                Microsquirt 1-2 Cylinder Dual Spark Configuration
    One and two-cylinder engines, while seemingly simpler than those with more cylinders, pose some problems because of the way microsquirt Dual Spark software handles the 2 ignition and 2 injector outputs that are capable of driving up to 2 banks of 4 cylinders each.  It is the purpose of this document to describe how to configure various 1 and 2 cylinder engines to obtain optimal performance from the Microsquirt.
    There are a number of configurations for controlling engines.  In this document we are considering only 1 and 2 cylinder engines which have one or more toothed trigger wheels to provide engine position information which can be used to control fuel and spark.  These engines should be configured in Microsquirt using the Dual/Multi Spark Option, with v3.730 or higher code version, which uses the Auto Trigger mode ( http://www.megamanual.com/seq/autotrig.htm ).  After configuring your wheel in accordance with the procedure given by this link, you will be ready to select the proper Dual Spark option. Dual Spark mode provides the following options:

          Falling/ Rising Cam Synch.  This assumes you have a crank mounted wheel and a single tooth cam mounted wheel for synch.  This gives Sequential engine control, meaning the ECU knows exactly where the pistons and valves are at any given time and can generate optimal spark and fuel timing for it. The falling/ rising indicates whether you want the ECU to take its cam sync timing from the edge of the tooth that approaches the sensor or wait until the other, trailing edge of the tooth has just past the sensor.
The crank wheel edge detection polarity is specified in a separate input for the primary position sensor.

          Single Crank Wheel.  This means the ECU only knows engine position within one crank revolution, but doesn’t know if it is on the compression or exhaust stroke.  Consequently two sparks per cylinder must be generated every 720 degree engine cycle for 4-stroke engines.  One of these, sparks is on the exhaust stroke, and so is ‘wasted’, hence the term wasted spark.  This setup must have a single crank wheel with at least one missing tooth.

          M-0 Wheel w/ Falling/ Rising Crank Sync.  This is the same mode as Single crank wheel, except that the wheel doesn’t have any missing teeth, for example a flywheel. There is then another projection on the wheel that is sensed by a separate sensor, and this acts like the missing tooth in the above mode.
         Single Cam Wheel Input.  For cam mounted wheels the ECU can tell engine position immediately without a second wheel, since the cam wheel on a 4-stroke engine turns 720 crank degrees.  The cam wheel is now the primary wheel and has M teeth with at least one missing tooth.
     In addition to the trigger wheel setup the ECU needs to know whether the engine is even or odd-fire.  Odd-fire engines have the engine separated into 2 banks, the first bank fires the same as an even-fire engine, the second bank is phase offset from this and the firing order alternates from one bank to the other. Odd-fire is specified by offset advance/ retard degrees for the second cylinder.
     The following table tells you how to configure the spark and fuel outputs for 1 or 2 cylinder engines when using the dual spark and dual injection outputs of a Microsquirt.  For this table it was assumed that in Tuner Studio, under the Fuel Setup/ Injector Control menu, the number of squirts per engine cycle was set equal to the number of cylinders, The options for spark are to: use IGN1, 2 as separate outputs to drive 2 coils; leave IGN1, 2 as separate outputs but ignore IGN2; or to tie IGN1, 2 together using the procedure that follows after the Configuration table.  The options which can be selected for each engine configuration are shown in the below table and considerations for choosing the best one for you are given in the Appendix.  For fuel, it is possible to select Alternating or Simultaneous squirts in the TunerStudio Injection Control menu.  When one or the other will give an advantage, this one is recommended in the table, and reasons can be found in the Appendix. 
    Engine                               Dual Spark                       Firing                                                  Fuel

Configuration                             Mode                           Order                 IGN1, 2                 Injection
___________________________________________________________________________________

Two Cylinder, 4-Stroke

Sequential, 2 Coils               Falling/ Rising                   Even or                 Separate              Alternating
                                               Cam Synch                     Odd-fire
Wasted, 2 Coils                    Single Crank or                Odd-fire                 Separate              Alternating

                                            M-0 w Crank Sync                    

Wasted, 1 dual                     Single Crank or                Even-fire              Tie together          Alternating or

    spark coil                         M-0 w Crank Sync                                                                      Simultaneous

