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Introduction

(infineon

ompact 3-phase motor drive system solution
pto 100 W

lnﬁneon
o

Irfineon AT
M%0000320

he hardware board and motor control software
rovides:

—+ Sensorless speed controlled direct FOC startup

— 7-segment / 5-segment SVM

— Over-current protection by CTRAP

— Speed controlled using uC/Probe™ GUI’s slider
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System overview

Components

»  XMC1302 Microcontroller » CoolSet™ ICE5QR4770AG

- Based on XMC1302 ARM® Cortex®-MO0
MCU enabling sensored and

»  Software package (downloadable
sensorless motor control

from www.infineon.com/eval-100w-drive-

- Supports HALL cfd2)

— Includes J-Link debug interface by —  Micrium pC/Probe™ for XMC™
Segger - .zip file with DAVE™ 4 project for the

— MC/Probe™-based GUI for EVAL_100W_DRIVE_CFD2

parametrization and tuning - kit (e.g. Eval-

100W_FOC_XMC13_v1.zip)
> Half bridge gate driver

2EDLO5NOG6PF
> CoolMOS™ IPD65R1K4CFD
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System overview

For example the EVAL_100W_DRIVE_CFD2 Kit consists of:

Hardware

» EVAL_100W_DRIVE_CFD2 board
» XMC™ Link
»  Micro-B USB cable

Software

~

Micrium pC/Probe™ for XMC™

> Eval-100W_FOC_XMC13.zip file

(downloadable from

https://www.infineon.com/cms/en/product/productType.html?productType=5546d4625e
763904015ec84038b42ff2&redirld=59073#ispnTabl12)

Copyright © Infineon Technologies AG 2017. All rights reserved. "
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System overview

Software package content description:

> Eval-100W_FOC_XMC13

A DAVE™ 4 project for XMC1302-TO380200 device. The user can
configure the motor parameter and startup mode in the source code. The compile
firmware needs to be programed to EVAL_100W_DRIVE_CFD2 board via DAVE™ 4
IDE and XMC Link

»  Eval-100W_FOC_XMC13.elf
A debugging file used by pC/Probe™ GUI tool

»  Eval-100W_FOC_XMC13.wspx

A uC/Probe™ project file for predefined GUI used for system
parametrization and tuning
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Hardware overview

»  Kit name
- EVAL_100W_DRIVE_CFD2

»  Kit description
- EVAL_100W_DRIVE_CFD2 board
- USB cable
- XMC™ Link - Isolated Debug Probe

»  Order number
- EVAL100WDRIVECFD2TOBO1

»  Input voltage/output power
- 230 VAC/100 Watt max
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Hardware overview

Infineon parts utilized on EVAL_100W_DRIVE_CFD2 board:

Infineon Parts Order Number
XMC1300 Microcontroller XMC1302-T038F0200
600 V half bridge gate driver 2EDLO5NO6PF

650 V CoolMOS™ IPD65R1K4CFD
Quasi-resonant CoolSET™ ICE5QR4770AG

5 V LDO regulator IFX1763XEJV50

SO
\ oS?
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Hardware overview

To properly setup the board, follow these steps:

Connect 3-phase e
Connect AC source to

motor wiring to ‘U V
W'’ connector EVAL_100W_DRIVE_CF
D2 board

»
»

Connect XMCTM Link’s @

ribbon cable to pin 1 of
Debug connector

---------- AC power input 230 VAC

@ Connect to PC via

Debug connector - E (7 ,1‘.@ bk ¢ ‘ i |-, micro-B USB cable

g i ......................... B f P h
XMCTM link for debugging USB port of PC host
the source code in =
DAVE™ 4 IDE

Copyright © Infineon Technologies AG 2017. All rights reserved.
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DAVE™ 4 setup

Download DAVE™ 4 installer package
from:

WWW.infineon.com/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

Download and unzip the installer package

Infineon

i


http://www.infineon.com/dave

Micrium pC/Probe™

(infineon

Download Micrium pC/Probe™ for XMC™ installer package from:

WWW.infineon.com/ucprobexmc

HC/Probe™ XMC™ Software Download

Installation requirements:

»  PC with Windows Vista,
Windows 7, Windows 8,

- *'F: S e % J‘ ‘ > > 1 S — 5 -
Eselegy S N et - . .
HC/Probe™ XMC™ Software Download WIndOWS 1 0 = 32 blt & 64
™ target microcontroller.

Free-of-charge data monitoring and visualization tool to modify and track real-time data on the

bit

Register here to get your free download of uC/Probe™
Xmc ™

To download the software, please fill in the form below. We

has the same functionall s the professional edition
of /Probe to rollers onl
will send you the download link per email. - The current version available for download is
- —— e, L] ) - Or “IOre
« uC/Probe™ ™ runs on Windows 7, Windows
or indows

5
Last Name*
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Import the *.zip project

Import the *.zip file into DAVE™ 4 IDE by clicking on File > Import

Select Infineon > DAVE Project and click the Next button




Import the *.zip project

(infineon

Click Browse and navigate to the *.zip file location

Click the Finish button

% Import DAVE Projects

Import DAVE projects

Import Existing DAVE Projects

Select Root Directory

Project List:

@ Select Archive File /E432_CeilingFan_100W\Eval-100W_FOC_XMC13.zig | |

Browse...

|\/| Eval-100W_FOC_XMC13(Eval-100W_FOC_XMC13)

|
|
[

Select All

Deselect All |

Refresh

J
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Input motor parameters

Double click on pmsm_foc_motor_parameters.h

a 25 Ewal-L00W _FOC_XMCL3 [ Active - Debut
- miY Includes
- = Libraries
- = PM5SM_FOC
- = Configuration
bl pmsm_foc_const_macro.h

bl pmsm_foc_invertercard_paramete

Nl

bl pmism_foc_motor_parameters.h
Ll pmism_Toc_ulCHFrobe_ parameters.c
Ll pmsm_foc_user_config.h

b pmsm_foc_wariables_scaling.h
- = ControlbModules




(infineon.

