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Terms and Conditions

Electromotive Product Warranty

Only products Manufactured by Electromotive areered by Electromotive’s limited warranty for
a period of one-year from date of shipment by Eteubtive.

Products not manufactured by Electromotive areesgly excluded from any consideration under these
terms — for information regarding products not nfaotured by Electromotive you must contact the
specific product’s manufacturer.

Whenever possible, Electromotive attempts to weptiefective products rather than repair them.
Replacement puts the "Customer First" and offensynieenefits over repair; the greatest benefit biéneg
timeliness of the replacement process. Howevespme cases, replacement with a ‘like new’ refurdish
product is not possible, and a warranty repaimsittn occurs. In these situations, Electromotivieas to
keep our repair times to a minimum (on average 2lasiness days upon receipt - excluding the saces
shipping time). Customers should follow the appiatersteps outlined below to initiate a warranty
replacement or repair.

Warranty Replacement

Contact Electromotive Technical Support at 1-763-8100 9am to 5pm Eastern Time. The
customer must have the serial number and origireadfpof-purchase available. Electromotive’s Techhic
Support staff will attempt to help you correct aninor issues that might be causing the problewelfare
unable to fix the issue to your satisfaction, ameimerchandise authorization (RMA) number will be
issued. Under our Warranty program, Electromotivietypically ship the customer a replacement wmit
the same day the defective product arrives.

The replacement product will assume the remaiafigour original product's warranty or 90 days,
whichever is greater.

Warranty Coverage

Electromotive warrants its products to be freefidefects in material and workmanship during the
warranty period. If a product proves to be defectivmaterial or workmanship during the warrantyiqug
Electromotive will, at its sole option, repair @ptace the product with a similar product. Replaseim
product or parts may include remanufactured orrbédtied parts or components.

Length of Warranty
Electromotive products are warranted for one €gryparts and one (1) year labor. Warranty begins
upon date of shipment from Electromotive.

Who the Warranty Protects
This warranty is valid only for the purchaser fr&tectromotive.
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Warranty Exclusions

1.
2.

ok ow

No

© ™

Any product, on which the serial number has lfaced, modified or removed.

Damage, deterioration or malfunction resultirant:

A. Accident, misuse, neglect, fire, water, lighpior other acts of nature, unauthorized
product modification, or failure to follow instruchs supplied with the product.
Repair or attempted repair by anyone not autlkedrby Electromotive.

Any damage of the product due to shipment.

Removal or installation of the product.

Causes external to the product, such as elguvier fluctuations or failure.

Use of supplies or parts not meeting Electrovecti specifications.

Any other cause, which does not relate to ayrbdefect.

Removal installation, and set-up service charge

Shipping Charges.

Any warranty of merchantability, express or irag| is excluded except as otherwise set forth
herein.

There are no warranties that extend beyondékerigbtion on the face of this document.
There are no warranties of fitness for a padicpurpose except as stated on the face of this
“Electromotive Product Warranty”.

Any and all oral warranties are excluded andi mat be honored.

Consequential damages will not be covered sptlairranty.

O@MMOO®

How to Obtain Warranty Service

1.

2.

For information on warranty service, contactryglectromotive Value Added Dealer or call
Electromotive Technical Support at 1-703-331-01@0nf9am to 5pm Eastern Time Monday
through Friday - e-mail [support@electromotive-gmm]. To obtain warranty service, you will
be required to provide:

a. Original dated sales receipt

b. Your name

c. Your address

d. The serial number of the product

e. A description of the problem

f. Contact information (daytime phone number or iéaddress)

Take or ship the product in the original or aadle replacement container to:

Electromotive, Inc.
9131 Centreville Road
Manassas VA 20110
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Limitation of Implied Warranties
THERE ARE NO WARRANTIES, EXPRESS OR IMPLIED, WHICH EXTEND BEYOND

THE DESCRIPTION CONTAINED HEREIN INCLUDING THE IMPLIED WARRANTY OF
MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE.

Exclusion of Damages
ELECTROMOTIVE'S LIABILITY IS LIMITED TO THE COST OF REPAIR OR

REPLACEMENT OF THE PRODUCT. ELECTROMOTIVE SHALL NOT BE LIABLE FOR:

1. DAMAGE TO OTHER PROPERTY CAUSED BY ANY DEFECTS IN THE
PRODUCT, DAMAGES BASED UPON INCONVENIENCE, LOSS OF USE OF
THE PRODUCT, LOSS OF TIME, LOSS OF PROFITS, LOSS OF BUSINESS
OPPURTUNITY, LOSS OF GOODWILL, INTERFERENCE WITH BUSINESS
RELATIONSHIPS, OR OTHER COMMERCIAL LOSS, EVEN IF ADVISED OF
THEIR POSSIBILITY OF SUCH DAMAGES.

2. ANY OTHER DAMAGES, WHETHER INCIDENTAL, CONSEQUENTIAL OR
OTHERWISE.
ANY CLAIM AGAINST THE CUSTOMER BY ANY OTHER PARTY.

4.  SHIPPING CHARGES.
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Forward

The TECgt Total Engine Control system is the latest ignitsystem in the expanded line of ultra-
high resolution engine management systems frorsdh@any that revolutionized engine management
over twenty years ago. TA&Cgt can be configured to control virtually any 1-, 2-, 4-, 6-, or 8
cylinder engine, as well as 1 or 2-rotor rotaryieag, and dual plug 4 cylinder. The heart of tECT
series of engine management systems has alwaysldegh-resolution ignition, which offers incredibl
precise ignition timing even at the highest ac@ien rates. Th&@ECgt continues this tradition; only
what was once done with an analog ignition cir@uitow done with a high-speed microprocessor. dDire
Fire Units (DFU’s) with twin-tower coils are avdile from Electromotive in 2- and 3-coil versiorfSingle
tower coils are available as well. These DFU’samapletely weather proof, and feature sealed ratatt
connectors. Additionally, the DFU’s are impedanw&ched for optimum performance with AlECqgt.

The TECgt with six dedicated fuel channels and drivers atseers fuel control. This allows up to
12 low or high impedance injectors to be drivemag8d injector firing is a built-in option on tA&Cgt
for most engine configurations. Sequential operais also available through the use of a cam iposit
sensor but sequential operation is not availabl¢hi® 8 cylinder engine option on th&Cgt.

There are Nine dedicated, user-definable, genenglgse inputs / outputs (GP 1/O’s) included with
the TECgt to make your high-tech engine setup a snap. TM&Gs can be used to control anything from
wastegates for turbo setups to simple electriatadior intercooler fans. The possibilities ararhe
limitless.

One of the GPI's has a frequency-based input cafyalvhich can process data from wheel a
speed sensor or similar device. The other GP&saanlog inputs only, and do not feature frequérased
capabilities. These channels can perform fueldrittming trims, and many other functions.

Besides the GP 1/O’s, several functions are builisitheTECgt that are quite useful on most
applications. The following outputs are standandreTECgt:

Tachometer (configurable to drive most moderhgac

Check Engine Light

Fuel Pump Relay Ground (activated at approptiates by theTECqgt)
Idle Speed Motor control (stepper motor styl@-avire style)

TheTECgt uses the following inputs to perform engine managya:
Crank Trigger
Cam Trigger (optional)
Manifold Air Pressure
Coolant Temperature Sensor
Manifold Air Temperature Sensor
Throttle Position Sensor
Knock Sensor (optional)
Exhaust Gas Oxygen Sensop E2nsor)
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A. Installing the TECgt System

A.1. How it All Works: The Two Pages You Needto R ead

The goal behind Electromotive’s Total Engine Cohpr@duct line is to provide complete, high-
resolution control of all functions of the modemgae, and to do so with a user-friendly interface.
Consequently, th€ECgt is designed to easily control a huge number ofptexmengine management
functions through the hands of a user who is netlveagame.

Engine Speed & Position = Crank Sensor...

What separates our engine management systemstios®a of our competitors is the fact that our
products are all designed around an ultra highluéisa ignition. For this reason, we use a 60edth
crank trigger wheel to give the computer an extigraecurate engine position input. This is als® th
reason that we do not support any other typesggfdr inputs. Take, for instance, the flying magne
trigger input used by some manufacturers: 8 cylimigines have 4 magnets mounted to the cranlketrigg
wheel. Our 60(-2) tooth trigger haS TIMES MORE RESOLUTIONFrom a magnetic sensor aimed at
the trigger wheel, th€ECgt receives its input for engine speed and position.

Engine Load = MAP Sensor...

As nice as the 60(-2) tooth trigger whedbisdetermining engine speed and position, more is
necessary to perform ignition and fuel control; egna load input. While many OEM’s use Mass Awlo
(MAF) sensors to determine the airflow (and thueslttad) of an engine, Electromotive systems are
designed around Manifold Air Pressure (MAP) sensgrthe load-determining device. MAP sensors
simply plug into the intake manifold of the engijaéter the throttle), and are inherently easiengtall
than MAF sensors since they are not sensitive ¢cawa leaks or engine airflow requirements. A 1-Bar
MAP sensor is designed for naturally aspirated reegyi A 2-Bar sensor is used for turbo/supercharged
engines with up to 15psi (about 200kPa absolutelifiold boost. A 3-Bar sensor is good for up to §0p
(300kPa), while a 4-Bar is good for up to 45psiQiIPa). Choose the appropriate sensor for the
application, and you are done.

Ignition Advance Control...

Once the MAP sensor and crank sensor aralledttheTECgt has inputs for RPM and load.
Under steady-state conditions on a fully warmedtngine, these are the only necessary inputs for the
TECqgt to control the fuel and ignition curves. Contwbkhe ignition advance curve is quite simple: ¢her
is a table of RPM vs. MAP in which the desired igm advance angle is entered for every point. The
table can be made in any size fror8 80 1616 data points. Between each data point, theae&6 point
interpolation occurring. This keeps the advanaggefrom “stepping” from point-to-point. Additiofig,
it means that the engine can be tuned with ongmaihput numbers; some other systems on the market
rely on the tedious input of hundreds of numbershiain an ignition advance curve that is still ast
smooth between data points as ours.

Fuel Injector Control...

Control of the fuel curve is very simple asliw When the user first sets up a calibratior, th
Tuning Wizard is generally used. The Wizard askgHe engine horsepower, peak RPM, number of
injectors, and the amount of manifold boost. Ftbese, a raw fuel curve is established. Most
importantly, the User Adjustable Pulse Width (UABG) is established. UAP/TOG is the fuel injector
pulse width when the MAP sensor reading is fullls¢aide-open throttle on a 1-Bar MAP sensor, 15psi
boost on a 2-Bar sensor, etc.). The second varthhl is established is the Injector Offset TihaTy).

IOT and TOG can be thought of as the idle adjustreerew and the main power jet of a carburetor,
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respectively. From these two numberfyradamental fuel curves established. However, the
fundamental fuel curve only works on a thermodyreatly linear engine. A thermodynamically linear
engine would have a torque curve that is a flaizootal line from idle to redline. In reality, eings stray
from this straight line, sometimes dramaticallyjrathe case of motorcycle engines. To comperfsate
non-linear fuel consumptions, a Volumetric Effiatgr(VE) table is included in the software. The VE
table is based on RPM and MAP readings (like theahde Table) to provide fuel injector pulse width
offsets for various loads and engine speeds that Bom linear.

Compensations...

Having a warmed-up engine running under stesdate conditions is all well and good, but in the
real world, we must deal with cold weather starterggine accelerations and decelerations, etcthiése
scenarios, engines need fuel and sparkpensationsThe coolant temperature sensor (CLT) provides an
input for theTECgt to measure the engine temperature. Since colidengeed more fuel than hot
engines, tables are provided in the software tmafliel flow increases as a function of engine
temperature. Other parameters related to the gbt@mperature are cold starting (cranking) enriehts
and throttle movement enrichments when cold. A ifdéhair temperature (MAT) sensor is mounted in
the intake tract to measure incoming air tempeeattihis reading is used to supply additional foekold
weather, or to take away some fuel on hot days tfitottle position sensor (TPS) is used for fuordi
similar to the accelerator pump on a carburetdsoAthe TPS reading is used in the TPS-MAP Blend
routine, which is very useful for multiple throtdetups and radically-cammed engines.

Additional Features...

Once all the necessary input sensors aragepand the software is tuned, the engine willquite
well. However, to further refine the control oktengine, a few additional features are includBuk idle
air control motor (IAC) is used to meter air inteetengine at idle. This helps maintain a smod# id
regardless of operating conditions. It can alsogsed to increase the idle for cold temperatunesiro
conditioner activation. A fuel pump output is aleoluded, which allows the user to turn on thd fuemp
relay for a set amount of time when the ignitiotuisied on. This primes the fuel system, and peviles
fuel pump once the engine is cranked and runnfktachometer output is included, which will driveost
modern tachometers, and a check engine outputlisded to keep track of failed engine sensors.ost h
of other engine input and output options are inetuds well, and are outlined in other areas ofrttaaual.

A.2. Pre-Installation Checklist

To perform a complet€ECgt installation, the following items are required:
1. TECgt Computer
2. DFU(s)
3. Resistor Core Spark Plug Wires (see notes ork$flag Wires)
4. TECgt Wiring Harness w/ Power Harness
5. Windows-based PC-type Computer (see notes orpG@mRequirements)
6. Serial Connector Cable (DB9) for PC
7. Crank Position Sensor (Magnetic Sensor)
8. 60 (-2) Tooth Crank Trigger Wheel or 120 (-4)pfftoCam Trigger Wheel
9. Coolant Temperature Sensor (CLT)
10. Manifold Air Temperature Sensor (MAT)
11. Manifold Air Pressure Sensor (MAP)
12. Throttle Position Sensor (TPS)
13. Exhaust Gas Oxygen Sensor (EGO)
14. Idle Air Control Motor (IAC)
15. Knock Sensor (KNK)
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16. Fuel Rail(s) and Fuel Pressure Regulator (stesron Fuel Pressure Regulator)
17. High Pressure Electric Fuel Pump (see notdsuehPump)
18. Fuel Injectors (see notes on Fuel Injectors)

19. Fuel Injector Wiring Harness

20. Throttle

21. Wire Terminal Crimping Tool (available from Eteomotive)
22. Shrink Tubing

23. Assorted Wire Crimp Terminals

24. Drill

25. ¥4” Bolts for DFU(s) &TECgt ECU

26. Soldering Gun

A.3. Mounting the Main Computer and DFU

For utmost reliability, install th€ ECgt computer where temperatures will not exceed®50
(65°C). It is recommended that tA&€Cgt computer be installed in the passenger compartofehe
vehicle where it will not be exposed to the elerser good location is in the kick panel of a védic
originally equipped with a factory ECU. If tid=Cgt must be mounted in an area that is partially exgos
to the elements, there should not be a problenxithait board is completely sealed for harsh estwinent
installations. A well vented area is recommengbedticularly in engines utilizing most of the infec
channels and operating at sustained high speedbould be noted that tf&=Cgt might get hot under
prolonged high-rpm operation. As long as air isymg around the ECU, there is no risk of damagg¢o
TECqgt; just be careful not to burn yourself on the uriécure th&@ ECgt ECU with four %2” socket head
cap screws. The wiring harness should be passewlgin the firewall using a suitable grommet to dvoi
chafing.

The DFU(s) can be placed nearly anywhere undendbd of the vehicle where the temperatures
are below 258 (120C). Since they are entirely sealed, exposured@tbments is not an issue. The
DFU Ground Wire MUST be installed to vehicle ground

It is recommended that the ECU and DFU be sepalsted least six inches for the purpose of
reducing electrical noise in the ECU.
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A.4. Trigger Wheel and Sensor Installation

The foundation of th& ECgt ultra-high resolution ignition is
the 60(-2) tooth trigger wheel. The trigger whisedesigned to give
uncompromising timing accuracy at the highest emgicceleration
rates. As such, Electromotive does not suppo#rdtiggering
systems, particularly those of the “flying magnediiety. These
systems can lead to vastly inaccurate spark tinand,can contribute
to engine damage. For most applications, the $@§eh trigger
wheel is mounted on the crankshaft damper or pulf&yme
applications may warrant the use of a camshafdistributor-mounted trigger wheel. With this setap
120(-4) tooth trigger wheel is necessary, sincecimashaft turns at half the speed of the crank.

A.4.a. Crankshaft Trigger Installation for 60(-2)  Tooth Wheel

For a crankshaft-mounted trigger wheel setup,pgmapriate place must be found to mount the
wheel and trigger. Typically, the easiest placemtunt a trigger wheel is on the harmonic damper or
pulley. If it is mounted on a damper, it shouldnheunted on the inner hub rather than the outer
dampening ring. The damper/pulley should be kagate crankshaft so that it cannot spin on the
crankshaft, as this would cause an ignition timengr. When using a damper that has bolt-on psiithe
trigger wheel can usually be mounted between thieysuand the damper. However, the accessoryysulle
will need to be shimmed out by 1/8” (the thicknetghe trigger wheel). A variety of applicationesfic
trigger wheels are available. S&ppendix Il for a listing of applications. Universal trigggheels are
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also available in a variety of sizes, and aredisteAppendix Il as well. Electromotive can custom-make
trigger wheels in nearly any configuration for admme tooling fee.

To choose the proper size trigger wheel, find tlaenéter of the pulley or damper on which the
wheel is to be mounted. The trigger wheel diam&teuld be about ¥2” larger than this diametesh&uld
also be noted that the trigger wheel should beastl/s” from any moving magnetic pieces, such s bo
or other fasteners, to avoid interference and fiaiggering. It is important that the trigger whee
perfectly concentric with the crankshaft centerlifi@ achieve concentricity, a shallow cut can be
machined in the front or rear face of the damper¢ate a centering ledge, and a hole can be dresatbe
trigger wheel to match the ledge diameter. Thyget wheel can then be drilled to bolt it to thengar.

SeeTable A.4.1below to determine the tolerances that must bataiaed when mounting the
trigger wheel. These tolerances may require tleeofia lathe to true the trigger wheel with thenkshaft
centerline, which can be accomplished by puttiregethtire damper/trigger wheel assembly on the lathe
Note that the maximum out-of-round is the distalpe®sveen the lowest and highest teeth and the crank
sensor. That is, if a feeler gauge is used betweersensor and the wheel to measure the out-oiidbe
reading between the lowest and highest teeth shmildxceed the guidelines in the table.

Table A.4. 1: Crank Trigger Specifications

Trigger Maximum
Wheel Out-of-
Size Air Gap Round
2.5" 0.025" max 0.002"
3.5" 0.035" max 0.003"
5" 0.050" max 0.005"
6" 0.060" max 0.006"
7.25" 0.070” max 0.007"
8.25" 0.080” max 0.008"

A.4.b. Magnetic Crank Sensor Installation

When installing the magnetic sensor, an apprapbedcket must be made to aim the sensor at the
trigger wheel. A good starting point for a magostnsor bracket is Electromotive part number 210-
72003, which is our universal sensor braclssq Figure A.4. ). If this part is not used as a starting point,
a custom bracket can easily be madlbe most important things to remember when fabricaing a
bracket are that it should be bolted directly to the engine block, away from rotating steel or magneti
pieces, and should be nonferrous (not attracted tmagnets). This will keep the sensor and trigger
wheel vibrating together so the gap between theaiways
stays the same. Variations in sensor gap may Gauesc
timing or false triggering of the ignition. (Thisthe reason
for not mounting the trigger wheel to the outegrof a
harmonic damper.) As such, any custom magnetisosen
bracket should be very rigid. The sensor can barsd with
either a set screw or a clamping arrangement,ragde the
1/2” sensor is utilized (part number 250-72218)thé smaller
3/8” sensor is utilized, a clamping arrangemenushbe
employed rather than a setscrew, as the setscraysnmmsh
the sensor. Sekable A.4. 2for the appropriate magnetic

sensor/trigger wheel combinations.

Fig A.4. 1. Universal Crank
Sensor Bracket
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Once a magnetic sensor and trigger wheel are iedtahey must be aligned such that TieCqgt
computer knows where to locate Top Dead Centdnefi cylinder (referred to as TDC #Lorrect
alignment necessitates that the center of the semsaust be aligned with the trailing edge of the 11
tooth after the two missing teeth when the enginasiat TDC #1 (see the drawing at the end of this
section). Aligning the magnetic sensor with anything ottiem the 14 tooth will cause an ignition timing
retard or advance, depending on the direction@htisalignment. Each tooth represents six degsees,
the sensor is aligned with the trailing edge of 188 tooth, the timing will be advanced by six degrees.
Conversely, if the sensor is aligned with the tngiledge of the TBtooth, the timing will be retarded by
six degrees. In the event that the sensor isligrtel correctly, the WinTec software can be made t
compensate by manipulating the Tooth Offset Paramas outlined isection A.4.gof this manual.

IMPORTANT NOTE :

Make sure that the Mag. Sensor harness is NOT  routed near battery cables or other high
current leads or devices such as cooling fans, star ter or alternator. Coil wires, injector leads also
should be avoided.

Table A.4. 2: Magnetic crank sensor selection. Note: use a clamping arrangement for securing 3/8”
sensors, rather than a setscrew. The ¥2” sensors can be secured with any clamping method.

3/8” Diameter 1/2” Diameter
Chisel Point Flat Tip
Sensor Sensor
PN: 250-72212 PN: 255-72218
All 120 (-4) Tooth X
2-3/8” & 2-1/2”
60 (-2) Tooth X
3-1/2" 60 (-2) Tooth X
(below 6000rpm) X
3-1/2" 60 (-2) Tooth X
(Above 6000rpm) X
Greater than 3-1/2" X
60 (-2) Tooth wheels X

Fig A.4. 2. Electromotive ¥2” (12.7mm)
crank sensor

A.4. 3: Electromotive 3/8” (9.53mm) crank
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A.4.c. Wiring the Magnetic Sensor

The crank sensor has three wires. The red witeeisignal from the sensor, the black wire is the
signal ground, and the bare wire is the shielde fi&rness has provisions for both a crank and a cam
sensor.The crank sensor cable must be used f@ll 60 (-2) or 120 (-4) tooth trigger wheel inputs.The
cam sensor cable should only be used for the “sgatse from the cam-mounted trigger wheel on
sequential applications. If you are unsure whigble is for the crank sensor, measure the resistanc
between pin G5 on tHEECgt harness and the red wire coming out of both taalkcand cam cables. The
wire that reads zero resistance to pin G5 is thrlkcsensor wire. Sdagure A.4. 4for details. Consult
the end of this sectidior details on sequential applications.

Crank Trigger Connections

Red, TECgt Pin G5, Signal
To Magnetic <
Trigger Wheel ) B!ack, to TECat To TECgt
Sensor Pin G7, Ground
@]
Bare Sensor shield, TECgt Pin G7
Cam Trigger Connections
Red, TECgt Pin G23, Signal
To Cam Trigger <

Black w/White Stripe} ToTECgt
TECgt Pin G6, Grou

Wheel Sensor

B

Bare Sensor shield, TECgt Pin G7

Figure A.4. 4. Wiring layout for crank G5 and cam G23 sensors. Note that the Cam Sensor is only used
on full sequential applications. Itis NOT used on applications using the 120(-4) tooth cam trigger wheel
with no crank trigger.

A.4.d. Verifying Trigger Wheel Timing

The most important step in the trigger wheel ilhestian process is to check the ignition advance
with a timing light. A timing indicator (pointeghould be attached to the engine block, and itlshmaint
at a line on the crankshaft pulley or trigger whaebén the engine is at TDC #1. When running thgren
verify that the timing value read by the timingHigcorresponds to the timing value in the software’
engine monitor screen.

Use of a good-quality inductive timing light ictenmended. DO NOT use a timing light that goes
between the spark plug and spark plug wire witlamp probe. Dial-Back inductive timing lights caa
used, but will need to be dialed to DOUBLE the attlesired timing value due to the waste-sparkdiof
the DFU coils. They are fooled into thinking thia¢ timing is twice as advanced as it actually is.
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A.4.e. Camshaft- & Distributor-Mounted Trigger Set  ups

While crankshaft mounted triggers are preferreis, sometimes easier to install a camshaft- or
distributor-mounted trigger wheel. For these caseghich the trigger wheel is spinninglalf the
engine speeda 120(-4) tooth trigger wheel is necessary. Wiisel has two sets of two missing teeth,
spaced 180 degrees apart. As such, the inpuefbB@qgt is identical to that of the crank-mounted 60(-2)
tooth trigger wheel. Electromotive offers 120 (tddth wheels in 3.25” and 2.75” diameters.

It is often easy to use an old distributor ratoserve as the mount for a 120(-4) tooth triggeesy.
A simple nonferrous bracket would need to be faiteid to hold the sensor. The 3/8” chisel poinseen
(PN: 250-72219) must be used on 120(-4) triggeralgheAs such, the bracket for the sensor showdchus
clamping arrangement rather than a setscrew totheldhagnetic sensodust like the crank-mounted
trigger, the distributor/cam-mounted triggers require the sensor to be aligned with the trailing edge
of the 11" tooth after the two missing teeth when the enginis at TDC #1. The same tolerances that
apply to the crankshaft-mounted trigger whe@&lshle A.4. 1) apply to the camshaft-mounted trigger
wheels as well.

A Note on Engines with High-Overlap Camshatfts:

If your engine is equipped with a camshaft thatéwmady intake valve openings or very long
duration, you may experience backfiring throughttivettle during starting. This is caused by thiake
valves beginning to open on the exhaust strokaceSihe spark plugs fire on both the compressidniaa
exhaust strokes, the spark on the exhaust strokecawse unburned fuel in the intake manifold tategn
resulting in a backfire.

To remedy this situation, advance the “mechanitaling by manipulating th®FU “A” Trigger
Wheel TDC Parameter. If your crank sensor is aligned with11" tooth of the trigger wheel at TDC #1,
setting the Tooth Offset to a number LOWER thamnwilll add mechanical advance. If the number “10”
was set for the Tooth Offset, the mechanical tinvirogild be ADVANCED by 6 degrees (6 degrees per
tooth). This would require that you subtract 6réeg from the values in your ignition advance table
WinTec to obtain your desired advance value. Thdhe timing table will have to read 30 degrees i
order for the engine to operate at 36 degrees advaBe&section A.4.gfor more details.

A.4.f. Full Sequential Applications — Cam Synchron __ization

When full sequential fuel operation is desirednae-per-engine-cycle synchronization, or “sync,”
pulse must be received by the ECU. Typically,dhec pulse is generated by the installation ofretth
(or 1-tooth) trigger wheel onto the camshaft. &nslard Electromotive magnetic (inductive) sensar ca
then be used to obtain the reading from this triggeeel. A Hall effect sensor could also be used a
triggering method instead of a magnetic sensoipseilith either method, the tooth must pass by the
magnetic sensor between 2&Md 6 before TDC Compression (nexhaust) of the number one cylinder.
SeeFigure A.4. 7for installation details.

The TECgt will only trigger off a rising edge during the synchronization period (between 180
and 6 BTDC compression) A rising edge occurs when the metal on the caager wheel becomes
closer to the sensor over a very short periodno¢ti Sed-igures A.4. 6 and 7for representative examples
and different cam trigger wheel designs, and theiing edge location.
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Tooth or Notch Triggers [Ford 5.0 Liter Triggers)
(Inductive or Hall-Effect)

Direction of Rota’ion

Direction of Rotation
-

,f
Tooth il
""le— Rising Edge cut g Raised
Half Half
Notch

Rising Edge
Figure A.4. 6: Tooth/Notch Triggers Figure A.4. 7: Ford “Half-Moon” Trigger

Most types of sensors are compatible withTREgt's sync pulse requirement. This would
include most Hall effect, flying magnet, and retuctensors. As long as the sensor outputs a nsilgge
to theTECgt between 180and 6 before TDC compression for the number one cylindehould work
perfectly.

Terminal G23 on the ECU is used for cam sync isfas shown ifrigure A.4. 4). If using a Hall
effect or other sensor type that is powered by 4&ybe sure that the output signal from the seissor
going into terminal G23. If using a magnetic sensgith a custom steel trigger wheel, we recommend
using our magnetic sensors. The red wire fronsémesor should go to terminal G23. Keep in mind tha
when adapting an OEM cam trigger setup IE&gt, the wheel may need to be rotated to place tirggris
edge in the appropriate degree window forTE€qgt.

Direction of Rotation

Figure A.4. 8:
Proper cam
trigger
installation. This
cam trigger
OCCUrs approx.
90° BTDC
Compression on
the #1 cylinder
(as measured at
the crank). Note
the 87 degree
(as measured on
the cam wheel)
“window” in
which the rising
edge must occur.

Rising Edge

Remove material on this
side to balance the wheel.

cn

Minimum wheel diameter: 1.5
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A.4.9. TDC Tooth Setup Software _ Adjustment Parameters

So, you took a lot of time to install your triggeheel, and now you realize that you didn’t get the
trailing edge of the tooth to align with the center of the magneticssgrwith the engine at TDC #1.
What to do?

The WinTec software features a TDC setup parantieatrallows users to manipulate the TDC
point for the trigger wheel. There are two adjbltgarameters:

Change DFU “A” Trigger Wheel TDC
Change DFU “B” Trigger Wheel TDC

For all but the odd-fire applications, the adjustime only present for the DFU “A” TDC. The
default setting for DFU “A” TDC is 11, signifyingOC alignments with the itooth. If you are aligned
with the 18 tooth at TDC, change this number to 13. Sevatatiodel Bosch-equipped applications use
our 60 (-2) tooth trigger wheel, but come from taetory with a different TDC tooth alignment. Tygplly,
these setups are referenced to tH&tbath for TDC, but you MUST confirm this on youpgication,
since Bosch used a few different offsets throughyemars.

Odd-Fire applications have the ability to move Ti¥C reference for the second DFU (using the
parameter “DFU “B” Trigger Wheel TDC”). This all@tthe user to define the odd-fire ignition spldttis
present on the engine. ReferSection C.5to determine the proper settings for this value.

Some applications may require more “mechanicalnihto compensate for large, high-overlap
cams. Assuming the crank sensor is aligned wighltf} tooth at TDC, this can be done by entering a
value for the “Change DFU “A” Trigger Wheel TDC"ghis LESS than 11. Each tooth less than 11
represents 6 degrees of advance that is added tgrtion Advance Table.

Some applications may require less “mechanicahiigh(some rotary users may wish to do this).
Assuming the crank sensor is aligned with th8 tbbth at TDC, this can be done by entering a vidue
the “Change DFU “A” Trigger Wheel TDC” that is MOREan 11. Each tooth more that 11 represents 6
degrees of retard that is subtracted from theitgmiéddvance Table.

If an odd-fire engine has the trigger wheel instiincorrectly, and the DFU “A” TDC parameter is
changed to compensate for the error, the “DFU “Bfder Wheel TDC” parameter needs to be
manipulated in the same amount. As an examplleeiTDC for DFU “A” is at 11 and is moved to 10gth
TDC for DFU “B” would need to be moved from 16 6.1

The following pages outline the various situatitimst can be addressed through the TDC software
parameters.

Situation A

Problem:

Incorrect trigger wheel alignment results in undeimechanical timing.

Solution:

With the engine at TDC #1, find the trigger whemdth that is aligned with the crank sensor. Etiter
number of this tooth into the TDC Tooth Alignmertr&mneter. The timing will be shifted to make the
Ignition Advance Table accurate.

Method:

The software will automatically RETARD the timindhen a number GREATER THAN 11 is entered into
the TDC Tooth Alignment Parameter. The timing Wil automatically ADVANCED when a number
LESS THAN 11 is entered.

Situation B
Problem:
The engine needs less mechanical advance, andatfiesensor is aligned with the™both.
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Solution:

Enter in the number “12” to the TDC Tooth Alignmétdarameter. The timing values will be automatycall
RETARDED by 6 degrees. The Ignition Advance Talalkies will now be incorrect (the displayed values
will be 6 degrees higher than the actual advance).

Situation C

Problem:

The engine needs more mechanical advance, andathie sensor is aligned with the™@oth instead of
the 11",

Solution:

Enter in the number “11” to the TDC Tooth Alignmétdarameter. The timing values will be automatycall
ADVANCED by 6 degrees. The Ignition Advance Tabddues will now be incorrect (the displayed
values will be 6 degrees lower than the actual aden

Note:

In the past, aligning the sensor with th&" 1@oth would advance the mechanical timing by éreles

Direction of Rotatiorl

>

Trigger Wheel

Looking at front of engine

O

<

Trigger Wheel

Looking at front of engine

@

All counter-clockwise configurations

Figure A.4. 9 - TDC tooth for two possible scenarios.
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In a normal scenario, not considering software malation, aligning the magnetic sensor with
anything other than the T100th will cause an ignition timing retard or adee, depending on the
direction of the misalignment. Each tooth représsix degrees, so if the sensor is aligned wighttthiling
edge of the 1% tooth, the timing will be advanced by six degre€anversely, if the sensor is aligned with
the trailing edge of the ftooth, the timing will be retarded by six degreéfissome ignition advance is
required for easier starting (high compressionfi@diam timing engines, for example), aligning skasor
with the 12th or 13th tooth will yield 6° or 12%€@pectively) of advance during cranking. Also ¢hihat

the sensor is centered over the edge of the wheel.

A.5. Wiring the TECqgt

Introduction

The task of installing &ECgt wiring harness may seem a bit intimidating at fildowever, by
dividing the wiring installation into a few smatllys, it can be accomplished by most installers in a
reasonable amount of time.

WARNING: Always disconnect the battery when doing ANY #leal work on a
vehicle. Use common sense when working aroundredacsystems, particularly the
TECgt DFU coils. The voltage output of the coils cannmdl over 40,000 Volts at a
given instant.

A.5.a. TECgt - Main Power Connections

The two wires (with their own connector) thattpude from theTECgt ECU are the main ground
and switched ignition power. The ground wire i&d. The reason for the larger/thicker size ofvtire
is that the ECU is mainly in charge of switching BROUNDS, not the +12 Volt power. As an example,
the fuel injector and coil outputs are all pullgmunds. The +12 Volt power is supplied on a hssrtkat
is external to th@ECqgt.

