SENZORI | AKTUATORI

2. SENZORI TEMPERATURE

» Temperatura |je fiziCka veliCina koja predstavlja stepen
zagrejanosti sredine-tela (energetsko stanje medijuma).

* Temperatura je intezivna (aktivna) velicina koja nema
svojstvo aditivnosti ( prilikom deljenja tela svaki deo
zadrzava temperaturu tog tela).

* Ne moze se izgraditi deljitelj ili sabirac.
T=1(X,y,Z,t)
= U gasnoj ili teCnoj sredini, merenje moze biti izvrseno u bilo
kojoj tacki.
= U slucaju cvrstih tela, merenja su uglavnhom vezana za
povrsinu tela.
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* Podela senzora (po principu rada)
- Ekspanzioni senzori temperature

- OtpornicCki senzori temperature
- Metalni otpornicki senzori (RTD )

- Poluprovodnicki otpornic€ki senzori (Termistori: NTC i PTC)

- Termoelementi

= Senzori (po nacinu rada) :
- Kontaktni senzori temperature

- Beskontaktni senzori temperature
(na osnovu zrac¢enja — pirometri, toplotne kamere)
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1 - Temperature measurlng pomts in the motor vehlcle
Meésuﬁng point - Temperature range
Intake/charge air -40 to 170
External environment __ -40 to 60
Interior -20 to 80
Exhaust air/heating system -20 to 60
Evaporator -10 to 50
(air-conditioning system)

Cooling water -40 to 130
Engine oil -40 to 170
Battery -40 to 100
Fuel -40 to 120
Tire air -40 to 120
Exhaust gas 100 to 1,000
Brake caliper -40 to 2,000




Metalni otporniCki senzori temperature
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Fig. 1

Iy Current supply

Up Supply voltage

Ry Temperature-
independent
series resistor

R(T) Temperature-
dependent
measuring
resistor

Un(T) Output voltage

e D
e 5T

U(T) = Io - R(T)
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p Calibration of a resistor to its setpoint value Fig. 2
a Resistance sensor

. 1 Rs Ry
b Characteristic
R,T,{ — curves
- —— 1 Auxiliary contacts
- 2 Bridge

Ry Nickel-film resistor
Ri(T) Total resistance
referred to
temperature T
Re Adjustable
parallel resistor
Rs Adjustable
series resistor

Total resistance R

UAEOB21E

Temperature T —»
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PoluprovodnicCki otpornicki senzori temperature

b

Resistance Rt

8 NTC resistors (examples)
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Fig. 3
a Pearl form
b Disk form

¢ Characteristic
curve with limits

of variation

R(T):Ro-eB'(%’%o)

Where Rg = R(T)y),
B =2,000 to 5,000 K = const,

T absolute temperature

TC=-B/T?
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PTC metalni otpornicki senzori u tehnici tankog filma

R(T) E RO (1 o AT + B : AT2 " “) :_ ?‘éfilrz')igcinglfmt)hgmeé? température coefficient
where AT =T - Ty and

Ty = 20 °C (reference temperature),

a linear temperature coefficient (TC),

B square temperature coefficient. i
7
/
~ R(100°C) - R(0°C) P f(dooc)
Where TC 100 = R(0°C) - 100K é 100// e
@ «(0°C)
T R,
0 100 °C

Measurement temperature Ty,
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v Temperature coefficient TC 100

Sensor TC 100 Characteris- Measuring |

material tic curve range
10-9/K

Nickel 5.1 slightly -60 to 320

(Ni) progressive

Copper 4.1 slightly -50 to 200

(Cu) progressive

Platinum 3.5 slightly -220 to 850
(Pt) degressive :
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Monokristalni poluprovodnicki otporniCki senzori temperature (PTC)

u Spreading-resistance principle {dual-hole version)

k2

Resistance R
AN i N
() o o

o
@

0 100 200°C
Measurement temperature T),

-TC =7,73 *10-3/K (duplo veci nego Pt otpornik)
- Merni opseg do +150°C
(specijalnre verzije do +300°C, Sl. 7)

