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Pfehled info-markeru @‘@3

Informace obsaZené ve slajdech prednasek jsou rizné ddlezité pro riizné
studijni obory a zaméreni. Na nékterych slajdech muze byt znacka, ktera
informuje o vyznamnosti a dulezZitosti prezentované informace.

dulezité - vyzadovano u zkousky
informativni slajd s "doplnkovou" informaci

Pokud slajd neni oznacen, tak je jeho dulezitost stfedni (néco mezi
dulezitym a informativnim).

@zékladm’ znalosti z pfedchoziho studia (fyziky, matematiky....)
'@ zasadni informace pro pochopeni dalSi latky

Informace souvisi s prumyslem, praktickym vyuzitim a ma stfedni ddl
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Shimace

A\ & 4

* Merici retezec

* Pripojovani vybranych periferii
* Shimace teploty

* Snimace sily a tlaku

* Snimace polohy

* Snimace osvetleni

Ripka P., Tipek A, Master Book on Sensors, BEN&CVUT 2003, ISBN 80-7300-
129-2, EAN 9788073001292.
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Pripojovani periferil O

 LED dioda
‘POQT}DO—E—DJ

. Zarovka

PORT
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Pripojovani periferii

e Indukcni zatez

PORT

 Galvanické oddéleni
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Terminologie

« Cidlo (sensor)
e SnimacC (sensor ;)

Snimany
proces

Senzor
— Vyhodnocovaci /
Snimaci prvek pfizpisobovaci
(€idlo)

prvek

Dalsi obvody

komunikace
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Rozdéleni snimacu

Podle hodnoty:
* Absolutni
o Relativni

 Rozdilove (diferencni)

Podle media:

Staticke fluidum
Pohyblive fluidum

©*ZIp 2010-2015

Podle fyz. principu:
e QOdporove

o Kapacitni

e |nduktancni

* Piezoelektricke
e QOscilacni
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Shimace
Typy elektrickych snimacu

» Generatorickeé (aktivni)
Pri pusobeni neelektrické veli¢iny se snimac¢ chova
jako zdroj elektricke energie

» Parametrické (pasivni)
Pusobenim neelektrické veliCiny se méni néktery z
jeho parametru
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Shimace

Vlastnosti elektrickych snimacu
neelektrickych veliCin

» VVetsi presnost

 VVetsi citlivost

* Moznost dalkoveho prenosu

* Moznost zaznamu

* Moznost ,strojového” zpracovani

* Moznost méereni na velkem poctu mist
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Kritéria vybéru snimacu
Prostredi a podminky mereni

Vlastnosti mereného media (fyzikalni a
chemicke)

Spojité Ci nespojitée snimani stavu hladiny
Uc&el méfeni

— Regulace vysky hladiny

— Pouze mezni stavy

— bilancni mereni mnozstvi naplnée

Presnost méreni a merici rozsah
Cena za zarizeni

©*ZIp 2010-2015 Snimace



SNIMACE TEPLOTY

Principy:

e Fyzikalni a prima mereni
e Termoelektrické metody
« Odporove detektory

e Termistory
 Monolytické senzory
 Pyrometry

©*ZIp 2010-2015 Snimace



Snimace teploty - jednotky

Teplota Teplota
tani vody  varu vody

O+I_l—>

Celsius -273,15 0 100
Kelvin 0 273,15 373,15
—ahrenheit -459.67 32 212
Rankine 0 491,67 671

Pouziva se v anglosaskych zemich (hlavne v USA).

G. D. Fahrenheit (1686-1736) zaved/ pro 0 teplofu smesi/ leau,
vody a salmiaku. Jako horni teplotu uzil teplotu zdraveho
cloveka a oznacil ji cislem 96. Vse rozdelil dvakrat po 12 dilech
a kazdy z nich na 4 dilky - stupne.
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nimace teploty — umisténi ¢idla
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Snimace teploty

Sklenéné teplomery

e Rtut' : tuhnuti -39 °C, var +360 °C
e Alkohol: -110 °C az +50 °C
 Pentan: -200 °C az +20 °C

e Toluen: -70 °C az +100 °C

©*ZIp 2010-2015 Snimace



Snimace teploty

Expanzni teplomery
e Rtut': -40 °C az +600 °C
— Linearni do 500 °C
e Xylen: -100 °C az +400 °C
— Linearni do 150 °C
e Alkohol: -40 °C az +150 °C
* Dusik: -250 °C az +800 °C

Plneni pod tlakem az 7MPa
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Expanzni teplomery

D Snimace teploty
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Snimace teploty

Bimetalicke teploméry Rozsah Pl“‘esno;tmw
- : 0°C-50°C | 05°C
g E 0°C-100°C | 1°C

-10°C - 110 °C 1°C

0°C-200°C | 2°C

0°C-300°C | 5°C

100 °C - 500 °C 5°C
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Snimace teploty

Ruzné tvary bimetalickych teploméru

-

[ ] o Rkl
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/iy
L1 : Washer

/ Helix
Spirdl »
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Snimace teploty

Termoelektrické snimace

 Thomsonovo napeti
o Seebeckuv efekt (Peltieruv efekt)
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Snimace teploty

* Thomsonovo napéti

® Goy - 2,2uV/°C
© @ ®§g/ oFe .. 2,2up?\///°C
990 OR®) [ &

940 2 == —
/6@ @ i = fj’z (% >7)

. dE .. generované napéti
dE — O-dT o .. Thomsonuv koeficient

dT .. Rozdil teplot

©*ZIp 2010-2015 Snimace
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Snimace teploty

o« Seebeckuyv efekt

tj. jev prevodu tepelné energie na elektrickou. Uzavreny
obvod ze dvou materialové ruznych vodicu nebo polovodicu.
Protéka jim proud, pokud maji oba spoje A i B ruznou teplotu
dT=T,-T, . Jestlize uvedeny obvod rozpojime, bude na
vzniklych svorkach elektrické napeti dané Seebeckovymi

vztahy: ®
>0V
?IJ< J (% >7)

0,
dUAB:SA,BdQ . U(A,B):ISA,BdQ
0

B

http://fyzika.jreichl.com/main.article/view/910-seebeckuv-jev u
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Snimace teploty
Termoelektrické snimace

