| Systém zberu dat

’ Senzory I = Data acquisition system (DAQ) ’ " e L Ly
o Senzoricky element (princip, oby¢ajne analégovy) D s ey i
o Obvody pre upravu signalu (signal conditioning)

= Sposob zapojenia senzora, napr. mostik, konverzia prid, odpor, kapacita, indukénost, ... na napétie,
zosilnenie/zoslabenie, galvanické oddelene, ...

o Digitalizacia
o Korekcie (korekcia, linearizacia, filtracia, prepocet velicin, ...)

prof. Ing Jan Saliga, PhD. o Riadenie, vizualizacia, archivacia, ...

v = Pre korekciu a linearizaciu je potrebné poznat parametre pouzitého
KEMT FEI TU KoSice senzora:
2015 o Jednotlivé kusy sa liia, vyrobca ¢asto udava 3pecifické parametre (konstanty do

rovnic) pre konkrétny kus

'TEDS senzory (IEEE 1451.4) | Komunikaéné rozhranie IEEE 1451.4

= Standard pre analégové senzory s implementovanou tabulkou = Dva typy zmieSaného (kombinovaného) rozhrania:
parametrov - Transducer electronic datasheet (TEDS)
o Déosledok: Plug and play plugS ea:snf’lay Analog Signal

IEEE 1451.4 Plug and Play Sensor
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'Formit dit v TEDS | Prenosovy protokol

& Transducer with standard 5. Transcucer with standard TEDS . X L . )
TEDS content __ana caibration bl TEOS = Master-slave, multridrop, serial, napajanie od mastra, data vysielané
o R cez otvoreny kolektor
Setecior (b5 Selecior (7 = Class 1 negativna logika so zapornymi hodnotami napétia (kladné

Templto 0 (8 bits) . . P .
e znamenna prechod do analégové rezimu = merana hodnota), class
Standard Templais TECS Standard Tempiats TEDS. 2 pozitivna logika (0V, 5V)
10-25139) 10=25 1030)
| = Prenos:
Stector s, T Sdocmobis | o N

‘Extandsd End Selector (1 b a Immallz_ar:la - reset pulze od mastra - presence pulze od slave pred kazdou

User Dats Calibration TEDS Template komunikaciou
(1D =40 10.42) 2 ROM function commands (kazdy senzor méa 64bitovy jedine¢ny kod - sériové

L sewcorwas) | ¢islo - adresu v ROM, vyuzivany pre adresovania ak je viac senorov v systémke -
Exlended End Sefector (101 multidrop)

User Data o Memory Function Command and Data Transfer - &itanie TEDS
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TENZOMETRE - SNIMANIE,
TLAKU SILY, DEFORMACIE, ...

| Stvrtinovy mostik

o= (1)
srain (€) = GF(T+ 2V, Re

in () = =Y __ (1+8)
srain (£) = Grcie2vy <\ *Re

IEEE1451

IEEE1451.0 - zékladny IEEE Standard for a Smart Transducer Interface for Sensors and Actuators - Common
Functions, Communication Protocols, and Transducer Electronic Data Sheet (TEDS) Formats

IEEE1451.1 - IEEE Standard for a Smart Transducer Interface for Sensors and Actuators-Network Capable
Application Processor (NCAP) Information Model

IEEE1451.2 - IEEE Standard for a Smart Transducer Interface for Sensors and Actuators - Transducer to
Microprocessor Communication Protocols and Transducer Electronic Data Sheet (TEDS) Formats
IEEE1451.3 - IEEE Standard for a Smart Transducer Interface for Sensors and Actuators - Digital Communication
and Transducer Electronic Data Sheet (TEDS) Formats for Distributed Multidrop Systems

IEEE1451.4 - IEEE Standard for a Smart Transducer Interface for Sensors and Actuators - Mixed-Mode
Communication Protocols and Transducer Electronic Data Sheet (TEDS) Formats

IEEE1451.5 - IEEE Standard for a Smart Transducer Interface for Sensors and Actuators Wireless
Communication Protocols and Transducer Electronic Data Sheet (TEDS) Formats

