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EYXAPIXTIEX

e a1l To onueio Ba NBeda va evyapiotnom Bepud Tov
KaOnynm k. Kovdovud I'edpylo kupimg yio v eumiotoovvn
OV LoV €0E1EE , KOIL TNV DITOUOVY] KATA T O10PKELD VAOTOINGNG
¢ Tk S epyaciog . Onme emiong Kot yio tnv moAVTIUN
BonBeta kat kabodnynomn tov , Yo TV eniAvon dapdpmv
Oeudrov.

Oa NBeha emiong va anevBHVE TIG EVYOPIGTIES LOL GTOVG YOVEILG
uwov Baoikn xat Evayyeiia Kitolov , 6motot otpiéay Tig
OTOVOEC LoV UE LAPOPOVS TPOTOVS , PPOVTILOVTAG Yol TNV
KaAOTEPT duvaTth) LOPP®on Hov . Akdua Ba fera va
ELYOPIGTNG® TOV AOEPPO oL BayyéAn yio TV moAv TN
Bonbela Tov o dvokora onueio g epyosiag . Kot téhog v
oVVTPOPO oL Mapttiva yio T fonfeta Kot TV vTOUOVN TOL
£0e1&e KaTA TNV OLAPKELD DAOTTOINGNG TG TTLYLUKNC EPYACiNG .



EIXATI'QI'H —ITPOAOI'OX

H onpocio tov aicOnmpov yia tov dvBpomo givol oyeddv
avtovontn. Ot tpdtol aeOntpeg eppaviCovron pali pe ta EuPpoa dvta,
KOl ATOTELOVY OPYOVOL TOVG . TO UATL KO TO apTi Elval YapoKTnploTIKA
TOPOAOETYLOTA: TO TPADTO OVIYVEVEL TUNUO TOV PACUOTOS TNG
NAEKTPOLLAYVITIKNG aKTIVOPOALOG Ko TO SEVTEPO TOV MO , ONANOT|
Kopata wieong . [ToAd apyodtepa , o AvBpwmoc cuveldntTomotel ot
ypedletal Opyoava LETPNONG Y10 Vo AVGEL KAOMUEPTVA TPOKTIKA
TpofANUOT , OTWG ALTO TNG LETPTONG TOL UKOVE , TOV Bépoug , 1 Tov
OyKov . Ztnv cvveyeia 1 embopio tov avOpdmov va yvopicel T oo
aAAG Ko S1APopPot TPAKTIKOL AdYOoL , ONILIOVPYOVV TNV OVAYKT LETPNONG
TEPLGGOTEP®V PUGIKAOV UEYEDDV . EVOEIKTIKA OVOPEPOVLE OTL TO TPAOTO
Bepudpuetpo eppaviCetor to 1585 ,evd 10 Papouerpo to 1643.
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Mnyovikn Teyvoroyieg pETpnong
1843 LUC|en Vidie,I'dAAog emotovag, epnipe Kot
—_—t EXTIo€ T0 PETOAMKO BopdueTpo, To 0moio ypnoipomotel
éva eAaTNplo
oluyiov avti evOG VYPOD Yo TN LETPNOT TNG
OTLLOGPOLPIKTG
nieon. H enéxtaom ehatnpiov vmod migon
HUNYOVIKA EVICYVTH GE V0L GUOTNO OEIKTOV.
Xpnowomnotei tn puébodo tov deiktn Vidie, Eugene
Bourdon (6pvtc g Bourdon SedemEtaipeia) matevtapiopévo 1849
o coAvag Bourdonuetpnt mieong yio vymAdtepeg mECELS.

Hiektpikég Teyvoroyiec MéTpnon

1930H npwt Moppotponeic mieong ftov HeTaymyng
LUNYOVIGUOV OTOV 01 KIVIOELS TOV S0QPUYLATOV, EAATPLOL
N BourdoncmAnveg eivar pépog evoc NAEKTPIKOD

Bichen TOGOTNTO.
dwepaypota mieong eivor pépog pog yopntikoétntoag. H
Kkivnon tov dgiktn ival 1 1dpvomM TOL TOTEVGIOUETPOV .

O TpadTol usONTpeg Kot dpyova LETPNOTG EIvVOL UNYOVIKA . M
apyn Aertovpyiog Tov TpdTov BeppopéTpov Paciletor oty LeTaBOAN TV
0o TAGE®MY TOV GOUATOV e TNV Bepuokposcia , evd Tov BapopeTpov
otV UETAPOAT TGS GTAOUNG EVOC PELGTOV OVAAOYO LLE TNV OLGKOVUEVT] GE
avto mieon . H cvotnpatikn peAétn tov nAekTpicpod odnynoe oty
avamTuEn vEmv asNTp®V —NAEKTPIKAOV - , 1 ££000G TV OTOIWV 1TV
&Va aVOA0YIKO OO, . 1] AVATTTUEY TOV NUOYOYOV ETYE OC OTOTELEGHO TN
dnuovpyio alohNTp®V 0ALE Kol YNOLOIKOV 0pYAVEOY LETPNOTG -

["a va cuveldntonomcet kévelg m paydaio eEEAMEN oTov TopEn
TV oentpov apkel va Boundel ot ta avtokivnta Tapdywyng g
dekaetiog Tov 60 ko Tov 70, meprerdpuPavay dvo povéd amhovg
NAEKTPIKOVS aucOntipeg , Eva yia tnv p€tpnon g Oeppoxkpaciog Tov
YUKTIKOV DYPOV Kot £voL SEVTEPO Y10 TNV UETPNOT) TG 6TAOUNS TOV
Kavolov . Ta cuyypova avtokivnta o1béTovy ToAAaTAaciong
a1 TNPES TOL YPNCYLOTOIOVVTOL Y10, TNV



e Métpnomn oTpOP@V TOL KIvNT P

o  Métpnon g Bepprokpaciog Tov a€pa EICAY®YNG
e METpnomn KpOLGTIKNG KADOTC

o M¢étpnon Beppokpaciog Tov KivnTipo

e Métpnon palog aépa

Epeic Oa aoyoinbodue kupiog pe aucONTPeg dLTOKIVITOL - TNV 0pYN
Aertovpyiag Toug otov Kabéva Eexmplotd oty cvveyeia . Ag dovue
YEVIKA TOVG a1GONTNPES TWG AELTOVPYOVV KOl TOL YOPUKTIPIOTIKA TOVG .

YTUTIKA YOPUKTNPLCTIKA TOV acOnTpov

To oTaTiKd YOPAKTNPICTIKE TOV a1oONTNPOV AVAQEPOVTIOL GTNV
Katdotoon kotd v omoia &xetl eméABel iIcoppomia petacd asOnmpa Kot
petpovpevov peyéboug. I'a va emrevybel kKdtt té€T010 TPEMEL TO
petpovpevo peyedog eite va eival otabepd | eite va petafdiietot oo
apyd oe oyéom Pe TNV duvatOTNTO TOV alcOnTNpa v avTIAneOel
HEeTOPBOAN aVTY.

IIotoTyTO

Me 10V 0po mieTOTNTO 0modideTaL O AyyAkOG Opog accuracy H
moToTNTO O oYeTileTan e TovV aplpd TOV SEKASKOV YNOLDV LE TOV
omoio pmopet va yivel n pétpnon , aALG e TO KAt TOGO TO ATOTEAEGHLO
mov divel 0 s pag TANGLALEL TNV PUVOIKY] TPAYUATIKOTNTA , LECO, GE
éva AoyiKo gvpog Tindv . H motdtta divetal cuvnBwg o¢ mocootod el
ToV €0POg Aertovpyiag Tov asOnTpa . Av Yo TapAdErypol Evag
alcOnmpag mieong , meproyng Aettovpyiag 0 — 10 baréyel motoét o

1.0 %1tn¢ TApovg KAMpaxag , Tote  uéEytotn afefordtnta Tov
acOnmpa Oa eivar ion pe 0.1 bar Avtd onuaivel 4Tt 6TaV 0 UGONTHPOG
divel og amotédespo 1 bar ,tote n péyiot avapevopuevn afefotdotra Oo



etva ion pe 1o 10% g Tiunc avtng . o tov Adyo avto Ba wpénet 1o
e0po¢ Aettovpyiag Tv acOnTpov va givar 660 1o duvatdv eyydTEP GTO
€0POC TV LETPOVUEVOV TIULDV , ®OTE VO E0cParMleTal 1) peyiotn dvvatn
ToTOHTNTA TOV PUETPNCE®Y . AV dnAadn £xovue pia epaproyn oTnv omoia
ot méoelc petofdrroviat oto dtdotnuo 0 — 1 bakivor Aaboc va
emAé&ovpe arcnipa teployng Aettovpyiog O — 10 bar .

AKpifero, ETOVEANYINOTNTO, AVOETOPAYOYIROTNTO,

O 6pog akpifela (precision)ekepalet tov Pabud erevbepiag Tov
acOnmpa and toyaio cedipata . Av médpovue peydro aplOuo
ueTpnoemv and £vo akpiPn cstntpa , 10t N peTaEy ToVG dlacTopd Ha
etvan pkpn| . H axpifeta cvyyéetor cuyva pe v mototta . H peydin
axpifela dev onuaivel Kot avaykny Kot ueyin mototnta . 'Evag akpifng
aloOnpog propet va €xel ko motdétnta . Kakng mototmrog
HETPNOELS amd Eva akpiPn osOntinpa onuaivel OTL 01 LETPNGELS EXOVV
ocvotnpatikd opdipa (bias) ,yeyovog to omoio pmopel va dopbwbei pe
Babuovounon (daxpifmon) tov asbntpa.

Avoyn

H avoym cvvdéetan otevd pe v motodt T Kot opiletl To pHéyioTto
OVOUEVOLEVO COAALLO LLOG TIUNG - OV TPOKELTOL Y10, GTOTIKO
YOPOKTNPLOTIKO EVOG alaONTAPpa , AALE TO OVOPEPOLLLE Y1OTL TTOAAES
(QOPEG M TOTOTNTO OIVETAL OC OVOYT).

Evpog

Me tov 6po £0pOg OVOPEPOUOGTE GTNV EAGYIOTN Kol TNV UEYIOTN
TN TOL PLGIKOV PEYEBOLG TOL pITopEl Vo LETPNOEL £VOg s T pag .

YVOTNUOTIKO GQaANO.

Q¢ cvomuotikd opdiua (bias) ivat éva otabepd
cPAAua , To 1010 Y100 OA0 TO £VPOC TOL TN TP , TO OTTO10
ovvn0wg umopet va undeviotel pécw Paduovounong .
XapaKTnploTiko Tapddetyo GLGTNUATIKOD COAALATOS



epeaviletor 6T1g otklakeg Luyapiléc , o1 omoieg umopet va
delyvouv pn undevikn EvOeiEn , akdun Kot yopic poptio . Avt
N U1 UNOEVIKT EVOEIEN OV TTAIPVOVLLE KOTA T1 UETPMOTN DGTE VL
TPOKVWYEL 1] TPOYLLOTIKT] TUULY).

A
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-

-
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Yympo 1.1 Xoparxtnpiotikny eCooov ouaOntipa

I'poppu) andxpion

Etvon yevikd emBounto n andxpion evog axcOntipa va
petaBdAdetol ypopupkd pe to petpovpevo péyebog . Ta onueio tov Zy.
1.1 amewovifovv v oyéon peta&d onuatog 1.66d0v (optlovtioc déovag
) ko €000V (KatakdpvPog dEovac) evoc aoOntmpa. . H ypouun peta&d
TV onueiov yapdooetal epapuolovrog v nEbodo tv erayictmv
teTpayovev . H un —ypappikdtnta exk@pdletal g 1 LEYIOTN AmOKAMOo)
peta&d Tov onueiov kol g ypouuns . H un —ypappikdra exepdleton
oLVNBMC OC ATOKALGT TOL EVPOVE TOL GO TP .

EvaweOnoio otn pétpnon

[Tpokerton Yo 1o AOY0o ¢ petafoAng oty £voeltn tov aichntipa
, TPOG TN HETAPOAT TOV PUGIKOV peYEDOVE TTOV TNV TPOKAAECE. . ATIO TOV
opIGO aVTO TPOKVTTEL OTL N EVALCON GO IGOVTOL LUE TV EQOTTOUEVT TNG
YPOPIKNG TAPAOTACTG .



EvaiwsOnoio otn dwotapoyn

H BaBpovounon kot ta yopaktnplotikd evog asOntipa ioydov
OTav aVTO AEITOVPYEL EVTOG GLYKEKPIUEVOV EVPOVG TEPIPAAAOVTIKADV
ocLVOINKAOV TapanETp®V OTwg 1 Bepprokpacia , n wieon , N pdla aépa
K.AT. . To g0pog kabopileTon amd TOV KATACKELAGTN TOV alchnTpa .
MetafoAn Kdmolog and Ti¢ TapapETpovs aVTEC EVOEXETUL VO LETAPAAEL
KOO0 OO TOL GTATIKA YOPAKINPLOTIKE ToV acOntipa . H petafoin
avtn opiletatl wg 1 evosOnocio otn drotapayn) . Ta yYopaKINPLETIKE TOV
acOnmpa mov petafarrovrol eivor Kopime 600 kot eival YvooTd ¢

oAioBnomn tov undevoc (zero drift)kot ohicOnon evacbneciog (sensitivity
drift).

Me oiicton pdevos

<Mz obicBuen pdeves ke
oiicBuen rvaotncias

Y

Yuo 1.2 :(a) OdioOnon undevoc , (b) OrioOnon evarcOnoiac , (C)
20VODOOUEV ETIOPOCH TV ODO 0AMaOnTewV .