Studeny konec
termoclanku

+
vy s Cu
Merici
Spo)
(teply konec - Cu
Termoclanku) .
Kompenzacn
vedeni | ,
Termoelektricky Spojovacl
vedeni

clanek
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Snimace teploty
Termoelektrické snimace

UmVIA E: NiCr-CuNi
60 1 E < Fe-Ko
50 | J: Fe-CuNi
a0l Feko/ N T: Cu-CuNi

B K: NiCr-NiAl

2 L N: NiCrSi-NiSi
20 R C: WRe5-WRe26
10 B R: PtRh13-Pt

1 . | | o | S: PtRhi10-Pt
500 1000 1500 2000 SI°Cl | B: PtRh30-PiRh6

0
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Snimace teploty
Pripojovani termoelektrickych snimacu




Snimace teploty

Resistance

Od pOI"OVé snimace (RTD) Temperature

R:RO (1 _|_o(9-) Detector

je soucinitel odporu
Ro[Q] je odpor teploméru pfi teploté O °C.

alK 1]

R — R, ° Tento vztah plati pro teploty
a = LU L 0..100 °C

100 - Ry - provyssiteploty plati nelinearni
vztahy
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Snimace teploty
Odporovée snimace (RTD)
R F 3
R,
3: Nickle
6 -
5
4 L
3 .
5L Platinum
| L T SO D N JRES. S ) S NS
-200 200 400 600 800 1000

Temperature ( °C )
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Snimace teploty

Odporové snimace

> NejrozSirengjsi platinové teploméry

4 tfida A (-200 °C az 650 °C)

A tfida B (-200 °C az 850 °C)

1 R0O=100 [Q] (nejbezngjsi), event. 200Q , 500Q a 1000Q
» dale niklové (-60 °C az 180 °C), médené, molybdenoveé

> pro extrémni teploty razné slitiny (napfr. Rh-Fe, Pt-Co)

Cu - pro rozsah od -50 do 200 °C : a = 4,26.103 [K}]
Pt-a=3,85.103 [K1] (dle Cistoty)

©*ZIp 2010-2015 Snimace



Snimace teploty

Thermistor

w
l-""-
L]
L

Thermocouple

©*ZIp 2010-2015
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Snimace teploty
Polovodicové snimace

1 1
Ry =R, - eB(@l_@r)

10° L——

100 0 100 200 300 400 -

98[°C]
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R, [€] - od
R, [€] - od
B [K] - tep

NTC

ermistory - negastor = zaporny souc. odporu

DOr pri 0,
DOr pri 0,
otni

konstanta“ zavisla na

materialu,

Vyroba praskovou
technologii ze smesi
oxidu kovu

Snimace



Snimace teploty

Polovodicove snimace PTC
ermistory - pozistor = kladny soué.odporu

Vyroba z polykrystalicke feroelektrické keramiky.
Pouzivaji se ¢asto jako dvoustavove senzory .

@ C a2 +200°C)

Ni (-80°C az +200°C)

dano chemickym
slozenim

—

3 [°C]
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Snimace teploty
Polovodicové snimace

Napr. pro vztaznou
teplotu 6=298 K je

AU.= -(1,5 aZ 2,5) mV/K

T,>T
1.5 - 27 1y
A

0 ' : T L ¥ T }
0.7 . on
0.4 0,5 0,6 7 U v
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Snimace teploty

Pyrometry

 Bezdotykove mereni

e Sledovani
elektromagnetického
vinéni (viditelné i
infraCerveneé)

o Kazde teleso teplejsi OK
vyzaruje radiaci umernou
teplote

e Srovnavani se zarenim
idealné Cerneho telesa

©*ZIp 2010-2015
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Snimace teploty

Pyrometry

TPT2 |-32.+400°C |7-18pm | 1201
TPT3 |-32.+545°C | 7-18pm | 1201
TPT6 |-32.+600°C | 7-18pm | 30:01:00
TPTS |-32.+760°C | 7-18pm | 50:01:00
TPT80 | -30.+1200°%C |8-14pm | 751
TPT 80 | +B00. +3000°% | 1pm | 18071
TPT 90 | +200. +1800°% | 16pm | 90

http://www.tmvss.cz/flir/
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@ Snimace teploty
Pyrometry

i7cmatzdm )

O10cemat 15 m
D2B8cmath m

Qo6emaldm

----------

E

Thermopoint TPT2D 5 = 12001 &t fecus poant =

' http://www.tmvss.cz/flir/ =
| ©*zip 2010-2015 Snimace =I= -




U SNIMACE SILY A TLAKU @

M¢éteny tlak l

ABSOLUTNI

Meéteny tlak l Méteny tlak l
ROZDILOVY g
©*zip 2010-2015 SnimIée E:E-




Snimace sily a tlaku

Deformacni

» Membranove (s tenzometrem)
» Trubicove

» Kapacitni

» Induktancni

Cy ’i &

&)

ORI, ] B TR

EZZ
. K
1~ M tF‘

-
R
3
-]
b
-]
]
3
I-'Ih
-]
3
8
]
o]
]
L
-]

gm-.x m
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Snimace sily a tlaku

v s plug
Deformacni ,,, B\
| 3 '
Nl SSZ Y

—

|~ potentiometer

———  wiper

~___— spiral

| cell

____— case
il
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Snimace sily a tlaku

k" | :!-. y

Dratkove a foliove odporove tenzometry

L

I[I i 1
Zmena odporu zavisla na zménach
zpusobenych deformaci tenzometru, tj. na
[ zmeénach geometrickych rozméru nebo na
R — p — zmenach krystalografické orientace
S tenzometru.

...1 polovodiCoveé provedeni

http://www.tenmex.pl/index.php?action=tensometr&numer=32 =l=

©*zip 2010-2015 Snimace ]



Snimace sily a tlaku

Kovove | polovodicove tenzometry maji
ve stavu bez deformace odpor typicky
120Q) , 350Q a 1000Q.

U polovodicovych tenzometru je
pomerna zmena odporu nelinearni, lze |i
linearizovat jen v uzké oblasti.

