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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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Overview — PMSM FOC Sensorless SW

This document provides information about usage of PMSM FOC
Sensorless example software on Infineon's XMC1300 series micro-
controllers platform.

PMSM FOC Sensorless control example software is offered as "simple
main project in DAVE™ IDE".

PMSM FOC Sensorless control example project consists of Single
Shunt/three shunt Field Oriented control algorithm software, targeted
end applications are fans, pumps, 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

Re'F—:I:d_'@3_'PI-(:ouIl:jtroller Vd’ Cartesian —»(9 +) 4 | :;-'T‘hezzle
Ref_Speed -1 to Polar -~ " SVM . Voltage
B y |Vref | | Modulator integrated Source
Speed _@ . Iq Vq n Transform ’ o dtime Inverter
3 PI-Controller|+ . Pl-Controller control (vsI)

Ref_Iq v ! Trigger

el ADC Vpc  |ADCs

PLL
. | Observer

—

Legend: Iz I I < Iu

)sw I Park [ I Clarke | [, | Current

(C_Jsw(ug) ?_| Transform A | Transform [* I,, |Galculation 1,2, or 3x

- v i Rshunt
Control Scheme V/F control, V/F to closed loop control, direct constant

speed control, direct constant torque control, direct
constant Vq control

PWM Modulation 7 Segment SVM, Over-modulation,

(Modulator)

Current/Voltage DC voltage compensation, DC bus voltage clamping during
Measurement fast braking
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Software Overview - Key Features

DC bus voltage clamping
Ramping

PI Controller

Startup Algorithm

Protection

Prevent over-voltage during fast braking

S-curve Speed ramping, Linear Speed Ramping
Speed PI anti-windup (local and system), Torque PI
controller, Flux PI controller

Rotor alignment (Direct FOC), Open loop to MET
Over-current

Short circuit

Under/Over voltage
C-trap with MCU hardware features
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Software Overview - Interrupt Service Routines L/

Folder: Interrupts

4 =¥ XMC1302_SensorlessFOC_Lib DAVE414 | Activ
g e
Interrupt Subroutines| NVIC _— i, Binaries
(ISR) node Interval Priority | Eg%;krclhlges
i [ Includes
7= Debu
VADC VADC_Source_IRQHandler 18 Asynchronous 0 g Lihra,?es
4 (= PMSM_FOC
» = Cenfiguration

Peripheral

CCcus CTRAP 26 Asynchronous 0

+ = ControlMaodules
» &= FOCLib
a = Interrupts

CCcus One match event (Phase 25 1/ PWM frequency 2 L
U) |_=:} pmsm_foc_errer_handling.c
- |h] pmsm_foc_error_handling.h
> € pmsm_foc_statemachine.c
> [h] pmsm_foc_staterachine.h
[ pmsm_foc_vadc_isrc
= MCUInit
= MIDSys
I [Z Startup

e

> g pmsm_foc_ctrap_isr.c

s

main.c

& B

pmsm_foc_useninterface.c

&)

g pmsm_foc_variablescoenfig.c
% Eval-M1-1302_05-65D-201605167T.wspx
= linker_script.ld
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Software Overview - Files Structure

Interrupt Service
Routine

Configuration

FOC Lib

ControlModules

MIDSys

MCUInit

XMCLib/ CMSIS

MCU HW Peripherals

Folder/File Structure

main.c

| StateMachine

CTrap ‘ | Error Handling ‘

PMSM_FOC\Interrupts:

pmsm_foc_ctrap_isr.c
+ pmsm_foc_emor_handling.c
« pmsm_foc_statemachine.c
*  Pmam_foc_vadc_isr.c

MCUHW(Config

UserParameters uC Parameters

PMSM_FOC\Configuration:
pmsm_foc_user_mecuhwconfig.h
pmsm_foc_user_parameter.h
pmsm_foc_uCProbe_parameters.h
pmsm_foc_uCProbe_parameters.c
pmsm_foc_features_config.h

PLL_Estimat

PMSM_FOC\FOCLIib:

+ |ibPLL_Estimator.a

Inputs:
SpdRef/gRef, PMSMFOC

leRet, XMC13
Speed,

FOC Funcfion

Ramp_up(), Ramp_down
Direct ILOC Start ¢ Dapl;(n)iwp()p_. 0. tw.
P

PMSM_FOC_Interface API lu,

Angle,
Iv,

)

PWM Duty Cycle:

PMSM_FOC\ControlModules:
«  pmsm_foc_directfoc_startup.c
pmsm_foc_functions.c
pmsm_foc_interface.c

pmsm_foc_pi.c
pmsm_foc_svmsinetable.c
pmsm_foc_torque_ctr.c

pmsm_foc_vg_ctrl.c

MIDSYS:

+  pmsm_foc_current_singleshunt.c
+  pmsm_foc_current_threeshunt.c
+ pmsm_foc_dac_debug.c

»  pmsm_foc_pwmsvm.c

+« pmsm_foc_volt_dcbus.c

Get Position and PWM SVM pmsm_foc_volt_potc
DAC Debug Speed Get Current Update

CLOCKInit \ MATH Init ‘ ‘ GPIO it | ‘ ADC Init | ceusinit | | ... g

+  coudc

*  couSc

J L i L J L l L l il

L L
Libararies:

|C0nfsg SYST!ON\AC| l Config CCU4 ” ,,,,, ‘ | Config ADC | | Config CCU8 | I:l +  CMSIS
XMCLib

+ Newiib

1 1

§ § 1

‘SYSTIC| | NVIC l | coud | |POS\F| | ADC | | cous | ______

Core Peripheral

Analog/Digital/lCommunication
Peripherals

usic
(Optional)
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Software Overview - Example Configuration

