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Learning objectives

> To demonstrate sensorless FOC for washing machine PMSM
motor control

> Key software functions, a step-by-step implementation, and
linking up with uyC/Probe™ XMC™

> To use of yC/Probe™ XMC™ to visualise data and fine-tune FOC

> After the learning of this PPT, users will be able to fine-tune
XMC1302 FOC example SW for own washing machine motor
control
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Washing machine motor control - @eo/n
Overview

> The purpose of the training slides is to elaborate a low-cost and
high-performance washing machine motor control solution, using

- XMC™ 750 watt motor control application kit
- XMC1300 drive card
- DAVE™ 4 example project - PMSM_FOC_SL_XMC13

> The HOT examples cover the key features and controls of the
washing machine motor control application



Washing machine motor control - the solution @
focuses on mainly 2 areas

> Infineon focus areas for washing machine motor control

Motor control

Power
management

Focus of this value proposition
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Infineon can provide all the critical components  (frfineon
for washing machine motor control

Functionality IFX components
> FOC controller > XMC1302: ARM® Cortex®- AC Rectifier
(3-phase PWM MO 32-bit processor @ 32 2301 and filter
generation, motor MHz, up to 200 kB flash,16 v
phase current kB SRAM,MATH coprocessor, DC-DC
sensing, bus 12-bit ADC with 2 sample & ? converters 1
voltage sensing, hold stages, motor control v
over-current & PWM timer (CCU8), general sV i {320V
over-voltage purpose timer (CCU4), serial XMC1302

i - Washing machine
protection) communication (USIC) CPU/MATH | Gate driver PMSM motor
__________ ' Gate driver
] —— i i ccus Gate driver *@E
Power management |

.......... ) &) -6

Functionality IFX components «—»| interface

> Power inverter > IKD1ONG6OR: discrete IGBT —
with anti-parallel diode, 600 | current [I]Ru [I]Rv [I]Rw
\V; sensing
> 6EDLO4IO6NT: =+ =X
EiceDRIVER™ gate driver IC GND

@
21
o

Motor control Washing

> Auxiliary power > 3F/2QR CooISET™ flyback machine

supply controller family e.g.:
ICE3RBR47651G

crm
> IFX1763XEJV33: wide input
range low noise LDO
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Why Infineon?
Washing machine motor control solution

(infineon

Benefits

Small code size and
fast execution time

Robust start-up

Less dependencies
more robust

Ultra-low speed
sensorless control

BOM savings

ARM® Cortex®-M0 with
MATH coprocessor

Embedded security
solutions

Product portfolio

Knowledge of vendor

Addressed customer needs

Allows ample CPU time for more tasks
Small code size < 16 kB, and super-fast code execution < 20 ys
(for optimized code)

Direct-sensorless-FOC startup is robust, smooth and energy
efficient at various load conditions of washing machine

Only need one motor parameter to estimate rotor angle and speed
for sensorless FOC

Robust / quieter operation with sensorless FOC drive even at ultra-
low speed (e.g.: 0.8% of max speed)

€ 0.49-0.9 reduction of system BOM using XMC™ on-chip ADC
gain. Complete sensorless motor control eliminating Hall sensors /
tachometer

Replace costly MCUs (e.g. ARM® Cortex®-M3)

Protect customer solution from being copied by customer’s
competitors

Infineon a “one-stop-shop” for motor control applications with
complete power semiconductor portfolio

Dedicate motor control expert team support with multiple
connection of expertise for local support



Washing machine motor control - Tnfineon
Key features e

Target application

> Washing machine motor control

Key features

> Sensorless FOC control even at ultra-low speed

> Robust direct-sensorless-FOC startup

> Smooth bi-directional control at low-speed

> Flux Weakening (FW) at high speed for spin dry

> XMC™ on-chip ADC gain to reduce system BOM cost
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Washing machine motor control - Tnfineon
Specification (feon

Specifications

>

>

AC input voltage: 230 V,c

Motor mechanical speed

- Minimum 100 rpm
- Maximum speed 16,000 rpm at Flux Weakening (FW) for spin dry
— Motor speed at washing: 600 rpm

Drum speed: 10 rpm to 1,600 rpm
Bi-directional control at low-speed (e.g.: 100 rpm)

No failure at least 500 times for motor startup bi-directionally at various
load conditions



Washing machine motor control - Tnfineon
System block diagram e

L Rectifier
AC {— and filter
230V
Complete sensorless
DC-DC

no Hall/tacho, BOM save
converters
l 5V l 5V 33201

XMc1302 | Washing machine
CPU/MATH | 2| Gate driver g

| PMSM motor
'''''''' | > Gate driver|
1 ! « (KE
—> HMI /COM ! i ccus Gate driver
|
|
|

| (usio)]

I ] 968

.

| Current

| &7 s:n’:i*:g [I]R,, [I]Rv [I]Rw
L na
GND GND

XMC™ on-chip ADC gain

BOM save

System block diagram: washing machine motor control



Washing machine motor control - @n_eo/n
Hardware overview

> Kit information

No. Kit name Kit description Order number
1y ME00-PE xMc1300 drive card  KIT_xMC1300_DC_v1
> KIT_XMC750WATT_ XMC™ 750 watt motor KIT_XMC750WATT_MC
MC_AK_V1 control application kit _AK_V1

> Key Infineon components utilized on Kkit:

No. Infineon components Order number Quan_tlty
per kit

1 XMC™ microcontroller XMC1302-T038X0200 1

2 3F/2QR CoolSET™ flyback e.g.: 1
controller family ICE3RBR47651G

3 EiceDRIVER™ gate driver IC 6EDLO4I06NT 1
Discrete IGBT with anti-parallel

4 diode, 600 V IKD10N60R 6

5 LDO, wide input range, low noise IFX1763XEJV33 1



Washing machine motor control -

5V and 15V flyback converter schematics

Gfineon

> Infineon offers both Quasi Resonant (QR) CoolSET™ and Fixed Frequency

CooISET™ in various packages, below design is an example

/{\ DC

._LINK

Schematic:

