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This describes the IAW 04F.07 engine management unit as used on the Ferrari F40.  This information is in the F40 workshop manual and I am providing a "highlights" tour of that information.  Since this text was originally in Italian, some of the translation is clunky, but I'm providing it as it is printed in the manual.  I'll provide additional info in spots, but I'll enclose my comments in <angle brackets>.

478 HP from 2.928 L engine in a car that weighs 2400 lbs... That’s Italian!

System Overview

The microprocessor unit of the ECU receives its signals relative to the functioning of the engine and evaluates these data and the sends output signals to various system actuators, to conform in the end to the use of the vehicle.

The system is composed of an ECU and a series of sensors and actuators.

[detailed image of sensor layout]

<About the image: Standard stuff, the knocks sensors are mounted in the center of the V-8, 4 ignition coils provide direct [does Ric mean wasted spark? – ef] ignition, fuel pressure is static (3 bar) [absolute or relative to MAP? – ef]>

Sensors

1. TDC and engine RPM sensors are sensors of the variable reluctance type, which generate a signal indicating TDC of each cylinder and from this also the engine speed.  This occurs from the passing of one of the four dowels mounted on the engine flywheel.  The dowels are positioned exactly so to correspond to TDC of each cylinder.

2. Timing sensor: at the end of each intake camshaft there is mounted a cam with two teeth which passes in front of the timing sensor and generates a signal that supplies the ECU with information relative to the timing of the cylinders.

3. Throttle position: generates a signal relative to the position of the throttle butterflies <there are 8 throttles on the F40>.  It has a characteristic curve that is non-linear with a high definition for small angles of throttle opening.

4. Absolute air pressure: the sensor is supplied by the ECU and rapidly provides accurate information regarding the absolute air pressure in the intake manifold.  It is connected by means of a rubber tube to the intake manifold.

5. Air temperature sensor:  is an NTC (negative temperature coefficient) thermistor mounted in the intake manifold and measures the temperature of the intake air.

6. Water temperature sensor: is the same type as the air temp sensor and is made to be immersed in liquid (coolant).

7. Detonation sensor: is the piezoelectric sensor that senses the engine noise, and consequently, the onset of engine knock.

Actuators

1. Power module and ignition coils:  the ECU generates the control signal for the power module that controls the charge and the discharge of the ignition coils.  The coil has connection for two spark plugs that receive the spark discharges simultaneously.  In particular, a spark occurs in the cylinder near the end of the compression stroke igniting the fuel air mixture, likewise also occurs in the companion cylinder during the exhaust stoke and can be considered "lost".

2. Electric fuel pump <standard EFI pump, description skipped>
Note: in case of shutdown of the engine and the ECU is still energized, the ECU will de-energize the fuel pump after 0.5 seconds when it has verified this condition.  This is to prevent the danger of fire in case of an accident.

3. Electrically powered injectors: <Standard EFI injectors, description skipped, they appear to be Bosch in design.>

4. Fast idle device (DC motor): the ECU controls the function of the fast idle device which, working through a small electric motor that operates directly on the mechanical linkage opening the throttle causing an increase in the engine RPM.  This function is dependent on the coolant temp and is deactivated around 70C.

5. Waste-gate control valve <solenoid valve>:  The ECU controls the electrovalve to control the boost pressure of the turbochargers. <The valve is implemented as a pressure bleed between the manifold and the external wastegate.>

6. Rev counter: <output signal to the tachometer in the dash>

7. Excessive pressure warning light:  <An "overboost" light on the dash.>

8. Socket for diagnostic equipment: <OEM specific diagnostic connector.>

PRINCIPLE OF OPERATION

The system utilized is the type α-n (alpha-N), in other words a system in which the microprocessor of the ECU calculates its outputs following a formula in which the greater part of the data comes from two parameters: α, the position of the throttle, and n, the RPM of the engine.  All of the other information relative to the functioning of the engine contributes to correct the calculation of the output signals.

To control the functioning of the engine the ECU supplies several output signals:

· The time of injection (Tj)

· Spark advance (SA)

· Command signal to the fast idle device

· The duty-cycle of the boost control valve

STARTING

During starting the system must recognize which cylinder is in the compression stroke so both the ignition and injection can be timed.  The timing recognition is done according to a sequence of pulses coming from the TDC and timing sensors.

During the starting phase, the system utilizes the first revolution of the engine crankshaft to recognize the timing, after which the sequence of ignition and injection proceeds according to the firing order (1-3-4-2).  <Note the ECUs control the Ferrari V-8 as two separate inline-4's, this was done, I think because of a) the non-standard crankshaft (symmetric) and the relatively high engine speed (8000 RPM)>

During this phase of staring, the injection time (Tj) is a function only of water temperature.  Once the engine is started, the ECU begins the control of Tj and SA as a function of all the relative engine parameters.

