | Circle limitation
R T P hemmmamamaaas M | Park-1, sVPWM
: % prmmmetet K PID
[ e T i : 1 :h’ 1
; P | Speed & : Feed 11
t Ul | Torque |« ! Forward : {1 F ¥
i i ¢ | Regul. ‘ A T |
R I [ T o
S— — 5
‘ Fev up -' ________ ‘- =
Appli. | i: Control & ¢ ppen
N ‘loop FOC !

Lys
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L T
I ~ 1 Safety =
' Heating @ | : i
: Protect. | ; routines

Bus

Sensing

Three Phase Inverter

FOCloop

Current Sensing
Enall ba anaaf:

Speed & Position F eedback
Shalbeana of
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B4

EEALIE I ER R BB AR Z 4R 1 (component) RYERTTAIRIAY. EHR— 1 BHRBEESRAETT, BRI ED:
BE— 1 EER LA TIRERIEIRRIZSFIIR.
—E&RFIRIRE, XEREUR PRSI ELSSIEHRITIRE.

" ™

FTR
FTR_Handle t
e Fieldl

«Field2
« Field3

FTR Init(...)

FTR_FuncX(...)

FTR _Func¥Y(...)
\. /

iﬁ%ﬁﬁ@é—ﬁ\ o XHFI— h 3. L BHESES + Handle t @, REUA BEHEES + HEINEE
AP

Lys
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B4

BRHLZERHRSHL

RS RESRTAE.

= EEAENERVIAS Z [BER B,

= SDK 5.x g state machine E{43EsCHURSHEITHEE,

CHARGE
BOOT CAP

ALIGN
OFFSET

{1y From Any State but
FAULT NOW and
FAULT OVER

2)) From Any State but:
~ ICL WAIT, IDLE,
ANY STOP, STOP,
STOP IDLE, FAULT NOW
FAULT OVER

Lys
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B4

- state machine XPMREEERE NG state._ machine.c #1 state_machine.h,
o EEHIRLL STM Handle t 5.
o WIBUEREILA STV Init 58, RREEISEREIBMSATE STM_Handle_t B$SEt pHandle,

typedef struct void STM Init( STM Handle t * pHandle );

i
State t bState;
bool STM NextState( STM Handle t * pHandle, State t bState );

uintlé t hFaultNow;

State t STM FaultProcessing( STM Handle t * pHandle, uintlé_t hSetErrors, uintlé_t

uintlée t hFaultOccurred; hResetErrors ) ;

} STM Handle t; State_t STM GetState( STM Handle t * pHandle );
bool STM FaultAcknowledged( STM Handle t * pHandle ),

uint32 t STM GetFaultState( STM Handle t * pHandle );

S kS

Lys
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B4

" FTR Generic )
e e (— + E—REERETENERIIAR, XEEARTI
' Field: EEHIERED VEZENME.
" rield: .+ SDKb5.x FiEFEMRENIERERY, FRTAERE LK
; ‘“' \ ST,
/ = | - EFREHESAHINIR. REFRAUREL.
s Y . BUTEMH SN MERTEES.

........

--------- , | . B PR RSTHEAAOERER, FRTIVPLLF]

Y ( FTRIMPLL e FTRIMPL2 FRTIMPLZ 21X TIRERII T
e e BTSSRSO MRN Supe . T
= | Dl BIgALR _Super SEHIXS FTR FTE XHIAHFIFHIE .
* Fields N ||eField - BRAAEM FTR PENX —ZEFHIRERENN Funcl(..), FHEHE
S s G N TIX A B RE RIS
FTRIMPL1 Init(...) i FTRIMPL2 Init(...) e FRTIMPL1 *D FRTIMPL2 ﬁ\%”fﬁ)‘{@;’k& FTR|MPL1_ Funcl(...)
FTRIMPL1_FuncZ(...) 7\ |[FTRIMPL2 FuncT(...) FI FTRIMPLZ  Funcl(...) SREMKSCINERAAE Y B REUER,
K—FTRI.-'-'JPL 1 FuncI(...) MW7 ‘{FTRIMPLz_FuncI(. ) J

Lys
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B4

N N

FELA SDK 5.x BFRIGIREES P-NUCLEO-IHMO01-BullRunning FRAJ PWM FOERFSRIFIIREG], H—kiEE
RAHRERITEM.

-« PWM MNEBFRRAFINRERT LASRFREREERE, 3FEPEEEFBIIERRa KT
*  SDK 5.x EX TIBREMH PWMC RSLILXATIREAYEAERS .
- BREMH PWMC BRSHIITAM. FAIAESPRY R3_1_F30X F RIF30X X MHITEMEIFI.

BREE PWMC FEMBIGEEIMR PWMC Handle t, IXPMERBIRNRPAMNEEIETE, KAEREISET. W FE
bRy pFctGetPhaseCurrents

typedel struct PWMC_Handle PWMC Handle t;

struct PWMC_ Handle
{

SEE @RS

FWMC IrgHandler Ck t pFctlrgHandler; A**¢ pointer on the interrupt handling function. */
FWMC_GetFhaseCurr Ch t

pFoctGetPhaseCurrents; A*%¢ pointer on the function the component 1nstance uses to retrieve pahse currents #/
FRMC_Generic Cb t

pFoctSwitchOf £ Pwm; A*%¢ pointer on the function the component instance uses to swibtch EAM off #4

BRAMEN TIXNREFSETRIREURE PWMC_GetPhaseCurr_Ch_t

typedef woid ( *FWMC_GetFhaseCurr Cbh t ) ( PWMC_Handle t * pHandle, Curr Components * p3tator Currents ) ;

