Tooth Control 
The ‘external’ teeth on the crank trigger wheel are counted individually by the ECU and each one may have an individual action. However, to reduce processing power needed and because the ECU is quick and accurate at interpolation, not all of them should be processed. Instead the user should adopt a timing strategy using ‘internal’ teeth and tooth control. 

Tooth control is the method used to identify the tooth pattern of the Crank trigger wheel. The values input into the tooth control table tell the ECU whether to process the tooth or not and the expected configuration in order that the Engine speed can be correctly calculated. In the case of a missing tooth, TDC (Top Dead Centre) can be identified to maintain injection and ignition accuracy. The tooth control table also incorporates the cam sensing of the system. In order to improve timing pattern flexibility, the crank signal is processed by the Tooth Control table, accessed with the value of parameter A Tooth. The actions to be taken are encoded in 3 bits but represented as a number in the Tooth Control Table. 

The numbers across the tooth control table, represent the number of ‘external’ teeth detected on the crank tooth wheel, before the missing edge/s or extra edge/s. The numbers in the left hand side of the table are the numbers the user should enter on the bottom row of the Tooth Control Table Grid and denote the action the ECU should take. Most of the teeth will require a zero as they will not need to be processed. It is up to the user to determine how many teeth they actually process (i.e. how many ‘internal’ teeth are generated) which could be anything from 4 to 12 per rev. 
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For the example table left:-

Ford (36-1) 35 crank teeth at 10 degree intervals on crank with 1 cam tooth. 

Tooth Control table is repeating 1,0,0,1, till 30 then 4,4,5,4,3 . The initial section acts as a ‘divide by 3’ so that internal tooth scaling is 1 tooth= 30deg. The final section is looking for the missing teeth. 
Sync Cam Count = OFF, Sync Crank S Count = OFF, Sync MX = ON, Sync Teeth = 1, MX Sync Test = 34, MX Time = 50%, Missing = 1. Option Test Not Sync'd must be set to ‘On’, so that while cranking, all opportunities are used for timing synchronisation.


The actions to be taken are encoded in 3 bits: 
Number 	Bits 2,1,0 	Function 
0 		000 		Do nothing, to do absolutely nothing set T Cont Nothing = On 
1 		001 		Process significant edge 
2 		010 		Process alternative edge, used for crank alt fire mode 
3 		011 		Force reset of A Tooth, if loss of sync 
4 		100 		Only test for synchronisation 
5 		101 		Process significant edge and Test for synchronisation 
6 		110 		Process alternative edge and Test for synchronisation 
7 		111 		Reserved 

These bits have the following actions: 
Bit 0, if =0, ignore tooth, so effective an ‘external’ tooth divider. 
Bit 0, if =1, increment Fuel and Spark teeth.
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Bit 1, if =1, do not increment Fuel and Spark teeth, but may use tooth for cranking ignition. If option 	Crank Alt Fire is set to ‘On’, then any coil output is charged it will be forced to fire when this 	tooth is	reached. 
Bit 2, if =0, do not check synchronisation if option Test Not Sync'd is ‘On’. If parameter Stat Sync'd is 	‘Off’ a synchronisation will be performed. 
Bit 2, if =1, check for synchronisation. 

Most users can ignore the actual value of the bits 2,1,0 and simply familiarise themselves with the number and its function. For each tooth there is a representative number beginning from 0 to 59. 
At each tooth an instruction should be given in the form of one of the numbers above and entered into the Tooth Control Table.

If option Spark Fire is set to ‘ON’,  then the ECU will perform extra tests to control ignition events, not normally required, the complimentary function No Charge Control should normally be off. 
If option Accel Comp is set to ‘ON’, then the engine will be considered to be accelerating at a constant rate, this will help reduce errors in spark placement when accelerating or decelerating. 

This process of using the tooth control table allows many high data rate crank tooth patterns to be translated into a lower data rate 12 tooth crank wheel. The 12 teeth per rev may be further processed by a user scalar to absolute crank degrees. Thus after synchronization (if any), parameter A Tooth is translated in Fuel Tooth and Spark Tooth. It is strongly recommended that if there is any doubt, or as a confidence check, that Tooth time internal crank tooth period is approximately constant when plotted versus Fuel tooth. This can be done cranking if the spark plugs are removed to reduce the compression of the engine.

Contact GEMS for Details on Tooth Control tables at tech.support@gems.co.uk 
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