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Session Introduction

This session introduces a Freescale solution for
Automotive Motor Control as a complete

This session gives an overview of

, modular and simple
allowing the rapid prototyping and customer
evaluation of the
on Freescale MCUSs.
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Session Objectives

By the end of this session you will:

Be more familiar with Freescale Automotive Motor Control
enablement offering

Know where to look for presented solutions

Know the advantages of the available software libraries as
well as tools

Know how and where to look for individual enablement
pieces, support, documentation and examples

» O 9OC
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- Electric Motor Control In Automotive

- Automotive Math and Motor Control Libraries
- Tools — FreeMASTER & MCAT

- Motor Control Development Kits

- Success Stories & Summary
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Electric Motors in Automotive
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Electric Motors in Automotive

ASYNCHRONOUS

Induction

Split phase
Shaded pole
Capac. run
Capac. start
Squirrel Cage

Wound Rotor

L £

Z “freescale’

AC

Sinusoidal Brushless

Permanent Permanent
Magnet Magnet

Surface PM

Interior PM

Wound Field
(Excitation winding)

External Use 5 #FTFZOlS

| Electric Motors |
Classification

SYNCHRONOUS

DC

VARIABLE RELUCTANCE

Reluctance SR  Stepper

Separately excited

Wound

Permanent Magnet

Series field
Shunt field (parallel)

Series universal



A 4
4\

Why Motors in Automotive? Trends!

L

System Cost Reduction
Electric motors replacing belts or hydraulic systems
Wiring harness reduction by electronic decentralization
Weigh reduction (W/kg)
Elimination of sensors
Electronics integration (fans, pumps)

System Performance Improvement
Improved reliability
Brushless DC/AC motors replacing DC motors
Advanced algorithms improving efficiency
Recuperation & Green energy
Functional safety & self diagnostics

: < freescale i External Use 6 #FTFZO 15
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Where They Are in a Car?

Motor for  Heating fan CScl)i:i\i/rfrtirtc’)lc?frOOf Circular pump for stationary
stationary heating system 9 heating system -
Idle position
Cooling fan for air adjustment system

conditioning system e — ==

Tailgate closing
Heating and air

conditioning system Rear windscreen

wiper
_ Fuel pump

Belt system

Wipers

Ergonomic backrest,
headrest adjustment =

Circular pump for heating

: N Seat control
and cooling water circuit

. . Headrest adjustment
Engine cooling fan

Backrest adjustment

Starter
Alternator Rear seat adjustment
generator‘ Active suspension
Mirror
Steering wheel, adjustment

adjustment Window winder

Scavenging pump,
high-pressure pump

Door closing

Central locking

Headlight range
9 9 system

adjustment unit  Headlight cleaning

EPS
drive

ABS Arial
Headlight tilting pump drive

L
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.., Is Electric Motor Control Freescale Priority in
Automotive?

- 29.5 motors per car in average by 2017 (1)
- 2.3 billion motors shipped in 2012, ~3 billion by 2017 (1)
- Across all automotive segments

DC motor BLDC motor AC IM motor AC PM motor

®HOBG®

Different motors have different constructions and operating principles.
Therefore, different control approaches are required.

Sources

-
2 “freescale’ External Use | 8 HETE2015 (1) IMS Market Research, 2013
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Turning Silicon Into Solutions

® Simple il
Easy to Use Tools  Technica
~ Hargl/ware Expertise
Modular
® Software
Right
Silicon

L
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Automotive MCUs for Motor Control
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Automotive MCUs for Motor Control

32-bit Power ——— Application Examples
Arch|tecture® 2 x 200 MHz,1 M-2.5 M, PWM EPS

MPC567xK Door Module
MOtor Contr0| 2 x 180 MHz, SPE, Enet, PWM Seat MOdule

Portfolio with ISO MPC5643L 4 Oil Pump
2x 120 MHz, Water Pump

26262 support s
pp MPCE60xP € Fuel Pump
64 MHzZ, PWM Cooling Fan

HVAC Blower

32-bit Power . )
Architecture General MPC560xB Window Lift
Purpose SIS (R Sunroof

Sliding Doors
S12 MagniV Motor S12zZVM 2 Wipers

16 K — 128 K
GDU, LIN Phy  jygh

Control Portfolio

. . . S12VR
with HV integration LIN, LINPHY,

2xLS, 2xHS,

Il 32-bit Power Architecture
g 16-0it S12 MagniV mixed- O High temp 150 °C ambient