Input motor parameters

Scroll to (MOTOR_TYPE == CUSTOM_MOTOR) and update the parameters
in the red box with your motor’s data

=

o pmsm_foc_motor_parametersh &

DO ¥ FRREERRREERRRRRROERRLEERRRRROOOERERRRRRRRRE (JGTON MOTOR F¥RFRFH0RRRERXRRRRHLXXRXLRRRRRHROOERRRRRRHRRRREERRRRRRRERRRAERR
ba

205 #elif(MOTOR_TYPE == CUSTOM_MOTOR)

Motor Parameters

207 fdefine USER_MOTOR_R_PER_PHASE_OHM /* Motor Resistance per phase in Qhm*/
208 Wdefine USER_MOTOR_L PER_PHASE uH (65000.0f) /* Motor Inductance per phase in uH */
/* Motor Pole Pairs */

Constant Speed Control Mode (Used when Constant Speed Control is end
POT ADC, or PWM to Adjust Speed

/* Max Speed of User Motor*/
3 kkdefine USER_SPEED_LOW_LINIT RPH
idefine USER SPEED RAMPUP_RPM PER S
215 [define USER_SPEED_RAMPDOWN_RPM_PER S

define USER_RATIO S J* Minimum ramp up and down ratio

LD oo ) i

2 #define USER_STARTUP_SPEED_RPM (o)
219 #define USER_STARTUP_SPEED_THRESHOLD_RPM (150) /* threshold Speed to transit from Open loop to closed loop
220 #define USER STARTUP VF OFFSET V (Float) (USER VDC_LINK V * 0.85f-6) /% VJF <

221 #define USER_STARTUP_VF_SLEWRATE_V_PER_HZ (float) (USERVDC_LINK_V /(ELECTRICAL_SPEED_FREQ HZ *2))
2/ /#define USER_STARTUP_VF_OFFSET_V (0.49) /¥ JF startup offset in V %/
e USER_STARTUP_VF SLEWRATE V PER HZ (0.07f) /% VJF start up slew rate in V/Hz */

@

For more explanation of the parameter specified in the code, please refer to XMC1000
application note: '"AP32370-XMC1000-PMSM FOC motor control software using XMC™~*

Copyright © Infineon Technologies AG 2017. All rights reserved.
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Input inverter circuitry parameters

Double click on pmsm_foc_invertercard_parameters.h

a =5 Eval-100W_FOC_XMC13 [ Active - Debug ]

- mt Includes

- = Libraries

a = PMS5M_FOC

4 = Configuration

pmsm_foc_const_ macro.h
pmsm_foc_invertercard_parameters.h
pmsm_foc_mcucard_parameters.h
pmsm_foc_motor_parameters.h
pmsm_foc_uCProbe_parameters.c

pmsm_foc_user_config.h
pmsm_foc_wvariables_scaling.h
- = ControlModules




Input inverter circuitry parameters

Infineon

i

Scroll to (INVERTERCARD_TYPE == CUSTOM_INVERTER)

n pmsm_foc_invertercard_parameters.h 52

196 #alif(INVERTERCARD_TYPE == CUSTOM_INVERTER)
197 #define TNTERNAL OP_GATIN

198| #define USER_VDC_LINK_V

99| #define USER_CCU8 PWM_FREQ HZ

200 #define USER_DEAD_TIME_US

201 #define USER_BOOTSTRAP_PRECHARGE_TIME_MS
202 #define USER_DC_LINK_DIVIDER_RATIO

203 #define USER_VBEMF_RATIO

204 #define USER_CURRENT_TRIP_THRESHOLD_A
205 #define USER_TRIP_THRESHOLD_TIME_MS

206 #define USER_MAX_RETRY_MOTORSTARTUP_TRIP

208 #define USER_R_SHUNT_OHM
209 #define USER_DC_SHUNT_OHM

210 #define USER_RIN_PHASECURRENT_KOHM

211 #define USER_R_PHASECURRENT_FEEDBACK_KOHM
212 #define USER_RIN_DCCURRENT_KOHM

213 #define USER_R_DCCURRENT_FEEDBACK_KOHM
214 #define USER_MAX_ADC_VDD_V

215 #define G_OPAMP_PER_PHASECURRENT

216

217 #if(INTERNAL_OP_GAIN == ENABLED)

218 #define OP_GAIN_FACTOR

219 #e1if(INTERNAL_OP_GAIN == DISABLED)

220 #define OP_GAIN_FACTOR

221 #endif

222
223 #define GATE_DRIVER_INPUT_LOGIC
224

(30)

PASSIVE_LOW

DISABLED

(320.0F)

(16000U)

(1.8f)

(20U) /
(float)(3.3f/(3.3F+400.0))
(float)(3.3f/(3.3F+400.6F))
(3.0) /* threshold
(100U) f*

/* VDD5, maximum volta

G_OPAMP_PER_PHASECURRENT

/*1. PASSIVE_HIGH

(USER_R_PHASECURRENT_FEEDBACK_KOHM / USER_RIN_PH

\ASECURRENT_KOHM)

