MODEL-BASED DESIGN TOOLBOX
ENABLING FAST PROTOTYPING AND DESIGN

ON-TARGET RAPID PROTOTYPING FOR
MODEL-BASED DESIGN AND
MOTOR CONTROL APPLICATION DEVELOPMENT

vy SECURE CONNECTIONS
4 FOR A SMARTER WORLD
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Agenda

Overview:
- Introduction and Objectives
- Model-Based Design Toolbox: Library blocks, FreeMASTER, and Bootloader

Hands-On Demo:
- Motor Kit (Describe Freescale 3-Phase Motor Kit)
- Convert simple model to run on Motor Kit with MCD Toolbox and use FreeMASTER

Model-Based Design:
- Model-Based Design Steps: Simulation, SIL, PIL and ISO 26262
- SIL/PIL Hands-On Demo Step 2 & 3 of MBD

Trapezoidal Motor Control:
- Motor Kit (Describe Freescale 3-Phase Motor Kit)
- Trapezoidal control and how to use it to turn a motor

Trapezoidal Motor Control Hands-on Demo:
- Implement Trapezoidal Motor Control on Motor Kit
- Run software from the model and use FreeMASTER to monitor and tune parameters

FOC Motor Control:

- FOC Sensor-less control and how to use it to turn a motor
FOC Motor Control Hands-On Demo:

- Implement FOC Sensor-less Motor Control on Motor Kit

- Run software from the model and use FreeMASTER to monitor

Summary and Q&A:

EXTERNAL USE
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Introduction: Model-Based Design (MBD)

- Model-Based Design is becoming more common during the normal course of software development to
explain and implement the desired behavior of a complex system. The challenge is to take advantage of
this approach and get an executable that can be simulated and implemented directly from the model to help
you get the product to market in less time and with higher quality. This is especially true for electric motor
controls development in this age of hybrid/electric vehicles and the industrial motor control application
space.

- Many companies model their controller algorithm and the target motor or plant so they can use a simulation
environment to accelerate their algorithm development.

- The final stage of this type of development is the integration of the control algorithm software with target
MCU hardware. This is often done using hand code or a mix of hand code and model-generated code.
Model-Based Design Toolbox allows this stage of the development to generate 100% of the code from the
model.
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Introduction: Model-Based Design Toolbox

- The Model-Based Design Toolbox includes an embedded target supporting NXP MCUs, Simulink™ plug-in
libraries which provide engineers with an integrated environment and tool chain for configuring and
generating the necessary software, including initialization routines, device drivers, and a real-time scheduler
to execute algorithms specifically for controlling motors.

- The toolbox also includes an extensive Math and Motor Control Function Library developed by NXP’s
renowned Motor Control Center of Excellence. The library provides dozens of blocks optimized for fast
execution on NXP MCUs with bit-accurate results compared to Simulink™ simulation using single-precision
math.

- The toolbox provides built-in support for Software and Processor-in-the-Loop (SIL and PIL), which enables
direct comparison and plotting of numerical results.

MathWorks products required for MBD Toolbox:
- MATLAB (32-Bit or 64-Bit)*

- Simulink

-MATLAB Coder

- Simulink Coder

- Embedded Coder

*Earlier released products only support 32-bit

EXTERNAL USE



Reduce Development Time with Model-Based Design

Use software-based model Fewer defects found in _
System vs. paper-based method, this phase of testing, Functional

Requirements and start testing at very where finding defects is Testing
earliest stage. expensive.

Convert model to SIL
. and now can test
MOde“ng/ ANSI-generated
Simulation software. Can also
use MC library with
SIL testing.

With AMMCLIB

library and MBD .
Toolbox, test Rapid Prototype
Model using target

MCU and compiler Now that more testing

on target has occurred

:2;3%? PIL earlier in the_ process,

HIL testing time Is

With MBD Toolb reduced.

it oolbox, auto-

generate code for direct Target MCU Red uce T| me

interface of peripherals for Implementation

target hardware without any fro m Th | S

manual hand code. Time D

<
«

A 4

Using NXP’s Model-Based Design Toolbox you can reduce development time from this.
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Objectives

- Exposure to NXP’s hardware/software enablement

Model-Based Design Toolbox
with Simulink ™

e.g..MTRCKTSBNZVM128

MATLAB
- SIMULINK

Model-Based Design
Driver configuration
Assignment to pins
Initialization setup

BLDC Motor Control Dev Kit

EREENEERIER | =/ 0 /A
Signal Visualization e = :
and Data Acquisition Tool i EERD
=TT e T gV
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Agenda

Overview: 20 minutes
- Introduction and Objectives
- Model-Based Design Toolbox: Library blocks, FreeMASTER, and Bootloader

Hands-On Demo: 50 minutes
- Motor Kit (Describe Freescale 3-Phase Motor Kit)
- Convert simple model to run on Motor Kit with MBD Toolbox and use FreeMASTER

Model-Based Design: 10 minutes
- Model-Based Design Steps: Simulation, SIL, PIL and ISO 26262
- SIL/PIL Hands-On Demo Step 2 & 3 of MBD

Trapezoidal Motor Control: 30 minutes
- Motor Kit (Describe Freescale 3-Phase Motor Kit)
- Trapezoidal control and how to use it to turn a motor

Trapezoidal Motor Control Hands-on Demo: 80 minutes
- Implement Trapezoidal Motor Control on Motor Kit
- Run software from the model and use FreeMASTER to monitor and tune parameters

FOC Motor Control: 20 minutes

- FOC Sensor-less control and how to use it to turn a motor
FOC Motor Control Hands-On Demo: 80 minutes

- Implement FOC Sensor-less Motor Control on Motor Kit

- Run software from the model and use FreeMASTER to monitor

Summary and Q&A: 10 minutes

EXTERNAL USE
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MBD Toolbox: Library Contents

EXTERNAL USE

-
EE Simulink Library Browser /

File Edit ¥iew Help

Fed O3 2| Enter search term

MEL T

[
5
g
3

Simulink
Embedded Coder
Freescale Application Motor Control Library Blocks for MPC564xL
Freescale Application Motor Control Library Blocks fer MPC567,
Freescale Application Motor Control Library Blocks for MPCS
Motor Control Toolbox for DSC Series
Motor Control Toolbox for Kinetis V Series
Motor Control Toolbox for MPCS64xL
Motor Control Toolbox for MPCS6TxK
Motor Control Toolbox for MPCS74xP
Motor Control Toolbox for MagniV 5127 Series
5122VM
4 5127 Autemotive Math and Moter Control
General Digital Filters
General Functions
General Motor Control Functions
Math Functions
4 S127VM 32/131/16 Blocks
4 MCOS127VIV
Communication Blocks
Mator Control Blocks
Peripheral Interface Blocks
Utility Blocks
4 S127VML/C 128/84/32 Blocks
4 MCO5127VIV
Communication Blocks
Motor Control Blocks
Peripheral Interface Blocks
Utility Blocks
Report Generator
Simulink 3D Animation
Simulink Coder
Simulink Extras
Simulink Verification and Validation
Stateflow

B
B
>
>
>
>
=
=
>
>

a

ie!
ie!
ie!
ie!
ie!
il
il
ie!
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Simulink N

Libraries

MBD Toolbox

ADC Converter: 0
Command index: 0
Command Code
000000000

ADC Converer 0 function
ADCE: 0300

Priority: 1 ISR Ma)

ADC_Abort_ISR

ADC_Command

ADC Converer. 0 funciion -
Py ADC Converter: 0

agniV 512Z Series/S12ZVMIS12ZVMUC 128/64/32 Blocks/MCBS12ZVMx/Motor Control Blocks Search Results: (n

ADC_Command_List

library

ADC Conwerer 0 function
ADCCOMIE: 00000
ISR Friority: 1 |SR Mas

ADC_Complete_ISR ADC_Config

ADC Converter: 0 |

ADC Converter: 0

Fronty 1 ISR Ma] ADC Index: 0
ADC_Emer_ISR ADC_Read ADC_Restart_CSL ADC_Start_Sequence GDU_Canfig
Library for o e e
o GoUStAs ouput TIM Cranrel | irpul Cplue
i ISRPfOm)-T
S12ZVM wr ™ fmeseme
GDU_Dessturation_ISR GDU_ISR GDU_Status Hall_Sensor_Port PMF_Complementary_Output
il BT
S
ows  ERERERT L DI g e reiteros TG
o ome  SmEmER
[

fon s

FMF_Complementary_ThreeSyno-
Pair_Output

PMF_Independent_Output

TIM overow

SREfmY 1 mager|

TIM_overflow_intemupt

FMF_Relosd_Intemupt

PTU_Trigger_Generators PTU_intemupt

Showing: Motor Control Toolbox for MagniV' 5127 Series/S12Z2VIN/S122WMUIC 128/64/32 Blocks/MCS512Z2WMx/Motor Control Blocks

Peripheral block
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Model-Based Design Toolbox: Toolbox Contents

On-Chip Peripherals Configuration/Modes

- General . Compilers Supported . FreeMASTER Interface
- ADC conversion _ CodeWarrior - Data acquisition
~ Digital O - Wind River DIAB gi!gi;gg GUI
- PIT timer _ )
_ ISR - Green Hills - Profiler Functlon

- Communication Interface - Cosmic iﬁ:ﬁégg?nrﬁelﬁsuremem
- CAN driver - AR - Available in standalone
- SPI driver - GCC
-12C - RAM/FLASH targets
- UART . Simulation Modes

- Motor Control Interface
y . Normal Embedded MCU Support
- Cross triggering unit

Accelerator

) PWM - Software in the Loop (SIL) * MPC5643L

- eTimer block(s) _ . MPC567xK

_ Sine wave generation - Processor in the Loop (PIL) . MPC574xP

- ADC Command List -+ MCU Option . S12ZVM

- GDU (Gate Drive Unit) - Multiple packages + KV10Z

- PTU (Programable Trigger Unit) - Multiple Crystal frequencies " S6F82xx

- TIM Hall Sensor Port g;/;&/SOMO/SO

- FTM (Flex Timer Module)
- PDB (Programmable Delay Block)

8 EXTERNAL USE NOTE: Peripheral Blocks and compiler support is dependent on MCU use. x



Automotive Math and Motor Control Library Set - Architecture

" navanced wotor
Control Library Control Library
—rand Motor """ __afy Set

9 EXTERNAL USE

General Function \
Library

General Motor

General Motor Control Library
Advanced Motor Control Library

/

«Park/Clark Transformation
«Inverse Park/Clark

«Space Vector Modulation

+DC Bus Ripple Elimination
«PMSM Decoupling

AN

GMCLIB

7/
AMCLIB

*BackEMF Observer
«Tracking Observer

General Function Library
General Digital Filters Library

«Sine, Cosine, Tangent

*Hysteresis
+LUT, Ramp, Limitations

eInverse Sine, Cosine, Tangent G FLlB
_—

GDFLIB

*First, Second Orde T

atical Library
«Absolute value
«Addition, Subtraction
«Multiplication, Division
Right/Left shift

*Type conversion

MLIB

>
Mathematical
Library

@ @

- IxssnE I
~{F32toFIoat|» ~{(a*b)+(c*d)}>

|

General Digital
Filters Library
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MLIB

Absolute Value, Negative Value
MLIB_Abs, MLIB_AbsSat
MLIB_Neg, MLIB_NegSat

Add/Subtract Functions
MLIB_Add, MLIB_AddSat
MLIB_Sub, MLIB_SubSat

Multiply/Divide/Add-multiply

Functions
MLIB_Mul, MLIB_MulSat
MLIB_Div, MLIB_DivSat
MLIB_Mac, MLIB_MacSat
MLIB_Mnac, MLIB_Msu

«  MLIB_VMac

Shifting
MLIB_ShL, MLIB_ShLSat
MLIB_ShR
MLIB_ShBi, MLIB_ShBiSat

Normalisation, Round Functions
MLIB_Norm, MLIB_Round

Conversion Functions
MLIB_ConvertPU, MLIB_Convert

GFLIB

Trigonometric Functions
GFLIB_Sin, GFLIB_Cos,
GFLIB_SinCos, GFLIB_Tan
GFLIB_Asin, GFLIB_Acos,
GFLIB_Atan, GFLIB_AtanYX
GFLIB_AtanYXShifted

Limitation Functions

GFLIB_Limit, GFLIB_VectorLimit
GFLIB_LowerLimit,
GFLIB_UpperLimit

Pl Controller Functions
GFLIB_ControllerPlIr,
GFLIB_ControllerPIrAW
GFLIB_ControllerPIp,
GFLIB_ControllerPIpAW

Interpolation
GFLIB_LutlD, GFLIB_Lut2D

Hysteresis Function
GFLIB_Hyst

Signal Integration Function
GFLIB_IntegratorTR

Sign Function
GFLIB_Sign

Signal Ramp Function
GFLIB_Ramp

Square Root Function
GFLIB_Sqrt

CONFIDENTIAL AND PROPRIETARY

GDFLIB

Finite Impulse Filter
GDFLIB_FilterFIR

Moving Average Filter
GDFLIB_FilterMA

1st Order Infinite Impulse

Filter
GDFLIB_FilterlIRLinit
GDFLIB_FilterlIR1

2nd Order Infinite Impulse

Filter
GDFLIB_FilterlIR2init
GDFLIB_FilterllR2

hame Ext  |Size |
{L1 <DIR>
(I bam] <DIR>
(3doc] <DIR>
(3 linclude] <DIR>
(30ib] <DIR>
%] license txt 14,522(

Automotive Math and Motor Control Library Set — Content

GMCLIB

» Clark Transformation
GMCLIB_Clark
GMCLIB_Clarkinv

- Park Transformation
GMCLIB_Park
GMCLIB_Parkinv

- Duty Cycle Calculation
GMCLIB_SvmStd

- Elimination of DC Ripples
GMCLIB_ElimDcBusRip

- Decoupling of PMSM Motors
GMCLIB_DecouplingPMSM

Delivery Content

- Matlab/Simulink Bit Accurate Models

- User Manuals

- Header files

- Compiled Library File

- License File (to be accepted at install time)

AMCLIB

BEMF Observer DQ
AMCLIB_BemfObsrvDQ

Tracking Observer
AMCLIB_TrackObsrv



AMMCLIb Application Example for MPC5643L

PMSM Field Oriented Control

Automotive Math and
Motor Control Library
Set for MPC5643L

ACLIB
AMCLIB

Start/Stop
FreeMASTER J\

v

GPIO

Driver

usB

Driver

Application Control

Speed_Req

Is_q_req

Field
Weakening
Controller

3-Phase Low-Voltage Power Stage
Eesolc\;er
U_Dc bus ) o 2 ncoder
O— - & F
A Rroh] PMSM
12 Vde DJQ F J% oJLQ i
o —l_ ﬁ Load
A
Faults PWM U_Dc bus| Isa| Isb| Isc Resolver H'W
e
bt iy iy
PWM CTU <= ADC eTimer
Driver Driver Driver Driver
Protacs gmy g“:eg Sect |'s§ Po
rotection t ector . . iti
Duty Cycle c T e Sine| [Cosine  "cl "
U_de l
Angle Angle
Us_alpha Tracking Tracking
Currc::nt Observer Observer
Sensing
Processing l l
Theta_actual_el
Software [¢
o e o comn switch <
- l Is_ b_comp
Is_alpha Is_c_comp
— MPC5643L

Omega_autual_mech
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Auto Math and Motor Control Library Set — Supported Devices

GreenHills CodeWarrior WindRiver Cosmic IAR GCC S32DS PPC
Multi BIF:10]

12

Target Platform

MPC560xP
MPC560xB
MPC564xL
MPC567xF
MPC567xK

MPC574xC
MPC574xG
MPC574xP
MPC574xR
MPC577xC
MPCS577xK
MPCS577xM

S12ZVM
S32K14x
KEAX

1)  Not supported: The compiler contains the support of selected device, however the AMMCLIib does not support this compiler.
2)  N/A: The compiler (or the compiler version) does not support selected device.

EXTERNAL USE

Version

2015.1.4

Available

Available

N/A2
Available

Available

Version
10.6.4

Available

N/A?

Available
Not supported?

Available

Version
5948

Available

Available

N/A2
N/A2
N/A2

Version
434

Not supported?

Not supported?

Available
Not supported?

Not supported?

Version
8.11

N/A?

N/A?

N/A2
Available

N/A2

4.9.3

N/A?

N/A?

N/A2
Available

N/A2

Version

Version
1.2

Available

Available

N/A2
N/A2
N/A2
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MBD Toolbox: RAppID Bootloader Utility

The RAppID Bootloader works with the built-in Boot Assist Module (BAM) included in Freescale Qorivva MCUs or can be
resident in FLASH. The Bootloader provides a streamlined method for programming code into FLASH or RAM on either
target EVBs or custom boards. Once programming is complete, the application code automatically starts.

Modes of Operation
The Bootloader has two modes of operation: for use as a stand-alone PC desktop GUI utility, or for integration with different user required
tools chains through a command line interface (i.e. Eclipse Plug-in, MATLAB/Simulink, ...)

