[lepeTBOpEHHA Pi3NYHUX
BENUYMH



O3HayeHHA

®i3snyHa BenMUMHA M , WO XapaKTepusye 06'eKT BMMIiptOBaHb (TemnepaTypa , TUCK Touwlo),
Ha3MBAETbCA BUMiPIOBAHOIO BEJIMUMHOIO.

CyKyMHiCTb onepauin cnpsMoBaHUX HA BCTAHOB/IEHHA YMCENbHOTO 3HaYeHHA Pi3UYHOI BENUYNHMA
- npouec BUMipOBaHHA .

AKWO nNpu BUMIPIHOBAHHI BUKOPUCTOBYIOTLCA €N1eKTPOHHI 3acobn ob6pobKku curHany , HeobxiaHo
CNo4YaTKy NepeTBOPUTN BUMIPIOBAHWUI NapamMeTp B eKBiBAZIEHTHY €/1IeKTPUYHY BEINYNHY.

OTpMaHa enekTpuyHa BeAMYMHA TMOBMHHA MICTUTU BCHO iHOPMaALilD NPO BUMIPHOBAHUMN
napameTp.

[JaTtumK - ue npucTpin, akMm nig Aiero Bnavey ¢isMYHOI BMMIpHOBAaHOI BENWMYMHM , BUAOAE
eKBiBa/IEHTHWUI CUTHAN , 3a3BMYal e/IeKTPUYHOI Nnpupoamn (3apsa,cTpym , Hanpyra abo imneaaHc ),
O € GYHKLIEO BENNYMHMU, LLLO BUMIPHOETHLCA :

S=f(m)
m- exiOHa eenUYUHd
S- suxiOHa senuYuUHa



BumiptoBaHHA BEeNUYUH
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[paayroBaibHA XapaKTePUCTUKA
NaTYUNKa

OTpuMaHHA rpaaytoBaabHOI
KPMBOI MO BiAOMMM 3HAYEHHAM
BE/IUYUHU M

BuUKopucTaHHA rpaaytoBasibHOI
KPWUBOI ANA BUSHAYEHHA BEIMYUH
m

As=SAm, S —uyTnnBicTb ceHcopa. CeHcop HamararTbCA CNPOEKTYBATU TaK,
o6 3anexHictb byna niHinHa |



Tnnu AaTymnKie

AKTUBHI

[eHepaToOp BUAAE
CTPYM, Hanpyry,

3apA . o
P BuxigHuu onip,

EMHICTb,

[NMepeTBOpPEHHA . .
IHOYKTUBHICTb

di3nYHOI BENNYUNHMN,
LLLO BUMIPHOETLCA B
eNeKTPUYHY
BENNYNHY




Excitation

Operating physical variables

Acoustic

Amplitude, phase
Spectrum
Wave speed

Chenucal

Components (concentration. states, efc.)

Biological

Biomass (concentration, states, etc.)

Electrical

Charge. current

Potential potential difference
Electric field (amplitude, phase,
polarization, spectmm)
Conductivity, permuttivity

Magnetic

Magnetic field (amplitude, phase,
polarization, spectrum)
Magnetic flow, permeability

Optic

Wave: amplitude, phase, polarization,
spectrum
Speed, wave length

Thermal

Temperature, thermal flow
Specific heat
Thermal conductivity

Mechanical

Position (linear, angular)
Speed, acceleration

Force, pressure
Constraints. density mass
Time

Flow speed

Form. hardness, onentation
Viscosity

Radiation

Nature or type
Energy
Intensity




Quantity being Input Device Output Device
Measured (Sensor) (Actuator)
Light Dependant Resistor
(LDR) Lights & Lamps
Light Level Photodiode LED's & Displays
Photo-transistor Fibre Optics
Solar Cell
Thermocouple
Thermistor
Heater
Temperature Thermostat Fan
Resistive temperature
detectors (RTD)
Strain Gauge Lifts & Jacks
Force/Pressure Pressure Switch Electromagnet
Load Cells Vibration
Potentiometer
Encoders Motor
Position Reflective/Slotted Opto- Solenoid
switch Panel Meters
LVDT
Tacho-generator
Reflective/Slotted Opto- A Eme| e IWlealE
Speed Stepper Motor
coupler Brake
Doppler Effect Sensors
sound Carbon Microphone Btlj;zller

Piezo-electric Crystal

Loudspeaker




Di3nYHI edpeKTn B OCHOBI CEHCOPIB

Physical dimension  Effect Application
Radiation Photoresistive Photoresistor
Photointerface Photodiode, phototransistor
[onisation Nuclear radiation sensor
Photocapacitive Photocapacitance
Mechanical Piezoresistive, piezojunction Piezoresistive power and
and piezotunnel pressure sensors,
piezoelectric diode and
transistor
Thermal Thermal resistance Resistance temperature
SENsOors

Magnetic signals

Chemical signals

Thermojunction

Thermoelectric
Pyroelectric
Magnetoresistive
Hall

Magnetic interface
Charge sensitive field

Temperature sensors (diode,
transistor)

Thermopile

Pyroelectric sensor

Magnetoresistive sensors

Hall generator

Magnetic diode and transistor

ISFET




Metres

[TopiBHANBHI PO3MIPU CEHCOpPIB
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102
10
102
1076
1077
10"
107
10 [0

