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02 Sensor

SEhews into)exmhiaust manifold or
exhaust pipe

Connects! directly tor ECM
Sensesi oxyaen level infexhaust
gases|and! feeds infol to
computer which adjusts;fiuel
delivery to match 14,7 air/fuel
ratio

GM| P/NI25166816 (Delphit #
ES10004) used widely’ on GM
engines
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(Throttle Position

(Engi
Temperature)
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02 Sensor Types

We typically, useraisingle wire sensor (groeunds
throughi block).

n Exhaust gases heat to operating temp.
n I oK Very near exhaust manifold for’ guickest

heat
Hasia veny nariow: operatingl band (essentially;
over/under 14,7 AER)

Three wike sensors EIZV, GND, and signallleads)
work muchylike single wire except they self heat.

Four wire sensors have two signal leads; ene
indicates high AER, the other low AER:

A'wide band 02 sensorhas a much wider band.
= Very helpful'in calibration woerk:

s Good for al couple points AER either side of 14.7

DISCLAIMER:

Generic 1B Fuel Injection

u BlockaDiagram 8EACTORYImS

m IndividUzlFComipenentsiand e

EUREtion

Why: 14. 7 air/fuel ratio) 222

14,7  AER'is: NOII necessarily:
most fuel efficient, but the CC
(catalytic converter) is

As| AER getsileaner;, CC becomes
more efficient burning HE & €O

As AER getsiricher, €C becomes
moreefficient burning NOX
14,7" AER! s where  they: cross:
andl both arer90%%#= eliminated
Tihe ECM hasjan| unincorporated
highway:moderthatieansithe
mixture during cruising;
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ECT Sensor

n Connects directly: tol ECM
With tWo Wile: connector

n GM P/NI12146312 o1 29036979 (Delphi
1S10075) usediwidely:int GM vehicles

n Sensor isia nontlinear thermistor whichivaries
resistance with' temperature: The ECM sends a
precise 5V referencelto the thermistor, and Uses
the return voltage to establish temperature by
means of a look Up table of veltage vs.
temperature.

Wihat does MAP afifiect?

w Keyinrcalctiatimalaishiowin the S
(Speed density)isystEmMWeise as
opposed toNMAR(mass aldilen) UsEdNn
MOstPEIENGINES

u| Air- flow’ (along| withi other: things)) determines
fuell deliveny: rate.

) Spafi Calcllations
u Baromethicipressuie readings
m Switchr pitehrony/efifif tsed

What does ECT afifect?

m FUel dElivery
w Ignitionrtimingirelativertorinitialisetuing

m Knockidetectionrsystem) this spark
retand

w ldletspeed

= jorguErcenVEnterclitchrapplication
(sSwitchr pitchi Converter?22)

TP

w hreeWilie ConNECLOFto
EGM
u 5\ refierencelis sent to
the NPS by thelECM 5V,
IShettimed @ closed
thrette s 5@ BPEN 5510424 | 5510425
w Ecrlied454 st uiseditherstyle torthe lefit; Jater
onesilseditherstylertortherght S Changed
aretnd 1990x

= Bothiwere widely usedithroughout GM

DISCLAIMER:

MAP:Sensoer:

= Three wirelconnection to) ECM
plus manifeldivacuum

= GM P/NI2131545, 16137
16017460/ (Delphi’ # PS10076)
widely: Used| throughout GM
prior to 1995

= Do NOII get one ofif alstperor tlriboe charged
engine, or firom! pre 1B carsi suchias the 307 Olds
engine. They are MDP (manifold differential
priessure) Sensors

» Output isioppositemanifold vacuumj; 100 kPa
(kilopascal) = 07 vacuum = 1 atmospherel pressure

What doges, the TPS affect?

w LikeMARS PN S keyainicalcliating air o,
andithustitiel deliveraintoliF speed density;
Sy/Stem

w [gnitionrtming

w SWitchipitchrony/offfiftsed

u Floeding contiel=—enleansidrasticallyaii
Wolrwhile cranking
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\/ss

Connects to ECM with only/ theisignal
\tNir;ta, but 12V & GNDimust beisupplied
o) ]

Be sure tojgetione that will give, you|
2000 pulses/mile

SOUKCES?