                                                                                                                    Separate,             Alternating

                                                                                                                  Ignore IGN2
___________________________________________________________________________________

One Cylinder, 4-Stroke

Sequential, 1 Coil                 Falling/ Rising                  Even-fire              Tie together         Simultaneous

                                               Cam Synch

                                                                                                                    Separate,            Alternating

                                                                                                                  Ignore IGN2

 Wasted, 1 Coil                    Single Crank or                Even-fire              Tie together        Alternating or

                                            M-0 w Crank Sync                                                                   Simultaneous

                                                                                                                    Separate             Alternating

                                                                                                                  Ignore IGN2

___________________________________________________________________________________

Cam Wheel or 2-Stroke
(always sequential)
2 cylinders, 2 Coils                    Single                        Even or                   Separate,            Alternating

                                               Cam Wheel                  Odd-fire

1 cylinder, 1 Coil                        Single                       Even-fire              Tie together           Simultaneous

                                               Cam Wheel

                                                                                                                    Separate,            Alternating

                                                                                                                  Ignore IGN2

___________________________________________________________________________________

Combining Dual Ignition Outputs into One Output
The ignition outputs from Microsquirt are intended to go to an external ignitor that contains drivers capable of handling the current required to drive ignition coils.  Many of these drivers, such as the BIP373s are in a wired-or configuration and their outputs can be tied directly together. NEVER join the 2 processor outputs directly. If your drivers can’t be tied together or you are using logic level ignitors, you can insert 1 diode (for example 1N4001 easily obtainable at Radio Shack) in series on the IGN1 output from the Ampseal and another on the IGN2 output, then tie the two diodes together to form a single output.  A 100KOhm, 1/8 W, 25V pullup resisitor, again easily available at Radio Shack, is also needed, These components are soldered into the circuit as shown in the below diagrams. Note the direction of the diodes, indicated by the band which is at one end of each diode, and whether the resistor is wired as pull up or pull down, are different depending on what kind of coil driver is being used.
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Use this wiring if GND causes coil to dwell
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    In addition to the above hardware modification, it is also necessary to tell the ECU that you have tied IGN1, 2 together.   The program option for this is found in 3.x code versions and is only used for 1 and 2 cylinder engines. It can be found under the Ignition, Dual Spark menu in Tuner Studio. TS limits it more specifically to the following configurations:

             No. cylinders = 1 with Dual Spark Options: falling/ rising cam sync; single crank wheel;                         cam wheel; M-0 wheel falling/ rising synch

             No. cylinders = 2 with Dual Spark Options: single crank wheel; M-0 wheel falling/ rising synch, that is, only wasted spark options

In the code itself, the above conditions are applied for 4-stroke engines, but for a 2-stroke, only the 1 cylinder conditions are applied.  This just means that the ‘tie ignition outputs’ option has no effect on 2-stroke engines, which are always sequential, unless they are 1 cylinder.   The latter has only 1 coil regardless of configuration, so it can make sense to tie the outputs together whether wasted or sequential. 

It is to be emphasized that in all cases where outputs are tied together, you must join only the outputs from FET drivers which are in a wired-or configuration. NEVER join the 2 processor outputs directly. Instead, insert diodes in series with each output, as described previously, and then they can be tied together with a pull up/ down resistor.

                   Appendix – Detailed Configuration Description

Two-Cylinder, 4-Stroke Engines

   Configuration 1:  For sequential ignition with 2 separate ignition coils and injectors.  The dual spark mode for this is Falling/ Rising Cam sync, with an M-N toothed crank wheel, N=0 or >0.  Each Ignition output fires once every 720 deg on alternate crank revolutions. Fuel may be set so each injector fires once every 720 deg and they alternate (the preferred configuration as it allows for injector timing), or they may be set Simultaneous, so both cylinders get injected at the same time every 360 deg.   Odd angle (for odd-fire engines) may be 0 or non-zero.

