Electronic Fuel Injection for Hot Rods

Part 317 The Engine Control Unit

In this section, we shall attempt to describe various EFI applications so that you can choose one that
fits your car, your budget and yteduyincludngi | i t y.
custom adaptationsforndnact ory i nstallations and weol |l | o

we

havenodot examined yet, | ike fuel pressure r

some safety aspects out in the open treggaplicable to EFI systems as opposed to carbs and

points.

EFI Safety

T

Electronic equipment is sensitive to current surges and voltage spikes. The most common
cause is connecting components while battery power is on and when using an arc/mig
welder. Discannect the battery before removing and replacing EFI components.
Disconnect the ECU and the battery when welding on a vehicle.

Reverse currewill damage electronic equipment. Ensure the battery is connected the
correct way, negative)(to the body/chassi

Wrong voltages can damage equipment. The ECU and powered sensors operate internally on
4.5 volts. Only connect 12 Volt power to the power feed wires of the ECU.

Disconnect the battery before charging and when removing/replacing any of the EFI
components

Usereversecurrent protectegumper leads when jump starting your EFI vehicle. Jump
starts should only be a last resort, in an emergency. NEVER use normal, unprotected jumper
leads!

Do nottest for the presence of 12 Volt power by touching wires togetielooking for a
spark.

Prolonged exposure to heat can adversely affect electronic equipment. Remove the ECU
before placing the car in a paint oven.

Fuel from an EFI system is under high pressure, and stays under pressure even when the
engine has stopdeTake care with fuel lines, as fuel could spray into your eyes if a fuel line
or hose is being disconnected.

To work on any part of the fuel system, be sure to follow this procedure to bleed fuel
pressure off safely:

Remove the Fuel Pump fuse.

Start theengine and let it run until it stalls from lack of fuel.
Crank the engine again for a few seconds.

Turn the ignition OFF.

Let the engine cool.
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It is now safe to work on the fuel system.



1 Electronic Ignitions use MUCH HIGHER voltages than your old poirggesy. Treat trigger
boxes with respect and always use at least 8mm good quality carbon spiral core ignition
cablesNEVER, NEVER, NEVER USE SOLID CORE WIRE CABLE ON ELECTRONIC
IGNITION SYSTEMS!

Alpha-N Fuel Injection

A brief word on theAlphaN system of El, which is a fancy name f@PS ModeTheAlphaN

method of fuel delivery uses tA@rottle Position Sens@nd engine speed (tacho) to determine
engine load, not thielanifold Absolute Pressuensor. The ECU simply responds to the angle of

the GOPedal AlphaN systems are good for race engines that have so much cam that vacuum is
unreliable! For Hot Rods and race engines with wild cams, or for mechanical injection conversions
(eg, Hilborn/Enderle style stack injection conversions) where there igdomum because of so

much exposure to the air from all those butterfliesiiphaN system may be the answer.

Sensors, Actuators

The following topics suggest ways of mounting or connecting the various sensors and actuators. Not
all the following sensorare used in all applications. Some systems use only a few sensors, whereas
some use others not mentioned here. Check the specifications of the EMS you decide to use and
make sure you have all the necessary sensors and actuators fitted.

Mounting of these sesors in norfactory applications is a matter of Hot Rodding ingenuity. When
setting up your Hot Rodded EFI system, look at the factory mounting and try to replicate it. After
market components usually come with detailed instructions, adapters and/otHairugs assist

with the installation.

Manifold Air TemperaturéMAT)2. The MAT sensor can be located in the air filter to provide inlet

air temperature information to the ECM. It plays a part in determining air/fuel ratios. Some MAT
sensors are easilydated in the inlet cuff of a typical air filter by drilling a (3/8" or so) hole and
pressing the sensor into the drilled hole, but it must be located somewhere between the air filter and
throttle body.
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Figure 1 - MAT and connector. Image courtesy of MSD.

Coolant Temperature Sens@TS). The CTS usually mounts in the water passage in the same
manner as you would fit a temperature sender unit.

! This method is also employed orsokes engines and rotaries.
2 Also referred to as Idle Air Temperature (IAT) sensor or Air Charge sensor.



Figure 3 - Location of CTS. This high performance Holden manifold has a provision for the CTS righnext to
the Temp gauge sender. Photo courtesy of Performance Engineering, Queanbeyan.

Oxygen SensdO2 Sens, EGO)The O2 Sensor must be mounted as close to the exhaust ports as
practicable. This is to ensure that it heats up as quickly as possibleedeers, a bung can be

welded into the collector and the sensor screwed into place. For manifolds, the same technique can
be used at the closest point to the exhaust manifold flange as possible.

02 sensor bungs can be purchased from Castle Auto Electrics



Figure 4 - O2 Sensor bung welded into an exhaust header flange ready for mounting. Mount the O2 sensor as
close as possible to the heat source (head). Phvaburtesy of Castle Auto Electrics.

Heated Exhaust Oxygen SenfdEGO). Heated O2 sensors are 2 or 3 wire units that have their
own heat source via a 12Volt supply. Use one of these in preference to the single wire unit. The
same mounting procedure ajesl

Figure 5 - Oxygen Sensor and weld in bung. Heated O2 Sensor shown.



