SENZORI | AKTUATORI
7. SENZOR| PROTOKA

Primena u sistemu upravljanja radom motora SUS

- Potrebna koli€ina goriva predstavlja jednu od osnovnih regulisanih veliCina
u savremenim elektronskim sistemima upravljanja radom SUS motora.

- Odreduje se na osnovu parametara samog motora i vrednosti raznih
merljivih veli€ina stanja sistema upravljanja.

- Od posebne vaznosti je ostvaren protok vazduha kroz SUS motor, koji je
potrebno egzaktno izmeriti.

- Odnos masa vazduha i goriva predstavlja osnovni faktor kvaliteta
procesa sagorevanja, usled ¢ega je neohodno precizno merenje koliine
usisanog vazduha.

- Maksimalan protok vazduha zavisi od zapremine motora i obicno se nalazi
u podrucju od 400 do 1200 kg/h.

- Merni uredaji koji mere protok zovu se PROTOKOEI\i/IERI | razlikujemo:
V
- zapreminske (VAF- Vane Air Flow) @ = — [m® /5]

- masene (MAF- Mass Air Flow) g = ‘i_m kg /s]
i t
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Merni principi _ _
gy = Merenje protoka kroz neku cev bazira se
A 'mpactpressure flowmster | I A R U NI RN
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- Bernulijeva jednacina
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sergl IS = Ovaj pad pritiska moze se meriti bilo
2 T direktno senzorom diferencijalnog pritiska,
: ili pomocu sile koja deluje prema tzv.
- e SSSm = senzorskoj ploCi.
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Fig. 3
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Protokomer sa “L”-klapnom

el » Spada u zapreminski tip protokomera.

» Obrtna merna ploCa-klapna se zakrece
| pod uticajem protoka vazduha i preko
| osovinice povezana je sa klizaCem
potenciomera, koji generiSe izlazni
naponski signal.

= izlazni signal ima logaritamsku zavisnost
u odnosu na koliCinu usisanog vazduha.
Na taj nacin, u podrucju malih protoka
(prazan hod) dobijene su znatno vece
inkrementalne promene izlaznog signala
u odnosu na podrucje rada s velikim

o koliCinama protoka (gornje podrucje

— Fig. 4 opterecenja motora).

| | 1 Sensor plate

| i = Veoma pouzdan protokomer.
a4 5 6 2 Airtemperature

sensor
To control unit
Potentiometer

Damping chamber

O O A W

Compensation flap 4

-
~

Intake-air flow
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ZAPREMINSKI PROTOKOMERI

- Princip merenja zasniva se na tretiranju zapremine (volumena)
supstance koja protiCe kroz poprecni presek na osnovu merenja nekog
parametra, koji je rezultat medusobnog delovanja toka fluida i tela
postavljenog u tok.

- Jedan od zapreminskih principa merenja je Karman-Vorteksov princip.

- Ukoliko se pri laminarnom strujanju fluida u protoCnoj cevi postavi
izvesna prepreka, opstrujavanjem prepreke formiraju se vrtlozna strujanja
na odredenom rastojanju iza prepreke, u smeru strujanja fluida.

- Frekvencija vrtloznih strujanja je direktno proporcionalna ostvarenom
zapreminskom protoku, usled Cega je posredstvom merenja
diferencijalnog pritiska ili zvu€nog talasa moguce odrediti periodicnost te
promene, prema izrazu

f=1/T = const Q,

- Osnovni nedostatak ogleda se u €injenici da pulsacije vazduha mogu
Izazvati greSke pri merenju !!!
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Zapreminski protokomeri

Ultrazvuéno merenje protoka zasniva se na merenju vremena prostiranja
zvucnog talasat koji prolazi kroz fluid (vazduh) pod uglom a.




SENZORI | AKTUATORI
MASENI PROTOKOMERI

- Princip rada masenih porotokomera na vozilima zasniva se na kalorimetrijskom
principu i realizuju se sa ,uzarenom zicom“ (HLM) ili ,uzarenim filmom® (HFM).

- Ne sadrzi pokretne mehanicke delove.