Lys
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typedel struct

{
FWMC Hendle t _3uper;
uint3iZ_t wFPhaseRO0Lfset;
uint3Z_t wFPhaseBOLfset;
uint3Z_t wPhaseCOLfset;
uintlé t Half PWMPeriod;
uintlé t hRegConv;

wolatile uinté_t bIndex;
uintlé t ADC ExternalTlriggerInjected;
FA#le Trigger selection for ADC peripher:
bool OverCurrentFlag; A#le This flag
bool CverVoltageFlag: A#le This flag
bool BrakelActionLock: A#le This flag
interrupi
R3_1 F30XParams_t const * pParams_str;

] PWMC R3 1 F3 Handle t;

typedel struct

{

] PWMC_R1_F3_Handle_t:

FWMC _Handle t _Super;
uintlé_t hfmaBuff[Z2];
uintlé t hintSmpl;
uintlé t hintSmp;
uinté_t samplurl;
uinté_t samplurd;

MR Channel TypeDef * PreloadDMBy Chu; /9
M2 Channel TypeDef * DistortionDMiy Chx;
bool OverCurrentFlag: AFle This flag
bool OwverVoltageFlag: AFle This flag
bool BrakelctionLock: AFle This flag

Rl _F30X¥Params t const * pParams str;

Lys

life.augmented

B R3 1 F30X F R1IF30X RYZEHASERF—

&R Super, 1@IY _Super FISEEIZ2ERAAMHE
PWMC BN RIS PWMC Handle t,

R3 1 F30X f] R1F30X HYSCHILIE  Super FfY
pFctGetPhaseCurrents 3I5RIZBERISCINERZN.

/% Change back function to be executed
pHandle-> Super.pFctGetPhaseCurrents =
/% Change back function to be executed
pHandle->_ Super.pFcoctiGetPhaselurrents =

R3_1_F30X 1 R1F30X [ T BAEHF LA EHEDIAS

BEN T B SIHBRIEEE.

© 2018 STMicroelectronics — 1% Fifg UK

in ADCx ISR +/

&R3_1 F30X GetPhaseCurrents;
in ADCx ISR #/
&R1F30¥_GetFhaselurrents;

B4



LUSENEE R EX A TRE/90, 1nBRBIFZ(CAS P-NUCLEO-IHMO01-BullRunning SM{AIfERIEAAM PWMC FIHAITEM

R3_1 F30X

FOC_CurrController

void PWMC_GetPhaseCurrents

\ 4

Call PWMC_GetPhaseCurrents
( pwmcHandle[bMotor] , &lab)
A

PWMC_Handle_t* pwmcHandle[NBR_OF_MOTORS]
pwmcHandle[M1] = &PWM_HandI‘?_Ml._Super

(PWMC_Handle_t* pHandle,
Curr_Components * pStator_Currents )

\ 4

B4

PWMC_R3_1 F3 Handle t PWM_Handle M1
pFctGetPhaseCurrents = &R3_1 F30X_GetPhaseCurrents

Lys

life.augmented
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&R B

BusVoltageSensor_Handle_t

THU4EHE SDKS. x|

RDivider_Handle_t

BB RIGSE R AT RS
HATEIHEEE

HMATEEERE

VirtualBusVoltageSensor_Handle_t

MATEEER

SpeednPosFdbk_Handle_t

ENCODER_Handle_t
STO_CR_Handle t

HALL_Handle_t

VirtualSpeedSensor_Handle_t

STO_Handle t
STO_PLL_Handle t

Ul_Handle t

DAC Ul _Handle t

MCP_Handle_t

UDFastCom_Handle t

FCP_Handle t

UFCP_Handle t

PWMC_ Handle t

PWMC ICS F3 Handle t
PWMC_ICS_HD2_ Handle_t
PWMC_R1 FO Handle t
PWMC_R1_F7_Handle_t
PWMC_R1_VL1 Handle_t
PWMC_R3 1 F7 Handle t
PWMC_R3_2 F7_Handle t
PWMC R3 3 G4 Handle t
PWMC_R3 F4 Handle t

PWMC ICS F4 Handle t
PWMC_ICS L4 Handle_t
PWMC_R1 F3 Handle_t
PWMC_R1_HD2_Handle t
PWMC R3 1 F3 Handle t
PWMC_R3 1 L4 Handle t
PWMC_R3 2 L4 Handle t
PWMC R3 4 F3 Handle t
PWMC_R3_HD2_ Handle_t

PWMC ICS F7 Handle t
PWMC_ICS_LM1_Handle t
PWMC_R1_F4 Handle_t
PWMC_R1_L4 Handle t
PWMC_R3_1_F4 Handle t
PWMC R3 2 F3 Handle t
PWMC R3 32 G4 Handle t
PWMC R3 FO Handle t
PWMC_R3_LM1_Handle t

Lys
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BIFRRCAB R
FJFF SDK 5.x BrHIFIFRERES P-NUCLEO-IHMO01-

BullRunning BIIAR T8, £ IAR B workspace B0, F{i19J
EZIETE FEIUINEE,

|SD.K5IZI:-c-F'-NLII:LEEI-IHMEIEI1 BulRunning | . Ap D lication
less_DKSDx—P—NUCLEO—IHMUUI—BullRunning—SDKEDx—P—NUCLE...| ?| - *D%F'EI"JMEH%’E*E?&E"J*%}%O J‘E'“-%‘"%FR?%%EEQJ‘Z—E‘B%
[ i Seglcafon R, EMEEESEEFMAAREA.
TR - Drivers
MCU BOFMEIREMRES, H CubeMX &R, BINEEE ARM
By CMSIS .
Middleware
BRI S EE P RIS N BRI RS FOE S
Output

HEEZESI AN out X, map IHEE,

Lys
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mi_tasks o
\Q mntur_cuntrM

N st 32f30%_mc_it.c

BIFZ AR

=L SDELD-P-MUCLEO-IHMO01-BullRunning
—1 B Application

main BRZY,

2 W EVWARM
| [A] startup_strm32302x8 5

AFS SDK 3ZBRYZCREL,

[£] main.c

rnn::_api.u::

SLHOMCSEHRIEIAR, Flmnit.