Warning: Leaded fuel, anti-freeze, vapours from silicone sealants and long exposure to a rich
mixture can destroy an O2 Sensor.

Manifold Absolute Pressui®AP). The MAP is used ilspeed Densitgystems to help calculate
engine load. They are often located inside the ECU, and you simply hook a manifold vacuum hose
to the barbed end. They can beunted just about anywhere.

Warning: Some vacuum lines are made of synthetic rubber that conducts electricity. DO NOT
lay manifold vacuum lines across the printed circuit board of the ECU!

Figure 6 - Manifold Absolute Pressure sensor. One connector is the plug to the ECU. The other is the vacuum
source. Photo courtesy of MSD.

MAP sensors are available in 1 Bar, 2 Bar or 3 Bar sizes. The ECU reads manifold pressure as an
absolute walue, that is, as the pressure inside the manifold, not as a vacuum with respect to outside
atmosphere (Barometric pressure). For normally aspirate engines, the 1 bar MAP is fine. For turbo
and supercharged engines, the 2 and 3 Bar MAPs are requiregly as\k to measure higher

absolute pressure than the vacuum inside a normally aspirated manifold.

Barometric Pressure Sens(BAR, BARO, BAP). The BARO sensor detects barometric pressure
of the atmosphere. The ECU uses BARO to help determine enginatmhdherefore, air/fuel

ratio. The BARO sensor responds to changes in altitude, and the ECU can make adjustments
accordingly. MAP and BARO sensors are often combined. Like MAP sensors, too, they can be
mounted inside the ECU. BARO sensors are not useth mnuz more because the ECU can use the
MAP to read BARO at engine start up.

Throttle Position SensdiTPS). The TPS is\aariable resistor(potentiometer) that tells the ECU
what the throttle angle is at any given time. It is usually a tweesensor munted to the shaft of

the throttle body. Throttle position is used to determine A/F ratio, spark timing, idle speed, torque
converter lockup (TCC), A/C clutch, and is the primary controller in an Albkgstem.



Figure 8 - TPS in place. Two throttle bodies are used on this Twin Tech adapter from Inner Active Mafolds in
Blacktown, NSW. Only one TPS is required. The Twin Tech adapter bolts to a square bore inlet manifold.



Using factory throttle bodies like the Commodore types, means that you already have the TPS and
Idle Air Control valve (see below) fitted. ybu are using modified carbs, stack injection or a
custom built throttle body, you need to consider ways of mounting the TPS.

Engine Speed Send@SS). The ESS monitors engine speed and, in some applications, crank
position. It is used to calculate igjer pulse width. There are various factory and-famtory types,

and can be mounted on the flywheel housing, harmonic balancer, etc. The ESS is rarely used in
nonfactory applications, as engine speed can be easily determined by the Tacho signal.

Vehide Speed Sens@vSS). The Vehicle Speed Sensor (VSS) sends a signal to the ECM which the
ECM converts to a speed reference. This sensor mainly controls the operation of the automatic
transmission's Torque Converter Clutch (TCC) system as found on GMiEBR@enissions. It also
provides an input for antock brake systems, electronic cruise control and the electronic
speedometer. On GM cars, the VSS is mounted directly in the transmission extension housing,
where the speedometer drive gear sleeve would haen. If your car uses a speedometer cable, the
VSS can be a small unit mounted to the back of the instrument panel behind the speedometer and
driven by the speedometer cable. In most Street Rod or similar installations this function is not
required, uréss you would be interested in having the TCC function totally as originally designed,
or adapting a late GM electronic cruise control to the installation.

Crankshaft Position Sens¢€CKS). A CKS is mounted close to a toothed wheel (or a notched

wheel), sually on the harmonic balancer, but also on the flywheel/flex plate. As each tooth moves
past the sensor, a pulse is induced in it, which is sent to the ECU. Each tooth produces a pulse. The
number of pulses per second is Brequencyof the signal. Thérequency translates to engine

speed, which is used to time the ignition.

Camshaft Position Sens@CPS). With assistance from tBeankshaft Position Sensahe CPS

tells the ECU where #1 TDC i s. Becaug&@U,it he en
can use #1 TDC as a reference point to fire coil pack®inegt Ignition Systerand/or to

synchronise injector firing for SEFI systems. The CPS is similar to the CKS in construction,

although some use a toothed wheel with a longer tooth anldedtooth to mark #1 TDC. In some
applications (eg, on Toyota quad cam V8s) this sensor is called the Variable Valve Position sensor

Mass Airflow SensaiMAF). The MAF sensor measures the amount of air passing through the
engine. There are two basipés:

M1 Hot Wire MAF
1 Vane MAF

The Hot Wire type MAF sensor determines air flow by measuring the current required to maintain a
heated wire at a constant temperature as intake air passes over the wire. The Vane type utilises a
plate that sits in the incomingy &tream. The force of the air passing through deflects the plate,
which is mounted on a shaft. The shaft is connected to the sliding part of a variable resistor, much
like the TPS. This, in turn, sends a voltage to the ECM in proportion to the anigéevaite.

