XMC13 Sensorless BLDC
Scalar Control Software
Getting Started

XMC™ Microcontrollers
Oct 2016

(infineon



(infineon

Agenda
Overview of BLDC Scalar Control SW
Software Overview
Hardware Overview
Tools Overview
Getting Started

General Information



(infineon.

Overview - BLDC Scalar Control SW

This document provides information about usage of Sensorless BLDC
scalar control example software on Infineon's XMC1300 series micro-
controllers platform

Sensorless BLDC scalar control example software is offered as "simple
main project in DAVE™ IDE"

Sensorless BLDC scalar control example project consists of sensorless
3-Phase BLDC Motor control algorithm software, targeted end
applications are fans, pumps, power tools and e-bike segment

This example project will provide high level of configurability and
modularity to address different segments

This project can be easily configured as per requirements with the help
of configuration files
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Software Overview — Software Blocks

. . 3-Phase
Set Value Dlglta} . Control Sch Voltage Modulat , PWM-Unit 2-Level Voltage
— Generator ontrol>cheme Compensator odulator : Source Inverter
Set Value Analog = [ ccus (vsI)
v
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| Trigger '
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Calculation
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. Calculation
Legend: |
Cosw :
D XMC HW
@ HW

¥/ User Configuration

lModuIes used for Speed and Position Detection I
*in Sensor-less Motor Control. This represents the

|grouping of modules that are different when .
.Sensor-based Motor Control is used. I

Control Scheme Open loop voltage control, speed control, current control
and speed inner current control

PWM Modulation High side modulation, low side modulation, high side with

(Modulator) synchronous rectification

Current/Voltage Direct DC link and average current measurement, DC link

Measurement Voltage & Potentiometer (Analog Input)
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Software Overview — Key Features

Bi-directional control Reverse the motor direction when change direction
variable is set

On fly start-up Catch spinning motor at start-up without stop

Back-emf zero crossing Back-emf zero crossing detection using ADC

detection boundary checking

Motor Start-up from standstill Support inductive position detection or alignment for
smooth start

Accurate measurement of Use floating pre-scalar

speed (across wide range)

Demagnetization blanking Remove spike in direct DC link current measurement

DC bus voltage clamping Prevent over-voltage during fast braking

Protection Stall Detection

Over-current

Short circuit

Under/Over voltage

C-trap with MCU hardware features



Software Overview - Files Structure

Control Algorithm

Midsys

MCU Init

LLD/ Hardware
Abrtaction layer

MCU HW Peripherals
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Folder/File Structure

Ramp Function

BLDC control
Algorithm

Inputs:
Set Value,
Motor current,
Motor Speed

Main.c
bldc_scalar_user_interface.c
bidc_scalar_varaibles_config.c
bldc_scalar_varaibles_config.h

[Tnterrupts:
bldc_scalar_control_loop.c
bidc_scalar_state_machine.c
bldc_scalar_patter_update.c
bldc_scalar_hall_event.c
bidc_scalar_ctrap.c
bldc_scalar_protection _error.c
Configuratoin:
bidc_scalar_MCUHWconfig.h
bldc_scalar_user_parameter.h
bldc_scalar_derived_parameter.h
bldc_scalar_derived_parameter.c

ControlModule:
bldc_scalar_control_scheme.c
bidc_scalar_control_scheme.h
bldc_scalar_pi.c
bldc_scalar_pi.h
bidc_scalar_pt1_filter.c
bldc_scalar_pt1_filter.h
bldc_scalar_ramp_generator.c
bidc_scalar_ramp_generator.h
bldc_scalar_control_hall.c
bidc_scalar_control_hall.h

Get Position and Speed

Get Current/
Voltage

PWM Update

N

L

MidSys:

bldc_scalar_pwm_bc.c
bldc_scalar_pos_spd_hall.c
bldc_scalar_volt_dcbus.c
bldc_scalar_volt_potentiometer.c
bidc_scalar_volt_phase.c
bldc_scalar_current_motor.c

Initilize
SYSTIC/
NvIC

Initialize
ccu4

Initialize
POSIF

Intilize

Initilize ADC| ccus

MCUInit:
ccud.c
ccus.c
posif.c
nvic.c

!

gpio.c

| SYSTIC/NVIC | |

CCu4 | | POSIF

| | VADC

IHEX

U

i

|SYSTIC| | NVIC |

| CCcu4 | | POSIF |

|ADC|

Core Peripheral

Analog/Digital/Communication
Peripherals
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Software Overview - XMC Peripheral usage

1 CCU40 _CC40

2 CCU40 _CcC41

CCU40 _CcC42

3

4 POSIFO

5  CCU80_CC8x
6  CCU8S0_CC8y
7  CCU80_CC8z

VADC Group A Queue
A

9 NVIC
10 SYSTICK

Always

Fast Sync is
disabled
Always

Always
Always
Always

Always

Any ADC
measurement is
enabled

Always
Always

Infineon
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Commutation timer (Pre-scalar
value calculated in zero crossing
event)

Multi-channel Pattern
synchronization

Used for motor speed capture

MCM configuration

PWM Generation - Phase U
PWM Generation — Phase V
PWM Generation - Phase W

DC link direct/ Average current,
DC link voltage, user defined and
potentiometer measurement

Used for ISRs

Used for state machine

Note : Xx,y,z, A — Resource number based on configuration
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Software Overview - Peripheral Interconnection

Commutation point

BLDC Commutation in Sensorless mode

Capture and clear

; cc42 - : < Back EMF
Multi Channel Control T [ e (e Zero Crossing Detection

—~ | (i i

Phase V High |
MOUT[7:4] PESSSJV R |

Phase W High

MOUT[3:0] —>

e | [

T Ic High Side Moduk
High side PWM modulation

Ccca82
Phase W

MOUT[11:8]

A J
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Software Overview - Interrupt Service Routines

Folder: Interrupts
File name: bldc_scalar_state_machine.c

Interrupt . I
. . NVIC . .. 4|C* BLDC SCALAR SL XMC13_uCProbe [ Active - Debug |
Peripheral Subroutines Interval Priority ...
node
(ISR) » [ Includes
» = Configuration
VADC Channel event 15 | Asynchronous 0 = ControModule
(current + . & Debug
VOltage OUtSide 4 (= Interrupts
> Lg] bldc_scalar_bemf_zero_cross.c
bOU nda ry) » el bldc_scalar_control_loop.c
CCus8 One match event 25 | 1/ PWM frequency 2 - [8 bldc_scalar_ctrap_periodmatchc
> el bldc_scalar_protection_error.c
(phase U) >_|e] bldc_scalar_sl_state_machine.c
» = Libraries
» = MCUInit
CCus CTRAP (phase U) 26 | Asynchronous 0 : z;‘:;"ju";
> = uCProbe
" - » el bldc_scalar_user_interface.c
SYSTIMER SyStICk Scheduler -1 1 mSec (Conflgu ra ble) 3 - [A bldc_scalar_user_interface.n
» lgl bldc_scalar_variables_config.c
. - >l in.
VADC Zero-crossing 16 | Variable (motor speed 1 . BLDC SCALAR SLXMCL3 uCPrabesox
dependent) 5| BLDC_SCALAR_SL_XMC13_UserGuide.chm