IEEE1451.6 - nie je

IEEE1451.7 - IEEE Standard for Smart Transducer Interface for Sensors and Actuators--Transducers to Radio
Frequency i (RFID) Systems Ct Protocols and Transducer Electronic Data Sheet
Formats

' Tenzometer (strain gauge)

Odpor sa meni s pédsobenim namahania alebo sily (deformacia)
Pouzivaju sa v mnohych aplikacidch ako merania polohy a posunu, --—-W\ o=

véhy, dizky atd.
Material - kov, félia, polovodig, vid prednasku Ing. Andrasa ‘
Zakladny parameter:

"
5 gauge factor (kalibragny faktor) GF = %

Ly

AR zmena odporu R odpor bez nama 3 & napétie

5 GF byva v jednotkéch pre kovové tenzometre (linea A
(nelinearne)

Praktické zapojenie obycajne vo forme

Wheatstonovho mostika

o Vmostiku mdze byt 1, 2, alebo 4 aktivne
- citlivost'

polovoditové

Vantsmined) - Veynsoined)

hittp://www. ni.com/white-paper/4172/en/

| Polovicny mostik
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R 08 arain o) GF[(|+v)—2V,(v»l)]x(l+F‘L)
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Poisson efekt - ak sa material deformuje pdsobenim sily v jednom
smere, deformacia sa objavi aj ostatnych smeroch
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| Akcelercia - —

wring
ﬂ«z&a{] . uﬂﬂnﬁm\-mm
Newtonov zakon F=ma o ] o ]

I =

a) Spring-mass system with no acceler- b) Spring-mass system with acceler-
ation ation

Hookov zakon (spruzina) F = kAx
ma = kDx

e=%ax
m

Akceleracia sa udava ¢asto v g (gravitacné zrychlenie =

9,81m/s?) a byva v rozsahu od jednotiek po stovky g

Frekvenény rozsah od 0 do jednotiek aZ desiatok kHz el

Siroké vyuzitie v praxi, najma vibracie rotujicich asti "= M)

strojov, seizmické merania a otrasy, narazy a udery, P bt

zistenie pozicie (nato¢enie mobilu alebo tabletu) ,...

LVDT - LINEAR VARIABLE
DIFFERENTIAL TRANSFORMER

AKCELOMETRE - MERANIE
VIBRACII, ZRYCHLENIA, ...

| Principy akcelerometrov s sy, =

7. i squeeres crystal

Piezoelektricky - piezokeramika alebo

monokrystal 1. Naws 3. Souerzed

= Kapacitny - najéastejSie na ,'”: C ] g.']"";i‘n“.n
mikromechanickych systémoch (MEMS) vo o ...,',,.....m
forme integrovanych obvodov St

(www.analog.com)

1. Mass presses 2. Mass closes plates,
capacitor plate  changing capacitance

LVDT




LVDT princip | LVDT praktické usporiadanie

L'm(x) 14X .
™M t 3 cievky Primery Core

Vi |Vs 1 primarna a 2 sekundarne

Sekundarne su symetricky

&

usporiadané voci primarnej \ — — —\ ——
le Cievky su usporiadané voci / . / .
s spoloéne;j osi s feromagnetickym Secundaries Signal conditioner
M jadrom, ktoré sa méZe pohybovat v
smere Osi.

LVDT - priebeh napati
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The sensitivity has a maximum for
_ 1 [RR, |Vs
2n\ 2L,L,
— (o] X

At this frequency the input (primary) and the output @
(secondary) voltages are in phase or in opposition. 1s0°
This is important for the synchronous detection.