/* Different HW Board has different OP Gain fa

2. PASSIVE_LOW (Ple:

The inverter parameters is already preset to the EVAL_100W_DRIVE_CFDZ2 board’s value, e.qg.
USER_VDC LINK_V is 320 V (V/2*230 V) with the assumption that AC input voltage is 230 V

The PWM frequency driving the power MOSFET is set to 16 kHz

The minimum PWM frequency can be set is 6.6 kHz

The user does NOT need to change the value here if AC input voltage to

EVAL _100W_DRIVE_CFDZ2 board is 230 V

Copyright © Infineon Technologies AG 2017. All rights reserved.
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Input XMC1302 pin setting

Double click on pmsm_foc_mcucard_parameters.h

a =5 Eval-100W_FOC_XMC13 [ Active - Debug |
- mit Includes
- = Libraries
« (= PMSM_FOC
« = Configuration
- bl pmsm_foc_const_macro.h

- b pmsm_foc_invertercard_parameters.h
| Lh] pmism_foc_mcucard_parameters.h

- [hl pmsm_foc_motor_parameters.n

- g pmsm_foc_uCProbe_parameters.c

- b pmism_foc_user_config.h

- b pmsm_foc_variables_scaling.h
- = ControlModules
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Input XMC1302 pin setting

Scroll to (MCUCARD_TYPE == CUSTOM_MCU)

* CUSTOM_MCU
Resources Configuration
#define TRAP_PIN
& #define INVERTER_EM_PIN
7 #define USE_TIMNWVERTER_EMN_PIM

o #define PHASE_U_HS_PTIN
y #define PHASE_U_HS_ALT_SELECT XMC_GPTIO_MODE_OUTPUT_PUSH_PULL_ALTS

82 #define PHASE_U_LS_PTHN Pa_1
33 #define PHASE_U_LS_ALT_SELECT XMC_GPTIO_MODE_OUTPUT_PUSH_PULL_ALTS

785 #define PHASE_W_HS_PTHN Pa_2
"85 #define PHASE_W_HS_ALT_SELECT XMC_GPTO_MODE_OUTPUT_PUSH_PULL_ALT7

#define PHASE_V_LS_PTN Po_3
#define PHASE_V_LS_ALT_SELECT XMC_GPTIO_MODE_OUTPUT_PUSH_PULL_ALT7Z

91 #define PHASE_W_HS_PTN Po_s8
2 #define PHASE_W_HS_ALT_SELECT XMC_GPTO_MODE_OUTPUT_PUSH_PULL_ALTS

04 #define PHASE_W_LS_PTN Po_9
5 #define PHASE_W_LS_ALT_SELECT XMC_GPTO_MODE_OUTPUT_PUSH_PULL_ALTS

797 #define TEST_PIMN Pa_4a

INVERTER_EN_PIN is not available on this board. Hence, the USE_INVERTER_EN_PIN is O

The MCU pinout setting is already set according to the EVAL _100W_DRIVE _CFDZ2 board.
The user does NOT need to change it!
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Input motor startup: current sensing setting

Double click on pmsm_foc_user_config.h

4 =% Eval-100W_FOC_XMC13 [ Active - Debug |
- ki Includes
- = Libraries
4 = PMSM_FOC
4 = Configuration
- |l pmsm_foc_const_macro.h

- L] pmsm_foc_invertercard_parameters.h

pmsm_foc_mcucard_parameters.h
pmsm_foc_motor_parameters.h
pmsm_foc_uCProbe_parameters.c

pmsm_foc_user_config.h

pmsm_ToC_varnables_scalling.n
- = ControlModules
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Input motor startup: current sensing setting

Scroll to (MCUCARD_TYPE == CUSTOM_MCU)

8} pmsm_foc_user_config.h 22

82~ #define PMSM_FOC_HARDWARE_BOARD CusTOM KIT J¥1. KIT_XMCIX_AK_MOTOR_ @a
83 2. KIT_XMC750WATT_MC_AK V1
84 3. CUSTOM KIT*/

B Curpant—foadback-Sensing r‘ecaeai;m ______________________________
87 #define CURRENT_SENSING USER_ THREE SHUNT SYNC_CONV . USER_SINGLE_SHUNT_CONV

88 2. USER_THREE_SHUNT_ASSYNC_CON\
89 3. USER_THREE_SHUNT_SYNC_CONV*/
90 |/* FOC Control and Startup Scheme {(Only Select 1 Scheme at one time)
SPEED_CONTROLLED_DIRECT_FOC /*1. SPEED_CONTROLLED_VF_ONLY,
2. SPEED_CONTROLLED_VF_MET_FOC
3. SPEED_CONTROLLED_DIRECT_FOC
4. TORQUE_CONTROLLED_DIRECT_FOC
5. VQ_CONTROLLED_DIRECT FOC */
96 Micrium uC Probe Enable/Disable ------------------mmmmmmoooos
7 #def:me UCPROBE_GUT ENABLED . ENABLED 2. DISABLED (

L Reference Speed Adjustment I._t"o --------------------------------
#def:ne SETTING_TARGET_SPEED MICRIUM_UC_ONLY /*1. MICRIUM_UC_ONLY
’_'M 2. BY_POT_ONLY */

The user can select 3 types of current sensing methods (as shown in green comment lines)

The user can select 5 types of motor control schemes (as shown in green comment lines)

3 shunt synchronous current sensing and speed controlled direct FOC startups have been
selected by default. The user does NOT need to change these!

