VARIABLE VALVE TIMING

There are separate controls for inlet (VVC) and (VVCX) outlet control valves. The Cam signal(s) is used to detect the cam position and a PWM signal VVC out control its position. User Scalar options VVC Advance Scalar and VVC Advance Offset may be used to rescale the underlying 0-80° scaling for a more meaning full range. Note if Cam (1 or 2) Start, CamX (1 or 2) Start or VVC Range options are changed, then the user scalars should be adjusted accordingly.

The control system consists of VVC and VVCX maps to hold the target valve position, used by the feedback PI loop. The open loop VVC#n Out (either 1 or 2) is taken from the relevant VVC Duty option or table. Note, often the control valves have a small off condition where equal pressure is diverted either side of shuttle, this may be used as the reference point.

The cam positions are determined by capturing the relevant cam timing edge and scaling it into degrees:

Cam#n Angle = Sync Tooth n + (Cam#n - Crank)/Tooth time in teeth.

Cam#n ADV = (Cam#n Angle - Cam#n Start) × VVC range in degrees.

VVC range = (degrees/tooth)/Cam control range %.

Reminder. The raw range is 80deg, but scaled with VVC advance scalar and VVC advance offset user scalar for more flexibility.
VVC range = (degrees/tooth)/Cam control range %, specified in teeth.

When the VVC Feedback is active, above VVC min Speed/Coolant option values, both cam sensors should be responding. If not, then the VVC/VVCX Default values are used or if below cranking exit speed, then VVC/VVCX Stopped is used.

The feedback PI loop is augmented by VVC (and VVCX) Error table output.

VVCn Out = VVCn Duty + [VVCn Error] + VVCn FB

VVCn FB (new) = VVCn err × VVCn FB P + VVCn Int (old) × VVCn FB I
The range of the feedback is constrained by VVC/VVCX FB min and VVC/VVCX FB max and shown as %. The output duty is constrained by VVC/VVCX Out min and VVC/VVCX Out max and also shown as %.

The two VVC outputs are directed to the PWM output channels using VVCn PWM Out, as with other PWM channels.
There is a selective rejection of non-useful Cam data for VVC, when option VVC Bad T Rejector is set to ‘On’. The Timer channel is reset then parameter Fuel Tooth No shows the value in VVCx T Counter Reset F, then if the timing signal sample data Tx Count = VVCx T Count good n, then it will be used to make parameter Camn ADV, the measurement of Cam position used in valve controller. The value x (in the examples above) signifies VVC1, VVC2, VVCX1 and VVCX2. The n values are selected for even events around the engine cycle.
Independent VVCX Oil Switch Input can, of course, be the same as VVC Oil Switch Input.
Option VVC Tx-T1 Filter below, can remove noise on VVC(X)(1 or 2) ADV, typical value 0.016mS
Valve Lift (VTEC) options, specify a set of entry and exit conditions based on Engine Speed, Engine Load, and Pedal. They may conditionally operate an output on an input switch condition. If option Valve Lift On Input is set to ‘0’, no Switch test applied. When all satisfied, parameter Valve Lifted will switch to ‘On’ and the Fuel / Spark modifiers Valve Lift Fuel Trim and Valve Lift Spark Trim are applied.
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VVC TUNING (if controlling both inlet and exhaust cams, look for VVC and VVCX options and tables. Likewise, Cam and CamX)
1. Set [VVC Error] and [VVCX Error] tables to 0, VVC Out min to 0% and VVC Out max to 100%. If [VVC/VVCX Duty] options (or tables) are both set at 50%, you can then adjust them to vary the output duty of the VVC1/2 Out (and VVCX1/2) parameters.

2. Find the range of the Cam1/2 Angle and Camx1/2 ADV parameters, the ones moved and controlled by the [VVC/VVCX] tables.
3. Set Cam#n Start so that the useful range is before the lowest Cam#n Angle.

4. Set VVC range to give good resolution of Cam1/2 ADV. Note the scaling need not be in actual degrees, the user scalar might help here.

5. Check and log the relationship between VVC#n Out (Duty) and Cam#n ADV. Note this may exhibit large hysteresis.

6. Average the values obtained increasing duty with those reducing duty for the same Cam#n ADV. And fill the [VVC#n Duty] table with the duty values.

7. Fill in the [VVC/VVCX] maps with a first pass estimate of required advance. Check and log the relationship between VVC#n map, VVC#n Out (Duty) and Cam#n ADV. Note this may also exhibit large hysteresis.

8. Now fill in the VVC/VVCX Error table with a restoring function, Check that the response has improved, you may need to change the limits values in VVC FB min or VVC FB max.

9. Now increase from zero the VVC#n FB P and VVC#n FB I PI control loop settings. Note these may be minus.

10. Adjust the [VVC#n Error], [VVC#n Duty], tables and PI control constants until acceptable control is achieved. Usually a bell error curve will result with a standard deviation of less than 2 degrees is preferable and achievable. 
11. Now tune the [VVC] and [VVCX] maps for best torque or efficiency. Set the VVC Stopped and VVC Default appropriately for cranking and safe (rich) conditions. You may wish to constrain VVC Out with VVC Out min and VVC Out max, to minimise valve heating.
12. To aid tuning a table VVC Fuel mod, may be used to correct the fuelling, for actual cam position. The output VVC Fuel mod with a range of ±50%. VVC Target mod, is a user adjustable modifier of target position with a nominal range of ±40%. It may be used to quickly asses the VVC performance.