CooISET™

g.: ICE3RBR47651G

4
L8} -
» 7 C103
’

100nF/080

C12

F

0

R139

[H

P2
3

o
o~

_I_f 121 @103
-|-1|1F‘ 0805
J n.m{(BC847B)

10

IC1 C;A'Z

TLVH431AI-DBZ

C119
pn-m (2.2nF/0805

washing machine motor control - 5V and 15 V flyback converter
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Washing machine motor control -
Microcontroller schematics

(infineon

XMC1300 CORTEX-MO Microcontroller in TSSOP38 Package
IC101_PO IG101_P1
. Port 0 - standard port Port 1 - high current port .
U_H ! | 16 F| POS2/P1.0
UL 18 *;8-? 21'2 15 EB_POS1/P1 1
R101 —— 4k719 | oo» p1o |14 PC_RXD/P12
R102 == 4k720 | .53 613 =18 PC_TXD/P13 B
LED/P0O.4 21 90'4 p1'4 12 P14
PFC_GATE/CMP2.OUT 2] Lo's pis 11— P15
23
xL 21 ros . VDD5
_ = PO.7 VDD
W_H 27 1 pos
Wl 28 P0.9 C101
ENENC/P0 10 29 1 po.10
ENPOW/PO 11 0 | poat 220n
CTRAP/P0.12 31l onio vss |2
EA_POS0/PO 13 2 | ooys
SWIO/PO 14 33 : _ GND
8 SWCI K/P0 15 R106— OR pnis 34 | b0l XMC1302-T038X0200
— -
Yops 25 1 vpop
c103
100n
25 1 yssp
eI XMC1302-T038X0200
n.m./0603
IC101_P2
R107
Port 2 - analogue features OR/0603
—VPEC = 11 poy [ G1.cHe
—30;2 P25 | G1.CH7
JLU—T p26 ||| cocHo et G1.CHS <| P23
—LDC 41 g7 |3 G1.CH1 s GocH7||<F| P22
VMV 51 pog | |lcocHt|sicHo j>cfo GO.CHE P2.1
—LU 61 pog |{>| cocH2| GlcHe GO.CHS P2.0
—u‘/—_” P2.10 GO.CH3|| G1.CH2
—LL P2.11 GO.CH4 || G1.CH3
[oRe | EX 5841 ACMP S8H1 | 33Up/0603
XMC1302-T038X0200 f_cutoff = 14.8kHz
GND
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Washing machine motor control - Cinfineon
High-voltage gate driver schematics

Gate Driver Circuit

-
HINZ
IN3
LIN1
HOZ

i

ITRIP H
_|_c215
T 10u_2
LC
Lo
CIN
LO
sS com |13 COM_0 ]
6EDLO4I06NT

GND_INV_0

Schematic: washing machine motor control - high-voltage gate driver
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Washing machine motor control - Cinfineon
3-phase power inverter schematics

3-Phase Inverter Bridge

DC_LINK

IKD10N60R
IKD10N60R

=
T
] ‘ )

IKD1ON60R
IKD1ON60R
IKD1ON60R [—

I_ADC(max): +/-4.16A » []
I_trip(typ): +9A ’_J

OR050/2W

GND_INV_0

Schematic: washing machine motor control - 3-phase power inverter
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Washing machine motor control -
Software overview

(infineon

%

Fault (Ctrap, over-voltage)

Bootstrap enabled

Start command Bootstrap disabled

Stop command

ransition to

closed-loop

V/f ramp up
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Washing machine motor control - Tnfineon
Highlight MCU features (e

> MATH coprocessor

- 38x faster sine, cosine and arctangent calculations
- High-resolution Park/Inverse Park Transforms at 24-bit in less than 1 us

— 7x faster division compared to other ARM® Cortex®-M0 devices
> CCU8 PWM

- Generate PWM patterns for all kind of motors

- Interact with ADC for ADC triggering at sensorless control of motors
- Operate always in a safe state - even in an error condition

— Dead time control to minimum hardware effort

- 16-bit resolution for high precision space vector PWM generation
> ADC

On-chip ADC gain (x1, x3, x6, or x12) to eliminate external Op-Amp

Simultaneously sample of multiple analog channels

Fast ADC reduces torque ripple due to minimized blind angle in sensorless FOC

- Used to sense motor three phase current as feedback to the system



Washing machine motor control - Cinfineon
Get started - HW connections

> Connect washing machine PMSM motor U, V and W phases to
Infineon XMC™ 750 watt motor control application kit

Power board 110
V-230V /750 W .
G) bt i1 @ ’Q
‘.

)ih
N

To motor phases
U, Vand W

> Washing machine > XMC1300 drive
PMSM motor card , 230V,  /8A

> Op-Amp gain changed to x6 (R205, R206, R207, R212, R214, R216 reworked to 2 kQ)
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Washing machine motor control - Tnfineon
Get started - DAVE™ 4 e

> Download the latest DAVE™ 4 installer package from

DAVE™ (Version 4) - Development Platform for XMC™ Microcontrollers

> Installation requirements
1.

PC with Windows 7, Windows 8.1, Windows 10, Windows Vista -
32bit & 64bit

RAM - 4 GB or more

Remember to install SEGGER J-Link when installing DAVETM 4 (if not
done so) G .

