ANTI-LAG LIMITERS, PBW and TORQUE REDUCTION

ENABLE CONDITIONS

The ALS system will be enabled if all of the following conditions are met: 



ALS in pin condition satisfied



Air temperature is < ALS Air max



Coolant temperature is < ALS Coolant max



Engine Speed is > ALS On Speed
If ALS is enabled the ignition timing is modified by the Pedal Retard Absolute factor plus, a proportion of injection events and sparks are disabled by the limiter functions. The values for the limiters are obtained from the Pedal Retard Absolute, Spark Limit and Fuel limit maps. When the ALS Mild mode is ‘On’, then the Pedal Retard Absolute Mild, Spark Limit Mild, Fuel Limit Mild maps are usually used. Each map or table is individually activated with ALS mode switch options.

There are 3 basic modes of operation of the anti-lag system:

ALS Full Active = Off 
ALS Mild Active = Off

None of the extensive turbo anti-lag features available, so Pedal retard from a calibration map will always be zero. Known as ‘none’ and not to be confused with “Mild” mode.

ALS Full Active = Off
ALS Mild Active = On

Mild mode or safe anti-lag mode uses milder settings in “Mild” mode maps and tables. So, Pedal retard from a calibration map would, if requested, be taken from the Pedal Retard Mild calibration map.

ALS Full Active = On
ALS Mild Active = Off

This sets the ‘Full’ anti-lag mode. This is also the only mode for Launch feature to be active. So Pedal retard from a calibration map would, if requested, be taken from the Pedal Retard calibration map. If Launch is also active, then the highest speed lines rather than the actual speed line are used in the active maps. 

These are subdivided by optional Road speed settings.
Full Active and Road Speed = 0 
F Limit ALS Full

I Limit ALS Full

else:-  Full Active and Road Speed > ALS On Full Speed

I Rtd ALS Full


F Limit ALS Full Speed

Idle ALS Full


I Limit ALS Full Speed

RL F P ALS Full


I Rtd ALS Full Speed

RL I P ALS Full


Idle ALS Full Speed


RL R P ALS Full


RL F P ALS Full Speed






RL I P ALS Full Speed






RL R P ALS Full Speed
Mild Active and Road Speed = 0 or Road Speed <  ALS Off Mild Speed
F Limit ALS Mild

I Limit ALS Mild

else:-  Mild Active and Road Speed >  ALS Mild Mild Speed
I Rtd ALS Mild


F Limit ALS Mild Speed  

Idle ALS Mild


I Limit ALS Mild Speed

RL F P ALS Mild


I Rtd ALS Mild Speed

RL I P ALS Mild


RL F P ALS Mild Speed






RL I P ALS Mild Speed






RL R P ALS Mild Speed

None neither Full or Mild mode
F Limit ALS none

I Limit ALS none

I Rtd ALS none

Idle ALS none

RL F P ALS none

RL I P ALS none

RL R P ALS none
PARAMETERS

Conditions shown in:
ALS Fuel Limit
ALS Ign Limit

ALS Ign Rtd

ALS Idle Active

Rev Limit Fuel P
Rev Limit Ign P
Retard Limit P
Notes

F Limit

Fuel Limit map or Fuel Limit Mild map or Fuel Limit None map

I Limit


Spark Limit map or Spark Limit Mild map

I Rtd


Pedal Retard Absolute map or Pedal Retard Absolute Mild map
Rev Limit Fuel P
Rev F Limit, Rev F Limit Mild, or Rev F Limit L table selected 

Rev Limit Ign P 
Rev I Limit, Rev I Limit Mild, or Rev I Limit L table selected

Retard Limit P 
Rev Rtd Limit, Rev Rtd Limit Mild, or Rev Rtd Limit L table 


selected

The actions of these switches are shown in the following parameters:
ALS Fuel Limit

ALS Ign Limit
ALS Ign Retard

Rev Limit Fuel P
 

Rev Limit Ign P 


Retard Limit P

Mode matrix Launch = Off

	Post amble

Pre-amble
	
	ALS Full


	ALS Full Speed
	ALS Mild


	ALS Mild Speed
	None

	
	
	ALS switch satisfied
	ALS Mild switch satisfied
	none

	
	
	
	
	
	
	

	F Limit
	Fuel Limit
	Fuel Limit map
	Fuel Limit Mild map
	Fuel Limit None map

	I Limit
	Ign Limit
	Ign Limit map
	Ign Limit Mild map
	Ign Limit None map

	I Rtd
	Ign Retard limit
	Pedal Retard Absolute map
	Pedal Retard Absolute Mild map
	Pedal Retard Absolute None map

	RL F P
	Rev Limit Fuel P
	Rev F Limit table 
	Rev F Limit Mild table
	Rev F Limit None table

	RL I P
	Rev Limit Ign P
	Rev I Limit table 
	Rev I Limit Mild table
	Rev I Limit None table

	RL R P
	Retard Limit P
	Rev Rtd Limit table 
	Rev Rtd Limit Mild table
	Rev Rtd Limit None table