= linker_script.Id
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Software Overview — Example Configuration

>

BLDC_SCALAR_SL_XMC13_uCProbe

Drive 3-phase Maxon's BLDC motor using XMC1000 motor

control application kit

KIT_XMC1X_AK_MOTOR_001

Control Scheme

BLDC_SCALAR_SPEED_CTRL

PWM Modulation BLDC_SCALAR_PWM_HIGHSIDE

PWM frequency (Hz) 20000
Speed (rpm) 2000
Ramp up/down rate 500

Protection Over-current protection with direct DC link current measurement

Performance Matrix

Execution Time (us)

Code size (kbytes)

Control loop ISR

9.2

Maotor state machine

5.8

BEMF zero cross ISR

14.2

13.976

Default configuration: Execution Time and Code Size
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Hardware Overview — Application Kit Package

» Infineon’s XMC1000 Motor Control Application Kit

XMC1300 CPU Card MCU board with XMC1300 and detachable SEGGER J-Link
debug interface
PMSM Low Voltage 15W 12 - 24V
Motor Card Up to 3A
On board 3-phase motor (24V, 15W) with hall sensors
Accessories Power Supply Adaptor (24V, 1A)

Micro USB connector (1x)
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Hardware Overview — XMC1300 CPU Card

» XMC1300 CPU Card

Detachable )
COM and SEGGER XMC1300 Evaluation
i Board
J-Link Debugger JP101 JP102
Micro USB User LEDs
Power 43 A ®y
supply " 4 OO0 P25 QJ P2.2 O Q P23
sels;tor O O P22 P28 O P24 W
XMC1300 OO P2Ss PR.14 O PB.15
Q0O P21 PE.12 PR.13
<@ O VDD P8.19 Pe.11
Power on
LED it s

Applicaton
card
connector

P4.5 5 P1.4 Pe.8 Po.9
p1, P1.2 USSP UDDP
P11 ) P10 PR.6 O O PR
= Pe.8 OO pea Pe.4 0 PR.S

O O n.c. ne. ' 00 P83 W
1y i/ X0 CPU- 13m-V1 S

Potentiometer JP103 XMC1300 1JP104
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Hardware Overview — Motor Card

» PMSM Low Voltage 15W Motor Card

10/11/2016

SAMTEC
Connector

Emitter
Shunt

Shunt
Amplifier

Motor

Power Stage Gate connector

Driver

Power

Power LED

Power

15V LDO

External Motor Hall

Connector

Connector

Power Plug
12V - 24V
Power 5V LDO for
Hall Sensors
Encoder
Connector

PMSM Motor

Mounting
EncoderLine
Receiver

Encoder
Enable LED
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Hardware Overview — Kit Order information

mw Kit Description Order Number

KIT_XMC1x_AK_Motor_001 XMC1000 Motor KIT_XMC1x_AK_Motor_001
Control Application Kit

10/11/2016 Copyright © Infineon Technologies AG 2016. All rights reserved.
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Tools Overview
» DAVE™ (V4.2.6 onwards)

— Download DAVE™ installer package from
http://www.infineon.com/dave
— Download and unzip the installer package

DAVE™ g Free Eclipse based integrated development environment (IDE) including GNU C-compiler, debugger, comprehensive
code repository, hardware resource management, and code generation plug-in.
Download A complete download package is provided, including IDE, XMC™ Lib, DAVE™ APPs, EXAMPLES, and DAVE™ SDK.

DAVE™ Release Note

» MC/Probe™ XMC™ (v4.0.16.54 onwards) for Infineon industrial
microcontrollers powered by Micrium®

» Download from uC/Probe™ XMC™ from DAVE home page

https://infineoncommunity.com/uC-Probe-XMC-software-download ID712

10/11/2016 Copyright © Infineon Technologies AG 2016. All rights reserved.
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Getting Started - (infineon
Connecting the Board

1. Connect XMC1300 CPU Card to PMSM Low Voltage 15W Motor
Card using SAMTEC connector interface

2. Connect XMC1300 CPU Card to PC via Micro USB cable
3. Connect power adaptor to PMSM Low Voltage 15W Motor Card

Micro USB

R O

i B

L R
- R
.

é SAMTEC Connector
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Getting Started - (infineon
Setting up the Board

1. Check the SWD/SPD and SWCLK on the dip switch are set to "ON"”
position : »

E . select “BMI Set Get” ~® to check BMI is set to

DAVE-425

2. Open DAVE™
SWDO mode

& BMI Get Set et ]
Segger ']
Detected BMI Value: BMI Selection:
User Mode (Debug) SWD0 lSEIect ']

Get BMI Set BMI

Info:
Ensure you have installed latest SEGGER™ driver.
+ This BMI feature is only applicable to the XMC1000 family and only works with J-Link XMC4200 OBD

10/11/2016 Copyright © Infineon Technologies AG 2016. All rights reserved.



Getting Started -

Download Project from DAVE [1/2]

1. Open DAVE™ ﬂ

DAVE-42L6

2. Install example project from DAVE:

- Help - Install DAVE APP/Example/Device Library...

DAVE Window |Help
'@ v 35 v 4 @ Help Contents
%' Search
Dynamic Help

Key Assist...
Tips and Tricks...
DAVE™ Forum
DAVE™ News

Send Feedback Mail

Cheat Sheets..,

Ctrl+Shift+L

10/11/2016

rg

Install DAVE APP/Example/Device Library...

(BRI

¢

Check for DAVE APP Updates
Uninstall DAVE APP/Example/Device Library...

Check for Updates
Install New Software...
Installation Details

About DAVE™

Copyright © Infineon Technologies AG 2016. All rights reserved.
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Getting Started - infineon
Download Project from DAVE [2/2]

i

3. In the opened dialog “"Dave Site”:

— In Option “*Work With:”, select "DAVE Project Library Manager”
— In “Libraries”, select the project "BLDC_SCALAR_SL_XMC13_uCProbe”

Dave Site

Work with : DAVE Project Library Manager

Find more library by working with the Library Update Site

Librari i i i
o _ It is available at 2 locations.
Enter the keywords to filter :
Name Version Path .
+ [ | xeacaono [#1] Boards and Kits 2
‘S;TI:SCE-ZSOK;SOIW Control Application Kit XMClOOO MOtor ContrOI Appllcatlon Klt
> I:‘ Digital Power Explorer Kit
4 XMCIDDD Motor Control Application Kit H
I:‘ BLDC_SCALAR_HALL_XMC13_uCProbe 1.00 http://dave.infineon.com/Libraries/Examples/XMC_IFX/v4... [#2] XMClOOO é XMC:LSOO Serles é )
|| BLDC_SCALAR,_SL XMC13 100 http://dave.nfineon.comyLibraries/Examples/XMC_IFX/VA... DAVE v4 Example Projects with XMC Lib =2 Motor
[ BLDC_SCALAR_SL_XMC13_uCProbe ] 1.00 http://dave.infineon.com/Libraries/Examples/XMC_IFX/v4... C t I
» [ ] Xmc1000 ontro

4. Select “Yes” to import the example project in workspace

"‘-.I Would you like to import example projects into workspace?

