All You Wanted to Know About EFI But Were Afraid to Ask.

Final Chapter - Starting and Tuning

Richard Nedbal - richnedbal@msn.com

So - Are We Ready to Start Our Engines ?

In the last chapter I went through the “pre-flight” check procedures, and since then, I know your car has been sitting in the garage waiting for this last and final chapter. Well one thing is for sure - your engine WILL START.  But first we have to tell the ECU a few things about your engine.  Parameters need to be set, changed, or as least checked, prior to starting.  There are many other settings but these are usually defaulted to correct values.  My syntax will show the menu paths with bold italics as well.

View/System Configuration/Operational Parameters

- Select Speed Density mode.

- Select Bank-To-Bank injection mode.

This screen also shows the crankshaft reference angle.  This is set to the degrees where the reference pulse will occur; usually about 50 degrees BTDC.  This is the number you will change to make the numbers in your spark table (View/Spark Functions/Base Spark Table) match with reality - a timing light.

View/System Configuration/Fuel Calc Parameters
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This is fairly obvious isn’t it?  How big is the engine, how many cylinders, injector flow rate and the Map sensor’s range.  Remember, a 1 bar Map sensor is for any normally aspirated (non-boosted) applications.

A quick refresher on what the IAC does - The IAC (Idle Air Control) controls idle speed by bleeding in air.  We want the plates on the throttle body to be open just enough to allow for a nice idle with the IAC barely open.  This gives the ECU maximum IAC range to catch a stumbling engine etc.  So we manually set the primary and secondary blades on the throttle body to be open just a crack.  Then we look at the software to see the TPS percentage.  Lets say it’s at 7%.  Now we go to View/Idle Functions/Idle Parameters and tell the ECU that the maximum idle TPS value is 9% (2% more than the manual setting).  Now the ECU can tell when the throttle is really closed - anything less than 9% - when it goes into its control idle mode.

You already checked that we have spark, at approximately the right time.  But (there’s always a but isn’t there?) the ECU will be changing the timing to help control the idle RPM; this is called “Timing Trim”.  This causes the timing mark to bounce around, so for now, we will set the entire timing table to a fixed value and turn the timing trim off, until we have changed the crankshaft reference angle (above) so that the spark timing values in the table match what you read with a timing light.

View/Spark Functions/Base Spark Table

Set the entire table to 20 degrees.  This will be our start and run timing for now.

View/Idle Functions/Timing Trim

Zero out this table so no timing trim will be applied. 

View/Fuel Table/Base VE Table

Brings up the base VE table with a dashboard at the bottom.  You should be able to read the following dashboard parameters with the engine NOT running and the ignition on: 

- The TPS reading at an idle should be relatively low, and should increase as you open the throttle.

- The MAP sensor should read approximately 100 kPa. This is engine vacuum.

- The air and coolant temperature sensors should read the approximate outside temperature, assuming the engine hasn't been run for some time

- Battery voltage should be approximately 12 volts.

You have previously disconnected the injectors to see the RPM when cranking the engine, so now you can turn off the ignition and reconnect the injectors.

Setting the Crankshaft Reference Angle with the Aid of a Timing Light:

Assuming the spark table is set to a constant 20 degrees and timing trim is off, start the engine and immediately check the timing with a timing light. Adjust the crankshaft reference angle value as required so that the actual timing read with the timing light is 20 degrees.

Since this step can be performed on a cold engine you might as well get this done ASAP.  Once the crankshaft reference angle is set; then you shut down the engine and go back and enable the Timing Trim (View/Idle Functions/Timing Trim) and build a reasonable timing table (View/Spark Functions/Base Spark Table).
Now Start the Engine Again and Warm It Up.

I normally bring up several tables so I can switch between them while I make adjustments:

View/Fuel Table/Base VE Table
The base VE table - You’ll need to adjust this table during hot idle later anyway.

View/Idle Functions/Idle Speed Vs Coolant Temp

Idle speed vs coolant temp - so you can check and change RPM during warm up.

View/Temperature Correction Table/ CTS Correction

Temperature enrichment correction - so you can adjust enrichment during warm up.

View/Idle Functions/Start IAC Pos vs Coolant Temp

Start IAC Pos vs coolant temp - so you can see the IAC position.

Assuming the basic parameters are set, the engine WILL start.  Your objective for this first start will be to keep the engine running and happy until it’s up to temperature.  There is no point is trying to set the basic VE table until the engine is warmed up (this is a common mistake for first timers).  You will modify the warm up tables (View/Temperature Correction Table/ CTS Correction) as required to keep the engine running. After the engine is fully warmed up and idling, if the IAC is full open, it’s trying to bleed in more air to get the idle up.  So open the throttle plates until the IAC drops.  If the IAC is full closed, then close the throttle plates, until the IAC opens a small amount.  When completed, the ideal IAC position for a warmed up idling engine is near the bottom of its range.  This gives the IAC plenty of room to catch a dying engine or compensate for an automatic going into gear etc.

Then after the engine is up to temperature, and the temperature enrichment correction has gone to zero, you will set the basic VE table in the idle range.  Highlight a block of cells around where the engine is idling and use the page up/page down keys to bump them up or down while monitoring the A/F ratio on the dashboard.  Remember increasing the VE values adds fuel and decreasing the VE values removes fuel. Your target A/F ratio for idle, should be around 14:1, but the actual value will depend on what your particular engine wants.  Once the engine has warmed up and the Idle A/F ratio is set, now you can correct or reset the throttle plate position so that the IAC can do its work.