Human finger

IC
chip

Human fingernail

Human hair

Bacteria

Blood cell

Water molecule

Ultra sound

Microsensors
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MiKpomexaHiKa

Coarse Fine mechanics Micromechanics Nanomechanics
mechanics
| | | | |
1000 pm 100 pm 10 um | wm 0.1 um

Classical materials processing
.+ v ¢t ¥+ 7 ¢ & 7§ 7 ] § [>
(Lathing, milling)
Special processing methods
.t r I r r ¢ [ ° T P F °v 7P [P P P | ¥ I»

( Extrusion press, laser)

Methods of semiconductor technology
[ I S S S O O
(Lithography + etching / layer diposition)
Nanolithography
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Tunun ceHcopis
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EnemeHTn XIMIYHOro ceHcopa

W Komn’totepHa 06pobKa, BigobparkeHHA pe3ynbraTiB

BumiptoBanbHa i

eJ'IeKTiOHHa

[liacnMnerHs, iHTerpyBaHHA, AMdepeHUiOHYBAHHS,...

3MiHa NoTeHUuiany, CTpymy,...

3MiHa ®i3UYHMX BNAaCTUBOCTEN: TEMNEPaATypa, NPOBIAHICTS,....

B3aemogis 3 MoneKy/iamm 3pasKa

3pa3okK



Characteristics

Definitions

Zero offset Zero offset 1s true relation of the zero output vanable with
the value of the measurand.

Dnft Temporal vanations in system characteristics.

Drynamic Admussible mtervals of vanafion for mpuf vanables (in
decibels).

Hysteresis Maximmum difference in output values, when the mput
variable 15 reached from mimmum then maximum
admissible in algebraic value.

Linearity Degree of concordance between the static state diagram and
a straight line used as reference. (A straight line of the
fewest squares calculated on calibration points, the line
joming the farthest points throughout the measurement.)

Relaxation Time lag between the cause and effect of a physical
phenomenon, given in the form of a tume constant.

Repeatability Margin of fluctuation in output vanable when the same mput
variable 1s applied several times under the same condifions.

Resolution Smallest mncrease in the input variable leading to a change n
the output variable.

Sensitivity Ratio of change in output variables to the corresponding
change in input variables.

Threshold Threshold resolution is the smallest change of the mnput
vanable relative to zero value.

Response tume For a measurable excitation. this is the time required for an

immediate value and a final value to be lower than a
specified value (1%, for example).




[lapameTpu XIMIYHNX CeHCcopIB

Yytausictb (Sensitivity)

MiHimanbHa meXKa getektyBaHHA (Detection limit)
OwvHamiyHKMiA giana3oH BUMiptoBaHHA (Dynamic range:)
CeneKtusHictb (Selectivity:)

Ninivnicto (Linearity:)

Po3ainbHa 3gaTtHicTb (Resolution:)

Yac Bignosigi ceHcopa (Response time)

Ficrepesic (Hysteresis)

NoBTOPIOBAHHICTb

CrabinbHicTb (Stability)

Yac xkutra (Life cycle)

Kpoc-uythusictb



nMOBHa LWKana

3anexXHicTb CUrHaNy NiHiMHOro ceHcopa Big, BONOroCTi
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EXJ_: 0 . x2= 100 ?o . ~
~ Alana3soH BUMiploBaNbHUX dopmar BuxigHoro curHany- aHanorosuit abo

KOHL,eHTPalIn L',Md)pOBMﬁ

YyTAuBIiCTb CEHCOpa BU3HAYAETLCA AK BiAHOLWEHHA
3MiHM BMXIAHOrO CUrHany A0 BiANOBIAHOT 3MIHU
BUMIPHOBAHOI KOHUEHTpauil

Y BMMNaAKy NiHIMHOrO BigryKy ceHcopa, To6To Konm noro
YYTAMBICTb CTaNa 41A BCbOro Aiana3oHy BUMIPHOBaHMX
KOHLLeHTpaL,in



MiHiMmanbHa meXa AeTeKTYBaHHA — MiHIMa/sibHa KOHUEHTPpauia aHanity, wo MoXKe
O6yTn AeTeKToBaHa BNPU AaHUX YMOBaX

OWHamiyHMIA Aiana3oH BUMIPIOBAHHA — /iana30H KOHUEHTPaUih MiXK MiHIManbHOLO
MeXel AeTeKTYBaHHA | MAKCMMANIbHOK KOHUEHTPAUIELo.