[&) mc_config.c <— /
mc:_parameters.l::

motarcontrol.c

FEAEHIRR O ES., ANERIRIR, 4638
MEREIR, RS,

stm3ZfIo_hal_msp.c

/

\\ [ stm32fioit.c
ui_task.c
user_interface.c

FEAIEHIARRAIIMR PETIRSTE T

B Drivers
B Middlewares

B Output

CubeMX &EpRIZIMZAY 10 BLE.

AP BEMXRIYMRFHTRSEF.
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97= int main(void)

ag| {

93
100
181
182
103
104
185
186
187
108
189
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145 }

/* USER CODE BEGIN 1 */
/* USER CODE END 1 */
/* MCU Configuration----------------------—-

/* Reset of all peripherals, Initializes th
HAL Init();

/* USER CODE BEGIN Init */
/* USER CODE END Init */

/* Configure the system clock */
SystemClock Config();

/* USER CODE BEGIN SysInit */
/* USER CODE END SysInit */

/* Initialize all configured peripherals */
MX_GPIO_Init();

MX_ADC1 Init();

MX_DAC_Init();

MX_TIMI1_Init();

MX_USARTZ_UART_Tnit();]
MX_MotorControl_Init();

/* Initialize interrupts */
MX_NVIC_Init();

/* USER CODE BEGIN 2 */

/* USER CODE END 2 */

/* Infinite loop */

/* USER CODE BEGIN WHILE */
while (1)

{

/* USER CODE END WHILE */

/* USER CODE BEGIN 3 */

/* USER CODE END 3 */

BIFZ AR

£ main.c {5, BBEL int main(void) B8 TRA:

« System configure

» Peripherals configure

» Motor Control configure
» Interrupt configure

« Main loop
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BIFZ AR

MCboot(MCI_Handle_t*[], MCT_Handle_t*[]} : void \ = .
ok 3 me_tasks.c PIZORYE FERIUANIRE:
MC_Scheduler{void) : void
T5K_MediumFreguencyTaskM 1{void) : void
FOC_Clear(uintd_t) : void —
FOC_InitAdditionalMethods{uinta_t) : void MC IOOp
FOC_CalcCurrRef{uintd_t) : void < R T d |
T5K_SetChargeBootCapDelayM 1{uint1a_t) : void Orque or Spee Oop
TSK_ChargeBootCapDelayHasElapsedM 1 (void)
TSE_SetStopPermanencyTimeM 1{uint 16_t) : void
T5K_StopPermanencyTimeHasElapsedM 1{void
T5K_HighFreguencyTask{void) : uinta_t
FOC_CurrContraller{uintd_t) : uint1s_t
MC_RequestReqularCorv{uints_t, uintd_
MC_GetRegularConv{void) @ uintls -
MC_RegularConvState(void) : i
TSk _SafetyTask{void) : void L
TSE_SafetyTask_PWMOFF(uinta_t) : void i
GetMCI{uintd_t) : MCI_Handle_t* I
:
1
1
1
1
1
1

» Current loop

» Safety loop

C_State_t MC Loop 1( Safety Loop 1( Foc Loop

1

1

1

i

- | Over Current P. Park / Park™ 1

1

State Machmel F
|Under Current P. Clarke / PWM i
1

1

1

1

1

1

1

1

1

C_ompom_%ﬂts | Over Voltage P. ' Components
integration ' integration
, | Over Heating P. 8

GetMCT{uintd_t) : MCT_Handle_t*
T5K_HardwareFaultTask{veoid) : void
mc_lock_pins(woid) : void

Lys
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S stm32f30x_mc_it.c FHLITHY

------ @ ADC1 IRQHandler{void) : void — qﬂ&ﬁﬂﬁ%ﬁir_ﬁ .
------ @ ADC3 IRQHandler{void) @ void \ .
ADC HRlT: HighFrequencyTask() EIXANER

------ @ ADC4_IRQHandler(void) : void ﬁk

e e A o R,
_ _ J » W . —— S

------ @ |USART2 IRQHandler{void) : void EI:I-LQIEO %kﬁggﬁzjl’)\*u P )’J\zj:ﬁl—-l

------ @ HardFault_Handler(void) : void

------ @  SysTick_Handler{void) : void

. IHIFESRBH.
- TIM1 Break b,

309 wvoid 3ysTick Handler (void)

310 ] {

311 /* USER CODE BEGIN SysTick IRQn 0 #/

312 ° EF'H{):I:

313 /* USER CODE END SysTick IRQn 0 +#/ UART °

314 HAL IncTick():

315 HAL_SYSTICK IRQHandler(): « System hard fault EI:IH:'}:['O
316 /* USER CODE BEGIN SysTick IRQn 1 #/

317 /* USER CODE END SysTick IRQn 1 #/

318 TBE Scheduler(); ° i |:|:||)l;’ﬁ JE_I Hyj
319 /* USER CODE BEGIN SysTick IRQn 2 #/ SyStem Tick - /R 'H J500us,
320 /* USER CODE END SysTick IRQn 2 +/