LATER, after a complete cool down, you will start the engine again and THEN adjust the temperature enrichment correction table (View/Temperature Correction Table/ CTS Correction), now that you know the basic VE table is correct for a warmed up engine.  It’s a common mistake to try and adjust the basic VE table while enrichment fuel is being added.  Don’t do this!

Setting the Idle Speed:

Use the Idle Speed vs Coolant Temp to adjust the warmed up idle speed.  You should have already engaged the timing trim table to help stabilize idle.  I usually try to change the idle speed while watching the IAC position just to make sure everything is working correctly.

There’s one other parameter I set at this point: View/Idle Functions/Throttle Follower 

When you quickly release the throttle, a normal engine might overshoot and die.  With this control, the IAC is momentarily opened and then gradually backed off to “ease into” a normal idle.  This stops an engine from stumbling on a quick throttle release.

You should now have an engine that starts, warms up, and idles.  I recommend that you do the in-car tuning in “CLOSED LOOP” so that the system will help protect you from incorrect A/F ratios and running too lean.

In-Car Tuning:

Notes to consider:

- When in Closed Loop, the system adds or removes fuel from the basic VE table in an attempt to reach your target A/F values.  This is called the A/F ratio correction percentage.  The system is considered tuned when the correction percentages are 5% or less.

- Always change a range of cells rather than one cell at a time.  The ECU is always interpolating between cells so changing only one cell almost never works.

- Open up the View/Closed Loop Parameters/A/F Ratio Table to see what the target A/F ratios are and make adjustments if necessary.  But remember, the system is NOT in closed loop at idle.  You go to View/Closed Loop Parameters/Closed Loop Parameters to adjust when the system goes into, and out of, closed loop control.

In Car Data Logging and Tuning:

This process is really quite simple and follows these basic steps:

* Make sure the ECU will go into closed loop control.

* Click Logging/ Setup Realtime Data Logging and:


- Choose “Dash for Data Logging”.


- Make sure the max logging time is set for at least 10 minutes.

* Make sure the dashboard you are using for the log has at least the following parameters:

RPM, Bat voltage, O2 correction percentage, Spark, Actual A/F Ratio, Map (kpa), Inj DC %, TPS %.

(You cannot log items that are not present in the dashboard).

* Drive the car in STEADY STATE conditions.  Try NOT to induce the transition enrichment table (accelerator pump emulation).  You want the logged A/F ratio to NOT include any acceleration enrichment (View/Fuel Tables/AE Fuel vs Map Rate of Change)

* Stop AND SAVE the log BEFORE shutting off the engine.

* Then turn the ECU back on, call up the VE table, hide its dashboard, load the saved log, and make adjustments.
The saved log will show you the path that the engine took during the logging session.  Now you can click in the log and use the right and left arrow keys to move forward or backward in time while watching the recorded O2 correction %.  The O2 correction % is the amount of correction the ECU used to achieve the Target A/F ratio as defined in View/Closed Loop Parameters/Target A/F Ratio.

If the O2 correction % is positive - the VE values in that area are too small and must be increased.

Likewise if the O2 correction % is negative - the VE values in that area are too large.

You redo this “log - playback - adjust cells” mode until the correction percentages are less than 5%.

Closed loop will do what it has to, to arrive at the target A/F ratio, but it takes times to measure the exhaust and then make a change so in reality the ECU is always late, and therefore out of tune, during this automatic closed loop correction process.  What you are doing by getting the O2 correction under 5% is making the initial computed fuel so close to ideal, that closed loop corrections make only small adjustments.  In fact, a well-tuned EFI engine runs just as well in open loop because the O2 correction isn’t needed, and race engines never use closed loop at all.

Interpolation - Smoothing Out the Tables:

After this process has been completed you will no doubt notice that there are many areas of the VE table that you never got to, or areas where there are peaks and valleys.  You don’t want the any table to have sharp changes or drops offs, so now is when you open the 3D image of a table (by hitting the “G” key) and rotate it using the arrow keys, looking for smooth transitions from area to area.  To smooth out a transition you go back into the 2D mode, select the area you want to smooth (by windowing the area), right click and select INTERPOLATE.  The software will smooth the area in between.

When you change any table while doing the log playback, the system does not know if you changed cells, so the log was only valid for that last set of tables. You must do another log to see the effect of any changes you made. Always delete any saved logs because they only applied to a past set of tables.  Once changes have been made, the log is no longer valid.

Accelerator Pump Emulation (View/Fuel Tables/AE Fuel vs Map Rate of Change)

This table adds fuel for only a short period of time when the Map sensor shows a change quick change of engine vacuum.  Manifold vacuum is better to look at than the actual TPS position for the Speed Density mode.  Bump this table up to get the fuel shot you want, and you’ll be very happy with the results.  By now the reason should be obvious to you.  A carburetor has to respond to an engine’s demand, but an EFI system computes fuel BEFORE the engine asks for it.

Well that’s about it.  I hope it wasn’t too painful.  You have a lot of control with an EFI system so feel free to reap a few benefits.  For example, running lean under light throttle conditions increases economy.  In addition, killing the injectors and advancing the timing, when releasing the throttle yields better economy too.  Yet the EFI system is poised and ready for when “you put your foot into it”.  So there’s really no compromising - you can have your cake and eat it too.
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