H oAioBnon tov pundevog eivat to pn undevikd onpa e£660v Tov
acOnmpa 6tav to onua etval undév , Aoym peTafoing Tov
nepPoriroviik®dv cuvinkmv . Metpdtor cvvibog oe V.C-1 oy
nepinton m.y POATOUETPOV TO 0TO10 £xEl ENNPEACTEL O TN HETAPOAN
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¢ Oepurokpacioc . Av évag aicOnmpog exnpedletal and avtictolyeg o€
ap1uo olMceOncelg Tov undevog , pia yuo ke ennpedlovca Tov

o mpa TapAReTpo . XapoaKnploTikn oAicOnon undevog aichntipa
nieonc , eaiveton oto Xy. 1.2

H o\icOnon gvaioOnciog opiletar o¢ t0 m0cd peTABOANG TG
evaucOnciog evog asOntpa Aoy LETABOANG TV TEPIPAAAOVTIK®V
cuvOnkov . Exepdletal péom cuvtedest®mv oAicOnong evaicOnoiag , ot
omoiol ekppalovv to péyebog g oAicOnong avd povéda petafoAnc e
TEPIPAALOVTIKNG TOPAUETPOL TTOV TNV TpokdAece . To Zynua b delyvet
NV €Midpaot G oAicOnonc evaicOnoiog ota yopaknpPoTiKd e£660V
evog ansnmpa . H cuvdvaopévn enidpaon twv orcbncewmv undevog Kot
gvacOnciog ot YopaKTNPIGTIKA 00V £VOG aichnTipa Gaivetol 6To

ZyNuo €

YyMua 2 . Xopaxtnpiotikd e£o0ov oroOntipa pe vatépnon

Yotépnon

>10 Xymuo 2 eaivetar to onuo €600V £voc aucOnTpa 0 0moiog
TOPOVGLALEL LOTEPNOT) . AV 1 TIUT| TOL GYUATOG €16000V LeTaPdAAETON
otafepd , Eekvadvtag omd apvnTikég TIHEG TO oNua eEG00V TEPLYpAPETOL
amd TV KOUTOAN A. AV KATOTLY TO O €500V LEUDVETOL GTAOLOKA |
tOTE TO oM ££0d0L TTEPLYphpeTaL amd TV Kapumvin B. H un tavtion
TOV 000 KOUTLADV <<QOPTIGEMG - EKQOPTICEMG>> ival YVMOOTN ®G
votépnon. H vetépnon ekppdletal pHEcm TG HEYIGTNG VOTEPTOMNG
€£600v, o1 omoieg opiloviot OTMS PaAiveTOL GTO XYoL 2

11



TAZINOMHXH AIXOHTHPQN

MMPQTO KPITHPIO
MetafoAn g évoeiEng tov aucOntpa
1) ANAAOTI'TKOI
i) YHOIAKOI
AEYTEPO KPITHPIO
Emaoen Tov cucOnmpa pe to petpodpevo péyebog
1) AIZOHTHPEX EITA®HX
i) AIZOHTHPEX MH EITAOHZ
TPITO KPITHPIO
Xpnon eEmTEPIKNG TNYNS oo Tov cucOntpa
1) TAGHTIKOI

i) ENEPT'OI

TETAPTO KPITHPIO
Apyn Aertovpyiag Tov ousOnTpo

) HAEKTPOMATNHTIKOI
i) HAEKTPOMHXANIKOI
i) @EPMIKOI

iv) MIEZOHAEKTPIKOYX
V) MAINHTIKOYZ

vi) EMMATQIIKOYZ

vii) XQPHTIKOYX

Vi) OTITIKOYX

ix) XHMIKOYX

12



Hopayovteg emidpaonc amd 10 mepLfdairov
H GEPMOKPAXIA

AONHXEIX KAI TA KTYIIHMATA

2KONH KAI ZENA 2XQMATA

YI'PAXIA KAI NEPO

EITIAPAXH XHMIKQN OYZIQN

I[TAPEMBOAEX

Ov aeOn T peg kKo apyn Aertovpyliog o€ EIKOVA

Ag 000E KAmO10V¢ 0O TOLG GO THPES Kot TNV apyn
Agttovpyiag TOVG , GOV GLVAVTALE GE VAL VTOKIVNTO , GTNV
ocvveyeia Ba avapepHode To avaAlvTiKd Yio Tovg 5 aicbntipeg
omov Kot o avoAOGOVUE EKTEVEGTEPQL .

MAI'NHTIKOI AIXOHTHPEX
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AIZOHTHPEXZ PAINOMENOY HALL

I[NIEZOHAEKTPIKOI AIXOQHTHPEX
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OEPMOHAEKTPIKOI AIX0OHTHPEX

AIXOHTHPEX XTPOOQN

15



AweOnmipag aroivtng wicong (MAP)

_‘_.._""—"____—-"""‘-'-.\
==\

Il

AD027464

—

Yymuo 1 . AieOntipacs owoivtng wieong

‘Eva axopo onuovtikd ototyeio 6mov ypetaleTon 0 Kvntipog yio vol
dovAeVEL MOTE gival , M pétpnomn vromieong (N ¢ amdAvng wieong )
TOV EIGEPYOUEVOD AEPO, GTNV TOALATAY| EIGOY®YY| , OTMG POIVETAL GTO
TopokdTo oy . Ot o moAlol KivnTpec AE1IToLPYOHV LLE PVGIKY)
gloayyn aépo dnAadT ot KOAvdpot yepilovv pe aépa pe tn fondeta g
aTpoc@apkng ieong . H vomieon eivon £voeién v to goptio Kot TV
160 TOL KIVNTNPC,
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Yymua 2. O aiaOntipag torobetnuévog atny eicoymyn

Aol pikpn mieom onuaivel 0Tt dev VILAPYEL OPKETOG 0EPAG Kol £TGL Eivart
duvatd vao KatavolmBel o ToAD KadG1o Yo Tapaywyn woyvos . H
TANpoopio TG UETPNONG ATOAVTNG TLEGNG GTNV TOALUTAL EIGAYOYY
aépa ypnoLomoteiton yio vo pudoctet | mieon oto GHGTNUO SOVOUNG
KOOGLLOL KO O YPOVIGHOG TNG ovAPAEENS . AKOpa Eva TPOPANUA YO0 TOV
Kvntpa givon 1 BOpOUETPIKT TTiEGT TNE ATUOGPALPOS TTOV YpeLdleTar va
HETPATAL , LE OKOTO TNV CUUTANPOOT) TNG ATMOAELNG 1OYVOG OO TNV
HELOUEVT EIGAYMYTN OEPA AOYO TG VITOTIECTG -

Mo 6Aovg Toug mapamdvm Adyoue 0oL YPEELETOL O KIVITHPOGC
OVTEC TIC TANPOPOPIES — LETPNOELS £XEL KATUOKEVAGTEL O asONnTRpOC
amdivtng Tieong Yvootog ko og MAP Manifold Absolute Pressure .

17



Symua 4. dvo povtélo araOntipawv g etorpioc BOSCH

To ofua Tov o TNPE YPNGILOTOIEITAL Yi0L TNV LETPTOT) TOV POPTIOV
oV Kvntipa (o€ cuvaptnon pHe Tov aptdud oTpoe®Vv) Kot sival Bactkd
Yl TOV VTOAOYIGHO TNG Oldpkelag wekaopov. O acOnpag eival
oLVOEOEUEVOG LECH EVOC GOANVO VITOTIECTC GTNV TOAAATAN E1GOYMOYNG
HETA TNV TTETOAOVOA YKOL100.

18



ZUstcm yamy neonoto  Kirapomisonc pe  Kukhwpa
w\iva avappognane gTotxela awtnmpa . agloAdynane

Tolywpa oteyavomTag  Kepapikr otpaon

Symua 5 . Xwdnvog avappopnong

| Mieon p cwNva
MielonAekTpikeg avappognang
oviorgoee . | ,

Odhagiog nieone
avagopdc

Kepapiké undotpwpa

Yymua 6 . Iielonlextpixo pravousvo

Etvon évag meloniextpikdg aucOnmpag Kot avtd onuoaivel 6tim
avTioToon ToV petafaAleton 0tav petafaileton | tieon. Amotedeitan
amd v KOKA®LO EVIGYVONG TOV CIATOS Kol £VOL TGLT TUPLTIOn, TOV
EMAV® TOL €Yl 4 NAEKTPIKES VTIOTACELS GVVOEdEUEVEG G YEQLPA. To
o Bploketal péca o€ Eva ateyavo BdAapo mov £xetl pia micon

19



avagopdc (atpoceaipikn). O Odlapog ywpiletor o dvo péPN. X1o Eva,
Bpioketar 1o Tout (OTTOV EMIKPATEL ATUOGPALPIKT| TTiEGN) KOl 6TO GALO
UEPOG Exovpue TNV mieon mov BEAoVE Vo peTpricove, OnAadN 1 Tieon g
ToAAOTANG eloaywyns. Otav petafdiletal ) mieon otnv ToAAUTAN
gloaymyYNG, N LepPpdvn tavo otnv onoia otnpiletol T0 TOUT KAUTTETOL
Kol aAAGCeL n avtiotaon tov. Emopévag aAddlet kot 1 tdom mov dtaPadet
N Movada EAEyyov Kivntipa (Engine Control Unit / ECU), n omoia
HeTa@PALEL TNV A0y TNG TAGTG GOV QALY TNG TLEGNC GTNV TOALUTAN

EIGAYOYNG.

4,65

<

HC)
B

Tdon eE68ou U,

20 kPa 115
AnéAUTn riieon P, —

Xymua 7 . Xopakxtnpiotikn tov aietntipa

[Ma va yivel mo katoavont 1 Asttovpyio Tov aioONTPA 0C LEAETICOVLE
TO TOPOKATO TOPASELYOL

To axd6AovBo mapaderypa TpoHTobETEL TNV 1010, TOYYVTNTA TOL KIVITHPO.
Kot TN Oeppokpacio Tov aépa.
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« Koatdotoaon 1:

Mua umyovn va Aettovpyei oe WOT (redeimg avolkTi TeTaAovdo)
Thvo o€ Eva oA YynAo Bouvo €xel Evav MAP ¢ tdéng tov 15
"kPa Hgn 50 (pvcilaotikd ico pe to fapouetpo 6to 0Tt peydro
VYOUETPO).

« Koartdotaon 2:

To 1010 KivnmMpa 610 eninedo ¢ OdAaccac Oa emtvyel 15 "Hg
™™g MAP c¢ Ayotepo and WOT Adym tov vynAdTteEpOL
Bapopetpkn micon.

O kKwmmpag aroutel Ty 0o pala TOL KALGIHOV Kot 6TIG V0 GLVOT|KEC,
enedn N palo Tov aépa IOV EIGEPYETOL GTOVG KLATVOPOLG givat TO 1010.

Av 1o ykal1 etvar avorytd og OAN T dredpour| otV Katdotaon 2,m
ToALOTTAY amoA VT Tieom Oa awénbet amd 15 "Hgoe oyedov 30" Hg (~
100 kPa)sepimov ico e 10 TomKO PapOUETPO, TOL OE KATAGTAON 2 Elval
10 eninedo ¢ Bdhaccac. Oco vymAdTEPT Elval 1 amdAvTn TtiEoT 6TV
TOAAOTIANY EIGOYMYNE AVEAVEL TIV TUKVOTITO TOV 0EPQ, KOl LE TN GEPA
TOVG TTEPICGOTEPU KAVGLUO UTOPOVV VO, KATOVOA®OODV e amoTEAET O
™V LYMAOTEPN amdOOoN.

Yxeddv kabévag mov £xel odnynoet Eva yndo Pouvd givar e€otkelmpévor
LE TNV HELMOT TNG TOPAY®YNS TOL KIvnTpa Kabdg avEdvetal To
VYOUETPO.

Silicon Chip

Silicon Chip

Intake Manifold Pressure

Intake Manifold Pressure

Xymua 8 . Xyéoio aiaBntnpo.
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AweOnmipog palog aspa

Ford Mass Airflow Sensor

Connector
MAF return
MAF signal

Air Temp

IAT Temp
Sensor i

Side View

Front View

AA1car.com

Yymuo 1. Zyédio onsnmpa

O aweOnmpoc palog aépa (MAF) tinpogopei tnv ECU
v v pdla tov ereepydpevov aépa. O asnmmpag avtdg
HetatpEmel TNV 1Al ToV EIGEPYOUEVOL aEPA GE EVOL GT|LLOL
tdons. To onua avtd otovg nepiosotepovg MAF eivar
avOAOYIKO, OALG DTTAPYOLY Kot KATOLEG OYEOACELS TOV
TopAyoLy ynoeloko onua. Bpioketol 6tov aywyd eilcaymyng
aépa LETE TO PIATPO Kot UETE TNV TETAAOVOM. KoTooKeELAOTIKE,
vtépyovv dvo TuTor aucOnpwv MAF, o Beppod viuatog Kot
Aemtov eiAp. H apyn Aettovpyiog tovg ivor mopopota.
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Nrjua rj @i\ and riativa

O aépac amoppo@d
D
Rx | =

£va PEPOG ang T

BeppoTTa g R

Yynua 2 . AieOntipog poric uélo aépo o covOLAGUOS e YEQUPO,

To areOntipro (Bepud vijuo f) Aemtd eip), Bpicketon
extefelévo ot pon Tov aépa elcaymync. Exel emkdioyn oo
mAativa ko gival g ovtiotoon tomov PTC,onA. 660 avEdvel
Ko 1 Oepuokpacio avédvet ko n Tiun ¢ avtiotaons. H
aVTIGTOOT VTN €lvol GLVOEIEUEVT] GE YEQUPOL LE AAAEC TPELS
avTIoTdoelc. Amd avtég n Lo gtvon éva Bepuictop NTC
eKTEDEEVO GTOV E1GEPYOUEVO QEPQ, LE TIUN oL KaBopileTal
and v Oeprokpacio Tov. O dAleg dvo £xovv ctabept) Tiun.
Me 10 Gvorypa Tov d1aKOmTN, T0 oGO TAPLO £YEL LUKPN TIUN
aVTIGTOOMNC, OTOTE 0 AAAOC KAAOOC TNG YEPLPOC EYEL LIKPOTEPN
avtictoom and Tov aplotePd. AvTtd TpoKalel LEYAAN O1opOpPd.
SVVOLKOD Kal 1 YEpupa £xel LEYAAN Evtaon pedpatoc. To
pedua avtd Bepuaivel ypryopa 1o aicOntplo mtiativac oe po
ovykekpiuévn Bepuoxpacio (L0MC o Bepuot vipatog kot 750C
0 AETTOV PIAW) TV otd TV Oeprokpocio Tov TEPPAALOVTOC
aépa Kal 1 ovtiotaon tov acntiplov avédvetatl. XTnv
GTLYUIOi0 KOTAGTOGT 0LTH, DITAPYEL LGOPPOTIO GTNV YEPULPO TMV
AVTIGTAGEWV.
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Hot Wire MAF Sensor

p—» Output Voltage

Thermistor

Fig. 2-36
THSH0ETES 14
2ynua 3 . Ogpuod vijuorog
MAF Sensor Signal Voltage
=
)
2
©
o
E
£
2
3
Intake Air -
Heater Thermistor Intake Air Mass g/sec.
Fig. 2-37
B THS2A065/ 852066

Symua 4. Xoparxtnpiotiky tov aioOntipa

Otav apyicel n por| aEpa GTOV KVITHPA, O ELGEPYOUEVOG
a€Pac YOYEL TO oM TAPLO AVAAOYO LLE TNV TOYOTNTO KO TNV
Oepurokpacio Tov. Avto Tpokaiel peimon g TG TG
aVTIoTAOTC TOV, 1 OToio ONUIOVPYEL TTAOGT) TAGTG TNV YEPUPO.
Avt gtval avaioyn pe to pudud YouEng tov acHnMpPLov
TPOoTOODOVTOC Vo KPATHCEL TNV OEpUOKpaGio GTNV apyLK TIUN
™mC. Avti TV ttoon thong eivor wov “srafaler’ n ECUxan

24



kouoaiveron and 0,5-4,5 V,avéroya pe v pala tov
ELGEPYOUEVOVL OEPQL.