CeneKTMBHICTb — BM3HAYAE, YM CEHCOP pearye Ha rpyny aHaniTiB UM Ha OKpemun
aHaniT. na KiNnbKiCHOI XapaKTEPUCTUKU BUKOPMUCTOBYIOTb KOEILLIEHT CeNeKTUBHOCTI.
Bnactmeictb ceHcopa BM3HA4YaTU | BUMMIPHOBATM TiINbKWM OAHY XiMiYHY
KOMMNOHEHTY 33 MPUCYTHOCTI IHWWMX Y CyMiWi rasiB 4YMm po3dmHax. Y 3arasibHoOmy
BMNAAKY XiMiYHiI CEHCOPM XapPaKTEPU3YIOTbCA HEBUCOKOK CENEKTUBHICTIO, TOOTO BOHMU €
CKOpille HeCeneKTUBHI HiXK CeNeKTUBHI, | OA4HOYACHO pearytTb HA NPUCYTHICTb Ki1IbKOX
rasie. Tomy XiMi4yHi CnNONYKM pO3Ni3HAOTb MPU chnelianbHin 0bpobui curHany Big
MaTpULL CeHCopiB, BUKOPUCTOBYOYN as120pumm (MemoOouKy) po3nizHasaHHA obpasie

NiHiHIcTb — Ue BiAXMNEHHA Bia NPAMOI NiHii rpaaytoBaNbHOT XapaKTEPUCTUKN AAHOTO
CeHCOopa, AKe BUMIPIOETbLCA Y BiACOTKaX.



FicTepe3nc xapaKTepucTMKM — Le MaKCMManbHA Pi3HUUA BUXIAHOIO CUTHaNy B Oyab-AKil
TOYLi, AKAa BU3HAYAETLCA NMPU ABOX MOCNIAOBHUX BUMIPIOBAHHAX, KONW KOHUEHTPpaLUiA rasis
3pOCTa€ Ta napa€e . lictepesnc BMU3HAYAKOTb Y BIACOTKAX A0 MNOBHOI LWKaAM BUXIAHOMO
CUTHany.

Av(x; ) (v = 12)

ricrepesu

[0 NOACHEHHA edeKTIB
3 ricrepesncy Ta NOBTOPHOBAHOCTI:
1 — nepwe BumiptoBaHHA, Konn N
% 3POCTaE,
1 0BTOPIOBAHICTS 2 — apyre BumiptoBaHHA, Konm N
A 3MEHLUYETbCA,
3 — N-UMKANIB BUMIPIOBAHHA, KON

N 3pocTae

CMrHan
~

KOHUeHTpau



6azoBa niHis

BNYCK rasy BMNYCK rasy

Tunosa 3miHa CUrHaNy ceHcopa NPU BNYCKY Ta BUNYCKY rasy

Yac 8ionoesidi ceHcopa — Uge Yac, 3a AKUIM BUXiAHWI CUTHaN ceHcopa aocarae 63 (90)% Bia
MAKCMMaNbHOI BEIMYMHU NMPU 3MiHi KOHUEHTpaUii (mapuianbHOro TUCKY) BMMIipPIOBAHOrO
rasy Big, HyNs A0 AaHOT KOHUEHTpaLi (napuiaibHOro TUCKY).

Yac gidHoBMEeHHA — e 4ac, 3a AKUIM BUXiAHMIW curHan napae ao 37 % (B e pasis), um go
10 % BiA, MaKCMMaNbHOIO NPU 3MiHiI KOHUEHTpaUii (napuianbHOro TUCKY) BUMiIpHOBAHOIO
rasy 4o HynA.



MoBTOpIOBAHICTb — L BNAaCTUBICTb CEHCOpPA MOKa3lyBaTU OAHAKOBI BUXiAHI XapaKTEpPUCTUKU B
NOCNIA0OBHOCTI UMKNIB BUMIPIOBAHHA M BU3HAYAETbCA MAKCUMA/IbHOK PiSHULLEID MiXK BUXIAHUMU
CUTHANAMM ANA PI3HUX LUKIB BUMIPIOBAHHA. Tak camo fAK i rictepesunc, BUSHAYa€ETbCA Y BiACOTKaX
LLLOAO0 NMOBHOI WKAaAM BUXIAHOIO CUFHaNYy .

Kpoc-uytamsictb ( Yy BiAHOCHMX BiACOTKax)- YyT/IMBICTb A0 NEBHOrO rasy nNpuv HasBHOCTI iHLIOro
rasy.

CrabinbHicTb — BNACTUBICTb CEHCOpPA NiATPMMYBATM CBOI XapPaKTEPUCTUKM NEBHMUN nepiog Yacy. AK
MOKa3HUK BUKOPUCTOBYHOTb Apend BUXiAHOro 3HaYEHHA NPU HYbOBIM BXiAHIM KOHLUEHTpaLi.

Yac KuUTA — 4yac NpoTAromMm AKOro ceHcop MorKe QYHKLIIOHYBaTK. PO3Pi3HAOTbL MaKCMMaIbHMIN Yac
3b6epexeHHs (shelf time) i makcumanbHUIM Yac poboTu (operating life)

HenepepsHa poboTa Pe)KMm BBIMKHEHO-BUMKHEHO



Lymun
30BHilWHi ymoBu noro pobortu:
Temnepartypa
BOJIOFICTb
aTMOCPEPHUM TUCK
HaABHICTb B aTMocdepi iHWMX rasis
e/IeKTPOMaArHiTHI nons
yAapu
Bibpau,is
LiHa



[aTynkn. TepmoenekTpudyHmnimm ePekKT

Tepmonapa
[Ba npoBigHWKa 3 pisHUX meTanis M1 T1
i M2 npu pisHMX TemnepaTypax ->
TepMOEPC (edekT 3eebeka) ~ pisHuL ~ 2
Temnepartyp
Metan Nel | Metan Ne2 Liana3oH 12 12
Temnepartyp, K
3on0T0 Migb abo 4—270 1
NIeroBaHe Xpomesb
3a/1i30M
Miae ROHCTaHT 0—800 OAMH 3 KOHTaKTIB YacTo
TePMOCTaTYETbCA
Xpomenb Konenb 220-900 Hanpwknag npm 273 K

