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Volkswagen Group of America, Inc., Petitioner 

Case No. IPR2015-00276
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LIST OF DOCUMENTS CITED BY THIRD 
PARTY REQUESTER IN EX PARTE 

REEXAMINATION 

PATENT NO. 
5,954,781 

PATENTEE 
Harvey SLEPIAN et al. 

PATENT DATE 
September 21, 1999 

 
U. S. PATENT DOCUMENTS 

EXAM. 
INITIAL  

PATENT/ 
PUBLICATION 

NUMBER 

NAME  PATENT/ 
PUBLICATION 

DATE   

CLASS SUBCLASS FILING 
DATE   

 4,901,701 Chasteen February 20, 1990    

 4,631,515 Blee et al. December 23, 1986    

 5,708,584 Doi et al. January 13, 1998    

 5,477,452 Milunas et al. December 19, 1995    

 4,559,599 Habu et al. December 17, 1985    

 5,357,438 Davidian October 18, 1994    

 4,061,055 Iizuka et al. December 6, 1977    

 5,121,324 Rini et al. June 9, 1992    

 
FOREIGN PATENT DOCUMENTS 

EXAMINER 
INITIAL  

DOCUMENT 
NUMBER   

COUNTRY DATE NAME SUBCLASS TRANSLATION 

YES NO 

 29 26 070* DE January 15, 1981   X  

 96/02853 WO February 1, 1996     

* - Certified English-language translation is provided. 
 

OTHER DOCUMENTS 

EXAMINER 
INITIAL Name 

 
“First Amended Complaint for Patent Infringement” filed on January 30, 2014 in VELOCITY PATENT LLC  v. AUDI OF AMERICA, INC., Case No. 
1:13-cv-08418-JGB (N.D. Ill.) 

 Velocity Patent LLC’s Initial Infringement Contentions Pursuant to Local Patent Rule 2.2 to Audi 

 Velocity Patent LLC’s Initial Infringement Contentions Pursuant to Local Patent Rule 2.2 to Mercedes-Benz 

 Velocity Patent LLC’s Initial Infringement Contentions Pursuant to Local Patent Rule 2.2 to Chrysler 

 Velocity Patent LLC’s Initial Infringement Contentions Pursuant to Local Patent Rule 2.2 to Jaguar Land Rover 

 
EXAMINER 
 

DATE CONSIDERED 

EXAMINER: Initial if citation considered, whether or not citation is in conformance with M.P.E.P. 609; draw line through citation if 
not in conformance and not considered.  Include copy of this form with next communication to applicant. 
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LIST OF DOCUMENTS CITED BY THIRD 
PARTY REQUESTER IN EX PARTE 

REEXAMINATION 

PATENT NO. 
5,954,781 

PATENTEE 
Harvey SLEPIAN et al. 

PATENT DATE 
September 21, 1999 

 
U. S. PATENT DOCUMENTS 

EXAM. 
INITIAL  

PATENT/ 
PUBLICATION 

NUMBER 

NAME  PATENT/ 
PUBLICATION 

DATE   

CLASS SUBCLASS FILING 
DATE   

 3,925,753 Auman et al. December 9, 1975    

 
FOREIGN PATENT DOCUMENTS 

EXAMINER 
INITIAL  

DOCUMENT 
NUMBER   

COUNTRY DATE NAME SUBCLASS TRANSLATION 

YES NO 

        

 
OTHER DOCUMENTS 

EXAMINER 
INITIAL Name 

 
“Automotive Electronics Handbook,” pgs. 2.5-2.9, 3.16, 7.6-7.8, 7.21-7.26, 11.3-11.4, 11.24-11.31, 11.55, 12.1-12.36, 13.1-13.21, 14.1-14.9, and 
22.1-22.20, published in 1995, by Ronald Jurgen 

 Certified English-language translation of German Patent Application  Publication No. 29 26 070 

 
EXAMINER 
 

DATE CONSIDERED 

EXAMINER: Initial if citation considered, whether or not citation is in conformance with M.P.E.P. 609; draw line through citation if 
not in conformance and not considered.  Include copy of this form with next communication to applicant. 
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‘PRESSURE: SENSORS‘ +2.5

Typicaily; the p:esseute:cii1%f.ére111t‘ié:I only smau percentflgtiAQfTh5»5¥0Ta1.K119PT?i$$1ll‘f~3"fl11d‘ae
system fault caniexposeg one; side ef1Th6.:*.,$E:ns0r to] the fI11ITli1ie pressu1fe; This must be takeninto
account when cghoosjng the sense: andedetemfining the rated“ presstire range etlhai: M1‘ be
required. Differential pressure is frequentlyfindicaied by*ps_id. A ’ 4 M ’ T

-2:14 I-‘fluid Level Mééeuereérnénfé

The height— :<5f5a[c’<>lu;mi1 of liquidcan hieésufeii {bf}? pfesSI3fe:$cnso1: [lead is:
equcntlyj nsedin hydraulics to danoie p1‘eSsu.re=Mseasurémefiissefiiichesecxr.feeteofWaterand.
eentirnefers offmereury Va1‘e;direct‘indieati0]ns offhe effeGf0fTpressuIe on liquid level. Oiheze
liquid1eveIs'are.depeendent on their spe'Cjfi§ieweight‘anc_1i?;a11 be caleulated by z‘¥zj‘=;(PeL~— PH)[W§
Whe1'~‘e_(‘ eI?;,);‘ihs thsipressurc differential, caused bY‘ f,h5*.}iC17B11f oLfeethe.flui‘dand Wis.
file spit wéighf 'c§f*t1ie '1i’q1’e1‘i_j<:l}-;e'Ihe. s¢apo‘1:‘pressure.inQa sVe«'ilédr¢I1c1dsUreWifleehéweean effect
on thejmeasfirement iof _1iq11iii‘height; R§et111511i1Ig the refereneeesideeqf a.‘d1’f_ferentia1 fpressure
se11sAoretfci‘the‘tQp ‘GE the enclosure‘ willxtampensate for‘ vapor pressure._ '

  
 

;2;1’;5 Pressure switch A

A pres‘s::ir.e;switchjis;typEaI1y:each'iev¢d‘by emjcmntixig: eleétsric Géiiiffiét an diap'hragm’(sruB-
her 01?‘ anye Le1'2i‘Stic}m2iterfia1):.The.eapplicafieji :,()fjjeSu:ffi‘0ie;Lj:t_.pi:e‘flsfS_111‘f<Ve e (Qr’vaeu_11n1)i on one:.gid¢__og ;
the di’ap’hragm= causes ‘the‘emQvab1e[Cont'apjt tt;;n1eetbae_s§Lafio11a1:y eontadf endfeljese t'he.ci:_cuii”, L51:

A p1‘*es‘sure swifc h,_Can also beegeachieved.’byixanyef’"pre\(iOuS1y“fi§S£Ifibed techniques
metely by estab1i$li1ifi‘g”’Ve’a reference 'threshe1dfvoItage that is-[Calibrated ffiqindicate the ‘p»o"1’1’1’te
that fl1e“pressur_eVcha1f1_ges ffom afl;..;aCC6Pfa1o1eetoeuiiaeeepteblej(or Iow‘tojihig h) Ieye1.O1_iee»the
Ihxeshqlii VQ1£age_ iiséchieired, éddeiti/(ma! electrinj _ can be‘usAe,d ettéeptoduce a_I1”e1e"cr
Ironic switche _thatc'angcontro1 1_"oads such as ‘an: iAI1dieatr;>r.'la1ngpLe

Amemetiveiequiyementsrforepres§ure‘rtiéagu:¢n1e:1t3s range:frQ1h,‘thfe.baSiC~_+'<)i1press111‘e——t0
the ese1:tiiStié’="it€€1+‘—Iaifepresstire di‘ffereg;1iié1I§f;ronie one side; of-Ithefvehicle. _td?t1:je ‘ot11e1a'I‘11is sec-
tion ejlabeciratesaen tIit§:izari.011s‘pQsSi;bi1ities tor;pressure.meas11rem¢nts' thatexist.either.ifi the
edeveleoprtien. 1aberaf9r:y,, r pil0t_ph3eses,pf‘the—Vehip1e,1’tQ‘a¢tua1AVOIumcI3prod1iCfiQn.TabI€ 212 .
lists; uiumberggfepetefitial jpressure meas‘u:ementse versus :.vehic'1*e‘ sjzsteirrsrmd prcwides an

 

indieatitjir ref‘ fllepjressure fa11gef:and‘.typjej measurement, V _ T _
Autqtfidfiive:SpeCificetioj11;an:i mange euide‘1infees:.have ’b.één develtiped and pub1i§hed.by»,the-

Society Qf. Autenietivél En‘ginve’e.rse A‘E§i ‘S ee,ificféd1yI [for n_1an.if01d abselute pressure» '(MAP)_;
sensorsie Thfesei doeume11tS[ are intended it‘o;as.sA1s5t} in ;es_t‘é1bIishi’ng_-Vte‘st*‘metht;ds’ and ‘specifieaiidns
forlotheriesefiesops. OthereSAE%ioemr1éIits*tha:;may apjplyreto s‘ens_'orS are'esurn:naetized‘ihTable 23:.

e pa;cKaging and tesgingereqaifernerx efofia11f€imotive;seenSQr$ €£1_f1.fepreS€§nt50 I9 89 Per
cent of theeseensojreeoste‘aI1de£iS'er19O pe1.”Cfi>I1t G t11efwa:re‘ran‘fyeandinsservi epI"Ob1ems.'1‘h67p£Es-
sure-sensing applicfafionse that ja‘r Je presemfedfin .theJfo11dwingVsectianssyvlli iflclude‘*pa‘ckegi,ng

 

requirements‘ that ‘are pf pa;‘tieu1ar£oncer7n.-

Existing AppIieafiQns‘forPressureSensors. A I V

:._A1ate etwjegnugath century eproducti'on;jvefhie1ie: is Igkelyito have .ae11_;1mbfef:j§T[§ pressure sensgts for
 I1i¢aSL1I‘6m€HiS’ such as nianifdld piessureeand engin‘e.oi1‘pressure, aide has the poteufial ft):
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g2-.6 T3ENSoRsL1\AND—A?cIUATDRs

TABLE I.Pressu‘re Sénsixigi Requiremen1sifof‘Vatiims—Vfehidle Systfémfi

  
Pararilétézf

ignfgzaefjec

Elecfvtlfiansniissiéné

_(c:ontin11ous1y variable
_ V‘fransVmiss.i6fn}f
1Id§1‘.e:‘speedf confmi

 ElefiC,t‘,pQWe1"’ste(:iitjg'
(a1s,o:e1ect% asSis.f<éd7}

AAI1tiSkfii brakes./'
tracfi<m:<:ontr9lTi

Airbags» . ‘
'S?_uspen:sicm

.}Sé¢i1IIit5f/k [Y1ieLssMentrY— M

HVACj(C1II:1i&lf§ cc1n[.t7iiti1)v
D'riverfitif9rIn:a;ti0rx'

Memory seat
,9/,I1A1Ttip1e>slsiieag9o‘s_tics

*Gage' mfez3si;;amefit*.bu‘t absoluié‘ senSOIs.—use,d,:for faiisafé .

 

’ VTTAlfiéiiiiédiiifa15éb1uTie{p}essure‘b V
Turbo? bo0st‘hpr€SSuie, _

BaT10mel1'ie jpressu:eg (;21Itfifud:c2}‘,
ELGR ?pr,essuir'6‘ 7 é
Eugel pressure

Eiiel  vapfor pressure; =
Mass flow

Lfliorribiilsfiog‘ press~ure~

E5X}1Ta’US:t?g§iSfp!'.3SSuI6 ‘
Scicohdagy airgpx-assure
‘”I‘r2ms,m‘iséi.c.m ftlnil pres,s.uI:e~
Vacuumjmodulatignf.

sensor/s,’w_ifVc_h
Ewe: s;t:e;etin,g;pres$u1tef
Hydraulic pxiessurs ’ 7

Brake p[C$S\11"f£}_
’FIVuid.>1éve1= ,,

Bag pxegsufre
P'r1'.é-Iiinafic spring—P£}=iSs,ur<:=
P.a;s,sj¢ngen99‘mp%ittms:ntpr¢ssure:
Air flaw (PC)! C:o.II3pr.e;s,s.or: pressure ;
Qi1Vpress1iI:<:M ‘

ley/:e:,l.: “
0i1’1e,.V{6l

C;o91ant.:pre‘ssur<:-‘
CQQ1a’n_t, level ’

Windshi61d%Awas_hcI level *

TI€LI1SI11iSSiQI1 oil 1€‘:Y31‘

Tire pressure

Battm-y;.fltiid. 1eve1—~
,Li1q’1b‘af“preSsfir’¢;. _
Muftiple:usag¢ jofisérié T

kPa.

,_500“psiT T Absolut¢*‘

‘500PSiJ Absolutfi‘

 12§iI1' H20

" {
T ,Ahjscsidié7100 kPa,

.AbsOl.utfe~

19.0 TkPa VAbsolut«:
??:;5 psi, . ‘Gage.
15 pfs'L~450 kP!aé TGa?g¢<~
1V5j’m.I:I2O [Gage

1’0]0 Bar, Mpa

1i00;;kPa — Gage»

V 100_k5P<f1 Gage,

30 psi Gage!
V I00”kPa Abéolufa

Ab,s0 l,u.t6*

s%00%p:s¢1 Ahsélfité?‘
Gage.

1,5 1::S.i, “_Gag<:>
1:1 Abéoluifi

i1.00l<Pa Absolutsi

G88?

G_age«
Cvfage;

Ga‘gél_

.GaTge;

 
T12i‘n~H2’o% ‘Gage

-1;2TinA;Hgoi .Gag.e._
510 psi. M M Gage/ élbs611”1te“
L2inrbelow ‘Opficéil

V 795 psi Gage

IABJLH2 3% ?S:AE3S};99ifi¢ations?I‘11at‘Eff¢9§,Br9s$ure;S¢n§9r$

TReco‘mmjemdTe;1: énviionfiientfil ipraqtiées 'f ‘o’f:.élé’ctfonic ecjuipfiierit design-
Pérformafieé jeyzeis zandsmexhods ofihéiénéuférfiénfgof‘elcctrotiliigiiétic Ie_1'diat'i"cir’i:f’ri0im:

<v:ehic1_es"and devices ;
Performance Ieygels and?merhods;of measuremen

‘(narrowband
VE1ectromag}nétic*su'scs;pfibi1ity procedures for‘-vjeihicle components (éxeep1:airc:aft)
Vehicle eieétromagnetic radiatéd 's’u’scept*ibi1ity4testing usirlig ‘a Iérgé €611
Opexi-fi‘e‘I"d ?Wh01e~V‘efhiCle raidiated susceptibility 10 k HZ~18 GHZ; e1e‘c,h'icLfie1dL
fiilass Bf data couimurxicatijqn IIEIWQIR intéxfacs
.Dia.g_r1Qfs;1:i‘c‘ ‘acronyms, terms,andfiefinitidns, for ele_cfrJi;:a1/filegifrbnic compqngints;
'Fai1fn:e. mode:-severity;c1a'ssifiqation,

GuiEi_:§Tto.man§fQld absolute pressureiransducer representative 16:5: method‘
Guide ‘fo:mja:1ifQ1dLabso1ute pressure,t:ansd1;;f;gr rE:prese11'tatiy§:isgecification 2   

t;0f:EMRT ‘fr0.tn»Tv’ehiele,sT=and\ devices

Différrenétliél‘
Differential

  
 
 

 

 

JSAEJSS1

»SAEJ 1816L
SiAEJ.1113

SAE 11407:
SAE H338

.SAE 3.1850

SAVE-JL15930.

SAZE 118172
SAE J1346‘

LSAEZJ1347
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«1?RESSURE:SENSO_RS . 23

S§€;Y,6Ial;0f1i.€>r pressure;;mcas11reInents..Tightér controlj and +in1proved’effiCie11_cy:may L V
insgessi 366: fl1r,thCI.1S.GflSQI.11SeT'i11f\1'CUIT¢ ;sys1’cemsj. ’

 .Man#bld; Barometric ?Ihrb0' .3903: Press ?iMé:nif91'd‘: fa1is011jifé*- pressure» :(MAP): iis .
'LVI1S¢d.’[aS' anL,inpfit 1.9 filelxand‘ignition;C911tf9I:ir1 internal Cqmbusticn aengihe: zcontrol %sys?tems,

spécd—d<%n ,ystc1r"1,thaEnsesIthe:MKB‘s¢nso has been’ pIeferI€d»_QVer1masSiiirflow ‘ —
(MA_E): .¢OntrdI [because itisj 1e:ss :¢xpensivfe},?bu;f striistéra emission standards: a1'ie;causit1_'g’Tmore' ‘

V“manjifacturers ;t0;;11séf;nass1ai1f fll5\?£lfQré fut1g1‘te5m‘ode'1s-;;. '

 
  1ti1o,nrin; he ,181ta1O0I1YC i Th?-j8?b1tfi9fiitr}'§i1um;‘TT“
;£gr;nedgfl1eAA/Di conyérsicn. Q11‘ .4;-ms’ t i_1Il€.f' interruptin cider to maintain la_'ba1anfc,ze‘ M11,

:othcr;‘coI1trols;withrth resu1ting’1.1-ms? lag "time? (‘wo‘ T {age} during Vperiods»;of1over1apping
T1'11:’t‘e‘rf11é‘pits‘.TI‘11Ve 16.-[bit rc)’f’<;’<A)jfntfoI1e‘r3.‘p{éfI‘f.<:iVrInsT /DDéohvgtsion+¢ve:y12[tns,“which 1_'”ed1;c¢S‘

: t‘he‘1a"g: 4 tq 0.3 2ms‘fTli‘e: aqtua1~ system ’i‘n‘ipr(5vé1”I'iE:n1S“that-pan resu1:=fro’fi1_ using _the;higher
.jiierfoririingIriibfacéiritrdl units is.’ a'.'ri:si1.It.0,f iTl'=;::»;f-,c;t0rs: isuch .a_s:n‘1or.é pré:é’is,e and%ffasteMr:c,io:1-“
? "tnol of fuél.injecto.rS:and sparkplugsg anc1:aLdJc11t1;o.11al sand/orgmore. Vaccumfte‘Vsénsorsxand c'o,nt]ro.1‘
‘algorithms; V 1 ‘ K t t V‘ H ‘

  

   r-.-‘:s:Fr‘¢‘r*:r:-:F:}v‘~m=z~»1'-n-F-v“;"<‘w§‘
Using; bu céu %

KFIGUREM 2421: _ Effefc1:of”A¥D,;on ‘pressuré Vméiisuxiémehjts,

;- The} MAP :e1-rot band’ ishlso being\T;tightei1ed ' ff: {a“ goal .of 1*per&;e”h_:tV Vacci1rat;y— over? the
-entire,ggi'uto‘inc)'tiv, ;t‘éf1_ripé*r_a_‘1ir(_:é9r§afi1 T E Existihg T Tc;atiotx:is;%a;11ow~t§1é1;ai:ces;to incrfiéajse as
,s’h0jv~?n.Aby{th¢.b9wi1.¢Tspécificafionfln ig-, T T ‘ ' '

V"I‘h6‘iieed_[fQr“baIoIi1etri‘c‘§praS ‘ V T
i:;formg:ti:;n1to"thje e*r1ginecIontro ' ba“rometricT=prefssure?‘rangéjs 'typiéa1%1yTf‘rom
.60 to: 11:15 1<PA:With} accu1fa@.yaJon% the; ., , ” péréant’:nv¢rV:theJ.<0jp¢:afi:1_g ragga.

‘ T ‘ ,1:[bandtoleranca%i11é:¢vas.es‘by . £emp.araiuI¢2vAAmu1tip1ierT of ‘up to‘ 2><§flou"tsid_e %t,h¢ Q. iticss
_, __ . , _ A . f _ f ‘ ‘ , essurejSensors;Tare[frequentlyimoéun ed nside coTnt_ro1A

—rnod_u1es? making the [:moux1firi’g‘ tecl;niqi1e“~ a ;key :conside;atién‘:for:_ n"1a'nufactjura'b_i1i;y;
incréasedT?t1sageLdfisurface rribunttechincslo the; Aneéd t:I>'%ire‘d‘ueejrs;,pa¢e =that additicnal.
f¢5fuf§S_-C3H;.b‘,C‘iDQ1Ud§di11C911f£Q1TIIlQ§11l6§ areifaclorsethatéwi. sa gethex:7genc:ationJS¢£1S0:'

 
 

 
 

‘ 3 gpfdvide: altitude

  
 

d.esigns; ‘ - ~ ‘ ‘g: V \
 ‘ i:8()J qjverfhe‘ nan:-T

S 5fiGf€3$¢$§ :rat:ng EH5 Séilfiéi‘
dsfialedlgappropriatfilyz» V

A_‘typical’u;rbocharge:rqahvp siiiife l75oiost pre‘ss’ure;'i:r1v:fhe iarige‘
rallpispiiated internalécdmbus 10 n; :16
tof_200 i1:£’aabso1uta;but 0§tl1er;reIq;iT11r:é;In;e_1:its: 
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2.8, sENs;§;;$A:~IDAcTuATo_Rs

M'Pfx4f1oo -:MPX41»o;1fsEHIEs

‘ . f %Trfansfér Fugctlfin

n¢fi11n§1,r;an§rgni.1ug;T. Tyow vs (031059 5: tL=_'.- oV.;1 51‘.g;; J » . ?
1+/§%(Pr¢3ssu‘re ‘Error at Tampa Mutt; x Q.O'lO59TxT V5)

‘.Vs~=5.:1‘V‘i=5%TEinkPa ‘ ~ -‘ ’ ’ ’ ’ 

T ii 1 f’tessu‘I.e.iInb!sPa.

V B(éak'Po1h(s‘
3 ’ ’z Tg;nn_«xg;) _
 

,+].‘.~ 11‘
+1” 153’:

- +14 13‘
+./,~‘ H5.

 
Fl_GURE‘2.3 ‘ E1;fror'baf1d,for ‘scnsor.\

7 Oil Pressure. Qiljpriessurie -Q1} jautbmobiles has fraditibnal1y' been measured by't1f17e deflec—~
‘ * tion of a rubberfifiaphragm whichTc1o_s¢s a set ,0fCOntEICt S—($WitCh) providing1 a lamp ‘indication

 w_ith1Qw1oi1pressufe of, moves  a~pio.tentiQrrieter to proxkiciéan analog. si‘gn_aT1f_T0rTa gage; ’
A replacementjfér thejconveaififznal electromechanical Mgiipressure sendingur1itji's an elec-

tronic device ~such+as the one designed by Chtyslefs Acusfai‘ Division. In addition ‘to 3,:SVi1iC:()I1'
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LERESSURESBNSQRST 2.9

3 piezoresistive’ pressurejsensor, fh5T'UHif,COI1t‘£Li[IS;fl‘aI‘ISi6i'1t'pI'OtflCfiOIl .sCircujit1iy,Asigna1.samp1ifi--
c.ation.‘for_the sensor outpiuj:,and’.t2utp11t Eir;’Lvers_for both an electromagnetic ‘gauge and :a fuel;
pun:1p..The'_FET’6ufpI1f:dfivérs;areCapal51eiof:h’a11dli11g 10A based onsthe‘ heat ~dissipat_ed“
though asslieatsinkthat V.SiiIitefgI&1'tothesensorpackagéé _ _ ‘ ' V - “ ’_ V “

A _ "The*‘unitJuti1i2ess a:1s11‘pp1_yiro1tagefs.frorI1\9 tVoN16 V1 and opelfates over a; 1I1ed_ia temperatu1ree
§ rangeof; to‘ +150: s1"fC;;’I7he ‘overall accuracy is i‘-3,25‘ percent wiTt’h‘s1inearity s £0.25 percent
over {the entire cipefatingspresse ‘re range of200 psi. '17he‘sWite1h:j3oin:t~sfo1"—‘the lqw pressure siindi-T
c1atié>nijSe413sii;1;5.‘pTsi.« ~ V 1 “ ‘_ . .” ‘: . V . f T «

Illeisensjcr packageewas-especially‘designed forfeasygsscmb1y:‘T11e,hOusifig’i11texf§acesefe ‘the
sensorswithan1extremelyVre1iab1e:—O~1fi11g seal "ih:8f,,§3n‘V.V'1:f,hStflfldffi bu’rstispr_essu1'eeover 400 psi) ’ j
{Special materials werefused for BQt1*1‘the Jpackage  t?hetsprotecfive‘,gelsethm;céxiexs the sexy 5
soar. ,which=a11ov‘z it ‘to‘ssutvive iqualifipation tests with over 1 mfllidngprcssure ieycl’ including
.’p9rtionse Conducted at; ehighs—stemp¢fratures; This exceeds the i1um1§er':é.>f:cy;c1eseA that can Ere?
achieved with traditional diaphragmedtiszene.spefentiometers that haveisbeenfiseid fOr.12ii0. Vid-
ing1the’indi¢ati(in"o1£ 1ei1Z‘ptessure.fiTheisens6r.fias”bee113designed;for a- flflsyeae/1Doj;0G0-smile life
that could ‘beere'quiredlfoi?:f1itureEvehicle» warranties s A . ‘ ' ’

 

Media Cémpafibiliiy 1irt.A‘1ziéi1It:tivé. Measiuz-eyinen _j Pressure sensors frequently; have to ’
interféifie withsan: enyirijnnfegltsthatsis more degnandings _thanjjotheVr;j electrenie compbnents. For 5
.¢xamp1e; _th,6;_I1_1é£fSDrém¢ tzeofiiengineb eilfpressure,.ttansmis’sion biil pressuyei, fuel p1'e‘ssu‘r_e,_and‘
so‘on;:qrieyel-e(oi1,:ga C001HIiL‘€1C§)" feq11'i1”f6S 1h€v‘S$[f1S0:pe,ckag6‘£O7b€ exposed £0 ~On€> Or
mordefluids ;.th.aitf§ aw: detr1m¢ntal';fo.s5.th¢. Operation: of'e$tei111ico1id11<3t,bfrl ecircuifIy..‘E.a¢h ofithése
media: interface gproblems 1fsj::aaar;:ss;ed separately, depe_nding%on* the_applit>atiQn.jAutomotiVe
costiéquirements u‘sua_Ily 1ij:';it1;hei;us_a’ge of stainless steels asflieaisdlafién.teqhnique;eInste_ad§
mere c<3fs1:+:_ejffective protective polymerss and chen1ieaDy*tQ'leran:; plastic E:1Iid.’f1il75bl§r,II;ajf§3Eia[S

haiebéeen >c;1eve1’Qped.‘fbrssensof packages.‘
 

2.2.2? NewiAppIiciations;for Pressure 2

The listeof potenfia1‘app1ications jf‘or sens{mg_pressure‘in utheeautomobilei11cIu2:1ese.severa1new
&Hp1i¢afi¢nS- iheséinieasfitéfnénté 3°15>ift¢‘¥1u¢fit1Yi1*1afi6e'd1ifihg thee’de've1épfiieni lbefsziewflvehir‘
91¢ ’sysstems., 'I‘11eir.‘.'z;1c:t1Ja1 use on the yefhicle is '§3’f>t$fmined bye fE1fQ§QTSi',$A1.1L s. 'os1:= '1egis1a:ess
e,r.e_quirements,‘need:fQt:dliigliostigs, value added tn the ‘s_yst‘en‘1. App1icaft1o _ sfsection
will identify areas; of edncerI;,,_;'r2£11ge~of pressure measurement; .aI1d:ffa£it0ISsthaf affectihii
usage of a presssure sen;sor,;. "

 

Ti‘(1nsm‘ission=e0il£Pre;S7slIri§iiriii B§riikeiPréssiIre-9 Treinstrfissibn pressure isilreqjxiired as*an
in/AcoIgput6I}coget:9Il@Vd §iEaI1smisSi’(iI1 _shfift:points;:TI‘hisi pressure can, 13? {I1‘-.°e;7cA1‘saft1j1-§;;je\A;A¢i‘t;11

sensors simjlereto thofse.»developedqfcsrengine oil pressure._‘
_ Pressure? ahyd‘: ;u :5, fish as the‘;;mast¢r cylinder an'sanfi1ock‘%E¥Ial:e‘ssyster:r-
(ABS).ismuchhighs:thantrfansmaissicnsoflipressuré typica11yI¢quitins"aesensér ‘witfi minimum
rating offl5B0_‘psig.j1Piess11:es¥in‘ oflier locations in thejj;ABS_ system can be 1owe:; j’Ihe dynamic
epressuresiini_b;ake%i11Ei11g—eaneebe of interest during ,theide’ye1opmentphases of passenger vehicles

_ andemay be;ojfsi;:terest:ine11e;;vy du1;3(*sc,QmmerCia1.V§1ii§1¢$51h¢S:e_preSsu;§escan be below 150 psig.
The ABS:sys‘tem cdntrels ft”o1it~»and*re’af.tire s1ip{T13a'de,offs —t1’1’a‘t existAin developijngssan ABS

system‘ for &;i:parjti:eu1a1*W',se1IicIeVei1IeIude stopping decelerzfiion Ioachieve ‘the shoxjtestjpossible
_st‘oppTisnge sdijsthnce,v;er$uS.emore’ steering "cb_ntrol.iInCi’eased yaw ‘stability can bevfqbtained by
reducingefliexdeceleratioii rate;of the rear. Wheels. sT‘11e7ea’ddi_ti:Q11 Qf traction scontrol [to the sys-
_tem ixnproves »’stabi;1iet?y dufilig eac§Cele’ratioiivand~ provides independent COI1fIOI’—0f§a9h wheel
during a [variety ofjdrivinge maneuvers for improvedvehicle performance._ ' _ V

Passenger .vehi<:1esj. may A have ‘a' single pressure‘ sensor :to .n1onitor* the pressure in the
hydrau1ié‘sys:em.eOne system; General Motors?eABS—VL*pseyi’des'information on the ‘brake

Pfa5S$i1i6§ by~?d6t€.Cfing th€>CI1ff6hi_g§ing to motoys ‘in ft1:ie:S§]_St6I11~1?‘,Qi§Cthe_ A;BS—VI systet11,ja pres~
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.: 3.16: SENSORS AND.A¢’1‘UATGR€7A

.stfi13€§{)f aluminum at 459 to the long axis.Two Vseries¢conne::ted_ eleniefnts, which are mirror
. images of; efiwihiéther *(1'?E.fl¢<>1€d: about ’Ché:1c'>:1gr axis), fbrm £113 Iiétentiélr dlirider. TMagr::et0réSis4. -
Wt'i,V6»SjCnS,OIS ;ger1$ra1ly‘exhibi_t; high sensitifiiitygbut 'this_1eaves‘t1rem prorre [tg ’interferé;n;ce from;
unwanted‘ fields ‘and,_tI1e’reforre, they are unsuitable forrrsome:app1iCéitiQns.r ’ A

Magneraistrictiver Mzzgrietostrictm is [property Ofmateria.1$ fhat- respend.‘ to :a chanrgerof
magnaficrflnx byrde;ve1opingVanr.e1asI1£ deformation of[their ‘crystalrstmcture./Magnetostricfivc
linear displacetnentfsensrorsz utilimfhis phe.nfomcn.0n by rlraunchjing a.‘compr;essior1 wrave down
a qylindricglrwgaveguide.using=e1¢ctmmagnetic;1rreans,usually H <':ur—ren‘tAp1ilsTe}Th§; Waveguide

.p:assess thrgugh V 21.. rfidvabler immanent f.1Z1£I1.g1[r1'*+‘§tfr;:I;‘1.1?S.é‘r1t~ sornédistaiitg from a jreceiver rsite. The
 comp.ressi<mTwavs3 generated. at ‘thcrmagnetriposiition ttavefls: to the *r<;:ceiverr.siter at approxi-
-:rnaie1y*280flwhere‘it causes a_ charrgegofrflux and generatgs _a yoljtagbe.pulse in a rsenéfe coil.
f‘The t'i1jre[ofrfli’ght»c§f the pulse can be measuregl ito‘ [determine the distancer ofaffie rmoyabje‘ ring
rmagneird0Ym--the:rvire;«:1i*a11sduc€;rsrwith :stroke1engths,it11©Xcess: of.7=S In are ‘available that
guise: this technique.» ' ‘ V ‘ L ‘ ‘ ‘ ‘ ’

r3g3;’5 0therrT;e¢hno.I¢giJe$r‘

I1_j11rnber_Cj> f 0th6r_'t¢chnOlC)gjg§ can be;aprpliedr to; positioI1:,sensing_prQb1bms,limited only by
engine-ering_ii1g¢nuit3z rSo1’I‘1‘e,fIike capacifi've;sensi_ng techniques, ,2rr¢ na;r,tts1eram: i1)f”ther'a‘1r‘fc:‘).-*
m(§ti\iercnvi1f<§:'1,1I1eIit::c1ue to is: $i§tfivity1.;tG r¥I1f1m_A1._r1'_df1fltyrr,— “yibratiion, Cir t;e,fiiI9erat1E1I6.~:Qr; pressure
extrerrres.-=:Othcrs, like resolyersiof: traditional: c<:)nstr11ctiO.I1:>: are; srufficient1y“ruggfledi but pm-
'hi_bifi,—,ve.Iy expensive;'un1ess;%Iow-cpsi manuffac'turing3.vtje,cIiniques carribe foui1d..O‘c’casiona11y,;a
nanobvious _method‘-firrds-Aa‘ niche, exarr;1p1p,is‘arfue1;1eve1isens’or disc’lrosedT_b;yrworkersvvat A
Bdschf w.hicih, in. prfnéiple. ¢du1dr»?bé’ app1iéd'=as §OSiti‘0n“‘SéI1SQrar Ldévirsie fipérates by

_exc_iitij11g.a,rI1¢EaJrod;\vif£h acousfic waves éuchiiihat i_t'réso11ates;. 0116 end. ofiithe Iofd iséhnmersefi
in the;\fi1el."Ih'¢resor1arit frequency is a_:f1j1_nctiim. of th’e_:dep‘th of immersien andrthe;fi.1e1.Ieve1~
rca11Tb’erdete‘rmin‘§dby suitablejr e_1<=.‘e:’tAr;onics., A ’ A __ " L’ ’ ‘ ' T ‘ i T
_, rA.rsig1.fi‘fiC'antinflU¢i1c%3rin tfi§aS§1ectiQn dftéchfiologies foI ;a31t0m6rive uise i7Sfl:1:$—’maflda¢
;tory indjusioxr19f§safety7sy$t¢ms; Micr9WaVe.rror;1fa.sAerérangingrtechniquesrcan lreappliedjto anti-
: c¢11is‘ron-systemsr to anticipiatci_Obi‘s. a_I:f1t°4,S1”'.’2l"£/:VV.Il}‘i‘gj'itp'1'.iIMIl“6r oriibilr”pU,01‘f-YiSibi1it7ji1: rd,1:iy‘ingr:ccmditions;

' .’I‘hese: wri1IAb_e_ 'a ubiquitcusrrcomponérit or rautcmobiles ‘in yearsgto come; ’

"<?wf' ,4: _ , V34 rg~TEBFAcWGrsE~soHsrT0¢¢~rr¢esVsT€Ms  

All sensors; whether they have digital pr apalgg routputsgl provide measurement of reaI—wor1dr
.Tpherroruer1:r thatrharg thrcnvrinterpreied by another system for eithér i11diCat§3=’a Value, a rwaming,
or clcserralrcontrdlrloops,Itiés:vita.1lrrirnportar1t:that the.'in:agfity.«oftharrdata.isrrmaintIai‘ns2d by the
P.I‘0P€.1‘*ChQiC6T of intbrfaca, _ T . =1 “ ’ ‘L . _ '

» Co.st and ref” bility.i11 autdhictire systems are rprirnary driszersrini the. choice ofr~int¢rfac<:;r
For ‘av rgfivrin parfcirmanceab the sjérisor’ that ,’req11rres fché; fewer conned-fii"0'n,sr. will always be;
J$fe 1eQ_t_¢d. Irr_sforr[1e_ jcgges, suc3hV.asv LVDTs:fWhere _t_h_e b2;sic—“seI1”so_‘r” reqUujires;Sv. or 6 wires, it1?may‘ber
advantagecus to leféatc: r.th_¢=sigria1ec:ix1t1iti.oningrséicctronics with ffiérsensorfrrand communicate
the processed. datarrtor a 1‘ernc>tejcQntrofler.via 3 simple rsergial interfraceglnterfacing incremen-

._,taI or serial  bi11ary data to arxricrocontrofler jisr straight’f.or‘wa‘rd.r In; fire case Si incremental
data,Ltypi‘ca‘11y the mechanical system béing m(5ni"t1ored‘is mgjvevd 11nTtVi1;s'orrrer1Tirn'it; or index is
detected. Knowledgqef the absglute.rp(>S_itiQn _ofiv}the r;1echa11ica1‘comp§meAnt»isr tharr 1cr1ow11,A
counter or register can be set toiari initiainonzero Valuer ror re'sebt.Ito zero. Asthe motion is,
irdvetecféd, pulsesjfrom fire incrementalrsens‘orcan_bercO1mted a_ndT sjtjoredras a "measure of posi—
ition,—*I1reindexing*cyc1e must be performed jeacih Ttirne power:1sfapp£1i¢d.’BifiaryrseriaI dat~arc:an__
bé? read. into aésreéistér and 11se;‘¢I:df:tf::C1;1y with 116 further{processing-
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£713 s‘ENs0RSA%AfND ACTUATORS‘:

Pt1orot3toiDe~
ARRAY} U  
  ._ I_ /7 '  

‘PHOTODIODE sense .
,.AH,R‘AV. AMPS?’ : ~

:n1c§EfI§L
‘OUTPUT

 
FIGUREJTLS lOp‘tic”aj1j'§envsorV.:

,O.pti;ca1 Iadiq 'fr:§q11::11cy1(:RF)5 glcvices are used for Qbji:ctujd%ete,cticm;% [1i:1§ar%appr9Lach1
‘zspeed, and distance: m‘¢asj:remefnts.i in ;c_ras_h: avpida1_1c§:s3%s‘fen1s where‘. Vdista,n9e, ; g:ea;te:"thanMi

{about 10m fire in-vg1vied.,iT.h~ese _dé_Vic’e‘sii1's¢‘ the samegpfinciples as:t‘he:u1tras'onic d‘evicj¢s;f.Opff-
devices norjmallfy i1;seT1:é‘sér?s‘m:T~inf: “ed délvibes fofi the tr1iafisrniTttifig sbutce: arid ®_pf_i‘ca1s.efi-

S.0 rs.;foI>tfhe :receiLVérsMa;RFT— ,e',v%JC,s:11s' a,,1um‘Var.se.nide%9r‘VGu Iicvicesio Qbtfa”1i11§ Pbwfr‘
andl high frequency; (aboiujt 10QbQHZ)_'IECq11f1‘Ed.fiIi.th6~ trans:n1tteir. The? high;opjerati11g.fre‘—
iquenxcy-‘is sgt ‘to. a large exfient: theneed for a small ‘an’cerIn“21._3'I7hese; app1ications»»are;u’nder
d_6Tv]elopIfiént'andiTaré diS.cfiSSéd" ‘ ‘ " ‘ ’ " ‘

  

  
 

are 'sey¢:gi applications “fdf’j1€otati6fiaI:§peé.d' sensing; Eirstfi it‘isT1iec,e§sgary to jmgénitpr ’ 1
éifigin¢TsPé.@d_;JfIhis; iforifiatimis usedffqfitraixsi ,.Siofi,conitr;o1,:ei1gin¢.cofitt§1,;¢ruiS¢tifiiéhtfbl, *

=3.I,1d—P',0_,S.S,.i , ; ;T‘tachom§:ter;_Electromc aztd.-e1ect:oIiic.= sensingithéz aiit;OmcZ>bi1e.~ were i

‘ " 1 _ yTfhe,‘nie¢dfor highs?-réefficienfcyiengines;hett<:r.£1Ie1,ec9noII1§5 i119175?!S3diP0W5—17I
"f 'fma1iC and. 'Irow.efr1en‘1’issionsy, secejndgévh’ T1‘s‘pjeje*d« s'e'nsi’ng;require;d for [iii

1n1ss1ojr1s; ;ér‘u1S7C1E6I:l'tf6]., rsp*éeac$rneTters, “anti11iajck: Lbra1‘ce;sys'té‘mfs.» (ABS) traction qintml
' iri’6.rti.aI’

  
 

 

 

fr
(A T; ¥zafia1i1{e.r2atic% piowe: ‘stéelfillg, assist; fou:4whe¢1;jste:<::fiinJg,v..and %pc>ss£i
g}ano,nL anjdT-air bfag deploylnént ;apjp‘HcationS.
T Lii1e—2ir:speé:d s ,nsing3¢an,be uéeduto‘measure—the;gro11nd:speed;This; measurement aiso=has
fhe;possib1y}ofusTe in,A!BS,ATSR, arid:inerti'a1 navigafion. ;SimiZ1ar ‘types ofis1ensc:rs{;c"an be used
féfash avoid%1r:Lce, ¢p'rt>ixi:rn;i1y,:a::c1Ticibsta¢1e detection ;app11catiohs» . ‘

  