[Mo v aroeuyn emKOAANONC COUATIOI®Y GTO
a1eOnT P10, 08 KATO10VE TVTTOVS BEPLLOV VIILATOC, aPOV KAEIGEL
0 JLOKOMTNG TOV KIVNTNPa, TO ocOnnpro Bepuaiveton otovg
100MC yua 1 devteporento, MGTE VO KOOVY TVYOV puTtol. Méoal
otov ocOntpa ival suvHBOC evomuaTOUEVOS Kol £VOG
Eexmprotog arontipag Oepuokpaciog aépa (Oepuictop NTC)
oL TANPOoPopEl pe Eexwprotovg akpodéktes v ECU v v
Oepuokpacio Tov a€pa EICUYMOYNG

Luftmengenmesser
Anschluflstecker

HeilRdraht-

Sensor Kaltdraht-

_ - Sensor

—

L -
FliaBrichtung

Symua S . Xyédio ue mhayio toun

210 TOPAKATO YN QaiveTot Ovo ocONTPES PONC
nalog aépa pe Oepud viua (aprotepd) kot @i (0e€id) . Ot
10N TN PEC aVTOL £YOVV EMKPOTIGEL YIOTL dEV EXOVV KIviTA
wépN ko etvon aveEdpTnTol amd TNV MEST Ko TV TUKVOTNTO
TOL 0EPQL
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Syua 6 . AtoOntnpeg Ocpuod vijuarog (opiotepa) kou piiu (0eé1a)

EmmAéov 6TOoVG TETPEANIOKIVIITIPES YPTCULOTOIOVVTOL
Y10L TOV EAEYYO TNG AVOKVKAMOT G KALCOEPTIMV. XVVETMG
amoTeELEL £va KEVTPIKO eEAPTNLA GTO GUGTUO TPOPOJOGING
aépa Kot yio tn peimon pumv. Ot avoTNPOTEPES ATOLTNGELS Y10
TNV TPOCTAGIN TOV TEPIPAAAOVTOC EIYOV (0 GUVETELN O1 VEEC
YEVIEG TV oucOnTpov ndlac acépa va Tpémetl va eival OO0 Kot
o akplPeic. Xe ek000ELg L 2 EEYMPIOTEC YEQLPEC UETPMNONG
UTOPOVV EMITALOV VA, avayvopilovTol TaAUOl Kol oVTIGTPOPES
POEG.

BaARida avakUkAwong Kaucaspiwy (TYEUPATIKA)

@:,:ni
- NAEKTPOTIVEUHATIKOG
i' HETATpOTEdG Migong

@iAtpo aspa

alwgBnThpag pagag
agpa (LMS)

KOTAGAUTNG
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H avokvkiwon kowocaepiov (EGR) sivar pia
emPBeforopévn kot dokipacpuévn nEBodog yio ) peiwon purwv
G€ TETPEAAOKIVITOL
oynuota. o va gitvon epiktog o axpiprg Ereyyoc tmv
OVOKVKAODUEVOV KOVGAEPI®OV, 1] avappopaOueEVN Hala agpa
TPEMEL VO KOTOYPOPEL KATOPYAG LE PEYAAN aKkpifela — avTtd
glva to xkafnkov Tov arsOntpa pndlag aépa.

Ye Bevivoxvnmpeg Aapupavetot vToyn To G Pong LAlog
aépa yio Tov akpilfBr] TpocOopIcUO NG KOTAGTACTS POPTIon
TOL KIVNTNPO Kol ¥PNOIUEDEL ®G HEYEBOC €1GGO0VL y1a T
YopTOYpAPnon g avaeieéng. Emmiéov, to onua tov
acOnmpa palog aépa otov Bevivokvnmpa ovtietoduilel v
EMelYn onuatog acntmpa Aduda ot O1dpKeLd TNG PAoNC
KpOHOg ekkivnong. Zuyva ot awcOntpeg Lalog aépa cuyyéoviat
LLE TOVG HETPNTEG TOGOTNTAC aEpa. O LETPNTNG TOGOTNTOG AEPTL,
®OTOGO KATAYPAPEL LOVO TOV OYKO TOL aépa. Avtifeta, ot
aloOnmpec ndlag aépa eivor ToAd o akpiPeis, kKabmg katd v
KaTaypoaen e walag agpa Aapfdvovial vroyn emmAEoV 1
Oepuokpaocio Kol mieon.

Yymuo 7. TomoBétnon aicbntipa oty e16aymyn

27



Yyua 8 . Ocpuo viuo

LMM {MAF) Sensor
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Symua 9 . Xopartnpiotikn koumrdin aieOntipa
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. | Taom
LMM pong £E000V
(gm/sec) | (Volt)
0 0.2
2 0.7
4 1.0
8 1.5
15 2.0
30 2.5
50 3.0
80 3.5
110 4.0
150 4.5
175 4.0

Yyua 10 . Metpnoeis kotookevooty
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AwcOnmypog Osppokpaciog

Yxomdg Tov auctnmpwv Beppokpasciog eivol va peTpolv pe
axpifela ) Oeppokpacio VYPAOV 1 aepiwV G€ SAPOPO GCLGTHLOTO TOV
OLTOKIVIITOV KO VO OVOPEPOLV TO OTTOTEAEGLLOTA TV LETPNCEDYV GTO
HIKPOOTOAOYIOTY], Y10 VO KAVEL TIG KATAAANAEC puBuicelc. O éleyyog g
Beppokpaciog ota 016popa GLGTHLATA YIVETOL SLOPKMG Kot emPBAAAETAL,
EMELON €VAC KPVOC KIVITNPOC ATalTeEL E101KESG puOuicels yio v
eKKivnomn Kal Aettovpyia Tov.

EmmAéov, n vynAn Oepurokpacio petafairel Tnv mokvotnTo,
VYPOV Kot aepiev aAlalovtag Kupime T 6VoTACT Kot TiEGT TOV
LEIYLOTOC KOVGIHOL - aépa, eV® TapdAAnAa amoteAel KpPLTPlo
NG OUOANG AElTovpyiag EvOg KiviTipo Kot EVOEEN TOL GOPTIOL
TOV
(netapepduevo Bapog, avneopog). Tédog n vynAn Bepuokpacia
amOTEAEL TO oMU KIvOHVOD yia emepyouevec PAAPeg amod
OO TOAEG EEOPTNUATOV AOY® LTTEPOEPLOVOTC KL YIOL TNV
VopEN cLVONKOV Tapay®YNS PAaBepdv KowcaepimV
(Bepprokpacio kavong modd peyordtepn amd 1300°C).
Toavtoypova, lval T0 GO EVEPYOTOINGTC TOV GUGTNUATOV
YOENG TOL KIVITI PO KOl TOL GLGTUOTOS CUVOLYEPLOD Y10, TOV
00NYO TOV OYNUOTOG, TOL TPETEL VO KAVEL UEGHS KATOES

EVEPYELEC.
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O Baocikéc epappoyég Tov asdnTipov Oeppokpaciog og
VYPA Ko aEPLo

* H pétpnon mg Beppoxpasciog Tov yoktikod vypov Tov Kivntipo, Omme
(QOIVETAL GTO TOPAKAT® GYNO , LE GKOTO TOV EUTAOVTIGUO TOV
LELYLOTOG KOVGIHOV - 0EPOL GTOV KPVO KIVITIPO KO TNV EVEPYOTOINGN
TOVL GLUGTHHOTOG AVAKVKAOPOPIG Kovoaepimv 6Tov LIEPHEPLO KvnThpa,

TPOKEUEVOD Va, Yivel peimon tov pumtov o&ewdimv Tov aldtov NOy.

* Axoun n Bepuoxpacio Tov YoukTiKoD VYPOL gival KprTplo pudeng
TOV YPOVIGHOV, 0OV omarteital Tpomopeia avapieing (Oetuico apdve)
OTOV KPYO KIVITHPO KOl GTOOLOKT HLEIMOT) TOV KOOGS 0 KvnTipog
TAnolalel v Kavovikn Bepuoxpacio, evod mopdAAnAa eivol KpLTnplo Kot

YOl TNV EVEPYOTOINOT| TOV AVEUGTHP®Y YHENG.

* H pérpnon mg Bepprokpaciog kavoipov, pe oxond m pHoOUIon ToAA®V
TOPAUETPMV, TTOV POPOVV GTI GVGTACT] KO 6T OEPKELN YEKAGLLOD TOV

KOLGIHOL Helypatoc.
* H pétpnon mg Bepuoxpaciog g Barforivng oe niektpovikd KiBdtio

TAYLTNTOV, LE GKOTO TNV OTOO0TIKOTEPT AELTOVPYiD KO TNV TPOANYT

@Bop®V amd LLEPPOPTIOT TOV GLOTNUOTOG LETAGOONG KIVOTG.
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O Baockég epappoyéc tov amodntipov Beppokpaciog og

aépra givor:

* H pétpnon mg Bepuoxpoasciog Tov 16EpYOUEVOL AEPA GTNV TOALATAN
EI00Y®YT, OT®G POIVETOL GTO TOPUKATO GYNLA , LE GKOTO TN pYOuIon

NG TOGOTNTOC TOL OITALTOVUEVOL OLEPO Y10l T OLTIPNON TOV CTPOPADV
TOL KPHOL KIvNTNPa 61O peEAaVTL, Tn OEpUAVOT TOV E16EPYOUEVOD aépa

KoL YEVIKE TN BEATI®OON NG CLUTEPLPOPAS TOV KPVOL KIVITHPOL.

* H pérpnon mg Beppokpacioc tov kavcaepiov, e okomd T puduon
TOPOUETPOV, TTOV OPOPOVV GTI GLOTOCT] KOL GTI SLAPKELN YEKAGLOV TOV

KOVGIHOL HElYHOTOG.

o YV mepintmon VITOPENG CLGTHLOTOC EVIGYLGTG TNG 1IGYVOS TOV
kwntipo (turbo),n Beppokpacio tov kavoaepiov mailel Waitepo poro,
apOV T KOVGOEPLA EVAL 1] KIvnTHPLo, SUVOUN TNG GLUTIEGTS TOV aEpal
Ko M otabepn| Oeppokpacio Tovg eivar KPLTPLo TG OLOANG AgtTovpyiag

OVTOV TOL GLGTNLATOG,.

* H pétpnon mg Bepuoxpasciog meptpaArovtog Kot Tov aépo 61O
YOPO TOV EMPATOV, LE CKOTO TN PUOLOT TOV GLGTHUATOG KMUATIGLLOVD.

H 18¢a pétpnong mg Beppokpaciog otig mePIoCOTEPES MEPUTTAOGELS,
otmpiletor omn peETABOAN TNG TIUNG MIOG AVTIGTOONG e TNV GAAXYT TNG
Beppokpaciag. 'Etot, and ta d1dpopa £idn aicdntipov Beppokpaciag, To
EMKPATESTEPO Eivor TO Yvmoto Bepuiotop. Eva dAlo gidog osOntipa

Beppokpaciog eival 0 SIUETAAAKOC O1OUKOTTNG.
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To Oepuiotop eivon pa Oepukn avtiotaot, mov aAAdlel TUn
avaioya pe tn Bepuoxpacio tov mepdriovroc. H 1016t T0U avt
OMOTEAEL TNV apy1 Acttovpyiog TV ocOnmpov Beprokpaciog yio vypd
Ko Yo aépion. Xe avtifeon Ue TIG LETOAMKES OVTIGTAGELS, 1 TN TOV
omoimv av&dveto e v avénon g Bepuoxkpaciag, n aviictaom evog

Oepuiotop pewwveron pe v avénon g Bepupoxpaciog, dmmg deiyvet To

THERMISTOR

Yymuo 1 . AwoOntpag Beprokpaciog Oepuictop

TOPOKATO GO .

R (K€2)

40

10

-30 -15 (j' 20 40 60 80 100 120

g°C

Xapoktypiotiky) Kaumdiy aviiataons Bepuiatop
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Enopévmg, 1o Beppiotop €xel apvytiko ovvreieotn Ospuoxpaocios
(NTC, Negative Temperature Coefficientyy opeiletal ota kepopKa

NUW-0y®yd VAKA, amd to omoio EIvVol KOTOUGKEVOGUEVO.

Oeppiotop pe SLOPET) TAGS

f‘.’ggdu?ﬁ ot it 5V
aépio Bepuokpaoio

AVGAOYIKG OTjHa
Taong cEdSou

& 5Y

Yymuo 2. Ocpuiorop pe O100peTh TAOHS

To Beppiotop €xel EMKPOTGEL GTIG EPAPUOYES GO TP®V
Beppokpaciag, yiati eivarl mo eONVO amd TIC LETAAMKES AVTIOTAGELS, £XEL
dekamAdola evalohnacio Kot tkavoTomTiko xpovo avtidpacns oTiC
netaforés g Oeppokpaciog. H mpwtoyevig petafoin g aviictaong
tov BeppioTop pe v aAlayn g Beppokpaciog aviyvedeTon e TN
Bonbeta evdg drapétn Taong, 0TS Paivetol 6To Tapamdve oynua Etvot
Oumg duvatd va ypnooron el kot kokAoua yépvpag WheatstoneMe
TOV TPOTO ATO TAPAYETOL £VOL OEVTEPOYEVEG OO, TAGNC, TOV Elval
avéroyo mpog ) Bepuoxpacio. O acOnpag Bepuiotop elcdyston
ouvN g péca oto vYPd N 10 aéplo T Beprokpacio Tov oroiov BEAovVE

VO LETPT|GOLLLE.
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To petaAMxo tov mepiPAnua Tov TPOSTATEDEL OO SIAPOPES
avemounteg emdpaoelg Tov TepPaiiovtog (KTumfuota, YUkl
emidpaomn k.Ax.). O dropétng Taong Tpopodoteital e otabepd dSuvapkd
Ko pe ™ petafoin g Bepuokpaciog o evepyoc avtdg arcOnmpoc
EMAPNG TaPAYEL EvaL avoAoYIKO onjua tédone. To oynua kot to puéyebog
tov amcOntpov Oeprokpacioc pe Oepuictop e€aptdton amd To 100G ™G

EQUPLLOYNC, OTTMC POIVETOL KOL GTO TOPAKAT® GYNLLOL .

Yyua 3 . Ogpuiotop dSopdpwv S0CTACEDY

Ayetorkog owokontng (Bsppoctatnc)

OMla to pétarra 0tav Oeppoviovv, S106TEAAOVTOL KOl ETUNKHVOVTOL
LE SLPOPETIKO OUC TPOTO TO Kabéva. Mo mapadetypa, o yaikog (Cu)
Kot 0 yeuddpyvpog (Zn) dtav Oepuavioiv, dtactéAloviat ToAD
neplocdTePo and 1o oidnpo (Fe).H dwapopetikn avtn dleoTod TV
HETOAA®V OTOTEAEL TNV 0py 1] A1TOVPYIOS TOV OIUETOAAIKOD SLOKOTTY|, TOV

etvar yvootdg ko g Gepurootatyg.
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o Irjda tdang
eEodou

_ «2 %>
Melwon AUENon
Bepuokpaociag Oeplokpaciag

Xyua 4 . Oepuoototns

"Evog tétotog dtokdmng anotedeiton amd dvo eAdopato

SLLPOPETIKDOV HETAAA®Y TTOV €lvol EVOUEVA, OTMG OEiYVEL TO TOPOUTAVE®

GYNHa .

Otav BepuovBovv to EMAGLOTO, TO GOCTNUO KAUTTETOL TPOS TO LEPOG TOL
EMAGLOTOG TTOV £)YEL TN UIKPOTEPT O10-GTOAN, EVO cupPaivel akppmg To
avtifero, dtav yHEovue ta dvo eddopata. Etot dnpovpysital pio emaen
TOL OVOTYOKAEIVEL auTONATA, AvdAoya pe TV Beppokpacio. O
SWETAAMKOC dtokomTNG 1 Oeprootdng eivon £vog evepydg aucOntmpag
emaPNg ywo T p€tpnomn g Oeppokpaciog. Tpopodoteitan amd pio
otafepn) Ty Téong Ko divel Eva yneloko onua tdong e£6060v , Tov
eCaptatal and v Bepuokpacio TV VO EAACUATOV .
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AleOnTpog KPOVOTIKNG KOVONG

To xavowo petypo ocvumélel oto BaAapo Kavong pe mieon 8 -15
Atm ko Oeppokpacio 400 — 60Paburovg kedoiov . Me ) dnpovpyel
oV omvOnpa apyilel Koo Tov HEIYHOTOS KOl TO LETOTO TNG PAOYAG
avortiecel Tomka wieon péypt kot 40 Atmkon Oeppokpoacio koavong
uéxpt ko 2000Babpovg kedoiov . Me v KoTavAA®on OU®S TOV aépa
Kot v EAAeym o&uyovov , n Adya eEacBevel opadd . AVTI 1 KOVOVIKT
KaHon , OT®G POIVETOL GTO TOPAKAT® GYNHO , EE0PTATAL 0TTO TOAAOVG
TOPAYOVTES OTTMG !

