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Agenda

- Implementing a new ECU

- Introduction
Input- and Output-Signals
Hardware and Software Setup
Programming a ECU with Simulink
Controller Setup with Ziegler-Nichols
Live Demo via Skype
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Choosing the ECU

Interfaces

e Speed Controller
* Motor Speed (Input)
* DC-Motor terminal voltage (Output)

* Position Controller
* Rotor position (Input)
* Motor speed and direction (Output = desired value for speed controller)

* DC-Motor load torque
e Estimated via DC-Motor current
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Choosing the ECU

Interfaces

e Communication between ECU and environment
e CAN-Interface

* ECU application
e Can Calibration Protocol (CCP)
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Choosing the ECU

Speed Measurement
DC-Motor > 10 Magnets

Hall-Sensor measures
Rotor position (Input)
Motor speed and direction (Output = desired
value for speed controller)
DC-Motor load torque
Estimated via DC-Motor current

MotA

A=

=
©.
w

Direction

Impuls

Vcc
GND ———
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Choosing the ECU — Speed Measurement

P > Impuls Signal
6 Y T I ! z
Speed measurement with timer j A ’ 3
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Choosing the ECU — Direction Measurement

Impuls Signal

6
Direction measurement with a > .|
digital input; =
5
.= 1, - ' 0!
Ugir = 1.9V - logical 0 1 2 3 4 . 6 7 8 9 10
t, ms
Ugir = 5.5V - logical | . Direction Signal
Direction of rotation: > °f
| = clockwise 4
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Choosing the ECU-Electrical Current
Measurement

Current Measurement with a Hall-

Sensaor: (20 ... 20 A) VCC

—

supply Voltage (VEC) = a 'V

208 > [aV
UA > Z1a\
00 > 4al ’

https://www.conrad.at/

9|
NS

For DAQ = Analog Input
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https://www.conrad.at/de/p/stromsensor-me067-iduino-me067-1616236.html?ef_id=EAIaIQobChMIw4f0hdfo4QIVlOh3Ch3-4QmdEAQYAyABEgI1hfD_BwE:G:s&gclid=EAIaIQobChMIw4f0hdfo4QIVlOh3Ch3-4QmdEAQYAyABEgI1hfD_BwE

DC-Motor terminal voltage

= The voltage must be variable
to change the motor-speed

= The voltage must change the
polarity to change the
direction

= Maximum (minimum) DC-
motor current is =17 A

A

PWM modulated

Voltage

H-Bridge

http://www.hessmer.org/blog/2013/12/28/ibt-2-h-bridge-with-arduino

O=~IDDT = WHD -

. RPWM
. LPWM
. R_EN
. L_EN
. RRIS
. B18
. VCC

. GND

: Forward level or PWM signal input, active high
‘Inversion level or PWM signal input, active high
:Forward drive enable input , high enable , low close
:Reverse drive enable input , high enable , low close
: Forward drive —side current alarm output

: Reverse drive —side current alarm output

. +5 V power input,connected to the microcontroller 5V power supply
: Signal common ground terminal
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http://www.hessmer.org/blog/2013/12/28/ibt-2-h-bridge-with-arduino/

ECU - Input/Output Overview

Quantity Description
CAN >=1 500 kBaud ECU flashing
Communication with environment, dynamic
measurement ...
Sensor Supply 1 5V Current transducer
H-Bridge
Sensor Supply 1 10V DC-Motor speed/position sensor
Voltage out 5V 1 0-5V H-Bridge - PWM enable
PWM out 2 10 kHz, 0 — 100 %, DC-Motor direction clockwise
0-5V DC-Motor direction counter clockwise
Timer in 1 2000 Hz DC-Motor speed
Digital in 1 1.9V - logical 0 DC-Motor direction
5.5V — logical 1
Analog in 1 5V Current transducer
Counterin 1 1.9V - logical 0 DC-Motor position
5.5V - logical 1
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ECU - Required Performance

Performance Requirement
= Minimum cycle time: Z ms
= This is an empirical value, estimated according to the expertise we have with a similar application.
The cycle time influences the controller performance.
= Automatic software-generation out of Simulink
= State of the art method. (language C is not longer part of our curriculum)
= [alibration via XCP or CCP
= State of the art method for development, parameter setting, debugging ..
= [alculation with Floating Points (single, double, ...)
= Knowledge about Integer-Arithmetic is not so important for an system engineer.
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ECU - Our Choice

HY-TTC all from TT-Tech

Key Benefits:

