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Learning objectives

> To demonstrate the implementation of sensorless FOC as
Electronic Speed Controller (ESC) in quadcopter application

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

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

> After the learning of this PPT, users will be able to fine-tune FOC
example software which is easy scalability for quadcopter ESC
applications
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Electronic Speed Controller Reference Design-  (fafineon
Overview

> The purpose of the training slides is to elaborate a low-cost and
high-performance quadcopter ESC solution, using

- XMC™ PINUS Inverter
- 12V 2300KV 3 phase brushless motor
- DAVE™ 4 ESC example project - PMSM_FOC_SL_XMC13

> The HOT examples cover the key features and controls of the 3
phase brushless drone motor
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Quadcopter System Block

> Consists of a flight controller and four ESCs, one for each motor.

i Controller
Gl i &

> Each ESC contains a three phase inverter driven by MCU with a
specialized FOC motor control software
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Infineon can provide all the critical components @
for quadcopter ESC Reference Design

Functionality

IFX components

> FOC controller >
(3-phase PWM
generation, motor
phase current
sensing, bus
voltage sensing,
over-current &
over-voltage
protection)

XMC1302: ARM® Cortex®-
MO 32-bit processor @ 32
MHz, up to 200 kB flash,16
kB SRAM,MATH coprocessor,
12-bit ADC with 2 sample &
hold stages, motor control
PWM timer (CCU8), general
purpose timer (CCU4), serial
communication (USIC)

Functionality

IFX components

> Power inverter >

> Auxiliary power >
supply

BSC0925ND: OptiMos
Power-MOSFET Dual N-
channel

IR2301S: High and Low
Side gate driver

IFX91041V50: 5V LDO
(Coming from Flight
Controller)
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ESC Reference Design 3D PCB view

Dual LV MOSFETSs:
BSCO0925NDI

Half-Bridge
Driver: IR2301S

Electronic Speed Controller:
XMC1302
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Value arguments of ESC Reference Design

Strong
arguments

Medium
arguments

Soft
arguments

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

Infineon

i

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

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

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) from competitors

Protect customer solution from being copied by 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



ESC Reference Design -
Key features

Target application

> Quadcopter application

Key features

> Sensorless FOC control even at ultra-low speed

> Robust direct-sensorless-FOC startup
> Fast execution FOC with XMC™ Cortex M0

> XMC™ on-chip ADC gain to reduce system BOM cost
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ESC Reference Design - Cinfineon
Specification

Agilent Technologies FRI OCT 21 16:38:22 2016
0 1.00v/ 8 @ 200A/ & -5000¢ 50008/ Stop £ @ 5007
| |

Specifications

> DC input voltage: 12Vdc and 5Vdc
(Coming from Flight Controller)

> Motor mechanical speed

= Fregit): 16,5Hz . /
[\ Frean repHz ) /

— Maximum speed 15,000 rpm A L O L

Y

/
\J
— Motor Pole Pair: 6 |

- KV - 2 3 0 0 Acquire Menu : ‘ 2.00MSa/s

43 Acq Mode Realtime
High Res

— Max Continuous current (A) = 5.7A

— Max Continuous Power (W) = 63.3W \.

. : : > M BEMF
> Speed adjustable via Potentiometer / uC Probe otor

GUI / UART Communication . DAC Signal from MCU

»  (Reconstructed Phase
U Current)



ESC Reference Design - Cinfineon
block diagram

sV VDC Link

f i

XMC1302
T — &)
ccus »

CPU/ MATH
- ca aver
— cate aver

Brushless Motor

——>{HMI/ COM |
«— (Usic)
1

5V Debug

——————————

Current

sensing [I] Ru
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ESC motor control - Cinfineon
Hardware overview

> Key Infineon components utilized on PINUS Inverter:

No. Infineon components Order number
1 XMC™ microcontroller XMC1302-Q040X0128
2 Gate Driver IC IR2301S

OptiMOS™ Power MOSFET, 30V, Dual N

Channel BSC0925ND

3



ESC motor control -
3-phase PINUS inverter schematics

LEDZ

Schematic: ESC motor control - 3-phase inverter
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ESC motor control - Cinfineon
Software overview (Torque Control Mode)