1) n TovTNTA TOV KAVGIHOL
2) o1 cuvOnkeg Aettovpyiog (poprtio , Oeppokpacio KivnTnpo KAT)

3)o oyedoopuog Tov Baidpov
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Ymapyovv OUmC TOAAEC TEPUTTMOGELS OKAVOVIGTNG KOO OTMG:

A) N KpoveTIKN Koo 1 avtava@ren (meipdkia) Tov opeiletan
KOPLOL GTO OKOTOAANAO KOOGILO , TO OO0 JEV OVTEXEL GE LYNAN
CLUTIEST Kol KOTYETOL OMOTOWN TPOKAADVTOG LIKPEG EKPNEELG.

B) n mpoavagieén , mov opeiretal oty mpdmpn avapreén and
™V LePHEPLOVOT TV KOMVIP®V 1| TO KOKO YPOVIGUO TNG OVAPAEENC .

O pdAo¢ Tov oGO TP KTLTNUATOS , TOV POIVETOL KOl GTO TOPOKATE®
oynua givor va evromilel v HoapEN eovopEVOV KOKNG 1 OKOVOVIGTNG
KOOOMG , TOL ONUOVPYOVV EVTOV LIEPHEPLLOVGT TOL KIVITI PO OAAG KO
axoua Kot Kotaotpoen (tpdmnua) Tov suforoy .

O aweOnmipag kpoveTikilg kKaveng (knock sensorinpogopei tv
ECU yw v dmapén kpovotikng kavong (ntewpakia).Eival otepempévog
LE KOYAlDL 0TO GOUO TOV KIVITHPO, COUUETPIKA AVAUEGO GTOVG
KLAIVOPOLG 0TS POIVETOL GTO TOAPOAKATW YN LLOL

ﬁ&&“
- [

S ;Qﬁﬁ 4 o
S—— i .
ﬁﬁ f’ﬁil, . LA e e g

e B Terminall =/ ()~
P e Weight ‘» hf A

i
Piezoelectric element /|
i i #e 'I:"I;:J
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Knock
Sensor Location

Knock Sensor

0 ——————— ToECM

Fig. 2-87

O a1 TpPoc KPOVGTIKNG KOVONG GTIS TETPUKVAVOPES PUNYOVES:

2116 TETPAKVAVOPEC Uy avEG GuVROWG LITAPYEL Evag osOnTpag
aVALESH GTOVG KVAIVOPOUG 2 Kot 3, EVD OTIC EEAKVALVIPES LITAPYOLY 2
aoOnpec tomobetnuévol coppetpika. Iepiéyet éva meloniektpicd
otoyeio (Ba avapepbodue oro emouevo kepdlaio) 10 OMOI0 GE TEPITTOON
d6vVNoNG mapayel Evo onpa téong (raiud). To TAdtog Tov TaAoD
av&avetat pe v 1oy0 g 06vnong. Otav VLapyel KPOLOTIKY KAVG,
ot ToPAyEL OOVIGELS Ol OTTOIEG LETAPEPOVTOL LEGH TOV GMOTOG TOV
Kivnmpa otov aichntipa. Ot dovinoelg avtég Exovv cuyvotnta tepinov 7
KHz. Otav n ECU AapBdver onpo 7 KHz amd tov oisnmmpa kot o
uéyebog g téong Tov GNUATOC Eival TAvVe omd £va 0plo, TOTE
avoryvopilel KPOVGTIKT KOOON. TNV TEPITTMOT ALTH LEWOVETOL 1] YOVio
afdvc xotd éva frypa. Av ot kTHTol GLVEXIGTOVV, TOTE 1| LEIWGT TOV
afdvc cuveyiletal £m¢ To oTOUATN U TOV KTUTTOV. Tavtdypova, pe Ty
ueiwon tov afdvg , yivetor kot KAmolog EUTAOVTIGUOG TOL HYUATOC Yid
va amopevydel vepOBépuavon TV Kavcsaepimv Tov o uropodce va
KATOGTPEYEL TOV KATOADTY. TNV GuvEyela To afdve apyiletl va avéavetal
£TG1 MOTE VA AEITOVPYEL 6TO OPLO KTLNUOTOG O KIVITHPAG Y10, VO
OTOKTNOEL TAAL LEYLOTN amdO0oT).
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Tomor AveOnTiipov:

Ymapyovv 6vo TOIOL AGONTNP®V KPOLOTIKNG KGN, ot gvpeiag Lavng
Kol 01 6TeVNG Lovng:

o O mpmd10G TOTOC TOPAYEL VA CGTLOL TAGTG OTTO L0 EVPELDL TEPLOYM
GLYVOTIT®V OOV GEMV.

o O devtepog TOMOC mapdyetl aloonueiwtn 1o LOVO GTNV TEPLOYN
tov / KHz, emouévaog n ECU ypnowponolel Mydtepo mepimioxa
eildtpa ofjpatoc. To oo tov ocsOnTpa EIATpdpeTOL Kot
EVIGYVETOL TPV TNV €16000 6TOV HKpobToLoyloTh. O aymydg Tov
awcOnmpa tpog v ECU givan Bopaxicuévog yio tnv amoguyn
TapEUPOADV.

Ye mepintmon PAAPNG Tov acOntpa 1 ECU evepyomotel to mpdypappa
EKTOKTNG avAyK™NG T0 0moio petmvel To afdve (100-120) ko epmiovtilet
TO HyHO KO LELOVEL TIG EMOOCELS TOL KvnTipa £0¢ 0ToL emdopBmbei n

PAGHN.

IMieConiekTpikiog acOnTipoc

T1 etvan 1o melonAekTpikd @ovouEVo:

O melonAiekTpropdg sivor 1 1010t To. KATOI®V VAKOV (Kupimg
KPUGTOAAIK®V DAMK®OV 0AAG Kol LEPIKDV KEPAUIKMDY DAIK®DV) V.
TOPAYOVV NAEKTPIKT TAON OTOV dEXOVTOL KATOlo Unyavikn Taon/micon 1
taldvtoon. H taon avt) opeileton 6t cvyk€vipmon eoptiwv , Tov
INpovpyeitan omd TNV TAPAUOPPOGT TOV KPUGTOAAIKOD TOVG TALYLOTOG
, OTI®OG POIVETAL GTO TOPAKAT® GYNUA , OTAV TOPAROPE®OEL TO TAEY O
LEPIKDV TEYVNTOV KPUGTAAA®Y , AVOTTUCCETOL TECONAEKTPIKT] TAGT)
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Yymua S . Iielonlextpixo parvousvo

H mopapdpemon avtr copPaivel pe v pappoyn mieons move ota
VMKA , VO TO QouvOuevo Aéyeton TeConAEKTPIKO Kol AMOTEAEL TV apyM
Aertovpyiag Tov meConiextpikov aicOnmpa . 'Evag meloniextpikdg
aloOnTpog mieong amd TEXVNTOVG KEPAUIKOVS KPLGTAALOVG , Elvar £vog
TN TIKOC uoOnpag eraeng pe avaroyikn £60do tdong . AtoteAeiton
amd KEPOUIKOVS OAKTLAIOVE KOl LETOAAKE NAEKTPOO10 KOTAAANAL
ocvvoedepéva . H kepain tov aioOntipa miéleton amevbeiog amd to vypd
M 10 0€plo, TNV Tieomn Tov omoiov BEAOVE VO LETPNIGOVUE Kol LETAOTIOEL
TNV TEGN ALTH GTOVG dOKTVAIOVG. Me ToV TpdTO W Td TaPAyETOL VL
onua Taong £050v, Tov lval avAA0YO TPOS TNV TiEGT TOV aoKEITAL
Ve otV KEQEAAN Tov asOnpa. O1 KATaoKEVOGTEG £XOVV GNUEPA VAL
TOPOVGLAGOVV Uiol LEYAAN oKl amd TelonAeKTpIKOUS aucOnTpeg
nieons. Mepkol and avTos @aivovtol 6TO TOPAKAT® GYNLLOL -

O melonrextpkoi aioOntpeg micong mapovsidlovy dvo
onuavtikd pelovektuata. H Oeppokpacio Asttovpyiag toug dev Eemepvd
tovg 540 C.’Etot o€ gpapuoyég, mov amortovy vyniotepn Oepuokpacio
Aettovpyiag, OTMG Yo TOPASELY O 1] LETPNON TECNG OTU KAVGAEPLOL,
yperalovron Kol KOTAAANAN Wyoén. Axoun, Adym TN¢ KATAGKELNG TOVG OEV
UTOPOVV VO, LETPTIGOVV CTATIKEG TTEGELS, OGS Y10, TOPAOELY O, TN LOVIUN
Bapopetpikn mieon aAAd LETPOVY UOVO OLOPKOC EVOALUCTOUEVES
SUVOUIKES TEGELG.
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Yymua 6. Iieloniextpixol aioOntnpes oLopopwv torwv
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IHotevoOpeTpo meTaA00o0

Mo apyn Tpdta va (UAGoLE TO TL €ivat TO TOTEVOIONETPO. To
TOTEVGIOUETPO €ivorl avarloykd NAEKTPOVIKO EAPTNLLAL, TOV
YPNOUYLOTOLEITOL GTOL KUKADUOTO G LETAPANTY avtioTtoon. AmoteAdeiton
and aydyyun TAdka oynuatoc Q, tdve oty oroia yvpilet, pe ) fondeia
eVOG 6TPOPEN, Lia ETOPT). AVAAoya LE TNV andGTUoN TS ETAPNS omd TV
€10000 TOV PEVUOTOG GTO TOTEVGIOUETPO LETOPAAAETOL KO 1] OVTIOTACT).
H pecaio Aym tov pumopet va kivnBel amd tnv mnyr cuveyovg téong
omov V=E , uéyptr m yeiowon , é6mov V = 0 ,méve o€ éva €101Kd oUIKO
“dpouo” , mov &yel suvolkt| ouikn avtiotacn ROA = R1+R2 pnwg
JelyVveL TO TOPAKAT® GYNLL .

GOLD PLATED TERMINALS
AND CONTINUITY BAR:
Do not corrode or tarnizh.

HOUSING:

High temp. plastic
Curable in harsh
environments.

ERASS BUSHINGS:

Hign guality brass bushings.
Provde better support for
potentiometer shaft side loads,
resulting in long lifte expectancies

ELEMENT:
Wirewound (shown):
Moat commaonly used
in multi-turns. Offers
better stability and
linearity. Low temperature
coefficient.

Hybrid: Made with conductive
plastic over a wirewound

STAINLESS STEEL SHAFT:
Mon-corrosive. Many
maodifications available
for ease of linking

element. Lower inductance, to your system
better resolution, and PRECIOUS METAL WIPER:
longer life Platinum alloy ensures

long life and low noise.

Xypoe 1 . Aertovpyio motevaioustpon

H didtoén avt , wov dwapei (Lopdlet) to dvvapiko E g mnyng
v oT1g dvo WKEC avtiotdoel, Rlkor R2&ival yvootn e 1o ovouo
dtoup€ng Tdong . n 1don tpogodociag m.y E=12 V napapével otabepn) , n
R2 petafdiretar avdroya pe v yovia 0 , evod 1 tdon V ota dkpo e
R2 voloyileton evkoda kat eival avdroyn g tiung e R2. H 8ot ta
OLTN TOL OLOLPETY) TAONG ATOTEAEL TNV apyN AerTovpYiog Tov cucOnTpa
YOVIOG TEPIGTPOPNG LE TOTEVGIOUETPO OUKNG avticTtaong . O
aloOnNTpog avTdg eivar evepyodc aaOnTipag ETOENG Kol EYEL AVAAOYIKY)
¢€000 tdomng , onradn tdom V avaroyn g yoviag tepiotpoeng 0.
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Amoteleite amd €va TOTEVOIOUETPO , M| LEGOTO A|YT) TOV OO0V
elval otepempévn Tave otov dEova oty yovia 6Tpoenc mov B ovue va,
uetpnoovpe . Otav meprotpoel o Aovag Katd po yovio teptotpoepns 0
, LETAKIVEL TOWTOYpOVO Ko T pecaio Ay . Me tov 1pomo avtd
napdyetol £vo avoloyiko onua tdong V =« *0

Yyua 2 . Iotevaiouetpa o1apopwv o100taoemv

To advvaro onueio Tov arcOnTpa eivarl n otabepdHTNTO TNG
pecaiog ANYNG oTig TOAOVTMOGELS KOl AVTILETOTICEL e OITAO EAAGLLA
ueocaioc ANyne tomov U Kot 000vImTY] GTEQEVT GLYKPATNONS TOL
eEMAGLLATOC .

AweOnTipog yoviag moteveropeTpov garvopuévoo Hall

Ot ouenmpec yoviag He TOTEVOIOUETPOL MUIKNE OVTIGTOONS
£YOLV TOAAA AetToLPYIKA TPOPAN AT TOL OPEilovTaLl O)L LOVO GTIC
dovnoelg aAdd Kupimg oty vypacia kot Oeppokpacio Tov mepBailovtog
KOL TNV KOKT ayoYiuotnta enaens pecaiog Ayng . Ta tpofAuata ovtd
dev VILAPYOVV GTOV AGHNTI P YOVIOG TEPIGTPOPNS TOTEVGIOUETPOL TOV
&xel ¢ apyn Aertovpyiog to eavouevo Hall . O aieOnmpag avtdc sivar
evepyos , Un emoPng , un avoroyikn ££000 tdong kot Leyain dtopket
Cong . Agv pumopel OGS vaL LETPNGEL LIKPEG YOVIEG TEPIGTPOPNS , POV
diver éva mapd ke 9C° meprotpoenc dEova . Trv advvapio avtr Advel
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N 10éa tov totevoouetpomv Hall ota onoia o otoyetd Hall mov éxel
HOPPT] OAOKANPOUEVOD KUKADUATOC £ivon 6Tafepd 6TEPEMUEVO GTO
KEVTPO €VOG TEPIPANUATOS TOTOV MUIKOV ToTEVGLOUETPOL . O d&ovag Tov
TOTEVGIOUETPOV , TTOV Elval Ko AEoVaG NG YOVING TEPITTPOPTG TOV
OO0V BEAOVUE VO LETPTICOVUE , TEPIGTPEPEL £VOL LOVILO LOLYyVITH OTTOC
QAIVETOL GTO YL

Syuo 3 . AeOnmpag yoviag Toteveiopetpov awvouevov hall
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KaBwng adialel 06on o payvinng , to poryvntikd nedio B meprotpépeton
yYop® omtd tov arcOnpa Hall ka m yovio peta&d payvnrikov nediov kot
otafepov pedpartog I petafarretar.