MCUs Supported
MPC5534, MPC5601/2D, MPC5602/3/4BC, MPC5605/6/7B, MPC564xB/C, MPC567xF, MPC567xK, MPC564xA, MPC5605/6/7BK,
MPC564xL, MPC5604/3P, MPC574xP, MPC5746R, MPC5746C, MPC5748G, MPC5777C, MPC5775K, S12ZVC, S12ZVL, S12ZVM,
S12VR, KEAZN16/32/64, KEAZ64/128, S32K144, 56F82xx, KV10Z, and KV3x/KV4x/KV5xX.

Graphical User Interface Command Line

File  Help

Communication Setup:

MCU Setup: BAM Setup:

BAM Status: |Enabled -
MCU Part No: | MPC564xL hd

Password: |Q<FEEDFACECAFEBEEF Default Password

APP 18%

App Setup:

Application File: C:\data“DemoModels Digitall0_block_demo_rappid_rtw\Digitall0_block_demc
[ AutoRead File  Start Address: | (x0 Code Size Range: |0476C - Status g iven in two stages:

Bootloader download, then
application programming

Operation Setup:
(7)) Erase Flash Only @) Erase and Program

Status: [Serial Port COMO (115200Baud)] [MPCS64xLrba]  [test MPCS64xLrbl] g | apP17%

h o
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What is FreeMASTER?

- Runtime configuration & tuning tool for embedded software AT T =
applications il RN - g

- Graphical Control Panel H ' : ' H ' = 7%

. Data Capture tool, interface to custom processing in Matlab, Excel e —

etc.

What do we do with FreeMASTER?
- Connect: to target MCU over UART, CAN,

MCU Memory Acces:

p—

BDM, JTAG
- Monitor: read & show variables in run-time
- Control: set variables, send commands
- Share: enable Excel, Matlab or a script engine

to add hardware to the control loop

Connect over UART, Direct memory access Share any connection
USB, CAN or JTAG j-link, CMSIS-DAP or P&E over the internet

14 EXTERNAL USE ‘ k




FreeMASTER Topology and Platforms Support

Supported platforms:

« S08

« DSC

 ARM Cortex-M (Kinetis/S32)
o S12/S12X/S12Z(MagniV),

« MPC56xx, MPC57xx

« ColdFire V1/V2

FreeMASTER

USB, JTAG, LIN, CAN, BDM ...
FreeMASTER

USB, JTAG, LIN, CAN, BDM ...

UART/SCI UART/SCI

15 EXTERNAL USE w
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MBD Toolbox: Summary of Customer Application Support

=
i External Hardware
P ) Seglonder )

| External
Connections
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Agenda

Overview:
- Introduction and Objectives
- Model-Based Design Toolbox: Library blocks, FreeMASTER, and Bootloader

Hands-On Demo:
- Motor Kit (Describe Freescale 3-Phase Motor Kit)
- Convert simple model to run on Motor Kit with MCD Toolbox and use FreeMASTER

Model-Based Design:
- Model-Based Design Steps: Simulation, SIL, PIL and ISO 26262
- SIL/PIL Hands-On Demo Step 2 & 3 of MBD

Trapezoidal Motor Control:
- Motor Kit (Describe Freescale 3-Phase Motor Kit)
- Trapezoidal control and how to use it to turn a motor

Trapezoidal Motor Control Hands-on Demo:
- Implement Trapezoidal Motor Control on Motor Kit
- Run software from the model and use FreeMASTER to monitor and tune parameters

FOC Motor Control:

- FOC Sensor-less control and how to use it to turn a motor
FOC Motor Control Hands-On Demo:

- Implement FOC Sensor-less Motor Control on Motor Kit

- Run software from the model and use FreeMASTER to monitor

Summary and Q&A:

EXTERNAL USE
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Hands-On Demo: Motor Kit

Features:

- MC9S12ZVML/C12MKH
- BDM interface

- On-board OSBDM

- Hall Sensor

- Resolver interface

- SINCOS interface

- LIN/CAN

- USB-to-SCI serial port
- Phase and DC-bus current sensing circuits
- FAULT indicator

- Over-voltage and over-current FAULT indicator with

potentiometer adjustments

- 2 User LEDs

- 2 push buttons

- 1 switch

- 4 MHz oscillator
- 1 Potentiometer

EXTERNAL USE

MTRCKTSBNZVM128

> BLDC Motor
Control Dev Kit

Motor and Drive Features:
- Input voltage 12-24 V DC
- Output current 5-10 Amps

- 3-phase MOSFET inverter using 6 N-
channel Power MOSFETSs

- 4 pole-pair BLDC motor with Hall
sensors (9450 RPM rated speed at
24 V)

h o
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Hands-On Demo: Read A/D and Toggle LED Simple Model

19

Load in Flash Bootloader using CodeWarrior Flash Programmer
Use the Flash programmer in CW IDE to program the Flash Bootloader.

¥ Debug - S12ZVM_LED_TEST/Sources/ProcessorExpert.c - CodeWarrior Development Studio

B ™

File Edit Search Project Run MQXTools RTCS MQX Window Help
) | -% F~ - 4~ B B/ [F <GTM Persp...
vl v o~ v
%5 Debug 2 “ O(=Vari 5\ #Regi| % Brea| AMod| T O30 %  “Ojp R\ ~0O
N L8| E-| re v 42#defi » | Nodebugcont =
: —= - 43 #endi
b L) . | a4 Enter location
— | . 45 const |
= 1= | 45
........ 47 const = o £
m~| s 9 48 const b (B8 |
49 const e
5@ const -
51
52 uint3
53
54 uintg
| 55
séwvoid ¥
« ¢ 4 L3
#4 Commander £3 T=0|Bca\4s|@T|™ =8
+ Project Creation + Build/Debug * Miscellaneous cezoiEipett ® {-}3' = Rl g
. Y Sep 1@, 2013 1€:06:55 AM Startin -
. Al »
I__l Import project . :\ (AID - System directory = C:\Freescale)\
[ Import example project < (AN j? Flash programmer User working directory = C:\Prog
g2y Import MCU executable file i Internal cache directory = C:\Pr
5 New MCU project ~ Settings Processor Expert license file =
9 New MQX-Lite project o Sep 18, 20813 18:87:89 AM Success
4 m 3
1) Read-Only Smart Insert 56:1

-

EXTERNAL USE

Flash File To Target
rg

Erase and program flash devices.

Simplified user interface for Flash Programmer

Connection

Connection: | -4 5127Test FLASH_PnE U-MultiLink - Edit.. ||  New. |

Flash Configuration File
MCIS12ZVMLL 28 xml

- | [Browse...|

Unprotect flash memory before erase

File to Flash

File: C:AMCTo0lboxS12ZVMymetb_s12zvmitools\BootLoader\RBF_Files\S12ZVM.rbf
Offset: Ox 0 File size is 0x3b3c bytes

[7] Save as Target Task

Task Marne:

® Erase Whole Device] ’ Erase and Program ] ’ Close

h o
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Hands-On Demo: Read A/D and Toggle LED Simple Model

Run Simple Model Simulation
1. Open Model “Simple_ADC.sIx and save it as S12ZVM_Simple ADC.sIx”

2. You will see a model that changes the output state of a relational operator based on an input value as
compared to a data value.

3.  Run simulation and open the scope. You should see the following on the scope:

SBHLOLY HhREE BAF

Threshold default value equals 2000.

Threshold Threshold b————
Data Store Data Store
Memory Read
P
av; . (=
ADC_Value 1 'R | ILED—SME >
. elationa
Sine Wave Operator Scope
Y
Trigger()
out1 o[
Function-Call Scope_Toggle

Generator

Toggle

20 EXTERNAL USE



Hands-On Demo: Read A/D and Toggle LED Simple Model

Convert Simple Model and Run

1. Save Model as “S12ZVM_Simple_ADC.sIx”

Select system target file “mcd_s12zvm.tlc” to configure model for the MCU
Open Simulink Library

Go to Motor Control Toolbox for MC9S12ZVMx -> MC9S12ZVMx ->
MCD_MC9S12ZVMx_Config_Information Block

Drag the block into the model

Open block and go to PIL and Download Config

Check Enable Download Code after Build and BAM Restart Request
Enter the COM port number that you are using from PC

Enable Freemaster to run on SCI 1 at 115200 Baud

10. Delete Sine Wave block and both Scopes

11. Also delete line that was going to second input of scope

12. Go back to library under Motor Control Blocks and drag in an ADC Config block, ADC Command
Sequence List block and a ADC Read block which will connect to the ADC_Value line

N

© 0 N> O

Yy
4\
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Hands-On Demo: Read A/D and Toggle LED Simple Model

Convert Simple Model and Run
13. Open “Configuration Parameters” and go to PIL/BAM Setup tab.
14. Enter the COM port number that you are using from PC

F ™Y
@ Configuration Parameters: $12ZVM_Simple_ADC/Configuration [Active) ﬁ
S [T] Enable PIL Mode Download b
Saolver
Data Import/Export Enable Download Code after Build
> Optimization BAM Restart Request
> Diagnostics

Hardware Implementation Delay before start of application (us) 5000000
Model Referencing
> Simulation Target COM Fort 6
4 Code Generation
Report PIL Baud Rate | 115200
Comments
Symbols
Custom Code
Debug
Interface R
Verification
Code Style
Templates
Code Placement
Data Type Replacement
Memary Sections
Target MCU Config
Target Compiler Opts
FreeMASTER Config
Diagnostics

m

-

< | T | b

,)' [ 0K ][ Cancel ][ Help Apply

22 EXTERNAL USE
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Hands-On Demo: Read A/D and Toggle LED Simple Model

Convert Simple Model and Run

15. Open “Configuration Parameters” and go to FreeMASTER Config tab.
16. Enable Freemaster to run on SCI 1 at 115200 Baud

f B
@ Canfiguration Parameters: 5127VM_Simple_ADC/Configuration (Active) ﬁ
Select Enable FreeMASTER P

Saolver
Data Import/Export FreeMASTER Interface [SCI 1
> Optimization
> Diagnostics FreeMASTER CAN Baud Rate 1M

Hardware Implementation
Model Referencing
» Simulation Target
4 Code Generation
Report
Comments
Symbols
Custom Code

| FreeMASTER SCI Baud Rate [115200

m|

Debug
Interface .
Verification

Code Style

Templates

Code Placement

Data Type Replacement
Memary Sections
Target MCU Config
Target Compiler Opts
PIL and Download Co...

Diagnostics
' m | b )
J- [ oK ][ Cancel ][ Help Apply
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Hands-On Demo: Read A/D and Toggle LED Simple Model

Convert Simple Model and Run

17. Open “ADC Config block” and set Conversion Mode to Trigger.
18. Also select Data Bus register access,12-bit resolution and right justification

EXTERNAL USE

i B
Block Parameters: ADC_Config u

adc_s12zvm_config_block (mask) (link)

This block allows the user to configure ADC module.

General | Control Register (ADCCTL) | Timing Register (ADCT ¢ |»
[[] Freeze

||[C] wait
Reqgister Access lData Bus "]
=
Conversion Mode [Trigger *]
CSL Buffer Mode | Single - |
RVL Buffer Mode | Single - |

[C] special Access
[C] Restart Event

[ ok || cancel || help Apply

-

Block Parameters: ADC_Config

==

adc_s12zvm_config_block (mask) (link)

This block allows the user to configure ADC module.

Format Register (ADCFMT) |[4] F L

Resolution |12 bit

d

Justification |Right

)

[ ok || cance ||

Help

Apply




Hands-On Demo: Read A/D and Toggle LED Simple Model

Convert Simple Model and Run
19. Open “ADC Command List” and set input channel to 20.

-
Block Parameters: ADC1 Command List ﬂ

adc_s12zvm_csl_block (mask) (link)
This block allows the user to configure the CSL of ADC module.

|General | Command 0 | Command 1 | Command 2 | Comi ¥ )(»

N Type lEnd Of List (Continue Conversion) "]
Interrupt Flag Number [No Flag ']
Reference High Voltage [VRH_] ']
Reference Low Voltage "l.r'RL_l ']

Input Channel

20

Sample Time

24

ok || cancel || Help Apply

25 EXTERNAL USE



Hands-On Demo: Read A/D and Toggle LED Simple Model

Convert Simple Model and Run

20. Go back to library under Peripheral Interface Blocks, drag in two Digital Output blocks and connect one to
output of the comparator and the other to Toggle subsystem.

21. Open Digital Output blocks and select pins

r Sink Block Parameters: Digital_Outputl ﬁ-‘ r Sink Black Parameters: Digital_Output2 ﬁ1
GPIO_S127VM_Qutput (mask) (link) GPIO_S127VM_Output (mask) (link)
Select a General Purpose Output Pin as a Sink. Select a General Purpose Output Pin as a Sink.
Output Legend (Port Name : [ Pin# 64LQFP ] : [ Pin# 48LQFP ]) Output Legend (Port Name : [ Pin# 64LQFP ] : [ Pin# 48LQFP ])
Parameters Parameters
Output PinI PS5 :[8] :[—] v Output Pin| [PS4 : [7] :[] - |
[ oK ]’ Cancel l’ Help Apply [ OK ][ Cancel ][ Help Apply

h o
7
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Hands-On Demo: Read A/D and Toggle LED Simple Model

Convert Simple Model and Run
22. Go back to model and delete Function Call block

23. Go back to library under Utility Blocks, drag in a TIM Output block and connect to Trigger of Toggle
subsystem.

24. Open TIM output block and set the timeout to 100 ms.

Source Block Parameters: TIM_output &J
TIM_S127VM_Output (mask) (link})

This block triggers an interrupt routine at every output compare of
this TIM channel.

Parameters

TIM channel (1-3) [1 -

TIM timeout (ms)
100

Toggle Channel Output Compare pin

ISR Priority (0 - 7) |1 -

[ 0K ” Cancel H Help Apply

27 EXTERNAL USE
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Hands-On Demo: Read A/D and Toggle LED Simple Model

Convert Simple Model and Run
- This is what the model should look like after step 24

Target : MC9S122VML128
Package : 64LQFP-EP with LIMN
Bus clock : 50 MHz
XTAL clock - 4 MHz
Compiler - CodeWarrior
Target Type - FLASH
Download Code after build : (COM18, 115200)
Freemaster : SCI 1 (115200}
System Tick Interrupt Priority : 1

ADC Converter: 0
Freeze mode: off
Wait Mode: off
Register Access Configuration: Data Bus
STRSEQA: O
Conversion Mode Configuration: Trigger
‘CSL Buffer Mode: Single
RVL Buffer Mode: Single
Special Access: off
Restart Event: off
Prescaler. 5
Justification: Right
Resolution: 12 bit

& &
MCD_MC9S812ZVMx_Config_Information ADC_Corfig
Threshold Threshold
Data Store Data Store
Memory Read
>
= e in-
E0. | cutput Pin: [8] PS5
ADC Converter: g | ADE Vabe Remmtional %
ADC Index: O
& Operator Digita|_Cutputd
ADC_Read
Trigger(y
TIM Channel: 1
Timegut: 100 ms trigger Ourt1 | cutput Fin: [7] P54
ISR Priority: 1
& e
TIM_cutput Toggle Digital Output2

28 EXTERNAL USE

ADC Converter: 0
Command Mumber: 1
Commands Codes:
0xB8004A000

&

ADC_Command List

h o
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Hands-On Demo: Read A/D and Toggle LED Simple Model

Convert Simple Model and Run

25.
26.

27.
28.

Go to Code -> C/C++ Code pull down menu and then select Build Model.

Wait for model to generate code and then a prompt from the RAppID Bootloader Utility will appear. Reset the
MCU and then select “OK”.

Once the download is complete you should observe an LED blinking.

Turn the Potentiometer on the Motor Kit from right to left. You should observe the LED turn ON and OFF
when turning the POT from one stop to the other. Conversion of the model is complete!

h o
7
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Hands-On Demo: Read A/D and Toggle LED Simple Model

Using FreeMASTER with Hands-On Demo

29. Start FreeMASTER and open project TestLedA2D.pmp. Just press OK if a message comes up that the map
file has been updated.

30. Go to Project Options Pull Down and select “Options”. Verify that COM settings are the same as what were
set in your model.