Na polovodicove tenzometry ma velky
vliv teplota

©*ZIp 2010-2015 Snimace



Snimace sily a tlaku

Zapojeni do mustku

Crvrtmustek Pulmaustek Pilmiistek

Kompenzacni tenzometr Zapojeni dvou méricich tenzometru
ma stejné parametry a je (dvojnasobna citlivost - eliminace
vystaven stejnym vlivu teploty)

podminkam jako merici
tenzometr, nesmi byt
vSak namahan.

a) Souhlasné namahany
b) Nesouhlasne namahany

|
— ]
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Snimace sily a tlaku

Magnetostrikcni

Mechanicka deformace méni ve
feroelektriku permeabilitu

Magnetoanizotropni

Mechanicka

deformace deformuje
| magneticke pole

Pro velké sily [MN]

©*ZIp 2010-2015
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Snimace sily a tlaku
elekirody

Piezoelektricke

piezoelektricky jev = polarizace
krystalickych / polykrystalickych
dielektrik a
* pfi pusobeni mechanického napéti
(primy piezoelektricky jev)

» deformace pfi pusobeni vnéjsSiho
elektrického pole 3 )

(neprimy piezoelektricky jev) ‘41 2

Fx vyvola na elektrodach
naboj umeérny sile

Fy vyvola pficny jev a naboj je
zavisly na rozmerech Podélny — pri¢ny — stiizny

W
||
||
|
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SNIMACE POLOHY (LPD)

Odporové Level, Position, Distance

Induktivni
Magneticke
Kapacitni
Opticke
Ultrasonicke
Mikrovinneé......

©*ZIp 2010-2015 Snimace



@ Snimace polohy

Odporové

o

CLD *} RﬁR I lUE

Resistive track

FPush rod

Slider

" “Conductive
track

N
S
S
R
(]
=
=
=
=
~~
o
4+
+—
=
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Snimace polohy
Slider Odporoveée

Rotation

Conductor axis

track ——
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Snimace polohy
Indukcnostni - cca do 0,1mm

Vyuziti zmeny vlastni L= f (x) indukCnosti r

L/\

L: lLlOSNZ
2X

> X L.vlastni induk&nost
Uo..permeabilita vakua
S..prurez feromagnetika
N..pocet zavitl

X..mereny posun

©*zip 2010-2015 Snimace ]
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Snimace polohy
Indukcnostni - cca do 1mm

Vyuziti zmeny viastni L= f (x) indukCnosti

AL
L

N

©*ZIp 2010-2015

X
: 2—
AL 5,
LT T )
L X
: 1
: 50
> X
+ 0
i L..vlastni indukénost
! X..méfeny posun
: d..vzduch. mezera
1]
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Snimace polohy
Indukcnostni - cca do 10mm

Vyuziti zmeny viastni L= f (x) indukCnosti

L/\

_ HSNV'x
25,0

L..vlastni indukCnost

Lo--permeabilita vakua
> S..prifez feromagnetika
X N..podet zavith
X..méfeny posun
0..vzduchova mezera

©*zip 2010-2015 Snimace ]
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Snimace polohy
Indukcnostni - cca do 1mm

Vyuziti zmeny viastni L= f (x) indukCnosti

(!

E SN
I |
E ?N s> L..vlastni indukCnost

L ¥ X.méfeny posun

©*ZIp 2010-2015 Snimace



Snimace polohy
Indukcnostni - cca do 10mm

Vyuziti zmeny viastni L= f (x) indukCnosti

| A
I L]_ | i
i i L
©*zip 2010-2015I Snimace E.E



Snimace polohy
Indukcnostni

Vyuziti zmény vlastni L= f (X) nebo vzajemne M= f (x)
iIndukcCnosti
X U,(jo) A N 2

dI.\m:Ad / L —_
Z.(jo) Z,(jo) '

R, =
6 ) lLlrlLlOS
U, (jo) U jo) —_— | delka_ , o
v " U, .. relativni permeabilita jadra
. 1, .. permeabilita vakua
S .. prurez jadra

©*ZIp 2010-2015 Snimace
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Differential Transformer
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Snimace =o|oh¥ﬂ
Indukcnostni _WJ

Sec. 1 Sec. ?

F

LVDT
7, Primary

\_/ \_/ Excitation

N /N /TN seet
\_/ \_,/ Output

Sec. 2
Output

)

Sec. 1+
" Sec. 2

http://www.rdpe.com/displacement/lvdt/lvdt-principles.htm
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Snimace polohy

LP801-150, $535, shown with
DP41-E meter, $545.
See Section D.

Dimensions: mm (in)
SHAFT EXTENSION, FOR USE w/ 6.00 mm (0.24") SHAFT
1/4 - 28 NF-2A THREAD

11 mm (7/16")ACROSS FLATS TYPICAL

6.4 mm (1/4") ACROSS FLATS
11 mm (7/16') FOR 1.2 m (48") STROKE) <A
Sjaci, \ ‘-\?-\

Shown smaller
than actual size

LP801

LF801 Series 535

(6 to 48") Ranges TR . :
(0.84) 3.96X7.93SLOTTYPICAL (5 3
(0.156 X .312)
1~ Rugged Construction MOUNTING FEET (2) VIEW A-A
and Shaft Seals for
SPECIFICATIONS
n Total Resistance: 5000 Q + 20%

Linearity: +1% FS

Hysteresis: +0.025 mm (0.001")
Repeatability: +0.012 mm (0.0005")

Incremental Sensitivity: 0.0013 mm
(0.00005")

MODEL 124

©*ZIp 2010-2015 Snimace



Snimace polohy
Selsyny

pro méreni uhlové polohy — jako elektrické asynchronni stroje
slozeny ze statorovych a rotorovych vinuti, pootoCenim rotoru
se ve vinutich statoru indukuji napéti, jejichz amplituda je
zavisla na uhlu natoceni.

Dvojice selsynu se pouziva jako elektricky hridel.

Induktosyn

Jezdec se pohybuje nad
pravitkem, obe vinuti jsou
vyrobena technologii plosnych
spoju na podkladovych deskach |
ze skla, keramiky nebo
nemagnetickeé ocele s izolacni
VIstvou.

pravitko

©*ZIp 2010-2015 Snimace
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Snimace polohy

IndukcCnostni
n+0,25 5
P -:ﬁ’w ) output
U-sinot U-cosmt U(t] ZK"U'G{}S(L:}t— ){)
— ':—'-'—vf—o":
| I
E
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Snimace polohy

Y Magneticke v
e Jazyckove rele
CA
i | On Off
A
| f4-N—s+
_.fi _';}ﬁ 0+ o
b i y
o 7 e On Off
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Snimace polohy

- <

Magneticke

Hallova sonda

Magnetické pole kolmé na
elektricky proud pusobi, ze
volné nosicCe elektrického
proudu jsou ve vodicCi
vychylovany z podélného
smeru a vytlacovany k
okraji. PriCinou teto odchylky
je elektromagneticka
Lorentzova sila. Mezi okraji
vodiCe se tedy vytvori rozdil
potencialu, kolmy na smér
proudu — Hallovo napeti.