1;3..;1 Rote:tian:aLApp‘li¢atigns
 

;The: high tirriing— accuracy fhatican Mbie»obfta‘ine‘d‘ with; fi1el:ii1jfccTtion Systems andfrifgplacement of‘
Vpojnts by sgnsois h T made. 'c_ost-Veiff&=.c}tTiv"e=;' engine controi and: low maintenance; a reality;
Adjustment _0f§:th¢ Stgi. hiQIfi;<3;’t_tiG‘.I%’:ifiC5?£3f’i1iI3EK5 fué1}f8c¢Iif%it_e' igfii’Ci§ir1%fiIJ1iiigsM~ filrlgd  ?3XYg 3.TL§§?11*”j
sors in; Ltheacxhaust :sys]tVcm<,; have vastly improved» eiigillie performance and gIQ3l1Y'T€dUC6d
en:1issio‘ns;‘o‘\(er widely varyifig Operating» conditions.Ihc two imp_oIta11tVfactoiS:inj::éngine ‘cone
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SPEEIDAND ACCELERATION SENSGRS 7.7

tml a:e7tl1‘e~e1'igiz1eispe_ed in rpm ami the crafnk ‘angI¢:The5eSignals areused By thé engine coh-
rtrdl for det»s£ II1i_na‘tiofn efifuel it1je'cti_0irI a’rid‘_3i'g;1i[tic2I1M timing. engine-‘ rpn1 ;mea‘sure—.
men: range; is from 50 to :(s:1yj). 8000~rpm. A resolution of about 10;! rpm is. required for an

-}a_ic<j:1_1ta¢y,_’Qf, ab01.1t I12 fPBr§en1:».F0f ini¢ction’afid figllitionconircl in at $viX‘cyl.inder the
:'int6rva1[b¢tween~Calilbqstibn at rpm 2.5" ms, so; that this tirfié SMS the_:injje:ction
‘periOd; In,“practice, a crank angle. accuracy pf between '1 a):1dV2 degrees‘ pg-:1 revolutitan is ‘
requifeii;§Newe‘r_ sysfems with sequential fuelfitijectioii, may also reLquAiAre ‘mfmmation <!m§TI )‘C :
(top zdeajdjcenterj fcfmeach cylinder to determinéég-'%»the ;fi_mi“ng~. ‘Withcthe 1.935! frequencies
involved '1"n this applicatiQn,_éi’thér Hall f§ffé,Cf—Qi°',MR;E devices: E311‘ be\i1sjedTf._or monitoring
both fheegengine rpm. andacrank jangljat *

A V .Vehic1e’specd‘meaSurements1af&:iI1’thé _range‘0‘fb;1801km;fh(I2O mph) an;d[digita1~disp1ays
must h_ax3ie;%an accuracyof‘ 1 'km/h [Some systiemshavé» a mechanical Mpickoff from the dtive
shaftgvhiéh can th¢;r,1 use V0ptiC31‘S31ISOIS for théameasuremént of read speedrfiowever, nciwsr’ »

zsystems have a pickoff located .Tdi%:::ct1y on the drive shaft, whiich makes eptfiéal devicgs less
practi§3féiI;T It is} ‘preferred tobliminate the; ren1ote;TsT¢b11singT_via,mechanical. cbupling to save the
cost: of theassociated‘mechanicaI;cé_mponer1ts;sea1S;?maintenance,,and soon. Ohe ‘method of
piclgoffiviis a rihg magnet‘Vwit1iTbetween 4 and 20 magnetic poles (dependingbn [the-A requitffi
:eso1uti6n)f.Figure 7,6.:shows%suc_1; :3 system sensingTdevice.TTIie.111agI1etii: ‘flux
changes are Tserised by 3;If1—MRE .bIidge; sensor when the magne)i‘diS<?;iS r0tajtiI1’g:T1‘l1eT bridge is
Tsupplied 7f1’V,"3mf*‘-,‘jV°1t?‘geimf9‘5“¢‘3 é=irLicIIit;eand%its:%o!it9ut.is%%mp1iffed=?a:rd shapéd mfaivfi 21 ire:
jqugncyiiqgtput th'at»is~pro’portiona1‘to.shaft rOtation°$pes§1T A f6IfI"O:USjI_QOth6d‘ Whe‘e1,picko‘ff
with imagnet and;f1‘1:x* conbentratozacanfilsoé be fiusedi .(;s;e:Eig.'7.2);Vehic1e. speed sgnsing. can
be pefformjéd wii1iH’a11 _e;fl*ec1,’TMRE,—*orVR;devic¢s; 'Ihe;11mIib¢r=0fjpulse’S_.P‘ per second from
theivdetcctor areimllfited to me.asure."speed&S?',’frjqrn Tthee fo_1bIov:vi_1jg re;1atfionship;1 ‘ '

PT-:N4X3S><K  (7.2)

where{N:*—‘ t»he  nun1beI Ac§f‘rI1agn¢fic ipo1es>ou’I’iI1flg I11agnet§QrLv§?heel teeth
‘ T K: a constant determined ’by?.'a_x1e r1atio’a’nd' 'wh§:;:1 sizgé

supgmg

 
Gabunu

FIG'U§?.E:7;6; MLRETspged_—sensing m’éciu1‘e.
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7,85 SENSQRS.AND_AC1TUATOR_S

The’resnlutionfinvehicle speed is thien:

% (7.3;
33:13 typjicajl *system_r ¢quiIem‘5ntSI are-_ an Jeperating. temperature Vof:—40T to» I20’ rotaticfnal 1
speed _d‘eteo_fi c:Ii.0f 5. to’ rpm (1‘0O0rp/Si, and a~dutyjcy¢1e ratio cf 30 i_-‘10%_._. 5

. In‘_:app1i {Liens such ASK, Vandflmr-wheel steering, adc1i‘tiona1. speeg1,sei1sors
.at;ta¢heFl§tlQ l[four»wheeI$s9thatih.e!»s1ip“diffs%r¢ntia1 vbe1twéez1’the%whe¢Isa;anThe[measur¢d;VR
deviéest haw; been. used and ;ate1very‘ C0St‘i€fi©Qtiye. in gtliisi app1icationV.:ButTfl1eT:::5St of. other
devices; isidri)ppingandas tihéy b‘e’cot‘r'1e costiTeffe¢iive‘, they 5af¢‘1§k3i:_1g . designed into} newsystems;

* In electronic transmission Lappficaticsns, informafim: from the 1‘9§Cg1 and eiifgincvvspeedisensors, as
‘w‘<;1l has torque d"ata[a’I,1d .%thro¢fi6V13o.sitibi1»are required I.ffo]r thaf seléwgthfi optimum. géar
rafio: Electronic’ceQ1fi:rol[Tcan‘ensure.smaoth transifien ‘Tbetween gear/ratios}VTransnV1'issi ons‘ using
electronic .c_ontr'ol‘ are: also .sn_i1d1ler ‘than _c_<;»11venti‘m:1a1T automatié iransn1isSio’ns,[ thus‘ enabling
1‘r1orégfg¢‘ar_ratios :for’I53,:*5tterj)erfor1i1a:1i:é,1iigh<:r tgtquegef:Ei¢fe11c3§;a11d’:accék:Iaiion§—ii _ ‘

. cn1iseAcont:c1‘ sTysteinsM’requi__1'e;i11foT ;natio:1%frani theTrTdad“and engine Vspecd;-jsgnsors jtbacong-V?
. trolithe fllrofttlc positiomand Vpossiblyéihe~op[timum se?IectiO11_of’traixsmissionratios. Xfariaijle;

jmjtio:,iassisfcTd.pjdwer%st¢ering'{a1so requiresfinfcrmatioxj £rTo’rn% the wheel. ‘speed;’sen‘soirs’ ffar
adjlfifrhéf .of;the stéérifig fatiésefot éiiéwfiiirfiing a€1QWASPe¢d9‘afid ’g'o0<ir§0ad. Cbntrol at
high spe'§d$. It xaixtomeitigzjtiré-'13 essure:,adjustment ’%b{eqame;s 1ie:aIi.t;y,, this system may a1so 

%VrequiréA‘in[f,<JJ.rn1ation frfom the,fwh¢e1‘speedsensors; V_ ~ ~ V b _ A
' ~ Aj1ofihér+T'app1Lication"for :otatio:ia1AspeedA Tsfensingt.-’is~’to cotitrol‘ the:spe¢dio£T Mthe=’radiator

f¢001it1g..fiai1,'TTi¢"p¢6d Qf.th€5.fE§I:iiSLiieter;rfifi!3d1§’ theT;;cooiai1$T:tempéra:t1:s:eHall effe¢tvde.vi¢é:s
— (MRE: c_a11f a1sQ~:b;:T11$9d) I1a,vejbe6n[,u'seVdto 4110.111 ffthe ’1fioAsiTt—.iT<.A>[I.T1_‘c>‘f{t:1’I;<%.' arnlatutcfiind speed? of
fhe: ‘cToo1‘ing9fanTimo t:Or. The, .moft;3: contro1l¢r‘usesgfhis fi'1: Lfo:1jnafion to rj1Qdu1ate;theApower tq

V “the«Vmbtdrthroug:1?1:a threeephaséébridgcédriving circuit for. theecontrol’ofTthe%fa'n:motor speed.

 
 

j1.3.‘2: VLihfea’f AVp[‘JVIicatV|;q‘ns A

Igliiderjliinear appficaftions are the detefition of oI:1s7taTcé_1:es[cjIosLe;ftt1 the 3vehi<i1e;cr;a_sh avoidflancq.
dist;3nc'ie“Qf‘2thé Gh3sSfs(1?e1.a]tiV§6 .t.0;1li_e ungi for ride:¢o11:ro1.m¢asur¢mentpf round:sp.e1_<:dfor
TABS,jASR,:Aafisi,im:r1tia1 :naYigati0i1i .1tr.asQnic-:’deyiCcs: are normally used, for Tshoxf isltéince
meas.ureménts (j<1Ojm)¥and?RFdeszicesfoxldng,dista1icemeasurements j(’se1et~S‘e.c.: '7:'.6fV.27)‘. ‘For the

» ifieasigreihent dfbbject‘s frimnj 0.5 ’tc‘z’usir1g_ult‘r"a‘s0niés;a pulse repietition_r2_a1e?0f a'boutl15 [H2
is usedfihe reflgcgggx pu1s;.=,g itajke ffrom to 12~‘msi to r¢t111r,n.1"Ihe return timejfis‘ givejnby

£=—C:3‘< — (rm): L — =1  (7L4.)f

 

 
 
 

distja_fice:to targeTt T % M . . _ L V b T »
T _ I:i;:.:‘tfa1iSf}1iSSi:€§31,§1?é§§d‘ [giyehéz by C: 331+ .016: t?'({1I1/Seéfl _ _
T =*temp¢rat_ure (at 1,55 ?C),'theT§§e;e:1 9f;1;1trasor1i¢w.ax;r<:s~ is 349 m’/s.

: Z iwheré

I1”1.‘theEca_se-pf cha:§sis—Jt‘o-grognd? measurements res; ride {control “and ground speed fmea—
Tsur,e‘ments;t distance to be*measur¢d'is f:§>,Tm£15Ttd.50 cII1;a11d_ a. highar :P1l1S$1F{i1§5'Cifi0I} rate
can baused: ;(11p tO‘ 50 Hz). In:thi s_case, theVr»ef1edted—"pu1se~takes £ro1n‘tb 3 ms: :9 return;For*
ride control? applications;Qanaccelerometer’ has f1an_%advantage over distance n1eas11remc_ntf, in‘
theitit is unaffected by v"a:—‘yingjjd_istanfcemeasurements overinough ter‘rain.,

 3;}: Acc5‘L5HAyp;;g;Ts,EAI$1NG%LDégicgg

A,C‘~‘§lerati,QIi sensoiré vary widely their C0nstI%:}Ction~ and operation appficatians such as
crash,senso_rsTfor airbag» deployment-,‘ mechanical: devices (si::;p1e;mecha11jiCa1 Switches) hm‘/¢_
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«:118 6:2
s;c17ai’rj‘.ba.gj.:
uznthe

piézo~—

  
Lea;n-bjqifi :1gi:ies.:m;jbei:;gidev?e1¢ped£o:ixnp:ovzd_emission1evg1smid$orbetter.:iné1Té¢5n.

(10 itbilfi pércengirqprdvfiméggt);1§IQ,.¢misisi  
 
 
  

 

 
 "ary‘:o+th<?.l\?$TC’ "3

6V6I.Wiaé1Y'V§f}:7iflg;‘

Tfiege .‘ i
aéfiiTV.e]y'«cQup

 

bar: ‘of.’fingets“ T

ass =9vt%ir; Tifi
  

 

.1,i111PIQY§,
iiléroméféj
impxc Id

fig? _
jtéiaént IOf.V:

 

 
 

 

fluiiivpra um

fourwhéflf ' ‘'
id:€jI1indaf''
vzarfifirernw
‘tfi n've11.~,.
‘:1 iug;-e'a“ser.5;

’t6’firéiis'fé,r

"re;
lb lévélrzifid

  % ABS‘ systemsiisi:eq1%ir¢d*by. the1MCU f9rASR ~apr>1icaiiio11$» such as;
_ peééi ind thfo e‘a1'1_'g]é. 1n’t-hisIafzplicfisifibh,‘servdfeedbacktn the t]1rdt'tIéfii1‘ay'a]sb‘tié.

Avl1€5f$‘«;C<?$t’Gffecfiv6; Lb@1353 accurates§ys1t<:mf¢rABS1Land,;T "  ' fhelVadapti’éjé¢n§t¥¢l;
'sysfeItfi'1i§26'hiE:h’aé:céIér6ii1éf:ér?s'f2ire7i1or11iéIlj,*1iséEi‘1b?:fiéaéfire décéleratioin wh.en*hx=akifi;g,as:1d

‘ ‘onqvfer that u.$.¢i  
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7:22 "§}§IiI‘S6it§ ACTL}A’l3ORS

   

 
 

. 011
' beL'requ’itetI!fo1'=;sensors.

xx1xxV’.xx1
w

 

 
 racfi¢a1Tope§afii1g* _ , p‘ér1.-jag,

. .eAeh‘VTe;P0.ftsédubiut wifithgpoofi

 3 15:2

T T.
35’%15¢fIi¢T15°-3* :35‘?

A _ ’ 39°.
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‘SPEED AND:¢:ccsLERAI1oN%sENscRs. 723

 

  
 
 

  

   
 

¢’/ 9/zurrn ‘Ir/at//IFIII:5:I,

  

  

 
 

'5 I .1\\

 
 /52.7.7  

 

-//»-.o.v.rrz  

 
 

   

 

j_ %  

 
FIGURE 7o-21 ferqssasctziion of?a~ fieldrassistedpEI‘IPomagn.ctic-V
transistor. »

7.76.2 N‘ew:LineI:r‘Speed-SerisingDevioesfi

gfiumbcr of different sensing tfe_chn010gi:éS,‘Ganwb<-‘§ used for‘ ‘diStaJ1C&;,0bject d3I¢CfiOfl;:&I1d
approach speed meagurements. Showno Figr.:7.227-‘are Vthbeo a1je,zis—3C0:V_,81‘CC1 by bIinVd-'s,poot,‘,r‘ea’rl,
a11d;forwa_rd_510oNk;ing sensors; Ultrasonics; infrared; Ioaser‘, andVmic:owav(ss (radar) cafibe used
in thejod’etAec:_tjifon.oo£1objects behind Vehiéles and in the blihd afreaos; Ftoiniga p‘ra‘ctic‘a1 sotandpojhfi,
noteochnologyv hascbzine to the. vforefro1if%;I5IC9We7S'er, Awitjhxiew :i:nhovatiens Ain:tcchno1c5gy the
sitgation; omajyochange szefry;rapid1y,:Ultrasaiiiéso and infrared sensorsoare (lost effectiveflout
dejg:ade*‘with* ij1C1cII‘I§’éI1fW’€i’at1i€.r‘C0nditi0I1Si'S11Gh'a§ ice, ra;in,v s”n'ow; Tandf ihe. accumulation. ‘of
road .g:ime; ‘Infrared devicésgarealso.coIo1*+se‘Ii$i€iVé,oin that. t1ie:Sefis‘ifiiiity'V ‘to shiny black
iobjfeds very low iCOfl1Pf11*¢_dA.tQ _o_th,et coioita oM,i’cr9'wave» devices vapp<:ar= to have -the_:ec_1ge

 
  
‘C‘()I.'Llsl'(),ii'7’ : _
Avonnnucg Z T = :

F1GURE‘7.22* .ca11i'§ion—-avuiaance’patpams.
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=1.,24 SENSOESANDTACTUATQRS

 
false return sigxizils; ~€1,I1d;‘(§lutt,?C:fs ‘ I A V _ _ V

Fc_>rthe_ 'detecfiGfi,,df obstaclesiand veliiéles froi1t"o:f,a vehic1e’,the Emicc: is betxygen laser’?
afndem”icfOW3V6S‘.dU6 to the distance 'Volved”(11131t9“9§:Tm);[.MiCtoWavi% have thExdf§3dVa fi*
tags Tof“higI1§c0é’t-Vand large-vantcnna’si [when csinsidering~‘avai1ab1§« dwicesin1heT5o% (EH2
Iaghjgeg,?Ereque1ici‘@s}grEaté: than 100§are7prgferredforLaizccptable ajitennalésize, HQWBVGI,
collision avoidafice radar in. the. ”/'\6i‘.7"7"f-§(3I‘:iI2 [band has’ bee ’ developed in Europe.;Ct:11isi‘on.
avoifiancc iradarfin the? 37;494;,and 14%? is %b;e1i:xgT’ct>nsi<;i§r;e th:-4 ¢Uniti%diSr.ates.,Atypiéal

uses it; 3§8;SV+[CiHz, VCO'(VOHage1 icoiitfolled osciuagta, ?with freqixeficy-rdoulzlihg
o1:tain‘about;40'mW"of’p::Werat7:7irequencyemoéuiated continupus wave or‘p1;1 lse‘-7
im0d1I1aTted.system?can 1§e..‘11sed. The Tsysiiem uses GaAs d3Vi7C3S ,t0fIIIB6fth3fI€q1l6I}C§F"3IId
powsgr ;r;3;quireI1Ie11ts;LLascr$; £an_be cgisti: grffective 3jJ1,tIii’s 3pp1iQ3fiQflj,;bi1tf3»15Q'h3§7é‘th6il1.aIf§§WE
backs": d<:gr£dati9n% .of. pérformafijcé by ffilgyT$3fl§¢fiQ11S‘fi0mfGfh§r 1ight= %s9ur;c:+>s.T*;(sun.; etch 1,

. build-up: of, 1Z0£1d._;gIiI1'if.3_: 9:1 ;se;1:1so: surfaces; and ;p:o:<_>1€ raflectingi surfacés iatlaser fiequenées;

when conjsideringicnviroflmfinftal izonvciitionéfbut aIe»:expensiv,é‘, Malild radar. can befaffepted by

 
 

 

 
 
 

‘such as gximy shiny_b1*eL:c;:I<:;TsI1rfaces.

‘7.6;3j :.iSIew7fnerti;aI and,Acceietatioh—sehsi_hg Devicésiv

Recentjdcvelopmentjsviii»sc§1idV-statea; ,tfe<;:j1ii1191ogy% have made,;p,og“si'b1e veryjsmallvEcost-effective»
1 devices; t};)Vfs;:n$e;¥ahgTu1arT r<_3_1_;}ation:. 'IheTTij:11p1;e};n1er:1t‘a»tion. ofj cms_s_.11_ch gy;oscopic‘:dey:ice:Tisj.shown 
 
 

 
 

 

  
 :Il1ii<1u¢§« Ilvfhis case. thtce :Iay¢rs.of poI.$1fs:fl.1 néfe 113.1%.

fixfid: and‘ ihe ‘second laye,1"Jifrcefto ‘vibtat;eab,ouf it ;
four spring; arms “a;tt‘achefc’1»to.AEfour‘n1oun ng pc‘>"s1ts’;= 5‘
+abouttheX’ar1z§i 'axés~EH "E1136-*acC£% T’ '
'<>f13JC>l1%y‘:s,i1i5031?,d
jducé_d‘b§woItag ’

New! applications‘iaiincniase‘ creature comfbrtéand sa£e:f§TiVTare1:constafitlyfbging developed, but"
'ih6i1'§1i3tE‘§ ’()fiI11I()d11CfiC¥IL:WiI1“d€p61f1CI(31?1.—1{h6,C£)St36fféCfiY'6I1€SS"0f{the"féC11I1O1¢gy{d¢in3§I1d, and}
gGvier-nn1e:it ri1anc;1at¢s;;,Ot11efr jcojnceirliis"automoti‘ve;mafififactgrers are ’{siVz%e,% w:¢1'fght, pQWe1‘i
ieQ1iir6m6_nt$; and :¥_1d_V6ISB effects on-‘st-yfhng andAapp.¢arance._-TMhhy.:Qf t1j1“e{n_<_:_w sgenscir Tftaclfl-i
:1o'Iogi[esfaIe in their, infancy; and thusfifiz ;111ci>t"ye_t dost‘ effectiveqon meiiium-%_2_1_nd lpwpxicedé
auiuihnbiles, but arebeing made avaiiablegas options .o11“1ux1iryAcars.‘.

3’.1_ Futl’:’r.e‘3 F{otatiO‘nal 7S:peéd:$enA:é’ing_ Applicafiong

ay_p1icafiofi fQr sf3ééEi~sensii1g ‘déiiicés will} be: in éontihuously \aari%1blk:i‘t:ansIriissions
In this application-,,engiI1e¢ and: wheel speaclgasfwell as to:rgu§,jwi11 be‘mcasured;’a11d+the infor—
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FIGU11E_7,23’ Solidstate gyroscope.

’Lxnavtionovp::ocessed*byan to oopiimize transmis_s'i‘o.11 faiibs for enginezsperformancc and eff:-o
ogienjgyg :11-wh¢;g:1st_ eeri:1gis.a1so;1}nde1% development‘; and requires; Spiied-$ensin‘gA ,in7forn1Matio11,
in oaddit1ono*to stee;1:i1;g;1front-,‘ and rjear~wheel,a‘ngle positiondata. forprocessing=andicontrol,

7.71.2 FutiureobLinear:Speede$ensing Applications

Anotlier application that I1as:bee11 developed_ is the use: of speed- and distani:e—measufi'ngT
‘devices for collision avoidance;The.se.devices fa11 into. three: c‘ateMgori_es;,near~obstac1e dotecs

tjou (rear), b1ina~s;pot detection, and semiautomatic frontal objeotgdetection :andA'contrei9
(see Fig.?;22). ; _ » ‘ ' A » ‘ T '

Vblearéolzstacle ’doitection is xisedlto preVe,I1fi.?iCCidi:11ts:diifing reversing.-‘B1ind¢spotA detection
is used to pre_.ven_tj accidents oduffi 10 fearelesso.1ane+ocha11.ging;and whenibacking ‘C5..1lt,Qf‘a drivea
way,_4garagé,,or alley into traffic. The semiautomatic f1'onta51— det‘ectiAoniios% a.1ong~ranger system.

distange and jologijrlg" speed between vehic1es,oo‘f.betW65I1 it vehicle: anda fixedgobjiect, can”
be"IneaST:11i€>d;ja11d the; speed adjusted as neccssaryto _av¢i_d a14c0fl1iS_ion;‘° or the 'dfiVTCf can be;
warned ofimpendingfflanger; .An-addition to this is to monitor. roadosurface conditions for,
friction—£or—.examp]e,;dry roads compared to wet oroicy 1:oafls1—and also to;usefthis'iI1for1na-
tion to approachispeeds anddistance.Withou1:;oo1l$io11.:a:.roid‘ance,road condition mon-
itoring can be igsed to ocantiono vehicie operators. Colfisiion avoiganca systems‘ can be 1is_ed3to
gminjmize collisions, or can obs used to operata protectiozysystemsbefore an: unavoidable col-
olisiono happens ‘to? iprotect the automobile passengezs. 1:1 this‘caSe,J»’ovehic1es closing at or:
‘approaching ah obstacle at 80}-2111/E1 will be: Iess titan 7:11 apart beforiefa collisionéis-immirlonf
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detcrminatitm can he made; This giTvesT52O0 ms [deCi‘s,ibQr;-making.tirne»ft:rffl1e system MCUfThi‘s
 is:,Vh'o1vveve”r},’1ong con1‘paredAt0‘tb.day’s airbagdeployment systems, which 1’1’ave, 20ms decision-

V [:naking;%‘ti:ne aftér the evéntzlnithe fi1t11r.<;t—,*a_Ili: idealistic system may be a <:9e:i:bihation’0fi1h€
twoisystems. . A . V * V . . . _ .

A Afujtqfe Accelsetétiéfif  ApI§Ii:ati¢h€-

0112:of future applications being‘ ‘co.nsi;dered,.is cxxiansionx iofithe? jairllbhg fsystem. to
includ éide fimpafct.»p‘rdtecfion. ]The se1A1s‘(>r1i1_s‘ed.f<3r’ctLash sénsifig is‘5uhidirectibflaI,?§oT that it
can‘ fe‘¢t f9‘rviv:ar;d iIai1?:;ietf¢t§JATshni1ar' sensor; r‘n9unted~1:erpendicuta the ai: bagsyme

‘s0,1;»,; can; 1 b Mddedfto .t:i{—1e:.T§ys1;<‘:_rnT {OHd§:tEICt:Side'i111paCfaI1d todjsploy prote T 1911 ;fo.r—ith,,e p_£l'SSt;n=.
Agers.~IT1is»’dfey17ce:‘wflI TtyTpic;[al1yV require: [av 250gg accelerbmeter} iflinether apjzilicatiml ffor
M accelerometers isto detect Tslippagexiuring T-co’r1_1“érin:g' in advangied[s.te6fii18%S:gstems}These= sysa
Ttemsiwill Iemplby aTioW—g:a<:ceié1:0megEe;€(1é—2Tg);.‘ ‘ L L A’ i V ’ ‘
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L:>ng>rang6ineitiaI naivigaIi0n_%sy'stcms ’norma11ybbiafin. théirilocationiby 'usi:I’g%'& tii.angti1iation
meihoif. .’I_his; .meth0‘di;refer,t:nc“¢:sV’ th'rée" Ii1avigatioIi Asaftejllites ’wiTt_h.T knownbldcafionsi ,Ain; fix‘ed.
otIiits;;1EIoweve:, theree_‘are captain conditions:ux;d1=;:fwhi-;:h.Tggntgct al1'thr‘ei-rsatéllitésfisj.

32vh;eIf1I the vehicle-is in 1me=;shadow of tall builfl[in»és:  _ ' 777 . .. ) hi8h:hi11S;ai1d.ifriaTnéu1a% :
tion‘ is QQtPQSSiblég Underthgse c0nditi0Iis,_the.-guidance sysf¢’mfhas:Tt0 lzely on s1._1¢h.:dcvices as)

‘ yfoscopbs; w’hifichj:sense« angular rotation for change direction, §an’d[o1: mdnitor, Ayehicular
‘onibfidn.:re1afiv%TTtorthéioady .. V V ‘ . ’ , . ‘ , . 1-

T ‘j -systems, fcir ii:efti.2iI‘_i:1eas1:ireme:xt ignixsi (IMUI) Italy’ to at
Iargé*T¢Xt¢nt %;n.ihigh~a::¢uf:éc ac¢e1ero‘me:é:SJ%andigyf9is¢0p¢.s-TAtypi<=a¥:1cce1er9me:érsp¢_¢i‘4‘

.fica»tic)n}fQrb zaiqpligiation 15. i2—;g fullfscale,‘output;_V2;ci;uracy 0.5 pezcent OveVrjte;:1peratute;
bandwidth d¢’tQ’j2O75HZ;,3I1d'»‘3 crcsss-,aXiS‘ sE:n‘sit’ivifyTv<0.5;'p¢r¢ent;iALcentralzlyalocateda can
be? \expa1jde%d to ’c¢%;verg;Ac;Tt,1;er» gppficgtions.» such; as ksuépension, ASR’ % and wg'u;1;finTgV~—,with-
éfash’ a$*Qidar1¢¢..{sIé1j'I's0’i%;.. A1159» W ., 0 haridlé cfivst-éff ” \'.<>. 5.111 design flie"
future. The can als0:be.+%desIgn.ed::t prosz1d’¢v1Qc’atibn data; for 1r1;te11ijge11ti $i‘ehVi_c1ie; highway '
-systems. Iihgse} «systems :(Pro1nethe‘us,1‘7 Amficsé?) ; improve = tr_Aavel.Vefficiency:.and ‘jredjxcez fuel
consumptizjn afndf pQ'1II 1fiOn— by seIeféti1ig4 thé‘§ptiriiurnTionic; to'a g‘iveni%»;_1esti;1Zatior;. The,-route
;is chosen to avoid traffic cong7estipn,_road cC:ns1tjructi0n,. and; aC9ident.5"($]e9 iclxap: 1291):; _ ‘ ‘ ‘
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InT*thi’s 1cfl1apltTer,T agnufnber. offspeed—sB1'l$ing=devifcés,’bqthrotary and: lih’e£l1fi:havc‘ lgcen
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I'If{_i_CfQW eyipes‘d¢C1i1i¢S;ihByT[cQ1i1d‘becQme,cost:éffeCtiVé;g EOI_b_fii1d+a§Cfl. a1¢:tTajndMre\'etS-T

V zgbstacle detection, iultrasonicsf and infrared devicas are cost Tefféctigvc, but ,perfoImz-mce;
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CHAPTER 11  {

AUTOMOTIVE

MICROCONTROLLERS

' David S. Eoehmer
SeniorApplications Engineer

Intel Corporation

A microcontroller can be found at the heart of almost any automotive electronic control mod- _ 5.
ule or ECU in production today. Automotive systems such as antilock braking control (ABS), ‘ at
engine control, navigation, and vehicle dynamics all incorporate at least one microcontroller
within their ECU to perform necessary control functions. Understanding the various features

a and offerings of microcontrollers that are available on the market today is important when I
2* making a selection for an application. This chapter is intended to provide a look at various V

f microcontroller features and provide some insight into their characteristics from an automo— '1 ’
~ 1 tive application point of view.

CHARACTERISTICS

1

E? i
- 1 1; 1 MICROCONTROLLEH ARCHlTECTURE AND PERFORMANCE 3

1I

A microcontroller can essentially be thought of as a single-chip computer system and is often
referred to as a single-chip microcomputer. It detects and processes input signals, and

responds by asserting output signals to the rest of the ECU.‘ Fabricated upon this ‘highly inte-
grated, single piece of silicon are all of the features necessary to perform embedded control

~ functions. Microcontrollers are fabricated by many manufacturers and are offered in just
about any imaginable mix of memory, I/O, and peripheral sets. The user customizes the oper-
ation of the microcontroller by programming it with his or her own unique program. The pro-
gram configures the microcontroller to detect external events, manipulate the collected data,
and respond with appropriate output. The user’s program is commonly referred to -as code
and typically resides on—chip in either ROM or EPROM. In some cases where an excessive
amount of code space is required, memory may exist off-chip on a separate piece of silicon.

; After power-up, a microcontroller executes the user’s code and performs the desired embed-
ded control function. . ;

Microcontrollers differ from microprocessors in several ways. Microcontrollers can be i
thought of as a complete microcomputer on a chip that integrates a CPU with memory and ‘ ij
various peripherals such as ana1og—to—digital converters (A/D), serial communication units
(SIO, SSIO), high-speed input and output units (HSIO, EPA, PWM), timer/counter units, and '

g-m,....,..-—..«m«m....-i-‘ 11.3
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standard low-speed input/output ports (LSIO). Microcontrollers are designed to be embed-
ded within event—driven control applications and generally have all necessary peripherals
integrated onto the same piece of silicon. Microcontrollers are utilized in applications ranging
from automotive ABS to household appliances in which the microcontroller’s function is pre-
defined and limited user interface is required.

Microprocessors, on the other hand, typically require external peripheral devices to per-
form their intended function and are not suited to be utilized in single-chip designs. Micro-
processors basically consist of a CPU with register arrays and interrupt handlers. Peripherals
such as A/D and HSIO are rarely integrated onto microprocessor silicon. Microprocessors are
designed to process large quantities of data and have the capability to handle large amounts
of external memory. Although microprocessors are typically utilized in applications which are
much more human—interface and I/O intensive such as personal computers and office work-
stations, they are beginning to find their way into embedded applications.

Choosing a microcontroller for an application is a process that takes careful investigation
and thought. Items such as memory size, frequency, bus size, 1/0 requirements, and tempera-
ture range are all basic requirements that must be considered when choosing a microcom-
troller. The microcontroller family must possess the performance capability necessary to
successfully accomplish the intended task. The family should also provide a memory, I/O, and
frequency growth path that allows easy upgradability to meet market demands. Additionally,
the microcontroller must meet the application’s thermal requirements in order to guarantee
functionality over the intended operating temperature range. Items such as these must all be
considered when choosing a microcontroller for an automotive application.

11.1.1 Block Diagram

Usually the first item a designer will see when opening a microcontroller data book or data
sheet is a block diagram. A block diagram provides a high-level pictorial representation of a
microcontroller and depicts the various peripherals, I/O, and memory functions the micro-
controller has to offer. The block diagram gives the designer a quick indication if the particu-
lar microcontfoller will meet the basic memory, I/O, and peripheral needs of their application.
Figure 11.1 shows a block diagram for a state-of—the—art rnicrocontroller. It depicts 32 Kbytes

———————— —————-— ——-—-——---———-——--———————-oun-———-—-———————g32Kbytu
5|2 byte: an—:hIpcoda RAH [pnou

Memory
15 controuar I CONTROL SlGNALS

w/Putatah Queue i ADD“/DA” Bus

A D Convurtor Pr°9m"'m°H'
(,9 5“) |n\0rNP\ EVENT PROCESSOR(3 chunmk) Controller - ‘gnu(EPA)

I
I

I PERIPHERAL1 TRANSACYION

; sznvsnI
III

 
(Frs) 
 

 

 Serial I/O
(um K

5510) men 1 a 2

—---1 unuu — -1 -- --—In——--v —----1—— -—-u-— --1-:-

I-——-—-—n———-—--
ACHO-7 3:5 T1CLK TlDIR T2CLK TZDlR EPAO-9 PORT0 PORTI PORT2 PORT3 PORT4 PORT5 PORT5

FIGURE 11.1 Microcontroller block diagram.
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Ambient temperature under bias (TA) refers to the temperature range that the microcon~
troller is guaranteed to operate at within a given application.While powered-up or operating,
a microcontroller must not be subjected to temperatures that exceed its specified ambient

I » temperature range. The most common ambient temperature ranges in industry are:

Commercial 0 to +70 °C
Extended —40 to +85 °C ‘

X ' Automotive -40 to +125 °C

1 1.2 MEMORY

Microcontrollers execute customized programs that are written by the user. These programs
are stored in either on—chip or off-chip memory and are often referred to as the users code. On—
chip memory is actually integrated onto the same piece of silicon as the microcontroller and is

. accessed over the internal data bus. Off-chip memory exists on a separately packaged piece of
F silicon and is typically accessed by the microcontroller over an external address/data bus
[ A memory map shows how memory addresses are arranged in a particular microcom-
I!‘ s troller. Figure 11.19 shows a typical microcontroller memory map.

 

 
 

 
  
 

  
 

Memory Function J

OFFFH‘ External Memory
OA0OOh '

9FFFh Inbemal ROM/EPROM or External Memory

_ . . .29‘!°.*' . . _ . . _ _ . . _ . . . . _ _ . _ _ _ _ _ _ . . . _ . _ _ , _ _ _ _
207Fh

lntemal ROM/EPROM or External Memory

(lnhenupt vednrn, com, sewrity Key. Reserved locaflone. etc.)

1 4

Upper Reglster File (iéégs; ' ‘ ' ’ ' ' ’
with Indirect or Indexed ‘

'!“?d.°-‘.3 9'_“3"_"’_9l‘ !”l"S‘9“£3:’ _
Lower Register File

(Address with dlrect,

_ _ . _ . _ _ . _ _ _ Indirect or Indexed
modes.)

FIGURE 11.19 Microcontroller memory map.
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Memory is commonly referred to in terms of Kbytes of memory. One Kbyte is defined as
1024 bytes of data. Memory is most commonly arranged in bytes which consist of 8 bits of
data. For instance, a common automotive EPROM is referred to as a “256k X 8 EPROM”.This

EPROM contains 256-Kbytes 8+bit memory locations or 2,097,152 bits of information.

11.2.1 On-Chip Memory

On—chip microcontroller memory consists of some mix of five basic types: random access mem-
ory (RAM), read—only memory (ROM), erasable ROM (EPROM), electrically erasable ROM
(EPROM), and flash memory. RAM is typically utilized for run—tirne variable storage and
SFRS. The various types of ROM are generally used for code storage and fixed data tables

The advantages of on—chip memory are numerous, especially for automotive applications,
which are very size and cost conscious. Utilizing on-chip memory eliminates the need for
external memory and the “glue” logic necessary to implement an address/data bus system.
External memory systems are also notorious generators of switching noise and RFI due to

their high clock rates and ‘fast switching times. Providing sufficient on—chip memory helps to ‘
greatly reduce these concerns. -

RAM. RAM may be defined as memory that has both read and write capabilities so that the
stored information can be retrieved (read) and changed by applying new information to the

cell (write). RAM found on microcontrollers is that of the static type that uses transistor cells
connected as flip—flops. A typical six-transistor CMOS RAM cell is shown in Fig. 11.20. It con~
sists of two cross—coupled CMOS inverters to store the data and two transmission gates, which
provide the data path into or out of the cell. The most significant characteristic of static mem-
ory is that it loses its memory contents once power is removed. After power is removed, and
once it is reapplied, static microcontroller RAM locations will revert to their default state of
a logic “O”. Because of the number of transistors used to construct a single cell, RAM mem-

ory is typically larger per bit than EPROM or ROM memory.
Although code typically cannot be executed from register RAM, a special type of RAM

often referred to as code RAM is useful for downloading small segments of executable code.
The difference between code and register RAM is that code RAM can be accessed via the

VOG in Va:

to all cell:

In column_ 
FIGURE 11.20 CMOS RAM memory cell.
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1 1 .26 CONTROL SYSTEMS

memory controller, thus allowing code to be executed from it. Code RAM is especially useful
for end-of—line testing during ECU manufacturing by allowing test code to be downloaded via
the serial port peripheral. ‘

ROM. Read—only memory (ROM), as the name implies, is memory that can be read but not
written to. ROM is used for storage of user code or data that does not change since it is a non-
volatile memory that retains its contents after power is removed. Code or data is either
entered during the manufacturing process (masked ROM, or MROM) or by later program-
ming (programmable ROM, or PROM); either way, once entered it is unalterable.

A ROM cell by itself (Fig. 11.21) is nothing more than a transistor. ROM cells must be used
in a matrix of word and bit lines (as shown in Fig. 11.22) in order to store information. The
word lines are connected to the address decoder and the bit lines are connected to output

i buffers. The user’s code is permanently stored by including or omitting individual cells atwordV and bit line junctions within the ROM array. For MROMS, this is done during wafer fabrica-
'i-. tion. For PROMS, this is done by blowing a fuse in the source/drain connection of each cell. To

a read an address within the array, the address decoder applies the address to the memory:3 matrix. For any given intersection of a word and bit line, the absence of a cell transistor allows
no current to flow and causes the transistor to be off. This indicates an unprogrammed ROM

, cell. The presence ofa complete cell conducts and is sensed as a logical “0”, indicating a pro-
1“; grammed cell. The stored data on the bit lines is then driven to the output buffers.' MROMS are typically used for applications whose code is stable and in volume produc-

tion. After the development process is complete and the user’s program has been verified, the
user submits the ROM code to the microcontroller manufacturer. The microcontroller manu-
facturer then produces a mask that is used during manufacturing to permanently embed the
program within the microcontroller. This mask layer either enables ‘or disables individual
ROM cells at the junctions of the Word and bit lines. An advantage of MROM microcon-
trollers is that they come withuser code embedded, which saves time and money since post-
production programming is not necessary. A disadvantage of MROM devices is that, since the
mask with the user code has to be supplied early in the manufacturing process, throughput
time (TPT) is longer. ’ .

i Some versions of ROM (such as Intel’s Quick-ROM) are actually not ROMS, but rather
EPROMS, which are programmed at the factory. These devices are packaged in plastic
devices, which prevents them from being erased since ultraviolet light cannot be applied to
the actual EPROM ‘array. Throughput time for QROMS is faster since the user code isn’t

FIGURE 11.21 ROM memory cell.

required until after the actual manufacturing of the microcontroller is complete. As with,
I .
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WORD lines from address decoder

0 1 2 3

BITlinestooutputbuffers
FIGURE 11.22 Simplified ROM memory matrix.