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| | 4 complete download package is provided, including IDE, XMC™ Lib, DAVE™ APPs, EXAMPLES, and DAVE™ SDK.
DAVE™ Release Note

DAVE™ software download

Please register here
Select the DAVE™ package(s) you would like to download

DAVE™Packeges” (B DAVE™for Windows 32-bit
- DAVE™ for Windows 64-bit

Copyright © Infineon Technologies AG 2016. All rights reserved.


http://www.infineon.com/cms/en/product/microcontroller/development-tools-software-and-kits/dave-version-4-free-development-platform-for-code-generation/channel.html?channel=db3a30433580b37101359f8ee6963814

Washing machine motor control - Cinfineon
Get started - uC/Probe™ XMC™

> Download the latest uC/Probe™ XMC™ installer package from

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

> Installation requirements

1. PC with Windows Vista, Windows 7, Windows 8, Windows 10 - 32bit
& 64bit

2. RAM - 3 GB or more

(I'Eﬂneon HC/Probe™ XMC™ Software Download

 Tadyer AL

HC/Probe™ XMC™ Software Download

F f-charge data monitoring and visualization tool to modify and track real-time data on the XMC™ target microcontroller.

Register here to get your free download of pC/Probe™ * UC/Probe™ XMC™ is developed by Micrium® and

XMC™ has the same functionally as the professional edition

To download the software, please fill in the form below. We of uC/Probe dedicated to XMC microcontrollers only

will send you the download link per email. = The current version available for download is
pC/Probe™ XMC™ v 4.0.18.50

First Name* I

+ UC/Probe™ XMC™ runs on Windows 7, Windows 8

Last Name* [ or Windows 10.
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Washing machine motor control -
Get started - import SW to DAVE™ 4 (1/2)

> Open DAVE™ 4

|! DAVEIDE - DAVE™ - C:\Workspac: WE-4.2\WS_, 030

File | fdit Source Refactor MNavigate Search DAVE Window Help

Convert Line Delimiters To v [ Active - Dek
Print... Ctrl+P

Switch Workspace 4
Restart

E

Import...

= AP,
Properties Alt+Enter

Exit

ew Alt+5hift+N » FE g v
Open File...
= 3
Close Ctri+W
= R
Close Al Ctrl+Shift+W i
ekoW
Save Ctrl+S
Save As..
Save All Ctrl+Shift+5
Revert > 25801
Move...
™ Rename.. F2
Refresh F5

-

-t

-

-

Click on File > Import to import sample code

Select Infineon > DAVE project and click "Next”

Gfineon

% Import

Select

Select an import source:

type filter text

> = Git
4 (= Infineon
= Buil

O ~E l'
i DAVE Project

ki DAVE Project From Local Library Store

> (= Install
» = Plug-in Development
» (= Run/Debug
(& Team
> B XML

Cancel
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Washing machine motor control -
Get started - import SW to DAVE™ 4 (2/2)

> Next click on Select Archive File > Browse

Gafineon

> 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 Root Directory

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

©@ Select Archive File

Browse...

Project List:

Select All
Deselect All
Refresh

W& Import DAVE Projects

Import DAVE projects

Import Existing DAVE Projects

Select Root Directory

@ Select Archive File

CAWorkspaces\DAVE-4.2\WS_2015_03_02\Bkp\BaseCode_ | Browse.. |

Project List:

| BaseCode_XMC1302_Sensaorl lessFOC_DAVE4_WM(BaseCode XMC1302_Sensd|

Select All
Deselect All
Refresh

Copyright © Infineon Technologies AG 2016. All rights reserved.



Washing machine motor control - (in’ﬁneon
Get started - build SW in DAVE™ 4

> Click "Rebuild Active Project”
& DAVE IDE - DAVE™ - C:\Workspaces\DAVE-4.2\Ws 201505 020

File Edit MNavigate Search DAVE Window Help
| AR = Gt e A

BE C/C++ Projects 2 = B8

> “text” in red box indicates the code size, e.g.: about 13 kB

& Conscle 52 | O] Properties [%! Problems <7 Search 4L 4 | qH mE :5,-,| mE~-~-= 0
CDT Build Console [BaseCode_XMC1302_SensorlessFOC_DAVES W]

13:@86:49 **** Build of configuration Debug for project BaseCode XMC1382_SensorlessFOC_DAVE4 WM *%%%
"WUC\\DAVEVA'\\DAVE-4. 2. 6\ \eclipse\\ARM-GCC-49\\bin\ \make\"" --output-sync -j4 all

"Invoking: ARM-GCC Print Size’

"CoADAVEVAN\DAVE-4.2.6\eclipse\ARM-GCC-49/bin/arm-none-eabi-size”™ --format=berkeley “"BaseCode_XMC1362_ SensorlessFOC_DAVE4 WM.elf
text data bss dec hex filename

13816 288 1824 15128 3bl® BaseCode XMC1382 SensorlessFOC_DAVE4 WM.elf

'Finished building: BaseCode_XMC1382_ SensorlessFOC_DAVE4 WM.siz'

13:86:49 Build Finished (tock 539ms)

Copyright © Infineon Technologies AG 2016. All rights reserved.



Washing machine motor control - @eo/n
Get started - download SW in DAVE™ 4

> Click "Debug Configuration” to download the code

File Edit Source Refactor Mavigate Project Search Run DAVE Window Help
|28 g et E e EO E#Iﬁ- =

Hg] C/C++ Projects &3 roject Explore = 8 | g mainc 52

> Click "Resume” to start the motor control application SW

File Edit Source Refactor Navigate Search Window Help
yelissss. »ps Ss 0B

%5 Debug &2

Copyright © Infineon Technologies AG 2016. All rights reserved.