The red 12awg wire in position (A) on the 2-pasitconnector should be connecte&taitched
+12 Volt Input. This wire is used to turn the unit on and offiel as supply power to the ECU. As such
it only flows a very small amount of current (lekan 1 amp). This wire can be placed on theimmit
switch circuit. The black 10awg wire in positi(®) of the connector should be connected to folkti
battery negative. ThEECgt is shipped with the corresponding connector wita feet of wire. See
Figure A.5. 1for a wiring diagram.

If you are using th&@ ECgt Power Harness, refer to the next section on inggahe Switched +12
Volt Input into the Power Harness.

A.5.b. Power Harness Installation

Electromotive’s Power Harness (PN 070-40000) eMECgt is capable of supplying the +12Volt
high-amperage power required to run the DFU’s citgjes, EGO sensor heater and fuel pump. Included i
the harness is a fuse block with four fuses (ignitDFU'’s, Injectors and Fuel Pump are fused) arad t
relays to switch the power. Our custom harnessealbbuilt with the power harness pre-installedl,
wiring them is even more straightforwarBigure A.5. 1gives an example of a typical Power Harness
installation.
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There are three breakouts in the Power Harness:
 TECgt Connections
e Power Inputs
» Power Outputs (w/ switched voltage input)

 TECgt Connections
The TECgt Connections are color-matched to THeCgt harness.
Light Green 20awg Wire: Connects to Pin G17 (Ruemp Relay Ground)
Yellow (from power harness) 20awg Wikonnects to 2 wire (separate connector- Pin d\wiee
10awg) = Switched +12v input

e Power Inputs

The Power Inputs are color coded in standard fashio
Red 12awg Wire: Connect to (Switched +12V ipput
Black 10awg Wire: Connect to Vehicle Ground

* Power Outputs (w/ switched voltage input)
The power outputs provide power for the DFU’s, abges, EGO sensor heater, and Fuel Pump. The
switched voltage input is used to turn on TeCgt ECU, and should be wired to a +12Volt source ihat
activated with the ignition key.
Purple/White Stripe 16awg: Injector Power (rumsifi injectors)

Red/White Stripe: DFU Power (pin “D” on DFU'’s)
Green 16awg: Fuel Pump Positive and EGO Seneatdd Positive
Yellow 18awg: Switched +12 Volt Input (fGIECgt turn-on request)

The Wiring Diagrams in the DFU and Injector wirisgctions of this manual show the terminals on which
the power should be brought in. Any referenceusarfg the power source in these sections is unsages
when using the Power Harness, since the connedienalready fused.
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TECgt Power Harness
as of Nov. 2007

PN 070-40000 L J
I-q IGNITION SWITCH
|_ J X OR KEY

- + o
g
BATTERY §

— 5 Ignition "+" - Yellow/Red 20ga

E ]
TECgt terminal G17 - Green 20ga M f \

to Main 2 wire TecGT connector - "+" Red 10ga wire

30 RELAY g5
[

)
FUSE BLOCK

yellow wire - connect to Red |10ga ' q | %
| 2A \87 86/ =
DFU power Red/White12ga 20A (0 RELAY 85\

ABCD

——[ 15A

DFU Connector
|
——

To Fuel Injector "+" terminals - Purple/White 16ga

To Fuel Pump "+" terminal - Green 14ga (optionally EGO heater "+")

Figure A.5.1: TECgt Power Harness (PN: 070-40000).

A.5.c. Wiring the Fuel Injectors

The Injector connectors use pull-to-seat terminals.DO NOT crimp the terminals onto the wires until
you have fed the wires through the connector!

When wiring the injectorsSection Dmust be referenced to determine the correct wiiongour
application. To summarize the main wiring pointen Section D

* Injector drivers 1-4 use a Yellow base color. $trge color indicates the channel (Black-Red-
Green-Blue = Channel 1-2-3-4).

* Injector drivers 5-6 use a Light Blue base coldhe stripe color indicates the channel (Black-Red
= Channel 1-2).

» Allinjectors need a +12Volt connection on one tehand aTECgt Injector Output on the other
terminal.
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Low Impedance injectors should be wired in painsp@rallel), and should not be used on a one-
per-driver basis.

High Impedance injectors can be used with either A per channel. When using two per channel,
wire them in parallel.

When using the Power Harness, refeFigure A.5. 1to obtain the fused +12Volt source for the

fuel injectors. It is the Purple w/ White stripg@vcoming out of the Power Harness.

A.5.d. Wiring the DFU’s

The DFU connectors use pull-to-seat terminals. DAOT crimp the terminals onto the wires until
you have fed the wires through the connector!

When wiring the DFU’sSection Cmust be referenced to determine the correct wiiongour

application. To summarize the main wiring pointen Section C

Terminal “D” on the DFU connector is the +12Voltnceection.

The TECgt harness has two cables for the DFUs. The fitsliedaas three 16awg wires with a
shield. The second cable has two 16awg wires avgthield.

The 3-wire DFU cable has the outputs for A, B, @rchannels.

The 2-wire DFU cable has the outputs for C and &ndels. Channel C is in the second cable for
ease of wiring 8-cylinder and 2-rotor engines.

A.5.e. Wiring the Engine Sensors

The TECgt harness has provisions to connect all of the endavices outlined iBections GandF

of this manual. Refer to this section to wire ysansors appropriately.

* The following sensors use pull-to-seat connectiesd(the wire through the connector before crimping
the terminal!):

Coolant Temperature

Manifold Air Temperature
Some Throttle Position Sensors
Idle Air Control Motor

* The following sensors use push-to-seat conneatoirsg the terminal to the wire before insertingint
the connector!):

Crank Sensor

Cam Sensor (if used)

MAP sensor (1-Bar sensors use green connecté&r3-Bar use orange connector)
Some Throttle Position Sensors

EGO Sensor

Knock Sensor

TECgt Manual Version 2.1 - Page 24 - ©2008 Elemtrotive, Inc.



* A brief word on Crimp Terminals...

When crimping terminals to the sensor wires, caust be taken to ensure that a proper crimp is
made. Improper crimps can lead to terminal failmd wire fatigue. To crimp properly, we recommend
using a high-quality ratcheting crimp tool (suctoal is available from Electromotive). In the abse of a
good crimp tool, the terminals can be solderedreGhould be taken to make absolutely certainttieat
solder penetrates the terminal and gets to the wire

There are two main crimp styles used withTRECgt sensors: Metri-Pack and Weather-Pack.
Metri-Pack terminals have two crimp areas. Ona aranps to the bare (stripped) wire and providhes t
electrical connection, and the other area crimgheain-stripped wire housing to provide a strairef.
Metri-Pack connectors are pull-to-seat.

Weather-Pack terminals also have two crimp afaasnstead of one area acting as a strain réief,
is used to hold the connector seal in place. Taerewhen crimping a Weather-Pack terminal, always
insert the cable seal before crimping. Weathekgaonectors are push-to-seat.

Note : Soldered terminals will not tolerate much féxing. They may break if too much movement is
allowed.

B. Tuning Guide

Introduction

This section focuses on the tuning afECgt equipped engine. The tuning procedures outlined
here are based on an engine that has been winegttprhas proper injector sizes, and has gorautir
the Tuning Wizard with the engine parameters tal#dsth a base program. Failure to meet any okthes
criteria will make the tuning procedure difficulRefer to section D.4 for terminology used in thestion.

B.1. Adjusting the Timing Advance

Perhaps the most important step in tuning an engiestablishing the required ignition advance.
An engine with too much timing will detonate, redfass of how much fuel is thrown at it. An engwi¢h
too little timing will perform poorly, and overhetite exhaust in short order. We are looking fertiappy
medium here. Keep in mind that the timing settiagssolely dependent on the crank trigger ingiaila
angle. If the crank sensor is aligned with thE f®th of the trigger wheel when the engine isBCT#1,
the engine timing will be mechanically advancedwy teeth (12 degrees). When this occurs, thenimi
values in the Ignition Advance Table will be 12 o LESS THAN the actual engine timing. If the
crank sensor is aligned with the™@oth at TDC#1, the timing will be mechanicallyarled by one tooth
(6 degrees). When this happens, the timing valu#ise Ignition Advance Table will be 6 degrees MOR
than the actual engine timing\lways confirm your timing values in the software wth a timing light!
Remember that dial-type timing lights will not reaatrectly with theTECgt due to the waste-spark. See
Section A.4.dfor more information on this topic. To avoid patial engine damage, it is best to check
engine timing with a timing light when first startj the tuning process.

As a guideline, most piston engines, regardles®woipression ratio, will require anywhere from 8-
20 degrees of advance when the engine is idlingtaf® engines require little or no timing at idé®ne
even idle with negative advance!), so an ignitidaaance of zero may work best at low engine speeds.
Less timing makes the combustion process occur, kel thus makes the exhaust temperatures higgher.
also usually makes an engine idle somewhat rolfigyour exhaust manifold is glowing red at idle,uyo
know one thing: there is not enough timing. Ngissions will typically be low with too littlertiing.
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More timing makes the combustion process occurega@md will decrease exhaust temperature. It also
makes an engine idle smoother. ,Ngissions will rise with too much timing.

With increasing RPM, the timing needs to be adedrfor optimum power. This is a result of the
available time for combustion decreasing with iasieg RPM. The peak cylinder pressure needs tarocc
between 10 and 15 degrees after TDC compressiaypfonum power production, so the timing must be
tuned to allow this to happen. As a rule of thuergines with slow-burning (large) combustion charab
and/or low dynamic compression (low volumetric @fncy) typically need more timing advance, siree t
flame front moves slowly. Engines with fast-buignusually small) combustion chambers and/or high
dynamic compression ratios need less timing foinooh power, since the flame front moves faster.

Peak timing usually should occur by 3000 rpm orstnemgines. Load-dependent timing should
always be used, especially on turbo/supercharggdien With increasing load (i.e. full-throttle foitl-
boost), less timing is needed. With decreasind (@a. cruising), increased timing is needed.

Rotary engines (particularly the turbochargedriesd do not give the tuner a margin of error when
it comes to ignition timing. They will detonate @N'IME only, and will then be broken. The apexlsea
cannot stand up to the huge shockwave generatddtbgation. Tune these engines extremely
conservatively!! Start with the least amount afitig possible and the most amount of fuel possiBle.
huge power-to-weight advantage is present on ttayreurbo engines, but it will only come to a tumdno
is cautious and patient.

B.2. Establishing Proper Starting Enrichments

When setting up the Starting Enrichments, it isegelly best to first use the default settings from
WinTec. If these settings cannot start your engimere would only be two possible causes: either t
enrichments are not adding enough fuel, or theylaogling the engine with too much fuel. Flooded
engines are easy to spot, since there will beomgtiuel odor in the air around the engine. Alatrely,
the spark plugs can be removed to check for flopdiflooded spark plugs will be wet with fuel whaey
are removed. If an engine is not flooded but wiill not start, it is most likely not getting englu fuel.

For engines that will not start when cold, l0okK3I60 (the Temperature-Based One Second Starting
Enrichment). If the engine is flooding out duricgd starting, decrease this number. If this nunibe
already zeroed out, and the engine is floodings lodSE1 (the Constant One Second Starting Enriatime
If SE1 is too high, the engine will flood out dugisold AND hot cranking, since its value is added
regardless of temperature. If both of these vatweset very low, and the engine still floods dgri
starting, look to PWO (the Fixed One Second Stgiflnlse Width). Most engines will not need PWOitso
is generally best to set this to zero. ASE-0 aSEAL can also contribute to a flooding problemthéfse
values are set too high, there may be too muchpigslent at cranking.

An injector that is stuck open can sometimes causeenario that can be confused with engine
flooding on start-up. An injector that is stuckeopwill spray fuel into its respective cylinderlasg as
there is fuel pressure. This will fill a cylindetth fuel in short order and effectively lock thegine. The
starter motor won'’t be able to turn the engine psirce an engine cannot compress liquid fuel easily.
Placing a screwdriver on the side of the injectat kstening for a clicking sound is a good waytopoint
a stuck injector. If the injector is not clickingjs not opening and closing.

For engines that are not getting enough fuel ari-sp, the procedure for tuning the Starting
Enrichments is basically the opposite of that oetli above. On cold engines that are not gettioggmn
fuel, check the SEO parameter. If this value ishigh enough, a cold engine will not get enougt fa
start. Coinciding with this, an engine will alseed SE1 to be properly established for properistart
SE1 has an effect on both hot and cold engineseg siris not temperature-dependent. Some engiags m
need PW1 to provide an additional amount of fués@uwvidth, particularly on cold starts (temperasure
below CLTO). However, this value is typically naeded for multi-port injection applications.

An injector that is stuck in the closed positi@m@ause a scenario that can sometimes be confused
with a lack of fuel on start-up. The cylinder tiefed by the stuck injector will not be suppliedh fuel,
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and if the engine starts and runs, it will not bening on that cylinder. Fuel pressure issuesatsmcause
a lean condition on start-up. Make sure the fuesgure is adequate during cranking.

Once an engine has been started, ASE-0 and AS&\esy useful to making an engine perform
flawlessly in the first few seconds after starti®SE-1 is a decaying fuel enrichment that is addea
period of twenty seconds after start-up. It isduecombat the “lean shift” of hot injectors. dnjors that
have been overly heated as a result of heat soa&auese this lean shift. Depending on injectorgiesip
to 75% enrichment may be needed in ASE-1 to comhimscenario. ASE-O0 targets the cold startingdass
of wetting the cylinder walls adequately for a pdrbf twenty seconds. Since it is temperature-deeet,
ASE-0 has no effect above 80C coolant temperatBmth ASE-0 and ASE-1 ramp down to zero after
twenty seconds.

B.3. Getting the Engine to Idle

Hopefully by now your engine is up and runningostllikely, the idle mixture needs some
attention, as does the throttle stop scréins recommended to keep the IAC motor OFF dumg this
preliminary part of the tuning process (incorrect values in the IAC settings will causeemgine to surge
at idle, making tuning difficult, at best). Simpipplugging the IAC motor will do (you don’t have turn
the IAC feature off in the software). Make sure tAC motor is fully extended so that no bypasssir
entering the engine. If you are unable to keepetiggne running without your foot on the gas petiah
the throttle stop screw a few turns to open thettler This should keep the engine running.

If the engine is running rough, it is a result@d much fuel. Black smoke will most likely be
leaving the tail pipe. If this is the case, deseethe IOT number until the idle quality smoothet o
Check to make sure the engine is not running omtinenum turn-on time for the injectors. If it ihe
injector size may be too large, or the fuel pressoay be too high. If the engine is misfiringsit result
of too little fuel. Increase the IOT number utié engine stops misfiring.

Timing also plays a big role in idle quality. Mgsston engines idle well with at least 10 degrees
of advance at idle. Rotary engines require lesmg at idle (try zero degrees). If an engineas n
responding well to IOT adjustments, and adjustirggtiming does not help either, make sure the eoéds
wired correctly. Also check that the spark plugesiare all connected to thppropriatecylinders. Check
the wiring section if you are unsure on this one.

If the MAP sensor reading is fluctuating at idlejte value is above 75kPa, it is recommended that
the TPS/MAP Blend feature be turned on. The Tumifigard does this automatically when a “radical
camshaft” or “Individual throttle-per-cylinder” hosen for the setup. It will be necessary tosidpe
Blend parameters as needed to achieve a smoothdigBl. Adjusting the TPS Offset Voltage in the
Blend parameters has the effect of adding or scitigafuel. A higher offset voltage will move tMAP
sensor reading UP in kPa, thereby making the engimeicher. Conversely, a lower TPS Offset Vodtag
will drive the MAP sensor reading DOWN, making #rggine run leaner. Nearly all throttle-per-cylinde
applications will require the use of TPS/MAP Blerfsimilarly, most radically- cammed, low compressio
engines (like engines built for nitrous usage) vatjuire Blend.

At this point, the VE Table should still be readaibzeroes in the Offset Mode (it should read all
100’s in the Absolute Mode). Do not start adjugtine VE Table until the engine will start and idle its
own, and can be driven under low-load, low-rpm c¢toials.

B.4. Establishing Proper Acceleration Enrichments

It is recommended that the TPS (and possibly MAgteleration Enrichments be defined before
significant changes are done to the VE Table. Hewneghe VE Table may need some attention when the
TPS Acceleration enrichments will not make enoufga difference to the throttle response.

Since the MAP sensor reading is used for the pgiritead calculation on an engine, most
applications will not require any MAP AcceleratiBnrichments. It is therefore recommended that this
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feature be turned OFF. TPS changes, on the o#mel, filorce an additional amount of fuel to be aded
the cylinders. Itis recommended that most appboa turn the TPS Acceleration Enrichments ON.

Typically, the duration of the required fuel &aih is around one second. For this reason, tiseae
set of enrichment parameters devoted solely to&@wend Acceleration Enrichments. Additionally, ésw
coolant temperatures will often require more enrieht. Consequently, a temperature-based one-second
enrichment is included.

What if an engine required an acceleration enrafirthat was either longer or shorter than one
second? This is where the Variable Time AcceleraEnrichments come into play. If an engine only
needs 0.50 seconds of acceleration enrichment)yssep ACE-4 to be 0.50 seconds. The One Second
Enrichments could then be turned off completelye Variable Time Enrichments also have the ahidity
decay from the full enrichment value to zero enmeht as a function of the time defined in ACE-4.

To find the proper enrichment settings for an eagit is best to start with proper TOG/UAP and
IOT/POT numbers. Then, the VE Table should bedwateas many points as possible under steady-state
conditions. Once these conditions have been et the TPS-Based Acceleration Enrichments ONs It
recommended that ACE-4 and ACE-5 be used for nmaghes once they are fully warmed-up. Start out
with values of 50% for ACE-5 and 1 second for ACEHithe engine hesitates right after the throttle
position changes, increase ACE-5. If it hesitatebort amount of time after the throttle posit®n
changed, increase ACE-4. If the engine does reitdte at all, decrease ACE-5 in 5% incrementd thri
engine stumbles under acceleration, then incre&@ie-Bby 5-10%.

ACE-8 and 9 generally are not necessary for amertpat has a properly tuned VE Table.
However, if the engine is going lean during Accalem Mode and all other acceleration enrichment, i
may be a good idea to add a small amount to AC&a8t(with 0.5ms). ACE-9 should normally not need
to exceed 2 seconds on a tuned engine.

B.5. Adjusting the VE Table

OK, OK, now you are ready to jump into that bigléawith all the numbers to fine-tune your
engine. Be forewarned, however, that most endeen throttle-per-cylinder setups) can run quie w
with the VE Table zeroed out (as long as the enigimet overly radical). If you start making diast
adjustments to the VE Table, there is likely sonmgtfamiss in your IOT and/or TOG/UAP settings.
Radically cammed, high-rpm engines may require ssubstantial VE Table adjustments, though.

When making changes to the VE Table, it is a goed ito watch the injector pulsewidths on the
bottom of the screen. If these values fall belawt 1.4ms, your injectors are too big.

Begin the VE Table adjustment procedure by viewirgVE cells in which the engine is running
(by using the cell highlight feature). This wih@v you where the engine is operating at a givetait,
and will enable you to correct the appropriatescellry to operate the engine in a specific portbthe
VE Table when tuning. This will allow you to firtane individual sections of the table to get anralle
view of the corrections that need to be made.

For naturally aspirated (NA) engines, the TOG wlaliton that is made by the Tuning Wizard can
be thought of as the necessary pulse width wheargme is at 100% volumetric efficiency. In reali
most NA engines will not operate at 100% volumegfitcciency unless they have a fairly radical caafsh
and high compression.

Turbocharged and supercharged engines will opatatell over 100% volumetric efficiency. The
calculated TOG number from the Tuning Wizard idestéao make the specified boost peak the 100% load
number. Therefore, boosted engines should engguebk boost (plus 10kPa) that they intend to sutha
highest point on the MAP scale in the VE Table. aAsexample, if an engine is to run up to 150kPa
(absolute pressure), the peak MAP value in the ¥Bd& should be 160 kPa.

The volumetric efficiency peak will coincide withe torque peak. When an engine is not at the
torque peak, the volumetric efficiency is decreaségpically, but not always, this goes hand-in-thavith
a decreased fuel requirement when below the tgpgak. Fuel requirements generally increase or stay
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roughly constant above the torque peak. Conselyuém VE Table should be adjusted to reflectftred
requirements of an engine at all RPM’s (and voluimetfficiencies).

If you are not able to get an engine to idle with VE Table settings, it may be time to use
TPS/MAP Blend. Blend is useful when the low-rpntsewidths are too high, and the VE Table
adjustments are at their maximum negative allowance

B.6. Using TPS/MAP Blend

It is necessary to first read the theory of operator TPS/MAP Blend irSection D.4.eof this
manual. The relevant terminology for the Blenddlion is defined in that section.

When an engine needs blend, it is usually beshter the same Blend Percentage Values around
the idle RPM. That is, if an engine’s idle spee@00rpm, set all Blend Percentages to the same val
from 1000rpm and below. This will keep the Blendtine from moving around with small idle RPM
changes.

As a starting point, set the Blend Percentage & atl60% for all RPMs around and below the idle
speed. At around 200rpm above the idle speedldred Percentage can be brought down smoothly to
zero at around 2000-5000rpm. The more radicaétiggne, the higher the RPM point for zero Blend
Percentage.

Optionally, the Blend Percentage can be set ixed fevel at all RPMs. This would effectively
make the system use the TPS reading as part tdddecalculatiorall the time Taking this to the
extreme, if the Blend Percentage was set to 100&dptad calculation would entirely TPS-basedThis
is generally not a good tuning method, since tleqibsition is not a very ideal load indicator.

The Blend function should be thought of as twadglsi a MAP sensor filter and a pulse width
modifier. When the MAP sensor reading is unsteldythe engine is running at roughly the rightseul
width, the TPS/MAP Blend can be used to smoothleeiMAP sensor reading, and therefore smooth out
the pulse width fluctuation. To accomplish thistez a small amount of Blend Percentage (25-50%) ne
the idle point. Raise the TPS Offset Voltage waase the pulse width to the desired level. Ldiver
TPS Offset Voltage if the engine is running todricThe pulse width should stabilize once the prope
settings are established.

B.7. Tuning for Cold Engines and Cold Weather

When an engine is cold, or when the intake aipld,at will require additional fuel. To add this
fuel, theTECgt uses coolant temperature enrichments that aneadati as functions of cranking, normal
running, and accelerating. These enrichmentsesttbned after an engine has been tuned when warm.
Tuning the cold enrichments before an engine haa hened when warmed-up can be misleading.

To begin with, the most important coolant tempane(CLT)-based enrichment would be the
Warm-Up Enrichment This enrichment adds a fixed percentage to tieepwidth calculations as a
function of engine temperature. If an engine ietliat 90C coolant temperature, the Warm-Up
Enrichment should be zeroed at 90C. At temperatoedow 90C, the enrichment should ramp upward.

Starting a cold engine can also require an additiamount of fuel over and above that which is
necessary on a warm engireE-0andASE-0 from the Starting Enrichment section can be ingedao
provide these enrichments as a function of engingérature.

The_ Warm-Up Enrichmerttan be tuned by starting an engine when cold, aiting for the 20
second enrichments to turn off (simply wait fors#tonds after the engine has started). Add theresh
Warm-Up Enrichment at the current coolant tempeestto achieve a smooth idle. Smooth out the curve
from the current operating point to zero at 90@r &ample, if the engine is at 30C and needs 40%
enrichment, ramp the enrichment from 40% at 30Q@%oat 90C. For temperatures below 30C, back-track
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the slope of the enrichment curve upward (i.e. iooltthe line that was established between 30C and
90C). See the figure iBection D.4.gfor a typical Warm-Up Enrichment curve.

Cold weather operation lowers air intake tempeeatColder intake temperatures mean that the
incoming air is denser than usual, and will reqMI@RE FUEL to burn at the same air-fuel ratio. As
mentioned irSection D.4.1) the density of air increases drastically withréased temperature. The plot in
Section D.4.hshows the Manifold Air Temperature Fuel Enrichmiixat would be required for various
inlet temperatures. It is recommended that the MAE&l Enrichment be zeroed out at the normal
operating intake temperature. This will eliminates variable when tuning an engine. Also, it ghhy
recommended to ADD fuel with the MAT Fuel Enrichrherien inlet temperatures rise to extreme levels.
This occurs on most turbocharged engines wheruthe tompressor is operating outside its efficiency
range, or when an intercooler is not present.

Acceleration Enrichment values can also requidstexhal fuel during the warm-up period.
ParameteACE-2 adds fuel to the Fixed, One Second AcceleratiaicBment. ACE-2 will decay to zero
enrichment once the coolant temperature has rea&fied

B.8. Tuning the Idle Air Control Motor

Once an engine is running, and therpaters fronSections B.1-B./have been tuned, the IAC
motor can be turned on. The IAC motor has a fewinggs to establish the proper idle speed without
oscillation. Also the IAC motor has the abilitypgoovide increased air to the engine during cragkin
without opening the throttleThe IAC motor will only work if the TPS voltage isbelow that which is
defined in the “TPS Parameters” section.So if the TPS voltage is 1.5 volts at idle, tAi®S Voltage at
Closed Throttle” will need to be set to 1.55 vattshe software in order for the IAC function torwn.

To begin tuning the IAC motor parameters, turnghgine OFF. Define your desired idle speed as
a function of coolant temperature. This is thgeéaspeed that the IAC motor will attempt to reach.

Start the engine, and watch the idle speed anldrb@mperature. If the engine is idling higher
than the desired idle speed setting, the throldieeps opened too far or there is a vacuum leathen
engine. Try spraying carburetor cleaner aroundrita&ke manifold sealing surfaces to check for wacu
leaks, if the throttle plate is fully closed. ietengine is idling lower than the desired idleespgetting,
then the IAC motor is not able to supply the enguith enough air on its own. When this occurs,rofhe
throttle plate slightly.

Once the throttle plate is adjusted correctly,|&@ motor should be holding the engine’s idle
RPM. However, the IAC motor may be causing an RRilllation. If this is the case, look to the rekt
the IAC parameters.

Along with the IAC motor settings, the “Idle Adweat feature can increase the ignition advance
when an engine falls below the desired idle spaed,decrease the ignition advance when the engies r
above the desired idle speed. This can help aehlevdesired idle RPM, even on applications niotgus
the IAC motor.

B.8.a Configuring the New Electromotive Idle Spee  d Control
For information on wiring the 2-wire IAC, refer tbe drawings at the end of this section.

* Go to the idle speed window and enter the followialyes:
Error Sensitivity (+): 70 (when RPM is below targe
Error Sensitivity (-): 70 (when RPM is above taj)ge
Rate-of-Change Sensitivity (+): 1 (when RPM isr@asing)
Rate-of-Change Sensitivity (-): 220 (when RPMeésmasing)
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* Click on the Min/Max Dutycycle button and enterwad according to which idle motor you are
using.
Ford: Min = 1, Max = 255, Allow shutdown should tfeecked
Honda: Min = 50, Max = 188, Allow shutdown shoulel thecked
Bosch (should be most German cars): Min = 100, Ma%5, Allow shutdown should be checked
Mazda: Min = 60, Max = 155, Allow shutdown shoulat ihe checked
Electromotive Stepper: Min = 50, Max = 185, Allotlwstdown does not effect this motor

* Pick your idle targets as discussed in Section B.8

* Make sure to pick the control motor type (2- or #ey

* If you are using a 3-wire motor, you must havewii@& converter box. Select the 2-wire setting
and connect your motor using the 2-wire to 3-wawerter.

* Reset position sets the position that the idle mwtl be in after the RPMs drop below the Decel
limit. A good starting point for this value is 8.

B.8.b. Idle Speed primer

This idle is a bit complex and can be a bit tougfamiliarize yourself without having seen suclystem
before. However, the process should not be tgrdifficult to get through.

The Error Sensitivities define the sensitivity e difference between the current RPM and the etgsir
RPM. In order to prevent stalling, the rate atahhine engine slows down must also be monitoratiao
the RPMs can be caught to prevent stalling. Thdone with the Rate-of-Change Sensitivities. rgda
value should generally be used with falling RPM arsmaller value should be used with the rising.gai
The Error Sensitivities and the Rate-Of-Changeeshre calculated separately and then added togethe
This allows the case where the RPM may be higleer the target RPM, but because it is falling rapidl
the idle motor will actually begin to open, to peetidle droop or a stall. Below are some graphic
examples of how these parts work.

B.8.c. Getting Started

Attempt to start the engine. If the engine sthadd, try reducing the maximum duty cycle until gtartup
revs are under control. Unfortunately, this trides not work with the 4-wire IAC. If the engirtarss too
hard with the 4-wire, try increasing the Positiaéerof change to help arrest high startup revs.

After starting the engine the first time, chancesthat it will not hold idle. In some cases, itile will be
stable, or nearly stable. But most of the time,ahgine will oscillate and possibly die. Incretse
minimum duty cycle until the engine runs withouwlhg. Once you have done this, you can adjust th
minimum duty cycle back down until the desired isiieed is achieved. Generally you will want the
engine to idle with an IAC reading of 1-2%. If ydacreased the maximum duty cycle very much to stop
hard starts, you may consider adjusting your tle@iate instead of increasing the minimum dutyleyc

Once the idle minimum and maximum is set, rev tigiree to various RPMs to make sure that the engine
returns smoothly to the correct idle speed. AdjnstReset position until it does. Adjust theifeyl
sensitivity until the idle settles above the targed the arrow indicators for the IAC flicker baakd forth.
Reduce the falling rate sensitivity until the idieps. Adjustments to this value should be made in
increments of 1 or 2. Adjusting more than that eary quickly cause the RPMs to oscillate.

Once the idle is stable and revs return smoothtii¢darget idle speed, the car should then belbliév
Little if any adjustments should be required tafire the idle settings.
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B.8.d. Error Sensitivity
Error Sensitivity controls how rapidly the idle mowill move in reaction to the error of RPM at agiyen

time. The picture below shows how fRECgt unit finds error.

Actual RPM

#+3 ANALOG ENGINE MONITOR

Target RPM

REV LIMIT [T RPM Figure 1

B.8.e. RPM Rate-of-Change Sensitivity

Rate-of-Change sensitivity controls how rapidly idle motor moves in reaction to the RPM changing.
For example, if the RPM is dropping slowly as imeple A in Figure 2, the Rate-of-Change sensitivity
will result in very little reaction. If the RPM dropping rapidly as in example B in Figure 2, teaction
will be larger. The Rate-of-Change calculation aivays work against the direction of motion. s
the adjustment that will prevent the engine froallistg when the throttle is closing. It can beubbt of as

an adjustable dashpot.

REV LIMIT [T RPM Figure 2
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Tuning Tips:

In most cases, the default values given in the irad setup will be relatively close to the settingqur
car will need. The settings you will need dependdavily on the size of your engine and the size dfe
idle motor. For example, if you have a 302 V-8 andre using the Electromotive stepper idle motor,
larger sensitivity values will usually be needed lmause the idle motor must make larger changes to
get the engine to respond. In a case where the fag Idle motor is being used, the starting setting
given above will likely work well because the idlenotor is properly sized for the engine. Regardless
of engine/idle motor combination, the default confjuration should be close.

Other tips:

If your engine starts and maintains idle, but the drops too low when lifting off the gas and thieses
slowly to the target RPM, a likely solution is tcrease the Reset position. This will help to slogvrate
that the RPM drops when lifting off the gas. Yowlcbalso try a slight increase in falling rate sewisy.

If the engine keeps shooting past the rpm targboth directions without stopping (RPM is osciltaf),
try reducing both proportional gains. These vaklesuld both generally be the same.

If the engine revs very high when starting (hasdt}ttry decreasing the maximum duty cycle valtigis
will reduce the amount that the idle motor can ofers reducing how high the engine can rev onwgtart

If when revving the engine, the engine rpm os@Ha little bit around the decel rpm while falling,
reducing the reset value should help to prevest tHithe engine falls below the idle target ahdast
stalls, a larger reset value will help.

B.8.f. Wiring a 2-wire IAC:

A 2-wire IAC should be wired as shown in FigureThe diode shown is required on all idle motorsegxc
some Ford motors. If the Ford IAC you are usind aaliode across it in the original wiring harnesis,
recommended that you use the original diode. Uf yever had an original harness, a diode shouidsbd
just to be safe. The Radioshack part will workhis case. Care must be taken to be certainhieat t
polarity on the Ford motor is also correct. Farsth of you outside the U.S., Malpin carries dicofes
similar spec to the Radioshack patrt.

B.8.g. Wiring a 3-wire IAC:

The 3-wire IAC requires the use of the 2-wire twiBe IAC adapter. The wiring is as follows: swied
+12v source to the center lead of the IAC, pinsd B from the 3-wire IAC adapter will go to the eut
leads of the IAC motor. If the IAC motor appearde working backwards, reverse the wires to the tw
outer leads of the IAC motor. Switched +12v musb &e connected to the IAC adapter pin D. The cas
of the adapteMUST be grounded. Pin C from the IAC adapter connecthée signal wire from the
TECqgt unit (gray connector pin 14). This setup doesraqtire any diodes.
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TECgt

wiring the 2-wire IAC RadioShack part # 276-1661
Diode is optional on Ford IAC
Ford IAC must be connected properly or
the IAC will be damaged

E] All other 2-wire IAC's are not polarity

TECgt sensitive

J

How to connect the Diode :

fﬂ Idle Motor = To+12v
switched +12v | l
Gray Stripe here

To IAC control

How to connect the Ford IAC :

12V ™
To TEC unit ._\A

\ connector tooth

Figur e 3 — Wiring the 2-wire IAC

B.9. Tuning the Knock Control

Once an engine is tuned well enough to driveKileck Control feature can be used. The Knock
Control retards timing based on detonation occeeerWWhen the detonation level detected by the KNK
sensor exceeds the value defined in_ the Knock Tbtésetting, thefECgt will begin to retard the timing.
More specifically, the timing will be retarded imcrements defined by the Rate of Advance Ret&ach
time a coil fires, the timing will be retarded thys amount until the knock level has dropped belosv
Knock Threshold If the knock level drops below the Knock Thrdshohe TECgt will add back ignition
advance in increments defined by the Rate of Adedncreasearameter. If the knock level does not drop
below the Knock Threshold, tAe&ECgt will stop retarding the ignition timing when theaMimum Retard
Allowed parameter is met. It is important to realize thafTECgt will NEVER add ignition timing over
and above the value set in the Ignition Advancd@alhen the Knock Control is adding advance back to
the engine.