31. Once the COM settings are correct, press the STOP button and start turning the Potentiometer back and
forth. You should see the following (next slide):

Note: You should be able to change the threshold value to something other than 2000. Try
changing it and see if the LED_State changes state.

h o
A
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Hands-On Demo: Read A/D and Toggle LED Simple Model

Using FreeMASTER with Hands-On D
- This is what you should see after step 31

emo

(@ TestiedA2D.pmp - FreeMasTER =)
File Edit View Scope ltem Project Tools Help
| S|RIOIE| Sl%6E] <=8 2 [2lelwlw [ 4] @] e B = 8| z|u] 28 ==/5]
JE8 Constan
Jﬁ% AStDCfVa\uE I —
TestLedA2D_B.ADC_Value TestLedA2D_B.LED_State
4000 /4 [
S S R e
R I
§2000 : l_\ IJ | \L\ J l_‘ ’J J
LAY Y A
0:||\| I A L|\-v—r’ N T T e T T T O O
2.0
1.5
51.0 -
0.5
0.0 [
895 896 897 898 899 900 901 902 903 904 905
Time [sec]
Jgorthm block descripbon _osciloscope
Name [ vae | uowt ]  Period
|| TestledA2D_B.ADC Value 3756
| dA2D_B.LED State 1 DE!
|| TestiedA2D_Dwork. Threshc 2000 """ 77TTT x| unit
RRRRR [Rs232:C 60 Scope Bad 4'
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Hands-On Demo: Read A/D and Toggle LED Simple Model

Using FreeMASTER with Hands-On Demo

32. You will notice that there is dither in the A2D reading as you change the Potentiometer. This is because the
system tick time in the model is too slow. To change this, go to the model and select the Simulation pull
down menu. Then select Configuration parameters. Change the Fixed-step size from “auto” to “.001”

Select: Simulation time
Start tme: 0.0 Stop time:  10.0

~Data Import/Export

- Optimization
—|-Diagnostics
Sample Time Type: [Fixed-sbep v] Salver: [Discrete (no continuous states)
--Diata Validity
Type Conversion Fixed-step size (fundamental sample time): 001
- Connectivity

- Compatibility

Model Referencing

Solver options

Tasking and sample time options

Periodic sample time constraint: [Unconstrained

~Hardware Implementation
- Model Referendng

T --Sil:'nulaﬁun Target [7] Automatically handle rate transition for data transfer
i Symbols
i Custom Code [T Higher priority value indicates higher task priority

=-Real-Time Workshop

\).

Tasking mode for periodic sample times: [Auto

h o
7
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Hands-On Demo: Read A/D and Toggle LED Simple Model

Using FreeMASTER with Hands-On Demo

33. Disconnect FreeMASTER by pressing the STOP button. Then rebuild the model and have the bootloader
download the software to the MCU. Re-Connect FreeMASTER and turn the Pot. You should see the
following:

Fle Edit View Scope ltem Project Tools Help

{60 @I 5615 +|=+15] Bl (> el i A1) o
(28 Constant

o e

— —
TestLedA2D_B.ADC_Value TestLedA2D_B.LED_State

~ A dnaonl N

myAvAvavAwiwAWA
S YIVEAVIIVRVAVATR

N v Voo

o J0 T T T T T
20[

4000+

15

0.0: [ L T [ I TIIN] S ] |
2482 2483 2484 2485 2486 2487 2488 2489 2490 2491 2492
Time [sec]

uuuuuuuuuuuuuuu

TestedAZ DWorkThreshold 2000 ~|unit

RS5232,COM9;speed=57600

h o
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34

Agenda

Overview:
- Introduction and Objectives
- Model-Based Design Toolbox: Library blocks, FreeMASTER, and Bootloader

Hands-On Demo:
- Motor Kit (Describe Freescale 3-Phase Motor Kit)
- Convert simple model to run on Motor Kit with MCD Toolbox and use FreeMASTER

Model-Based Design:
- Model-Based Design Steps: Simulation, SIL, PIL and ISO 26262
- SIL/PIL Hands-On Demo Step 2 & 3 of MBD

Trapezoidal Motor Control:
- Motor Kit (Describe Freescale 3-Phase Motor Kit)
- Trapezoidal control and how to use it to turn a motor

Trapezoidal Motor Control Hands-on Demo:
- Implement Trapezoidal Motor Control on Motor Kit
- Run software from the model and use FreeMASTER to monitor and tune parameters

FOC Motor Control:

- FOC Sensor-less control and how to use it to turn a motor
FOC Motor Control Hands-On Demo:

- Implement FOC Sensor-less Motor Control on Motor Kit

- Run software from the model and use FreeMASTER to monitor

Summary and Q&A:

EXTERNAL USE
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Model-Based Design Steps: Step 1 (Simulation)

Simulation in PC environment . —
ADC T :» /T Y
o ueven ||| [ o _KJ§ ixJ§ :xj§
> _ Cm%‘ - Gate I I I i
AID Lva | * Driver 1
Conversion Forvara owad | 5 _*_K»: ‘*-l\; ‘{-K»:
e Analog
| i del
gnalog Controller Model pevice Mode
Ll Electric Motor Model Idealized simulation of the controller and the motor to refine the

PC Environment

control technique. Done on host PC without regard for embedded
controller. Can optionally add analog device models for fault

detection and signal control. Yy
35 EXTERNAL USE ‘ k



Model-Based Design Steps: Step 2 — Software in the Loop (SIL)

(SIL) Generated code executes as atomic unit on PC

B85 PPL REE BES

ADC T 21 7
{} x KJ\ X XJ§
— = I i
Gate
Driver —]
AID l 1] hw
Conversion \j [ h\. s \t
Analog
Analog Device Model

Sensor Model

MotoElectcPrerDeq

A

PC Environment Electric Motor Model Still done on host PC without regard for embedded controller. Instead
using generated C code that is compiled using a PC-based compiler.
Run same test vectors as in simulation for C Code Coverage an%lysis

and verify functionality. 4N
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Model-Based Design Steps: Step 3 — Processor in the Loop (PIL)

37

(PIL) Executes generated code on the target MCU Vo

| '; 58 PP ABBBAT
I

ADC | Al Y
: | FOre {Jb
, ] ca T [T

A/D I Driver E__

Conversion | ! I _*_K‘ ‘(" {J(
| | R
I | Analog

Analog IDevice Mode
I

Sensor Modell_

& 4 3

PC Environment + MCU

EXTERNAL USE

Controller Model

MetoBlcicFiDeg

A

Electric Motor Model

Execute the model on the target MCU and perform numeric
equivalence testing. Co-execution with MCU and Model-Based Design
working together while collecting execution metrics on the embedded
controller of control algorithm. Validate performance on MCU. } {



Model-Based Design Steps: Step 3 (PIL)

Verification and Validation at Code Level

- This step allows:
- Translation validation through systematic testing

- To demonstrate that the execution semantics of the model are being preserved during
code generation, compilation, and linking with the target MCU and compiler

- Numerical Equivalence Testing:
- Equivalence Test Vector Generation
- Equivalence Test Execution

- Signal Comparison

38 EXTERNAL USE
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Example IEC 61508 and I1SO 26262 Workflow for Model-Based Design
with MathWorks Products*

Model advisor, modeling ‘\ PIL testing using MBD Toolbox PIL Mode Support**

-=x Standards checking ~—y

‘\ Simulation (model testing),
-—=w Model coverage, RMI

Real-Time Workshop Embedded
Coder traceability report or
model vs. code coverage
comparison

Module and integration
testing at the model level

Equivalence testing

- ¢ Prevention of .
s 7 . . . \\
/ Review and static analysis\ ™. Y unintended functiogfality N
! ”F“____‘-"“..
/ at the model level .-~ \‘ / i \\
] P N
A4 { \\ lll ‘f' ¥ \\ ‘\
“~» | Model used for :
roduction Generated | Object
b Ccode code

code generation

L\ Simulink / Stateflow / Simulink Fixed Point ‘\ Real-Time Workshop Embedded Coder

*Workflow from The Mathworks™ ** NXP MBD Toolbox is part of Mathworks
Presentation Material Model-Based Workflow outlined in The Mathworks™
39 EXTERNAL USE Design for IEC 61508 and ISO 26262 Material Model-Based Design for IEC 61508 and

ISO 26262 as well as part of certification
qualification tool suite.
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Model-Based Design Steps: Step 4 (Target MCU)*

I I ) )
I o, L) oy | * 1/O peripheral driver blocks
 |ADC e e _KJ(J KJ{:’ i XJ(’ I can be included in the model,
A— Pl D [ Vb | X N N . . .
I el =] 1 providing the analog driver
g ate . .
' w e | o o =] {xf L1 | interfaces needed to directly
: Conversion T:::,'k"m :i'w'“dm DI _*-l\ ‘h\ IR AN : interface to devices external
, ™ —— J‘JJ , from the MCU.
I T Motor Position Output
| Input Drivers* = — —
. * ut1 ut; ut
L — Dﬂv g S e e e e e e e e e e e e e e e e e | | Space{.’eclurSecmr MatorEl amus\nDeg Cnsml
Sin_Out _ pmﬁ\e_mfer[ﬂ]
20978 20979 20980 20981 20982 20_;_9"?12 [22?]84 20085 20986 20987 20988
[ St o |
wAZ  MCU with _ . _
z%@& Embedded Control Electric Motor Generate production code to run on embedded MCU with real motor
Module (ECM)

while collecting execution metrics on the embedded controller of control
algorithm. Validate performance on MCU and use FreeMASTER to tune
control parameters and perform data logging. A ¥ 4
40 EXTERNAL USE ‘ k



Model-Based Design Approach

“I_: _@

Controller Model

Electric Motor Model

PC Environment

Step 1 — System Reguirements:

MBD Simulation Only

» Software requirements
+ Control system requirements
» Overall application control strategy

* Modeling style guidelines applied
» Algorithm functional partitioning
* Interfaces are defined here

EXTERNAL USE

IDEAS

1
1 Controller Model 1

Electric Motor Model

PC Environment

Step 2 — Modeling/Simulation:

MBD Simulation with ANSI C Code

usmg SIL
Control algorithm design

+ Code generation preparation

« Control system design

+ Overall application control strategy
design

+ Start testing implementation approach

» Testing of functional components of
algorithm

» Test harness to validate all requirements

* Test coverage of model here

» Creates functional baseline of model

Electric Motor Model

% PC Environment
‘“m‘ + MCU

Step 3 — Rapid Prototype:

MBD Simulation with ANSI C Code

usmg PIL
Controller code generation
+ Determine execution time on MCU
» Verify algorithm on MCU
» See memory/stack usage on MCU
» Start testing implementation approach
» Target testing controls algorithm on MCU

Refine model for code generation
Function/File partitioning

Data typing to target environment done here
Scaling for fixed point simulation and code gen
Testing of functional components of algorithm
Test harness to validate all requirements

Test coverage of model here

Creates functional baseline of model
Equivalence testing

Real Controller

]

Real Electric Motor

RYVA

Step 4 — Target MCU Implementation
ANSI C Code Running on Target HW

& MCU
Validation/verification phase

» Controller code generation

+ Determine execution time on MCU

+ Start testing implementation on target ECM

» Code generate control algorithm

+ Test system in target environment Utilize
calibration tools for data logging and
parameter tuning

MCU with Embedded
Control Module (ECM)

» Execute code on target MCU

» Functional testing in target environment

» Ensure execution on target is correct as well
as code generation on target is performing

as desired.
A ¥ 4
4 A



Demo: SIL/PIL Step 2 & 3 of MBD

1. Open Model “FOC_Sensorless_SIL_PIL.slx
2. You will see a motor simulation of an FOC control algorithm
3.  Will Run model and view the results.

rnSccrpel.
EEE R IR LIEE R .

1500
1000
500

500
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Demo: SIL/PIL Step 2 & 3 of MBD

4.

43

EXTERNAL USE

You can switch between SIL and PIL thru using the tools menu.

1 FOC_Sensorless_SIL PIL

File Edit View Display Diagram Simulation Analysis Code[TooEs Help

»

== 3 @ Library Browser
- B 1] - () > mo L
@ o % e Model Explorer
FOC_Sensorless_SIL_PIL
Freescale Motor Control Development Toolbox for MC56F82i0 J
£ FOC_Senzorless_SIL_PIL » hd
Freescale Motor Control Development Toolbox for MKV10Zx 3
Freescale Motor Control Development Toolbox for MKV3xF 3
Modeta) Freescale Motor Control Development Toolbox for MKVAxF 4
UserSpeedA Freescale Motor Control Development Toolbox for MPCS64xL 3
UserSpeed? Freescale Motor Control Development Toolbox for MPC567xK J
Freescale Motor Control Development Toolbox for MPC574xP 3
R
Freescale Motor Control Development Toolbox for MCI512ZVML/C 128/64/32 3 To PIL Mode on MC9S12ZVMsx
Freescale Motor Control Development Toolbox for MCI5127VIM 32/131/16 3 To SIL Mode
comat ) . . X - v
[ 0 LTS3 A T S T To Accelerator Mode
lqReques Freescale Motor Control Development Toolbox for MC36F82xx 3 Generate PIL Block
—— Generate SIL Block
UserSpeedRequest u & Freescale Motor Control Development Toolbox for MC58F84: 3 — -
——— o Stand-Alene model
GetSpeedRequest e ﬁ [ S P b .
i L
Rate Transition1 Comertto REM
—l Scopel
PositionOpenLoop —H— P Positi q
m U]Ill
SpeadEst Rate Transition2 e cutionTime J@
Zerg-Order |
HHDHB Lo U'HU]I' LEEE ConvertTolsec
- Rate 3
SlewLoopAlgorithm Fastloophlgorithm

Ready

104%

FixedStepDiscrete

h o
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Demo: SIL/PIL Step 2 & 3 of MBD

5. Open “Configuration Parameters” in the reference model.

6. Go to PIL/BAM Setup tab.

7. Enter the COM port number that you are using from PC.

EXTERNAL USE

-

@ Configuration Parameters: FOC_Senseorless_SIL_PIL/Configuration (Active)

=

=

Select:

Solver

Data Import/Export
Optimization

Diagnostics

Hardware Implementation
Maodel Referencing

> Simulation Target

Code Generation
Report
Comments
Symbols
Custam Code
Debug
Interface
Verification
Code Style
Templates
Code Placement

Data Type Replacement

hMemory Sections
Target MCU Config
Target Compiler Opts
PIL and Download Co...
FreeMASTER Config
Diagnostics

Enable PIL Mode Download
[*] Enable Download Code after Build
BAM Restart Request

Delay before start of application (us) 5000000

»

COM Port 6

m

PIL Baud Rate | 115200

L1

3

[ oK ][ Cancel ” Help

| [ Apply

h o
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Demo: SIL/PIL Step 2 & 3 of MBD

8. - Will Run model and view the results.

EEEEEEEEEEEEE

h o
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Demo: SIL/PIL Step 2 & 3 of MBD

9. Let us try improving the execution time by changing the compiler options
10. Change the optimization level from 0O to 2.

i:@j Configuration Parameters: FOC_FastloopSenscrless/Coenfiguration (Active)

46

EXTERNAL USE

Select:

Solver
Data Import/Export
> Optimization
> Diagnostics
Hardware Implementation
Model Referencing
> Simulation Target
> Code Generation

Compiler Selection [CodeWarrior

Target Memory Model [FLASH

CodeWarrior Compile Options -c -model small -bfield_lsbit_first -bfield_reduce_type

-opt level=2 -

opt space -C

CodeWarrior Assemble Options -CMacAngBrackOn -ViewHidden

CodeWarrior Link Options -M -WmsgSd1100 -WmsgSd1912 -WmsgSd1923

CodeWarrior Library Options

CodeWarrior Default Target Memory Definitions

CodeWarrior User Defined Target Memory Definitions | mc2s12zvm|128_FLASH.prm

Cosmic Compile Options | +proto +debug -co . -pnw -pw7 -gsf +align -ga -eg -pc99

Cosmic Assembler Options | -z
Cosmic Link Options |-sa
Cosmic Library Options

Cosmic Precision Options | Integer only

Cosmic Default Target Memory Definitions

“nemir | lear Noafinad Tarnot Marmnne Nofinitinne | mme0cd 75027 Bl ASH |

1

[

oK ][ Cancel H

Help

Apply

»

m

h o
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Demo: SIL/PIL Step 2 & 3 of MBD

11.Run model and view the results.