Xpomenb Antomensb 220—1400



Cnocobu Bumipy T

cnan

Tepmaonapa
Mertann A
=
[poBOgKA K CXEME
ofipafoTku curHana
*
Metann B *
WNamepuTensHeid JTANOHHEIR
cna

KOHCTAHT

A
npoeEng

@mnnapa

no

He Mz RECT HA R
TEMNEPATY P

HEneao

ATanokkEM
Chak

Baxka
CO NbJom

Puc. 1. Tepmonapa

3aCTOCOByI-OTb TEXHO/10TiA AKa Ha3BUBAETbLCA KOMI'IEHCBLI,iFl €TaTOHOrIo Crnar — BMMipI-OTb
TeMnepaTtypy uboro cnako IHWMM TemnepaTypHMM AaTYHNKOM — TepMiCTOpOM, ,D,iO,CI,OM,

Puc. 2. Nepen4Han 4ens Xene3H0-K0HCTAHTAHOBOM

Tepmonaphi

PE3SUCTUBHUM OAaTHNKOM TEMMNEPATYPU | NOTiM BHOCATb NnonpaBKy




Thermocouple Sensor Colour Codes

Extension and Compensating Leads

Code L British
Type Conductors (+-) Sensitivity 55 18431957
+
Mickel Chromium § O -
E el Lol 2200 to 800°C /
+_
J Iron £ Constantan 0to 750°C /
+
ickel Chromium f 0 -
. Mickel Alurminiurn | 200 0 125070 /
+_
N Microsil f Misil 0to 1250°C /
+_
T Copper { Constantan _200 to 350°C /
Copper / Copper Mickel . i+
U Compensating for Oto 14507 C
IISII ar_“j IIHII




TM n KO e d)i Ll,i EHT KoadduuwedT Tepmoage, mxB/~C
J-TH
Tepmonapwu TepmoEPC 60 L iy
MKB/°C - ,/"7'(_
10 AT'T_'T-— K-Tin
E 61 / |
a0
J 52 20 /
v
K 41 10
0
N 27 200 0 200 400 600 8OO 1000
Temnepatypa, =C
R 9
Puc.3. HameHenue YYBCTEMTENLHOCTH TEPMONAPEI
S 6 ¢ TEMNeparypoi
T 41




[lepeBaru

TemnepatypHui aiana3oH:-200 ao +2500 C.
HaainHicTb: HECNPUNHATAMBICTL A0 YAapPiB i BibpaLin

LLiBnaKnI Biaryk: Hesenmkmu po3mip i HU3bKa TEMNJIOEMHICTb ->
WBKMAKOAIA (AeKiNnbKa COTEHb MisliceKYHA)

BiacyTHiIN camopo3irpiB TaK K BiACYTHE }KMBNEHHHA.

Heponiku

CknagHa obpobKa curHany
ToyHictb 1..2C

Koposisa

[ianatoTbCA BNANBY LUYMIB



bi-meTaniyHum TepmocTaT

Electrical
/ «— Higher Metal Strip
Electrical Contacts | | | a— Lower Metal Strip
Closed
Electrical ﬂé_. Electrical
Contacts connection

Movement

T
Cpen circuit
T" ‘T ﬁ_. condtion
Fixed

Paint HEAT

Electrical Contacts

H Contact
open due to Heat



TepmicTop
THERM-ally sensitive res-ISTOR

b

{the -t” indicates a

Megative Temperature _t° / .
1

Coefficient, NTC)

—

HanisnpoBigHMKoBMIA
MmaTtepian

Viout




Resistance [ohms)

6000 +
Suitability range
of linearity
3000 +
1000 + o
N
0 1 T
0 50 100

Temperature °C

Aesistance (ohms)

10000 4

1000 4

100

50

Temperatura *C



[JaTynku. MNipoeneKTpuyHnmM epekT

MipoeneKTpuk — peyoBUHa, B AKIN ICHYE CMOHTAHHMIA eNEKTPUYHUIN ANNONbHUMN
MOMEHT.

Lle cnoHTaHHO NoNApPM30BaHi N'€30eNEKTPUKMU, CTYMNiIHb NONAPU3ALLIT AKMX 3aNE€XNUTb Bif,
Temnepartypu.

Ha npoTuaexKHMX KiHUAX BUHUKAIOTb MPW HArpiBi 3apAagn NPOTUMXKEHOIO 3HAKY.
BennuunHa 3apagy ~ nponopuiiiHa nonapusauii ~ tTemneparypi

MaTtepianu: BepMmiKyniT, HepesniH, KAHKPUHIT, NiIPOTUH Ta iH. MiHepanu.

hermal flux in

hear absorbing laver

: 23 0
/ 3 T~
. e 0
2 ") electrodes

)
7

rhermal (IR)
flux

thermal flux out



CratoduneTp

TpaxaucTop

(X

MupoanekTpr4eckMi Cxema yNpasneHa
OETEAK .