Fault (Ctrap, over-voltage)
Read ADC POT

Stop command

Direct FOC startup
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ESC motor control - Cinfineon
Highlight MCU features

> 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



ESC motor control -
Get started - HW connections

Gitreon

> Connect BLDC motor U, V and W phases to PINUS Inverter

> Connect POT P2.3

> VDC Link (12V)

> GND

Q€C
00000

U

> Connect to Drone |~
BLDC Motor U,V,W |

onina onfunoninn®

w.mci.edu

4
fineo

PMM TI COP

SO O
T ol Mo/ O O O

UART RX P1.4

> Connect to Jlink
Debugger SC

> Connect to Jlink
Debugger SD

> Supply +5V

> GND

> UART TX P1.5
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ESC motor control -

Get started - Real HW connections

>

UART RX P1.4

(infineon

> Connect BLDC motor U, V and W phases to PINUS Inverter

>

POT P2.3

>

LM7805

2016-10-20

Connect to Drone
BLDC Motor U,V,W

GND

VDC Link (12V)

Connect to Jlink
Debugger SC
(GRN)

Connect to Jlink
Debugger SD
(YW)

Copyright © Infineon Technologies AG 2016. All rights reserved.




ESC motor control -

Test Setup

>

3S LiPo
Battery pack

>

PINUS ESC

>

Potentiometer

>

BLDC 3 Phase
Motors

2016-10-20
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ESC motor control - Cinfineon
Get started - DAVE™ 4

> Download the latest DAVE™ 4 installer package from

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

> Installation requirements
1.

2016-10-20

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™ Packages® B DAVE™ for Windows 32-bit
1B 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

ESC 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'Eﬂneun HC/Probe™ XMC™ Software Download

HC/ProbeT™ ™ Software Download

Fi 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™ + YC/Probe™ XMC™ is developed by Micripm® 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
HC/Probe™ XMC™ v 4.0.16.50

First Name* I
Last Name® I or Windows 10.

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

2016-10-20 Copyright © Infineon Technologies AG 2016. All rights reserved.


https://infineoncommunity.com/uC-Probe-XMC-software-download_ID712

ESC motor control -

Get started - import SW to DAVE™ 4 (1/2)

> Open DAVE™ 4

> Click on File > Import to import sample code

> Select Infineon > DAVE project and click "Next”

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

File | fdit Source Refactor MNavigate Search DAVE Window Help

ew Alt+5hift+N » i I ol
Open File...
= 3
Close Ctri+W
. BE v
Close Al Ctrl+Shift+W i
ekoW
Save Ctrl+S
Save As..
Save All Ctrl+Shift+5
Revert > 25Apr
Move...
™ Rename.. F2
Refresh F5
Convert Line Delimiters To v [ Active - Dek
Print... Ctrl+P
Switch Workspace 4
Restart
i  Import..

= AP,
Properties Alt+Enter

Exit

2016-10-20

-

-t

-

-

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

Copyright © Infineon Technologies AG 2016. All rights reserved.



ESC motor control -
Get started - import SW to DAVE™ 4 (2/2)

> Next click on Select Archive File > Browse

Gfineon

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

2016-10-20

& Import DAVE Projects

Import DAVE projects

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

Select Root Directory

©@ Select Archive File

Browse...

Project List:
Select All
Deselect All
Refresh
P kspacs

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
5} jects I P
@ < Back [ Einish Cancel

Copyright © Infineon Technologies AG 2016. All rights reserved.



ESC motor control - -
Get started - build SW in DAVE™ 4 L/

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

File Edit MNavigate Search DAVE Window Help
| A= = o te £ 0%

BE C/C++ Projects 2 = B8

> “text” in red box indicates the code size, e.g.: about 15.7 kB

& Console 32 [C] Properties |®! Problems < Search 4L
CDT Build Console [PM5M_FOC_SL_XMC13]
"Finished building target: PMSM_FOC_SL XMC13.elf’

'Invoking: ARM-GCC Create Flash Image'

"C:\DAVEVA\DAVE-4. 2.6 \eclipse\ARM-GCC-49/bin/arm-none-eabi-objcopy”™ -0 ihex "PMSM_FOC_SL XMC13.elf"™ “PMSM_FOC_SL_XMC13.hex"
'Finished building: PMSM_FOC SL XMC13.hex'