Iotevowopetpo meTarovow

O aeOnmpag Béong tetarovoag ykallod oivel orjpa TV Lovado
niektpovikov eréyyov (ECU)yio v B€om kot TV yoviakn ToydTnTo g
netaAovoac. H 0€om g metalovdag elval pior onuovtikn T e.6660v
Y10 TNV GLVAPTNGT EVPECTC TOL POPTIOL AEPT, Y10 TOV VITOAOYIGUO TOV
YPOVOL YEKAGLLOV KO MG TANPOPOPIn Yol TNV EMGTPOPT| TOL
EVEPYOTOUTY| TETAAOVOOC GTNV OPYIKT TOV KAEIGTY BEom 6TV TepinTwon
oL gvepyomomOel o daxomNg ToV pedavti. H yoviaxn tayvnrta eival
apyIKE avayKoio yio TV avtioTdOon Tov LETAROADV KOTAoTOoNG
Aertovpyiag. H amapaitntn axpipnig avédivon tov onpartoc kabopiletor
dwo p€oov g evpeong Tov poptiov aépa. ' va emtdyovpe Aettovpyio,
TOL KIVNTHPA KOl KOVGoEpLa ympic TpofAnuata, n LETaBOAN TOL Goptiov
KOl EMOPEVAC O XPOVOG WYEKAGLOV, TPETEL VO, YIVETOL LE OGO TO dLVATO
oLYVOTEPN YNOLOKT SEIYUATOANYIN, LE TETOLO TPOTTO DGTE VO TAPAUEVEL
otafepn N oxéon 0EPU-KALGIHOV pe ORI LkpdTEPO amd 2%.

a7
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. M16/44m1

M16/4r2 \16/4r1

o —

H peyodvtepn petafolir] Tov goptiov aépa 6TO YOPOKTNPIOTIKO

Sy papLLe KivnTnpa, Yivetoal pe PiKpEG Yymvieg meTaAohoag oe Eva Yo UnAd
ap1Ouo otpoP®v, ONA. 6to peravti. Ot petaoréc TS TETAAOVIOC KOTA,
+1,50 dnuovpyodv pa HetafoAN ToL EOPTIOL OEP GYETIKN UE TNV
uetafoirr tov cvvterleotn A kotd £17%,eve ) 1dwa petafoin g yoviog
o€ peyarvtepn yovio TeEToAoVONS, £XEL GXEOOV ACT|LOVTT EMIOPACT) GTO
eoptio aépa. Avto onuaivel 0Tt 6 Acttovpyia og YounAo aplud
OTPOPMV, Elval amopaitnTn Uil LEYOADTEPT OELYUOTOAN Wi TOV CTIULOTOG
™G YOVIOS TETAAOVIOC.
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VAF Meter Circuit

The potentiometer inside
the VAF provides a
variable voltage signal to
the ECM. This is the
second design, the
newer type.

Air Flow Meter ECM
\
Vi
‘ Ye 5V Ve
Vs R,
Vs Micropracessor
E? Eﬂ R!
Pump Switch E, E
1 J
- R" Rg) r1 >r2
fig. 2-44
18621073

O aenmpog avtdg eivor Evac cupouevog Bpayiovag mov torobeteiton
mpeccaplotdg Katevdeiav otov dZova g meTaAovoag yKallov. Ot
OVTIGTAGELS TOV TOTEVOIOUETPOL KOl 01 NAEKTPIKEG GLVOETELS, PpickovTat
TOVO G€ P10 TAACTIKT TAOKETO PLO®UEVN 6TO £E® HEPOG TOL GMUATOC
¢ metalovdoac. H tpopodocia yiveton and pio otabepomompuévn mnyn
tdong ota SV. Ze Kdbe avénomn g yoviog, avTIoTOKEl o TTAOGT TAoNG.

Xyua 5. H metalovdo tedeiamg kieiory
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Yua 6 . H metalovoa teleiomg avoryth

[Ma va vdpéet 1 avaykoio VYMAR avEALGT TOL GNUOTOC, 1] TEPLOYN
peta&d Tov pedavti Kot Tov TANPOVS poptiov dlaywpileTon e dHvo
OVTIOTATEC. X€ KADE avTIOTATN U0 TAPAAANAT] GUVEYNG ETOPT
(cvAréxktng). O ovpouevog Ppayiovag £xet 4 emapéc, pia yo. kaoe
OVTIOTATN Kol GLAAEKTT TOV TOTEVGLOUETPOL. H mpdTn opdda avtiotdn-
GLALEKTN ypnopomoteitot Yo Tig Yoviee petald Oo kot 240 ko
devtepn peta&d 18o kot 90o. v ECU 1o onjuata ¢ yoviag
eneEepyaloviat amd dvo EexmploToHS OVOAOYOYNPLIKOVG LETOTPOTELS.
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Gasket - Flange

Throttle Body Assembly

Plug- Idle Stop Screw

Screw Assembly - Idle Stop
Spring - Idle Stop Screw Assembly
Sensor - Throttle Position (TPS)
Screw Assembly - TPS Attaching

Cover - Coolamt Cavity

PART NAMES

45

60

65

87

10

12

n

Strew Assembly - Coolant Cover Attaching
D-Ring - Coolant Cover to Throttle Body

Idle Air/Vacuum Signal Housing Assembly

Screw Assembly - Idle AirfVacuum Signal Assembly
Gasket - Idle Air/Vacuum Signal Assembly

Valve Assembly - 1dle Air Control (IAC)

O-Ring - Idle Air Control Valve

Screw Assembly - 1dle Air Contral Valve Attaching
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IHHEIPAMATIKO MEPOX

AwcOnTpa anérvtng micong

2T0 TPOYOUUEVO KEPAANLO EIOALE TNV apyT| AELTOVPYIOG TOL
acOnmpa . Oa TPosTabGOVLE TP VO KATOVONIGOVUE KOAVTEPO, TPOTO
Aertovpyiag p€ca amd KATOES EPYACTNPLOKEG OGKNGELS .

= Terminal "C"
Torminal "B

Terminal “A*

IMOAYMETPO

ATEOHTHPAY MAP

p— L
1 = avto powi OFF

Onog eidape oy mopamdve eikova £Tot 8o GLVOECOVLE TOV
a1oONTpal LE TO TOAVUEPTO KO TO TPOPOJOTIKO GLVEYOVG PEVILOTOG
pvOcpévo ota S VI vo umopécovpe va mapovpE HETPNOELS COGTES ,
OTMC TOL KOTACKELOOTH Oa Empene va elyope oty ddbeon po TpoOUTA,
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omov Ba dnpovpyodoape v emBLUNTY VTOTEGT] , OIS PAIVETAL GTO
oynuo 2 .

&€ @ &b

Absolute pressu re—\l_

Vv
® D

1]|—-J

Symua 2. owoty ovovoson e v fonbeio te TpouTos

IMa tic avaykeg expadnong tov aucOntpa Bo dnpovpyncove
vromiéon pe v Pondeta piag cvpryyog . Apa otn cuveyeia pe éva
COAMVAKL ¥, UKOVG Bo evidoove TV €l0ay®yn Tov aictntipa (mpénet
Vo TPOGEEOVLE VO AYKOALALEL GOGTA TO GOANVAKL TNV EIGOYMYN YOPIC Va
a@nveL kevo) pe uia ovpryyo tov 60 ml ,6mov kot v éxovue otepémon
EMAVO GTNV TVOKIdN . OTOC POIVETAL GTO TOPAKAT® GYNLLOL

Symua 3 . Xovoeon ovpiyyag e tov oaotntipo;
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A@OV TPAYUOTOTOW|GOVLE TO TOPATAVED GUGTNUO EILACTE ETOLOL
VoL TAPOLVUE TIC TPDTES LETPNOCELS 0Td TOV ol Tpal amdAVTNG TTieomn¢ .
eEMMALOV KOAO Oal 1)TAV O1 LETPTOELS VA TIC TAPOLUE UE 6TADEPO YPOVIKO
Prua . Onov Ba To opicovpe avd 15 dgvtepdrenta .

Xynpo 4 . Aquiovpyio vromieons

2NV GUVEYELX ONUOVPYOVLE TO TOPOKATM NAEKTPIKO KOKAMUOL
OTMC TOPOLGLALETAL GTO GYNUA O , Y10 VO TAPOVUE TIG TELPOUUATIKEG

UETPNOELC
I_MAP Sensor ECM
I 1 1 j
AlBlC To TPS
Elhaniil‘uld J
solute > AfA DY
[Ii"rressurti - 416 GRY ci4 ***  Reference
acuum
432 LT.GRN — C11 H— MAP Signal
12 H-Throttle Body
Backup Signal
> 469 BLK/RED —p13 |
To MAT Sensor o -

Yymuo S . Hiextpixo koxioua
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METPHXEIX KATAXKEYAXTH

Output
Voltage (V)

Highf

Low

|
Low 4 — High
(High Vacuum) (Low Vacuum)
Intake manifold
pressure (mmHg)
Vacuum Voltage Scan Data
0 4.5-4.7V 29-30"
" g 4.0-42V 26-27"
a" 3537V 23247
9" 3.0-3.2V 20-21"
12» 2527V 17-18™
15" 2.1-23V 14-15"
18" 1.5-1.7V -2
21" O-11V 8-9"
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AweOnmypog palaog agpo

O TPOYUATOTOUW|COVLE TV TAPUKAT® GLVOECUOLOYIO OTTMG
eaiveton 6to oynua . Oa pvOuicovpe To TPoPoOSOTIKO GE TAoT O™ HE S
V kot 1o moAvuepn oty évoeicn DC 20V .

MAF Supply Voltage

The +8 terminal supphes voltage for the
MAF Sensor, VG 13 the MAF signal line
and E2G is the ground. THA ferminal
supplies & Volts for the IAT sensor ang E2
is the ground.

R

DG Voltage Scale

B EG VG THA E2

Fig 230

A

Ymv cvveyeia Bo GLVOEGOLLE TO TPOPOSOTIKO e PACT) TO TOPAKAT®
OYNUO , LE TIG aptOUNUEVES EMOPES TOL TIVAKA pE ToV osOntipa . H
emopevn evepyeia mov Ba kévoupe eival puo ELAGTIKY) GOAVO LLE ¢
avéAoyo Tov dakTLAMO0D ToV acsOnTpa , Ba cuvdEcovue e Eval
GECOVAP LOAM®DVY 1) UTIGTOAL aépa. , pe TNV TpoimdOeom 0Tt Ba Exet
TOVAGYIGTOV 2 GKAAES 1GYVOC 0EPTL. .

54/S8/RS4 MAF Mapping

pinoui calar e pinout |zalor WAt pinout | colar v

pin 1 |blank/unused |none pin 1 |blankfunused |none pin 1 |%iolel/Grey  |+0w

pin 2 Greendyellow [bat +12y {ign] [pin 2 [SreenY ellow |bat +12% (ign) |pin 2 | Greend® ellow [bat +12
pind |BlackiGraan |ground pin 3 [ElackiGreen |ground pind |Black/Graen |ground
pind Miolet'Grey |+ pin 4 [WinleliGrey | +hr pind |[Green signal
ping  |Green zinnal pin 5 [Grasn sirjhal pins  |hlankfonused [nane

Yymua 2 . Ilivakog evadaewv avaloya to tomo oiclntipao.
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9

(WBL

5

a5

a ({EREeL a1 {GMN/R)

EBHO}

F

[]1

[ 1

G =1

[s] HEH [5]

€1002 (BLACK)
MASS AIR FLOW (MAF) SEN SOR

PIN CIRCUIT CIRCUIT FUNCTION
1 8 (W/BL) MAF Sensor Signal

2 9 (BR/BL) MAF Sensor Signal Return

3 31 (BK/O) Ground

4 = NOT USED

5 95 (GMN/R) Power

Yyua 3 . Iivaxag evaoewy axpodektawv

IMETOAH AEPA

Yymuo 4 . Evwon pe 1o motoAl aépa dvo ToyvtnTmv
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Yymuo 6 . TomobBetnuévog exavew atyv mvokioo.
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Symua 7 . XopaktnpioTiky KOUTOAN KOTOOKEDOTTH
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AIXOHTHPAX OEPMOKPAXIAY KINHTHPA

YVVOEOVIE TO TOAVUETPO LLE TIG OLO ETAPEG TOV oucHn TP Kot
pvOuilovpe 10 ToAOETPO otV €vdelEn 20KQ dnwg 610 TapoKaT®
oY£010 . TNV GUVEYEIDL TEPVOVUE TNV TPATY LETPNON OTTOL Kot Elvar N
avtiotaomn Tov Oeppictop Tov acOntipa Beppokpaciog .

Yyua 1 . Xovdeouoioyio araOntipa — moiduetpo

Yy cvveyeia pe v Bonbeta evdg Bepuopétpov pe evpog pétpnong 0 —
120Babpoig keAciov Kot £vOg KAVIGTpoL pe vepd . To 6moro Ppalovpe to
vepo o€ Kamoleg Oeppokpaciec pe v Ponbeta tov Beppopétpov . Xy
oLvEYELD TEPVOVLLE TIC LETPNOELS KOl TIG KOTaypdpovpe . Omov 610 T6A0G
ue v Pondeia VIOAOYIGTY| KO TPOYPAULATOS AOYICTIKAOV POAA®DV
ONUIOVPYOVLLE TO SLAYPOLLLLLOL Y10 TIC TEPOUUATIKES LETPNGEL -
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ECT Sensew

Yymupo 2 .H uébooog merpduorog

HEIPAMATIKEX METPHXEIX

OEPMOKPAZIA

NEPQY ZzE ENAEI=H

BAOMOY2 NOAYMETPOY

KEAZIOY 2E KQ
35 9,2
45 8,5
55 7,8
70 6,6
80 5,8
90 5,3
100 4,9
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MEIPAMATIKH KAMYAH ANTIZTAZHE ©EPMIZTOP
10
9
8
7
6
g s
4
3
2
1
0

0 20 40 60 80 100 120
OEPMOKPAZIA NEPOY KEAZIOY

Yyua 3 . Iepauotixy ypopixn ropdotaon

R (KQ)

20

10 U

-30 <15 0 20 40 60 80 100 120 60°C

Xapoxtypiotixy kaurdin aviiotaons Ospuiotop
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AeOnm)pog KPovoTIKIC KavoNg

Onoc avapepbnirkope 6To KEEAANLO LE TV apyn Aertovpyiag Vo
a1oON PO KPOLOTIKNG Kavong eldape 0Tt givor Eva melonAekTPIKo
(QOLVOLEVO .

TSR Piezo Element

Fesistor

\Cable chield

Yyua 1 . ITieoniextpino poarvousvo

SVVETMC Y10l VO WITOPEGOVLLE VOL SOVUE TEPOUATIKE TOV ousOntpa
KPOVGTIKNG Kao™MG O ToV GUVOEGOVUE E TO TOADUEPTO , GTNV EVOEIEN
200 mvouveyovg pevaTog .

Knock
sensor To
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IHotevolopeTpo TETAAOVOOS

[Tpdta Ba Katavorcovpe Kot Bo TEWPOUUOTIGTOVUE LLE TO
TOTEVGIOUETPO . AvapepOnkape BewpnTikd 6 TPONYOLUEVO KEPAAOLO
™V apyn AEITOVPYING TOV TOTEVGIOUETPOV . ZE ALTO TO KEPAANLO O
LEAETNGOLLLE EPYOCTNPLOK( TPOYLOTOTOIDOVTOG KATOEG AOKNGEL -

[Ipota amd dAa va Bopicovpe 6T T0 TOTEVGIOUETPO Eivar pua
uetafinty avriotoon (PoooTATNG) Gpa OV LETPCOVLE TNV OVTIGTOON
TOL YWPIG va £yovpe pevpa 6Tov aucOntpa Oa Tapovpe o Tun , OTov
ovt N TN B oALACEL avdroya TV Kiviion Tov AEova Tov
TOTEVOIOUETPOV . XTNV GLVEYEIN OV EQPUPUOGOVLE KOO0 TAGT GTO AKPOL
TOV TTOTEVOIOUETPOL Oa Tapovpe , otnv ££000 Tov Bl pag diver ol
Kémowo Taon aAAG petopévn avdioya oe Town Béon PpickeTon .