Example Name PMSM_FOC_XMC13

Kit Description Drive 3-phase Maxon's motor using XMC1000 motor control
application kit

Part Number KIT_XMC1X_AK_MOTOR_001

Default Configuration in Example Software

Control Scheme VF_MET_FOC

PWM frequency (Hz) 20000
Speed (rpm) 4200
Ramp up/down rate 500

Protection VDC under/over voltage protection, over current protection
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Infineon

i

Hardware Overview - XMC Peripheral usage (1/2)

10

Motor Phase U

Motor Phase V

Motor Phase W

Inverter Enable

DC Link Current

DC Link Voltage

POT

High side driver
Phase U MOSFET

Low side driver
Phase U MOSFET

High side driver
Phase V MOSFET

Low side driver
Phase V MOSFET

High side driver
Phase W MOSFET

Low side driver
Phase W MOSFET

Enable gate driver
I/0 functionality

Amplifier output
for DC link single
shunt

Voltage of DC link
(with voltage
divider)

ADC for
potentiometer

P0.0 / CCU80.0UTO00

P0.1 / CCU80.0UTO1

P0.7 / CCU80.0UT10

P0.6 / CCU80.0UT11

P0.8 / CCU80.0UT20

P0.9 / CCU80.0UT21

PO.11

P2.7 / G1.CH1

P2.3 / G1.CH5

P2.5 / G1/CH7

Active level - LOW

Active LOW

Divider resistors 5.1K/(5.1K
+ 47K)
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Hardware Overview - XMC Peripheral usage (2/2)

Amplifier output

for Phase U shunt P29/ (GO.CH2/G1.CH4)

3-Shunt Phase Amplifier output 3-shunt 50 mQ, with Op-Amp
12 [ amplier QUYL P2.10/ (GO.CH3/G1.CH2)  giy
13 Amplifier output — p5 44 /(G0 .CH4/G1.CH3)

for Phase W shunt
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Hardware Overview - Interconnection

Interconnection between CCU8 (SVM PWM generation) with VADC

— To measure shunt currents in each PWM cycle

— CCUS interrupt logic provides flexibility to group several triggers to
one SR line e

r
Vu

Cccus

| 1 | 1 1
Timer Slice CC80 ! | | ! Lo

External [===Le0l__J g = : | | : | : I

erna T eal - _ 1 1 | 1 |

Functions dolbitmes Time '@E_’%—' A | | | | ( [ i
Compare Channel

Timer Slice CC81

= PORTS
Ext . Period Dead
erna — ea
Functions| LSlbiliEimer Time H@E’g »
Compare Channel

i J

y I I | | ! 1 |
1 |
VW ] : : | ]

Timer Slice CC82

Period PORTS 1 ! | | | 1 | t
External — Dead [111] ' [110] ' [100] . [000] i [100] ' [110] ' [111]
. 16 bit timer A —-@@—»%—v i ! | i [ 1 |
Functi Ti l 1 1 | | 1 |
Hnetlon® “Compare Channel ) ' Wl Tod | To2 T2 . To2 1 T2 T22 ! Tol4 |
Conversions Bl I i : : ' ' } | i

NENE
- ADC v
Interrupt Logic T’E ‘ |
request : : } : :
ol J ' 1 : s
! | -lu | l i Dt
| ] I
| ] I
| ] ]

Generate ADC conversion JVT _Iv | , |
triggers synchronized with ;0 I 7
PWM signal WT | |
0 ]

v

FYYY

-Iw
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Hardware Overview — Application Kit Package

> Infineon’s XMC1000 Motor Control Application Kit

om oo

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)

Copyright © Infineon Technologies AG 2016. All rights reserved.
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Hardware Overview — XMC1300 CPU Card

> XMC1300 CPU Card

Detachable
COM and SEGGER XMC1300 Evaluation
i Board
J-Link Debugger IP101 ——
Micro USB User LEDs
Power
supply -
selector =
for Dt-
XMC1300 z.
P2.411
uDD
Power on )
LED

( Iﬁ?inec_q

Applicaton
—— card
connector

P1.4 Pe.e Pe.9
P1.2 USSP < ) UDDP
1 P11 D) P18 Pe.s 0 PR7
W Pe.a OO Pea Pa.+ O C PBS

P82 OO ne. ne. OO0 P83
$ine o s il » CF‘U- 14M-U1 -

T

Potentiometer JP103 XMC1300 1P104
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Hardware Overview — Motor Card

> PMSM Low Voltage 15W Motor Card

Power
sh DC-Link 3V LDO !
- Shunt Power LED ' OWer
Amplifier 7 15V LDO
- ‘ ' Power Plug
= 12V - 24V
SAMTEC = Power 5V LDO for
Connector -g Hall Sensors
§ Encoder
i Connector
a PMSM Motor
Mounting
4 e : Encoderline
" Motor I Receiver
Power Stage Gate
DriverCOnnector External Motor Hall Encoder
Connector Connector EnablelLED
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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

Copyright © Infineon Technologies AG 2016. All rights reserved. -‘



(ﬁﬁneon
Infineon Tools Overview
> DAVE™ (V4.2.6 onwards)

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

DAVE™ E 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

Copyright © Infineon Technologies AG 2016. All rights reserved.
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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

7

Micro USB
Power Adaptor

—E3

6 SAMTEC Connector

Copyright © Infineon Technologies AG 2016. All rights reserved.