Washing machine motor control - Tnfineon

Get started - SW configuration (1/3)

% DAVEIDE - DAVE™ - C:\Workspaces\DAVE—4.2\W§75!!j3ﬁl >

File Edit Source Refactor Navigate Search DAVE Windo
| A8 e & £y

=

HE C/C++ Projects 2 | {5 Project Explorer
= &

o
. % BaseCode_XMC1302_Sensorl lessFOC_DAVE4S_BekoWM
4 |=5 BaseCode_XMC1302_SensorlessFOC_DAVE4_WM [ Acti
- 4% Binaries >
> [l Includes
> = Debug
> [= Libraries

4 = PMSM_FOC
4 = Configuration
- || pmsm_foc_features_config.h
> lg] pmsm_foc_uCProbe_parameters.c
> [n] pmsm_foc_uCProbe_parameters.h
.l pmsm foc user meuhweonfigh

I - |h| pmsm_foc_user_parameter.h I

> = ControlModules
> = FOCLib
> = Interrupts
> = MCUInit
> = MIDSys
> = Startup
> Lg| main.c
+ || pmsm_foc_userinterface.c
> gl pmsm_foc_variablesconfig.c
=| Eval-M1-1302_05-65D-20160629.wspx
=| linker_script.ld
@ output.htm
=| Washing Machine Demo.wspx

>

i

The FOC example SW enables the user to
change certain parameters in order to fine
tune motors

To access the code within DAVE™ 4.

- Under "C/C++ Projects” section, you will
find your project (with Active - Debug on it)

- Select “Project Title” > PMSM_FOC >
Configuration >
pmsm_foc_user_parameter.h

— Double click to open the file

Note: Files with “"user” in it indicates that
there are parameters that can be changed as
per hardware and user requirements



Washing machine motor control -
Get started - SW configuration (2/3)

[B] pmsm_foc_user_parameterh 52

52 #include "pmsm_foc_features_config.h”

54

55 #define PHSM _FOC_HARDWARE_BOARD IFX_XMC_LVPB_R3

; #define MOTOR_TYPE DII_DROME_MOTOR

:L #define CURRENT_SENSING USER_THREE_SHUNT_SENSE

_ #define ADC_CONVERSICN USER_ADC_SYNC_CONV

B gl _____ EOC Contcal aod Siactuo Schepe fonly co]

-.: #define MY_FOC_CONTROL_SCHEME CONSTANT_SPEED_DIRECT_FOC

69

- @1y

75 #define USER_MOTOR_L PER_PHASE_uH (20.87) / T

76 #define USER_MOTOR_POLE_PAIR (7.8F) /* Motor Pai /

TTE /% e e Constant Speed Control Mode (Used when Constant Speed Control is enabled) -------=-------smmmommmm e

g g e ____ POT ADC, or PWM to Adjust Speed ———————— - - - - 7 4

79| #define USER_SPEED HIGH LIMIT RPM (1eea.af)

zo) #define USER SPEED LOW_LIMIT RPM (uint32_t) (USER_SPEED _HIGH LIMIT RPM / 38.8F)

51| #define USER_SPEED_RAMPUP_RPM_PER_S (5@8U) #3

22 #define USER _SPEED RAMPDOWN RPM_PER S (588U)
#1: The motor type can be changed according to the motor being
used
#2: The control scheme can also be modified according to user
requirements
#3: The speed of the motor and its ramping can be modified as

per the user’s requirements

Copyright © Infineon Technologies AG 2016. All rights reserved.
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Washing machine motor control - Infineon
Get started - SW configuration (3/3)

[ prmsm_foc_user_parameterh 52

#define USER_ROTOR_PREPOSITION TIME_MS (leeu) /* Roter startup pre alignment time in miliseconds */
#define USER _REFERENCE SPEED_RPM (5eeU)
#define USER_SPEED_THRESHOLD FW_RPM PER_S Threshold spesd to use Flux
I L e e e e e e el S e e o e MET Fine-funing — T e S S =t
#define USER_MET_THRESHOLD_HIGH
#define USER_MET_ THRESHOLD LOW

LA

18 #define USER_MET_LPF

196y / * = pmsm_foc_parame !
28, * o+ caling SVM Medulator

21 #define PWM_PERIOD TS5 _US (1.8f/(USER_CCUS_PWM_FREQ HZ)*1000889)

22 SVM_LAMDA (1.8F/USER_INVERSE_SVM_LAMDA)

23 SVM_TZ_PZV (uint32 +)((CCUS PERIOD REG * SWM_LAMDA) + @.5)

24 (SWM_LAMDA * PWM_PERIOD_TS_US)

* Scaling SWM Modulator * A —— e
(CCUB_PERIOD_REG ,.-r MAX_VREF ANF‘].ITIJDE)
" ADC Range

#define
1% =

#define VAREF_V (5.87)

#define G_OPAMP (USER_R_FEEDBACK KOHM / USER_RIN_KOHM)

#define I_MAX A [({(wAREF_V/ (USER_R_SHUNT_OHM *G_OPAMP)}) / 2.8)

#define VADC DCLINK (uint32_t)(((USER_VDC_LINK V * USER_VBEMF_RATIO)/VAREF_V) * (1<<12))

#define VDC_MAX_LIMIT ((uintle_t)((VADC_| DCLINK * 19U)>>4U)) Vdc J.dea‘

e g i st i PRtk re*Et Normalization (u,v,w) represented by +2°1 phdiecheitchetbdacnrbohrec ch

#define N I UV A I_MAX A

#define N 1\-"REF SV VREF_MAX WV

aicatanc s ***3* MNormalization (alpha,beta)

MN_I ALPHABETA A I MAX A
H VREF ALPHABETA W WREF_MAX_V

4 PR RFxeEF**2* Normalization (d,q) represented by +2°15 ***

#define I_MAX A

#define VREF_MAX_V

E A ; * Motor Control Timing  * S

#define BOOTSTRAP_BRAKE TIME ( (USER_BOOTSTRAP_PRECHARGE TIME MS * 1ee@) / PWM PERIOD TS _US)