Terminals

/N

Rotary potentiometer
construction

Wiper

Resistive strip
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Potentiometer

Oa Katavorcovpe KOADTEPA OAL TOL TPOTYOVUEVA. OV
TPOYLOTOTOU|GOLVLLE TV GUVOEGUOAOYIO TOV TOPUKATD GYNLLOTOC

[¢ s

Potentiometer

Symua 3 . 2ovoeouoloyio Tov TOTEVOIOUETPOD
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Xy cvveyeia oo gidape EexmploTd TO TOTEVGIOUETPO KL
KataAdpape v Aettovpyia , Oa To cuvovacovue pall elsaywyn aépa te
nTepLY10 . Omov £)El EMKPATNGEL LE TO OVOLLO TTOTEVELOUETPO
neTalovoag . [Iponyoduevog yio vo aAAAEEL ) T TG avTioTooNg
yupilape Tov AEOVO TOV TOTEVGLOUETPOL , TOPO 0 dEovag ivar
GUVOEUEVOC LLE TO TTTEPVYL0 Kal avddoya TV BEom Tov TTEPVYIO £XEL Kl
™V TN avtiotaon o cetnmpag . Onmg paivetol 610 TaPAKATO GYNIA -

Yymuo 4 . 2yédio eupovions Aewtouépelog
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Eivot onuavtikd va tovicovpe 0Tt To dvotypo Tov TTEPLYIon TO
HeTpapE o€ Hoipeg AOYA OTL KIVITE ETAV® GTOV AEOVO TOV
TOTEVGIOUETPOV , APa. EVPOG TLMV TOL Popel va, Tapet eivan omd O
noipec (teleimg kKheloto o mrepvyto ) kKo 90 poipeg (tedeimg avolytd to
tEPVY10) . Ommg @aiveTon 6To, TOPUKATO GYNUOTO, .

Clhmmeiar

WaaCwLrT

Synuo 5 . Métpnon ouikng avtiotoons

To mapomdve oynuo pog oetyvel tog Ba Kévoovpe tnv cVVOESN LLE TO
TPOPOSOTIKO KOl TO TOAVUEPT , Y10 VO LTTOPEGOVUE VO TAPOVLE TIG
TEPOUOATIKES LETPNOELS
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HEIPAMATIKEX METPHXEIX
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YoumEPACNOTO,

davraoteite £va 0dNYO dLTOKIVITOL YWPIC TIC GO CELS
(60 6poaon , axon KAT) dev Bo umopéoel va 0dNyNoel KaboAov
€101 akplPog Ba eival kal Eva avtokivnto ympic ToVg
arsOntipog Tov . I't avtd T0 AOYO TPEMEL VAL KATAVOT)GOVLE
KOAG Oyt povo T elvon auoOnpec aAld Ko v apyn
Aertovpyiag Toug . Avtog elvat Ko 0 6KOTOS OVTNG TNG EPYOGTOC
podtov va yvopico Told KaAldtepa Tovg ocOnTpeg Kot
JEVTEPOV VO UTOPECH UECO OTTO QLLTH TNV EPYACTO LETAPEPM
TNV YVOGCN TOV OTEKTNCA , LEGH KATOL0V TEPALATIKOV
LETPNGE®V , OOV KATACKEDOGA , Y10 Vo, YIVEL TTIO €DKOAT Kot
EVYAPIOTN N KOTOVONGT KATOL®V Bacik®v aisOntpov
aVTOKiviTOUL .

Etvatl evvonto 0tL 01 TEWPAUATIKEG LETPNGELS LUE TNG
LLETPTGELS KATAGKEVOOTN Oal S10pEPOVV KOl LAAGTO KATO1EG
@opeg Oa améyovv kotd moAD . O Adyot eivar o) OTL LIAPYEL
TEPOUATIKO QAL B) OTL O KATOOKEVAOTNG EYEL TEPLOGOTEPT)
EUTELPIOL GTO OVTIKEIUEVO V) £YEL TEPLGGOTEPO KO TTLO GVYYPOVO
€EOMTMOUO Y10 TIC LETPNGELC .

To Baocikd dpmg dev eivar OGO KOVTA €ival o1 LETPNGELS
KéOe acOnTpa aAAd TO TOC ONUIOVPYEL TNV TIUN TS LETPNIONG
oNAadn Tow¢ ko yoti Byaivel avtdg o aplBuodc 6To TOALUETPO .
H teyvoroyia tov oacOnmpov puépa pe ) pépa egedicoetot
TEPLGCOTEPO Y10 KAADTEPO KOL OIGPOUAECTEPO AVTOKIVITO

73



Bifloypaoia
EXlinvuc
HAektpovikéc onueinacelc kadnynm K. Kovdovud

Opyoaviopdg ekddcemv ddoKTIKOV PBAloV «Xvothuoto,
avtokivintov I1» Abrva,

TCloAa- Metappootic [Tatardg(2000) «AieOntmpec
uétpnong ko eAéyyov» Elgar, Peter

KAe106p1010¢(1990) HAektpikéc Letpnoelc Kot
alcOntpec»

Kémog Mikt. M. (1994) Hlektpucég cuvdéseic»

Zévn

David S. Nyce «Linear position sensors»
Jacob Fraden «handbook of modern sensor»

Ramon Pallas-Aren «Sensors and signal conditioning,
Volume 1»

LjubiSa Risté «Sensor technology and devices»

lan Robertson Sinc Sensors and transducers

74



Internet

www.books.google.conibooks/about/Sensor_technology

http://en.wikipedia.org/wiki/

www.boschde/

www bosch-engineering.de

www.autoshopl01l.com/forms/h34.pdf

www.youtube.com

http://auto.howstuffworks.com

75



[Tapapnuo

76



Pressure sensors 45

Pressure sensors

For pressures up to 1800 bar (180 Mpa)

® Ratiometric signal evaluation
(referred to supply voltage).

@ Self-monitoring of offset and
sensitivity.

@ Protection against polarity
reversal, overvoltage, and
short circuit of output to supply
voltage or ground.

@ High level of compatibility
with media since this only
comes into contact with stain-
less steel.

@ Resistant to brake fluids,
mineral oils, water, and air.

Application

Pressure sensors of this type are used
to measure the pressures in automotive
braking systems, or in the fuel-distributor
rail of a gasoline direct-injection engine,
or in a diesel engine with Common Rail
injection.

Design and function

Pressure measurement results from the

bending of a steel diaphragm on which are

located polysilicon strain-gauge elements.

These are connected in the form of a

Wheatstone bridge. This permits high

signal utilisation and good temperature

compensation.

The measurement signal is amplified in an

evaluation IC and corrected with respect to

offset and sensitivity. At this point, tempera-

ture compensation again takes place so

that the calibrated unit comprising

measuring cell and ASIC only has a very

low temperature-dependence level.

Part of the evaluation IC is applied for a

diagnostic function which can detect the

following potential defects:

— Fracture of a bonding wire to the
measuring cell.

— Fracture anywhere on any of the signal
lines.

— Fracture of the bridge supply and
ground.

Only for 0 265 005 303

This sensor differs from conventional
sensors due to the following diagnostic
functions:

- Offset errors

— Amplification errors

can be detected by comparing two signal
paths in the sensor.

Storage conditions

Temperature range -30...+60 °C
Relative air humidity 0..80 %
Maximum storage period 5 years

Through compliance with the above
storage conditions, it is ensured that the
sensor functions remain unchanged.

If the maximum storage conditions are
exceeded, the sensors should no longer be
used.

Explanation of symbols
Uan  Output voltage
Uv  Supply voltage
bar  Pressure

Characteristic curve.
UA = (08 p/PNonL + 01)Uv

O L 1 1
70 105 140

1

L 1 1 1 J
0 50 100 150 200 250

X 1 3 1 i

500 750 1000 1250 1500

L 1
0 250

0 300 600 900 1200 1500 1800
bar
Pressure p
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46 Pressure sensors

Pressure sensors (contd.)
For pressures up to 1800 bar (180 MPa)

Self-monitoring. Offset and sensitivity. Only for 0 265 005 303. Diag"QSﬁc f'-_mCﬁO" during self-test
(following switch-on). Only for

Ua 0 265 005 303.
Uy Ervor band ~ Correctness of the calibration values
96% — Function of the sensor signal path from
Limitation, working signal the sensor to the A/D converter of the
) evaluation unit
gﬁg:unng 100% — Check of the supply lines.

Diagram:
Error range Characteristic of the output voltage
Offset error following switch-on

— Function of the signal and alarm paths
— Detection of offset errors
12% Error range — Detection of short circuits in wiring

% Error band harness
— Detection of overvoltage and under-
Pressure p voltage
— If an error is detected during the sensor’s
self-test, the signal output is switched to
the voltage range >96% Uy.

90%

Sensitivity error

Measuring circuit. ) ) X )
Diagnostic function during normal

''''''''''''' 1 !"E'cj'_'_'"""_'_! operation.
i L +5V (W) | Only for 0 265 005 303.
: Vi — Detection of offset errors
| l — Detection of sensitivity errors (with pres-
l | sure applied)
| | — Wiring-harness function, detection of

: wiring-harness short circuits

! Signal (U,) ‘ — Detection of overvoltage and under-

2 " | | voltage
| !
l !
* |
i !

Pull up resistor

AD- — If an error is detected during the sensor’s
converter self-test, the signal output is switched to

S'(’;d the voltage range >96% Uy.

—p

Range

Pressure range Sensor Thread Connector Pin Dimens. Page Part number
bar (MPa) Tvpe drawing
140  (14) KV2 BDE M 10x1 Compact 1.1 Gold-plated
250 (25) - M 10x1 PSA -
1500 (150) RDS2 M 12x1.5 Working circuit Silber-plated
M 12x1.5 Compact 1.1 Gold-plated
RDS3 M 12x1.5 Working circuit Silber-plated
M 12x1.5 Compact 1.1 Gold-plated
1800 (180) RDS2 M 12x1.5 Compact 1.1 Gold-plated
M 18x1.5 Compact 1.1 Gold-plated
RDS3 M 18x1.5 Compact 1.1 Gold-plated
M 18x1.5 Working circuit Silber-plated

47 0 261 545 006
48 0 265 005 303
48 0 281 002 238
48 0 281 002 405
48 0 281 002 498
0 281 002 522
48 0 281 002 398
49 0 281 002 472
49 0 281 002 534
49 0 281 002 504

O[O0 |5 O[O [N| =
H
(o]

Accessories

For 0 265 005 303
Plug housing - Quantity required: 1 AMP No. 2-967 642-11)
Contact pins for 0.75 mm? Quantity required:3 AMP No. 965 907-11)
Gaskets for 1.4...1.9 mm?2 Quantity required: 3 AMP No. 967 067-11)
') To be obtained from AMP Deutschland GmbH, Amperestr. 7-11, D-63225 Langen,

Tel. 0 61 03/7 09-0, Fax 0 61 03/7 09 12 23, E-Mail: AMP.Kontakt@tycoelectronics.com
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Technical data

Pressure sensors

47

Pressure sensor

0 261 545 006 0 265 005 303 0 281 002 238 0 281 002 498 0 281 002 398 0 281 002 534
0281 002 405 0 281 002 522 0 281 002 472 0 281 002 504

Pressure-sensor type KV2 BDE - RDS2 RDS3 RDS2 RDS3
Application/Medium Unlead. fuel Brake fluid Diesel fuel or  Diesel fuel or Diesel fuel or  Diesel fuel or
RME 1) RME 1) RME 1) RME 1)
Pressure range bar 140 250 1500 1500 1800 1800
(MPa) (14) (25) (150) (150) (180) (180)
Offset accuracy Uv 0.7% FS 2.0% 1.0% FS 0.7% FS 1.0% FS 0.7% FS
1.5% FS
Sensitivity accuracy at 5 V
In range 0...35 bar FS2) - <0.7% 1.0% FS 0.7% FS 1.0% FS 0.7% FS
of 1.5%FS
In range 35...140 bar meas- 1.5% - - - — -
in range 35...250 bar ured - <50%3% - - - -
In range 35...1500 bar value - - 2.0%FS 1.5% FS - -
25%FS
In range 35...1800 bar - — - - 2.3% FS 1.5% FS
input voltage, max. Us \ 16 — 16 16 16 16 o
Power-supply voltage Uy \' 5 +0.25 5 +0.25 5 +0.25 5 +0.25 5 +0.25 5 +0.25
Power-supply current Iy mA 9...15 <20 9...15 9...15 9...15 9...15
Output current /a pA..mA - -100...3 2.5 mA 4 - 2.5mA 4% -
Load capacity to ground nF 13 - 10 i3 i0 13
Temperature range °C —40...+130 —40...+120 —40...+1205 -40...+130 —40...+1205 —40...+130
Overpressure max. Pmax bar 180 350 1800 2200 2100 2200
Burst pressure ppurst bar > 300 > 500 3000 4000 3500 4000
Tightening torque M, Nm 22 +2 20 +2 35 +5 35 +5 70 +2 70 +2
Response time Tio/00 ms 2 = 5 2 5 2
Note: All data are typical values
1) RME = Rapeseed methyl ester
2) FS = Full Scale
3) Of measured value
4) Output current with pull-up resistor
5) +140 °C for max. 250 h
Dimension drawings Connector-pin assignment
Space requ?red by plug, approx. 25 mm Pin 1 Ground
gsstcf /:(/egl.:]rzeed when plugging/unplugging, approx. 50 mm Pin 2 Output voltage Ua
Pin 3 Supply voltage Uy
59.8
0261545006 (1) 53+2 215
140 bar 25 3,8
/f/ o i @ —
é | N s
w = i 2% -
~ 1 P
- e 7] 1 3 — 8} A
N
N g RV
- S—
3 6 E
244 0 ; 16,53
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48

Pressure sensors (contd.)
For pressures up to 1800 bar (180 MPa)

Pressure sensors

SW = A/F size

0 265 005 303
250 bar

0 281 002 238
1500 bar

225

Dimension drawings
Space required by plug, approx. 25 mm
Space required when plugging/unplugging, approx. 50 mm

Date of manufacture

41

Connector-pin assignment
Pin 1 Ground

Pin 2 Output voltage Up
Pin 3 Supply voltage Uy

243 A

17,1202

Pin 2

M10x1

925-01

4 9'00}

-0

5
02,8%0! | o i |

8

]

|

0 281 002 405
1500 bar
0 281 002 398
1800 bar

M 12x15

225
13

0 281 002 498
1500 bar

2 24,8 +01

M 12x1,5

M 12x1,5

29+2
7
— /§
/
s
692
29+2
7
] S
N\
68+2
215:+2
6105
T s
/
s
60,5 +2
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Pressure sensors

49

BOSCH =
Dimension drawings D Gasket R R
Space required by plug, approx. 256 mm F Daie of manufacture x\mpn'g assignment
Space required when plugging/unplugging, approx. 50 mm S 3-pin pl .
scva=A/egsize RN e Pin 2 Output voltage Ua
Pin 3 Supply voltage Uy
0281002522 ()
1500 bar
21,52
6
- % & :
jun] =
Sl o o nu \
= 1 3
\\ T o 0,6-01
¥ (.t.) ——
) 12,5:2| N
244 XY & 16
= 59,32
0281002472 (7) i
1800 bar 38-2 .
2 —
L=J
@
8 o ol 2| & & L
L o & § W
s P
-
F
171
692
0 281 002 534
1800 bar 171 21,5¢2
Bo
S
& o N\
2
25
6
60,422
0281002504 (9)
1800 bar 1741 21,52
i %)
o), ~ S
<
g 2| 8 & N\
=] x| | =
E a Q,
) E
25
6
60,8%2
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8 Angular-position sensors

Throttle-valve angular-position sensor

Measurement of angles up to 88°

® Potentiometic angular-
position sensor with linear
characteristic curve.