Copyright © Infineon Technologies AG 2017. All rights reserved.
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Input SVM scheme

Double click on pmsm_foc_user_config.h

4 =5 Eval-100W_FOC_XMC13 [ Active - Debug |
- w! Includes
- [= Libraries
4 = PMSM_FOC
4 = Configuration

- b pmsm_foc_const_macro.h
- lhl pmsm_foc_invertercard_parameters.h
- bl pmsm_foc_mcucard_parameters.h

- bl pmsm_foc_motor_parameters.h
- el pmsm_foc_uCProbe_parameters.c
- bl pmsm_foc_user_config.h

— [h[ pmism_Toc_varables_scallng.h
- = ControlModules
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Input SVM scheme

The user can select 2 types of SVM scheme: 7-segment or 5-segment SVM
(as shown in green comment lines)

b pmsm_foc_user_config.h &

o3 1= M Switchine Seguenc

124 STANDARD_SVM_7_SEGMENT /*1. STANDARD_SVM 7 SEGMEN
25
DISABLED . ENABLED 2. DISAI
Advance Motor Stop Conditional Handl
DISABLED

Recommended Configuration (Strongly

Reference Speed Adjustment Method
BY_POT_ONLY
4 -q voltage decoupling components
DISABLED
Watch Dog Timer Activation
DISABLED
/ FOC Control Safety Protection
#define VDC_UNDER_OVERVOLTAGE_PROTECTION DISABLED /*1. ENABLED
9 #define OVERCURRENT_PROTECTION DISABLED /*1. ENABLED

1 #else

3 #define DQ_DECOUPLING ENABLED . ENABLED
#define WATCH_DOG_TIMER ENABLED ENABLED

146 #define VDC_UNDER_OVERVOLTAGE PROTECTION ENABLED .
7 #define OVERCURRENT_PROTECTION ENABLED /*1. ENABLED
8 #endif

Standard 7-segment SVM is selected by default. The user does NOT need to change this!
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Input current and voltage protection setting

Double click on pmsm_foc_user_config.h

4 =5 Eval-100W_FOC_XMC13 [ Active - Debug |

- w! Includes

- [= Libraries

4 = PMSM_FOC

4 = Configuration
- b pmsm_foc_const_macro.h

pmsm_foc_invertercard_parameters.h
pmsm_foc_mcucard_parameters.h

pmsm_foc_motor_parameters.h
pmsm_foc_uCProbe_parameters.c
pmsm_foc_user_config.h

pmsm_toc_varaoles_scallng.n
- = ControlModules
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Input current and voltage protection setting

User can enable over-current and under-voltage protection (as shown in the
green comment lines)

pmsm_foc_user_config,

145 /* FOC Control Safety Protection {------------------oomoo
146| #define VDC_UNDER_OVERVOLTAGE_PROTECTIOM ENABLED /*1. ENABLED L
147| #define OVERCURRENT_PROTECTION ENABLED /*1. ENABLED

148 #endif

pmsm_foc_invertercard_parameters.h 2
195 = w=== = § = § = § = EEEE = § IFX_XMC_LVPB_
#elif(INVERTERCARD_TYPE == CUSTOM_TINVERTER)
197 _ _#define TNTERMAL OP GATN DISABLED
198 #define USER_WVWDC_ LINK WV (220 _01T)
1299 #define USER_CCUE_PWM_FREQ_HZ (leeal )

196

If the DC link voltage is <0.8 or >1.2 of USER_VDC_LINK_V, the PWM signal
input to gate driver will go into high impedance and the motor will slowly

stop

Copyright © Infineon Technologies AG 2017. All rights reserved.
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Input current and voltage protection setting

If the average current flow through the DC link shunt resistor R57 is
> USER_IDC_MAXCURRENT_A, the reference speed will reduce until the
current is < USER_IDC_MAXCURRENT_A

Lh] pmsm_foc_variables_scaling.h &

1z
103 _#if(OVERCURRENT PROTECTTON == FNARIFED)
104 | #define USER_IDC_MAXCURRENT A (1.8)

105 #define G_OPAMP_DC_CURRENT (USER_R_
106 #define IDC_MAX_LIMIT (uint32_
107 #endif

Under-voltage and over-current protection have been selected by default.

The user does NOT need to change this!

USER_VDC_LINK_V and USER_IDC_MAXCURRENT_A values might need to change depending
on user motor setting
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Input speed control setting

Double click on pmsm_foc_user_config.h

4 =5 Eval-100W_FOC_XMC13 [ Active - Debug |
- w! Includes
- [= Libraries
4 = PMSM_FOC
4 = Configuration

- b pmsm_foc_const_macro.h
- lhl pmsm_foc_invertercard_parameters.h
- bl pmsm_foc_mcucard_parameters.h

- bl pmsm_foc_motor_parameters.h
- el pmsm_foc_uCProbe_parameters.c
- bl pmsm_foc_user_config.h

— [h[ pmism_Toc_varables_scallng.h
- = ControlModules
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Input speed control setting

By default, the speed control method is using uC/Probe™ GUI’s speed slider

Referenge Speed Adjustment Method
MICRIUM_UC_ONLY

Refersnce Speed Adjustment Method
99- #define SETTING TARGET SPEED BY_POT ONLY

Ly

/1. WICRIUN UC_ONLY
2. BY PO ONLY %/

The user can choose to use an external 10 kohm potentiometer as speed

control method but he has to solder the potentiometer on the
EVAL_100W_DRIVE_CFD2 board