General Purpose [ -\ signal MCUs temperature
. MO+, PWM, CAN I 32-bit ARM® Cortex®-MO+ Target Safety Level (1ISO 26262)
with Motor Control B 16-bit S12G &2 Level 2 = ASIL-B
o ¢ Level 3 = ASIL-C
Capabilities 512G Level 4 = ASIL-D

S12G, PWM, CAN

\ 4

8-128 KB 256-512 KB 1-2 MB >2 MB

L
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Solutions for Electric Motor Control
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The Complete Solutions Offering for Motor Control

Automotive Math & Automotive Motor Control FreeMASTER & Motor Control
Motor Control Library Set Development Kit Series Application Tuning (MCAT) Tools

FSL Electric Motor
Control Know-How

processors

L 4
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The Complete Solutions Offering for Motor Control

Automotive Math & Automotive Motor Control FreeMASTER & Motor Control
Motor Control Library Set Development Kit Series Application Tuning (MCAT) Tools
g —— -, RO S

= I

FSL Electric Motor
Control Know-How

Final customer applications, based on MPC / S12 MagniV family / Cortex
processors

L 4
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The Complete Solutions Offering for Motor Control

Automotive Math & Automotive Motor Control FreeMASTER & Motor Control
Motor Control Library Set Development Kit Series Application Tuning (MCAT) Tools

w
it
i 5‘ Eg |

d

- | |
freescale.com/AutoMCDevKits freescale.com/FreeMASTER, MCAT

freescale.com/AutoMCLib

FSL Electric Motor
Control Know-How

N —
ne » 2 { Lo

Final customer applications, based on MPC / S12 MagniV family / Cortex
processors

L 4
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Automotive Math and Motor
Control Library
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Building Blocks for Your Motor Control Software

General Motor
Control Library

General Motor Control Library (GMCLIB)
- Park/Clarke Transformations

- Inverse Park/Clarke Transformations

- Space Vector Modulation

- DC Bus Ripple Elimination

GMCLIB

A A

General Functions Library (GFLIB)
General Digital Filters Library (GDFLIB)

- Sine, Cosine, Tangent
- Inverse sine, cosine, tangent

- Hysteresis

- LUT, ramp, limitations G F LI B
- 1%, 2" order IR Filter L —

- Moving Average Filter

General Digital
.......................................................... Filters Library

General Function
Library

Mathematical Library (MLIB) ;- 43 P
- Absolute Value Yy

- Summation, Saturated Summation M LI B LEL e <
- Multiplication, Division, Saturated Multiplication
- Right/Left Shifting
- Type Conversion —F32wFloat— — (a’b)+{c'd)—

Mathematical

' .
Z " freescale ...... . sFTF2015 Library




. et PMSM Field Oriented
) Mictor Contrel Wbrery Set  Control Example

3-Phase Low-Voltage Power Stage

Resolver

Automotive Math and

Motor Control Library =
Set for MPC5643L o—”T‘“&—“ :é :5_ :51;
12 Vde 4
[ e T

o
Start/Stop
FreeMASTER Faults PWM U_De bus| 1sa| 1sn] 1sc Resolver H/'W
¥
! iy 3 v
USB GPIO PWM CTu ADC eTimer
Driver Driver Driver Driver Driver Driver
: | Duty Cycle a
Application Contro i 8.‘:‘.3‘5",32 7 — s“l lc“”" Pg::l
Angle Angle
Tracking Tracking

Observer Observer

e |

switch <

I MPC5643L

L
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oy Weter Libramry

Set of basic trigonometric, general math, filter & motor control algorithms as the building
blocks for the motor control applications

Provided in highly optimized implementation and in a layered architecture
Support of 16 & 32-bit fixed-point and single precision floating point arithmetic

Available in both production ready version and in evaluation version for free

Latest service release 1.1.0 (MPC560xP, MPC564xL, MPC567xK, MPC567xF, MPC574xP,
MC9S12ZVM, MPC577xK and KEAX)

GreenHills CodeWarrior WindRiver Cosmic
Multi Diab

Target Platform

Version Version 10.5 Version 5.9.4 Version 4.2.7

2013.5.4

MPC560xP Available Available Available Not supported
MPC560xB Available Available Available Not supported
MPC564xL Available Available Available Not supported
MPC567xK Available Available Available Not supported
MPC567xF Available Available Available Not supported
S127ZVM N/A Available N/A Available

MPC574xP Available N/A Available Not supported
MPC577xK Available N/A Available Not supported
KEAX Available Available Not supported Not supported

L
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Vet Automated Testing
Metor Libreamny Features

- Testing of all variants (frac32, frac16, float) on supported platforms using target-in-loop approach
- All supported compilers (Classic CW, Eclipse CW, GHS, Diab, Cosmic) covered