10/11/2016 Copyright © Infineon Technologies AG 2016. All rights reserved.



Getting Started - Infineon
Configure the Project [1/6] (leen

Folder: Configuration
File name: bldc_scalar_user_config.h

1. Select the Motor Control Kit and BLDC motor

114< /='<=<=<=<=<=<=<=<=<=<=<=<=<=<=<=<=<=<=<=<=<=<=<=<=<=<=<=<=<=<=<=<=<=<=<=<=<=<=<=<=<=<=<=<=<=<=<=<=<=<=<=<=<=<=<=<=<=<=<=<=<=<=<=<=<=<=<=<=<=<=<=<=<=<=<=<=<=<=<=<=<=<=<=<=<=<=<=<=<=<=<=<=<=<=<=<=<=<=<=<=<=<=<=<=<=<=<=<=<=<=<=<=<=<=<=<=<

115 * Motor and power board selection

117 /* Board and motor selection */

118= /**

119 * Motor control kit

120 * Options - KIT XMC1X_AK MOTOR 001, KIT XMC756WATT MC_AK V1, KIT CUSTOM

121 */

122 #define MOTOR® BLDC_SCALAR_BOARD (KIT XMC1X_AK_MOTOR_0801)
1236 /**

124 * BLDC motor

125 * Options - MOTOR_EC MAXOM 267121, MOTOR_CUSTOM

126 */

127 #define MOTOR@ BLDC SCALAR_MOTOR (MOTOR_EC_MAXON_267121)

129 /* Motor Parameters */
130 #if (MOTOR® _BLDC_SCALAR_MOTOR == MOTOR_EC_MAXOM_267121)

131 #define MOTOR@_BLDC_SCALAR_MOTOR_NO_LOAD_SPEED (4530U)  /*1< No load speed of the motor in RPM */
132 #define MOTORG_BLDC_SCALAR_MOTOR_POLE_PAIRS (4U) /*1< Pole pairs */

133

134 #elif (MOTOR®_BLDC_SCALAR MOTOR == MOTOR_CUSTOM)

135 #define MOTOR@_BLDC_SCALAR_MOTOR_NO_LOAD_SPEED (6200U) /*1< No load speed of the motor in RPM */
136 #define MOTOR@_BLDC_SCALAR_MOTOR_POLE_PAIRS (4u) /*1< Pole pairs */

137 #endif

10/11/2016 Copyright © Infineon Technologies AG 2016. All rights reserved.



Getting Started - infineon
Configure the Project [2/6] (e

Folder: Configuration
File name: bldc_scalar_user_config.h

2. Select the Control Scheme and PWM Modulation Scheme

P3G JHRRERR AR RO AR HRORR A KRR 3 A R KR 3 O R R R 3 RO 3 ROR K 3 A KR K ORI R 3 R R K RO R R OROR KK 3 R KR K
148 * Control scheme configurations

141 FERERERRRRROERER OO R OO R RO RO R OO R OO R R RO R RO R R KRR R KRR R KRR R KRR R R KRR
142 fresecoocooooksssk Contpol & PWM Modulation Scheme —#¥esssssskkiksnkrmnnriksk /

1432 [**

144  * Control scheme selection:

145 * Options - BLDC_SCALAR_VOLTAGE_CTRL, BLDC_SCALAR_SPEED CTRL, BLDC_SCALAR_CURRENT_CTRL, BLDC_SCALAR_SPEEDCURRENT CTRL
146  */

147 #define MOTOR®_BLDC_SCALAR_CTRL_SCHEME (BLDC_SCALAR_SPEED_CTRL)

148 J*%

149  * PWM modulation scheme selection:

150 * Options - BLDC_SCALAR_PWM_HIGHSIDE, BLDC_SCALAR_PWM_LOWSIDE, BLDC_SCALAR_PWM_HIGHSIDE_SYNCHRECTI

5T *7

152 #define MOTORO_BLDC_SCALAR_MODULATION (BLDC_SCALAR_PWM_HIGHSIDE)

153

J_Sd_— [************************* PL‘JH Fr'equen[y and SCheduler‘ SEttingS *****-i“::********#1#:#*#*#*#******************/

155 /* CPU clock (mclk) is configured to 32MHz and CCU peripheral clock(pclk) to 64 MHz (double clock) */

156 /*% PWM switching frequency. Range: 1008 to 108000 Hz*/

157 #define MOTOR®_BLDC_SCALAR_PWM_FREQ (26000 .0F)
158 /*#* Scheduler interrupt period. Range: 1000 to 10000 us*/ N s E——
159 #define  MOTORO_BLDC_SCALAR_SYSTICK_PERIOD (1666.0F) S . ' 2 ! ’ = !
Control Scheme -Spead Control PR
Pl Conraller
Pranr Y High
Phsa V Los |
ref_speed it Amplitude kel | AU 11
fdbk_speed —j I l—[
T [= High Side -

High side PYWM modulation
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Getting Started -
Configure the Project [3/6]

3. Configure the Power Board

(infineon

Folder: Configuration
File name: bldc_scalar_user_config.h

203 /¥®mmmRoocRRRROOURERXRER Dower board parameters FFRERKRERERERIRRK KRR KRR

294 #if (MOTOR®_BLDC_SCALAR_BOARD == KIT_XMC1X_AK_MOTOR_6@1)

295 /* Power Tnverter parameters */

296 #define
297 #define
298 #define
299 #define

MOTOR@_BLDC_SCALAR_NOMINAL_DC_LINK_VOLT
MOTOR@_BLDC_SCALAR_RISING_DEAD TIME
MOTOR@_BLDC_SCALAR_FALLING_DEAD_TIME
MOTOR@_BLDC_SCALAR_SWITCH_DELAY

(24.0F)
(0.75F)
(0.75F)
(0.75F)

/*1< DC link voltage */

/*1< Dead time for rising edge in uSec*/

/*1< Dead time for falling edge
/*1< Switch delay in uSec*®/

in uSec*/

301 #define
302 #define
303 #define

MOTOR@_BLDC_SCALAR_HS_SWITCH ACTIVE LEVEL
MOTOR@_BLDC_SCALAR_LS_SWITCH_ACTIVE LEVEL
MOTOR@_BLDC_SCALAR_IMVERTER_ENABLE_CONF

(BLDC_SCALAR_ACTIVE_HIGH)
(BLDC_SCALAR_ACTIVE_HIGH)
(BLDC_SCALAR_INV_ACTIVE_HIGH)

[*1< Active level of the high side switch. Optior
[*1< Active level of the low side switch. Option:
/*1< Active level of inverter enable. Options: Bl