+12B
—_—)
i
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e [ =
| |

SE T —
i B -5 =

£

DG l =128

Kpucrann dT/dt=0
MAPO3NEETPUK (©)

Hudparpacubiii
ceeToHALTp.
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Hudparpacubie

doTonpHeMHHER!
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[Natymkun. [T'e3o0eneKTPUYHUN ePeKT

M’e30eneKTPUKM - Lue pevyoBMHU LLO 3MIHIOOTb CBOI PO3MipU NPM Nnogadi Ao
HUX eNeKTPUYHOTO No/IA, | HAaBMNaKU NPU CTUCHEHHI AKX Ha NeBHUX TOYKaX
IXHIX MOBEPXOHb BUHUKAE e/IeKTPUYHe nosie




Resistive Temperature Detectors

(RTD)

500

&@ )
£ y _.--"’E, e
= PR
= 300 / — wl
ax
& / /.-
100 %"ﬁ
E
0 100 200 300 400 500 &00
Temperatura °C
T 1T T 1T 17 1
THERMISTOR
10 ‘
| RTD
1 —
RESISTANCE () 0.1 | \‘
0.01 \\
0.001 S — \\
0.0001

100 -50

0 S50 100 150 200 250 300
TEMPERATURE ("C)

R=f(T)

* XiMiYHA IHEPTHICTb

* 6/1M3bKa A0 NiHIMHOI 3a1eXHOCTIi ONopy BiA,
TemnepaTypu

* 0CTAaTHbO BEJIMKNIN TEMIMEPATYPHMUM
KoediuieHT onopy,

* cTabiNbHICTb




RTD bulb

Stainless steel sheath minimizes corrosion

/ > Adjustable compression fitting.

RTD (Resistance Temperature Detector)



[HaTynKun. EnektpomarHiTHa IHAYKL,IA

0 SB
)

2~ S e —={]

Mpun nepemilleHHi NPOBIAHMKA B NOCTINHOMY €/1eKTPOMArHITHITHOMY MO/ BUHUKAE e.p.C.,
NPONoOpLUiMHA MAarHiTHOMY MOTOKY i, OTXe, LWBUAKOCTI MOro nepemilleHHs

AHANOTIYHUM YNHOM, KOJIM 3aMKHYTUIM KOHTYP NiAAQETHCA BNAMBY 3MIHHOMO MArHiTHOro
NOTOKY NPW NepemilleHHi B NoAi cCamoro KOHTYpy abo axepena nona (Hanpukaag marHity),
IHAYKOBAHA B KOHTYpI €.p.C. AOPIBHIOE 3@ BE/IMYMHOIO LUBUAKOCTI 3MIHM MArHiTHOrO NMOTOKY.

Bumip e.p.c. enekTpomarHiTHoOI iHAYKLUIT A03BONAE BU3HAYUTU WBUAKICTb NepeMileHHA
06'eKkTa, MexaHi4YHO NOB'A3aHOr0 3 PYXOMUM eIeMEHTOM NoAibHOro aaTymKa.



Secondary Primary Secondary
Coil No1 Coil Coil No2

X v y

4 Body

| Nickel-lron Core )

Linear Mation
to be detected

Difference Voltage
Output (Weeet — Vazz)

-
-
Constant AC. N
Excitation Voltage - /\\./ Mull position
Phase
2 Vot
5
S
=
2
=
g
T -
Primary TVA Vo =(Ma—Ve) -0 -5 0 5 10
AC_ Input Distance Travelled
Jol -

Voltage

( Core



Eddy-Current Sensors

Metallic object

a—The alternating current flowing through the coil at a chosen frequency generates a :
magnetic field around the coil. being detectad

b—When the coil is placed close to an electrically conductive material, eddy current is
induced in the material. “--\‘
c—I|f a flaw in the conductive material disturbs the eddy current circulation, the magnetic —
coupling with the probe is changed and a defect signal can be read by measuring the =
coil impedance variation. Target — N S
=7
Output signal

Electro-magnetic field
and air-gap



Conductive or W+ Ve+

Hesistive track

Single turn
Movable wiper

Linear
Ve Cutput

Vout

Pos.

v

Angular
Movement
Potentiometer of Shaft
body v o
R..-
_’I\Nﬁ\’_ V4

Vout

- R
Vour= 2L (V2= Vy)

= Applied Voltage

L]

O

Wiper Position 100%

— e e e e e e e



[1aT4nK KyTa NOBOPOTY

code disk

\§ ‘.’::',,’ lracks\
Py

Y/ r ooz
g: :.‘I . \‘.:E z shaft
zoe =55
:;_“ UJ,,'::§ infraredi’\n ™ lP’
N
—

Z OO emitters
/”:” 0§ - ot\\\‘\ * ™3

phototransistors

Fin1 & rntaro antical enender

fired
SEensors

bit 3 (MSB) []
bit2 []
bit1 [ ]

bit 0 (LSE) E]
4 0 360
s direction of positive track mation degrees
1
bit 3 ‘
0
1

bit 2 |

biu;m
wo ) L L] LT ]

