Sensors
The sensors should be setup and function confirmed before any attempt is made to test an engine.

Manifold Absolute Pressure - MAP [kPa]
An analog conditioner is used to convert the voltage from the MAP sensor to a pressure reading.  By default custom values are entered but the item can be open and values for your sensor entered, see Baro for GM values.
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Barometric Pressure - Baro [kPa]
An analog conditioner is used to convert the voltage from the Baro sensor to a pressure reading.  By default the GM values are entered but the item can be open and values for your sensor entered.
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Coolant Temperature - CLT [C]
Configured as a GM CLT by default.  To change sensor type open the channel list, select CLT [C] then select the sensor type from the dropdown menu
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Intel Air Temperature – IAT [C]
Configured as a GM IAT by default.  To change sensor type open the channel list, select IAT [C] then select the sensor type from the dropdown menu
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Throttle Position Sensor – TPS [%]
The TPS [%]  and  and TPS_Track [%] if present must be calibrated.  Disable Electronic throttle control. then manually move the throttle open/closed a few times and allow the throttle to close.  Read the voltage and set the closed initial value.  Manually move the throttle to the full open position and set the open voltage initial value in the same way. 
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The sensor voltage will be shown in the AN_x [V] box and this must be entered as the initial voltage for the channel to be saved.  To do this open the channel list, type TPS in the search window and type the voltage into the correct channel.
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Crank/Cam sensors – see EngineDescription setup

Optional Sensors
lambda - lambda1, lambda2
This function reads an analog signal from an external WBO2 sensor controller and convers a 0-5V singal to a lambda reading using the innovative control conversion:
(V-0.5)*0.189+0.62
This conversion can be edited for other controllers by opening the channel list and selecting lambda1 or lambda2 and entering the desired formula.

Fuel Pressure – Fuel_Pres [kPa]
An analog conditioner is used to convert the voltage from the fuel pressure transducer to a pressure reading.  By default custom values are entered but the item can be open and values for your sensor entered.
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Fuel Temperature – Fuel_Temp [C]
Configured as a GM temp sensor by default.  To change sensor type open the channel list, select Fuel_Temp [C] then select the sensor type from the dropdown menu
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Oil Pressure – Oil_Pres [kPa]
An analog conditioner is used to convert the voltage from the oil pressure transducer to a pressure reading.  By default custom values are entered but the item can be open and values for your sensor entered.
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Wheel Speed Sensors
Inputs are available for 2 front wheel sensors and 1 rear axle sensor.
Front wheel sensors
Front wheel sensors are configured as digital inputs from a hall sensor.  The required inputs are the Front wheel circumference in inches and the number of trigger teeth.
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Real Axle sensor
The rear axle sensor is configured as a VR input mounted to the transmission output shaft. Te required outputs are the rear wheel Circumference in inches, the number of trigger teeth, and the rear axle ratio 
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The output of the function is the vehicle MPH



Main Setup
This section configured the basic engine specifications like displacement and also the crank and cam sensor setup.

Engine Description.  
To access this you need to select Tartegt>Channel List then type Engine in the search box and double click Engine Description to open the item.
This item contains all the basic information about the engine, see:
https://enginelab.net/documentation/#Engine_Description_EAL
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Ignition
Number of coils – Enter the number of coils you are using
Number of sparks – this is normally the same as the number of cylinders

Click Timing and enter the timing for each cylinder.  It is best to let the coil number be the cylinder number and set #1 to zero then count by the firing interval  then assign the angles to the cylinders base on firing order.  For a typical 4 cylinder the firing interval is 180 degree so you get 0,180, 360, 540. The typical firing order is 1, 3, 4, 2 yields
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A more complicated example is a V12 with waste spark.  In this setup there are 6 spark outputs so the outputs can’t be the cylinder numbers.  Here coils can be assigned in firing order or by banks, banks are used in the example with coils 0, 1, 2 on bank 1 (cylinders 1-6) and coils 3, 4, 5 on bank 2 (cylinders 7-12)  with a firing order of 1-7-5-11-3-9-6-12-2-8-4-10
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Select the ignition type
	Coil on Plug for any cone coil per cylinder setup
	Wasted spark
	Distributor
Invert output – uncheck is ground during dwell, 5V all other time
		Checked is +5V during dwell, ground all other time
This is the correct setting for GM LS coils
CS offset - should be set to 0
CS count – should be set to 0 which disables the feature which is not used

KS – Knock Sense
This is available in enginelab but not yet implemented in this model
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Injector 
Number of Injectors – this should be the same as the number of cylinders
Injector type – select “Multiport low or high impedance”  (direct injection not supported in the model)
Engine Displacement – The total engine displacement in liters
Number of Cylinders – the number of cylinders.
Cycle – select “4 stroke” (2 stroke not supported in the model)
Timing – like ignition timing the preferred method is injector 0 is cylinder 1, injector 1 is cylinder 2, etc.  Then the timing is based the cylinder’s firing order and firing interval.  In the example below the firing interval is 60 degrees and firing order is 1-7-5-11-3-9-6-12-2-8-4-10 with the result shown below.
[image: ]