Change the speed control method to BY_POT_ONLY

Copyright © Infineon Technologies AG 2017. All rights reserved.
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Compile and download the code

Click Build Active Project @

Check Eval-100W_FOC_XMC13.Ist created

& Console 22 [] Properties [*. Problems < Search

CDT Build Console [Eval-100W_FOC_XMC13]

"Invoking: ARM-GCC Create Listing'
"C:/DAVEvA/DAVE-4.3.2/eclipse/ARM-GCC-49/bin/arn
"Finished building: Eval-180W_FOC _XMC13.lst’

Copyright © Infineon Technologies AG 2017. All rights reserved.
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Compile and download the code

Click Debug Configuration * ~

Select GDB SEGGER J-Link Debugging

w Debug Configurations

Create, manage, and run configurations

I

T Configure launch settings from this dialog:

type filter text - Press the 'New' button to create a configuration of the selected type.

i'i' GDEB MikroE Debugging -| - Press the 'Duplicate’ button to copy the selected configuration.
[¢] GDB SEGGER J-Link Debuq "

- Press the 'Delete’ button to remove the selected configuration.

I - Press the 'Filter' button to configure filtering options.

- Edit or view an existing configuration by selecting it.
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Compile and download the code

Click the Debug button to download the code

Click the Resume button to start the application

w Debug Configurations

Create, manage, and run configurations

=X BP~ Name: Eval-100W_FOC XMC13 Debug
ype fifter text |- Main #;;Dehugger B Startup| & Source| = Common
[€] GDB MikroE Debugging .
= . . ||| Project:
4 [c] GDB SEGGER J-Link Debuggin

[£] Eval-100W_FOC_XMC13 De || Eval-100W_FOC XMC13

‘ Browse. | A
C/C++ Application:
DebughEval-100W_FOC XMC13.elf

Variables. | ‘ Search Project... ‘ ‘ Browse.
Build (if required) befare launching
<

m

Filter matched 3 of 26 items
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Using uC/Probe™ GUI

Open the *.wspx uC/Probe™ project by double click on the *.wspx file

4 % Eval-100W_FOC_XMC13 | Active - Debug ]
. ¥ Binaries

- mY Includes

- = Debug

- = Libraries

+ (= PMSM_FOC
- = Startup

= Eval-100W_FOC_XMC13_uCProbe.wspx
=] Inker_scrnptld

¥ output.htm

= readme.txt
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Using uC/Probe™ GUI

Check the *.elf file is attached to pC/Probe™ project

Click the Run button

Bring Forward * i Group * 5§ Show/Hide Grid
By @ sendBackward - B Align - -] ShowsHide Rulers
Full  Settin Past o
Sonen R ARG O Riunts ~ R zoom Factor

Clipboard Arrange

Tooibox i Motor Tuning

= i — P
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Horizontal Slider Torque Contrel o

b 00

Custom Skder

o

Fiux Contrel o

PLL Contret o

(infineon sensoriess FOC Motor Control Jesnes~ |

Setting Target Speed .. o L moter seace ()

Custom Switch

Checkbax

006’ 052

0501

Push Button

roc cLosen Loor = 0

Toggte Button

0 %

8it Control

100
24

A Numeric Up,
W oown

T writable Controls

B Arguier Gauges

tiner Gaoges 2o [ Boor [ B |[Eman ® sench by Name | © e by Dota ype [ ] [E] | RaM Range i 0 v rerseess

s crans i Symbo

User-Defined Data Type C Data Type Size Filtered | Memory Address

bol Browser

WD Numeric Indicators

4 I Eval-100W_FOC_XMC13.eif N/A 1840 N/A
W Miscellaneous

G rdvancea

* istom Symbols

@ Stopped J-Link (SWD) - 12,000 kHz - Device : Cortex-M0
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Using uC/Probe™ GUI

The default K,, K; values from the pmsm_foc_motor_parameters.h file are automatically
displayed in the Motor Tuning page

P setting I setting SCALEKPKI PI errer Ik Ik_Limit Uk Uk_Limit

specd oot 32768 STl o] o[toraraie2al o] sever
: -~ <o [ -

SR PO RNl | o[ +07s,705,055] o] 32767]
T CECONNNNE NN of  o|1.073,709,056] o] 327e7]
| - - [

Pcome | 1024 32 22 () ] CRERZICTT) M M

infineon Sensorless FOC Motor Control I:Zv'i:'s‘.':;':.“ e

0 % BRAKE BEOOTSTRAP =1

STOP MOTOR = 2

VFOPENLOOP RAMPUP = 2
ccus Trap MET FOC = 4
PRE POSITIONING =5
0 TRAP PROTECTION = 8

Click the MOTOR START button

Setting Target Speed | _ - - DC Link o Motor State ([
m FOC CLOSED LOOFP = O

Then use the target speed slider or key in directly to set the percentage of
maximum speed desired. The motor will start to spin
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Using uC/Probe™ GUI

(infineon

M0d|fy the K ) K and P setting | setting SCALEKPKI
SCALEKPKI values of the | ;"] Seee¢ convet 32768 = L
Speed Control and PLL ;
ContrOI IOOpS tO get Torgque Control 11141 15
optimum motor behaviour. | |:
The default K;, K; and . | Fiux Control 11141
SCALEKPKI values for 5

Torque Control and Flux I 1024

Control normally do not K
need to change :

?Type in the desired values and hit Enter

Increasing the
SCALEKPKI by

1 will reduce
the gain by half

Under the P setting column are the K, value for the 4 control loops

Under the I setting column are the K; value for the 4 control loops

Copyright © Infineon Technologies AG 2017. All rights reserved.