EEEEEEEEEEE
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Agenda

Overview:
- Introduction and Objectives
- Model-Based Design Toolbox: Library blocks, FreeMASTER, and Bootloader

Hands-On Demo:
- Motor Kit (Describe Freescale 3-Phase Motor Kit)
- Convert simple model to run on Motor Kit with MCD Toolbox and use FreeMASTER

Model-Based Design:
- Model-Based Design Steps: Simulation, SIL, PIL and ISO 26262
- SIL/PIL Hands-On Demo Step 2 & 3 of MBD

Trapezoidal Motor Control:
- Motor Kit (Describe Freescale 3-Phase Motor Kit)
- Trapezoidal control and how to use it to turn a motor

Trapezoidal Motor Control Hands-on Demo:
- Implement Trapezoidal Motor Control on Motor Kit
- Run software from the model and use FreeMASTER to monitor and tune parameters

FOC Motor Control:

- FOC Sensor-less control and how to use it to turn a motor
FOC Motor Control Hands-On Demo:

- Implement FOC Sensor-less Motor Control on Motor Kit

- Run software from the model and use FreeMASTER to monitor

Summary and Q&A:

EXTERNAL USE
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Motor Kit: MTRCKTSBNZVM128 BLDC Motor Control Kit

- The kit includes a 4 pole-pair count motor, which means that every single mechanical revolution equals four
electrical revolutions. State changes in Hall sensors is every 60 degrees electrical.

h o
7
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Motor Kit: XS12ZVMx12EVB

CAN option

LIN interface

I/0O Port access
(for example PWM
/ TIM [ ECLK)

USB-to-SCI
interface

Reset

BDM interface

User LEDs
Potentiometer

50 EXTERNAL USE

Resolver
interface

Power indicator

. LEDs OSBDM
User Switches

QU TOST 4 WV-0 O3 nf'
ALy ¢, = &

tp '

W2

_fre
© 72 01

éscale

SYZZVM

ADC inputs  Current Sense
Resistors

Hall
interface

Motor
connector

GDU / 3-phase
bridge access

12V
supply



Motor Kit: System Diagram

Vb+
| L4t L
(
T eRTeRT
S12ZVM | | — PhaseB
Analog Phase C
Gate
Drive # | # 1 # I Current
Unit N N N S Feedback
Pot

TIM

SlZZVM Hall Sensor Port
Digital
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Motor Kit: S12ZVM for BLDC Motor Control

Discrete Solution

Gate

Driver
(48pin)

52 EXTERNAL USE

S12ZVM Solution;

» ~ 50 fewer solder joints
*-4to 6 cm2 PCB space

h o
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53

Motor for  Heating fan %‘I’_Z‘_’er“b'effom Circular pump for stationary
stationary heating system Iting roo heating system 3
Idle position
Cooling fan for air adjustment system

conditioning system

Tailgate closing

Heating and air

conditioning system Rear windscreen

wiper
’ Fuel pump

Belt system

Wipers

Ergonomic backrest,
headrestadjustment

Circular pump for heating Seat control
and cooling water circuit
Enai ) ( ) ok : i 2 bt I Headrest adjustment
ngine cooling fan 3~ iy k ’ )
Backrestadjustment
Starter
Alternator, . Rear seat a.djustment
generator ) Active suspension
Mirror
adjustment

Steering wheel,
adjustment Window winder

Scavenging pump, Door closing

high-pressure pump

Centrallocking

Headlight
eadlight range system

adjustmentunit  Headlight cleaning

EPS
drive

ABS Arial
Headlight tilting pump drive

Motor Control

EXTERNAL USE
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Motor Kit: S12ZVM Family
BLDC/PMSM/SR motor control B | crooncrs
Key Features:
- S12Z CPU @ 50 MHz bus speed

. . . CAN/LIN-PHY Pierce Temp 2 x 12-Bit
+ 6 ch. Gate Drive Unit (GDU) with 50-150 nC total Gate Charge i Osc. Sense  LADC
drive capability, incl charge pump for High-Side, Bootstrap diodes B BB RCosc. o,
. . +/-1.3% Diodes
for charging external bootstrap capacitors
3x Phase
. Embedded Vreg with switchable 5V/20 mA sensor supply R Comparators
_ G BDM win 16-256 KB GDU 6ch
« LIN PHY, LIN2.1 / 2.2 / J2602 Comp|lant p BDC Kwu Wdog MOS-FET-Predriver
. Dual 12-hit list-based ADC (LADC), synch with PWM through 1
Programmable Trigger Unit (PTU) EERETE BT
. 2x Op-amp for current sensing (N =i ~ELEE
EVDD Current Sense

(2 x Op-Amp)

Target applications: GV’
Options:

« Package: 64-LQFP-EP, 48 LQFP-EP, 80-LQFP-EP

* Memory: 16 kB /32 kB / 64 kB / 128 kB / 256 kB Flash
* Spec-Options:

- Various pumps (oil, fuel, water, vacuum) « L with LIN phy

« C with CAN-PHY (256 kB only)

» C with 2nd Vreg for external CAN phy (128/64 kB)

« ““with High Voltage PWM-communication interface

- Sensorless BLDC or PMSM motor control
- Switched Reluctance Motor
- Bidirectional DC motors (H-Bridge)

- Cooling fan, HVAC blower, Turbocharger

54 EXTERNAL USE

* Temperature: V/ M /W (up to 150 °C Ta per AEC-Q100
Grade 0)

h o
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Motor Kit: S12ZVML (LIN Version) — Details

EXTERNAL USE

2x UARTSs
One linked to LIN Phy, 2,
as independant Test Intf.

SPI
As alternative test Interf or
for peripherals (sensors)

MSCAN 2.0A/B
CAN Controller

Up to 18 Wake-up pins
Combined with Analog
Input pins

4 ch. 16-bit Timer
Hall Inputs, software timing

6-ch. PMF

15-bit PWM for motor
control with dead time,
fault mgmt

External Supply

5V /20 mA switchable for
local (same PCB), over
current protected.

Eg. supplying Hallsensors

LIN Physical
Layer

LIN2.2 and SAE
J2602 compliant
+/- 8 kV ESD
capability

Cl1™ SCio

\SP«\MSCAN

| G BDM Win
p BDC KWWY wdog

| TIM 16b
O  4ch
6¢ch PMF  2ch

| —(PWM) TU

T

PTU

Enables
synchronization
between PMF
and ADC

AEC-Q100 Grade

Qual‘ed up to 150 °C Ta

S12Z CPU

16-bit, 32-bit MAC,
linear addressing
Harvard architech
compatible within
S12 MagniV family

Pierce

Flash (32/64/128
kB)

512 B erasable. 10
K p/e cycles. Can
be used for Data

On-chip RC
OSsC

factory-
trimmed to +/-
1.3%, meets
LIN -needs

Temp 2Xx 12m/

Sense LADC

3x Phase
Comparators

GDU 6¢ch
MOS-FET-Predriver
Charge Pump

EEPROM

4 byte
eraseable, 100
K program /
erase cycles

0 Packaging Option

64LQFP-EP

5V Analog
Components

Digital
Components

MCU Core High-Voltage
and Memories Components

2 X 12-bit list based ADC
Simultaneous measurement
5+4 ch. external. Plus 8 ch. int
(temp sence, GDU phase, Ref
voltages) with DMA

3x Phase Comparators
for BEMF zero crossing
detection in sensorless BLDC

6-ch. GDU

Low side and high side FET
pre-drivers for each phase with
100-150 nC total gate Charge

Charge Pump

To support reverse battery
protection and boostrap assist
for 100% duty-cycle

Vsup sense
Monitoring supply voltage

Voltage Regulator
5V/70 mA for whole system

2x Op-Amp for current
measurement / sensing

h o
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Motor Kit: S12ZVM Family Feature Set Summary
Connectiviy | GAN | LN | CAN _

VML128 | VMC128 | VML64 | VMC64 | VML32 VML31 VML31 VM32 VM16

80LQFP- 64LQFP- 64LQFP- 64LQFP- 64LQFP- 64LQFP- 64LQFP- 48LQFP- 64LQFP- 48LQFP- 64LQFP- 48LQFP-

Package

EP EP EP EP EP EP EP EP EP EP EP EP
EEPROM (bytes) 1K 512 512 512 512 512 128 128 128 128 128 128
PHY CAN LIN 0 LIN 0 LIN LIN LIN HV HV HV HV
Separate VREG 1+1 0 1 0 1 0 0 0 0 0 0 0
GDU (HS/LS) 3/3 3/3 3/3 3/3 3/3 3/3 3/3 3/3 3/3 3/3 3/3 3/3
Bootstrap Diodes 0 0 0 0 0 3 3 3 3 3 3
Op Amp 2 2 2 2 2 2 1 2 1 2 1
ADC (ext. channels) 8+8 4+5 4+5 4+5 4+5 4+5 4+5 1+3 4+5 1+3 4+5 1+3
MSCAN 1 1 1 1 1 1 0 0 0 0 0 0
SCI 2 2 2 2 2 2 1 2 1 2 1
SPI 1 1 1 1 1 1 0 1 0 1 0
::—rlml\a/lln(rlmgllso)c 4 4 4 4 4 4 4 3 4 3 4 3
PWM channels 6+4 6 6 6 6 6 6 6 6 6 6 6
Internal timers RTI+APlI RTI+API RTI+API RTI+API RTI+APlI RTI+API RTI+API RTI+APlI RTI+APlI RTI+APlI  RTI+API RTI+API

External FET
Nominal Total Gate  100-150 100-150 100-150 100-150 100-150 100-150 50-80 50-80 50-80 50-80 50-80 50-80
Charge (nC)

12mmx 10mmx 10mmx 10mmx 10 mmx 10 mm X 10mmx10 7mmx7 10 mm X 7mmx7 10 mm x 7mmx7
12 mm 10 mm 10 mm 10 mm 10 mm 10 mm 10 mm 10 mm

Package Size

Q12014 |Q1 2014[Q1 2014|Q1 2014| Q1 2014 | Q1 2016 | Q3 2016 |Q1 2016| Q3 2016 | Q1 2016 | Q3 2016
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Motor Kit: S12ZVM Ecosystem — The Complete Solution

Customer Application Software

. N

57 EXTERNAL USE
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58

Motor Control: Motion Force Generation

- Current flowing in a magnetic field results in a force on the conductor
- Direction of generated force is governed by “Right Hand Rule” (Lorentz Force Law)

current
—p

Direction of force
causing wire motion

S
N

: Right Hand Rule
F =1.Blsina| |

EXTERNAL USE
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Electromagnetic Force Creates Torque

EXTERNAL USE

F, = 1.B,.l.sina
—

Current flowing
towards you

Uniform Magnetic Field 3,

F.= 1.B,.lsina

ol '

Current flowing
away from you

»

S

Single Coil Rotor

»

Maximum torque occurs
when o =+ 90°

T =21.B,.l.r sina (clockwise)
| = length of wire

h o
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Motor Types

60 EXTERNAL USE

- DC Motors
-Two or more permanent magnets in stator
-Rotor windings connected to mechanical commutator

- BLDC Motors
-PM in rotor, 3-phase conductors in stator

-Trapezoidal back-EMF

- Permanent Magnet Synchronous Motors
-Similar to BLDC in construction
-Sinusoidal back-EMF

h o
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BLDC Motor = Trapezoidal Back-EMF

» BLDC Motor Commutation
- one phase is un-powered at any given time
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PM Machines — Trapezoidal vs. Sinusoidal

- The characteristic “Trapezoidal” or “Sinusoidal” is linked with the shape of the Back-EMF of the Permanent

Magnet motor.
-“Sinusoidal” means Synchronous (PMSM) motors
-“Trapezoidal” means Brushless DC (BLDC) motors

- BLDC motor control (6-step control)

-Only 2 of the 3 stator phases are excited at any time
-1 unexcited phase used as sensor (sensorless control)

- Synchronous motor (Field-oriented control)

-All 3 phases are persistently excited at any time

EXTERNAL USE
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Trapezoidal vs. Sinusoidal PM Machine

- Sinusoidal” or “Sinewave” machine means Synchronous (PMSM) SETR 25.0ks /5 143 Acqs :

- Trapezoidal means brushless DC (BLDC) motors
- Differences in flux distribution

- Six-Step control vs. Field-Oriented Control

- Both requires position information

- BLDC motor control

- Synchronous motor

-2 of the 3 stator phases are excited at any time
-1 unexcited phase used as sensor (BLDC Sensorless)

-All 3 phases persistently excited at any time
-Sensorless algorithm becomes complicated

Chz 200V  M2.00ms ChiJ 1.2V
@ 500my

h o
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Trapezoidal Control: Brushless DC Motor

A BLDC motor consists of a rotor with permanent magnets and a stator with phase windings. A BLDC motor
needs electronic commutation for the control of current through its three phase windings.

Stator Permanent
Magnets
Rotor
Phase
Windings
Phase
Windings Stator

h o
7
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Trapezoidal Control: BLDC Commutation Method

)
! ,
! )
H '
' ; 7
/
' J ,
' | ,
! /
H /
i 4 ’
,

| ] . =
" ' , 7

! /

! /

' / .
] ; / L .
i 1 ’ su a”

P /

' /
| A
) G
' / h
I { , -
' . P
' . - .

7 ,
,
.

EXTERNAL USE

[ \\
/ AR N
. (A N
. N
P il AN
. [o] o
’ I ot
e g \
’ ’ 1 1
. 4 / ' \
7 / ' \
/ / ' \
’ 1 \
/ I

- Stator Field is generated between 60° to 120° to
rotor field to get maximal torque and energy
efficiency

- Six Flux Vectors defined to create rotation
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Trapezoidal Control: Commutation Method

Trapezoidal control is one type of commutation method used to turn a motor where only two phase windings
will conduct current at any one time. With direction also to consider, that leaves six possible patterns.

Circuit Representation
of BLDC Stator Windings

. . 2l
Phase AQ"&\ /f@lghase C
\T('

é Phase B
l

h o
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Trapezoidal Control: Commutation Control

By adding switches, the current flow can be controlled by a MCU to perform trapezoidal

control.

EXTERNAL USE

Vb+ Vb+
oFE Aty e OFE
NI Vi
N
OFF Ab J'.; 26‘(2\ /"@{ oo
Vb- Phase A \T/ Phase C
Vb-
Vb+ §§
OFE Bt HS lPhase B
Vi
6FFBb I
Vb-
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Trapezoidal Control: Turning the Motor CW

With the switches, the stator can be used to turn the motor to the desired direction and location by creating a
magnetic field that affects the magnets on the rotor.

EXTERNAL USE

cwW Ph:se Phgse Ph(a:lse
0/180° | Vb- NC Vb+
30° Vb- Vb+ NC
60° NC Vb+  Vb-
90° Vb+ NC Vb-
120° | Vb+ Vb- NC
150° NC Vb- Vb+
Vb+ Vb- NC
swen | On Off  Off
Soom | Off  On  Off w7
4\



Trapezoidal Control: Turning the Motor CCW

With the switches, the stator can be used to turn the motor to the desired direction and location by creating a
magnetic field that affects the magnets on the rotor.

ccw Phase | Phase | Phase

0/180° | Vb+ NC VDb-

30° Vb+  Vb- NC
60° NC Vb- Vb+
90° Vb- NC Vb+
120° | Vb- Vb+ NC
150° | NC Vb+  Vb-

Vb+ | Vb- NC

Top

switech | ON Off Off
Soom | Off  On  Off

h o
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Trapezoidal Control: Motor Position

In order to commutate correctly for trapezoidal control, motor position information is required for proper motor
rotation. The motor position information enables the MOSFETs or IGBTs in the inverter to properly be
switched ON and OFF to ensure proper direction of current flow through the phase windings. Therefore, Hall
sensors are used as position sensors for trapezoidal control. Each Hall sensor is placed 120 degrees apart
and delivers a “high” state when facing a “north pole” and a “low” state when facing a “south pole”.

Hall A |

h o
7

70 EXTERNAL USE



Trapezoidal Control: Motor Position CW

With three Hall sensors, it is possible to have eight states with two invalid states. That leaves six valid states
that can be used to determine which two phase coils to drive the current through and in which direction. The
Six states are generated due to rotation of the motor.

Hall A | Hall B | Hall C | State | CW
1 0 0 4 0/180° nallA I
1 1 0 6 30°
0 1 0 2 60°
0 1 1 3 90°
0 0) 1 1 120°
1 0 1 5 150° | Hall B
0 0 0 Invalid nfa |Hall C
1 1 1 Invalid n/a

71 EXTERNAL USE
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Trapezoidal Control: Motor Position CCW

With three Hall sensors, it is possible to have eight states with two invalid states. That leaves six valid states
that can be used to determine which two phase coils to drive the current through and in which direction. The
Six states are generated due to rotation of the motor.

Hall A | Hall B | Hall C | State | CCW
1 0 o) 4 0/180°
1 0) 1 5 30°
0 o) 1 1 60°
0 1 1 3 90°
0 1 0 2 120°
1 1 0 6 150°
0 0 0 Invalid n/a
1 1 1 Invalid n/a

72 EXTERNAL USE

Hall A |

h o
7



Trapezoidal Control: Bringing It All Together

With the commutation table and the motor position table, a full trapezoidal control algorithm can be

developed.

Motor Position Table Input

Commutation Table Output

Hall A | Hall B | Hall C | State | CW
1 0 0 4 0/180°
1 1 0 6 30°
0 1 0 2 60°
0 1 1 3 90°
0 0 1 1 120°
1 0 1 5 150°
0 0 0 Invalid | n/a
1 1 1 Invalid | n/a

EXTERNAL USE

CW Phase A | Phase B | Phase C

0/180° Vb+ NC Vb-
30° Vb+ Vb- NC
60° NC Vb- Vb+
90° Vb- NC Vb+
120° Vb- Vb+ NC
150° NC Vb+ Vb-

Vb+ Vb- NC

P | On Off Off

owien | Off  On  Off

h o
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Trapezoidal Control: Bringing It All Together

EXTERNAL USE

Trapezoidal Control Algorithm Clockwise Rotation

Hall A | HallB | Hall C State CwW Phase A | Phase B | Phase C

1 0 0 4 0/180° Vb+ NC Vb-

1 1 0) 6 30° Vb+ Vb- NC

0) 1 0 2 60° NC Vb- Vb+

0 1 1 3 90° Vb- NC Vb+

0 0 1 1 120° Vb- Vb+ NC

1 0 1 ) 150° NC Vb+ VDb-

0 0 0 | Invalid | nia T T e

1 1 1 Invalid n/a | on  Off Off
Soler | off on Off

h o

With the commutation table and the motor position table, a full trapezoidal control algorithm can be developed.
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Trapezoidal Control: Bringing It All Together

With the commutation table and the motor position table, a full trapezoidal control algorithm can be

developed.