305 /* ADC Measurement parameters */

306 #define
307 #define
308 #define
309 #define
310 #define
311 #define

312 /* end of #if (MOTOR®_BLDC_SCALAR_BOARD == KIT_XMC1X_AK_MOTOR_0@1) */

10/11/2016

MOTOR@_BLDC_SCALAR_VADC_REF_VOLTAGE
MOTOR@_BLDC_SCALAR_CURRENT_AMPLIFIER_OFFSET
MOTOR®_BLDC_SCALAR_CURRENT_RSHUNT
MOTOR@_BLDC_SCALAR_CURRENT_AMPLIFIER_GAIN
MOTOR@_BLDC_SCALAR_VOLTAGE_DIVIDER_RATIO
MOTOR®_BLDC_SCALAR_BEMF_DIVIDER_RATIO

(5.08F)
(2.5F)
(50.0F)
(16.4F)
(9.79F)
(9.79F)

/*1< Reference voltage of VADC conversion */

/*1< Amplifier offset voltage
/*1< Current amplifier shunt

/*1< Current amplifier gain
/*1< Voltage divider ratio in
/*1< Voltage divider ratio in

*/
resistor value in mOhms */
*/
% for DC link voltage measurement */
% for phase voltage measurement */

""7 PWM Period ———————

PWM Timer*

Compare = =——, ————— — — —

value

PWM

Low Side
PWM

Voltage

High Side ;______#_l |
1 : 4

_ i
T

—l.-.i i“- Switch Delay

Copyright © Infineon Technologies AG 2016. All rights reserved.
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Getting Started -

Configure the Project [4/6]

4. Configure the Power Board

(infineon
Folder: Configuration

File name: bldc_scalar_user_config.h

203 [RERRRROCKRERROOURKRRRRNE Power board parameters FEERRROGRRRRROEKRRRRIERROUUREROOUR KRR KOO RROOR RO |
294 #if (MOTOR@ _BLDC SCALAR BOARD == KIT_XMC1X_AK MOTOR_@@1)

295 /* Power Inverter parameters */

296 #define MOTOR® BLDC_SCALAR_NOMINAL DC_LINK VOLT (

297 #define MOTOR® BLDC_SCALAR_RISING DEAD TIME (

298 #define MOTOR® BLDC_SCALAR_FALLING_DEAD TIME (9.75F)
299 #define MOTOR@_BLDC_SCALAR_SWITCH_DELAY (

301 #define  MOTOR@_BLDC_SCALAR_HS_SWITCH_ACTIVE_LEVEL
302 #define  MOTOR@_BLDC_SCALAR_LS_SWITCH_ACTIVE_LEVEL
302 #define  MOTOR@_BLDC_SCALAR_INVERTER_EMNABLE_CONF

305 /* ADC Measurement parameters */

24.0F)
0.75F)

/*1< DC link voltage */
/*1< Dead time for rising edge in uSec*/
/*1< Dead time for falling edge in uSec*/

8.75F) /*1< Switch delay in uSec*/
(BLDC_SCALAR_ACTIVE HIGH) /*1< Active level of the high side switch. Optior
(BLDC_SCALAR_ACTIVE HIGH) /*1< Active level of the low side switch. Option

(BLDC_SCALAR_INV ACTIVE HIGH) /*!< Active level of inverter enable. Options: Bl

306 #define  MOTOR® BLDC SCALAR VADC REF VOLTAGE (5.0F) /*1< Reference voltage of VADC conversion */

307 #define  MOTOR® BLDC SCALAR _CURRENT AMPLIFIER OFFSET (2.5F) /*1< Amplifier offset voltage */

308 #define  MOTOR® BLDC SCALAR_CURRENT RSHUNT (50.0F) /*!< Current amplifier shunt resistor value in mOhms */

309 #define MOTOR@ BLDC_SCALAR CURRENT AMPLIFIER GAIN (16.4F) /*1< Current amplifier gain */

310 #define  MOTOR® BLDC SCALAR_VOLTAGE DIVIDER_RATIO (9.79F) /*1< Voltage divider ratio in % for DC link voltage measurement */|
311 #define  MOTOR® BLDC SCALAR BEMF DIVIDER RATIO (9.79F) /*1< Voltage divider ratio in % for phase voltage measurement */

312 /* end of #if (MOTOR@_BLDC_SCALAR BOARD == KIT XMC1X_AK_MOTOR @01) */

POWER STAGE AND SHUNTS

10/11/2016

Amplifier Bias
ul Voltage
=
zh N
23 }
& .l"“l' I
A
ey
1l
]
-

DC Link Voltage [Vdc]

Input to ADC
[Idc| Direct)] R1

Input to ADC [Vo]

Input to ADC
[1dclavg)]

R2

R2
Voltage Divider Ratio =

R1+R2
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Getting Started -

Configure the Project [5/6]
5. Configure the startup method

(infineon
Folder: Configuration

File name: bldc_scalar_user_config.h

3730 KRR R AR KK AR K AR K K A AR R R AR SRR KR AR SRR KRR AR KR R AR R K AR K R RS K R R RROK K R AR R R KRR K

374 % INITIAL POSITION CONFIGURATIONS

375 ***#***#***#***#***#***#***#***#***#***#***#***#***#***#***#***#***#***#***#***#***#***#***#***#***#***#***#***#***#/

376 [**

377 * Sensorless startup method selection

378 * Options - BLDC_SCALAR_SL_INDUCTIVE SENSING, BLDC_SCALAR SL_ALIGN

379 */

330 #define MOTOR@ BLDC SCALAR_SL_STARTUP TECHNIQUE (BLDC_SCALAR_SL_INDUCTIVE_SENSING)

2101

332 #if (MOTOR®_BLDC SCALAR SL_STARTUP_TECHNIQUE —= BLDC_SCALAR_SL_INDUCTIVE SENSING)

383~ #define MOTOR® BLDC_SCALAR SL_TMND SENSE_PATTERN_ONTIME (8.2F) /*1< CCU8 pulse width in mSec. Phase patterns are energized in
384 sequence for this time. Range: 0.0005 to 32 mSec */

385 #define MOTOR@_BLDC_SCALAR_SL_TWND_SEMSE_CURRENT_DECAY TIME (0.2F) /*1< Time in mSec for current to decay after pulse is applied. Range: 0.0005

6. Configure the Inductive Sensing configuration (refer to DAVE
help file -> BLDC_SCALAR_SL_XMC13.chm)

395—/***#***#***#***#***#***#***#***#***#***#***#***#***#***#***#***#***#***#***#***#***#***#***#***#***#***#***#***#***#*

396 * STARTUP COMWFIGURATIONS

397 ***#***#***#***#***#***#***#***#***#***#***#***#***#***#***#***#***#***#***#***#***#***#***#***#***#***#***#***#***#/

398- #define MOTOR@_BLDC_SCALAR_SL_STARTUP_MIN_AMPLITUDE (10.8F) S*1< in %. Minimum Duty cycle to be applied for sensorless startup.