B.10. Using the Injector Trims

To compensate for fuel injector variations or egkr-to-cylinder inconsistencies, advanced users of
the TECgt may wish to adjust the fuel delivery to individugjlectors. The Fuel Trim feature allows these
adjustments. When running in full-sequential itiggt mode, each individual injector can be trimmed.
When running in phase-sequential mode, injectonsbeatrimmed in their driver channel pairs. TBiups
do not have a trimming option.

When the Fuel Trim function is used, a set peagmdf fuel injector pulse width will be added or
subtracted from each driver channel. Care shoailhken not to lean the injectors out too muchgesin
engine damage may result.
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Fuel can be trimmed by + or — 15%.

B.11. Using the Ignition Advance Trims

Just as the fuel injector trims allow the fueb&ofine-tuned between cylinders, the Ignition
Advance Trim feature allows timing to be adjustedda on coil output channels. When in phase-
sequential operation, the coils can be trimmedasterspark pairs. When in full-sequential operatibe
coils can be trimmed on an individual cylinder lsasi

When the Ignition Advance trim is used, a set amhad timing can be added to or subtracted from
the Ignition Advance curve. Certain engines héneeténdency to detonate on certain cylinders niae t
others. To counteract this issue, the Ignition &ahe Trim can be used to remove timing from the
problematic cylinders.

Timing can be adjusted by + or —°15

B.12. Tuning the EGO Sensor

Tuning the EGO sensor is the final step in tharetuning process. Since EGO sensors are only
designed to provide a switch-point for stoichionetperation, it is not recommended that the EGO be
used in closed loop mode for anything other thaumiiended design: part throttle and idling stmuotetric
control.

Start with tuning the EGO in closed-loop at id{&eep in mind that some exhaust configurations
may not generate enough heat at idle to keep timsgarm enough for repeatable readings.) Weh th
engine running at the desired idle speed, leamik&ure out enough to detect a slight lean misfiféis
can be done by manipulating the IOT/POT or the Wadtric Efficiency Table. The EGO reading will
typically begin to sway back and forth erraticalliien misfiring is occurring. Richen the enginekbap
in small increments (1% VE adjustments, or 0.01P®3 adjustments) until the misfiring is less
noticeable. At this point, the EGO reading shaddhe back in line. Record the EGO reading atttins,
and enter this value into the Air Fuel Ratio Tadieells surrounding (and including) the idle MAPIR
point. Keep in mind that if the EGO is detectimg/FR around the stoichiometric point, the readinld
be bouncing around slightly, but not nearly asteraly as when the engine is misfiring. If the @G
reading is still bouncing around, and richeninghg mixture does not fix the problem, the EGO s ¢old
for closed-loop operation at idle.

When the idle is tuned in this manner, the engiillenermally be running at its cleanest overall
emissions. This will reflect a balance between BO, and NQ production, and will keep the catalytic
converter (if equipped) functioning properly. ff angine is running richer than stoichiometric, N@,
levels will fall, but the CO and HC levels will @s Catalytic converters will become clogged wiinbon
deposits when this happens, and the exhaust gaetatares will fall. When an engine is runningniea
than stoichiometric, HC and CO levels will fall,tilOx levels will rise. Exhaust gas temperatures will
rise, and catalytic converters will not be ableliminate the high levels of NO

On a gas analyzer, high N@roduction is indicative of an overly-lean mixturdigh HC and CO
levels are indicative of an overly-rich mixture. owever, high HC levels with comparatively low CO
levels will occur when the engine is misfiring. #ch, high HC can sometimes be thought of as firenis
detector.

To use the EGO sensor at part-throttle, folloerghme tuning procedure as was discussed for
tuning the idle. Target the part-throttle cruiggNRand MAP points in the VE Table, and tune them to
achieve an AFR of around 14.64. Once this is dlura,on the EGO sensor, and use the Desired Al Fu
Ratio Table to fine-tune your EGO correction value.

When using the EGO sensor] 3% Authority Range should be the maximum necessary for a
properly tuned engine. An engine that requiresenaorrection than 15% (in either direction) is tusted
properly to begin with.
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Some tuners like to use the EGO sensor at higlgnefoads. This is not necessarily a bad idea,
but the limitations of an EGO sensor must be redlizAs long as the Desired Air Fuel Ratio Table ha
appropriate values at the higher load points,austhnot be too much of a problem. Keep in mirat th
high loads require richer mixtures. Most engindsdetonate severely if a 14.64:1 AFR is used unde
high load. When tuning the EGO in this mode, ibést to start with extremely rich numbers in tHeRA
Table (like 11:1) to prevent lean-out problems.

C. Direct Fire Units (DFU’s)

Introduction

DFU’s are made by Electromotive in two variantzd-and 3-coil. Each coil drives two spark
plugs in waste-spark ignition setups. Eight cydindngines will use two 2-coil DFU’s. 2-rotor a@mes
will use 4 single tower coil units. Two cycle aiggkions will use single tower coils as well.

The DFU'’s are driven by a 12volt chargingteys housed in thEECgt ECU. For the
Electromotive DFU wiring requirements, referRigures C.1.1-5below.

. 2-Coil DFU’s (Part Number 070-33400)
The 2-coil DFU's utilize three of the four termisah their yellow connector. Here is the pin out:
Terminal A Ground Pulse for Coil A
Terminal B Ground Pulse for Coil B
Terminal C  Unused
Terminal D Full-Time +12 Volt Source (9 amps)

On a standard inline 4-cylinder four-stroke apglma, this DFU will be used. On dual-plug 4-cylard
two of these DFU’s will be used. ReferRgure C.1. 2for terminal locations.

. 3-Coil DFU’s (Part Number 070-33600)
The 3-coil DFU's utilize all four of the terminails the yellow connector. Here is the pin out:
Terminal A Ground Pulse for Coil A
Terminal B Ground Pulse for Coil B
Terminal C  Ground Pulse for Coil C
Terminal D Full-Time 12 Volt Source (9 amps)
On a standard 6-cylinder even-fire applications thFU will be used. Refer teigure C.1. 4for
terminal locations.

. 4- Coil DFU’s (Part Number 070-33400)
The 4-coil DFU is actually two 2-coil DFU’s. Whdims part number is specified, two 070-33400 DFU'’s
will be used. The first DFU should be wired in 8@me manner as part number 070-33400. For the
second DFU, connect the coil output wires fromTE€gt to the following terminals:

Terminal A Ground Pulse for DFU 2 Coil (A2)

Terminal B Ground Pulse for DFU 2 Coil (B2)

Terminal C  Unused

Terminal D Full-Time 12 Volt Source (9 amps)
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C.1. Wiring the DFU’s

The first step in wiring the DFU’s is to installetlyground wire. The DFU’s come from our factory
with a ground wire pre-installed on a tapped, uoedzed hole. This wire MUST be connected to
chassis/battery groundcAILURE TO DO SO MAY RESULT IN SEVERE ELECTRICAL SH OCK TO THE
USER! Electrical shock will occur if the DFU is not gneded, and someone touches it while touching
chassis ground (with the engine running). If dakithe ground wire may be relocated elsewherbéen t
DFU chassis. Howeveyou will need to scrape off the anodizatisom the chassis at the point of contact,
since the anodizing acts as an electrical insuladdso, loose coil screws may cause an electshatk as
well, since they must be grounded to the casd #tras. Always make sure that both the coil screws
and the ground wire are securely fastened.

After the DFU has been grounded, the reth@fviring may begin. The DFU’s come shipped with
the appropriate connectors. Terminal D on all D&=§Hould be connected t¢-dSED 12 VOLT SOURCE
that can pulb AMPS of current. In the wiring harness, the outputsGoils A, B, and C are routed in the
same shielded-cable housing. On an 8 cylinder otityeuts for DFU 2 (A2, B2) are routed in a separat
shielded-cable housing. These are all 9amp pujrtoind outputs; that is, they create a ground pagny
time a coil charges. When the coils fire, the atgpfloat,” with no connection to ground or powsf.the
wires need to be spliced or lengthened, 16awg stioeilld be used. Sé&ggure C.1. 1for details on the
coil outputs in the wiring harness.

ECU Coil Output Wiring

Coil A - White (ECU Terminal G25)
From TECqt ECU EE Coil B - Red (ECU Terminal G24)
Coil C - Black (ECU Terminal G1)

M': Coil C - Black (ECU Terminal G1)
Coil D - Red (ECU Terminal G2)

Figure C.1.1: ECU Coil Output Wires (note: shield wire is connected inside the TECgt unit, not connected
at the coils).

WARNING:

The DFU chassis MUST be grounded. A ground wire must be connected to battery
negative, or to a good chassis ground. FAILURE TO GROUND THE DFU’'S MAY
RESULT IN SEVERE ELECTRICAL SHOCK! Also, poorly grounded DFU’s may
result in poor engine performance, and can cause engine damage!! Use the drilled
and tapped hole next to the yellow connector for the ground wire. If desired, the
unit may instead be grounded at one of the four bolt holes. However, you will

need to scrape off the anodizing under the bolt hea d. The anodizing is an
electrical insulator, so unless it is scraped down to bare aluminum, it will not provide
a good connection to ground. If more than one DFU is used on a vehicle, each one
will require its own ground wire.

Additionally, make sure that the coil screws are fully tightened at all times!!
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C.2. DFU to Spark Plugs
The coils fire in a specific order for each engioafiguration. The proper coil must be connected
to the correct cylinder in the firing order.

C.2. 1 Coil Notation

The following notation is used when referring tal€oA letter and a number are combined to
identify a coil. The letter refers to the coil &ion on the DFU. The coil located closest todbenector is
Coil A. The coil next to it is Coil B. If the DFdontains three coils, the last coil is Coil C.eTtumber
identifies the DFU that the coils are on. In agiea configuration using only one DFU, the number
following the letter is 1. Colil notation is shownFigure C.2.1.

Note: Each coil has two towers for spark plug wird@he towers are identical and should be thoafas
the same coil. For example, if the engine setugegrefers to cylinder 1 connected to Coil A1 and
cylinder 6 connected to Coil A1, you can conneatngpark plug wires for the respective cylinders to
EITHER tower.

DFU #1 DFU #2
(W @& E@J ? @I@ 0 (& @ & g@
o © QM Q ©MQ o b © RAMQ MQ o)
¢ ¢ \ 4 L 2 4 4 \ 4 ¢ \ 4 Yy Y \ 4
CoilC1  CoilB1 Coil A1 CoilC2 CoilB2 Coil A2

Fiaure C.2.1 Coil notatiotl

Figure C.2.1 shows a configuration using two 3-8dtlJ’s. If you are using 2-coil DFU’s the numbaegin
is the same except there is not C1 and C2. If gpptication requires only the use of one DFU, tA&n
B2, and C2 will not be present.

DFU1
ABCD

+12 Volts (Red w/ White Stripe)
Coil B (Red)
Coil A (White)

Ground Screw
Location

Figure C.2. 2 : 4-Cyl DFU Setup
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DFU 1
ABCD

+12 Volts (Red w/ White Stripe)
Coil B (Red)
Coil A (White)

Ground Screw
Location

Ground Scrss +12 Volts (Red wi White Stripe)
Location Cail BZ (Red)
Coail A2 [White)

Figure C.2. 3: 8-Cyl and 4-cyl Dual Plug DFU Setup. Note that the 2 " DFU coils will not be
labeled C and D from Electromotive . When the 2" DFU is wired as shown, the coil labeled “A”
will fire coil output “A2.” The coil labeled “B” will fire coil output “B2.”

+12 Volts (Red w/ White Stripe)
Coil C (Black)

Coil B (Red)

Coil A (White)

Ground ScrewJ
Location

Figure C.2. 4: 6-Cyl DFU Setup
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+12 Volts (Red w/ White Stripe)
Coil C (Black)

Coil B (Red)

Coil A (White)

Ground ScrewJ

Location

+12 Volts (Red w/ White Stripe)
Coil C2 (Black)

Coil B2 (Red)

Coil A2 (White)

Ground ScrewJ
Location

2" DFU

Figure C.2. 5: (The above picture from a twin-plug 6 Cyl. is for reference only), this application
does not pertain to the TECgt , if running a V8 the first DFU will have coils Al, B1 the second
DFU will have coils A2, B2.

C.3. Spark Plug Wire Routing

For the engine to run correctly, the coils mustbenected to the appropriate cylinders. Since the
Electromotive DFU’s utilize waste-spark coils,dtriecessary to know the firing order of an engine t
determine which cylinders should be paired together

* When al, 2, or 4-cylinder engine is chosen insthféware setup, coil channels A and B will
be fired alternately, every 186f crankshaft rotation. The firing goes:— 180° —B — 180°
—A -180°-B - etc...

« When a 3, or 6-cylinder engine is chosen in thegsetoils A, B, and C will fire every 120
of crankshatft rotation. The firing goes:
A-120°-B-120°-C-120°-A - 120°-B - 120°-C —etc...

* When an 8-cylinder engine is chosen, DFU #1 Coils Bl and DFU #2 Coils A2, B2 will
fire every 90 of crankshaft rotation. However, on the 8-cylindetup, the coils fire_A1-
A2-B1-B2instead of A1-B1-A2-B2. The firing goes:

Al-90°-A2-90-B1-90-B2-90-A1-90°-B1-90-A2-90-B2-etc...
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Note: To clarify these seemingly complex firing patterns, write your firing order into
the appropriate engine setup in Section C.3 and wire them accordingly.

C.3.a. Common Engine Setups

Engine: Chevy V8

Firing Order: 1-8-4-3-6-5-7-2

Coil Firing Order: Al A2 Bl B2 Al A2 Bl B2

Engine Firing Order: 1 8 4 3 6 5 7 2

As can be seen, Coil Al will be used for cylinde&s, Coil B1 for cylinders 4&7, Coil A2 for cylinds
5&8, and Coil B2 for cylinders 2&3.

Engine: Honda 4-cylinder

Firing Order: 1-3-4-2

Coil Firing Order: Al Bl Al Bl

Engine Firing Order: 1 3 4 2

Cylinders 1&4 are paired to Coil A1l. Cylinders 2&8 paired to Coil B1.

Engine: Mazda 2-Rotor Rotary
Spark Plug Setup: Leading & Trailing Plugs on Both Rotors

Coil Firing Order: Al A2 Bl B2
1% or 2" Rotor: 1% rotor 1% rotor 2" rotor 2" rotor
Leading or Trailing: Leading Trailing Leading Trailing

Note: In the software, the timing split betweea sading and trailing spark plugs can be set ifterent
engine speeds.

Engine: 4-cylinder 2-stroke

Firing Order 1-2-3-4

Coil Firing Order: Al A2 Bl B2
Engine Firing Order: 1 2 3 4

C.3.b. Special Note for Coil-Per-Plug Applications
The following engines utilize a coil-per-plug ignibn setup:

4-strokes:

1-cyl, 2-cyl 186, 3-cyl (all), 4-cyl odd fire
Rotaries:

ALL
2-strokes:

ALL

For these applications, it will be necessary toaigesingle tower coils, as shownkigure C.4. 4
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C.4. Coll and Injector Firing Schemes

TheTECgt software is able to run a multitude of differenggine configurations. To determine the

proper wiring of coils and injectors for a givergere, it is necessary to understand the pointshathwthe
coils and injectors are fired as functions of eegmosition. The following pages outline the difer
injection and ignition firing patterns that are #adle on theTECgt. It will be necessary to know the
firing order for your engine before using the emgaonfiguration tables (some common firing ordees a
given in the following section). Once this is kmgveimply wire the vehicle’s injectors and coilsrédlect
the data in the tables.

C.4.a. Injector and Coil Firing Patterns for EVEN-

FIRE Engines

1 Cylinder  <<< 1st revolution | 2nd revolution >>> 2 Cylinder <<<1strevolution | 2nd revolution >>>
Crank o
Degrees 0° 360° Degrees o° 360
o Coil "

gz!nnels A A (1 Coil, coil-per-plug) Channels A A (coil-per-plug)

Injector Injector
Channels 1(2) Full Sequential Channels 1) 2 (4) Full Sequential

() = staged 1Q) 12 Phase Sequential () = staged 1(2) 102 Phase Sequential
Firing Firing

Order Order

3 Cylinder <<< 1st revolution 2nd revolution >>> 4 Cylinder

Grank o| 0o | 1200 | 200° | 360°| 480° | 00° Dogrees | 0% | 120° | 240° | 360°

PSRN Y B C A B C (coil-per-plug) ol el A B A B (Coil-per-plug)

1(4) 2 (5) 3(6) Full Sequential

Injector R Injector

Channels| 1 @) 2 (5) 3 (6) 1(4) 2(5) 3(6) | Phase Sequential Channels| 1 (5) 2 3 (6) 4 Full Sequential
() = staged ()=staged 7173 5) 1 2 46) | 1 3.5 | 2 (46) | Phase Seq.
Firing Firing

Order Order

4 Cylinder dual plug

<<< st revolution | 2nd revolution >>>

EZ‘;,';eS 0° 180 ° 360 ° 540 ° 6 Cylinder <<< 1st revolution 2nd revolution >>>

Coil Al B1 Al B1_| (OFU-1 4cyl) ks | ©° 120° | 240° | 360° | 480° | 600°
Channels A2 B2 A2 B2 | (DFU-2 4cyl) —on )

Channels A B C A B C (3 Coils)

Injector )

Channels| 1 (5 2 3(6) 4 Full Sequential Injector Phase S tial

= Channels| 1 (4) 2 (5) 3 (6) 1(4) 2(5) 3(6) ase Sequentia

O=staged "1 " 35 2 a6 | 135 |2 46 | PhaseSeq. () = staged

Firing —

Firing

Order Order

8 Cylinder <<< 1st revolution 2nd revolution >>>

Crank o o o 3

Degrees 0° 90° 180 270 360° | 450 540 630

Crannets| Al A2 B1 B2 | A1 A2 B B2 | (@ twoCoil DFU's
Injector )
Channels| 1(5) 2 (6) 3 4 1(5) 2(6) 3 4 Phase Sequential

() = staged

Firing

Order
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C.4.b. Injector and Coil Firing Patterns for ROTAR Y Engines

2 rotor

Crank

Degrees 0° 180 °
1 rotor Coil A1 -leading B1 - leading (coil-per-plug)
Coil A1 -leading (coil-per-plug) Channels R:;ary S‘El."t Table RoBt;rz SEI.II'(.Table - eq\'JaI tooth offsets
Channels ™ Rotary Split Table | - equal tooth offsets —cror - trailing -trailing | (coil-per-plug)

A2 - trailing (coil-per-plug) Cliannels 10) 2 (4 Full Sequential

Injector -
Channels 1(2) Full Sequential () =staged
() =staged Firing

Order

NOTES : Coil Channel A1 =1st DFU - Coil A
Coil Channel B1 = 1st DFU - Coil B
Coil Channel A2 =2nd DFU - Coil A
Coil Channel B2 =2nd DFU - Coil B

C.4.c. Injector and Coil Firing Patterns for 2-CYC  LE Engines

3 Cylinder
Crank o o
Degrees 0° 120 240
1 Cylinder i ’
chy gz!nnas A B C (Coil-per-plug)
Channels A (Coil-per-plug) I
njector
. Channels| 1 (4) 2 (5) 3 (6) Full Sequential
Injector ) () = staged
Channels| 1(2) |FullSequential
Firing
() = staged Oring
4 Cylinder
" Crank o o o
2 Cylinder Degrees 0° 120 240 360
Coil .
Degrees | 0° | 120° rannets| A B c A | (oikper-plug)
gz!nnels A B (Coil-per-plug) Injector
Channels| 1 (5) 2 3 (6) 4 Full Sequential
Injector O=staged |4 35 [ 5 46) | 135 |2 46) | PhaseSeq.
Channels| 1(3) 2 (4) Full Sequential Firing
() = staged Order
Firing
Order

C.4.d. Injector and Coil Firing Patterns for ODD-F IRE Engines

2 Cylinder Odd Fire
(Default :-Tooth Offset A=11, B=18 for Harley Davidson)

<<< 1strevolution ] 2nd revolution >>>
g
- 360 +
Crank o |Tooth o
0 360 Tooth
Degrees Offset oo
Coil "
Channels Al A2 Al A2 coil-per-plug
. 103) 2 (4 Full Sequential
Injector
Channels| 1(2) 1(2) Phase Sequential
() = staged
TDC Evgnt Ord¢r (Not the Firing Ordet|

NOTE : Harley-Davidson MUST have 3 degrees in the Timing Split Table !
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4 Cylinder Odd Fire (Default :Tooth Offset AB=11)
<<< Tst revolution 2nd revolution >>>
180°+ 360°+ 540°%

Crank o Tooth o o
Degrees | 0° |5y | 1807 |oomn | 60 | woom e
Coil .
chonnats| Al A2 B1 B2 Al A2 B1 B2 coil-per-plug

) 1(5 2 3(6) 4 Full Sequential
Injector )
Channels| 1 (3) 2 (4) 103) 2 (4) Phase Sequential
() = staged
TDC Evegnt Ordg¢r (Not ghe Firing Orde})

C.4.e. Examples of Typical Engine Setups

Example : 2 rotor

A1 -leading

(coil-per-plug)

- equal tooth offsets
(coil-per-plug)

Full Sequential

Coil B1 - leading

hannels ™ Rotary Split Table | Rotary Split Table
A2 - trailing B2 - trailing

Injector

Channels 16 24

() = staged

p

Order ! 2

Rotor 1 :Leading = Coil A1

Rotor 2 : Leading = Coil B1

Rotor 1: Trailing = Coil A2 Rotor 2: Trailing = Coil B2

Rotor 1: Injector 1 = Primary, Injector Channel 3 = Staged
Rotor 2 : Injector 2 = Primary, Injector Channel 4 = Staged

QO Joround screw
Location

+12 Volts (Red/White)
Coil B (Red)
Coil A (White)

Example : 6 Cylinder
<<< st revolution 2nd revolution >>>

Crank o o o °
Degrees 0° 120° | 240 360 480 600
Crannes| Al B1 a Al Bl | a1 |1oruwsscois

. 1 2 3 4 5 6 Full Sequential
Injector .
Channels| 1 4) 2 (5) 3 (6) 1 (4) 2(5) 3(6) Phase Sequential
() = staged
Firing
Order 1 5 3 6 2 4

phase sequential

Coil A1 = Cylinders 1and 6 full sequential

il B1 = Cyli Injector Channel 1: Cylinders 1&6 Cylinder 1
(C:O{: gl _ Eyll{ngers;angi Injector Channel 2:: (_yl[nders 58&2 Cylinder 5
oift1= Cylinders 3 an Injector Channel 3: Cylinders 3 &4 ylinder 3
Injector Channel 4 : unused Cylinder 6

Injector Channel 5:  unused Cglinder 2

Injector Channel 6 : unused ylinder 4

Figure C.4. 1: Typical In-Line 4-cylinder DFU
wiring. Firing Order 1-3-4-2 depicted here.

Cylinder 4
Cylinder 2

Cylinder 3 ‘—,

Cylinder 5

Cylinder 1

Location

Cylinder 6

T
Ground Screw

+12 Volts (Red/White)
Coil C (Black)

Coil B (Red)

Coil A (White)

Figure C.4. 2: Typical In-Line 6-
cylinder DFU wiring.
Firing Order 1-5-3-6-2-4 depicted here.
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‘olts (Red/White)
(Red)
(White)

Cylinder 4 ‘—I

Cylinder 7

Cylinder 1

Cylinder 6

ABCD
+12 Volts (Red/White)
Coil B2 (Red)

Coil A2(White)

Figure C.4. 3: Typical GM 8-cylinder
DFU wiring. Firing Order 1-8-4-3-6-5-
7-2 depicted here. Remember, 8-
cylinder setups fire the coil channels in

S the order of A'-A%-B'-B?,
Cylinderzo—I
G Se—
Cylinder 8
Single Coil Per
Output Hookup
4 )
Top
View of
Coil
;
Figure C.4. 4 2-Rotor (Mazda 12A and
C 13B) coil setup. 4 of these coils will be
onnector required for leading and trailing plugs.
Here
Leading plugs will go tAECgt gray
C B A connector pin G25 (white wire) = first
rotor, leading. TECgt pin G24 (red wire
s | = second rotor, leading.
I
Trailing plugs will go toTECgt pin G1
Switched Ignition (black wire) = first rotor, trailing. TECgt
—— +12 volts pin G2 (red wire) = second rotor, trailir
Engine _'_
Block T N————— TEC/XDI Refer to the wiring diagram layout for
Ground Coil Output signal wire hookup.
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C.5. Common Firing Orders

- Remembercoils are fired in the following sequence:
* 4 cylinder: A-B-A-B
e 6 cylinder: A-B-C-A-B-C
e 8cylinder: A1-A2-B1-B2-A1-A2-B1-B2

The following Firing Orders apply to Even-Fire Engines ONLY!

DFU DFU DFU DFU
1 2 1 2

coil coil coil coill

Firing Order A A B B
Most GM, Chrysler, & AMC V8's: 1-8-4-3-6-5-7-2 1&6 8&5 4&7 3&2
Chevrolet LS1 V8: 1-8-7-2-6-5-4-3 1&B&5 78&4 2&3
Ford 5.0L, 351W/M/C, & 400 V8's: 1-3-7-2-6-5-4-8 1&6 3&5 7&4 2&8

8 cylinder - 2 DFU's

Ford other V8's: 1-5-4-2-6-3-7-8 1&6 &5 4&7 2&8
Ford 4.6/5.4 Liter V8: 1-3-7-2-6-5-4-8 8& 3&5 7&4 2&8
Cadillac 368, 425, 472, 500: 1-5-6-3-4-2-7-8 1&4 5&2 6&7 3&8
Cadillac Northstar: 1-2-7-3-4-5-6-8 1&28&5 7&6 3&8
Audi 4.2V8, & Mercedes Benz: 1-5-4-8-6-3-7-2 1&6 5&3 4&7 8&2

Coll

6 cylinder - 3 coil DFU Firing Order A B C
Buick 3.0 & 3.8 (60V6): 1-6-5-4-3-2 1&4 6&3 5&2
Chevrolet 2.8 (60v6): 1-2-3-4-5-6 1&4 2&5 3&6
Chevrolet 4.3 (90V6): 1-6-5-4-3-2 1&4 6&3 5&2
Ford 2.8 (60V6): 1-4-2-5-3-6 1&5 4&3 2&6
Chrysler Slant 6: 1-5-3-6-2-4 1&6 5&3&4
Porsche Flat 6: 1-6-2-4-3-5 1&4 68&3%5
Datsun Inline 6 (L6): 1-5-3-6-2-4 1&6&2 3&4
Nissan 3.0 V6 (60V6): 1-2-3-4-5-6 1&4 2&5 3&6
VW VR6 (15’ V6): 1-5-3-6-2-4 1&6 5&2 3&4
Coil
4 cylinder - Firing Order A B

Most Inline 4-cyl Engines: 1-3-4-2 1&8&2
VW Flat 4 (air-cooled): 1-4-3-2 1&3&2
Dual Plug 4-cyl: 1-3-4-2 4&3&2
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C.5.a. To find the TDC Event Order :
1. Turn the engine to TDC #1.
2. Rotate the engine in its normal direction o&tan.
3. Record the order in which the cylinders have D@ does not matter that the TDC events are
mixed between compression and exhaust during tbiseps.

C.5.b. TDC Tooth for DFU “2” needed for an Odd-Fir e Engine:

1. Turn the engine to TDC #1.

2. Measure the crankshaft degrees between TDCdtthamext TDC event for the engine.

3. Take this Degree Numbddi{l) and divide it by 6. If the result has a decimnaynd UP to the
nearest Whole NumbeW(N).

4. Add WN to the number 11 to give you the necegssgalue for theTDC Tooth for DFU “2”
parameter.

5. Perform the following subtraction: DN — WNX=

6. EnterX into theRotary Ignition Split table for all RPM points.

C.5.c. Harley-Davidson Applications

The unique sound of the Harley-Davidson V-Twithis result of an odd (uneven) firing pattern
between the two cylinders. To run this engineed@-cylinder Odd-Fire for the engine setup. Since this
is a 45 V-Twin with one connecting rod lobe, the TDC eeatcur in the following fashion for one
complete engine cycle:

TDCA-45 —TDCB -315-TDC A -45-TDC B

* For the TDC Setup,
Set the DFU #1 Trigger Wheel TDC to thé"taoth.
Set the DFU #2 Trigger Wheel TDC to thé"t8oth.

* In theDual Plug Timing Split, set the values to 3 degrees for all RPM’s.

* Wire DFU #1 -Coil Al output topin A of a 4-cylinder DFU. This will fire cylinder A’spark
plug.

* Wire DFU #2 -Coil A2 output topin B (not pin C!) of a 4-cylinder DFU. This will fireylinder
B’s spark plug.

» For Phase-Sequential Fuel Operation, wire botltioje to channel 1.

C.6. Rotary Engines

For rotary engines, the coil firing occurs on bttt leading and trailing spark plugs. Using the
Dual Plug Timing Split Table, simply enter the desired split (in degrees) betwthe leading and trailing
spark plugs. For a 2-rotor engine, 4 single togagis will be needed. References to DFU #1 in the
software will correspond to the 2 primary sparkgotwils (coil outputs Al and B1), and will fireeth
leading sparkplugs on rotors 1 and 2, respectively. References td BE in the software will correspond
to the 2 secondary spark plug coils (coil outpubsatnd B2), and will fire th&railing spark plugs on
rotors 1 and 2, respectively. Typically, rotanesrk well with about 7-15 degrees of split betwéea
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leading and trailing ignition under light load. ndler full load, the engines generally make bestgromith
closer to zero degrees of split. A rotary will ram just the leading or trailing ignition, but awper loss
will occur. Keep this in mind when trying to diazge ignition wiring problems.

* Rotorl

Leading: Coil Channel A1

Trailing: Coil Channel A2

Coil Channel A1 and A2 are split by the valueha Dual Plug Timing Split.
* Rotor 2

Leading: Coil Channel B1

Trailing: Coil Channel B2

Coil Channel B1 and B2 are split by the valuehi@ Dual Plug Timing Split.

C.7. Dual Plug Engines
4 cylinder only

For dual plug engines, there are two spark plegsplinder. Although it may seem that you
should connect both towers of one coil to the tpark plugs of one cylinder, this is NOT the caBaing
so would require one coil to fire two spark plulgattare on the compression stroke, which would laave
very negative effect on spark energy. Insteadctiis must be wired so that each cylinder will &awo
coils for its two spark plugs. Refer to the exaenpl the 6-cylinder Porsche Dual Plug engifigre
C.2.3 to see how the wiring should be done.

Since most dual plug cylinder heads have a heraerggi design, the spark for both plugs on an
individual cylinder should occur at the same instanoptimum flame-front propagation. Howeverthwi
non-hemispherical dual plug heads, it may be deésoexperiment with staggering the spark timirggrir
one plug to the next. To do this, the Dual Plugifig Split Table can be used. The values enterted i
this table represent the timing split (in degrdetyveen the two spark plugs on a particular cylind&hen
this is done, the flame front will begin at diffateareas of the cylinder at different times, reéaglin an
uneven flame propagation. Consequently, it ismeuended that most dual plug applications NOT use th
Dual Plug Timing Split.

C.8. Spark Plug Wire Selection

TheTECgt outputs an extremely high-energy charge for théian coils. Resistor (carbon) core
wires work best with this charging method, sinaeythbsorb electrical noise generated by the aoilfi
events. Use 8mm or larger RFI and EMI suppressioa with GM boots. We recommend using a carbon
core-style suppression wire with a resistance @@ to 5,000 ohms per fooSOLID CORE WIRES
SHOULD NEVER BE USED. Do not be misled by spark plug wire manufacti@aiming to give you a
“power increase” from their wire. The bottom liisethat with our charging method, different spaltgp
wires simply do not make a difference in termspark energy. However, there is a huge difference i
noise generated by different spark plug wire ty(gedid core wires generate a very high amount adeno
with our system).

Quoted from Magnecor’s Website:

“What is not generally understood (or is ignored) is that the potential 45,000 plus volts (with alternating
current characteristics) from the ignition coil does not flow through the entire the length of fine wire used
for a spiral conductor like the 1 volt DC voltage from a test ohmmeter, but flows in a magnetic field
surrounding the outermost surface of the spiral windings (skin effect). The same skin effect applies
equally to the same pulsating flow of current passing through carbon and solid metal conductors. A
spiral conductor with a low electrical resistance measured by a 1 volt DC ohmmeter indicates, in reality,
nothing other than less of the expensive fine wire is used for the conductor windings!
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Electrical devices, including spark plugs, use only the electrical energy necessary to perform the
function for which such devices are designed. Spark plug wires are nothing more than conductors, and
whereas a bad ignition wire's inefficient conductor can reduce the flow of electricity to the spark plug, an
ignition wire that reportedly generates an "increase" in spark energy will have no effect on the spark
jumping across the spark plug gap, since the energy consumed at the spark plug gap won't be any more
than what is needed to jump the gap. For a more obvious example of this, a 25watt light bulb won't use
any more energy or produce any more light if it's screwed into a socket wired for a 1000watt bulb.”