321 L}

322

323  /* USER CODE BEGIN 1 +/

324

325 #* USER CODE END 1 */

Lys
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£ mc_api.c PE—RYAIRESRSISXIRANESH, FAIRLZ MC AP, IXLEER
LR SDK ZIERHRR. TEYIH T —L&5FRRIREL:

« MC_StartMotorl

- MC_StopMotorl

« MC_ProgramSpeedRampMotorl

« MC_ProgramTorqueRampMotorl

« MC_GetMecSpeedReferenceMotorl
« MC_GetMecSpeedAverageMotorl

« MC_GetSTMStateMotorl

« MC_GetOccurredFaultsMotorl

« MC_AcknowledgeFaultMotorl

« MC_GetlimposedDirectionMotorl

Lys
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0 ST MC SDK5.x[E{41¥5#

FASEE% |

= FPARSCEK
> SMEIEfRERERINIMZAN B CRIRES

m > Step-by-StepiFIN—ERIATRAS
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QNI BRI INY M

80
TEiRIBAAZBEIRERE, (EeCBERE— M EBHERRIMNE, (E—BH{ERIMNI=H
M= TR,
P-NUCLEO-IHMO001- P-NUCLEO-IHMO0O01-
BullRunning.stmcx BullRunning.stmcx
/Mif Generation 1% miEGenerationi®
mrEEOhg | orkbench rERE e | orkbench
% generate #%tH | PEupdatetZi. |
P-NUCLEO-IHMO001- P-NUCLEO-IHMO0O01- P-NUCLEO-IHMO0O01-
BullRunning.ioc JEEF?E)JE BullRunning.ioc BullRunning.ioc
CubeMX |l s
Workbench Bzl [~~~ DN ! JZFu.ioecSZ{iﬂ%E& WorkbenchBz =~~~ Feme !
F,_CubeMx 5 | _CUPEMX | lgoe mpay | CubeMX F,_CubeMxiEfs | _ CubeMX |
IL:IAiZT:.?j_-: %%ﬁa}t‘ -l Generate source ZIEINE?T: %F:IFEI_H%F' -l
7+ CubeMX . code based on ; FI7CubeMX -
Project user settingszZA Project Project
3 BT ITE | !
IAR IAR IAR
"I IRERRLFE s NIAEERLEARRIIMR s NIEBALEFARRYIME
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int main (woid)

C B9 Workbench £RRITER, BAFBDHIBELUFRDEY
/* USER CODE BEGIN 1 +/ }JT:_E$§1 HEEAFH., FRARFKA LIRS ERUESFNRIIE Y
/* USER CODE END 1 */ v A,

A% MCU Configuration-----——-——————————————————

4% Reset of gll peripherals, Initializes the . _ _
HRL Init(); EEEFFREAREE P-NUCLEO-IHMO001-BullRunning HfY main
F# USER CODE BEGIN Init #/ EI;E&O ﬁﬂ\]ﬂ-L\J\EEU?E%;I*%yD /* USER CODE BEGlN 1 */

F1 /* USER CODE END 1%/ , FFRENIES SHIMN BB

- JN7E USER CODE BEGIN #] USER CODE END ZJa], Xk

Cvsmontions comeiame LENIEBEHINRECEEFHEMEE, FIIZEHHINEM
BASEIEREE, BNCEIEHEZS /Y SDK FUELAKE.

/* USER CODE END Init #/

/* USER CODE BEGIN SysInit #/
/* USER CODE END SysInit #/

A% Initialize gll configured peripherals #/
ME GFIO _TInit{):

M¥_ADC1 Init():

M¥_DAC_Init{):

MY _TIM1 Init({):

MY_TUSART2 UART Init():

MY MotorControl _TInit{):

Lys
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Step-by-StepiII—EKIAIKT A UAS

SDK5.x EELIEIRE P-NUCLEO-IHMO01-BullRunning .,

SZEERBEREHMR NUCLEO F302R8 FILIERMR X-
NUCLEO-IHMO7M1,

TEBEG—E—HE5CRE, 5L LED KT D11 FEEH AL
BB TRERLAL. OsHISIER N K.

D11 iEZR|T STM32F302R8 Y PB2 B,

USER

c10. 24 Y FB1 0 RTR . (SPEED

Ty c1022 3 P82

REA Q&’IM%
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Step-by-Stepizs

Step 1: Motor Control Workbench ¥liR&ERL{CHS
« FH Workbench ¥JF SDK B#H#J P-NUCLEO-IHMO001-BullRunning.stmcx,
« R TERY Generation 250, =Bk Project generation &0,
- "' @Dﬂiﬂ,u\ﬁ% Generate 1%,

e.- ST Motor Control Workbench [P-NUCLEQ-THM001-BullRunning]

File  Tools Help Documentation

=1 1000

| enerahon

Motor. Bulf Running BR2504-1 700KV

ontrol Board: P-NUCLEC-IHMODT 354 - board: NUCLEO-F302R8 - PowerBoard: P-NUCLEO-HMOOT 350 - board: X+

) Project generation x|
=l
Target Toolchain
IAR EWARM =]
HAL/LL Drivers Selection
IH»’-\L -Hardware Abstraction Layer LI
t
Update | Generate |

Lys
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Step-by-StepiZs IlI—EZINKT{UES

Step 1: Motor Control Workbench #liR&ERLE
FIFF IAR TF2, FHATATLAEZROTHY GPIO #IIBae,

static woid MK GFIC Init (woid)

{

GPI0 InitTypeDef GPIC InitStruct;

/% GFIO Ports Clock Enable */
__HAT. RCC GPIOC CLE ENABLE();
__HAT. RCC GPIOF CLE ENABLE();
__HAL. RCC GPIOR CLE ENABLE();