#de-hne PRE_ALIGNMENT_TIME (uint32 t)(((USER ROTOR_| PREPOSITION TIME M5 * 1668) / PWM_PERIOD_TS_US))

joe * Amplitude Limit * ey

#define MAX VREF_AMPLITUDE (32768 - B.57F)

#define VREF_MAX_V (I.!SER WDC_LINK WV / USER SQRT 3 CDNSTAMT)

s oz £ " W/F Startup Parameter * 3 :

#define STARTUP_CURRENT_A (uint32_t) ((USER_STARTUP_WF_OFFSET_V / USER_MOTOR_R_PER_PHASE_CHM))

#define STARTUP_SPEED (u1nt32_t)(((USER_STARTUP_SPEED_RPM * USER_MOTOR_F‘OtE_F‘AIR),-’(USER_CCUB_PW_FREQ_HZ*GG))’65536 * (1<< USER_RES_INC))

#define STARTUP_SPEED THRESHOLD (uint32_t)(((USER_STARTUP_SPEED THRESHOLD_RPM * USER_MOTOR_POLE_PAIR)/(USER_CCUS_PWM_FREQ HI*68))*65536 * (1<< USER_RES_INC}))

#define STARTUP_VF OFFSET (uint32 _t)((USER_STARTUP_VF OFFSET_V * 32768) / (N_VREF SVM V))

#define STARTUP_VF_SLEWRATE (uint32_t)(((USER_STARTUP_VF_SLEWRATE_V_PER_HZ * 32768) / (N_VREF_SVM \.r) * (1JSER_MOTOR_POLE_PAIR))/(USER_CCUS_PW FREQ HZ*68)*65536)

e Bk * Constant Speed Control Mode I'Lised .vhen Constant Speed Conl:'fJ. is * R

JEoww e e . xxxsssssxsss POT ADC, or PMM to Adjust Speed s¥%=ss NP .

#define SPEED LOW_LIMIT_RPM (uint32_t)(((USER_SPEED_LOW_LIMIT_RPM * USER_MOTOR_POLE_PAIR) ,-'(IJSER CCUS_Pi FREQ_HZ*@B))*6553E * (1<< USER_RES_INC))
#define REFERENCE_SPEED_USER (uint32_t)(((USER_REFERENCE_SPEED_RPM * USER_MOTOR_POLE_PAIR) /(USER_CCUS_P#\ FREQ_HZ*6B))*65536 * (1<< USER_RES_INC))

Copyright © Infineon Technologies AG 2016. All rights reserved.



Washing machine motor control - Cinfineon
Get started - pmsm_foc_user_parameters.h

> XMC™ can use fixed points numbers / integers to represent
floating-point quantities of the physical value (e.g. : in SI unit)

> User can defined different level of configurations (beginner level,
intermediate level, advanced level)



Washing machine motor control - Cinfineon
Get started - pmsm_foc_user_mcuhwconfig.h

> MCU hardware resource management (VADC, CCUS8)
> NVIC interrupts service routine resource management

> Debugging I0 (DAC functionality)



Washing machine motor control - @
Get started - starting uyC/Probe™ XMC™

> Double-click “"*.wspx” file in the
DAVE™ 4 IDE to start uC/Probe™

flg C/C++ Projects 5% | [ Project Explorer = 0
BS ¥
. (=% BaseCode_XMC1302_SensorlessFOC_DAVES WM
4 (=% BaseCode20160830_XMC1302_SensorlessFOC_DAVE4_ W

Click "Run” to control the speed of

- g;-f' Binaries .

B Includes the motor using uC/Probe™
- == Debug

. [= Libraries i

4 = PMSM_FOC

- = Cenfiguration
- = CentrolModules

&

JE ] Bring Forward = :_1: Group ™ HSFDW./H'EIE Grid
By [ send Backward = [E* aign = |57 Show/Hide Rulers

Paste X AL +5 o0 Puns - £, zoomractor

N Application Clipboard Arrange
foTR FOCLib Toolbex s Motor Tuning
> = Interru pts @ Writable Controls || |, 150 'Boo  lso koo 7m0 koo | hoso | hooo
- = FCUINIt IJUJJ Sl P setting 1 setting SCALEKPKI
- ol speed control 65535 256 12
= MIDS}TS =k H Sl 2 - -
. [= Startup ~& Custom Sid El| Torque control 22934 256 13
 LE] main.c tom Swit & ‘
Iinker_s.cript.ld Flux Control 22934 256 13
m Checkbax E - — 3
Gl output.htm PLL Control 6962 32 14
E = [F] Push Button B
% Washing Machine Demo.wspx g
[m&&d Toggle Butten - =
T
.wspx file R roerces
i} Lis Gauges Symbol Browser
‘L e [ e ‘ 2 coF [ £ csF H: MQ.—r| Park_Transform.iq
Numeric Indicat il tame
> |2 ¥ BaseCode XMC1302_SensorlessFOC_DAVES WM.eif
o Miscellaneal |
=
_{ﬁ? Adb d = WADC_channel_idc_init
= | alias_channel
@ Stopped | Cortex-M0 r0p0, Little endian. | "BaseCode XMC1302_SensorlessFOC_DAV...| J-1
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Washing machine motor control - @
Get started - start motor using uC/Probe™

> The motor can be started by keying in a number in rpm (e.qg.:
600) in the “"Set Speed” box

Ik_Limit Uk Uk_Limit

Ik
6,327,552| 117,440,512| 1072] 32767
Speed Ref m

P setting 1 setting SCALEKPKI PI error

Speed Control 65535 | 256 Ijl m
—

Torque Gontrol 22934 256_ | 13

39,147,776| 268,427,264| 4901] 32767
1072 L Iq

Flux Control 22934 256

EIN  39]  3,054,848| 268,427,264] -346] 32767
PLLControl | 3481 | 32 | 14 20,405,568|2,147,467,264] 1240] 35061