Mode matrix Launch = On

	Post amble

Pre-amble
	
	ALS Full


	ALS Full Speed
	ALS Mild


	ALS Mild Speed
	None

	
	
	ALS switch satisfied
	ALS Mild switch satisfied
	none

	
	
	
	
	
	
	

	F Limit
	Fuel Limit
	Fuel Limit map highest speed line
	Fuel Limit Mild map
	Fuel Limit None map

	I Limit
	Ign Limit
	Ign Limit map highest speed line
	Ign Limit Mild map
	Ign Limit None map

	I Rtd
	Ign Retard limit
	Pedal Retard Absolute map highest speed line
	Pedal Retard Absolute Mild map
	Pedal Retard Absolute None map

	RL F P
	Rev Limit Fuel P
	Rev F Limit L table 
	Rev F Limit Mild table
	Rev F Limit None table

	RL I P
	Rev Limit Ign P
	Rev I Limit L table 
	Rev I Limit Mild table
	Rev I Limit None table

	RL R P
	Retard Limit P
	Rev Rtd Limit L table 
	Rev Rtd Limit Mild table
	Rev Rtd Limit None table

	
	
	
	
	
	
	

	Act Throttle
	
	Act T Launch1 max

Act T Launch1 min
	Act T Launch2 max

Act T Launch2 min
	


Note Launch only effective in Full ALS mode.
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With Anti-Lag turbo boost enhancement, the throttle is open even with no accelerator pedal depression. There is an effective gap between throttle and pedal, this must be accommodated with the limiters. The limiters will consist of a combination of fuel cutter, spark cutter, and ignition retard. Sometimes, some additional fuel is required.
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A combination of different limiters are employed to both build boost and limit engine torque.
The [Fuel/Spark Limit] and [Pedal Retard] 3D maps control the above:

Inputs Engine Speed and Pedal limiter a reduced range of Pedal just covering the lowest 7 sites of the Pedal Angle table. Output Limiter 0% to 99.6%, no cut to almost total cut. 3D maps are available for Full, Mild and no ALS settings.

To increase the control, there are four rev limiter tables: Rev I Limit, Rev I Limit Mild, Rev F Limit, and Rev F Limit Mild. These increase the depth of the limiters when the engine speed is exceeded. The Mild tables are active if ALS full active is ‘OFF’, and ALS Mild active is ‘ON’.
Ign Limit = [Spark Limit(Mild)] + Ign Cut + Ign Cut+

Ign Cut is active when Engine speed = Rev Limit Ign
Ign Cut + and Ign Cut+ are active when Engine speed > Rev Limit Ign
Ignition Cut is obtained from Rev I Limit table accessed with Pedal.
Similarly for Fuel:

Fuel Limit = [Fuel Limit(Mild)] + Fuel Cut + Fuel Cut+
Fuel Cut is active when Engine speed = Rev Limit Fuel
Fuel Cut + Fuel Cut+ is active when Engine speed ≥ Rev Limit Fuel
Fuel Cut is obtained from Rev F Limit table accessed with Pedal.
TIMED ALS Timer

If ALS Full Time is not zero then when ALS Full active is ‘ON’, the timer ALS F Time will count up to ALS Full Time, if ALS F recover is zero, and Pedal is less than ALS Full On Pedal.
When the timer is active, the ALS mode will be forced to ALS Mild active = ‘ON’. While in Mild mode, the ALS F recover timer preloaded with ALS F Time is decremented. When zero, the system will return to ALS Full active mode. If ALS Full active is ‘ON’ and Pedal is greater than ALS Full Off Pedal, the timer ALS F Time will be decremented to zero, so preventing an unstressed engine being forced into Mild mode.
Swt TB (Timed Switch ‘B’)
The Swt TB mode may be invoked by any switch but the Timed Switch2 and its switches Swt Timed 2A 22 (or Swt Timed 2B 23), is a useful choice. It could also be triggered by Swt Comparator1-6, connected to Pedal. Some temporary limiters may then be invoked, with or the requirement of ALS Full Active, using the Swt TB full option.

Swt TB Ign Retard, can add up to 128degrees of retard, so it may be necessary to increase effective retard limit with Swt TB Rtd Limit.
Additional fuel limiting from Swt TB Fuel Limit fuel event cutter may be added with a compensating Swt TB Fuel mod, option. Also additional spark cutting may be achieved with Swt TB Ign Limit option.

TRACTION CONTROL

This system measures engine acceleration and if it exceeds previously determined limits, acts to limit engine power. The process is made up by four functions, engine acceleration, the available traction, road / engine speed and the selected gear. The maximum permitted engine acceleration is dependent on the gear selected, so this must also be determined by calculating the gear by comparing engine speed to road speed. Use internal logging of Gear Ratio to find the usual spread for this parameter. For example:- 
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So, in the above example, the limits per gear were, 1st=115, 2nd=72, 3rd=49 and 4th=38. Allow for 10-15% variance and set the Gear ratio table as:-
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Traction control is initiated by setting TC Control to ‘ON’ and selected by the CAL Switch option.
ENGINE ACCELERATION

Engine Acceleration calculation, note only positive acceleration is measured all decelerations are set to zero.