32 bit dual-core CPU with |80MHz
- Floating-point unit

- |2 Bit ADC

- PWM-Outputs

- Digital in an Outputs
- CAN, CCP ...

https://www.ttcontrol.com

> . - P \
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https://www.ttcontrol.com/products/electronic-control-units/safety-certified-controllers/hy-ttc-500-family/

TMSS570

Description TTC510 [ weemr e

Dual core lockstep . JTAG
<320t | e
Ext. RAM max. 2 MB —
- 180 MHz —  1xUN KT
- 3 MB Flash
Ext. EEPROM 64 kB |—| « 256 kB RAM 1 3xCAN KT
- Board temperature K15 4<: —
- Sensor supply monitoring ' _
- oltage monitoring /| WAKE UP —< —
3 Sensor supply \ P analog IN 8
< H 2% 5V /500 mA (N () o-svio-2smar =+~
1 x configurable 5- 10V /25 W 0 — 100 kOhm
16 HS PWM / digital OUT N Sl 8
] up 10 4 A (— I — o-5vio-tov/ =< -
with current measurement _— -
analog IN 8
HS digital OUT — 0-5v/0-32v/ <
8 up to 4 A with current sense or . A 0—25 mA
e LED control OUT or —
analog IN digital timer IN
) (0.1 Hz - 20 kHz) 6
8 LS digitﬂ| ouT ) K. > o highflow active or _<—|—;L
7f—<_:>— up to 4 A with current sense or [\, digital timer IN (7/14 mA) or
analog IN analog IN
- digital timer IN 8
8 Hf thI:LaLCLl:T PN (0.1 Hz — 20 kHz) 4<:|7(_
7f—< p P — high/low active or
PVG or o analog IN
Voltage OUT ]
A" digital timer IN -
) A (0.1 Hz — 10 kHz) pe——
SAFETY COMPANION —h,
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ECU — Target-performance comparison

Quantity Range Possible with HY TTC 510?
CAN ~2 500 kBaud - Yes (3 CAN-Interfaces available)
Sensor Supply 1 5V - Yes (2 x5V supply on board)
Sensor Supply 1 10V - Yes (1 x programmable between 5V an 10
V)
Voltage out 5V 1 0-5V - Yes
PWM out 2 10 kHz - No (maximum 1 kHz)
0—-100 % - Yes
0-5V —>Voltage level must be adapted
(voltage divider)
Timer in 1 2000 Hz - Yes (maximum 20 kHz)
Digital in 1 1.9V - logical 0 - Yes
5.5V - logical 1
Analogin 1 5V - Yes
Counter in 1 1.9V - logical 0 - Yes (for Simulink, a Workaround is

5.5V — logical 1

necessary)
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ECU — Target-performance comparison

= Minimum cycle time: Z ms
= [K. The cycle time can be adjusted in discreet steps. The minimum value is | ms.
= Automatic Software generation out of Simulink
= [K. A Simulink-Library is included in the scope of delivery. A basic description, for correct solver settings
is available.
= [alibration via XCP or CCP
= [JK. CCP is supported in the polling mode.
= [alculation with Floating Points (single, double, ...)

= [K. The pP has a FPU on board.

r—% Co-funded by the
o Erasmus+ Programme
of the European Union




ECU — Circuit diagram of Input’s

Sensor

r y ECcu
_ Sensor Supply T
ﬁ -
Digital Timer Input — |\_|:|'
Sensor output is ,Open Emitter” I
- External sensor power supply — .
- Connection to ground = Pull down resistor Q _]_
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System overview

[)  ECU HY-TTC al0

Z2) Device under Test (DUT)

3) PCAN-USB Interface for

flashing

4) Vector VNIESO USB to CAN
Interface for application
(CCP) and measurement

g) H-Bridge

B) Current transducer
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System block diagram

Simulink Mode| Software

Hardware

Tooichain

PCAN USB interface

PWM Left

__PWM Right
PWM enable» H-Bridge PWM
Supply 5V

Vector VN1630A

ECUTTC510
Can Interface

¢ nalog0-5V

Current Sensor

Supply 5V

Impuls Signal

Direction Signal

DC-Motor with

Worm Gear

Supply 10V

Schematic figure
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TTC Downloader

A

Tool chain description

For ECU-programming;

I/0 Blocklibrary from TTC

- in- and output ports

- basic settings (cycle time, error-handling, CCP...)

Simulink Model Matlab

| |
| Functional description for controller, state maschine..