Timing type – Select the correct option for your engine.  
	Note – VVT control is not yet supported in this model.
Crank Input – Selector the input pin for the crank signal
Crank edge  - Select the desired trigger edge
Note – for VR this is normally Falling edge and selecting rising edge will cause timing to change    with RPM
Crank Teeth – 
[bookmark: _GoBack]Crank nc – Noise cancelation, 10 is a typical value but this can be increase for noisy setups.  To adjust crank the engine while watching rpm and EAL_SyncState (also on the Main setup tab).  Start with a setting of 10 and increase the value until rpm becomes smooth and EAL_SyncState is not changing

Cam0-1 input – Select the input pin for the cam if used.
Cam edge – select the desired trigger edge

Notes for VR sensor users
These sensor produce a voltage signal that increases with rpm.  To help keep the signal with a range that a clean trigger in the ECU it is usually necessary to reduce the signal voltage at higher rpm.  A limiting function is for this purpose.
On the Main setup tab you will see:
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VR0_low_Rpm = the rpm below which a HIGHER threshold should be used
VR0_high_RPM = the rpm above which a LOWER threshold should be used
VR0_low_Threshold = the threshold to use with the low rpm set point
VR0_high_Threshold = the threshold to use with the higher rpm set point

This function uses a limiter to prevent constant switching at the transition point so in between the low and high rpm setup value both threshold valves will be used depending on the conditions.  As rpm increases from below the lower rpm to above the lower rpm the low threshold will continue to be used until the high rpm set point is reach.  When the high set point is reach the high threshold setting will be used until the rpm drops below the lower set point.   

Keeping at least 25 rpm and not more than 500 between the low and high rpm points is probably a good starting range.  
The lower rpm point will probably want to be above 500 and below 2000, 1500 is a good starting point.
To adjust crank the engine while watching rpm and EAL_SyncState (also on the Main setup tab).  Start with a setting of 100 and reduce the value until rpm becomes sporadic and EAL_SyncState is changing, then add 10.  
Start the engine and increase RPM slowly watching rpm and EAL_SyncState again looking for sporadic rpm or/and EAL_SyncState.  If no problems are seen pick 2000 rpm for the up set point and 1500 for the lower.  Hold rpm above the upper set point and reduce the threshold looking for sporadic rpm or/and EAL_SyncState then increase the threshold by 10.

Repeat with the cam if needed.

Redline
A redline or rev limit for the engine should be entered and rev limiter type set, you may chose Fuel cut, spark cut or both.  The system is very basic and simply turns off fuel and/or Spark when the Redline is reached.
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Note: You must change the initial values for these input to save them! 
ToDo – implement the EngineDescription fuel/spark probability functions in place of hard cuts.





Fuel
Basics
The engine needs different amounts of fuel to run properly under different conditions and the purpose of the fuel model is to provide the correct amount which is easier said than done and many effects must be considered and accounted.

The system works by measuring of calculating the mass air flow (MAF) or the engine under the current conditions (RPM, Throttle position, Air temperature, etc.).  Once MAF is know this is converted to a desired fuel mass flow and the fuel mass flow is converted into a fuel injector pulse time.
Fuel injector flow rate
The mass fuel flow of a fuel injector varies as the pressure across the injector which is the difference between the fuel pressure and the manifold pressure or fuel differential pressure.  Injectors are sized and sold by flow at a specific pressure, normal 3, 4, or 5 bar depending on the manufacture and when used with a pressure compensated fuel pressure regulator that 1 flow rate is adequate.   It is more helpful to have the injector’s flows rates over a range of fuel pressures if the information is available so that retuning is not needed when you change fuel pressure of to allow the ECU to compensate for varying fuel pressure due to a mechanical issue such as a failing fuel pump or plugged fuel filter.
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The fuel flow rate is entered on the “Injector” tab in the Flow_Rate [g/s} table.   The table is set to 33 cells by default but only 1 cell is require so add or remove columns as needed.  
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The fuel injector flow rate applies when the injector is open but a fuel injector is a solenoid valve that must open and close.  When it is full closed it is flowing 0 and when it is fully open it is flowing the specified flow rate, but while it is opening and closing it is flowing less than the specified flow rate.  
To correct flow that is below the linear injector flow rate (see image above) as the injector is opening and closing a table is called a Short_Pulse_Adder [msec].  This information is available for many injectors but if you do not have this information for your injectors reduce the table to 1 cell and enter 0.
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Also the speed that the injector opens and closed depends on the voltage and the differential pressure.  This is called sometimes called  “deadtime “ but a more correct term is offset because it is an x axis intercept on the time vs flow graph.  Detailed information for offset as  at different voltages and differential pressure is available and can be entered in the offset table but if all you have is a “deadtime” the table may be reduced to 1 cell.
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In performance engines the injectors tend to be quite large to supply the required fuel at full power which leads to very short injector times at low power.    So while only 1 cell in each table is absolutely required entering the data as shown in the examples will allow a much more accurate mixture and repeatable mixture at low power which mean an engine which starts, idles and cruises better so there is a real benefit to entering as much information as you can find.  Also there is a real benefit to adding a fuel pressure and fuel temperature sensors.
For the injectors to function they must be enabled by setting the Enable_Injectors slider  on the Main Setup tab as show:
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Injection Angle
Injection Angle is used the set the desire end angle of the fuel pulse.  
A 2D table with axes of Load [%] and RPM is provided.  Only 1 cell  is required to set the injection angle but generally at low power spraying the fuel against the back of the closed intake valve will provide the smoothest and most efficient operation but spraying as much fuel into the moving air stream will produce the most power.  Setting all values to 360 is a good starting point.
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Mass Air Flow (MAF)
Measuring the Mass Air Flow (MAF) before a fuel mass flow can be calculated.  The most straight forward way to measure MAF is with an MAF sensor as done by OEMs  but these sensors cause flow restrictions and do not work well in a noise intake track as found on many performance engines so an MAF sensor is not commonly used on performance applications so an alternate approach is requires.