EXTERNAL USE

Trapezoidal Control Algorithm Counter Clockwise Rotation

Hall A | HallB | Hall C State CW Phase A | Phase B | Phase C

1 0 0 4 0/180° Vb- NC Vb+

1 0 1 5 30° Vb- Vb+ NC

0 0 1 1 60° NC Vb+ Vb-

0 1 1 3 90° Vb+ NC Vb-

0 1 0 2 120° Vb+ Vb- NC

1 1 0 6 150° NC Vb- Vb+

0 0 0 Invalid n/a lVb+ Vb- | i

1 1 1 Invalid n/a T | on  Off Off
Soon | Off  On  Off

h o
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Sensor-based Commutation

Rotor Electrical Position (Degrees)

0 60 120 180 240 300 360 DC BUS voltage

Hall a Commutation | 1
- events: 3 5 5 3 s x|
: - - s 5 : — — '\ —

N

: ! : : : ™~
Hallb | g g 3 At Bt l Ct

N

Hall ¢ . Ab Bb T Cb

s s : s s i I,l/(_ A I'\/"
PWM AL - o o

PWM Bt

PWM Ct

One phase powered by
complementary PWM

: : : : : : :
: : : : : : :
: : : : : : :
: : : : : : :
: : : : : : :
: : : ; : : :
: : : 7 : : : .
PWMAD | : : : : : . signal
: : : ; : : : ’

second phase grounded:
PWMBb |

» Low MOSFET switching

| % | | | |  losses |
PWM Cb |||||||||||||||]|||||||||||||| é é ; .« Low EMC noise
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Trapezoidal Work-Shop Control Block diagram

MC9S12ZVM Board 3-phase Inverter
: - ! e
Power line ICF I F I E
5rine 9
[o S— -l - g
LN, Stats Miates)
Hall A A 4 A 4 vyFvVv VYVY VY
TIM —5 __ GPIO GDU
Hall C
ﬂMl lHaHSmwor ] ] ] ] ] ] l
Trigger States
Measure Hall Time & Commutation PMF
Position Recognition Control Comm.
Sequence
l Duty“
Cycle
. T
Debugging
I ActualSpeed
_ T lLimitations
FreeMaSter Required Speed 't A Speed
Serial Port | =Cls X " PI Controller
S12ZVM
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Agenda

Overview:
- Introduction and Objectives
- Model-Based Design Toolbox: Library blocks, FreeMASTER, and Bootloader

Hands-On Demo:
- Motor Kit (Describe Freescale 3-Phase Motor Kit)
- Convert simple model to run on Motor Kit with MCD Toolbox and use FreeMASTER

Model-Based Design:
- Model-Based Design Steps: Simulation, SIL, PIL and ISO 26262
- SIL/PIL Hands-On Demo Step 2 & 3 of MBD

Trapezoidal Motor Control:
- Motor Kit (Describe Freescale 3-Phase Motor Kit)
- Trapezoidal control and how to use it to turn a motor

Trapezoidal Motor Control Hands-on Demo:
- Implement Trapezoidal Motor Control on Motor Kit
- Run software from the model and use FreeMASTER to monitor and tune parameters

FOC Motor Control:

- FOC Sensor-less control and how to use it to turn a motor
FOC Motor Control Hands-On Demo:

- Implement FOC Sensor-less Motor Control on Motor Kit

- Run software from the model and use FreeMASTER to monitor

Summary and Q&A:

EXTERNAL USE
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Hands-on Demo: Implement Trapezoidal Motor Control on Motor Kit

Summary Trapezoidal Motor Control on MPC5643L steps:

Open TrapCtrl.mdl

Save model as MPC564xL_TrapCtrl.mdl

Configure MPC5643L configuration block

Configure Input port blocks to read motor hall position state

Configure output blocks to monitor motor position with LEDs

Configure eTimer Blocks to detect change in motor position sensors
Configure eTimer Capture to measure Hall sensor pulse width for RPM calculation
Configure ADC block for monitoring potentiometer input for RPM Request
Configure Digital Input for use in controlling RPM Request

10. Configure DSPI blocks to interface to Freescale 3PP driver

11. Connect and configure Flex PWM blocks for output to switches

12. Configure PIT Timer and ADC blocks to read phase voltages.

© 0N O~ WDNE

h o
A
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Hands-on Demo: Implement Trapezoidal Motor Control on Motor Kit

Target : MCO512Z2VML128
Package - 64LQFP-EP with LIM o _ o
Bus clock - 50 MHz HIQh-S:-:dE Dn:‘:EPlﬁ:ve |Ff|-'lnnf|l?:,;my: off
XTAL clock : 4 MHz B e e
Compiler : Code\Warrior Cument SEI-IHSE:mPTi:EIEO:D;ﬁ
Ta rget Typ.e - FLASH Charge Pu mE Enable: on
Download Code after build - (COM18, 115200) FET Pre-Driver Enable: on
Freemaster - SCI 1 (115200)
System Tick Interrupt Priority © 1 Cp
GDU_Corfig

MCD_MC9S12ZVMx_Config_Information

Halla o Halld
Phazaf B Phazz A
Hzllg p HallE
Phaz=B B Phaz= B
Hallc o HallC
Hallsensorinputs
FPhasel o Fhase C
B MaotorSpeedCmd
TrapezoidsiControl PN Cutputs
MotorSpeedReq
# HallCha
MotorSpeed il
» MotorSpesdRieq
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Hands-on Demo: Implement Trapezoidal Motor Control on Motor Kit

Configure Hall Sensor Input Block using Digital 1/O steps:

Remove termination blocks and pull 3 output blocks to replace them and then set them to the
correct MCU pins. Set input blocks to correct pins.

Hall&
Fin: [51] PT1 ifout Convert outp Pin: [8] P55
Hal_A
& &
Digital_Input Digital Cutput1 z
HallB
Fin: [52) PT2 input » Convert e B > Dutpl( Pin: [7] P54
= —
& &
Digital_Input1 Digital_Output2
Pin: [53) PT3 input booleal 3 )
Hal © Mo User LED available
HallC
&
Digital_Input2
1 P cutput Pin: [81] PPO
Constant =
Digital_Cutput3

Ensble Hall Sensor Power by turning on PPO

EXTERNAL USE
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Hands-on Demo: Implement Trapezoidal Motor Control on Motor Kit

Commutation Change event Commutation Change event
| |
Hall_A Hall_B Hall_C
2 il
i y / /
2 ot
<
14
25
1
2o
<
-1
2
14
2 0
< L
s
50.0 50.5 51.0 515 52.0 525 53.0 53.5 54.0 545 55.0
Time [sec]
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Hands-on Demo: Implement Trapezoidal Motor Control on Motor Kit

Measure the pulse width of a hall sensor so that motor speed can be calculated

] | I
Hall_A Hall_B Hall_C

I1Axis

I1AXis
Lo —\I\JL\O _\|\)le - N
|

l1Axis

50.0 50.5 51.0 515 52.0 525 53.0 535 54.0 545 55.0
Time [sec]
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Hands-on Demo: Implement Trapezoidal Motor Control on Motor Kit

MotorSpeed Block with ADC and Digital outputs steps:

ADC Converter: 0 MgotorSpeedRegFreemaster
Freeze mode: off .
Wait Mode: off S . | MotorSpeedRegFreemaster
Register Access Configuration: Data Bus - 0
STRSEQA: D - i o Increment
Conversicn Mode Configuration: Trigger d._’) Pin: [80] PP1 input #| Increment
CSL Buffer Mode: Single =
RVL Buffer Mode: Single Digital_Input %m
Special fomess of ADC Converter: 0
estart Event: CSL Number: 0 - ;
. Fin: PP2 input | Decrement
J ;:ﬁ?lﬂ'ﬂs_ ht Command Mumber: 1 C“l) — P
ustitication: migr Commands Codes: .
é)) Resclution: 12 bit 0x2004A000 Digital_Input1 “mﬂ
ADC_Canfig
MotorSpeedReqgFreemaster
MotorSpeedRegFreemaster :: ) . MorSpeedReag .'r@
é’ = MeotorSpeedReq
MotbrSpeedCmdSwitch
ADC1_Command List MotorSpeedReqSource
MotorSpeedReqSource
ADC Converter: 0
ADC RVL: 0 uint1g - -
ADC Command: O PoEntometarizie MotorSpesdPotReg
ADC_Read MotorSpeedCmdLock Up

84 EXTERNAL USE

h o
7



Hands-on Demo: Implement Trapezoidal Motor Control on Motor Kit

3PhaseDutyCycleOut Block with Flex PWM Blocks steps:

Pull Simple PWM phase block from library, connect to phase A and configure.

EXTERNAL USE

Frequency

» Freql.lanu_.r
PN 0-1
@— | Duty iycle Initial frequency: 16000 Hz
Phase C Duty Cycle : 0 %
1 » &jadlme
DesdTime PMF_Complementary Output
|
B Frequizncy
PN 2-3
p{ Duty Cycle Initial frequency: 18000 He
Phase B Duty Cycle : 0 %
> ‘.'J,-jam me
PMF Compleme: Output 1
M Frequénoy
PWI 4-5
e Duty Qycle Initial frequency: 16000 Hz
Phase A Duty Cycle : 0 %
» &jadt e
PMF_Complementary Output2
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Hands-on Demo: Implement Trapezoidal Motor Control on Motor Kit

PMF Block steps:

-
Sink Block Parameters: PMF_Complementary_Cutput g
Compl_PMF_S12ZVM_output (mask) (link)

Two Channel Complementary PMF output with frequency and duty
cycle input control and with deadtime insertion.

General | Frequency Control | Cutput |

PWM outputs | PWM 0-1 ~

PWM output alignment [Edge—aligned *]

Initial Erequency, Hz |
16000

Resolution ’1 % *]

Initial Duty Cycle (0..100)
0

Initial Deadtime, us

0

ok |[ cancel |[ mHelp || apply

EXTERNAL USE



Hands-on Demo: Implement Trapezoidal Motor Control on Motor Kit

87

PMF Block steps:

-
Sink Block Parameters: PMF_Complementary_Cutputl u

-
#1| Sink Block Parameters: PMF_Complementary Cutput2 u
P ry. p

Compl_PMF_S127WM_output (mask) (link)

Two Channel Complementary PMF output with frequency and duty
cycle input control and with deadtime insertion.

General | Fregquency Control | Output |

Compl_PMF_S12ZVM_output (mask) (link)

Two Channel Complementary PMF output with frequency and duty
cycle input control and with deadtime insertion.

General | Frequency Control | Output |

PWM outputs | FWM 2-3 -

PWM outputs | PWM 4-5 =
FWM output alignment | Edge-aligned -

Initial Duty Cycle (0..100)
0

Initial Deadtime, us

0

FWM output alignment [Edge—aligned ']

Initial Freauency. Hz Initial Ereauency, Hz

16000 16000

Resolution [1 % "] Resolution [1 % -

Initial Duty Cycle (0..100)
0

Initial Deadtime, us

0

ok || cancel |[ Hep || apply

| ok || cancel |[ Help || apply |
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Hands-on Demo: Implement Trapezoidal Motor Control on Motor Kit

3PhaseDutyCycleOut Block with Flex PWM Blocks steps:

Copy phase C block, paste twice and connect to phase A & B.

EXTERNAL USE

Frequency

Frequency
Duty Cycle

Crr-jadtime

P 0-1
Initial frequency: 18000 Hz
Duty Cycle : 0 %

PMF_Complementary Output

Frequency
Duty Cycle

c":jadtim

P 2-3
Initial frequency: 18000 Hz
Duty Cycle : 0 %

PMF_Complementary_Cutputd

Frequency
Duty Cycle
C’:—_‘?adtime

P 4-5
Initial frequency: 18000 Hz
Duty Cycle : 0 %

FMF_C omplementary_Cutput?
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Hands-on Demo: FreeMASTER to Monitor and Tune Parameters

Using FreeMASTER with Hands-on Demo

1.

89

Start FreeMASTER and open project S12ZVM_TrapCtrl.pmp. Press OK if a message comes up that the
map file has been updated.

Go to Project Options pull-down and select “Options”. Verify that COM settings are the same as what
were set in your model.

Once the COM settings are correct, press the STOP button.
Change MotorSpeedReqgFreemaster Variable to 1000 RPM.

h o
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Agenda

Overview:
- Introduction and Objectives
- Model-Based Design Toolbox: Library blocks, FreeMASTER, and Bootloader

Hands-On Demo:
- Motor Kit (Describe Freescale 3-Phase Motor Kit)
- Convert simple model to run on Motor Kit with MCD Toolbox and use FreeMASTER

Model-Based Design:
- Model-Based Design Steps: Simulation, SIL, PIL and ISO 26262
- SIL/PIL Hands-On Demo Step 2 & 3 of MBD

Trapezoidal Motor Control:
- Motor Kit (Describe Freescale 3-Phase Motor Kit)
- Trapezoidal control and how to use it to turn a motor

Trapezoidal Motor Control Hands-on Demo:
- Implement Trapezoidal Motor Control on Motor Kit
- Run software from the model and use FreeMASTER to monitor and tune parameters

FOC Motor Control:

- FOC Sensor-less control and how to use it to turn a motor
FOC Motor Control Hands-On Demo:

- Implement FOC Sensor-less Motor Control on Motor Kit

- Run software from the model and use FreeMASTER to monitor

Summary and Q&A:
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Motor Control: Why FOC over Trapezoidal

« FOC inherently better at aligning rotor and stator flux which results in a more efficient way of
generating motor torque.

« Since FOC continuously pulls the rotor to a new position torque ripple is reduced making it
ideal for application like electric steering where low speeds are required.

* FOC uses sinusoidal commutation therefore reducing EMC noise that trapezoidal control can
create.

« Finally, FOC can enable a motor to go above its rated speed at the expense of torque. This

is called Field Weakening where the stator windings are energized at an angle where the
rotor’'s magnetic field weaker therefore increasing the magnetic field vector.

EXTERNAL USE
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Motor Control: Creation of Rotating Magnetic Field

- The space-vectors can be defined for all motor quantities

B = - 0 i Aj120 ;. j240°
I, =ie’” +ie”" +i.e

3ph currents

A B
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Motor Control: Transformation to 2-ph Stationary Frame

EXTERNAL USE

Js_a_c.omp_,l _a_ Forward Clark |!S_beta
As_b_comp .| Transformation
'S—Cmp—»a,b,c»mpha,betawa

1
B 3ph quantities
-1
(04
15
Stationary

2ph gquantities

-15

3ph currents / MMF
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Motor Control: Transformation to 2-ph Synchronous Frame

- Position and amplitude of the stator flux/current vector is fully controlled by two DC values

a . B
1
B Stationary
2ph quantities
0
-1
i 2n
1
Rotating
2ph quantities
0
alpha | Forward Park d 1
Transformation —| T 2n
beta @5 Gl 9
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Motor Control: FOC Transformation Summary

KOO N
[ X

| = VNV
Phase A o dé g‘ d o Phase A
| : :

Phase B 0 [3 ‘ j'::'tzo“::!? 5 ; l %ettaotlng [3 SVM Phase B

Phase C “—2-Phase— ___—__ ' - —Stattorrary— Phase C
! \ !
1 1

3-Phase I 2-Phase \ I 3-Phase

: ) System I System
— I ? !

AC DC AC

Stationary Reference Frame

Rotating Reference Frame

Stationary Reference Frame
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Motor Control: FOC Transformation Summary

/ Control Action I

Controller

Controller

Motor Position
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Motor Control: Field Oriented Control in Steps

1. Measure obtain state variables quantities
(e.g. phase currents, voltages, rotor position, rotor speed ...).

2. Transform quantities from 3-phase system to 2-phase system (Forward Clark Transform) to simplify the
math - lower number of equations

3. Transform quantities from stationary to rotating reference frame -
“rectify” AC quantities, thus in fact transform the AC machine to DC machine

4. Calculate control action (when math is simplified and machine is “DC”)
5. Transform the control action (from rotating) to stationary reference frame
6. Transform the control action (from 2-phase) to 3-phase system

/. Apply 3-phase control action to el. motor

h o
A
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Motor Control: Commutation Control Methods

- All three inverter legs (6 transistors) are managed at any time — transistors are either switched on or off

- PWM pairs are set to complementary mode
o Top transistor — ON
o Bottom transistor — OFF
o Or vice versa

o Deadtime is inserted to protect inverter against short
circuit

98 EXTERNAL USE

Vb+

On At J'\

®

Off Ab J'.;

Vb-
Deadtime

e T

OFF

ON

OFF

PWM period

e ek
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Motor Control: Commutation Control Methods

- All three inverter legs (6 transistors) are managed at any time — transistors are either switched on or off

- PWM pairs are set to complementary mode Vb+
o Top transistor — ON Off At S
o Bottom transistor — OFF @
o Or VIC.e verse-l | | Off Ab J',;
o D_eao_ltlme IS inserted to protect inverter against short Vb-
circuit Deadtime
e T

OFF

ON

OFF

PWM period

e ek

h o
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Motor Control: Commutation Control Methods

- All three inverter legs (6 transistors) are managed at any time — transistors are either switched on or off

- PWM pairs are set to complementary mode Vb+
o Top transistor — ON off At 1S
o Bottom transistor — OFF @
o Orvice versa on Ab J',;
o D_eao_ltime IS Inserted to protect inverter against short Vb-
circuit Deadtime
. T

- All PMSM phases are always supplied creating sinusoidal
voltages.