399 Duty cycle is then controlled by current control loop.

400 Range: 0.1 to 10 */

4071~ #define MOTOR@_BLDC_SCALAR_SL_FIRST_KICK_TIME (4.0F) /*1< First kick time in mSec. Phase pattern corresponding to identified pq
402 is energized for this time.

403 Min Range: 1/MOTOR@ BLDC_SCALAR_PWM_FREQ */

404

405~ #define MOTOR® BLDC SCALAR_SL TR _PHASE ENERGIZATION TIME (0.8F) /*1< in mSec. Phases are energized in sequence for this time

406 during transition state from first kick to closed loop.

407 Min Range: 1/MOTOR@ BLDC_ SCALAR_PWM_FREQ */

408~ #define MOTOR® BLDC SCALAR_SL_TR_CURRENT_DECAY TIME (0.8F) /*1< in mSec. Wait time for current to decay.

4089 Min Range: 1/MOTOR@ BLDC_SCALAR_PWM_FREQ */

410

411¢ #define MOTOR® BLDC_SCALAR_SL MIN BEMF_VOLTAGE (2.0F) /*¥1< in % with respect to MOTOR® BLDC_SCALAR MOMIMAL DC_LINK VOLT

412 if measured BEMF voltage is less than this voltage during startup, pos
413 #define MOTOR@_BLDC_ SCALAR SL TRANSITION BEMF_VOLTAGE (10.9F) /*1< in % with respect to MOTOR@_BLDC_ SCALAR MNOMINAL DC_LINK_VOLT

414 Motor switches to closed loop when measured BEMF voltage is greater th|
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Configure the Project [6/6]
Folder: Configuration

/. Conﬁgure the ADC Trigger File name: bldc_scalar_user_config.h

445 #define MOTOR® BLDC_SCALAR_SL_BEMF_TRIGGER (BLDC_SCALAR_SL_BEMF_SINGLE_TRIGGER)

446

447

448~ #define MOTOR@_BLDC_SCALAR_SL_BEMF_TRIGGER_OFFSET (@.5F) /*1< BEMF measurement trigger time in uSec. BEMF is measured at

449 (End of PWM ON time - configured time).

450 This time should be greater than sampling time of VADC (0.1 uSec) */

Current Trigger Offset

PWM Timer (Phase V)

@«

ADC Trigger for current measurement

8. Get more detail information from the
BLDC_ SCALAR_SL XMC13 UserGuide.chm

a5 BLDC_SCALAR_SL_XMC13_UCPrDbe [ Active - Debug ] [ BLDC_SCALAR SLXMC13 el 5 %

P 3] x & o
s ﬁb Binaries H\da/[acala S?p Rath H@e Font pﬁn Opions
NP7
» @ Includes *(nfineon. BLDC_SCALAR_SL_XMC13 100
- - || X Modulos | Data Structures | Files

» (= Configuration ‘ e
BLDC_SCALAR_SL_XMC13

» (= ControlModule

- = Debug Introduction
4 document provides al relevat formaton and deai f help ser o confgure BLOC scala sensr s agortm

. s per he end appication necds on Ineon's XHGAZ0x micro-<ontolers plaorm. 5LOC scala senso-ess control

& Interrupts cxample sotare i offere s smpl main project i DAVE IDE” Tis example project consists of & phase BL0C

. . Mot coirol rlated aigorithm sftware, primariy targete end appicatons are fans, pumps, power ool and ¢ bike
= Libraries Segment. This exarmple prject wi provade igh evel o coniurabiy an modulay o address Gferet segmerts.

(= MCUInit Sensor-less BLDC Motor Control
BLDC sensor-fess aigorthmis developed for &-phase BLDC motors control using Trapezoidalor 120 degree block

= MidSys commutaton schemes. The commitaton cherme denves he olor posiion based on back-&mf Sensing of un-energized
phase using ADC zeo<rossingdetectn

= Star‘tup Features
= uCProbe
[€ bldc_scalar_user_interface.c

Contol Sehemes - Openoop . speed control curent pecd nner curentcontl
e High side moduiatn, Pigh i with synchronous rectfication
Back-emf zero crossing detection with Vdc by-two threshold using ADC boundary checking.

Molor Startup from standstil Support Inductive Positon Detectionor Alg/go fr smoot sar

i olr Ramp-up fom standstil Provde cosed oap cutent conol, fo s excation patten (o et fastest
[W bldc_scalar_user_interface.h accelraton) and aso orsubsecent excation patems auring amp-up.

- - - 6. Motor Ramp-up from spinning motor- Back-emf detection utilizing adc-on-chip gain to detect slowest speed for

[£ bldc_scalar_variables_config.c e e rampup

Protection - Over-current, Short circuit, Under/Over voltage and ctrap with MCU HW features, Stall protection,

@ main.c Low speed measurement - Able 10 detects very low motor speed using floating pre-scaler feature of CCU4
. peripheral

Enhanced Current Measurement - Configurable low pass filter, ADC on chip gain, Demagnetization spike

BLDC_SCALAR SL_XMC13 uCProbewspx s
BLDC_SCALAR_SL_XMC13_UserGuide.chm I

linker scri p.t Id J|| e folowing 32-Bit Industral Microcontrolers based on ARM Cortex are supported

(I

[iE

pp! devices and

i
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Getting Started - infineon
Code added to support uCProbe [1/3] (leen

Folder: -

1. Initialize the uCProbe before starting File name: main.c

motor

88-int main(void)

89 {

90 /* Initialization */

91  Motor@ BLDC_SCALAR Init();

92

93  Motor® BLDC_SCALAR_Flash_Var_Init();

94

95

96 #if (MOTOR@ BLDC_SCALAR CTRL_UCPROBE ENABLE == 1)

97 Motor® BLDC_ SCALAR_uCProbe Init();

98 #endif

99

100 /* Start the motor */

181 Motor®_BLDC_SCALAR_MotorStart();

102

103

184 /* Placeholder for user application code. The while loop below can be replaced with user application code. */

105  while (1U)

106 {

1087

108 1}

109

118 }

10/11/2016 Copyright © Infineon Technologies AG 2016. All rights reserved.