©*ZIp 2010-2015 Snimace



Q) Snimacde poloh
P yMagnetickﬂ

e Snimac posunuti magnetické pasky

S —1—o0
e i

I http://www.ite.tul.cz

©*ZIp 2010-2015 Snimace



Snimace polohy O

Magnetické

I http://www.ite.tul.cz

©*ZIp 2010-2015 Snimace



Snimace polohy
Kapacitni

Vyuziti zmeny nektere z veliCin, ktera urcuje
Kapacitu kondenzatoru (kapacita snimacu se
nohybuje v 10! az 102 pF).

K vyhodnoceni se pouziva diferencialnich
mustku nebo rezonancnich obvodu.

v Zména dielektrika
v Zména vzdalenosti elektrod
v’ Zmeéna plochy elektrod

©*ZIp 2010-2015 Snimace



@ Snimace polohy
Kapacitni O

http://www.ite.tul.cz

©*ZIp 2010-2015 Snimace



C promé&nna
vzduchova
mezera

C

{5 !iprorpénné
‘tlouStka
dielektrika

e 1
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Snimace polohy
« Kapacitn

O

Schematic symbol

Schematic symbol

©

|

<
x Oy
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bl

Transfer characteristic

C

=L

e
/‘

B

L
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|
L

v

X
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Snimace polohy
« Kapacitni

. !

= CA-F CE :EDEAE EI:IEE ':I('Em:{_f)

d d
O o=k + k&

©*ZIp 2010-2015 Snimace



Snimace hladiny

« Kapacitni
electrodes
_ Container

o
o

Liquid

©*ZIp 2010-2015 Snimace



Snimace polohy 1
» Kapacitni

iZolace
kov ova elekiroda

spaojity shitnad
stav i hlad iy

iIZolace

snimace / _.
mernich stavi @ : - kovova elektroda
T -

vodiva kap alina

T

©*ZIp 2010-2015 Snimace



lohy
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Imace po

Sn

@

» Kapacitni

Z2'|NYa) MMM/ dny

imace

I 4

Sn
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http://www.omega.com/ppt/pptsc.asp?ref=LD701&nav=prej07
http://www.omega.com/ppt/pptsc.asp?ref=LD701&nav=prej07

Snimace polohy
Optické

PES — foto-elektrické snimace
Inkrementalni Cidla

Linearni Cidla s absolutnim odmerovanim
Interferometry

Jine optické metody

©*ZIp 2010-2015 Snimace



D Snimace polohy

Prijimac

Zdroj svetla

©*ZIp 2010-2015 Snimace




Snimace polohy
Laser ‘y

PSD Position
sensor Sensing
. o Device
Triangulacni
mereni
‘ ......
d, |
I:)1
, T /
i =
dz‘
Measured object -
sic position
http://www.lasercomponents.com/uk/product/one-dimensional-silicon-psds/ =.=
©*zip 2010-2015 Snimace ]



Snimace polohy _
Inktementalni snimace

clona pravitko

©*ZIp 2010-2015 Snimace
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Snhimace polohy
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Snimace polohy

Inktementalni
snimace

©*ZIp 2010-2015 Snimace




SNIMACE HLADINY

Sp IIElZorAs Magneticky

spinac
Magneticky
/ snimac

©*ZIp 2010-2015 Snimace



Snimace hladiny

Tlakoveée

©*ZIp 2010-2015 Snimace




Snimace hladiny
Tlakove — pneumaticky stavoznak

Pro agresivni,
znecisteneé, viskozni
kapaliny

(pripadne |
diferencialni

| provedeni...)

Regulator
prutoku

Tlakovy vzduch

©*ZIp 2010-2015 Snimace



Snimace hladiny
Vodivostni

elektrody izolace

©*ZIp 2010-2015 Snimace



Snimace hladiny
Proximitni snimace

Bezdotykové snimace reagujici na priblizeni predmetu
na urcitou vzdalenost

Ultrazvukove

UZ signal je odrazen od objektu, ve fazovem detektoru se
porovna faze (zpozdeni) tohoto signalu — z rychlosti zvuku Ize
vypocitat vzdalenost

Induktancni

Priblizenim kovoveho predmetu do aktivni zony vf. elmag. pole
dojde ke zmene vystupniho napéti oscilatoru.

©*ZIp 2010-2015 Snimace



Snimace hladi~
e Ultrazvukoveé, radarové

V|P

Max /7: Lmax - L
| t
[=C—

©*ZIp 2010-2015 Snimace



ZRYCHLENI A RYCHLOST

Indukcni - rotujici perm. magnet
kolem civky (cyklocomp.)
Elektrokontaktni — jazyckoveé
relé, Hallova sonda

Optické — stérbinove, odrazove,
interferencni

MEMS

©*ZIp 2010-2015 Snimace



ADetektory zrychleni a rychlosti

Spring
k
Damping Mass
} m
Displacement
X

1] ]

- I 4 ~ . .

©*zip 2010-2015 Snimace ]
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Detektory zrychleni a rychlosti

« MEMS gyroskop / akcelerometr

Pohyblivy rdam se snimacimi ploSkami pracujici jako elektrody
kondenzatoru (pfi pohybu ramu zména kapacity)

* u akcelerometru je pohybliva struktura volna a hybe se jen pfi pusobeni
sily (méfi hodnotu vychyleni vnitfni MEMS struktury jako dusledek
pusobiciho zrychleni)

e u gyroskopu je s touto strukturou zameérné periodicky pohybovano
(mechanicka rezonance), aby se projevil efekt Coriolisovy sily (zjistuje
rotacni pohyb, resp. rychlost ustaleného rotacniho pohybu)

| | I | | | | INNER FRAME
aly
~ RESONATING MASS

MASS DRIVE DIRECTION

-g % S5PRINGS
W | | S
3

|
https://automatizace.hw.cz/integrovane-mems-gyroskopy I I - Brple s EEEﬁE.FI wlelai