Getting Started -
Download Project from DAVE [1/2]

1. Open DAVE™}3;

DAVEAZ6

2. Click on File > Import to import sample code

3. Select Infineon > DAVE project and click "Next”

I! DAVE IDE - DAVE™ - C:\Waorkspaci \WE-4.2\W5_ 03 0.
File | gdit Source Refactor MNavigate Search DAVE Window Help
ew Alt+Shift+N » ETe ol - 4o
Open File...
= g8
Close Ctrl+W =
-
Close Al Ctri+Shift+W =5
ekoWM
Save Ctrl+5
Save As..
Save All Ctrl+Shift+5
Revert > 258pr
Move...
# Rename.. F2
2| Refresh F5

Convert Line Delimiters To
Print...

Switch Workspace
Restart

Ctrl+P

+ [ Active - Dek

L3

o

Import...

=

CRPOrL..
Properties

Exit

Alt+Enter

e

% Import

Select

Select an import source:

type filter text

Y

E=]

= Git
4 = Infineon
=l Build Setting
ki DAVE Project From Local Library Store
= Install
= Plug-in Development
(= Run/Debug
= Team
= XML

—

Cancel
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Import FOC example SW to DAVE™ 4 (2/2)

>

Next click on Select Archive File > Browse.

Gireon

> Select the folder containing the sample code and click "OK".
> Click on “Finish” to import the code into DAVE™ 4.,

& Import DAVE Projects

Import DAVE projects

Select a folder/Archive to search for existing DAVE projects.

© Select Root Directory

® Select Archive File

Browse...

Project List:

Select All
Deselect All

Copy Projects Into Workspace

Cancel

& Import DAVE Projects

':?;' < Back Next > Finish

Import DAVE projects
Import Existing DAVE Projects

Select Root Directory

@ Select Archive File

CAWorkspaces\DAVE-4.2\S_2015_03_02\Bkp\BaseCade_ | By

Project List:

| BaseCode_XM(C1302_SensorlessFOC_DAVE4_WM (BaseCode_XMC1302_Sensc

Copy Projects Into Workspace

Select All
Deselect All
Refresh

Cancel

Copyright © Infineon Technologies AG 2016. All rights reserved.
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Build FOC example SW in DAVE™ 4

> Click "Rebuild Active Project”
& DAVE IDE - DAVE™ - CAWorkspaces\DAVE-4.2\Ws 201503 020

File Edit Mavigate Search DAWVE Window Help
| AE @ @ ot t e v

HE C/C+ + Projects 2 = B8

[T Properties |*| Problems " Search B Console i3 = Progress & Expressions R | i '_\E =4| B~ = 0

CDT Build Console [XMC1302 SensorlessPOC_Lib DAVEAIA]
e e E e

"Inveking: ARM-GCC Print Size'

= \DAVE-4.2.6\eclipse\ARM-GCC-49/bin/arm-none-eabi-size” --format=berkeley "XMC1382_SensorlessFOC_Lib DAVE414.elf™

text data bss dec hex filename

18656 312 1736 12784 31a@ XMC13@2_SensorlessFOC_Lib DAVE414.elf

building: XMC1382_SensorlessFOC_Lib DAVE414.siz’

"Inveking: ARM-GCC Create Listing'
"C:\DAVEVA\DAVE-4.2.6\eclipse \ARM-GCC-49/bin/arm-none-eabi-objdump™ -h -5 "XMC1382_SensorlessFOC_Lib DAVE414.elf" > "XMC1382_SensorlessFOC_Lib DAVE414.1st™
'Finished building: XMC13@2_SensorlessFOC_Lib DAVE414.1st’

11:15:45 Build Finished (took 85.177ms) =

> “text” in red box indicates that code size, e.g.: about 11 Kbytes
with UART feature disabled

Copyright © Infineon Technologies AG 2016. All rights reserved.
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Download FOC example SW in DAVE™ 4

> Click "Debug Configuration” to download the code

File Edit Source Refactor Mavigate Project Search Run DAVE Window Help
A2 e b S E O E‘#I:ff“ &0

Hg C/C++ Projects &2 Project Explore == €] main.c 2

> Click "Resume” to start the motor control application

File Edit Source Refactor MNavigate Search Window Help
\[» B PSS oeD

35 Debug 22

Copyright © Infineon Technologies AG 2016. All rights reserved.



Getting Started -
Configure the Project [1/9]

#ifndef CONFIGURATION PMSM FOC_USER_PARAMETER H_
#define CONFIGURATION PMSM_FOC_USER_PARAMETER H_

#include "pmsm_foc_features_config.h"

Folder: Configuration
File name: pmsm_foc_user_parameter.h

1. Select the KIT_XMC1X AK MOTOR 001 and MAXON motor

(infineon

KIT_XMCIX_AK MOTOR_0e1

Inverter Hardware Type Selection

i i

KIT_ XMC1X_AK_MOTOR Bel

7. KTT XMCTSOMATT MC AK /1

3. IFX_XMC_LVPB_R2

4. IFI EVAL 24V 2584

5. IFX XMC_LVPB R3

6. IFX XMC_PINUS W2*/
It Motor: Type Selection -----=---c-ommsccmmcmm oo ccc e s
#define MOTOR_TYPE MAXCN_MOTOR 1. MCI_DROME_MOTOR

2 —BIT DRONE MOTOR

| 3. VORNADO FAN MOTOR

4. MNANOTEC MOTOR

5. MAXON MOTOR

6. BEKO WM MOTOR

7.EBM PAPST WENTI FAN MOTOR

Copyright © Infineon Technologies AG 2016. All rights reserved.