Speed-Density (SD) is a method of calculating MAF using Manifold Air Pressure (MAP) and RPM as axis on a Volumetric Efficiency (VE) table.  The cells represent the % of air that is flowing through the engine at the specified conditions compared to what the engine holds at the specified conditions.  So for example if the engine displaces 1 liter only 0.5 liter is flowing through the engine then the VE in 50%.
The VE table y axis is Load [%] not Map [kPa].
Load [%] = MAP [kPa]/Baro [kPa]
This definition is used for several reasons.  The first is that the engine generates a differential pressure so VE and any given MAP changes when the ambient pressure, Baro [kPa],  changes and using MAP/Baro corrects for that reasonable well.  The second reason is that MAP changes when baro changes or when the throttle position changes so there is no way to tell to tell driver intent from ambient changes from MAP alone but using Load which is normalized for changes in ambient conditions means the change must be due to driver intent and allows the ECU top know the different between cursing with MAP at 60kpa where the desired AFR might be 14.7  from 60 kPa at WOT near the top of Pike’s peak where the desired AFR might be 13.2. 
The VE table is must be “tuned” or adjusted.  This is done by running the engine and adjusting the VE until the measured lambda matched the lambda set point.   This should be done with the engine at full normal operating temperature and with all other fuel correction disabled.  Setting the entire table to a safe lambda like 0.90 works well when tuning the VE table so you know exactly what lambda you should be seeing if the VE is tuned correctly. The VE table drives the MAF calculations and therefore all fuel calculation so it is important to tune it carefully and actually check as many cell as possible.
The number of row and columns in the VE table depends on the engine.  An 8x8 table is probably plenty for a simple engine with a smooth torque curve like a lawn mower but a race engine with aggressive cams may need 20 or more rows and 30 or more columns.  

The important concept with rpm points is that there must be enough rpms point to that when you connect them you have a good representation of the engine’s torque curve.  Any peak or valley on the curve needs a point because they indicate a change in the engine’s air flow.  It is also a good idea to have a point at the cranking rpm, cold and hot idle rpm and point maybe 100 rpm above and below the idle points.  A zero rpm point is optional, a redline rpm point is best practice.
Laod [%] axis
The important concept with map points is that while in theory the air flow into the engine will follow MAP exactly meaning VE depends only on rpm but the reality is that the engine cannot pull a perfect vacuum so VE depends on differential pressure, Load [%].  
At any rpm if you snap the throttle shut the Load [%] will dip to the max vacuum the engine can achieve and at that Load [%], rpm point the VE is by definition 0% and those are good Load [%] points to have in the VE table.  You don’t need to test every RPM, just enough to rough the shape of the curve.  The next good curve to rough in is the Load [%] you see at each RPM when the engine is held steady at the RPM unloaded.  Because these are both curves you may need 4 or more load points each but these low power points are important to the final drivability and fuel mileage so it is worth investing a bit of time on them.
Then you need to tune WOT and some number of additional points between the no load curve and WOT line, adding 4-6 about equally spaced rows is a good starting point.