MROMS, the user supplies the ROM code to the microcontroller manufacturer. Instead of

creating a mask with the ROM code, the manufacturer programs it into the device just prior
to final test. O"

EPROM. EPROM devices are typically used during application development since this is
when user code is changed often. EPROMS are delivered to the user unprogrammed. This
allows the user to program the code into memory just prior to installation into an ECU mod-
ule. Many EPROM microcontrollers actually provide a mechanism for in-modu.le_ program-
ming. This feature allows the user to program the device via the serial port while it is installed
in the module. EPROM devices come assembled in packages either with or without a trans-
parent Window. Windowed devices are true EPROM devices that allow the user to erase the '

memory contents by exposing the EPROM array to ultraviolet light. These devices may be
reprogrammed over and over again and thus are ideally suited for system development and
debug during which code is changed often. EPROM devices assembled in a package without a
window are commonly referred to as one-timeprogrammable devices or OTPs. OTPS may only
be programmed once, since the absence of a transparent window prevents UV erasure. OTPs
are suited for limited production validation (PV) builds in which the code will not be erased.

A typical EPROM cell is shown in Fig. 11.23. It is basically an N—channel transistor that has
an added poly1, floating gate to store charge. This floating gate is not connected and is sur-

rounded by insulating oxide that prevents electron flow. The mechanism used to program an
EPROM cell is known as hot electron injection. Hot electron injection occurs when very high
drain (9-V) and select gate (12—V) voltages are applied. This gives the negatively charged elec-
trons enough energy to surmount the oxide barrier and allows them to be stored on the gate.
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This has the same effect as a negative applied gate voltage and turns the transistor off. When
the cell is unprogrammed, it can be turned on like a normal transistor by applying 5 V to the
poly?. select gate.When it is programmed, the 5 V will not turn on the cell. The state of the cell
is determined by attempting to turn on the cell and detecting if it turns on. Erasure is per-
formed through the application of ultraviolet (UV) light, which gives just the right amount of
energy necessary for negatively charged electrons to surmount the oxide barrier and leave the
floating gate.

 
 

 
 
 

 

 
 
 

 
 
 

DRAIN

\ 
FIGURE 11.23 EPROM memory cell.

Flash. Flash memory is the newest nonvolatile memory technology and is very similar to
EPROM.The key difference is that flash memory can be electrically erased. Once programmed,
flashmemory contents remain intact until an erase cycle is initiated via software. Like EEPROM,
flash memory requires a progr ' g and erase voltage of approximately 12.0V. Since a clean,
regulated 12-V reference is not readily available in automotive environments, this need is often
provided for through the incorporation of an on—chip charge pump. The charge pump produces
the voltage and current necessary for programming and erasure from the standard 5—V supply
voltage. The advantage of flash is in its capability to be programmed and erased in—module with-
out having to be removed. In—module reprograrmnability is desirable since in—vehicle validation
testing doesn’t always allow for easy access to the microcontroller. Flash also allows for last-
minute code changes, data table upgrades, and general code customization during ECU assem-
bly. Since a flash cell is nearly identical in size to that of an EPROM cell, the high reliability and
high device density capable w'th EPROM is retained.The main disadvantage of flash is the need
for an on—chip charge pump and special program and erase circuitry, which adds cost.

A flash memory cell is essentially the same as an EPROM cell, with the exception of the
floating gate. The difference is a thin oxide layer which allows the cell to be electrically erased. -
The mechanism used to erase data is known as Fowler-Nordheim tunneling, which allows the
charge to be transferred from the floating gate when a large enough fieldis created. Hot ele
tron injection is the mechanism used to program a cell, exactly as is done with EPROM cells.’
When the floating gate is positively charged, the cell will read a “1”, when negatively charge
the cell will read a “O”.

            
 

 

 
 

 
 

   
 
  
  

 
  EEPROM. EEPROM (electrically erasable and programmable RO
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capability to be programmed and erased in-module.'Ihis allows the user to erase and program the
device in the module without having to remove it. EEPROM’s most significant disadvantage is
the need for an on-chip charge pump. Special program and erase circuitry also adds cost.

An EEPROM cell is essentially the same as an EPROM cell with the exception of the
floating gate being isolated by a thin oxide layer. The main difference from flash is that
Fowler-Nordheim electron tunneling is used for both programming and erasure. This mecha-
nism allows charge to be transferred to or from the floating gate (depending upon the polar-
ity of the field) when a large enough field is created. When the floating gate is positively
charged, the cell will read a “1”;when negatively charged, the cell will read a “O".

11.2.2 Off-Chip Memory

Off—chip memory offers the most flexibility to the system designer, but at a price; it takes up
additional PCB real estate as well as additional I/O pins. In cost— and size-conscience applica—
tions, such as automotive ABS, system designers ahnost exclusively use on—chip memory.
However, when memory requirements grow to sizes in excess of what is offered on—chip (such
as is common in electronic engine control), the system designer must implement an off-chip
memory system. Off-chip memory is flexible because the user can implement Various memory
devices in the configuration of his choice. Most microcontrollers on the market today offer a
wide variety of control pins and timing modes to allow the system designer flexibility when
interfacing to a wide range of external memory systems.

Accessing External Memory. If circuit designers must use external memory in their appli-
cations, the type of external address/data bus incorporated onto the microcontroller should be

considered. If external memory is not used, this will have, if any, impact upon the application.
There are two basic types of interfaces used in external memory systems. Both of these are
parallel interfaces in which bits of data are moved in a parallel fashion and are referred to as
multiplexed and demultiplexed address/data buses.

Multiplexed Address/Data Buses. As the name implies, multiplexed address/data buses
allow the address as well as the data to be passed over the same microcontroller pins by mul-
tiplexing the two in time. Figure 11.24 illustrates a typical multiplexed 16-bit address/data bus
system as is implementedwith Inte1’s 8XC196Kx family of microcontrollers.

  

   
 

3
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(Low)
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FIGURE 11.24 Multiplexed address/data bus system.
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During a multiplexed bus cycle (refer to Fig. 11.25), the address is placed on the bus dur-
ing the first half of the bus cycle and then latched by an external address data latch. The sig—
nal to latch the address comes from a signal generated by the microcontroller, called address
latch enable (ALE). The address must be present on the bus for a specified amount of time
prior to ALE being asserted. After the address is latched, the microcontroller asserts either a
read (RD#) or a write (WR#) signal to the external memory device.

 
TLHLL

TLLRL THLRH TRHH‘
E6

TAVLL :9‘-‘Z rnunz .LLAX WW

BUS 4 Aoonessow <)))))
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FIGURE 11.25 Multiplexed bus cycle and timing diagram.
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allow the memory device to output the data located at the address latched on its address pin
The data returned irom external memory must be on the bus and stable for a specified se
time before the rising edge or RD#, which is when the microcontroller latches the data. ‘ M

For a write cycle, the microcontroller will pull its WR# pin low and then output data on th
bus to be written to the external memory. After a specified setup time, the microcontroller ’
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release its WR# signal, whichsignals to the memory device to latch the data on the bus into
the address location present on its address pins.

Advantages of multiplexed address/data bus systems are that fewer microcontroller pins
are required since address and data share the same pins. For a true 16-bit system, this trans-
lates into a multiplexed system requiring 16 fewer pins (for address and data) than would be .§
required by a demultiplexed system. A disadvantage is that an external latch is required to i;
hold the address during the second half of the bus cycle; this adds to the component count.

 

Demultiplexed Address/Data Buses. Microcontrollers with demultiplexed address/data :
buses implement separate, dedicated address and data buses as shown in Fig. 11.26. -1 Q" j

11

(Low)

ADDRESS ADDRESS >I x

BE, IE
lI

II
‘I

1!
F
F

  
FIGURE 11.26 Typical demultiplexed address/data bus system. ‘ :f—-

The operation of a deinultiplexed address/data bus is basically the same as the multiplexed
‘ type with the exception of not having an ALE signal to latch the address for the second half
of the b1'1s,cycle.The operation of the RD#,WR#, address, and data lines is essentially the same
as for that of a multiplexed system.

During a demultiplexed bus cycle, the microcontroller places the address on the address
bus and holds it there for the entire bus cycle. For a read of external memory, the microcom-
troller asserts the RD# signal (or WR# for a write signal) just as would be done for a multi-
plexed bus cycle. The memory device will respond accordingly by either placing the data to be
read on the data bus or by latching the data to be written off of the data bus. Figure 11.27 illus-
trates a simplified demultiplexed bus cycle. ‘

An" advantage of multiplexed address/data bus systems is that external data latches are .
not necessary, which saves on system component count. A disadvantage, as mentioned earlier, F :‘
is that more microcontroller pins must be allocated for the interface, which leaves fewer pins X
for other I/O purposes. ' ’

1 1.3 LOW-SPEEVD INPUT/OUTPUT PORTS

Low-speed input/output (LSIO) ports allow the microcontroller to read input signals as well as
provide output signals to and from other electronic components such as sensors, power drivers,
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Program status word (PSW) A microcontroller register that contains a set of boolean flags
which are used to retain information regarding the state of the user’s program.

Pulse-Width modulation (PWM) The precise and timely creation of negative and positive
waveform edges to achieve a waveform with a specific frequency and duty cycle.

Random access memory (RAM) A memory device which has both read and write capabili-
ties so that the stored information (write) can be retrieved (reread) and be changed by apply-

ing new inforniation to the inputs.

Read-only memory (ROM) A memory that can only be read and not written to. Data is
either entered during the manufacturing process or by later programming; once entered, it is
unalterable.

Registerlarithmetic logic unit (RALU) A component of register-direct microcontroller
architectures that allows the to operate directly upon the entire register file.

Serial inputloutput (SID) A method of digital communication in which a group of data bits
is transferred one at a time, sequentially over a single data line.

Special function register (SFR) A microcontroller RAM register which has a specific, dedi-
cated ftmction assigned to it.
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:i‘hefse<:36st_r';aa;cti9nsTids,ot.§adi1Y:o¢cur;£ _ ’

" ” % ereasedi timing? jadvahce, fthe'cp'mbgstijdh h'ambe1vjtenjperaxufes,;im;:ease,Tfietem-
mreasei Qauséfs an;:it1c"ré2is‘e~*i;1V NO,a. emxssions r"egérd1.eSs gt1;air/fue1ra:;;o;1.

 

  

’ To [pifmlfdfi the ‘Qpfiima14ignftion[timing fdr ‘exhaust emissions; p1'eQisepQnt:ol'7Qf fhe§1'gnit_ion 
 t1‘—:1’Ii‘iIig‘viS‘ réquired.,I\t_ vin1p‘erafiszeMthajt fh§:ji'g1‘1itioi1'timfng‘.jbe ¢oc)fr.dinatédV wifhi _fhe€a’ix7fuel,
E_ £1 e acombined éff¢ct:b1i»¢x1:;azist=ei:1issI9ns%aswellascténsumptionand
driveabi1i‘£y+;Ign1t1o11Ltiming‘is generally c.o.ntr011«%:d by the IgnitionitiIninvg:contf91is: dis-T
*cuss.e.;d,in IC1.e‘>YZ.;':‘l>/i;1liT1;.VS'6€Z;.‘1.2;::2.I, T . ‘ " ' " ‘ ‘ ‘ ‘ ‘ ’

 

Exha‘ust’fG'a§ jRe.c£rcuZafip‘n E§:haust:7gTas:Tx:scAjciJricu1atioV‘n Ts: =a‘Vmeffiod, ofzkefduce
Liiig véifiissicmfif i<;‘>'xTi;<.i‘<j='JsI‘.h:<%>"f;’i1‘1*itr.3<‘>g¢Tr2 , &A:1"mr.tion 91.—'th‘é‘ ééihat1sI,’gas'%%is ieczirciilatcd b;a:c1<it0It1.1¢ ‘éemti.
'b1i,sIio1i ;cham;ber-.Exhaust gas “ i1:T1l1eI:t'gas andém Ihe=combi1;sIi9n chamber; i,tf1GW§i;$ Eh?» psééik I
comhustiéixx temperature. Dep;e.ndi,njg.-0n‘ihe Hmc;untj:of»EGR, NOX €HfiS’Si0IiS can he: reduced by
‘up"t0_ 604Vpercentj;a’l'tIgoug_}_i_ a‘11"iri‘<;’r§e7:ist:f i11]HC émissicns wd1i1ci.'b‘c¢ura_t;such_highjlevels ofTEGR.

gsomefi” te*rn=a;1LEGR occu'rsVd1}1‘eto tjheaovef ” ‘
vquafififiés.aré:S11Pplifi$fifby:a }s.epa%tat,e'jsXstc:n.j1inking:thegexhaust ma1:1fdid«tp thg intake man‘1i:—

in 1sTd$fih’ed}1‘s,th or nkshiift’31i21§3b€>fQbte;;o'i§déééi’
Vin""g .offthe: _ai\r/fugl: mixturg

ap o‘f’fhe* ex-ha‘ust’TandVL1ntake; vams.Additional .
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12.4. coNrI{0L.sYs%rEMs-

» .Va1ve;i'lhTefEGRiYal¥e‘iS'C0I1f1'QHediby the5E.CUi The maximum flew LefiEGRiisi1§mited by: an ’
in'c1-eas’e;‘in»iHC fiemissions, fuel cqnsumptiongand engineifi3ughneS& EGR‘contr:o1. discussed
in détaiiiin; Séc;i1.Z2i.1; ’ ‘ ‘ " V '

Compression. iIgt1t'tiI'10nf(Diesg:l) Ezzginesg; '[:here.;.a're :someT. Icey‘ distinctions beiwee
engineiandia CIi511g1fl!31'Th€iCI:*,€;flgii1¢ usesi hi " T ’
to [ignite i1:he;oQnibu”sfiB1é;air/fuel.i1nixfur¢.T ’ i
in ihle f“411i8*?i»’Q:fi?V31i31;;’é1.S»5PP’OS€d $0 roughly >>
injected ,Cfif€Ci,iyv:iI‘1fO‘ih£}i§jfiiIId€,I near the ti): T
and air, therefore, occuzs, directly i1i_f:he:¢y1inder. T

Aiit;/fueliraticv M Dies+<:1.enginieis.a132s%ays operatehwithiexcess‘ a’irf(%. > 1)V.W'l1eIie:r

fold quantity ieJf:EGR;flcwT :9 the~it1_{a1;t:»isyst¢m is metered by aiisneumatiéi or e1e,ctjm:nic

11 an SIT
 
 

 
 

 

_i 1 uantit. oif air su flieid
' i‘chie\or¢tiic,a1lLequiretnfint,

  

The excess (?»=v1.}1;.v 9L2) reducesifha amofifit siobt‘i(Parfi¢1i1at€s)siHC,,and C0? emissions.
;CTaz‘alytic; Converters An’ oxidizingveatalyst is:1r.sed"that conxrertsi CO and HC; to CO;;a’nd

HQQ. The NO,_ reduction ihait ‘occurs :0: an SI.;engin1etAhIee—way catalyst is not 7po’s,Si—
ble with a die$fc;1TibeCaus6JIh¢§ :(Zi"1E§S'6i, operates Wi1;hi\eXcJe§S’ai:.’ThcZQptima1 ¢‘0jn'flerSriOiI1‘.V@fT
F¢Q1.fifé5:r.’v3‘St0iChiQmetTiC1;,3fiQiQit7?11)i§iiiialdefiéifiinqy V 0» L T T f

L ' ’It1j@Ct£0n‘T_iming»1 : In iaiicpmprejssionlignition.61igin§; £1133 Start;of:combusticn1:is dete.rmined
by? the start‘ of fuel ‘injection. general", retardingflthei injection timingdecreasas. Nox .emis.~
sior_1sT,3‘2pv11‘i1Le'oyexretardinigfresultsin a_11.iir;¢reaseij1j1i HC.e1m“ssi’ons;A 11° A(c:ankshaf"t;:IIig1e)‘ devi~
iii iiinjfectibn fiming; c€in:in<':/waisiei iémiSSi91HS bi? pér"c}e;rI, .:a:1d HC Iimissionsibyi as:
much asl5*percentPxiecise; contrgl of injvecfion‘ "timingais ‘cri_tjic,a1..7 Injection timing on‘s.ome‘sys,——
terns is‘contro1I=cidiby*1fhe‘ ECU;;E¢iedback"QI1iilijécfibnviiIIiiI1g;§can' beaprovidééf by a ..s.en.S0r
iinstallied ..O1.[1_ti1e iinje»;:t0r;ixoz2Ié.iFurther discussion: Oii injVe¢;tion itimingpccurs in Sec. 12.3.1.

IEiéifitliiifG€i5iRéEiF€lélf?i?Ofii (71333).-« 7 A5.‘Wifl1%1'11 31£%1$ican i3¢fiii¢i¥CU1?§t¢d
to ‘tih\ei5i.ZDI11bi11_$‘fi:,C:)1‘1, Qhambfif is: significantly :rt:duc:.:e .émission‘sL ‘.1116; quantity of EGR.
'a110W3d2>tQ',eflteY.:iih3 ’;ifi‘Cakc‘is me;t;:r¢d biygthg; EGR_;ya1Ve: If LhieIquain:i‘ty;is too Thigh‘, HC emis-
sii:111s; CC emiss iOns,_ &nd”sVoof ('§aI1ticulates):_‘ increase *as{a result. of1an—insufficieni:—quantity of

V'I’hejEGR,va1:iei‘ ii;aj¢dritrb11edj1by:the ECU,iwhich de'tT€;31‘ifi1inefS hbwmuch EGLR ii/Holerabie
imds-°«r ??h§ii¢1¥fI¢11t:;:118:1‘h¢iOP6If¥ti1ig 1c;:>1.1diti9njjs..

 

12.1 Fufel cunsfixmpticgnp

_Eederal_sta‘tu_tcs are gur;1iently;i;1 cfifefiqt; t_hat'r¢quijre each 'automo,bi1g3 inannfacturer 1,0 achieve
’a certain ;'1verage1—.f1ie1 ?3fC()”I10my‘f'O'f ‘all’ ihéijr .If1(5df‘»lS ?p11oducec 1?inIone miodél year. 'I‘hejarequire-
menitis.iIénawn."as-cargzuozézzte avéragzaifigeli econbmyé or CAFEj'.*‘Ihe fuel c(;Qn0my~ for sach vehi-
are type: 1x'jsd%etetmTfned“duririg t’1ie.if€=dier;ia1‘t6St jgroéedxiréithé samei iéisjfiil‘; eXhauWst‘éfi1iis‘sionS
d<:terrr1ii1a,iC?n4 ctilidiiéitcd on a chaséisdyn2ifi1b:net§;r~:Beca1iS€é0f the.CAFEirequ1:em.eht, it is
cziticalihat fue1ico,I1Sumpf1:ion be m iI,1iIAn_,i_zed3 for) every vehicle-typei procjlucegi.»

:~The electronic‘ eugineiicoxitro1;systen1 provides the‘ fuel nir3ftering_iandignitii3f1 firning? preci-
;siion’AreqiuiIé,dit]o "1‘x‘1ii1"i_’1,I1’-126,.fuel,vCQ’I1S1Lm15fi0I1,£Cpfin1umifliélrecoifiomy accurs near 3;; 1.1.
Hgéwevehas.discussedagreazieusly, lean engine dpeitaticnifiaffects. szkhaust missions 3i1i1_NQxiS
at;its.maximum at Xi LL ' 'u

; During coasting and braking, fuel cohsumpt1onican’be:further‘reduced by shutting off theifiiel
'unfi1 Ihe'e‘ngi neiispéed decreases to sliighfiyhigher’ithan,these.t id1espeed._Ih’e ‘detennines
w1iei1’TI11§;’L sht1Tt§o1£f can ocficzur byeevalua tiI.1ig:?t11¢ tjhriottle pesition.iengin¢ R1?M;TaI;11fi Vehibleispéed.

A Thctiinfluencfiicfif ignition timing‘ i0bn.;f.L‘1eiI iciznsunipfiimgiis the tspggsite Qf'it$iinflueriVce Q11
exhausti ;e1nissions.i'_AS: the? ‘aiflfuel *1nixtu‘re= ’be,c0mcs:_ }_e,,aI1_erj, the.“ figzlifion timing: must be
advanced tb.Cohipei1s‘f1te.for aisloiweij ’c‘O1i1bL1s’fi‘6n speed. HOjWeve’r,— zisj_di’S’cu‘ssed_ previ'0us1y’,
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.ENGINB;_CC)NTROL 512.5.

‘adfiancingthe ignition: timingincreases the 'emisSi'9ns of HCVandNO;.Asophisticatétlignifion.
bofitrol strategy~.perm1ttin;g‘ opiti'miz at'ioniofitheiigfiftion at each *o‘perating:pointisznécessary to

thei_ <;ojmpr:omi%se’ bétW¢e:n§f[1 e] i:t>1iS;1rrI15fi6ir{- 2inaE- exhaust. ’einissibns. the élegtrénic
e.ngineI:Qntto1;sysitem :f:a_1j1 piiovidé this :so1p.I1f1';S ,.1caj126§i.§trat.¢i;g’Y;

12%.%1;ir; .1Drivveabji1&y;

Anethérrcquirement 1offth;e;e1s:ctr:2nio“engin<:{central :systsm_is; to ;pr03%id1]°£faQ9¢pt@fl31k: ,djriv6-
ability undefall op. JconiditioI_IS,”No s7tal1s‘;hesi‘ia ,_,I1'S:zOI', Ler‘c§bjecfij _ab‘l'e5roug hness
shcsuldfi ceur:during’véhic‘1e opemEfon.'Drix:eabi1ity :isAf£nflueAnc;ed; byzalmoisiteycryiqperation of
the e;1fginB.<c:Qf11_7tro1 sys~temf nfike exh=aust ernissions c:1«i£j1¢’I éCbnQmy,i§:’ndt-easily mea-

% ‘
tibn ”Itiming;7jVvfh¢;nAdefermimng. t.
andlexhaust emissions; itfis itnI5Qrta11t_t T
dfiireability %are the idle sspeed Cdfi}t"r‘O1",;EGR. c._6ntr3o1j,;ar1d jévaporative}EifiiSs‘iofiS‘ c:C>11"L71"{5I.7 ’

iiV*c§ibility=::isidétérinineéii 2 e_.fue1-Tmete gjand Igm:
‘ fuel. rand ignition com’ ’mi1ses—“for<fUe1. j _
6 evaluaite 1tTh'.e.driiv"cabil1t,y; Oihenfactors that 'fIu€n<:_e

 

     

 

  
 

"féh}i‘¢1Ié é1%6s<$I3?
T frie11:tan.1<.~, %Due ts:

;e,=T‘fue1.%vapo.fi§'iS.

in‘;theiitqrmzofifiiélvapars *ciS“‘C‘ripi‘Ii,gi f1“.O “A ‘ “
T 4 -" firh , primeV’sour:e ?‘e1;i17i?sSii0I1“S“i$*t i

»V , Ht 1.1?:r’%r<%:';turr1‘9f~uI;us.edf.. %
geIIe1*~ated’:i11% ei Ian e:¢K1a;pbratiize3 ennissibnss Co’1fl:iol,.~s i,em*(EE.CSj Tszusedfoj-;contrdl
’tl1’é—i¢Lvapfo1'cat*iV.e ;em‘is§ions; The} fuel, vapors >ar’[¢.e rouf€d' fog the: i'ntake;vi,in”aFn‘ifo1d;Viaé the
CEECS‘ afidftIf1_y ar¢.TTu:ned %e ~cOm1_3‘uStiOn“ p:‘0:<_:e’SSv.7I’h6 q11an_ffity‘A:of fue vap.orV‘de1iye_red ‘ ’
to 'the;i1it€11€<“>%ff1a ad ;e.red ?1su¢h?chati‘¢xhausr:einissic>:isand dfiizeab tfy‘i‘a.frfe;n‘ot‘
adVe1‘seL1¥ aff¢.<:t;ed1.”I_’11e:m teri-njg is:pro,videidA by ;aip1,1rg.e confrolvalve whos’e:A;fIuILc;tit3nT.isvc0n:

tTrd11ejd.by"t}1ie‘EC.T j1;rTth¢frdiscussLion on1hefdperationTofthéevaporative efn:issiAo‘r;sjTco1itro1‘
systei1i‘o‘eci1fs:~i11i S*§e’c}1:1T2‘;2.1. ‘ A A A ‘

   
 

)-‘V 5’5 3»(‘D (‘D
 

 
  

 

' 1,1251 .5  SyStem_ ’l'):iagnVoAsft:i:'<:s..

The purpose.of_SySti§m;di;igt10SficS'i*s‘to;pf6vi&ie--avwarf1in'g;jtc)’thijsdfivei +whe:tjtI‘tevc6njt;rof1;sys;:
’.£GII1‘}d:€3.’t€‘?III1iIi<‘.331 fuhalfiinction v.0fT Wrfinponenjt ~éif3jS$?fStef:iIA and to fh‘€VSi3I.’Y1C,€£ .t;63chnfiEiaiI

identifyingflfld ;correcting’ the ‘T111116 T(seeeChap:T,f22[)}; To ;the flr1';.ver;,;the ;c>11‘gi7r.1ie; may apgcar
*to'—+Bebperati:ig fcbire1ct1y,_-b‘ut A e:;¢essi'xie‘; jztxxiouifis, f6f:pQ1l‘11ta‘I'1HfS: n:ayjE>j¢; _’em Ttte .
deteimines»i5 fimjlfunction has jocqu‘ “ .when; a sensor _s'igr1‘a1 received during ii01‘t‘I12f1 engine
’©,p;cxTati9n ‘o:.2jc’i1.1;riI1g a; sySt¢m«‘ti<:s: indl ‘ ’ _ is prO;b1.e;m.:Foirf ’ ‘ . ’»bperati9ns«:sJfi¢hi
fu ,1,.II.ICie;rinTg'.'anTd~ ignit'ion c_on”tro1f,'if a‘r'_ejqui£<:dTsTeLns7c'or*:i;1Zpu't—is: faiil _ —.s.ub§'titu'te Value may
‘be: t1s.ed?by;the‘ECU1sosthat theiengine wil1,c01‘1fin11e.'t0i opietram ‘ , V

2failmfe:>c25urs;;thr;q1Ta1functidfiT.indfz;5t§r1ig11t§(MI'L),wisiblétgjfhedriv Z £1111;
minated;»Inf:>r1;1at?ibn on.ihc:fa11ufe> ifs_stQIeAd=ir1*‘thc ATs;erv1be teych { ' an can %fetrié‘v,. Vthe

infhrmaiion ;0n*fhe failure fromrthe ECU andécorreef fhje: problem. 1Djet,a1_ed‘ ‘examples of sys?
:te;m;~dia’g.1it3s_ti¢s ;arefcIi,seusseid ifi S;=;1c..12v.2.3’. ' V T

  

 
  

 

 

f12}2,‘.}1 E?n:g%inJe Cflfontrfil Funiefions

.Fz;eliC=o1:trfaj‘2'; 1E9: t’I11z=;'T*;jz1i1ffg};1;:s' disciissiiig‘ fuel ébn:jr§j1;stfiat:sgies, a m;1_1tipo'int ‘pulsed fu'e_1
'iig';:¢~:t:o.n= syste;n isAdditi9na1 di$CU5§i0n5*0f“f1151f§C5fitfO1,f<3f’diffj$f3lit*jtYPeS bffuei
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12.6 {EQNTROL

 
g 1 11:};

‘requested a;ia:~fu:ei ratio

1

whgr¢:F;,,;=?fue1:mass§flow ratje:
’ A,;,.v= air§'r11;as‘s'fl:o’w r§it_fe?_

air rnasssfiewgzfate fcsan be:caI}cu1:;ted .fron:x::

 Amj

,wherbe,_ =T?vo1u‘rm=,—fl‘<§w rate (of ii’nTt1a:k 8,
A4 ‘= an density

Them are thrééIr¥Iet.P£9:ds;common1¥used fer?-ilété teed; d1»=>nsi:y, air
flQw[mc'asui*ement;iand ai1i11'1ajssA :net;s1irern3en;t;:'I11 H1 f_.h¢:= air ‘charge is
cVaT11:;ixf1ajte§1,fby Ithe e1igi”n¢; electronic conjgfol 11ni1;T:F I §_ ‘th Hi’ na1_1t- <‘)_’f:aifit‘1‘IeLt 1t'¢;=:“n[1;-T
pétat *r.e,§'it1ta1c‘[e In "lioldi pressure, and RPM1.“1hc;temp§:1Lat1;1fe:’*ai§d*pressure?Aarefuseél
At'0 d;:§tQrfi1i11e=:t1ie:if2g1r‘.de1isi‘£y§}ind the 1s: used'to deterniing. the’ vo1u‘ine flQw*rja1e;,*Ihe

» e1:1”g_i1ie;a_gts: as an air‘pump [during the ilitzikeiS.tIQke£,The'_ca1culatedsvoIuh1ezflow:rate‘;;an'b§;
Ddetcrmiiaedasjfoflowsa V " ‘

 

   

Rknakjpwxv.
L60. B

‘ARPM:

wh%er¢‘RPM[: enginje sTpeTeTd;
' ' ' 7D~;—;—_:e:1'gin€£ displacement’

—E{E;:xIoIumetric ‘efficieiictyl

In aruangiinfi using~%exhTausrr[gas reéirculatibn’(EGR);,;the*¥o1iimé?.fl9W*rats oieek must be
Tsubt_1=actcdf1f1om the_g:a_1cu1ated3?vol11rne flow rate; ‘ " ’ ‘ “ V

At4':‘ARPM‘AEQ§

The volume fifcma rate of (EGKR—‘-.CafI1_b_e,}d€fe1”miIit§d [empiticaildly based on the,iEGR valve flow
rate ar*1dTth§: EG3Ricontrc51strategy b¢_i:_1g, used. ’ _ _ A A Q " ‘ ’ i‘ i ’

V I_r1,th¢,. air flQw‘m€‘?asure1fien§iilsathodfihéAai1iflGW%is: 'measufed usi:;gr»aavan¢tfyp_;; n1etjer‘anjd
air densityjchangcs.a1iefcc1mpen;satec1 for by’ an: 1 1nlet?,tenipBraturesensg » The Vanameter

 

uses the: forcejeof the; _ii‘1cori1ing%a‘i: t0 move‘«‘_at_fla;p Tthmugh ja défin'ed_ TangIe.V*Ifl;1sT~2ingu1ar move?-
ment is‘convertéd ;b°"y}a pgtefifidmeter to a%*vo1ta?geM_rafio; Because onlythe fresh air chargeis
rneasu'redse.IiC>t—s30nipensatiim isrzquirad fbr; EGRL ‘ L V, 1 ’ " ‘ R ’ ‘.

V ‘ T T Z h,£1Ige,is mTeasured'~directly [using a_hotsfiwireL ‘In ‘the: air  m_ass5mea’suremenftmefhod, the a
or ho’t’—_fi1mfai1' mass fl'C$W“S‘6I‘1S‘01‘§Th’6 “ ~
element» is partiof a [bridge cifcuit tha; L’
{inlet} air tempg31?a§t11re,; By maasux-in
{camrerting {:0 a y9‘[§:tage«via a 1:
Iniiled. Again,Lbeea[us’e> 03313? ’ tile

reqiuired. Howevensensit‘ T ‘" L ’
Lwhiéh i6e::i1rTundLer cert

‘défér ahfd. ¥':lp151i€C1}§’
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- At1.1§gi1I1J"6.Cgt.01I:('f.1’l<5II1’fx ' *‘ _
{rcmain Jcons.t'<1nt?(i‘: .A

ENGINECONTROL 12.1

léalculhlipy Injegiar-;P{LilZs£" W_idri1.. ';I‘l1.c‘bé;sVeVpu1seWidtvh is dete‘Imineflifron1 H1C‘I€_€
q;1.1ir.’e;d fuegl. mass ;flQw rga: a:n‘d.A an gempirical injegtox co_n;:t,antg Thai‘ inj.e:cftjo.r1constant;is.
qetermined by ihef*d€”SigD»§3f!th6 ,é‘c‘toj:’:a1:nd ‘ionrqfTtheg§nergized‘Tp1:ime%versus the,
:flp\y*vp1um' 'V1‘his_éip1’1;st;a1:1:t:isA:rxc>r;r_n’2111§zdete mined wit a;_eo;n‘s “_ntdiffe1renjtia1

  V _ _ %, _ mn<f2.p1:<:ss11:t:3r_eg't4Jat£>. intaka manif9[d,L xracuuxi1‘re’ferencLe%),_ an’
entire: map of ihj ecjtfor constants for dffferenémanifofij ptessureszmaybe reguireid. _ " ‘ ”

The’ eff;e“ctiv¢ ifij,ector_ jjulsei width is a modification ofjitheg base pulse ' V
Width 'i_s_ adjustejdaby .a number‘ Of correction Tfaiztcrsideperiiiiing 0ii.ofp,c ,t1fig*cQnditié_nS.«iF9r
sfixample; a‘ lbattery’ voltage cio.rrec\ti’on‘ iis. Iequired.ito cdmpelrsfate T<:-fr{ the Electromechanical
charjzicteriséticsiovf. the ‘f1'V1.e'l5.'1'”rA1j‘e;c';i‘.,()<rs;fInjectornpenitggandgclbsixigratesgdiffer ‘d.e1p ending:on..fhef

  

~vfo Tage;ap"p1‘i”ed.tcvthe.‘injé¢tgr‘,‘whj¢h affe‘c"t‘s_the amburit: of i1eI} ifijeEtEd.fC5r. [er given 'p u‘1seé
    .121, g .-@fh6T‘¢<iIT1!110Ii@!31F§¢fibn;ff-$1 O§rjSm3Y‘iI1C1I1d¢§H0’FI¢Sti1§ts§0ld6153 ;;ar1.d tranfsienit

§§erationT;:corre,TTTJens; Eigu.r§I— fl‘owc1iart*of{a :yp*ica’l:inj}ect0r cffécfiiie jjulse wyid. h,;c‘a1-1
=C;111a‘1’ci"Q’I1 II16 tLh"0,AcL V’ ' — - '

 

  
 

L ifjigwanjggéouraqpconnection_
WHIH,-ACTIVE’LAMBDACONTHOL

  "7 c6i.srINa 1=MKfrEiai_¢LE: A
SPEED‘ LIMIT aexcaepv.  

  
  
 

 

W" ’ ‘ ' _ ';:':—',;V":';_:Ti”V":,T

L
   4 fffff N f

 
j])e’t'e‘rV-mi‘r'1atiox'1bf effe,g§ti\'e. injeclfor-‘pulse width.

“ % '7 ;;rii¢fss1’1.Is: a,cros,s the ‘injactor ciqes 1fI9tT

idthflhe bass: purse»
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112.84 C<:%NiIfRot§S3rS'rF.1v:s

fI11;fé’i'f€Jf:ii?I1* Sitfategies», .’I31ie:,€~“aire th1T33‘C01I1IllOfl1jY used ‘fi_1e1/iniectixon strategies ‘forjmultie
p"o_’intifu'eT1 nieterinigisysteinfiz Siniultanedus iiljection’, group inje'ctiQn’,:and sequeiifial injection.
'Ei.gu5;1:é a,c»iiagi'é1_1:1i1,(iff.iiig-:Adiffé:ent Si) g‘es'.°Siorn‘e5Bngiiles’1;sg:é.iiriu1fz:ine(>§isL:ii:1jec§tiQn
idu1‘ing. :2n.1d-switch ov , £9 sequen. '* .;e; the érigiznpj T f T I_1Di¥1gaiThiSiva110W§ for shorter‘

_~staVrtiffig'ifiInje_si since: -no synfchrcnizatiqn; W. : fi1c»i7ca1nshaft: isinecessary before "fuel izijjmtion:
begins; descriptibn of e‘a¢h sirategy'fo11ows;‘ »

Grankshafltfiingle .

‘ Klhtaka. valve;
Tdpen

.FI§§UgE:i12.3 ‘F3161 .strai‘egies; ((1)isi1311J1taI1e:91}s_'injgfictiongflz)groupiiiijectian,
H_Iid1("c} sequential injfiction. '

Simultaneous £njecti0i1.._ ingestion 901:‘ fuel -ocamrs at i};j:e— same t'it11é.fé;r an icyimders‘ every}
revolution ofthsicranksihaft.T1ie1%efQre,fueLi$ ifiiiééiad itwice wjithin ‘62iC,i31f§ur~sVtr0ke gzyiilcz,
The injection timing is fixed wiih—regpectgto crankfcamshaitiposition;

Grfoup injection’ The injectors ariegdiividied iI1fV'CV)—"55\"/(3fig1',C!"1'»1T1Z)S that are contmiiedjsepaiiately;
Each group injects Gnceéper foimstrieice .cyc1e.Thei0’ff§et beiiwean the.groups is foine crankshaft
revaluticn. This artangementzilliizws forinjection timing sciaction that iveliminates spraying
fifieiiutc 3:1 OpBniTinEike valve. '» A

Seqzgeafialzinjectfangi [Each injector is: contrelied iscpa1‘ate1_y.iInject‘ion tinijngi both with
reference to ;:::‘an1d’oamshai‘Zti;pQsition and p11i,S,B;— width, can be ‘uptimizedi f0_rieiac]1.,infiiV?idual

cyliiiiiér.
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\W.,,,
Mn’:Cantrofl: A,s,1;:bsys(tem‘ of the ;ico:;tr<:1%sj3zs:::x;:;_. is: ‘lérnbda c1Q$6_diIQ§[i ’ ":tTg‘(>1‘.

L'ani1qda, (79 T ‘_efi1%1jedas.the:exce’ss#aAin factip: t:ha_£_ indicates tI1;ei1evia't‘ionA%of. the actual ‘arr/fuel
iraticflfroni fhestfiedretfcally requizedé ' ‘ ' ’ ’ ‘ ‘

 

 
‘.1aIiibd§234j.:’senso;1:~0rJ exhaust gas @Xyg€nA S§:I1$QT:i3‘”i11Si€1i116d in ithee amginei Tc-;x1,1aust stream.
upsTt1ream:of".the catalytic conv¢r_t[ee1:.iI‘ or :§iSpQnds’£0.fth.e_. oX3(g,_6I1;:§‘ t Tf‘ Qfihe; ;e_X_11_aus/ti.
gas;fThe;sig;1Ma1‘*from the 1aV1n’bd‘a;s’en‘So'rserves a;sbfe¢d1 :a'c1c‘toT the fuel contra ys;fem.fIThis_Tpr9f- .

1‘ v  efs*the {£1r1je:;tunjirigNneed¢_d< to.réma'mwithin'the iiiiiited cat2ilytic_cd11$zertf§r ?3V.Y7:f¥3iI‘?0p:t7i¥
’ T T" ” I ” (See: VSVEC; _l27:.‘1§.:1. mere: discussion 1011 ‘the: ca”’£'a1yt“c» o11.V;efl.erT.

j(2v.>11),:sensor’»yd1tag¢’isA p,proXim2:te1y:§100T mV2“FQ: rich ‘
{th seénsc5r‘Y§O’1fa7g‘T..Tis appgo‘ximat¢1y= rQ11'gh1yT 1(a s’t*bN iometric‘ 3

»ens"or* Wlfbhés 1~;apia1y:. between ‘thejtwodm tages. 'II1ie'i11put.from2 ths1ambda4:.

 

   

 
  

Sen‘S<>I‘ 1s‘us€ t6sfh0Td1f7¥-:.tfi-%35:a$‘¢:pfi1S¢»;Widthto=a?;hi¢Y€X
 eclelséop nequ iesjan ¢p¢fratio.na1Ly; ea_d3r1;amhdasensor;typic%al1y':one’

‘ ac ed anope ating temp aft re: Ehresho1d.= Senscir jauEput}Tis.—monit,ore1i by: the“
I ECU; ‘ta’d¢1¢t;nin¢'*whén.’fhe’ Te-11’s;o’r*is.: qpp}yih‘g us‘able §i:1ft§:‘1A:’1jatit>‘::;, Arif gétiyé. s(‘=g11'$0r ‘sigfi2il,'
.a1bng;;wjfh‘otIier.r§quite;i1A _ , ’fiS{ié11gif1é'températuxregfiiusti3éf?érChféVéd!befCre~lambda

C1;0S6¢1r10Op‘:C9ntr0IWTilU5e::af‘ t1vated..; , ‘j .. . ‘ . _ _ .. .. .. %
‘Uridfifsteady state condit1:Qns;1theT‘la111bda clonilfol sys1em’osci1‘Iaf¢s1bT:étwaen riché a_I1d‘1e;a,:1

around’ the-.1'a‘ bda‘ wfi_1_c1_ow, ;t11e, lambda ensdr switches; fthe [Tin] ,O1?‘]Ju]’S_6fi Width; is]
adjusfé$djby_thé*éifiioui1f‘d6fe1f_ ‘» ' 9 L T ntifjthe_1ar:1BdaTsens6r~s‘ Ch‘esAaga‘m» 
 

 

  

P . ,j _

' T T ‘ if V ., _ VT ‘ 99 ¢m9‘h‘t.*'The“ —
1I1’&;Lt1Tcj2:[1‘iS’5I"> :Y3i:d1<:d bj the:i11anifG1d7‘pi‘és$hre:scnspr £0?‘.§Pe§:d:£1ensi£y~fsys§é¢m

  
 

Tflo and. Emzmass mea$u1f¢mentA%sysiems:a1I:i?b3:?the' t‘11r,QttfleVJvs1v¢ pésifion ‘s¢n—,
CQ11ffiIQ1Tifrit;§COT1iaiIiS data‘ %tabIes1r“f’or % orribifiTati6nsfof1oad "a”Iid RP1VI. V T is .