Getting Started - infineon
Code added to support uCProbe [2/3] (fheon

Folder: Interrupts

File name:
bldc_scalar_sl state_machine.c

2. Added uCProbe scheduler in motor
state machine

»  Motor control state machine is called
on each Systick Interrupt

1460- void SysTick_Handler(void)

141 {
142 | o Coll motor comtral riote machine %/ > UCProbe Scheduler is called on each
1 otoré_| _ _ 3 H
124 } scheduler tick
145
1465 [**
147| * @}
48| */ 187 case BLDC SCALAR MSM_START:
1498 /=% 188 Motor@ BLDC_SCALAR_MSM_START Func();
156 * @} 189 break;
1%/ 190
152 ) _ 191 case BLDC SCALAR MSM_STOP:
_:i ?AM_ATTRIBUTE void Motor@_BLDC_SCALAR_MSM(void) 195 Motor® BLDC_SCALAR MotorStop();
- 193 break;
155 switch (Motor® BLDC_SCALAR.msm_state) 94
156 { o
195 default:
157 case BLDC SCALAR MSM NORMAL OPERATION: o eb::ak_
158 Motor@ BLDC_SCALAR MSM_NORMAL_OPERATION Func(); 10 ;
_23 break; :98 y
- 199
161 case BLDC SCALAR MSM IDLE: 268 | i (Motor® BLDC SCALAR tatus 1- BU
162 Motor@ BLDC_SCALAR_MSM_IDLE Func(); il B (Motor@ BLDC_ -error_status != @U)
163 break; f'aj {
164 202 Motor@ BLDC_SCALAR.msm_state = BLDC SCALAR_MSM_ERROR;
165 case BLDC_SCALAR_MSM_MOTOR_STATE IDENTIFICATION: 203}
166 Motor@_BLDC_SCALAR_MSM_MOTOR_STATE_TIDENTIFICATION_Func(); 204 #if (MOTOR@_BLDC SCALAR_CTRL UCPROBE_ENABLE == 1)
167 break; 205 Motor®_BLDC_SCALAR_uCProbe_Scheduler();
206 #endif
207 }
208

10/11/2016 Copyright © Infineon Technologies AG 2016. All rights reserved.



Getting Started -
Code added to support uCProbe [3/3]

Folder: uCProbe
File name: ucProbe.c

(infineon

3. Added uCProbe scheduler in motor
state machine

73 #if ((MOTOR@_BLDC_SCALAR_CTRL_UCPROBE_EMABLE==1}))
74 /*UCproBE scheduler function to handle ucprobe comments from UL */

75 . : .
;6 ;:!Dld Motor@_BLDC_SCALAR_uCProbe_Scheduler(void) ) uCProbe Scheduler rOUtlne su pport
77 switch(Motor® BLDC_SCALAR_ucprobe.control_word)
| control code to control the motor
79 case 1: /* Start the motor */
80 Motor® BLDC_SCALAR_ucprobe.control_word=0; P R ———
81 Motor®_BLDC_SCALAR_MotorStart(); WK min
Q7 . P sctting 1 satting SCALEKPKI arror uk 16383
82 break; Spced Pl Cantrol 20972 2 15 [ o [ 9] uk_min
83 16383
84 case 2: /*Stop the motor*/
85 Motor® BLDC_SCALAR_ucprobe.control_word=0; (EEEEEEE" BE Link Voltage Motor Stat nn”:::::ma“
86 Motor® BLDC_SCALAR MotorStop(); — n = eI LLL
87 break; 9 Torast o
88 A00% 100% Max. Speed
89 case 3: /*Clear Error state*/ rri o R,EZT,E::: “T
99 Motor® BLDC_SCALAR_ucprobe.control_word=0;
1 Motor® BLDC_SCALAR_ClearErrorState(); e o, T I“ N _l cTRAP  ERROR
break: T— atorStop ange Birection P
case 4: f,':kclear. 'Flash and load dE'FLlalt value into .Flash*f,' 5mu|=nu~aLmenmmrlun_| ||_,,¢M,..|(u,|m, — |an;HallPannm. Pl values and motor direction variables are saved in Flash

WD WD WD WD WD WD WD WD
[ " B [ A I W B S W N

10/11/2016

Motor® BLDC_SCALAR_ucprobe.control_word=0;
Motor@_ BLDC_SCALAR_ucprobe.user_config[@] =0;
Motor® BLDC_SCALAR_Write Default_value();
Motor® BLDC_SCALAR_uCProbe_Write_Flash();
break;

Copyright © Infineon Technologies AG 2016

. All rights reserved.




Gett|ng Started - iﬁﬁneon
Compile and Verify the project (feon

1. Click “Build Active Project” = ™
2. Click “Debug Configuration” to download the code R v
3. Click "Resume” to start the application

\ Debug - BLDC_SCALAR_SL_XMC13_uCProbe/main.c - DAVE™ - C\MC_Dave432_
File EditSaurce Refactor Navigate Search Window Help

T (S i & i@ O rtEri®m Ay vy Yo

¥ Debug =
4[] BLDC_SCALAR_SL_XMC13_uCProbe Debug [GDB SEGGER J-Link Debugging]
4 % BLDC_SCALAR_SL_XMC13_uCProbe elf
4 Thread #1 <main> (Suspended : Breakpoint)
= main() at main.c:91 0x100031f6
s JLinkGDBServerCLexe
s arm-none-eabi-gdb
sl Semihosting and SWV

lel main.c &2

84 * Control algorithm configurations are in the Configuration/bldc_scalar_user_config.h file.
85 * MCU HW resources configurations are in the Configuration/bldc_scalar_mcuhw_config.h file.

86 *

87

88~ int main(void)

89 {

90 /* Initialization */

» 91  Motor@ BLDC_SCALAR Init();
5]

g2
93  Motor@_BLDC_SCALAR_Flash_Var_Init();
94
95

96 #if (MOTOR@_BLDC_SCALAR_CTRL_UCPROBE_ENABLE == 1)

Observation:
> Motor should ramp to 2000RPM with ramp rate of 500RPM/s
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Getting Started -

Interface with uC/Probe [1/6]

(infineon

» Update of the motor and monitoring motor parameters can be
executed using uC/Probe™ XMC™

1. In "BLDC_SCALAR_SL_XMC13"” example project , open
WC/Probe™ XMC™ project file

4|5 BLDC SCALAR SL_XMC13_uCProbe [ Active - Debug ]

- ¥ Binaries

> m Includes

+ = Configuration

> = ControlModule

+ = Debug

+ = Interrupts

» = Libraries

» = MCUInit

» = MidSys

+ = Startup

> = uCProbe

- € bldc_scalar_user_interface.c
) bldc_scalar_user_interface.h
- [g] bldc_scalar_variables_config.c

[£ mainc

Full Settings Run | Paste

=T
~ @

Infineon
m uC/Probe XMc™ 4.0.16.54

ver. 4.0.
Edition for Infil

Scre
Applic:
s Oscilloscope | BLDC: Voltage Control ~ BLDC : Speed Control | gy DC : Speed Current Cont
# Wiitable Cofst | 500 00 1350 1500 1650 1800 1950 2100 400
% P! 'BLDC Scalar Control based on BEMF sensing
Siic
B v —— -
fF = | serea pi conire ) 9]
8
5
— 5

=l BLDC_SCALAR_SL_XMC13_uCProbe.wspx

=/ BLDC_SCALAR_SL XMC13_UserGuide.chm
=l linker_script.ld

10/11/2016 Copyright © Infineon Technologies AG 2016. All rights reserved.
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Getting Started (infineon
Interface with pC/Probe [2/6]