- Fully automated testing based on SFIO Toolbox and Matlab (single click testing of all implementations
for one platform)

- Test vector for each function contains more than 30,000 test cases
- Four independent test machines to run the tests in parallel

- Code coverage measured using standard LDRA tool

- Pure test time for one MCU: approx. 120 hours

m MC9S12ZVM c

o Mpeseox® 2 Matlab Simulink

S MPC564xL @
o MPC567xK n Testing schemas

Q' MPC567xF 2 =
= MPC574xP Test vectors

£ MPC577xK

o = SFIO Toolbox

E communication

~ FreeMASTER

L
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and Products Variants
Vieter Contrel Libramry

K/

Pre-compiled object code version free of charge, available at www.freescale.com/AutoMCLIb
- Can be used for AMMCLIib evaluation only

- Contains all header files, user docs and pre-compiled object code of the library for all supported compilers

- Forbiden use in the production/series version of the targer application

Production source code version, provided based on the license fee
- Can be used in final production of the target application (license model dependent)
Various license models available:
= DISM Pack (Delivery / Information / Support & Maintenance)
= Object code Project License
= Source code Project / Product Line / Family Multi-Project License
Auto software quality process compliant with automotive SPICE Level 3, CMMI and ISO 9001/TS16949
Contains all header files, user docs, pre-compiled object code of the library and all source files

For Power Architecture, contains highly optimized SPE/SPE2/LSP implementations bringing even higher
performance
Provided with the quality pack:

= Test reports

= Code coverage summary report

= MISRA report, MISRA deviation list

= Traceability matrix

= LDRA reports

= Release strategy plan

L £

L 4
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http://www.freescale.com/AutoMCLib

Aniometfive Viedh amncl Plans for 2015
W Weter Libramry

Features

filters library definition development
Advanced motor FsielTel Product
definition development

control library

A Rev.1.00
S32K
q development
Pro uc_t B S32K available
extension
W Rev. 112
Rev. 1.0.4/ @ Rev.1.1.0 ® Rev.1.1.1 @® Rev.1.1.2 @® Rev.1.1.3
Service releases @ Rev.1.0.3/ BRev. 112 HRev. 113
3-month period Rev.1.0.1
1 1 1 1 1 1 1 1 1 1 1 1 I 1 1 :
Dec Jan Feb Mar  Apr May Jun Jul Aug Sep  Oct Nov Dec Jan Feb Mar
2015 2016
@ MPC560xP, MPC560xB, MPC564xL, MPC567xK, MPC567xF, MPC574xP, MPC577xK, MC9S12ZVM, KEAX <Definition>/ Execution /
W s32K
P

L 4
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Product Web Page

www.freescale.com/AutoMCLib
Features:

- Software details

- Download latest releases

- Extensive documentation with theoretical
background, examples, description, etc. ...

W
SIS G -
A st

User’s Guide

L

Z “freescale’
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Products Applications

Design Resources

Fresscale b Emtedded Software and

» Run-tme Sof

e b AUTOMATH |

Locatons | R | 2@ | BFN

Parametnc Search il

AUTOMATH_MCL: Automotive Math and Motor Control Library Set woamen 57

Overview Documentation Downloads

The Automodice Math and Motor Control Library Setis a
precompiled software libracy contaning the dulldng bioces for
a wide fange of mofor control and general mathoematical
applications. It consists of four groups of functions

Basic mathematical functions (MLIE) with elementary

math funcons

General trigonometnc and basic functions (GFLIB) with

Basic math, iganometic. look-up table and controller

funesons

General motor control functions (GMCLIB) with space

vector modulation, ransformation and maltar control

specific functions

General digital filters functions (GOFLIE) wiih digital Ster

funclions for signal controlling
The Automotive Idath and Motor Control Library Set is dedvered
a8 a precomptied library and provides a highty speec-
optimizad, Intensively tested and easy 10 use solution for the
rapid developmant of user motor control and general
ns. The Automotive Mith and Motor
Control Litrary Set funcsions interface ia included into a single
public infertace to reduce the number of Ses required for
inclusion by the user application An integral part of the
Automotve Math and Motor Controf Libeary Set are the
MatlabiSimulink® models of al supported funcions 1o allow
modeling of the user application using the Matial Simulink
emvvironment. and extensive uses documentation The
Automotive Math and Motor Control Library Set support thwee
Major arthms! 32-bit Read-point, 16-Dit fixed-point and
single precision Soaling-point