@ Sturdy construction for
extreme loading.

@ Very compact.

Application

These sensors are used in automotive
applications for measuring the angle of
rotation of the throttle valve. Since these
sensors are directly attached to the throttle-
valve housing at the end of the throttle-
shaft extension, they are subject to ex-
tremely hostile underhood operating con-
ditions. To remain fully operational, they
must be resistant to fuels, oils, saline fog,
and industrial climate.

Design and function

The throttle-valve angular-position sensor

is a potentiometric sensor with a linear
characteristic curve. In electronic fuel injec-
tion (EFI) engines it generates a voltage
ratio which is proportional to the throttle
valve's angle of rotation. The sensor’s rotor
is attached to the throttle-valve shaft, and
when the throttle valve moves, the sensor's
special wipers move over their resistance
tracks so that the throttle’s angular position

Characteristic curve 1.

curve, T Tolerance limit,

A Internal stop, L Positional tolerance of the
wiper when fitted, N Nominal characteristic

@w Electrically usable angular range.

Characteristic curves 2 and 3.
A Internal stop,
@w Electrically usable angular range.

Technical data / Range

is transformed into a voltage ratio. The Part number 0 280 122 001 0 280 122 201
throttle-valve angular-position sensor's are Diagram 1,2 3
not provided with return springs. Useful electrical angular range Degree <86 <88 -
Useful mechanical angular range Degree <86 B <92
Design Angle between the internal stops
The position sensor 0 280 122 001 has (must not be contacted when
one linear characteristic curve. sensor installed) Degree >95 -
The position sensor 0 280 122 201 has Direction of rotation Optional Counterclockwise
two linear characteristic curves. Total resistance (Terms. 1-2) kQ 2+20 % -
This permits particularly good resolution in  Wiper protective resistor (wiper
the angular range 0°...23°. in zero setting, Terms. 2-3) Q 710...1380 -
Operating voltage Uy Vv 5 5
Explanation of symbols Electrical loading Ohmic resistance Ohmic resistance
Ua Output voltage Permissible wiper current A <18 <20
Uy Supply voltage Voltage ratio from stop to stop
@  Angle of rotation Chara. curve 1 0.04 < Up/Uy <0.96 —
Ups Output voltage, characteristic curve 2 Voltage ratio in area 0...88 °C
Uas Output voltage, characteristic curve 3 Chara. curve 2 - 0.05 < Uno/Uy <0.985
. Chara. curve 3 - 0.05 < Uns/Uy <0.970
ém::s for 0 280 12"; %%17 000 039 Slope of the nominal characteristic curve  deg! 0.00927 -
Operating temperature °C —40...+130 —40...+85
Accessories for 0 280 122 201 Guide value for permissible vibration
Plug housing 1284 485 118 acceleration m-s2 <700 < 300
Receptacles, 5 per pack, Service life (operating cycles) Mio 2 1.2
Qty. required: 4 1284 477 121
Protective cap, 5 per pack,
Qty. required: 1 1280 703 023
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Angular-position sensors

9

Dimension drawings.

A Plug-in connection,

B O-ring 14.65 x 2 mm,
C Fixing dimensions for throttle-valve housing, D Clockwise rotation 1),
E Counterclockwise rotation 1), O Direction of throttle-valve opening.

1) Throttle valve in idle setting.

0 280 122 001
|
4
O
v 4501 l
-
o
55+02
68
Cc |

& ()¢

e
30,5 *0: {24520,

2151010

6-01

11405

30,5401

==

38

F O-ring 16.5 x 2.5 mm, G 2 ribs, 2.5 mm thick,
H Plug-in connection, | Blade terminal,

K This mounting position is only permissible when the throttle-valve shaft is
sealed against oil, gasoline, etc., O Direction of throttle-valve opening,

L Fixing dimensions for throttle-valve potentiometer.

0 280 122 201

67

ks

48+03 7

<]
-
K

75

59

920,543

——

g
*?1 ~75[ |
uid |

sl =85

@21 p1g

Diagram 1.

Diagram 2.

Diagram 3.
Throttle valve in idle setting.

4 3
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22 Acceleration sensors

Piezoelectric vibration sensors

Measurement of structure-borne noise/acceleration

® Reliable detection of
structure-borne noise for
protecting machines and
engines.

@ Piezo-ceramic with high
degree of measurement
sensitivity.

® Sturdy compact design.

Applications

Vibration sensors of this type are suitable for
the detection of structure-borne acoustic
oscillations as can occur for example in case
of irregular combustion in engines and on
machines. Thanks to their ruggedness,
these vibration sensors can be used even
under the most severe operating conditions.

Areas of application

— Knock control for internal-combustion
engines

— Protection of machine tools

— Detection of cavitation

— Monitoring of bearings

— Theft-deterrent systems

Design and function

On account of its inertia, a mass exerts
compressive forces on a ring-shaped
piezo-ceramic element in time with the
oscillation which generates the excitation.
Within the ceramic element, these forces
result in charge transfer within the ceramic
and a voltage is generated between the
top and bottom of the ceramic element.
This voltage is picked-off using contact
discs — in many cases it is filtered and inte-
grated — and made available as a measur-
ing signal. In order to route the vibration
directly into the sensor, vibration sensors
are securely bolted to the object on which
measurements take place.

Measurement sensitivity

Every vibration sensor has its own individual
response characteristic which is closely
linked to its measurement sensitivity. The
measurement sensitivity is defined as the
output voltage per unit of acceleration due
to gravity (see characteristic curve). The
production-related sensitivity scatter is
acceptable for applications where the pri-
mary task is to record that vibration is
occurring, and not so much to measure its
severity.

The low voltages generated by the sensor
can be evaluated using a high-impedance
AC amplifier.

Technical data

Frequency range 1...20 kHz
Measuring range ~0.1..400 ¢ ")
Sensitivity at 5 kHz 26 +8 mV/g

Linearity between 5...15 kHz
at resonances

+20/—10 % of 5 kHz-value (15...41 mV/g)

Dominant resonant frequency

> 25 kHz

Self-impedance

> 1MQ

Capacitance range

800...1400 pF

Temperature dependence
of the sensitivity

<0.06 mV/(g - °C)

Operating-temperature range:

Type 0 261 231 118 —40...+150 °C
Type 0 261 231 148 —40...+150 °C
Type 0 261 231 153 —40...+130 °C
Permissible oscillations ~ Sustained <80g
Short-term <400 ¢

Installation

Fastening screw Grey cast iron

M 8 x 25; quality 8.8

Aluminum M 8 x 30; quality 8.8
Tightening torque (oiled permitted) 205N-m
Mounting position Arbitrary

1) Acceleration due to gravity g =9.81 m - s-2.

Resistant to saline fog and industrial climate.

Range

Vibiation Sensor

2-pole without cable

0261 231 148

2-pole, with cable, length 480 mm, up to +130 °C

0261 231 153

S-poie, with cabie, iength 410 mm, up fo +150 °C

0261 231 118

Accessories
Sensor l Plug housing Contact pins Individual gasket | For cable
cross section
0261231148 1928403137 1987280103 1987280106 0.5..1.0 mm?
1987280 105 1987280 107 1.5..2.5 mm?
0261231153 1928403826 1928498060 1928300599 0.5...1.0 mm?
1928498061 1928300600 1.5..2.5mm?
0261231118 1928403110 1987280103 1987280106 0.5..1.0 mm?2
1987280105 1987280107 1.5..2.5 mm?

Note: A 3-pole plug requires 1 plug housing, 3 contact pins, and 3 individual .gaskets.
In automotive applications, original AMP crimping tools must be used.
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Acceleration sensors 23

Vibration sensor (design).

Response characteristic as a function

Mounting hole.

i%i

1 Seismic mass with compressive forces F, of frequency.
2 Housing, 3 Piezo-ceramic,
4 Screw, 5 Contact, 6 Electrical connection, mv-g?
7 Machine block, V Vibration. | Em
30 [L]0.05 [A]
1 2 3 4 6 i 255
&y
£ 20t RZ16 |—=—| M8 |=—
( ] 2 |
|72
g I I
w :
10+ |
v i .
0 1 L I
F B 5 10 15 kHz
Frequency f
_
Dimension drawings. Evaluation
a Contact surface. The sensor's signals can be evaluated
using an electronic module.
0261 231 148 This is described on Pages 26/27.
= Installation instructions
b3 The sensor’s metal surfaces must make
direct contact. No washers of any type are
to be used when fastening the sensors.
The mounting-hole contact surface should
—_ be of high quality to ensure low-resonance
sensor coupling at the measuring point.
2 = The sensor cable is to be laid such that
Part L 5 e 5
. rimbion - there is no possibility of sympathetic
o s 118 10290 oscillations being generated. The sensor
92.2° = = must not come into contact with liquids for
- 153 430 £10 longer periods.
Explanation of symbols
0261231118 3241 E Sensitivity
o S Frequency
—~ g Acceleration due to gravity
i Sy
. Connector-pin assignments
s a— | 920 * Pin 1, 2 Measuring signal
Pin 3 P Pin3  Shield, dummy
e d —
Pin2 5 = l
o = _Q 2
Pn1 -~ T Z *
L | 3
1
411 £1
0261 231 153 a 32151
o
o] |
=3
Pin 2

85




56 Air-mass meters

Hot-film air-mass meter, Type HFM 5

Measurement of air-mass throughflow up to 1000 kg/h

® Compact design.

® Low weight.

® Rapid response.

® Low power input.

@® Return-flow detection.

Application

In order to comply with the vehicie
emission limits demanded by law, it is
necessary to maintain a given air/fuel ratio
exactly.

This requires sensors which precisely
register the actual airmass flow and output
a corresponding electrical signal to the
open and closed-loop control elecironics.

Design

The micromechanical sensor element is
located in the plug-in sensor’s flow pas-
sage. This plug-in sensor is suitable for
incorporating in the air filter or, using a
measurement venturi, in the air-intake pas-
sages. There are different sizes of mea-
surement venturi available depending upon
the air throughflow. The micromechanical
measuring system uses a hybrid circuit,
and by evaluating the measuring data is
able to detect when return flow takes place
during air-flow pulsation.

Operating principle

The heated sensor element in the air-mass
meter dissipates heat to the incoming air.
The higher the air flow, the more heat is
dissipated. The resulting temperature differ-
ential is a measure for the air mass flowing
past the sensor.

An electronic hybrid circuit evaluates this
measuring data so that the air-flow quantity
can be measured precisely, and its direc-
tion of flow.

Only part of the air-mass flow is registered
by the sensor element. The total air mass
flowing through the measuring tube is
determined by means of calibration, known
as the characteristic-curve definition.

Om
U

Technical data / range
Nominal supply voltage Un 14V
Supply-voltage range Uy 8..17V
Output voltage Ua 0.5V
Input current Iy <0.1A
Permissible vibration acceleration < 150 ms2
Time constant ez ') <15 ms
Time constant 7, 2) <30 ms
Temperature range —40...+120 °C 3)
Part number 0280217 123 0280218019 0280217 531 0280218 008 0 281 002 421
Measuring range O, 8...370 kg/h 10...480 kg/h  12...640 kg/h  12...850 kg/h  15...1000 kg/h
Accuracy 4) <3% <3% <3% <3% <3%
Fitting length Le 22 mm 22 mm 22 mm 16 mm 22 mm
Fitting length La 20 mm 20 mm 20 mm 16 mm 20 mm
Installation length L 96 mm 96 mm 130 mm 100 mm 130 mm
Connection diam. B 60 mm 70 mm 80 mm 86/84 mm*& 92 mm
Venturi ID 50 mm 62 mm 71 mm 78 mm 82 mm
Pressure drop at
nominal air mass 5) < 20 hPa < 15 hPa < 15 hPa < 15 hPa < 15 hPa
Temperature sensor_Yes Yes Yes No Yes

Version 1 2 3 4 5

1) In case of sudden increase of the air-mass flow from 10 kg - h-' auf 0,7 O nominai, time required to reach
63% of the final value of the air-mass signal.

2) Period of time in case of a throughflow jump of the air mass | A m/m | < 5%.

3) For a short period up to +130 °C.

4) IAQm/Oml: The measurement deviation AQ,, from the exact value, referred to the measured value O,

5) Measured between input and output

) Inflow/outflow end

Accessories for connector

Plug housing Contact pins Individual gaskets  For conductor cross-section
1928 403 836 1987 280 103 1987 280 106 0.5...1 mm?
1987 280 105 1987 280 107 1.5...2.5 mm?

Note: Each 5-pole plug requires 1 plug housing, 5 contact pins, and 5 individual gaskets.
For automotive applications, original AMP crimping tools must be used.

Explanation of symbols

O Air-mass flow rate

AOQOnm Absolute accuracy

AQn/Om Relative accuracy

Time until measuring error is

<5%

763 Time until measured-value change
63%

Application

In internal-combustion engines, this sensor
is used for measuring the air-mass flow

so that the injected fuel quantity can be
adapted to the presently required power, to  7x
the air pressure, and to the air temperature.
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Air-mass meters 57

Function diagram with c tor-pin ig nt.

1 Additional temperature sensor 3, (not on version 4, Part number 0 280 218 008),

2 Supply voltage Uy, 3 Signal ground, 4 Reference voltage 5 V, 5 Measurement signal Us.
¥ Temperature-dependence of the resistor, Ry Heater resistor, Ux Constant voltage

HFM 5 plug-in sensor design.

1 Measuring-passage cover, 2 Sensor,
3 Mounting plate, 4 Hybrid-circuit cover,
5 Hybrid, 6 Plug-in sensor, 7 O-ring,

8 Auxiliary temperature sensor.

Output voltage U, = f(Qr,) of the air-mass meter

Part number 0280217123 0280218019 0280217531 0280218008 0 280 002 421
4

Characteristic curve 1 2 3 5
Onlkg/h UaV UV UpV UV UV

8 1.4837 1.2390 - - =

10 1.5819 1.3644 1.2695 - -
15 1.7898 1.5241 1.4060 1.3395 1.2315
30 2.2739 1.8748 1.7100 1.6251 1.4758
60 2.8868 2.3710 2.1563 2.0109 1.8310
120 3.6255 2.9998 2.7522 2.5564 2.3074
250 4.4727 3.7494 3.5070 3.2655 2.9212
370 4.9406 4.1695 3.9393 3.6717 3.2874
480 - 4.4578 4.2349 3.9490 3.5461
640 - - 4.5669 4.2600 3.8432
850 = - — 45727 4.1499
1000 - - - - 4.3312

Temperature-dependence R; = f(9) of the temperature sensor

Temperature 3 °C —40 -30 —20 -10 +0 10 20 30 40

Resistance Ry kQ 39.26 22.96 13.85 8.609 5.499 3.604 2.420 1.662 1.166

Temperature 8 °C 50 60 70 80 90 100 110 120 130

Resistance Ry Q 835 609 452 340 261 202 159 127 102

Air-mass meter output voitage.