©*zip 2010-2015 Snimace ]




Detektory zrychleni a rychlosti

« MEMS gyroskop / akcelerometr

Detekce a meéreni rotacniho pohybu
Stabilizacni jizdni systémy automobilu
Zpresnovani pozice systemu GPS
Stabilizace obrazu a predmétu
Zjistovani zmény polohy, detekce pohybu \
Méfeni setrvaénosti “

Detekce prevraceni, napr. automobilu

Navadeéni a rizeni raket, letadel, robotu

apod.

https://automatizace.hw.cz/integrovane-mems-gyroskopy

©*ZIp 2010-2015 Snimace



4Detektory zrychleni a rychlosti

Piezoelektricky /

/piezorezistivni tenzometr

Piezo rezonator

IAkceIerace

Kondenzator

©*ZIp 2010-2015 Snimace



ADetektory zrychleni a rychlosti

IAkceIerace

Magneticky detektor

©*ZIp 2010-2015 Snimace



Svetelne detektory

fotoelektricky jev = zvySovani
vodivosti pusobenim svételného
zareni.

R=R,.E™®
R, [Q2] = odpor pri osveétleni 1 Ix

(zavisi na geometrii rezistoru a
na materialu),

a = konstanta (zavisi predevsim
na materialu), 0,5 az 2.

©*ZIp 2010-2015

Fotorezistor
100 1
m:un}T
50 -
0 10 20 30 40
—a E (Ix}

b

100 4

10 1

0.1 ‘ : + '
0,01 0,1 1 ] 1040 TN
Relativni osvétleni
Autor: Filip Albert — Vlastni dilo, CC BY-SA 3.0,
https://commons.wikimedia.org/w/index.php?curid=6602695
1] ]
= = H B
Snimace LRl



Svetelne detektory

Fotodioda o 0 000
V) e S Light—
Parametricka @ 3 200 - ntensity lluminance
v =E = lumens/m?
soustava car ve IKJReverse 2000 4000 6000 (Iux)
VA charce " current 5 4 -3 2T 0B
N T W
|‘l |‘ - 100 S 2
o Dark current 15 200 g §
* Pasivni rezim ) w20 300 3 5
. , - Il m'né-ﬁce 2,5 400
o Aktivni rezim inu|uxlxﬂ]000

714

Sy

©*ZIp 2010-2015 Snimace
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Svetelne detektory

: 4 i i
Fototranzistor O 105 [ E
Ic(MA) 3000 Ix
E i
104 { (R S 1OQ.QJ.X
_. |
1300 Ix
— ;
_. 103 f—-100-Ix
30 Ix
Svetlo dopadajici do oblasti
emitorového prechodu ovlivriuje 102 1 >
kolektorovy prechod podle velikosti
osvétleni. uc(V)
©*zip 2010-2015 Snimace E.E



Svételné detektory

Snimace otisku
Snimani gest
Bezdotykove ovladani
Kombinace s displejem

ambient light ambient light

plastic
film

target
object

k™

http://www.isorg.fr ©*Zip 2010-2015 Snimace



SENZORY PRUTOKU

Ohrev tekutiny a
sledovani teploty
pred a za ohrevem

©*ZIp 2010-2015 Snimace



@ Senzory pruiitoku

LSl :
Over-range
Stop Nut | o Gear Mechanism

Cell Cap Seal
Cell Cap

Bellows

Center Nut

Cell Block

o, Pressure Ports
Pulsation s
Snubbers| _Body

Bl Body Orifice
—=f— Flow Direction

—=
7000 Series Cutaway View

©*ZIp 2010-2015 Snimace



Senzory prutoku

Ultrazvukoveé ) GRS
Narocna kalibrace '

v /Jnuﬂunn;nnﬂnﬂ

%’%ﬁ,"f //

u,,[v]t.o 4
3'5..
3'0 +
2,5 1l
2,0
1.5

0 100 200 300 400 —>
Qm[kg.h "] _




Senzory prutoku

Rotametry

mefci tru hice

V; (m3) objem téliska

r- (kg m-3) hustota téliska

r (kg m=3) hustota média

g (m s2) gravitacni zrychleni
s (m?) je maximalni prifez
teliska

rotad ni télisko

©*ZIp 2010-2015 Snimace



USnimace krouticiho momentu

Strain Gauge
tenzometrické

=l 1ol 3

Piezoelectric

©*zip 2010-2015 Snimace moE
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Snimace na cvicen

oL

— hall sensor

{

— air pressure
sensor

N
|

\,

— photocell

]

—thermometer

—acelerometer

M
i?ﬂ
SPI —

GND ()

o
voo [ )
e
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voo [ )

Analog (U) (_)
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GHD | ]
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o )
i

P
voo ([

GHD | |

voo( )

soi{" ) lsoa(™
- £ S

spo | ) A
H o

cs{ | eND( )

sensors - aktive

)45V

— reed switch

— strain guage
(tenzometr)

—

=shock sensor

y

45V

— VDD select
- > > >
=] Mown -]

" T T
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i e I e T TR
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M M g o \,___.f_._.-'\_ = -
il -
£y i &
I\_ z'l N b
o — DD S—
L ¥ { )
{ _“.. I.'_".l
P R
I\_.z'l I'_ r
P =
L) E
= \\ x.*_'\
'.\_ ! L
a 3
|\ 1

W

& i

e

(" \GND
gt

o
£
E )
A

ol ._GND_ Wy

) sensors - pasive
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Zapojeni do mustku

Crvrtmustek Pulmaustek Pilmiistek

Kompenzacni tenzometr Zapojeni dvou méricich tenzometru
ma stejné parametry a je (dvojnasobna citlivost - eliminace
vystaven stejnym vlivu teploty)

podminkam jako merici
tenzometr, nesmi byt
vSak namahan.

a) Souhlasné namahany
b) Nesouhlasne namahany

©*zip 2010-2015 Snimace 1



N FNy y

Rozsireny

Ohmuyv zakon ;)

P = Wats | = Amperas
Watts = Volts % Amperes Amperes = Wolts
Ohrns
Watts = Amperes? » Ohms Amperes = WWatts
Valts
Wolts Watts
Vilatts = =
Ohms Amperes hi
V' = Molts R = Ohms
Volts = +/ Watts % Ohms Ot s -
Amperes
Watts 2
Amperes Vatts
Volts = Ohms x Amperes _ _ Wolts
Ohms Amperes
Napr: http://www.sengpielaudio.com/FormulaWheel-ElectricalEngineering.htm =.=
Snimace 1 LR
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4 Jazy€kovy kontakt (reed switch)