Oscilloscope BLDC : Voltage Cantrol BLDC : Speed Control BLDC : Speed Current Control BLDC : Current Cantrol BLDC : Sensor less Startup

| ' Fine tune the

BLDC Scalar Control based on BEMF sensing
_uK_min PI Value to get
R | P setting I setting _ SCALEKPKI error 16383 t t
Sheed Pl Control | 20972 2 15 m i optimum motor
: | | -16383 behaviour
.’-—.— DC Link Volt Motor Stat: Error State
< In f| neon u \::: 10.0.0.00.0.0.0 0l0.0.0/0.0.0l0.
Setti T tS d art = Error State Bit Position
ering Targe pee s;a:‘e Il:entification =2 CTrap = 0 > Error State
BootStrap =3 g:: e:tc;rrer_l: j ; M H
-100% 100% Max. Speed RotorPos identification =5 : [;""'V' rage < 6 I nd'cat'on
rpm Ref. Speed DC Link Current Transition = 6 FrI . v'erg . :ge-_'ﬂﬁ
- Normal Operation = 7 ree running mode =
44/ Real Speed RPM 0 068 .\ rror =
44 P Error -8
— CTRAP ERROR
MntorSiartﬂ MotorStop ﬂ Change Direction ‘ - Clear Error |
| Save PI and Stait-up value to Flash 1 Load Default Value 1 ih:lo:::lea:sﬁensorless Start-ug, Pl values and motor direction variables ar¢ saved
| . |
Save the values v %
v into flash Motor state In case of Error

Load the default Indication

) condition, can clear
values into flash

Start, Stop and

change direction of the error .flag ip the
motor by clicking SW by click this
respective buttons button

10/11/2016 Copyright © Infineon Technologies AG 2016. All rights reserved.



Getting Started

infineon

Interface with yC/Probe [3/6]

2. Click the ‘Run’ button

&

9

.-

@

@ Writable Contro

%] Slider

ED:' Horizontal Slic

=o[&E] Custom Slider

> ] LERS

m.| »

Writable Controls

icripm pC/Proby

& Group ~ [3H show/Hide Grid |
2 align - |i"] show/Hide Rulers |

o] Bring Forward ~

infineon

[ Send Backward ~

Full  Setti [ icri

Fomm D Paste X B2+ OlQ Punts - RozoomFactor - Micrium pC/Probe XMC™ ver. 4.0.16.54
Application Clipboard Arrange Professional Edition for Infineon

Toolbox o o

" BLDC: Speed Control |/ BLDC : Speed Current Control ( BLDC : Current Control I/ BLDC : Sensorless Startup ] = | e
Eﬁ Screens m Tools ™

_/ Oscilloscope I/ BLDC : Voltage Control

b

150 |300 450 |600 750 IQDD 1050 1200 1350 |1500 1650 ‘1800 1950 |2100 l2250 ‘2400 l2550 |27DO IZSSO |3000 EISO |3300 l3450 |3600 E?SO |3900 L'J-DSO |4200 LlJES:

i BLDC Scalar Contrel based on BEMF sensing | A E‘-D BLDC_SCALAR_SL_XMC13
uK_min
= &] BLDC : Violtage Contre
P setting 1 setting SCALEKPKI error ukK 16383_ ’_] 9
Sweed PI Contrel | 20972: 2 1 5: ‘ ‘ uK_min ! [08] BLDC : Speed Control
N ' ’ -16383 [0&) BLDC: Current Contre
Error State ’ﬁ] BLDC : Speed Current

DC Link Veltage Meter State

00008008 000000000
-7 b m """
. e
Errer State Bit Pesitien

[0&] BLDC:

Sensorless Star

( iﬁ—ﬁneon .

b4 | FePR

/I!

(4

=

Angular Gauges

Linear Gauges

Charts

MNumeric Indicators

Miscellaneous

Advanced

A4

Symbol Browser

Setting Target Speed

Start= 1
State ldentifieation = 2
BootStrap = 3

cTrap=0
Over Current =1
Short Circuit = 2

E Oscilloscope

-100% 100% Max. Speed dentification =
P“ Ref. Soecd RotorPos identification =8 |\ . 000, veltage = 6
RPM pe DC Link Current Transitien = 6 A
= Mermal Operatien = 7 Free running mode = 7/8
44% Real Speed m a Errorz &
Idle =9 < = S
CTRAP ERROR Infineon XMC Famil
. ] o —_— ¥
MotorStart MotorStop Change Direction Clear Errer . .
&/ @ XMC1000 () XMC4000

Save Pl and Start-up value te Flash | o Default Value — Nete : Sensartess Startup, Pl values and meter sirection variables are saved

0081'0591 OUSI‘U%EI OOZI|USUI 006 OSL‘ 009 OSI?' 00 OSI‘

ELF [ £ cor H

£ csr HE‘ MQTF‘

Max FFFFFFFF

earch by Data Type @ Iz RAM Range Min 0

> | = x BLDC_SCALAR_SL_XMC13_uCProbe.clf

10/11/2016

Name Type Size Size Filtered Memory Address

N/A 9,770 9,770 N/A
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Interface with uC/Probe [4/6]

Go to Tab: Sensorless Startup. This is to find the rotor position

3.

4.

10/11/2016

when the rotor is in a standstill position

Set the pulse width and current decay time to 0.2ms

(infineon.

Once rotor position is determined, it will transit to closed loop

control

Select “"Save to Flash” to save the inductive sensing parameter

into the Flash.

Oscilloscope BLDC : Voltage Control BLDC : Speed Control

BLDC : Speed Current Control

BLDC : Current Control

BLDC : Sensorless Startup

Pulse Width [ 0.200| ms

Current Decay Time 0.200| ms

Rotor Position Identification - Inductive Sensing

]
MotorStart MotorStop

ERROR
Change Direction

BLDC Scalar Control based on BEMF sensing

Transition to Close Loop

Minimum Amplitude

F

P

Cul

C
Ti
B

irst Kick Time

hase Energization Time

rrent Set value

urrent Decay Time

10.0 o

T 4.000] ms
. 0.800] ms
L 134w
. 0.800| ms

ransition Bemf Voltage 10.0 %

raking Voltage

50.0| %

Save Pl and Start-up value to Flash

Load Default Value

—

Rotor Position Identification -Inductive Sensing

Transition to Close Loop

< Phase Energization Time

Note :Fast kick time should be more then one commutation time

Refer user document (BLDC_SCALAR_SL_XMC13.chm)

for parame ter fine tunnin g

Copyright © Infineon Technologies AG 2016. All rights reserved.
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(infineon.