OFF

ON

OFF

AR

PWM period

5
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Motor Control: Current Sensing with Shunt Resistors

DC Bus
+U/2

Shunt resistors voltage drop measured

PWM At PWM Bt PWM Ct

SW calculation of all 3 phase currents I I I
Phase A Phase B Phase C

needed a

PWM AbI PWM Bb I —! PWM Cb I —
Adding all 3 phase currents equals zero
allowing that only two phase currents Ui s A 1 Yiss] Usc ¢ St
needed to be sampled by the MCU. s ] |

. Ground
_— .

Dual-sampling required

3-ph PM Synchronous Motor

101 EXTERNAL USE
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ADC to PWM Synchronization - Why Needed?

- ADC sampling helps to filter the measured current - antialiasing

102

) PWM Period . ’S*Zﬁ‘&mg”ous
Average Current_| —
§ ‘N
‘_.__,
Sampled Current +—
T Synchronized
Sampling
PWM 0
ADC trigger Signal
| 1
A/D ﬂ ﬂ
calc. & > & >—

EXTERNAL USE

Data Processing and New PWM Parameters Calculation
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Motor Control: Incremental Encoders

103

The current position is calculated by

iIncrementing/decrementing the pulse edges.

The direction of counting is determined by phase shift of

two quadrature pulses.

The reference pulse is used to denote start point.

Rotary encoders output the position values over the
binary TTL square-waves or serial data interfaces

(EnDat, SSI, PROFIBUS-DP)

EXTERNAL USE

Scanning Principle

Light source Condenser
| (LED) [

Scanning
reticle

Graduated Photovoltaic

Reference mark

Source: Heidenhain

Incremental Encoder Pulses

LA I I R R B
o | L | -

Ref pulse |_|

There are 4 phases within one pulse cycle. You need
for example (360/0.5)/4=

h o
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Motor Control: Resolvers

- Rotor is put directly on the drive’s shaft
- Stator is fixed on drive’s shield

- Simple assembly and maintenance

- No bearings — “unlimited” durability

- Resist well against distortion, vibration, deviation of
operating temperature and dust

- Worldwide consumption millions of pieces at present
time

- Widely used in precious positioning applications

- The number of generated sine and cosine cycles per
one mechanical revolution depends on the number of
resolver pole-pairs (usually 1-3 cycles)

104 EXTERNAL USE

Rotor shaft

Sensor Components

Auxiliary
transformer  Rotor Y Stator

N
]

Sensor Principle

Sinusoidal Voltage

. AN A NN

o AR TIVANARATINAN
GATATRTRTAVATAVAYROEVAVRTRTRIATAVAY

g AR VYUY

. 0-sinusoidal Voltage

0/\/\/\ /\/\ [\f\/\ r\ﬂ[\
S AV [
Y VALY VU
087V U U
1o 0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.008 0.009 0.01
1 Reference Voltage

ol AN ARARANANANANANATNN
NANIVARINARINARINININIVARAV AR A A A
Py AIATAIATATATAIAVATAVAIRIAIATAIR AR
VIV VYV UV VUV VUV VY VM

-1
0 0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.008 0.009 0.01
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Motor Control: Autonomous Motor Control Loop Implementation

NO CPU involvement & interrupt during motor control cycle

lCommutation Event

PWM signals
Fault Inputs

Gate Drive

trigger ADCO DCBus Volt.
Analog = BackEMF
Pulse Width pusy e Digital DCBus Curr. I

Modulation Converter Phase

g Programm Mux
With Fault g DC link &

Rt Phase
ADCl DCBus Volt.

Trigger : --

) Dividers
Unit trigger Analog BackEMF

Digital DCBus Curr.

glb_ldok Converter
Conversion i 4

Command

Current Sense
OpAmps

S
List(s)
0 (<=32)
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Motor Control: Pulse Width Modulator Module (PMF)

- 6 PWM channels, 3 independent counters

- Up to 6 independent channels or 3 complementary pairs

- Based on core clock (max. 100 MHz)
- Complementary operation:

- Dead time insertion

- Top and Bottom pulse width correction
- Double switching

- Separate top and bottom polarity control

- Edge- or center-aligned PWM signals
- Integral reload rates from 1 to 16

106

6-step BLDC commutation support, with optional link to
TIM Output Compare

Individual software-controlled PWM outputs (+ easy
masking feature per output)

Programmable fault protection

EXTERNAL USE

Complementary Mode
with / without dead time insertion

I I

AL HODESCTIME |

#4001, MO DEACTIME J | | | | |—|—|_
PUAND [EADTRE=1 | | ] ] r
PKi DEAOTHE =1 |_| |—| |—| |_|_

Double-Switching Mode
for single shunt system

EIMGEA—

PLLA ]

Lipd vwen
Counler
Modulus = &

|;—|u'....-4_-.n?- -1 000D

I B

PMEY AL 3 OINID 1

TAAFW AT A, CTY 0

T RAD (TR -0

PO RALE (MY — 1)
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Motor Control: 2 x 12 bit Analog Digital Converter
Command and Result List

DMA integrated RAM / NVM =7V Double buffered

Command Result Value List

SN <cicnce st |l (=L

(GSL)
Command 1
Result 2

Flexible conversion sequence and

oversampling
Can be triggered by PTU, for

accurate synch with PWM

Fully autonomous motor control

[Command2 | )
Command 2 cycle which unloads CPU

Command 64

Up to 32 triggers per control
cycle per ADC

\ Trigger =——>

Inte;rupt
From PTU LReggllr(t
Oa . - h
Seq_abort Trigger Control Unit Abort

-q

SAR & C-DAC

AN 8 DMA

Takes commands from
From External Sample & Hold SRAM /NVM and stores

or OpAmp O-AR2 results back into SRAM
O ANX_1

0 ANXx O

External & OpAmp Inputs

Internal Achhannels
9 external channels (5 to ADCO

OpAmp output shared with ADC DC link, phase voltages, Vsup Selectable: 480 ns to 2.88 s 1.8 us @ max. ADC clock for 12 bit
external channel
Vreg & ADC temp sensors
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Motor Control: Programmable Trigger Unit (PTU)

Completely avoids CPU involvement to trigger ADC during the control cycle

- One 16-bit counter as time base
- Two independent trigger generators (TG)
- Up to 32 trigger events per trigger generator

- Trigger Value List stored in system memory | Triggert | [ Triggerl |
. Double buffered list, so that CPU can load new [agers ) pladers

values in the background

Trigger 32 Trigger 32

- Software generated “Reload” & trigger event

- Synchronized with PMF and ADC to guarantee
coherent update of all control loop modules

' Control Cycle Trigger Generator
- : -
| (90 XPTURE
reload event Dielay 12 - reload event
Delay T1 Trigger Generator
Delav T0 |"'J| (TG) 1
- e | (PTUT1

I
: * olilgoing lngger evenls 1 f
[ |
[ [
|
I

-y

PWM Reload

Event
I

|
PTLTCNW

Time base
Control
Counter

Bus Clock

Async Com-
mutation Event
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Motor Control: Autonomous PMSM Application Timing

Two shunts current sensing

109

PMFMOD
VALO
PWM counter - 00 L~
0
PMF w1 1 1
- PMF phA out A bot[ | [ \ [ [ [
PMF phB out —°P ! \\ - ' I SR
B_bot A L 1 L
PMF half cycle reload deadtime PMF half cycle reload
PWM Reload % every fourth opportunity every fourth opportunity %
PTU ATHQ-O Trigy 1 rg.0  Trig. 1
PTU counter |
PTU triggers Delay in
order for

ADCO Phase current A

sampling ==q

UDCBus_
sampling

ADCO conversion

Phase current B
sampling

DMA to load|

-—‘ ADC list

Temp sampling

ADC1 conversion

ISR service
routine

EXTERNAL USE

Dé/cw \rj\Feiru p/t:‘

-

FOC calculatio

@5/'[@/

\interrupt)

ns application FOC. Free for application use
Calculations

SW Serviced
Hardware Events

Preset
Autonomous Hardware Events

SW
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Motor Control: Rotor Position Sensor Elimination

110

- FOC requires accurate position and velocity signals

- Conventional motion control systems uses resolvers or encoders

- Sensor, wirings, connectors increase the cost of the system and decrease the reliability
- Application Sensorless PM Motor Control In

-Lower overall drive cost by eliminating mechanical position sensor
- cost sensitive application
- iIncrease system performance for the same price
-Increase position resolution in collaboration of estimator and low cost position sensor
- increase system performance
- back-up sensor
-Independent position sensing together with mechanical
- safety critical application
- increase system redundancy

- A sensorless motor strategy is good for applications that don’t have the motor to stop and does not change

direction (ex. Fuel pumps).
A 4
4\
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Motor Control: What is Back EMF and how to use it

- An electric motor acts like a generator and can generate a secondary force that opposes the original

electromotive force (EMF) called back EMF. There is a direct correlation between the back EMF and position
of a motor.

- Since there is a direct correlation between motor position and back EMF voltage amplitude we can use it to

get motor position needed for FOC.

- In sensor-less trapezoidal the back EMF zero crossings are detected by measuring the phase voltage of the

coil that is not energized, but in FOC that is not the case.

- All coils are energized thru the full commutation cycle. Therefore a back EMF observer is used to estimate

the back EMF using a simplified model of a PMSM motor, phase current feedback, and command voltage
information.

- To measure the back EMF a certain amount of motor speed is required so that enough back EMF voltage is

111

generated for measurement. Therefore a minimum speed is required for sensorless FOC algorithms to
operated.

h o
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Motor Control: Simplified Sensorless PM Control

- Force Mode — Use the requested speed and position as the estimated speed and position for the back-EMF

observer and FOC control. FOC always uses phase currents from the shunt resisters. Speed control uses
requested speed and position to close the loop on speed.

- Tracking Mode — The back-EMF observer closes the loop and uses it own estimated position and speed

vs. the requested position and speed for feedback. Speed control uses requested speed and position to
close the loop on speed.

- Sensorless Mode — Speed control uses back-EMF observer speed and position to close the loop on speed.

112

Basically each mode transition happens at a different requested speed value to eventually have the motor
spin fast enough to generated enough back-EMF to accurately estimate the motor position and speed.

h o
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Agenda

113

Overview:
- Introduction and Objectives
- Model-Based Design Toolbox: Library blocks, FreeMASTER, and Bootloader

Hands-On Demo:
- Motor Kit (Describe Freescale 3-Phase Motor Kit)
- Convert simple model to run on Motor Kit with MCD Toolbox and use FreeMASTER

Model-Based Design:
- Model-Based Design Steps: Simulation, SIL, PIL and ISO 26262
- SIL/PIL Hands-On Demo Step 2 & 3 of MBD

Trapezoidal Motor Control:
- Motor Kit (Describe Freescale 3-Phase Motor Kit)
- Trapezoidal control and how to use it to turn a motor

Trapezoidal Motor Control Hands-on Demo:
- Implement Trapezoidal Motor Control on Motor Kit
- Run software from the model and use FreeMASTER to monitor and tune parameters

FOC Motor Control:

- FOC Sensor-less control and how to use it to turn a motor
FOC Motor Control Hands-On Demo:

- Implement FOC Sensor-less Motor Control on Motor Kit

- Run software from the model and use FreeMASTER to monitor

Summary and Q&A:

EXTERNAL USE
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Demo: Implement FOC Sensor-Less Motor Control

Summary FOC Sensor-less Motor Control on S12ZVM steps:

Open FOC_Sensorless.slx

Save model as S12ZVM_FOC_Sensorless.slx

Configure S12ZVM thru model configuration parameters

Configure the Gate Driver Unit with the GDU Configuration Block
Configure ADC blocks to read phase currents

Set up PTU triggers to synchronize current readings with PWM

Setup ADC interrupt to start FOC Fast Loop

Configure Digital Input for Toggling LED

Connect and configure PMF PWM blocks for output to switches thru GDU

© 0 NOoO O,k WDhRE
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Demo: Implement FOC Sensor-Less Motor Control

Target : MCOS12ZVML128
Package : 64LQFP-EP with LIN
Bus clock : 50 MHz
KTAL clock - 4 MHz
Compiler : CodeWarrior
Target Type : FLASH
Download Code after build - (COME, 115200}

High-Side Driver Preserve Functionality: off
Current Sense Amplifier 1: off
Boost Converter Enable: on
Cument Sense Amplifier 0: on
Charge Pump Enable: on
FET Pre-Driver Enable: on

ADC Converter: 0
Freeze mode: off
Wait Mode: off

Register Access Configuration: Internsl Interface

STR SEQA: 1

Conversicn Mode Configuration: Restart

Special Access: off
Restart Event: off
Frescaler: 2
Justification: Left

ADC Converter: 0
Command Number: 2

ADC Converter: 1
Command Number: 2

Commands Codes: Commands Codes:
0x41000000 0x40000000
0xCO000000 0xC0000000

& &

ADCO_Command_List

ADC1_Command_List

=

Profile Function Index: 5

Profiler_Function

69 Resclution: 12 bit
Freemaster : SCI 1 (11.52.00_) = o Z
System Tick Interrupt Priority - 1
ADCO_Config
&
MCD_MCOS12ZVMx_Config_Information [25000 30500] TGO event list

ADC Converter: 1
Trigger Generator 0 enabled Freeze mode: off

TriggerList Trigger Generator 1 enabled ) Wai? I'u1{}d_e: off

Register Access Configuration: Internal Interface
_,—P TGE1 event list STR SEQA: 1
ldRequesfvariable [25000 30500] 69 CG""E'SiG”SMGd_EIi“"fig"'“’;;“": Restart
pecia COoEss. O
—_— PTU_Trigger_Generatorst RES;::;‘::‘;’”
Tigger| T
Justification: Left
WModeC antral Resolution: 12 bit
UserSpeedReqguest 69
ADC1_Config
UserSpeedRequest
ADC Convester: 0 function
ADCCONIE: 0x0002
ISR Pricrity: 1 |gR pask
& = function()
Fast_oop ADC_Complete ISR Terminater FenCal S
function()
PhaseCurmrent | FhaseCurrant
FenCall
—] FastLoopinput
4 i function()
|dRequest
gRegy ¥ laRegy
dRequest ! e s PhasaPWiis
GetSpeedRequest SpesdRequest | SpeedEstOpenioop
PositionOpenloop | P teg
FastLoopOutput
SpesdEst SpesdEst
Mode ] Mode
SlowlLoopalgorithm FastloopAlgoritim
FinSetToggle
115 EXTERNAL |
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Demo: Implement FOC Sensor-Less Motor Control

116

FastLooplnput Block

e 1 )

n
function Functicn-Call
Gener ator

Y

e384

Constant

l‘l’
+

EXTERNAL USE

ADGC Converter: 0 | %:3; ‘:;1
ADC Index: 0 ADC Phased _
C,'-? - Ey =Eu
Shift
ADCO _ReadPhased Arithmetic
_ Qy = Qu == 1
ADC Converer: 1 ADC_Fhas=B p| Vy=vue 2
ADC Index: O _
G-? Ey =Eu
Shift
ADC1_ReadPhaseB Asithrnetic

Oy =0u =<1
Wy =Wt 2
Ey=Eu
Shift
Arithmetic2

FenCall

&

Profile Function Index : 1

Profiler_Function

b4

Y

=

HE3e4

Constant

Oy =0u =<1
Wy =W 2
Ey=Eu

FhazeB

PhaseCument

¥

Shift
Arithmetic3

=

~ PhaseC

Add2

h o
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Demo:

117

FastLoopAlgorithm Block

Implement FOC Sensor-Less Motor Control

Profile Function Index: 0 mode
& ModeControl @ NGD'
Profiler_Function T Pl FenCall
un
Generator
(8 } L mode
Mode
Data Store
Write
D' ] ldRequest P (2 )
|dR-equest PWMs
Current pha
2} # IgR=quest
IgRequest
C
1) # Phaz=C
FhaseCument VoltageC pha
—b—\
mode S Ea | FosEst
Voltag=C
J >
D ats Store SwitchZ
Read FOC
PuositionReguest
» C
| CurrentMezsuredBeta SpesdEst >3 )
SpeedEst
—» 1z >
»~=0 | VoltageCommandAlpha
D >
SpeedEstOpenLoop Switch » \oltageC
—» 1z >
»{~=0
> ] SpesdEst_In PostEst
Switch1
»|FosEst_In
PosObserver

EXTERNAL USE
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Demo:

IdRequest

(&)