Getting Started - infineon
Configure the Project [2/9] e

Folder: Configuration
File name: pmsm_foc_user_parameter.h

2. Select the Control Scheme and PWM Modulation Scheme

BE /% e Current feedback Sensing Mechanism -----------------—~-\-—~ -~~~ -~~~ "~~~ ~—~—~—~ */

87— #define CURRENT SENSING USER_THREE SHUNT SYNC CONV f*1. USER SINGLE SHUNT CONV

88 2. USER_THREE_SHUNT ASSYNC_CONV

g4 3. LISER THREE SHUNT SYNC COl

L L FOC Control and Startup Scheme (Only Select 1 Scheme at one time} ---------------1
91~ #define MY_FOC_CONTROL SCHEME CONSTANT_SPEED VF_MET_FOC /* 1. CONSTANT SPEED VF_OMNLY,

2P I CONSTANT SPEED_VE _MET _TOC

a3 3. CONSTANT SPEED DIRECT FOC

a4 4. CONSTANT TORQUE DIRECT FOC

95 5. CONSTANT VO DIRECT FOC */

» By enabling different marco control scheme will enable
different type of statemachine.

Lad

604 #if (MY_FOC_CONTROL SCHEME == CONSTANT SPEED VF_OMNLY)

6@5 #define VF_ONLY_CCUB8 8 IRQHandler CCuse @ IRQHandler

Ge6 #elif (MY _FOC_CONTROL SCHEME == CONSTANT SPEED VF_MET FOC)

687 #define VF_FOC_CCUS8 @ IRQHandler CCuse_@_ IRQHandler

608 #elif ((MY_FOC_CONTROL_SCHEME == CONSTANT SPEED DIRECT FOC) || (MY_FOC_CONTROL_SCHEME == CONSTANT TORQUE DIRECT FOC) || \
a9 {(MY_FOC_CONTROL_SCHEME == CONSTANT VQ_DIRECT FOC) )

618 #define DirectFOCStartUp CCUBE_ 8 IRQHandler  CCUB8_@ IRQHandler

611 #endif

12

613 #endif /* PMSM_FOC_CONFIGURATION PMSM_FOC_USER_PARAMETER H_ :':.-"'I

Copyright © Infineon Technologies AG 2016. All rights reserved.



Getting Started -

Infineon

Configure the Project [3/9]

3. Configure Inverter Hardware File name: pmsm_foc_user_parameter.h

Folder: Configuration

#elif(PMSM FOC HARDWARE BOARD == KIT XMCIX AK MOTOR 801)

tdefine
kdefine
kdefine
kdefine
tdefine
kdetine
tdefine
tdefine
tdefine
kdefine

tdefine
tdefine
kdefine
tdefine
kdefine
tdefine
kdefine
kdefine
tdefine

INTERMAL OP GAIN
USER VDC_LINK V
USER_DEAD TIME US
USER_CCUS_PWM_FREQ_HZ
USER_BOOTSTRAP_PRECHARGE_TIME_MS
USER_DC_LINK_DIVIDER_RATIO
USER_VBEMF_RATIO
USER_CURRENT_TRIP_THRESHOLD &
USER_TRIP_THRESHOLD TIME_M5
USER_MAX_RETRY_MOTORSTARTUP_TRIP

USER_R_SHUNT_OHM
USER_DC_SHUNT_OHM

USER_RIN PHASECURRENT KOHM

USER R PHASECURRENT FEEDBACK KOHM
USER_RIN_DCCURRENT_KOHM
USER_R_DCCURRENT FEEDBACK KOHM
USER_MAX_ADC_VDD_V
G_OPAMP_PER_PHASECURRENT

I_MAX_A

#if (INTERNAL_OP_GAIN == ENABLED)

tdefine

OP GAIN FACTOR

#elif{INTERMAL OP GAIN == DISABLED)

tdefine
tendif

OP GAIN FACTOR

--------------- Motor Phase Current Measurement -------—==-== == %

DISABLED /*1. ENABLED 2. DISABLED (Please configure OP-Gain manually) */
(24.8T) /* Hardware Inverter VDC link woltage in V .

(8.75f) /* deadtime, rise(left) and fall values in us */

{ 2e888U) /* CCUS PWM Switching Frequency in Hz*/

(28U} /* Initisl Bootstrap precharging time in ms */

(float) (5.1f/(5.17+47.8f)) /* R1/(R2+R1) ratic for nk MCU ADC */
(float)(5.2F/(5.2T+47.87)) /* RL/(R24R1) ratio for Voltage sensing circuit ratio
(3.ef) /* threshold current for trip detection in Ampere®/

(Leal) /* threshold time for trip detection in ms */

(3u) /* Max retry of motor startup if trip */

{@.85f) 1

(@.85f) /* DC ldink shupt current r

(1.8F) f* R IN (of eguivalent am

(16.4T) F” R FEEDBACK (of eguivalent amplifier) kghm */

(1e.ef) /* Rf Tor dc eurrent sensing */

(75.8T) /* Rin for dg current sensing */

(5.8T) /* VDD5, maximum wvoltage at ADC */

{USER_R_PHASECURRENT FEEDBACK_KOHM / USER_RIN_PHASECURRENT_KOHM)

{ (VAREF_V//(USER_R_SHUNT OHM * OP_GAIN FACTOR)) / 2U) /* For TFX XMC_LVPB R3, I MA)
(3u) /* Different HW Board has different OP Gain factor, XMC13 built-in Gail

G_OPAMP_PER_PHASECURRENT

Copyright © Infineon Technologies AG 2016. All rights reserved.