J*Configure GFIO pin Cutput Lewvel #/

HAL GPIO WritePin(GPIOC, M1 PWM EN U Pin|M1 PWM EN V Pin|M1 PWM EN W _Pin, GPIO_PIN RESET):

/*Configure GPIO pin : Start Stop Pin +/

GPI0 Init3truct.Pin = Start_3top Pin;
GFIO_InitStruct.Mode = GFIQO MOLE_IT_ FALLING;
GFIO_InitStruct.Pull = GFIQ NOFULL;

HAL GFIQ Init({Start_Stop GPIQO FPort, &GFIQ _Init3truct);

/*Configure GPIO pins : M1 PFM EN U Pin Ml PFM EN V Pin M1 PWM EN W Pin */
GPIO InitStruct.Pin = M1 PWM EN U Pin|M1 PWM EN V Pin|M1 PWM EN W_Pin;
GPIO InitStruct.Mode = GEIO MODE QUTEUT_EE;

GPI0 Init3truct.Pull = GFIO_PULLDOWN;

GPIC InitStruct.3peed = GPIQ SEEED FREQ HIGH:

HAL GFIQ Init(GFIOC, s&GFIC InitStruct);
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Step 2: {E£ CubeMX HERII—4* GPIO :
« FJFF P-NUCLEO-IHMO001-BullRunning.ioc , #E CubeMx EBEEE GPIO B PB2 3|,

- MWTEZMNATLIEZR PB2 mAR# S,

) STM32CubeMX P-NUCLEO-THMOO1-BullRunning.joc: STM32F302RETx =]

File Project Pinout Window Help
©lRoex

|
||_KeepCuTa1tSig'1alsPtaoa'na1t -olo-lQ" —|e|+||Fnd| VlWShowUserLabei | "\l‘\l"\" &lal Al‘l

| Pinout | Clock Configuration | Configuration | Power Consumption Calculator |
kpnﬁguraﬁnn =
--Additional Software

I?_|---Mi|lllleWar5

. @& FATFS

. B FREERTOS

Bl @ MotorControl

-
B
[-Peripherals
-y ADC1

,  M1_PWM_EN_W

(- & CAN Start/Stop [PushButton]
w0 COMP2
i & COMP4
i & COMPG& RCC_OSC_IN

H- & CRC RCC_OS5C_OUT
1. % DAC

¥ m1_ocp

M1_PWM_WH
M1_PWM_VH
H- % 1201 M1_CURR_AMPL_W P M1_PWM_UH
H-69 1202 M1_CURR_AMPL_V
H-69 1203 M1_TEMPERATURE
H % 1252

i @ 1253 STM32F302R8Tx

LQFP64

Lys
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7 & IWDG
7 & OPAMP2
#- 4 RCC
7 & RTC
& SPI2
7 & SPI3
7 SYS
- % TIM1
7% TIM2
7 & TIM6

[
[
[
[
[
[
£
[
[
&
[
G- W
[
[
£
[
[
£
[
£
[
[
&

i & TIM15

M1_CURR_AMPL_U
M1_BUS_VOLTAGE
UART_TX

DBG_DAC_CH1 [Zieitels

© 2018 STMicroelectronics — 1% A AU



Step-by-StepiII—EKIAIKT A UAS
e

Step 2: {£ CubeMX HERI—4 GPIO
- RLAERRI PB2 5|, 15&F GPIO_Output,

- WGEl, £ CubeMX BIBARIERE Configuration &I+, EEARIENITLUEERI System XIgRE GPIO
iHl. RERE PB2 BUWIIRECE. BB PB2 ¥ltat IS, K== LED,

| G STM32CubeMX P-NUCLEQ-IHMOO01-BullRunning.ioc*: STM32F302RETx
File Project Window Help

|l |elula| s]|a|S]| +]=] 2|2 <]

M1_PUYM_EN W
M1_PWM_EN
M1_PWIM_EN_U

el = (==
G B B &) B ofefReE
cllofmffalallall all ol a [RS8

P‘i'mutl Clock Configuration Power Consumption Ealulatorl

onfiguration -
L AddiFianal Crfharaea

RCC_OSC_IN G5BT GEEN ] M1_OCP

Rec_osc_ouT [Habn TSN, M1_PWM_WH .
T M1_PwM_vH Middlewares
Mi_CURR_AMPL_W [0 T M1 PWM_UH

M1_CURR_AMPL_V [ MotorControl @? |
M1_TEMPERATURE |[5le=]
STM3: 2RBTx

M1_CURR_aMPL_U [R50 |
" i 20 | L =] ™3 |
2 DACI.II‘\U I GPIO —o% » ll
S. 3 COMP4_INM nic Sk,
{ | Eak
g z _ Rec €Y -

GPIO_EXTI2
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Step 3: {$1F P-NUCLEO-IHMO001-
BullRunning.ioc, EEFFER{THES

« M Save the current Project &8, REXT PB2 NIREER] P-NUCLEO-IHMO001-BullRunning.ioc,
a5 Generate source code based on user settings ,

7 STHM32CubeMX P-NUCLEQ-THMOO01-BullRunning.ioc*: STM32F302R8Tx

a STM32CubeMX P-NUCLEQ-THMOO01-BullRunning.ioc*: STM32F302R8Tx

File Project Pinout Window Help File Project Pinout Window Help
T = r L =] . rE'" e
J&|u|l.‘a||:||lr..!.Jr.;|rP:.- ) J@qmuajy-@
; 1 { | Current Sianals Pl t Generate source code basued on user settings |
| I™ Keep Current Sif 5202 the current Project | | ; || = | @l + || Find | [ Keep Current Signals Placement I I I