Z A
@ Off
2|
s P 4
A 07 , y
Y &
}L-e On Off )
http://www.tme.eu/ .
©*zip 2010-2015 Snimace 1 -
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Jazyckovy kontakt (reed switch)

CHARACTERISTICS

DIMENSIONS

All dimensions in mm [inches]

+ Glass length of 14 mm and diameter of 2.2 mm
+ Normally open 1 Form A contact
+ Excellent for most applications and long life

expectancy
2205 |
[0.868] 44.1
[1.736]
) Switch Model — |  KSK-1A66-... CONTACT DATA
All Data at 20 °C
Contact Form — Form A
Contact Ratings Conditions Min. | Typ. | Max. | Units
Switching Power* Any DC combination of V and A not 10 W
to exceed their individual max.’s
Switching Voltage DC or peak AC 200 W
Switching Current DC or peak AC 0.5 A
Carry Current DC or peak AC 1.25 A
Static Contact Resistance at 0.5V & 10 mA 150 mQ

Dynamic Contact Resistance measured w/ 0.5 V & 50 mA, 1.5 ms 200 mQ
after closure

tme a1/

Insulation Resistance cross Contacts | 100 Volts applied 101 Q
Breakdown Voltage =60 sec. 225 vDC
Operate Time incl. Bounce 100 % overdrive 0.5 ms
Release Time measured with/ no coil suppression 01 ms
Capacitance at 10 kHz across contact 0.2 pF

http://www

AL AR "A "1

©*ZIp 2010-2015
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Fotorezistor (photoresistor)
Light Dependent Resistor

http://www.tme.eu/

<YTOKEN PGM CDS Photoresistors

> Terminology

® Light Resistance :
Measured at 10 lux with standard light A Sensitive surface
(2854K-color temperature) and 2hr. Ceramic substrate
preillumination at 400-600 lux prior testing.

Electrodes
_._ﬂj
P~

Resin Encapsulation 1\ Conducting resin

e Dark Resistance :
Measured at 10th seconds after closing 10 lux.

Lead wires
e Gamma characteristic :

Under 10 lux and 100 lux and given by y = log(R10/R100) / log(100/10) = log(R10/R100)
R10, R100: resistance at 10 lux and 100 lux.
The tolerance of yis £0.1.

_ Cds
e Pmax : e 100
Max. power dissipation at ambient 2 30 / \ \
temperature of 25°C.At higher ambient ;E \ /\ \ - CdSe
. .. %} 60
temperature,the maximum power permissible g
may be lowered. o 40 / \ b Cd(S.Se)
’ 2 &~
® Vmax : = 20
Max. voltage in darkness that may be ~ 0 —] ~
applied to the device continuously. 400 500 600 700 800 900 1000
Wavelength(nm)

e Spectral peak :
Spectral sensitivity of photoresistors depends on the wavelength of light they are exposed to and
m accordance with figure ‘Spectral Response’.

The tolerance of spectral peak is +50nm.

©*zip 2010-2015 Snimace 1



Fotorezistor (photoresistor)

fotoelektricky jev = zvySovani
vodivosti pusobenim svételného
zareni.

R=R,.E™
R, [Q2] = odpor pri osveétleni 1 Ix

(zavisi na geometrii rezistoru a
na materialu),

a = konstanta (zavisi predevsim
na materialu), 0,5 az 2.

©*ZIp 2010-2015

100
Rk0) |
50-
0 10 20 30 40
—a E (Ix}
ILF”

b

100 4

10 1

0.1 ‘ : + '

0,01 0,1 1 ] 100 TN
Relativni osvétleni

Autor: Filip Albert — Vlastni dilo, CC BY-SA 3.0,

https://commons.wikimedia.org/w/index.php?curid=6602695

Snimace 1 I



Fotorezistor (photoresistor)
Light Dependent Resistor

Y TOKEN PGM5 CDS Photoresistors

} Electronics Characteristics

Vmax | Prax Ambient Spectral Photo Dark y ResponseTime
Model wDO) | mw) Temp Peak Resistance Resistance | . (ms)
(°C) (nm) (10Lx) (KR) (MQ)min Rise Decay

PGMS5506 100 90 -30 ~+70 540 2~6 0.15 0.6 30 40
PGMS5516 100 90 =30 ~+70 540 5~10 0.2 0.6 30 40
PGM5526 150 100 =30 ~+70 540 8~20 1.0 0.6 20 30
PGMS5537 150 100 -30 ~+70 540 16 ~ 50 2.0 0.7 20 30
PGMS5539 150 100 -30 ~+70 540 30 ~90 5.0 0.8 20 30
PGM5549 150 100 =30 ~+70 540 45 ~ 140 10.0 0.8 20 30
PGMS5616D 150 100 =30 ~+70 560 5~10 1.0 0.6 20 30
PGMS5626D 150 100 -30 ~+70 560 8~20 2.0 0.6 20 30
PGMS5637D 150 100 =30 ~+70 560 16 ~ 50 5.0 0.7 20 30
PGM5639D 150 100 =30 ~+70 560 30~90 10.0 0.8 20 30
PGM5649D 150 100 =30 ~+70 560 50 ~ 160 20.0 0.8 20 30
PGMS5659D 150 100 -30 ~+70 560 150 ~ 300 20.0 0.8 20 30

http://www.tme.eu/ amE

©*zip 2010-2015 Snimace 1 -




NTC termistor (thermistor)

4 . Electrical characteristics

Item Symbol Test conditions Unit Specification
Zero Power Ta=254+0.05C
4.1 ) . Rys Test Power<0.1mW KQ 5+£1%
Resistance at 25C : A
Test in fluid liquid
B=[(ToxTp)/(Tp-Ta) | <In(Ra/Rp)

: - / +1%
4.2 B-value B25,50 TbZSOOC:I:O.IGC K 3470+1%
4.3 | Thermal dissipation 5 In still air mW/'C >?