Using uC/Probe™ GUI

P setting | setting SCALEKPKI

32768 3 15

Speed Control

Torque Control 11141 1 5

Flux Control 11141

PLL Control 1024

Save Pl values into
device Flash

Infineon

i

Click this button to save K, K;, SCALEKPKI values to Flash.

The motor will stop

This saving function only works if the motor is rotating normally
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Using uC/Probe™ GUI

Over-current and under-voltage protections

DC Link

A

__________ DC Link voltage, which applies
CCUS8 Trap to U, V, W winding of the motor

¢

@
P

\h

If over-current happens, CTRAP will turn red

and start blinking and the motor will stop
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Using uC/Probe™ GUI

(infineon

Over-current and under-voltage protections
gy
+5V % R69
1K
RS \ig—FAULT
11k 1K J_
: - Cs1
1pc | RS fOMw 1 P ‘1;2
IR oyt gn ma N |
€532 0.25R cs2 !
101 102 ;
G&D i—@ over current protection

The trip current Itrip is 0.6/0.25=2.4 A

On the Eval-100W_FOC board, the VBE(th) of SS8050 is 0.6 V

When the 3-phase motor currents exceed its trip current, the CTRAP signal is activated

and over-current detected

The power rating of the resistor R57 should be (Itrip)2*0.25*%1.5=1.1 W
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Using nC/Probe™ GUI

PMSM FOC state machine panel
* Pwaﬁesetf
Software reset

over-voltage, under-voltage

'Y

Motor start command

Fault cleared (Direct FOC Startup)

Maotor speed < Motor start command,
- 10% of max speed (Direct FOC Startup)

Motor speed < ‘(\z“"ﬁc&
or sp
10% of max speed &\i}‘ &é‘a&
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Using uC/Probe™ GUI

PMSM FOC state machine panel

Motor State n ................................ The present motor State

FOC CLOSED LOOP =0
BRAKE_BOOTSTRAP =1
STOP MOTOR = 2

The various motor states

VFOPENLOOP RAMPUP =3
MET FOC =4

PRE POSITIONING =5
OVER/UNDER VOLTAGE = 6
TRAP PROTECTION =8




Using uC/Probe™ GUI

(infineon

Motor speed, motor start/stop control panel

Use the slider to set the desired speed (% of motor maximum speed in rpm).

4

The motor should start to run if MOTOR START is clicked

Setting Target Speed

0

%

Motor Speed m rpm

The actual speed

MOTOR START

A

The desired speed in % of the maximum rpm of the motor

motor

1) Click this MOTOR START button. 2) Then, set the desired speed for the motor to start.
The wording on the button will change to MOTOR STOP. 3) Click this button to stop the
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Tuning of K,, K; value using the uC/Probe™

( Ref E)—l
' \
Id ! Cartesian CEHROREFRED >  CCUSO
- (P i > 4o Polar VR AGRGI)—e- ——]
‘ PI-Co ler
(ReF Speed) Ramp n | Speed Q* ntrol r Transform SVM ~§:‘.‘~_"‘,‘L'“_£7ME_:_‘C’J PWM Generator
e () pr.Controller —w
. +
Ram

‘ with integrated
’ Pi-Controller| =0 MATH |G oo wobiE psE w-», deadtime control

e ‘ P fh |

(Ref_Iq L—Q r

. g,
| S
Park

Transform e - -
T IS Clarke | —'L" c ¢ | Get ADC “E-
el MATH sty Transform ::: :cal:umon (;::::t «@D ANC
PMSM FOC block diagram

The FOC software starts the motor directly with Speed Control Direct FOC control scheme
(by default setting)
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Tuning of K,, K; value using the uC/Probe™

( Ref_Id —]
~ 8 id v _.‘ o P'","" !_Wm__. CEIOREPISED~>  CCU80
o— g) Pi-Controller i omar = ‘ SVm . .| PWM Generator
Ref_Speed —» Ui Modulator |~ RS IREE i integrat
4 P PI -(:ontrollor a ulator with integrated
\O"@ Pl-Controller —(Tagm va )+ MATH (V82 e—ts oo wobiie mse wy-» deadtime control
Ramp - |
(Ref_Iq ‘ —O0
: v TotorhAngeadl PLL
—— Estimator
(i i}—  MATH
= =
. :
Park
Transform
D R j«CIEDH
s Clarke Pp— Current
L MATH | oswan Transform | |, Calculation
[ )

PMSM FOC block diagram

Remove the Speed control here if using

TORQUE CONTROLLED DIRECT FOC scheme

If the MOTOR START button was clicked and the motor does not spin after the desired speed
slider is set to 30%, for example, the user should change the My _FOC_CONTROL_SCHEME
in pmsm_foc_user_config.h to TORQUE_CONTROLLED_ _DIRECT_FOC, re-compile

and reload

Tune the PLL control loop here

So that the user can tune the K, K; and SCALEKPKI of PLL, control loop first
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Tuning of K;, K; value using the pC/Probe™

Effects of increasing proportional gain K; or integral gain K; of PI controller

independently
Effects on step response characteristics
Gain change -
. Rise time Overshoot Settling time Steae1¥0s|‘tate
Kp AN Minor Change
1 K: unchanged Vo r© © ©
Kr A e
2 o U TS Vv © e " & Eliminate ©