"Invoking: ARM-GCC Print Size'

" ADAVEVAN\DAVE-4. 2.8 \eclipse \ARM-GCC-49/bin/arm-none-eabi-size™
text data bss dec hex filename

la744 284 1752 17788 4574 PMSM_FOC_SL_XMC13.elf
'Finished building: PMSM_FOC SL XMC13.siz'

--format=berkeley "PMSM_FOC_SL_XMC13.elf"

'Invoking: ARM-GCC Create Listing’

"C:\DAVEVA\DAVE-4.2.6\eclipse\ARM-GCC-49/bin/arm-none-eabi-objdump” -h -5 "PMSM_FOC_SL_XMC13.elf™ > "PMSM_FOC_SL XMC13.1st™
"Finished building: PMSM_FOC SL XMC13.1st’

2016-10-20 Copyright © Infineon Technologies AG 2016. All rights reserved.



ESC motor control - T
Get started - download SW in DAVE™ 4 L/

> Click "Debug Configuration” to download the code

File Edit Source Refactor Mavigate Project Search Run DAVE Window Help
|27 et mELsEO E‘#'it =9

Hg] C/C++ Projects &3 Froject Explore - O e] main.c 52

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

File Edit Source Refactor Navigate Search Window Help
\i"‘ LR Qi RAE 24T F 5

%5 Debug &2
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ESC 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



ESC motor control

infineon

Get started - SW configuration (2/3)

PMSM_FOC_HARDWARE_BOARD

IFX_XMC_PINUS_ W2

Motor Type Selectien
#define

MOTOR_TYPE MCI_DRONE_MOTOR
I e Current feedback Sensing Mechan
#define CURRENT_SENSING USER_THREE_SHUNT_SYNC_CONV = i
2. - SHUNT_ASSYNC_1
3. - SHUNT_SYNC_CON
—_———————————————— —_———————— —————————
I #define MY_FOC_CONTROL_SCHEME CONSTANT_TORQUE_DIRECT_FOC F*1

£

#define VDC_UNDER_OVERVOLTAGE PROTECTION EMAELED
#define OVERCURRENT_PROTECTION ENABLED

FOC Control Safety Protection -

—
MCI_DRONE_MOTOR)

#1 F(MOTOR_TYPE

Motor Parameters

USER_MOTOR_POLE_PAIR

Speed Control Mode
to Adjust Speed

#define

#deflne USER_MOTOR_R_PER_PHASE_OHM Motor Resistance per phase
#define USER_MOTOR_L_PER_PHASE_uH r Inductance per phase
#define r Pole P s

(Used when Constant Speed

USER_SPEED_HIGH_LIMIT_RPM (16888U) /* Max Speed of User Motor

#define USER_SPEED_LOW _LIMIT_RPM (uint32_t) (USER_SPEED_HIGH LIMIT_RPM / 3@U)

#define USER_SPEED_RAMPUP_RPM_PER_S (38006U)

#define USER_SPEED_RAMPDOWN_RPM_PER_S (3888U)

Start Up Parameters —-—-------------memomommeemee

#define USER_STARTUP_SPEED_RPM (eu)

#define USER_STARTUP_SPEED_THRESHOLD_RPM (188U) hreshold Speed to tran Open loopft
reshold Speed to tran Open_loop

-—
CIoSed To0p

#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

2016-10-20
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ESC motor control
Get started - SW configuration (3/3)

#define INTERNAL_OP_GAIN
it TN

(infineon

- J.I'A_N"IL_I"J.]TUJ_V :]
ENABLED /*1. ENABLED 2. DISABLED (Please coffigure 0P-Gaft fnually) */
P ) TE TR T L ATl P 1. .' :-:__.'
A N LF
(8.757) /™ deagtime, rise(lett) and Tall -,-alues mnus */

Fderine UEEE UEﬁU IWE 5
#define USER_CCUB_PWM_FREQ HZ
#define USER_BOOTSTRAP_PRECHARGE_TIME_MS

(30880U)
(280)

/* CCUB PWM Switching F requency in Hz*/
* Initial Bootstr ap pr echa ging time in ms */