Features
Basic math, fitter and motor control related functions
€99 compliant
Highly speec-opsmized
Suppited 35 dinary fe
Thees major anMmedcs suppored
MATLABSimutink® models for user application modeling
Avafladle for Freescale Classic CodeWarrior, Freescale
Echipse CodeWarrior, Green Hlls® Mult, Wind River® Diad
and Cosmic® compilers (supported compilers might vary
based on the device)

Related Software and Tools

MTRCKTSBNZVM128 3-phase Sensoriess BLDC
Development Kit with S12 Magniv MC2S122vML128 MCU
MC_TOOLBOX. Metor Control Development Toolbox
ALUTO-MC-DEVKIT. Automolive Molor Control Developrment Kits

Wore v

Training & Support

| Astoemotive Math and Motor Cardeol Uibrary Set

=

— R

H]

T

Supported Devices
+ Qorteva MPCS6x
*l Qorwa MPCSTx

S122Vt 512 MagniV Mixed-Signal
Contro!

and DC Motor

Featured Documentation

AMAMOCLSFS: Autornotive Math and Motor Control Library Set Fact
Sheet

Current Updates and Releases

MPCSS0XP_AMMCLUIE_LIE Automotive Mt and Mator Control
Library Set for Qortwa MPCS60:9

MPCESTYF_AMMCLIB L
Library Setfor Goriwa UPCSSTHF

More w

Implemented Algorithms
» Mus

» GFLIB
» GMCLIB
» GDFLIB

Ste Map | Terms of Use |

See what other

78 are interested in;

demanks | Privacy | Agreement | Newsletier | C

| Vot

—1-1 :1-1>)

5t nc. Al rights reserved

© 20042014 Freescate Ser

A3

Wy Freescae |
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S32 Design Studio — Freescale Software Integration
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PR
FreeMASTER — “Debugger for Real-Time Applications”

- Real-Time Data Monitor Tool

- Read / modify your variables run-time
- Oscilloscope / recorder capability

L

S 4

L 4

& - - -

-----------

- Demonstration Platform

- Create a comprehensive support
package for your product

- Scriptable Graphical User Interface

- Build your own GUI using sliders,
gauges, buttons

IF
|
!

woiised © O soiotina O © ]
e
== ==
T | :_5 h,‘ e= =]
© © @ © ©

www.freescale.com/FreeMASTER

freescale

External Use | 26
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FreeMASTER — Oscilloscope / Recorder Features

- Real-time at ~millisecond resolution with the Oscilloscope
- limited by serial comm. speed

- Real-time at ~10 ps resolution with the Recorder
- Recorder runs on the board with buffer

i: OTE‘Q‘:'!” i _a,* :, £k eigival i ]| @)
é5«:;&-
wwn““ x » 40 “n .l;’g- ,TT .,,.:,. .:‘“ :"‘ ey e, = . =5 = = =
Zoom feature shows highly granular details Displays up to 8 variables separately
L
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FreeMASTER — New in Version 2.0

- Connection Wizard prom G
- Simplifies the connection to target ;_ “““::;MM.. .
- Scans available COM ports and speeds CIIIIIL semmemassEm
- Helps to select communication plug-in ; - e . r-«-.m- ;
- True plug & play experience when = = |

combined with Active Content A o | 5o | : ] Iﬂll

- TSA with memory safety and Active Content stored in MCU Flash
- Enables variables to be defined without parsing ELF file
- Enables MCU to protect memory and enable access to “safe” variables only

- v2.0: TSA enables GUI files, pictures, scripts,
project files and web links to be stored in MCU Flash ==

eicome Page

.
- User may “browse” available pages and project as R
soon as the board is connected

+ FrawhASTER Demaonetrs
Create New Project
o Conminue NiE Mroles

L £
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FreeMASTER — Platform and Protocol Support

Processor BDM Packet-Driven Serial CAN LIN USB MQX 10 JTAG
BDM

S08 M M M M M

Freescale DSC M | |

Kinetis M M M M | |

S12/S12X/S12Z M | M | M

MPC56xx/57xx M M

ColdFire V1,V2 | | | M | |

- BDM access is almost transparent to CPU execution (near-zero interference with
real-time performance)

- Supports memory read/write, oscilloscope
- Does not support features provided by driver (TSA, memory protection, recording)

- Other methods (including Packet-driven BDM) supports all FreeMASTER features
- Does require driver to be linked with user code
- Requires processing time (polling mode, interrupt mode or mixed mode of operation)

L
<
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Motor Control Structure

L 4
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Current/Torque Control Loop

5 =

L 4
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Speed Control Loop

5 =
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Control Loop Controllers