Reference Step Response

A Increase percentage \
| pEEE | 4,

WV Decrease vo 7 = ¥
/ l‘ / tling Time ' Steaéjr?::,;t

Ll |

0 = i0 i5

Time
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Tuning of K;, K; value using the uC/Probe™

P setting | setting SCALEKPKI Plerror |k Ik_Limit Uk_Limit

Speed Contrel | 32768 3 15 m-mm
; I 5w ret [ sree

Torque Contrel 11141 (Il o] of1,073,709,05[ o] 32767]
[ ofLEE o[l

Flux Control 11141 15 m-mm

oozt %222 ) D 2 D T

Save Pl values inte

(Tnfineon,_ Sensorless FOC Motor Control | evice Fiash

The P setting, I setting and SCALEKPKI values for Torque and Flux PI
Controllers are calculated from the physical motor and system parameters,
and typically don’t need to be tuned in the first iteration

The PLL Control parameters K;, K;, SCALEKPKI should start to be modified if
the motor cannot startup in FOC closed-loop smoothly

Copyright © Infineon Technologies AG 2017. All rights reserved.



(infineon.

Tuning of K;, K; value using the uC/Probe™

P setting | setting SCALEKPKI Plerror |k Ik_Limit Uk_Limit

Speed Contrel | 32768 3 15 m-mm
¢ I 5w ret [ sree
Torque Contrel 11141 (o] of[1,073,709,05[ o] 32767]
[ ofLEE o[l

Flux Control 11141 15 m-mm

o 1024 32 22 -a-l

Save Pl values inte

(Tnfineon,_ Sensorless FOC Motor Control | evice Fiash

The target speed slider becomes the target torque slider under
TORQUE_CONTROLLED_DIRECT_FOC mode

Make sure the Uk value of PLL control does not hit its Uk_Limit while tuning
the PLL control parameters
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Tuning of K;, K; value using the uC/Probe™

e Pse;;;sa e = Im_"":z:l‘ 4 this value by 1 will ¥ gain of
peed Gontrel Speed controller by half
Torgue Contro 11141 246 15 ; P setti
" et Pl gains: K, = —ZSC;eLEIl(T;g(I ,
K. = I setting
Flux Control 11141 246 15 L™ 2SCALEKPKI
PLL Control 1024 32 22 ... A this value by 1 will gain of
PLL estimator controller by half

If the motor does not spin in FOC close loop, A the SCALEKPKI of PLL Control
and check the motor behavior. If the motor starts to move slowly, A the
SCALEKPKI further. Else, ¥ the SCALEKPKI.



(infineon

Tuning of K;, K; value using the uC/Probe™

P setting | setting SCALEKPKI

Speed Control 32768 3 1 5

Torque Control 11141 1 5

Flux Control 11141 15

PLL Control 1024 | 22

After the motor is able to rotate smoothly under

TORQUE_CONTROLLED_DIRECT_FOC, remember to save the parameters by
clicking the Save PI button

Change the My_FOC_CONTROL_SCHEME in pmsm_foc_user_config.h to
SPEED_CONTROLLED_DIRECT_FOC, re-compile and reload the code

se the same tactic to tune the Speed Control parameters. No need to
modify the PLL control parameters
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General hints on tuning of SCALEKPKI, P, I Cinfineon
value using the uC/Probe™

For the FOC control tuning, this is the procedure in form of an algorithm block diagram
on how to tune the PLL loop for FOC control

¢ 7

heck Motor In cre_aseI In crease P
current setting setting
sinusoidal?

Increase current decrease I current decrease P
» SCALEKPKI by sinusoidal, setting sinusoidal, setting
1 better? better?

current decrease Use the current Use the current
i i SCALEKPKI by |- previous I i i previous P i i
sinusoidal, 1 setting value sinusoidal, setting value sinusoidal,
better? 9 better? d better?

Proceed to

tune Speed
Use the Control
previous current
SCALEPKPL sinusoidal,
value better?

O
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General hints on tuning of SCALEKPKI, P, I Cinfineon
value using the uC/Probe™

For Speed Control tuning the user should follow the same flow

Typically, only these 2 PI control loops need to be tuned with the FOC software for
EVAL _100W_DRIVE CFDZ2 kit

¢ 7

Increase I Increase P
setting setting

heck Motor
current
sinusoidal?

Increase current decrease I current decrease P
» SCALEKPKI by sinusoidal, setting sinusoidal, setting
1 better? better?

current decrease Use the current Use the current
i i SCALEKPKI by |- previous I i i previous P i i
sinusoidal, 1 setting value sinusoidal, setting value sinusoidal,
better? 9 better? d better?

Proceed to
tune Speed
Control

Use the
previous current
SCALEPKPL sinusoidal,
value better?

O
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Testing result with a ceiling fan

» AC input: 230 V/50 Hz —
» Ceiling Fan motor specification: |
— Resistance/phase: 23 ohms
— Inductance/phase: 65 mH
— Pole pairs: 4
— Max. speed: 105 rpm
»  Power consumption: 35 W @ 105 rpm

o

Motor Tuning

@ 200x/ o 00s 50008/ Auto § 0.0v

P setting ing
peed Contrel 32768 16

w 11181 246 15 -m

a1 248 | 15 -aa-mmm

2 22 R T e T

infineon Sensorless FOC Motor Control Idev-eemsn )

Setting Target Speed Motor Speed
100 %

Freqid ) 7.14Hz |

The current waveform of phase U at max. speed

| Freqi1j:No signal




afineon

100 W motor drive evaluation board
Hardware and software

Tools

Getting started

Resources
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Schematic of EVAL_100W_DRIVE CFD2 board
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Schematic of EVAL_100W_DRIVE CFD2 board
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Resource Listing