Automatic C-code generation out of the Simulink-

Compile to C via Embedded Coder

Compile to .hex via Texas Instrument

Model. *.aZl-File generation without addresses
from variables.

ARM Comepiler

Object-code out of the C-code. Result is a *.hex-File.
Linker allocates the addresses for *.aZl-File > MAP-File.

I Download the *.hex-File to ECU flash via CAN.
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TTCIO-Library

B0 Simulink Library Browser S O X
L] Imuln'ply VI/Q' RyEm~ w2 @
1/0 BlocKlibrary for TTC580

> Simulink ~

> Aerospace Blockset
> Audio System Toolbox

Automated Driving System Toolbox
> Communications System Toolbox

> Communications System Toolbox HDL Support
> Computer Vision System Toolbox ADC Blocks CAN Block; DIO Blocks EEPROM Biocks J1939 LIN PVG and VOUT

S Conkrl Siaiern Tomlion | TTCS80 101> guskiahllukiitem TTC580 I0ib  TTC580 I0lb  TTCS80 I0ib  TTCS80 IOlb  TTCS80 IOlib
Data Acquisition Toolbox :
» DSP System Toolbox | | | |
> DSP System Toolbox HDL Support [y
> Embedded Coder TSNS B Simulink Library Browser . O X
> Fuzzy Logic Toolbox
> HDL Coder PWD Blocks J| PWM Blocks Q§SensorSupply System Bl g 'S ! )
> HDL Verifier TTCS80 10iib §TTCS80 10N fTTCS80 10l TTC580 IOkb | multiply e I /é{ > Qﬁ b IR G T )
> 1/0 Bilockiibrary for TTC580 v ' !
< > TTCSSO/PWT.MW
> ~
> HDL Verifier ErorCode [y E""'°°‘: ;
S curre!
Vv 1O Blocklibrary for TTC580 Nduty_cycle Neuty_cyele | oo $ Nduty_cycle ErrorCode [
ADC Blocks TTC580 IOi current > p.oﬁod-fb >
The “]'I_Il]PEIFy CAN Blocks TTCS80 IOft -

DIO Blocks TTC580 IOl

- Developed from TTTech EPUOM By I

Set_PWM_Currfb Set_PWM_FuliFb Set_PWM_Simple

J1939 TTCS80 IOlib V.
- included in scope of delivery
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A simple Simulink example

Change PWM ratio as a function of a voltage signal

Zal Block Parsmeters: MsnDlg X
s ot 1
Global Settings for the ECU = Block oo (Ecmnss AR
MainDlg .; O
Setup for: _——
- [AN Baudrate (max. 1000 kHz) e o
- [Cycle (Duration) time i
- [CP Addresses e
i saoves oot
Power outputs must be enabled e
- Block Power Enable Trozieio E
] - disable %};;ﬂ :
—> enable et 3
Jata type: Boolean \ | [ I

a— Power_Enable Co-funded by the
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A simple Simulink example

Change PWM ratio as a function of a voltage signal

Input: Voltage Signal

Choosing an Analog-Input port—> Block
ADC Absolute 10V

Choose the input port that fits to the conector
pinning:

Pin 131 is connected = |0 ADC 03

For more infos see /// 4./0 Analog lnput 7
Modes

A

)

P P26 P1 P1 P . 32
PI01 P02 P P05 Pigl B4 08 P09
) =
K\r_l

ErrorCode

ade value

ADC Absolute 10V

Pin No. Function 1

Analog 0. ..

L

uliN mV

,0...10V Input

Function 2 SW-define

Analog 0...25 mA Input 10 ADC 10

P132 Analog0...5V, 0..

A0V Input

Analog 0...25 mA Input 10_ADC_ 11

P109 Analog0...5V, 0..

10V Input

Analog 0...25 mA Input 10 ADC 12
Co-funded by the
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A simple Simulink example

Change PWM ratio as a function of a voltage signal

] []
Output: PWM-Siganl = ' \
Choosing a PWM output port—> Block T ——
ADC Absolute 10V IEIEIIEIIE] ) ] e ) e ] e ] s o ]
Choose the input port that fits to the conector 5 i o o
(] ] ) ) ] (o ] e ] ] ] ) e

pinning; @ — %
L J .
Fin [77 is connected = [0_PWM 0

P duty_cycle ErrorCode » |

] PWM _mﬁ)nnﬁ

For more intos see /// 417 High-Side PIWW ¢ i

Function SW-define  Ext/Second. Shut-off Power stage
Uutputs '