‘ ’ T" ’ % “ f’Tcsparatifig.c¢nx§iti:5ns;I11e]lgn1b§1as¢nso:jsti11;pmides
7 ad/RPM.~ point; fdflta. ‘usedvfor: 1these- data.”téib £8; are

shagand.é:igin¢Tdcve1bpm¢nt1* t.mg:~ ._
e1iigine,_s,: Va'riati(3ns«iI:1”.:fiIl£ ‘ : ‘

  
 

  
 

 

  
a“ging,Athe_’cont‘ro H rem mustgbie
 7 
,fuel.re.qui1:e_d ifQri“thc»[lojadiRP ’pc2iI,'1.fs

‘ ” .to:adjfus£‘»:heA c;ms1y;p‘rovides iinformafion. tha fillows ’ V A M T
V rafio.,'I'h’e4 corx:ected..fnformatiTo1: is‘ Stérécvi 111 R{ I (rand9oniA—acce'ss that fI1¢ n_< :xt'
3t’.iI11¢:tThj¢ ¢iIgiiXe~,IeaC11¢s .tha.t?<ips:ia§tfng 130i tj(lé5 lRBM),.th.e anticipaforgyiixialua .wi11ir—equ.i’r&‘
‘less QC>1fre,ctLio.nf;The;se valuas rs3f11ai11_,~ , ‘Bed _ he ctr.onife »c;ontrAo1 ‘n ;aft,er the'engy1j6f
%isxsh1uto.Mff;‘ On1;yi£_p,ow.e,.ri foithei electrpnzc ccj>‘nt1:fc)vlun1t'._1§~disr1;pted»(1. T +.c1ue_: to a;dVe‘a'd_ba"ttery);
‘wi11'the<:com:cti'o3i‘be.lostrn thamsasez. ,tfh;éi1eIfcfct1?OIiiC'_Controliinit _ ‘réVe’rt‘B‘aIék3tO.§the m:1g.;
inal pr0ducti¢>fi:va1u¢s_'thét 1111? T’ ¢L:a.d—on1y1he:nor§'5)% . . . _

j .LéLm1§daj$e.nSQrsM—d0 I101’sWitCh:$3*:n1:1etrical1y:£ro:nV lfiifilli to Vriwchsairrd rich Ttao lean; 'Becaus:c::o£
}tt;is,the§;cZo1iti:<>;1jstrgltegyris modifité ,to:aCco11nf fix: the; asy;nm<§try.It1is:=can b’E3;;aCc0n1pliShE:t1§
reithergby delaying th¢;1ncdificationl,Eyitlgé ‘co‘nfi,c)1’faéto: a%ft_e;rth%e se' *9 't hes or by u’sfng':
cdntrbl factors ‘olfédif—fe'rem~tV\frn’agnitudes‘: 'ri‘cht—:ti3+_1§5an_.and 1Eafi‘t‘C5fi1:1L¢i‘1i,?S_‘§7}fl1l{;h]éIig;‘
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12.10 CONTRQLSYSTEMS

Ignition [Timing 12Z:a1:ir.o‘l-‘ — The goal. of the§ngine~ COD1fQ1;Sj?S1CHi for ignition timing is to pro:
‘vide spark — adiratnee; éwhich %opt?fr:ifzes* 'eng1:;ie: torque, ;E:3Kha:ust 'erni‘ssibns, fuel 3~ecofiQmy,j and:
drive=abi‘1ity; jand; which .minimizes enginje kinock%.:D"aMta, tables fwiih; tha b;a‘se ignitioin? ’timih‘g’,«
depending? zengime loiad and ;R1?M,. are fi,5Iéd~'inL ROM the eiéctronié contriil
values iin”fhese.'fab1;e§ a1'.6.‘- optimized for VVfu_ejl:¢co.nomy, exhaust smisfsipnis, TflI1d,.3I1,g:iI1;E> ft.oxque;,‘
‘T1"1e.;’grare;V d¢y<:*Iopie.iif1thrjougi11 engine:;experi‘rncntafip_n,% usually; with an e1igin;:."dyfiamQmete.r.:.
icorrecfigns ‘to’ the; has‘e;ti"rr1ing? *' a1uesxare* neiegied for temperature: effeéis EGR “hot r'e;start_;,
%baro:jr1e%tr1i:c; pressuze, agirm-engin:eL.;k:1TT ;.In additiomij .1. V % T T ftlfitiiiig
th¢ engine torqu.e.fcM>.1: Tirnprmemexxt i j. 5:? .nsmissi7oiiTsi j '1 7t1iia1ity’r2r»}for Vidlel spmjcl;
.c;ont‘ro”1} Fig/11‘r..6“”1fVv2..4-Vi's1aflowchart.Qfatypicalig-mnon ti’niirig?c:TaTcu1atiOn method. ‘

V ;3.BASE§1GNlTUONIM_ G;FO
f_'-°APTANTD.5?£“;§?§,'?!@P .  

 
 
 

 

 1 - A {gnén §rAFi'1jAND T PT

 

  
 

 
 

4 J 7 2é6hEdTf6N F0
g 1. [ LQDLFUEL 9UI:—‘*9FET5‘
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N0 L059. l=LQAD?=
;:a;m§:TroN:

Tau} ,¢‘u  f‘3R REc:Tii5‘i~ihé){é5
M QPERATIONTQONDITQONT 5

,,,,,,,,,,,,,,,,,, ,, . 1'1 A . _
.IeNrrIoN’.TIiwING'FoR,JL‘ [ Tc6néE6.TIo7NTTE<5}:: Inga 1com‘RQL;; T rInArusr34gsj____it;;~T;sT+T:3g    

 
 
  

 

EFFECTIVE nefimotmmlwe

FIGURE 12,4 Determination of effeéff'ive7ignitim_1‘tim;ing.;

DwellAngle .Contro;l;. *Ihe:dwe11jan%g1¢r performance map storedigirg the eleotrbnicv control
1InitAcontro;1;s (the ,cI1argi%r.'1g;t;iTrI1"<->; 10f the igifiiTtil0nL c0.i1,;dep,endifngi on; REM and liaitgery voltage:
The‘ dwell ‘ang1e.:is:contro11edT-so %tha1:.‘the desirefid *priméxycuIrént is rcaChedTatA the rind of the
chargingtimejust griior to the ignition point;T..”IThis7 assures the ne'cess‘aryipriTmaryL currentgeven
'Wifl‘I quick transients in Iifiiit3'OIi‘th€ Chafge time in .t:he= upper RFM ranges aT10ws for»
th§’.:fieé§issary Spar1€durati0n- ‘ ‘ " ‘

1091



1092

"inSfzi11ed 1I§l16::6Iig1ne:

 

meme CONTROL ‘ 12.11

Knock Contr‘o.l~. The: ignitidrr fimi]ngI..1f0r optimization of torque; f1ie1‘ee¢onon1§g;,and‘
Bxhausteeemissions is ‘in. closeTfofif E: ignition timing‘ that resii1t‘s;in’ [engine .k1I1ock.‘

jkizidck; _occuftsew11ei1“ftheAe ignitiori. ti V Tag 318  r>idvanfce‘d‘to_o' far fofifftee.e1igine;_ope1?a:fig
r;:o11di:iones%and.¢a‘uses u:ncox1tro11c.d cQm1I1IStiCn.et11a¥ CaIi‘1¢latTtOebhgiriedama;g§;d¢péi1dinEeeei1 
1th¢9se’v6ri‘t5F=an.d ftequencxelf La facfér bf‘ é'afef$<:\VaS1IS¢d ivhauedévfiieping the"11a'sefirI1ing’e mfap:
for a11;_ tionsvthziteeoniribut‘ o_knQcl<,_su¢h aesyfmél. (I111 1itYfm'dva:iafikms eeompressibfi 1
ratiG;fI1é.;Ig1?5fi5n'1fii1ifiEWfiiildb¢'SignifiCaf1t1Y‘tetard*¢d‘rQ”7T11$bP'tim1Jm?16 eLi illtinginé ;
a‘>.$,igI1i:fVi,rCai1Ai: lass: inwrm eand in economy.»To.a:vo:d:th isQi1$0r(b.fia I11i9ré)e["i‘s’

e e‘ ’ 'r .ff‘f_e ”:areeus11a.:11yea¢celera~
‘tidnfselispfl’ ’ethaigpr: 3viée ranje gnaljtq the "e”’l(-‘5'i(_JtIj‘\C)I1’1“c‘i£:'(3!I‘1’l;I‘;()"l 7 ‘It. ‘Fr‘.Abr‘ne this signal, the
Aenginfe <;c;1iifi3'L1InitA~aIgt§rithni‘<T:iAer i163Which_cylind¢f"p1§:cyf 'ders;=a' kI10cI{ii1’g,’Ig;nfftion
timihg ,isT.mk:sd5;fied €rét%1td¢éé1) .:Dr*th£>a.a cY1inder“s;.unti1NtheeskI.m¢L i;S;11;051' ”gfer‘Adetec1ted; The
ignitibxjj fimingeis theueadvanced knopkeis detected;.\(Se6»Fi;g;l2 ‘ ‘lnforrrratifiin On,
theaniount of spark [retard %req1fi§?Ed to .e1ii11i1ia:te‘fthe fkn:o'cke for eaéheyi _derA finde'r.e2ich
eléad/RPM condition is’Tsavedei1i thje ere iiici:ontro1:e1init‘.RAM.%I1:is:;£11ews for equic1:.a“c:r;¢ss‘
tie <th e‘ eapprdpriate “1<:éirn<:d” ignition» fér éalch .¢9nditi0n:-With ethis-eemfitol s‘yst¢:IL
basieftiniii1‘g.éan be 'mO‘f6eadVa1ieed for‘ifI1provedefL1elv—eeconon1y and torque; ’ ' ‘ ‘

 

  

  

 
 

 

  

 

  IzlgnitiojmadyanceAngle
CV‘.-C1 1} 11. Q1: 1 .1

C0m‘bustVic_n%e.CyCle_$%‘In lndividuaf :Cylirjd,eT$%

FIGURE 12.5 Knock écontr:§1;: .C0ntroI algbrithm .fOr,igji1ffic">I}
adjustments‘ for a_ ‘ftjur-x;yIi;{§der:e§11gine; Kimgg (knock‘in‘
1 , 3),, cylinder numbiepifc:ut»e(no =knQck);‘(ti)’.(ignition :etaré‘1)e,
(de1ay~b6f0I¢,I6tuI1if‘EQ. Q};i‘g,f;1_a‘1jppj11t—§_‘(c) ‘(,s.p1a;k[.ad$/ance). ”

e:‘i‘1éqp§2?afii?é Emissioztse Cantréll ’1E1y:1ro::art5o.n;{Ei(:}eemissiormin tfie.f.é::m of fue1‘s2ap:ars-
assaying‘ from the*vJe11ic1e, primarily ifrfiam fli€3f1i6lT,ta:ik; Tare ec1Qse1y‘Afegu1?atéd‘bye federal
,,Sffi3QzIf6S.Tl1EIB—aI6 fwo‘ principal pauses of‘fI‘xef1’szapj<;rirhefuelianlg: increasingjaxnbienttemg

’thes¢%e::iissiQnsite;thei1tmosphcre. ,. 5, 1:
p.erai11r.e' and return: of: ufnusved] hot ‘fuel; frdm theeeengirx’ ,o;rde_r §o;e‘<')3]1fr§ciI the er‘e1'e’ase eaf.

control system‘ was edevelepexi.
: E}?(IpQ1T.ii’t'i,e ErrzissionxeCi2;;t1tr0lfS}>$iem? .\iapLor*vente ,,eieii.’ii.rifeTéX‘ift. fi1e1:etanIi5‘éfi£i  

‘enters ’£he1.fue1 vapor ‘canister. Tlieeicaniéter fion§i:s1fs.:bf‘fau iacfiye ‘charcoeilflemeiit w_1fieh"
ab‘sorb‘s t11e;vx£apor ani:l'a110WsA only air to ;e.s'cap_ejtQ the atmosphere. Only a‘ certain fvo1ume7fQf
ffu’e1Vvap o: can :55; eOx1i,aiIjied by the  ca_r_1iSter; ygper‘; if:;;_e:1:e;c;:;;nis_tere must therefgjre be
epurged hllifnéde by the engine so .that. the _<.:a.n; Uontinue ett>j:;stc,2re .V3PQ13$7E.1S*
they .arje,gen’er:ated; TQ,fl,CCOInpliSh1"hiS, another» line leiafds item £116 :Ch<';1_rC‘0.a1 minister to‘ thfia
intake ‘manifold. Iiieludedflfi this ?_1in_ej_ is the ecIan:isteAr purge-esaleneid‘ Va1Vf§.Figufe:”,12.6 éhowsea.
1‘aye‘ut5of;a;;ypica1eevapoi~afive: efiii?SsiQIf1S;cQ1itra‘i,System, ’ ‘ ’ ‘ ’ ‘ b

T ;DuIin%ge:6ngin:% opsL°;rjation,e vacuum ;in% the intake i1i1a:1ifo1d:causeeS;fl0.wethroughthé charcqafl
ecanis’tf_er5— begzaixse the canister vent zopening, at flzaeehareoal fiIteer§en‘d,,is; at atnic:sph‘erie pres:
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.—1?:l2 CONTRGL $Y3T,EMS2

Pu.

_Ev_apbrafwe err1iT*ssiIon:¢{3_utroTI _sfyst§ri1:Tfi1e1“vapor from {fuel charccalf danister ambiérit; ai‘:
canistp: purge c0111iE01T'va1T\reM (4)T,:pu1fgc lint} tQ’iIitaTk¢'mgr;iffé1dT.(5)T, thrott1e»vaT1yef(6); P5 is?inta}<¢ Manifold va¢_u_'ur"n, andpg,
is _atrnois:iheri‘cLLpressIIr<:. T T T T

mire; canisterj_pu:g¢.va1v¢:_ meters the; Iamoimt Tofi:.flT9Lwjfrom; fiheT‘_caniSter; anmuntj bf
1fiTl€1VT&1por‘i11 fhe iéariistér ai1d—,_1;herefoIe,Tconth1ncd4inthe:flowfst1‘eam,fi§n0t 1§—I:1OWn_.'Ih_eTre"~
fore, it is criIT:iT<,:a;1 Tihafithe Vlambdalicontrol.systein:isi;operai:i11g'a11d adjustixxg th[e°fue1Lrequire—
mexrt as the vapors are beingTTpV11rTged.Purge vapors could.o_the1?wise reSu1Tt in up toa 30 pe;r.cenTt .
Tincgease infairifqgl Irxixtufe the engiiiéfl  [V L .

jPm‘g’efi=Valvet CQ!5Mf0Tl.T CojnjtTri:>1cftT'e purge? valvejnmst allczw f0r..tw0 éirite/rifais

.5 "1:f1erge+mustbTe‘;enough vaporjflowjsa that this Charcoa1 canister d'oe__s{no,t Tb6CQH1€:‘Satufaff:d.
and leak fuel vapcrs to the:]a'tmosphiere

9-. Fmjgc flTQWin1uSif—g3l1C1ffi11y;OCICUI‘ ufider lTambda1_:c1loscd—lTQopTcontrol so that;the.: effect of the:
‘purge fvapolfs "0I11A1’FT'rat_i_d.<;ar1 "be ‘detected and thefuel metering‘ correéctedT

V the GlééztirfiniccontrQ1flUif»é©mm'andSTthé purgei Ki 1iueter%vap..c>r fm‘m%the‘can—%
»istTe*rf1;% ‘requests 22.: dxitjy- cycle‘ T(r;a%tT of'ON time ftt1'té>ta1TON‘and .OF._F allows’ the}
amount Qfivapor flow to beVrég11 late:;1 depending: en the aengine,p»peratii1g,¢ondiT€itms; When
lambda controlTiTs,n0.t Qperafir;gi:Qn1yT1ow duty _<;yc1‘esiand,gtherefore, sma'11_§V amaunts ‘ofpurge:
vaiéars,Lare.a11;:w¢d.,AUnae: c"{_ece1e;atic::;1fv.1e1cut‘ofi§.1he purgexzalve is closed eniirfe1y.to min-
imize the: POssibflitY GE unburnefl HCS.ifI1.th¢ exhaust} T T T T T TT

 

Tar{2e:3c!1arger~;Bo_g,g;: Pressure .Coni‘roT}.‘. The. exhaust tujrboqharger gonsists? of :3 cqmpressor
and an; exhaust _Lfurbi1_1e arranged 0,113; giommfln sh'aft; Energy from‘ thegexjhaust is mn-
ver.ted]fto;rotTationa1: energyby the ~eXhaus,tfturbine, which tHe_n drives the oompre‘sso‘r.The
Compr¢s’Se_d air Vleaves the ccympresgjcsr ..and:passes through the air Cecile: (Qjptio11”a1) , {throttle
Ya1V53; Tifitalzie‘ Inaniféld, and inter ‘thé cTy1ifidé::s.j In }0Id'3i‘ to achieve n@ar4cQnSfanTtT air tiéhargfi

Tp1;reTsTsure5;méTrTa wide; RPM range, the turb0cha:rg¢rTusesN a circuit that afliwisfcr the bypass of
ih:e;exh3u‘§t:gases away Lf1'Om—fh<::’1éxhaust.tu1‘iiine.fEhe Vaive that regulates the, bypass..opensrat
aispecifievdair; tihargéz pressurelami is known. aVs;the.~Wasteg21‘ie.. '
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”6I1fi1‘6 oparating rang V

»12:7i) Therefore, thef.1gve1 :9 _T ai1‘ j(:haTg& p::essureTr¢quired;_ is_jdeVel0;p‘ed.;~el_,e;c tonic.
bcon§tTroI‘unit .uses i11forniéttio1ib.t>1i’éTI1gi1Ie load f:omV4eitherjmanifoldpregsurek or;tlie:ai1*<me—1er‘

 

V EfNG1NE,g:(1N?1’RdLb ”12;.H13~

 
Engines that have_‘Tt‘1ir-boichargers benefit‘ significantly from Aelectronicééboost pressure cone}

t1‘Q1.Ifi¢n1Y a pneuiné ¢+::ie¢hanica1T wa$1egate»ié used, orxlybone b<:Lc:s‘ta1‘2ress;x:r:epqint for” the
V Z V used to LdiL'fve1i’ci1;I1is3 exhaust gas. This_:createfs; a“.‘6'Q]‘fI‘1p'i‘§()I‘I1iS6 fo17pa_r;t—A ;

10ad;a:ont11tio1is,;whic?hT r§:is‘uIt’s_jn—i11¢reéséd exhaust backpressure,v_1nor;e turbocharger wprik, E
3mQ1/FE riésifiual exhaljlsj; fgA;as*iI1il1e,Tcy1indérs, and highefecharge‘—air_Ttempefa1:ure:§.fA '

 B;¢ Lcrmtrolfing the4w{afsfégate[with.a pulse-width madulated solenoid Vé1ves;differéntAWaste‘—
Tg,a;t.s» Qpeningj pt¢ssures:.a;‘anB]eizspecified, dependifig on the cIf1gi?‘1_;1M<_=;j<’aT pe_r_ati.1ig:‘conditik§ns ’(;Fig;

 

Jana RPM jana.Tthrott1¢~.j::¢sifiém ‘this dam; tabi:e1Tisji.refe:j¢m':;:d a’I1d=1::he
propgr boost [pressure] (actua11yga‘ Cfg,Clai'Qf IZ11e‘—CU{fl;T{}1 valve) gglgtermincd; Q:I;{$y§£§msj
using.manifo1d_‘. pressure sensors, aé Q1OSed-100p'£{§l1TIQl system. can [be] dexiclopiedw Cicialrlpélfiei
:t_he~ _sLpeé;:iVfied_ value‘ with’ the measurkidiixraliifiv

:1f?i€;»1j1fl?§ 12:7? Eléétrgziic .:u:b‘ocfiaxge:r;,1;ao:s:c eont;¢::[so1¢nq:4 2
» vah?eA-11:1,¢0nt:01Sigfi@1;35romECU it [Toos1;:prassu:eiG?p);vo1u:ne
Tflowi thmugh .tu:b:ne[(1s’%3;:»*s:oifi%ieTflésat thraugh wastega:a.(YsvG).V
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‘12;14j ‘oonrkonestssnns

The boost ptessurecontrol SySt$ITlgiS t11’sua1ly' .used;,;in comlfiination withknock control for
turbocltafgedbjrfginosal Whtin fl1t3“ignitit3n,.‘timing_is retarded £11.16 1t"O?.k:I1QCl{§; in
already high temperatutesl T017'f1lrBooharge3i€flgi11ESi To’ counteract: thetern~
peraturesinereatsesthe B00515 gpressureiisi reduced wlietz [then ignition, ti1_n_ini_g”is. retarded gast a
pre.dete{tnfined th;teSIiold;_ ‘ ‘ V’ ‘ ’ V "

Engine/Vehicle Speed Control. Using the inputs t_ofele'ngine‘RPM and,veIiicielsspeed. to the
electronic control unit;;ihreshO1§is;can- be established for fiI_I1ifing_fll€S€[VaIi8;bI&S'With fuel,.c1_Ite
‘dffi=When* the maximum :sp.eed1 is a¢hiev¢.d,fhef£ué1_inieotorsl aimishfit ‘Off; the speed
deoreases be‘low3t_helthrfesho1d, f11~i%I;injeefion.%I¢suines.

VEGR Control; :_ By a portion of the exhaust gas with the fteshiintakeeairlfnel mixture,
oxides, of nitrogen e(N.Otg)' can be reduced b}§10*yV6riI1g'fl1E> peak combustion, temperatures,
However; the» addition of exhaust gas c:a1'1—edeigr,ade, drivjeabilityby oausing oombustion. instae
bility, espeeie1lyi»atfidlfe and low soeeds and with a coldengine. TheECU referenceslsan engine
RPM/load tabla dfIopfima1EGR valve openings. "The. data tablets .developed on the engine’

.clynamomeiBf by analyzing theexhaust emissions;Withoit1ereasingiEGR,a point is reached
wljiere hydrocarbon (HlC)"eIIl1flSSi_0flS, begin to increase. The optimal epiezrcent of‘E_G7R is just
‘prior togthatpoint- T ' ‘ V ' A ‘ V V  V M M

Ihev’e1¢.c1roni¢ c0I1tr1o1,unit _1'.egu1ates a lpneumaficé or. isolendid—ltYpe valve torngeter :a cer-
tain qi1;intity—. of exhaust gas back to the intak<3;Vmanif01d.T5Ipii3al1y, an“ engine ooolan’t‘f§mper-
atgure thifeslioldZis;also]teq11i1'ed tzefsge iEGResis'actiS/ated to ayoid poor; ::driveabi1ity; Uqnderl
aceeleratlion sandiattidle;-_EGKl is deaetifvated, ‘ I

Camsltgzft Cantroii. ‘5I‘herie;are two types of eamshaftbontrols: phasing (i‘.e,—, overlap: or
btintvakefcéfiihéilgstiiiétlvfe opening point):aI1‘djVa_lve lift sandtopening diuration, ’ M T

' C'arnsltafi7;E,hasing‘ C0rtt;raL Valve’ ovorlapt {is avgfunotion. of the rota’ti’0nt of the, itltakie
.camshafi’*With* respect to the .exhaust.eei1nshaft.“OVorlap can be: controlled by an e1ectrohy-
draulio 3ctI1a.t0rfAtidIe:“an;d:a!t high RPM, it-isgdesirable to haiveftheiintaliie valves open and
c1ose.‘1ater, which ifednoes ‘tliifi. 0verlepj,iEar: idle, ;th"1‘s reduces ’the residual exhaust gases? that .
retutn_Witlj1th'eifrfesl1 ehargefait and improves idle ts’tabfility.;At high late; olosinglofithe
in‘take veallve profvi‘des»sthe best conditiont;for-Amaximum cylinder filling and; fl1etefore,maX:i-
‘mum.ot1tp11t.For plartial loads, saAAlarge~Va1’ve ov'erlap‘;w_here the intake: opens early, is desirable.
This allows for,an,inereaseViIi‘residual exh’austA.goas’foI*itnproVed exhaust emissions (Fig.12.8)‘.

Valve, Ljifttmd s0;5e;ttng'13;m::zo;: Control. Control of thetv'a1Vel1ift~and opening dufation
is accomplished by switching betweengtwo,can1shaft:ptofi1es An,ii1jitial‘.eatn specifies thetopti; :
trial lift;and'durationgfor the lowto middle RPM range.A secondtotitn profile eontrolsl a‘ _lj1igher
Valve 1‘ift»an‘d dyltationjfor high~RPM operation. By monitoringiengine loadaand RPM,‘ the
j _CU actngices .the'electrol1ydrauIic device tf1at:sv;(itehes from tonne scam profileto the other
{EigL12;9o)é lb‘ ._ . . .. .. 7 >* .

Vtzriableslnrake .M’an1i)°old Cflfitffllg The goal of theengine idesign is to achieve thejhighest
possible itofrtquev atlow '€I1giI1‘e..:RPI\/I‘ as —we]1as’high._ontput atlhliglh engineRPM. The —to1:que
curve toflaneengihe is nroportional to tthlezeaziii Ghargejiltsiiiii’giveni31igi11ell5P¢¢5}717h€1’3fCICa3:135‘
inizirykinflnetieel on tl1eétorque;the intakemanifold sgeometric design.The:Si1i-filizlest typewoffvair
charging u;ses'the dy11aInies_ offthse dIa.Wh~iI1 air."IN’he standard intakemanifolds for inultipoint
eng1'nes~oonsistofseveral‘intakerunners-sand collectors>con’verging:at the throttle valve.

In genere1,:short intalie I‘uDI'1fCfS,tfCSU1tiU:a high output at thigh with a sitnu1tane’ous:
loss of torquoat lowsRlE’M1.jLongsintake~ruI1netSehave the oppositeseifeot. Due to intake valve
and piston. dynamics, pressure _wa'7vtese ocour that oscillates x}vithin= the intake manifo1d.fP]roper
selection of runner lengthst. and collector‘ sizes eca11t1:es111t"i"n ;tl1B>p1"BSSUIG;tWaV‘BS arriving at the
intake valves j‘11St; before fltleyoare o1osing;f’I‘liis.;l1as'o:ae supefcharging effect. The ,1iII1itafi_Q1‘I of
this fmetlgiod; is mat, fora given intake:manifo1d cO_nfig1’tration,sflie tuning peak can ontyeogcur
at one opera;ting*poiI,1t.. T ‘ . ‘
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TENGINEVCQNTROL

_

’:idju$iab[e)} ‘ T »

<Va1ve:Lift+-—>—-“ .  
  655°‘5413*.(5.61), ' $426? ’4§dé* H

.T|:>c; ‘ sm-

ranksjhaftAngje*:

' V >
. T.

‘ G.‘rankshaff Angie;

*1‘42,.?9,; 's:e1iéc:i‘.v:.e: "riajrriis-‘haf§t“ L<ib6::fetctuafi’§,ri1$‘.
}Z)’2‘l,S>t.‘Li.Ca“II'1;;1(')',b‘C,_>(1Q’,‘ ai1'xi1ia1'y cam 'l6bé.;(2)'.. ’ t t

 
 FIGIJ:i1l§= V t7;‘j11z1‘t :2ImgI«::- f ’f‘%intal§¢;:cari1—.—

ish£ift:?’i*et]é’r21 (1),s_tanaara Ta), 2id;\?’af1E3e;(3). :

Vizriififile‘ gysiems‘ To {thte;benefits’=2.of: i7rif:ik<+ej—‘rIia;iifoijCi Acharging; séyerai}
JS§’S’E§IfiS 77 . _ 11% [ii V¢dVjtfiat . l1.o],w!for chai1'gcs:linflifin¢xI1_éngth[and4Aco1V1ector7v<31urna;V
‘depgnding, V%g1fi1s%:::c:p.era’tii1g;conditions; TIhiS;:al1ows.=i*fdr-(fuming

 

  

[p0s!fi0n'Ofih¢<Va1Y¢’Sg -

?12.52’§2‘ %‘Eh‘gine£é‘o’nt'roI Modes-

 ” @ ¢   
‘start fuéeil ased: goii, engine; cOQIa11t:1eij1;pe1<afure.§ Fijrj', two, reasons, the: .1;a.mb’d a: sensor 0"11tp11tl
cannotbe “ “he1aIfibdas61iSm%isb¢1OWiisymirii
andi tlicaa , Qfuejl rati ie:t1I.1Ti‘rexc1L1’s.,<:1fi1?:si”.c1é: th<:»Tliambdar‘scnsor contr

  

mdow

:Ma,nr sfariiné izsequeiices’11sr:a,ftont—10acfi11gMstrategy for-§f,ue1ingA ‘the: quantftyfofgf
“fuel is—.r£du fdr_after,Na: speed. 'thres11 o1d ac;1§ieved‘,_ af t”ejr; a»v,certain::numb‘ér ‘of irevdlue
‘tions"c_nq art: :1 Vd‘éfin‘e c?15time.Téftcp:he~j1iitj§1ljQta;1k. S‘czm‘e,s:ySt€InS ‘£i,1S!i):§Wit¢h*0Vér’ffoin simultia-»

’ --1f<§Ii 515.0 1S.6q1:ie.ntia:l,”1-5695011‘ after’ a.i_‘Speed  thI‘eS_.h0‘1:d is ,a<;hieved- For: cdldi

ternpa 1;restJa1;.t1ng, :he’fi1¢1%1nixta;e[.may. remainjidher ’c:haI_1‘?»*='A1:after'[ s"tarti[ng,.duej them.
‘A ‘L [o”1'rmixtu‘r.e jformati‘o’n,:iri; thekicold in‘duction.?systeIn.;. “ — 

 }1_2.15_

 
. % T. V . . _ JV _. .. % V . _ gP§a1_<f?3§ Vast: mf°fC than .0I¥<‘?'r

operahng jp,oi_11 VQn¢2in_éth9d_fidey¢1’lqped uses I¢1*ejVdtronig:a11yVjcpnfgmlledvailves. to d1ose”joff,-
?ar’é”'&s o’f»flie1'intaké manifold (Eig;1z.10):.».In‘pjuts ‘0f.ér i_gifie Icsaid, RPM, ~a_n‘d thrcstt1e;ang1e deter .

m%ope:;:;mgtemp¢rat1::AeJ}

_ “hgR¢gzgirement:;. ‘~Igni;i¢n iimirigig _C0r1_trtfl1e§dby’Vt_h”e ECU jdurmg crank, arid’
‘ is -de't:::m1ned 123migi1is2T~%¢0c§1atIt 1::empTeriajtm:é Ae.1nd‘.<;I:an1:;i:;g% ‘sfpefid:-:~lFof a;co.1d engine with lcmf
jcranlf<ing:{ sp9edTs;"idje,ai1 timing is. :near' TDC.-: Fair: h_ighCIT G1' ?111VkiI1g’ spaads, aw s1ight1y%.mm:e 5
jadvancejd.fiifningj,is.'OptimaI.'Tirningjadvance must bealimited ‘during;cranking to, avoid igniting. »
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1»2.1§3: [CONTROL systems

» LOW

» RPM,

§MiD.R§NGE1
HPM ‘

FIGURE 12.101 .‘iVaraab1‘e éqnfiflghtatianvitiiake matiiftafld»

th"e‘ air/fuel m1i:cture3b;:’fdrt:*tHe‘érankshaftJV:eache§t6p:fqéa‘d:cénter1(TD.C),A;dam3gihg tojrgqiié
:r¢,§l<:rsa1 sicnilii that ; giamage the,'1sta:te3:'—.Aftergthé ianjginga startis.-,;i‘gjniiti<’mtin:1ing; is
advanced to ‘imprpyeg cold running: V2_1s~we11; to reduce fl1:<:‘njeTed for lfuel :e,n:ci<;hment;j

Engine Want:-Up. j During; ihe ‘warm-upjphase? fherg: Va»re‘f11r<>.il=:7Vc’()n’flicti_r1g ‘objTecti\_?es:» keep
“the iengine‘ o4p6r{atingeTsmooth1y= (i‘-ea stalls or%<d:iveaibifitY pTro;hI;ems);:in¢r¢1asTe~ exha1ist}'
.Tpe:at1.1frp% 1tj<>; quickly achieve onal. ltemperatura for; <:aftf.aIys£ (1igjht::off)I and1l.ambda:sen:
réori so that c»lé>sed—1oop f.ue1.?<:;op,troJ can Lb.eg“i:j1vopT¢:ating, and ikeepfeXhaustM%emissi9ns sand fuefli T
v_£‘{'OI1Sl1II1ptiIQI:l it) a minimum.{'Ihe:bést meih0’d..f0r  .*cIc11’ie;V‘in‘g.‘these bbjectivesv i7SiS?eryfiLependeht
:o”nf tI1e_~specifici_engineapplicéitiéjg, . T V L . _ J T M ‘ _ T A [A

‘If the: -¢ngii1e.»is istill Tc1C2%I<i;.fft13.:T.1 énrfchnlcétité ’Wi1l715e Vrequiiiéd If? ke.ep~ ,th_é. fingine -running
:sm1o,oth1y%dfié¢agairyf0‘;ipo9r:f1;¢L=vaporization andwall wetting e£fects;?I31¢=ofj¢nri§Ii¥
3m‘ent is Vdepehdenti oI1,engiI1e:« Tfemperat11re'~ {and is a ’CQTr§Cfi5fl ifactdfg to ‘the: ,i1ijhecf0r pulse:
yvidfh.’ This VenricfhIm‘eni,1c‘<5mbine,d with°secoTndary”air Zinjéctibrr, alsa helps achieve the} desired
iincfease in ¢atalYs£ temparamnz To P¥0Yid¢, Jse‘cjon‘dafY: aiii"if15¢CtiOI1»aH«[ext¢Ei¥31 airfipump
delivers fr“eIs‘hT air idbwfisfream of the ‘exfiaust valves: for a short 'time:T:af£‘§r %starVtL.T"Ihe icxccss air
.ca,us;es; oxidation (burning) of ‘thca¢_xcess' and? CO from ‘thC,‘1}’f,Ch:Il1iXtIiIi6 iIl.:th6- exhaust»
‘manifold, which ‘fépid1y»’i11c_reases the ’temperature\ “of the, cata1y“tic=‘c_on1zerter.. The <0’xidat"ion2

.,‘a1s‘qrVéniox2es harmfiil po11u;an;s:from ;t1ii<; »exhai1'st-stfiiafiié ‘ ' _ x {T T
It is p0Ssib1c’tc‘iimreaS9the ¢:xhaust tetiipcl‘.-at1,1rie‘ by’ .1I1C,rfCJ€1$iI.1g thé“.id1e sp¢e5l’ during;

‘,111p.;"I’lie?vTTinc1:eas;:d [idle ;speed may: also be C0_I1Ib1"11e:d’Wi:thA a.‘s 1igA_l1tIyTretardfeAid Tignitiori,’tifrn‘ing‘,%
which increases fempérafiiresgifi thezexhavuvst,’ ‘tfiérieby’pro:nofingjr}ipid; warnmup of theT.cafa‘lyTst,
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gig no jtog‘_gue‘req1iir<;ment. T.hejreft)iTre, the;if1‘1jc1TTmé.y*1be [shut "Off until:-siizh 4V

.TT(seeTs,Vgc.T <

ENGII~TEJ<:£éNT;Rt3L: *1.2T:12

Hansient Cbmpensajtimy Dufin'g. ttanSition§~ such as’aTcce1erati‘0n:or deceleratiofi;flie1bbjAec-
’fiv}c 0f‘_th6‘¢Iig1I1"¢1 ’cT=¢4TIT1t:9l«SY$ia‘3friis i1::éJp1::>viide a smofith transitionfrom et_1ginjeépcrating
cIandifiiOn1o%VanotHeI (iemio 11esit2i3:i@u»1sT 1“ T11Ts,1bfumps*,Tor%c§t1ier%obje¢:tienahIe_driYea1;fl1ty con.-
£;erns),;aIidVk:efepTexha{ustemi_ssio11sTa11d ;c:I;:o‘nsu1i115tiTo1T1,;to a m'jininT1umT. ” _ T L

it Enricibnentf When lincrea$E;‘i3n Tengine load‘ and ,thrott1e'anglje'T0c¢urs,'Ta

1 TT incrsase in rue: 'rn’i><tI1rt‘? isjrequired :,t'r0WrC,,,V0:‘1IVV]"p“e4IlVS,_ “ ‘ j
Iwe‘ TI:gT.-.'£‘.heT.s;11dd¢n‘ in'.<=ir{eTas’Te"ir1‘airj.:r§t=:s111t tiirTT§‘thfitA~must:b .rfié¢t.ed Swifflfy

-AtT<>iT.£>:Tbia.a%i ‘gtitid fransitibnalé I.TCSpfiQnse;T116 ra1tT6}0fTchangTe Tof TT11ginTeiTT1oadTTa1z<1 7tQhr;0fIle;iang1e[:are
usie‘TéI £6 TTde:eJr:’ni'1'1e; iheaq=uajnt_'ity. jof fuefrdurfngg acee1erafiefi’:enr;ichment ‘"If1ie;a:rn<311nt of Tfuefié
mu§s‘:T15Te exxaslgli ;ri;roTv;ide‘ the desire':dLperfx3r:;§:1ancé, 1:u:":1a'ti:~.=cs muchTas"tg z:T1;e;g?;r‘iadc; gxhaxgsjt
¢T1IT1fis.iSij0TIf1ils§ ia1TIiéf I<i9onom3z.: -. V A ‘ » ~ ‘ '

DuringsacceIe1?afionTenfichn1ent,:the :ignifion* timing jissefi for maxixnumf torTq,u;e -without
knocking.'T'AdéiifiQna11y%when a T1ar;g‘eT change i1:1A_‘e111g1‘~bn’.,=,£ load.’ occurs, _so‘n_1'e"sySt€rfi§;d¢1ayT_’ch€f
ignition: timing: avdvancesbiriefly Tmpreyent ;ejng.i':1e knock, Vvhich may“aris.e?Mfron1fi a} 11j0n‘1e_11tary

  
  

 

313'aIiI‘11iX.fU1*6 ‘0i.'f¥QTi1 1TI&1I1Si€f11f1? ig1V1ifi0fiii1fiif!8A6irTr9fS»
..Decel_¢.ratir2zi;»Eni¢aIz2nent During .dec:=l:éraTt:ion modes; such as.co_asting orjbxakiflgg ‘there

T ' _ V T T T . . T \ T _ I.1[iI1¢I6a‘$F°TiT1iTTthf0t‘
1:16; an g1_e‘1is* ‘detected or1h_e*e'n‘gim: ;_speedfal1's ft; :1 Sp$i€§1;§1igHt:ly‘E1b0V6flih6.1d1e RPM. Fue11shut~,

,jc'>ff-1oj:;rTc1itpff‘*¢a.riTdecrease‘ exhaust emissibrxs mg:unburnedificzandTCOTéu:€1 mVay
fmpfov. Tfliél*¢onéi1mptiQn,_Fi1¢l1;¢ut9f‘Eis= alsa usedTJTT T .Tp:ote¢t:~t%heca:a1

  

flit: i'gI1fii(n_1iiimi';1g isjre_it:'a1-déd frQm1ifs*c:u1;reniTs§ttiI1g'1:‘0 rggiuce engine ‘torque and t‘crasTs‘iis[t
fin ’engi1f1’eT bfikiiig “ea fuel is then shut o‘fAf.TADi1‘_rinjgN the :it1*vié1“n‘s;Ai’ci‘()11;fg1i€5T ’t1‘1rétt1efT’by‘p2is_s ’va1fvejé‘_r;
fill ” '$11‘-fi1fi3ft1T€%Vvalxiéiilflyiéliiaill 0136311. f0‘! 355h.C?i7?’P*3Fi9dT‘tC3’I3’ 5W §fIESh‘i&ii‘Ié OXidii5:ffh¢?
:-iemaininig utih11irned‘HCand CO fo further rcdiice. ‘exhaust:elnissigns,7DuriIigideve1Qp1ne1itTof ‘
the ‘fue1—ciIt€i£f fsirategy; the adyantage _ off rgduced; emissionC¢ff§:Tcts_~and cata'1fystT temperature:
dontrfo1Tmufst be balanézefd \a$g2iii1sTf"dri$*¢abi1ityj:eq;1ii‘etnef1ts?AI'i1t§T’iiSi?{T_bf fueI'cufOffIiiay'Tc‘ha1igé
the'Tp¢r¢¢ived» ?Of:'r§YnVVg‘in_:cT.‘@fa1{ih:g:fe1t thje :aci1;cT1itiaoni, Caré2¥:t;uS;f7be tal<€31;TtfOT‘
avjc>id«.aT ‘%‘b111~n.1p]*’ f-Tielf waihr:i1T;eitTe:ing[{the fuilel Cutoff mode; due to thechange torfque;

 

 
  

fcs.j;Ih¢"bfesti‘engi;i¢~fdrqi1e_is typgqélly delivc 
3?Q= Q.‘9§%t95Q.9S fisciftfcie _f1'TI11in§3. th’e}Te_ng_i_11e is 0per;ating‘»a1tfu11TlDaC1’,Yi3; Lhe‘_’f1irptt1éi
jyaliye ‘sensor? T(j;j1tTT WQT), ‘t'he:Tjc:cmi1rian e a fue'lT?n1i>rture, if{r¢’quiTr11=;g1,;can be ei11%iéhed':Tihei
vlambda STe‘nS‘0r ‘Signal Gafifiot he fised id %£Qro\z1TdLeat;o;t{rT¢<;tior1’to the aiIZfuelTfi1iktufTé béT.cla1;§Te“the
T1.TTi7£?h‘013f3.I’Vat‘iTI_1;§p(3¢iIif1i€§ST5\1tSid6 th61flfiibdE**30iLt¥O1:WiDdQWe: _ _ V V

;The‘ig.nTiti_on timing, at1‘_fuH1oad is»sé ‘.0T‘aCI1i6TV€"th€'!Il3Xi1i1UH1f01'q11€:‘WfihO'ut:k110Ckii1g.This
-initial TvaT1';1e;_is.TédeTtTe_IIninedé through ¢11g1i1‘e%Adyna131Qrn<j:_t<_;1fT-tcgsting. With ‘aTTkin‘<jVck 'COI‘.'_LfI'C)1' sys’tem

2§1~);,»t1i6ig'!liTti0nt5111ii18.i3TiI1Oi3ifi5<3 rataxded)vvheii'engin'ekfiockoc¢urs'H1emod+ V’
 TT T jtTTijc>nT to t1icTkncic1< may ‘sa;vTed';mT the ’ECUTtha%- th:_n.ext Turin: that

:<:ngmeTTI§PM£19a_.<i TpQint.pcTours, less kn0;cking‘wi1LoicTcur'TTand less .cTorrjejctio;1 Awillj bereqllired;

 

;idIéTiS2:éc:dFCon:irz2l.T T "Ih‘e obj;ecti.ves»of :hTeI:engi:xe.c;:n:::Tc1gystmduringfidle are:

2; ,PT.OVid§ b;zflanc_e;.bciwe1¢TnT the engine. torquT¢:»p1r‘od1IceTTclTa1:d the .%.:hang_iI1gf engif1C.10a‘dS} “thus
T \achie1'vfin g,a _ nsistcht idleispeed :¢y_e:1V;wi:jh+%varie;1_s1c;aa1c1;anges%duets aecessgxtieg (1,;c.T,T;iir

7’c6nt_htiéi1iI.1_g.‘ p, ‘we? stécr1tig;‘—an‘dT Velémical 1iéT'a’dTTs“ bei.ng'Tt1Ti:‘r11€:d Loncanii; off afid’Tduriflg
Bngagxemtzni . _f thé jallt§€>£1TEitic.‘fransmissio11, +addiif0I1;}fhe%{’;i§1IT% speed control must be Tabflé
"tTc5fiL¥mpenSaIe_;pr.i1o11g;:erm changes engine; loadg, SiT1chT as] the,reducticnfin enginejfricfion
.fhamcaursiwifizi[éiiginabréakein. ' ’ ‘

Té: the [“l'oiWeTstV idle spTESedT that allows -srnocxtli‘ irunrfijng; ‘to ‘achieve th_e:-lowestéxhaust
;en3issi0inS ’andz;f11Ie1.'consun1pfion' (up‘t_‘o 30” perczent of ’2uzehi:c1e’s fuel cdnsumption in city_
>drivmg{ d1;1:ing:idT1iI;g).. ‘ ‘

hmncreased‘

_gh ;temper_atu:es during extendad ovexrun :cQnd,itioTl1S£Durillgjréinsltiéfi to 4=.:1<’:1TiTTi:_§
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12.18 comrmig SYSTEMS

bTo,co1:1tr0l the {idle speedgthe ECU usesi inputs from the thro_ffle3 pQsifion sensor, lair condi-
fitoni‘ng,f>automatic' transmission, power steeringgcharging system, en‘gi11e RPM,,aI1d vehicletspjeed;
ihetetare; cuuenttymza lstrmegies ‘used to, c troljdlé’ épe4e:d:*ai"r? t;ont r’QI an_jd.igniticv1_’1 cclntrcsl.