Fig 2. 4-Bit gray code absolute encoder disk track pattemns



[1aT4nK nepemilleHHA

Pattern on Disk Rotation of Disk 2 Photo-detectors
Displaced by 80°

THHEHIIT

Sine
Channel A Output S _I_\_,_L-..-._I_\_,_L Code

I Cozine
Channel B Output - | S Code
Motion from | Motion from
Left to Fight : Rightto Left
—hy |- Digital
Dtsp|aoed by Qutput Signal I —_—
ane .
4-hit Coded Light & Digital I_|
i . ) —
_ Rotation of Disk Counter
Dark Pattern on Disk  Four Photo-detectors S or Register l—l
\ One for each track QZD Cisplay
Digital Light
Sensor

— ‘EL Discrete Digital Signal
] Tranamiter [Y5-E+| | Detectr £ o
] . Rotating =
Shaft =
I N otating Dree E
with Slots

L

. Bit B I I |
4-bit coded
Output —




NaTynkn. PotoeneKkTpnuYyHUM ePpeKkT

giﬁ g Qi€ eneKTpUYHOro nonA

reHepyrTbCA BUBINbHAKOTLCA HOCIT
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[1aT4MK Ha OCHOBI epeKTy Xona

vtu=KylBsinb

AhdpekT Xonna

MarHuTHoe none, B

Tox, |

Hanpsxenwe, V
/// Ecnu TOK NOCTOAHEH,
/ r

V nponopuwoHansHo B

Pyxomui 06’eKkr ->
Pyx NOCTIMHOro marHiTy ->
3MiHa Hanpyru xona



EMHICTHUWM CeHcop

B 2 TEE{][

C O T T .
= o] 1 h
T T ——————] (1

fserlertineg
Ceing

vy

\n

€ (nF)
in

1

40 3

B
s

e
ot A

et -
A

A . B 5 0 A
.
s

P
e

T ——— AN S I
o 5 1 15 n s
ft, K lem)




CeHcop HaTAary

Moaynb HOHra

[ — TOBXKHHA CEHCOpa
a — TI0IIa CEHCcopa dR P
vV — 00’ eM

[T al v=const



[1aTYNK BONOroCTI

OcHoBa — rigpocKonivyHi matepianu

a b
e-’.&-'::;rr;.rda.i 1M
H\
| polvmer 5 T ﬂ\\
W
-4 |
2 |
e
N
'
10k i \\\\




[TloTeHUuioMmeTpUYHNN CeHCop
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OnNTWUYHI ceHCcopK



[TaCMBHI AATYNKU

BennuunHa, WO BUMIPIOETbLCA

3MiHa BMXigHOro imneaaHcy (KomnaekcHmm onip)

ImnepaHc = f(reomeTpuruHi po3mipun, BAacTUBOCTI maTepianis)

MuTomun onip
MarHiTHa NPOHUKHICTb

[ieneKkTpuyHa nocTinHa




Tabauya 1.2, ®uangecKkne NMPHHUHNDE npeobpa30BaHHA BeJHYHH H MAaTepHaNH,

HCNOAB3YEMEHE ANA NOCTPOEHHA MACCHBHBIX NATYHKOB

Hamepaesmas SMEKTPHIECKAR XapaKTEPHCTHKS, THO HCOAOALSYEMBX
SexwNEa N SMepaeNOR BOMITHNL MATEPES0S
Temnepatypa ConporuBieHHe Merannu  (nnaTHHa, — HH-
Kelb, Mefk), NOJYNpoOBOA-
HHEH
Csepxaunsgne Husnextpuueckan nporuuae- Crexno, Kepamuka
reMnepaTypH MOCTB
IMorok onThAyecko-  ConpoTHBAGHHE [MonynpoBoaHuKH
o H3NYYeHHA
Jedopmanns ConporHeJiense CnnaBel HHKENs, JernpoBaH-
HE KpeMHHA
MarunTraa npoRHnaeMocTs  PeppoOMarHHTHHE CITASH
[Mepememenne ConpotusieHne MarsHTOpe3HCTHEHLIE Ma-
TEPHAAH: BHCMYT, AHTHMOD-
HHA HHAHS
BramuocTs ConpotHe/ieHHe Xnopuerwilt  anTHf,  OKHCHL
IusnexkTpHYecKas nNpOHHUAE- aMIOMHHHSA, NONHMEpH
MOCTLE
Fpﬂneuh ,[[HBJIEHTPHHEEHEH npodiuae- XHAKHe HIOAAUHOHHLIE MA-
MOCTb

TepHAJH




Cxemun niakAto4YeHHA NaCUBHUX
NaTYUKIB

[na NigKNtOYEeHHA NaCUBHUX AATYMKIB BUKOPUCTOBYIOTb ENEKTPUYHI
CXEMMU 3 AKePEeNoM KUBJIEHHS | cXeMOoto POPMYBaAHHA CUTHANY.