Flux Weakening speed m
s Flux flag m
( Infineon Washing Machine Motor Control PT1 gain

Set motor Speed Iwash Cycle Enable = Motor State

——>>! Set Speed 600 rpm | Ref. Speed m rpm

at washing
Real Speed [0y rPm Run Time 3 sec
Stop Time 3 sec FOC CLOSED LOOP = 0
) MET CLOSED LOOP = 1
CCUB Tra \ Timer - BRAKE BOOTSTRAP = 2
P 0 STOP MOTOR = 3
Total Cycles [T VFOPENLOOP RAMPUP = 4
MET FOC = §
'I‘ PRE POSITIONING = 6
MCU SLEEP = 7

Set time of motor || TRAP PROTECTION =8
run and stop IDLE =9
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Washing machine motor control - Cinfineon
Get started - wash cycle set using yC/Probe™

> Motor run time / motor stop time in each wash cycle can be
modified on-the-fly at yC/Probe™

> Default timing configured at pmsm_foc_user_parameter.h

#define USER_MOTOR_RUN_TIME_ S (5U) /* Motor run time in second*/
#define USER_MOTOR_STOP_TIME_S (3U) /* Stop time in second*/
#define USER_ENABLE_WASHING_CYCLE (1U) /* 1U: Enable washing (wash/stop/wash), @U: disable*/

> Total wash cycles undergone successfully is counted by XMC™,
and displayed by uC/Probe™

Tick to enable wash cycle. Untick to disable
(To test Flux Weakening, must untick here)

Wash Cycle Enable <

Run Time 3 sec «—— Motor run time in each wash cycle, user can config
Stop Time 3 sec «—— Motor stop time in each wash cycle, user can config
Timer L yy8 <— Microcontroller timer for run/stop timing, for display only

Total Cycles <—— Total wash cycles have been finished, for display only

Copyright © Infineon Technologies AG 2016. All rights reserved.



Washing machine motor control - @eo/n
Get started - fine-tune Kp/Ki using yC/Probe™

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

> Apply similar tactic for the tuning of Speed Control

_ __ Psetting __ Isetting
PI gains: K, = SCALEKPKI K; = 2SCALEKPKI

P setting | setting SCALEKPKI A this value by 1 will ¥
‘ Speed Control 65535 256 gain of Speed controller
by half
Torgue Control 22934 256 13

Flux Control 22934 256 13

- : A this value by 1 will ¥
‘ PLL Control 6962 32 14 |(«— gain of PLL estimator
controller by half

Copyright © Infineon Technologies AG 2016. All rights reserved.



Washing machine motor control -
Get started - pmsm_foc_pi.h

infineon

> In DAVE™ 4, user needs to input /save the final optimal PI
parameters to pmsm_foc_pi.h

% DAVEIDE - BaseCode_XMC1302_SenscﬂessFOC_m_ M,.’ﬁm_ ’EummIModuIes,"pmsm_foc_p\'.h - DAVE™ - C:\Woﬁcspaces\DAVE—4.2\WS_2015_03_0_" = éﬂ

File Edit Source Refactor Navigate Search DAVE Window Help
[ >0~ = G R I T I - 5 | 4% Debug ' DAVE CE [ DAVE IDE

BN e -

Quick Access

Bac/c++ Projects &2 = 8 [8 pmsm_foc_pih 2 = 0
| Bl <‘)==9 = 60  /*ekisenxk Update / Modify PI Parameters Here SGMNXEXXNX*/ -
. (5 BaseCode_XMC1302_SensorlessFOC_DAVE4_BekoWM |~ 61
4 [ BaseCode_XMC1302_SensorlessFOC_DAVE4 WM [ Acti 62 #if(MOTOR_TYPE -= WM_MOTOR) L
- ¥ Binaries 63 FEEHHERAEE R Speed PT controller ##HHHHAHSHEHHAHRREH
64 #define PI_SPEED KP (((uintls_t)1U<<16U)-1 /* Proportional gain Kp, uintle t. */
il Indudes B o5 #define PI_SPEED KI ((uint16_t)1U<<8U) /* Integral gain Ki, uvintlé t. */ =
> = Debug 66 #define PI_SPEED_SCALE_KPK| (9 + RES_INC) /#* RES_INC: Angle/speed resolution increase from 16 bit.*/L
: = Libraries 67
4 7= PMSM_FOC 68 /* Note: (IK LIMIT _MIM << JCALE_KPKI) and (IK_LIMIT ME << SCALE_KPKI) are maximum int32_t. Same as below. */
Cun_ﬂ uration 69 #define PI_SPEED IK LIMIT §IN (-(1<<13)) /* (§(1<<15)). I[k] output limit LOW. */
& . 70 #define PI_SPEED IK LIMIT RAX ((1<<13)) /% (J<15). I[k] output limit HIGH. */
4 j= ControlModules 71
» [& pmsm_foc_directfoc_startup.c 72 #define PI_SPEED_UK_LIMIT §IN (4) /* (-32F7), 16. U[K] output limit LOW. */
> [H pmsm_foc_directfoc_startup.h 73 #define PI_SPEED UK_LIMIT_RAX (32767) /% MAX_W REF. U[k] output limit HIGH. Normally no need change. */
> pmsm_foc_flux_weakening.c E i'} i i
75 SEHHHEHHRREHEHEEHRES For Jorque / Ig PI controller #HEHHHHRHEHHEHHHRHERES™/
> B pmsm_foc_ﬂux_v.veakenmg.h 76 /% Kp and Ki (from excel fjle) calculated from motor farameter L and R. Mormally no need change. */
> 48 pmsm_foc_functions.c 77 #define PI_TORQUE_KP (22934) /= (14k13). Proportional gain Kp, uintl6_t. =/
> [0 pmsm_foc_functions.h 78 #define PI_TORQUE_KI (1<<8) /* (146). Integral gain Ki, Ki/Kp = RxTs/L. uintlé_t. */
» [8 pmsm_foc interface.c ;E‘ #define PI_TORQUE_SCALE_KPfI  (13)
> B pmsm_foc interface.h 81 #define PI_TORQUE_IK_LIMITJMIN  (-(1<<15)) /= §(1<<15)). I[k] output limit LOW. Normally no need change. */
» e pmsm_foc_mtpa.c 82 #define PI_TORQUE_IK_LIMITJMAX ((1<<15)) /* @<<15). I[k] output limit HIGH. Normally no need change. */
> [B) pmsm_foc_mtpa.h 3
[ prncrn for o 2 | Hdm£ina DT _TARNIE LI | TMTTMTn r 21767y sx C ndeed 13mid 10 Manmolle on nond chonan %4 -
‘ L3
> | [h) pmsm_foc_pih
- g pmsm_foc_svmsinetable.c B Console & | [T Properties 1#! Problems 4" Search & 4 | CHER = -i‘ =B-~-=189