Due to the extremely high energy in thECgt coil charging circuit, spark plug wires may weat o
faster than with a standard ignition. As sucls tecommended that the wires be checked peridglial
carbon tracking caused by a breakdown of the iatearonductor element. Looking at the plug wirea in
dark area and wetting them with a spray bottle atewwill reveal carbon tracking. Pay close attento
the exposed section of the spark plug (where thbeuboot ends) during the test. To maximize spar§
wire life, keep the lengths as short as possilkée inount the DFU as close to the engine as pe3sibl
Replacement of the wires on an annual basis iswmemnded for high-rpm/high-horsepower applications.

For an extremely high-quality wire with excellemtise suppression, we recommend the Magnecor
brand. Specifically, their “Electrosports 80” 8mwire is very good with our system. Custom wiregirs
and ends are available from them so you will nednt® crimp the wires yourself. They can be reddte
(248)669-6688 or on the web at: www.magnecor.cohaylor Pro-Wire Silicon Resistor wires also work
well.

C.9. Spark Plug Selection

As was previously stated, spark plugs are geryamadre important to spark quality than spark plug
wires. Most spark plugs exhibit failure when exgubso a large load. Failure usually consists thfesi
intermittent sparking or arc-over. Arc-over is whée spark occurs between the spark plug wiretlaad
engine block, instead of at the plug tip. Arc-oseexacerbated by the use of low-quality wiresyoes
that have cuts in the insulation.

The load at which a spark plug fails is differ@artall spark plugs. With th€ECgt's charging
circuit, the more load you put on an engine, themenvoltage will be applied to the plug. Thisis a
beneficial situation: for a high compression engthe voltage at the plug will be inherently higlgince
there is more load). The detriment is that spéuggpand wires are only rated to a certain vol{@ge
40,000 volts is typical), and can begin to “blow"cat around 40,000 volts. If that voltage is eaded by
a large amount for a long enough length of time,dpark plugs will either blow out, break down or @
somewhere other than the electrode (often throhglnisulator directly to the engine block).

The solution is to run smaller plug gaps on highapression engines. This is perfectly acceptable
with our ignition charging method, since the highd of the cylinder pressure will allow the voltagée
quite high at the electrode, but the small gap ka#p the plug from seeing an over-voltage sitnatidse
the recommendations below as a guideline for sphdg gaps:

» Stock Street Engine 0.0457-0.060” (1.1mm-1.5mm)
* High Performance Street 0.0307-0.035” (.75mm-.9mm

* Alcohol High Compression 0.025” (0.65mm)

* High Power 75 -115 HP per Cylinder 0.025” (0.65mm)

e Over 115 HP per Cylinder 0.022” (0.55mm)

e Over 12:1 CR or Over 14psi Boost 0.022” Honbn)

Use of resistor plugs is highly recommended formpin noise suppression. If using anything
other than a resistor spark plug wire, a resisiog MUST be used. The bottom line is this: THeCgt
system uses anductive(long duration charge at battery voltage) chargimaghod for the coils, which is
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completely different than theapacitive(short duration charge at higher-than-battery gajacharging
method used by several other aftermarket manufastuMWhat may work well for these systems may not
work well for ours. Following our recommendatiatsout spark plug and wire selections will yield
excellent results.

D. Fuel Injector Configurations

D.1. High vs. Low Impedance Injectors

TheTECqgt is equipped with 6 fuel injector channels. Thesannels are pull-to-ground outputs,
meaning that they provide a ground connectionHeribjectors when they fire.

The injector channels can be configured to rumi@ of two modes — either 2 amps peak with 0.5
amps hold for one low impedance injector per cheoné amps peak with 1 amp hold for a pair of low
iImpedance injectors per channel.

To differentiate between high and low impedamgectors, simply measure the resistance across
the two terminals on the injector. If the resisaiscaround 2.5 ohms, it is a low impedance infectbthe
resistance is around 1.2 ohms, it is a throttleyksiglle injector. If the resistance is above 1gehit is a
high impedance injector.

Low resistance injectors are used when the injastlarge and finer control of the low opening
time is required. Most OEM injectors are smalled ane of the high resistance type.

When selecting your output from the 4/1 or 2/0etyou should match the output to your injector
configuration. (se€igure D.1. 1for parallel wiring instructions).

As a rule, always use the 4 amp setting for runningjectors in pairs.

Use the 2 amp setting to run injectors individuallyone per driver.

The one exception to this rule would be the 1.2ohimjectors found in throttle body injection
(TBI) setups. These injectors should be wired witlonly one injector per driver in the 4amp mode.

High impedance injectors can be used in placewfilopedance injectors at any time, as a rule, use
the same logic to adjust your outputs.

When the injectors are wired such that the cinstlitflow more than 5 amps, thEECqgt fires them
in peak-and-hold mode. When this is happening, the injector cunmramps up to approximately 4 amps
very quickly, then drops to 1 amp for the remainafethe pulse width. Seegure D.1. 2for details on
peak-and-hold mode.

When an injector circuit is wired so that the citeull flow less than 2amps, the injectors will be
fired in saturation mode. When this happens, the injectors will rappo the maximum amperage
determined by the circuit (should be less than Zgngnd keep the current at this level for the iadex of
the pulse width.

The bottom line here is that the injector chansblzsuld never be required to remain turned on (in
“hold-mode”) at a level greater than 2 amps. Aglas the circuit is capable of flowing more thah ~
amps, thefECgt will enter peak-and-hold mode, thus limiting therent output. Care must be taken
when using injector circuits that flow less thampas, since they will not engage the peak-and-halden
As a result, the injector channels will remain ah €urrent for the entire pulse width. Also, ifav
impedance injector resistance measures less tBahris when cold, its resistance may increase when
warm, so it should not be used on a one-injectordpger basis. With these points in mind, Usble
D.1. 1to determine the correct fuel injector type fouyapplication.
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Table D.1. 1: Recommended fuel injector selection for various wiring configurations. Note that
the values given are for individual injector resistance, NOT for the total circuit resistance. TBI-
style injectors cannot be run with more than one-per-channel.

Individual Injector Individual Injector
Resistance for Resistance for
Injector type 1 Injector per Driver |2 Injectors per Driver
Low Impedance 1.1 - 4 ohms 2.2 - 4.4 ohms
High Impedance 6 ohms or above 12 ohms or above

+12 Valts
Injectar Channel Output

Figure D.1. 1: Parallel wiring of fuel injectors. Note that
injectors have an electrical polarity. Typically, positive is on
| | | | the side marked above.

To determine the current flow through an injectiocudt, follow the equation below.

Current Flow through Injector Circuit = Battery Voltage + Injector Circuit Resistance

Injectors should always be wired_in paralMien more that one injector is used on a chamseeRjgure
D.1. 1). When two injectors are used on a channel, tineent flow through each individual injector wileb
half of the flow through the injector circuit. Wnéhree injectors are used on a channel, the duifcem
through each individual injector will be one-thwélthe flow through the injector circuit (howevemnpre
than 2 injectors per driver should never be necgssa

Current Flow per Injector = [1 + # of injectors per driver] x Current Flow through Circuit

Peak-and-Hold Mode Injector Channel Current

4—— Peak Current . .
Figure D.1. 2: Injector channel current

for a typical peak-and-hold setup.

Iniector

1 Holt CIrenT

Injector Channel
Amperage (amps)

0 T T T T
0 1 2 3 4 5

Injector On-Time (ms)

As far as performance, low impedance injectorpagéerred. The reason is simple: low impedance
injectors have a faster response time than higledapce injectors. This means that low impedance
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injectors take less time for the injector to futiyen once the injector driver fires. AccordindSihE
recommended practice (spec. J1832), high impedajexgors are typically non-linear (as a resultre
response time) when operated below about 1.8 eullisds, while low impedance injectors are non-linea
below about 1.6ms.

In practice, low impedance injectors can be colgdotiown to about 1.3ms reliably, while high
impedance injectors generally require 1.5ms ordrighulsewidths. These characteristics have aftegte
on idle quality on engines with large injector§thie injector cannot physically be pulsed lessith88ms,
and the engine is still idling too rich, there sway to reduce the fuel flow by decreasing theatgr
pulse width. Instead, either a smaller injectostrne chosen, or a rising rate fuel pressure regutaust
be used. Alternatively, a set of staged injectars be installed, which would allow a smaller det o
primary injectors to be utilized. Another optiolowd be to switch to a full sequential setup, whiabuld
require the installation of a camshaft referendegitor TDC #1.

D.2. Injector Firing Schemes
Most engines will operate quite well using a phssguential injector firing mode. This firing mode
pairs injectors together just like the waste-spaikfiring scheme. On a standard inline 4-cylintaur-
stroke engine, cylinders 1 and 4 will always beéa@mdead center at the same time, but one cylwdebe
on compression when the other is on exhaust. aime $i0ld true for cylinders 2 and 3. As a resuis,
possible to use just two injector channels to dfower low (or high) impedance injectors for thigyere:
simply pair the injectors for cylinders 1 and 4£t@nnel 1, and the injectors for cylinders 2 atd 3
channel 2. If a phase-sequential firing schenohasen in the software, each channel will fire opee
revolution. This means that each cylinder willewe a pulse of fuel twice per engine cycle (onee p
revolution on a 4-stroke). This type of firing eche requires only the standard Electromotive 6Q6@h
trigger wheel on the crankshaft. No cam senswgqsired. For an outline of the various firingiops
available with the’'ECqgt, see the tables in Section C.3.
* Regardless of engine firing order, thECgt fires its injector output channels in numericaler1-
2-3-4-5-6. Injector channels must be wired appadely to match an engine’s firing order.
* If an injection mode does not use all six outpwratels, it will reset after its intended number of
channels have fired. As an example, a 4-cylintkasp-sequential setup will fire 1-2-1-2-1-2-etc.
The remaining channels are reserved for stagediorge and are keyed to channels 1 and 2,
respectively.

As can be seen Bection C.3 we have accounted for most injection scenaribgour desired
injector firing scenario is not listed, it is adetsthat you call Electromotive Technical Supp&@tme
definitions concerning the language use&action C.3are given in sections C.2.a. through C.2.e.

D.2.a. Staged Injection

An injection layout whereby there are “primary’dafsecondary” injectors. The primary injectors
would be sized such that the engine will idle nicelhile the secondary injectors would supply addél
fuel needed for high-rpm, high-load situations. s¥lietary applications utilize this injection methsince
there would otherwise only be one injector perrédo idling and high-load conditions. On a twdeo
engine with 400HP, at least a 120 Ib/hr injectouldde needed for each rotor, if only one injeetere to
be installed. However, with this injector in plat®e engine would not be able to idle at a norfRTaM,
since the injector would be supplying far too mb#l, even with the shortest possible pulse widib.
avoid this problem, 55 Ib/hr primary and 100 Ibgbcondary injectors could be used. Piston engiites
very high rpm power bands (like motorcycle engirezs) also benefit from staged injection for the sam
reasons as the rotary example. Staged injectiomeaised with sequential, phased sequential, Bhd T
firing schemes. The WinTec software dedicatesuthesed injector channels for each setup for staged
injectors.
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D.2.b. Throttle Body Injection (TBI)

When the fuel for an engine is divided between thannelswe refer to it as a TBI setup. TBI
setups typically utilize a single 4-bbl style thi®tody with four built-in injectors. These infjecs must
be driven on a one-per-driver basis. With a 4dsbh V8, the injectors should be wired to fire fitwent left
and rear right injectors simultaneously (ChanneDAyers 1&2). The other two injectors should ed
simultaneously as well, but phased 4180hannel B, Drivers 3&4). Drivers 5 and 6 wouben be left over
for staged injectors, if any. This firing optioautd also be used with a rail-fire setup on a Wi®uigh rail-
fire is not a recommended practice with the curtewel of Technology. Sdégure D.2. 1for a TBI
wiring schematic.

A
[

Note:
Drivers 1&2 fire together
Drivers 3&4 fire together

Battery +12V
(full-time, hi-amp)

87 &
30

Switched +12V
(low-amp)

Qn
{ele]

—85

10 amp
Fuse

PRV,
(

Front of
Engine

)&

O O

Driver 4
Driver 1

Driver 2
Driver 3

Figure D.2.1: Recommended TBI injector wiring.
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D.2.c. Phase-Sequential Injection

Most applications will use the phase-sequentiaidioption. This firing scenario pairs cylinders
that share their TDC's to the same injector chan®k such, one injector channel fires two injestane
on compression and the other on exhaust. Eacttanjehannel will fire once per revolution, so each
cylinder will see a shot of fuel on both the exhaursd compression stroke. In an 8-cylinder appboa
each injector channel has its own staged injedtanoel. 16 low-impedance injectors could be usigd w
this firing scenario. Seeigure D.2. 2for a typical 8-cylinder phase-sequential injestaning schematic.

F 4
| | |
Cylinder 7 |Cylinder 5] |Cy|inder 3| |Cy|inder 1 |
s C
\.I .
»Driver 2
Driver 4 <€ H
j Y
Driver 1
Y
T%—T 17—% o
| | | |
Cylinder 8 [Cylinder 6| [Cylinder 4] [Cylinder 2|

an

—85

Relay
Switched +12V O~ O Battery +12V
(low-amp) e O D (full-time, hi-amp)
10 amp

Fuse

Figure D.2. 2: 8-cylinder phase-sequential injector wiring for firing order 1-8-4-3-6-5-7-2.
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D.2.d. Full Sequential Injection

The biggest difference between full sequentialdtigen and other injection types is that full
sequential injection requires the use of a cangérgn addition to the crank trigger. The camdenis
used to provide a reference pulse for Top DeadeC@oimpression. The crankshaft trigger knows the
location of TDC, but on a 4-stroke engine, TDCat all that is needed to determine which cycle the
engine is on. For this, a camshaft referenceesie@. With a full sequential setup, each inject@nnel is
independent, and each injector is fired once pgmencycle (every two revolutions on a four stro@e)the
end of the exhaust stroke. Rotary and 2-strokécgtions are inherently full sequential withouétheed
for a cam reference, since their engine cyclesmioconly one revolution. Consequently, rotarias 2-
strokes will inject fuel on every TDC event.

Driver 6
= =w Driver5
= Driver 1

I I I |

[ I [ |

[cy. 5 | [yl 3 |

-
Driver 2
> = Driver 4
= Driver 3
I | I | I |
[ I [ [ [ [
[cyl6 | cyl.a | [y 2 |
RELAY
85 86 87 30
\ ) Switched +12v l
(low-amp) = Battery +12v
(full-time, hi-amp)
—
10 amp Fuse

Figure D.2. 3: 6-cylinder full-sequential injection wiring for a 1-6-2-4-3-5 firing order.
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D.2.e. Rotary Engine Injection
Fuel injected rotary engines typically come frtima factory with a staged injection setup. One

injector is the primary injector, and should bedirat all times. The other injector is the staggsttor,
and should be turned on gradually at medium anld RigM / Load points. Since a rotary engine
completes a combustion cycle every revolution ibth rotors, the rotary injector firing mode willd the
injectors on every revolution. Rotor 2 will fir@® after rotor 1. The two staged injectors will tzérpd to
rotor 1 and rotor 2. The staged injector pulsethvid determined by the settings in the Stagedtaje
Pulse Width Table in the softwar€igure D.2. 4shows the necessary wiring for a rotary injection

application.

> Driver 1

» Driver 5

| |
[Rotor 1]

=

» Driver 2
> Driver 6

Primary
Injector

D.3. Injector Wiring

L
[Rotor 1] Rotor 2 Rotor 2
Staged Primary Staged
Injector Injector Injector
Relay
Switched +12V (o o ~ © Battery +12V
(low-amp) T 0O D O (fyll-time, hi-amp)
10 amp
Fuse

Figure D.2.4: Rotary injector wiring.
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D.4. Fuel Injector Pulse Width Derivation

D.4.a. Introduction

* Duty Cycle

The fuel injectors are controlled by thECgt in several different modes. The most common mode

would be phase-sequential injection. During thasdeof operation, injectors are fired once per avan
(TDC compression & TDC exhaust). As the engineedpacreases, the time between TDC events
decreases. However, the fuel injector needs éddir roughly the same amount of time each revayti
regardless of engine speed (assuming an engineavidtinly flat torque curve). As a result, the gatage
of time that the injector is turned on increas®ge refer to the percentage_of timevsntime availables
theDuty Cycle We refer to the time (in milliseconds) that thiector is turned oms thepulse width.

* Duty Cycle = Time On+ (Time On + Time Off) = Time Or Time Available
* Phase-Sequential: Time Available = Time for 1 engine revolution
* Full-Sequential: Time Available = Time for 2 engine revolutions

 TOG, IOT, and the Raw Fuel Curve

The TECgt software establishesraw fuel curvefor the engine with two numbers: Time on for
one Gama OG (a.k.a. : User Adjustable Pulse Width UAP) anddtge Offset TimdOT (a.k.a. : Injector
Offset Time). The TOG sets the slope of the fuele (related to MAP load), while the 10T offsetet
curve up or down. These two numbers work in mhehseme way as the main jet and metering rod on a
carburetor. That is, the TOG has a large effedherhigh-load injector pulsewidths, while the 163s a
large effect on the light-load injector pulsewidthBOG dynamically manipulates the raw fuel cursea
function of load while 10T adds or subtracts a fixed pulse widtlhte raw fuel curve for albad points.
SeeFigures D.4.1-5for graphical representations of the TOG and I@ifelation. The following equation
is used to determine the injector pulse width asation of MAP Voltage, TOG, and IOT:

Pulse Width = [(MAP Voltage =+5)xTOG] + I0T

* Load Percentage

In the above equation, the variable “MAP Voltageéis theload percentageat which the MAP
sensor is operating. Since all MAP sensors owpuaximum of +5 Volts at full load, tHeECgt uses this
number to determine the percentage of full loagrath the engine is operating. For a MAP readihg.b
Volts, the load percentage would be 45= 0.9, or 90%. Since tAH&ECgt does NOT know whether the
MAP voltage is from a 1-, 2-, or 3-Bar MAP sensiia( is, it only knows the voltage), it is neceggar
enter the MAP sensor that is being used into tiftevace. Sed&able D.4. 1for a numerical breakdown of
the MAP sensor voltage and corresponding load peage.

MAP volts |% Load | 1 bar kPa | 2 bar kPa | 3 bar kPa
5 100 104.8 208 316
Table D.4. 1: MAP sensor load percentage, 4 80 86 168 252
voltage, and kPa relationship. 3 60 67 128 190
2 40 48 88 127
1 20 29 48 64
0 0 10.3 8 1.1
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* Linear Thermodynamics

There is no RPM-dependency for the raw fuel calevation. The governing principle behind
this is that the pulse width requirements for agie&with a smooth (flat) torque curve will not leaa very
large RPM dependence. Rather, the pulse widthinemgant will be mainly load dependent with only a
small RPM dependence due to volumetric efficienagrations (i.e. torque peaks at specific RPM pgints

To summarize this principle, an engine at 100% lwdidrequire 100% of the pulse width value
defined by TOG. An engine at 50% load would reg&@% of the TOG, and an engine at 0% load would
require 0% of the TOG (the MAP sensor determineddhd percentage). Electromotive refers to this a
“Linear Thermodynamics.” Keep in mind however tttiee Linear Thermodynamic principle is a
simplification that is useful for getting an engune and running quickly. High-RPM engines thatdav
weak torque curve at low RPM'’s will stray from ttrermodynamically linear assumption. Turbocharged
engines that do not start to create boost unth R§M'’s will also stray from the thermodynamicdlhyear
assumption. However, these engines can stilibed quite easily by choosing appropriate values fo
TOG and IOT, then manipulating the Volumetric Bffiacy table and TPS/MAP Blend Parameters.
Engines in which the MAP sensor is a good indicata@ngine load will typically adhere quite strongp
Linear Thermodynamic principles. Indeed, most potidn engines (even modern DOHC engines) can be
made to run acceptably well with Molumetric Efficiency Table offsets to the raw Feeirve, even when
outfitted with individual throttle-per-cylinder sgis (using the TPS/MAP Blend Parameter)! Howelver,
is recommended that the Volumetric Efficiency Taidemanipulated once the engine is running
acceptably well to attain optimum drivability anowger.

* Volumetric Efficiency Corrections
To provide both RPM and Load corrections for eagithat stray from thermodynamic linearity, the
TECqgt software has a Volumetric Efficiency (VE) tabl€his table allows corrections to the raw fuel
curve at all rpm and load points. This is quitefukfor high revving and turbocharged enginesceithey
often have very non-linear torque curves. AddimgVE correction to the pulse width calculation:

Pulse Width = [(MAP Voltage +5) x TOG x (VE “Absolute” % + 100)] + IOT

 TPS/MAP Blend
Engines with high-overlap camshafts or throttle-pgdinder setups (Hilborn-style) often experience

erratic MAP sensor operation at low RPM’s; partaely around idle. The main problem is that these
engines will either produce a non-consistent orkiMAP signal at low RPM’s. To compensate for this,
the TPS/MAP Blend feature should be used. Thigifeallows the low, constant voltage of the theott
position sensor to be blended with the erratic,kidAP signal at low RPM’s. In effect, it “trickghe
TECqgt into thinking that the engine is operating at\ado manifold pressure (higher vacuum) with a
consistent MAP sensor voltage.

* Other Corrections
The fuel pulse width is also affected by the dmments imposed by the TPS acceleration (TPS),
coolant temperature (CLT), air temperature (MARy@en sensor correction (EGO), starting enrichments
(SE) and battery voltage (BTO). With the excepwdBTO, these enrichments altild apercentageo the
“VE Absolute %.” Conversely, the BTO add$éxed amoun{not a percentagef injector pulse widthn
response to battery voltage.

Pulse Width After All Enrichments =

{(MAP Voltage +5)xTOGx(VE Absolute% +100)x TPS% x CLT% x MAT% x EGO% x SE%} +
IOT + BTO
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D.4.b. Time on for One Gama (TOG)

Users of Electromotive’s other TEC systems witheanber the Time on for One Gah@G as the
User Adjustable Pulse Width (UAP). Th®G and UAP are one and the samenly the terminology has
changed.

The TOG is analogous to the fuel flow on a cartmrrerhen the metering rods are in the up position
(full fuel flow). This number is the injector pulse width (in milliseconds) when the TECgt sees +5
Volts on the MAP sensor since +5 Volts on the MAP sensor is the higheat Ireading that a given MAP
sensor can make.

For phase sequential applications, the on-timersoevery revolution. For full-sequential setups,
the on-time occurs every two revolutions, and essalt, the TOG will be double that of a phase-satjal
setup. The number that is defined for the TOGlE&no more than the Maximum Controllable Pulse
Width given in the software.

e Computing the TOG...
The TOG should be established by the softwarenuwizard. _The value generated by the wizard
IS an approximation that is used to get an engmand running. It is not necessarily the ideal banfor a
given engine.However, in order to firmly grasp the meanindho$ number, use the equations below for
once-per-revolution injection schemes (i.e. phasgiential) and once-per-engine cycle injection sese
(i.e. full sequential). Note that the result frémese equations is in SECONDS, not milliseconds.

» Theoretical TOG (once-per-rev injection) =
[Calculated Injector Size + Actual Injector Size]

x [(60 + Max Engine RPM) — Injector Recovery Time]
- 10T

» Theoretical TOG (once-per-engine cycle injection) =
[Calculated Injector Size + Actual Injector Size]

% [(120 + Max Engine RPM) — Injector Recovery Time]
- 10T

Where:

*  “Your Injector Size” = the injector size that is gaur engine

e *“Calculated Injector Size” = the theoretically itl@gector size for your engine (from
Section E.)

* “Max Engine RPM” = the peak engine speed

* “Injector Recovery Time” = the time required for @jector to cycle (use 0.0012 seconds if
unknown)

e “lOT” = Injector Offset Time (se&ection D.4.3

These calculations work for most 1-Bar applicatj@isce most 1-Bar setups will reach the full +5
Volt reading on the MAP sensor. For 2-Bar setiyas &re not reaching +5 Volts on the MAP senser (i.
engines that run less than15psi of boost), a édictor must be applied to the Theoretical TOGe T
same scaling factor is also necessary for 3-Baipsdhat are running less than 30psi of boost and-Bar
setups that are running less than 45psi of bddse the same scaling factor on the TOG for botleqrer-
revolution and once-per-engine cycle injection sobg. See the following equation:
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» Scaled TOG = Theoretical TOG + (Maximum MAP Sensor Voltage + 5)

To find the “Maximum MAP Sensor Voltage” for youpgication, refer tor'able D.4. 2 Match
the peak manifold pressure that the engine willwith the corresponding MAP voltage. When the
“Maximum MAP Sensor Voltage” is divided by 5, wdeaeto this as th€oad Percentagéhis is the
number in the first column afable D.4. 9.

Table D.4. 2: MAP sensor voltage & kPa relationship.

Load MAP |1-Bar|2-Bar |3-Bar
Percentage |yoltage | kPa | kPa | kPa
0% 000 | 10 | 88 | 3.6
5 025 | 15 | 18 | 17
10 050 | 20 | 28 | 33
15 075 | 24 | 38 | 48
20 1.00 | 29 | 48 | 64
25 1.25 | 34 | 58 | 80
30 150 | 39 | 68 | 96
35 175 | 43 | 78 | 111
40 200 | 48 | 88 | 127
45 225 | 53 | 98 | 143
50 250 | 58 | 108 | 159
55 275 | 62 | 118 | 174
60 3.00 | 67 | 128 | 190
65 3.25 | 72 | 138 | 206
70 350 | 77 | 148 222
75 3.75 | 81 | 158 | 237
80 400 | 86 | 168 | 253
85 425 | 91 | 178 | 269
20 450 | 96 | 188 | 285
95 4.75 | 100 | 198 | 300
100 5.00 | 105 | 208 | 315
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Sample TOG Cal culation

Engine: 30 Ib/hr injectors. Peak RPM = 6000. Injector Recovery Time = 0.0012sec.
MAP Sensor: 2-Bar. Peak Boost Pressure: 168kPa (about 10psi).
Calculated Injector Size = 24 Ib/hr. (from Section E.1.) 10T =0.

e Theoretical TOG = {24 + 30} x {(60+6000) — 0.0012} -0
=0.80 x .0088
= 0.00704 seconds = 7.04 milliseconds
Theoretical TOG = 7.04ms
+ Scaled TOG =7.04 =+ (4+5)

e Scaled TOG = 8.80ms

The TECgt generates a straight line for the pulse width edrem the TOGralue at +5 Voltson the MAP
sensor taero pulse width at 0 Voltson the MAP sensor. Sé&ggure D.4. 1for a graphical representation
of this.

MAP Sensor kPa Readings

[1.1 64 127 190 252 316 3-Bar MAP Sensor]|
[8 48 88 128 168 208 2-Bar MAP Sensor|
[10 29 48 67 86 104 1 Bar MAP Sensor |

T T T T T
UAP=7ms

Injector Pulsewidth 4
(milliseconds)

T T 1
0 1 2 3

MAP Sensor Voltage

/S ; [ [ A PP

N

Figure D.4. 1: Effect of TOG on injector pulse width. Note: T&Gms IOT = 0ms
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D.4.c. Injector Offset Time (I0T)

Users of Electromotive’s other TEC systems witheanber the Injector Offset TimM®T as the
Pulse Width Offset Time (POT). TH®T and POT are one and the samenly the terminology has
changed.

The IOT is analogous to the fuel flow through eaaetor when the metering rods are in the down
position (minimum fuel flow). This number addssubtracts fuel to the entire fuel curve. As su€H,
has its main effect on the low-load part of thd fugve, since it provideslarge percentage of change on
small pulse width valueqlow load conditions), but amall percentage of change on high pulse width
values(high load conditions).

Due to the fact that 10T is added or subtractetthédfuel curve at all points, the TOG must be
adjusted in order for the injectors to remain at¢hme on-time at full load. That is, if an engieeformed
well under high load with a TOG of 7 millisecondslaa IOT of 0 milliseconds, it would be necessary t
decrease the TOG by 1ms if the IOT was increasethisyin order for the full load tuning to remaire th
same. SeEigure D.4. 2for a graphical explanation of this. Also, ifstdesired to increase or decrease
the raw fuel curve by a set amount of time, the BEDdne can be changed, ag-igure D.4. 3

MAP Sensor kPa Readings

(1.1 64 127 190 252 316 3-Bar MAP Sensor]|
[ 8 48 88 128 168 208 2-Bar MAP Sensor|
[10 29 48 67 86 104 1 Bar MAP Sensor |
74— — I_._._._.l._._._._l._._._._.l_ ....... | UAP = 6 milliseconds

I NOT 7 milliseconds!!

Injector Pulsewidth
(milliseconds) 34

[
[
[
[
[
[
i
!
!
!
|
!
!
i
T
5

2 .
POT=1.00ms 1
0 T T T |
0 1 2 3 4
MAP Sensor Voltage

Figure D.4. 2: Effect of TOG and IOT on injector pulsewidth. Note: TOG=6ms, IOT=1ms.
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MAP Sensor kPa Readings

[1.1 64 127 190 252 316 3-Bar MAP Sensor]
[ 8 48 88 128 168 208 2-Bar MAP Sensor |
[10 29 48 67 86 104 1 Bar MAP Sensor |

UAP =7 ms (NOT 7.5ms)
7\ UAP =7 ms

4
Injector Pulsewidth
(milliseconds)

1
0 1 2 3 4

MAP Sensor Voltage

Figure D.4. 3: Effect of TOG and IOT on injector pulse width. Note: TOG = constant, IOT
changed from Oms to 0.5ms.

Some points to remember:
* Changing IOT by itself results in a fixed increasalecrease of the pulse width number across the
entire fuel curve.
» Changing TOG by itself results in adding or suldtrara percentage to the entire fuel curve.
» Changing TOG and IOT together affects the slophefuel curve.

* Select TOG and IOT such that the Volumetric Effig table corrections are at a minimum. (See
next section for more details on this.)
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D.4.d. Volumetric Efficiency Table Corrections

To compensate for engines that stray from thermanhyc linearity, the Volumetric Efficiency
(VE) table comes into play. The VE table can hdsanywhere from 8 x 8 to 16 x 16 data pointe K-
axis is the RPM and the Y-axis is the MAP readiiighen the tuning program is first being established
the numbers in the VE table will be all zeros witen “Offset” view mode is selected (the numbers kel
all 100’s when the “Absolute” view mode is selegtedhis refers to the fact that there is not yet a
change in place from the raw fuel curve. Onceralver is entered into the table, the raw fuel cusve
modified at that particular point. Between celighe VE table, a 256-point interpolation is ocmgrto
smooth out the fuel curve. Otherwise, the fuel’ewould “step” from cell-to-cell (and wouldn’t lmeuch
of a curve!).

The VE table allows the user to select betwafifset,” “Absolute,” “Pulse Width,” and“Duty
Cycle” for the display mode. The “Offset” view mode wdikplay zeros when there is no change to the
raw fuel curve at a particular point. The Offsethber can be set to a negative or a positive number
When a negative number is entered, the fuel curleaner than the raw fuel curve at a given poiihen
the number is positive, it is richer than the rawlfcurve at that point. The “Absolute” view moai
display 100% when the fuel curve is unmodifiednumber less than 100% will lean out the fuel curve,
while a number greater than 100% will richen upftred curve. The “Pulse width” view mode shows the
injector pulse width values that tRi&Cgt will use throughout the operating range. The nersln the
“Duty Cycle” view mode should not exceed the maximalue for an RPM when taking the injector
recovery time into consideration. See the sediofuel injector selection for more details on tioigic.

Since the Raw Fuel Curve defined by TOG and 108 tiwo-dimensional graph (i.e. Load vs. Pulse
width) and the VE table is a three-dimensional br@ge. Load vs. RPM vs. Pulse width), it is easy t
visualize VE table changes at specific RPM poimts.an example, if TOG was chosen to be 7ms, 10T
was O0ms, and the engine ran well at peak torquéaluiv, but was overly rich when above the torque
peak, the raw fuel curve might be modified afigure D.4. 4 The modified fuel curve could be obtained
easily by entering —30% into the VE “Offset” at RIPM/Load points above the torque peak. This tfpe
modification results in a straight-line modificatito the raw fuel curve.

MAP Sensor kPa Readings
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What if the same engine needs less fuel at ar80r@DkPa for a particular RPM point (assuming a
1-Bar sensor)? The modification to the Raw Fual€wat the problem RPM may look something like
Figure D.4. 5
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MAP Sensor kPa Readings
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D.4.e. TPS/MAP Blend Corrections

The TPS/MAP Blend parameter is very useful on megihat have weak or erratic MAP sensor
signals at idle and low RPM’s. If your engine nsesty of the following criteria, it is suggesteditijou
consider using the TPS/MAP Blend function:

* Radical Camshaft (Long Duration)

* Individual Throttle-per-Cylinder (Hilborn- or TWMtgle)
» Oversized Single Throttle

e High RPM Torque Peak (above 6000rpm)

These engines typically suffer from unstable MARss® readings at light load and low RPM operation.
When this occurs, the MAP sensor reading is not vepresentative of an engine’s fuel requirements.
However, at light load (especially idle), the thi@position is fairly constant, and nearly closddus, the
TPS reading is both stable and has a low voltaggubtypically less than 2 Volts) during these
conditions.
When theTECgt software is set up to use the TPS/Blend funciiaakes the reading from the
TPS and the MAP and combines them into one numbkeis number is then used as the MAP sensor
reading. Consequently, when TPS/MAP Blend is besef, the displayed MAP sensor value when the
engine is running will not be the output of the Ma&hsor; it will be thodified MAP Value from the
TPS/MAP Blend.
A simple calculation is made to determine the fiediMAP sensor value when using TPS/MAP
Blend. The calculation uses the following inputs:
* Blend Percentage
* TPS Voltage
» TPS Offset Voltage
* MAP Sensor Voltage

These values are fairly easy to understand. Blaed Percentageefers to the biasing between the
TPS and MAP sensor readings. If the Blend Pergentgere set to 100%, only the TPS would be used for
the Modified MAP Value. If the Blend Percentageaevset to 50%, the Modified MAP Value would take
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half of its reading from the MAP sensor and hathfrthe TPS. If the TPS read 1 Volt and the MAPssen
read 3 Volts, the modified MAP Value would be 2 ¥dbr this setup.

