FUELING

FUEL METERING
The amount of fuel injected each cycle is dependent on the time the injector is open. This time period, or pulse width (Fuel pulse), is calculated by the ECU using factors for volumetric efficiency, air temperature, airflow, warm-up enrichment, injector flow rate and battery voltage. 

Volumetric efficiency, the major factor, is determined by the engine load and engine speed using a three-dimensional lookup table. This 3D table is a simple grid with Engine Load along one axis and Engine speed along the other.  If Fuel Map Pedal is set ‘ON’ and MAP is set ‘OFF’, the [Fuel] maps use a Pedal% rather than Engine Load. Note these are the same physical memory space accessed with Pedal rather than Engine load (Boost). Units can be Pulse Width, Duty Cycle or a raw value. 

The Engine Load range internally is from 0 to 100%. Optional user scalars may be used by clicking “Configure|Units/Scaling” on tool bar in GWv4 user interface and adjust option user scalar Load Scalar and Load Offset for desired range. The load axis has 17 sites. Engine Load may be derived from Pedal, Air flow or MAP (Map as load). The exact value for any load is adjustable either by editing [Load] table or editing the map or table axis. Load is selected by the Pedal Big option.

The engine speed axis has 21 sites. These may be adjusted using the [Speed] table or Engine Speed axis in [Fuel] or [Ignition] 3D maps with 1 RPM resolution. 

At each intersection of an engine speed site and load site there is a grid value. This holds an injection duration, in raw data, duty cycle or pulse width with 2microsecond resolution. This is selectable from an option by a ‘right click’ on the [Fuel] map and selecting the preferred unit from the ‘View Units’ feature.  

Air Temp F is the air temperature correction factor and is set by a 2D-user lookup table named [Air Temp Fuel]. The table has 17 sites one every 10 degrees from -40° to 120°C. Air Temp F has a range of +/- 50%. Note in MAF mode this correction is applied to airflow load. Similarly Baro Fact the barometric correction may be applied dependant on the condition of set-up bits Bar and MAF. 

A coolant temperature factor Cool Tmp F is used to give enrichment for a cold engine. The value of Cool Tmp F is determined from a user-defined 3D map. The [Warm Up Fuel] map has a 0% to 250% increase in fuelling capability.

Pedal Fuel mod, obtained from the [Pedal Fuel mod] map if in an anti-lag mode, is applied so that more pedal feel can be obtained. If not in full anti-lag, then the [Pedal Fuel Mild mod] map is used. If Pedal Fuel Mod Map option is ‘ON’, Boost mod and Boost Mild mod become the valid names and actions for these maps.  Any additional Knock n Fuel is applied here when a Knock voltage is detected. Lambda feedback fuel may be applied here when enabled. Baro Fuel is also applied here.

Finally the individual fuel trims from the four [Fuel n mod] tables are applied. These allow for a fine balance between cylinders. Note the “n” applies to firing order and not the cylinder number, so these are named A, B, C, and D.

The final fuel pulse width is then calculated by adding a factor determined by battery voltage (Bat Comp F) and any acceleration or deceleration fuel (Accel Fuel).

Total Pulse width = Fuel Total + Injector volts comp + Accel Fuel
This ensures the accuracy of the fuel metering at all battery voltages. 
Battery Fact is set by a 2D look up table [Injector Volts Comp]. This table has 10 sites, one every 1 volt from 6 volts to 15 volts. The value obtained from the table is Battery Fact in microseconds. 

CRANK FUEL

When starting the engine, a value of Fuel No c is obtained from the 2 dimensional lookup table Crank Fuel controlled by scaled Pedal position Pedal. Pedal is scaled to 0 for closed pedal to 100% for full pedal, and the sites may be adjusted in the Pedal table. The value for VE is then controlled as for normal running. However the base fuel pulse is multiplied by a cold start factor obtained from the Warm-up map which allows up to 2.5 times the normal fuelling while starting. Exit to main map now controlled by Crank Exit option. Start Fuel Teeth for injection events while cranking if half or quarter of Fuel Teeth. 
WARM-UP FUEL

Once the engine has ‘caught’, the fuelling will need to be adjusted to help keep a steady idle. To accomplish this, the [Fuel Warm-Up] map will need to be set. Rather than the old 2D table, this new map used temperature and decrementing time to ascertain the required fuelling. The time is set by the [Engine Run Breakpoint] table. The completed Warm-up fuel map would look something like this:-
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A value of 1.00 will take the fuel pulse from the [Fuel] map, where 1.25 will add 25% to the fuel pulse to that particular site. 
DFCO FUELLING

Deceleration Fuel Cut-Off can save a lot of wasted fuel. When the following conditions are met, the [Closed Throttle] table is used to obtain the value of Fuel no c:
Pedal < DFCO Pedal
Engine Speed > DFCO speed
If available, DFCO No Cal switch, removes DFCO Cal switch control. Deceleration Fuel Cut Off (Overrun) shut off.
ACCELERATION/DECELERATION ENRICHMENT

When there is a large change in Pedal position, sampled every millisecond, then some additional time is added to the base fuel pulse width. When in the FAF area defined by the options FAF Pedal and FAF Speed then a FAF pulse fuel pulsewidth is used instead of Fuel Total.