L 4
: - freesca,e i External Use | 33 #FTF2015




‘
PR
Math Behind Motor Control Controllers Tuning
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Math Behind Motor Control Controllers Tuning
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Motor Control Application Tuning (MCAT) Tool

e R ""“"'r“ FreeMASTER

S|QIQIE Sl sfsplay] 0~ ofef=s]wl il #] 6] @il real-time debugging tool

i Single PMSH FOC contred - Fit

=*: EEERN ““fr 5 icati ; ’

el o OO - “freescale Motor Control Application Tuning Tool X

"4 boneon ______ ool oon e oph e et g MCAT tool
oy otor 1. PUSH Vo2 BUX % A FreeMASTER plug-in

9 Labe_fbck

ooy - MCAT features:

§55 labe cumrent - stepe

'.i.(.l:;c‘nbol a : : : i A . i B aS I C/eX p ert

A Uccan s _— tuning mode

*Up to three motors
independent tuning

*Real-time tuning
supported by FreeMASTER

e s T/ ST AT - Control scheme
il i layering

REZ32COME: speed=13200

L 4
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MCAT — Steps to Tune the Current Loop

1. Parameter Setting-Up 2. Control Loop Tuning

7
/7 File Sase: PMSM sposofiz.d

- "
8- 5 7¢ File Scurcer fiie:///Ci/ec View retUic visvl/WCCITIT N Twmming Bazarg Cod
e
|¥'.~,~" /7 Date: 1P, Octzber, 2213
L SoSs -

o
// sstooetizally gesersted file for STaAtic coRfIguTetiac of tie MGN FIC spplica
s

fdefize PMSXFOC OORFIS_SETWR =
Aplzcation sceles
$detize MI_I_MAX (.o
#defize ¥MI_T_ICS_MAX (36.9
fdefise NI T MAX (36,01
Sdefize M1 NE 3X (2e2.0y
fdetize M1 T MAX (33,3
#defize M1 T _DCB TRIF FRACISIT.¥7I222323220)
1 _T_ICB | FRACIS(9.222222222222)
=T Dew ¢ FRACIE (2. 233333233333)
Wecsanicel Aligoemse
fdefise M1_ALIGH CTRRINT TRACIS (3. 050309390505
#defize Mi_ALIGH DURATION (+2000)
//Cexrant Loop Concre,
op Bandeiatn - 220 [Ra}
' /Swecp Attesuetics - 0.28 |-}
‘ S symeie b o & AOSASIE tegel

"

Z“freescale ..... = srTE2015
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MCAT 2.0 Look and Feel — End User Interface

Choose device
— ~ Motor 1 [ PMSM ]
Motor 1 [BLDC] (O}
— - Lurrent Loop  Speed Loopd| Sensors Sensarless
N
L e e e b o ¥ @
et s e Lo e s = @ @
o _ >|T | >
o - 2 [ zli el
eu = - e o
g Rs 031 [Q) wt| 00 | [
' . o |la |3
- Ld 0000249 | [H] ] P ;D
; o (@) —
Motor 1 [ PMSM | | © La 0.000326 [H] 5 | ¥
| © Running _ = — 8
o — | ® ke 0.013683 | [Visec/rad] | ===
TP Ty ot Sk wew mode . - Q) :
: e N by S st 4 B e S L s e o S b I @ .’ ‘ o‘mooog . [!(g:m] r;.
e ket |® © Error - 5001 . »
wim Arr Ottt _' 1phnom 765 | (A
vy e v i = TR
Applcation Suates --M--‘twn-ﬁ--- 1 Brt @O P T B STy e bt o - 7
= — _ | owncamon waim e (9] Noom | 3000 [rpm] |
Rttt e
> Storno 3 Apply
D -
Smear . 200
L
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Product Web Page

www.freescale.com/MCAT -
" freescale” Loseent G | 94 0 | Y [y vetac } Log
Features:

Support Samgie sed Bey Ahoxt Pacamenic Sasrch 17 [~ ]

Products Agoicsnss  Desigo Resturces

Fresacgx b Qorleve 1008 MOGs 2ased oo

- Promotional video B —
MCATSW: Motor Control Application Tuning (MCAT) Tool 2

- Description

- Documentation

108 [y v | g ot
TR TIRhe
$ i A0apAng Fremuiale Lo
1 & GRbad ol engovtedge of P

Fegema
PRI PN

i
i

i

The (ool (5 Nt provided &3 3 Mansainns spokciton Mdtaa
FréoMASTER ghogn companent of foatuned rederents J843gns.