Below is an example of a tuned VE table on a complex engine setup 
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Lambda Target
After the MAF is calculated the next piece information needed is the desire Air Fuel Ratio (AFR) or lambda.    Lambda is fuel independent so that is used in this model and is set in the Lamdba_Target table on the the lambda Target tab.  This is the table you tune to change the fuel mixture NOT VE[%]!  Like VE [%] the axes are Load [%] and RPM.   Only 1 cell is required but a larger table allows specific points for warm and cold idle, starting, cruising and full power situations. 
Fuel Coolant Correction
Fuel vaporized differently depending on the temperature so a correction is required.  A 1D table is provided on the Fuel-CLT Corr tab.  To use the feature you should set all cells to 0% so no correction will be applied then enable the function on the CLT_Fuel_Enable slide as shown:
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 To set up the axis values 10 deg sets work well.  Start the engine at ambient temperature and adjust the active cell value until the lambda matches the target lambda in a perfect world but a richer than target reading may be needed for the engine to run correctly. You will probably need to do several cold starts before you are satisfied with the performance and will also need to revisit the this table as if seasonal changes make ambient temperatures colder than were available when you first tuned the table.   At normal operating temperature the correction should be 0%, if it is not then your VE or lambda tables are not tuned correctly. 
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Fuel-Starting
Once the VE [%], Target_Lambda, and CLT_Fuel_Correct [%] are tuned the Start_Enrich [mg] table can be tuned.  This is use to prime the fuel system as well as provide any post start enrichment that may be needed to make the engine start well.
To use the function enable the slider on the Fuel_Starting tab as shown:
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Start_Enrich [mg] is a 2D table with axes CLT [C] and Cycle_Count where are cells are the amount of fuel to add to the calculated required fuel.  Tuning will be trial and error but in general more fuel is required at colder temperatures and lower cycle counts. 
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It is common to floor the engine when trying to tuned cold start functions so a Flood Clear feature is provided.  To use it the slider must be enabled as show:
[image: ]
The function works by setting the fuel required to 0 if the engine is cranking and the throttle position is greater than 90% to allow air to be pumped through the engine to dry the cylinders.
 
Cylinder Fuel Trim
Individual cylinder fuel trim is available ir need. It can be activated on the Main Setup tab by moving the slider to the enable position.
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On the Cyl Trim tabs you will find 2d tables for each cylinder with axes Load [%] and RPM.  The cell values are the % change that is made to the final fuel pulse with all other corrections applied.  Start by setting all cells to 0% and adjust as needed.  The best way to tune this is with cylinder lambda data but spark plug readings can also be used to fix severe problem.  Cylinder EGT reading should not be used to make mixture adjustments.
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Wall Wetting

Basics
Wall wetting refers to the fuel film or layer the fuel forms on the walls of the manifold, port and intake valves during operation.  At constant rpm and manifold pressure the film will be basically stable with fuel being added to the film at the same rate fuel is evaporating from the film.  The film is thinnest at high vacuum/low pressure and high rpm and thickest at low vacuum/high pressure and low rpm.  In most cases at very high rpm (top 1/3 of the engines range) the film will be essentially zero as the port/runner air velocity is high and effectively strips all the fuel from the walls.

When the throttle is opened the pressure in the intake manifold goes up.  If the engine is running on a liquid fuel such as gasoline then some of the fuel will condense on the walls instead of remaining in the air stream and flowing into the cylinder temporarily creating a lean condition until equilibrium where fuel is leaving the film layer at the same rate it’s joining the film layer is again reach. Conversely, if the throttle is closed the intake manifold pressure will drop and fuel that was inside the manifold in liquid form will evaporate creating a temporary rich condition until equilibrium is reached.

Solution.
The solution to the lean/rich condition that exists during throttle changes is to add or remove fuel from the injector pulse to compensate for the fuel that is going to or coming from the manifold/port walls until equilibrium is reached. 

Traditionally this was done with an “accelerator pump” feature similar to the accelerator pump on a carburetor that added extra fuel as the throttle opened and a “decal fuel cut” that simply cut fuel during decelerations and these methods work to keep the engine running but they generally cannot maintain a controlled air/fuel ratio leading to reduced power and increased emissions during transitions.

A more effective approach is to map the fuel that is present as stored liquid in the manifold and track the current stored fuel then compare the 2 values to determine how much to adjust the injector pulse so the engine receives the desired air/fuel ratio at all times.  This is what the wall wetting function does.

How the model operates
Fuel_Wetting_Enable – This is a user variable with a value of 0/1 to enable the function when the value is 1.

Fuel_Wetting_Enbale_Time [s] – This is the run time before the wetting system enables, 0-120 seconds.  Cranking and post-start can be somewhat difficult to predict and this variable allows the user to delay the wetting system operation to allow that region to be controlled with a separate function, Start_Enrich

 Fuel_Stored_Base [mg] – This is the fuel stored in the manifold runner/port in milligrams during steady state operation at normal operation temperature.  This is used as the basis for target or desired amount of fuel stored in the manifold/port calculation.

Fuel_Stored_CLT_Corr_Enable - This is a user variable with a value of 0/1 to enable the function when the value is 1. 

Fuel_Stored_CLT_Corr [%] – When the manifold/port is cold more fuel will condense on the walls.  If enabled this table allow the user to enter % correction to the Fuel_Stored based on Coolant Temperature.

Fuel_Stored_IAT_Corr_Enable - This is a user variable with a value of 0/1 to enable the function when the value is 1.