IgRequest

118 EXTERNAL USE

Implement FOC Sensor-Less Motor Control

FastLoopAlgorithm FOC Block

BAM
f18in1 AT Iy
MLIB_SubSat_F18 f180utf—m f18InEm GFLIE_ControllerPIrAW_F16 f160ut VoltsgeCommandAlphs
— f16In2 2 » BAM BAM
& & o e *|F1E0 f18AIpha | f16In1 fEout!
GFLIB_ContralPInn_F1 - e GMCLIE_Parkinv_F16 Hlpt= Agns GMCLIE_SvmStd_F1e | oou2
aniny, VITE
M"B—E;f’am—ﬁﬁ » f185in - - = - 80Ut
A ) f16Bsta B F18In2
» F18In1 =FANS > fcp”:ﬂé Bets | Bem 696 u18Sector
MLIB_SubSst_F18 f1aoutl m{fi8InEr  GFLIE_ControllerPirAW_F16 FE0ut GMCLIE_Parkimi_F18 GMCLIE_SvmStd_F18
» f16In2 =
& GFLIB_ControllerPIrAW_F2 e »_5
MUE_SubSat_F1 - VoltsgeC ommandBets
HECUt GFLIE_Sin_F18 f18In
=
GFLIE_Sin_F1
) EAM
. Cosine
Profile Function Index : 2 f180ut GFLIB_Cos_F18 f18In ( ) )
& & FosEst
- GFLIB_Cos_F18
Profiler_Function
» 2
Curenthess wedtAlphs
: BAM 164
idMeazur=d . BAM H8Alphs HEAlphs
GMCLIB_Par_F18 f16EIE?a GMCLIB_Clars_F16 f16E [ E
|ghezsured f185in fiSBsts PhaseCumentMeas ured
fb&a . & f18C |
& GMCLIE_Clark_F18
GMCLIE_Fark_F16 - o
CurrentiieasuredBeta
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Demo: Implement FOC Sensor-Less Motor Control

119

EXTERNAL USE

FastLoopAlgorithm PosObserver Block

DQtoGaleErrar

PosEst

Data Store Dats Store Dats Store  Data Store
Memary Y

Profile Function Index: 4

=

Profiler_Function

Currzntélpha ldCumentEst »
CumrentMess redAlpha
- |dECbsrv
.—b CurrentBeta
Cumenthess redBeta lgCurrentEst
(&) FosEst }2toGaDeError
PosEst_In
‘oltageAipha
VeltageCommandAlpha - IgECbsrv
agese
VoltageCommandBeta
TransformToGammal elttaFrame PIControlFor Back EMFest DQ_GammaDeltsEmor
€D,
SpesdEst_In

IdECE=m

Iglgade

ldUgade 1dIObsrv

SpesdEst

|dIObsrv_In

_’. WI0bsry |

Unit Delay4

id_frac_est

4

4

1gECbsrv

L

.1
\qI0E=ry |

Unit Delay1

Idlgade
IlgUgade IglObsrv
IglObsrv_In

ig_frac_est

Y

SpesdEst

PosEst_In

TrackingDbserver

D

FostEst

D

SpeedEst
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Demo: Implement FOC Sensor-Less Motor Control
COM Port Setup:

- — T —— ——
% Configuration Parameters: 5127VM_FOC_Sensorless/Configuration (Active) g

Select: [“] Enable PIL Mode Download
Solver
Data Import/Export Enable Download Code after Build
I Optimization BAM Restart Request

I Diagnostics
Hardware Implementation Delay before start of application (us) 5000000
Model Referencing

I Simulation Target COM Port &

4 Code Generation

Report
Comments
Symbals
Custom Code
| Debug
Interface

Verification

Code Style

Templates

Code Placement

Data Type Replacement

Memory Sections

Target MCU Config

Target Compiler Opts

FreeMASTER Config

Diagnostics

PIL Baud Rate 115200 w7

ok || cancel || Help Apply

m
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Demo: Implement FOC Sensor-Less Motor Control

&

Download Code after build : (COME, 115200)

Target : MCOS12ZVML128
Package : 64LQFP-EP with LIN
Bus clock : 50 MHz
KTAL clock - 4 MHz
Compiler : CodeWarrior
Target Type : FLASH

121 EXTERNAL |

High-Side Driver Preserve Functionality: off
Current Sense Amplifier 1: off
Boost Converter Enable: on
Cument Sense Amplifier 0: on
Charge Pump Enatle: on
FET Pre-Driver Enable: on

ADC Converter: 0
Freeze mede: off
Wait Mode: off
Register Access Configuration: Internal Interface
STR SEQA: 1
Conversicn Mode Configuration: Restart
Special Access: off
Restart Event: off
Frescaler: 2
Justification: Left

ADC Converter: 0
Command Number: 2

ADC Converter: 1
Command Number: 2

Commands Codes: ‘Commands Codes:
041000000 0x40000000
0xCOD00000 0xC0D00000

& &

69 Resclution: 12 bit
Freemaster : SCI1 (11_52_00_} =0 Corn o
System Tick Interrupt Priority - 1
ADCO_Config
MCD_MCOS12ZVMx_Config_Information [25000 30500] TGO event list
ADC Converter: 1
Trigger Generator 0 enabled Freeze mode: off
TriggerListd Trigger Generator 1 enabled ) Wai? Mad_e: off
Register Access Configuration: Internal Interface
TG1 event list STR SEQA: 1
ldRequesfariable [25000 20500] {9 CGnvE!sianSMad.eI(.:;anfigula;;an: Restart
pecia COoEss. O
r—— PTU_Trigger_Gener ators1 RES:;;‘;::‘;’"
Tigger] T
Justification: Left
ModeCentrol Resolution: 12 bit
UserSpeedRequest Cp
ADC1_Canfig
UserSpeedRequest
ADC Converter: 0 function
ADCCONIE: 00002
%z ISR Frioity: 1 |2R Mask
Fastocop ADC_Complete ISR *
function()
PhaseCurment | PhaseCurrent
FenCall
— Fastlooplinput
4 i function()
ldRequest
qReg # IgReg
: dRequest : e FUIMs B PhasePlts
GetSpeedRequest peedRey » OpenLoop
PositionOpenloop » P Leg)
FastLoopOutput
SpeedEst 5 iE=t
Mede | Mode
SlowlLoopAlgorithm FastloopAlgorithm
PinSefToggle

ADCO_Command_List

ADC1_Command_List

&

Profile Function Index: 5

Profiler_Function

h o
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Demo: Implement FOC Sensor-Less Motor Control

122

EXTERNAL USE

Gate Drive Unit configuration steps:

Block Parameters: GDU_Config

e

GDU_S122VM_Config (mask) (link)

This block allows the configuration of the GDU peripheral.

Module Enable Regsiter (GDUE) | Control Register (GDUCTR) | Slew Rate Control Regi ¥ 1#

High-Side Driver Preserve Functionality |{1 - High-side driver preserve functionality disabled -

Current Sense Amplifier 1 |ﬂ - Current sense amplifier 1 is disabled h

Boost Converter |1 - Boost option is enabled

Current Sensz Amplifier 0 | 1 - Current sense amplifier 0 is enabled h

Charge Pumg |1 - Charge pump is enabled

FET F’re—Drivrr |1 - low-side and high-side drivers are enabled h

OK

Cancel || Help Apply




Demo: Implement FOC Sensor-Less Motor Control

Gate Drive Unit configuration steps (the settings = 720 nsec):
Block Parameters: GDU_Config | £5 |

GDU_5127VM_Config (mask) (link)

This block allows the configuration of the GDU peripheral.

Module Enable Regsiter (GDUE) | Control Register (GDUCTR) | Slew Rate Control Regﬁi" F
High HD Level | 1 - Violtage threshold of the overvoltage detection on HD pin = VHVHDH v
Blanking Time (GBKTIMZ) |1 -
Blanking Time (GBKTIM1) 3 -

OK Cancel || Help Apply
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Demo: Implement FOC Sensor-Less Motor Control

124

EXTERNAL USE

Gate Drive Unit configuration steps:

-
Block Parameters: GDU_Config

GDU_S12ZvM_Config (mask) (link)
This block allows the configuration of the GDU peripheral.

JUCTR) | Slew Rate Control Register (GDUSRC) Clock Control Register 1 (GDUCLK1) |4

Boost Option Clock Dividar |{}11{}ﬂ- -Ff 12

Boost Option Clock Duty|Cycle |11 - Duty Cycle = 75%

Cancel | |

Help

Apply




Demo: Implement FOC Sensor-Less Motor Control

Gate Drive Unit configuration steps:

il ™
Block Parameters: GDU_Config =

GDU_S127VM_Config (mask) (link)

This block allows the configuration of the GDU peripheral.

JCLK1) | Clock Control Register 2 (GDUCLK2 Boost Current Limit Reaister (GDUBCL) |47V
Charge Pump Clock Divider | 0010 - F/32 v

Apply
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Demo: Implement FOC Sensor-Less Motor Control
Gate Drive Unit configuration steps:

.\
Block Parameters: GDU_Config S
GDU_S5127VM_Config (mask) (link)

This block allows the configuration of the GDU peripheral.

yciki) | Clock Control Register 2 (GDUCLK2) | Boost Current Limit Register (GDUBCL) [ 4[{¥ ]
Boost Current Limif 15 v|

oK Cancel || Help || apply
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Gate Drive Unit configuration steps:

- ™
Block Parameters: GDU_Canfig o
GDU_5127VM_Config (mask) (link)
This block allows the configuration of the GDU peripheral.

Current Sense Offset Register (GDUCS0) | Desaturation Level Register (GDUDSLVL) (4[k
Desaturation Level for High-Side Driverd [111 - Vdesaths= VHD - 1.35V - |
Desaturation Level for Low-Side Driver |111 - Vdesatls = 1.35V - |

ok || cancel || Help Apply
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128

&

Target : MCOS12ZVML128
Package : 64LQFP-EP with LIN
Bus clock : 50 MHz
KTAL clock - 4 MHz
Compiler : CodeWarrior
Target Type : FLASH
Download Code after build : (COME, 115200)

EXTERNAL USE

Current Sense Amplifier 1: off
Boost Converter Enable: on
Cument Sense Amplifier 0: on
Charge Pump Enatle: on
FET Pre-Driver Enable: on

High-Side Driver Preserve Functionality: off

ADC Converter: 0
Freeze mede: off
Wait Mode: off

Register Access Configuration: Internal Interface

STR SEQA: 1

Conversicn Mode Configuration: Restart

Special Access: off
Restart Event: off
Frescaler: 2
Justification: Left

ADC Converter: 0
Command Number: 2

ADC Converter: 1
Command Number: 2

Commands Codes: ‘Commands Codes:
041000000 0x40000000
0xCOD00000 0xC0D00000

& &

ADCO_Command_List

ADC1_Command_List

&

Profile Function Index: 5

Profiler_Function

69 Resclution: 12 bit
Freemaster : SCI 1 (115200) e 5
System Tick Interrupt Priority - 1
ADCO_Config
MCD_MCOS12ZVMx_Config_Information [25000 30500] » TGO event list

ADC Converter: 1
Trigger Generator 0 enabled Freeze mode: off

TriggerListd Trigger Generator 1 enabled ‘Wait Mode: off

E Register Access Configuration: Internal Interface
o TG1 event list STR SEQA: 1
IdRequesfiariable [25000 20500] Conversion Mad.e Configuration: Restart
69 Special Acocess: off
. Restart Event: off
PTU_Tri Generators1
TriggerList1 — g Frescaler: 2
Justification: Left
MedeCantral Resolution: 12 bit
UserSpeedRequest Cp
ADC1_Canfig
UserSpeedRequest
ADC Convester: ¢ function
ADCCONIE: 0x0002
69 ISR Pricrity: 1 |gR pask
Fastocop ADC_Complete ISR *
function()
PhaseCurment PhaseCurrent
FenCall
FastLooplnput
d = function()
ldRequest
qReg qReg
dRequest : e P | PhasePiiis
GetSpeedRequest peedReg Openloop
PositionOpenloop P Leg)
FastLoopOutput
SpeedEst Fa—
Mode Mode
SlowlLoopAlgorithm FastloopAlgorithm
PinSefToggle

h o
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Demo: Implement FOC Sensor-Less Motor Control

PTU Unit configuration steps:

i B
Sink Block Parameters: PTU_Trigger_Generators1l u

PTU_trigger_generators (mask) (link)

Programmable Trigger Unit (PTU) with up to 32 trigger events per each of two independent
trigger generators.

General | Trigger Generator O | Trigger Generator 1

PMF timebase counter to output reload evenl | PWM generator B generates reload event =

["] Enable Reload event output port

[ 0K H Cancel H Help Apply
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130

PTU Unit configuration steps:

r
ink Block Parameters: _Tngger_zenerators
#2| Sink Block P PTU_Trigger_G 1

S

PTU_trigger_generators (mask) (link)

trigger generators.

Programmable Trigger Unit (PTU) with up to 32 trigger events per each of two independent

General

Trigger Generator 0

Trigger Generator 1 |

-
ink Block Parameters: _Trnigger_Generators.
#2| Sink Block P PTU_Trigger_G 1

=2

PTU_trigger_generators (mask) (link)

Enable Trigger Generator 0

Trigger events number (max)

Frogrammable Trigger Unit (FTU) with up to 32 trigger events per each of two independent

trigger generators.

2

Trigger events delay list (comma-separated, ns)

Trigger Generator 1

Enable Trigger Generator 1

25000,20500

Update trigger events delay list

[”] Enable Trigger event output port

Trigger events number (max)

2

Trigger events delay list (comma-separated, ns)

25000,30500

| [ cang

Update trigger events delay list

EXTERNAL USE

["] Enable Trigger event output port

|| cancel || Help Apply
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131

PTU Unit configuration steps:

il N
Source Block Parameters: TriggerListD u

i Y
#2| Source Block Parameters: TriggerListd u
39

Constant

Output the constant specified by the 'Constant value' parameter. If
'Constant value' is a vector and 'Interpret vector parameters as 1-D' is on,
treat the constant value as a 1-D array. Otherwise, output a matrix with the
same dimensions as the constant value.

Main | Signal Attributes

Constant

Output the constant specified by the 'Constant value' parameter. If
'Constant value' is a vector and 'Interpret vector parameters as 1-D' is on,
treat the constant value as a 1-D array. Otherwise, output a matrix with the
same dimensions as the constant value.

Main | Signal Attributes

Constant value:

[25000 30500]

[+ Interpret vector parameters as 1-D

Sampling mode: | Sample based

Output minimum: Output maximum:

] (]

- =

Output data type: uint32

g against changes by the fixed-point tools
Sample time:
inf
J‘ OK | [ Cancel ] [ Help Apply J‘ OK | [ Cancel ] [ Help Apply
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Demo: Implement FOC Sensor-Less Motor Control

ADC Converter: 0
Freeze mede: off
Target : MC95122VML128 High-Si i ionality: Wait Mode: off
- igh-Side Driver Preserve Functionality: off . " -
Package : 64LQFP-EP with LIN Current Sense Amplifier 1: off RegisterAcesss Configuration: Intemal Interfacs
Bus clock - 50 MHz cﬁf;;":::miﬁi%_“:n Conversion Mode Configurstion: Restart
XTAL c'_OCK -4 MHz Charge Pump Enable: on E;fe“' ’évemﬁsm_ :D‘:fﬂ ADC Converter: 0 ADC Converter: 1
Compiler - CodeWarrior FET Pre-Driver Enable: on Eﬁmﬁtmla_ 2 Command Number: 2 Command Number: 2
Target Type : FLASH Justification. Left Commands Codes: Commands Codes:
Download Code after build - (COME, 115200) 2 Resclution: 12 bit g:éaﬁgggg ggﬁgggg
Freemaster : SCI 1 (115200) =0 Corn 2
System Tick Interrupt Priority - 1 - &
ADCO_Config
&
MCD_MCOS12ZVMx_Config_Information [25000 30500] TGO event list
ADC Converter: 1
Trigger Generator 0 enabled Freeze mode: off 69 C?
TriggerListd Trigger Generator 1 enabled Wait Mode: off
E Register Access Configuration: Internal Interface ADCO_Command_List ADC1_Command_List
TG1 event list STR SEQA: 1
ldRequesfariable 25000 20500 Conversion Mode Configuration: Restart
. 1 {9 Special Acocess: off
- Restart Event: off
TriggerLit1 FTU_Trigger_Gensratarst Frescaler: 3 Profile Function Index: 5
Justification: Left 2
ModeCarntrol Resolution: 12 bit &
2 Profiler_Function
UserSpeedRequest &
ADC1_Cenfig
UserSpeedRequest
ADC Converter: 0 function
ADCCONIE: 00002
%z ISR Frioity: 1 |2R Mask
Fastocop ADC_Complete ISR *
function()
PhaseCument | PhaseCurrent
FenCall
— Fastlooplinput
4 i function()
ldRequest
qReg #] lgR=g
L dRegquest L e PWhs | PhasePiWkis
GetSpeedRequest peedRey » Openloop
PositionOpenloop ] P o
FastLoopOutput
SpeedEst SpesdEst
Mede | Mode
SlowlLoopAlgorithm FastloopAlgorithm
132 EXTERNAL |

PinSetToggle



Demo: Implement FOC Sensor-Less Motor Control

ADC Unit configuration steps:
r Block Parameters: ADCO_Config s

adc_s12zvm_config_block (mask) (link)

This block allows the user to configure the ADC peripheral.

r _ =)
| General | Control Register (ADCCTL) | Timing Register (ADCTIM) | Format Regist D P

[ Freeze adc_s12zvm_config_block (mask) (link)

[C] wait

This block allows the user to configure the ADC peripheral.