Engine Accel Raw = Crank Tooth period (latest) - Crank Tooth period (1 rev old)

Crank Tooth period (latest)

The option Engine Accel Cal gives the sampling interval in ‘internal teeth’ and should represent either an engine revolution or cylinder event.

Engine acceleration is scaled:

Engine Accel Rate = (Engine Accel Raw × TC Mod) / TC Max
where
TC Mod = [TC sensitivity RPM/mph] × TC Adjust Input
If (Engine Accel Raw × TC Accel Mod) > TC Max then set to ‘adjustment’ to 100.

TC Mod may be selected using the TC Adjust Input option to modify either the [TC sensitivity Engine Speed] table or [TC sensitivity Road Speed] tables.

If TC vs Road Speed = ‘ON’ then TC sensitivity Road Speed is used instead of TC sensitivity Engine Speed.
A user specified input may be selected with TC mod source to adjust the sensitivity. The result of all modification is shown in TC sensitivity. ‘0’ gives traction control.
ROAD SPEED
Road speed is initiated by setting a CAL Switch option and is measured locally by selecting an input source in Road Speed source. The option Road Speed source can specify any parameter, including parameters captured from the CAN-Bus, for example CAN1 RX1 W1. A ‘Bigend’ option is available if required for a CAN source.
Road Speed = Road Speed M / [n]

[n] is the value of parameter specified by option Road Speed Source.
GEAR DETERMINATION
The input to determine this may be calculated from Engine Speed and Road Speed if Gear Input Source = Not Used or blank. However, any parameter may be selected but typically this input would be from a potentiometer measuring gear position.
Note:- if gear is presented on the CAN bus, then Gear Source direct may be used to place Least Significant Byte (LSB) in to Gear, unless Gear Source bigend = On, allowing the selection of Most Significant Byte (MSB).

The Gear Ratio table is searched to see if the ratio is between the specified limits for the gear starting with the low bound limit for Gear = 0, then the upper bound limit for Gear = 0, and so on up to the maximum gear ratio for Gear = 7. Thus Gear is calculated if Gear Control = ‘On’.
Gear is used to select a different Rev Light Speed, from Shiftlight high table.
Gear is used to select a different Rev Light Speed, from Shiftlight low table.
Gear is used to select a different Gear Spark mod, from Gear Spark mod table.
Gear is used to select a different Gear Accel mod, from Gear Accel mod table.
Gear is used to select a different Gear WG mod, from Gear WG mod table.
Gear is used to select a different Gear Boost Limit mod, from Boost Gear mod table.
PREVENTING LOSS OF TRACTION
This requires the reduction of engine power, often the best way is to retard the ignition advance, but more drastic action my require the cutting of sparks and fuel injection pulses. The reduction method is invoked when the compensated engine acceleration exceeds the trip value for the relevant gear.

If Engine Accel Rate > [TC Ign Cut Trip] for selected gear, the ignition cut percentage set by TC Ign Cut option is requested. When the acceleration returns to within limits, the cut is restored using TC Ign Restore percentage value for every engine revolution.
If Engine Accel Rate > [TC Fuel Cut Trip] for selected gear, the injection cut percentage set by TC Fuel Cut option is requested. When the acceleration returns to within limits, the cut is restored using TC Fuel Restore percentage value for every engine revolution.
If Engine Accel Rate > [TC Ign Retard Trip] for selected gear, the ignition retard degrees set by TC Ign Retard option is requested. When the acceleration returns to within limits the retard is restored using TC Retard Restore value, in degrees, for every engine revolution.
If Engine Accel > [TC Boost Limit Trip] for selected gear, a boost load limitation set by TC Boost Limit option is requested to modify Boost Target Total. Option TC WG is requested to modify WG duty. When the acceleration returns to within limits, the boost target is restored using TC boost Limit Restore and WG Duty with TC WG Restore as a percentage for every engine revolution.
VSS Vehicle Speed, Road Speed must exceed TC min Road Speed.

TC TUNING

1. Log Engine Accel raw, and Gear ratio, in ideal conditions.

Set the Gear Ratio table (see previous) and select an appropriate TC max if all gear ratios are not readily distinguishable. Adjust the sensitivity tables to compensate for the changing sensitivity with speed. Log again with Engine Accel Raw included in the log. This should be a flat line against engine speed if traction maintained.
If last log is acceptable, e.g. Engine Accel Rate is 50%, flat to 10%, then set the TC trips (Boost, Fuel, Ign cut and Retard) with the retard triggered first and fuel cut last. Try a retard of 25 ° and a restore of 2 ° with 30% fuel and ignition cuts.
TC Adjust Input may be used to select a parameter to moderate the sensitivity of the Traction control. Note:- it uses the Most Significant Byte of any parameter, with 0 giving no Traction control while 255 gives full sensitivity.