Fuel_Stored_IAT_Corr [%]– When the air is cold more fuel will condense on the walls.  If enabled this table allow the user to enter % correction to the Fuel_Stored based on Inlet Air Temperature.

Fuel_Stored_Target [g] – The amount of fuel in grams that is stored on the manifold/port walls under current conditions during steady-state operation.  It assumes that stored fuel is proportional to the target lambda and applies a lambda correction to the values in the Fuel_Stored_Base [mg] table along with the corrections for Coolant Temperature and Inlet Air Temperature.

Fuel_Stored_Current [g] – The running total of fuel or fuel in grams that is currently stored in the manifold.

Fuel_Stored_Delta [mg]  - The difference between Fuel_Stored_Target [g] and Fuel_Stored_Current [g] which is the basis for  the missing or extra fuel required calculation

Fuel_Stored_Correction [%] – This is the correction to apply each engine cycle as a % of Fuel_Stored_Delta.  It creates a proportional decay based on rpm and magnitude of the Fuel_Stored_Delta.

Fuel_Stored_Trim_Correction – This is the output of the function.  It is a trim value to correct for wall wetting effects.  This is applied to the global fuel trim supplied to the Lambda Staged Fuel System function.
Tuning Wall Wetting
Wall Wetting should be one of the last fuel corrections tuned and should be disabled until other fuel tuning is complete.  

Start by Disabling:
Fuel_Stored_CLT_Corr_Enable
Fuel_Stored_IAT_Corr_Enable
These will be enabled and tuned if needed after the main Wall Wetting tuning is complete.

Leave the main Enable Fuel_Wetting_Enable function disabled for now too.

The first step is to populate the Fuel_Stored_Base table. The table can have fairly large steps on the axis points as shown below.  There is normally no need to apply corrections at very high rpm so scale your x-axis to make the highest rpm about 2/3-3/4  redline as a starting point, you can always add more columns later if you find you need them.  The rpm points should start at 0 and Fuel_Wetting_Enbale_Time [s] should be 0 if you plan to use this function for cranking and post start enrichment or set to begin about when the Start_Enrich function ends if you will be using that correction.
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This function is working on a correcting an transient effect of a very difficult to measure variable so there will be a lot of trial and error in tuning this function.  One way to start is to set the top rpm column to 0 which assumes the effect is too small to matter at higher rpm.  Next set the point for 2000rpm to  the correpdoning Fuel_Flow [g/cycle] value, note to need to convert g to mg so 0.025 [g/cycle] becomes 25 in the table and do the same at the lowest MAP value you can get a reading for (40 kpa in the example)  then interpolated the table vertically from 40 up then horizontally 2000 to 6000 .  Make the 0rpm entries about double the 2000rpm numbers and the 0 kpa line about ½ the 40kpa line then interpolate horizontally 0rpm to 2000rpm and you have a starting table…..it will change but you NEED something to start with.
Another option for getting a base point or 2 in the table is to try to measure them but note this must be done on a dyno that can maintain rpm.    Again something around 2000 rpm works well.  Before beginning get the engine up to normal operating temperate and also note the Inlet Air Temperature you are working at as this information will be helpful later if you find you need to enable and tune the Fuel_Stored_IAT_Corr. 

1. Bring the engine to 2000 rpm and the lowest MAP that will maintain the rpm and start a log running.
2. Shut down fuel to 1 bank of cylinders using the Disable Bank 1 or 2 slider and wait a few seconds, you will now see a very lean condition on the bank lambda sensor
3. Restart the fuel and watch the response on the lambda signal.  The lambda signal will return to normal over some number of cycles (no change can occur until the injector fires so this is cycle based not time based)
4. The fuel stored in the manifold/port is the integral of the lambda error from the time the fuel is restarted until the lambda signal returns to normal and is roughly Fuel_Flow [g/cyle} x number of cycles/2 Enter this value in the table
5. Repeat steps 1-4 at any other points of interest

Set up the Fuel_Stored_Correction [%] table as show below
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Note that it’s a good idea to have the x-axis match the x-axis on the Fuel_Stored_Base [mg] table.
The y-axis is Error in milligrams of fuel.  The center of the table should be 0, this is the steady state condition where there is no error.  The bottom ½ of the table should be negative values and happens when the throttle is opened.  The top ½ are positive numbers and happens when the throttle is closed.  3 rows is the minimum required and all that most engines require.  The span from the top to bottom around the 0 row is the system deadband and prevents system instability.  1 and -1 usually work well but smaller of larger numbers can be used depending on the engine.

The cells in this table are the % correction of the difference between what sure be in the intake (Fuel_Stored_Target [g])  and what is in the intake (Fuel_Stored_Current [g])  to make each cycle.  The cells on the 0 row should be 0.  The cell top and bottom of the 0 row should be a low value, 10% is a good starting point and will yield about a 20 cycle or 1 second correction at 2000 rpm
Tuning this function is a little more difficult than most other functions because you cannot hold a constant Stored_Fuel_Delta.  The best strategy is to run a log plot with rpm, MAP, cycle count, Stored_Fuel_Delta [mg] and lambda or lambda error. Then make changes to the table based on what you see in the log.