Reqister Access [Internai Interface

“iming Register (ADCTIM) | Format Register (ADCFMT) 4] > |
STR_SEQA |1 Resolution |12 bt <
Conversion Mode [Rﬂstart Justification | Left -

[C] Special Access

[] Restart Event

| ok || cancel || Help

| ok || cancel || hHelp || appy |
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ADC Unit configuration steps: Copy ADCO_Config

-
Block Parameters: ADC1_Canfig S|
adc_s12zvm_config_block (mask) (link)
This block allows the user to configure the ADC peripheral.
Control Reaister (ADCCTL) | Timina Reaister iﬂEEIF |; | L
ADC Converter (0 - 1) [1 v
ok |[ cancel |[ mHelp || apply
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ADC Command List Block steps:

i i
Block Parameters: ADCO_Command_List | Block Parameters: ADCO_Command_List S|
adc_s12zvm_csl_block (mask) (link) adc_s12zvm_csl_block (mask) (link)
This block allows the user to configure the Command List of the ADC This block allows the user to configure the Command List of the ADC
peripheral. peripheral.
JE Command 0 C 4« L3l Command 1 C 4 4
Type [End Of Sequence '] Enable
Interrupt Flag Number [1 '] Type |End Of List -
Reference High Voltage [URH_l '] Interrupt Flag Number [Ho Flag v]
Reference Low Voltage [VRL_l ,] Reference High Voltage ['u’RH_l v]
Inout Ch put Channel Reference Low Voltage [VRL_l - ]
16 Input Channel
Sample Time 16
4 Sample Time
4
ok || cancel |[ Help || apply ok || cancel || melp || apply |
b
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ADC Command List Block steps: Copy ADCO_Command_List

_
Block Parameters: ADC1_Command_List S|
adc_s12zvm_csl_block (mask) (link)

This block allows the user to configure the Command List of the ADC
peripheral.

ADC Converter (0 - 1) |1 -

General | Command 0 | Command1 | Command 2 Eurni 4 HTII

I 0K ” Cancel H Help ]| Apply
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137

&

Target : MC9S5122VML128
Package : 64LQFP-EP with LIN
Bus clock : 90 MHz
XTAL clock - 4 MHz
Compiler - CodeWarrior
Target Type - FLASH
Download Code after build - (COMB, 115200)

EXTERNAL USE

High-Side Driver Preserve Functionality: off
Cument Sense Amplifier 1: off
Boost Converter Enable: on
Cument Sense Amplifier 0: on
Charge Pump Enable: cn
FET Fre-Driver Enable: on

ADC Converter: 0
Freeze mode: off
Wait Mode: off
Register Access Configuration: Internal Interface
STR SEQA: 1
Conversion Mode Configuration: Restart
Special Access: off
Restart Event: off
Prescaler: 2
Justification: Left

ADC Converter: 0
Command Number: 2

ADC Converter: 1
Command Number: 2

Commands Codes: ‘Commands Codes:
0x41000000 040000000
0xCOD00000 0xC0D0D000

& &

ADCO_Command_List

ADC 1_Command_List

=

Profile Function Index: 5

69 Rescluticn: 12 bit
Freemaster - SC1 1 (115200) TR 2
System Tick Interrupt Priority - 1
ADCO_Canfig
MCD_MC8S12Z2VMx_Config_Information [25000 20500] TGO event list
ADC Converter: 1
Trigger Generator 0 enabled Freeze mode: off
TriggerListD Trigger Generator 1 enabled ‘Wait Mode: off
E Register Access Configuration: Internsl Interface
TG1 event list STR SEQA: 1
|dRequesf/ariable [25000 20500] 2 Conversion MDd.E Configuration: Restart
= Special Access: off
o Restart Event: off
PTU_Tri Generators1
TriggerList1 —rager Prescaler: 3
Justification: Left
MedeC ontrol Resclution: 12 bit
UserSpeedRequest 69
ADC1_Caonfig
UserSpeedRequest
ADG Converter; 0 function
ADCCONIE: 0x0002
ISR Pricrity: 1 |R pask
& function()
Fasioop ADC_Complete ISR FenCall *
function)
PhaseCurrant ] PhaseCurrent
FenCall
Fastlcopinput
Id i
,—g e i functionf)
|dRequest
qReq #| lqRequest
' dRequest ! e FWMs | Fhas=Funiis
GetSpeedRequest pecdReg » SpeedEstOpanloop
PositionOpenloop ] P Reag
FastLoopCutput
SpesdEst SpeedEst
Mode ] Mode
SlewloopAlgarithm FastLoopAlgoritim
PinSefToggle

Profiler_Function
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EXTERNAL USE

ADC ISR Block steps:

-
*1| Source Block Parameters: Fastloop_ADC_Complete ISR u

adc_s12zvm_complete_isr_block (mask) (link)

This block calls a user function on an ADC conversion event.

General | Conversion Interrupt Enable Register (ADCCONIE) |

ADC Converter (0 - 1) [0 - |

ISR priority (0 to 7) |7 -

I OK I[ Cancel H Help ]| Apply

S

-
Source Block Parameters: Fastloop_ADC_Complete_ISR

adc_s12zvm_complete_isr_block (mask) (link)

This block calls a user function on an ADC conversion event.

General | Conversion Interrupt Enable Register (ADCCONIE)

CON15
CON14
CON13
CON12
CON11
CON1D
CONg
CONB
CON7
CONG
CONS
CON4
CON3

CONZ
CON1

EOL (End Of The List )

[ ok [ concel |[ melp || apply
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FastLooplnput

a (D
function Funclicn-Call FenCall
Generator

Ty -au Profile Function Index : 1
. =Qu
ﬁDCCunuatler.D p| Wy =vuran .- Oy = Qo =<1 c_‘)
ADC Index: 0 ADC_FhaseA Ey = Eu B Wy =it
& — * Ey = Eu = Profiler_Function
ADCO_ReadPhaseh Aetrmed  eas Add hit
Agithmetic?
Constant -
_ Qy = Qu >> 1 "
ATDCCTHEMHB q ADC_haseB w| Wy = Vs 20 e Qy =00 << 1 o 5 PhaseCument
2 nase Ey = Eu N B Vy=Vuton } >
Ey = Eu
sShift Add1 . -
ADC1_ReadFPhaseB Asithmeticd [ g Shift ol _ >
Arithmetic2 asel
AddZ
Constant
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ADC Command List Block steps:

Source Block Parameters: ADCO_ReadPhaszed u1 r Source Block Parameters: ADC1_ReadPhaseB M1
adc_s12zvm_read_block (mask) (link) adc_s12zvm_read_block (mask) (link)
This block allows the user to get ADC conversion results from the This block allows the user to get ADC conversion results from the
Conversion Results List created by the ADC Command List. Conversion Results List created by the ADC Command List.
Farameters Farameters
ADC Converter (0 - 1) [{] ~ ADC Converter (0 - 1) [1 e
ADC Command Index in CSL (Dec) ADC Command Index in CSL (Dec)
0 0
["] Enable For Simulation ["] Enable For Simulation
ok || cancel || Help Apply ok || cancel || Help Apply
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&

Target : MC9S5122VML128
Package : 64LQFP-EP with LIN
Bus clock - 50 MHz
XTAL clock - 4 MHz
Compiler : CodeWarrior
Target Type - FLASH

EXTERNAL USE

Cument Sense Amplifier 1: off
Boost Converter Enable: on
Cument Sense Amplifier 0: on
Charge Pump Enable: cn
FET Fre-Driver Enable: on

High-Side Driver Preserve Functionality: off

ADC Converter: 0
Freeze mode: off
Wait Mode: off
Register Access Configuration: Internal Interface
STR SEQA: 1
Conversion Mede Configuration: Restart
Special Acocess: off
Restart Event: off
Prescaler: 2

ADC Converter: 0
Command Number: 2

ADC Converter: 1
Command Number: 2

Justification: Left Commands Codes: Commeands Codes:
Download Code after build - (COMB, 115200) o Resolution 12 bit 0x41D00000 040000000
- 0xCOD00000 0xC0D0D000
Freemaster - SCI 1 (115200} —— 5
System Tick Interrupt Priority - 1 - &
ADCO_Config
MCD_MC8S12ZVMx_Config_Information [25000 20500] TGO event list
ADC Converter: 1
Trigger Generater 0 enabled Freeze mode: off cg 65'
TriggerListD Trigger Generastor 1 enabled Wait Mode: off
E Register Access Configuration: Internal Interface ADCO_Command_List ADC1_Command_List
TG1 event list STR SEQA: 1
ldRequesfvariable [25000 20500] {-9 Can\.relsiansl';l‘e{}gilianfigl.!lg:an: Restart
- Restart Event: off
TriggerList1 PTU_Trigger_Generators' Frescaler 3 Profile Function Index: 5
Justification: Left 2
MedeCantrol Resolution: 12 bit &
p—— o Profiler_Function
UserSpeedRequest &
ADC1_Canfig
UserSpeedRequest
ADC Converter: ¢ function
ADCCONIE: 0x0002
P ISR Priority: 1 |5R Mask
[ - function()
Fast_oop ADC_Complete ISR Terminstor FenCall S
function()
PhaseCument PhaseCunrent
FenCall
— Fastloopinput
Id L
o function()
|dRequest
ey qreg
: dRequest k e FUIMs B Fhaseriits
GetSpeedRequest pesdReq Openloop
PositionOpenloop P Leg)
FastLoopCutput
SpeedEst 5 JEst
Mode Mode
SlowlLoopAlgorithm FastlLoopAlgorithm
PinSefToggle

h o
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3PhaseDutyCycleOut Block with Flex PWM Blocks steps:

Pull Simple PWM phase block from library, connect to phase A and configure.

bO000

function

Frequency
Frequency
&> | oSS Duty Cycle A | itial frequency: 20000 Hz
PhasePW s b * B Vy =WVu© 2t > Duty Cycle B gﬂggﬂi’;gi
Ey = Eu PhaseOutput :
Trans Perhin o ceC Duty Cycle C: 0 %
Adjust For Gain Scalling uty Cycle
1000 i
FulOM_DutyCycle #2adtime
FulloN_DutyCycle Pqu=Canlementar_l.r=ThEEEb_,-ncPai=Dutput
400
DeadTime

Profile Function Index . 3

2

Profiler_Function
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EXTERNAL USE

PMF Block steps:

-
Sink Block Parameters: PMF_Complementary_ThreeSyncPair_Out... u

-
Sink Block Parameters: PMF_Complementary_ThreeSyncPair_Out... u

Compl_3pair_PMF_S5127VM_output (mask) (link)

Three pairs of synchronized complementary outputs with frequency,
duty cycle input control and deadtime insertion.

General | Frequency and DeadTime Control | Output |

PWM output alignment | Center-aligned 'l

Compl_3pair_PMF_S5127VM_output (mask) (link)

Three pairs of synchronized complementary outputs with frequency,
duty cycle input control and deadtime insertion.

General | Frequency and DeadTime Control | Cutput |

Update Frequency

L —
Initial Frequency, Hz

20000

Resolution [0.1 % - |

itial Du cle A (0.-1000)

0

Initial Duty Cycle B (0..1000)
0

Initial Duty Cycle C (0..1000)
0

Initial Deadtime, ns
S ——

400

Load Frequency |Every 2 PWM opportunity 7

T THal Cydle Reload

Update DeadTime
External global load OK

[ ok || cancel || melp | appy

l oK ” Cancel H Help H Apply |
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PMF Block steps:

' '1
Sink Block Parameters: PMF_Complementary_ThreeSyncPair_Out... u
Compl_3pair_PMF_S12ZVM_output (mask) (link)

Three pairs of synchronized complementary outputs with frequency,
duty cycle input control and deadtime insertion.

General | Freguency and DeadTime Control | Output
("] Connect PWM A outputs to pins

["] Connect PWM B outputs to pins
("] Connect PWM C outputs to pins

GUtpUt U polarity | POSItivE poiarty v

Output 1 polarity | Positive polarity v
Output 2 polarity | Positive polarity v
Output 3 polarity | Positive polarity v
Output 4 polarity | Positive polarity v
Output 5 polarity | Positive polarity v

[T Duty Cycle Simulation Qutput

| ok || cancel || Help Apply
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Demo: FreeMASTER to Monitor and Tune Parameters

Using FreeMASTER with Hands-On Demo
1. Start FreeMASTER and open project S12ZVM_FOC_Sensorless.pmp. Press OK if a message comes up
that the map file has been updated.

2. Go to Project Options pull-down and select “Options”. Verify that COM settings are the same as what were
set in your model.

3. Once the COM settings are correct, press the STOP button.
4. Change MotorSpeedRegFreemaster Variable to 1000 RPM.

h o
7
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Demo: FreeMASTER to Monitor and Tune Parameters

& 5122VM_FOC Sensorless.pmp - FreeMASTER [ESREoN
! File Edit View Explorer Project Toals Help
| D [ B B | e s BB [ o [ o LET M i [Teohoma < |U[s -|LBLZ U &8
| Control Page
28 5122VM PMSM MED vl Mo -
165 Phase Messurement ss00 = Sl e Motor Control Toolbox for P
4 ER S12ZVM (4
-
B i > freescale
' FTF-ACC-F1114 Motor Control ¢ .
Toolbox Overview semiconauctor
4500
PMSM Sensorless Application
3500 0 B0 gy anng 3500
i ity 100
2500 4000
3000 Duty Cycle
3 WA,
@ ° o s,
£ = =
2500 40 B0 200 = = 500
20 a0 = =
0 wbv ey 100 = . =
2000 S Speed =
ExecutionTime RPt
Usey 150 000
1500+
1000
C Control Mode Sensorless
500+
ol
8510 8511 8512 8513 8514 8515 8516 8517 8518 8519 8520
Time [sec]
= e -
Name | Value unit | Period | =]
_ TotalFast_oopTime 60.764 usec o
__|FOC_Time 17.58 usec o
1 PosObserverTime 23.732 usec o
| PWM_OutputTime 13.48 usec 1]
| SlowLoopTime 18.344 usec 0
| PhaseA 0.429688 A 1]
| PhaseB 0.126953 A 0
| PhaseC 0.810547 A 0
__| IgCurrentEst 0.00817871 unit 0
_ IdICbsrv 0.00793457 unit 0
_ IgIChsrv 0.0321655 unit 0
_ IdRequest 0 unit 1000
| ToRequest 0.0647583 unit 0
| pos_mode 2 DEC 1000
| PWMaOut 0.231903 unit o
1 PWMbOUt 0.265015 unit o
| PWMcOut 0.657776 unit o
B application Commands Bl Variable stimulus T‘ 1o
Done RS232:COMB;speed=115200 Scope Bad
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Variable Watch

L Mame | Value | Unit |
| SpeedEst 1695.72 rpm 0
IfotdFastooptine 160,73 0
| FOC_Time 17.876 usec 0
PosObserverTime 23.892 usec 0
PWM_OutputTime 13.64 usec 0
SlowlLoopTime 17.828 usec ]

gl

FO000H Terminator

Frequency
: J Hz
p|Duty Cycle B Duty Cycle A: 0 %

function

Qy=0Qu== ..
X B W=t 20 i
PhassPWNMs Ey=Ey | PhassOuput Duty Cydle B: 0 %
Trans Perllin ~ uty Cycle C:

Adjust For Gain Scalling

1000

FulON_DunGycle #Padtime
Full>N_DutyCycle PMF_Complementary_ThreeSyhcPair Cutput
400 F—E]
DeadTime |_u
Terminatord

Profile Function Index : 3

Profiler_Function
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-
Sink Block Parameters: PMF_Complementary_ThreeSyncPair_Out... u

] Compl_3pair_PMF_S12ZWM_output (mask) (link)
Variable Watch Three pairs of synchronized complementary outputs with frequency,
Mame | Value | |mit | duty cycle input control and deadtime insertion.
— SpEEidEEt 1250.41 rpm | and DeadTime Control | Output |
| TotalFastioopTime 58,0727 usec Update Frequency
FOC_Time 17.3 usec il
| PosCbserverTime 24.123 usec road Frequency | Every 2 PWH opportinily -
PWM_OutputTime 10.98 usec | [Half Cycle Reload
owLoopTime 17,888 Usec Update DeadTime I
- : ([T External global load OK

’—P.EI
[ Ta'tw

functicn Fr oy I
Lb Duty Cycle A
— Inif al frequency: 20000 Hz
\?"'y;\?;f;.\"' Duty Cydle B Duty Cycle A: 0 %
FhasePW s Ev=Eu " | PhaseOutput v Duty Cycle B: 0 %
il Duty Cycle C: 0 %
Adjust For Gain Scalling
—,—b Duty Cycle C
&
FullDN_DutyCycle PMF_Comy lementary_ThreeSyncPair_Output
400
DeadTime .
T minatart 1 [ Help ] | Apply

Profile Function Index : 3

=

Profiler_Function
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SECURE CONNECTIONS
FOR A SMARTER WORLD