High-Side PWM Output 10 PWM 0

o

P180  High-Side PWM Output I0_  PWM 03
P159  High-Side PWM OQutput 10 PWM 04

P183 High-Side PWM Output 10 PWM 05
F—X P186 High-Side PWM Output 10 PWM 06 bo_m%eq oy me
Am—. Erasmus+ Programme
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A simple Simulink example

Change PWM ratio as a function of a voltage signal

1.) Solver Settings Powerstage ON

’3 1
Power_Enable
I0_ADC_09 ->Pin Number 131 I0_PWM_01 ->Pin Number 177
EmorCode } >

adc_value T » double }———— v E— » WM =" uint16  p—— :&-‘:.;1;» duty_cycle EsrorCode |—9—]

ADC_Absolute_10V

Set_PWM_Simple
INT to DBL 0 -10000 mV -1 PWM DBL to INT

‘ ->0-1PWM ->0- 2*"6 ,

. build = C-Code generation £y S by e
of the European Union




Embedded Coder

Embedded Goder:

https://mathworks.com/products/embedded-coder.html

The correct Simulink solver settings must be set before

compiling the model.

| = | CounterTest_ert_rtw - O x
Start Freigeben Ansicht o o
« > v 4 <« ML_Drehzahlregelung » CounterTest_ert_rtw v O "CounterTest_ert_rtw" durchs... ©
G MName Anderungsdatum Typ A
3 Schnellzugriff
o build 24,04.2019 13:45 Dateio
Dokumente * :
n AddAPDE 24,04.2019 13:45 Firefo:
& Downloads # [7] asap.lis 24,04.2019 12201 LIS-Da
=] Bilder * 7 buildinfo 24,04.2019 12201 Micro:
Builds * [ ccp_config 24.04.2019 12:01 C/C++
Downloads - D codedescriptor.dmr 24042019 12:01 DMR-|
TTTech P 7 codelnfo 24042019 12:01 Micro:
ModelsdStudents * @ CounterTest 24,04.2019 13:07 A2L-D
i CounterTest 23.04.2019 11:16 Windc
MatlabEigeneProgramme »
[ CounterTest 24042019 12:01 C Sow
SetupCCP ’ B CounterTest 24042019 1201 C/Ces
General Dokumentation * B CounterTest 230420191116 Makef
CanPWMvenTTC * D CounterTest.rsp 23.04.2019 11:16 RSP-D
ML_Drehzahlregelung - D CounterTest_canonical_dependency.list 24042018 12:01 LIST-C »
TranntarTact art rhae - N >

29 Elemente

[ =

rnruC L VED Save B LaF

* Simulink Coder wersion .14 (R201Ba) @6-Feb-2¢
* C/C++ source code generated on : Wed Apr 24 12:81:23 281
ES

* Target selection: ert.tlc

* Embedded hardware selection: Texas Instruments-:>TM5578 C
* Emulation hardware selection:

® Differs from embedded hardware (MATLAE Host)

* Code generation objectiwves: Unspecified

* Validation result: Mot run

*/

] /F*Er s k£ d kT £ LR TEXEREXREFERRRREXFERERERRERERRRREREER LR RS

* Includes
LR PR R R R P PR R R R R R R R L R R R R R R R R e R R R R R R R ]

Fl#include "APDB.h"
#include "IO Driver.h™
#include "IO_RTC.h"
#include "CounterTest.h"
#include "ccp.h”

| #include “ccp_config.h”

El‘,n'*********************************************************1

* Defines
LR PR R R R P PR R R R R R R R L R R R R R R R R e R R R R R R R ]

o modify to adjust application version */
#define MAJOR_NUMBER au
#define MINOR_NUMBER 1w

[ T e T Ty maw

make = object files (*.hex)
Tl Code Composer Studio:
http://processors.wiki.ti.com/index.php/Download CES
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https://mathworks.com/products/embedded-coder.html
http://processors.wiki.ti.com/index.php/Download_CCS

TTC-Downloader

m TTC-Downloader (C:\Users\husfabial6. TECHNIKUM.0CO\AppData\Roaming\ T TContro\ TTC-Downloader\ confi... — L
File Edit Actions Help

Flashlng the ECL: Jg S AarA i Ml X

Upload the *.hex-File from the PC to the -

Curmrent Target Application Download
ECL

TTcs 10 | APDB.. |  [\PWM_Test_et_tw\buid\apphex| 7
- Physical Connection between PC and ECL N (@ | | o -