Interface with uC/Probe [5/6]
7. In the tab "BLDC: Speed Control”, select the various widgets to

control the motor
— Start/ Stop control

— PI tuning and monitoring
BLDC : Voltage Control IBLDC:Speed Control I BLDC : Speed Current Contral

Oscilloscope

BLDC : Current Control

BLDC : Sensorl less Startup

P setting 1 setting

Speed Pl Control 20972 2

(infineon_

Setting Target Speed

-100% 100% Max. Speed

RPM Ref. Speed

Real Speed

a4l%

1999y
2004 10g

Change Direction

MotorStart MotorStop

SCALEKPKI
15

CTRAP

DC Link Curren t

[ 0.011 ]

Save Pl and Start-up value to Flash Load Default Value

-

10/11/2016

BLDC Scalar Control based on BEMF sensing

.uK_min .
error ukK 16383
31 [ 8613] K min
. -16383
Error State

DC Link Voltage Motor State
B ver ©000000000000000
Start = 1 Error State Bit Position

CTrap=0

State Identification = 2 Over Current = 1

BootStrap = 3

RotorPos identification = 5
Transition = 6

Normal Operation =7
Error=8

Idle=9

Short Circuit = 2
Under/ Over Voltage = 6
Free running mode = 7/8

ERROR

Clear Error

Note : Sensorless Start-up, Pl values and motor direction variables are saved
in Flash

> Possible to save PI values, startup values into Flash

Copyright © Infineon Technologies AG 2016. All rights reserved.
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Interface with uC/Probe [6/6]

8.

RF

probe.motor_speed

g
3
E
=
(s}
m\
9
(=]
=1
@
S
]
R

1,867.0000

Scope Settings

Ch Ch En
I 1 o
[
10/11/2016

File Home

BLDC : Voltage Centrol BLDC : Speed Control BLDC : Speed Current Control BLDC : Current Control BLDC : Senserless Startup

52,500.00 ps 105,000.00 ps 157,500.00 s 210,000.00 ps 262,500.00 ps 315,000.00 ps

Trigger Position

Symbol Label Type Max / Min Trig Level  Trig Sel Bit En Bit # Gain Offset Status
2,088 & Triggered n
Motor0_BLDC_SCALAR INT325 1914 1,998 (@ 1.0000 0.0000
NON 0 Scope Mode
o Stop
NONE o
NON ° Continuous
NONE o Single Trig
o
® ) Triggered
Trigger

@) Positive Slope
Negative Slope

Hold Off
( #Samples )

Copyright © Infineon Technologies AG 2016. All rights reserved.

sampling
Sampling Clock
Divider 21

sampling Clock (Hz)
20,000

Sampling Rate (Hz)

952

Samples Per Channel

500

Total Time
525,000.00 ps

e s ms 5

420,000.00 ps

infineon

Click on the “Oscilloscope” tab for monitoring motor control
parameters -> e.g. speed of rotation in rpm

47250000 ps

Ready

Tools

Set Single Scale

Set Multiple Scales

Reset Pan And Zoom

Set Trig Pos 50%

Set Trig Level 50%

Reset Statistics



(infineon.

General Information (1/2)

» Where to buy kits:

Development Boards Order Number

XMC1300 Boot Kit KIT XMC13 BOOT 001

PMSM Low Voltage
15W Card

KIT XMC1x AK Motor 001

10/11/2016 Copyright © Infineon Technologies AG 2016. All rights reserved.


http://ehitex.com/evaluation-boards/infineon/458/xmc1300-boot-kit-kit_xmc13_boot_001?c=154
http://ehitex.com/application-kits/infineon/461/xmc1000-motor-control-application-kit?c=86

(infineon

General Information (2/2)

> For latest updates, please refer to:

http://www.infineon.com/xmc1000

» DAVE™ development platform:

http://www.infineon.com/DAVE

» For support:

http://www.infineonforums.com/forums/8-XMC-Forum

10/11/2016 Copyright © Infineon Technologies AG 2016. All rights reserved.
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References : Help Content

infineon

» Example SW user guide as chm format is part of this example

4 |(=5 BLDC_SCALAR_SL_XMC13_uCProbe [ Active - Debug |

SW

- #% Binaries

»

¥ Includes

= Configuration

= ControlMaodule

= Debug

= Interrupts

= Libraries

= MCUInit

= MidSys

= Startup

= uCProbe

[€l bldc_scalar user interface.c
[bl bldc_scalar user interface.h
[¢] blde_scalar_variables_config.c
£ main.c

= BLDC_SCALAR_SL_XMC13_uCProbe.wspx

BLDC _SCALAR_SL XMC13_UserGuide.chm

linker_script.Id

10/11/2016

EQ BLDC_SCALAR_SL_XMC13

==l 1

[+

© AT sigd
Hide Locate Stop  Refresh Home Font Print  Options

infineon BLDC_SCALAR_SL_XMC13 100

Modules | Data Structures | Files

BLDC_SCALAR_SL_XMC13

Introduction

This document provides all relevant information and details to help user to configure BLDC scalar sensor-less algorithm
as per their end application needs on Infineon's XMC130x micro-controllers platform. BLDC scalar sensor-less control
example software is offered as "simple main project in DAVE IDE". This example project consists of 3-phase BLDC
Motor control related algorithm software, primarily targeted end applications are fans, pumps, power tools and e-bike
segment. This example project will provide high level of configurability and modularity to address different segments.

Sensor-less BLDC Motor Control

BLDC sensor-less algorithm is developed for 3-phase BLDC motors control using Trapezoidal or 120 degree block
commutation schemes. The commutation scheme derives the rotor position based on back-emf sensing of un-energized
phase using ADC zero-crossing detection

Features

1. Control Schemes - Open loop voltage control, speed control, current control and speed inner current control

2. PWM modulation schemes - High side modulation, low side modulation, high side with synchronous rectification

3. Back-emf zero crossing detection with Vde by-two threshold using ADC boundary checking

4. Motor Start-up from standstill: Support Inductive Position Detection or Align/go for smooth start

5. Motor Ramp-up from standstill - Provide closed loop current control, for first excitation pattern (to get fastest
acceleration) and also for subsequent excitation patterns during ramp-up.

. Metor Ramp-up from spinning moter- Back-emf detection utilizing adc-on-chip gain to detect slowest speed for
catch-free ramp-up

. Protection - Over-current, Short circuit, Under/Over voltage and cirap with MCU HW features, Stall protection.

. Low speed measurement - Able to detects very low motor speed using floating pre-scaler feature of CCU4
peripheral

. Enhanced Current Measurement - Configurable low pass filter, ADC on chip gain, Demagnetization spike
blanking for current measurement.

10. DC bus voltage clamping during fast braking
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Supported devices and toolchains

The following 32-Bit Industrial Microcontrollers based on ARM Cortex are supported:
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Glossary Abbreviations

» ADC Analog Digital Converter

» DAVE™ Digital Application Virtual Engineer (rree development 1 for xmc™ )
» PWM Pulse Width Modulation

> SW Software
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Disclaimer

The information given in this training materials is given as a hint for
the implementation of the Infineon Technologies component only and
shall not be regarded as any description or warranty of a certain

functionality, condition or quality of the Infineon Technologies
component.

Infineon Technologies hereby disclaims any and all warranties and
liabilities of any kind (including without limitation warranties of non-
infringement of intellectual property rights of any third party) with
respect to any and all information given in this training material.
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