Coefficient
l,/ &
J"P‘ F o

R25=5KQ TOLERANCE: +1%

B25/50=3470K TOLERANCE: +1% ( P219-2 )

http://www.tme.eu/

http://www.tme. eu/cz/Document/O198c5dc0c1bf0e23b8e3b7440324e74/NTCM 5K B3470 pdf

TEMP (°C) RESTSTANCE (K Q) RESISST-TOL (%) | TEMP-TOL(C)
MIN CENTER MAX AR A AT -AT
-55 342.601 | 361.195 | 380.760 | 5.416 | -5.147 | 0.740 | -0.704
—04 314.746 | 331.544 | 349.203 | 5.326 | —=5.066 | 0.737 | —0.701
-53 289.660 | 304.863 | 320.832 | 5.238 | —4.986 | 0.733 | -0.698
-52 267.018 | 280.802 | 295.267 | 5.151 | —4.908 | 0.730 | -0.695
-51 246.541 | 259.059 | 272.185 | 5.066 | —4.832 | 0.726 | -0.693
-50 227.984 | 239.371 | 251.301 | 4.983 | -4.756 | 0.723 | -0.690
-49 211.136 | 221.509 | 232.368 | 4.902 | -4.682 | 0.719 | -0.687
-48 195.810 | 205.274 | 215.173 | 4.822 | -4.610 | 0.715 | —0.684
—47 181.844 | 190.490 | 199.527 | 4.744 | -4.538 | 0. 711 | -0.680
-46 169. 094 | 177.004 | 185.266 | 4.667 | —4.468 | 0.707 | —0.677
179 9441 A _RQ1 —A 200 07102 N K74
— i
Snimace 1 mEE
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NTC termistor (thermistor)

: restsTARd
IL.H*\HI
N
- ™
TEMFERATURE TOLERANCE . !
% =
14 AN
P =
1 | | /KQ:A‘I | -\\‘\\
T
HWFW /51/ L\\_\ 0™
H""‘m.a/‘/ﬁ ==
m & B 3 W 5 5 |85 5 % & % % |5 % ® B 71 15
‘\\
o 1070
-
. ‘TEMFEEEATUHE[C] .
- B0 40 a0 20 A0 0 10 20 30 40 &0 60 70 @3 90 100 110 120 14
10
RESISTANCE TOLERAMNCE % N
O
=
e
- g
. I :
?ﬁ\\_mm f_’d:n__._.-»—éf 37 §
28 :
22~ _Am =
\11\'[71\-\_1—"‘ 14 =
1 =
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. . T o
http://www.tme.eu/ Pl i N
http://www.tme.eu/cz/Document/0198c5dc0c1bf0e23b8e3b7440324e74 NTCM—&&TS?&?O.pdf 77\7‘3‘*73‘%
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Tenzometr (stain gauge)

http://www.tme.eu/

ke

SPECIFIKACE
Vyrobce

Typ Cidla
Pracovni teplota
Vlastnosti Cidel
Vnéjsi rozméry
Max. deformace
Tolerance

Pripojeni

TENMEX

foliovy tenzometr
-40...200°C

konstanta tenzometru 2,15
45x10x0.06mm

5%

+0,5%

pajeci plosky

©*zip 2010-2015
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Tenzometr (stain gauge)

Dratkove a foliove odporove tenzometry

L

I[I i 1
Zmena odporu zavisla na zménach
zpusobenych deformaci tenzometru, tj. na
[ zmeénach geometrickych rozméru nebo na
R — p — zmenach krystalografické orientace
S tenzometru.

...1 polovodiCoveé provedeni

http://www.tenmex.pl/index.php?action=tensometr&numer=32 =l=

©*zip 2010-2015 Snimace 1 ]



Cidlo vibraci (shock sensor)

‘\ __ SPECIFIKACE |~ TECHNICKE INFORMACE (1)
. \Vyrobce SENCERA
Typ Cidla vibraci a pohybu
Napajeci napé&ti 9V DC
Pracovni teplota -40...220°C
Vlastnosti ¢idel detekuji pohyb nebo vibrace
R Vn&jaf rozmery @7 x 9.15mm
Konfigurace vystupu SPST-NO
- Reference circuit:
9V (input)
R1 4093 (differential) 4093 (integral)
100KQ C1 332-104

D D
R2 1
801 - 1M Q RV1IMQ  [C2 104

sensor

http://www.tme.eu/

©*zip 2010-2015 Snimace 1



)45V

— hall sensor

{

— air pressure
sensor

Vil
|
k

— photocell

r—————- Digital (TTL) ()
| GND i_'- -\_-

e

—thermometer ————— voo | )

|, . 1-Wire ()

—acelerometer

sensors - aktive

()+5V

— reed switch

- photoresistor

—strain guage
(tenzometr)

—

=shock sensor

) sensors - pasive
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i) Snimace na cviceni
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Halliv snimac€ (HallEffect digital sensor)

Honeywell

Table 2. SS361RT/SS461R Absolute Maximum Ratings1

Characteristic Minimum Typical Maximum Unit
Supply voltage -26.0 - 28.0 Vdc
Applied output voltage -0.5 - 28.0 \
Output current — - 20 mA
- — no limit Gauss

Magnetic flux

Note 1: Absolute maximum ratings are the extreme limits that the device will withstand without damage to the device. However, the
electrical and mechanical characteristics are not guaranteed as the maximum limits (above recommended operating conditions)
are approached, nor will the device necessarily operate at absolute maximum ratings.

http://www.tme eurcz

Figure 1. Typical Magnetic Figure 2. SS361RT Rated Supply Figure 3. Current Sinking Output Block
Characteristics Voltage Diagram
- 80
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Halluv snimac€ (HallEffect digital sensor)

POTENTIAL APPLICATIONS

Transportation

e Speed and RPM (revolutions per minute) sensing
e Tachometer, counter pickup

e Motor and fan control

e Electric window lift

e Convertible roof position

e  Automotive transmission position

Honeywell

Industrial

e Speed and RPM sensing

e Tachometer, counter pickup

e Flow-rate sensing

e Brushless dc (direct current) motor commutation
e Motor and fan control

e Robotics control

Medical
e Motor assemblies
e Maedication dispense control

http://www.tme.eu/cz
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Snimac tlaku (Gauge Pressure Sensor )

MEMS Gauge Pressure Sensor

2SMPP

MEMS Gauge Pressure Sensor Featuring
Small Size and Low Power Consumption

* Ultra-miniature 6.1 x 4.7 x 8.2 mm (L x W x H).