. #5

W TITVTOTR nR T IO
#define USER_VBEMF_RATIO

AN LF T T L J.\.. 1\.. o J.J.III\

* R1/(R24R1) ratio for BE

\lJ.\.El.'r\U JJ]]\U JJ]T o= 1:1'1

(loat)(0.33F/(8.33F+2.32f))

sipiispmefil -

IF Voltage sensing circuit ratio */

#define USER_CURRENT TRIP_THRESHOLD A (1.2f) /* threshold cu"ent for trip detection in ﬁ.n'pe*e"’,.-"
#define USER_TRIP_THRESHOLD TIME_MS (1e8U) /* threshold time for trip detection in mg */
#deFine USER_MAX_RETRY_MOTORSTARTUP_TRIP (3U) /* Max retry of motor startup if trip */
--------------------------------------------------- Motor Phase Current Measurement ————————— - _______
#deFlne USER_R_SHUNT_OHM (9.85T) /* Phase shupt resistor in ghm */
#define USER_DC_SHUNT OHM (9.03ef) /* DC link shupt current resistor in ghm */
#define USER_RIN_PHASECURRENT_KOHM (5.1f) /* R_IN (of equivalent amplifier) kohm */
#define USER_R_PHASECURRENT_FEEDBACK_KOHM (39.01) /* R_FEEDBACK (of equivalent amplifier) kghm */
#define USER_RIN_DCCURRENT_KOHM (10.0f) Rf for de current sensing
#define USER_R_DCCURRENT_FEEDBACK_KOHM (75.0f) /* Rin for dg current sensing */
M PR L= — o s i

#define G_OPMP_PER_PH&SECURRENT
#define I_MAX A

#iF(INTERNAL OP_GAIN == ENABLED)
#define OP_GAIN_FACTOR

#elif (INTERNAL OP_GAIN == DISABLED)
#define OP_GAIN_FACTOR

#endif

== ————————
(USER R_PHASECURRENT | FEEDEH".CI( KOHM / USER_RIN PH&SECURRENT _KOHM)
((VAREF_V/(USER_R_SHUNT OHM * OP_GAIN FACTOR)) / 2U)

(6V)

G_OPAMP_PER_PHASECURRENT

/* For IFX XMC_LUPB R3, T MAX A = 13.16A */

/* Different HW Board has different OP Gain factor, XMC13 built-in Gain Factor available 1, 3, 6 and 12 only*/

> #4: PINUS inverter is designed to make use of XMC1302
internal OP-Amp Gain for phase current ADC sensing

> #6: CCU8 PWM Peripherals configuration

> #5: Macros to configure based on Inverter HW specs

2016-10-20
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ESC 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 based on
Inverter hardware specs



ESC 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)



ESC motor control - e
Get started - starting yC/Probe™ XMC™ .

> Double-click “"*.wspx” file in the
DAVE™ 4 IDE to start uC/Probe™
4 ",_35 PMSM__F{}C__SL_;{MEH Elﬁctiue - Debug ]

B, Archives > Click "Run” to control the speed of

g the motor using uC/Probe™
. [ Libraries
4 i PPASM_FOC

[+ = Configuration Run _ “
> (= CDﬂtr-D|MDE|LI|EE- 'ﬂ;‘_‘;‘“wmmm e —
=, FOCLib B i S —————
= T e P setting I setting SCALEK
4= Interrupts b s Speed Contra 0 0
o= MCUInit
== Torque Gontrol 0 0
» = MIDSys
’ Efp Star‘tl.lp Flux Control 0 0
!ﬂ main.c = PLL Control [1] 1]
= linker_script.ld =
@ output.htm :— - .
=% uCProbe_Drone.wspx =l
$2 macobutons .|| setSpeed L
T W T ” m % Max Speed
.wspx file
|
I H
Iy i
(T s
B Nomeric Indicstors “;771;
L5 s

2016-10-20 Copyright © Infineon Technologies AG 2016. All rights reserved.



