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Motor Control Sales Guide
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Electric Motors Volume Increasing, Size Decreasing

<

Z “freescale:

Sliding window
Heating fan sliding roof

Circular pump for stationary heating

Motor for stationary and cooling system

heating system
Cooling fan for air
conditioning system

Idle position
adjustment system
Heating and air

Gate closing
conditioning system

Fluid pump Robot arm movement

Circular pump for heating

Belt system
and cooling water circuit

Seat control

Cooling fan Machinery positioning
Starter '
Seat adjustment
Alternator,
generator

Active suspension
Control wheel

adjustment

Mirror
adjustment
Window lifter
High pressure

Door closing
pump

Central locking

Light range system

adjustment Light cleaning Breaking Power §teering
light tilting pump drive

Freascale, the Freescale logo, AltiVec, C-5, CodeTEST, CodeWarrior, ColdFire, ColdFire+, C-Ware, the Enerqy Eﬁmm Solunons logo, Kinetis, mobileGT, PEG, PowerQUICC, Processor
Expert, QorlQ, Qorivva, SafeAssure, the SafeAssure logo, StarCore, Symphony and VortiQa are Inc., Reg. U.S. Pat. & Tm. Off. Airfast, BeeKit,
1 BoeStack, CoreNet, Flaxis, Layerscape, MagnN MXC, Platform in a Package, QoriQ Qonverge, QUICC Enaane Ready Play, SMARTMOS, Tower, TurboLink, UMEMS, Vybrid and
Xtrinsic are of Inc. All other product or service names are the proparty of their respective owners. @ 2014 Freescale Semiconductor, Inc.




) 4

Ultra-Reliable Motor Control Portfolio

MPC5744P
Performance 2 x 200 MHz,1M-2.5M, PWM

Key Features:

5V, robust to ESD/EMC, high temperature
Best-in-class reliability and quality

Functional Safety MPC567xK
X

2 x 180 MHz, SPE, Enet, PWM

MPC5643L 4

2x 120 MHz,
PWM

Functional safety and security

MPC560xP 2
64 MHz, PWM

Mainstream MPC560xB

64 MHz, PWM

Application Examples

Power steering, door module, seat module, fluid
pump, fan, HVAC, window lift, module positioning,
sliding doors...

General Purpose

High-Voltage T8I

16 K- 128 K
GDU, LIN Phy g

Integration

S12VR
LIN, LINPHY,
2xLS, 2xHS,

KEA
Entry-Level MO+, PWM, CAN

General Purpose

Il 32-bit Power Architecture technology®
B 16-bit S12 MagniV mixed-signal MCUs

Bl 32-bit ARM® Cortex ®-MO+ %, Target Safety Level (ISO 26262/ IEC61508)
%" Level2=ASIL-B=SIL2

‘ I

S$12G _hi

5126, PWIL CAN B 16-bit 512G Level 3 = ASIL-C = SIL 3
> O High temp up t0150 °C Level 4= ASIL-D = SIL 4

8-128 KB 256 - 512 KB 1-2MB >2MB
Yo
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Understand Requirement

Leading Questions

What type of application?

Application / motor voltage & current rating?

Type of the motor (DC / BLDC / PMSM / SR)?
Parameters of the motor (number of pole pairs, Rs, Ls)?
Sensor based or sensorless control?

Type of position sensor, if any?

Requested motor behavior (operational & max speed, motor start-up time and oth
dynamic requirements)?

Requested speed / torque / position control included in profile?