=ows. | [faroa|[@ 0% = &) &K
9 EAN Flashing Application (Downloading/Fi ? ¢

Fash

800

Progress

d = | [

ey
- Download Software = TIC-Downloader S e——
1 1 1 13: [2€31,853s]: [Infol Connected to targets -— ‘ \u
(included in scope of delivery) U el Seis ek o o B A)

- For CAN-Connection = USE to CAN-
Interface PCAN from Peak-System

https://www.peak- &
= o-funded by the
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https://www.peak-system.com/fileadmin/images/products/hardware/product_pictures/PCAN-USB_Group_2014.jpg

Speed Controller

Controller et AWU

Enable
omega_desire
5 wileq _red »
Jooutie
UBiat V omega_desiree
bookean
Dirnction_bool nt
wiles_rad s dir
»
double LAY whlos rad s _dir
whMes_rad s " S
uintd2 Dwection
Frog_miz pb——————9—]
doutie
Swomaensce_mA
wnt 16
Countee p——————————9—1
;‘1
ErrorCotoManDig ey

whfes md s dw

ExncutonTimeMainOyg

Stromsansor_mA ine

unt 16
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ECU-Calibration with CCP

ECU HY-TTC 510

Host PC with CANape ‘

[2]
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ECU-Calibration with CCP

Schematic figure of the calibration concept
Lalibration Software CANape from Vector
nformatics - A2L
https://www.vector.com/int/en/ I
Lonnection CANape <-> ECL with VNIBS0O CAN

ntEPfaEE ¢ J«:/-,;{‘_} S AT R R
- AZL-File generated by Simulink Embedded “ M : |
Coder and TI ARM Compiler (2] : |

- [Controller Model from Simulink
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https://www.vector.com/int/en/
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CANape Example

2 - . AN
7 ) L3 . w5
’ 1 Drehzatiiegles -
N '3 11] D sandem - e 2 T 13} Numenc
- |4 ¢ I; 3
o o - - ] : j % s = = =1 EPRRPH aanar. v
E Search revcht | e 205.3325197321
- selel 2 2 279828
Cordie.  faeTime = — ] : MAFA 100, e TaC )Wy . 87963
= - {3 ) o i 3etia_AD? 6.055042268
| & \oe B deta_Memory
ue
Vet
PAND
"o
VN1GI0A (029 34)
CAN 4 .
CarMesaung 4
1 CAN 08
ONLINE
Messung dix
PR
VN1GI0A (0294 34)
CAN ]
TTCS10 . T1C510 .
[RAM] o it cep 08
ONLINE
Time, 1m0 227035
l‘:nw.ﬂnmv ad
- " = 5 s | Drchzabire )
== Co-funded by the
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The Ziegler-Nichols method Angular
speed

Setup for the speed controller == —

(PI) i 140

- [Goal: Find optimal values g
for £ and /,

- Increasing £ to the
ultimate gain £,

- Adjustment via CCP out of
CANape

- Pl-controller =

k=042 £,

4004 9

04 Vo0mf. ... WOTITR S I Q. ST Oty SSINSIINO ST uoms) &Sy

w { : -
ADO a0 : : . : : ‘
Time i - - '..' - 2 '..' oo nip '. A' '... ' .
(13 7526175, 20 139663s] 0 Se | 171 7 4 Y1g5e lyge 1945
3 Co-funded by the
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Yoy Co-funded by the

The Ziegler-Nichols method

% 151 Graphic

Name
A% aes rad s 2360007
L) w o

(=08 /,

t» 18 5445515, ot » 0 0271025 g 245 9425 9445 9 433 959 19525 19545 19565 19 %85 625 19843 19565
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ECU — adjust the DC motor speed

| PWM-Singnal out from the ECL

/ H-Bridge Input Signal
The TTCal0-ECU has no H-Bridge sl I | | | |
included. >
- External device must be used 55 St = = - = |
- The ECU controls the H-Bridge on e | ), SR E— " ——— (S S— | "PreS " |, W
. _\(j | i | A | | | i | i )
W'thaPWM Signal 0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 o
- Maximum PWM-frequency from t. ms
ECU is | kHz = Problem: H-Bridge Output Signal
structure-borne sound ] o ™ | Fe i | i
10 * = | 1
> | |
| | | |
= 5 | |
bo | L \ | L
TS § WS § O8N, J S - §
0 0.5 1 1.5

2 .5 3 3.5 4 4.5 5
t. ms

{; Output Voltage from the H-Bridge to DC-Motor . Cotundeay e
rasmus+ Programme

of the European Union
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