ESC motor control - @
Get started - start motor using uC/Probe™

> The motor can be started by adjusting the slider in the “"Set
Speed” box

—
P setting I setting SCALEKPKI PI error Ik _Limit Uk_Limit

LT Rl | oloicisasis]  ofswer
Torque Control 204 1456 13 93,058,720 268,427,264] 11468] 32767

Flux Gontrol 204 LR I a18]  -25,247,040] 268,427,264 -3030] 32767
PLL Control 32 | 16 I o] 391,173,584 1,073,741,824] 11972] 28893

Set Speed Motor Speed (RPM) 6804 Motor State

A\
m % Max Spejed

FOC CLOSED LOOP =0

MET CLOSED LOOP =1
Drag to set Motor BRAKE BOOTSTRAP = 2

Speed . v STOP MOTOR = 3

VFOPENLOOP RAMPUP = 4
MET FOC = 5
PRE POSITIONING = 6

Actual Motor Speed DCLINK_OVER_UNDER_VOLTAGE = 7

MCU SLEEP =8
TRAP PROTECTION =9

2016-10-20 Copyright © Infineon Technologies AG 2016. All rights reserved.



ESC motor control - infineon

Get started - fine-tune Kp/Ki using yC/Probe™

i

> 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

2016-10-20 Copyright © Infineon Technologies AG 2016. All rights reserved.



ESC 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

2016-10-20

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)

< .

Copyright © Infineon Technologies AG 2016. All rights reserved.




ESC motor control - Cinfineon
Key features

Sensorless FOC control even at ultra-low speed

Robust direct-sensorless-FOC startup
Fast execution FOC with XMC™ Cortex M0
XMC™ on-chip ADC gain to reduce system BOM cost

2R W N =
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1. Key feature -
sensorless FOC control
even at ultra-low speed //

e




ESC - sensorless FOC - Cinfineon
Block diagram

PWM-Unit
Ref Id—»@—» e > 0 B 2. cvel
- . Pl-Controller Cartesian > g I
- to Polar 'y SVM with - Voltage
Ve | T P [Vref| | Modulator g integrated — Source
_>® > Iq 4 ,| 'ranstorm deadtime —] Inverter
' Pl-Controller control (vsl)
Ref_Iq v Y ' Trigger
1
4 PLL ADC Vpc ~ |APCs
“—] Observer — :
@ o | (orrotor E
sensor) !
. 5
)
)
i
A
1
Legend: 1a B Ia Pl
C Osw I Park [* 7 Clarke | Iy | Current
) sw(uB) 9 | Transform |¢ A | Transform [€ I Calculation 1,2, or 3x
- v < Rshunt

User Configuration

PLL Observer
Unique in industry. Only 1
motor parameter required

for sensorless control
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Sensorless FOC control at ultra-low speed - (in’ﬁneon
Waveforms

> Ultra-low speed: 1000 rpm 2000 rpm

:'- - Agilent Technologies WED OCT 26 13:23:00 2016 ~' Agilent Technologies WED OCT 26 13:24:13 2016
8 B 2008/ ‘-j-'i:-j-‘ 1174s 10008/ Stop £ [@ -625¢ ] @ 500%/ & 1.174s 20008/ Stop £ [@ -625%

___________________________________________________________________________________

AX = 8.20000000ms 1/AX =121 95HZ AY(") =-915.25mA AX = 3.32000000ms 1/._\)( 301 20HZ AY(") = -2.45700A
Mode Source X Y *1 X2 X1 %2 Mode Source X Y X2 %1 %2
Manual 4 v 1.16950s 1.17770s Manual 4 v 1 170803 1.17412s

> CH4 (Pink) - phase current Iu, from current probe - with High Resolution Mode enabled

Motor parameter:
L (per phase): 60 uH
R (per phase): 0.1 Q
Pole-pair No.: 6




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




Startup with load Cinfineon
Waveforms

> From O rpm to 10,000 rpm XMC™ sensorless FOC Direct Startup

Agilent Technologies WWED OCT 26 13:29:00 2016 Agilent Technologies VWED OCT 28 13:29:24 2018
B l 5.00A/ -48.00y 100.0%/ Stop £ [ -625% g l 5.00A/ -188.5¢ 50008/ Stop £ [@ -625%

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Freqi{Z): 10.93Hz
Freqi1):No signal
-Width(1 ):No| signal