Need for any advanced algorithms (field weakening, single shunt current sensing, |
speed reversal sensorless, zero speed sensorless)?
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Application - Product Mapping
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Pumps - DC, BLDC, PMSM Motors

Recommended Product: S12ZVM Improve efficiency

* High voltage analog integrated for space constraint Reduce noise and weight

» Support up to 150 °C ambient, up to 128 K of flash

« Reduce PCB and manufacturing cost High temperature

Alternate product: KEA and S12G

« KEA: Low power ARM® Cortex®-MO* core for
performance and multiple timers, 3 phase sensorless
BLDC reference design, up to 128 K of flash

Space constraint

« S12G: S12 16-bit core optimized for general purpose

and entry level applications, up to 240 K of flash
LIN and CAN network
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PR
Airflow Systems

Recommended Product: S12ZVM Improve efficiency

* High voltage analog integrated for space constraint Reduce noise and weight

» Provides high gate charge (100 nC) to drive motors

up to 1 kW _
High temperature

» Support up to 150 °C ambient, up to 128 K of flash

 Reduce PCB and manufacturing cost

Alternate product: KEA and S12G 100 to 500 W

« KEA: Low power ARM Cortex-MO* core for
performance, multiple timers, 3 phase sensorless

BLDC reference design, up to 128 K of flash
LIN and CAN network

« S12G: S12 16-bit core optimized for general purpose
and entry level applications, up to 240 K of flash
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Relay Based Reversible DC Motors

Recommended Product: S12ZVR
* Integrated LINPHY for PCB reduction

« Capability to drive 2 relay (low side driver), up to 48 K
of flash

» QOperates directly on 12 V systems

» Directly power sensor, HVI for switch control
Alternate product: KEA and S12G

 KEA: Low power ARM Cortex-MO* core for
performance, multiple timers, 3 phase sensorless
BLDC reference design, up to 128 K of flash

« S12G: S12 16-bit core optimized for general purpose
and entry level applications, up to 240 K of flash

Sensor interface

Space constraint

Switch based control

LIN network
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Multi-Motor Applications

Recommended Product: MPC560xB _ _
Drive multiple motors

« Large memory and package choices, up to 3 M of
flash

» Capability to drive multiple DC motors -
Certified Software

 Enhanced timers and ADC for precise motor control

e Smart LIN and CAN nodes

Alternate product: MPC560xP 12 V and 24 V systems

* Optimized MCU with eTimers, high precision PWM
and Flexray, up to 512 K of flash.

CAN and LIN connectivity
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Safety Systems

Recommended Product: MPC574xP

« ASIL-D/ SIL 4 functional safety requirement, up to 3
M of flash

» Operate at extended temperature

 LIN CAN Ethernet and Flexray option

» Fast and accurate motor control peripherals
Alternate product: MPC5643L and MPC560xP
« MPC5643L: ASIL-D/ SIL 4, up to 1 M of flash

« MPC560xP: ASIL-B/ SIL 2, up to 512 K of flash

PMSM for better torque

Drive multiple motors

Safety critical
application

Precise, fast and
deterministic control
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Complete Solutions for Motor Control

Math & Motor Control Library Set Motor Control Development Kit FreeMASTER & Motor Control
Application Tuning Tools

freescale.com/AutoMCLIb
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Building Blocks for Motor Control Software

Advance Math
Library

General Motor
Control Library

General
Function
Library
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Advance Control Library (ACLIB)
Advance Motor Control Library (AMCLIB)

- Tracking Observer

- Estimators

- Sensorless Algorithms
- Field-Weakening

Advance
Motor Control
Library

AMCLIB

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

- Inverse Park-Clark

- SV™M

- DC Bus Ripple Elimination

MZEZSZSZS
m

B L e

General Function Library (GFLIB)
General Digital Filters Library
(GDFLIB)
- Sine, Cosine, Tangent
- Inverse sine, Cosine, Tangent
- Hysteresis
— .~~~ limitations
- IIR FIR Filters
- Moving Average Filters

B I B IR

PR s e
L R

Stand-Alone

General Digital
Filters Library

P
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Mathematical Library (MLIB)

- Absolute Value

- Summation, Saturated Summation

- Multiplication, Division, Saturated Multiplication
- Right/Left Shifting

- Type Conversion

Mathematical
= i Library

{$32toFloat- ! (a'b)e(c'd)
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PMSM Field Oriented Control Example

