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2. Odporové snimace

Elektricky odpor

2.1 Zavislost’' na rozmeroch a deformacii
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2.2 Zavislost’ od teploty
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Obr. 33: Prevodovd charakteristika Pt100.

Elektricky odpor

]
R=p—
P

Length \/\

Zavislost’ od
i i 1. geometrické rozmery
P T e 2. teploty
. | kovy: PTC
|/ polovodice a oxidy: NTC

aleaj =y TEyAr

. piezorezistivny jav
. vihkost’

~w

Elektricky odpor - tabul'ky

# Strain Gages 1200, 350Q, 3500Q aihee 11
® Weigh-Scale Load Cells 3500 - 35000 coppecq!-

aluminivm
4 Pressure Sensors 350Q - 3500Q

lead

4 Relative Humidity 100kQ - 10MQ -

magnesium [
# Resistance Temperature Devices (RTDs) 100Q2, 1000Q —
4 Thermistors 100Q - 10MQ 10 20 30 40

resistivity { x 10 2m

Zavislost’ od teploty

rozsah indikacie

R[Q] / teploty

10%




2. Resistive sensors 2. Resistive sensors
2.2 Odporové snimace teploty Odporové snimace teploty

RTD - Resistance Temperature Detector

Construction, Types, Working & Applications
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Elektricky odpor 2.4 Zavislost od deformacie
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Membrane type gauges: typical pressure sensor

Figure 3.83: A beam force sensor using a strain gage bridge
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ab.1 Prehlad vlastnosti
T

Féliove Polovodicovy
Tp KFC-2-D1-23 KFC-5-350-C1-23 KSP2-E3
Rsc) (Rxs, Run, (Rep)
Odpor R[] 119.9:04 350£0.6 11022%
S"”""C’f};f:ft”i’ I’;’""’”f 211 2.141% 12443%
Teplomy sicinirel
deformanej citlivosti ~0 <0 0.14%
o [1°C]
Teplomy sicinirel
elektrického odporu 18 18 138
oo [po/m/PC, 1. °C]
Siidinitel teploinej
rozraznosti materidlu ~0 ~0 2
lenzometra
asfpm/m//°C]
Virobca Kyowa Tokyo Kyowa Tokyo Kyowa Tokyo
Max. relativne
reditonte s fsain] +3000 +3000 2000
DEka aktivnej mriezky
2 5 2
[mm]
tepeln kompenzacia | tepelnd kompenzacia pre
Pozndmia pre naméhany material-| naméhany material-
hlinik(23pm/m/°C) | hlinik(23 pm/m//°C)




2. Resistive sensors

Priklady
2.2 Potenciometrické snimace polohy

automotive

Odporové (potenciometrické) snimace so spojitym vystupnym
signalom patria do skupiny pasivnych meracich prvkov a s
vhodné na priame meranie, napr. polohy prvku mechanickej
zostavy alebo na meranie neelektrickych velicin, ktoré sa daju
transformovat’ na zmenu polohy, ¢ize na posunutie

Electronic Pedal Sensor

Konstrukéné rieSenia odporovych snimacov polohy s kruhovou drahou

E-GasThrottling Device

; ; potenciometer s jednym odporovym vodi¢om stupiiovitd odporové driha

@ odporovy vodi¢ navinuty na nosnej podlozke odporova driha tvorena elektrolytom

oFs

Gear Selection Sensor

Priklad potenciometrického snimaca polohy v automobile Meranie odporu

* meranie U al

* meranie U (konst. I)

* prevod na frekvenciu
» mostikové zapojenia

Klapkovy snimaé

Q = f(Ap, polohy klapky)
Poloha plynového pedalu

. eye . . s . . oo
Meranie napatia a pradu Meranie napatia / zdroj prudu -
Ammeter Ry c |y
(A) AN\V met __ 4-wirecable
'oltmeter - _ | " Miror
= Roubjea ‘ ‘ Rt RzAR Uy Uy =In(R£ AR) B e b
T Ry ’ ’
AR -
—— S ®
R Voltmeter indication Ry = Oltmeter indication
s = e rer indication 0t Ammeter indication
mmeter indication