* Piezo Resistive element provides electrical characteristics
that are superior to capacitive type pressure sensors.

* 0 to 37 kPa (2SMPP-02) or -50 to 50 kPa (2SMPP-03)
pressure range.

* Low Power consumption of 0.2 mW

-

Terminal Arrangement Application Examples

* Medical equipment

* Home appliance

« Air movement control
» Level indicators
 Leak detection

* Pressure controller

Vout (+) '——

Non Conneted .—

GND @

http://www.tme.eu/cz

©*zip 2010-2015 Snimace



Snimac tlaku (Gauge Pressure Sensor )
B Output Characteristics - 2SMPP-03

Rated Pressure vs. Output Voltage
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Rated Pressure [kPa]

Note: 1. Ambient temperature condition: 25°C
2. Drive current: 100 pA
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Opticka zavora (photocell)

Kingbright

Fig.8 Response Time vs.
Load Resistance

1
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Load resistance R. (KQ)

Absolute Maximum Ratings (Ta=25°C)

Parameter Symbol Rating Unit
Forward Current IF 50 mA
Reverse Voltage VR 6 vV
Input
Power Dissipation Pd 75 mw
Peak Forward Current (Pulse Width <100uS,Duty Cycle=1%) IFP 1 A
Collector-Emitter Voltage Vceo 35 \'
Emitter-Collector Voltage VECco 6 \'
Qutput
Collector Current Ic 20 mA
Collector Power Dissipation Pc 75 mwW
Operating Temperature Topr -25~+85 °C
Storage Temperature Tstg -40~+100
Soldering Temperature (1/16 inch from body for 5 seconds) Tsol 260

Test Circuit for Response Time

Ve
Input

Input

°Qutput

Output
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Snimac teploty (temperature sensor)

TEXAS
INSTRUMENTS

LM19

SNIS122E —~MAY 2001 -REVISED MARCH 2013

/< / LM19 2.4V, 10pA, TO-92 Temperature Sensor
& g '

Check for Samples: LM19

FEATURES

* Rated for Full -55°C to +130°C Range
* Available in a TO-92 Package

¢ Predictable Curvature Error

* Suitable for Remote Applications

+ UL Recognized Component N

APPLICATIONS

¢ Cellular Phones

* Computers

¢ Power Supply Modules
+ Battery Management

* FAX Machines

DESCRIPTION

The LM19 is a precision analog output CMOS
integrated-circuit temperature sensor that operates
over a -55°C to +130°C temperature range. The
power supply operating range is +2.4 V to +5.5 V.
The transfer function of LM19 is predominately linear,
yet has a slight predictable parabolic curvature. The
accuracy of the LM19 when specified to a parabolic
transfer function is £2.5°C at an ambient temperature
of +30°C. The temperature error increases linearly
and reaches a maximum of $3.8°C at the
temperature range extremes. The temperature range
is affected by the power supply voltage. At a power
supply voltage of 2.7 V to 5.5 V the temperature
range extremes are +130°C and -55°C. Decreasing
the power supply voltage to 2.4 V changes the
negative extreme to -30°C, while the positive
remains at +130°C.

The LM19's quiescent current is less than 10 pA.
Therefore, self-heating is less than 0.02°C in still air.
Shutdown capability for the LM19 is intrinsic because
its inherent low power consumption allows it to be
powered directly from the output of many logic gates
or does not necessitate shutdown at all.

¢ Printers
* HVAC
* Disk Drives
KEY SPECIFICATIONS * Appliances
+ Accuracy at +30°C ¥2.5 °C (max) KEY SPECIFICATIONS
L] Accuracy at +13ODC & _5500 23.5 to 13_8 oc- Arcuracy at £30°C +2 | °C (mavy)
(max)

Power Supply Voltage Range +2.4V to +5.5V
Current Drain 10 pA (max)

Nonlinearity 0.4 % (typ)

Output Impedance 160 Q (max)

Load Regulation

- OpA < I <+16 pA

http://www.tme.eu/cz ©*ZIp 2010-2015
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Snimac teploty (temperature sensor)

Typical Application

V+ (+2.4V to +5.5V)

V't v ——

LM19
GND NC }—

Vo = (-3.88x1078xT2) + (-1.15x1072xT) + 1.8639
or

(1.8639 - Vo)
6

T=-1481.96 + /21962x106+ £
3.88x10

where:

T is temperature, and Vg is the measured output voltage of the
LM19.

OUTPUT VOLTAGE (V)

2.5

Output Voltage vs Temperature

\\
2 \\
15 \\\
1 N\
0.5 \\
N
0
75 50 25 0 25 50 75 100 125 150

TEMPERATURE (°C)

Figure 1. Full-Range Celsius (Centigrade) Temperature Sensor (=55°C to +130°C) Operating from a

Single Li-lon Battery Cell

http://www.tme.eu/cz

Temperature (T) Typical Vo
+130°C +303 mV
+100°C +675 mV
+80°C +919 mV
+30°C +1515 mV
+25°C +1574 mV

0°C +1863.9 mV
-30°C +2205 mV
-40°C +2318 mV
-565°C +2485 mV
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Snimac polohy (3D Compass and
Accelerometer Carrier )

kiPololu
Robotics & Electronics
VDD (3.3V Out)
VIN (2.5-5.5V) cpr s
GND Specifications
SDA/SDI/SDO e Dimensions: 0.4" x 0.9" x 0.1" (10 x 23 x 3 mm)
X gg;ﬁicu e Weight without header pins: 0.6 g (0.02 o0z)
Y CS e Operating voltage: 2.5Vto 5.5V
INT2 [
40, iNT1 P e Supply current: 5 mA
carrer with voltage requiator labeied wp view.| @ OUtput format (12C/SPI):

o Accelerometer: one 16-bit reading per axis

o Magnetometer: one 16-bit reading per axis
e Sensitivity range (configurable):

o Accelerometer: £2, £4, £6, £8, or £16 ¢

o Magnetometer: 12, 4, £8, or £12 gauss

http://WWW.tme.eU/CZ ©*zip 2010-2015 Snimace




(L) Snima¢ polohy (3D Compass and
Accelerometer Carrier )
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Dekuji za pozornost...

Zdenék Pliva

zdenek.pliva@tul.cz
Tel.: 3536

" 130
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