Getting Started

Configure the Project [4/9]
4. Configure MCU CCUS8 resources

Infineon

Folder: Configuration
File name: pmsm_foc_user_mcuhwconfig.h

> Predefined CCU8 resources with KIT_XMC1x_AK_Motor_001

* KIT_XMCLX_AK_|

* GPIO

#define
#define

#define
#define

#define
#define

#define
#define

#define
#define

#define
#define

#define
#define

Resources Con

TRAP_PIN
INVERTER_EN_PIN

PHASE_U_HS_PIN
PHASE_U_H5_ALT_SELECT

PHASE_U_LS_PIN
PHASE U LS ALT SELECT

PHASE_V_H5_PIN
PHASE_V_H5_ALT_SELECT

PHASE V LS PIN
PHASE_V_LS_ALT_SELECT

PHASE_W_H5_PIN
PHASE W H5 ALT SELECT

PHASE_W_LS_PIN
PHASE_W_LS_ALT_SELECT

Pa_8
XMC_GPTO_MODE_OUTPUT_PUSH_PULL_ALTS

Pe_1
XMC_GPTO MODE_OUTPUT PUSH PULL ALTS

Pa_7
XMC_GPIO_MODE_QUTPUT_PUSH_PULL_ALTS

P8 6
¥MC_GPTI0_MODE_OUTPUT_PUSH_PULL_ALTS

Pe_3s
¥MC_GPIO MODE OUTPUT PUSH PULL ALTS

Pe_a
XMC_GPIO_MODE_QUTPUT_PUSH_PULL_ALTS

Resources Configura

{f#define CCUS_PASSIVE_L

#define

#define CCUB_INPUT_TRAP_LEVEL
f/#define CCUS_INPUT_TRAP_LEVEL

#define

CCUB_MODULE
CCUB_MODULE_PHASE_U
CCUB_MODULE_PHASE_V
CCUB_MODULE_PHASE_W
CCUB_MODULE_ADC_TR

CCUs_PASSIVE_LEVEL

INVERTER_EMNABLE_PIM

Ccuze

CCuse_CCee
CCuse_CCBl1
CCuse_cCCs2
CCuse_CCB3

XMC_CCUS_SLICE_OUTPUT PASSIVE_LEVEL

XMC_CCUB_SLICE_OUTPUT_PASSIVE_LEVEL_LOW

XMC_CCUS_SLTICE_EVENT_LEVEL SENSITIVITY ACTIVE_LOW
XMC_CCU8_SLICE_EVENT_LEVEL_SENSITIVITY_ACTIVE_HIGH

(1u) /* 1 = Actiwve High,

8 Active Low™/

Copyright © Infineon Technologies AG 2016. All rights reserved.



Getting Started - infineon
Configure the Project [4/9] e

Folder: Configuration
File name: pmsm_foc_user_mcuhwconfig.h
#define INVERTER_EMNABLE_PIN (1) /* 1 = Active High, ® Active Low™/

#if(INVERTER_ENABLE_PIN == @U)
#define ENABLE_LEVEL XMC_GPIO OUTPUT LEVEL_ LOW
#define DISABLE_LEVEL XMC_GPIO OQUTPUT_LEVEL HIGH
#elif(INVERTER ENABLE PIN == 1U)
#define EMABLE_LEVEL XMC_GPIO _OUTPUT_LEVEL_HIGH
#define DISABLE_LEVEL XMC_GPIO _OQUTPUT_LEVEL_LOW
#endif

Copyright © Infineon Technologies AG 2016. All rights reserved.



Getting Started - Cinfineon
Configure the Project [5/9]
Folder: Configuration

5. Conﬁgure VADC resources File name: pmsm_foc_user_mcuhwconfig.h
» Predefined VADC resources with KIT_XMC1x_AK_Motor_001

#define VADC I1 GROUP VADC_G1

#define VADC_T1_CHANNEL (eu) /* DC link voltage VADC define */
#define VADC_I1 RESULT REG (8u) #define VADC_VDC_GROUP VADC_G1
rdetine VADC T3 GROLR ot e #define VADC VDC_GROUP N0 (1U)

efine . 1% n . %]
#define VADC T3 CHANNEL aul #deF:ane VADC_VDC_CHANNEL (5U) /* P2.3 VADC groupl channel 5
#define VADC I3 RESULT REG  (1U) #define VADC_VDC_RESULT REG  (5U)
#define VADC_I2_GROUP VADC_G@ /% DC link current VADC define */
frdefine VADC_I2 CHANNEL (eu) #define VADC_IDC_GROUP VADC_61

#define VADC_I2 RESULT REG  (8U) #deFine VADC IDC GROUP 10 (1U)

#define VADC_T4_GROUP VADC_GB #define VADC_IDC_CHANNEL E:GU:] /* P2.4 VADC groupl channel & */
#define VADC_I4 CHANNEL (1) #idefine VADC IDC RESULT REG  (6U)
#define VADC I4 RESULT REG  (1U)

. " o /* Potentiometer VADC define®/
* Motor Phase U VADC define */

#define VADC_TU G1 CHANNEL  (3U) /* P2.11, VADC groupl channel 3 =,  ¥define VADC POT_GROUP VADC 61
#define VADC IU GB_CHANNEL  (4U) /* P2.11, VADC group® channel 4 */  #define VADC_POT_GROUP_NO  (1U)
#define VADC POT CHANNEL (70) /% P2.5 VADC groupl channel 7 */

fidefine VADC_IU_GROUP VADC_61 #define VADC_POT RESULT REG  (7U)
#define VADC_IU_GROUP_NO (1U) - - -
#define VADC_IU CHANMEL (3u) /* P2.11, VADC groupl channel 3 */ - - -
#define VADC TU RESULT REG  (3U) /* VADC Group @ Alias channel @ and channel 1 */