REF200
-- 2x 100pA current sources
-- 1x current mirror



Schémy zapojenia potenciometrickych snimacov polohy

Potenciometricky snima€ polohy

snimae
— = Ry = Ry
|
il }z, Ra=Ry(1—12) ;
. A HRe L] :
L i‘; | —
| [ —1
lUg Ry (V) R o Ry Rpr posunu pootodenia
’ Uo=Ung iR, ~U¥ R, ~Une
a b3
= — — Pre nezatazeny potenciometer plati U, =k-x, resp. U, =k-a
. . S , U U
& pri¢om konstanta tmernosti k je uréena pomerom  k = —2max — — 2max.
xma). amax

Podmienky:
— stabilné a konstatné napajanie
— prtd nesmie senzor ohrievat’
— nasledny obvod impedanéne prispésobeny

r—

Obr. 1. Linedrny potenciometrickj senzor
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Meranie odporu
Mostikové zapojenia - vyhodnotenie
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Figure 4-9: Using a single op amp as a bridge amplifier
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Meranie odporu
Mostikové zapojenia - vyhodnotenie
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Figure 4-10: A generally preferred method of bridge amplification employs an
instrumentation amplifier for stable gain and high CMR

Zatazovacia kon3tanta

Zatazovacia kenstanta D [W.K™!] predstavuje prikon P, potrebny k ohriatiu senzora
o teplotu AY = 1K nad teplotu okolitého prostredia.

Max. hodnota meracieho pradu
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Priklad 1: 4-bitovy A/D prevodnik

https://senzor.robotika.sk/mmp/anim/ADC_4bit/sac.html



Priklad 1: 4-bitovy A/D prevodnik

4-bitovy A/D prevodnik s Uref = 5V
16 T T
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Priklad 1: charakteristika

Namerana prevodové charakteristika
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Priklad 1: 4-bitovy A/D prevodnik

4-bitovy A/D prevodnik s Uref = 5V
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Priklad 1: inverzna char.

int N = analogRead (vstup4) ;
Uhol = f£(N);

270

N Uhol
[-1 1
0 0
7 90
12 180
15 270

225

180 -

45 -

Klasicky pristrojovy zosilfiovat

Uy = K(uy —ug) = Kuy — Kus




Integrovany obvod AD 524

Analog Devices, TESLA (MAC524), a pod.
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Nelinearita  0,003% Zosilnenie 1, 10, 100, 1000, A
CMRR 120dB Offset 50V

Drift 0,51V/°C  Sum 0,3uV p-p

I vst 50nA R vst 10°0

Ochrana vstupov (max. 3mA pre £36V). Puzdro DIL 16
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Linearizacia prevodovej charakteristiky snimaca
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Obr. 33: Prevodovd charakieristika PLL0G.
0 5 10 30 35 10 15
2| 98.04 100,000{101,953|103,903] 35[111,673|113,608[115,541[ 117.470.
5 0 (5] 7 50 B 90 9 | 100
119,397 121,321 [123,242[125,160| 127,075 128,987 130,897 |132,803|134,707| 136,608 | 138,505

Tabulka 3: Hodnoty odporu pre snimaé Pt 100 (IEC 751

Zavislost odporu Pt 100 na teplote nie je linedrna a dé sa v rozsahu 0 — 850 °C popisat polynémom

R(W) = Ro(1+ A9+ Bw?)

kde Ry je odpor pri teplote 0°C (t.j. 100Q), A a B st materidlové konstanty: A = 3,9083 - 10— ELiBi—

—5,775-10~7°C2 (podla IEC 751).