\'

Qutput voltage Up

200 400 600 800 1000kg/h
Air-mass flow Om

Temperature-resistance diagram of the temperature sensor.

8

Nominal resistance R s nom. at 25 °C: 2.00 kQ + 5%

Resistance R 3
8
T

RsNom
0 1 1 [T — v - . L
-40 -20 +0 40 60 80 100 °C
Temperature ¢

Dimensions overview of the HFM 5.
1 Plug-in sensor, 2 Throughflow direction,
3 Measurement venturi.

LE
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Hot-film air-mass meter, type HFM 2

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

® Measurement of air mass
(gas mass) throughflow per unit
of time, independent of density
and temperature.

@ Extensive measuring range.
® Highly sensitive, particularly
for small changes in flow rate.
® Wear-free since there are no
moving parts.

@ Insensitive to dirt and
contamination.

Application
Measurement of air-mass flow rate to pro-
vide data needed for clean combustion.
Air-mass meters are suitable for use with
other gaseous mediums.

Design and function

The sensor element comprises a ceramic
substrate containing the following thick-film
resistors which have been applied using
silk-screen printing techniques: Air-temper-
ature-sensor resistor Ry, heater resistor
Ry, sensor resistor Rs, and trimmer resistor
R;.

The heater resistor Ry maintains the plati-
num metallic-film resistor Rs at a constant
temperature above that of the incoming air.
The two resistors are in close thermal
contact.

The temperature of the incoming air in-
fluences the resistor R4 with which the
trimmer resistor R is connected in series.
Throughout the complete operating-temper-
ature range it compensates for the bridge
circuit's temperature sensitivity. Together
with R, and Ry, R, forms one arm of the
bridge circuit, while the auxiliary resistor Rq
and sensor resistor Rg form the other arm.
The difference in voltage between the two
arms is tapped off at the bridge diagonal
and used as the measurement signal.

The evaluation circuit is contained on a
second thick-film substrate. Both hybrids
are integrated in the plastic housing of the
plug-in sensor.

The hot-film air-mass meter is a thermal
flowmeter. The film resistors on the ceram-
ic substrate are exposed to the air mass
under measurement. For reasons asso-
ciated with flow, this sensor is far less
sensitive to contamination than, for
example, a hot-wire air-mass meter, and
there is no need for the ECU to incorporate
a self-cleaning burn-off tunction.

Om

Characteristic curves. Operating principle.

5

]

=

2

S

=

1

(o]
0 L E- 3§ & 3§ }
0 200 400 600 800 kg-h-

Mass rate of flow O,

Technical data / Range

Part number 0280217102 0280217 120 0280217 519 0 280 217 801
0280 217 107 B
Characteristic curve 1 2 3 4
Installation length L mm 130 130 130 130
96

Air-flow measuring

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

measured value % +4 +4 +4 +4
Supply voltage \' 14 14 14 14
Input current

atOkg - h! A <025 <0,25 <0,25 <0,25

at O nom, A <0,8 <0,8 <08 <08
Time constant 1) ms <20 <20 <20 <20
Temperature range

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

Short-term °C —40...+125 —40...+125 —40...+125 —40...+125
Pressure drop

at nominal air

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

max. m-s2 150 150 150 15

1) In case of sudden increase of the air-mass flow from 10 kg - h~' auf 0.7 Qu, nominai,

of the final value of the airmass signal.
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Dimension drawings.

E Plug-in sensor, M Measurement venturi, $1/S2 Plug connection

E

s1

43405

‘l. \\ /
{ PR PN IS
_\_f N— #
JD ] al ™ K2
= A _ﬂg
in ) j 3
= - N »,
U 4,5+03
5103 20 |14
'S K105
22,3403 L ME1
Measure- Plug-in
OA|@B|C D E H K L M [ R | ment venturi| connection {Part number
60 |66 70 73 |86 33 75 130 |82 |37 |KS St 0 280 217 102
70 [76 |50 |69 |82 [34.8]|- 96 |- 42 |KS S1 0 280 217 107
70 |76 |70 |69 |82 (33585 |130 |92 |42|KS S2 0 280 217 120
80 [86 |70 |73 [86 |39 |- 130 |- - |KS S2 0 280 217 519|
95.6| 102 |70 76.2191.2|45 110 | 130 {117 |54 | Alu S1 0 280 217 801]
22
s1 2 s2
68
2 =3 ; :;'
i 3 2 =% —1“3' ‘&ﬂ
® = = a 9
0
T o~

50+0,25 l 3802

C

Air-mass meters 55

Installation instructions

Wiater and other liquids must not collect in
the measurement venturi. The measure-
ment venturi must therefore be inclined by
at least 5° relative to the horizontal. Since
care must be taken that the intake air is
free of dust, it is imperative that an air filter
is fitted.

Explanation of symboils:

R, Trimmer resistor

R, Rs Auxiliary resistors

R5, C4 RC element

Heater resistor

Platinum metal-film resistor
Resistance of the air-temperature-
sensor resistor

Bridge supply voltage
Output voltage

Supply voltage

Connector-pin assignment
Pin 1 Ground

Pin2 Ua(-)

Pin3 wy

Pin4 Ua(+)

Accessories
For 0 280 217 102, .. 107, .. 801

Plug housing 1284 485 118

Receptacle 1284477 121 1Y)

Protective cap 12807030231

Each 4-pole plug requires 1 plug housing,
4 receptacles, and 1 protective cap.
1) Quantity 5 per package

For 0 280 217 120, .. 519

Desig- For conductor| Part number
nation cross-section
Plug-in sensor. Sensor element with thick-film resistors. Plug
1 Sensor, 2 Hybrid, 3 Power module, (Owm Mass rate of flow, R Trimmer resistor, housing — 1928 403 112
4 Mounting plate, 5 Heat sink, 6 Plug housing Ry Heater resistor, Rs Sensor resistor, Contact 0.5...1.0 mm2 1 987 280 103
Ry Airtemperature measuring resistor, pin 1.5...2.5 mm2 1 987 280 105
A Front, B Rear Individual 0.5...1.0 mm? 1 987 280 106
gasket 1.5...2.5 mm2 1987 280 107

A
Q
¥ Rt
]|
= Tz
—_—
Rs qH]
B Ru N ]
———— ]
—_
—_
—_

Each 4-pole plug requires 1 plug housing,
4 contact pins, and 4 individual gaskets.

Note

For automotive applications, original AMP
crimping tools must be used.
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mperature sensors

NTC temperature sensors

Measurement of air temperatures between -40 °C and +130 °C

0
R
® Measurement with tempera-
ture-dependent resistors. ©) .
® Broad temperature range. .‘
a4 3
)
~.4 ;
<
Range Temperature sensor (principle). Block diagram.
1 Electrical connection
2 Housing
NTC temperature sensor 3 NTC resist
NTC resistor in plastic sheath T
Steel housing L ,_ T —l
Screw fastening 0280 130 039 . .
Polyamide housing 2 | I
Plug-in mounting 0280 130 092
Plug-in mounting 0280 130 085 I R(5) I
Accessories l_ ; -1 J
For 0 280 130 039; .. 085 3 o
Connector 1237 000 036
For 0 280 130 092
Desig- For cable Part number i
nation __cross-section Technical data
Plug
housing — 1928 403 137 Part number 0280130039 0280130085 0280 130 092
Contact 0.5...1.0 mm2 1 987 280 103 lllustration 1 2 3
pins 1.5...2.5 mm2 1 987 280 105 Characteristic curve 1 2 1
Individual 0.5...1.0 mm2 1987 280 106 Measuring range °C —40...+130 —40...+130 —40...+130
gaskets  1.5...2.5 mm2 1987 280 107 Permissible temp., max. °C +130 +140 +130
Electrical resistance at 20°C ~ kQ 25145 % 2.4+54 % 25+5 %
Note Electrical resistance at -10°C  kQ 8.26...10.56 - 8.727...10.067
Each 2-pole plug requires 1 plug housing, +20°C  kQ 2.28...2.72 2.290...2.551 2.375...2.625
2 contact pins, and 2 individual gaskets. +80°C  kQ 0.290..0.364 - -
For automotive applications, original AMP  Nominal voltage v <5 <5 <5
crimping tools must be used. Measured current, max. mA 1 1 1
Seit-neatng at ma
Explanation of symbols: permissible power loss
R Resistance P =2mW and
o Temperature stationary air (23 °C) K <9 - <2
Thermal time constant 1) S ca. 20 <52 42
Guide value for permissible
vibration acceleration
(sinusoidal vibration) m-s2 100 100 < 300
Corrosion-tested as per DIN 50 018 DIN 50 018 DIN 50 018

7) At 20 °C. Time required to reach 63% of final value for difference in resistance, given an abrupt in-
crease in air temperature; air pressure 1000 mbar; air-flow rate 6 m - s-.
2) Time constant Teg in air for a temperature jump of —80 °C to +20 °C at an air-flow rate of >6 m - s-1.
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Temperature sensors

| Dimension drawings.
0280130039 (1) 0280130085 (2)
SW A/F size B Mounting screw
X Thread in contact area
L Airflow
|; ] 45
SW19 '\1 )
S o
w0
oY L é 0 6
[t} L O 2,502
«© o~ 2 ¥
" od H =S8 s g/\ 'y A
H 4—]4,5- ' 7 =] o
B o 1o B = U
o o IR (=1
5 26 wn
(] ’%@9 ) s -~
48,5 N o =0 i
?2 566 - 45
(=}
0280130092 (3 - P i * e
55
30,7 +05
8 20,5+05
3 g
o 9
B
— | . | X "
3 —H Z M6 )3 mt /
2 5 } - N =t
2 o
22 337 3 e L a 3 =
: . T
N Wiy
/*\ * s I
3t ) A s j
27 —1 ES L Q_b
(=10 1 T
i & :
119 222 min. 8 -
4103 max. 20

Characteristic curve 1.

Q

104

108

Resistance R

102

10 L | I 1 | | 1 I
—-20 0 20 40 60 80 100 120°C
Temperature &

Characteristic curve 2.

Q

104 -

Resistance R
3
w
T

102 -

10’

S N T T Y T O |

-40-20 0 20 40 60 80 100 120°C

Temperature 8

Design and function

NTC sensor:

The sensing element of an NTC tempera-
ture sensor (NTC = Negative Temperature
Coefficient), is a resistor comprised of
metal oxides and oxidized mixed crystals.
This mixture is produced by sintering and
pressing with the addition of binding
agents. For automotive applications, NTC
resistors are enclosed in a protective
sheath.

If NTC resistors are exposed to external
heat, their resistance drops drastically
and, provided the supply voltage remains
constant, their input current climbs rapidly.
This property can be utilised for tempera-
ture measurement. NTC resistors are suit-
able for an extremely wide range of
ambient conditions, and with them it is
possible to measure a wide range of tem-
peratures.

Installation instructions
Installation is to be such that the front part
of the sensing element is directly exposed

to the air flow
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| Dimension drawing.
| S Piug
F Blade terminal
SW A/F size 0 281 002 209 60,9
28 5
0280 130 026 i7
B sSW19 S
& 6,45:0,15
3 5 o 1
I = - 88 t—— e
1Y 21,2101 s k N \
17 3
= SW 19 \18
0 280 130 093, 57,9 0281 002 412
0281 002 170 " 003
28 5
12 16
— 3 e
N =] 6,45:0,15 —
::—: w H w0 = e |
S UL - L:,ﬁ gl
9 ) = : 91,2101 = L ‘
SW 19 32,9 8 e \/ZS
Technical data
Part number 0280130026 0280130093 0281002170 0281002209 0281002412
Application/medium Water Water Qil/Water Water Wate~
Measuring range °C —40...+130 —40...+130 —40...+150 —40...+130 —40...+130
Tolerance at +20 °C °C 1.2 1.2 +1.5 +1.5 +1.5
+100 °C °C 3.4 3.4 +0.8 +0.8 +0.8
Nominal resistance at 20 °C kQ 2545 % 25+5 % 25+6 % 25+6 % 2.5+6 %
Electrical resistance at -10 °C kQ 8.26...10.56 8.727...10.067  8.244...10.661  8.244...10.661 8.244...10.661
+20 °C kQ 2.28...2.72 2.375...2.625 2.262...2.760 2.262...2.760 2.262...2.760
+80 °C kQ 0.290...0.364 - 0.304...0.342 0.304...0.342 0.304...0.342
Nominal voltage \'A <5 <5 <5 <5 <5
Measured current, max. mA 1 1 1 1 1
Thermal time constant s 44 44 15 15 15
Max. power loss at
AT = 1K and stationary air 23 °C m-s2 100 < 300 < 300 <300 < 300
Degree of protection 1) IP 54A IP 64K IP 64K IP64K  IP 64K
Thread M12x1.5 M12x1.5 M12x15 M12x1.5 M14x1.5 e
Corrosion-tested as per DIN 50 018 DIN 50 018 DIN 50 0212) DIN 50 0212) DIN 50 0212)
Plugs Jetronic, Compact 1, Compact 1, Compact 1.1, Compact 1.1,
Tin-plated pins Tin-plated pins Gold-plated pins _ Tin-plated pins Tin-plated pins
Tightening torque Nm 25 18 18 25 20
1) With single-conductor sealing
2) Saline fog 384 h
Accessories
For 0 280 130 026 For 0 280 130 093, 0 281 002 170 For 0 281 002 209, 0 281 002 412
Designation Part number Desig- For cable Part number Desig- For cable Part number
nation cross-section nation cross-section
Connector 1 237 000 036 Plug Plug
housing — 1928 403 137 housing - 1928 403 874
Contact 0.5...1.0mm2 1987280 103 Contact 0.5... 1.0 mm2 1 928 498 060
pins 1.5...25mm2 1987 280 105 pins 1.5... 2.5 mm2 1928 498 061
Individual 0.5... 1.0 mm2 1987 280 106 Individual 0.5... 1.0 mm2 1 928 300 599
gaskets 1.5..2.5mm?2 1987 280 107 gaskets 1.5... 2.5 mm?2 1 928 300 600
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NTC temperature sensors

Measurement of liquid temperatures from =40 °C to +130 °C

@® For a wide variety of liquid-
temperature measurements
using temperature-dependent
resistors.

NTC temperature sensor
Plastic-sheathed NTC resistor in a brass
housing

Design and function

NTC sensor:

The sensing element of the NTC tempera-
ture sensor (NTC = Negative Temperature
Coefficient) is a resistor comprised of metal
oxides and oxidized mixed crystals. This
mixture is produced by sintering and press-
ing with the addition of binding agents.

For automotive applications, NTC resistors
are enclosed in a protective housing.

If NTC resistors are exposed to external
heat, their resistance drops drastically

and, provided the supply voltage remains
constant, their input current climbs rapidly.
This property can be utilised for tempera-
tira maasurement. NTC resistors are suit-
able for use in the most varied ambient
conditions, and with them it is possible to
measure a wide range of liquid tempera-
tures.

Note

Each 2-pole plug requires 1 plug housing,
2 contact pins, and 2 individual gaskets.
For automotive applications, original AMP
crimping tools must be used.

Explanation of symbols
R Resistance
) Temperature

-

—

Temperature sensor (principle)
1 Electrical connection

2 Housing

3 NTC resistor

Diagram.

Characteristic curve.

Q

104~

103+

Resistance R

102~

10 | | | I | | | |
-20 0 20 40 60 80 100 120°C

Temperature
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