Hanbinbll 4acTo BUKOPUCTOBYHOTLCA HACTYMHI CXEMU:

* [loTeHUiOMeTpPMYHA CXeMa, WO MICTUTb 3'€AHaHI NapanenbHo
AXepesio Hanpyru i 4aT4NK-NoTeHLIOMETP;

* MocToBa cxema, po3basiaHC AKOI XapaKTepPU3YE BUMIPHOBAHHA
imneaaHcy AaTymKa

* KonunBanbHUWN KOHTYP, L0 BKAKOYAE B cebe imneaaHc AaTymKa
(Npn LbOMY KOHTYP € YAaCTMHOIO KOZIMBA/IbHOTO FreHEepPaTopa |
BM3HAYa€E MOro YacToTy)

* OnepauinHnM NiagcuaoBay, B AKOMY imneaaHC AaTYMKA € OAHUM
3 €/IeMEeHTIB, WO BU3HAYa€E KoePiLiEHT NiACUNEHHA.



KombiHOBaHiI gaTumMKu
Medbiscys SO
€/INYnHa, WO BMMIPHOETbCA \ /
AL

1 F
L ¥ A
MepBMHHMI NepeTBOpOBaY Mogynb FOHra
3MiHa onopy pe3nTUBHOIO AaTYMKa
[MpomirKHa
BE/INYMHA
AR AL
— — K=
R L
BTOpMHHMIM NepeTBOpPLOBaAY
AR K F
R VY A

EneKTpuyHa BennymnHa



Knacun@ikauia Ta 3arasibHi XapaKTeEPUCTUKNU
nepeTBOpPOBaAYIB.

Cunosi enemeHTMw.

Pe3ncTtnBHI nepeTBoproBaui

EMHICHI nepeTBOpPtOBaMI

IHOAYKTUBHI NepeTBOpPOBaMI

ONTUYHI NepeTBOpPLOBaAMI

[1’e30eneKkTpnYHi NnepeTBoOprOBayi

TepmoaaTymnku.

[MepeTBoptoBayi Ha edbekTax Xonna Ta Menbr’e.
KpOKoBI ABUTYHM



EMHICTHUWM CeHcop
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VaemHOe CONMPOTHBIICHHE H TeMITePATYPHBIA
K03 () pHITHEHT CONpPOTHBIIEHIA HEKOTOPHIX Bellle CTE

Tenmeparypasii

Hiitatain VaemsHoe conpoTueeHue, || ko3¢ gpmprent

OMMMZ M COITP O THE JISHHA

10'3rpan'l

AMoMHHERT 0,028
Bonsdpam 0,055 4.2
Heneso 0,098 6
3onoto 0,023
Koncranran 0,44-0,52 0,02
Haryue 0,025-0,06
Manrasun 0,42-048
Mene 0,0175 4,1
Monubgen 0,057
Huxenun 0,39-0,45 0,3
Huxens 0,100
Huzpom 1,1 0.15




[1BO-ApPOTOBUN TPAHCMITEP

sensor side | controller side

el

Transmitter

12-48V
power supply

Kensor

|
|

Ma-wire transmission line

Lero Span

Fig. 5.42. Two-wire 20-mA analog data transmission.

KoHTposiboBaHM nepetsoptoBay CUrHan (MoXK/AMBO HE eNEeKTPUUYHUIA) = CTPYM

3MiHa
3N\iHa BHyTpiLUHbOFO |min..|maX

o : ”
di3nyHoro onopy

CUTHanNy
Smin..Smax Rmin...Rmax




Cirrent source (pump)

oot (OKEPETA CTPYMY)— o0 => ii#(r)
R (BOJIBTMCTpa)—> o0 => j=()

[@AnbBaHOCTAT
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LLymn

out
[XXepena cTpymy
Noise Source
Power supply transients ¢
Magnetic . . .
Electrostatic Coupling Receiver
Radiofrequency EM fields Capacitance Sensing Element (A)
Thermal variations 1 Magmelic field ] Resistors
Gravitational Torce Wires Capacitors
Acceleration (Vibration) Packaging Preamplificr out
Humidity
Ionizing radiation
Chemical agents
CurHan + aguTUBHUMN LIYM
f
(B)
| 1‘ [E
CurHan + MYN1bTHU NNiIKaTUBHUM Wym
i

(C)



NundepeHuianbHa TEXHIKA 3MEHLEHHA
PIBHA QANTUBHUX LLYMIB

3apava: 3MeHLWKUTN WyMKn nepeaadi curHany (transmitted noise)

CeHcop, WO 34iMCHIOE BUMIPHOBAHHA

CurHan + agntmsHun wym (ALLUL) =S,

' CurHan 6e3
noise. HaBeAEeHOro Wymy B
-~ NiHiAX nepegavi

ALL1 = ALL2
ALL1 B ¢asi 3 ALLI2

reference 2
)S‘('

!

ApntneHun wym (ALL2) =S,

EKpaHoBaHWUI ceHcop (He 34iMCHI0E BUMIPHOBAHHA)

Il lLlymn BCepeanHi ceHcopa He 3HUKAK !