The Blend Percentage can be changed as a furdt®RRM. Typically, the Blend Percentage
should be highest at low RPM’s and lowest (usuadiyo) at higher RPM’s. Typical 4-, 6-, and 8-cylien
street-based engines with individual throttles oespwell when the TPS voltage is tapered to zero by
4000rpm. Around the idle speed (0-2000RPM), trenBIPercentage is typically kept constant somewhere
between 45% and 75%. Seigure D.4. 6for a typical Blend Percentage curve.

TheTPS Voltageis simply the current Throttle Position Sensottagé reading. This can be
observed from the engine monitor screen when theens running. Similarly, thMIAP Sensor Voltage
is the current MAP sensor reading that is obsewiédthe engine running. This is the unmodified RIA
sensor voltage.

TheTPS Offsetis a number that is added to the TPS readingarMbdified MAP Value
calculation. This number causes the actual TP&gelto be increased slightly when it goes intoRlead
routine. This is useful for placing the ModifieddR Value at the desired point. Generally, thisapaeter
is used when the TPS output is not at the deswed.plIn practice, if an engine needs more fued, TPS
Offset should be increased. If it needs lesstheelTPS Offset should be decreased. TPS Offsettiased
for anything other than the TPS/Blend calculatioa t will not be displayed as the TPS voltagettom
monitor screen).

The four variables all come together in the follogvequation:

Modified MAP Value =[Blend Percentage x (TPS Voltage + TPS Offset Voltage)]
+ [(100 — Blend Percentage) x MAP Voltage]

Keep in mind that the Modified MAP Value is usediace of the actual MAP sensor reading when
TPS/MAP Blend is being used. As a result, thegulglth equation from before now becomes:

Pulse Width = [(Modified _ MAP Voltage +5) x TOG x (VE “Absolute” % <+ 100)] + IOT

Typical TPS/MAP Blend Curve
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Figure D.4. 6: A typical TPS/MAP Blend curve.

Take some time to learn how to use the TPS/MARMfanction. Getting a radically-cammed
engine to idle nicely is very easy once you havsterad this feature.
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D.4.f. Oxygen Sensor Corrections

The Exhaust Gas Oxygen (EGO) Sensor can provideiébinjector pulse width modifications. In
the software, the Air-Fuel Ratio Table definesdlesired air-fuel ratio at the various operatinghpodf
the engine. When the EGO is turned on (in closeg bperation), th€ECgt will try to correct the
injector pulse width to make the EGO reading thraesas the numbers in the Air-Fuel Ratio Table.sTéi
accomplished by sampling the reading from the E&®&ar, and adjusting the injector pulse width
accordingly.

An EGO reading that is numerically lower than the &ble value indicates a richer-than-desired
air-fuel ratio. When this occurs, thHEECgt will begin to shorten the injector pulse width.dbes this by
decreasing the “VE Absolute” percentage.

An EGO reading that isnumerically higher than the table value indicates deaner-than-
desired air-fuel ratio. When this occurs, tHEECgt will begin to increase the injector pulse widtkt.
does this by increasing the “VE Absolute” percentag

When discussing the air-fuel ratio of an engine, th  ese terms are often used:

» Air-Fuel Ratio (AFR): The ratio of incoming air mass to incoming fuedss. A rich
mixture would have a comparatively small ratio besgw the air and fuel (like 12:1), while a
lean mixture would have a comparatively largeroragtween the air and fuel (like 16:1).
Oxygen sensors measure the leftover oxygen coméhé exhaust to try to determine this
ratio.

» Stoichiometric: A chemically balanced air-fuel ratio that wilktdt in (theoretically) zero
excess fuel or excess air in the exhaust. Forigasthis number is 14.64 parts air to 1 part
fuel by mass. Thus, for gasoline, the stoichioroetir-fuel ratio is 14.64:1. Different fuels
have radically different stoichiometric ratios.

e Lambda: The ratio of actual air-fuel ratio to stoichiomefair-fuel ratio. For a gasoline
engine running at 14.64:1, lambda is 1454.64 = 1. For an engine running at 12.5:1,
lambda is 12.514.64 = 0.85 . Thus, lambda normalizes the storakiric air-fuel ratio for
comparison of different fuels.

* Rich Mixture: Excess fuel in the combustion process.

* Lean Mixture: Excess air in the combustion process.

* Closed Loop: When the ECU corrects the injector pulsewidthshitain air-fuel ratios from
the “Desired Air-Fuel Ratio Table,” it is operatiimgclosed loop mode.

* Open Loop: When the ECU is not trying to correct to the “Degd Air Fuel Ratio Table,”
it is operating in open loop mode.

A few factors control the manner in which the TECgt alters the air-fuel ratio:

EGO Parameters
* EGO Feedback Control Activation: This defines whether or not the oxygen senssetgor
closed-loop operation.
* Coolant Temp. Above Which EGO is Enabled:Allows the EGO to be turned off on cold
engines. This is necessary because the EGO saasbivarm up before its readings are accurate.

EGO Reactivity and Authority
* Instantaneous AFR Error Divisor: Defines the size of the injector pulse width nficditions
when instantaneously large errors occur in the AieRned the “instantaneous error”). Large
numbers for this parameter cause small pulse widttlifications. Small numbers for this
parameter cause large pulse width modificationtsis iumber is used to control engine speed
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oscillation. Increasing this number generally Betpreduce oscillation associated with changing
AFR’s.

Number of Samplings for Avg. Error: Defines the size of the injector pulse width nfigdtions
when the EGO reading is changing slowly (termed‘éiverage error”). A small number in this
parameter causes large pulse width modificatighiarge number for this parameter causes small
pulse width modifications.

Number of Cylinder Events Between Samplings:Defines the number of injector firings that will
occur before the EGO obtains a new sample. Thosalfuel to travel through the engine with the
modified pulsewidths before the EGO reading istakgain. Larger numbers make the EGO
corrections slower.

Authority Range for EGO: Defines the percentage that the EGO functiommble of adding or
subtracting from the “VE Absolute” value.

EGO Programmable Deactivation

High MAP Switch Above Which EGO is Disabled: Allows the EGO to be turned off above a
specific MAP point. The system goes into open-laagme above this MAP point, but returns to
closed loop below this point.

RPM Above Which MAP Switch is Active: Defines the RPM above which the High MAP switch
is active. If the MAP reading exceeds the valuthan“High MAP Switch,” but this RPM is not
exceeded, the system will remain in closed-loop enod

RPM Below Which EGO is Disabled: Turns off closed-loop operation when the engaiks f

below this RPM. The TPS reading must be belowGlesed Throttle Voltage for this parameter to
be engaged. This parameter is used for exhausinsythat cannot create enough heat at idle for
the EGO sensor to be accurate.

A few things to remember:

Standard oxygen sensors are designed to pro\sdateh-point for stoichiometric air-fuel
operation. They are NOT designed to be able tyoel the exact air-fuel ratio when you are
outside the stoichiometric amount (14.64:1 AFR).

Oxygen sensors have a large degree of inaccuraey wberated at different temperaturégyure
D.4. 7shows a characteristic voltage curve variatiom\&#GO sensor temperature.

Do not use an EGO authority range that is greatar 10% on a tuned engine. A correction greater
than a ten percent increase or decrease to thednet should never be necessary on a tuned
engine.

It is strongly recommended that the High MAP Switehding be set to a value BELOW 95kPa.
This will turn off the oxygen sensor correctiorfdt-load conditions. It will save an engine from
having a lean-out condition due to the oxygen seresaxling. Never run a boosted engine in
closed-loop during high-boost situations.

Oxygen Sensors need heat to operate correctlydifgsaobtained at idle are often inaccurate due
to this fact.

Although much faith is placed on air-fuel measuretmi is not the sole determining factor for
proper engine operation and fuel metering. Unyessknow a specific engine’s air-fuel
requirements, there is no “target” air-fuel ratbesshoot for. However, ALWAYS run engines on
the rich side of stoichiometric when under mediorhigh load.
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Oxygen Sensor Voltage Outputs
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D.4.g. Warm-Up Enrichments (Coolant Temperature-B  ased)

Since engines need more fuel when the block, galdinder head, and intake manifold are cold, a
coolant temperature-based enrichment curve isdeclun the software. The coolant temperature
enrichment serves the same function as the chaite ph a carburetor. This parameter has theatwlit
provide different fuel enrichments for differentotant temperatures. If the engine is operating
substantially above the thermostat value, the cddéamperature enrichment can be used to addduedip
cool down the engine.

If a cold engine is running rough (misfiring), mdt blowing black smoke from the exhaust, the
coolant temperature enrichment likely needs tabeeased. If a cold engine is blowing black smokie
the exhaust, the coolant temperature enrichmepigdibe decreased at the problem temperattigure
D.4. 8is a fairly typical coolant enrichment curve.

When the warm-up enrichment is in effect, its patage of enrichment adds directly to the VE
“Absolute” correction. Therefore, if the VE Abstdus 90% at a given point, and the coolant enrim
was 20%, the effective VE Absolute correction wolodd110%. Fittingly, the pulse width equation must
be modified to reflect this enrichment. It now bees:

Pulse Width = [[MAP Voltage +5) x TOG x {(VE “Absolute” % + CLT ) = 100}] + IOT

The same calculation method is used for both th® B&d MAT enrichments, which are outlined
in subsequent sections.

Coolant Enrichment Curve

60 Figure D.4.8: A
50 typical coolant
enrichment curve.
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D.4.h. Manifold Air Temperature Enrichments

Just as the coolant temperature sensor proviageestemperature-based enrichments, the manifold
air temperature sensor allows for air temperataset enrichments. Since air becomes densereisit g
colder, it requires more fuel to maintain a spediii/fuel ratio. In fact, at —4B8 (-40°C), air is 25% denser
than at 78F (21°C)! All things being equal, this means that thgiea would require 25% more fuel at —
40°F than at 7€F. Look atFigure D.4. 9to see the dependence of temperature on air giensit

Since the majority of engines will run MAT readingt around 78100°F (20-40°C), Figure D.4.

10 shows a recommended MAT enrichment curve. Natettle MAT enrichment is zeroed around the
normal operating temperatures. This is a good, ildegause it eliminates one more variable from the
tuning process on a fully-warmed-up engine.

Please note that the MAT enrichment increasesrgthigh MAT readings ifrigure D.4. 1Q This
is a safety precaution that is in place to redhegéndency for an engine to detonate with excessiv
temperatures. Turbocharged engines should ddfinige the high air temperature enrichments. Ndjur
aspirated engines that are fairly detonation-rastshay want the MAT enrichment to go slightly nega
with increasing temperature. Keep in mind, howgethat even a well-designed engine can experience
detonation issues when air charge temperaturasgéigh.

Air Density Variation
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D.4.i. Throttle Position Sensor and MAP Enrichment s

The TPS acceleration enrichments provide extreviien the throttle is quickly depressed, just like
the accelerator pump on a carburetor. Similang,MAP sensor rate-of-change enrichments provide fu
enrichments when the manifold pressure changeglgui®ost engines will only need TPS-based
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acceleration enrichments to run properly. A featdes govern the TPS- and MAP-based acceleration
enrichments:

Throttle Position Rate of Change Enrichment Activaton: When this is turned on, the TPS will
be used as the device to trigger the Acceleratiodé
MAP Rate of Change Enrichment Activation: When this is turned on, the MAP sensor will be
used as the device to trigger the Acceleration Mode

Sensitivity

TPS Rate of Change Sensitivity (ACE-0):Defines the speed (in volts per second) at wthieh
TPS must be moved in order for the TPS acceleraoithments to be activated (referred to as
TPS Acceleration Mode Since the units are in volts/sec, smaller numbgake the TPS
enrichments more sensitive to throttle positionngjes.

MAP Rate of Change Sensitivity (ACE-1): Defines the speed (in kPa per second) at whieh th
MAP reading must change in order for the MAP aagegien enrichments to be activated (referred
to asMAP Acceleration Mode Since the units are in kPa/sec, smaller numinailee the MAP
enrichments more sensitive to MAP changes.

> The TECqgt will only enter into either TP®r MAP Acceleration Mode (not both at the
same time). TPS Acceleration Mode always takeseulence to MAP Acceleration Mode.
Thus, if the TPS Rate of Change Sensitivity legaleached while in MAP Acceleration Mode,
the TECgt will change to TPS Acceleration Mode. Howeverthwihe exception of ACE-6,
both MAP and TPS Acceleration Modes are identical.

One Second Acceleration Enrichments

Temperature-Based One Second Acceleration Enrichmé&fACE-2): The full value of this fuel
enrichment is added when the Acceleration Modegaged and the coolant temperature is —40C.
The enrichment ramps down to zero once the cotdgamperature has reached +80C. This
enrichment only adds fuel for a period of 1 seconde the Acceleration Mode is engaged. The
enrichment value is added to the “VE Absolute” nembUse this parameter only after ACE-3 has
been established on a fully warmed-up engine.

Constant One Second Acceleration Enrichment (ACE-3) This enrichment is added for a period
of one second after the Acceleration Mode has kegaged. The enrichment value is added to the
“VE Absolute” number.

Variable Time Acceleration Enrichments

Time for Variable Time Acceleration Enrichments (ACE-4): This number defines the amount
of time that the variable time acceleration enriehits will be added. Use the variable time
acceleration enrichments when the engine requirdsshrichments for either a longer or shorter
amount of time than the One Second AcceleratioicBments can provide. The enrichment value
is added to the “VE Absolute” number.

Decaying, Variable Time Acceleration Enrichment (AGE-5): The full value entered in this
enrichment will be added when the acceleration ni@debeen engaged. The enrichment value will
then decay to zero once the ACE-4 value has beshed. This enrichment value is added to the
“VE Absolute” number.

Manifold Pressure Rate of Change Enrichment (ACE-6) When the MAP Acceleration Mode
has been activated, this enrichment will add fsldal on the rate at which the MAP reading is
changing. The full value of this enrichment wid dded when the MAP reading changes by
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1.65kPa/ms on a 1-Bar sensor, or

3.50kPa/ms on a 2-Bar sensor, or

5.43kPa/ms on a 3-Bar sensor.
When the MAP reading changes by less than thess, tthe full value of this enrichment is not
added. Instead, a percentage of the full valaelteed, normalized to 0% at 0.00kPa/ms MAP
sensor rate of change. The value of this enriclimseadded for a time of ACE-4 milliseconds (it
does NOT decay to zero). This enrichment is addele “VE Absolute” number.

» Constant Variable Time Acceleration Enrichment (ACE7): Functions similarly to ACE 5, but

instead of the enrichment decaying with time, tasstant for the full ACE-4 number of seconds.
The enrichment value is added to the “VE Absolutefnber.

Variable Time Injector Pulse Width Enrichments
* Fixed Pulse Width Enrichment (ACE-8): Adds a fixed fuel injector pulse width to the raumt
pulse width once the Acceleration Mode is engagius number adds to the Injector Offset Time
(10T).
* Time to Add the Fixed Pulse Width Enrichment (ACE-9: This number sets the amount of time
that ACE-8 adds to the injector pulse width whem Altceleration Mode is engaged.

D.4.). Starting Enrichments

One Second Starting Enrichments

» Temperature-Based One Second Starting Enrichment €0): This enrichment adds to the
injector pulse width for a period of one seconeéatheTECgt detects engine cranking. The full
value of this enrichment is added at —40C coolkamiperature. The enrichment ramps down
linearly to zero when the coolant reaches 80C. &rfrechment value entered here is added to the
“VE Absolute” value.

» Constant One Second Starting Enrichment: (SE-1):This enrichment adds to the injector pulse
width for a period of one second after HECgt detecs engine cranking. The enrichment value
entered here is added to the “VE Absolute” value.

* Fixed One Second Starting Pulse Width Addition (PWO0): This enrichment adds a fixed amount
of pulse width to the injectors for a period of @ezond after thEECgt detects engine cranking.
This number is only added when the coolant temperas below CLT-0. PW-0’s value is added to
“IOT.”

* Coolant Temperature Below Which PWO is Activated (CT-0): This number determines the
coolant temperature below which PW-0 will add it¢se width value.

Twenty Second Starting Enrichments

* Temperature-Based Twenty Second Starting EnrichmenfASE-0): This enrichment adds extra
fuel for a period of 20 seconds after the engireldeen started. The full amount of this enrichment
is added at —40C. The enrichment value ramps dowearo when the coolant reaches 80C. The
enrichment value entered here is added to the “¥Eolute” value.

* Constant Twenty Second Starting Enrichment (ASE-1):This enrichment adds extra fuel for a
period of 20 seconds after the engine has beetedtaihe enrichment value entered here is added
to the “VE Absolute” value.
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Fuel Pump Turn-On Time
» Set Constant for the Fuel Pump Turn-On Time: This feature is used to turn the fuel pump on
when the ignition is turned on. The fuel pump wwih for the specified number of seconds, or until
engine cranking occurs. Use this value to primer yoel system.

D.4.k. Battery Voltage Compensation

Fuel injectors generally require a longer pulsétivat low battery voltage. Low battery voltages
cannot move the injector pintle as quickly as ndrbadtery voltages, which thereby creates a lean
condition during low voltage operation. The amoofifuel enrichment that is needed for low battery
voltage is usually very small.

Parameter BTO (Injector Pulse Width Compensatiwridbw Battery Voltage) sets the amount of
additional pulse width that is used for low batteojtages. BTO does not add pulse width untildygtt
voltage drops below 12 volts. Once this occurgjlitadd pulse width to the “TFPW” value.

Low resistance injectors do not suffer from thensdow battery voltage effects as high resistance
injectors. High resistance injectors should not need BTO to bget higher the 36Qs/volt, while low
resistance injectors should not need BTO to be skigher than 18Qus/volt. Note that 100@seconds =
I1milliseconds. As such, a 3@€volt setting on BTO would add 0.360 millisecomalshe injector pulse
width when the battery is at 11 volts.

The battery voltage parameter allowTE€gt to adjust the injector open times up or down to
compensate for low or high battery voltages. THaesapecifies how many microseconds to add or
subtract to calculated open time based on the mipagtery voltage. The compensation value is $ipeci
in microseconds per volt. When the voltage is avdl®s (2 volts low), and value in the softwaretage
compensation specifies 65 microseconds per vaty#tiue added to the final injector pulse time \dl
130 microseconds (65 microseconds per volt x ZJolv).

1 ms = 1000 microseconds, so 65 microseconfi§5ms.

If the voltage varies more than between 8 and 18 van additional battery, additional alternatora
more powerful replacement alternator should be idensd.

D.4.1. Deceleration Fuel Cut-Off

When an engine is rapidly decelerating, injectesl Wwill often cause backfiring through the
exhaust. This occurs because the engine is nog nsiich air or fuel, so any excess injected futsl thie
exhaust manifold and ignites. To eliminate thigaion, the Deceleration Fuel Cut-Off allows the
injectors to be turned off when the throttle isseld quickly.

A few factors control the fuel cut-off:
» Deceleration Fuel Cut-Off Activation: This parameter defines whether or not thieCgt will go
into Deceleration Fuel Cut-Off mode. Turn this @N\enable the fuel cut-off.
RPM Limits of Activation
* Cold RPM Above Which DECEL Activates (DCCL-0): This is the RPM above which the
Deceleration Fuel Cut-Off mode is active when tbelant temperature is —40C. When above —
40C, the RPM above which the Fuel Cut-Off is actsvdetermined by drawing a straight line from
DCCL-0 to DCCL-1. Once the RPM drops below thignpahe injectors turn back on, and DCCL-
4 is added for 1 second.
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* Hot RPM Above Which DECEL Activates (DCCL-1): This is the RPM above which the
Deceleration Fuel Cut-Off mode is active when tbelant temperature is 80C. When below 80C,
the RPM above which the Fuel Cut-Off is activeesedmined by drawing a straight line from
DCCL-0 to DCCL-1. Once the RPM drops below thignpahe injectors turn back on, and DCCL-
4 is added for 1 second.

Throttle Position Rate of Change Sensitivity
* TPS Rate Above Which DECEL Activates (DCCL-2): This is the rate at which the throttle must
be moving to initiate the Deceleration Fuel Cut;@Kpressed in volts per second. A lower number
is more sensitive, and will engage the Fuel Cuty@dfe readily than a higher number.
Manifold Air Pressure Activation
* MAP Reading Below Which DECEL Activates (DCCL-3): The Deceleration Fuel Cut-Off is
only activated when the MAP reading drops below thalue.
Post Deceleration Enrichment
* One Second Enrichment After DECEL Ends (DCCL-4): This enrichment is added for one
second after th€ECgt comes out of Fuel Cut-Off mode. This is intenttetielp wet down the
intake tract walls that were dried off under delen. The value of this enrichment is added to
the “VE Absolute” number.

D.4.m. Summary

If you have made it through the preceding pagefismiussion on Injector Pulse Width Derivation,
you should have a good grasp on the entire funalityrbehind tuning a fuel injected vehicldopefully,
you are still awake and of sound mental health!

Since there are so many enrichments that affedéhjetor pulse width calculation, it is sometimes
hard to find the exact pulse width at a given insta time. For this reason, the WinTec softwasplys
a value calledTotal Fundamental Pulse Width Percentage (TFPW).” This value is an absolute
reading, so when the engine is operating at 100%, ks running at the pulse width defined by tae
fuel curve, with no other enrichments. When th@ Walue is less than 100%, the fuel injector pulsih
is lower than the value defined by the raw fueieurWhen the TFP is greater than 100%, the fyetiar
pulse width is higher than the value establishethbyraw fuel curve.

Tuning a fuel curve to reflect every situatioreokryday driving is a large task that, at times, loa
a bit frustrating. However, great lengths havenlte&en to ensure complete tunability for mostagitins
that may arise in extreme driving environmentse Thning Guide of this manual uses the points khrn
in this section to arrange the engine tuning praoechto simple one-step-at-a-time tasks.

E. Fuel System

A poorly designed fuel system will result in fualidery problems. There are a few common mistakes
that are easy to avoid by following the recommeiodatin this section. Sdagure E.1. 1for a typical
fuel system layout.

* If the high-pressure fuel pump is mounted ABOVE filnd level in the gas tank, a low-pressure
transfer pump should be installed before the higisgure pump. A fuel pump designed for a
carbureted application should be used for the teapump (do not use a TBI-style pump as a
transfer pump). High-pressure pumps often burnadn@n required to draw suction. Most low-
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pressure pumps are designed to be able to pulb@ @mount of suction without failure. Use a fuel
pump designed for a carburetor when selecting apgi@gsure pump.

* Fuel pumps that are internal to the gas tank térolast longer than external pumps. However,
care should be taken to ensure that an in-tank pamgpable of flowing enough fuel for a given
application.

* Reference the vacuum port on the fuel pressurdatguo intake manifold vacuum/pressure. On
highly boosted engines, the hose should be seeuthd zip tie or wire.

* The fuel pump power should be fused. For propge &election, it is necessary to know the
amperage draw of the fuel pump. Typically, a 10dnse will be adequate for most applications.

Fuel
Tank Optional
Low-Pressure
Fuel Pump
Fuel
-, Filter FuelRail
(p— 1
High-Pressure |_| |_| |_| |_| Fuel Pressure
Fuel Pump Fuel Injectors Regulator

Return Line

Figure E.1. 1: Fuel system plumbing.

E.1. Injector Sizing

The most important component of the fuel systethesfuel injector. Injectors must be flow
matched to maintain a consistent fuel supply fbcyinders. Cylinder-to-cylinder fuel variatioesin lead
to poor performance, increased fuel consumptioeyven catastrophic detonation. Additionally, $hee
of the injector plays a large role in tuning a w¥hi Injector sizes (flow rates) are generallyegivn either
pounds-per-hour (Ibs/hr) or cubic centimeters pigube (cc/min). (Note that 1 Ib/hr = 10.5 cc/min.)
These ratings are either made by the injector nazatwifer or by an aftermarket injector modifier. either
case, the importance of the pressure at whichidleraiting was obtained must be realized. As an
example, an injector that was rated at 40 |bs/ABgipsi pressure will NOT supply 40 Ibs/hr when
operated at 30psi...it will flow more like 34 Ibs/hr.

For an injector to be “sized” properly for an erggia few things must be taken into consideration:

* Number of Cylinders

e Number of Injectors

* Engine Horsepower

* Peak RPM

» Brake Specific Fuel Consumption (BSFC)
* Injector Recovery Time (IRT)

The Brake Specific Fuel Consumption (BSFC) is disgdactor used for fuel flow calculations. Its
units are pounds-per-hour per horsepower (Ibs/hHB9. Typically, gasoline engines run BSFC'’s
between 0.40 and 0.60. Alcohol engines generathyBSFC’s between 0.80 and 1.20. A lower BSFC
value indicates a more efficient engine. The aag#é-cylinder BMW M3 engine has a BSFC of around
0.43, while some rotary turbo engines approach BSBC. A turbo engine will normally have a BSFC
above 0.5.

TECgt Manual Version 2.1 - Page 75 - ©2008 Elemtrotive, Inc.



Example:
Engine Horsepower = 300

BSFC = 0.50
300 HP x 0.50 Ibs-per-hr/HP = 150 Ib/hr
This engine would require a total D50 Ibs/hr of fuel flow.

The Injector Recovery Time is the time that is tat@ an injector to open once it receives a
voltage signal. Typically, a low-impedance injectoll have an IRT of around 1.3 milliseconds. &t
impedance injector will generally have an IRT @& fins. This number determines two things:

* The minimum time that the injector can be pulsed
¢ The maximum duty cycle

If an injector is given a pulse width that is skoithan its IRT, it will flutter. This will causerratic
fuel metering, and ultimately horrible engine periance. This scenario sometimes occurs at idl@gin
revving, high-horsepower engines with large injextdf the IRT is not accounted for in high-rpm
situations, the duty cycle will be too great, and injector will flutter. This scenario occurs engines
with injectors that are too small.

To properly size an injector, the following sequent equations should be followed:

* HP x BSFC = Total Fuel Flow Requirement for the iBegTFFR)

* TFFR= (# of Injectors) = Uncorrected Injector Siz¢l )

e 60000+ (Peak RPM) = Available Injection Time (ms) penBleition (AIT )
* (AIT — Injector Recovery Time in ms) AIT = Maximum Duty Cycle (IDC)

* UIS+ MDC =Required Injector Size

The above calculation assumes an injection sceimavihich an injector is held open for a
maximum of one engine revolution (typical phaseusedjal setup). For other firing options in whitie
injector is held open for 2 revolutions, multiplyTAby 2.

Example:

Engine Setup500HP 8-cylinder with 8 injectors
Phase Sequential Injector Firing
High Impedance Injectors (1.5ms IRT)
Peak HP occurs at 6500 rpm
BSFC =0.5

Calculations:
TFFR =500 x 0.5 = 250 Ib/hr
UIS = 250+ 8 = 31.25 Ib/hr
AIT = 60000+ 6500 = 9.231ms
MDC = (9.231 — 1.5¥ 9.231 = 0.8375

Required Injector Size = 31.250.8375 =37.3 Ib/hr (392 cc/min)

Central to the topic of injector sizing is the RRMwhich the engine will need the injectors te fir
High RPM’s shorten the amount of time between TDénts, thus shortening the maximum injector pulse
width. Figure E.1. 2shows the time per revolution as a function of RPMble E.1. 1shows the peak
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injector pulse width (assuming an injector recou@ne ofzero) that is possible using both once-per-
revolution firing and once-per engine-cycle (2 renions on a 4 stroke) firing modes. If the operat
pulse width approaches the valueJable E.1. 1, the injectors are effectively “maxed-out.” Large
injectors would be necessary if the engine needa@ fiuel. Note that the injector recovery timel\# at
least 1.0ms is practice. Consequently, the vaduesn inTable E.1. 1should have 1.0ms subtracted from
them to determine the actual pulse width peak.

Time for One Revolution vs. RPM
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Figure E.1. 2: Time between revolutions for various engine speeds.
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Table E.1. 1: Peak injector pulse widths for phase- and full-sequential injector firing. Injector
recovery time of zero is assumed.

Phase Full
Sequential Sequential
(1inj. perrev.) | (1inj. per2rev.)
RPM (ms) (ms)
0 - -
500 120.0 240.0
1000 60.0 120.0
1500 40.0 80.0
2000 30.0 60.0
2500 24.0 48.0
3000 20.0 40.0
3500 17.1 34.3
4000 15.0 30.0
4500 13.3 26.7
5000 12.0 24.0
5500 10.9 21.8
6000 10.0 20.0
6500 9.2 18.5
7000 8.6 17.1
7500 8.0 16.0
8000 7.5 15.0
8500 7.1 14.1
9000 6.7 13.3
9500 6.3 12.6
10000 6.0 12.0
10500 5.7 11.4
11000 5.5 10.9
11500 5.2 104
12000 5.0 10.0
12500 4.8 9.6
13000 4.6 9.2
13500 4.4 8.9
14000 4.3 8.6
14500 4.1 8.3
15000 4.0 8.0
15500 3.9 7.7
16000 3.8 7.5
16500 3.6 7.3
17000 3.5 7.1
17500 3.4 6.9
18000 3.3 6.7
18500 3.2 6.5
19000 3.2 6.3
19500 3.1 6.2
20000 3.0 6.0
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E.2. Fuel Pump Selection
When choosing a fuel pump, two factors are impdrtan
* Flow Rating (in lbs/hr)
* Pressure Rating (in psi)
To find the flow rating required for a given engimeultiply the engine horsepower by the BSFC, attdl a
at least 25%.

Example:
400 HP Engine w/ 0.50 BSFC
Fuel Pump Required = (400 x 0.50) + (400 x 0.5P5) =250 Ib/hr minimum

As for the pressure rating, a minimum of 70psydally used for multi-port injection layouts.
Fuel pumps for TBI setups can be rated lower, sihe®perating rail pressure is lower with TBI ttf@s.

High-boost (over 20psi) applications may suffenirproblems with normal OEM fuel pumps.
Since many fuel pumps are rated at 43psi (3-Blag)etis no information on what the pumps will flatv
60 or 70psi. On a turbo engine with 25psi bod,fiel pump will see about 68psi. Most stock fuel
pumps will not be able to maintain their flow raiat this pressure, and a lean-out condition msylte
As such, it is highly advised that you buy a goadlidy aftermarket pump when running highly boosted
engines.

If a high-pressure pump is mounted above the &adllin a gas tank, a decreased pump lifespan
will generally result. Some high-pressure pumgsfail very quickly when mounted above the fueldé
The reason for this failure is that high-pressurmps often are not designed to pull suction. Ahsany
high-pressure pump mounted above the fuel levallditave a low-pressure fuel pump before it. A
standard carburetor-style fuel pump can be usethietask.

E.3. Fuel Pressure Regulator Selection

Unlike a stock OEM computer, ti&=Cgt generally does nakequire an adjustable fuel pressure
regulator. The reason for this is quite simple:TBECgt allows you to set the precise fuel injector pulse
width for a given RPM/load point. In so doing, ydo not need to change the fuel pressure to chiwege
amount of fuel introduced into the cylinders; yam@ly need to change the injector pulse width.

There are, however, some guidelines to be follofwedelecting a regulator. When you select the
injector size needed for an engine, you will neelrtow the pressure for which the flow rate was
established. Typically, injector sizes are rate8-Bar or 43.5psi. Therefore, an injector rate@5alb/hr
at 43.5psi will only flow 55 Ib/hwhen it is at 43.5psiMore accurately, it will only flow 55 Ib/hr whehe
pressure gradienacross the injector is 43.5psi.

The pressure gradient is defined as the differbeteeen the injector spray tip pressure (this is
generally the same as the intake manifold pressunehe fuel rail pressure (often referred togamige
pressure”). For a naturally aspirated enginelatnehking 15” of Hg (about -7.5psi) vacuum, youlwil
need to decrease your fuel rail pressure by 1% gtabout —7.5psi) to obtain the same pressuraegrad
across the injector. So for the 55 Ib/hr injed¢toactually flow 55 Ib/hr when the manifold is umdé& .5psi
vacuum, you will need to decrease the fuel raitpuee by 7.5psi. The rail pressure should thezdfer
reduced from 43.5psi to 36psi.

The same holds true for engines under boost:rf@angine with 10psi of boost pressure in the
intake manifold, the injectors will need to have4ditadded to the fuel rail pressure. The fuelpeaksure
would then have to be 53.5psi.
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Though this all may sound complicated, maintairangpnstant pressure gradient sounds more
difficult than it really is. Since 99% of all fupressure regulators have a vacuum hose port am #ie
you need to do is run a vacuum hose from your entaknifold (after the throttle) to the regulat@n
boosted applications using a draw-through thropilece the vacuum hose after the turbo compressor.
be totally accurate, the vacuum/boost referencéifoport on the regulator should be experiendneg t
same vacuum/boost as the injector tip. Plumb gse laccordingly.

Be aware that when you use a fuel pressure reyutst regulates the fuel pressure to a value that
Is not the same as the fuel injector flow ratinggsure, the injector will no longer run at it'sacflow.
That is, higher pressure will cause a higher flater To keep things straightforward, try to rue thel
pressure for which your injectors are rated. Etguobtive offers several regulators with differeneégsure
ratings to make your search as easy as possible.

F. TECgt Output Functions and Wiring

F.1 Idle Air Control Motor

The Idle Air Control (IAC) Motor is responsible faraintaining a smooth
engine idle. Using the WinTec software, the IACton@an be made to increase
idle speeds during cold engine operation or aidd@mner turn-on. The IAC motor,
control built into theTECgt can be used with four-wire stepper motor-style 'BAC
The stepper motor allows the pintle of the IAC nidtomove in and out very
quickly to allow varying amounts of air into thaake manifold. This way, even
with the throttle closed, the IAC motor can supatigitional air to the engine. Seg
Figure F.1.1for an IAC motor plumbing diagram. SEmgure F.1.3for IAC
wiring instructions. Section B.8covers the tuning of the IAC Parameters.