»  Kit documentation:
- EVAL_100W_DRIVE_CFD2 board Appnote
- EVAL_100W_DRIVE_CFD2 Getting Started

https://www.infineon.com/cms/en/product/productType.html|?pr
oductType=5546d4625e763904015ec84038b42ff2&redirld=590

73#ispnTab4
> Application note documentation:

- AP32370-XMC1000-PMSM FOC motor control software using
XMC™

Copyright © Infineon Technologies AG 2017. All rights reserved.


https://www.infineon.com/cms/en/product/productType.html?productType=5546d4625e763904015ec84038b42ff2&redirId=59073#ispnTab4
https://www.infineon.com/cms/en/product/productType.html?productType=5546d4625e763904015ec84038b42ff2&redirId=59073#ispnTab4
https://www.infineon.com/cms/en/product/productType.html?productType=5546d4625e763904015ec84038b42ff2&redirId=59073#ispnTab4
https://www.infineon.com/cms/en/product/microcontroller/32-bit-industrial-microcontroller-based-on-arm-registered-cortex-registered-m/32-bit-xmc1000-industrial-microcontroller-arm-registered-cortex-registered-m0/channel.html?channel=db3a30433c1a8752013c1aa35a6a0029#ispnTab3
https://www.infineon.com/cms/en/product/microcontroller/32-bit-industrial-microcontroller-based-on-arm-registered-cortex-registered-m/32-bit-xmc1000-industrial-microcontroller-arm-registered-cortex-registered-m0/channel.html?channel=db3a30433c1a8752013c1aa35a6a0029#ispnTab3
https://www.infineon.com/cms/en/product/microcontroller/32-bit-industrial-microcontroller-based-on-arm-registered-cortex-registered-m/32-bit-xmc1000-industrial-microcontroller-arm-registered-cortex-registered-m0/channel.html?channel=db3a30433c1a8752013c1aa35a6a0029#ispnTab3
https://www.infineon.com/cms/en/product/microcontroller/32-bit-industrial-microcontroller-based-on-arm-registered-cortex-registered-m/32-bit-xmc1000-industrial-microcontroller-arm-registered-cortex-registered-m0/channel.html?channel=db3a30433c1a8752013c1aa35a6a0029#ispnTab3
https://www.infineon.com/cms/en/product/microcontroller/32-bit-industrial-microcontroller-based-on-arm-registered-cortex-registered-m/32-bit-xmc1000-industrial-microcontroller-arm-registered-cortex-registered-m0/channel.html?channel=db3a30433c1a8752013c1aa35a6a0029#ispnTab3
https://www.infineon.com/cms/en/product/microcontroller/32-bit-industrial-microcontroller-based-on-arm-registered-cortex-registered-m/32-bit-xmc1000-industrial-microcontroller-arm-registered-cortex-registered-m0/channel.html?channel=db3a30433c1a8752013c1aa35a6a0029#ispnTab3
https://www.infineon.com/cms/en/product/microcontroller/32-bit-industrial-microcontroller-based-on-arm-registered-cortex-registered-m/32-bit-xmc1000-industrial-microcontroller-arm-registered-cortex-registered-m0/channel.html?channel=db3a30433c1a8752013c1aa35a6a0029#ispnTab3

(infineon
Support material:

Collaterals and
brochures
Document Info

Technical material
Evaluation
- iy - _

- - -
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http://www.infineon.com/XMC
http://www.infineon.com/CFD2
http://www.infineon.com/COOLSET
https://www.infineon.com/motor-control
http://www.infineon.com/XMC
http://www.infineon.com/cms/en/product/microcontroller/32-bit-industrial-microcontroller-based-on-arm-registered-cortex-registered-m/32-bit-xmc1000-industrial-microcontroller-arm-registered-cortex-registered-m0/xmc-development-tools-kits-and-boards/channel.html?channel=db3a30433d5e5530013d64397b0c2043
http://www.infineon.com/cms/en/product/microcontroller/32-bit-industrial-microcontroller-based-on-arm-registered-cortex-registered-m/32-bit-xmc1000-industrial-microcontroller-arm-registered-cortex-registered-m0/dave-version-4-free-development-platform-for-code-generation/channel.html?channel=5546d46145f1f3a4014619e925171bcc
http://www.infineon.com/cms/en/product/microcontroller/32-bit-industrial-microcontroller-based-on-arm-registered-cortex-registered-m/32-bit-xmc1000-industrial-microcontroller-arm-registered-cortex-registered-m0/dave-version-4-free-development-platform-for-code-generation/channel.html?channel=5546d46145f1f3a4014619e925171bcc
http://www.infineon.com/cms/en/product/microcontroller/32-bit-industrial-microcontroller-based-on-arm-registered-cortex-registered-m/32-bit-xmc1000-industrial-microcontroller-arm-registered-cortex-registered-m0/xmc-development-tools-software-tools-and-partner/channel.html?channel=5546d46145f1f3a4014619e9bcfa1bcd
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Glossary abbreviations
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Abbreviation | Full name

ADC Analog-to-Digital Converter

FOC Field-Oriented Control

PI Controller Proportional-Integral Controller

PMSM Permanent Magnet Synchronous Motor
PWM Pulse Width Modulation

SVM Space Vector Modulation

XMC™ Cross-Market Microcontrollers
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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.

All the images used in this training are free for commercial use or free for
use with attribution and were designed by Freepik.
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