3-Phase Low-Voltage Power Stage

Resolver

o U_Dcbus| ~ J .
Automotive Math and T ojp_" ‘ °J5_‘
Motor Control Library Set 12 Vde NS WEWE!
for MPC5643L —|_ 3 5
O ] u
Start/Stop
FreeMASTER [1'\ Faults PWM U_Dec busllsa isb| Isc
GPIO | PWM < cTU «> ADC | [ ETimer |
Driver Driver Driver | | Driver | | Driver | | Driver |
Application Control Protation |Duty Cycie b e i Position
-~ Duty Cycles | pyvM T Isc Sine| |Cosine  "gount
_ Is_q_req Modulation| _ us_beta_comp | U_dc
s Current q Us_q 4—|
peed Limitation - v A"QI le A"E dl ©
Controller Pl i - . T .
- - Controller Inverse Park w} DC_bus Current Obsew“egr Obsen'rlegr
- Is_d_roq Transformation | us_peta Ripple Sensing
F“3|d_ T Current d d,g—-alpha, beta > Compensation| | Processing
Weakening —p| urren
Controller Limitation Us_d T
= Pl Controller | - sin | ¢ Theta_actual_el
cos Software
Switch
—
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Features

Software
Downloa

details
d latest releases

Extensive documentation

. . .
Automotive Math and Motor Control Library Set suDDthree
‘major arithmetics: 32-bit fixed-point, 16-bit fixed-point and AMAMOCLSFS: Automotive Math and Motor Control Library Set Fact
1 1 7 . single precision floating-point Sheet
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Freescale b Embedded Software and Tools » Run-time Software » AUTOMATH_MCL

AUTOMATH_MCL: Automotive Math and Motor Control Library Set urpaten vy

This Software Includes

Overview Documentation Downloads

The Automotive Math and Motor Control Library Setis a
precompiled software liorary containing the building blocks for | Automotive Math and Motor Gontrol Library Sot
awide range of motor control and general mathematical

Customer Application

Stacks| Applications

0S| BSP | HAL | Hypervisor

applications. It consists of four groups of functions: e

e

Basic mathematical functions (MLIB) with elementary
math functions
General trigonometric and basic functions (GFLIB) with
basic math, trigonometric, look-up table and controller
functions,
General motor control functions (GMCLIB) with space
vector modulation, transformation and motor control s
specific functions, m———
General digital filters functions (GDFLIB) with digital fiter s
functions for signal controlling.

The Automotive Math and Motor Control Library Setis delivered S

as a precompiled library and provides a highly speed-

optimized, intensively tested and easy to use solution for the

rapid development of user motor control and general Supported Devices

mathematical applications. The Automotive Math and Motor ——

Control Library Setfunctions interface is included into a single

Processor

public interface to reduce the number of fles required for +Qoriwa MPCSTxXx
inclusion by the user application. An integral part of the $12ZVM: $12 MagniV Mixed-Signal MCU for BLDC and DC Motor
Automotive Math and Motor Control Library Set are the St

Matlab/Simulink® models of all supported functions to allow
modeling of the user application using the Mat!ab S!muhnk
environment, and extensive user D

Eaitiies Current Updates and Releases
Basic math, fiter and motor control related functions MPC580XP_AMMCLIB_LIB: Automotive Math and Motor Control

e €99 compliant Library Set for Qoriwa MPC580xP
——pe Highly speed-optimized MPC564XL_AMMCLIB_LIB: Automotive Math and Motor Control

Library Set for Qoriwa MPC564xL
MPCS67XF_AMMCLIB_LIB: Automotive Math and Motor Control
Library Set for Qoriwa MPC567xF