T - #define VADC GO CHANNEL ALTAS@ VADC IV GA CHANNEL
* Motor Phase V VADC define */ #define VADC_GB_CHANNEL_ALIASL VADC_IDC_CHANNEL
#define VADC IV G1_CHANNEL  (2U) * p2.18, VADC groupl channel 2 */
#define VADC_IV G8& CHANNEL (3U) /* P2.18, VADC group@ channel 3 */ /* VADC Group 1 Alias channel @ and channel 1 */
#define VADC_IV GROUP VADC_G1 #define Vﬂ.DC_Gl_CHﬁ.NNEL_ﬁ.LIﬁ.SB Vﬁ.DC_IN_Gl_CH)E‘.NNEL
#define VADC_IV_GROUP_NO (1u) #define VADC_G1 CHANNEL_ALIASL VADC_IU G1_CHANNEL
#define VADC_IV CHANMEL (2u) /* P2.18, VADC groupl channel 2 */

#define VADC IV RESULT REG  (2U)
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Configure the Project [6/9] e

Folder: Configuration

6. Enable/Disable UART File name: pmsm_foc_user_parameter.h
> Predefined UART resources with KIT_XMC1x_AK_ Motor 001
#define UART ENABLE USIC® CH1 Pl 2 P1 3 /* 1. USIC_DISABLED ALL
2. USIC® CH@ P1 4 P15
3. USICe CH1 _P1 2 P1 3

» Adjusting speed with POT available if user disable USIC feature.
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Getting Started -
Configure the Project [7/9]

7. Configure the Motor Profile

(infineon
Folder: Configuration

File name: pmsm_foc_user_parameter.h

#elif (MOTOR_TYPE == MAXON_MOTOR)

- T

#define

Fotor Farameters

FF e e ———————————— =

#define

USER_STARTUP_SPEED_RPM {eu)
#define USER_STARTUP_SPEED_THRESHOLD_RPM {2@8U)
#define USER_STARTUP_VF_OFFSET_V {1.0f)
#define USER_STARTUP_VF_SLEWRATE_V_PER_HZ {@.1f)

e

V/F Start Up Parameters

I

I

USER_MOTOR_R_PER_PHASE_OHM (6.8F) /* Motor Resistance per phase in Qhm*/
#define WUSER_MOTOR_L_PER_PHASE_uH (3865.8f) /* Motor Inductance per phase in uH */
#define USER_MOTOR_POLE_PAIR (4.8} /* Motor Pole Pairs */
Lok = . R =l o . ] Al PN . L = . P ol . ] - | W | .

CUTTSEOITY Jl_ll:l:u CUTTOT W T Lo AT TS L aTTO Jl_ll:l:u CUTTOT W O l:llﬂlJJ.l:I.rIJl -

/¥ e e POT ADC, or PWM to Adjust Speed -------------mmmmmm e */
#define USER_SPEED HIGH LIMIT RPM (4530.8F)
#define USER_SPEED LOW LIMIT RPM {uint32 t) (USER_SPEED HIGH LIMIT RPM / 3@U)
#define USER_SPEED RAMPUP RPM PER 5 {588U)
#define USER_SPEED RAMPDOWN_RPM_PER_S {588U)

eshold Speed to transit from Open loop to closed loop */
tartup offset in v */
art up slew rate in VW/Hz */

th

5
V/F st
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Configure the Project [8/9]
Folder: ControlModules

8. Tuning of Kp, Ki value File name: pmsm_foc_pi.h

78 #elif (MOTOR_TYPE == mxow_noroa)
9

> USER_DEFAULT_IQID_KP
30 [ *HHHHEHHEHEHHEREESE For Speed PI controller SRR

1 #deFme PI_SPEED_KP ((uintl6_t)1U<<150) 'cpc""cna'_ gain Fp, uintls_t.
2 #define PI_SPEED KI ((uintls_t)3) ( - Integr al gain Ki, uintl ‘ a nd
3 #define PI_SPEED_SCALE_KPKI (18 + RES_INC) /* RES_INC: Angle/speed resolution increase from 16 bit.*/

e maximum int32_

ot o USER_DEFAULT_IQID_ KI

UL:[m}Q_Kﬁ}KI for Torque and Flux PI
L ey e et e Controllers are calculated

5 /* Note: (IK_LIMIT_MIN << SCALE_KPKI) and {IK_LIMIT MAX << SCALE_KPK
& #define PI_SPEED_IK_LIMIT MIN (-(((1¢<15) * 3) >» 2)) /*
7 #define PI_SPEED_IK_LIMIT MAX (((1<<15) * 3) »> 2)

9 #define PI_SPEED UK_LIMIT MIN (16)
90 #define PI_SPEED_UK_LIMIT MAX (32767)

I R e R R R R R ]

o

2926 [“HESRBHSREAEEE For Torque / Ig PT controller ShsssdSsssiaussmia/
293 Kp and Ki (from excel file) calculated from motor parameter L and R. Normally need change. */ f th h H I t d
294 #deFme PI_TORQUE_KP (USER_DEFAULT_IQID_KP) (1¢<13). Proportfonal gain Kp, uintlé_t. rOI I I e p ySICa I I IO Or a n
205 #define PI_TORQUE_KI (USER_DEFAULT_IQID KI >> @) J* (1<<8). Integrallgain Ki, Ki/Kp = RxTs/L. uintls_t. */

296 #define PI_TORQUE SCALE_KPKI  (SCALING_CURRENT KPKI + @) SYSte m pa ra m ete rS a n d

- !