- Merenjem struje grejne zice (grejaca) ostvaruje se izuzetna tacnost merenja
koliCine usisanog vazduha.

- Upravljacko kolo sa povratnom spregom nalazi se u kucistu protokomera i
odrzava konstantnu temperaturnu razliku izmedu temperature tanke platinaste zice
(100 °C) ili otpornika u tehnici tankog filma (75 °C) i temperature usisanog vazduha
koji struji kroz protokomer.

- Ima visoku osetljivost, a zbog reSenja sa povrathom spregom, ovaj tip protokomera
ima i dobre dinamiCke karakteristike i uspesno prati promene protoka reda ms.

- Da bi se osigurale pouzdane karakteristike tokom eksploatacionog veka, nakon
aktivhog rada, odnosno nakon svakog gasenja motora, sistem mora spaliti sve
akumulirane necistoCe na povrsini vrele zice, Sto se ostvarje zagrevanjem zice na
oko 1000 °C.

- Ne moze prepoznati povratna strujanja vazduha kao posledicu izrazenih pulsacija
U usisnoj grani, koje mogu uzrokovati odredene merne greske (podrucje visokih
opterecenija i velikog broja obrtaja).
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W@ Micromechanical hot-film air-mass meter with
air-quantity measurement in both directions

~ Air-mass flow Oy

UAEO807-1E

Determination of the pulsating air-mass flow
in a 4-cylinder engine

Air-mass tow Oy

Fig. 8
At full load and
engine speed

n =900 rpm
1 Hot-wire
air-mass meter

2 Hot-film
 air-mass meter

- EET

UAEO808-1E




SENZORI | AKTUATORI

ﬁ HFMS hot-film air-mass meter (schematic diagram)

N

Fig. 1
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Fig. 3
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Mikromehani€ki maseni protokomer sa uzarenim filmom
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Om
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1 — dielektricna diafragma,
H — grejni otpornik,
Sy — senzor temperature grejaca,
S, — senzor temperature vazduha,
S,, S, — senzori temperature (ispred iiza)
Qu — protok vazduha,
S — merna tacka,
t — temperatura

= |zlazni signal se izvodi na osnovu razlike
temperatura vazduha izmerene izmedu
dva senzora temperature S; i S,.

= karakteristika senzora protoka (kao i kod
prethodnih reSenja) ostaje nelinearna, ali
Cinjenica da pocCetna vrednost pokazuje
smer strujanja predstavlja poboljSanje u
odnosu na prethodno reSenje sa
merenjem struje uzarene platinaste zice.
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n Hot-film air-mass meter (characteristic curve)
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Primeri senzora protoka na motornim vozilima
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Hot-film air-mass meter, type HFM 2

Measurement of air-mass throughflow up to 1080 kg/h

Technical data / Range

Part number 0280217102 0280 217120 0280217 519 0280 217 801
0 280 217 107
Characteristic curve i 2 3 4
Installation length L~ mm 130 130 130 130
o6

Air-flow measuring

range kg - b 10...350 10...480 12...640 20... 1080
Accuracy referred to

measwead value % +4 14 +4 +4
Supply voltage v 14 14 14 14
Input current

at 0 kg - bt A <0,25 <0,25 < 0,25 <0,25

at Om wom. A <0,8 =08 =0,8 =08
Time constant 1) ms £20 =20 =20 =20
Temperature range

Sustained °C -30...+110 -30...+110 —30..+110 =30...+110

Short-t2rm °C —40, . +1925 40, +125 —-40..+128 —40..+125
Pressure drop

at nominal air

mass hPa mbar <15 <15 <15 <15
Vibration acceleration

max, m-52 150 150 150 150

1) In case of sudden increase of the airmass flow from 10 kg - h* auf 0.7 O nosing, time required 1o reach 63%

of the firal value of the airmass signal.

Characteristic curves.

%
'1"

Output valtage U/,

(1] S T N N N R A R N

0 200 400 600 800 kg-h-
Mass rate of flow O,
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Operating principle.

