


Agenda

= MECHLAB & RealTime - jak u¢ime
mechatroniku

= Motivace pro pouziti USB

 ukazkové projekty
- #01. Hydraulicky stand
- #02: Edu model
- #03: Tester dataloggeru

 Detaily pouzité technologie

MECHSOFT s.r.o.



MECHLAB " MECHLAB

. @ FSIVUT v Brne
& Real-Time

- 12x MF 624 (r. 2009)
~ 25x MF 634 (r. 2020)

 8X AIN, 8x AOUT
« 8x DIN, 8x DOUT
* 4x enkodér (!)
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ular dSPACE
in'AutoBox

— - Ix dSPACE jednodeskovy (r. 2009)
- Ix dSPACE modularni (r.2011)

- hromada vybaveni od N|

Throttle - Perfektni prostredi pro vyuku Mechatroniky.

with power electronics
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Motivace = Moznosti real-time rizeni z hlediska
technologie:

- Simulink » kompilace » kéd bézi na HW
 dSPACE (50kHz)
¢ MF634 (1kHz /10kHz)
* Arduino (1kHz)

- MATLAB - kéd bézi na PC, komunikace
(typicky sériova linka / USB)

 Arduino (~50Hz)
« NI DAQ HW (~1kHZz)

MECHSOFT s.r.o.



Motivace

MECHSOFT s.r.o.

Shrnuti: co chceme?

kdd bézi na PC (MATLAB | Simulink)
min. TkHz fidici smycka (@ ~20 kanald)
rozsifitelnost na oo kanalu

16/32 bit mikrokontrolér s rozumnymi
periferiemi = low cost.

..> USB rozhrani.

OTAZKY K USB:

bude to dost rychlé?
stabilni? (a jak?)
co vsechno je tfeba udélat aby bylo?



Agenda

* ukazkové projekty
- #01. Hydraulicky stand
- #02: Edu model
- #03: Tester dataloggeru

MECHSOFT s.r.o.



Projekt #01

Hydraulicky
stand

MECHSOFT s.r.o.

= Zadani: vyvoj ridiciho systému pro
testovani hydraulického zesilovace

PLC Beckhoff =

- PLC ¢ast - programujeme v ST
- Windows cast - aplikace v MATLABU
- EtherCAT Coupler - 1/O karty

[

=

Hydrostand

~

—0-10V—

Motor

—0-10V—

Motor

—4-20mA-

Sensor

—4-20mA-

Sensor

—4-20mA-

Sensor

Beckhofft \ / EtherCAT \
Coupler

Windows [ 0 Cart ](_
] | vocat  Je

Matlab
i A | vocat  Je
| vocat  Je

Ethernet

) |epnpy | [_vocat  Je
U‘ [ wocat e

—4-20mA-

Sensor

— 2 —J _J _J

Fdd vy vy )




rojekt H#O01 = Zadani: vyvoj rfidiciho systému pro
testovani hydraulického zesilovace

= PLC Beckhoff =

draullck)'/ - PLC éast - programujeme v ST

- Windows ¢ast — aplikace v MATLABuU
stand ¥ L

&' Login to the application. (developer: MA) &% Read and write data to BECKHOFF K& Test recipes 1> Start/Stop tests

100V DO EnableOC (Zapnut chladenie oleja)
»oov S
Test Name: 4455151155 S
- |6
ov ST -
Machine type: CA300-D-2-XX-KXX-XXX-XXX 55
Description: ey A g
[m)
X @
Function : LoginSys iy ]
v DO StopM1 | []
~ DO_EnablesT1 | []
Recipe Duration | Iterations . DO_Enablest2 | [J
5100 205 = 1 =iy K DO_EnableST3 | [
1300 05 N A a DO_EnablesTa | []
= = WS DO_EnablesTs | [
Stop. 20s = 1 = LS
DO_Enableyvé | [
av r DO_EnableWV7| []
¥ DO_EnableGs1| []
N DO_EnableGs2
o DO_EnableGS3
DO_EnableTH 1
o DO_EnableTH2
v DO_EnablecH
AN - ol DO_EnableAC
~ \ DO_Enable0C
»ov . | I | 1 I DO_EnableYV5
o oo o Py N < o o < DO_EnableYV9
LoviE &' 4 N & & S N 3 1
i ~ ~ = ~ =~ =~ 'i INO_EnahlaVy.
A 3 v (5 - -
Zl‘b’ = M J 00s5 o 10s s 30s 0 S0s 605 s 20 [ 100 110s 120 130¢ 140 150 160s 1705 180< 1905 2005 200055 A
Analog Duration | Min Limit | Max Limit Signal 0 4.93 7.53 10.13 12.6 14.85 17.88 20 o
= = = = - = = = - = =
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iA0_yv1 0s 3 av 3v —
° ° ° DO_EnableGS2 a o o [m] [m] a @
A0_¥V2 os |3 2v 5| 3v i —_—
DO_EnableTH2 [m] [m] ] E
AO_¥V3 os | 2v F 3v
B - - - DO_EnableOC m] O O O O O m] =l
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Projekt #01