= [tps//www.dakotadigitallcom

= Don't know: of anyone who has used this
= WD S/ W B GEtRaTAIRLCOmY!
= hibbos//WWWAtIRDOCIEY.COm).

Anlexcellent write Up on speed sensors injgenerall cani be
found at: o/ /WWWsaastiatitnscom/V8Echapters/Va=tis

Speed=Sensors.pdf:

What it dogs....

u Inilaymanis terms thiat yolrand I canrunderstand)
the KS is a type off accelerometer that picksiup;
signalsifiiom| the engine block or head that may or
may. not be knock. 1t sends these signals toithe
ESC which makes|the determination that it is or is:
not knock. Ifi it decides it isiknock, it sendsia
“yes’ (low! voltage) signal to: the ECM which
calculates how! much) if any, to retand the spark.
Tihere are a number of different ESE€ modules
tuned!for different characteristic responses to
spark knock by different engines. The 454 ESC
seems to) work forr our Olds 455 engines. Per
WWW.rockauto.com the GM P/N is 16131231,

\What does, the Vss affiect?

w SHoft ansWERIS net much

w IAC reacts differentyAWhenVss is Very,
IoW:

u SWitchipitchrony/offiftsed

m GIVesinicelspeed outplt throtughrALBDLE
CONNECLON:

m Some Kits dornet use Vss

Crank: Signal

u IS menelyiarised taplinto therheavy
pUnplEMVinErthat gBESHOIthEIStarter
spleneidialongltherightivalvercover

u jells ECMItherendineris cranking spiitican
calculateritiel deliveniandispark
aecondingly;

u Keepsiuhe fuelfpumpirelay energized until
enginelstartsiand you hiave oil pressure:

DISCLAIMER:

Spark Retard System — Knock
Sensorand ESC Module

n Single wire Knock Sensor to/ESC —
grounds; threughblock
Singlerwirel ESC tol EEMIbut 12V and
GND; reguired to ESC
[Later ECM's and PCM5 have ESC
built into; them:
KS GMIP/N is, 10456288 (Delphil # AS10015) —
sliggest youlbuy new,
ESC GM P/N'is 16131231

ECM
4 (Engine
(Throttle Position Control
Sensor) $ Module)
+
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SES and ALDL

w [HEISES outputisiarsinglewire aeing to)a
waminglighthnview et therdrvertersignal
al preblemrdetected by the ECME

= hEMALDIS elitputis arthreeWire conneCHon

= Ground
= Serial Data
u Diagnostic) Test

A Word About Pumps

u A Gommercialk ol an

EXCELLENN Wiite Up
onifitelrdelivery, Visit

JohnWilsenistwebsite

St WIWIWL CUSLOMETISICOMm and Pop o $S0IO
BuyhIsSIDIYAmenualsIEhasibeen thersingle
most-helpitl dociment torme:

u JohnrEcommendsither EZ182 plimplalbove:
n AVailablermoest attorstpply/stores inder $7.5
u Use aniinlinefilter between tanks and pump

Information presented by GMCES is intended only to communicate thoughts,

Four wire; connector to
ECM

Controls low, amounts
of air flow when
throttle blade isiclosed
or nearly clesed such
aslat idle

Unigue torthe 454, TB with 2~ thrioats and a

very limited number of 4. 31. applicationsiini the

S-10raround! 1991-96, probably: the “Cyclone”
= GM P/Ni 17111788 (Delphi CV10027)

A Wordl About Relays
e A B e

LLI

" = Relaysiused in this caselto) carty/

(R 3 more current thani theisignal can

S &S proyvide - signalionly activates:
RElaysistchiasiuase alie: almost fireei INike theseibecalise ;
variety oftbriacketsiare available; they are Weatherproof, snapiin
placeiand are very reliablel Jhe bracket andrelay on theilefi
came from)an| eanly ‘80's GM “A Car” (Celebrity, 6000, Century,
Ciera)):..not stire where the parts on the right came from. There
are different attachment types, soimake sure your relay(s) fit
your bracket(s). Parts similar to the lefit ones are available friom
the GM|“dustbuster”vans. Get ones with heavy wires as long as

AAceihla

DISCLAIMER:

Fuell Pumps Relay: Output

Single wire; 12V output fiiom ECMItol fuel pump relay,
activeronly:when' cranking

Relay' COM term connects 12V toifiuel pump

NO! term! connects to) fitlell pump

NC termi can gos te ALDLE “G” for diagnostics

Euel pump getsi 12V through NO: oil pressure switch in
parallelwitherelay:

= Stops fel pump if enginelquits...relay’ cranks, OP sw rins
Alsol al singlemwire attachesi 12V el pump. terminallto
ECMias *Fuel Pump Signal”

= Sole purpose isito tell ECM that 12V is|actually being
applied to fiuel pump...diagnostics?