Fig. 6

a Design

b  Characteristic
curve
Contacts

2 Passivation
(Nitride, oxide)

3 Si substrate

4 Counter-
electrode without
connection

R(T) Temperature-
dependent resistor
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Spreading resistance sensor (unipolar version for
temperatures up to 300 °C)

Fig. 7

1 Metal wire
2 Glass

3 Sicrystal

NAEOB26Y




Termoelementi
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u Seebeck effect

Uth

1, >

JAF ,-f_q:].f":

<8 Thermoelectric voltage U, of a number of metals
Material Thermoelectric voitage 1/,
mvy/100 *C
Constantan -3.40
Nickel 0
Paladium -0.28 =
Platinum 0.00
 Copper ok ]
F-l\;én.ganite +0.60
s .
Silicon +44.80
Fig. 8
1 Heat source
2 Metallic conductor
High,
= low thermal velocity
of the electrons
T; High temperature
1N Low temperature
Uy, Thermoelectric 11

voltage
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B

Thermoelectric

ommon thermocouples (characteristic curves)

TR RG] T
et Ik L I R T ooy
‘ ‘ - 2

G u

Measurement temperature Ty

-

0 400._ 800 1'200 ;:QQ .

NAEO828E

Fig. 9

1 Copper/Constantan
2 lron/Constantan

3 Nickel-chromium/

Nickel

4  Platinum rhodium/

Platinum
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Fig. 10
Thermocouple measuring set-up & osssmmamen: -
thermocoupie
leps)
1 Measul NEg point
(electrnically
A 3 IR conductive
| i junction)
! P mn head
Thq ompensating
- ere )
1 4 ) Gl nection
Ut (Cu
N\ l A 121
t:,. mperature
:-):‘ | eferel
B 2 3 4 5 L: nperature
T | Thert

= Termoelektri¢ni efekat (Zebekov termoelektricni efekat) je pojava da kroz
kolo od dva provodnika, napravljena od razli¢itih materijala, Ciji su krajevi na
razliCitim temperaturama teCe termoelektri€na struja.

= To je termoelekti¢no kolo, koje se uobi¢ajeno jos naziva termoelement
(termopar)
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ﬁThermocouples connected in series

2 3
(1) (rg)

Fig. 11

a Principle of the
thermopile

b Example of
application

1 Sensitive surface
"Hot" junctions at
the measurement
temperature Ty

3 "Cold" junctions
at the reference
temperature 7,

4 Thermopile
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Dioda i tranzistor kao senzori temperature

Semiconductor depletion layers

a b
Q C
\
B 'r
U l ¥
S £

U(T) = 2T . 1n( e+ 1) (10)
q I

sat

Where:

It = I (T) and I = constant,
g=1.6-10-19C (elementary charge),
k=1.88-10-23 JK-!1 (Boltzmann’s constant),
T absolute temperature.

- Direktna struja I¢ i inverzna struja zasicenja
diode I5menjaju se sa promenom
temperature, ali su male za prakti¢nu
primenu.

- U (T) pri lg=const - nelinearno

- Merni opseg od -50 °C do +150°C moze se
aproksimirati sa:

Up(T)=k-k, T

gde je: k;=U(0)=1,27V, k,=2-3 mV/°C
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Dioda i tranzistor kao senzori temperature

Semiconductor depletion layers
- Porast temperature utiCe na smanjivanje

iverzne struje kroz spoj kolektor-baza I g,
kao kod pn spoja diode.

" b - udvostrucuju se za porast od 10 °C i TC ima
visoke vrednosti, ali su struje vrlo male 1 pA
Y & (Si) 1 100 pA (Ge) i teSko ih je meriti.