: Pinout i i i
Pinout | Clock Configuration | Configuration | Power Consumption Calculator | | Clock :?onﬁgurahon | Configuration | Pawer Cansumption Calculator |

. E-® FATFS [ |

. B % FATFS il‘

Lys
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Step 3: {#fF P-NUCLEO-IHMO001-BullRunning.ioc, EEFERXH3

. P IAR STFERAEREORTE, BATETIUBERE manh Tt
AT PB2 IREN., ‘ =

82
« £ main.c BYERZEY static void MX_GPIO Init(void)sa ]
HHETE TR RS, MX_GPI0_Ink

a57 L o+
458 static woid MX_GPIO_Init(void)

o IBITERERAIRED, BATRILABRRITIZRNR X-NUCLEO- . |
IH MO?M l J:Eg L ED %E%o ::; GPI0 InitTypeDef GFIO InitStruct;

#define LED D11 _Pin GEIO_PIN 2
#define LED D11 _GPIO Port GEIOB

463 A% GPIOQ Ports Clock Enabhle #/

164 __HAL RCC_GPIOC_CLE ENABLE();

485 __HAL RCC_GPIOF CLEK ENABLE();

166 __HAL RCC_GPIOR CLE ENABLE();

487 __HAL RCC_GPIOB_CLEK ENABLE();

488

489 /*Configure GPIO pin Output Level #/

470 I HAL GPIO WritePin(LED D11 GPIQ Port, LED D11 Pin, GPIO PIN SET): I
471

472 J*Configure GPIO pin Output Level #/

473 HAL GPIO WritePin{GPIOC, Ml PWM EN U Pin|Ml FWM EN V Pin|Ml PWM EN W Pin, GPIO PIN RESET):
474

475 /*Configure GPIO pin : Start Stop Pin */

476 GPI0 ImitStruct.Pin = Start_Stop Piny

477 GPI0O InitStruct.Mode = GPIO MODE IT FALLING;

478 GPI0O ImitStruct.Pull = GPI0O NOFULL;

479 HAL GPIO Imit({Start_Stop GFIO Port, &GFIO InitStruct);
480

481 /*Configure GPIO pin : LED D1 l_Pin 7

482 GPIO InitStruct.Pin = LED D11 Piny

483 GPIO InitStruct.Mode = GPFIO MODE OUIFUI_FPE;

484 GPI0O ImitStruct.Pull = GPI0O NOFULL;

485 GPIO_InitStruct.Speed = GPIO_SPEED FREQ LOW:

486 HRAL. GPIC Init({LED D11 GEI{ Peort, &GPIO InitStruct):

Lys
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Step 4: FRIMLBIE LED {RIREHMGEFRSER

main.c ]

« fEmc_api.c REHARF API R, BATAIRILIE
FHER#Y State_t MC_GetSTMStateMotor1(void) 135

/BT IS 136 HRL GPIO WritePin(LED D11 GPFIC Pert, LED D11 Pin, GPIO PIN BESET):
'fﬁiUEE’dﬂ"{k'uN 137 /# USER CODE BEGIN WHILE #/

- BIIEIF State t IENX, FAIRILIE B o
state machine.h IXZEVHZFNAS. RS =

A O T2 NP e n— y— 141 /% USER CODE END WHILE =#/
=M WEFRERE, SEVIEREITRINE, WA 1.

A > — 143 4* USER CODE BEGIN 3 #/
)lkljmq\jg RUN - 60 144 if (MC_Get3TM3tateMotorl () == EUON)

+ EEFEEMIENE, SIMERARUINGR 5] o~ o
SLED, ;EEFMAINEUCEEREERE USER CODE 47 {

148 LEDIndicationFlag = 1;

BEGIN *D USER CODE END Zﬂﬂo Bﬁ?éldﬁq:'ﬁg 149 HAL GFIOQ WritePin(LED D11 GPIC Port, LED D11 Pin, GPIO PIN_SET);:
—FH A
17 0 . |
+ B ERUEHEISTI T L LED IBRILRS 2 o
,\ﬁ\%*D%%Wo Eéi 1E{LE3Indicatianlag — 1)
1546 LEDIndicationFlag = 0;
157 HAL GFIO WritePin(LED D11 GPIC Port, LED D11 Pin, GPIC PIN RESEI);:
158 - }
159 L }
160 - 1
161 /* USER CODE END 3 +/
"I o5
163 L}
life.augmented
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Step 5 . ﬁ’]u_l\ H‘j'% TI M 2 **imsoom S HgEH‘jI¢ % 6 5[[-13Cuhe-‘l)( P-NUCLEQ-THMO01-BullRunning.joc: STM3

File Project Pinout Window Help

e #TFF P-NUCLEO-IHMO01-BullRunning.ioc EAEFTRES Pinout B0 |aloslule]|«|&]S]
I:Fln\\a.:l TIM2 jj j:=|= TIM2 yﬁj:qzﬁj'@:l], Mo | [~ Keep Current Signals Flacement < | [ |Sl| —lﬂ

P'i'10Ut| Clock Configuration I Configuration I Power Consumption C:

+ TEWFEEEO Configuration EF’EXJ‘%G’I*&EI’JEVKEE% HAFER z® =]
FTREFEY TIM2 70 NVIC XEEMEHE, DBIEE TIVM2 REGHT. = & WG

- & OPAMP2

B4 RCC
Pinout | Clock Configuration | Cenfiguration | Power Consumption Calculator |
Cpnﬁguratinn = " # RTC
[;"';":;:;;:'r:““'e - & SPI2
| =0 FATFS - @ SPI3
i1 e[ User-defined
E} @ FREERTOS L SYS
T Enabled B @ TIM1
8- l'a MotorControl I__—_I W TIM2
: i ¥ Enabled .
=-Peripherals Middlewares -Slave Mode IDisabIe LI