Aiir: lcontrol. am§:ui:ift.. of air ente g the: :intake.:1:lani’fo1d: coritrollédzléither a
bypass valve o:r*by;an acthatsorl acting dir.ectIy’o,r;11h¢tlir0t_t1e~va1x¢e:Ih¢;hypassvalve uses,for
leiiampleg antiialectronicany tcontrolted mptor,  ctotntro]1§d » by? thei E€U[ that opens; or :close_s aaj‘
fixfe‘é13a:§1oi;1it;FQ'r-largtbth:dttIa.va1ves,titma§y bel.desirah1e to use at h3?pass'.Va1ve‘ because a‘
smi:al.l :t%h‘c¥rlg’.é:._in tl.1rofttl]e1.:angl6‘igresult- lnllat ‘létgisi iiliaiigel in» film @1161; tlhisrefmef. idle-
lsp,efed yi be; difiicnlt to t;cittt>jr,tt:tc51f,, T Sing enginetRBl§?li:féte§lbéick: input; I] fadjllsts the air
f1OW’,tO;iTlCEf§HS&'.»Qr dwreiase‘thefidle:speed;A_dis_advantage*t0 aircontro1_jis1<tjha‘tthelxesponse
totload téhanges:is;ie1ative1y;§low;—To:uvercome; this~,;air1i:o“1itro1 is Jcften ‘cTlo‘mbin‘etdb with ignition

*.VtirtrV1i-"rj1g’élg’s:>tr1t:1'kil to provide faécéptahlb; idla speed hCfQl1triNc?>QI; fuel quantityttrequilped ;at’_‘idle his‘
defénnincd by":e_;r,l_gii‘m IoVad.an.d RPM;i Dhuritlgziclqsfidrléjép: Qpfehatiolnafltis ,V2illIf1 ,€,>;—iS‘ ..<?plimiZe§l

 

.b.yhthe lambda s.ens<1>r; c1o..ss:d<1o:op control. . _
llgniriimTEn1iz2glvControg torque n1;1y_1:eiii:crea$ed; 0r“djec1_‘eas$d »hy5adva1“1cing"‘ort

':et;;rding thqignitibngtijnaingwv’thin;a:1 established twhdcw. This prii1;c_‘ilpl<: can beemployed to:
help coxmfcl idle rspeedég 1BI1ifl,S3.fltIi1I1iI1gt‘C0IIt1"91.i$1IJEl1’t1él3l1f1f1Y :des.ira]ble~ for restébjnditlg to idle
1oa§l.~chang‘cs= beeé1use7.§—1jgine.t0:que§ eittputtlchangvets mom: rapid1yJinlr¢spons,e_ §'t<J:a.cha11geAin:

- iglli"f_iOII timingtthan. t1ofa’phartge'iii*l_air valye lpjo;si_tion._ Usingfhehlsflamet inp31_ts_ as for air central,‘
ECU adjuststhees1;2atk’adva,n¢6 to ieilher r%i$¢;.9r;'10W¢rtltheidléspeted-. . T ’

Anticipating AGCi=—:ss0ty».»’LQddS- tSp€¢ifi¢<»6l£;¢tric lirlp_I1tS the suc1f1 as a lpressure
switch locatiedin  the;power:ist'eteAring sygtclnl aIe‘.usfled5,to anigicipatg talcécssory 1oald'sl_so‘thaljt_t1:h“e:
idilet control ‘system caingc<:;m‘pen‘s:at'eVf more= quick15y.aThis j“feted~forward” str_ategy“all_ows -biettgr
Tidlt: Ac:§mtrol'than1 a Stri¢I1fY,fé¢dl;aCk sys_tem whi¢hTdb;es not ,rIespt§ni1 titltifithe “idle ;§pee'dtb'<:1gii1s
1tQf%1t11-,»Wl1e_11lan‘acccssory. fan betCt?I1tfo1_1ed~bylhfi.ECU,t.f1ifthettifilpriivetllerltitiidlesfieédrl
clonrrpel is obtalhmdgt By: delaying :,tli€:': lI0.a,d .tbiti:=:fly vjaftscir. it -is: .r¢que§t,<ml the compensation‘
sequence: can beginh _heffOkei.the—».1i)ad is acttialf1’y*app1ie§d; ;S,I’1c:h.V'Va;1bad d‘e1ay‘st’rfa‘tegy is effective,
fgr controlling air’conc_hti9nihg compressor‘ ldadsgvfort e'xamp_1'e..1‘n IhiSs€!8;Se,—Wh€,n the hit 6611-.
ditionef‘ is irequestedttfhe bégins to in;:reas;c. 1d_1e. spe:ed;fi1%st and .thL'n; actifiatés;
‘A/C lcqmprcssor.

 

 

12-2:3 Eh9inél§3'd.fitrol» Diagholéti,/#5‘. T

The :p1i1:p‘0se of systeIn'diafgnQst1‘;csis.lto provi‘de awarning to th>¢{driver‘when’lt’he. contrdl sysa
tem jdeterfmintes that‘ at‘n1a_lTfLmctio1‘1f of a hcéimponent ‘or systemtlhas occurred and/co. assist the
S§fVfgé.tfcch11ician in identifying and tznrrecting t}1VefVfVafi:l§VL:1‘:1“‘e:(;See* Chap. ilnimafly cases, to the
dziverggthe engine may. aépélarim b$’:0P6f?1lil1g. cétriectihiz but excessivifi-—:a”rn}0iInts~of pollutants
may ‘begemitte;d.‘The detcrtntines’lthathhtalftmctihn Thas occurreldfwhenlal sansor signal
reCeiYedd11riI1gl normal engine ‘c>p4eral_tit§nbQrV.duri11gg at Systenytesst ifidicat "fhCI€TiS a pr{ob1em..;
Foirircfificaill tsptaratioiisi such »a$:;fué17;m¢tér§ing‘ ‘Ell1§li‘i‘gnitEio11E:cc>nVttQ1,_if a trezqttirédt sensor .input is}
faultiyga Suhstitute value mayl’b’é:— It1s{;e< 1 by t’he:ECU1st)’t:hat :he*=en;gin¢>w.i11. r;:hitin‘x1ettto operate,“
lblif fikélylnof at 0ptiIr.1 alltperférmancel: Iliist also pass? 6CQJ3PP1Y'3Iit¢IYl¢I8Z3119¥»Il1‘33Sl1I€ifthfi‘
failure: of gfl. componentltmay‘ rcjstflt in engine; ‘djr. émisjsicln‘ System 'd'aniét’ ; Rér exampleiif
rep¢‘ated misfires are tdfiete‘c‘ted in 1311:: cy1i‘nd3er,l’perhaps due: to‘ an-ignition tfailure, the fuel
injefctof:feéding that cy’1inder1canhe shut off to avoidldamagehtc the cata1ytic‘t:Qfivt;rter.When
a failure _O¢CIflIS_,gI1'_16 ma1ftmction,i;1di'cator light (MIL),vjjsihIe t6 the driver,isi.iI1u1ninated.
Infdrmatitm cm the failumis Storedf'm,thc*ECU,;AtA service technician ’ca11.retriev;c the 1nf0.,IT-T
mation. on the.failur,e from the ECU‘tat1'1d.tcOr,Ie1Ct the problem‘;

 

Ait:*Mas,sV l.S"enso_1:t TF9: a1’r;m_as;s measuremghjt sfiystgms, the pulsgwidthsef the fuelhllinjecforsg iéw
ca1cu‘latcd.i‘n;th.e EICU‘fr;em1fh§:’ afirtmass ‘$60310?-lI;p1:LAS' a C0mparisoIisThC pulse widthtis‘ also}
calcfilated from ‘fhe,'thI01't18.:Va1Y€5'$CI1SO]ft£indH16 §engi;1é§:RP1\rI, If the pulsel widthjvalues devi-
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'misfi:iHg.Als'mal1ld¢;:rease5ih'fhcaibfatibhql spe§<i.Gf‘iHeé:an‘kshaft;dc

‘:i‘t4i$‘]p0SSib1.:1t9.’ZShufi 9ff‘the:,fi1_e1 to lfh‘at‘%1:yli5nder l;togpjrev;e11t damage to the éggialyticl conyertex. V‘

1?'ue.‘l {SystemMonitioflngi
map‘ -withithe optim;al fuel

~ C‘U11t7I'c3l;SySt_éIIi:(sE:E: S.e‘cg;1 .
‘ tilt: pltéis<ét'data‘pcintsTeT111e,» 90:1.

ENGINE CONTROL 12,116

.ai¢: 1‘>y[ La.1§i§dE=?céfniined'.amoiintythe d?iS;cre_plancy.lis siqrgd Ehel wfiile. thewehicle
isbeing’ drlver1,jpIausib _ ityftests d’eftelrmine which inputjgjncorrect. Whcnfhis hasbeenideter—'
'mine“d,_the appmjpfiate fai1ure:cdde.isi;sa:ved in. the ECU; ’

Misfiie‘Detectian. ’ MiSfi:ing;is t1ie.‘la:¢1é:lofmniliiisiionin “chjemyliiider; -Mié;fiI5ing§}<:an:l52~:a ca11sleLdf
several factors;including;fQ.u1’ed,;dr wQrn,spark:;p1ugs, pporl lfgliel metering,fir;faulty electricall‘
dcéfihectiqns; ‘El-V‘€_I"’lfl3>.r‘S'IVI1r31lv‘Uumbjérf0f>l:I'1iSfi1‘5S}fifilayLi fu1t'it1 lexceTssfve EXhaus”ti_leItfi’s:si0t1’s jdueffci
ifiiéIifibiirfiEd?fiIiXtifI¢.i:1fi¢i. H " ’ ‘iC'fcOn'Vf+Trfé1€él ’ ’ A

TO. dctéirnifle i.f‘the:er_igi11;c T/:x_pcriencing 1a: silrgthe c;ra_nkshla spfiedlflil afionlis men»
IEi7tQI‘e.di-:-[fa misfirlefoccursglin torque is created duging f egpowicr strolqéoff 1Ih?C,”I§Y1111dCI(S)fhatilS§

" .Beca;1séth¢::¢hang¢:
eguirgtg *1 §iddition,_

 

 “1n.sgeed 1s vegz1small,h1ghly‘accur'ate s§ns1ngiof‘tl1_e‘cfrar;kshaft ‘spec,   

   v-1g‘ED’51‘ CI:‘p ‘ ‘ ls'was’:r;é;r:;ti6xié;d Apleviéusig iii ¢yCliii£iJe};;:c:15:e{'z1té£dl§3%ixiisfiieg,

<Catd13!tic.‘iCbmz:rfer Monitbring. .Durin_g the usefu1f1lf,e.a:cataIytic:._s:9nvert¢r,itsl:e£fi—
mency de.creas,efs.iIf:subjjectedfito‘ engih6?IrliSfiIt}; llhe], d’ecr¢as'eiih cfficiéncy 0¢CurS“mQ érapfidlyf.

T’ l L " "ma ‘ Y1i11'creasle”<i1’1,:eXha1iS’t‘ po1lutants;;For— thislreascn; t__he,;lcata-lyticr:
_ fly qperatingT;c;ata1yiticlcpnvaterfgransforms ’Q2;:HC’, C9, aim

‘ /fuel;-ratiblosfiillatésaftQIi1‘riic1itqlééanlduatp‘this

(I 111 }S_e«:..]1:2;.lfiZ:-ll1il-.Onlyaalprop¢r1yfi1ncfi0IiiI1g~ 95!?’
faliyficaconxielrte i’sl;ab1e:. to; ?damp¢'n:lthesé”os¢fl1ationsTb ‘tofingi and c6nv.eifingf:fhérincomigjg,

 
 

 

~:com;p.onents. Asf jthe; t:én:téIys_t.['ages, thi's»jstora*ge{ Te’f;j£<=,;;et.;iis;vdiminishecL*To‘li1ibnitq:' 1thé:catalIyti(:

 
thevsystézm ‘qpgratiolxfftequency, lthefE*CU"'llum'inatYes< the ma1funt;’tioIi: ilrldV:iCator Ii gh‘1E(MIL) L

“ gofthe aélditianal j
iefierzwfith the lambda -senj fsiéhal imstrefifil.
f,the aVerag¢;Valu6 ‘T/fiucl '

rr,e‘nt7?and*voltage of the heafiiir 1rct1iflis"jm1Oni+

andaifailure:codeisl§toted.:Additibnal1y he ‘Compares theoutputsig
ljajrhnfbdaflsensor l inst: fii[;§f—lthé*Q’ata,l3itIc_ “ ‘
this,_,tIie efec.t’d’§:Viat1Q T

For"‘heatedl [lambda sgnsorsg ftihe; e’1’eCiri¢.

  
 
 

  

fared. To accomplishffthis, ,thie5he’afer.‘is dir€€t1y:‘i6;0:1itfO11éd'ibyjtfie lECU,V.n'o"t”thi*!0f1gh a relay.

To’ép1*j_o.1vide:'th._e icorpecf £a’i1f'_/_f1_1'el raticg, fhe:ECU‘us3é:;s al prbgsef ‘data
.quii:ed for each Jlbadl RPM “p'Oi‘I1:f. Tlie lambda :c’1o'se'dl-lojolp

V
hatfthe

-jquiréd. Iftheij

 
 

   

~' roy_j‘desj fectib  

  
 

   
_  II 41 1‘ , l

that gperafinglpoint 1:S—:I€‘{3-.C11i6Cl:,N less’corr,e,ctio oj_f ]tIhe'—ai,r-/fuel ratio will be‘
 ECI1'l¢9rrectign lp a.ss:es. a predefennined threéholfi if is an indibati(§nfthaf_Sdff1€}:' component in;

.‘fhe.if1'1el Supp1y'sy‘s"terr1‘f _
wre'gu1a.I<>4I%; defectivé IIT1én1f91§icpiéiLsSs11re=seilscmiht

 

“tside;6fits‘oplerating “ange= ‘Some gexamyslésl aréélefefétlvé pressure‘
V _ _ _ W _ _ V " system’1éaka§;e;.?Qr.ex.haT1Isi:systém.Isaak;

ag§;:Wh¢nl?the ECU determines problem $XiSfS§th8:'>MIL‘i5“ilhlmiI1a)$edbaI1d,I£fuGOd$ is stored
iI1ffh6{sECU-‘
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12:20: 1C0I.iTROL1SYSTEMS

Exhaust‘Gas=Recirculatib1yGSGR) Monitoring;; »”1‘here.are1Curre?ni_1y two 11methi§ds used to
monitoriEGR Q13[5f&fiQn; Qnemcthad:'t:mfirms that hot: .gas‘é:s‘:ar¢* retiiinifig to the
iihtake111i1é1iiifo1d dfixifng E‘G1RF §perati9n1by?useT1Qfia’ temperature s1ens1o_1f1r_i the :int_ak;e‘,n1anifo1d;
The second ,II1Cth0diI—§C1l1iI3S_ :Lt}f1e; EGRE xzahzexfoé beifully opened ’dur'i1Ig goasti operaffon, where‘
high int‘at11<T_.e:;rr1a1;ifo1é1Ayacuumoccurs; ‘TJ:fe1exhaust .gja'si.flowi‘ng;intofthe‘ manifold causeséa mea,-V
Sfirable mcirease in; p“ :*s;sure*.f;[‘hus,_.i£1a mea§ured§Ei’fiéfE3ase. in p:égs1i1$"_3:1dDE;§: not; ocgixgfhe EGR,_
sys1itémi$a::o;t.t?pe:i,1‘ gg 1

 

 

.E1€gzp39rative:’ Emissionx :ControZ system {7EECS)‘ Monitoring, ’Inv.=gene—ra*1;,_a ‘vaIv,e,;wi11,be
msialled at the atmcyspheric sidé bfthet purge: c~anister;;Dmiug.iei1¢,; tfhisj vgIve="w¢u1d_ c1:3sg:»and
.tl1e:'piurge v.'<i;I” 1%>f.WbuId‘9pen;. I1ita1,<?¢‘arriaIiiifiti;li:1vlicuufiiwéuld »os:c-:1}1r;in11the .1e,n1 nte ,EECS:.;A p:.es:—.
S11I6;S¢nS91T’i1I‘th§i fue1f7t’ank.W91flfd, prqvidesxa pressure; p1fOfil61‘duIi11g‘_'thiS 1t1eSt'_t.0*thBfECU;'
whic1i’wo1fId. ?t.1jien dctarmine» if aleak .exis’c’e‘d1?in: the?sysfem’.' ‘ ‘

.FUf§|»ADel1iTvBrV11:53/Sterfis

f0‘w’ervie}4f.* F11_1_e_1»jfi:1aI‘1age1nent in Ttht=::1spa_rk_T‘ifi1g:1:i;io:1 e1;gine, ccnsisfs 0f;1“_1v’_1v'€;féI"‘i:A‘f‘Ig<t'}_11'<§ flie_1,jf(;)rl:
mati6n1of.fthe étir/gfuel: mixture; transpQritatiO1i.0f ‘lief aixzfuel mixturg; and 'diSfriButi0n_ of ‘thgaz
air/fui:l1nii}Xt1i1rr}3[:—The ?.C.1fiV€fi :f>per;at.<?J {he thifi T» *'Ya‘1V¢; whigh dVete_r;nincs}’t111e;quaI1ftity of-air‘ 

indu_,qtec_Lby it-h¢51e‘,I1jg,1T1;1e.Th¢ ,f.t‘1e1;1de7 eIygsys‘t_e,t1xf:nu'$t1pro1vide the; p'j1j;oper quanfii_jy1of‘.fueI,1*t0
cxjeateig combuvstibilegmixfureginsthegegxgine cy1i11dc;r,fIn %g;e11araI,1two: fi1eI1de1ivery ’sysfe‘m cone
figuratibns gjgist-2 Vsvin*gleepf¢3inz%»and1 mulrzpqmt‘g(Eig,j12.1A1);. ’ 1

EIGURE 112;-11 Air:fuei[mi2:tu:¢“p:epa:a:ion; xig1:t;si1ng1e-pgditztifizél ifliaifiion;1eft,1m111iiI?§int jfm:=$11i:1j1ec1tic2n1with file! (1), air1(12),
:h;ou1e:va1ye-(sggmake manifold1(4),1injectdr(s)i(5);1ai1d*engin&(6);. ' ‘ 1 “ ' ’ ' 1‘
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JSon1e Toftlhe f£1§lld17;C7151éTS‘<3V£1pOIaf6 fa ; 77

‘ :a< ft11ncfticjn:,of=5int*ci‘l{1e*.rnafiifb
diffi;-u1:;Mto ac

: [pLIe,Jri1re,1iMt7§:‘d :Ij’jz. T he

CONT§:§QL 1'2V.2A1'

F01“ sing1e—poi1fi;fisysieinsT [such as caflmretors of Singleepbint ‘fuel injection? tllé fiiel
n1€tefed;§fl7i11¢ mfc:inity<efflirefthfottIe’Tva1vs;%TMfi¢m:.fbrzmiti;2n»oc:cuis[i:;fic;,intake man c_1L§

’ rm vgapor‘ T(fleSi:ai;:k:)T fathers condeiisa. fie
_:nifo1dVWal1S: .ndBsi'r_ab1e). 1%/Iixturatransportj andidistributioni

lddésigzn. Unifo’rm}disiribution undetT'a1l,operatir1‘g conditions is;
— V; in‘ \asin’g1le*—pbint systcxn.

 

fbrml a fiim .1011 thEiintake,,
 

 

F°P'm*‘~‘1‘19 .. Vr . _ _ V V _
evaporation‘ 0 .'he fuTel_o.nV tha:b.ac1£‘Tof the ’h,ot’ITnT[tTa1T<ie; valve; IS/fixturé trans- 

p0‘rt:;a.nd;distfib.

 
sdistrib%ut;iori i§SI1e;t_lifi€é dcéjsigni éan: Isa-op’tim1zi:;1afor -air -

Shingle-Paintffnjéczibrt;Systems A sigxglegjpgiht irljectioxi syst,e_n1; 1_11se‘-3.‘  onegQ1‘, in someécases,
Ttwb [electronic fuel —i111i6CtQI‘S. to inje€,t’.T‘fi1Bijfi1’_to:Tthe ,inta1:e‘ ait=jst:fea':n,‘TI::e:Tmain _C0ljlp@I'flleviV1t';_iVS‘

xufthe fuei injection unitfwihich<J’ié Iccatéci Tuiistr aria of%the;i1:tak;e%m‘qnifcId;7
» iCom§0nenE'D‘es;nCp{1.Qrz efect :1 amp prQvi§{esATf 1v8,‘1“Z’:E.i‘1]_'_1‘1‘_V6€:fiVV’11VIj_I'l.pffissllfgsbfiiyiae

icalblyé fl1;7”foT_1,0 bar)‘ té"th$i€%1'e;ct:0niQ fuel i11J’ect*ioAr1guuit (Fig;12.12),‘Ihe:afti<§1>,injecti0n unit
_ houses 5 sbI§nio.id}Qpe;ated:fuél‘ i1_1je’<::t,o11',A which is :‘1Q_Cfl:f<:d:,i.I‘I the} i11ta’k’<f, airflow abcjxtes the:
V thrdtt1eyél[Vc, fI_‘his allows forhomogenegusimixture formation :ai1L1Ld -dist1_ib11tiA0;j1-.'T1The -131;/gator;
iSp;r:a¥ p3£teIniéTd§;signed to aI15w’f'uel' tofpiass 156fWé61i th¢‘< ‘fh1:‘ottt iei a:a1v¢- aIId t11::£t1irs5.ttI‘e bbm‘
To pxeve.n,tT¥a,po;r,:[1eck Voffthje‘ itljia Q1fi;}fU61_fl0W$ fliroug_h‘t11_e ihjectjorat‘ a1lV%times—;VEne1 not used’ 
bythe” ej11g_i11e*is3rVt}turIied td:the3fu _ tai1‘k. The inj6c;t[o’ii.is ‘actiyafad i§nre‘1ati1c:n‘to>17l1efspeedof
‘the engine tip ca11y;on¢e:' p‘e‘1‘!*i‘g'Jr'1iti’()_11‘ event..:'Ihe :1€T1§fh of thé piilsie. Widt1i.destermii1esV» the
quantity0f[fu¢1vQIQfid©dI ‘ “ T

 
Hill? ’Si41r§1é-P.<iiht“iiii¢<ifiiiItuIiitiT13rassure r361a.i1i*1Ta.*:<i_rs;(A)1);i:ij:~=4s:T-T

*t’0‘r_ _(2)~,jfl.l_6Lr'(3tj11“iif " )",,st§ppe1j.m0torfifqrr’i§ilé‘spéed ccmfrol (.4), to intake
,ma,nif0ld (5),‘th;9tt1e_va1xze,(6), and fuél;in1_PI(7). ‘ ” “ ’

Thejelectrcni ijniection»i.u::i: -a.1s“o hoL1sés‘»th.e_ throttle p<isiti¢>n:JTsens:orAanclfiinsqme cases,
inlzet t$I.11jp6ratu1‘e Sensor Win 11 provides.Qpfizatingc<5nditioninfor:nati<311:10 the ECU.I'hc
‘throttle [valve actuator and ‘fue1fpressure“rcguIatQr are alsb mountedion the inj?c:cLtio11;unit.IIn ‘
additicm, some ‘units contaiil VT;airj’bypass.:ra1yz: foridle =sp‘e¢d % cmatrol. Engifi6’_ §‘¢1_11pe'r_ature‘,
bTatteryLV6it?£¥€:{at:d[‘engin¢;speédyiagthé 'ii;:;:1;iti.9n, S]’£f=fIi1‘ar¢ all i:‘11;:11ts_ tome; Tr‘}CI3:%The§sh1g1e4"

 

;SysTtémSV. t_ha: £1;1e;1 13. injécted néarthfis intake YaE§e;;Mixturcféfiitatictl iTs“su1*I-é

' ' ccutfs ’oi1L1§TzTii1 ihézzviéiiiity bfT113 ‘iI:t£i‘k.e:v‘a71:zé.T'I’lieinfluenceéfihe 1‘inta1;e;.
.‘j::;anifoId design: D I1i1nifOrm mixtufedistrgibutican minimized;-’SinceAmixture nsp‘oft and;
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12:22 co__NTRoL:sy§:EMs

pesilxt ec‘tio”n [system  a1s0 uses lamhifa c1osed—'1o*oip;f11e1Jcontro1[toeQptimizefuel metering.
tnezlambda. controlewindow. (s‘ceSec. e12.2I..f1 )s ’ ' f ‘ V

AAé'a3?tci£f0n‘.ti2‘ O1?erc:£ing<Cbz2:iitiom: V  ,_.F0i.T‘C,<:3,1"VEV_1-i&‘,:,t, 1‘I3‘.«—"<"=1»11.d. engine warn;-up, the ECU, uses
e11g'i11e1 Eempeirature ?ii1f,6,rniati;)n_et0 ’<1,e_fter.mi1ie‘ ~th_eeo.:reC_t-iamount of fuel. and\'eQmma11dse the
fu-e1’ifi§ecfor via a pulse width. Due; to waeelle wetting Vandi pfoqr fuel r-vaporization when. ihe.
e1‘1gi‘I1_eIiS geld; increase .in‘mMixturee~:fiEhi1esS erequ‘ifeed.eAs;t1:ee engine warms‘ up t§}Q;3e:‘:§ite

~ ing2iempe:atu;re,,the commanded pu1S€.¥VI7ti1h’.iiSredfl¢6’d=T A ’ ‘ ‘ T ‘
‘Duringan ae¢e1e1'a_t[iQ11’tran’b ftion,;,the adds :a jcvorxece ‘on factor (an increase) to fh:e

:c0fr‘r1man’d‘ed eiixfector puise widt1x;”Tl1*e;—s11Q1:<Iene i‘1'1Cc1"e*as‘e. in air. resultse in Va, lean; mixture which
must be co:rrected.swiIift13? obtain good etrenseifienal respcmse, During a ‘deteieratiofi fr3it1ST=
tion,egth@3fue1.ean beshut 0;ff,byI aimply ;1j1:ot previidinge 3 "pulse: width signal to th§»»inj%ector to
minimize; exhaust emissions janfd fuel consumption;

Dufing ffL11151oad. Qperatien, the eairlfuele n1‘Ixitu1fe_can.be eenriehed 11) to deliver ‘maxi-
“tQr1q;1e. The ECU :de1;‘e”rmine’s fulleldad Operatioetg by: [the throttle p:;si tfit;n* sensoree:(_3at:Qr

near wideeeepen throttle) and radds——.aac0rfectiqn [t<;>ei’flV1<°2i’1'1Tj'fE:ct'C¥1* ’p’u1se wicith is achieve: the
d€Sir6.d_aiI!*fi1e,l‘ mixture ficehness. L

, M The esingleepfiiht syst’em,Ac1a11§.con'tro1 thbeidlée sp’eeédV by ECU fcontrol iofeither .3 Vthrdfile
qalvje, -actuator or .a bypass ’vea1ye.AIdle— speedris :1: .£u‘nctAi_one of‘:engine :’oper!atinj‘g; temp‘eratur*e,
whether tl1e?trifi.1si1;iission¥isei1I driviearrd whzit“fa::<_:esseoxife>s are in use; Final metering‘-atVid1eeis

. determin.ed‘ eby*<eng;'ne'RPM»ande1oad as :w‘ei1I.ais 1%a:1ibda‘Cl1o.sed+1<:/mp .eo}fir'io1§— L

'2‘y;tg;Zi:;z;§§i§aVr Fuel I;;;e¢;:¢,,%’sys¢ems; T Amfilfipgifit fiiéleeifijeictifinisjystefix Tsupp1ies:fue1:«toe each
; eylifider individufally _Via,21_1: 11echa'r1fiea_1 Gresolenoideoperajedefi1e1_injeetor 1eCa1:ed just iupstreame
I Of UTE: intakeva1ye£Advan‘tagesof  this,system"<;01npared'§to”SPI ey;s:er:ns«a1‘ei .nVur1_n’erou_s:e

9“ In¢re;zSed’fuel‘ecG}2omy.‘ ‘On1a’n’ SPTI engine, due; t'0T‘fl:ie intake n1anifi:1d cOn’figuratfOi1i,mixn
h1;‘efIfo:;na:ionewi1I diztfer air‘-ea‘ch:ecy1i1:de‘x;fI‘oe ‘pI‘oVijd e:adequate fuelis: the leanestey1i;;der,
too.much f7t1e1 III1,1S1fe1?‘_E? méterede overai11:eI11:a$dc{iticn, duf:ing,e:igiinee:16ad Iehangesseavefflmeefifuel
is ed€p’L0.Sifed one the1AVinfake:‘maI1ifQ1',d ivaHsl‘;ThiS leadsto, further Valiiaitions ine.rI1ixtu:e1ff0’r.ii
cylinder to “cylinder;«Mu1‘tip0injt ei11je‘ef'1on,proYides the same quanfity~!offue1topeach cyli;nc*_ler.’

e- Higher ,gdwer_1outpiu; With th.e3’fV1‘1e1,beingeiinjecteginear the intake v31ve,_7theeres1. ofthe
intake. mafiifofld' canbjeeoptimizeglj for maximum. air flow,The result lis:i11er,easedLtoIq7ue;e

V~ Imj1rQ1’€Ci"fl1?TQfil8"?i6bj:2CiI?lSég B‘eeausasAthe.:fuel‘»is» i'nje‘<:-teti onto the —intake valves, responses
.10 increases. in thretile ;posi‘tion ;arjei With an.S_PI syster'n,.thei increased fuel required

3 n1usftra7e‘el‘theA1e11gth efeethe%intake‘1xia:1ifo1d befoteenteringthe~cyIii1dE-15.’ » L

«r VLower:ve;:ifz.ausf.e;/nissiomx Asiwas diSfCuSSed_if01'\fu6l._eC0110my, n1ixture:xzariation in an ,=SP].?,
system cteates. iincreased. ejjchziuvst etfiissiena; »Me1=erifig; of the %fue'1 flat the intake valye;
decreases this variatienglrx’ addition, __the _s’ys£em'i{t_ranSpQr_t_ time is;redi13;:edM, incre‘as ;i11g  thfe
frequency .atfwhich the {lambda CIosed~VlQ(ip§§§Q:1tt0I_SyS§€§m can swiieh 3iI§!f1:e1v1:a£_iQ§ Cati-
alytie c.011ASrerter'eeffieiencyA is increased..- A ‘

Altheughethere are *ni11‘1nero”1‘1sN 2:d\zat1ta1gtees'e<:f the MP1 styestemse ove1~ithe$P1.sjyste1ns,there
is s1i11eoneiInportaut adxééinfaga the iSPIes$r$t€mS haw‘ over The MPIT systems In? general,—*SPI
sysiems have beiterefueleprepearjation, siiniilareeto a carburetor; . V '

Mechanically. Conérfoiiéd Coi2tLny:o..us .1njec{ion_; System. This. type of system mefters Ithef
efueleaes a fnnction of fheefntake air‘ quantity_ami'injects= it continuously ;’011foethe'>intake_valVeS.e
This is aecompfishedeby’1jIe‘é1suIiILgT{the air flew'as::it pas‘S*e’_S;‘ Lthrollgh the flow e1neter’by
means ofidgeflectione ofa meter plate. The fuel is s_upp1ied :hr0ugfi ea .fue_I itecu:mu1atQr to the
fuel,;distrib,ut<:>r by an.e1<:ctrii3‘f11e1epu1I1p;\A prixnarwpressure regillator in the feel %distribeuteor
.maintainsMecQnstant fuel pressure. The'fu“eIe distributor, through its int‘erfEa_cee the air flew’
jmeter and ewea1‘13—up regu1ator;emetersef,uel_to the eijiltinuously flawipg fi1e1ii_njie;ct£§rs,

Cr)m1)one[r1fDe.§c%'iptioI1?
Mixture‘ comiroz The nijiiituifeeebilffél 1 1ou;se_s the~eairVei1o’W‘mEter=and :he;fue1fiis—e
t:ib.utor,. In. the flow meter, the measuxement of fthje intake .E.1.i17 as the basis
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d‘e:ernjinh_1g% '§1n}Ouflt,dfvf{11EI'f0 ”b_e“1Tnetered‘i0 ec_fors.:’H1£ air flOW'I1‘1¢if@1‘ is 1ocaied 
upstream ofthe fl1—fQt1: 1e1va1ye;so that it  ;n§_asures:.al1 tI1e a'i: e1:1_tevi:i;1'T”1the;venTgiI: E$ It cgrxsgisgs
of§.a11Tairfunnel,Ji11 with a js¢nsorp1ate;is ftée: to LpiVb.t,:fInta:ké':aitfflewznéthtgugh
niel causbes;a adeflecfien of ’t11esTensdr:p1at§:.AThe§ sensor pijate is i1‘ncc}h£II11'C311Y.N1inI*§é2ii[ma cnng *
fl‘6I.'pIl1f1gBi‘?,8IId,I1iQVeIn€nt:OfHie plate results in_mo,v,emént pfithjezjcontrol p1u:11g‘er;TheT
control’ p1m1‘g1er*mcvemem de._termifiesA;thegamount -‘csfjfuei to; be inj‘ettae‘d _ _‘ T V

%In.tfie fgel dist1:ibut01I;:fliecQ11fI?0l.pI1HigeI m;oves.%:up’ai;;i% downma«;y1md1ica11y:shap¢d:
device (ba’1::6I)“with rectangiglat’ Qpéhingsi{It1e1efihg:S1it)§591?1i% fQr;“eac1:*,crigiIi§{ ylinder.»
Increased airflow causes;<ihe,contfrol p’lun‘get‘tojmo’ve upwardziuncovc g Ea-“ljarg erTaxea. of

 

 

. t1§e;; metering fs17it’ and inc‘reas'.i‘ng_' V113: fue1LmeTtered. ..Down'sfteam’ cf each n1eft‘e_r:ii1g3s.1it' is -a
V V,di]£fer€:11tih1~pté$sur¢~Vf€11\?e‘t 77 k‘ A

slits at differsm: flow rates‘ Du ’fQ.1h..€5T—C5I1

  
ug1h~the:Js1its is‘?

FIG"UR‘Ef12‘.13_, Efi¢'1"di§:tributdt’f0f nfixtuije czbntfol unit; ,diaphr21gm. .
:(1:)} to injector [(2 9an¥r0lTp1ung9: '(3);+'.m.etcringT S101; 1431. [differenfial
pressure~reg__u1a:oxé_). M ‘ " ‘ ‘ “ '

iWarm;upLregula£fin. ' “I116 watm-pp regulate: is 1:_se1;c_iito_:ich‘en;t11<:Tfu'elnfixf1;rc;_undc;T cQId
er;gine:cjcmditi{ons; It :'cf0I1s_isfS cf ia'phrLagm‘va1ye-janVd an Aeleciricallyhfeatgd bimetallic

% nder:co1dtofiditions,ithe warm‘-up: ” egulatbr 1o'wers%»theL C0ntrdl:‘pr¢f ”u‘refoi1 the
céntrjoljpnjungeryThscantrol pre$su.te;{a_cts _é>n;t{i¢;C§>pposit¢‘ end?Jg:.fthe.i>1ii:iT rbm air
flow miefler jplaté. 1ow,er~co'11[tro1 fprgssure 'I’QSUHS:iIVl za _1:owe1: fQrce._';_r_eq_L1fr Ho move: the
meter jp1ate;TVhe;refo’re, “thexsaine; ai flow causes; Vfhje meter p1a’te;iar:d'<:ontro1‘p1unger‘to

 

 

Tinbixfe ajg:ea't'ei~‘ distaima and addifibfizliifiel; isimétered1‘t:o; the injfea?ors;~ V V
F£iE_I£[z'hiéCtb‘fs. The fnjfcctors open at»a§pressu1:‘g.=A;‘ t§fjap§p:‘o‘ximateIy _bar.:AtQVmizationV'~df
t1:ejjfue11ogcurs-%tk1rongh;cs¢iIIVation‘ (aujdibley chatter) ’ef1h¢j valvéméédle gausedvbyé thg; {fuel
flowing:.j1h;o ugh;4it;[The */fcj_t,or.s re111ain,zopEc.1_1 as long ;iS.’1fl1¢1,iS préifidéd ab»Gv§"'t;he-Qpén-
ing ptjQssure,.. Fuel isjiiflifiitited cogitinuguisly Tint_o;theT1*intake{porTt;W11en’:the;.‘,i11take: valve:
To‘p‘ens,A mixture is” drawnTintoVthe’cy1ii1der. A

Auxiliaryiéir valve. ;The%auxi1i%ary[.iair >v;a’1ve provides» adfditio.ua1A at tof.tI1‘e;eTI1gi‘11»e: by.
byp;‘1ssifigTt”1T1e2fhrofflevalye duringbcdld engine oper‘aifO't1‘.'TI11is* creates’ -_ar‘x in§:1rfease‘inflie~
idl§:g:5jpé<3d;fi6€ded'durir;gAc§Id'O15e1*ati6i1a 3
T}iérmo5tirne;;miitéh} The»ihe:mQ—time<sv§iftch C'<)Ant1T0l3s”flieM ;:Qld‘.staft1I2I1V?§ as a.3f?i1n<;tiQn?o£
time aIiC1=€§1'gfi11é~ ‘t¢n1pera[tiI1§re_.:EL!¢1 ¢:1te:sTth§intak¢>111afiif0ld fruOm%¥Ihé»jC01distérfivalve
furthar e,nIi<§:l;1éS the mixture to .ii1113I£1V§%£:0ld~Starting at low. am'bien,@t<:rnpera:tu:¢s. when .
the engine -is s2varrr1,_the cantacts the,.Ath3:I;1o.—time Switch Open -'and}'vt11e:.oD1déstart_valvelis

' not 11S6d‘iI.1}TSf3Iii1ig;Tfiefefigiflée

Laznfidémensor. With the; additidn of a 'I21Iubd*;1t s¢1iS0r;in[fl"1e'exhausi streamfifiequencyi
valve; a. modified fuel distribiutbfrf, Land‘ a1i<e1ectrionic»contro1‘ unit, ihe; m'etha:'iically con-
trol1ed,f\ie1s}:Stem_éan ope:m¢’T:;nd,er1amIi_ cl_Osed‘—,lQQ§* cT0ntrdIilaxhbdaifiensor Sig}-—
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12/.214 CONTROL SYSTEMS

d. . .