Fuel Injectors

ECM | “sinks’(neg)) rather
than “seurces’(pos)
INjectors

An| ECM output used for
eachinjector:.one cannot

sink enough powerfor both
(Delphil EI10098) for 87-98 throttlerbodies....80 LB/hour

P/N 17113080 (DelphiEIL0097 ) for 94=951iB's...90 LB/ hour:
TB's hardlto come by, only’ used oni454 Chev: engines; bores
are 2" asiopposed tor 1 11/167; look onjebay: or searchi net
Holley: and/ Customefis make after market 2 bore
TB’s...cannot comment onj suitability...again, refer to)John
Wilsonfs manual
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Distributor pickup, and ECM
calculations tell thelcontiol medule
whentolfire theicoilt

Disthibutor comes,ftom) 307 0lds;
Early 80/s| Buicks and Olds|carsiarelgood sources:..any Olds engine
withrardistribltorwithmoVaclilmican andiwith a fourwire

CONNECLOr cominglout ofiit IS OK:

ThEouUrWIre connectorthooks difectly torECV

Echlin TP47, Standard LX315; Accell 35363, [Holley 891-102;
GM 1976908 Delco D1952 seme of many. module:P/Ni5iavail.
Any: GM HEL distributor with electronic ignitionican be convented to;
use the internal controll medule: Any: non HEL distributer withi
magnetic pickupican be converted to uselan externall control
module for EEMI controlleditiming. Reference John'simanual

ECM "gcm

ECM

Tiop. one!is 1227747 ECM which
this presentation|is designed to
LSE

\Widelyzavailable='see
RtpE//WwWwicrizersicomy/~Iudis
for a|listing of: moest Usages
The bottom one'is 16197427,
PEM| and'is al NeEWEer generation:
computer tham the eneaboye:
Only usedion 94 —957.41L
Endine

Only’ one of this generation tsed
with BT — others are PFI
Faster, better contriol, more

[T T S e O N e V)

TBI FUEL

Generic 1B Fuel Injection

u BlockaDiagram 8EACTORYImS

m IndividUzlFComipenentsiand e
EURGLon

m SchematiciBDiadricai

Generic 1BI Fuel Injection

u BlockaDiagram 8EACTOnYImS

m IndividUzlFComipenentsiand e
EURGLon

m SehematiciBDiadriai

s iheracttalinstallation
u| Gather components

DISCLAIMER:
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ECM Conn-(extra pins)
. |
TB Conn &
£losue Grnmneﬂ

ECS Module

"

AL bracket added to
attach ralay/fuse bracket

"Last 3 digits (039}
_of MAP P/N here
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Generc Bl FUellinjection

u BlockaDiagram 8EACrOnYmS

= IhdividUalrCompenentsiand e
FURGLon

w SehematiciDiadiam

= [hefactialiinstallation
u Gather components
= Wiring Harness

. Turbo City Adaptor
~ Plate - note how TB
holes line up with
Q-Jet secondaries
oor job machining

N
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(wrong
one)

T\ 3
Wires fo Fuses & Relays |
118\ TVITVTVRVRERT RO

T L L U

¥

307 Olds Distributor
-note lack of vac can,

mechanical advance
®

802 Sensor |
= Knock Sensor |

\ A Leads to Vss, ESC, Engine GND,
\ /8 02 Sensor, Knock Sensor

DISCLAIMER:
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Coil "IGN on"| = .
10A Fuse PefFP & ECM 12V o
s 200 g IEN on”
) Y 0A Fuse [ —
' : 2Afuse u BlockiDiagrani 8SAGCHGNYIMS

12V Always-20A fuse feeds this “IGN on” [l FP Relay i ;
wira [ECM) & FP Ivia O switchl m Individtizl eompenentsiend el
IGN switch to “IGN on® Relay coll 5 ;
i e . 4 : EURCtion

from OP h & FP g P
12V whan IGN on-5A fusa faeds ECM ol cones from OP switch & ’ . u Schematic Diagraim