-
—
— O
e
-_—

Vestures

Up 10 irae Mmodiy Jp0fication 3appon th ingepandent
9 09Ch motor
ermeoct mathad for Cooe parameter

Access
Unrzng 3 pow
estmaton
Reidme N
Predow o 90 54a0¢ ORISR O
GANANS Satplt M Wit thas
plreions

Prag-n toal 5d FIeabatTER, rol @00ate 93 a stindaone Qartws WFC S0
Yool WOMER e
Ofoes baaec and sapet Aining mode

Hoduls! SW conceR, 598y Opefiguratide
s Current Updates and R

AVAQ NG UL SIdNg Of Conkul BarsTetind
A Supooned Devices

g Abon of taned
TRraesh of 5 Neats K Series WoUs

RESL Ermoadides Dofeird Mo
WRAFDL VIR Low-Yoltage 3 Phase M
Rer Madote

UATH _CL Adtzonotve Wsth and Mots

Faatzrad Retwrancs Designe

IPBALe PUNM Shnasieds Yensr Contal i Ning
FRSUFOC o Miketos] Deves Raference Devigr

B e

et 56 | e | Prroan: Compui apnEn

B FU04-2904 Frapucale Sodatonthion, It AFNgME ressrre

S0s Mad | Tares o7 Ust | Toadunarks | Winasy | Agrosmend | Nevelatier
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S32 Design Studio — Freescale Tool Integration
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Motor Control Reference
Development Kits
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. .-..omotive Motor Control Development Kit Series —
Motivation

Out-of-the-box experience for automotive customers using Freescale MCUs
towards electrical motor control domain.

« A complete evaluation and development package allowing the rapid
prototyping and ctm evaluation of the motor control application

« Supporting variety of Freescale 32-bit/16-bit MCUs targeted for electric

motor control, 3-phase low-voltage power stage is based on MC33937A
FET pre-driver

It addresses Permanent Magnet Synchronous (PMSM) and Brushless
DC (BLDC) types of the motors widely used in automotive

www.freescale.com/AutoMCDevKits

L 4
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Spin a Motor Within Minutes w/ MC Development Kit

PMSM with

3-phase Current FET 3-phase
Shunts Power Stage

FET DRIVER
MC33937A

Incremental
Encoder Interface

MC33937A
3-phase

Low Voltage

Power Stage

MCU
MPC5643L

MPC5643L
Controller Board

0’

N\

Resolver/Sin-Cos
Interface

www.freescale.com/AutoMCDevKits
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Other Motor? Different MCU? Dual Motor Application?

BLDC w/ MPC5606B BLDC w/ S12G Dual BLDC w/ MPC5643L

L
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A True Reference Platform

Hardware — complete schematics of the Development Kit hardware

Software — complete source code of the Development Kit software application

- Six step commutation control for BLDC motors

- Vector control — FOC for PMSM motors

Software Libs — Automotive Math and Motor Control libraries (AMMCLIb) in object code

Tools — FreeMASTER & MCAT interface to easy application visualization / control
Extensive documentation

”-.;.‘;-———-——_—, mCatee— "‘"':_______ ' meiiied @ QO ot O @ ]
3 b o e vy e s Ao i vt AL At tbn b e | Gy RSy
= = - . *':"""LG . e _':Fs

= ‘ e s e mDmm e
3 - - —
= | ¥, | 1 r — . | Y| -o—o:m
L —— — e T L —— "’{"T‘-
SRS +— o : ::;:,‘J 2 ;Zj V “.
= = e
FreeMASTER Scope FreeMASTER HTML based Control Page

A single click to download from freescale.com/AutoMCDevKits
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Product Web Page
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External Use

Anncisle | Mistory | My Bocommendasions | My Faveries

Design Resources
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Product Web Page (cont.)

MTRCKTDPS5643L: Dual 3-phase PMSM Development Kit with Qorivva MPC5643L MCU ¥

Overview Documentation Downloads Buy / Specifications

Application Notes Get Started With MTRCKTDP 558431 Dual 3-phase PMSM Dewvelopment Kit X

The MTRCKTDPS5643L motor control development kit is ideal | Dual 3-Phass PMSM Development Kit: Qorivva MPC5643L
for applications requiring two PMSM motors, like active
suspension or electric powertrain. The kit is designed to
enable rapid prototyping and evaluation of the motor control
application without having to wait for the final hardware design
The kitincludes a 32-bit Qoriwa MPC5643L based controller

This collection of resources will help you to get started with the MTRCKTDPS5543L Dusl 3-phase PMSM
Development Kit with Qorivva MPCES43L MCU.

. An owverview sbout the product can be found in the fact shest document.
. Follow the quick start guide below to run the pre-programmed application and spin the PISM
motors using the FreeMASTER run-time debugging tool.