K ' ;_§;:%rVE,tiiéf1ikvapcrizationStiil occur
7‘, ,7 7 j (2 T T , . W " . V II engine reaches operating temperature:

A _ ’i1na;;E;_~ 31I3'QI}:;Q:{_(:1;’ 1iEfit3xi.tamperature by thewarm-up I6gulator,Asv
the temperaifureif1creases;TtheVwarm=up regulator commands; less and less additional fuel
byiijxcréasingjfixe contrQipressure.? T L V ’

‘FEW ‘“ “* ’ E‘
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. t_r‘i;j,Iu53l7:punip :(‘2)',fVl§V€.1“;€Vi’§§CI,11‘1}I,l1i1tO1‘_(3);,:lf}.1§I fi1té;f(
rbold-Stafi, Va1Ve‘(8);'fueI—di§t1fib11§(;}I (§)::,i'€_i'i‘I‘:fli'3'\?V' : _

 

12.25

that.uses intakejxiianifold gressura is.mquirfed.,A:t increzasefd manifoldpressures‘, iT.e.-, duxing
12vid‘e—op_e_n‘throttle,‘ the; warm-up regu1atori1’Qwe;s.con’:rol prefssurgwhich reslflts i1iIEa11‘

fuel d¢1ivery,L.TDeice1era.ti9fi fir1_€1%:’$h!it0ffl L<§6O11iP1ish¢d.1?Y‘~ClikVt?>ITtiIi8 a1I7intaI‘ce—
Za:Vi‘EV>‘f"Ia'IT'O‘ltg}V1: max byp, ‘T s;ar0t1_hd the air flow Seiisdir T . as1f:e*.W1i.:h no flqwjpmitxthe sirjflow‘
sensQr’?p1ate:,Jfhe uel p bssjure mythe inj’ecto,Is:is' d6ci?§=§is61d5b€}L0w the %“ope11,inTg‘ pressure.

:Id1e»:sp£3ed;.,[f0r‘ Ttfié ciolddunnjilg. _engif1Ie*i”s 1inc1:eased by the’ Tauxfliary‘ ;a_ir-‘ valve. The
;a1nou;1t aof .additie;1a1‘Tairjxrari[es -with engine ?tempej_:a‘ture‘ —Al;[X:'11lV1-]Q:’C}"1:t‘JVvE3‘;Il)L"1‘fi¢‘?.l;lb’_’}y’: air valve is.
.jC1OS€d aI"1dLt1iéT$idI6 $‘1§Eéd.iS IhaIi;C6fr71fi611€d~Olilyfbéihc fifissifig ihi6<Vth1‘cjft1fé}i?aIvé;j

 

'Electr_on‘icall32 Tfijectibri.' .ba sis.VofthéVfiléctronigsallgcontrolled
,cfontim'1o.us;‘ injection: is'Isti1I{t:he mechanical hydr’i;1uli<:‘injectid11AAs3;stem *di§cusse“d previously;
Thisis ‘s‘upplemented[’b$€¥ an »eIe¢Ir0ni¢¢01itrD1fhnit1 '(ECU):,that*aflowsjgfééraan-Jincrceise i‘r1:fl.exi-
.bfiIityI :and_ Lfh1e‘;;use: . of ’a£i<_I1itiona1 fur1¢ti9I;S=»This_TsyStem TincQrpotatés,d;itiér1a1 sezxssars  fo‘r
.detecfifig the? ;e:1gineT Ltjempyeratureg the throjttle v)a‘1vTe- position (load s.ig:1a1),:anda1;he«{air flow
sensor: platéfleflecfion. Thi;s.'ir1forfn_at:i<)bn is»;processed by the whichiheli commands an
Q1E¢fi'Ohyd.§;aU1iG. ;_pre_ssureT actuator td ad‘apt:the ii;‘j:c’cted:fuE:1!qLiantity for‘ fheipresent operat-
ingwndifions‘ . .  H _ . A. .. V» 2 H A

In cfo11t;ras‘tft§),’ fhsqnechanibal System*:n1cntiQne_d~greyiouslg/{the contfo1»‘p"fi3f$surei cfir;’cou‘11-
figrip;-essafe»o11yth§ico1;1:pLp'1unge1: is:1_1jotjra:ied' by a{Warm-11p%r¢gu1ator;..Thé:§:i1itrd1"p:essure
[remains constantaand is the saiitliéias the» prilnfllfyfiP17QSSl1IfE.'f1‘1'1¢.ifl1IlCtiO11'Of thie: warm-up rebguj-u
»1ator‘i$:—n0W hanfiléii ‘fillfd15¢5¢1?°¥1f§h5’5??1i15‘>?P1‘¢S$i1f5 ficmatorafigurér 12-15 ‘i's*a
schematic‘ ofa;typit:a1?a1ect’rofiica1ly_contro‘11ed Lcoiitfinuousjfiifetzjfion:system;. ’

12.15’ .Schein atic e1e55.t:on+;ca11y~c5nuo11ea%continuous:‘rué1% iiujectioti 'system:fi1é1 tank (,1); ates.-
4);Iué1.pr¢ssur¢"regH1atori(5)$i%ii4é¢t<>r (6)s%i1%ia1$¢;n1¢f11itn WI),

or (10),.e1'ectr0wflraulicpressure actuator (11),1ambda»sen+
sot (12);th_er.rno—time sxyijtchT<13)Tcé>c>1ant:tempe i1rLe\se.r;sor(14);ignTitiOrL‘distribtfi9r‘(15);;ai1Xiliary airvalve
':(16),7;hr0tt1<=gva1ve sv9itch;(1?{) ,_E ;U{I8j;§gnit1on_sw1fcl1 (19), and battery,(2Q). T V
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‘$2.26. CONTROL TSYST'E3MS'

ressvre‘ aciéaran, . “
tVamL%aiafirfl: mm

 
  

Lat?ib‘zi;z:_ élosedrloop ié:'€T!Til1.7‘O*1. Twithé the mecfranxéél sys.ten1:,. the lambdassensor \siTgI1a1uis&
Zprocbssed \by::11e ECUT§§>_cieterrrii11e;n:£1”xture con1p(1sitien£T'11e difference is that ihe£ECU nbw I
;c6mma11ds‘ £he:eIeptrQ}i Ta—T1fE1I11TiC' act;x_aitidrLtoA m fue1méte;§:d,.as oppfised to ‘tlie s epa-»
:¥r1a.te.%freqU¢nc;:y Va1Tve;»LWh1[chis noV1To.nger:,fi T T TT

Adaptéit;iTot1T1to%operating conditions.
* ‘ "T ~ ~ ma r 1 i_1f1Tt()‘the5' iak %

'5 jam n;t % ‘ 1

 

 

  

 

 
 

 

  
 
   

  

.I3‘GSition f-:an%sca
IIT16T_I1t Ivia til.
byTth1e% ‘W

 

 

  

1: dimes’ the ,thI_o.tt: :,Q,3Te' and.-thezengirle
‘signalsifhe ,eT1e__Qt1‘Ohyd_1‘a1IIiG'p1f€S‘S111?6§&Ctu€it0I' tic?) Tinte:111pt;

 
 

     Tihe

speed isgaibov :iiiIe'
fue1T~deiive_:y to the: injectors; T V

' I "1e.;gpe‘ed cmtrfplifcau beg _jclosedT-loop function Wi'_th t1i<::1adVditio:;_To£‘ the idle abtu"ator
valve;Tliigtv:;1v:$is!ECU+oo::troT11e’d and t11éfRPM Signa1,froni?t1ie ig~n;iti"o‘n; cqmbined .w{i;t§h ‘the

RP

engine;te1npTera’(Il,r€:>Signal? -is;use.c1 fcq :_dTe_Tfer]m ine pQs_itio11.fQt thc»TQ0_rr€cf idle Lspeed;
T’ ‘ T ’ “ % aS'J’1“ma: ._Pu1s‘ed?fi1‘e1:injeT(:ti;>nsystemsiaxe afilrther enhancement

‘T T’ “(V)1sti‘eonNtiA11ht_1_§5 " jinjecti'<Jt1 systems hav'e been-

 
  

  
  

 
 

 
 

   
 

 TT5d.m -<32! T T T _ _
A gencr T on ,.ne ‘of_thi’s system type;Fig—

nJ§:Gl‘—1T§3TI1 systsih, T T T T

 

*1%2.1J61s, ea »pehem;e1t1G0fLa.L %;pma1Tpu1sédTTMtu

2 11T1l_Tét.Tatr';s*e;fz,:i)1g. inletair charge; can The” *1neas‘ur"ed-_diiE3ctIyT using: eiTflT1er*aI1—fiTir'fldW 
:meterorza;maLss.. air flo»vTmete::IThe.;air flow :,:1c,:t+=:r.is’ai»\=«a1T * ”‘ L’ ‘ séthe force
iofthc:3ir1c0l‘1ZtTiI1gTi1ir tQtm_OVé::a'flapL.1111’0l1ghT?fldfifiilfidfiiifizl ‘.11: V‘ +:mentiis.:con—-%
:ve1*técTLby a potentiometer iioz zpxrdlfage; rati’0.’I‘he airTi§I,m

 
  

 
_ Tie. TN in1eftVtem—~

*perature* Sefisér to icofifect for} nsity.” TT*afr§gejs§TheTairl111asS pw me fit measures the air
mass dixecfflyby Jh.c;>1:* or Iiotsfilm e1enIent.Asvf11e .i11T1T<7‘>T’FaT1T.1Z floiw passes ‘tfie ih¢a.ted~elc-
mént, a ‘.b1;icTigfeTT’circ11TiTt keeps thev elsamentataa1:ons(ta11t‘i;e1npcratuie’ above the inlet temper-
ggiture. The; éheatihgg current} requireél the bridge circuit to maintain the: element at a
Ezonstant ternp era.ture is 1A;1easu1‘cd_ajI1d»convartedio an air .de:1sityVa1ue.

Tjhe air}’clia‘iigx:. can also bellieasured indirectly by~measi1ringt}ie~ii11et tempe-ratfiregintake
manifold pressuregand engine.RPMandthan calculatmgfthe air charge:fseeséq 12.2.1 fer fur-
the1‘diScussioTn:onitheTcalculaiitin smethdd which?is:ca1led Spaed density air measurement);
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:E¥GlNE'?GGNTROB . :1222

A ‘EIGIiRE.12A;1,6: :Schem31Ai¢iufAAa 9u1$é«d;fiir;1;lAi,iijlNe"¢tir§n'system: fuéiz ianki 1llJ}¢l€?5‘AYIi0'flI§1i2umP (’335flJ€?Lfll¢¥ £3), 
ECU (4),,‘i11‘jéC1ofi—‘{5},‘f11éI;€tistrib11{0r fuel pressufe IeguAlat0r?A(7,);intako plenum; A_;._Ihrf(:1tlf,1c:}\i%gilx:e;sxa‘§itt:h
hot-w'ire..mass;ai‘r flow sensor o(1A0)‘,1;un‘bda.Aser_1sor (1}1).,ocOolai1tlo1einpe::ature.Vsen_$9Y (132);;ignilio1;»djistril;u:9:o(13),
Aidleospeéd73aCiué1torf14), battery ,(15§),and .:gnitipg1 siwitchl (1.6); V —

- Fllehiiéftfiflg; "Il1egfAu61 supply‘sy_stAem an‘ elefctriofuzspl pump,fffi§:l.filter,.lfue1 rail,’
pressure_reguIatjo1§, and solenoid-‘opérated' mjectcrsifiéfuellpump.provides.mmteofuel tlianl
the mixiriliiin réq11iréd:Aby tho »e1igine;.Fue1 n'oit‘use¢l= lay the ‘engine ?i$.re,t_urned to ;fl_.1.eo fuel
jtoa:11:.l’:IfheAi“ue1Arail supplies all injeCtoIs':wi1ho anoéqllial <1i1;i1IllllAl)’.~A~QfAf1161 ‘ai1d':ensu_res¢oth_e Vslatne
lf_1lf>lop1'6_SSflr6’at all i1'Ij'6.CAf‘C>1?S-V [A b .A A AA A A A l
‘ The p1"essurejrlegul‘a‘t'orfkeepsiha ;pfe$siI17E;:* differéntiéil ‘acro’ss[1A:heL?ii1jectors con‘s"tar1t;IAt‘
contaifis a diaphragm ’th*c 1I; has miifiifoldii Iessurli Ci: one side f,u_<:‘1A:ai1 press1ir]e.-
Q11’ lAl1€lD.ilfJ€f- Normally; it is 1A11\:)L1lI1,’f£.E:d.aIofT£l‘A4€3l*73A11lolo zogigi of the fue1rail.f'.['he diaphragm opera
iaotesoa xzalw: whikih vOp6n$~Iai‘a—‘dlff61'£§1ili3lAp1T€%SSur9?e'-lX§tW66n‘2.0 2ll1dA3‘.‘5Aba1faAfld'3llQWS excess
f3l6lito—A1*eturntol'tAll61 fue1€¢ank.l. V ’ ’

‘A 611 inje(:_to1‘S' are:~S0l§.AoIiGif1-operated:valvfls that are ooplelnedoand .c1osed by‘111"oans ‘of-
eififigfizic pulses Afromthé; inj_e.ctc§E$ aria m_oA.unteVd in ‘thoiintakej manifold and jspray
o:1too’th._é,j back of tl1e,in§’cal(e valves.fIn,gene’ra1,e1j;eA injector uAsAéd for each cylinder. _ A

1n»oadd:i:ion,“so1ne;syste1i1s5also;i1s.€:i a separate, jcfold-start inj}écfor; ‘mounted Iinithc intake
manifcéldgjnst downstream of the;‘ifitotile¥alv¢. injlectorlensvures good fuel vaporization
<:o€A:l§1—s,tarfl supplies: tho,additi0i1a1‘emichnient 1_1ee.d*eld to fstart Athefcold ¢nAgl_AIA1e.—
5C€m;trool;- of the CQld—ASAta1it vzilvjg, ‘is eifhexf by‘ the :ldirectlyF ‘.(§)I“"lAI,“l_._CCl.AI1]A;AI,‘1I‘l‘C)$lAOI"i, with a
othermo-time switch-. ‘ 1 ‘ '

1108



1109

irzazai cbN'H§oL.sYs:§EMsi»

I Ltambdaigalqsedézoop icazzimi, Thai lambda $ens:3;1“¥sigr:a1i.is pfr:0c<:ssed.ibyiithiei ECU
fietgrminesi the required T jeptgrguise width to maintain‘ jt11eiai1’1‘fux2_1.ratio ‘within the lambda
;C0nt‘rQ1”Wind0w,(see Sec. fcirifiirther diSCUSSiO‘I1‘0I}I,13IiIBd37€1O'S6df1O0p‘CCIltII0D£.

Aaijapifiaiian ioppezfatirzg —,c7ciI_:=z)f§iz';‘;2‘ic!ivzi/5: ‘For C1‘_aI1kiI1g,,thé‘~ fu¢1'T:eqni1€ed :s’,d1ete:mined by a
data-;LEfl31e.*iiI11he*’ECU v_vith,,refe:;enc;e,.tvo B:ngi_11B¢I€mp6raiiL1re.fIhé»:ECU—fl1en commands a
pu1‘se;wid;th fiir’ the fuel injectors. airifuelgxriiximz: is gmaa

. vaporization: imd wan wetlinggiwhich fthei
mixture I‘€:1fiai:1s ricflxdue cqnti11uing_g<§or.iA ' “

; ,e1'11TiCh111€ntf,Sh_3H1d= bezminimized [to 0;bt—ain’;go,Qd M b A
Tii1amb‘daii(?¥»)v.=';L . . ‘ T .

For vaccjelerationjienrichinerfg[the ihmtflei iia1vc:‘pos1tion»is_ensorindicates that the throttle
has ,I.l"i(,‘.).&":Ve,fl‘:,I-'aI:‘)>iid1.’y'fk The adds :1 ceirjféétian fagtgr ii) increiase: 11;; pulse width so that 34

§ Lsmoothiransificniioccuifs;.ForTd6CE16r.aii0J1;3£h6 ECU .11SCS.‘iHpilVtffQU§l‘th@fH1I0tfl€ position sen~
Aisor and engiriefRPM {to indicateijhat theithmttle ‘ Qsefd a_nd.t11c: engine speed is: above "the V
vgidlie speed.={Sin"ee in; torque '1"éqUiféd"Ufidéf’fl‘I_iSicfifidlfién,‘th€»::ECU"pfOVidBS no pulse width
to ithc1’injéct0iris;andi.f11e5I are thérciorsé ,¢lQ53de::F01ffi1:fl’:‘1Qa,d enfi::hmient,—w1:é%zI necessary; the.
‘ECU; ‘Can ‘proyi_d1e’ an'injec,t,or puIseiwidthLthat;woiu1:i re" ‘ :1’ in. thejénginso achieving; iis’
m’umi_1_:iQrque i(ro‘ugh1zy :_—;1);9)i. Fuel m‘6t6'JiiIg during id1E?,21S priiI1”2iri11y1coniI,0I1t::d by [lambda
c1osed—1'oopA cbntrvoliwheii the engine has ‘reached dp'era€ing:>tempe1’ature. ’

 
 

‘1727.2.15* A ‘igniiitioin Systems

jition;systen1: in? the} spark ignifieniengine is‘ to initiate cQm—‘
’b,11Tstiion: ofT 11:21 131 ' e1iv;iar1'.i1gTiaT spark fatprecisiély  ti11e—rigiifrnoment\. The spark
_ci:‘o'i’1sist;<;7Tof T T tedj ac1fo‘Ssffith‘eiie1eC’At‘ri‘c:)d<_:S' 9f the Spark plug. Tw0_iii1porta11t
factors f0r;PfI0P§figDifiOn ‘thébnergy Of-it;h6ASpaI1<*é11idi tha P<3i!it}TiI1».théf«-jffliii-Str}dk¢ ‘CYCI?
vvhelifh6:spa1'1€*oC¢I1r$— (igniti011iimiI1g);l .. . . ~ 1 ' ‘ f T ' ‘ '

' :VVElecIificaEA,Ehc::figjy.L The; €4nergy’reqi1iie;d‘3'fOf. a ‘spark to ignitei an aiirlfllei mixture. at s’t0i=
_chi‘omeiry jdépends' iqn specific; ?c_n_g;itie;qondititins. If there“ .insu_fficie1itCenergy‘ available to
ighifie‘ theviairffvuejliimiixturég, misfiring; [11 ocfcur; Misfix*ing»Wi1li._reVsu1tTifipoeriengine operation,
high exhaust emissiong and'pV()sisif>1e;ci1taI§tfii¢»<5Qi1Vérter_dan1age,I21c:e.fQ:e,»the amount of
igniftionf e_11ergy»iaYiaiIab1e_ muéf always. exce1e,d_ thei'a_mQL1n;ti, n€_:c¢S$ary*ffGf ensure ignition eyen
under adverse ;condifiohs.— T A T '

Some oi the; conditions that;aff'eCt;ignitabiLityfiQf the are fuel atomization,
aCC6VSS'Qf‘t_h€*f:IfiKti1}f&fifithfi‘: gliixgiticixgiand s'g3”:k phySic_al 15i1gth.:,Fuel ‘atdmization

A isvicontmiled byft11e} fuel system a1_id‘theiei1gii1 'e‘sig:i.‘._Access to ,the~1Spifaé1€k.,giepenTds on com-i
“busfio1_1:chamf;ye: atrnispark plug; diesign‘,5Sp&.rk, duration is :21 'funof1oni£)f itha ignition system.
Spark‘physica111eI1gfh is determiiied he;spafk:ipiug?dimensions*(gap). ’

""Igzzit£<2h The;,ignition;¥tIni1:1g‘i1itist Béiggleéted 'to{n1eet ih§i61Towing'Ubjectivesz
engine ’p;e:formjahce,Teq::sumption. enginéiknnck. and minimize

exhaust‘-.enfissicms; iflnfortunateiyg a1I:0f thiase fgbje 'ti\:eS fiairniit. beiacizievedisirnultaneoiusly
und_er all Opfefratiiigféonditiolis and compromises; bg-g made. v

}It~is-desi1*aBfe. 'the’SI engine to hagreignition Qfithg cembustiblie —HfiXtur€1OCcur?pIiCr to the
piston ;re‘achif1g’ITDC‘Qt1 the fibmpxiessiofi étroke the best €nigfn6pe"rf0Ii11ance: The
ignition spark must ugcur ca;1y»¢nough to e11S1J1‘*e'thaLth&:pe~a_ki:¢ylihdeif»céfilbilS§i=:n}1pressure'
ticicurs at the correjct point after Ltopi dead C6I1f6I(,AD,C)].1HfflEf all operating; c;:;nditionSiiFigurei
12.17 ijsa 'gjraphTof iigriitii311» g1e:Vs. cOrf1buSti0npi‘e§s1Irie.73I'he Length Qf‘the conibusiionpmcassi
fiani iniiial igniition to fiimi Combtistiqn is, approximately 2*m.é; =co1:1buSti0n  fi[i§’6 renmnsi
reiaétiveiy ccinstant with respect ‘:0 engineiispebd. Thcrefbre, as Ihfii e1igiiiexsp‘ee‘di in¢rieases,;f1.1fe
Vi‘gnifiQ1:7sp;a'1:k_must i0ccur,iea’rIier. in;term$flfcI£Lnkshaftm1gle7fo ensllffi I’¥01I1pl€te combustion-V
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. j1%;"p*, seryei Ito Igugthen
..effe;:t;:.the.ignitit§f 1

ENGINE cgaisirgizoi; 112.29

After The

~QCfri1bustibn;P.ressure‘.
  ‘»7S?;563‘ V T T _ T

‘ ‘ lghitiori Advancei Angle

Cbmbustiafi gxeTssi1fr_e curve for var}?
::ous‘ig‘nifio11’5t5rrfing_p6i:It$§ Acurjrfect ignition, adw/gince Zn
(1). excessiyc:TTgZ idfi;a'dYa1i<1€: Z1, i(2)’~.Tah1d excessive ighia
’fionrBmh&2;CQ5 ”'

 

At low eTngii:e:'1‘g2ids;
 1 ffiing.iI3q1jit$d*forf'c0mp1et¢1?§:o1nbuSfiOIi,‘T6 pjompcnsgte? for’ this ‘

T T IYfii1g»iis a;dVaiic§éd :‘a:‘t‘ IQW IqadS’ 't0j f€..I:1S11i?i3§?th8tiCQ1f1p[6ti§ __0mbuusfIfiC>.3n;occurs;—
Tlgnition ’cimTingT nfluéxxces ie.’xT11a'ust.ien1issiTonsfand fu§:1_ consumption. With} mo1:eradvanced;;

 

itiIi1ihg;Ith’6 31111381911; ilfibuiiledi h¥df90%fb°‘hS73=3(H t3.':§.afid~ 0.5 7911353 “Of iriiiiogéil. f(NQi)
.’iti¢teaS€S; Cafbflfl 1i1Dn€§Xide'.('CO) enii5$iQnST are ]I1C5’E iI1_fl1153Ds:ed :gxeat1yfby uignitien timing: TO}

. i3C.1.fi¢Y3? iT11PT0V3133¢i1;u T . :
fp1efe‘vicon1bustion»forT as luau mixture, the igni[fio_.n"—utirni;1g‘ Tusjt b¢;advance‘d.’Howexrer;;as 1TJfre~[§ ‘ ‘
'V.il0i‘uS1_y1staf6d=.iatiVa11¢:€.C1.timingiin¢réases_}¢miSSiQ.nSj‘0f HCiand1NOg.i " 1

¢

  fi1;::1*Tcc1I1TsuIIipti.9.I1., fl__1fe a_ir"z’:f11;e‘_1‘Tr.tii:T§t1J;r’1=; iin”1STfbe ’Iéarfi. TTOT uiensure oijng

.SparI:Ig:::ftionvS:»s:e:;:s; . ’ ~Thej géiieral c¢5nfig1:1:;;tiu:u:i:sys:ten; C§3Ii:Si:SiS ‘C>!_f1t1fi1:e,1fo1}f
vlowingu §:jompo11T‘e;nts:; energy stoT1'agc ‘d63('iQe‘,~?igi1ifiT0n mechaniém, ;ig§niiio1if‘ttiggeIing"'
mjé¢hanisn1,§par TT H ;sjt1‘ibutionT sy'st_etr1,1aii1cV1:usp'afk p1ug§iéind1high tefisibnwirg; A ,

ulnductive igriitirm. [systems use »an ignjtiTon“.co‘i1 fag thg; energy‘ stérage 7d'6VfC6;'Th&.iCOil_'3;LSQ"
functiqnsiiaa i21»T1tri=1nSTf0ffri6r-.2b_0osti"ng Jthe; .$e1condaE$€ mi vt>1tagegT.A;typica1Tt1itnss:afi9Tjof

 

 

’ £1176. p:ima:y*fo,s:eco1:d‘atjy winidiiig is: i1*100+E1T6cTtrica1 €:i1ergy‘isi suppliéd ftio: 1fh€fCO11’1S'pIiV1II3'i7}l‘
fri()T1ii.'th§: ”y¢‘hi¢1eL electricalTs;yistem.TB¢fC?fS1?the,igiaitiongpoint, th‘e1coil.is"charged dug

ing {dwell fiphéricidi to -itsj interruption Teuriént TOpéii=' or cldsedéloop 'dwe11;ang1e contmlz
.'¢n;<;ri:és:a S11ffic;i6ntT.intefr1LiptiO1i3CIii:‘éi35€¥61i.Tat’hi§31 speeds. Sufficie.nt‘igi1itidr1_ energy at t1ie__

2 intfajxuption ¢u1frent{isTensuted by EiIT{‘ad§‘,q1l&T6fI§Qfl dgsigx1;At' the ignition pointgthe primary
.t:1‘TT1i1‘i,‘r3*é‘IT1tT11fT\J\‘.’i1lib"<‘°T.T’ ifitefrruptud:iIiIic::apid.changB.~.of fhc=maguétic fie1d‘induceis‘ the iseéondary Volt-
agéu,iifi ‘flit: ‘se‘§cnd1ary*_witidin‘g. Aitiistfibuiion system. ‘assigns.-the high voltageiflto the corre~
spéndmgspafk. P1ug;.:Pjft:eruexéejcdi?i;g5fh1<:Tardilg CV67 Vdltagéi at" the sPa1k-p1ug,the‘coi1.wifl be
disdiargeidf duriI1g"th;c spark fluratign; T _ ‘ j _ T

T Theiigni'tiQI'1_ _tirni_ng‘Tinec11a1iis111f,igzaftioritfiggisxing m‘echanismT,1and the spark distribution
siysfem.differ“b¢tween'ig1iition ’systems“1Furtheridiscussion of these will occur within the dis-
cussion ofeach‘ igr1itiQi1?syTsIéII1i,t5Ip,;F;?.; " j T T T T T T T

;TspéT1rk7j lugsvprovidefchefinifiéri energy Via the highétension wires mhe air/fuel mix-
‘iii,the‘cyl1T1ider..to ‘initiate7conibu§1i:oi:1.f7I’i1e:‘voltage required at the; spark plug can be more

Tithe-1iow:~:ri.air ¢h;argeT:and the ;:es§idu»aI gas ¢oment,fdi1ej ¥tToi=v,a1Tve over: *
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fol fil1ev‘1Z§p1~>>ter;11i1ifi‘é;1

gnition fury;:iionV

CON7IRQL'SYSTEMSI

 
tliian 30 kV€Becausjéi the1.spér1§vpl3:g1eXtends t_1ie<;<>mBuSti’0n <:1iambei1, it exposed to

1 ‘tame temperature and;p”r1es1sjt1re1con<1:1itiOn Spark plug design axuimaterialsjaii<:cl10sei1.to—
Eran; 316$: ‘ ‘ ‘uvu E 1‘ ‘ ' 1 

   
 
 
 

thjre-:xded1p:ort1on of
is at[e11ec::icaI1grouti .. .11 1

to the, 1 1
trode aI1_d:j11mps11th¢gap at e‘»1ground1e1éc,od’e.C 1 V T b . .

1 Table 12.1 S111Ii111aIfivZ6'S"Th€».~Vafffflls‘ ignition systems used on

 
 

 
 

 
 
 
 
 
 

 

 

 

 

    

Iggzsrimi System :'Tf

engifieé.

 i
Tp acedby 21 magnetic. pulse enerator; The
j3u1s}el’gehem’tor%i$ ,inSi311ed{in,:the dfistributbr
%1ns1 :Uirns.:wif11v thas «distributor fihaft: filers"
are ;commonIy’tw Ojtypes_ A0_f‘pu1’1se generators::
.induet'ion:type fainfidf [I-,_Ifa1l1—1t‘y1pe:, [induction-
1t_ype1 pu1se‘gen“erators[ ct‘msis't Q_f ‘a stator zmd‘

" ea ”~8“1VThje»stator’con-.
‘ ‘ jinduqfivée wind-

ixedl The trigger

.1 tax théfn‘u1‘11' her of;
I%zggér.Wh6e1iIurn. with

. _ <:p¢ratingA12iincip1‘e1
is ithaf as1't1ié» ainigap changes between the:
stator‘ and the rgofior, ;t‘he magxieticflixxf

'cha11’gIE: 'Ihechange1it1‘m1"” ' '
. . .m .1

 

 

 
 
 

 

  
 

  
HCap:aQi:tc’:r " Eléctfonicf
-discharge $ystem_with c1istribufto_rl§:_ssf

system 1 S1iS¢Fib11t9F_ :s,ys.t¢m1 _ W 1

   

‘Transistqzizad A
coil [system§;_g§1_§ysiem

1r1ggérfi1g
Ignition ‘timing
HigVh—voIta’ge Tgeneiafion
Spark? di§§ributio_n uapprogrijtg 

A";‘u"$ .;_. - ’ '  

E1ekci_tronic1 ‘Electronic.
Electronic . Eleyctrqnicé
:Induc;Lti1v.e 1 Induétiva

‘Mfiéhfinical  El$Ct1jGn§S3,‘

1 Electronic

Electronic‘

1 ,Capacitivej~

Méchanical

Elecfiémci“ 1
Mechanicaf

’ ‘Induc;iti'Ve

»1I£zIechanica1j

Mechaniclil 1
i’ Mechanical

Inductive’
T_ Mechanicgf 
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ENGINE CONTROL 12.3“;

i TT fHé1]]T—T?cy§e puisa TgTe1jeratorsTuti'1Ti2e—‘Tf1ie“H311

vane is not in iT1Tfé?iT1113v<]>ffTT

¢nter?s':;t_he; a“irT gaps: jt1;1ieT‘
 

TTsw1TtTT T 16_:;priTniJary-currentoff.and¥t>11:T
disxfibutor Tdisbursas zignitioxi

p1‘111SéS1iQT1lh6§Spa1‘1§’p1UgS via}the highétensiqn
_»w‘§ir.es:i”n*a sp¢cific;sequen_ce, It: Ta1scrT;a§1j11sfs:;th_c
ifg_nitioTng_ i1IiIf1iifgT by means ‘of‘:Sp‘aTTrIé advance

T1i1échahisrrxs;.’TIhei§listributor ‘fi0t01‘TTJ?'si turned
by: the angina at onéshalf the or Tkshaft
spe¢d.:ThéTeileCtriTcal ¢nTeITg."y*iS? fed 1tt1.thé1:cene

 

HéII.V§lta9$
TTr01tTQr”? .e1é:C:‘t]1*od=es alignsé; *9Tsz1T'TtTI1 TTt11Te$ outer! T6166?

mgunm 1g._19‘_ THfilktype*puIsefg¢n_e;atQr:Tvaxjgftgi}, T
soft }xf11:£gn¢tiTc£cofiducti.y¢ ‘elements . (2),? Ham; IC.T . T T T. T T Tc<§nn6c?tii5'hT eX‘is=fS; ’fTc>1*f1:ach:' cYlit1de;r.;
and airgap,TUG~Ha1T1 scnsox‘ vo1_tag:e1I(4)‘T ‘» Whe;p1_.‘a1i‘gnméfitT QTCCTIITYS‘ bétfvvéén. Ihéifcenter

.:fafidT route:-}_;e1ect1+Tode,1 the 3isi«‘distributTeT{i

T "IT1e:T sparkT»:§dvance!1mecha-nismsT advance tfiegignitf
T’p1a§6IiiEIIa’t'iST’E:1Oith¢'}distribTi}t§:T3haft.’The ~cent.:ifugT T ’

'imCIéaSifig:jeTIT1Tgii11e sT 1Té{_eTd; v__acuum Tj21dV[aiicT:TbT TT T T T
“Ttheispa1:I<:1adTvance;atT1oW T ‘T‘inie‘1spceds. T T TT . T

iCapa¢itE2rT—dfSGfia}=ge:Tzg111Ii0I1 TslTys‘ten2;; ; ’Ifl1c:T1icapaciiiTva' dfschaxgé —S.y_ste11‘1,T diTffe:S%T:ff01n Vthef
Teéil.-type.:ig11itionTsysteTms‘previbusly discussed-. TI‘gniT1;i:>r1Ten«:TI{°T5i sstored in the? j€1€T?<31fI1Cé3l"fieId‘
(if TaTT;$21fiag:_iTtTQTr;TT Ci§pTaéit'a_néTe1 andj c’h_a‘rg¢ XE/_To1_t1ageTTof th§f.1T¢:ap§1c;fQf1 {c1eteTrTn]1ii1e tIT1e;T3jr1oTunt of
Te‘nTeiitTgy* thatiis stoxed; 111:2: igriiti01i’in'ansformjTém coIwertSTthéT‘;9rimary“v61t‘ag6= dissihargad from

 

 

 
 
 

 

 

‘the dapaksitbr 11 ms gegu éd.TThiTgTh v;oTnTage«T  

 
31 T1 1 Q

0p£fatifigTpom .Fi£1T1T1'.. 1 2;2T1%ti§‘fei ns
Tsyistem and a: map cT>f1{aTTII é>1cL“?tr0ITiicT Sroptifnized ‘
_eT’ngin_eTknQcl{7C1$t§=ctidn?CafK be ’i15<T5Tf1T:‘£0'—’ITI1TV(7)iCTT11TiTf*§7 the T T _T Tine S:TpeE;d:’1T1_1_pui7a11d
crankshaft» position: inputgcan bej1ob_ T 11TeTTd from a s€511sor}n1O1J11.ted n'e_ar:I1eycra‘nkshaff. Braci-

~siTon is im'provedTeov_eTr;Tusing;the; ;:1iT‘s.t:fbTu:o 'moTurTT1jtéTfd triigg_er.=This: i11put‘is%prc:yidedT to the e1e;c;-
‘tronic 1cont‘r'o1§ unit (ECU) ‘aiofig T TfengineT:empe;ratureT*=andengine 1oT;ad_. ECU
ref{iIenceTS:dat8.’tHbIéS;tar defétllfilie T ad\{a11Qe;fQreaChTt:jigineA.cpe17ating£2011‘
ditipn».. AddiTtic_m‘aTT1_corractionsi-3:9; the §pa:1_é;tiI111ng,_SHc1I as‘ Tfor*EGR usageTToTr]kncT>ci1<; sensor

*deTt'c‘T:’cfi($n,artT:fiTT'1rT1“21dé?,T1‘i1i the1ECTUT. " T T T * =1: T T T ’ T = * T
Electroijulc igz1itiozz¥d£srribi¢t¢JrI4€7S&: -diTSTt1Ti1i11iOI1eSS.i‘gniti9Tfi :sy‘stenis,T iTh*i*>T7hi‘1g3‘T~*1i V70.1iaEe

_di:5TtributiQn is; ’acjcomTpITished’ using iéifl1tT:1_f single offdouble.spark:igniti011xcOi1S:‘Ig;iiti0n~:tim7
'ing is determined by tf11e1EC.U,V:as' dis;:;j;ssed.T»fOr jielectronic ignition with 1diTs;tTribT1_1'TtTo1’.;T For the;
double spark ignition Coilsmne (coil exists:Tfor11twoT"corresponding cylindexs.TTw‘oThighstension

   
 

T1I{influéric-as sue}: as
  

 

 

effect T(Fig..1l21‘19T)..As_ the; disTTtribi1TtTQrT Tshafi}
turns, the vanesaof 'tThfeTTm1:Or‘ T1fnove;TTthrcm*ghTT
the air gap «pf the»:mag:netft:/ baIfiéI.—7W11en;the-:1

T Hal; IC§..th€
is subjected tT0f.a 1‘fTl’c1TgIi¢TtlCT17iTi1£3.IC1.TI‘he1.111agi1«?iT’£iT¢ T T
flux density ishigh and TtII1:1SjT‘the voltage’
at malxiinum. As" sdéfi as .the._r]ot’or' zvane“

V 1 flux:

th;1fTouTgTl1jT:t11cT vane area 2311.?! 1 Tlargcly ‘pg:- 
xzentedTTfmmTJr_eachingT theTHa1Lia3{er;Ihe voB:= »

Ta;g ef U a‘t a:miffifnum.‘Th65resu1fingTpulsesI

Tjte'r;: of thewrotor. While ithe rotor *tTurnTsT,-T’t’hej

trodes: that are ‘connected t TBT thg:‘j high¥t6nsio1Ti1
€‘W1rTeS- VOTIIS 01,1161?-616CtEQde»TandTihighetansiénj
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=12.-.a_2n bournmnsysnsms

FIGURETIZLZO}: S.ci:ema1is; ‘of an Zeleclronid‘ ignififlll S)(S4tem1 with nfiisiributqrzvignifiqzinct5if(I)1, ft11igh—'\_,rc):11,t’a1g£-_.: distributor (2j;3park
phig ‘(3),EGU1(4):_ colaatt¢mp.¢raf3!r¢?S¢ns0f1(3):knO¢kn8€nS0r‘£6).n'¢!1gin6 speed and crankshaftnréferéncé sen-WK7). sensérwheéi
(8),thrott1b:x?a1ve‘(9j;‘batte:y (10);, and ‘ignition Sviitch (._1j1). .

wires afe? routedv fmm each: c’Q_i_1;to two ’cy1infd’e‘rs, ;w11ich are 3’60°1out_ofiphase.'W1ien thencoi/1
outpilfi stage is"tfiggér¢d Via_tI1efECU; Aaspgarik defivexed tcfbtitii; Cy1inde:s.iC{) ;_1e cylinder Will:
be,on ntlhe: compr¢ssi’onnst:oke;ihe Other. on the. exhaust 1S,11iIO,l1i_€i« fBnecause:bi0T_th. cylinders are
fired together, for a givann Crankshaft. r.otafiOn, one WiI1‘a1WayS.1)E:0nthC~CQII1p1‘C$S1OI1'S1ZI'OkV6;

“and the.ofl1er on _the.;e‘Xha11stn’siroI(e; Therafofe, there is no need to know‘which’.cylinder'Is:
¢0mptes§ifng;=theiign.ita1b1en.rx1éXt1:re;’ ‘ 1; , J 1 1 1 ‘ , A 1

' ‘On single spark ignition} édilnoné’ cdiln éxistsnfqf gagch. :cy11_i11diE:r.nEac1i 1COi1,1t_I1,iggC 1r’s on1y.onCe
.during;th:é;fQur—stroke:cyc1e;.Because of t§h,‘1fs,i't mu.st».be knownlwhichi’ cy1in.dc_r=’is on the ‘enm-
pression1strOk¢.:SynchtQnizafion with the  camshaftmus_t_ 0ccur.1The' infolmation needed On
‘ca1ns’l_iaft.1posifion is suppliedhy a ‘phase sef1s0rmou1ntedno1’I the‘1camshaft.f

;?1—::;3 CQ!P?PBE5§§Q!¥{¥§=TMT!0N§ENEIAES1-,.;;

12,3111 Enggge Co,n,t_rol Funqtionns

Electronic engine: nconirnonlé are now’ ‘Being used on ’GQmp1‘f:ssi'0n igiiifion (diesel) enginses..
These; ‘controls offapgreater precision:andnnControl. offuel injection quantify and timing, engine.‘
speed, EGIEL turbocharger Eoo1st'1pressure4’and auxiliary startingldevices. The;‘fqHowing inputs

1113
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1 ‘ENGINE CONTROL 12:33

Advance Angré

    
I ,H' 1 1 ‘\

111%?’ ’ 5
1' ‘

41”! 1 .j\\\‘:

FIGURE 12.21. Ignition.
; mechanicalo advance syste, ‘ 

are used tcpmvide:t11e oi1;CUfie1flf. engfinéoiqpefiiihgé9:itiifi<ifisi,énginé ‘
A speed‘ accelerator position; lenggine Qoo1antf.fue1;. and inlet 'aii' otempssrafurosg. tugbochargert

Izfdosf or:e:ssu‘:Ae,A ve1_1icIe£_ spe;e1d—,c‘o:;tro1 :ac1;,,_.¢r confrol collapjpojsitiorx (fcroocontrol offuél ‘qu“an- :
ti = and. amosphexic pressure~{Figute»12;221"is a 1s¢hematic;';o£ an eIé:itfrLoiri<:§ngine{:’contro1 sys-— 

Ltém anooinéline odiesél fuel in:c:étién;Pump appliéatidne

 

engine’: speed »air1do»1oad.The‘1i11tzikéoair’iisoi1otVthrottled as ingtspiar T i;tion',e1jigine.1TheV‘quan—

timeaper injection. on the injection piI:I1P,,the deliyery; tjmgjsf gontrg11qd1bj:}flicAposition ofthe
control rack on ingline pumgsoanodo ihef‘pjosifiono of the»controI,c,o1lar2611. disti'ibutor—type‘Mpumps.‘

,ECU::controued actuator is; used ':o,“moye;: the: cdntrp1‘:r*2tc1<.‘gr. ihEi1.c0J1aj1‘_1to'o.increaSe} or
d.ecr_e;a$tfé 1113* fuel odczliveoryo §’Ih"‘ ZEACUT d¢.t91?mines f oéofrécf 11‘ of .d'e_1iYerS'1‘
»(exp:es,sed:=as a .f11I1¢fiC3,I11Qf¢Qil1‘;l‘Gl’I£LCKi6f collar ificsiticini) usmg, pa gnce maps‘ basbd hr;

 
 
 

  

‘ engine speedo and ca1;cu1.ated f.u.;eJ;,quantit3'; C‘fJf_,r§:[cti‘ons'_fandJ<iI”.lin1itati::11s as‘ functions_ of

. Fuel Quantity andv1:Z’iirzing. “ %1:r;e:1}ofue1 quantity oaIone¥1ccpnfc?r;c;I,s5 {a _compression §igr1ifion.