I - Vecu primeni za merenje temper. ima

Ug l Uge(T) pri Ie=lc=const (nelinearno)

2 - Merni opseg od -270 °C do +200°C moze

\ se aproksimirati sa:
[

Uge(T)=K-k, T

gde je: k;=Ug(0)=1,27V, k,=2-3mV/°C

16
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Beskontaktni senzori: senzori termickog zraCenja

Prototype of a bolometric sensor array for Fig. 13
automotive applications 1 Lens housing with

lens

2 Connections
3 Infrared detector
housing
Infrared window
5 Detector

UAEDB32Y
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m_Pyrometric sensor produced using micromechanical techniques, with thermopile pick-off.

a SN 7 b 5 5 6 T ? Fig. 14
¢ A |2 Principle of the
: / A8 4 measuring cell

1 Silicon chip
2 Thermocouples

connected in series
(e.g. Al/poly-Si)

3 SiN diaphragm

4 Thermopile

terminals

Absorber layer

b Sensor type
Thermocouple
“Cold” junction
Diaphragm
Absorber

Heat radiation

O O & W N =

Electrical
connection
SisNg layer
Si0; layer
9 Heat sink

18
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e~y e
Whermal image analysis

- ————

Fig. 15

a
1
2
3
4
5
o Viewing angle

b
1
2
3

Electronics

of view
Si IR lens

Sensor chip
Evaluation ASIC

Lens system

IR imaging sensor
Silicon IR lens
TO5 housing

Terminal posts

Simple IR camera

Camera’s field

5 Sensorarray

19
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I e — : Fie. 16

518 Micromechanical thermopile array
e a 1 Silicon chip

2  Pixel
3. 4 Pixel connections

20
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Primer: Senzor temperature rashladne tecnosti (ECT)

21
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ECoolant-temperature sensor J FIE. 1

= 1 Electrical
= 2 3 4 B g connection
:_:_:_:f:_: 2 Housing
:E:EIE_E:EZ 3 Sealing ring
E:E“E"E‘E‘E 4  Thread
"4 ———1| 5§ Measuring shunt
G

Coolant

- — —_— —_— —_—

a - ee— - ——

) — — — —

2 — —— C— - .

p- - —— — —_—
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n NTC temperature sensor: characteristic curve

et -~

103}

UMK1998E
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ECT

Thermistor

™.

Thermistor

EGR Temperature
Sensor

L

Thermistor
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ECT

I

ECM
5V
TH"|.|"'.|’w Ao
E2)
Voltage
— E1, {Temp.)
; Signal
L . J

THA

ECM

IAT

E2

5V

Voltage
(Temp.)

Signal
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EGR Gas Temperature Sensor

EGR Valve —_—
EGR Valve

I 5V
| L O

| EGR Gas

I

Intake
Chamber Temperature
Sensor

E2
E1

i

EGR Gas
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Sema senzora temperature rashladne teénosti i ECU

THW
E2
Voltage
T E2 : E1 {Tﬂmp.]l
L J Signal
_ILR(T) |
o

ECT
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Ispitivanje ispravnosti senzora temperature

Ispitivanje ispravnosti senzora temperature (ECT, IAT ili
EGR sistema) svodi se na iste procedure:

- provera promene otpornosti senzora,
- provera napona napajanja,
- proverana prekid strujnog kola |

- provera kratkog spoja u kolu senzora

28



Provera promene otpornosti senzora temperature

DVOM

Resistance k{}

20 0 20 40 60 80 100
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Temperature *C (°F)
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Ispitivanje ispravnosti rada senzora kratkim spajanjem na konektoru

@m

ECM
1
Temp. Sensor 5\
. A () R
O ./ - THW VTJ__l'h
uP
XD, Y E2
j) ) _— 1 e
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Ispitivanje ispravnosti rada senzora kratkim spajanjem na pinovima ECM

R

7)o

Engine Coolant

Temp. Sensor
2
9 o
R(T)
s p S




Ispitivanje ispravnosti rada senzora odspajanjem senzora

. _-ﬂ"'-
'a'{#' ON

Engine Coalant
Temp. Sensor

2

R(T)