The idle speed control motor must be able to suppbugh air to the engine so that is can have an
effect on engine speed. Therefore, be sure tatusast a 1/4” hole for the air bypass passages.

31
v

Incoming Air
Throttl 07 é 0 e
rottie ]
¢ C
¥ H B
< A
¢ IAC Motor
To Engine Air Bypass
Passages
Fig F.1.1: 1AC motor plumbing Fig F.1.2: 1AC motor housing
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For individual throttle applications, it will beenessary to use a balance tube to bring all the
throttles to the IAC motor. This will allow eackilimder to be filled equally by the bypass air.mAimum
of 1/2” inner diameter plumbing should be usedtlfigr balance tube to allow for adequate cylinder-to-
cylinder consistency.

Electromotive offers a universal IAC Motor Housitag retrofitting an IAC motor onto an engine.
The housing is designed around the Ford/Mazdapadléern, and as such, it fits many applicationss |
also available in “universal” format with the addit of brass hose barbs. (universal PN: 325-81E&&]
PN: 325-81114) This allows the installation oflbebhose onto the housing. One hose can thembde ru
the intake plenum with the other hose going terfdd air.

With all Idle Air Control Motor setups, always make sure that the engine is receiving filtered air
from the air bypass passages.

The IAC will not be activated unless the TPS voltagis BELOW the “TPS Closed Throttle Voltage”
value. As an example, if the TPS voltage is 1.5 ®Wwhen the throttle is fully closed, the IAC motor
will not be activated unless the “TPS Closed Throté Voltage” setting is GREATER THAN 1.5 volts.

Incoming Air IAC Motor LJ:DI =S 25 A9 GM O-Ring Style IAC
\%
Throttle z= I_ Dk.Blue/White pin G15
\Q\ |99 Dk.Blue/Black pinG14  TecGT
<V Dk.Green/White pin G27 Harness
v Dk.Green/Black pin G26
To Engine \ Air Bypass
Passages
Incoming Air IAC Motor LI:I :] ‘b Chrysler/Jeep IAC

\'

Dk.Blue/White pin G15
Dk.Green/Black pin G26 TecGT
Dk.Green/White pin G27 Harness
Dk.Blue/Black  pin G14

Throttle
\ 000
v S=]|ooo| =\

\% 4_
To Engine \ Air Bypass
Passages

Incoming Air IAC Motor ' Dodge Neon IAC

\%
Dk.Green/White pin G27

Throttle ==
\Q\ 000 Dk.Blue/White pinG15 TecGT
ooo| =\
\'

Dk.Blue/Black pinG14 Harness
To Engine "\ Air Bypass

>w N O

- N W bh

i

Dk. Green/Black pin G26

Passages
=1
®
Incoming Air IAC Motor ©0® GM Threaded Style IAC
V 4
Throttle > > |_ D Dk.Blue/Black pin G14
\—I—' =909 C Dk.Blue/White pin G15  TecGT
<V| - B Dk.Green/White pin G27 Harness
v A Dk.Green/Black pin G26
To Engine N\ Air Bypass
Passages

Fig F.1.3: Common 4-wire idle air control motor wiring.
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F.2. Tachometer Output

The tachometer output on th&Cgt is a +12 Volt square wave.
Each time a coll fires, a “tach pulse” is generatéterefore, the output
from the tachometer signal is ground, then +12 &/fat 30 degrees of
crankshaft rotation starting at each TDC/spark evam-cylinder will
output 2 tach pulses per revolution, a 6-cylindér eutput 3 tach pulses pel
revolution, an 8-cylinder will output 4 tach pulges revolution. For
applications that have a tachometer configured fdifferent number of
cylinders than the engine (i.e. a 6-cylinder cat thas converted to an 8-
cylinder), there is the option of changing the tadkput type in the software.

This type of signal is compatible with most newtstachometers. However, some older
tachometers trigger off the high-voltage signahfrihe ignition coil (C-). These types of coils ueg the
use of a tachometer amplifier, since they are aesido trigger off of a 120 Volt signal. Tachomete
amplifiers (PN: 150-15210) are available from Hientotive to suit these applications.

TECgt Tach wiring

Terminal G19 Brown 18awg

Figure F.2.1: Typical tachometer wiring.

F.3. The Fuel Pump Relay Output

The fuel pump output is designed to provide attiveof the fuel pump relay on a vehicle. Itis
NOT designed to power the fuel pump directly. Biggire F.3.1for wiring instructions.

The software allows the user to define the amotititree that the fuel pump primes the system
when theTECqgt is first turned on. This ensures adequate fukprassure on start-up.

When theTECaqt is first turned on, the fuel pump will run for thenount of time defined in the
software. If the engine is not cranked duringfeerahis time, the fuel pump will turn off. Ontee
engine is cranked, the fuel pump will turn back &ssentially, the fuel pump should always be rngni
when the engine is rotating.
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CAUTION:

Do NOT connect the fuel pump relay output directly to the fuel pump. This will
cause an excessive amount of current to be drawn through the circuit, and may
result in damage to your TECqgt.

TECgt Fuel Pump

relay wiring
To TECgt ECU Terminal G17 (Light Green 18awg) A
+12v (low amp)
Fuel Pump Battery +12v full time
(high-amp)

L 30 RELAY g5
MY L —

FUSE BLOCK | g

J

‘ \87 86)

Note : Terminals 86 & 30 on the relay
may be connected together.

Figur e F.3.1: Fuel pump relay wiring.
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G. TECgt Input Functions and Wiring

G.1. The Manifold Air Pressure (MAP) Sensor

The MAP sensor determines the operating loadettigine. To
do so, it measures the intake manifold absolutespire. Since the intaks
manifold pressure has a direct effect on the amotiair that the ;
cylinders can ingest, the use of a MAP sensorlaadxdetermining
device is well justified.

MAP sensors are available from Electromotive mreéhvarieties:
1-, 2-, and 3-Bar. A 1-Bar sensor would be used oaturally aspirated
engine, a 2-Bar sensor would be used on a boostgdes(up to 15psi),
and a 3-Bar sensor would be used on a boostedes(ugirto 30psi).

The output of a MAP sensor is a 0 to +5 Volt sign&hen the intake manifold pressure is low
(high vacuum), the sensor reading is low (appraaghiVolts). This would occur during part-throttle
cruising or decelerating (engine braking). Whemnitttake manifold pressure is high (low vacuumg, th
sensor reading is high (approaching +5 Volts).sMmuld occur during full throttle operation.

Absolute vs. Gauge Pressure...

A MAP sensor is an absolute sensor. This meatstthreadings are referenced to a full vacuum.
As such, the lowest reading attainable on a MARaewould be a full vacuum. (In practice, however,
most MAP sensors only go down to about 10kPa.)

Gauge pressure is referenced to ambient atmospgtressure. When we say that an engine is
running 15psi (103kPa) of boost, it means thaintake manifold is seeing 15psi of positive pressur
Since standard atmospheric pressure is approxiynbderlpsi (101.3kPa), the absolute manifold pressur
for this engine would be 29.7psi (205kPa or aboB&f). Thus, a 2-Bar sensor is necessary forethigne.
Refer to the formula below if you are confused dliba difference between gauge and absolute pessur

Ambient (atmospheric) Pressure + Gauge Pressure = A bsolute Pressure

* When discussing absolute pressure, there is no distinction made between
vacuum and pressure.

« When discussing gauge or relative pressure, vacuum readings will be
negative values and boost readings will be positive. Alternatively, in the US
measurement system, vacuum readings can be expressed in inches of
Mercury and boost can be expressed in pounds per square inch.

Units of Measurement

In the US, units of vacuum are typically measurethches of mercury (in-Hg). Units of pressure
are typically measured in pounds per square insi). (5ince there is a distinction made betweemniwac
and pressure readings, these units are generdllysed for absolute measurements.

In most other countries, the metric system in Useg@ressure measurements. In this system, the
kilopascal (kPa) is the standard unit of measurémeéhe distinction must be made to whether the
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measurement is in absolute kPa or gauge kPa. dljpithis is done by writing “kPa, abs” for therfioer,
and “kPa, gauge” for the latter. For the purpageasis section, we will treat all kPa readingadsolute
readings.Table G.1.1gives conversion data for US and metric unitsmBmaber:

Ambient (atmospheric) Pressure + Gauge Pressure = A bsolute Pressure

e 1psi=6.895 kPa

* 1in-Hg =3.377 kPa

 1Bar= 101.3kPa, abs = Opsi, gauge

e 2 Bar= 202.6kPa, abs = 14.7psi, gauge
e 3 Bar= 303.9kPa, abs = 29.4psi, gauge

Table G.1.1: US to metric unit conversion data.

kPa in-Hg/psig kPa |in-Hg/psig
Absolute Gauge Absolute | Gauge

0 29.9in-Hg 170 10.0 psi
10 27.0in-Hg 180 11.4 psi
20 24.0 in-Hg 190 12.9 psi
30 21.1in-Hg 200 14.3 psi
40 18.1 in-Hg 210 15.8 psi
50 15.2 in-Hg 220 17.2 psi
60 12.2 in-Hg 230 18.6 psi
70 9.28 in-Hg 240 20.1 psi
80 6.31 in-Hg 250 21.6 psi
90 3.35in-Hg 260 23.0 psi
100 0.39 in-Hg 270 24.4 psi
110 1.26 psi 280 25.9 psi
120 2.71 psi 290 27.4 psi
130 4.16 psi 300 28.8 psi
140 5.61 psi 310 30.3 psi
150 7.06 psi 320 31.7 psi
160 8.51 psi 330 33.2 psi

MAP Sensor Data

To check that the MAP sensor is working corredilyd to check for the MAP sensor Bar number
(-, 2-, or 3-Bar), it is necessary to know thepotitvoltage from the sensor as a function of pressWvith
theTECgt turned on, but the engine NOT running, the MARsses will output the voltage for
atmospheric pressure (since manifold pressureualéq the atmospheric pressure when the enginetin
running). At standard atmospheric conditions (3&Pa), the output voltages should be:

1-Bar: approximately 4.80 Volts
2-Bar: approximately 2.30 Volts
3-Bar: approximately 1.55 Volts

Note that the output voltage should be measureadsst pin “B” (output) and pin “A” (ground). If the
sensor does not output a voltage near the aboveersiithe sensor is likely defective. RefeFigure
G.1.1for MAP sensor wiring instructions. ReferR@ures G.1.2 through 4for MAP sensor voltage as a
function of manifold pressure for the three MAP s&s.
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MAP Sensor Connections

To Optional MAP Sensor < Black w/White Stripe, TECgt, Pin 6, Ground
(connector supplied with the ) - - To TECgt
purchase of a MAP sensor) Dark Green, TECgt Pin 30, MAP Sensor Signal
v Gray w/ red stripe, TECgt Pin 8, +5 Volts
Figure G.1.1: MAP sensor wiring.
1 Bar MAP Sensor
110 +
__ 100
$& 90
< 80 -
S 70 "
g 60
o 50
£ 40
2 30- —
< 20
10 T T T T T
0.0 0.5 1.0 1.5 2.0 2.5 3.0 35 4.0 4.5 5.0
Output Voltage
Figure G.1.2: 1-Bar MAP sensor output voltage.
2 Bar MAP Sensor
220
200 A //
< 180 —
£ 160
g 140 |
@ 120 -
8 100 //
o
o 80
2 60
8 40 A
2 % /
0 T T T T 1
0.0 0.5 1.0 15 2.0 25 3.0 35 4.0 45 5.0
Output Voltage

Figure G.1.3: 2-Bar MAP sensor output voltage.
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3 bar MAP Sensor

320

280 —
240 - _—

200 —
160

120 - /
/

\

Absolute Pressure (kPa)

N
o O
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o
o

05 10 15 20 25 30 35 40 45 50
Output Voltage

Figure G.1.4: 3-Bar MAP sensor output voltage.

G.2. Throttle Position Sensor

The throttle position sensor (TPS) functions asudti-purpose input
to theTECgt. TPS’s that are compatible with th&Cgt must be of the
potentiometer (rheostat) variety. A potentiomét&s three connections:
+5Volt, Ground, and Output Signal. As the throitlenoved, the TPS outpu
should transition smoothly from a low voltage (agawrhing 0V) at idle to a
high voltage (approaching 5V) at full throttle. iBh-type TPS’s will NOT
work with aTECgt since they do not output a smooth voltage transitiom closed to opened throttle.

The throttle position sensor should have a rasigtaf roughly 100 measured across the +5V and
Ground terminals. To determine the pin out of aknown TPS, follow the instructions below (you will
need an ohmmeter):

1. With the TPS in thelosed throttle position, measure the resistance of
the following three positions referencediigure G.2.1: A-B, A-C,
and B-C.

O O 2. With the TPS in thepened throttle position, measure the same three
resistances. Two of the readings will have chariged Step 1, and
one of the readings will be the same.

3. The +5V and Ground terminals are from the teainair whose

ABC

resistance stayed the same between steps 1 arteZround
TPS terminal is from the pair whose resistamuereasedrom Step 1 to Step
2.

Example: Step 1. Closed Throttle: A-B : ~500 Step 2. Opened Throttle : A-B : ~950D
A-C : ~9500 A-C : ~950M@
B-C : ~950Q B-C : ~50(M
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Step 3: Process of Elimination

* A-C resistance stayed the same in steps 1 & 2refdre, either “A” or “C” is the
Ground connection.

* A-B resistance increased from ~8Dfo ~950@ from Step 1 to Step 2. Therefore,
“A” or “B” is the ground connection.

* “A” must be the Ground connection since “B” cannot be the ground conoecis
a result of Step 1.

e “C” must be the +5 Volt connection, since “A” is not.

e “B” must then be the Output Signal.

Another way to look at the TPS’s electrical funofdity is to realize that it simply creates an autp
that is either biased to Ground or to +5 Volts.clised throttle, the output should be biased toigd, and
at full throttle, the output should be biased toVAdits. Sed-igure G.2.2for an electrical schematic of a
typical potentiometer. Please note that the TPStmse a (roughly) 1@k potentiometer! Failure to do so
will result in improper impedance matching for fieCgt, and a false sensor reading will result.
Fortunately, most TPS’s are of the Wkariety.

Output Output
Signal  +5 Volts Signal  +5 Vots
10k Resistor 10k Resistor
Closed Wide-Open
Throttle Throttle
Ground Ground

Fig. G.2.2: Potentiometer functionality for closed and opamttle conditions.

TPS Functionality and Wiring

The TPS allows th€ECgt to provide fuel enrichments for various throttlevement situations,
like an accelerator pump on a carburetor. For hpgh, closed throttle situations, (like decelenatow
engine braking), it can be used to turn off the floev completely. The TPS is also used to detdémsed
throttle for the activation of the Idle Air Contrphrameter. Se®ection B.4for tuning the TPS-related
functions.

Many different TPS’s have been used by OEM’s mphst few decades. The most common types
are driven directly on the throttle shaft by eithetowel pin going through the shaft of a “D” shdpe
throttle shaft. Various TPS styles are availabbenf Electromotive, as outlined Figures G.2.3-5

Arm-Style TPS GM Dowel-Pin St
PN 310-71310 PN0-71320

Fig. G.2.3 Fig. G.2.4
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“D” Shaft TPS Ford Dowel-Pin Sty
PN 310-71340 PN 310-71330

P ——

Fig. G.2.5 Fig. G.2.6

The TPS connects to three wires fromTieCgt harness: +5 Volt, Ground, and TPS Signal. See
Figure G.2.7for proper wiring instructions.

TPS Throttle Position Sensor
.
Terminal G8 Gray w/Red Stripe 18 awg Y
TECgt ECU Terminal G6 Black w/White Stripe 18 awg Ground
Terminal G29 Dark Blue 18 awg Sensor
Output
Ny
Fig G.2.7: Proper throttle position sensor wiring
G.3. Coolant Temperature Sensor
<

TheTECqgt is compatible with negative temperature coeffiti@®irC) thermister-
type coolant temperature sensors. This type cfadmas two terminals, and the resistan 4
between the two terminals changes as a functidengperature (seleigure G.3.1). The § = E

; 28

[ S S
e

coolant (CLT) sensor provides variable fuel enrielntras a function of engine
temperature. Tuning the CLT-Based enrichmentsvei@d inSection B.7

The TECqgt is set up to use the GM-style coolant temperatansors. These fﬁ:‘-rg— ,
sensors are sold by Electromotive under part nud®871210. They are threaded for g | ;5\’ i
3/8” NPT hole. T

Liquid-cooled engines should have the CLT sensor installed s¢raein the
coolant passages. ldeally, it should be instdthdard the outlet of the engine (or the
entry of the radiator) so that the highest tempeeateading will be seen.

Forair-cooled engines, there are a few options for obtainingable engine
temperature. The first option is to use the factylinder temperature sensor, which is often foandir-
cooled Porsche applications. The second optitmuse the engine oil temperature instead of tioéaod
temperature. Beware of choosing this method, sairceooled engines often have a very large oibcép
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that takes much longer to heat up than the cylsm\tteemselves. A third option would be to useamifold
air temperaturesensor in a sheet metal “stove” on one of thendglis.

Resistance Curve for MAT & CLT Sensors Resistance Curve for MAT & CLT Sensors
100000
100000
P
o \:\,\' £ 10000 4
£ 10000 5
[s] | > \'\
¢ 1000 { [ g 1000 -
2 100 I — 2 w0 —
L @
x 10 ! | 10

40 0 40 80 120 160 200 240 280 40 -20 0 20 40 60 80 100 120 140

o
Temperature, °F Temperature, °C

Fig G.3.1: Sensor resistance vs. temperature for CLT and MAT sensor.

TECgt Coolant sensor wiring TECat ECU
gt

Pin 6,
Sensor Ground

J

QE Black w/White Stripe 18awg
[aa]
<C

Gray 18awg
Coolant Sensor
t
connector TECgt ECU
Pin 28,
Sensor Signal

Fig. G.3.2: Coolant temperature sensor wiring.

Wiring the Coolant temperature sensor is straightfod. Sed-igure G.3.2for details. Since the
sensor is just a resistor, wires “A” and “B” candwaitched with no adverse results.

To test for faulty coolant temperature sensorspBimeasure the resistance across terminals A and
B with an ohmmeter. Match the resistance of tims@eto the operating temperature usiiagple G.3.1
As a guideline, use the following specs:

Cold engine (70F, 20C): ~330Q0
Hot Engine (180F, 80C): ~380
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Table G.3.3: CLT and MAT sensor resistance

Temp, °C Temp, °F | Resistance, ohms
-40 -40 100700
-18 0 25000
-7 19 13500
4 39 7500
20 68 3400
38 100 1800
70 158 450
100 212 185
110 230 133
120 248 102
140 284 62

G.4. Manifold Air Temperature Sensor

Like the Coolant Temperature Sensa Manifold Air Temperature (MAT) Sensor -«
iIs an NTC thermister. The MAT sensor allows fugliehments for varying inlet air
temperatures. This is useful because cold akenser than warm air, and as a result, cold
needs more fuel. Tuning the MAT Sensor enrichmiantsvered irSection B.70f this
manual.

TheTECqgt is set up to use the GM-style MAT sensors. Tisessors are sold by
Electromotive under part number 305-71220. Theytlreaded for a 3/8” NPT hole.
Wiring the MAT sensor is very easy. Sa&gure G.4.1for details.

Install the MAT sensor in an area that is represgere of the air temperature enterin
the engine. If it is mounted directly in the intakanifold (particularly in aluminum and
iron manifolds), it may be getting a slightly wanmmeading than the actual air temperature
due to the conduction of heat through the maniéold the radiation of heat onto the sensor tips It
sometimes better to install the sensor upstreain) pasticularly if the air intake (or filter box$ made of a
material that does not conduct heat very well (pkastic). This will give the MAT sensor a more
appropriate reading for intake air temperature.

The MAT sensor resistance curve is identical & tf the CLT sensor. Séggure G.3.1 and
Table G.3.3for details. The sensor resistance test can be the same way as well:

70°F (20°C): ~330@
180F (8C°C): ~35@M
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TECgt
Air Temp. sensor wiring

TECgt ECU

Pin 6,
Sensor Ground

J

Q_ﬁg Black w/White Stripe 18awg
o
<

White 18awg
Manifold Air Temp.
sensor connector

]

TECgt ECU

Pin 21,
Sensor Signal

Figure G.4.1: Manifold air temperature sensor wiring.

G.5. The Exhaust Gas Oxygen Sensor

measure the oxygen content of the combustion ptedun
measuring this value, an estimate of an engine‘toduel ratio
(AFR) can be made.Section D.4.fcovers the functionality and

The Exhaust Gas Oxygen (EGO) sensor is designed to :
@

tuning of the EGO sensor.

Mounting the Sensor

The EGO sensor should be mounted in the exhaesinst

close to the engine. It should not be mountetiéniteader pipe for only one cylinder. Insteadhduld be
mounted after the collector. Failure to mountEH@®O sensor close to the engine will result in poor
performance due to under-heating the sensor. G &nsor needs plenty of heat to operate properly.
Mild steel threaded bungs for the EGO sensor aaéadte from Electromotive under PN 315-72111.
When installing the sensor, take care not to henvires on the exhaust. This will obviously melt

the wires once exhaust temperatures rise.

Wiring the Sensor

Virtually all 4-wire EGO sensors on the market eompatible with th&@ ECgt. Most universal
EGO sensors available from the auto parts store hawlor code as follows:

Black: EGO +
Gray: EGO -
White: Heater + or —
White: Heater — or +

» Note that the heater polarity is not importangrity needs opposite voltages on the two
wires.DO NOT ATTEMPT TO RUN THE EGO HEATER WITH THE +5V L INE IN

THE TECgt HARNESS!
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Electromotive’s EGO sensors also follow this calode, and are mated to a 4-position female weather-
pack connector in the following pin out:
Gray: PinD  Black: PinC  White : Pin BWhite : Pin A

The heater circuitry allows the EGO sensor to wamguickly. It also keeps the EGO as warm as
possible during idling conditions, where unheat&{Esensors (1-wire style) often cool down
significantly. The positive wire for the heatendae spliced to the Fuel Pump output onTE€gt Power
Harness (PN 070-40000). This is the 16awg lighegrwire. This is NOT the same as the Fuel Pump
Relay Ground output of thEECgt, which is a 20awg light green wire from pin G17.

If the Power Harness for tiA&ECgt is not being used for the EGO heater element=B® heater
should be wired to a switched voltage sourcet iff wired to a full-time voltage source, it wiltain the
battery in short order! Sdéegure G.5.1for proper wiring.

TECgt Oxygen Sensor

— Gray
— P D —D % Terminal G32
888 —< Black | C —c L UTPS P99 Terminal G33
N\ White | B —
] A TECgt
White A , ECU

Switched
+12v
Input
Ground

Figure G.5.1: Wiring details for Electromotive’s EGO sensor (PN 315-72120).

Functionality

When using an EGO sensor, it must be realizedXREE's that are not near the stoichiometric
value are not accurate. The stoichiometric vadube AFR that results in complete combustion wih
excess fuel (gas, alcohol, etc.) or excess airgery: In simple terms, the stoichiometric valuAkR at
which the incoming mixture is neithkran norrich. Read the section on Oxygen Sensor Corrections
(Section D.4.J for more information.

The reason for inaccuracies when away from thietstametric AFR is simple: EGO sensors are
only designed to providesavitch-point at the stoichiometric AFR. The voltage goes fitow reading
(approaching 0 volts) when lean to a high readappfoaching 1 volt) when rich. Note that #HeCgt
software multiplies the EGO input voltage by a ¢aaif 5 when displayed on the engine monitor and
datalog screens. Thus, the maximum value thatidoeilobtained for a rich mixture would be 5volist n
1volt. Instead of being a straight line betweeamland rich, the curve is like the one depicteigure
D.4.7. Additionally, the EGO curve changes with exhagest temperature, thus nullifying calibration data
made at a particular exhaust temperature whenatsedifferent temperature.

Along with these negatives comes a positive: a®EBeénsor is typically good at providing a
stoichiometric measurement when at idle or paxttla cruising. When the EGO sensor is turnedasnir
closed loop mode), it will try to correct the AFRading to the values defined in the Desired Airl Ragio
Table. It does this by manipulating the fuel inggqulse width. When the EGO sensor is turnedasfin
open loop mode), the reading from the EGO is gtékent, but the sensor is not trying to obtainvtdaes
in the Desired Air Fuel Ratio Table.

It is recommended that the EGO sensor be usdtsfmtended purpose: to provide a stoichiometric
measurement. Consequently, the EGO should benrciosed loop mode only when the engine should be
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operating at the stoichiometric mixture. Mediund dangh load situations MUST be run richer than
stoichiometric to prevent engine damage, thus tB®Ehould be in open loop when these circumstances
are met. Many choices are available in the softvaikeep the EGO sensor in the correct mode (@lose
open loop) at the correct time (low or high loaid, e

A small, but important, fact concerning the EG@ragpion is that when a coolant-temperature
enrichment is in place, the target Air-Fuel Ratitl e altered from the reading in the Desired Rirel
Ratio Table. The target Air Fuel Ratio is changgdhe following equation:

Target AFR = Desired AFR Table Value —[4.34 x (Coolant Enrichment % + 100)]

Therefore, when a 10% Coolant Temperature Enrichisen the Coolant Enrichment Table, the
target AFR would be about 14.2:1 if the Desired Puel Ratio Table value was 14.64:1.

A Note on One-Wire EGO Sensors
One Wire EGO sensors were used a number of ygarsraearly fuel-injected vehicles (and some
carbureted engines). These EGO'’s output the safteye curve as any standard 4-wire sensor, babto
have a built-in heater or ground reference. Wheedensor as follows:
* Connect the wire from the EGO sensor to the EG@& din theTECqgt (this is the Purple 20awg
wire in theTECgt Harness — Pin G33).
» Connect the EGO- line on tA&Cqgt (this is the tan 20awg wire going to Pin G32)he Sensor
Ground line (this is black w/ white stripe 18awgevgoing to Pin G6).

One-wire sensors are typically not as accurate\ase sensors, since they have no built-in heater

element. Instead they must rely on exhaust sybeahentirely. Unless the EGO sensor is mountey ve
close to the engine in a cast iron manifold, 1-wgeasors should not be used.

G.6. Wideband O2 Sensor

Wideband Information and Installation Instructions

The TECgt supports an input from most wideband sensor chatso The wideband controller must have
an analog 5-volt output signal. A typical configtion is shown in Figure G.6.1.

TECgt Wideband Oxygen Sensor

- yd —]
000 —eeee” Wideband Controller | ] TECgt
000 —— . ECU
| | \ with 5-volt analog —/
|| —| output C—

Figure G.6.1 - Typical Wideband Configuration

The installation of the oxygen sensor and contral®uld follow the wideband controller manufactige
instructions. The analog 5-volt output signal aeets to pin G33, O2 sensor (+) (purple wire) an th
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TECqgt. TheTECgt O2 sensor ground, pin G32 (tan wire) must alssmeohto wideband controller’s
ground.

*Note: Some wideband control units have a sensmurgd and a ground for the heater. Other unitg hav
only one ground. You should connect the sensarrgitdo G32. If there is only one ground or the
controller manufacturer recommends grounding thedirectly to the battery, follow the manufactuser
installation instructions.

To select the wideband input for a calibration,fdkck the “EGO/Wideband Air/Fuel Ratio Table” barn
from the Calibration Screen. (Note: this shoulgpbgormed in No Connection Mode, the bin file sldou
then be saved and downloaded toTE£gt). Then click “Calibrate EGO Sensor”. Click “Load
WIDEBAND EGO Sensor Table, this effectively perfatavo operations. The first is it configures the
TECqgt to use the analog voltage on pin G33 as the EGtage The second is that it loads the default
wideband sensor values. Since there are so méeyedit controllers, the default values will probabot
exactly match the data provided by your contradlenanufacturer. Therefore, it is essential that yse
the manufacturer’s data to adjust the voltagesAdfiel's in the boxes provided. Lastly, return to the
Calibration Screen, save your bin file, and dowdlddo theTECgt. You are now ready to use the
wideband EGO input.

FAQ’s and Troubleshooting Tips:
1. “How do | know theTECgt is using the wideband sensor?”

There are several indications that you are usiagvildeband option for your EGO input. The label fo
EGO voltage on the digital monitor screen (the rtayrscreen at the bottom of the window) will change
from “EGO Sensor” to “Wideband Sensor”. On thelagamonitor screen, the label under the AFR bar
will change from “EGO Sensor” to “Wideband Sensor”.

2. “The TECgt AFR changes, but it doesn’t match my controlldigplay unit.”

The analog voltage from the wideband controllerloamead on the analog monitor screen in the box
labeled “WBS”. ThelrECgt uses this voltage, and the corresponding valueswptered in the calibration
to determine the AFR. For example, if the manufisatstates 2 volts is an AFR of 12.6, andTE€gt
WABS is displaying 2 volts but tHEECgt AFR reads 13.6, then you entered the calibratadnes
incorrectly. Repeat the procedure detailed abowstrect the calibration file. If thBECqgt is displaying
the AFR you would expect for the correspondingagdt, but your controller display unit does not rhatc
accordingly, then you should contact the widebamttroller's manufacturer with this discrepancy.

3. “My EGO seems to be correcting backwards — takingfoel when lean and adding fuel when rich.”
Return to the EGO Calibration menu and verify thatwideband sensor has been selected. Also verify
that you are using the wideband option by lookimgthie changes in the labels as described in Tip #1
Save your bin file and download it again to TeCgt. Turn the key off, and then back on.

4. "My AFR does not change — ever.”

In the EGO calibration menu verify that your MinimlEGO/Wideband Voltage Before Sensor is Disabled
is 0 volts, and the Maximum EGO/Wideband VoltagéoBe Sensor is Disabled is 5 volts. If they arg no
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change the values, save your bin file and downibagdain to theTECgt. Turn the key off, and then back
on.

G.7. Knock Sensor

To compensate for poor fuel quality and other aslvengine operating conditions, ITRECgt has
the ability to retard timing based on detonatidm perform this task, it uses a knock sensor tssevhen
the engine is experiencing spark knock. Tuninthefknock sensor is
described irSection B.9of this manual.

The knock sensor circuitry in tHECgt is designed to sense
detonation, not pre-ignition. Pre-ignition occurs when théfael mixture
in the cylinder is ignited before the spark plug$i This is generally the
result of a hot spot in the cylinder. When pretign occurs, peak cylinder
pressure occurs after the piston has reached tpanter (TDC) of its
compression stroke, but too early to produce optinpower. Optimum
engine power generally occurs when the peak cytiptessure is between
10 and 15 degrees after TDC compression. Thusggprgon causes the cylinder pressure to peakrieefo
the ideal 10-15 degrees after TDC compressionjraggtreme cases, the peak cylinder pressure may oc
beforeTDC.

Detonationis often referred to as “pinging” or “spark kndclOn many engines, the human ear
can easily hear the sound made by detonation, ginceurs in the audible range (typically arourd®8
cycles/sec). The knock sensor can hear the ohpeg-agnition as well, but better than our ears.

Detonation is defined as a pressure shock wavealthatiops in a cylinder as a result of a slow-
burning flame front. Typically, detonation is cadsy ignition timing that is too advanced, pocelfu
quality (low octane), or poor combustion chambesigie Engines with large combustion chambers and
poor air-swirl characteristics are especially pramdetonation. During detonation, the spark phitates
the flame front, but the flame front moves so slothlat there is time to compress and heat the unaolur
mixture to the point o§pontaneous ignitianThis results in a pressure shock wave thatirs takbeating
the upward-moving cylinder with a downward-moviragimer! It also results in a noise resonance
through the engine block, just as a noise wouldrrate through the block if you hit the piston wath
hammer. Piston, ring, and rod bearing damagepisal/when an engine is detonating too much.

To obtain an accurate reading, the knock sensest briscrewed into the engine block. A plugged
hole in a coolant passage is an ideal locatioresihe knock sensor is threaded for a 1/4" NPT.holee
knock sensor is essentially a microphone thatssyted to be very sensitive to the frequency of
detonation.

When theTECgt senses detonation from the knock sensor, it \ejity to retard the timing on all
subsequent spark events. Once knock has dropgp@tic@ent amount, the timing will then begin to
increase to the desired advance setting. WhenHE@gt starts to increase the advance, it will add any
more timing than what is set in the Ignition Advarnable.

Since engines are more likely to experience déimmat lower RPM’s with medium or high loads,
it is advisable to turn the knock sensor on foséheonditions. On the other hand, since engireteas
likely to experience detonation at higher RPM’'si¢si the flame front is moving too fast for detooatio
occur), AND most engines will increase their mecbamoises that can false-trigger the knock sensor
(like valves hitting their seats), it is advisatdgurn the knock control off at high RPM’s. Medizal
noise can be identified by datalogging a light-ldaigh-RPM driving situation. If no detonationheard
during the drive, but the datalog indicates thatehwas knock in the upper rpm/light load area,haeal
noise may be false triggering the knock sensor.

Rotary engines are generally unable to use thelkparameter as effectively as a piston engine,
since real detonation in a rotary will typicallylpmccur one time...then the apex seals will be bnbki
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is still worth using the knock sensor on a rotéiyt, do not place all of your faith in it. Just kga mind
that ignition timing should always be VERY conséivawith a rotary engine.

TheTECqgt uses any 1-wirEREQUENCY-BASERnock sensor input. Electromotive stocks a GM
1-wire knock sensor under PN 305-71410. Sgere G.7.1for wiring details.

TECgt Knock sensor wiring

TECgt ECU
o
ﬁ Orange 18awg Pin 31,

Knock Sensor Sensor Signal
connector

Fig G.7.1: Knock sensor wiring.