- tityof fiiélotc be d61iV¢r6d‘iSichang@d b$«ii1creasi:1g.orodefct 111 ngitlroffuel 1de1ivery=
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1234 CONTROLSY$Hfl%S

gjngiiie. speed, .tempera_t:ure;1.and11 turb‘Qcharger— bpest  press1:1;e;ar¢_1used to modify the édélivery
InVAaddition;Tthejc:ontrof1 Tracker c‘o11aracTtuator contaTins_a position sensor that provides

T§feedback1‘to 1tTh*eT on cdfitrQ11ér‘p0sitibn. Tftfhexrequested pbsition differs from the com-
mazxded Tpo1sit_ion1,:1fhTe_<ECU Cpntinliés fittfstrngive .the£I9iut:olIc:I:the actuator until the gem-
Tmandcgi and «actual pT.o.siti0n are theisame. _ .

'Ihe;s'faIt (if injgction time 'of;TTthe fuel at flte cy1inde:_fis:aA f1uI;cTti1on.of1tl1e.waVe Tpropagafcion

 ‘Spe*e,d» (i.e;, ?the{ speed of sound) ‘of the fue1fi‘fn;>mT ithe fuel injectTion pump to. the. injector.
TBT¢i:fHI1$f¢ ‘this ,ti:n1er teJm.1ainS a ¢efista11t,:at[increasing ei1gT‘in:eTs::eed,’the :delivery of fuelat the
cylinder would b1e]deIayediwith reference to [crankshaft Ta1:rg1<;;1 I11erg£¢re, the timing at the:
inj,ECfiOIl pump must be advanced W1thiins:Tre}1_si;1‘g;1e1IgiII61 Sp$6dTSQ'thfi_t‘th6;_S,ta1‘1:TOfilljéctioli

1 1 iiglu T‘ ‘ngine Spcsds;Se1c:c’tion of.injec',‘_tion timing has  

 

  
 

  

 

N0s.TémiSSi@11S; bjuf. . .. 1

1:1'_mTi11g_;_ca11 i»I:1creasbe1NQx 1emissi10ns_ by ?5~—<p
Eherefore, 1prejciTse1c<‘mt1'o1 of the11star.f1i)'f _ _

TA1;u;ough*man?y systems‘. usqgmeéllanical . , c. 1 I “jection“tiniing,1e1ectrgnic con-
trd1jofinji:cti9iiTiimi*r1g is being ‘#1566 on scmepump tyjpe,s{Th TT 1c’eara:I11t;r;;gev143jf‘¢lt=c::r0ni.C Qontrpl
is that1a1TSap1:istiq&tedtiming data map pan befised fliai km T ,6’ T T T T '   

 
 

1exh‘austemissig1ns Vunder va1:iouS:?;)ji:c3;‘§13;‘t:f1g1“(;T():fl§i‘i3:i<i_; _ Q;
of injec?cio117is monitored at the igjg: :1:
information;tojd¢térmi/wand co}: 11 I :1 _
‘trol of a'1pL11se+width:modu1a_ted ‘lite ifs e‘ T

 

‘-—-—r :1,:‘'. 12 ~. TTLA ‘... . ‘ 12-» 1.
sTpring~1oade.d tin1ing;deviee plungg The: plunger IeTta§es:tJ;e pump 5 collar nng (fqr distr1bu—
itor ifypepumpg) infthe oppdsitedirectionsofihe p1imp‘s rotation which advances the timing, 1

1115



1116

  

QQNTROL 12.35

 
Speed? eifontrola» As; was‘mentioned.previouslyfior-aTCI engine,’ fuel qua11ti1jvalQn¢lco11t1'o1s
the leixgifiefs speed and load; Therefore, presunfing iadequate iinjecitedl fuel lqua:1tity,.‘ an

’ unloafdgdgcl ‘etlgijrié; spejed uplout cf control a:;c1,des1tmyT itself. ‘B_ecaus e o£*thisf,’a governor V
[is required to} the ¢Iig1ii1<f:’slii1é'12<im1im11spe»ed;fInladdifidilggéveilimfsflafelalsc H8251 f0rl1,bw~
idle and CIj11iS6_G01§1lIIOIlfO'I1lEl‘1i1:f, ,1t1 ajconstant BI1gij11€;[Of Vehicle spefidjand meter the QOr,1I6,0t
fuel for cold-starting; Fuel*is‘al's‘o1 cQn1idIledV ash functifonof speed and,1iQosf ‘préssure to limit

— smoke levels, ’engi1:1_e 1to;gue,l{a‘ndf E:Xha'fis’t7gaS' te_1;nperature‘s;‘lAOn.anTe‘1wrenica1Iy<¢ontro11ed;CI
‘ engirle,T._the‘ go‘!/ernoi"s; fur1<;ti:>1:sa:e ggd .by‘.the1fuel“£l¢1iVei§ ldelséiribed
_o1i$ly.[}lEngh1e ‘speledlisuprovided by an sens :1"‘that§l'11_OI'1' Om ;tjl1c;1§©riosis1TQfgangulfit ;sl«f->g1-
1me:nts;betw‘eien“the» reference mjarks—[on1thegengine’s flywheel or in the i11—line‘ lnjectiOn,p11nip.

 
 

AEGR Ebntral. .TRefouting of1“eXhaust—gasesi’nto;tlie intake air‘stream;isllci1ow1V1a‘s1 exhaust gas"
;re‘éitc‘i1laitifci1?1 (EGR);EGR:redAucesltfi;e:au1on::1 cf : oxyge11'in;' the fresh: iniakercharge while

‘ Specifig heaL;This‘.19wers  temperaturcs and ‘results Itivivejrl ‘.NOx,
le;r1iissi1c>i1’s.-A. Ho.¥vever,1 Excessive: amounts ofl‘,EGR1res1;;1t1in higher emissions, olf;so_o,lt? (particu- ‘

~:1a’tesi),,1CO,’randlI7ICs‘all due fqinsufficient air,Also;l11e‘inttodurQtion1of EGR can‘ have an
_adverse afféctgn dxziveability during_.‘cold-engine opgraiiofngfuu-load operation, and<a:tl;id1e.l It
i is l3est;.t1i¢ireifoie; taco}: 1 til1heiEGR valve ‘with the B0fih«1Ph§fl1i1fitiCél1Y fiontiélléd arid‘
»‘sc$1enoidecori1Lfioil1‘ed iFa1VI(3$l érje1rin~1;1se:...T.?l1e:; ECU 1det¢r{mi1ii:s— lwhenland how EGR~_
will occur} based‘ oil .engin9T1temperlajfure [and acceleratbr p‘Qsi,tion., 1 A 1 1

— 7Ilzrb:olchargerL 'B0;astE1I?ressure jConirQL _E:1gine‘s{ that have‘t11’r?boclraIge1-s benefit v
— -cantly,‘ froth “e11‘ectro’nic‘- bjojostpressure ?l‘c:<)‘:?1t1;o1.lIf only gzij pneumaticrmebhanical 'jvvaste’gate is,
T used‘,'on’1y:one boost pressureT.poji1;tfor11ihe:[entire opleia‘t‘i11g11‘ange;is“11sedltolldivert ‘the exhaust
‘gas aWay1fr)o’m— the turbinel Sidé’ Of{l1L€’ifif15Q5hfif)g¢I;ThlS‘,C1"€3t¢S at 4:0in:3fi5‘fiIiBI¢ for partalééid.
gohdifigns because -all the exhaust gases {rn1;st1plass the _tur]b.ine.fTh.e:’ result 1sT,11Icrea;sedT¢xl1f€:121stl

— t5__2ickpressure,_ moreturbocharger v§iorlc;_21noreI[esi,dua1*ex11aust’ gas, inther1;y,liIideJ:s,=1and liighe:
A_chafge1air‘feI;;pera§ureS. h N V V é A M _ T

'.Biyeco:;1 b11ifig‘£hé..Wastegate‘ with §u:1se- ‘1i3l,t11{'l11f0dlJ1E1téd_”S.Q1¢110i§‘1— Wastegate
. can he: ppecnedl ldifferen.tipressux::s'dependmgiflniithc engineLopleratingsczonditioris. »

 

 
GIa’wiPlug’Con’Er0E lE’ii:Cfroriic.c<)°titr0l ofthe 1g”1ow‘pl11gd11A:ati*on.can bérhaIidleii‘l3Ty.:fhe.1ECU
Aorallsepiirate ct5n’trci1l fI11*1if.,*I‘1'1lp:[1tV-3f0i‘l[determining igIow;fime.isifi*gm anengine co‘olant:ten1per-
zliaturje SénS9I4A1;’fl1§ ¢:nd4T<zf11iie;sp¢¢ified glow ’p¢:fi6:3;t11;c1:)r:9n Jgfilejrj mns Qutl the ijI"1di‘ca—:
tQr I[ight 1tle1signal;1i1l1,e dfiV5,f*1:haHh6;~engihe can be‘ §tartedl.1gloW _plugsl-rcmainfahéfgizedl
While. ‘the starter _is.,ie’ngage*dlAnengine:1oad.monifor ;is—1ulse=;d‘to'swifch,eff tht; glowjpiocess éfter
start;To limit lthelloadsfon  l:hefbatfe_r}y1iahd—{’thé glow? plugs, 2’: safety override is ‘é1‘1‘s:’<§ used.

11342  \Fue_1 ‘I§eliveIf¥5YSfemS

‘ The d‘i‘esel.fL1el deliveryzsysfemlebmp17iSes' a 1ow— a1.1d hiigl1—’pres’s1i1re. side. On the; —15ow~pressurc
_ slide] is the fue1*tank,.fue;1 filfe'r_,’fu‘:=;l supp1ly1=pump1,'oVerfllowlvalsia,  a'nd.fuel‘ supplylhies; The
3 high—p:ess,ure side~FiSl»it1itiate:11fl16 filfinger and 1?_£if1‘le1l.aSé51s?eiiil‘91S’1’-illid. contmues itihrough the
1 deIivf¢:ty:va1vei higl1 -pressure,linjflcgtigiiilincs; and iI1j6Cfi011_1;OZ2I,€g.: ” _ A 1 1

Ihel fuel injectiongpump m11Sft,Cl(3liYT6;7lf;l1€5l at aAp,ress1u»re l:::tlwe,enl‘35V0 and 120Q1b.ar,;depcnd~—
ing;(5)n the engine’s combustion lconfiguratibn. The quantity and: timing of injecfionl must be‘

I “precisely controlled tfaachieve fgodd mixture quality and to[iriinjiI'i1izelsxhaust
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12.35 CQNTRQLSYSTEMS:

FueIInject€onProcess.~ An engine’-driven.camshaft .(in—Iifie.. pump)}ur1‘cam-plate {giistxibutorj
drives; fhe.1ihjec£ion pum?p?s 1p1ungeriin1 HiesupplyflirectitmpgeatingApressnre in fhe

hi'fg1hi-jP‘Ie.S1sm ‘e gaflery.de1iv¢:yi?Ei1ve~resp}0I1d$to th<:*?i_1,1_crt‘:ase iI1‘f}gfiCSfSU1T¢ by Qpsnling.
:s§fidsl1a pressuie waveftc the ifij§etifin_ n0zz1@i?:at11Tth§:1sp.<:::d1tif1s0LInd;5I‘he ‘needltz Tvakée in the
n1ozz1eLovercome:s the Spring1fc>jrceTof'fl1e injectionnczzle sp1rin%g1an_d from itsjs’eat’when
thgt Qpiening pjressure is reached. Euelgis then1i,njVe¢ted from1sprafyIor’ifice‘s into Tthe»engii1c1’s1

. cémbiistion ¢hg’{I11beI_;,'Ihe_3njecti0i1 prgcess mas with the _1c;;:;ening1.:o;£11:I;eA‘s‘pi11 port Lin fihe1
pltmgeralld bat1:e;I: assembiyaihis 1the1‘_pressu1%‘§fin thépiifnp chamber 1:0 collapsqwhijcth
thwcauses the. delivery V;a11ve~t9.’c1ose. DUE 1:Q;th,ejaic:tioTn offthejdelivery vei1ve:re1fef collar, the
11J:r1esS1117€§§i11 the injjection‘ line iisjreduced To fihe :‘1St‘aI1{f-by‘p1f6SSflI.6.” The1~sqta1;id.4by pressure is:
determinedé to e1i1§j1re1thatvithe ’injec.toi_ir 31:02:16 c10se;s1Tq1iick1y ta eliminate fL1§1jdfi15ble,T1and thje
rjesidi1a11préssu1‘fe1;x;av¢s the IincsTpmve’n.t the nqzjglss frO1Tt1 'refope,ni1‘1‘g.

ABOUT.THE‘(1UTH0HSV

GARY chicffinginéer, 1 e1l1‘gin1e nianaggmwanf systems; ifori the[Rbbe:ff Bpsch
Corp. He1rprs_v1ous1y hald yario_usfengi;1eering_ a1n1dCsa1‘_es‘iespunsibilitiesi with Bosch.j1n [His ear-
lie: career:, he 'worked1as 3 ’séniot1E*.1‘gg1i1f1eer‘injjbwertrain déyelopment‘ fofFo:d t‘I‘flCtO1’;Qpé1‘aa'-“V
t1i"€2i71s,‘a_r;1d asirsalesé engfihger with GTE, and as§*a111}ei;gineerin p1”axit—engineeting_1:for GIvI§'1‘mc_ki

 

 

 

 

 
A ,_,x1§ H A ,,Bn.gine‘ I,I1a]I_ia‘ge¢

V L gyvélc me:1L:anggz1,e1::,1aiese1products.

1 L _§i$\:rj. aiystzlf->f;ii1.pl()‘;yC?£11if6§f1nica1,Wr1’1$i}bbU1;'uI11i:iI993,,She.W£§s a senior ap_p1i—
Rbbetf Bosch Cforp.. Prior to Quit she hadT b1eB11«an‘ engii1ee1'ing prcjgjecf

§:“1Efa_1of'I5~,I1<3rth'Arn¢=;1?ic:at71,M Manufactuiii;g‘,1and  a product en’ginéerw1ith1 Gen-

CnfRobert‘BoschT
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VKu:rVt Wolféang VBu'IIfm1er.: .aJn,d.VWernLef:Brehm ~
Raymasascz: ‘ A }

1

‘  

InN)mthAmerica and iTap.an;, 80 to 901‘percer1{t[ o,fiaI_1I passengeracarssqld’ havsaitautomatic Jtlfans-,
missiéfns? ‘(ATs)T,but’.inVBurc>fpe_ on1y.‘10i,L to T15[jp.erIceht ofpasserigarvjbarsjsioldhave: AiTs. Th er‘e,
Tate: Lwg’) main’reasjonsVvVfor the diVfferV§n_ce; I1} TEurop1e,‘~dtijyers tefid igj Yiexvf cQ1np'a:§dV_ to:
.1:1fin11a1‘%transmissi¢ns;’as~ dje-firirnental to drivéabx ' Y and  r2es:>©iI1s_fb1;e‘. ifoir Téomewhatfhigher ' »
.fi1:e%1?.T¢:onsumpti0n. ‘13UVt'iD1p1‘tV‘JVI11<°}I1t3VfiVQI1 §5f'e;1c9tronic:cont:QIVC£1I1ceytsVhasTinvalidated‘bothof '
—tI10_se;argumVcnts. ' é . A V

Sij:ce'the"introdu_ction of‘ eIect:VQ11‘icTvtTr7ar1s11:iissic;n mnttnls in thi: earl
fby; R‘j¢n;iu1t and .‘BMW ;(tjogieth}¢ri fjci ‘tjf3i1SV[I1iSVS,iQVrff:= ircin ‘ ‘
fFi'i¢drichshaf¢n,:0.1‘—Z53. 't1i“6::&tVG<aVPta@I1rQ6V1Qf;té11¢ AT; T05?» Sieélfilys eve.I’1fiIi .E.lurl.0pe.;1?o: th , zea-
VfS.oI,1~, newTATS. arajdésigiied viii1:h=1<:iec ,01i'i<:: CdI1tI?_01a T11€»:Hiar‘kef fet§;AT divided, into
;s‘tepped:‘and continuously variab}e::tramsn:fissiLons,(CV13).Forbothtypestheé mzer Tets*%"a*ny.

’ *3 dVm!1tT38V‘V?VS-_ :11? {$Zt1¥*~;I5i5VV¢C1i.t‘F?‘V1?4;1?1i$Si01V1‘=§: VflV1[6[ [SI11‘?5¥11{ VS;1VV1fi‘fts” can be 0PVt.fifi.ViZ‘?d.b{§7‘V tV11V.%°=V=§ V tau 1911 9?
ifillgillfie tb1fq1f1eVv.giurifi8i geai‘ Aeelntiinedixvith‘the ,ci0rI6Ct1Y matched oii1’prTess!1ir6T T.0jI11:.h6‘
tionblemcnts ?(e11iiG1iés,vhIak Vbandsj. ffhefreductfon‘ ofshift shocks, to ,a:VyeIy Iqwor eye11'tQ;—
an 1in:1‘0ti¢e_aB1Ve' ;1[e‘veVI has  a1I<§$2§:e,ii~ VfI1Ve? design of fiv’eV4speedaATs where a‘VsIi"g’11Vtly'highef’nuin-V e
BCVVIV‘;V(),1’VVV'VgVfVeVB;_IV_‘V*~§_]_f_V;_if’£$ I11+V§:iiéiaiy%; §Vta.ndard,sys:ems, the vdfiV‘\‘ierjcV'an choose betwéen sV;‘j’Oi‘ft a1ifC 1V

b ;e.Vc,()jI,'_1CV>VII.1i<’é~ cl?1‘iy§E: Vp1fég_;§aIf1f&~by Qfp;éj;fa‘ting a .ss1§;ctor ,switch;j1nA‘ highly sopVhi$tic2:jtgd _ne:Vv{i¢: sys;
V temsflthc »se1ectib;1,can b_e§;* TI’ ‘aid bskfthe. s'e»1fV-adaptation ofshift sVtVrVat$gies.fTfiis V1eadsTnQt
M 0n1Vytb*b’etEer drixie:ab’flity bu also“to"E:isigliificantareduction‘ in’ f11‘e]V consum]ption;AAdditio11-

a11y,;ajweH~mate1:eTVV cg:;:ro1' iof thevto;-qua convextefi V1O¢k’1V.V1Vp: h‘e1psVT tc;5;~in;prcvei. the
‘ Yield 10if‘t . Te;r.a1fl enu;T.BothLmfI.tqmotive:énd ‘n~‘_aris:;j1i‘ss1‘c5n 1Iiéi11uf‘a¢Vturers benefitifrom the

1:e__c1uc'§:d sxpense resulting fzom th§:»‘app1ic‘ati_911 of jdifferent ca1'ZeAngi,IV1eV jcornbi1_1at’ions.A Differs
exfii shifrchafiacteristics’ a'r e ;e‘as’yV fov knplementi in _sQftware=,fandim1ich adaptation can be:
achievefiliy aagawchafiggf, leaving {the t1‘-ansmission.1i3¥dW§tevaTnafTCU ii11c11‘a‘fige"_dV; The 1:'edu‘cV1‘-. §
ti9I LTé)f;po :1 lgsaeis. i:1I7frir:—;t:i.C>n Velemenffi Tincreajses: t11eVV1ife axpactancy .an_d36.1I1VaajbLe.sA the optie» 1

V miZ€l'CfC>:1VV1i»‘01,3:,tEE{1‘lSI11_iSSfiOn‘ hardwareZ.dcsiVgIV1.; V V V V V V V V V VV VV V V V VV V
‘With the fond of the biggest obstacles to the pojtentiai reducfiTo1:in fuel consumption

Vby<31§e1‘a‘fingAtIia~ engine at its.dp‘titnal working;poTinit;is the p0W§>:7l1V0VSS,.fV;OIf1M‘theMtra:iSmiSSi0nVSj
oil Gnly electronic: bqxitrol is iVt_po$£iib1r: to—aGhi_éY61ViVh§ ;r:equi"r:ed ,yiV$1dV by matching
V;t11:Ve: xnassstream .an‘.d; oil pressure‘ fox the ‘pulleys, totb::aactua1‘work3:1gtcon.ditions;‘

A ‘To1guarax1’t:::e the*Qvera1lV'ecc1nQr.r1ic s‘of1,utioV1;;for an clectrmficafly c:0’1firo1V1ed‘Vtransmission,
:eithenstejpped.ior the. availability’ ofprecisicn glectmhydrauiic a"ctuato1:sis.imperative. ‘
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1113.2; c0NTR0I._s"sis1BMs

The CjeInpQner1"ts5 :01? an éliectffcinie trensrhijSsio11= gQi1£t;oleesystem~ are‘ at ;ttans1;1iss_i01iwlfichVVis;
adapted Ltioe the leleciitronic contr0llrequi1femenltsV vemdf an_elect1'onic control unit with;corre-
sp0’ndi1Jg:iI1putsl;a‘nd £<iI1'§p.utsl‘andv~attache:l sensor elements; ‘ '

1342.1 Tfansmiésionv

The greates: :sil1axe of [electronically Contfafleti transmi_sSi’o11’s :’currentlyl on file marketieensists
of four— or; fi;fe—:speed unifs with a ‘torque’ eeneverterl loekupclntch, ,commam1¢d by t1;I€(= ‘fiimitrole
unit. Market share for fiyze-speed‘transmissilonsgisl continuously increasingwith electronically
colntrollezi transirxjséicnsa there are '*I1umerQus’ possibilities to; subsfilute:}mechai1ical and
hydraulic icfomponentfse :witlh_e_1ectromechanical lor elegchfohydraulilc com’p’onenfse.e One basic
n1e‘thod1'.iS_ete<:esilbstitufeenly? the 'Shift5pL07ir1t Control. In zaeeonventionalpegre’.hydxaulie AT,;t‘l1e
gear shif,ts=aree ea:ri‘ed. eufby mecl1an' ical and hydraulieiweemponentsffllese are Vcontrofled by 1
a Centrifugal gQvejrr_10,r that deteets the _vehiele speed,1and— 3 w'i‘re cable connected to'tli_e _throLf-
tle plate. le’vef.’With an electronic shift poihtleedntrol,A on the other hand, an:eleCtro11ic;_eOntroIl
unit detects and controls? 3:116 ;rel:=Ya‘nte compefients, In. the: {ti-ens:r:1iessicnf‘$ lhydraulipi Central
11nit,’mechanica1}a'n]d hyd1fa.1Il/iecorxlponents é:e>Leplec'ede”by1eleetrblfidraulié GQnt:o1linge61l@- 

_ men,ts,.11;s,ua11y.e:i_n theiform ojf1»e1ectrohydraul;ie Ten/offfso1e‘noids.;_Tl1is way’ the r1umb_ex of
'so1eijoi:1s,'as w‘eI1the' control logic’, cat1fVbe:Tv§1ried,0ver ;a widerange. Foriexample, forleeach
geag ‘cn:e"s‘pecifiC1 iS}Cil%'*JI1Qi§l Canxeperete the eilfeleiianitelutéh for gear 'shif1;_;All:eInatiVel_§f;

fchefe e_an~ be o11els,<j}lenoid- f0r‘ea_ch;gAear change; which is: switched corresponding to the Shift
'ceomm’an<‘:l. Inlthiis way, only threezeelenoidsere required Lineafoi1ré§peed»transmiss;ien. In some
‘ current; £_l€Sigfis;, the gears are contrelled 13_y'a'logleal feombina't§io,n ‘ Off l«$o1enoll&:e,st.at’es. This.
deslgengneedfs 0111ye’t:3lti3ge’a1‘~contrgllingesolenoids fora four»-speed‘ ntansmissi011. F0)? five-‘speed
1épplicatixm.accordingly;thfee’sd1e:i:3id§éré:‘réqui:ed(Table 113.1}. ‘ ‘ 1

» 1fABLjE%13;.l1 Example or.eaJeea:—s»olenvo:de IC<§i11binationAfoj1'—.a Fivespeed.
Transmilssidnizfippliceltion ‘ 

ll lj ifllscglexitéiiilefilf
1§tgeax_ 7 ‘ jog» ‘W 1 "' en, " ll ° on
2ndgem* " {on on: ofl
i3r.d1géa1' V Lon off: tiff
Atli gear off: Iiff off
Hflfligear K 7‘ "" ‘ 

V The hydraulic pressurelis‘ contrelledin this basicl1ap’pIicaitj‘dn— by aehydifaulib Qropoftional
.v'a1ve;wh%ch is, in ,t11ra ictmtrolled ltziy‘ aW;irel}cablee;ect:g111iected to the thIott1e:plate 1e;irer.Wifl1
this desfgfis the shiftpaints can; be déterfminedlby the eleGtrQnic»TCU;13é$1i11ing ine awiiie range
of freely seleetable*dIiYiIlg behaviors jxegarding the shift points, It iiselsef possible {Q ‘use dife-'
bferent shift maps Vaccorfiing to“ switch: otésensor signals; The influence 1ofn,d1*i,\/}ing comfort dur-
ing gear shifting in this electronic ’crémsrnissi‘on control {aipplieafionl has ‘important restrictions.
The only. possible way tOiC.011tro_l shift sfnoicfihness is eeanlinterface to the electronicienginee
'n1anageme11LlThis:1way, the engiineloutpui '1,I'€}1_‘lq1l¢3‘.lS‘IlIlfl1.I,CI1(3_{3ClJ during gear shifting. As§,=st’em*-.»
atiewide-range eontroleeofiflie hydtaulicéjpresisuree during: and after the ‘gearshift; nlecesesilfaltes‘
the "replacem’ent of : 'the= hydraulicl pressure Zgevernof with an electronically‘ controlled
11yfil:a€1li_c11st)lenO,iid; [This desigfi ‘allowslthe 1f1‘se1 30$ either a pu1Seqvidth:medu1e:ed
lsoleneideor ae p_I‘B,S.S1.1_1‘i‘j:»'1‘Ec‘gl.‘l:1E'i"t’(1)_1':~.T‘flB'ChdiC¢’Qf which type of pressure contfel sglenoid the
use resultsifiom the requirements; cergcerninggshift cfemfort under all driving Conditions. For
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‘TRANsMIssIc:sIcoN1iRoL 1343 .

[present-day‘ designs with highi.rcquVireme_nts‘:f{>r [shift comfqrt during t11‘ej.entiVre_1ifedof flied
dtransn1issio11,,at_ all temperatures, vand}_wLi’th varying oflquality, the analog. pressure cunirel I
_s°d1en'Qid is supgrirgrm the usual dsoleiloii, providing thei.-e is no p:esSf1;fe se1;sc’radi:miper- s
ation as a~dguid"sli' afar presslfifé regu1afibn;‘Ihisv::_ai?pfi¢ation usua11Y1j1Ises~.dei1¢ céfifial cantrgla ;
.1ing'*e1eme[I1ft—i11;fh . irfansmissidn fo_1: thfiefpxessurc: regulation to dcontrfll ithtt;T;shift”C1d11a1ity:.¢ ”

In other .tra11smission developments, theishift quality is further ‘iiicreasad using ‘é1€:CfIoi1i— V
ca11y_‘centr61IaE1e‘brakéielemenisdd(braI1fe‘bands) :fg;:r some spefiifiis: arizfiiandges. dthis;’cas.Te',d
the ffiéeil,éffécf:0f;th‘e5iéY¥Ji2iir1£i%1t:1i1t§Iit§iSlimitéd by , , Q1373 bféiltfi.

. ’ha1i;dac;>or_di:1g*to. an a'1gorithI.1mI dépecial fiII1ing‘QDHditiOIiS;‘ A
The most dsophisticated iraiismissiondsapplication to date; so desigxtedvd tlratlmzezrunningé

clutéhes are eliminatedZaiid geajs: c1ia‘1;ge‘s~ ‘ate exc1usiv’e%ly'dc;>rxtTrd<:11;=;d by t egéléctrbnic control
35:43:11:pressure‘tegulaf¢i%s91¢nDi%ds}=This applipatibn is ’ T ‘ “ fdzed Tb v¢2£treme1y:1figh:
ddemandsd 611 the electnmicvdfélu <;on‘perning,re,al-1t‘iiIié, be1j1aix%ior"a11d.~data‘ hémdlhig. The ‘inela-
iibnship: between ‘weight transmission outline, and :transferx§b1ed 1’Orq116._ha'S 1reacjhe_d 1a:hig11
1e1veI'[Cdmpareddf:0 transmissions with tiverr1in'I;l1ifcI1cs—, the 11’e'cessa’1jydfitting dddimenSi01'1s are
Ie‘du'ced.. . L ' ‘ L

iPI€S6Dtd€1§9trofiic‘ai1Y¢QH1IQ11&=d A71?$'.dus1i:i11Y’3?i%1;ife an elecfronidaliyi fcorilrnatzded tdrqiie»
e<mLve:t.er1é1u‘tc.h, whxchiian lock up .td11i<_3‘*i0.1.':.€11-1d,€,«".‘~':T-dill’?-V,¢3:T5;vb°1TA betweend the iengimé. output andffhev
dtransmissidn inp11»t.’T%he torque ,co17:n’(1e$'r;ter‘:;<éIu V [I1 is igfctivated‘ un‘_der fC61j.t_ain’d1‘iVing_COI1ditiCDS
by; da Asolenoid dcpnjcmlled by the—é1efq T nib lscldengid designfiepexadingdvpain:
Téqliimjifléfitfi (if (function's, Shl Coirifdrtfcaflbitherbe $91]GIlCid . at
’s<>‘1=enc>iT<‘L <_>f- p:.essiit,e regU.1at9r:dL0d¢kingdup ]th¢t9rque CD11Yd¢rite:ds‘>1.ii11ifI1;€1tcs:fhfidélipzbfiillé
converter, and"the.‘effi‘cia1iCydof thf . transicifiéfsiojn sdystjemd iéinereasedd. résultsd in an event,

   

   

‘S :N
w

1

 

1o‘werdfueI1co1tsutn’piio11 forddcarsddequippedlwith AT.

Agatha; ’im_pdftant cdmponemg: electronic trar;sri1is_si;m_ icc§1it‘r?o‘{;A‘i:$—A*t};1dje _s1eq;:g;iic gontrol
’ii.ni’tgw1iic‘h; i$ désigiledifiécmiidingntoihéfi r¢q1i’i:¢>rf1¢nts’§Qf the .ai1<Ii.i’t_1:ei:‘:ear cnviié
rOI1m6.I11i The ‘e1ectro_nio;cjontre1.unit can be. vdivideddiniodtwo main Vparisz the: hardware and
th¢.;cetresp.Qnding Sdftware.  

.Hz1z3i A T'he hardwa:eof:t11e eiectrqnic, c_j0:1fr<’>”1%uiriitidCt:ns1Sts»0f.the Lhcxusidiigyth-6 plfig. the’
car1fiex’for;;the 'é1ectr01iiC—de¥ices_, and th’e.d‘ev,it':esd ithe1I,1sAe1vE»:s.;f7I‘11ehousilig, according; to the
requiisments, is Iavrailatfiley as fan unsea-led Idesign'fo:‘;:pp1icationsinside the Vpassengér com-
pa*r1:inen’t- or _w‘itIh‘n the;d1ugg'da_1ge compard:ment;~1d1s_1a1sQ ppssible. to ddhavegsdéalegd‘variants. for
méuntmg conditiqiisiinéidé the’ erigine dcoinpafritmem 1c;sr armed bu1khead.‘T*1ie%:mate;ria1sfor the
hieusing can bei‘s:if1I61f.\%arious p1asticsddd0r,;%fii6:ta1sadTherecars many ‘diffe.rent nonstandddardized
hou:si‘nVgjs“o’n ‘thedmafl’c£§t.‘I‘t1é:.'vaLrious 'QlIfliflES‘aTId zpljlg configurations differ, depending tipon
the xnanufacturerd oflthe: electronicduniit. plug ;':enfigmfat_i’qn=, i:eA,, the‘ -‘number ofpins arid
d:::eAsha:5_e,dg.depen;jisflxedfunetions anvdddthe;:<:quiir:::ments‘v_of the} automotive Inaiiufactllrféfi
df:I‘I’1;=;,:'nq‘:nb;:rd Qf‘p;ins:’is’usua11ydlessthan: 3330. ‘ me ‘czonlrol unitmanufacturers try toddsdtandarde V
izefi-their‘plugs -andhflodusings throughouf aI1,their electronic ‘co_nf1‘o1'uni’ts,».such as 611gi116,11tII3I1- 3
agje:ne;1t,AB'S. tgrjaétiani contr'o1, and: och’ is impofxta‘nt jto simpjlifyd and? to stan‘dar‘dize: 1
theW0’, Gfiflindéilitl dthéd fé‘-St‘I3 afillfafitfllingg ‘ V d V V

T116 carrierfm thdee1ectr.oni’c device

 

 

 
 _ _ __ yusuadldly a lconventionail printed circuit board]

'I'he»nu1_11ber cfdlayers pm’ the PCB _depr:ii1éi‘s.m1 —‘31£»ddappliCa.tVi0n. ‘Fordunits wi’th.:a complex {device
structure aigadhigh demands :f9rie1et2tritsi2iag’;:ejfIc corxipatilfiility,‘tflultilayéf dafppliclatidonds are: L ;
use. Ii1=spe_ci_ia1 <;‘2ISeS;:§i£.~i_s possiblé .ts_;5d raéda Carfiier.I1ieiie’are'usué11y Sdme %pa:t;S' 3
;thed~electronig .ii3SiSt0IfS':fOj‘ cxamp1e,;d€‘_ gned ash,thick4:Eilm_‘cir¢uit—on the hybridddil

case t1fxe:<:1c1;tfrenit: unit isimanufactujtebddas a ’s’do1der'hybriddor‘ as ab-ond hybridwith direct-
bcrided intejgraiiid cirjcnitid devivbeja Some‘; S"1n;g1e;appIiCat'1_‘()_nsd ex_is"t‘ wifli-a"flex:foil as a car rier

zthie electtonic; é1§\?iCeS;TTisi$deiap1§1i€iati0i1S are Limited {to ’V§i::§i‘3p¢¢ifl'f4%:qilifeméanw. ‘
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13A GGNTRQLSYSTE§$

The ttallsmission control‘ are1a.;r_eqp1ir_e,s gome speciafly designedV~eiec?tr911ic» devices, in par-
ticu1ar,,the output stages bforéthe, aciruaiirers ofpressure?regu1afionTand1fotqI1e converter clutch
control.. These actuatorsi for ‘pressure have Aextren1ely—1dema1“1dSL regarding accu-
racy Qf1.theE2§1CUl$iO£ current ovci‘ tcmpe:atm'e ra11gev'and’uxtd::£ a11~condiu'ons,1inde~
jp¢11‘de‘nt*of battery,v.oijta’ge; ovefjthe, tintire 1ifé3ti1ne,Th§f3rk:»arev so1I1§fk1;ewn’ gxpplications of

. CflSt0m6I1Sp6Cifi€‘i11{i3lgf3IC;d oirouits:0r11d§3vices; 1-Iezjggpecial attention paid tQ.1qua1ity‘ and
r,e1i:1biIitjy;'o.vé11 the entire.lifetime is“necessa1§y; to.m‘eet1the. cc;ntinii1oix1sIyiz1cre;asing quality
requirémentsofathe &31tiGm0;five= market.  CtIrre 1‘ tliareisah”increasii1g:spr§ad at surface-
méfllfitfed d¢v.icesin tra:1sI:i”ission contifol appixcafionsa why the‘1u1ni.t'sizczzfswnfinnoilsly
 d6icI*easing1»:d6&pitE: anmcreasing; number, o"fTfunc:.1:_ic>,ns*._T . T . ' ' ‘T

On the fqnctional Side, the hardware configurafibn 1t:a1;:1—1be~di\iided into “power suppgginput
triajlisftgf cifcL1ifs,_0utp;;f::stages,gand ri1ic5j:<‘)t:0n1:r‘(j1Ir2.11‘,1incIi1<_i1in‘g peripheral C;Q1i1pnz1ent§

ai:d:monitoriflg;a11d“$zzfetyCircuits(Big;13413;:T£1e1p<mtet‘1sI1pp1y:'convertsthevefiicle battery

 

1v§;_1tagc::ir11tj_o fa Vconstantfiicltage ‘feguircd; by flag‘ 1é1§ctmnic.~1dey:ices inside_1f1‘1§=g:()n1:r0I unit.
1Acscord1'”r'1g1y; :specfa1~r:ttterItion .’muS1t»be“paid‘ ‘sci the protection of the~inte,rna1 daxffoes against,
destructionby transients fi-oxnthfé; vehicle electricgl systezn such as load dump,sreverseAbat:er3:‘
pa1za:ity,~and1 voltage: Tpeaicsg Particular‘ attentimi is 3130’ necassary i11L'th1eKClesign Of1fi1fi‘ffiECv

~ 79 iintéririai :$upp1y~ .1iTgn1'fiori> 1

" vvqltajgeiVaalt    
 

 
 
 

 :Ldi9i.taI,; T 5 §1‘1“91““1-“.S’1‘1‘~”1‘*"“~“ 1
‘

3‘ ’intema_<‘:_es*1 1  
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13.5T TRANSM{$SION*—C}0NTROL

tranieground Tconeep:TTfor the coT11TiroTI uI1it,_—:2§p*éTTcia1ly wheTrTe’—tl1eT electromagnetic eQmpafiTTbfl—~ T
RfF‘interfe1*ence‘is‘ ’c_oncerned.“I‘hi’s is very’ important to prevent ._undes1TredT_TgBar shift— 
T hat T_ bé TtrQ11TEIe§$T0rriTéT fdi' drivers One, parfof fl1eTin;§utT;i:cg1itjs thefpreparafic11;gf'tH¢T

% T T ' T " ' T‘ T Tfl.QWI:sWitT¢h-A*S6CT§DTflparft.

. _,‘.

d1g1Tta1 §1gngIs;—_such;TaTs, oTs1honTsw1tch, program se1e’cmrT,wand ki _
‘isTTtTT1i‘e trzinsife Ofrthe a ¢g:sTigna1sT Iiké témfiéréturé zfi:id._va;Ifa€ges according té; pote;:1—

 

;._tio:i1’1Té{’ceTr ‘T1's Tthe interface to 0th«.7r.T3e1sT-:‘c’Tt1ttmit:T ;<:c3IIiri)T1TT11nits, espscially: is ‘
Q .the: cngiipnianagement:sys;em;HereTthe single signal lines be£we'e1i_tThé Tctsntrdl units. wiififbe
increasingly Tsubfsti ..eTd by Tbxlssy aims CAN.IThe;T Tfc>1ur.tT[l.T1f pgrtT1’1S? p1Tc_1§arat.i<f>h
fraTnsmissi0n—speTcif1eTsignéglfi fTro1T1TT1:t11efispeedijsenswjs Ti_I_1$iTTde_. the :fr‘:a11smxss1oi1_.