Wore w

. Supplied as binary file
Three major arithmetics supported

WMATLABISimulink® models for user application modeling
Available for Freescale Classic CodeWarrior, Freescale
Eclipse CodeWarrior, Green Hills® Wulti, Wind River® Diab
and Cosmic® compilers (supported compilers mightvary
based on the device)

Related Software and Tools implementad Algoritins

MTRCKTSBNZVI128: 3-phase Sensorless BLDC R
Development Kit with S12 MagniV MC9S12ZVML128 MCU

MC_TOOLBOX: Motor Control Development Toolbox LG
: AUTO-MC-DEVKIT: Automotive Motor Control Development Kits
. ! welop » GMICLIB
Sage Wore v
7, » GDFLIB
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FreeMASTER - “Debugger for Real-time Applications”

www.freescale. com/FreeMASTER

- Real-time Monitor Tool
- Track your variables
- Tracing capability
- Graphical User Interface
- Modify variables run-time
- Demonstration Platform

i T LR fe Reeiw Be P ek

- Design your own dashboard
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MCAT Tool

Makes any Motor Spin

www.freescale.com/MCAT

Tool guiding the user step by step to tune the control parameters of their MC application
Run-time tuning of control parameters
Generation of header file with resulting parameters
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Freescale » 14CUs based on Power Architecture® Technology > Qorivva MPCSSx » MCATSW

MCATSW: Motor Control Application Tuning (MCAT) Tool ¥¢

Overview Document:

Featured Video

Motor Control
Application Tuning
(MCAT) tool
(03:07 min)

Application Notes

The Motor Control Application Tunning (MCAT)Tool is a HMTL-
based user-friendly graphical plug-in ool for Freescale's
FreeMASTER. This tool is intended for the develapment of
PMSHM FOC applications, real-time control structure parameter
tuning, and will aid motor cantrol users in adapting Freescale
MC solutions to their motors without a detailed knowledge of PI
controller constant calculations.

The tool is not provided as a standalone application, butitis a
FreeMASTER plug-in component of featured reference designs

Features
Un-

Supported Devices
Kinetis K Series MCUs
Qoriwa MPC58xx
MCSEFB4XX

Current Updates and Releases

FSLESL: Embedded Software Motor Control Lidraries

TWR-MC-LV3PH: Low-Voltage, 3-Phase Motar Control Tower
ystem Module

AUTOMATH_WMCL: Automotive Math and Motor Control Library Set

Wore v

| Agreement | Newsletter | Contact Us | Mobile | Browser Compativiity ¢ 3 3

004-2014 Freescale Semiconductor, Inc. All rights reserved

Freescale, the Freescale logo, AttiWec, C-5, CodeTEST, CodeWarrior, ColdFire, ColdFire+, C-Ware, moEnergyEmusm SOl\mons logo, Kinetis, mobileGT, PEG, PowerQUICC, Processor

Expert, QorlQ, Qorivva, SafeAssure, the SafeAssure logo, StarCore, Symphony and VortiQa are

Inc., Reg. U.S. Pat. & Tm. Off. Airfast, BaeKit,

BoeStack, CoreNet, Fh(ls Layerscape, MagnN MXC, Platform in a Package, QorlQ Qonverge, QUICC Englne Ready Play, SMARTMOS, Tower TurboLink, UMEMS, Vybrid and
of Freescale

Xtrinsic are

Inc. All other product or service names are the property of their respective owners. @ 2014 Freescale Semiconductor, Inc.



-

) ey 5

Enablement - Motor Control Reference
Development Kits

S

Z “freescale:

19

Freescale, the Freescale logo, AltVec, C-5, CodeTEST, CodeWarrior, ColdFire, ColdFire+, C-Ware, the Energy Efficient Solutions logo, Kinetis, mobileGT, PEG, PowerQUICC, Processor
Expert, QorlQ, Qorivva, SafaAssure, the SafeAssure logo, StarCore, Symphony and VortiQa are trademarks of Freescale Semiconductor, Inc., Reg. U.S. Pat. & Tm. Off. Airfast, BeeKit,
BoeStack, CoreNet, Flexis, Layerscape, MagniV, MXC, Platform in a Package, QorlQ Qonverge, QUICC Engine, Ready Play, SMARTMOS, Tower, TurboLink, UMEMS, Vybrid and
Xtrinsic are trademarks of Freescale Semiconductor, Inc. All other product or service names are the property of their respective owners. © 2014 Freescale Semiconductor, Inc.