Freq(4): 23.8Hz
Freq(1):No signal
-Width(1 ):No| signal

Acquire Menu 100kSa/s Save to file =| scope_14 ]

1D Acq Mode J J Realtime ] Save Recall Default Press to Quick Print
High Res w ~ ~ Setup Save L]

> CH4 (Pink) - phase current Iu, from current probe - with High Resolution Mode enabled

Motor parameter:
L (per phase): 60 uH
R (per phase): 0.1 Q
Pole-pair No.: 6




XMC™ sensorless FOC with load Cinfineon
Waveform @ 15000 rpm VDC = 12V, 5A

Agilent Technologies THU OCT 27 13:31:06 2016
3] B 500A/ = 00s 5000% Stop £ [ -625%

1/AX = 1.5152kHz AY() = -25.4100A
Mode Source X Y X1 ) X2 %1 X2
Manual 4 v -1.79500ms -1.13500ms

> Channel 4 (pink): Current of fan motor Phase U (measured by current probe, 0.1V/A)

Waveforms: Drone



3. Key feature - Fast /
Execution FOC with
XMC™ Cortex MO //

e




Gafineon

ESC FOC Execution with XMC™ 1302

Sensorless FOC Execution Time
and CPU Load (CCU8 PWM 25kHz / 40us

Code Executed from RAM

FOC SW Description Free Time per
Execution Time
PWM
1 FEEEL PMgg"d—eFOC ERISE 29.25 us 10.75 ps 75%

VWED OCT 26 13:37:32 2016

':' Agilent Technologies
# 00s 50004 Stop § [@ -625¢
\

i s5.00v/ g

» The execution time is measured by toggling P1.2
at while loop in main.c

P1.2 Toggle

|
e

= J

A N [ O A N[

| \
1 |
AX = 29.25000us 1/AX = 34.188kHz AY(1) =-7.9775V

42 Coupling BW Limit Vernier Invert ohe
DC _ | ] ~-

Copyright © Infineon Technologies AG 2016. All rights reserved.
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5. Key feature - XMC™ \(
on-chip ADC gain //




ESC motor control -
Current sensing schematics

W 33
I
5 U > SENSE U
. » I — >
S 15— (VIN) § o __Eu
D1 (VIN] — LSy iTp
D1 (VIN}
£ G2(GIS)  Phase [<i——9 I;ﬁ'k-
c Bl e —
52 (GND) A - .
=2 (ano) 24 5 vt 1 (SEEEV D
52 (GND) SHUNT U e
ESC0PERD ol 4T
g .
g2 VCC W 11k
11 G1(GHS) D1 (VIM) i p @_F I SENSE W
D1 {VIN) — ¥ CW
D1 (VIN 2
P
8 Gzeais)  phase (=2 T
S2(BHD) 5 o @D
52 (GMD) 7 SV
s {GhD) 1] SHINT v
BSC00SRD ]
o) vCe
T 10 ciens) povn = T
D1 (VIN] |—
D1 {VIN}
a pETES ] .
G2 {GLE) Phaie _(__ S
=
52 (GND) —l' -
52 (GMD) ?'T S W
S2ACGHD) SHUNT_W
BSOS ND 005

Schematic: ESC motor control - current sensing
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ESC motor control - @eo/n
XMC™ on-chip ADC gain for current sensing

> 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

v Ry | K2
ADC T R 4+ R, TR +R,

G- Rgc I

ﬁ _T. — Vdd (5V)

Lo ol Qe T

< l—% |
: XMC1302
< $ cost saving 2t i [] R> I
¢ —oCTR T T de
rrD— iR ) , Vanc Ri
> 1 * + —1—¢
1 T ADC &K | ==(C1
- with gain R
=t F——9
| e Gain: 5.5 T
Offset: 2.5V —L —

GND GND
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Resource listing

> ESC motor control

— Documentation

— Infineon multicopter solution landing page
- DAVE™ project

2016-10-20 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/applications/consumer/home-entertainment/multicopters/
http://www.infineon.com/cms/en/product/promopages/aim-mc/dave_downloads.html

Iﬁfﬂwon
Support material:

Collaterals and
Brochures

B

Technical Material

CO nta Ct Support

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



_ _ (iﬁf?neon
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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