1. Bring the engine to an rpm in your table and light load.
2. Open the throttle and try to maintain a new higher load until the mixture returns to normal..
3. The 2 tuning tables Fuel_Stored_Correction [%] and Fuel_Stored_Base [mg] work to gether but in general FuelStored_Corretion [%] sets the number of cycles or time the correction lasts and should be adjusted first so the correction ends as lambda returns to normal.  
4. Once the pulse duration is about correct the amount of fuel delivered can be adjusted to keep lambda steady.  If the mixture went lean then enter a larger Fuel_Stored_Base [mg] value, if rich enter a a smaller value.  This will be pretty proportional to the lambda error so if lambda is going lean and the current value fixed about ½ the error then doubling the value will come very close to eliminating the error. 
5. Repeat the test until you have a fairly constant mixture result.  If the shape of the correction curve will not let you fully eliminate the lambda error you can add rows to the Fuel_Stored_Correction [%} table.
6. Repeat 1-4 jumping to a higher load.
7. Repeat 1-5 at each rpm point.
8. Repeat 1-6 but now starting at a high load and stepping to low load. Do NOT alter the stored fuel table! that is tuned and should not be touched again.   Change only the % corrections in the negative row(s) and understand that you can’t shorten the fuel pulse below 0 so it’s very possible that the mixture will go rich and there is nothing you can do short of redesigning the intake manifold to fix it.  Get it the best you can.  Starting with the negative row(s) entries matching the positive row(s0 entries is a good starting point  and probably adequate for most applications.

Next the coolant correction will probably be required but obviously this can only be tuned when the engine is cold.  Let the engine cool down fully and repeat steps 1-6 as the engine warms up.  The table will look something like shown below.
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The Inlet Air Temperature correction may be required but this requires you have different air temperatures to try.  You may be able to some cool early morning vs warm mid day, but normally this is tuned as the seasons change.



Spark
The spark functions provide control of spark timing and coil operation.
A coil will charge require different charge times at different voltages.  A 1D table is provided for coil dwell time vs voltage.  
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For the coils to operate they must be enabled using the Coil_Enable slider on the Main Setp or Spark corrections Tabs as shown:
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Setting the timing is correctly is critical for safe engine operation.  To make this easier a timing lock function is provided on the Spark Corrections Tab.  This function will lock the timing to a set value to produce a constant signal that can be set to match the engine’s timing marks. 
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To make timing adjustments Target>Channel List and look for “CRANK_TrgOffset [degBTDC]”
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And adjust the initial value until the timing is correct.  Its best set the timing while cranking with the fuel disabled and then re recheck the timing with the engine running.  Once the timing it set disable the timing lock feature as the engine could be damaged if used in normal operation with locked timing.
Spark Table
Once the base timing is set the timing will be controlled by the Spark_Timing [degBTDC] table.  This is a 2d table with axes Laod [%] and RPM.  Tuning the table it best done under controlled conditions on a dyno as sever engine damage can result from incorrect timing settings.  The goal is to set the timing to deliver the best torque at all points which should also be the lowest Exhaust Gas Temperature( EGT) reading if that senor data is available.  
Setting the timing to a constant values around idle conditions instead of best troque can be very helpful achieving a steady smooth idle.
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Throttle Setup

An Electronic Throttle Control (ETC) function is available designed to work with an external driver such as Pololu G2 High-power Motor Driver 18v17 #2991,  18v25 #2994, or similar 
https://www.pololu.com/product/2991
https://www.pololu.com/product/2994
The outputs are:
ETC_Pololu_PWM  - signal on lowside8, C2-43
ETC_Pololu_Direction  - signal on lowside7, C2-44

To use the function is must be enabled on the Throttle Setup tab:
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And at this point the idle control and stall Saver features must be disabled
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The Throttle_Pedal and Throttle_Pedal_Track  open and close voltages must be set.
Cycle the throttle pedal open/closed a few times and release the pedal.  The closed voltage will be in the an [V] box and this must be entered as the initial voltage for the channel.  To do this open the channel list, type TPS in the search window and type the voltage into the correct channel.
[image: ]

Press the throttle open until it stops and enter those voltages in the close initial value in the same way.
[bookmark: _Hlk534284787]The TPS [%] and TPS_Track [%] must also be set.  Manually move the throttle open/closed a few times and allow the throttle to close.  Read the voltage and set the closed initial value.  Manually move the throttle to the full open position and set the open voltage initial value in the same way. 