Ry
Q R[] R
8600
122 4

Ry Trimmer resistor Pin 1 Gmdnd
Ra, Ry Auxihary resistors Pin?2 wal-)

Rs, C4RC element Pin 3 A

Ry Heater resistor n L:-"

Reg  Platinum metal-film resistor Pind Ual+)

Rr  Resistance of the airtemperature-
sensor resistor
Ux  Bndge supply voltage
Us  Output voltage
Y Supply voltage

17
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Hot-film air-mass meter, type HFM 5

Measurement of air-mass flow up to 1200 kg/h

ot —————

Rated supply voltage Uy 14v
Supplyvoltage range Uy B...17V
Accuracy Amfm =3%
Pressure drop at myt) Ap <15 hPa
Cutput voltage U, 0.6V
Current input ¥ <0,1A
A . . . 2
Permissible vibration acceleration a, = 150 m/s oy Air mass throughput
Time constant 1,5%) £ 15ms | | A Absolute accuracy
- Amfm  Relakive accuracy
Time constant 143) < 30 ms 4 Tirre until measurement error =5 %
Temperature range®) A0 L+ 120°C || T Time for 63 % measured valus
1y paasummd betwaan Input and cutput. change
) Time required for step response of out put voltage to 63 % of final value given an abrupt chan ge in airmass from 20 kg/h to 310 kg'h
¥ De bty on swiltch-on and after any changs | n Ao rate until the outputyoltags has attamed the ralatye measurament deylation |Amm|s 5 %.
4y uip to 130 °C for brief periods (= 3 min.).

Resistance profile of temperature sensor ] Air-mass characteristic curve at ambient temperature

A Fy= 115} %
4

3

5z z 2

A —— =[] 1

—
-0 -3 -0 10 0 10 20 =30 40 5 6 70 B0 20 100 110 120 W

0
-30 0 100 200 300 400 m/kg-ht

0280218 119| 7w -15... 480 kg/h

18
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Additional temperature sensor, |

1

2  Supplyvoltage Uy

3 Signal ground

4 Reference voltage 5V

5 Measurement signal Us.

1+ Temperature-sensitivity of resistor

Ry Heating resistor

Uy Constantvoltage

0280218 113 My, 10... 480 kg/h
0 280 218 087 |, -30... 850 kg/h
0280 218 089|my -50... 1100 kg/h

O~ O bW =

Measurement-channel cover
Sensor

Mounting plate

Hybrid cover

Hybrid

Plug-in sensor

Q-ring

Additional temperature sensor
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Hot-film air-mass meter, type HFM 6

Measurement of air-mass flow up ta 800 kgfh

Technical data

Rated supply voltage U, 14v
Supply-voltage range Uy 7.5..17V
Relative accuracy') Am/m +2%
Temperature range?) -40...120°C
Pressure drop at my Ap < 18 hPa
Current input [ =0,08 A
Vibration acceleration a, < 180 m/s?
Time constant 1.7} £ 10ms
Time constant TA%) = 30ms

Y Ford.0d= mim, < 1.3

¥ Up o 130 °C for brief parieds (= 3min. )

1) Tima maulrad for sta p responsa of output voltaps to &3 % of final valie ghvan an abrupt changs in alr mass from 10 kg/h o 310 kg/h

) Delay o n switch-on and after any change In flow rate until the output voltage has attained the mlative measure ment deviation |Am/mls 5%

Air-mass characteristic curve at ambient temperature

fg Ry = [hY
L) Ih fa
50 ] ps kHz
0 — /A= fm)

')

..1M ﬁ“‘“ﬁ__ 400
i ]
. H . =

a5 ; "‘"*—q__\_ 3 300 e B
0z : —— § A \ r._,,.-""
o 5 200
Jr-i;_‘ =30 -2 10 i} 10 20 ?I'\l X EH] 20 i) ™ &0 90 100 1% 120 H'C _H_'_,_,.-"'"'F.r'_ B

100 — ER"‘“‘-— —= 2 g
10 281 002 764| i, -60.... 800 kg/h :
0280218 176/ my -40... 620 kg/h O3 100 200 300 300 500 800 might 8

-40...620kg/h

0281002 802 m,