'LVDT - dprava signilu 'LVDT - dprava signilu

Usually with synchronous detection

. . Signal to
(coherent detection or phase demodulation) detect f\f\_j\
Signal to
signal to ~detect m/_
detect inverted
Sinal to Reference
detect (primary)

inverted c

R ] If primary and
Coriemaryy 2% It primary and secondary are in
d hase opposition
El>_ secondary in phase E i

LVDT uprava signalu LVDT - priklad parametrov

: Py Electrical Specification B1i5 Bi5 B 25
Integrated signal conditioner (AD698) AC operation - calibration @ avrms ] Skiz  25kiz|Skitz_2oirz] skHz  2.skiz
Non-linearity % =0 .25% of full rangs
FEATURES ISsnsme mvVmm 5% | 158 osa | o7 255 | 16 152
Single Chip Solution, Contains Internal Oscillator and Energising curment many 21 2z 1e 22 11 22
wokage Reterence FUNCTIONAL BLOCK DIAGRAM Cutput impedance O total (secondary coils) 160 4oa2 750 410 340 215
Interfaces 1o Halt-Bridge, 4-Wire LVDT Inputoutput phase shift =2° (+ieading, -maging) 16 25  an a0 0o 40
DC Output Proportional to Position
08 \Dutput Proportio Zera phase shift frequency kHz 48 20 a7  ao 50 43
Unipolar or Bipolar Output Resiclual voltage @ null <0.5% full range ouiput
VOV"" ‘I\IHLDB‘:“'IAC Bridge Signals Energising valtage range 1-10Wrms.
Linoarity: 0.05% Energising frequency range kHz* 0.4-10kHz

Output Valtage: =11 V
Gain Drift: 20 ppm/°C (typ}
Offset Drift: 5 ppm/C (typ)

Why mV/V/mm ??

Vlastnosti LVDT ' Aplikicie LVDT

*  High resolution: better than 0,1% _ = Measurement of displacement and position
= It works with very low friction (no contact between the core and the coils) . .

= High mechanic lifetime = In zero-detectors, used in position feedback
= Resistant to “over-displacements systems (aircrafts and submarines)

= Sensitivity on one direction

= High sensitivity (depends on the frequency) = In machine-tools, as positioning detectors

= Reproducibility
= High dynamic response
= High linearity (0,05%)




LVDT - Applications

Thickness
detector

LVDT - Applications

LVDT 1

Slope detector

| Co je tlak?

= Tlak je definovany ako sila na jednotku plochy W\T'“AA

= Existuju 3 principy merania

Absolutny

1)
A
|/
]

pomerny voci
atm. tlaku (gauge)

pomerny voci
refer. tlaku

LVDT - Applications

LVDT 2

Eccentricity or

alignment detector

MERANIE TLAKU

| Tenzometricky princip

= Tenzometer je umiestneny na membrane

= Deformacia membrany je zavisla na
rozdiele tlakov na stranach membrany

= Mera sa obycCajne pomerny tlak voci
atmosférickému

= Medzna frekvencia do 1000Hz

= vhodné pre dlhodobé merania a tazké
podmienky




| Kapacitny a piezoelektricky senzor | Magneticky odpor

nsuiating
Malerizl

RearCaviy:
Terninatons,
StlicPate e,

= Kapacitny senzor — tlak meni vzdialenost medzi s
elektrédami — mera sa kapacita o .. i . )
» Dobré linearita a dihodoba stabilita, nevhodné =" = Pouziva sa pre meranie velmi malych tiakov ]
pre vysokeé teploty ~ = Vplyvom tlaku sa deformuje Cast' magnetlckehq obvodu a tym
odpor v magnetickom obvode (reluktance - variable-reluctance

A . JUTT . pressure (VRP) sensor)
= Tlak spdsobuje deformaciu piezoelektrického S

materialu — vytvara sa napétie Disghragn = Citlivost je dana faktom, Ze mag. Odpor vzduchu vo vzduchovej
. . A P . L J/ medzere je radovo 1000krat vacsi ako feromagnetického materialu
= Nevyzaduju napajanie ale nabojovocitlivy EA——A—] magnetického obvodu
zc_)s.lln.ovat” . SDE Ouiput = Pre zvacsenie citlivosti zapojenie do mostika (vid tenzometre)
= Citlivé na udery a vibracie P g

\

Base Crystal