Hydraulicky
stand

MECHSOFT s.r.o.

= Zadani: vyvoj ridiciho systému pro
testovani hydraulického zesilovace
= PLC Beckhoff =

- PLC ¢ast - programujeme v ST
- Windows cast - aplikace v MATLABU

= Potreba testovat! Jak testovat?
- HIL simulator — ale:
potfebujeme > 200 I/O kanalu
- konvencni reseni (NI, dSPACE) ekon.
nerealizovatelné
- NAPAD: pouzijeme vlastni HW (z jiného
projektu) a ... rychlou USB komunikaci.



Projekt #01

Hydraulicky
stand

m MECHSOFT s.r.o.
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Projekt #01

Hydraulicky
stand

MECHSOFT s.r.o.

= schéma testovaciho prostredi
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Y
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- Slmulace hydrauliky

- simulujeme hydr. stand + chovani
testovaného zesilovace
- bé&zZiv Simulinku / SimHydraulics
- komunikace s MATLABem (Data Store

Memory + event listener)

= 500Hz
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Projekt #OT1 e —

Hydraulicky
stand
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Projekt #0

Hydraulic
stand

MECHSOFT

V 4

S.r.o.
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Projekt #01

Hydraulicky
stand

MECHSOFT s.r.o.

bloCcku

ViIastni maska

Automaticky popis

blockd po zvoleni

signalu

[ ]

<
SmJ
\ 1-D
D T(u)
1...250
<C
m

Al_26

» [+ HleD

Ana. in. 14 (S7 P2)
nAl_Q_Inlet

Prietok vstupny

[féj Block Parameters: Ana. in. 14 (S7 P2) nAI_Q_Inlet Prietok vstupny X
EL3058 | 8-channel analog input terminal 4...20 mA, single-ended, 12 bit

The EL3058 analog input terminal processes signals in the range between 4
and 20 mA. The current is digitised to a resolution of 12 bits and is
transmitted (electrically isolated) to the higher-level automation device. The
input electronics are independent of the supply voltage of the power
contacts. The EL3058 EtherCAT Terminal combines eight channels in one
housing. The power contacts are connected through. The 0 V power contact
is used as reference ground connection for the inputs. The signal state of
the EtherCAT Terminal is indicated by light emitting diodes.

Error LED 1 -. «— Error LED 2
Error LED 3 -_ « Error LED 4
Error LED 5 smmm ~«+— ETTOr LED 6

Error LED7 .~ mmm . Error LEDS

== e
Input 1 6 6 « Input 2 (S 6
BW : i
A f
Input 3 f «Input4 td &1 —t@id
Power contact 6 6 o— Z
+24V B i
== i
Input 5 ¥ Input 6 s by
Power contact0V __ 6 6[*—“ e . - e ’?’/H:
T®
[_]_] ‘ :
Input 7 6 '6 «Input8 LA &i PZ*
s i i
BECKHOF o
Parameters

At the output, the digital value is set to the specified number.

Number of input signal 14 5
Number of slaves unit []
Number of input in slave unit 1

Name of signal [hAT_Q Inlet v

¥ Technical data

Cancel  Help Apply



Projekt #02

Edu model

MECHSOFT s.r.o.

* Vychozi situace
- cca 10 let pouzivame

vlastni vyukovy model

se dvéma DC motory
pripojeny k PC pres MF624
rada uloh na polohové, rychlostni
zZpétnovazebneé rizeni, filtraci,
primovazebné rizeni,...