CALCULATION OF INJECTION TIME Tj

The formula utilized by the ECU is as follows:

Tj = f(alpha,n)·f1(P)·f2(Tair)·f3(Th2o)·f4(Th2o,n-fasi)·f5(detonation)

   + f6(alphaDot) + f7(Vbatt)

Where

f(alpha,n) - base injection time

It is a factor of major importance because as was said, the ECU utilizes the fundamental data of TPS and RPM.  Experimentally it was realized that is was important for optimum output of the engine, to have very precise information regarding the position of the throttle, especially at small angles of opening.  For this reason, it was chosen to have a potentiometer with a non-linear characteristic: a small change in the position of the throttle <at low angles> will cause a relatively large change in the output voltage.  Once the exact throttle angle is determined, the ECU chooses from a table "f (alpha,n)" to insert in the calculation of Tj.  In the ECU, many curves are memorized for many different RPMs. When the RPM is between two of the memorized curves, the ECU calculates a value interpolated from the data of the closest curves.

f1(P) = pressure correction

This component indicates a factor of correction of Tj due to the pressure of air in the intake manifold.  Looking at the graph in figure 13, an absolute pressure of less than 1 bar, Tj is reduced.  Above 1 bar, the correction contributes to increase Tj.  <Note: the graph is flat line from 0 Bar to about 0.6 bar showing a correction factor of about 0.6 for values in this range, above 0.6 bar the graph is a linear increase such that at 1 bar, the correction factor is 1.0   I would guess that formula for this graph is something like:   MIN(0.6,P) where P is the absolute pressure in BAR)>

f2(Tair) = air temp correction

The system provides a correction of Tj as a function of the intake air temperature.  This factor has a decreasing curve and becomes higher as the temperature of the air decreases and vice-versa. 

f3(Th2o) = water temp correction

The temperature of the coolant influences Tj as shown in Fig. 14.  The result is that during the warm-up of the engine, one is able to have additional base injection time of up to 4 times for a water temp of -40C.  Once the operating temperature is reached, the correction factor is canceled (1.0).  <Note: The graph shows what I would consider to be a "standard" warm-up enrichment graph>

f4(Th2o,n-fasi) = startup temp correction

During the first 125 revs of the engine, there is present a correction factor that is a function of the number of revs <that is: it "fades" as the engine approaches 125 revs>.  Looking at the graph in Fig 15, the factor of correction goes down rapidly in order to cancel the enrichment as a steady engine state is reached.  <The graph shows a set of decreasing curves.  At lower temps, the curve starts higher (6.0 at -40C, 2.0 at operating temp) and all converge on 1.0 (no correction) at 250 revs.  The number of revs on the graph (250) is in conflict with the text (125)>

f5(detonation) = detonation correction

When the detonation strategy is activated, the ECU varies Tj so that a larger quantity of fuel <enrichment> will arrive at each cylinder.  Simultaneously, the turbocharging pressure is reduced and SA is reduced <retarded>.

f6(alphaDot) = accelerator pump enrichment

This factor has the typical function of the "accelerator pump".  In fact, if there is a sudden change in TPS, the ECU adjusts the opening time of the injectors in such a way so as to not have a flat spot during rapid throttle openings. 

f7(Vbatt) = Voltage correction

The voltage at the fuel injectors influences the time required to open the injectors.  Meanwhile, the time of closing is only affected by the return spring.  The ECU takes this into consideration and adjusts to maintain a constant fuel flow by increasing Tj in the case of a reduction of the system voltage and vice versa. <standard stuff>

NOTE:  the fuel flow is partially interrupted at 7800 RPM.  If the engine speed reaches 8000 RPM, the fuel flow is completely interrupted.

CALCULATION OF SPARK ADVANCE (SA)

The formula utilized is as follows:

SA = f(alpha,n) x f1(P) x f2(Tair) x f3(Th2o) x f4(detonation)

Where

f(alpha,n) = base advance table

The ECU has memorized many values for the factor  f(alpha,n).  These values are selected and utilized for the calculation of the advance based on signals provided by the various sensors that determine the use of the car.  

f1(P) = pressure correction

The graph of Fig 17 shows the relation of f1(P).  This factor of correction of SA is a function of the boost pressure.  Looking at the graph, the correction factor is constant up to 1.5 bar.  If for some reason the boost would exceed 1.5 bar, the ECU would reduce drastically the spark advance.  <Figure 17 shows no correction (1.0) for boost pressures up to 1.5 bar <2.5 bar absolute> and then a sharp retard thereafter>

f2(Tair) = air temp correction

This factor has a relationship as shown in Fig 18.  This factor remains the same up to a temperature equal to ambient, after which the ECU operates to reduce the spark advance as a function of air temp. <The graph shows a flat line up to "ambient" and a linear retard beyond that temp.  There are no numbers or other data on graph>

f4(detonation) = detonation correction

Regarding knocking or detonation in the cylinder head, it is necessary to reduce the spark advance and this reduction is continued as long as detonation or knock is present.  This condition of reduced SA, continues up until the ECU recognizes a cycle without detonation.  In this case it gradually increases the spark advance.  <As mentioned above, during detonation boost is reduced and Tj is increased>

<The chapter continues with a fuel system discussion (tanks, filter, etc) and a diagnostic guide for servicing the various components. Other useful info tidbits:  3.0 bar fuel pressure, 22 psig maximum boost>
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