H.1. The General Purpose Inputs (GPI's) and Genera |
Purpose Outputs (GPQO’s) or GP I/O’s

The General Purpose Inputs (GPI's) as well as tee@l Purpose Outputs (GPO’s) will be
referred to a&P 1/O’s, they are configurable for many different inpuartput functions. There @ne
dedicated GPI channelZ}- (input only) and alsamne dedicated GPO channell{# (output only). The
remaining seven channel®-9), (9 GP 1/O’s total) can be configured to be aitimput or Output.

A few facts that should be remembered when usie@aR I/O’s :

» All the GPO'’s, regardless of their function, ardl{po-ground when they are activated.
That is, they create a connection to ground wharetlion.

* A MAXIMUM of 1 amp per GPO channel may be run oe TrECqgt.

* Itis HIGHLY recommended to use a relay on the GiP@nnels, regardless of amperage
draw. Only the FULL TABLE functions require NO REY or the use of a solid state
relay. A standard relay will not switch on and faf$t enough when using frequency based
functions.
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An analog input is defined as a 0-5 volt algnTPS, MAP, and EGO sensors are good examples of
analog output sensors. A speed input is definedfesguency signal. When using a magnetic seasar
speed sensor, its output will be an AC sine walken using a Hall effect sensor, the output wilbl@-5
volt square wave.

One of the most useful functions of the GP’d/is trimming. Using a simple potentiometer
referenced to +5 volts and ground, it is possiblednfigure the inputs to trim the fuel and sparkves
based on the potentiometer knob position. Thesetions are quite easily configured in the WInTEC
software.

H.1l.a. Available General Purpose Input (GPI) Func tions :

Fuel Trim: Trims the fuel curve by a set amount throughuse of a potentiometer. SEmure H.1.1for
wiring diagram.

Ignition Advance Trim: Trims the ignition advance angle by a set amtuaugh the use of a
potentiometer. Seigure H.1.1for wiring diagram.

GPO Trim #1 and#2 : These functions allow the user to add or subtrpdb 50 percent Duty Cycle from
the values established in the GPO table specifygtidtrim number. GPO Trim #1 only effects table
GPO Trim #2 only effects table 2. Sé&gure H.1.1for wiring diagram.

A/C Idle Speed Increase:OnTECqgt installations with an idle air control motor, tlieature allows the
idle speed to be increased when the air conditisreemrned on. Sefigures H.1.2 and 3for
recommended wiring.

Valet Switch: When a speed input is used, the valet switchvalline user to set a speed limit on the
vehicle. The rev limiter will be activated wherettiesired speed is reached. Biggire H.1.5 for wiring
diagram.

Nitrous Retard: Provides a set amount of ignition timing retattaew nitrous is activated. When used
with the Electromotive 4-stage timing retard moditie NOS Retard should be set to 2@@nsult the 4-
Stage Nitrous Retard Instructions for wiring). Whesed with a potentiometer, the timing will bearded
linearly from 0 to 30 degrees when a 0 to +5 vigihal is placed on a GP 1/O input (channels 2-8¢e
Figure H.1.4for wiring diagram.

Speed Input: Only available on GP 1/0O channel 2, the speedtiafjows the input of a frequency-based
signal. Many late-model vehicles use electric dpegeters that use either Hall effect or reluctiggering
mechanisms. These are both compatible witifB€gt speed input. Depending on the location of the
speed input trigger wheel, you must configure thfénsare to calibrate the speed input signal toatteial
vehicle speed. Sdagure H.1.6for typical sensor wiring.

Timed Advance: When voltage (either 12v or 5v) is applied to thesen GP 1/O channel this function
allows the user to add or subtract up to 30 degrveeming for up to 2 secs. in .05 sec. increments
Timing will ramp up (advance) in the time specifigg to 2 seconds in .05 sec. increments) or down
(retard) when the channel is switched on. Switghie channel off will ramp the timing back to tredues
in the Ignition Advance Table, the ramp back wdbpen in the specified time programmed by the user
within the software.
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Datalog Enable:Allows the use of on board data logging functi®ptions are RPM to begin data logging
and Frequency (5, 10, 20 Hz) sampling rate. Witessame as any input that is switched, such agales
Rev Limiter.

Voltage Input: No options, it just gives you a recordable voltégen 0 — 5 volts.
Timed Ignition Cut: option for shifting requires minimum RPM and nmmim MAP value, amount of
time for ignition cut in milliseconds, amount ofr before ignition can be cut again. Finally, theran

option to pull to 12v (activate high) or pull to Qactivate low). Additionally, the line must bdeased
before the channel can be activated again.

H.1.b. Wiring the GPI's

10k Potentiometer
TECgt PinG6 —2round TECgt Pin G8 Fig H.1.1:
Potentiometer wiring for Fuel,
Ignition and GP 1/O Trim Inputs
Output NOTE :
Output should be biased to +5v
TECgt GPI when turned fully clockwise
TECgt A/C Control Wiring
To Stock Wiring
f (+12 Volts) ToTECot GPI Fig. H.1.2:
TR Air conditioner
85 30 N
k hI'o +12 volts : Idle Spe-e-d
J increase wiring.
To Stock Wiring
(Ground) 8 8
Note :
Splice terminals 85 & 86 on the
A/C clutch wires.
To TECgt GP! Fig. H.1.3:
+ > Alternate air
conditioner idle speed
_ increase wiring. Note
that the A/C clutch
To Stock Wiring solenoid polarity
MUST be known for
this method.
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10k Potentiometer
Ground v _ TECgt Pin G8
TECgt Pin G6 )
Fig. H.1.4:
Nitrous
Lompur Nitrous tlmlng
—— Solenoid
30 RELAY g5 T rgt_ard
k % I? to Nitrous wiring.
| Controller
ToTECgt GPI \87 86/ l
Valet OFF  +12v —/ To TECgt GP I/0
Valet Mode ENGAGED +12v To TECgt GPI/O

Fig. H.1.5: Valet mode on/off wiring.

to TECgt

GPI 1
+5 volts

(pin68>’_\ 3-Wire
/\ . Hall

Speed
Trigger
Whee

Figure H.1.6: Typical speed sensor wiring

H.1l.c. GP I/O Wiring Harness Layout

GP O-1 Terminal G10 White w/ Black Strig8awg
GPI -2 Terminal G20 OrangeBMle Stripe, 18awg
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GP 1/0-3 Terminal G14 Dark Blue waBk Stripe, 18awg

GP I/0-4 Terminal G15 Dark Blue whit¢ Stripe, 18awg
GP 1/0-5 Terminal G26 Dark Green w/ Bl&tkipe, 18awg
GP 1/0-6 Terminal G27 Dark Greehwhite Stripe, 18awg
GP I/O-7 Terminal G4 Light Blué Red Stripe, 18 awg
GP I/0O-8 Terminal G9 OrangeBhdck Stripe, 18awg

GP 1/0-9 Terminal G22 Orange edRStripe, 18awg

H.2. General Purpose Output (GPO) functions :

Some of the most versatile functions of TeCgt computer are its GPO’s. These outputs can
control virtually any electronics device that isasiated with engine operation. Take for exampargle
electric radiator fan. Instead of retrofittingnetmo-switch mounted somewhere near the radisaar’s
stream to turn the fan on and off, you can simglg ane channel of tHi€ECgt's GP 1/O function. To
accomplish this task, you would first select Rediator Fan option from the GP 1/O menu. Then, you
would input the temperature at which the fan shoutd on, and the temperature at which it shouid tu
off. The temperature readings are all obtainethftioe Coolant Temperature Sensor (CLT), so they are
much more accurate and reliable than an exterpsainb-switch. The output of the GP 1/O is a pul-to
ground, so you would run the appropriate GP I/Geviar the channel you defined as “Radiator Fard to
standard 4-position automotive relay (pin 85 onrtay). The opposite side of the relay (pin 86uld be
wired to +12 volts, and the relay would be switghihe power (or the ground) to the fan with pinsagd
87.

A few facts that must be remembered when usingaara#i for a GP 1/O function :

» Allthe GP I/O’s, regardless of their function, anal-to-ground outputs when they
are activated. That is, they create a connectiggraund when turned on.

A MAXIMUM of 1 amp may be drawn from each GP |/Qatiit.

e Itis HIGHLY recommended to use a relay on the atgd the GPO channels, regardless of
amperage draw.

H.2.a. Available GPO Functions
Radiator Fan: See previous paragraph for functionality. Begire H.2.1for wiring diagram.

Shift Light: Turns on a shift light (or any other rpm-activchtébject) at a user-definable RPM. See
Figure H.2.2for wiring diagram.

Torque Converter Control: Use this GP I/O to control a lock-up torque catefe You are able to define
the MAP and Speed points at which the torque cderetutch is activated. Since there is a mulgtod
different lock-up transmissions, an electrical sohgc is not included for this feature. Consué #hop
manual for your application to find the wire thagages the torque converter lock-up. Use a GP@ngha
to activate the proper wire. A relay should alwbhgsused for this function.

Duty Cycle Table: This GP 1/0O uses a 16 x 16 table of MAP readisgRPM to allow the input of a duty
cycle at each MAP/RPM point. Numbers are inter@galdetween cells to create a smooth curve. The
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possibilities of this GP I/O are extensive. Tyfliat is used to control an rpm/load-dependenésoid
such as a turbo waste gate. You can select tatme1

A/C Control: This feature turns the air conditioner clutchwffen the engine is above specific RPM and
MAP values. Se€igure H.2.3for wiring diagram.

Auxiliary Fuel Pump: This GP I/O turns on an auxiliary fuel pump atesired RPM and MAP value.
SeeFigure H.2.4 for wiring diagram.

Thelntake Runner andNitrous Controls function in the same manner as fkexiliary Fuel Pump

Control. That is, they activate as a function of RPM anéiRWalue. Note that the Nitrous Control should
not be used to turn on the nitrous directly. ladtet should be thought of as a nitrous enables T
essentially replaces the wide-open-throttle switdlseFigure H.2.4 for similar wiring.

Custom (and) / Custom (or):Custom (and) uses both ranges RPM and MAP valitegsquires RPM
below which GPO comes on and MAP minimum turn die&ya Custom (or) functions only inside either
RPM or MAP values set OR both.

H.2.b. Wiring the GPO's:

This section covers the wiring that is necessanyse the various GP I/O controls. With one
exception (A/C turn-off), the relays depicted ie sthematics are all simple automotive 4-positeays.
The air conditioner turn-off request needs a S4wsrelay. 4-position and 5-position relays aeagrally
rated at 30 or 40 amps, which should be more thHaguate for most applications. High quality relagd
relay sockets are available from Electromotive unpdet numbers 340-91200 and 340-91201, respegtivel
Part number 340-91200 is a 5-position relay, saiit be used for all applications depicted below.

TECgt Electric Radiator Fan Wiring

ToTECgt GPO )
+12v (low amp)
_ Battery +12v full time
/ (high-amp)
+ L -
30 RELAY g5
( ‘ N
FUSE BLOCK | %

' \87 86/

Note : Terminals 86 & 30 on the relay
may be connected together.

—

Figure H.2.1: Electric radiator fan wiring.
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To +12 Volts
(low amp)

7/
g E): Light Bulb
N Figure H.2.2: Shift light wiring.

To GP I/0O TECgt

TECgt A/C Control Wiring

Back to
Stock wiring

To TECgt GPO

2 |k % JCQV (low amp)

Do NOT Modify
(stock wiring) \87A 86/
Splice
2 E 3
87A 30
To A/C Clutch Back to Stock

Location

Figure H.2.3: Air conditioner control wiring. Note that the relay simply splices into either of the
two wires on the A/C clutch with terminals 30 and 87a. When activated, the A/C control will break
the (normally-closed) connection between 30 and 87a by grounding pin 85.
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TECgt Auxiliary Fuel Pump

relay wiring
To TECgt ECU Terminal G17
(Light Green 18awg)
Auxiliary
Fuel Pump
Battery +12v full time
1 (high-amp)
T REIAY  oo)
30 RELAY g5

L k +12v (low amp)
FUSE BLOCK |
7

\8 86)

Note : Terminals 86 & 30 on the relay
may be connected together.

Figure H.2.4: Auxiliary fuel pump wiring.

|. Diagnostics

The TECgt has two provisions for diagnostics: an output area “check engine” light and an
LED on the ECU. The two outputs perform differeagks that are outlined below.

I.1. Trouble Codes from the LED’s Mounted onthe T  ECgt

The LED’s mounted on thEECgt are used to alert the user’s attention to eledtand crank
trigger problems. They are also used to show théenfin terms of the rpm range) in which #eCgt is
operating. Here are the readings from the LED’s :

. Turn ignition key on (but do not start engine):
Upper LED goes steady green :
Good, the processors are getting power.
Upper LED does not turn on at all :
Either theTECgt is not receiving +12V power from pin (A), or th€8 has an issue.

. Engine cranking (below 400 rpm):
Lower LED changes color from red to green evergptikvolution:
Good, the crank sensor is working correctly
Lower LED does not change colors:
The crank sensor is not functioning properly (siga@ot being picked up).
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. Engine running (over 400 rpm):
Lower LED is steady green:
Good, the crank trigger is functioning properly.
Lower LED flashes red every so often:
The TECqgt is getting a bad signal from the crank triggehe Engine
most likely misfires whenever the light flashes.red

. Engine is Hitting Rev Limiter:
Lower LED changes color turns orange:
The first or second stage of the rev limitendsurring.
Lower LED turns red:
The third (and final) rev limiter stage is occugin

Note:

If a misfire occurs during normal engine operatiout, the lower LED on th€ECgt was not observed to
momentarily flash red, the crank sensor may bauwt.f To test for errors in this situation, tuhe tengine
off without removing power from thEECgt ECU (this can be accomplished by unplugging tle fu
injector harness, or by hitting the letter “K” fraitme engine monitor screen when using a laptdighel
lower LED is flashing red after the engine is sbifit there was a crank sensor problem at some point
during the run.

|.2. Trouble Codes from the Check Engine Output
The trouble codes from the check engine outputedeged to the engine sensors. If the check

engine output wire is connected to a light bullilt display a sequence of flashes depending en th
problem. The diagnostic codes are arranged suthhiése are two digits for each code. The chediren
light will give long duration flashes for the firdigit of the code and short duration flashes ler $econd
digit. SeeFigure H.2.1for a graphical representation of the flash seqgeerHere are the diagnostic
codes(asterisked items are not available withitsedoftware release):

e 12: Crank Trigger Error

e 13:  Cam Trigger Error

o 14 ECU Internal Failure*

e 21: Throttle Position Sensor High

e 22: Throttle Position Sensor Low

e 23 Manifold Air Pressure Sensor High

o 24 Manifold Air Pressure Sensor Low

o 25: Coolant Temperature Sensor High

e 26: Coolant Temperature Sensor Low

o« 31 Manifold Air Temperature Sensor High

o 32 Manifold Air Temperature Sensor Low

« 33 High Battery Voltage

o« 34 Low Battery Voltage

« 35 Knock too Long

e 37: Exhaust Gas Oxygen Sensor Lean too Long

« 38: Exhaust Gas Oxygen Sensor Rich too Long*

e 41: GP /O 6 Input High*

o 42: GP I/O 6 Input Low*

e 43: GP I/O 7 Input High*

e 44: GPI/O 7 Input Low*
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* 45 GP I/O 8 Input High*

e 46: GP /O 8 Input Low*

e 47:  GP /O 9 Input High*

e 48: GP /O 9 Input Low*

« 5I: GPO 1 Failure

e 52: GP /O 3 Failure

* 53: GPI/O 4 Failure

e 54: GP /O 5 Failure

 61: Idle Speed Motor Driver Thermal Shutdown
e 62: Idle Speed Motor Driver Short to Battery or @p®ad
* 63 Idle Speed Motor Driver Short to Ground

Trouble Code Descriptions

Code 12 — Crank Trigger Error: This code will register when the ECU has deteet@pdoblem with the
crank trigger signal. If any of the failure scanarthave been detected in the section above ocram
sensor LED diagnostic, this code will be displayed

Code 13 — Cam Trigger Error: The ECU is not getting an appropriate signal ftbemcam sensor. A
broken cam trigger wheel or a bad cam sensor amaude this error. This code will only be displagad
sequential applications.

Code 14 — ECU Internal Failure: This code is displayed when there has been dasla failure inside
the ECU. Call Technical support for further infation.

Codes 21 & 22 — TPS High/Low:See above description.

Codes 23 & 24 — Manifold Air Pressure High/Low: These codes are set when the MAP sensor has gone
outside its specified range. This can be usefuafooosted application to trigger a check engigeas

when an over-boost situation has occurred. Altetypait can be used to detect a short in the wil&hen

this code is displayed, tiHeECgt will be using the MAP Failure Default value for NPAcalculations. As

such, there will be no load input to thECgt's ECU, and the computer will enter into a “limp-hdme

mode.

Codes 25 & 26 — Coolant Temperature Sensor High/LawOnce again, these codes are set when the
coolant temperature reading is outside its spetimge. Use this light to warn of coolant tempees
that are too high. When this code is displayed T#Cgt will be using the CLT Failure Default value for
coolant-based calculations. As such, there wilhbengine temperature input to fieCgt's ECU.

Codes 31 & 32 — Manifold Air Temperature Sensor Hig/Low: Works identically to codes 25 & 26,
except for the MAT sensor.

Code 33 — Battery Voltage too High: The battery voltage has exceeded 17 Volts. Gédmsbe caused by
a bad voltage regulator on the alternator.

Code 34 — Battery Voltage too Low:The battery voltage has gone below 7.5 VoltsedBlihe state of
charge on the battery. Also check all power cohoss.
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Code 35 — Knock too Long: The ECU has recorded a level of engine spark kffoom the knock sensor)
for a duration that exceeds what was establishéteiisoftware. This code is indicative of eitheopfuel
quality, or extreme engine temperatures leadirgptok knock. Some tuning will be required for the
knock sensor trouble codes, since all engines maises that will trigger the knock sensor, but viahace
not caused by spark knock.

Code 37 — EGO Lean too Long:This code is set when the oxygen sensor readitggan for a prolonged
period of time. Make sure the sensor has not aempiigged.

Code 38 — EGO Rich too Long:This code is set when the oxygen sensor readirigh for a prolonged
period of time. Make sure the sensor is not skddet12 Volts.

Codes 41&42, 43&44, 45846, 47&48ll function like Codes 23&24, except they aretftg Analog to
Digital Inputs.

Codes 51-54 — GP I/0O 1-9 Failure:These codes are set when the GP 1/O input/outavs been shorted
to voltage or have been over-drawn (too much ctixréviake sure that the total circuit draw for GO’
1-9 is less than 10 amps (1 amp per channel).

Code 55 — Fuel Pump Output Failure: The fuel pump output has seen an over-currematsin, or is
shorted to power.

Code 56 — Check Engine Output Failure: The check engine output has seen an over-cisiteiation, or
is shorted to power. The code can only be seénaMiaiptop, since the check engine light is likeiyault.

Code 58 — Tachometer Output Failure: The tachometer output has seen an over-curiteiatisin, or is
shorted to power or ground.

Code 61 — Idle Speed Control Thermal ShutdownThe driver for the idle speed motor has been
overheated. The can be caused by incorrect IA@mnvating, or from a broken motor.

Code 62 — Idle Speed Control Short to Battery or Opn Load: This code is set when the IAC driver has
been shorted to voltage, or the motor has beeruggptl.

Code 63 — Idle Speed Control Short to Ground:The IAC driver has been shorted to ground.

|.2.a. Using the Trouble Codes

The trouble codes are displayed for a sensor wieemeximum or minimum value for a sensor has
been exceeded. Since the maximum and minimumganmtuser-definable in the WinTec software, a
failure code does not necessarily indicate a fagkasor (i.e. the failure parameters may be setriactly).

As an example, let’s look at the Throttle Posit®ensor Parameters. Before the parameters can be
entered into the software, it is necessary to ktft@nvTPS voltage at both fully closed and wide open
throttle. This can be observed in the monitorecriey opening and closing the throttle (withoutéhgine
running). If the closed throttle voltage was 1ak\and the wide open throttle voltage was 4.6s/dhe
TPS parameters should be set as follows:

TPS Fully Closed Throttle Voltage: 1.1 Volts
TPS Wide Open Throttle Voltage: 4.5 Volts
TPS High Voltage Failure (0-5V): 4.8 Volts
TPS Low Voltage Failure (0-5V): 0.8 Volts
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TPS Failure Default Value (0-5V): 1.5 Volts

As can be seen, thrilly Closed Throttle Voltage setting is actually a bit above the actual closed
throttle voltage (1.1V > 1.0V). This is done besathe Idle Speed Control will only start workingem
the TPS reading is below tirelly Closed Throttle Voltage setting. Thd.ow Voltage Failure setting is
made a few tenths of a volt lower than the actlesed throttle voltage (1.0V > 0.8V). This is ddne
display_code 22or throttle position sensors that have eitheated in their mount or have failed
completely by outputting a lower-than-expectedagét Likewise, theéligh Voltage Failure setting is
made a few tenths of a volt higher than the obskwide open throttle voltage. This will allow coB&to
be displayed in the event of a high voltage failuf@eFailure Default Value is the voltage that the
TECgt will use for its TPS-based calculations when tR&TBensor has failed. Since this is a fixed value,
there will be no TPS-based acceleration enrichmehen the TPS has failed. However, the Failure
Default Value is useful for applications using #eS-MAP Blend feature because it defines a fixed
amount of TPS to blend with the MAP sensor duriid® failure.

1.2.b. Wiring the Check Engine Light

The check engine light output gives a pull-totgrd for a light bulb. Terminal #2 on tR&Cqgt’s
gray connector is the pink wire for the check eedight. The circuit should not be allowed to flovore
than 0.25 Amps, which dictates that a light bull3 &atts or less should be used. Begire 1.2.1 for
wiring instructions.

TECgt ECU Terminal G18
g ermina Pink 18awg

+12v

j@ / Small Automotive
~— Light Bulb
J N\

Figure 1.2.1: Wiring diagram for the check engine output.

J. Data logging with the TECqgt

There is a huge amount of data moving betweeerlee sensors and ECU when using the
TECqgt system. The data logging feature of the systéomvalusers to view all of this data in graphical
format, thereby simplifying tuning and troubleshngtby a huge amount. Data logging is availablaio
modes On-Board Data logging (OBD) an®C-BasedData logging (PCD). As their name imply, OBD
stores sensor information inside tHECgt's ECU, while PCD stores sensor information on thel laive
of a laptop.
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J.1. PC-Based Data logging

PCD requires the use of a laptop computer to tesensor data. The volume of recorded data is
only limited by hard drive space. Since the datecorded in a simple text file, only a small amtoaf
disk space is needed for a lot of data logging.

To engage the PCD function, simply click on theé@e Data log File” button in the WinTec
software. The speed at which the data loggingrsccan be defined, as can the length of the data
recording. To view the data, click the “View Daog File” button in the software. The data can be
displayed on either a single graph with all thesses, or individual graphs for each sensor.

J.2. On-Board Data logging

OBD does not require that a laptopi@sent to record data. Instead, the OBD func8anigaged
by a switch to voltage on a GP I/O channel. Ushrgg@ata Log Status Light line (pin G16), an OBDusta
light can be wired to tell the user what mode dhdagging is occurring. Consuwgures H.1.7andH.2.2
to wire the GP I/O and Data Log Status Light tofigure the data logging. When wired appropriatéhg
status light will display the following codedLight is Off : No OBD is occurring. Light is Flashing :

The OBD function is active, and data is being rdedr Light is On : The OBD memory is full.

When the OBD memory is full, turn the GP IMatsh off. View the data log file with the Wintec
software by selecting the GP 1/0O channel and doclit& on “Retreive Data Log from Unit”. If you do
not wish to view a particular OBD file, simply tutine GP I/O switch back on, and the previous fii e
erased. This is an important fact : whenever tRd/G switch is turned off, the data will remaintire
Tec’s memory, even if the engine is shut off. WHenswitch is turned back on, the previous dath wi
ALWAYS be erased.

There is the option to engage the OBD functiory aflove a specified RPM point. When this is
chosen, the OBD will be engaged when that RPMastred, and will remain on until the switch is tutne
off, or the memory is full.

Typically, the RPM activation point is used foadrrace applications in the following scenario : In
the software, set the RPM point to be about 200 RBbVe the staging RPM. Do the burnout and stage
the car. Turn on the OBD feature. Make the rushtainn the OBD off after crossing the finish line.
Download the data to the laptop when you are réadjew it. The memory will be erased the nextdim
the OBD switch is turned on.

The OBD has a much higher sampling rate then @i@.PThe sampling rate can be defined in the
software. Faster sampling rates allow less timaetwiewed in a data log file. Conversely, slower
sampling rates allow more time to be viewed in @ diag file.

OBD total data logging time is limited by the memepace available in the Tec. When the data
logging is operating at the highest frequency @@ @es-per-second), about 109 seconds of dataecan b
stored in the memory.

K. Rev Limiters

Several different rev limiters are built into thECgt system. These rev limiters can be engaged in
a few different manners, and can be used for &tyeof functions.
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K.1. Valet Mode Rev Limiter

The Valet Mode rev Limiter is engaged when theeV&witch is turned on. S&ection G.7.5for
details on wiring the valet switch. The Valet Mddev Limiter is activated by either RPM or Vehicle
Speed. When the RPM or speed threshold is crodse®alet Mode Rev Limiter will be engaged.

Unlike the Primary and Secondary rev Limiters, adet Mode Rev Limiter only provides a fuel
cut The timing retard features will not be activated

The Valet Mode Rev Limiter can also be used asgirgg rev limiter in drag racing applications.

K.2. Secondary Rev Limiter :

The Secondary Rev Limiter is activated whHenNMAT line (White 20awg, Pin G21) is connected to
ground. When activated, it will engage the sampe tyf rev limiter as the Primary Rev Limiter (sahé
Three-Stage Rev Limiter is chosen for the Primaey Rimiter, the Secondary Rev Limiter will also &e
Three-Stage).

The Secondary Rev Limiter is most often usedrag racing applications as a staging rev limit
relay can be connected to the Trans-Brake on amtic car, and when the brake is released, thg rel
will break the connection between the MAT line gndund.

The MAT reading will obviously drop to zerolts, which corresponds to a temperature of 1506
recommended that the Low Voltage Failure for theTV#e set slightly higher than zero volts to couater
this effect. This will cause the MAT reading to tgpathe Failure Default Value.

The easiest way to wire the Secondary Revtems to use a standard 4-position relay. Usihey
relay, Pins 30 and 87 will short to each other wBémgoes to +12 volts :

Relay Pin 30 :MAT Sensor Signal (White 20aw@ECgt Pin 21) from the connector AND from the
TECqt.

Relay Pin 87 :Sensor Ground (Black/White 18awigzCgt Pin G6) from the MAT Connector AND
from theTECqgt.

Relay Pin 85 :Vehicle Ground

Relay Pin 86 :Switch to +12 Volts to activate Secondary Rev témi

K.3. Primary Rev Limiter :

The Electromotive rev limiter is very flexible. Fgnition control, the timing can be dropped tdé€hrees
on rev limit, or our 3-stage coil cut can be us€del control can also be controlled with eitherfue cut,
a full fuel cut or the new progressive fuel cuheToptions are described below.

L. Timing Control

L.1. Zero degree advance

This is the simplest rev limiter. When the rev lifsireached, timing is simply dropped to zero degr
This item is unlikely to do the job by itself inyabut the lowest power applications.

L.2. 3-stage coil cut
The 3-stage coil cut uses three steps to limit RPW&en the rev limit is reached, timing will drop12
degrees ATDC. This step by itself will cause angigant drop in power. However many high powered,
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boosted engines will continue to climb quite rapidAfter a specified number of RPM, the coil cuntres
cut in half. This will cause the engine to misfaed further reduce the RPM increase. If the engin
continues to climb, after the second specified nremalh RPM, the ignition is cut completely. Thivre
limiter alone will prevent over revving, but in tkase of high powered drag engines coupled to an
automatic transmission or supercharged applicatibimscan be quite violent. This is best useaalin
naturally aspirated and turbo charged engines avittanual transmission.

L.3. FUEL CONTROL

L.3.a. No Fuel Cut
This setting will never cut fuel. This option willpically only be used with the 3-stage rev limit.

L.3.b. Fuel Cut
This setting will cut fuel completely on rev limiThis setting will typically only be used with tkzero
degree advance timing option.

L.3.c. Progressive Fuel Cut

This option is the most powerful of all rev limgtings. Upon over revving, one injector event @will

be skipped. If the revs continue to rise, after®@PM delay and the time specified by the Update Ra
another injector event in 16 is skipped. This pescwill continue until all cylinders are cut oetlevs

drop below the RPM delay value. When the RPMsahmye the rev limit and below the delay RPM, the
number of cylinder events skipped will stay the sartf the revs drop below the rev limit and remain
above the hysteresis value, the number of injemtents will be increased. This will help to mainta
smooth consistent RPM when holding against thdimater.

M. Troubleshooting

Troubleshooting an engine management system iglfctufairly straightforward process. When
viewed in simple terms, an engine that is in go@timanical condition, but will not run properly, camly
need one of these three things:

M.1. Air, Fuel, and Spark

As a result, troubleshooting an engine problemladivided into these three parameters. With fapto
software that allows the tuning of the engine ab agethe diagnosis of potential engine sensor lprob,
troubleshooting an electronically controlled engmé&irly simple.

M.2. Starting Problems

M.2.a. Air-Related Starting Problems
* A small amount of air must enter the engine craglkmorder for the engine to start.
0 Open the throttle a small amount during crankifdghe engine starts, manipulate the IAC
motor settings as outlined 8ection B.8.for proper start-up parameters.
o If the engine does not start with a small amourthofttle opening, look to either fuel or
spark-related problems.
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M.2.b. Fuel-Related Starting Problems
Note: When diagnosing a fuel system problem, a fuelqunesgauge will be needed.

* With the ignition key switched on, the fuel pummsltd run for a few seconds. The fuel pressure
should then increase to the rating of the fuelquresregulator (typically 43psi).
o If the pressure does not rise to this pressuree tisesither air in the line, or the fuel pump or
regulator is malfunctioning.
= Air can be relieved from the fuel line by runnirgetfuel pump for a minute or two.
o If the pressure stays at 43psi but the enginenwilistart, look to the fuel injectors. With a
stethoscope (or a screwdriver placed against thelsten to the fuel injectors while
cranking the engine. A loud clicking sound shdoédheard. If none of the injectors are
clicking, there is a wiring problem.
» Check for +12volts on one injector terminal witle tignition turned on. If +12volts
IS present on one terminal, check the continuityben the other terminal and the
injector channels of th€EECgt. If an oscilloscope is available, look for a A1@lt
square wave at the injector connector
= |If the electrical test shows no problem, but thedators are still not clicking, look to
the injectors themselves. A stuck injector wilt obick. An injector that is stuck
closed will not flow fuel, and an injector stuckespwill flood a cylinder in short
order.
* If the fuel system passes the above test procelbwieto the engine tuning calibration file.
o Too much of a starting enrichment will flood theggre. A flooded engine will have spark
plugs that are wet with fuel.
o Too little starting enrichment will keep an engfnem starting and running properly.
0 A coolant temperature enrichment that is too lowoorhigh will cause an engine to have
cold starting problems.

M.2.c. Spark-Related Starting Problems
* The crank sensor is the first thing to check wherergine will not start.

0 Crank the engine. The LED on theCgt ECU should flash red-green-red-green in a fairly
steady fashion (se®ection A.4. If the light is not functioning in this mannéuring
cranking, and there is no RPM reading when viewed taptop, there is likely a trigger
problem.

» Check the crank sensor alignment and air gap \Wwéhrigger wheel.
» Check the crank sensor resistance (should be bet®@®and 700 ohms across the
red and black wires).

o Ifthe LED is functioning normally, check for spaakthe coils. Remove the two spark plug
wires from the coils, and watch for a spark betwiencoil towers during cranking. BE
EXTREMELY CAREFUL NOT TO TOUCH THE SPARK! It wilfeally be painful, and
can be deadly to people with pacemakers!

= If there is no spark, check the wiring to the DFRtdl 40 theTECgt. Pin D on the
DFU should have +12volts with the ignition key on.

= |If the wiring is good, and the coils are still riiing, look to the software. Make
sure the appropriate calibration file is loaded.

» |f there is spark across the coil towers, but tingiree will not run, check the plugs
and plug wires. Also be sure that the coils aradithe appropriate cylinders (see
Section C.3)! An engine will not run (or will run very roughfthe plug wires are
not going to the appropriate cylinders.

TECgt Manual Version 2.1 - Page 112 - ©2008 Elerhotive, Inc.



* If the engine backfires through the throttle, chéek “mechanical timing” has not been added or
subtracted with an improper trigger wheel instaiat

N.1. Idling Problems

Sections B.3B.6 and B.8should be consulted to determine problems witimgahat are tuning-related
before any troubleshooting is undertaken.

N.l.a. Air-Related Idling Problems
* If using an IAC motor, and the engine is surginglig, turn the IAC control OFF.
o If the engine idles nicely, it is likely an IAC tung problem.
o If the engine still surges, it is likely an air-fumixture problem.

* If using an IAC motor and the engine runs rougiula it is likely an air-fuel mixture problem.

» If the IAC motor does not seem to be functioninglgtcheck the TPS closed throttle voltage. This
value must be ABOVE the actual TPS reading at ddseottle in order for the IAC motor to be
engaged.

* If the engine idles too high, either the IAC matnot functioning, the RPM value set in the
calibration file is too high, or the throttle plageopened too far.

* To check for proper IAC functioning, the pintle sitabretract fully when the ignition key is first
turned on, if using a 4-wire IAC motor. The mostiould then move out by the specified amount in
the IAC motor settings.

N.1.b. Fuel-Related Idling Problems

» Check for stuck injectors and fuel pressure proBlérthe idling characteristics cannot be improved
through tuning (se8ection M.1.bon Fuel Related Starting Problems to see if tkeéifyectors are
functioning properly).