Inverzna prevodova charakteristika

_| min

Fig. 2.1 Transfer function (a) and inverse transfer function (b) of a thermo-anemometer

Linearizacia paralelnym zapojenim




Linearizacia tabulkou

w0
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Priklad 2: charakteristika

namerané udaje

Namerané prevodova charakteristika

X
s influenced by control

Uhol Lin N
1 [-1 (-1
0 0 0
90 5 7
180 10 12
270 15 15

16 T T T

Linearizacia po €astiach

-4

The Lagrange i

&1,y =f (1)) G2, y2 = f (), ... (%, yu = f (x4)), and is given by

P@W=) P,
J=1

Priklad 2: inverzna char.

if (adcValue > y1) && (adcValue <= y2)
z=k2 * adcValue + q2;

return(y)

270

225
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ial is the P (x) of degree < (n — 1) that passes through the n points

Uhol Lin N
(1 -1 -]
0 0 0
90 5 7
180 10 12
210 15 15

> N = [0 15]
— > Uhol = [0 270]
> p = polyfit(N,Uhol,1)

> polyval(p,[@ 7 1.
e 12

+36
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216 270
+36 0
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Priklad 2: inverzna char. s
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least squares estimation mu [ w
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Data @
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180 1= T >n=r1071215] ‘
> Uhol = [@ 90 180 270]
> p = polyfit(N,Uhol,1)
135 - p=
17.4419 -13.2558
> polyval(p,N) - Uhol
9 - -13.2558 18.8372 16.0465 -21.6279
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Priklad 2: inverzna char. T R
tabulka -1 Il E30 B
. 5 R
1 13
>N =[07] ‘
> Uhol = [0 90] 2 2
> p = polyfit(N,Uhol,1) 3 38
p= 4 51
12.8571 2]
> polyval(p,[@ 123456 7]) 5 64
] 12.8571  25.7143  38.5714 6 77
51.4286 64.2857 77.1429 90.0000
7 90
8 108
>N = [712]
> Uhol = [90 180] 9 126
> p = polyfit(N,Uhol,1) 10 144
> polyval(p,[7 8 9 10 11 12]) 11 162
12 180
>N = [12 15]
> Uhol = [180 276] E 210
> p = polyfit(N,Uhol,1) 14 240
> polyval(p,[12 13 14 15]) 15 270

Priklad 2: inverzna char.
metoéda najmensich Stvorcov
least squares estimation

20 T T T T T T T T—$
y=18xN ——
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=0. +7xN + e
225 | Y= 07X +7xN +1 (LSE)
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>N =[e7 12 15]

> Uhol = [0 90 180 270]

> p = polyfit(N,Uhol,2)

p=
0.7091 7.0364 1.0909

> polyval(p,N) - Uhol
1.69 -4.98 7.63

-3.81
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Priklad 2: inverzna char. wo [ [
- . . L, , ] -1 -1
po castiach linearna nahrada o [ o | ®
- - - 90 5 7
PWL - piecewise linear approx. w [ v n
270 15 15
270 T T T T T T T T T T T
y=18xN—
Data —@— J
25 -
N € <12,15>:
Uhol = 30*N - 180;
180 .
135
N € <7,12>:
ol Uhol = 18*N - 36;
45
if ((N>=0) && (N<=7))
Uhol = 12,8571*N + @;
. .
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| - ” Uhol Lin [ N Uhal
Priklad 2: inverzna char. G o
: :
tabulka (I N 0 0
1 13
2 26
#include <avr/pgmspace.h> 3 38
4 51
/7 o1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
const PROCMEM int table[] - {0,13,26,38,51,64,77,90,108,126,144,162,180,210,240,270}; : &
6 ”n
7 90
int N = analogRead (vstupd); 8 108
Uhol = table[N]; 9 126
10 144
" 162
Spotreba pamati: 12 180
sizeof(int) =2; ==> 2x16 B=32B 13 210
Pre 10-bitovy prevodnik: 14 240
2x 1024 = 2kB 5 270