                             Wiring:     

                                      ECU Ign1---->Driver1------>Coil1------->Cyl 1 Plug

                                      ECU Ign2---->Driver2------>Coil2------->Cyl 2 Plug

                                      ECU Inj1---->Driver1------> Cyl 1 Injector

                                      ECU Inj2---->Driver2------> Cyl 2 Injector

No outputs are tied together.

   Configuration 2:  Wasted spark mode with 2 separate ignition coils, injectors and single crank synch from M-N wheel or with M-0 (no missing teeth) crank wheel and separate crank synch on Input 2.  This mode is meant for odd-fire engines which cannot use a single wasted spark coil because the required wasted spark timing does not coincide with the same crank position on both cylinders. So a total of 4 time-separated spark firings is required over the 720 deg engine cycle.

   Each Ignition output fires once every 360 deg and they are separated in angle by 180 deg + the Odd Angle offset.  Likewise for the injectors. If Alternate injections is set, each injector squirts once per 360 deg, just like the ignition outputs; if Simultaneous fuel injection is set, both injectors would squirt at the same time, and this would make each cylinder get injected 4 times per 720 deg – which could be a problem for large injectors at low rpm or small injectors at high rpm.                         

                       Wiring:                             

                                      ECU Ign1---->Driver1------>Coil1------->Cyl 1 Plug

                                      ECU Ign2---->Driver2------>Coil2------->Cyl 2 Plug

                                      ECU Inj1---->Driver1------> Cyl 1 Injector

                                      ECU Inj2---->Driver2------> Cyl 2 Injector

No outputs are tied together.

   Configuration 3:  Wasted spark mode with 1 ignition coil, 2 injectors, and with crank synch from an M-N wheel or with M-0 wheel and separate crank synch input.  This mode is meant for even-fire engines which can use a single wasted spark coil because the required wasted spark timing coincides with the same crank position on both cylinders. So 2 simultaneous spark firings will occur on each crank revolution.

Now we come to a problem.  There is only one (dual wasted spark) coil, but 2 ignition outputs. What do we do with the extra output? 
         Configuration 3a: If we specify to the ECU that the 2 output FET drivers are tied together (done in Tuner Studio and described in the initial main section), then each Ignition output will fire every 720 deg on alternate crank revolutions, so each cylinder  gets spark every 360 deg, one of them being wasted.

                       Wiring:                             

                                ECU Ign1---->FET driver1 \                                     /---- Cyl 1 Plug

                                                                            \---->Wasted Coil----->/

                                ECU Ign2---->FET driver2  /                                   \ -----Cyl 2 Plug

Remember to NEVER join the 2 processor outputs directly. If your driver outputs can’t be tied together or you are using logic level ignitors, you can use the circuitry shown in the main text..
The fuel injectors can be left untied, as in configurations 1 and 2, so, for Alternate setting, Inj1 injects cylinder 1 every 720 deg and similarly for Inj2, cylinder2, but the injections are on alternate crank revs.  Setting Simultaneous will cause each cylinder to be injected every 360 deg.  Either can be used since injector timing cannot be done properly in a wasted spark mode.
         Configuration 3b:  Leave the 2 ignition outputs separate and ignore Ign2 output. Ign1 output will now fire the dual spark coil every 360 deg, so cylinders 1 and 2 each get spark simultaneously every 360 deg, but one is wasted.
                       Wiring:                             

                                                                                                             /---- Cyl 1 Plug

                               ECU Ign1---->FET driver1 ---->Wasted Coil----->/

                                                                                                            \ -----Cyl 2 Plug

                               ECU Ign2----> Output generated but Not Used

The fuel injectors can again best be left untied, as in configurations 1 and 2, and, for Alternate setting, Inj1 injects cylinder 1 every 360 deg and similarly for Inj2, cylinder 2.  Setting Simultaneous will cause each cylinder to be injected every 180 deg, which is probably not desirable.