)¢
Spin a Motor Within Minutes with MC Development Kit

- WWW.freescale.com/AutoMCDevKits

PMSM with
resolver/encoder

+

FET 3-phase power stage

3-phase current

shunts
MC33937A
CET DRIVER Incremental 3_phase
MC33937A encoder interface low voltage
power Stage
+
MPC5643L Resqlver/Sin-Cos M PC5643 L
nteriace controller board
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Many Motor Control Development Kits

Product Type Product features Motor/ Application Type

KEA128BLDCRD ARM Cortex MO+ 128 K flash 48 MHz, CAN and LIN, 12-bit ADC 16 ch 3-phase Sensorless BLDC
MTRCKTDBN5643L Power, ASIL D, 1 M flash 120 MHz, Dual core, Flexray, CAN and LIN, FPU Dual 3-phase Sensorless BLDC
MTRCKTDPS5643L Power, ASIL D, 1 M flash 120 MHz, Dual core, Flexray, CAN and LIN, FPU Dual 3-phase PMSM
MTRCKTSBN5604P Power, ASIL B, 512 K flash 64 MHz, Flexray, CAN and LIN 3-phase Sensorless BLDC
MTRCKTSBN5606B Power, 1 M Flash 64 MHz, high number of CAN and LIN 3-phase Sensorless BLDC
MTRCKTSBN5643L Power, ASIL D, 1 M flash 120 MHz, Dual core, Flexray, CAN and LIN, FPU Single 3-phase Sensorless BLDC
MTRCKTSBNG128 S12, 128 K Flash 50 MHz, CAN and LIN 3-Phase Sensorless BLDC

VAR QRS ENNVAV RIS S127, high-voltage analog, 128 K 100 MHz, LIN-PHY, Gate Driver Unit 3-phase Sensorless BLDC

MTRCKTSPS5604P Power, ASIL B, 512 K flash 64 MHz, Flexray, CAN and LIN 3-phase PMSM

MTRCKTSPS5643L Power, ASIL D, 1 M flash 120 MHz, Dual core, Flexray, CAN and LIN, FPU 3-phase PMSM

\J

Freescals, the Freescale logo, AltiVec, C-5, CodeTEST, CodeWarrior, ColdFire, ColdFire+, C-Ware, the Energy Efficient Solutions logo, Kinetis, mobileGT, PEG, PowerQUICC, Processor
- :

™ Expert, QorlQ, Qorivva, SafaAssure, the SafeAssure logo, StarCore, Symphony and VortiQa are of Fi Inc., Reg. U.S. Pat. & Tm. Off. Airfast, BeeKit,
2 1 BoeStack, CoreNet, Flexis, Layerscape, MagniV, MXC, Platform in a Package, QorlQ Qonverge, QUICC Engine, Ready Play, SMARTMOS, Tower, TurboLink, UMEMS, Vybrid and
Xtrinsic are of Fi als i , Inc. All other product or service names are the property of their respective owners. @ 2014 Freescale Semiconductor, Inc.

1 X




Summary

Find a true reference platform at

V HARDWARE

Multiple development kits and reference designs with complete schematics

SOFTWARE and LIBRARIES

Application software source code available for all kits, e.g. 6 steps communication control for BLDC
motors, vector control - FOC for PSM motors; math and motor control library objects at no-cost

v TOOLS

FreeMASTER & MCAT user interface to ease application visualization and control with extensive
documentation
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