The _ca1cu1ator_s inside Ttheacunirol units am USU,Elly?InicI7QConirdl1e;ts3131¢iIeTalrtirne requireT-
mentéi and the dTirecWt1y+.addressab1é' §3'1'—6j'gi5a_T1_1T1 étorage :STTiZTeTc)T£T the,Tselecfe3:i ‘miicrocontrollers are
dTet¢rTmined by ”ie»TTfi1IiCti<3TiiS*oTff ffii win r01TahdTthe f¢e¢r”eiIv1fo1xiT1nT~'3n‘t;TIi;1 present

 

fIiiCrQCQnf15QI1i3r$‘in d.eVTe1opTment for II€;\§?,,hiTg}11Y»SQp11iST;iCa‘iBdVCOnt11Ql Sy_S:€DiS'V§fifh'Tii;CI§§&Sing
TfunctiToTnaIv.an;1, e1xTtr_e11_1e rjea1_-time requi»_:¢fmentsL o‘r§gh1atingéTf1:o.111 the transn1isSi0n“'q0TnCTep t.
mi; gnemggy devices% for program and data —aft_3‘ usuaI1y;iE12R;QMS._Iheir storage Tcapjacstyiis, in
prs:s<:ntTTapphcaT Lens; up M64 KbYts6.S- Fut:iITTr<-T::f a1;}?lif17Et‘i[i§TC:?TiI1iT"§<T—3\?iIi1l 1T1Ti5WTCTeS$itatT5 $tc.5raTgTfe siies :upTt,é
IZBTKBT t.éS,iI3hTeifailum-St9rdg¢s,\for idiagT1:0;stieSVandTtha.‘Ts:c1téjg¢Tf91:‘-adaptive data are ini<;Q_I1*
Tye11tio.1TT1T‘aT1:app1iqafionsg,;batfe1:y VQ1té1ge—_SuppIied..RAMS§ThBS§Tfi -_€_t1'AB'TiI1TjC1"e_E1TSiI1g1)I Tbeing; repljajcegid
DYTQEETT T0 T _ 1 .. T . V _ I T . T TT T

T ’1‘11€=r;e ‘re L;IsiI1a1l5rwTaTtic:hd9g.¢i1*¢i:its'ih vari<‘>u_s= ‘cTét_1fiTTTgi.».ITrfat.iTTc*»':jr1:<2-.i‘L111TT T Tseiegafding ‘safety_{mdT

 

:Tmoni:oIi:1g..713iesTe:T:¢;1n bgeifthszr Ta S<?Q0nd.,T1OW*P5ff0Yfi1?1119§.‘TIfiTT.TT£D§QI}TtfQ11¢Ig 21 Customére
:§S_p€TCTifiGv <:'i1fcuitT,or ia ‘cit¢;1‘i1;‘vyith:cOmm0I;‘available devices. Thenuf ut:stag_cs ~__can be.TdivTided
.iM11Tto’ hjgh~.'poWer stages forthe transmission‘ Tact”u'ator eont_rol Ta”:1dT‘1Qxv+power;T»S.tages like lamp ’
drvfi/‘ersVTérT’interfaCesTTfO 0ther'e1ect:6iifc ‘C;T:Tr:T7)7TI1T‘f1’:O_T1T1T_TT1TTIT13iT1Z_S. The 1ow;pow§rg:ut1:gutstages aref mostly
qonVt§1ifional;Qutpu1:Tdriveérs Lej1he1fiii:Sing1b" i;)rMTiT11ff1111i1tiple appficatiqns, ixrhkfii are; r'T11ainlyTTpro§
tecfted ;agai11st short:circ11its;TandT valtage Toverloads; _ ‘T T '

For thejtrans;mission;..s6lenQid5cogtiircsi, fSlIéTCia1T}OutpTUt stages are‘n*ecessary, and they are
;__TTsV;peToiTzaT11‘ize_(i: §.fd:fopei‘ation \'vit1;Ci1:iii1é1;iv<%; aetu_ato_:sfIhe ‘p£esTSure~_reguIétionshifting in
3336916, .a.p1i1.i_ca‘tio:iS »?requir6S T11iEhT..3T—3§11tac¥ i<”e1i‘ffe11t~r¢g111ated .011tpiTut étf T A . _ T
T*'Ihese; aréT'm,ain1'y%designed ‘asjQfistqmcnspaoificzdevicesiIhe Ttypie,a;id.nuIr1h§r—TOfSQ1T61)Oid out-
put stagcT_:s1de‘p‘end onfthe. confroli philagsgojphyTof—ihe;transmissi_o_n: they are: generally: of a Spa-
Icianl design ;fdrTT specific: _fraIiSmi$si§fiiT aTppIicTafiCns§ fDTufin1rg* thejp ¢pa1eati*onTT<;:fT[the?Tspeed Tsgénsor
"signalé;flttenti9fiIrnu$tTbepaid tésnfe é1é%étteTTn1agn::tia ‘TT~ ‘.f)iE?éT7Tl1T1%i7€TiT]T32iTliTtT}T?‘TaflfiTf3di6TfI4ii1il§?fi?3Y‘iDi¢T<
. fe.1r;:r_ic:¢ 9TQ1idiTtio_ns; ‘ T T ' -T T T

T 3, %;rTé'T11eeded;

»SafTtw”zjire;—_; ’ Tsoft,wa‘re wiTthin the‘é1ectre1:fi¢ t1T“£UJTSfIiiSTSiO11‘if011tTrTOl system is gai1:’iT1:gT increas-

fiL1j<T:Tf6 Tt11SiIicre.aSingT\Ti1uI1‘kb:T°iTf éfffiilctiélis T. T _' j ‘ T TL; f T
T SQftW§I¢=TV.01Um§9 sqfbyare TfTor.t.hs‘> C0ntrQ1T‘uni1;§=anT be di3i1dedT ‘two VpartsT:‘:th%:T pfdgfialn
and the data;'I}re;prpgtan1T structure is d¢finedTbyTthe;functions; The TTdTataTT~are« specifiiz fax :’LheT‘I

 V

1ich,m turnT,req.1;1I T Tncxeasiiig
 

r rog;aT1nTpa:vts»~a11d;hav’e to be;fixedT during, the caalibraficrn stage: The [most difficiilt

 T T ,T 9:c.TQnjfrolT1er (Fig,

  Td’i:;g‘t::§he spjeéialI*r1iicr<jT6Qntr()Her’ ha:dwa‘1r§;TT ’ T‘
T0Tfj‘thTe jrriTiqtToc0n:tro11fer

* .TfQ1‘_'£ThE:TTCODtrQ1IC_r pm:ipThs1ia1jT devices; and :in,teVrnTa_Tl SOftW&I¢T'STQIY30TTT€TS like; operating sys1te_1TnsaT

Scfmare the definedTTfim:ctions, Originating sp:aTcifi1c<::azismissie:: a21t1T car
funcfi9ps,T

. -2 ?aTrTTTt;sT. céi:Cs:‘:1:niTI1gTTT&a£ety~'iftinctionsjlike ‘output switchsoff;s:iEsTtii111»e; xzalues for the SiTge
A nals, axad SE1ifEfE;3£T$TfaiBS_AQf:3Tth¢T. microcontrofler. €:IT1T\’iIQI11114§1l11Z»iAI1*ii3fl+5:<iT offailunes. Depsnding on
I flieTTreq1iire1ne:}ts,,ihTé1‘1:;can lbpi a’ software watchTdo‘gT Tor ia}‘hardware-confiégured watcildogé
5t:i}:€'Tu‘iL ij1T11se.fLif1e Twatei1t1£ig_injstructionTis also part of the SéCIIffi}yTTT1SQ£tWHii6;

Tg Tf116ATf¥EiflS;i1Tfi$S:ii311:.

TTTZO pr‘epjar;ation:Tand filter; V
n:rci:un'it;Vintt:rna1sérwitesi T

 

T—%133]3'TT.1T1C.2lT'CTiT(?1T1TS',éith¢f.8Ebit~dI 16-‘EJTiTi§:H1i§?IG.Ci3T11.i1?§1T;1Te1iS?EYE iTI1‘\1Tsje.There arT.¢5Sys1?3'n1Si32-bit V
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‘£3.63 CoNTR;0L.s1€STEMs.

 
  

  
  

 

 
 
 

ih_i‘tializa"tionjAT T
ofméicrocdngtrgllié k

and Qonittolnnitg. .;

 

  
 

 

T ‘ii1p11t»sig%nLaAls —-
,prepa;r;ationV -*~

fun,étions‘{1:

ca1c_{1lT:£tidn V

 
  

 

‘signal, ‘

;_._tta}1,s1ati9I1,,TT ; . * %

;F1,GU'RE13.2e So[1\’nLareStrucfuri:}:c>ver3iit:S2v;

4!‘ Diag_11os1;ic~,a11d communication softvséareiox the __s_ élfetest Qf‘Th65QQDfIOI Vunit and also theltest
of theVcontr“o1un,it enviroimnent;. ’
 

 
 
  

 
 

fimctibfis of the e1ectronio’gong:ro1 system Fangs
151 ,es:n‘1<mitori1ig;,‘t1,ie inp13t».1110nitofing,=and‘

4 ’ . Failmie handling and st<>r.ag.e? is‘ gaining;
* _§5i:. 1agn“oStie:funcfions::are alsoivery’ useful for

obléms;-Bart ofthese functions
fit B‘ T7Td 1* ‘"

.
Q;  

' am: the etimxfnimi “ion soft % %
H731; j A in ‘ ”

 
 

 
 

  

 

 
 
 
 

  

Mostf.As,oftWa:e.jmodé1.T{1 Writ ...?eet1y.Vn 311..
mexfis and .because; there..1sT alimited ‘m:emdryg~sizeT
‘:r;1umberT cf powerful, cost~effective mijcroconltrgallgrs ’
it‘yro'f.memory* components withT%IargerTf;-._ , "
makingitpossibleffq use a h’igher;p:ogta1nT
an ingénifdus structure of%soff:w,are mc>?‘d.T _

“be followed by an Tefféctive distxibution offun S“ ‘ _T
‘refated timejfeq'uiremé,xitsaajndT c:¢§:nt’manage:{m;fi£ cif
T113ff1111Cti0”H§?fit§E1fi“¢1éCir9J1iCATCUbiicausfidfV Ls : . V T
tioils during géarshifting: A ; M L
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”fRANSMI7SSICf1if’CQNTRO11 13.7

 
The seicjqnd. softwétre pafrf, ”d°aTta,, ,ti’i’v‘idéd;§'i11t0Vdata,TwhiCh_is related to fixed"

‘attribut<:s% of‘.t1ie systena; agr,» the-Jnmiiiéer bf as¥tuaiDrs»“nc1 ca1ibratii<:n:d:aita~Tior system tuning;
§".[‘he_: caIibra:_'1dr1 dat'a1ca»1‘1 be adapted toichanging paxamgtars of the: sys:te‘m_:suc_11~ ‘as; the engine,‘
Ivéfiiclegand Tt1‘ansrI1‘isSiQnV <:_ha1‘_acteristics.A’IThfey fiXingfOf‘¢€iIibI&fiionTdata fakes p1TaceVdu1*i‘ng the
t ii‘nVi‘11gjstage Qf[fl—16vVéI1iCI€> and has «tobej redejten_1’1i.n§=:‘d f‘orfeach‘ t3{pETof’YehiéIeTafiTd— §'r[ans1I1ission,j
Wifll sonié iapplica ti§eflns; the} tialibraticin‘ data are addeidiw Va dixrifigthe -vehicle"
pfdducfion sai3cordii;g;jt0?diffe1?ent= typeés of byflié S0,‘-Cfi;fl6d1fi~fld*0f§1i11&:I3f0g¥&ITlIIiiflg:

; meansfliat’th§can-b‘>c‘ prqgramrfied withjhe ca1ibratign~data with c1osé:1d1rousings,;byVTa spe— —
dial hit’ 0311116 Share Toftwfaxe ’dCveIopmér1tTin .re1a:icsn to the: t6ta1:11evé1;31§m6nI,j tinae is
increasing 1.11 Te1qu;£r:em’enté1fo:'‘:*ea1T-tim¢ behavi32r*Tanad%jmen19ry?:izeare
accqrdanca [wifli 12118 nsiiierably increasing demands for shift :'C(3’I1‘i>f‘O1V'_t':«El}'I‘C1 selféleaming flinc-
Eons; requ'ireS Tan’ingeniQu$:str11ct1u5€ of theTlsbftwarVe::andfaf1’ event—re1ate{1 distribxitiozi t>ff‘T
s:ofm}[areTmQdels, e$pEcTéfljfi"d1]1jifig}g}3H1’3Sfiifiing; g;$,Oftw£1re complexity _*withTsin:xuI;taiie-V

fo"us1yrincreasing C11131iY¥‘I5Q11iI§Hi§HT$% C/a{I1SA¢§31iighEL< f?an1ands“.f91r sxofiware %qua1i‘tT:é< central. »

 

13:2-.3 Aétuatars‘

E1efc[tr,ohyd;iau1ic actuators are imp0ftant;{cqn1pon§3nfs.offlie,beiecironic[transmission control
sys’tc11ijs;? CohjtinTujoVus1y’v,operating’. actuators gate: ujse!d*ffo1 modt11afe:.pre;sSufré, while switching
ac:u’at‘o:rs% function? as supply and ¢1i'schargeA %vVa1’ves for shiftgipbinfTc9ntxo1.;Eigum1lssaprovides V

%aT5aéi¢:Q¥er¥i¢WéffhéS¢§TtYPéST¢f S01éh¢idS~  i f. 1 i 1 T _ f ‘ V
. Inxpmtani qua1itiesj;for"tl1e u's;e’Q_f "actuators in ATS are low h3{drau1ic?I£Sisfance§to achieve V
high. Tflofw rateis; f<>::e'I2atis?i_1'% ten11>‘erature'rangé frcfr1i,~4‘04 to; +150.:?C;% $ma.H*pc:wer%1oss; rm'ni— ’
jmiged heatiii3sipati:>n;hTtheT ECU’fsJm1tpTut Tstag_eé.,~$maM11 size and low weight; highest ’:e]iabfl——. V
Tit? in h§;avi1Y éofii2i5minatéd ’oi1s;[vsm'a*iimum% a::ci4rva'¢y‘ ~a:id'Vrep6atabi1it3I‘ s:x€¢:’[1ifefim;e,.

fiII1©is;: 1211 31185511? L090 k.Pa, maximum: Vibfatio:nT»aC¢61¢:afi9nT ‘of 3Q9’Tmfs%; *
. 911C111il%.h fl14fi1bT6f*0f Skvifilh Qpérafionss‘. _ VI ’ ‘ . . ‘ . . ‘

» A very i1‘n3p.ort:ar:tTTasp:ect fherliardwaxfe:andzsqftware;ofthe ECU berdev'e1op;ed,;:aIc—
ing.i11.’tQ 'c1CC>0:1’.1’l1L»t7.fi1€>’i‘;3Ii§i£?I1’F1i3\f:1,_: SI3G£1fiG ’t1<i3T Qf_t h:é=;s'bf1ei10id 1:6 o.btai:i'an.Abptinfizéc1 Cijiilgléiéf
syéte:n7'C0ntf¢Inifig pEtfornié1nce:and.cosI§Fifi ffirflxergietailsiin design a1id’VappliCatioI1;Ieféff

  

  

 

*‘to’Sec;. 21O.3;5. _

Itsiho» Idbe notedihatfliesc;¢ha'ract:eristicg::an1jexzariedove;-ja wide_ran‘g‘§ and;Ihatmad13;;§:fher T
)typ€s‘0f‘S0l’enoi'ds existjcr arefindcveiofifriehtjfox :heT§pecia1jre;quifrements ofénew applfcatibizsr

 

FunC_tions,'oa1i1. be »des‘igI;ated aft‘ systems jfuncfiong:[ffh6,i11divid11a1’ compjunents of the total‘
= ‘elecitiéonicvtrairisrtiission ’ccntr.Q1:‘system hoqpexjgte Zefiieient T :>?V1-.-;G’v:i7d'eV djésired behavior of

[thet1'a11smissi0nVai1d.th¢Vehicle.7ITiere§a}'I§ififf§$f¢nt¥‘$tag€S ti€:na;1i13§whifchhayeldiffere
e_Fr_1t. Iiffcgtsi Q11 _d;1‘i_‘vi1‘1'g; behavior‘ and Shift Characztciristics {Fig 4)l.,In  gener,a1,_ther_eTis an
i;jic;e~a=s113j1g _comp[1exify;‘of‘ the” SYSteIn 1‘el21”£i1'1g it: all C‘OIi1p.C1'1e1iiisT to 1II1fpro¥é;‘—theC I lir§anS‘1a‘ti:onV of
:d1jV$rv'b€haYi‘QjT"§intO:. transmissioxx; acti;on'.A’T'hat% méans’ ’th;at~tI:e Lexpense , cfi1a'torS‘,fseIiso1‘s,_
and 1i;1ksfLo_ other-cjontro1'M—unifs is if1créa’sing, aé’ is Ttheexiéénse%of1f;1:6. ai1d.hard—-
Wgrié. i11'.fh1§’=¢aS1§ %of‘high§1_eve1Vrequiremenmreg;xrdifigi1ri:ie:ibfiit5r agldshlfi. ixipriifort. Figure?
1314shejws ;th:e.s;m_ai)h, areas. These: will be.'discussed%i11T‘de.ftai1 invtheVf0l1o;wing material.

 
    

 

13.3.1: Basic Fuhvctioijs

fH1éT‘basic;f(;h¢§ionseof f]f:c\ trans;11iséion"cQntr91;._a1je.. tT1‘1e‘ shif'tT p<;s;if::1tV,c‘ci:1::::i1,Ttf}’1c:’T1cxa:1§upT 1c’ontr_Ql ,
€?a1_1giIi§‘« ?t<{>r?q116 mntrdlvd_uring'Vs;1:ifting, rélateélsg safety:;f:uu¢tiQIis1,a all T functions £9: *
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;SWitfiEh{i1ng 3¢*tLiat0f!‘S’ Ctintinlmus. operation? actuators

 
-Sdlenoid

Hignmuw ‘(7‘o00cm3Imin,T%4ooKpa) ’ V

:m:::ogv%:1sopcms/m;.;,[ sooxm}

 
FIGUREL 13.3 ‘Elecfrdhydraixlic:actuaifo:s‘fbi= aiiéomaticitransmissions;

A fFuncjt‘io’na} contents»   

   

 pi shiftjstrategyg driviing  

  
 

  

T: 7"li1ri’;il:il'e( Ftéssuré

 

Tj”E‘:‘elfiEarningT adéiT;Ij'jtati’f<5:if1TWT T

~ rwrngsl
   

 
 

 

 

 
  
 

  

 

 ’T*se1r::;;ia:;:§i:auaptaiiaxiiof T
: jshfft Gfiaracteristicv according
F5 %V37‘a???19¢1¢iCj‘?A“?‘?13?'13L 7 T

 
 

 

AV M.,
BaTsicfur'1c>tions:T Z

% forT1exc.sJ[!entAgear change
  

FIGURET13.4 : Reiafipnshipflbetwfiéfl 12"I:iX?i11:g\Tcharacte1iistic and funcfion complexity.
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itiéiisare ~Ir1"*c1c1:'e,JOIVi.Vthé::o§1e'hanc}V,Vby'tHe Highest admissible engine.

_,e:ator peda1“]po§i1io11,V.%;ind ihe; V\]§hicl’e.=—

TRANSMISSION CONTKQL

 

 
  

 
  
 

 

 'pdsifibfi 1
J digital signaéy

switch‘: ‘

 
  

V _ T intehaces V
KB shitting

T ‘1 fs6|,9nojids‘.?

i ‘TciQntr0L||.efr‘

 

T afrialog Si§.rié?ér

T .in_t_srface§ V

‘FIGURE 13.5 Stru6tute"bf‘a baSic{fr'ansifiis‘siofi‘elegitféfiiriékfintfdl unit;

yiehicle The: pressure} in; trans.:riiss1<m~_ $3?S§¢iIiS‘AWitH?¢l6¢tti¢a1LG15¢rHtihg-.pQssi—
;b_i1iitié:s for the pre 11d outside shifting__canT;a1so,,b.e‘ .qonsidV<:r{e§d~.;as ‘a§basic;Lfuh<;t‘iong

V '4 *~ ~ ~ I ’ ’ % ‘ inputs: -and o11tputS:aiS.*Wel1‘ ‘as'?the.blo1e1é ’c1i*agVram;of?.‘an%_e_1ejc;—V
funcjt‘_ibns;

    

VSlii‘f£PointA‘ACa:ttro'l{V fTV11e:,b:asic:shiif:VV‘poi:;t;.co1it:<:i1:11sesV shift mia;_2s,T.whi‘911?ar6;jdefineéi ‘rt da.fa_
Tfnfhe unit Vme1rior;y.V?I§hjesc ;sh’ift_m‘ajp_s V,et"1<c; sVelec’tab1 031131 a Vwide.}igxnggfrhegsh§ffV pQ1ng1;r;;ita—_

   
;a1;i’cL ion; the ¢'th’e’r.; éh” ' “”3eie.d ‘that practxc’
}:rL_is@ %e_1I1issi0fnA.% T1V1e1np1:1.Vi_.°§T ofitihéé Véhiffiidifitdetenninatiqn;azci'»i th¢T'VthrQttl¢f §d$1t19n fhé;-15665145

V speed (V_d‘VTfern1it1eTd by Vtjhe;Vtransmissiicnfoutgijlt fspVc'c'd);
V V V V, V _ V % V __ pplicatigjmofaidutspged itrans““is;sio“ L T
‘ ;1i”r.<:vs’=%;n%t«%;>isze;jr;1yT;f;iret:::=; [ ‘f_ti_rig} Tears, :2i.Ii?.S't§f¢S1S.13©tYv

‘aI1tj1CthQ6,. :downshiftT:chaTractc:ristic:is. ificbrparéitedf:The;hystéres.is’is determined
1s"h'ifVtingAhabit"of -the? fransn1issfo_:nVai1‘d,-Hltertiétiyé A H V “

   
 

 

  

 

V V V V V V A V V V V hjacar b§_:haviqr.IIn.‘tVhcje\lent t,at
jVtif_c‘1”;1V’21r-i shift 1oheV1Vr_af:tef§istic? is sc‘r‘(3‘ss‘¢d _h'y'2on<'_3 *Of;e1theVr= of‘th’é +Vtwo.'%input:va1y:es;;th¢ ;Vc‘1_Vet:Vt‘ro11ViTc‘

r‘e1cas¢s’-ihc T , yi*aiotiv.a:tingTt11éTrelzitgil This C%1.I1’b‘¢:'n“’dif€‘3tShift?'i:1tQ tljm"
 

A‘ 13.9 »
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13:19 ,CONTRQLi§YS‘TEMS

‘E-Program ,(Ecfen'om_y)

  Engir,1e:load;

itoutputispeed n,3biXo1i0O0,

13.5 V: Cliaraétefistics of; fo1ir‘—speed'appiication,

target gear or by agserifanli activation‘ of specific. acftuatorsnin a fixed sequence‘ tofthe itargetgear,
depending on i113—t.T§THSmiSSi0fl har§1Wa:¢AVde.sign., ’ ‘

L01ckup;:bCotttr0I/Torquei’ fC01zyfenfer? .Cfutch.5“ torque conxiertef .cI1itch connects both
functional covmponeiltsnofthe hydraulic conyerteigthg; pfiurnpnb and theioitu:r,_Zb4inie;;.‘jI‘l1e lockup of
1318 CI1.1t¢.h reduces £116 p0,W€:rn1o.ssjeAs:C0_mi1ig~‘ from the» Iorqne»»cony¢rte1:3s1ip.'I"hisV is a perma-
nent slip b€.CauS6,VitjiS necessary .ijn‘princip1e.to ihavi_e.a* slip betweenifhe p1impwhee1.an‘d the
tupbhte to LtrA'ain_'s:i_1iate torque;fro1n‘the. engine ofiip,11t’fo. the;ftrzms:riiss‘ion injpuf. TD’,iI1_QIi6aS€V the
£iffilCi'¢11dy'.ofihieziockup,itis necessary to close the c1utt:ih»’asn often asA‘p0ssiib1je;; Onlthesotlier
‘hand’, the itorquei oonverteriis anfimport’a11tocomponéni toTpr»eventvvibratio‘ns of%thebpower-
train;.Tl1e ‘activation of—the-[lockup  iis,’thefn=;£or_e, a;VcQmp1:o;nfiseibetweenilowxfuéi consumption
and higiidrivingi ¢0mfO_1§tg'I‘hési1ift:*points' of; the Tiockupi are/iiétiinniinediinlitfiei same way as the
ctefermination of the shift ponintifi the gear" shiftnpciirit control! Usually theta is one separate
ChaI§i,€t¢17iS,tiC.,CUIVC iforthe lockupifer [each ‘gi3.arf.nTo npreventfpowértrain ~vibfatiDn's:;if is 3.CiViSr
abi§>1o,.open1:h¢vlodcuprduring cjoastigngi to use the damping; effect of the ‘torque nisonvcrter. In
[the ease fof5anhiig:h; positive gradienffofthe accelerator pedalwith low engine speed, the ’Con—
verterplutch hasm open to useoitiieitétque gain oi‘the*conve;ter for ‘better*acc é1era‘_tion.of the
car;.WII1jiS0‘I'1ie applications, the o1ockup»is»'op¢ned dUIi11g_s_hifting; forfiirnprgyied shiftjcomfort.
After nshifting, the lockup iean‘beo—c1osedzag_;iin. Whennndrivingi in first gear_,_’the lockug isiusually
open, because [the time :spent,i’n} fi,1’SI.gBa1i _is.'usually 1vejr_y low and,‘the1:efor=5a the nf_r'“enqI1e,i11cy of
lookqp’ shiffingvovcrsus ogeair shioflifnng becomes very high; Inay.resnlt in‘deer;<a€’iséd driving
cQm__fQft;A second reason is thfia improved acceleration? of th6’Car in first geargwhenzusing‘ the
icOn?Y€IIer’igain for Wheel torques "

iAEngz‘He Torque [Control Dtzritzg SIu'fiing.~’3 The engine ‘torque control requiresan interface
to an e1§>Gtl2§5nic'iengine imanagememasystem.‘ 'I'he.ta1fge't‘ off the jeiiginiej torque nconrrgi, toique
?red:uciionAdnring shifting,.is:tonisupportb.fhe»syncghronization of ifhei transmission .am:I to prevent
shiftshoclfcs. ’ A V V ' ' ’ I" ‘ ' _ T

In conveixiionalzappiicationsg {he engineztorque reduction'origiI1aies from an ignition angle
control, timing and absoluteiivaine nfflie, ignition ‘controlindep€:'n;;I3;;on the. operating 42011-1
kffiticns concgérnfilgiiactual engine torque, a11d—shiftii1g‘type. ‘ H Ti

Upshifi. The; upshiit occuris. without a1I91 I1ter;rupt'i011 of: theijractilve ’ power; The_ ssnézihe
.t<JJ.rque reductioniinfiay be ractivatéd if the. clutch of the [target gear? stays‘ With" the tr.ans‘Iation of
iorque;Ihe.beg”inn:ng of the engineatorquei reduction ?is—ds§i<:{n1i1i<:d Aby“the congsennf engine or

~ : tfansniission iiiiput SpéCd.1Ti1BEéiiiS,i111pOI‘taI1iIO:d¢tééf;a‘d€C1'€;.§$i§1g:Sp¢6d,The start? of the‘
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tarqufgredhption is“charécterized by a specificvspeed difference. The end ofTfI1egtdrq’;1‘eI:eduction
.isJa§:tiséat£d.at Jan appliéable speed lead fblefore Treaching the} sygxéhronous speieid Q£%tIi§1ié;xt!:g§a:;

. power losses, whichhavef tb b_e;picked up bylthe clu1ches,»a:§~%dép_end¢nt thejéfigine
torqueIa11'd the slipping time _

Q =f9>< (M;ng,X:‘t§‘+ §Q1:m) ’ (133

where V T Q =»Ipm§er losses
Egg =;é;1gin§ [t;c7>_’ric1fl1;~a
 7 :3 = sI1p§jh1_g;’timeT L ‘ M
Qmv=4kinetiQwergyjofr¢Xi01Vmg[e1'ements A

;v.I:t‘is1poLssibITe ‘ta re’d1;ca thé—Tfempe:aiure:striess‘ifQ‘iheTcI1;1tches3by:1'¢dut:i11gAtheengme‘torque :
and,go;1s;gqgenfly; ‘1;;yf=}i11ereasiIig Tthéfislipipingj at a fi:';ed‘possib1a max‘ ‘ um pcwe:.1oss Q

:1;’o:;7.sl1‘ows a%tYpi¢a1 1ipsTf.; ‘f t2c11,3[raCteristi¢- L ‘ ’

Time t

F1Gi?JR'E13.'z *I‘fmingbf_eng1nc torque red1fmtion~during1xpshift.%§

%Downshz'ft. jpownshift 'u1it3e17 cj1T_riv1’ng;condifions fresu1t:si'_iin;a sh6;t‘intermptiqn :c >’£ tie trac-A
five p0.wer.At-‘the =S'YIi911I9f10§-iS'PCfiI1ts.¥th¢1 tractivépew; 'I_'he ‘higt:;r*:c;Wb:1i'ing
energy, o.1j1_th.e- o.th,er::han_d, results V 1,1nd€.SiI_¢‘d .vibI:a5tio11sTTaf:the:vpes:mrtrain+.To pIeir?¢nt%$u¢h -
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13125 CQNTROL.‘SY$fTEMS

Avibx"aefions,it:is necessary ’to“reduce the engine output ‘torquebefore’reacI1ing_the“synchronous
pVointefof*the new gear..Wh‘en the: transmission -input: speed xeaehes the esynehrcmpus speed of
the9n,6W: gear, the engifirlée ft.§1Iqile7i1;;i_S§it() ‘increase jfgthe nominal value. The iiicrease *usual1_yi
appfied asga torque ramp. Figure I3§3»ShowsN atypit:a1‘e,char~a.cte:isetic of"a“_downshifet;.'Ihe values
\and,tim i11g ofthe engine terque. reéiuction are generally part ‘ofthe% special califaratione data for
each: cdmbihation of Vehie1e,~engiti'e, and tfansmissiem ’ ’ ’ '

[Shift Quéiitv .ComIDari‘sDn.

Downshifi T T T

“Time :

I if FIGURE 13.8 "I?ififii1gof ez1g'ineetoi%que reductiot1 diltihg down’:
'sliift, ‘

Pres§ure.6'“o11£r0l.”A Thee timing and absolute Values at the pressure; which: is’ I5e3Sp'0nS1&blB.f0I'V
‘thee toyqufeaetranslation 9fthe‘ftictione 1ement's, is, aside from the eng‘ine'torgue;reg1uction, the

ilnportaifl: iliflilelkié £107 1shiff”€;0mfOit.Thc electI‘o_‘nic TCU5 ilfferfse addi fiCma1 epcssibilitieseI
far; better fungfipn thjan, 2; canventivenal hydraulic system. ’ %

'fl1e:‘pressur'e:va1ues during and aou7’tside;shiftingecanzbe:ca1cu1atedeby different algorithms
or can _be’de‘ten;nined byecha;fac1eristic;maps.efIhe inputs fer a pressuxee’cAalculatio:1a:e engine
torque; tr..anSmissi0n ifiput speed, turbine tferque, throttle position; and so eofiae The inputs
edeperid 0:1‘ the special :sign;a1T a3iaiI_abili_tyeinf different }syste_ms1 as Wefl as the 1“equiIeme:11T»con—e
cerni1ig' shift ecomfVort.l”£heNvarfiab 1e’ p‘ressure«cemp]one_nts are usually afided to a constant pres»
‘sureV'vaTlV t1eM;accordin‘g to }the,,‘d‘ifferent _t1‘ansmissi0n~ designs; Equation (1113122) gives a Vtypical
’2I1g0rithIII f/Ota pressu:e’calc:u1afi0I1:.:
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::p,o,w:;r—O_n ’du,rin‘g the? x_elegtrc>[1;1ic ’ii1‘i‘;ia1izatt
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’TR—ANéMISSIO,N CONTRGL ;’1]?;‘i3

.5 V V.VP—i'rf0(Af'= Pconst +H]§}r 7/X kg‘ 5‘ ' v

 pI.©SS1l1‘BJ; .
_ ‘ ; ‘consta‘_nt‘press,11_reV value A

'lc,; zgadapfafiéil3fé1CtQI fCr‘i;1p11fiSpe6d, H A Z
. ;1?;T,¢=ij13‘i‘-.‘~6jS;sy1  QIr1_pOi1en§dépefidentciritheIéVO1U’ti6ii signhl‘

T X; n:fa¢ito‘r;fbr<:1iTgAine%mtg’T6 _.
j . preTSsu:e;'cbmp.Cn'§nti dQ:iendentTbn tbrquari

.Ladaptm‘:ii:‘nTfactorfor‘ éfiiclé speefi: ’ 12 . » _
3; —-=g"p1<e’ss”1If‘eL camp-onent depéndentbfi véhj1¢1e:spez=:d

 

 
 

  

 

 . D11 % *2: appligcfiifiiinsg L the';fa'cfors='mustT be .Adfe;’fit1:ejc1Vi1I ’t1_i_',e iCE|‘1ibrafi;Qn -phase; In Vgen/exa_I,T itlie‘
idetexjifi tidri_ of gthese$acjtT s_ .:equ‘ir‘¢s ma:1yT’yehic1éV :¢‘sis;beea.us‘esthe sdylnamio. characfteris-.
’fi¢'Q1f:I11t:*t;¢>ta1 S;¥§t§:Ii1.haSv%iILT1II1Tp0rta11t ‘ cc Ofi gslfif C¢Hif0fi.«=¥4’ifl0fhefiP0S$ibi1itY $0! the»
‘pressure; de1,terIii7IIIat§ion' isio 1.133‘QhaIZElCfCfiS,f1Q".1’IIap$v whxch have _tQ°biE;dfe,fAf11éd dugihgé the cal-.;
libraiion. phasjemfis kind of;px’ess’ure deLiei1ninatidnTa1Iosévs an iinprgveci’ ctiori ofihe opti-. .
mum jpteSsurE:}1at’.VariOus‘ :exfreme':points ;ndependent:of an ~a1gorith111

 

jSaf€£3%i’.attd‘ Diagnostic: Fun.Ct.i.0ns«—_* Th? ‘func 3115,; V1.1 fir§6.:U.S1.1%i11Y kT,10\’?/I1? iiiagnéitfii .
1fi l 1‘lI3.’ii'C?I1S‘ of 111.6; evlectmni T T.:CU,'*cafn“ bé :di.'vic;1e,.c.1; into :wfa1’safe1y‘ functions. to: pmventfcriiical?
fdfigving condiTti'on_s.apd..d;2;gnostic functi’on$., whiichl affe“etFa1I .i‘1r1c'}tjeasinAg aav ailabflfify of‘thercar
.a_n:1 betteizi failure“ detection. for Se ' ”i‘c[ing. Thje:b9un;1ax~y‘be1:we;=;n safety ;ajnd‘—diag;1osAtic;ifu;;¢5
’"“f(;)ns_? depends Qn.the;phi1osp’p1iy ’the ztijfdfiiétivif:iméliiilféitfturerg V1‘n{the>cT tegory dfiefal.
safety: ft:nct1ions_:ibe1ongg all ’.ses:m¥iI T ‘ ftlI1CfiQ,l1S¢.;,11P11f prevent unconitmllablc {SL7 xfilllg, especl . I1y~
‘uninfeiidcdi-downshifting. On” _ etlon is ‘the? monitdringoflfheAmicrocohtmller éandV;its'r_6Ie1itCd
§péri1§her »=dgevi<;jc‘:j~s The hidfiifér igjof Lthe‘-”transmissi1qn?like gear ra_tio.;dete;t:tic>ni.is aV1soi a;p;;rft,

 

 

  

 

 
{of this.ifu:ic:1gna1_‘b19q1;, a~s_:a:eTt1;¢ aauator spged ‘ nso: *1r11‘onitor"ih_‘g;Thef njficroconrraller
mjoniitoxt isusiially rai wa_tchdog‘9irCuit.;: Ot1e%pos,sibi1ity—; . ‘ ‘A

U}a I‘?1'3"3?.5g;F-3.“F3.  1 .. ,
.dOg;II1 ammon japp1ica=tio:1s,1f is n6C6.SSa1§y to. us.e;_an{ I11a1,WatChdjQg:Circuit;fQr safeiyiiea-%
sons; “c‘a‘n. :15*e.:flone:Twii11_j T5,fS.éC_0I1§L3r10W€pErfofiliéll gmicrocontrélle oj by‘; a»‘s[6Pfa°rateM.

,wa: _kg?gf;dé,sf”gn§d?as §a:i1T5;SIC i;re=asj§aL c'jo’:1&zfe1::"ftionai1‘ci:*cuit, id ’Usu'a1‘ «théreiis
.aLsafs::y 1ogicT:c1rcuit%conne¢fficd to Tthe1wat¢hdo'g;;w'hifih;Tir1fhecasié Gila; ihi¢i?3¢cfitrol1§rj;b:¢a1¢-L
.dVawn%;activates;;'the’fai1i1resigi1a1;and  swifc1’1es"t11€: _c‘>.114‘tfpufft’s:Tfr.”oLr thextansxnission actfuaktoxrs Lto. Ea.

 

 
  

_ VFQr— thieg dfe£g%ctionVof’W2itchdQg;i§;;is ;rj1¢icessaty<‘t<{§ t§ssjt71t1:e;w:ajtéhdo;g functiofi af ? jrfeach,
’ % A “ 7' % %monitor gt iccmtxpilef gpg Tph¢ra‘1‘vv

mp'1Qfnents,in"genera1EP OM, dA<;11V1 4 él circu1 ,Watkgcontinuouslywithspe-T
mfic a1g0rith”m ‘s;~Te.g;; by ;wntmg;fixed1:da.ta  va1i_1e’ Toflthe‘ sioragei cells Sand following "compvari-:

With the :;;Aea;1; ya;1j1‘e.VbNy~§ih§§:cks m ccmp an wjithiixea values-gnie actuator
‘ 6111.5331d£€fi§§tiOIi:0f:ShOI’£13lrCuiT£.—‘tC5 s1.1‘pplyA vpltage? a.nd;‘g;rldund—;.aS; W.i6f:11.;aSi Op.én‘.+*

 

 
 

l1joaTc}1‘condiiipns.%
11;. icas‘ “of Tctuatoiimalfunction,ihiailimpL1roniéjnoAd§;,i§f2selecterfilfliis;tn¢Tansg1;hat:'the tr__Va1V‘1;s*-—

21i;r11 i_Ssi011‘ T A in a;fi”§§ed, gafe .gevg1:,;j;1ep¢ndingvJ6n;the dyiyii’ “ ‘ ‘qh‘diti<5ns. "Ihe;v safe fgtate (oi the
::ac‘tua[t.ors i_ Ibex n911c_ur:e.I;It conditi9z‘n:whi]chA;%is Seiiufeci bY‘1h§:e,1$§§fQfii¢ vc0TIiTtLrff>Tl.¥I1i1iTfi,‘1’11~':*<5<3TIi‘:

  

tr91?jun'i15 ¢a;1Tpu_t:t,he; gutputi stages intbfthe noncurrenti sltagessgeparate »for§a_ch output or by sax
<commcsnssnpp1y sszs&tch,; usually jga: relay QrHz:1T‘f1“iTa‘j1*.T1’si“s‘t o"1:L-._"VI'h" rg;:areT:son_1_e »‘app1i‘eat:o::s that? use it
igqinbinafibii .of:betI”;flie:watchdogand‘ safeity, cii‘ri:1§its*.I. ’ ' ‘ ‘ '-4 a,

Th<:;m9nitor‘1:xg;o1fI;he. tr€1fiSfI1:iS:SiQi1'SP¢C1 s.¢1;sLors‘; s11chaS;i13p11t,.speed, ‘SPfé€=d,»aIiii§~
Jofilé tempgit-ature, w,o.rks,as3 La %p,1ausa1b,ility chefclc; T 9r:Cexan1p1eith.<: tyansmissien» it;pufLsp.e’eldj=9at1:v. “ . ,

Tc:Tca1cu1ate_d aszra combinationwioftI1&’transrniss1on output;‘s;pa‘ed Land tfh'e'gearrja_t10. I_11VcasA‘e:c1>__f,
La detectaa; SpBef(3;'S$fiSGf, ;na1functiér;,:the’1imp .ih’o1fr1e_ made‘ is generally IequirBfl;‘With aiém-—
perature sicinsorf Tfaiiiziie,3the‘TCU*11su2i:1ly‘ works With"a,substia:tesvei1ue; ‘ ‘ ‘ ‘
A’ The. §di:a.gn<;>St;ic2fun.etiLons;_ which faciIita.ta the finding ,111,1F€S in the sersfiéa station;
Ttaiiit_heT[failt1»r.e :$tior!a;g6 .and§t1_1eTcommunicatitmtd ;thefsem’ce tester, which}.:a11Gw the-.ste1:t?2<1?
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