Which is better – configuration 3a or 3b?  Here are the things that must be considered in making the tradeoffs:

1. Which method provides max dwell time at high rpm.  This turns out to not be a significant factor because there really is no difference.  This can be seen from the following timing diagrams, which show how each ignition channel operates over two tach cycles, but offset in phase:

(3a) – tied together 

                       -----|---- = cylinder tach pulse;     x = start spark
IGN1    __                                                 _____                                               _____
  |                                                |         |                                              |         |
                |________________________|         |_______________________|         |________ 
|-----------------------|------------------x-----|-----------------------|----------------x-----|--------------
 IGN2                         ______                                               ______
                                  |          |                                                |          |                   

              __________|          |________________________|          |______________________                        
|----------------x------|------------------------|-----------------x-----|------------------------|--------------

Combined IGN

             __                  ______                    _____                   _____                  ______
                |                  |          |                    |         |                  |         |                  |         |
                |_________|          |__________|         |_________|         |_________|         |________
|-----------------x------|------------------x-----|-----------------x-----|-----------------x-----|--------------

(3b) – Ign1 only
IGN1   

             __                  ______                    _____                   _____                  ______

                |                  |          |                    |         |                  |         |                  |         |

                |_________|          |__________|         |_________|         |_________|         |________

|------------|----x-----|------------|------x-----|-----------|-----x-----|-----------|-----x-----|----------------
IGN2 -   Unused

      2.  So the dwell capability is the same, but note that there are twice as many vertical tics in the 3b IGN1 as there are when the outputs are tied together as for the 3a output.  This is because the tach interval, is 180 deg instead of 360 deg. You have to generate twice as many sparks if you are not going to use the second channel.  Since tach pulses trigger the processor to begin calculating spark and fuel for the next cylinder event, the processor is doing twice as many calculations as it needs to.  While there is still headroom, those who want 20000+ rpm might want to consider tying the outputs together.

      3.   Configuration 3a provides a longer (double) interval between fuel injections.  This makes more efficient use of the time for injecting at high rpm, since very little fuel is injected during topen, and if you have 2 topen times, that gives less total time for injecting. This extra time at high rpm would allow you to use smaller injectors, and so get better fuel control at idle. The choices are:  3a allows injecting each cylinder every 720 (360) deg with alternating (simultaneous) injection mode (preferred configuration); 3b allows injecting each cylinder every 360 (180) deg with alternating (simultaneous) injection mode.  Although it could be done, there is no sense in wiring injectors together – it is done far easier in the software by selecting Simultaneous mode.  Also, if this is done, the x-tau calculation will be off, since the code will not know they are tied and will not calculate the correct time between cylinder squirts. To correct it would require tau to be halved when injector drivers are tied together.
One-Cylinder, 4-Stroke Engines

 Configuration 4:  Sequential ignition mode with Falling/ Rising Cam sync, M-N wheel, N=0 or >0.  The ignition timing for the  two possible configurations below looks identical to 3a and 3b above, except the tach intervals are 720 deg and 360 deg instead of 360 deg and 180 deg. Odd Angle = 0 always for 1 cylinder.
        Configuration 4a:  Each Ignition output fires every 1440 deg and they alternate.  Since they are tied together, cylinder 1 gets spark every 720 deg.
                       Wiring:                             

                             ECU Ign1---->FET driver1 \                                                                          

                                                                         \---->Coil----->Cyl 1 Plug

                             ECU Ign2---->FET driver2   /

      Fuel requires more thought for the one cylinder because there is only one injector, but two fuel outputs.  There are two possibilities:

1. If Alternating injections is selected, Inj1 1 will follow Ign1 and will inject cylinder 1 every 1440 deg.  To get injections every 720 deg you would have to tie the Inj1, Inj2 drivers together. This is not recommended nor necessary.
2. If Simultaneous injections is selected, Inj1 will inject cylinder 1 every 720 deg and Inj2 can be left unconnected.  This is the recommended option for sequential.
       Configuration 4b:  Each Ignition output fires every 720 deg and they alternate.  Since only one output is used, cylinder 1 again gets spark every 720 deg.

                       Wiring:                             

                             ECU Ign1---->FET driver1---->Coil----->Cyl 1 Plug

                             ECU Ign2----> Output generated but Not Used

      The fuel possibilities here are again:

1.   If Alternating injections is selected, Inj1 1 will follow Ign1 and will inject cylinder 1 every 720 deg.  Thus Inj2 can be left unconnected.  This is the recommended option for sequential in this case.