=]

board and the 3-phase low-voltage power stage board [ . VTR CITDPSER45, Fact Sheat MC DevKits documentation
An integral part of the automotive motor control development kit L Provides an overview and look and feel sbout the content of the Dual 3-phase PMSM
is the application software which provides a complete Development KGt with Qorivva MPCEE4IL MCU.
reference implementation of the PMSM motor control - Type: Fact Shests  Format: pdf  Size: 5T1K
application and also takes advantage of the Automotive Math ) )
and Motor Control Library Set. ] WTRCKTDPSIE43L Quick Start Guids ) o ) _
Frovides an overview of the hardware, step-by-step instructions for running the owt-of-box
ol demo applicstion and jumpsr settings guick reference table.

Features Type: Quick Refersnce Guides Format: pdi Size: 2123K

32-bit Qoriwa MPC5643L controller board O . AN451E, Dual 3-Phase PMSM Development Kit with MPCES43L - Application Motes

3-phase low-voltage power stage based cn SMARTMOS ) | r Provides the I-phase PMSM Development Kit with Qorivva MPCE543L MCU system concept

MC33397A pre-driver Supported Devices and softwars implementation details. Covers both single and dual motor control

Supports low-voltage PMSM motors with resolver and MC33905; System Basis Chip Gen2 with High-speed CAN and implementations.

encoder sensors LIN Interface — —

ggz;tjiznovervoltage. overcurrent and undervoltage fault MC33937: Three Phase Field Effect Transistor Pre-driver MTRCKTDPS5543L Application Software MC DevKits Software

Complete motor control application software package.

FreeMASTER visualization/configuration support MPCS84xL- Qoriwa 32-bit MCU for Chassis and Safety fpplication Specific Format: =xe  Size: 2000K  Vendor: FREE
ANSI-C based motor control reference software with easy Applications
portability . = MPCEG42L Dual Motor Controller Board User Guide MC DevKits Hardware
Extensive documentation for software and hardware Featured Documentation | Complete reference for the hardware design and features of the MPCS343L dual motor
MTRCKTDPS5643LFS: MTRCKTDPS5643L Fact Sheet o
Related Software and Tools MTRCKTDPS5643LQSG: MTRCKTDPS5643L Quick Start Guide Format: pdf - Size: 2442K
AUTOMATH_MCL: Automative Math and Motor Contrel Library | = 3-Phase Low Voltage Power Stage User Guide
Set i G Izt reference for the hardware design and features of the 3-phass low-voltsge powsr
Jump Start Your Design omp 3 P ge pos
MC_TOOLBOX: Motor Centrol Development Toolbox m P g stage.
FREEMASTER: FreeMASTER Run-Time Debugging Tool Get Started With MTRCKTDPS5643L Dual 3-phase PMSM Develop Type: Us=rz Guides Format: pdf  Size: Z205K
This collection of resources will help you to get started ...
Kit Contains
3-phase low-voltage power stage based on SMARTMOS
MC33397A pre-driver
Freescale 32-bit Qoriwa MPC5643L Dual Motor Controller
Board
AC/DC 24V Universal Power Supply Kit
Two 3-phase PMSM low-voltage mators
USB 2.0 A-Atype cable, ribbon cables for powe f I /A M C D K 1
contreller board connection WWW- reesca e-CO| I l Uto ev ItS
_7 Cartchaot and nuick ctart anida
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Product Pricing (USD) & Availability — Complete DevKits

Marketing PN Development Kit Type Available

MPC5604P MTRCKTSPS5604P 3-phs PMSM w/ Encoder/Resolver $1,563
MPC5604P MTRCKTSBN5604P 3-phs BLDC Sensorless Y $912
MPC5606B MTRCKTSBN5606B 3-phs BLDC Sensorless Y $889
MPC5643L MTRCKTSPS5643L 3-phs PMSM w/ Encoder/Resolver Y $1,687
MPC5643L MTRCKTDPS5643L Dual 3-phs PMSM w/ Encoder/Resolver Y $2,980
MPC5643L MTRCKTSBN5643L 3-phs BLDC Sensorless Y $1,117
MPC5643L MTRCKTDBN5643L Dual 3-phs BLDC Sensorless Y $1,678
S12G128 MTRCKTSBNG128 3-phs BLDC Sensorless Y $649
S12ZVM128 MTRCKTSBNZVM128 3-phs BLDC Sensorless Y $789
KEA128 KEA128BLDCRD 3-phs BLDC Sensorless Y $149
S12ZVM128 MTRCKTSPNZVM128 3-phs PMSM Sensorless May '15 $789
MPC5744P MTRCKTSPS5744P 3-phs PMSM w/ Encoder/Resolver Q3’15 TBD

For orders, get in touch w/ your Freescale representative,

Marketing PNs can be found @ www.freescale.com/AutoMCDevKits
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New Concept of the MC DevKit Series

Controller board cost reduction
- Reduced BOM & size of the PCB

- Daughter card form of the PCB (no wired connection
w/ PS)

current

Low / high

Simplified CB design for new MCUs

A

EPS, EV, HEV,
Start/Stop etc.