E] _;5 ADC1 -
. INLIN1Single-ended MotorCentrol /7 | ----- Trigger Source |Disable -
{ | IN2:INZ Single-ended
© L ING:ING Single-ended -Clock Source  |Internal Clock - I
INF:IN7 Single-ended | .
o - Chemel Do -
EJ & CRC -

[ Actvated ~{hannel2 |Disable -
! b =) £
E % DAC USART2 &, | ADCL VLT, DMAQ&- | I &f:%? | —Channel3 |Disable vl
; - QUT1 Configuration: ¢ f:? -
E o woG DAC 1ifv, GPIO —o\:@? | ™2 (5, ~{Channel4 |Disable - |
: -7 Activated " ’
EJ _;‘;, e e s, Combined Channels |Disable - |
. i.WighSpeedClock(us || |\ 4 | e [T ETR IO as Clearing Source
: &,

RCC

Ej1 .ﬁ 5v5 I P L | I R [T XOR activation
H e Tl h [~

----- [T One Pulse Made

m W% TIM6
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Step 5: ZRII—ANERISE TIM2 SREEIMS00m sRYERT bR
o BT TIV2 EEE BRI TIM2 Configuration B0,

- EEOWR Parameter TUENRERTHFAIAERA/I500ms,

- EBMOMWBY NVIC Settings TREMERE TIM2 global interrupt,

‘o Parameter Settings | o7 User Constants | </ NVIC Settings | </ DMA Settings |
Configure the below parameters :

Search :I Search (Crtl+F) G s
[=] Counter Settings
Prescaler (PSC - 16 bits value) 7200
Counter Mode Up
Counter Period (AutoReload Register - 32 bits value ) 5000
Internal Clock Division {CKD) Mo Division
auto-reload preload Disable
[=] Trigger Output (TRGO) Parameters
Master Slave Mode (MSM hit) Disable (Trigger input effect not delayed)
Trigger Event Selection TRGO Reset (UG bit from TIMx_EGR)

Qj? Parameter Seth'ngsl ch’ User Constants '{'? MVIC Settings | ch’ DMA Settingsl
Interrupt Table Enabled Preemption Priari

TIM2 global interrupt

Lys
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Step 5: FHIM—NERIEZE TIM2 FSEI500m sAIERT R
]

Q:?WCIQ’;’Eodegaﬁaﬁonl

« X[ TIM2 Configuration &, [BIE Configuration

——

BH, = NVIC &, » _ — — — |

Priority Group |3 bits for pre-emption priority 1 bits for subpriority d [~ Sort by Premption Priority and Sub Prority
. . == N
« f£ NVIC Configuration EHZE#EE TIM2 global Search [ seach (croeF) @| @| I showonly enabled interrupts
- ~
nterrupt BYRERLTCHR.
Interrupt Table Enabled | Preemption Priority | Sub Pricrity
Mon maskable interrupt R 0 |
Hard fault interrupt F o [
[Memory management fault v 0 0
Pre-fetch fault, memory access fault ) 0 0
|Indefined instruction or ilegal state ) 0 0
System service call via SWI instruction ) 0 0
Debug monitor F o ]
Pendable request for system service ) 0 0
Time base: System tick timer F |4 ]
PVD interrupt through EXTI line 16 o ]
Flash global interrupt T o ]
RCC global interrupt T o ]
ADC1 interrupt W |2 ]
TIM1 break and TIM15 interrupts W |4 1
TIM1 update and TIM16 interrupts T o ]
TIM1 frigger, commutation and TIM17 interrupts - L] 0
TIM1 capture compare interrupt ' W] 0
TIM2 global interrupt v IE ]
USARTZ global interrupt ¥ |3 1
EXTI line[15: 10] interrupts [+« [0 0
TIMG global interrupt, DAC interrupts ' 0 0
o 0

r Floating paint unit interrupt
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: .
Step 6 . ﬂ%&PB Zﬂg*uyamﬂj%ﬁ GPIO I mcj_l DAC' Rccl 'I'IM1| USARTQ'
Search Signals
. - Sazrch (CrH-F) h | dﬁ d i
« 1E Configuration O/ GPIO &80, HIGOT  ooes I Show only Modfied Pins
P| N CO n f u g u rat| on i I:I Fin Mame / | Signal onPin | GPIO outpu... | GPIO mode | GPIO Pull-u... |Maximum ou...| FastMode User Label Modified
f Output Push... [Mo pull up pu... Low LED D11 v |
* Z_ Pl n COﬂfug u ratl on i I:I l:I:l % G P | O ou t p u t PC10 nfa Low Cutput Push. .. |Pull down High nfa M1_PWM _E... I~
PC11 nfa Low Cutput Push... [Pull down High nfa M1 _PWM_E... I~
| evel jj IOW ) PC12 nfa Low Cutput Push. .. |Pull down High nfa M1 _PWM_E... I~
PC13 nfa nfa External Int... [Mo pull up pu...|nfa nfa Start/Stop [L.. I~
l—‘—l
EX—LEAIERSTH T FTBRICUbeMXRYIRE., RF
HEFFERRD.
~PB2 Configuration :
GPIO output level
GPIO mode | output Push Pul ]
GPIO Pull-up/Pull-down INc: pull up pull down ;I
Maximum output speed Ian ;I
User Label LED_D11
‘ ’, [ Group By Peripherals Apply ok Cancel
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Step 7: {EXH3