Throttle Pedal Translation
The engine is often very sensitive to small movements on the throttle near idle and much less sensitive near WOT.  To all the operator to but control the off idle performance it is common practice to use a variable ratio linkage of control strategy to translate pedal movement into throttle movement.  This is accomplished in this model using the Throttle_Position_Translation [%] table.  
[image: ]

Another function of the table is to set the idle position if an idle stopped in not available on the throttle body.  This is done by adjusting the 0 pedal position cell until the desired idle is achieved.  If idle control is being used the zero position should be set at of near the idle control position to ensure the throttle will transition smoothly from idle control to pedal control.

Tuning the Throttle PID control
The ETC system uses a PID controller and a feedforward table.  and these must be tuned to work correctly with the driver and actuator used to operate the throttlebody. 
Start by setting:
ETC_Proportional_Coefficient = 0
ETC_Integral_Coefficient = 0
ECT_Derivative_Coeffient = 0
 ETC_Integral_Lower_Clamp = 25 (10-25) is a good range.
ETC_Integral_upper_Clamp = -25 (-10 -25) is a good range
The feedforward table is set first.
[image: ]
This is basically an openloop table that will quickly drive the throttle to a “close to right” postion.  To set Enable ETC then press the throttle to the floor( or set the Throttle pedal translation table values to 100% at the closed pedal position), this will send the throttle control system into an error condition (State_ETC = 0) and the system will attempt to drive the throttle to the ETC_Error_Postion which you can set to match the colunms in the Throttle_Feedforward table. Adujst the cells int rhe table until TPS is at or slightly below the set point.  If the throttle is spring loaded to a closed postion a simple equally spaced 0-100% x axis is best.  If the throttle is spring loaded to a partially open position as many are you will want extra x-axis points around this position. 
The y axis is voltage.  Lower voltage will require higher duty cycle setting to achieve the correct throttle position so at a minimum you will want to set the table at the engine running voltage, around 13.8V.  Setting only at the engine off battery voltage (around 12.5V) will cause the throttle to overshoot the correct position most of the time which is not ideal.  Attaching a batty charger to the battery is an easy way to get the system close to running voltage and an adjustable voltage power supply is the best way to achieve a range of voltages.

[image: ]

Note that if you turn off the ECU the setting will return to the initial values when you restart the ECU so remember to change the initial value  on the channel list on anything you plan to save.

Begin by increasing the Proportional coef. and moving the throttle pedal and watching the result.  Continue increasing the proportional coef. Until the throttle begins to oscillate when throttle is moved abruptly and log the result to allow you to measure the period.   Divide the Proportional coef. In half and set that as the initial valve.  Again this should be done at around 13.8V

2nd set the I term to period/2
3rd set the D term to Period/8
The throttle should work fairly well at this point.  A LITTLE Derrivative Coef. Can reduce the overshoot but more than a little will cause oscillation.  A log of TPS and Throttle_Pedal_Translation [%] is a good way to see the performance.  Is should track nearly perfectly at low speed changes and a maybe a little overshot with violently fast position changes.
Be sure to set the initial value to save you inputs.


There are several additional features of the ETC system that can be used.
Cranking position sets the throttle to the correct position for starting the engine.  This is only active during cranking when the throttle pedal is close. A limiter is used to determine is the pedal is closed.
[image: ]
The set up required is 
Idle_Enable_Pedal_Position [%]
Idle_Disable_Pedal_Position [%]
ETC_Cranking_Position
Stall Saver will open the throttle to the stall saver position if engine rpm drops below the stall saver setting and the throttle is closed and the feature is enabled
ETC_Stall_Saver_Enable
Idle_Enable_Pedal_Position [%]
Idle_Disable_Pedal_Position [%]
ETC_Cranking_Position

Idle control that works by adjusting the throttle position using a PID controller to maintain a set RPM.  
ETC_Idle Control_Enable
Idle_Enable_Pedal_Position [%]
Idle_Disable_Pedal_Position [%]
Idle_Ramp_Down_Rate [%]
Idle_Ramp_Down_Enable [rpm]

The idle setpoint is entered in a 2D table with axes Cycle_Count and CLT [C].  This allows higher idle to be set at post start and at colder temperatures.
[image: ]

And last the PID setting

[image: ]

To tune the idle PID start by setting the min and max throttle positions.  This will keep the engine from stalling or over reving.
Set the Proportional, Integral, and Derivative coeff all to 0.  Begin by slow increasing the proportional coef iuntil the idle becomes unstable then cut it in ½.  Next increase the integral coef until idle becomes unstable then cut it in ½.  Last a very little Derivative Coef might help it settle quicker.

Once idle is working the ramp down point and rate can be set.  This feature prevents the engine from stalling or rpm dipping below set point down throttle off.  The ramp down rpm is the rpm above the idle target the ramp down should engage, 400 is a good starting point.  The ramp rate is a proportional % of the remaining different to reduce the rpm per cycle, 5% is a good starting point.  
Be sure to set the initial value to save you inputs.