3 pmsm_foc_torque_ctrl.c
- [0 pmsm_foc_torque_ctrlh
3 pmsm_foc_vg_ctrl.c
> [0 pmsm_foc_vg_ctrlh
> &= FOCLib
> = Interrupts
> = MCUInit
» = MIDSys
> = Startup
> [€ main.c

< n

CDT Build Console [BaseCode_XMC1302_SensorlessFOC_DAVE4_WM]

13252 284 1800 15336

"Finished building: BaseCode_XMC1302_SensorlessFOC_DAVE4 WM.siz"®

*Invoking: ARM-GCC Create Listing'

3be8 BaseCode_XMC1382_SensorlessFOC_DAVE4_biM.elf

"C:\DAVEvA\DAVE-4.2.4\eclipse\ARM-GCC-49/bin/arm-none-eabi-objdump” -h -S "BaseCode_XM(1302_SensorlessFOC_DAVE4 _WM.elf" > "BaseCode_.
"Finished building: BaseCode_XMC1302_SensorlessFOC_DAVE4 WM.1st"®

14:52:81 Build Finished (took 18s.718ms)

< .
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Washing machine motor control - Tnfineon
Key features LS

Key feature - sensorless FOC control even at ultra-low speed

Key feature - robust direct-sensorless-FOC startup

Key feature - smooth bi-directional control at low-speed

Key feature - Flux Weakening (FW) at high speed for spin dry

Key feature - XMC™ on-chip ADC gain to reduce system BOM
cost

Copyright © Infineon Technologies AG 2016. All rights reserved.
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1. Key feature -
sensorless FOC control
even at ultra-low speed //

e




Washing machine - sensorless FOC -

Block diagram

(infineon

Ref_Speed

Ref_Id —»@—» i<

Speed_Set_Dig Speed
# Pl-Controller _’@
Speed_Set_Pot -
Ref_Iq
Legend:
Csw
@D sw (L)

ADC_Vbc

@ Hw

&4

User Configuration

Vi 0
Pl-Controller "| Cartesian > SuM
to Polar v,
I q Vy | Transform Vrer L Modulator
“|PI-Controller l
r
A
4
0]
Y o b
1 I Al
1. Park = 7 Clarke Iv | Current
4 | Transform # | Transform [* I Calculation

PLL Observer

Unique in industry. Only 1

motor parameter required
for sensorless control

PWM-Unit 3-Phase
2-Level
Voltage
Source
Inverter

(vsl)

with
integrated
deadtime
control

' Trigger
1 ADCs

1,2, 0r 3x
-~ Rshunt
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Sensorless FOC control at ultra-low speed -

Infineon

i

Waveforms

>

>

Ultra-low speed: 100 rpm 200 rpm

2000¢ 50008/ Stop t R [ I’} ] @ 2004/ o 4000¢ 10003/ Stp ¥ E 2008

| Freq(4): 12.0Hz

+2 Acq Mode Realtime 43 Acq Mode ] Realtime
Normal m Normal L]

Freq(4 ): 7.4Hz

CH4 (Pink) - phase current Iu, from current probe (2 A/div)

Motor parameter:

L (per phase): 14 mH
R (per phase): 2.5 Q
Pole-pair No.: 4




2. Key feature - robust /
direct-sensorless-FOC
startup //




Startup with load @ quilt + 37 kg water - Cinfineon
Waveforms

> Competitor solution XMC™ sensorless FOC

356.00 20002/ Stop t [ 2.200
200A/ p 35602 2000z/ & t 220V

[] B 200A/ o 4400r 20008/ Stop t H 220V

| Freq(4 ): 6.3Hz

43 Acq Mode

Freq(4): 780mHz :
4D Acg Mode J J Realtime J J L ] .

Realtime
I3

Normal

> CH4 (Pink) - phase current Iu, from current probe (2 A/div)

Motor parameter:

L (per phase): 14 mH
R (per phase): 2.5 Q
Pole-pair No.: 4




Washing machine - sensorless FOC - Cinfineon
Robustness of direct-sensorless-FOC startup

> No failure in more than 500 wash cycles for motor startup bi-
directionally at various load conditions

Run Time 3 sec

Stop Time 2 sec
Timer 77,940
Total Cyclesml(— No failure for at least 500 cycles

> During the test, one wash cycle is: ... & motor start clockwise 2>
washing = motor stop = motor start anticlockwise = washing

- motor stop =2 ...

Copyright © Infineon Technologies AG 2016. All rights reserved.