98 #define PI_TORQUE_IK_LIMIT_MIN (-32768) <15)). I[k] output limit LOW. Nor rla__‘, no need change. */
g

‘ sdefine PT_TORQUE_TK_LIMIT MAX  (32767) /¥ (1¢18). T q])CLE;Ai_”:Eir I]C:B ncpne;dlzl;nge e typlca | |y don’t need to be
91 #define PI_TORQUE UK_LIMIT MIN  (-32768) E/ t ITmat LOf ZLlyms ne h!.( . . . .
92 #define PI_TORQUE UK_LINIT MAX 32767 output '__ni-_ HIGH. Normally no need change tu ned IN the f| rst |te rat' On

[HERREHEHHH For Elux / Id PT controller SHHbmiEsm/

85 /* Kp and Ki (from excel fi'_e) calculated from motor parameter L and R. Normally nf need change. */

86 #deFme PI_FLUX KP USER_DEFAULT_IQID_KP /¥ (1¢<13). Proportyonal gain Kp, uintle t. */ > Th S p d PI d PLL PI
G < ) R e . e Spee an

8

WL R pa

7 #define PI_FLUX_KI (USER_DEFAULT_IQID_KI >> @) (1<<6). Integralfgain Ki, Ki/Kp = RxTs/L t16_t. */
8 #define PT_FLUX_SCALE_KPKI (SCALING_CURRENT_KPKI + @)

— — _ ) controller parameters
10 #define PI_FLUX_IK_LIMIT_MIN (-32768) /* (-(1<<15)). I[k] output . Normally no need change. */ h Id b d f d
#define PT_FLUX_IK_LIMIT MAX  (32767) . Normally no need change. */ S Ou Sta rt to e mo i ie
#define PI_FLUX_UK_LIMIT_MIN (-32768) /* U[k] output nally . ¥ . -
#define PI_FLUX_UK_LIMIT_MAX 32767 /* U[k] output limit HIGH. Mormally no need change. */ If the moto r Ca n not tra nSIt
[HERREHEHHHS R For PLL rotor speed PI controller St/
from V/F open-loop to FOC

(1<<15). I[k] output 1i

[ETIRTYRNTINY NNTRNVTRNVYRTTRNNT]

#define PI_PLL_KP ((uintl6_t)(1<<8)) /* Proportional gain Kp, uint
#define PI_PLL_KI ((uintl6_t)(1<<6)) * (1<<4). Integral gain Ki, ui
#define PI_PLL_SCALE_KPKI (19 - RES_INC)

o closed-loop smoothly
321 /* I[k] output limit LOW. */

322 #define PI_PLL_IK_LIMIT MIN (-(int32_t)((uint32_t)1 << (uint32_t)(30U-(uint32_t)PI_PLL_SCALE KPKI)))

323 #define PT_PLL_IK_LIMIT_MAX ((uint32_t)1 << (3U-(uint32_t)PI_PLL_SCALE_KPKI)) /* 1[k] output limit HIGH. */

324

325 #define PT_PLL UK LIMIT MIN ((uint32 t)SPEED LOW LIMIT >> 4) /* U[K] output limi

326 #define PT_PLL UK LIMIT MAX  (SPEED HIGH_LIMIT + SPEED_LOW_LIMIT) /% U[k] output Limi
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Configure the Project [9/9]
Folder: ControlModules

9. Tuning Kp, Ki Speed & PLL Controller File name: pmsm_foc_pi.h

278 #elif (MOTOR_TYPE == MAXON_MOTOR)

279 /* For Low Voltage 15W Board with MAXON Motor */

280 [*HEREHHHHHSHEREEE For Speed PT controller HESHEBSREEHHHHHHERREET/

281 #define PI_SPEED_KP ((uintl6_t)1U<<150) /* (1<<15). Properticnal gain Kp, uintlé_t. */ i 1

222 sdefine DT SPEED KT (uintls £13) L iRzl gain 13, uintls t. */ ¢ thls Value by 1 WI” *
Ias #define PI_SPEED SCALE KPKI (18 + RES_INC) /* RES_INC: Angle/spesd I«é‘ — — gain of Speed controller
=

85 /* Note: (IK_LIMIT _MIN << SCALE_KPKI) and (IK_LIMIT MAX << SCALE_KPKI) are maximum int32_t. Same as below. */ by half

86 #define PT_SPEED_IK_LIMIT MIN (-(((1<<15) * 3) >> 2)) (-(1<<15)). I[k] output limit LOW

57 #define PI_SPEED_IK_LIMIT MAX (((1¢<15) * 3) 3> 2) /* (1¢<15). I[k] output limit HIGH. */

29 #define PI_SPEED UK LIMIT MIN (15) -32767), 16. U[k] output limit LOW. */ > ¢ the SCALE KPKI Of PLL

290 #define PI_SPEED_UK_LIMIT_MAX (32767) MAX_I_REF. U[k] output limit HIGH. Nermally no need change. */

| Control and check the mot

925 [N For Torque / Ig PT controller #sBbssiiHmsapses/ 0 n ro a n C eC e 0 O r
/* Kp and Ki (from excel file) calculated from motor parameter L and R. Normally no need change. */ b h H

#define PI_TORQUE KP (USER_DEFAULT_IQID KP) /* (1¢<13). Proportional gain Kp, uintle t. */ e aVIOU I.