Optional Outputs

Fuel pump Control.
The fuel pump control feature controls:
Lowside Switch0, C1-34
This function can operate as an on/off switch or can output a PWM signal to control pump flow.
[image: ]

Fuel_Pump_Enable slider must be in the enable position for the pump to operate
Fuel_Pump_Prime_Time is the time the pump will run full speed at ignition on to prime the fuel system, normally 1-10 seconds is correct.
Fuel_PWM_Frequency (Hz)  = the frequency the pump signal will be cycled, 100-10000 is a good range depending on the external switch/reply used.
Fuel_Pump_Duty_Cycle is the duty cycle to use at the currecnt Voltage and Fuel_Req [g/s] .  This is tuned in a trail and error method lowering the value until fuel pressure drops then adding 10.  This does not control fuel pressure it simply slows the pump to limit fuel heating in setups with large capacity fuel pumps.    
To use as a switch simply set the PWM duty cycle table values all to 100

The output CANNOT control the pump directly.  A solid state relay is required if PWM will be used or a standard relay if the switch mode is used.
Be sure to set the initial value to save you inputs for everything except the table value.

Cooling Fan Control
This function controls output:
Lowsideswitch2, C1-17
A limiter is used to turn on the fan above the On Temp and turn off below the Off point.  A hysteresis band is in between the point and should be 5-10C for most applications.
The slider must be in the enable position for the function to be active.
[image: ]
Be sure to set the initial value to save you inputs.

Tach ouput signal
A tachometer output signal is available on:
Lowsideswitch9, C2-29
The function outputs a 25% duty cycle PWM signal at a frequency that is a set by rpm and the Pulse_Per_Rev input.  A V8 tachometer will generally expect 4 pulses per rev, but you can easily compare the RPM indicated by you tach to the EAL_EngineSpeed [RPM] to calibrate the signal is you are unsure.  Be sure to set the initial value to save you inputs.


Simulation Functions
When opened on a computer simulation functions are available for testing
Throttle Simulation (for use with ETC system)
On the Throttle Sim tab are the setup parameter for an ETC actuator simulator.  This uses a model of:
spring + mass + damper + applied force
[image: ]
Sim_ETC_Enable – slider to enable function
Sim_ETC_k_Throttle – spring rate, default is 100
Sim_ETC _damping – a damping or friction factor, default is 4
Sim_ETC_mass – system mass, default is 0.2
Actuator_PWM_Force_Factor – factor to convert the ETC system output into a force, default is 2.0

The chosen spring rate and required actuator force factor are inner dependent, a strong spring needs a strong actuator to move it.  Also the spring force should be large compared to the mass because throttle at pretty light and actuator pretty strong to achieve good throttle body response.  The default setting work well.
It is very easy to make the system unstable though poor setting choices in the simulator or in the ETC set…..just like the real world.

RPM Simulation
Quite a bit goes into this but basically it works much like the throttle simulation minus the spring component.  A MAF is calculated based on current throttle position and some basic engine pump efficiency inputs then converted into a torque.  Acting against that torque is pumping losses and friction.  The net torque become the applied force.  It the Net is positive the engine accelerates against the inertia, if negative it decelerated.  

Simulated MAF
This is calculated based on a tables that define a generic engine.
Sim_MAP_min_MAP is the maximum MAP that the engine can produce when the throttle is snapped shut at any given rpm.  Engines with large cams pull very poor vacuum at low rpm and more vacuum at higher rpm while an engine with smaller cam pull much higher vacuum but still pull more at higher rpm.
[image: ]

Sim_MAF_WOT_VE is the VE% the engine is capable of at different rpm
[image: ]



The last piece of information is:
[image: ]
This is the maximum MAF the engine can flow and all the corrections from the tables are applied to this number.  Basically is the interpolated value from min map MAF which is 0 to the VE at the current rpm using throttle cross-sectional area at the current throttle position.
Need more……

Sim_MAP
This is calculated by interpolating between the min MAP and baro based on the available throttle area which assumes flow through the throttle is proportional to area.  A table is used because I had to cheat a bit to get power being produced to make sense at low throttle positions.
[image: ]

The sim rpm function use the simulated MAF to calculate KW produced.
An equation for a typical engine is used to calculate frictional losses, losses increase as the square of rpm.
Work done to pump at the current MAP is also calculated from the BMEP formula used in reverse.
The 3 works are combined to a net work and the current rpm is used to convert to a net toque.
From there an acceleration and rpm are calculated.

Coolant Temp SIm
This function warm the CLT temp base on MAF.  
The required inputs are: 
Engine mass…this the mass in contact with the coolant so maybe ½ the actual engine weight.
Colling system capacity – the volume of fluid in the cooling system
Thermostat set point
Cooling fan CFM – the air the cooling fan can move
[image: ]

In operation CLT will warm until the thermostat temp is reach then remain constant and the required air flow to maintain engine temp is calculated.
If  use fan  is enabled the available cooling air is for the cooling fan and CLT will cycle between the fan on and off set point unless the heat generation rate is higher the available airflow will dissipate, then the temp will increase (overheat).
[image: ]
[image: ]
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