3. Key feature - smooth \(
bi-directional control //




Wash cycle @ 600 rpm, quilt + 38 kg water - Infineon
Waveforms

i

> Wash cycles Direct-FOC-startup each time

(] @ 200A/ - 00s 50005/ Auto t @ 1.00A [1] g @ 2004/ o 00s 5000%/ Stop t @@ 100A

Acquire Menu

S S M

Acquire Menu

43 Acq Mode Realtime
Normal L]

> CH4 (Pink) - phase current Iu, from current probe (2 A/div)

Motor parameter:

L (per phase): 14 mH
R (per phase): 2.5 Q
Pole-pair No.: 4



Washing @ 600 rpm, quilt + 38 kg water - infineon
Waveforms e

> 600 rpm (quilt + 38 kg water) 600 rpm (quilt + 50 kg water)

a ] @ 2004/ o 00s 50008/ Stop t [@ 1507

B 200A/ - 00s 50008/ Stop t E 1507

l : 40Hz

29 Acq Mode Realt|me
Normal

| Freq(4 ): 43Hz
43 Acq Mode Realtime
Normal L]

> CH4 (Pink) - phase current Iu, from current probe (2 A/div)

Motor parameter:

L (per phase): 14 mH
R (per phase): 2.5 Q
Pole-pair No.: 4




4. Key feature - Flux \(
Weakening (FW) //




(infineon

Safety precautions

> ATTENTION: Washing machine motor phase-to-phase BEMF is

kilovolts (kV) at high speed (e.g.: 1.6 kV,., @ 12,000 rpm motor
mechanical speed)

> Any loss of control at Flux Weakening (FW) range can result in
equipment / board / component damage

> Only personnel familiar with the advanced motor control / FW
should implement and test FW



Washing machine - Flux Weakening (FW) - Tnfineon
Waveforms e

> Competitor solution 11,280 rpm XMC™ FOC 11,000 rpm

B 200A/ - 00s 10008/ Stop t E 1507 1§ 2] [} B 2004/ o 00s 1.000s/ Stop t @ 1007

[]

| Freq(4): 730Hz

4+ Acq Mode Realtime 42 Source Select: Measure Clear Thresholds
4 Freq Freq Meas ~

Freq({4): 752Hz

Normal L

> CH4 (Pink) - phase current Iu, from current probe (2 A/div)

Motor parameter:

L (per phase): 14 mH
R (per phase): 2.5 Q
Pole-pair No.: 4




5. Key feature - XMC™ \(
on-chip ADC gain //




Washing machine motor control - Cinfineon
Current sensing schematics

3-Phase Inverter Bridge

-]
=
=

Z¢
—L

IKD10ONB0OR

2- and 3-shunts

I_ADC(max): +/-4.16A [] i

Sing le shunt L_trip(typ): +9A

GND_INV_0 L

Schematic: washing machine motor control - current sensing
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Washing machine motor control -
XMC™ on-chip ADC gain for current sensing

Gafineon

> Ry limits current flow in / out of XMC1302 ADC pin. R, offset ADC input
> e.g.: for an application G=6, R;.=0.05 Q, R;=1 kQ, R,=11 kQ, C;=47 pF

% Ll W B
ﬁ _T. Vdd (5 V)
£ ——1—»
=l —
: XMC1302
- $ cost saving x| (R I
Z DT ONR T T de
rD— R Vapc R1
—L1— )\ | — d
TR T = —
| T ADC &K | ==(1
- with gain R
—ft
—— Gain: 5.5 T
Offset: 2.5V —L

Copyright © Infineon Technologies AG 2016. All rights reserved.
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Gitreon

Resource listing

> Washing machine motor control

— Documentation

- XMC™ 750 watt motor control application Kit
- DAVE™ project

Copyright © Infineon Technologies AG 2016. All rights reserved.


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/channel.html?channel=db3a30433c1a8752013c1aa35a6a0029
http://www.infineon.com/cms/en/product/productType.html?productType=db3a3044414ecd5c014159bf986b1c1f
https://www.infineon.com/cms/en/product/evaluation-boards/VD_WM_MOTOR_CONTROL_01/productType.html?productType=5546d462584d1d4a0158aa7ca52c7d64

Iﬁfﬂwon
Support material:

Collaterals and
Brochures

B

Technical Material

Evaluation
Board

CO nta Ct Support

o

o -
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http://www.infineon.com/XMC
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/xmc-development-tools-software-tools-and-partner/channel.html?channel=5546d46145f1f3a4014619e9bcfa1bcd
http://www.infineon.com/mediacenter
http://www.infineon.com/cms/media/Applications/microcontrollers/XMC/Mediathek.html
http://www.infineonforums.com/
http://www.infineon.com/cms/en/about-infineon/company/contacts/product-support-form/

Glossary abbreviations (1/2)

AC
ADC
BEMF
BOM
CPU
DAC
DAVE™
DC
FOC
GUI
HMI
HW

Alternating Current
Analog-to-Digital Converter
Back ElectroMotive Force
Bill Of Material

Central Processing Unit
Digital-to-Analog Converter
Digital Application Virtual Engineer
Direct Current
Field-Oriented Control
Graphical User Interface
Human-Machine Interface

Hardware

(infineon



Glossary abbreviations (2/2)

IDE
IGBT
MCU
PLL
PMSM
PWM
RAM
SW
SWD
UART
USIC
XMC™

Integrated Development Environment
Insulated-Gate Bipolar Transistor
MicroController Unit

Phase-Locked Loop

Permanent Magnet Synchronous Motor
Pulse Width Modulation
Random-Access Memory

Software

Serial Wire Debug

Universal Asynchronous Receiver / Transmitter
Universal Serial Interface Channel

Cross-Market Microcontrollers

(infineon
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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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