3MEeHLIEHHA MYJbTUNNIKAaTUBHOIO
Lymy

Viz[l+a(T —To)]f(s1)

o L e f
= s
Vo fso)? #(T)
l—'—l
Vo~ [1 4+ a(T — Ty)] f (s0) T

T Const

PedbepaTnBHa YaCcTUHA ceHcopa
NPy NeBHOMY MOCTIMHOMY
3HAYEHHIO CTUMY/IOKOHOTO CUTHANY

AKLLO NPUCYTHIN aAUTUBHUMN | MYNBTUNNIKAaTUBHUM LUYM TO TEXHIKM HE NPaLooTb



EneKkTpmnyHe EKpaHYyBaHHA

(A)
shiald

SEHSOF
H H load
reference potential

(B)

shield

SERNOF shield

N; ‘ load

1
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shield
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7
y ) wjﬂmf
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MoTeHuian Ha NOYaTKy i Ha KiHLUI MmoXKe
6yTH pisHUM =>CTtpym




MarHiTHe eKpaHyBaHHA

shield

electric

maoftor

(A)

magnetic flux

\B

s

o
-

density

0378,

o

thickness

(B)

Table 5.5. Skin Depth, 4, (in mm) Versus Frequency

Frequency Copper Aluminum Steel
60 Hz 8.5 10.9 0.86
100 Hz 6.6 8.5 0.66
| kHz 2.1 2.7 0.20
10 kHz 0.66 0.84 0.08

100 kHz 0.2 0.3 0.02
1 MHz 0.08 0.08 0.008




Signal
de. tof,

O

Amplification

Gain

Level shifting
Conditioning
Transmission

f;

w

Lowpass

Antialiasing
Filter

* RHemove
unwated
signals

* Reduce noise

+ (Juantisation

N-Bit
ADC

Sampling

To DSP
+
To signal
processing
system
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[lapameTpu cCUrHany

Signal

Primary parameters

Secondary parameters

Sinusoidal waveforms

Square wave

Pulse train

Saw tooth wave
DAC signal
Dhgital data

Amplitude
Peak
Peak to peak
.IM.5.
Average
Frequency
Amplitude
Peak
Peak to peak
.IM.5.
Average

Frequency
Mark space ratio
Amplitude

Baud rate (bits !-;_"J

Penodic time, Max amplitude
Amplitude
Baud rate

Harmonic distortion

Rise time
Fall time
Pulse width
Duty cycle
Overshoot
Undershoot
Pulse drop
Slew rate
Rise time
Fall time
Pulse width
Duty cycle
Overshoot
Undershoot
Pulse droop
Lineanty
Ripple

Bit error rate




T
CepeAHe KBaApaTU4YHe Voo — L f o() dt
awv T "
0

—_ T
CepeaHe KBagpaTuuHe Vi, = H% ( f v2(1 }dr)

root mean square 0

r.m.s (3MiHHMM CTPYM) — TEIJIO = TEIUIO HA MOCTIMHOMY CTPYyMi

T
. .. 1
rectified mean or mean absolute deviation Vinad = T f lu(r)|dt
cepeaHe abconloTHe BiaXUNeHHA 0

KoediuieHT popmu C — | I| peak
Crest factor Trms
dopm dakTop RMS

Form factor ke = RV



leaIbHUM iMNyNbC
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PeanbHa NocnigOBHICTb IMNYbLCIB

b .
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rm.s - cepeaHbOKBagpaTnyHe

Waveform .M.S. m.a.d. r.m.s./m.a.d. Crest factor
Sinewave —V — N
V2 T 2V2
0.707 Vy, 0.637 Vy, 1.111 1.414
Half wave o ~ Vi = 2
rectified = ’ . 1 _
sinewave 0.5Vy 0.318 Vi, 1.571 2
/ 2 bs
Full wave - —Vm V2
rectified sine V2 ’ 22
0.707 Vi, 0.637 Vg, 1.111 1.414
. Vm Vm 2
Triangular wave — — V3
V3 2 V3
0.577 Vy, 0.5Vy 1.154 1.732
Amplitude Vin Vi 1 1
symmetrical
rectangular
n [4 3
Saw tooth pulse [ n Vin 1 Vi [ — [—
V3 2 V 3p Vn




m.a.d. r.m.s./m.a.d. Crest factor

Waveform r.m.s.

/n(1 — A2) 4+ A2 1
Valn(l — A) + 4] Y , —
JIn(l—A) + Al /n(1 — AZ) + A2

Offset pulse V(1 — A2) + A2

[
Exponential pulse ‘fla"%(l — e 2Tty %

[T T
— In'l ﬁ Vm

—-T/t |
’ ] |II - |
V 21 T

|2
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d.c. output
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Waveform Actual True rm.s.  Average Reading
peak—peak reading reading  error (%)
Sine wave 2.000 0.707 0.707 0
Triangle wave 2.000 0.577 0.555 —3.8
Square wave 2.000 |.O00 [.111 +11.1
Pulse (25% duty cycle) 2000 0.433 0416 —3.8
Pulse (12.5% duty cycle) 2.000 0.331 0.243 —26.5
Pulse (6.25% duty cycle) 2.000 0.242 0.130 —46.5




CnpouweHa 6,10K-cxema UMdpoBoro
MYNbTUMETPA

Analogue input

y

Input signal
conditioner Push button inputs etc.
and
converter
Prescaled
d.c. voltage .
= v Programming
.. instructions
AtoD - Digital -
converter controller >
Digital output to
Digitised information external world




DyHKLUiOHaNbHI 610KM HOpMani3aTopa
CUTHany

Q/s Voltage
Range divider Ohms,voltage
VIQUS and and source
o—— m| function V ohms
—h e
switches reterence
resistors
1.'
|
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/f converter
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A
™ Current
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[loaINbHUK Hanpyru
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