= Proc¢ chceme novy model?

stale vétsi pocet studentu
moznost pouzit Edu model pro
samostudium

moznost realizovat | Ulohu na stavové rizeni



Pr0jekt #02 u NOVy edu model

IXx DC motor
- druhy kotouc pasivni
- fada uloh
Edu model od jednoduchych
PO stavove rizeni

h V.4

X R oy

DC :.||" $ D> E@ |

MSP Config MSP Buttons MSP LEDs MSP Motor ~ MSP Accelerometer a—
Control & Gyroscope okl
. > ,C
&t e | 74 -<: =D !B: 4 D
MECHSOFT s.r.0. vsrwowr MSP Flywheel s N & B‘:aﬂew\ I
Encoder Encoder

Current Sense



Projekt #02

Edu model
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= schéma:

USB
Bridge
IMU [« :
s 5Pl Motor encoder (AB interface)
“C
< Motor current (analog signal)
7 AB interface
Magnetic » MCU <
encoder PWM Control ] PWM | von
—» » H-bridge >
sensor
2
e —x A :
Th t Battery voltage (analog signal) A
ermometer€——
L . 12v
LEDs & 3,63V
Buttons Boost




Projekt #03 * Robust 2in1 DAQ system:
- 16 kanaly, sensory tlaku, teploty, polohy

(O-10V nebo 0-20mA)
Testovani - rezim ,MERICi USTREDNA*

 dlouhodoby zaznam @1kHz

* kratkodoby @10kHz
- rezim ,,DATALOGGER*

* 1kHz

* zaznam na SD kartu

* Li-ion baterie —az 60hod. mereni
« trigger/sleep mode

« GSM/LTE/GPS komunikace (status,
pozice, nameérena data)
MECHSOFT s.r.o. - robustni box a konektory, IP67




Projekt #03

Testovani
dataloggeru

MECHSOFT s.r.o.

Zadani:
- privyvoji jsme ladili problémy
* sleep mode mikrokontroleru

e zapis na SD kartu

- dlouhodoby test = simulace signalu na
16 kanalech

—~ Simulator
/ Master \

USB

FTDI RS485

(UART)

D 8x Slave
Events and —]
Listeners
Pic AOUT 16
eI
\
\4

N )/

[Datalogger 3.gen ]



Agenda

Detaily pouzité technologie
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Detaily
pouzité
technologie

MECHSOFT s.r.o.

= Pouzivame vlastni HW (MCU dsPIC a PIC32)

» FTDI USB &ip (High Speed USB FTDI

FT2232H)

- komunikace s MCU pres SPI

- cely USB protokol je vyreseny na Cipu - nizsi
pozadavky na MCU

- FTDI ma free drivery

- Full duplex komunikace zabezpecuje minimalni
zpozdéni a max. rychlost fidici smycCky (az 2kHz).

* Na strané PC je potreba pouze USB 2.0.
( Pe \ / Master

USB f )
Matlab_ﬁ » FTDI
A A i
Events and
Listeners Y .
PIC
A J
S| | Simulink
. !




Deta“y = Kéd bézi v MATLABuU
- pouzivame DLL od FTDI

pouzité
. * open
technologle * read_write — full-duplex komunikace
* close
- casovani:

e pomoci tic-toc (presnost le-6 sec.)

* sledujeme Cas jednoho kroku i celkovy
cas
- zapisovani/¢teni dat reseno pres spec.
objekt

MECHSOFT s.r.o.



Detaily
pouzité
technologie

MECHSOFT s.r.o.

Kéd bézi v Simulinku
- MATLAB komunikuje s HW

- umoznuje pouzit fixed step i variable step

- Postup simulace:

* inicializace - vytvori se objekt v MATLABU,

kontrola HW
e krok

- MATLAB vyc¢te data z HW / zapisuje
- MATLAB zapise data do Simulink. blo¢kd

- Simulink provede krok

- Simulink posle event
(MATLAB posloucha -viz
add_exec_event_listener).

- PC N\

Matlab

A

Events and
Listeners

‘ ? wf
Simulink
-/

7~ 500Hz

usB




<

MATLAB + USB = profesionalné
pouzitelny systém pro fizeni/HIL.
= Ridici smycka do cca 2kHz.

= Skalovatelnost.

= Vyborny pomér vykon/cena.

= Prakticky ovéreno.

Zaver

Vice informaci: info@mechsoft.cz

MECHSOFT s.r.o.
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