* If the engine is blowing black smoke out the exhausing idling, the mixture is too rich.
Decrease the 10T, or decrease the VE Table valuée @problem area.

» If the engine misfires at idle, the mixture is pably too lean. Increase the IOT, or increase the V
Table values at the problem area.

N.l.c. Spark-Related Idling Problems
» Check for wiring problems before attempting to ectran idling problem. If the plug wires are run
correctly, and the DFUs are powered correctly, ktikee ignition advance table.
» Engines typically need at least’kff timing to idle smoothly. Check the Timing Adwa Table at
the idle MAP/RPM points.
* Check the trigger wheel installation to make stie¢ tmechanical” timing has not been
(unknowingly) added or subtracted.

O.1. Low-, Medium-, and High-Load Problems

O.l.a. Air-Related Load Problems

To function properly, the only air-related loadplems arise from improperly sized throttles.
Make sure that a throttle can flow enough air foeagine. Stock throttles on heavily modified eegi
will typically cause upper-rpm performance problems
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O.1.b. Fuel-Related Load Problems
* Fuel problems when an engine is under load carecangine damage quickly. The first check for
the fuel system is to look at the fuel pressure.

o If the fuel pressure is dropping with load, thesaiproblem. Either the fuel pump cannot
keep up with the engine’s fuel needs, or the fuesgure regulator is not functioning
properly. Fuel pressure should increase by 1psi @rery 1psi of boost on turbo- or
supercharged engines (unless a rising rate regusgaitostalled).

o If the fuel pressure is good, the injectors maybéersized. Go througbection E.1to
determine if injector sizing is a problem.

o If the injectors are sized appropriately and thed firessure is adequate, it is likely a tuning
issue. ConsulBection B

* Undesired EGO sensor corrections can contributeeigoroblems under load. Cons8kction
B.12for EGO tuning recommendations.

O.1l.c. Spark-Related Load Problems
* Problems related to spark when under load cardoedrto three factors: Tuning, Secondary
Ignition Failure, and Improper Wiring. Make suhetDFU’s are wired correctly before proceeding.

0 Tuning issues sometimes seem like spark-relatdalgres. An engine that is detonating has
too much timing in the Ignition Advance Table, smiot receiving enough fuel. An engine
that is not performing well may have too little img, or too much timing.

= Try adding timing until detonation is detected,ithmack off a bit._Rotary engines do
not make a loud pinging sound, @ not attempt to run a rotary into detonation.

0 Secondary Ignition failure is often blamed for i problems under load. The secondary
ignition includes the spark plugs and spark plugesiiSections C.9andC.10cover the
selection of spark plugs and wires.

= Make sure the coil screws are very tight! Als@ DFU’s must be grounded for
proper operation.

= If misfiring occurs under load, loose coil screwsiagrounded DFUs are often the
culprit.

P.1. Summary of Troubleshooting Topics

* Make sure there is adequate fuel pressure atradkti

» Make sure the crank trigger is installed properly.

* Make sure the wiring is correct.

* Make sure the DFUs are GROUNDED and that the codvgs are TIGHT.
* Make sure that the engine sensors are readingctigtre

» Make sure that the fuel injectors are firing, anel ot clogged.

* Check the fuses and relays if a power loss occurs.

Appendix I. Electromotive TECgt ECU Specifications

OUTPUTS

Fuel Injector Drivers
0 6x4.4/1.1-2.2/.5 amp peak-and-hold injector drivers
0 Upto 12 low or high impedance injectors can be driven
0 Low impedance injectors: 2 per driver (1 - 2.6Q per driver)
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o0 High impedance injectors: 1 or 2 per driver (greater than 6Q per driver)
0 TBlinjectors: 2 per driver (1 - 1.6Q per driver)
Coil Outputs
0 4 x 9amp direct-fire coil drivers
o0 Feedback charging loop for ideal cylinder-to-cylinder consistency
0 No “ignition modules” or “CD” boxes needed

Idle Air Control (IAC) Motor
o0 Provides control of 4-wire stepper motor IAC’s
o0 2-wire IAC motor control
0 Adjustable idle speed increase for cold starts
0 Adjusts idle speed in response to engine load (i.e. A/C activation)
General Purpose Inputs or Outputs (GP 1/ Q’s)
0 9 channel low-amp pull-to-ground 1/O’s
0 Channels have pulse-width capability (up to 2 at a time)
o Channels 1-9: on/off activation for fan relays, torque converters, waste gates, etc.
0 1 amp max per GP I/O channel
Fuel Pump Control
0 Low current pull-to-ground output for activation of fuel pump relay
o Configurable for fuel system priming
Tachometer Output
o Drives modern 0-12 volt tachometers
o Amplifier available for high voltage triggered tachometers
Check Engine Light Output
0 Pull-to-ground output for instrument panel light (1 amp max current draw)
ECU Diagnostic LED
0 Warns of crank trigger problems
0 Multi-code diagnostics

INPUTS

General Purpose Inputs or Outputs (GP | /QO’s)
0 9 channels low-amp pull-to-ground 1/O’s
o0 Channel 2 may be used for speed inputs (magnetic, optical, and hall effect sensors
are supported)
0 Provides fuel and ignition trims, valet switch, NOS retard, and more
Engine Sensor Inputs
o Crank Sensor
e 2-wire magnetic sensor (compatible w/ some OEM’s)
* Uses Electromotive-spec 60(-2) tooth crank trigger
« Ultra-high resolution engine position input
o Cam Sensor
* Necessary for full-sequential applications
e Once-per-cam-revolution pulse
o Manifold Air Pressure (MAP) Sensor

 1Bar 0-104kPa absolute
30"Hg — 0"Hg (naturally aspirated)

e 2Bar 0-206kPa absolute  (up to 1 Bar Boost)
30"Hg — 15psi (up to 15 psi Boost)

« 3Bar 0-313kPa absolute  (up to 2 Bar Boost)
30"Hg — 30psi (up to 30psi Boost)

0 Throttle Position Sensor (TPS)
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« Uses throttle shaft-mounted rotary potentiometer

e Compatible with most OEM 3-wire setups
o0 Coolant Temperature Sensor (CLT)

* Uses NTC thermister coolant sensor (2-wire)
o0 Manifold Air Temperature Sensor (MAT)

e Uses NTC thermister manifold temperature sensor (2-wire)
0 Knock Sensor (KNK)

« Provides ability to detect pre-ignition

« Compatible with piezo-style knock sensors (1-wire)
0 Oxygen Sensor (EGO)

e Compatible with 1-, 3-, and 4-wire oxygen sensors

* Wide Band converter modules (0-5v output)

Angle Based Timing Control
0 Ultra-high resolution triggering
o Engine position known to within 1/8°
Feedback Charging Control
0 Monitors each coil firing event
o Caoil current monitoring
» Consistent dwell adjustment
* Full coil charging without overcharging

Tuning Features

Ignition Timing Map

0 16 x 16 user definable tables of RPM vs. MAP for ignition advance angle

65535-point interpolation between data points
1° adjustment increments
+/-1/4° spark timing accuracy, worst case

O OO

Fuel Map
Two numbers define slope of fuel curve
16 x 16 tables of RPM vs. MAP for volumetric efficiency corrections
65535-point interpolation between data points
0 1% adjustment increments (up to 0.001millisecond resolution)
Load Sensing — Three Options
0 MAP sensor based
0 TPS & MAP based (using ‘TPS/MAP Blend’ feature)
0 TPS Based (using 100% TPS/MAP Blend)
Rev Limiters
0 Progressive “soft” rev limiter (3 stages)
o Fuelinjector cutoff
0 1000-20000rpm capability for primary rev limiter
0 1500-12000rpm capability for auxiliary rev limiter
On-Fly Tuning
0 Glitch-free, real-time tuning while engine is running
o0 Full control of all fuel, ignition, and input/output parameters
Compensation Features
o Fuel
e Individual cylinder fuel trims
* Oxygen sensor closed loop corrections
« Starting (cranking) enrichments
» Cold start / cold weather enrichments
» Accelerator pump enrichments
» Deceleration fuel cutoff

O oo
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« Battery voltage correction for injector pulsewidths
o Ignition
» Coolant temperature-based advance adjustments
« Manifold air temperature-based advance adjustments
* Smooth idle advance control (integrated w/ IAC settings)
« Paired-cylinder timing trims (each coil has timing trim)
» Individual-cylinder timing trims for full-sequential setups
« Ignition timing offsets for odd-fire applications
* RPM-based timing split for rotary application

Supported Engine Management Configurations

20,000rpm capability for all engines

4-Stroke
o 1-, 2-, 3, 4-, 6-, 8-cylinder even-fire engines.
0 2-, 4- cylinder odd-fire engines.
0 2-, 4- cylinder dual-plug engines.
o Full sequential fuel injection on all even-fire applications (except 8 cyl.)
o0 Phase-sequential and TBI injection on all applications
0 Staged injection available for most setups
0 Waste-spark ignition control for all applications
2-Stroke
o 1-, 2-, 3-, 4- cylinder engines.
o0 Full sequential fuel injection or TBI
0 Staged injection available for all setups
o0 Caoil-per-plug for all applications
Rotary

o

1-, 2- rotor engines.
Full sequential fuel injection w/ staged injection or TBI
0 Coil-per-plug for all applications

o

Data logging Features

Laptop Data logging
0 Records to hard drive on laptop
o Sampling rate is approximately 50 samples-per-second
0 Total data logging time is limited only by hard drive space

Physical Dimensions

Length: 6.14" plus 0.65” for connector
Width: 4.6”

Height: 1.65"

Weight: 1.55 lbs

Bolt Hole Pattern: 43"'x4.3"
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Environmental Considerations
One Sealed 35-Pin AMP Connector for Inputs & Output s
Sealed High-Amperage Delphi Main Power Connector

Sealed Printed Circuit Board

PC Requirements
Computer
IBM-Compatible PC
Pentium-1 233 or better
1024 x 768 monitor resolution (256 colors)
64 Mb of ram
10 MB of free hard drive space

O O0OO0O0Oo

Data Drives
0 CD-ROM for software installation
Communications
0 RS-232 9- or 25-pin D connector
0 COM 1-99 (software selectable)

Appendix Il. Electromotive Trigger Wheel Availabil ity

Universal 60(-2) Tooth_CrankTrigger Wheels —All Have 1” Center Hole (unless noted)

8.25" Outer Diameter PN 230-72682
7.25" Outer Diameter PN 230-72672
6” Outer Diameter PN 230-72660
5” Outer Diameter PN 230-72650
3.5” Outer Diameter PN 230-72635
2.57 0D, 1.5” Center Hole PN 230-72625
2.375” OD, 0.25” center Hole PN 230-72624
Universal 120(-4) Tooth Wheels CanTrigger Wheels
2.75" Outer Diameter PN 230-72128
3.25" Outer Diameter PN 230-72133

Custom Bolt-On Trigger Wheel Kits — All custom kits include everything necessarynstall a trigger
setup. Kits with a 220- Part Number reuse thekssenisor and mount in the stock location. Kithvio5-
designations use the 3/8” sensors, while 200-Udtsthe %2” sensors.

Chevrolet Small Block — 8” Damper PN 200-72808
Chevrolet Small Block — All Other Dampers PN ZODr07
Chevrolet LT1 PN 205-72828
Chevrolet Big Block — all Dampers PN 200-72820
Ford Small Block — 351W Based Engines PN 200-9281
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Ford 4.6L & 5.4L SOHC and DOHC PN 220-72500

Toyota Supra 3.0L 2JZ-GE & GTE (1993-1998) PN 22Gd1
(includes current Lexus 1S300)

Eclipse/Talon 2.0L (1 Generation only) PN 200-73002

Honda ‘B’ Series DOHC VTEC (No P/S or A/C) PN 20410

Dodge Neon (1 generation SOHC & DOHC) PN 200-73001

VW Type 1 PN 200-72401
Jeep 4.2 Liter PN 205-72780
2" Generation MR2 Turbo & NA Coming Soon

Please note that most common engines have trigigemide by our various dealers. Porsche, Mazda,
Toyota, Acura/Honda and Subaru applications areently covered extensively.
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Appendix Ill. Secondary Coil Polarity for Redundan t Ignition Applications

i1

Ground Screw
"/ Location

-+ Polarity — —  Polarity -+

—|— Polarity — —|— Polarity — — Polarity —|— Ground Screw
Location

Figure X: DFU Secondary Voltage Polarity — for Redundant Ignition Applications.
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Appendix IV. TECgt Custom Harness Specificatio

Desired Cut
. I Length from
Wire D t
ire Description ECU (+/- 2")
DFU "A"
DFU "B" (4 & 6 Cyl.do NOT use
DFU n II)

Idle Air Control Motor

Throttle Position Sensor

Manifold Air Pressure
CircleOne: 1 Bar 2/3 Bar

Manifold Air Temp.

Coolant Temp.

Oxygen Sensor

Knock Sensor

Crank Sensor

Cam Sensor

Cylinder 1 Injector

Cylinder 2 Injector

Cylinder 3 Injector

Cylinder 4 Injector

Cylinder 5 Injector

Cylinder 6 Injector

Cylinder 7 Injector

Cylinder 8 Injector

Note: All unspecified wire lengths are 6 ft from ECU

n Sheet
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Appendix V. TECgt

Custom Harness Spec. Sheet c

ontinued :

O
O
O
O

In-line 4 cyl.

O O
O O

Flat 4 cyl.

Specify Harness Entry Point

00
00
00
O

OO
OO
OO

Flat &V
6 cyl.

Firing Order :

Firing Configuration :

\

OO
OO

EXAMPLE : Typical
V8 Configuration

Firing Order : 1-8-4-3-6-5-7-2

OO

Firing Configuration : Phase-Sequential

2%

Harness Entry Point

Sensor
Terminations

10" on all
harnesses

2 7

Fuse
/ Relay
Module
TECgt [l
l6é— Lt —>
Please Specify: L= inches

W\

Sensor Terminations

Customer Name :

Address :

Telephone # :

E-mail :
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The TECqgt is designed to be fully upgradeable with respedstsoftware and firmware. The
software is the operating system that is usedrte the engine. The firmware is the embedded duatag
installed in theTECQgt's processors. Small changes in functionality candwered with software changes.
Larger changes in functionality, particularly thaddion of new features, generally require a firmeva
upgrade.

Both software and firmware upgrades are availatri@fnominal fee on our website. To perform
the upgrade (that is, to purchase software andiare upgrades), you will need to know your uniésia
number. Software and Firmware upgrades that are purchased ith a serial number that does not
match your unit’s serial number WILL NOT WORK on yo ur unit.

Software Coding Information
Electromotive calls itFECgt Windows software “WinTec 4.X.Y.” The “4.X.Y” padn of the
WinTec name is the code that is used to tell winawersion of software is made for.
e The “4” means simply the software version 4 platfor
* The “X” digit states the FIRMWARE version on whitte software will function.
e The “Y” digit states the latest build SOFTWARE \ers

The software version is displayed when the WinTaftware is opened on a computer. Software
versions are compatible with the firmware versionvhich they are designed. For example,

* A 4.0.3 software version is compatible with a @ fixmware version.

* A 4.1.2 software version is compatible with a @ firmware version.

* A 4.1.0 software version WILL NOT run with a 4.GiGnware version.

Always use the PC SOFTWARE version for which the FI RMWARE is designed. The “X”
digit of the PC software must always match the “X” digit of the Firmware!

Firmware Coding Information

The Firmware version is displayed in the Enginenter Screen. The firmware code is “4.X.0.T3”
The “X” digit must match the “X” digit of the softave version (see above). This is the firmwareigars
Firmware for theTECgt starts with “WTLO02”. The next two digits XX are thelease version, release
changes, new feature additions or some other nohgmmge will be signified in this number. The last
digits are the build number. Build number YYY indies bug fixes from one release level to the next.
Example : where firmware file number “WTLO2xxyyyXX is the release number, YYY is the build
number.

Software Upgrade Procedure

As was previously stated, the firmware and sofémaarsions are completely upgradeable through a
simple software download from the Electromotive sieh Software upgrades are simple, and can be
accomplished with the following steps.

1. Download the software from the Electromotive sighonto a PC.

2. Install the new WinTec software onto the PC ttat will use for tuning your engine.

3. Open the NEW WinTec software version on the &, open the OLD calibration file (the
*.bin file) into the NEW WinTec software.

4. The main values from your old *.bin file sholld transferred directly. However, for safety,
ALWAYS make sure that the old *.bin values are shene as the new values.
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5.
6.

Save the bin file in the new WinTec softwaresi@n (give it a new name).
Download the new file into yodrfECgt ECU as you normally would.

Following this step-by-step procedure should keegryehing straightforward during the upgrade

process.

Firmware Upgrade Procedure
Care must be taken when installing different firmeveersions on youFECgt ECU. Follow the

steps outlined below:

PwobE

28

Download the Firmware upgrade from the Electriveovebsite.

Install the firmware upgrade on the PC that wadluse to tune the engine.

Connect th&ECqgt to the PC serial port and power it ON.

Startup the WinTec software, it should showhim $ystem console that the unit was found and
display the firmware version.

Turn-OFF power to the TEC unit.

Insert a small screwdriver or equivalent inte kiole in the back plate next to the serial podt an
press the button behind it. You may need to diseonthe serial cable to do this.

While pressing this button, power ON the TEQe Top LED should light RED and the bottom
LED should be GREEN. If this does not occur, gia. Once the LED lights RED, you may
remove the screwdriver and re-connect the serideca

Now that the TEC is in upgrade mode, click oml§c> Options > firmware upgrade. A
warning and some instructions will appear. Clidk,@nd an open dialog will display. Find
and select the new (.em3) file you have downldade

Once the upgrade is complete, cycle the powdreddEC. If the firmware upgrade was
successful, both LED’s will go GREEN. If the firmrave upgrade failed, the top LED will stay
RED and the bottom will stay off. If this occussart the procedure over at step 5.

10. The firmware is now upgraded, you can begirtinae tuning.
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Appendix VI. TECgt Connector Pin Out Summary

Gray Connector

Gl Coil Channel C1 or A2 Black, 16awg
G2 Coil Channel B2 Red, 16awg
G3 Injector Channel 5 Light Blue w/Black Strip&aivg
G4 Injector Channel 6 or

GPI/O7 Light Blue w/Red Stripe, 18awg
G5 Crank Sensor Input Red, 22awg
G6 Sensor Ground — Black w/White Stripe, 18awg

G7 Crank/Cam Sensor Shield

& Crank Sensor Ground Bare, 22awg

G8 +5 Volt Output Gray w/Red Stripe, 18awg
G9 GP1/0 8 Orange w/Black Stripgawg
G10 GPIl/O1 White w/Blackipé, 18awg
G11 Injector Channel 2 Yellow w/Red Stripe, 18awg
G12 Injector Channel 1 Yellow w/Black Stripe, 88p
G13 DFU Shield Bare, 22awg
G14 IAC pin A or

GPI1/O3 Dark Blue w/Black Stripe, 18awg
G15 IACpinB or

GPI1/O4 Dark Blue w/White Stripe, 18awg
G16 Data Log Status Light White w/Orar&jripe, 18awg
G17 Fuel Pump Relay Ground Light Green, 18awg
G18 Check Engine Light Pink, 18awg
G19 Tachometer Output Brown, 18awg
G20 Speed Sensor or

GPI1/O 2 Orange w/ Blue Stripe, 18awg
G21 MAT Input White, 18awg
G22 GPI/O9 Orange w/Red Stripe, 1@aw
G23 Cam Sensor Input Red, 22awg
G24  Coil Channel B1 Redad§
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TECgt Connector Pin Out Summary (Continued) :

G25
G26

G27

G28
G29
G30
G31
G32
G33
G34
G35

Coil Channel A1

IAC pin C or
GPI/O5

IAC pin D or
GPI/O6

CLT Input

TPS Input

MAP Input

Knock Sensor Input

Oxygen Sensor -

Oxygen Sensor +

Injector Channel 3

Injector Channel 4

White, 16awg

Dark Green w/Black Stripe, 18awg

Dark Green w/White Stripe, 18awg
Gray, 18awg
Dark Blue, 18aw
Dark Green, 18awg
Orange, 18awg
Tan, 18awg
Purple, 18aiidormal O2 and Wideband Input)
Yellow w/Green Stripe, 18§aw

Yellow w/Blue Stripe, 18awg
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Appendix VII. TECgt

Wiring Harness Layout

TECgt Wiring Harness Layout -- Nov.2007
Idle Air Control or GP I/O )
GRAY Dk Blue w/Black pin14 [ A| JAC A or GP I/O 3
DFU 1 Connector Dk Blue w/White pin 15| B| IAC B or GP 1/0O 4
Connector ennecto Dk Green w/Black pin 26
) White pin 25 [A] Coil AT p C|/IAC Cor GP I/O 5
Coil C1 (?I’AZ 1 Blackto DFU 1 & 2 Red pin 24 | B | Coil BT Dk Green w/White pin 27| D[ [AC D or GP 1/O 6
Coil B2 | 2 | _Red to DFU?2 Black oin 11 C | Coil C1
Injector 5 [ 3 | Light Blue w/ Black Stripe D|+12v (9 amps Orange w/Blue pin 20 Speed / GP I/O 2 TPS sensor
Injector 6- GP I/O 7 | 4 |_Light Blue w/ Red Stripe ( ( P White w/Black pin 10 GP /0 1 f—) i
CranksensorIN [ 5 | Red Red w/ White Stripe LtBlue w/Red pind  Ini 6. Gray w/Red pin8 ] 45y
- - yewRecpin? Inj. 6- GP 1/O 7 Dk Blue pin 29 ianal
i SenG-"OF (;er;;]hr']c:d 6 | Black w/White Stripe ~ DFU 2 Connector Orange w/Black pin9  GP 1/0 8 Biack w/White bin 6 ;'%r::] q
fank sensor Groun leld| 7| Black - ground Bare - shield | Black pin 1 ['A]coil A2 Orange w/Red pin22 GP 1/O 9
5VO0ut | 8 [ Gray w/Red Stripe Red pin 2 | B | Coil B2
GP 1/0 8 | 9 | Orange w/ Black Stripe C
GP I/0 1 | 10 | White w/ Black Stripe D | +12 Volts (9 amps)
Injector 2 | 11 | Yellow w/ Red Stripe Red w/White Stripe ~ Crank, Mag.sensor MAP sensor
InJectqr 112 | Yellow wjBlack Stripe switched +12v, from power harness Red p|n‘5 Alt Black w/White pin 6 [, | ground
DFU Shield | 13 | Bare Black pin7 8| — DK Green oin 30 .
IAC A or GP I/O 3| 14 | Dark Blue w/ Black Stripe i Bare pin7 | shield ———S[ee PINE ) g | signal
Injectors I Gray _w/Red pin 8
IAC B or GP I/O 4 | 15 | Dark Blue w/ White Stripe 1 Yellow w/ Black Strive pin 12 Cl+5v
Data Log Status | 16 | White w/ Orange Stripe 2 - L ,p Cam, Hall sensor
Fuel Pump Relay | 17 [Tight Green : Yellow w/Red Stripe pin 11 Red pin23 [, ]+ ( Coolant sensor
Check Engine Light | 18 {“pink Yellow w/ Green Stripe pin 34 Black pin 6 8l - ‘
Tach Out | 19 | Brown 4 Yellow w/Blue Stripe pin 35 Barepin7 | c|shield Gray pin28 | A|Coolant temp.
Speed /GP 1/0 2 | 20 [Orange w/ Blue Stripe 5 L|.qht Blue w/ Black St'rlpe pm 3 . Black w/White pin 6| 8 ground
MAT sensor IN | 21 | white [ Light Blue w/ Red Stripe pin 4 M\:’
GP 1/0 9 | 22 | Orange w/ Red Stripe ‘
Cam sensor IN| 23 [Red Knock sensor
Coil B1|24 [Redto DFU1 Red +12 Volts, from power harness Ill Air Temp. sensor
Coil A1125 | White to DFU 1 y ite bi :
. White pin 21
IAC C or GP 1/0O 5| 26 | Dark Green w/ Black Stripe C_ White el A | Air temp.
IAC D or GP I/O 6| 27 | Dark Green w/ White Stripe ';12\’ Black w/White pin6 | B | ground
CLTsensor N 28 |_Gray Brown pin 19 Tachometer Output White | 5| 720
TPS sensor IN | 29 | Dark Blue Pink pin 18 Check Engine Light |
MAP sensor IN | 30 Dark Green Light Green pin 17 Fuel Pump Relay Ground Purple +
Knock sensor IN | 31 | Orange Data Log Status Tan—|
EGO - |32 | Tan White w/Orange pin 16 9
EGO + | 33 |Purple ) E xhaust
Injector 3 | 34 | Yellow w/ Green Stripe Gas
Injector 4 | 35 | Yellow w/ Blue Stripe O xygen
_ - ] sensor
Switched +12v Input | A Red (Ignition Switch or Key)
Battery Ground | B Black = POWER Connector
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Appendix VIII. TECgt

Power Harness Schematic

TECgt Power Harness
as of Nov.2007
PN 070-40000

IGNITION SWITCH
ORKEY

—|

i

rq |
o]
I 1 3
- + Ll
g
BATTERY §
_ 3 Ignition "+" - Yellow/Red 20ga
9]
o
TECgt terminal G17 - Green 20ga M
to Main 2 wire TecGT connector - "+" Red 10ga wire
T REIAY o)
30 RELAY g5
— [ k . ]
FUSE BLOCK
yellow wire - connect to Red |10ga _J
2A \87 86) =I
DFU power Red/White12ga ooE Ay )
a 20A 30 RELAY g5
o ;—|
[2a]
< — 15A \ |
DFU Connector
—

To Fuel Injector "+" terminals - Purple/White 16ga

To Fuel Pump "+" terminal - Green 14ga (optionally EGO heater "+")
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Glossary of Terms

Advance: As applied to ignition timing, advancing the timirgfers to firing the spark plug comparatively
sooner.

ATDC (After Top Dead Center): When a piston is moving downward, after TDC.
Bar: A Bar is a measurement of pressure. One Bar®q04.3kPa or 14.7psi. Standard atmospheric press
is 1-Bar absolute, or 0-Bar relative (gauge). efwgine running 1-Bar of turbo boost is actuallyrimg 2-Bar

absolute, so it requires a 2-Bar MAP sensor.

Boost: When a pressure that is greater than the ambienatsgheric pressure is forced into the intake
manifold. Turbo- and superchargers create boost.

BTDC (Before Top Dead Center): When a piston is moving upward, but has not gathed TDC.

Cam Sensor: A device used to provide a once-per-engine cycleepio theTECgt. This establishes the stage
of engine operation that is occurring for a givenCl.

Closed Loop: When an oxygen sensor reading is used to cdiredir-fuel mixture through the manipulation
of the fuel injector pulse widths.

Coolant Enrichment: A coolant temperature-based fuel enrichmentithased to add fuel when an engine is
cold. This feature is the electrical equivalentre choke plate on a carburetor.

Coolant Temperature Sensor: A device that measures the coolant temperatuas eingine.

Crank Sensor: A device that can “read” a crank trigger wheal] autput a voltage signal that can be used by
an engine management system.

Crank Trigger: A device used to measure the crankshaft posimmhspeed, typically composed of a crank
trigger wheel and a crank sensor.

Detonation: When the air-fuel mixture is ignited by the spphlg, then a high cylinder temperature
“spontaneously” ignites another portion of the umigal mixture. A knocking sound is produced when
detonation occurs, and knock sensors are designeehar this knocking. Engine damage can be cansed
detonation.

DFU: Direct Fire Unit. Electromotive coil packs aefarred to as DFUs.

Duty Cycle: The percentage of time that a pulse width modulategut is turned on. A duty cycle of 100%
indicates a fully turned-on modulation output.

ECU: Electronic Control Unit. A device that is usedotocess several inputs for the control of several
outputs.

Exhaust Gas Oxygen (EGO) SensorA device that compares the oxygen content oeiteust gases with
the oxygen content of the ambient atmosphere. iAfuel ratio approximation can be made with an EGO
Sensor.
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Enrichment: A software parameter that adds injector pulsetwitpically as a percentage) to the values
defined by the raw fuel curve.

Fuel Pressure Regulator: A device that regulates the fuel rail (and thesfuel injector) pressure. Generally
equipped with a vacuum port referenced to mantalclium/boost to adjust fuel pressure on a 1-tosishaith
manifold pressure. For examples, a regulatorindiiease fuel pressure by 1psi for every psi irsgea
manifold pressure.

Gamma: See TFPW. This number is no longer used WilCgt systems.

General Purpose Inputs (GPI): Input channels that tHEECgt can use to process data from sensors that are
not related to the core engine management senSavches and vehicle speed sensors can be rine BRIs.

General Purpose Outputs (GPO): Output channels from thEECgt that can be used to trigger external
devices such as thermo fans, torque converters, etc

Horsepower (HP): A measurement of the rate at which an engingpeaiorm work. One HP = 550 Ib-ft per
second.

Idle Air Control (IAC) Motor: A device that is used to meter air into an enginiele. Air from the outside
of the intake manifold is regulated into the intgkenum by the IAC motor.

Ignition Timing: The amount of degrees before Top Dead Centeathpark plug fires.

IOT/POT: Injector Offset Time. (a.k.a. Pulse-width offtete) This number adds or subtracts a fixed pulse
width from the raw fuel curve. The value of IOT/P@ the amount of time (in milliseconds) that wi# added
or subtracted.

Knock Sensor: A device used to measure detonation.

Knocking: see ‘Detonation’

Lean Mixture: An air-fuel mixture that carries less fuel thae stoichiometric air-fuel ratio.

Load: The amount of work that an engine must provide gitven instant. Load is measured by using the MAP
sensor to estimate the cylinder pressurdB@gt systems. Higher loads result in higher MAP regslin

Manifold Air Pressure (MAP) Sensor: A device that measures the absolute pressuteeohtake charge for
an engine.

Manifold Air Temperature Enrichment: An inlet air temperature-based enrichment thased to add fuel
when the incoming air is cold, and therefore detisan usual.

Manifold Air Temperature (MAT) Sensor: A device that measures the temperature of the imegpair
charge for an engine.

Millisecond (ms): A length of time equal to one one-thousandth eéeond.
1 millisecond = 0.001 second

Mixture: A term used to describe the air and fuel entetliiegengine as a single entity.
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Multi-Port Injection: The most common form of modern fuel injection, véier each cylinder has its own
fuel injector.

Open Loop: When an engine is running off of its base catibrawith no EGO sensor feedback to correct the
air-fuel ratio.

Pinging: See ‘Detonation’.

POT/IOT: Pulse Width Offset Time (a.k.a. Injector Offs@n€). This number adds or subtracts a fixed pulse
width from the raw fuel curve. The value of POTI@ the amount of time (in milliseconds) that vii# added
or subtracted.

Pre-Ignition: When the air-fuel mixture is ignited by a hot sppothe combustion chamber BEFORE the spark
plug fires. When pre-ignition occurs, it produeesimilar effect to advancing the ignition timirgptmuch.
Engine damage may result.

Pulse Width: The amount time that an injector is turned orefgiven operating scenario. Expressed in
milliseconds (ms).

Pulse Width Modulation (PWM): When a variable pulsed voltage signal is suppleal module, pulse width
modulation is occurring. Fuel injectors are comregamples of PWM-controlled modules.

Stoichiometric Mixture: An air-fuel mixture that has the chemically idestio between incoming air and fuel.
When combusted, the product of a stoichiometrictunexwill carry no excess air or fuel.

Retard: As applied to ignition timing, retarding the timgi refers to firing the spark plug comparativekgta
Rich Mixture: An air-fuel mixture that carries more fuel théwe stoichiometric air-fuel ratio.

Rising Rate Fuel Pressure Regulator:A Fuel Pressure Regulator that is adjustabledwige a non 1-to-1
relationship between manifold pressure and fuedganee. For example, a rising rate regulator mayseel to
supply 2psi of fuel pressure increase with eversi dpmanifold boost.

Spark Knock: See ‘Detonation’

TDC (Top Dead Center): On piston engines, when a piston is at its higpemst (closest to the cylinder
head), and the combustion chamber is at its smaibdsme, it is at TDC. TDC#1 refers to the casewthe
#1 cylinder is on TDC. On rotary engines, TDC asanhen the combustion chamber volume is smallest.
TFPW: Total Fuel Injector Pulse Width. This number de§ that total modification to the raw fuel curkiatt
is occurring at a given instant. A TFPW of 100%igates that no modification is occurring to the fael
curve. A TFPW less than 100% indicates a leanksepuidth than the raw fuel curve value, while &PV¥
greater than 100% indicates a mixture that is rith&n the raw fuel curve value.

Throttle Position Sensor (TPS): A device used to measure the position of thettlero

TOG/UAP: Time on for one Gama (a.k.a. User Adjustabled@W&dth) This number defines the slope of the
raw fuel curve. When TOG/UAP is zero, the raw faaive will have zero pulse width at zero MAP senso
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volts. When the MAP sensor is at +5 volts, thespwlidth will be the number defined by TOG/UAP eegsed
in milliseconds.

Torque (TQ): A measurement of the work that an engine caropatftypically expressed in pound-feet (lb-
ft).

TPS/MAP Blend: A feature of the WinTec software that allows TS and MAP sensor readings to be
blended together. Typically, this feature is usacengines with radical cams or throttle-per-cydindetups
since these engines have poor MAP signals at idlgoart throttle.

Trigger Wheel: A device attached to the crankshaft that provalesoving reference of speed and position of
an engine’s crankshaft.

UAP/TOG: User Adjustable Pulse Width (a.k.a. Time on fole@ama). This number defines the slope of
the raw fuel curve. When UAP/TOG is zero, the faal curve will have zero pulse width at zero MAdhsor
volts. When the MAP sensor is at +5volts, the @wgdth will be the number defined by UAP/TOG, exgsed
in milliseconds.
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