5 #define PI_TORQUE_KI (USER_DEFAULT_IQID KI >> @) (1<<6). Integral gain Ki, Ki/Kp = RxTs/L. uintle_t. */
96 #define PI_TORQUE_SCALE KPKI  (SCALING_CURRENT KPKT + @)

#define PI_TORQUE_IK_LIMIT_MIN (-32768) /* (-(1<<15)). I[k] output limit LOW. Nermally no need change. */ > If I I IOtor Sta rt to I I love
99 #define PI_TORQUE IK LIMIT MAX 32767 /* (1¢<15). I[k] output limit HIGH. Mormally no need change. */
: HORUSIITIIRG - G7en) (sl e : : slowly, A the SCALEKPKI
#define PT_TORQUE UK _LIMIT MIN  (-32768)
#define PI_TORQUE_UK_LIMIT MAX 32757 ' fu rth er. E | Se, th e
SRR For Flux / Id PI controller sHEHHHHHHHEHHHSHHHHHEE®/ SC A LE KP KI

5 /* Kp and Ki (from excel file) calculated from motor parameter L and R. Normally no need change.
6 #define PI_FLUX KP (USER_DEFAULT_IQID KP) /* (1¢<13). Proportional gain Kp, uintle t. */
7 #define PI_FLUX KI (USER_DEFAULT_IQID KI 3> @) (1¢<6). Integral gain Ki, Ki/Kp = RxTs/L. uintls t. */

g #define PI_FLUX_SCALE_KPKI (SCALING_CURRENT_KPKI + @) . . > Ap p | y Si m i |a r ta Cti C fo r th e
(-(1<<15)). I[k] output limit LOW. Normally no need change;: tu n i ng Of Speed ContrOI

(1<<15). I[k] output limit HIGH. Normally no need change.

k] output limit LOW. Nermally no need change. */
[k] output limit HIGH. Nermally noc need change.

10 #define PI_FLUX_IK_LIMIT MIN  (-32768)
#define PT_FLUX_IK_LIMIT MAX  (32767)

Lol L LU LU LU LD LM LU LU LU LD L RO R P PO P R R P PO PRI R P R R
r} 0 ] =R
o oo

#define PI_FLUX_UK_LIMIT_MIN (-32768) /* ULk] output limit LOW. Normally no need change. */
#define PI_FLUX_UK_LIMIT_MAX 32767 * U[k] output limit HIGH. Normally ne need change.

[HEEEES RS For PLL rofor speed PT controller sipmimiens /

#define PI_PLL_KP ((uintl6_t)(1<<8)) /* Proportiocnal gain Kp, uintl6_t. */ . -

#define PT PLL KI {(uint16 +]{1<<6)) [* (leea). Tntegral gain Ki, uintle_t. */ ¢ thls Value by 1 WI” *
II' #define PI_PLL_SCALE KPKI {19 - RES_INC) < galn Of PLL Estimator
321 /* I[k] output limit LOW. */
322 #define PI_PLL_IK_LIMIT_MIN (-(int32_t)((uint32_t)1 << (uint32_t)(30U-(uint32_t)PI_PLL_SCALE_KPKI))) Contro”er by half i
323 #define PI_PLL_IK_LIMIT_MAX ((uint32_t)1 << (38U-(uint32_t)PI_PLL_SCALE_KPKI)) /* I[k] output limit HIGH. */ . P setting
Pl gains: Ky = —searerprr
325 #define PI_PLL_UK_LIMIT_MIN ((uint32_t)SPEED_LOW LIMIT >> 4) [k] output limit LOW. 2
326 #define PI_PLL_UK_LIMIT_MAX (SPEED_HIGH_LIMIT + SPEED_LOW_LIMIT) [k] output limit HIGH.*/ K I setting

l 2SCALEKPKI
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Compile and Verify the project (e

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

& Debug - XMC1302 Sensor lessFOC_Lib_DAVE414/main.c - DAVE™ - CAD6_TIMM1_MOTOR_CTRI\06_Release\04_PMSM_FOC_LLD01_DAVE_WORKSF
File Edit SRR Navigste Search Window Help

| §OS N b= | Sleiin it E A 3o (S 5
4 Debug t|i» v= 8

4 @ KMC1302_SensorlessFOC_Lib_DAVE414 Debug [GDB SEGGER J-Link Debugging]
4 [ XMC1302_SensorlessFOC_Lib_DAVE4L4. elf
4 # Thread #1 <main> (Suspended : Breakpaint)
= main() at main.c:72 010002842
g JLinkGDBServerCL
W arm-none-eabi-gdb
s Semihosting and SWV

ul6PERIOD_REG
69= FOCInput.LPF_N_
()= Motor.State

tmn

Observation:
> Motor should ramp to 4200RPM with ramp rate of 500RPM/s.
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General Information (1/2)

> Where to buy kits:

Development Boards Order Number

XMC1300 Boot Kit KIT XMC13 BOOT 001

PMSM Low Voltage KIT XMCix AK Motor 001

15W Card
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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
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References : Help Content

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

SW

4 =% BLDC_SCALAR HALL XMC13 [ Active - Debug |
b :b.b Binaries
o ¥ Includes
4 (= Configuration
rﬂ bldc_scalar_comman.h
[n| bldc_scalar_derived_parameter.h
[B] bldc_scalar_mecuhw_config.h
@ bldc_scalar_user_config.h
i = ControlModule
. (=% Debug
4 = Interrupts
|_E; bldc_scalar_control_loop.c
i [g bldc_scalar_ctrap.c
I |g] bldc_scalar_hall_svent.c
[£] bldc_scalar_pattern_shadowtx.c
|_E; bldc_scalar_protection_err

. [ Libraries
- = MCUInit
= MidSys
- = Startup
c| bldc_scalar_user_i
[n] bldc_scalar_user_in
@ bldc_scalar_variables \
> g main.c
@ BLDC_SCALAR_HALL_UserGuide.chm
%% BLDC_SCALAR_HALL_XMC13_uCProbewspx
|=l linker_script.ld

r

=

E—Q BLDC SCALAR HALL XMC13"

Infineon

o E 0 B & &
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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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