When Pedal delta+  >  Accel Trig (Pedal Trip positive) 
(Pedal delta+ x Accel M) + Accel C) x Accel Fuel +Pedal x Gear Accel mod x [Accel Amount] x Fuel Pulse
 When Pedal delta- >  Decel Trig (Pedal Trip neg)
(Pedal delta- x Decel M) + Decel C) x Accel Fuel –Pedal x [Decel Amount] x Fuel Pulse
These potential sources of transient fuel are summed together with any Accel Fuel from any previous calculation.

Accel Fuel is decayed every injection engine cycle, and may be delayed for a number of cycles specified by Accel Decay Delay.
Accel Fuel = Accel Fuel x Accel Decay, (or Decel Decay if Accel Fuel is negative)

FUEL INJECTION ANGLE

The sequential fuel injection opening angle may be adjusted using [Inj Angle] map. The feature works in conjunction with the Fuel Sync option to determine the relation to the 720 degrees of crank position.  This feature can be used to improve both fuel economy and throttle response.

REV LIMIT

The rev limit function works by cutting the fuel injection and/or ignition if the Engine speed is greater than Fuel cut and/or Ignition cut. The depth of cutting is set by Fuel cut rate and Ign cut rate.  The cuts are obtained from the [Spark Limit] and [Fuel Limit] tables depending on ALS status.

FUEL AUDIT
	Source
	Condition
	Range / Modifier
	Output

	Crank Fuel Table
	cranking
	0-131mS
	Fuel no c

	Fuel Map
	Running
	0-131mS
	Fuel no c

	Fuel no c
	Always
	Load Fact  Boost Correct
	

	Fuel comp
	Always
	Fuel mod
	Fuel (Mod)

	Fuel (Mod)
	
	Air Temp F
	Fuel Air

	Fuel Air
	
	Cool Tmp F/Cold Tmp F
	Fuel warm-up

	Fuel Warm-up
	
	Pedal mod 
	Fuel Pedal mod

	Fuel Pedal mod
	
	Baro Fact
	Fuel Baro/boost

	Fuel Baro/boost
	
	Start Fuel
	Fuel Start

	Fuel Start
	If modes active
	Alt Fuel

Swt TB Fuel mod

Act T Swt Fuel mod

Knock Fuel
	Fuel Alt

	Fuel Alt
	
	CT Fuel mod
	Fuel Closed Throttle

	Fuel Closed Throttle
	
	VVC Fuel mod
	Fuel VVC

	Fuel VVC 
	
	VVCX Fuel mod
	Fuel VVCX

	Fuel VVCX
	
	Boost Correct
	Fuel Total

	Fuel Pulse/sec/prim
	
	Fuel ModA OX FB 1(2)

+Knock Fuel1 Fuel
	Fuel A PW

	Fuel A PW
	
	+ Fuel Pulse Extra
	Fuel PW A

	Fuel Pulse/sec/prim
	
	Fuel ModB OX FB 1(2)

+Knock Fuel2 Fuel
	Fuel B PW

	Fuel C PW
	
	+ Fuel Pulse Extra
	Fuel PW B

	Fuel Pulse/sec/prim
	
	Fuel ModC OX FB 1(2)

+Knock Fuel3 Fuel
	Fuel C PW

	Fuel C PW
	
	+ Fuel Pulse Extra
	Fuel PW C

	Fuel Pulse/sec/prim
	
	Fuel ModD OX FB 1(2)

+Knock Fuel4 Fuel
	Fuel D PW

	Fuel D PW
	
	+ Fuel Pulse Extra
	Fuel PW D

	Bat comp Fuel
	+Accel Fuel
	+Start Pulse
	Fuel Pulse Extra


Fuel Pulse/sec/prim  is either: Fuel Pulse, Fuel Secondary, or Fuel Primary dependent upon Fueln Primary and Fueln Secondary options setting, where n=A,B,C,or D.

Fuel Gauge

At power on, Fuel Total M x Fuel Total L = FTOTMSB + FTOTMIDI. While the engine is running, parameter FTOT is reduced by injector fuel flow time.
If HPP Injection Correct is set to ‘ON’, then HPP Pressure Flow actual from [Injector Flow] table is used instead of 100%. Fuel Gauge is a convenient parameter. You may wish to normalise [Injector Flow] by selecting all of table. Use modify function “v = v * (100/1.17)” where 1.17% is highest value.