Generic 1B Fuel Injection

w e acttalfinstallation
u| Gather components
» Wiring Harness
u| Bracketry,

DISCLAIMER:
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5oz

VNIHO M 30V
10£v600}

MainrModes

u Stanting

; = Clear Flood — TIPS bi d ftal Int
) BlockaDiagram 8EACTORYImS Runear % kb o
||

m IndividUzlFComipenentsiand e « Open Loop  totally program control

Function % Closed| lloop)— 02! feedback and| adjustment
m SchematiciBDiadriai s Decelenation| Enfeanment
m helActualtinstallation u Pewer Enrichment — richer for morelpewer, cooling
» Block Llearn — constantly adjusting| fliel tables

u| Asynchronous mode — such as, rapidly: changing
TIPS signall (“accelerator pump” to prevent stumble)

x| HilWay Made — not used runs; in open|loop

Generic 1B Fuel Injection

s IhEGR/AandVedESI O OpEaLion

DISCLAIMER:

Information presented by GMCES is intended only to communicate thoughts, ideas, opinions and
procedures to and from GMC owners; there is no attempt to replace or supersede recommendations from
General Motors Corporation or any other component manufacturer. All opinions expressed are those of
the authors and not GMCES. Mention of any product does not constitute endorsement by GMCES. Neither
the authors nor GMC Eastern States assume any responsibility for what you choose to do to your coach.



By: Ray Swartzendruber

Open: Loop

w o @2 feedbacks—ECMicalctiatesHfitiel, spark;
andfREMErompregiammed paiametersiand
fiem thESE N PULSE
» TPS, ECS, MAP sensors andl IGN pulses

u (GOES INte) closedoBpWhERE
» ECM receivesistable and validi02 signal, and
u ECY is above! al specified value, and

a A minimum specific amount: of timehas passed
since starting

VE/BLM/INT/O2 con't...

ECM| calculates the injector pulse time from thelchart,
fitom the corresponding BLV (Block:Learn Mode) value;
and the Integrater (INT) value.  ThelBLMIis sometimes
referred tolas the “longiterm!” correction tos the table
and the INiFis referied to) as the short term correction.
The ECM keepsial table infmemory. off BLM values gwhich
arelliesetif bat‘ce?/I cable’is removed).  Iffa VE table
valUe is perfiect, the! correspondingl BLMivalue isf 1281 If
alVE tablevalluenisiean, BEMValle s greater than 128
and vice versa. The INif value'is calculated using| VE
data and BlLMidata'and @2 feedback data., Ifi thie NIl
valUe isiconsistently ofif for ajgiven MAR/REM, thel BILM
IS Updated, but gradually: Eventually, the BLMidata
should be updated to the point where the INT value is
128, and it makes no adjustment: to the injector pulse.
Tiheoretically, at that point

Information presented by GMCES is intended only to communicate thoughts,

Closed Loop

u Varies AER based onivoeltage variations firem
02

s Increases injector pulse width wheni voltageiis
less tham 450 mv. to) enrichen AER, decreases
pulse when more than 450 my: torenlean

a Constantly over/under450mv: asf AFR IS
adjusted

| Based on magnitude and freguency of
adjustments, in Block Learn Mode,, internal fuel
tables are adjusted higher or'lower

VE/BLM/INT/O2 con't...

you need no 02 feedback. Now youlcan use the BLM
Values to adjust thelVE table.  Foitexample; iffal VE
Value isi60, and theiconresponding BLM Value is 120,
the VE value shouldibe adjusted to 60/ % 120/128 =
56.3. Theoretically, after adﬂ'usting your: table;enough:
times, all'the BLM valuesiwill be 128 and your VE table
IS perfiect. In reality, if your VE table gives BLM values
between, say 122 and 134, it is Proba I/ about as good
as it is\geing to get. Note that i el change values in
an area) ofi the VE'table, you really‘are not/deing
anything longlterm except chianging) the ECMi calculated
andlstored BLLMIValues, unlessithel calculated BLEM value
IS outside the'specified range. BLM values only/change
when inl closed loop, but influence AFR in| all modes.