Step-by-StepiII—EKIAIKT A UAS

STECFrERRAIRIERNEBR FTENSUGEAE T main.c , stm32{3xx_hal msp.c , stm32f3xx_it.c ,

stm32f3xx_it.h

XEBEEERT—R: NTEHRIUBERIZEIEE USER CODE BEGIN 1 USER CODE END Z[BHHCHSAA
F1E. S{EfUSER CODE BEGIN #1 USER CODE ENDZYMYCHBIEE S,

EI C Compare Viewer W

DI | (B (<] B> <l | & 6 43 B

Local: main.c

Index: main.c {editable)

136 /* USER CODE END 2 */
137

133 /* USER CODE END 2 */

[

jul /* Infinite loop */
1 /¥ USER CODE BEGIN WHILE */
1 while (1)

A
135 /* Infinite loop */
135 HAL GPIO WritePin(LED D11 GPIO Port, LED D11 Pin, GPIO PIN R

141 { 138 while (1) -
142 139 { =
143 /* USER CODE END WHILE */ 148 o
144 = _ s e

1 /* USER CODE BEGIN 3 */ 142

1 if{MC_GetSTMStateMotorl() == RUN) 143 /* USER CODE BEGIN 3 */ g
1 7 144 if(MC_GetSTMStateMotorl() == RUN)

1 if(LEDIndicationFlag == @) 145

1 { 148 if(LEDIndicationFlag == @)

15 LEDIndicationFlag = 1; 147 {

15 HAL_GPIO WritePin(LED D11 GPIO Port, LED D11 Pin, GPIO PIN 148 LEDIndicationFlag = 1;

15 } 149 HAL GPIO WritePin(LED D11 _GPIO Port, LED D11_Pin, GPIO

15 } 150 }

15 else 151 1
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Step 7: (€S
0 TIV2 BRI, CubeMx RERRET TIM2 , BEE) TIM2 XEERINMI ™I,

main(]
130 MX_TIMZ Init():
131
132 A% Initialize interrupts */
133 MX_NVIC Init():
134 A% USER CODE BEGSIN 2 =/
135 HAL TIM Base_ Start IT({shtim2):
136 A* USER CODE END 2 =/

FAITE main.c 9 main REBECEST TIM2 Tz FEBE T REL HAL StatusTypeDef
HAL TIM Base Start IT(TIM HandleTypeDef *htim), XM EREEEN TIM2 AITHELESFHFEE update Flt, REBIEIRE
VIR

HAT, StatusTypeDef HAL TIM Base Start IT(TIM HandleTypeDlef *htim)
{

A% Check the parameters */
g3gert_param({I5_TIM INSTANWCE (htim->Instance));

/* Enabhle the TIM Update interrupt #/
__HAT, TIM ENABLE IT(htim, TIM IT UPFLATE);

/% Enahle the Peripheral #/
__HAL TIM ENABLE (htim);:

/* Return function status #/
‘ ’, return HAL CKE;
}
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FAE TIV2 NHRRSIEFRTIEEE FIagSOOmS
FH1, LUSEFRR 500ms BOBTEERR, X/ PR
KRR LLE CubeMX &R, ?Jzﬂ];'\'%'ni%?‘ L<|§SZEF'
USER CODE BEGIN #] USER CODE END Z|&ai%&

B CRIN AR,

FBINRAIXITE main REFRIRPREM TG
HIHSEL.

Lys
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'_Ki-i-
# Ebrief This function handles TIMZ2 global interrupt.
=/
void TIM2 IRQHandler (void)
{
J* USER CODE BEGIN TIM2 IROn 0 */
Flagh0Oms = 1;
J* USER CODE END TIM2 TROn 0 */
HAL TIM IRQHandler({shtim2);
J* USER CODE BEGIN TIM2 IROn 1 */

J* USER CODE END TIM2 TROn 1 */

S* USER CODE BEGIN 3 */
if (MC_Get5TMStateMotorl () == EUN)
{
if({Flag500ms == 1)
{
Flag500ms = 0;
if (LEDIndicationFlag == 0}
{
LEDIndicationFlag = 1;
HAL GPIO WritePin(LED D11 GPIO Port, LED D11 Pin, GPIO_PIN_SET):
}

else

{
LEDIndicationFlag = O;

HAL GPIO WritePin(LED_D11_GPIO_Port, LED D11 Pin, GPIO_PIN RESET):

1
}
1

else
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MG

Motor Control Workbench FRERBAAIBFIRETF CubeMX B9 .loc3f4,

o INAERRNERENRYSIMEECE BT LAFTFFE Workbench &Y ioc 32, SAIBTE CubeMX HfD
BEFFEFERE.

- HAPRBESHE USER CODE BEGIN #1 USER CODE END ZJ&],
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BRI Am Ky am CUST” ) (REBERIXSST 725/ BASSCAEAT AR 5 . Sk, 355 B EoRT et MBUR],
AATATERA . KT B AT NIRRT ST P ah BoRTE E . ST 77 dh AU A B K BETT S DA A SGST 45 253K

ST BATDURST AR A EEAE A, ST MEASARIH 55 B A B Bl S 77 b e v A SR AR AR 9T 4
ST AKHEAT KR P BEAT A AR BH 735 BGER 7S B4 A B 7F 1l

FARRIST 7 b g AR T I AR AL RIS B RIRLE, R FEST #0125 dhix T R IR UE R B
ST MIST HibraST WIbr. Ay HoAd™ dh BUIR 55 A4 AR NI 2% B BT & 17

A IS B IBUASTRE Firy F3 A h SR AL H0AE B

RRAN 7S B
AN RBIEFFH R m KL am CUST” ) BErT, RESTRIFAMSR ] Bok. s ATk H i1,
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