2.   If Simultaneous injections is selected, Inj1 will inject cylinder 1 every 360 deg and Inj2 should be left unconnected.

   Configuration 5:  Wasted spark ignition mode with single crank synch from M-N wheel or with M-0 wheel and separate crank synch input.  The ignition timing for the two possible configurations below looks identical to 3a and 3b above, including tach intervals of 360 deg and 180 deg. 
        Configuration 5a:  Each Ignition output fires every 720 deg and they alternate.  Since they are tied together, cylinder 1 gets spark every 360 deg, one of which is wasted.

               Wiring:                             

                            ECU Ign1---->FET driver1 \                                                                          

                                                                        \---->Coil----->Cyl 1 Plug

                            ECU Ign2---->FET driver2   /

      The fuel possibilities are:

1.   If Alternating injections is selected, Inj1 1 will follow Ign1 and will inject cylinder 1 every 720 deg. Inj2 can be left unconnected.  If it is desired to obtain an injection every 360 deg, you could connect the injection drivers, but this is not necessary nor recommended.

2.   If Simultaneous injections is selected, Inj1 will inject cylinder 1 every 360 deg and Inj2 can and should be left unconnected.  

       Configuration 5b:  Each Ignition output fires every 360 deg and they alternate.  Since only one output is used, cylinder 1 gets spark every 360 deg.

                       Wiring:                             

                             ECU Ign1---->FET driver1---->Coil----->Cyl 1 Plug

                             ECU Ign2----> Output generated but Not Used

      The fuel possibilities are:

1.   If Alternating injections is selected, Inj1 1 will follow Ign1 and will inject cylinder 1 every 360 deg.  Thus Inj2 can be left unconnected.  This is the recommended option for wasted in this case.

2.   If Simultaneous injections is selected, Inj1 will inject cylinder 1 every 180 deg and Inj2 should be left unconnected.  Unless this many injections per engine cycle are desired, this option is not recommended.

Cam Mounted Wheels

   Configuration 6:  4-stroke, with a cam mounted M-N toothed wheel, so the mode is sequential. There are 3 sub-configurations here:  

        Configuration 6a:  2 cylinders, 2 coils,  Since this is a sequential mode, there is no reason to tie Ign 1 and 2 together.  Each generates one spark every 360 deg of the cam wheel, and they are phase offset, which means each of the two cylinders is fired once per cam revolution, which is what is desired.  

    Using Alternating for fuel gives the same injection pattern as the ignition.  Simultaneous would give 4 total injections per 360 cam deg.

        Configuration 6b:  1 cylinder, 1 coil, sequential mode, with Ign 1 and 2 tied together.  Each then generates one spark every 720 deg of the cam wheel, and they are phase offset, which means the connected Ign 1 and Ign 2 fire the single cylinder once per 360 deg cam revolution, which is what is desired.
    Using Alternating without tying Inj1 and Inj2 together would only give fuel to the single cylinder every 720 cam deg.  This is not recommended; instead, using Simultaneous means Inj1 and Inj2 fire simultaneously every 360 cam deg, so attaching only Inj1 to the single injector is all that is needed. 

        Configuration 6c:  1 cylinder, 1 coil, sequential mode, using only Ign 1.  Ign 1 then generates one spark every 360 deg of the cam wheel, which is what is desired.

    Using Alternating and only using Inj1 (Inj2 ignored) would give fuel to the single cylinder every 360 cam deg, as desired.  Simultaneous would give a squirt to the one cylinder every 180 cam deg, which is generally not needed.
Two-Stroke Engines

   Configuration 7:  2-stroke, with either a cam or crank mounted M-N toothed wheel, so the mode is sequential. There are again 3 sub-configurations here, but selection of single cam or crank mounted wheel results in exactly the same behavior for each.   In fact the 3 sub-configurations have exactly the same inputs and the output behavior is also exactly the same as for configurations 6a-6c above.  The only difference that would be observed on the bench would be that if the wheel input was spinning at the same rpm, the rpm in configuration 6 would be double that in configurations 1-5 and 7.  This is correct behavior and the reason is that the cam wheel for a 4-stroke turns half as fast as the crank, but for a 2-stroke, cam and crank turn at the same speed.