DISCLAIMER:

VE as % (FL1)
VE/BIEM/IINT/O2 e e

Shownisia volumetric
efficiency (VE) table
Which in éssence is the
“fuelltable”. - mhis s an
indicationl ofitheengine’s
efficiency/ inl pUmpingl aif? by: charting RPM along| the X axisiand
MAP along| therY axis: Chandes such asicam timing &
duration intake & exhaust port configuration) valves,
manifields, headers, 3/“exhaust; etc. affect this table: The
more efficient, the higherthenumber. Tihe higher the
number, morelail flows. As more aif flows, you need more
fuel, Thus), this can be considered| a fiuel table because the
amount of: fuell reguiredtis directly’ proportionall toithe
efficiency, off the engine in pumping) air through itself. Now:

thic charkichiiick Sickartina naintTha

Generic 1Bl Fuel Injection

Block:Diagram! & Acronyms

Individuall Componentsiandiiheii Function
Schematic Diadram

Wiring Harness

Fabricated Bracketiy.

Tiheory and Modes|of Operation
Calibriation

= Equipment

= Variables
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What youineed...

u Eiristiyou need ability’ te; gather datalfriom the ALDL connector.
u Cableto connect tollaptop— Www.CUstomEfis.com
RLpE//WWW.moates.net;
u Software! to view!and| save datalhttps//winaldl.joby.se/
AttpE//tunerpioimarkmansiiy.com
s Software to edit data
u Free o very low: cost http://tunerpro. markmansuy. com)/.
= Very good and|fairly [ow cost Wi tlinercat.com
u Needia “maskfor a particular EEM, in thisi case the
1227747 The maskidentifies the Variables and where
they’are in the ECM
» Need|a bin fileitor put specific datal at/the locations specified
by the “mask”

Links....

https//wwiw.tunercat.comy/, bin editing/ programiand
masks) Veryigood linksipage

htte://www.moates:net/ realltimeremulation)
programmers) adapters, connector cables, other stufif

httpe//winaldlijebyise/ progriam) to readiand store ALDL
datahoWrtorPALDINto) laptop) cable

https//tunerpro.mankmansur.comy/ bin, mask editing
software, masks(ECU'S))'samplé bins, emulating
software for Craigl Moate’s emulating hardware

httpe//wwwicriizers.com/~ludis/ excellent EEMiinios site
=Where ised) pinouts) Schematics) ete.

https//wwwithirdgen.ora/ a wealth of infe in Chat
RGOMS

hitp://www.thirdgen.ord/newdesian/techy/ geod tech
articles

Information presented by GMCES is intended only to communicate thoughts,

What youlneed! cont...

= The mask can likely: be ebtained where ever: you| get your
editing software (probably TunerCat o hunerPro)
u Thestarting peint” bin file should be'ene meant for the
GM 7.4L enging, or I canl provideyou with mine.
= Both Turbo City’s andl Holley/s bins areivery close to, the
7.41L bin.
= Once you get the binifile theiway you want it yeuneed a
programmer toiburnial 2732 EPROM|foryour ECM.
= Tihe one!fiom Craig Meates) reguilies)you to use a *flashf”
chiprand anladapter hersells: It canlalse belused o
change variablesiini realltimerhttn://Www.moates.net;
= The'Pocket Programmer s a Very good inexpensive one
http://Wwiwaxtronics.com/memory/EPROM. htm:

Links cont....

https//www.iagsthatiun.com)/ good! speed sensorwrite Up), parts
s //www.diy=efitora/amecmy/: excellent source of info) masks,
bins, dewnloads

https//wwiww:hoewell=efi.comy/. parts; te) systems:

httis//Www.zeitronix.com/. wide band ©2; sensor=1 have one
and it woerks great — a must have i you are going to) calibrate;

httpE//wwiwiturboecity.com/. ene part tol complete system
httpE//WWIWEXERGNICS.Com)| programmer, real time emulator
W, customefis.com how torbeok, EEI systems) many links;

DISCLAIMER:

1jo) change variables:..

Tihe! program that will'seenibe opened:is Mank
Mansur's' program called TunerPro: MUnerCat Is very,
similar: but morerexpensive and better supported.
Mark is.a ene manishow.....open

©pen) your'saved bin| from

the editing program) and

burn your 2732 or'the

flash EEPROM iffyourhave

Craig’s adapter. Putitin

your ECM and hopefully,

you are off to evaluate

your' changes.
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