The MAF sensor must be mounted between the air cleaner assembly and the throttle body.

Knock SensofKnock Sens).The knock sensor, located on the engine block, detects vibrations that
are the acoustic signature of detonation. The Knock Semsomis the ECM that detonation is
occurring, and to retard the timing in an attempt to eliminate the detonation. Up to 20 degrees of
timing can be retarded to compensate for bad fuel, high engine temperature, or any other
combination of factors that prodeidetonation.

Idle Air Control (IAC). The IAC valve is an electrically operated valve or stepper motor which
regulates a volume of air bypassing the closed throttle body butterflies. The IAC establishes a stable
idle when the engine is cold and maintadis speed when it has warmed up.



~ Throttle Position Sensor

Figure 9 - This is how an IAC valve is mounted in GM Throttle Body. The throttle body on the right is a Mass
Air Flow type. The one on the left is a speed/density type from VN Commodore. When custom building a
manifold and throttle body setup, you may want to consider a remote IAC.

The stepper motor type of IAC valve bypasses an amount of air determined by the number of
i s t ehp mabor thkes the more steps, the larger the air flow opening and the more air is
bypassed. The IAC can also be an On/Off type, which bypasses a set amount of air when it is
activated.

Fuel Pump Relay.

The fuel pump relay is controlled by the ECM autis as a remote switch to route power to the
electric fuel pump. A relay is necessary because most EFI fuel pumps can draw up to approximately
10 amps of current.

Fuel Pressure Regulator

There are many different EFI fuel pressure regulators, but thgogelis the sameao maintain

fuel pressure at a certain value above the intake manifold pressure. The inner mechanism usually
consists of a sealed diaphragm, a spring, bypass valve and a manifold pressure reference port (a
vacuum line). The bypass valieeconnected to the diaphragm and the spring pushes against it from

the manifold pressure side. The spring pressure determines the base fuel pressure. If there is vacuum
at the port (eg, at idle), the spring pressure on the diaphragm is less, therdiioeépressure

under vacuum conditions is lowered. If there is pressure on the port, such as under boost, spring
pressure increases, as does fuel pressure. Most regulators have a static pressure of between 38 and
44 psi.
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Figure 10- Fuel Pressure Regulator. Image courtesy of Accel.

The fuel pump is always producing an excess of fuel volume. Once the base pressure is met, the
regulator controls the pressure in thelfrail by bypassing unused fuel back to the fuel tank. At

idle, about 95% of the fuel delivered to the fuel rail is returned to the tank. At full power,
somewhere between 5% and 50% of the fuel is returned to the tank.

You should route the fuel from tipeimp to one end of the fuel rail to feed the injectors. The
regulator is mounted on the opposite (low pressure) end of the rail. Remote mounted regulators can
be mounted on the firewall and plumbed with high pressure fuel line. Mounting the regulater on th

low-pressure side allows any hot fuel in the rail to be purged back to the tank after a hot start to
reduce vapour lock and fuel boiling.

Figure 11 - Adjustable Fuel Pressure Regulator. This is a Holley regulator, a new product. It can be mounted
just about anywhere. Image courtesy of Holley.

For supercharger or turbocharger applications
called a Fuel Mamgement Unit (FMU)). Rising Rate regulators increase fuel pressure at a
multiplication factor of boost. Instead of computer tuning and thrashing injection duty cycles, these
systems increase fuel pressure to add fuel. They are installed downstreanefraomihl regulator

and only start to add pressure under boost. When the engine is off boost, normal tuning and
drivability is maintained.



Warning: Setting the fuel pressure regulator to extreme pressures (over 60psi) can cause your
engine to run extremelyrich without you knowing it. It can cause serious fires in catalytic
converters or fuel up your exhaust system, destroying your O2 sensor and creating a fire
hazard. Be careful!

Injectors

Choosing an injector means selecting the correct flow rate agp#supported by your ECM. See
Part 2 of this series for details on the different types and how to determine the correct flow rate. The
following are things to consider for your EFI project.

Fuel Transfer and Sealing

Transferring fuel from the fuel raibtthe injectors is via @ings seals. Sealing injectors to the
intake manifold is similar, typically a 14mm round sectionii®@ sitting in an isolated groove in the
manifold or the injector bung. Securing the injectors can be achieved by simply ho&linglthail
against a bracket welded to the manifold.



Figure 12- On this Stack Injection conversion, a bracket has been welded to the fuel rail and bolted to the
throttle bodies. Simple but practical, it should clean up nicely. The injectors haven't been fitted yet. Photo
courstesy of Inner Active Manifolds, Blacktown.

Factory installations usually utilise a clip at the base of each injector, but no matter which method
you chase, they must be held securely in place in case of aftbackinder normal conditions, the

O rings will hold them in the manifold just fine, but sudden surges in fuel pressure, too much
overlap from your lumpy cam or backfire may dislodge the injeciolesss they are held in place.
Blower or turbo systems will also cause a fair amount of back pressure, too, so be aware of this
when setting up a method of securing your fuel rails.