Pumps,
HVACSs,
Fans

E-boost
system

- Design time reduction

Solution scaling for the different power
needs

w ®p

One motor = One Power Stage
- All MC related circuits located on Power Stage
- Improved measurement circuit (central ADC reference)

Compatibility with MCU tools
- Usage of the high voltage Power Stage

»
»

Low / high voltage

- PMSM Development Kit w/ MPC5744P
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Freescale Freedom+ Based
Motor Control Enablement
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...Scale Freedom+ Platform — Developed to Support
Faster Growth

FRDM+KEA launching

Aug’15

ARDUINO

Ease of Use Feature Rich Expanded Capability
Starting at only $29/ea. (USD) All /O routed to headers loT capable (add Wi-Fi® to any
Plug and play with any Arduino UNO shield Potentiometer Freescale Freedom+ platform)
Improved Quick Start Guide (QSG) 12 V supply (5 V & 3.3 V operation) Easily add Motor Control
Preloaded code examples OpenSDA USB — Drag/drop programs Simplify design
Develop on Freescale Freedom+ (no PC CAN and LIN headers Tap into Arduino communities
necessary) RGB LED
Customize — All PCB files provided Scalable up to 176 LQFP

L
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Motor Control Shield for Freescale Freedom+

Target Applications
Mass-market and entry level Automotive motor control

FRDM+KEA MCU board
+

Motor Control Shield

Q '
(0
(0

Only $49/ea. (USD)

* 5A nominal, (8-18 V)

* Plug & play with any Freescale
Freedom+ platform

» Compatible with Arduino UNO
» Motor Control Software
* FreeMASTER & MCAT support

<

8 2

W

W

©

@

Q

a >

Motor Control shield for BLDC & PMSM
Supports 3-phase sensorless motor

* Stacked visualization example
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Motor Control Enablement
Success Story and Summary
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China EPS Success Story

Background in 2012
« Trend from Hydraulic Steering to EPS in China, new cars equipped w/ EPS

* Only a few local EPS Tierls can design DC Motor EPS, no knowledge on how to
implement PMSM based EPS

Effort from 2012...
« Build local MC expertise w/in FAE community
« Work out the MPC5604P PMSM Motor EPS RefDes

» Provide the best EPS technical support among all the
competitors, including an on site customer support

» Widely promote the Freescale Motor Control enablement

» Promote Motor Control Library and Field Weakening
software to customers

* Work closely with the top 3 EPS Tierls and help them
build the PMSM based EPS system

L
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China EPS Success Story (cont.)

Market potential and Revenue

EPS POS 2013 2014 2015 2016 2017 CAGR (13-17)

FSL ($M) 0.4 105%

TAM($M) 13 16 21 25 28 21%

FSL MS 4.0% 13.8% 18.6% 21.2% 25.0%

- Freescale PMSM EPS reference design won the best solution award for Best
National Electronic Product Solutions 2012

- Help build local EPS Tierls technical capability

- EPS Market share increased from 4.0%/Y2013 to 13.8%/Y2014

- Design in >90% new EPS platforms from more than 10 EPS Tierls

- Design wins and SOP at several DC Motor EPS Tierls.

- Design wins at top 3 PMSM EPS Tierls, SOP in Y2016

- Got revenue from Motor Control Library software and Field Weakening software

L
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“Where Integration Matters” Success Stories

Water and Qil
Pumps Platform

Engine Cooling Fan
Platform

L
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Get to Production Faster

Standard level of technical support Motor Control Focused Technical Support
0
o
Trainings Technical Trainings for Motor Control and MC S
(e.g. motor type X on device A) echnical Trainings for Motor Control an Us =
n
Single-shunt .
PMSM Resol terf .
Advanced motor control & sensor topics
Reference motor control platform : : :
for rapid hardware & software prototyping Automotive Motor Control Development Kit series
Tools — FreeMASTER, MCAT, ... Tools for Embedded Debugging & Motor Control Tuning £
>
Lo E
Advanced software libraries level Advanced Math and Motor Control Library Set 5

(w/ adv. math and motor control algorithms)

Software libraries level
(w/ math & motor control algorithms)

L
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