Understanding the Problem

Often, the biggest complaint offered by individuals as to why you should not use a standalone system is cold startup and idle.  Complaints will range from stories of being stranded to just general annoyance over difficulties.  The simple fact is that in all cases the issue is not with the standalone system or the large or small injectors used, but simply with the tune of the vehicle and the skill of the operator.  With a properly adjusted tune, every start in every condition can and will be smooth, drivable, and consistent.  
Often, getting to a perfect start in all cases is a bit of trial and error, but there are many indicators that will help you get to the tune you need with minimal effort.  This tutorial will focus on the adjustments as they pertain to a Microtech EMS, but can be applied in large part to many other systems.  

Startup in all cases consists of 3 major stages – cranking, stabilization, and idle/warmup.  Each condition requires different circumstances for each motor, but general principles can be applied to make things easiest for you or your tuner. Each of these stages needs to be tuned to their optimal settings with an understanding of what affects them and what the purpose of each stage is. 

Cranking is the period of time where the motor is driven by the start motor and ignition has not yet started.  Doing something wrong in this stage is often the most common of mistakes, but also leads to difficulties later.  Too much fuel and you will foul out plugs and flood your engine. Too little fuel and cranking times become excessive and you will likely burn out your starter.  The rule of thumb is that if you have to engage the starter for more than 1-1.5 seconds the car will not start and you should not continue to crank the car.  Yes, in some cases the car will start and even run thereafter, but conditions are not correct and allowing that to continue puts undue stress on the motor and the starter that need not be considered “normal.”  
Cranking often requires in the neighborhood of 3.5-5 times as much injector open time as at idle. So for example, a car that idles well at 2ms of injector open time will often require 7-10ms of open time during cranking depending on engine temperature.  This value for a Microtech EMS is in large part determined by the Crank and Water maps.  

Stabilization is simply the period of time after the first few ignition events take place that the engine comes under its own power and begins to stabilize internally to a steady state running time.  This state often requires distinctly different fueling requirements from those of cranking or idling.  Often, cars will like to be excessively rich (10.5-11.8 AFR) to stabilize, while some cars will prefer to run close to the stoichiometric value of 14.7. As such, the Microtech EMS has a value called Af_Ste, or after start enrichment, to create this compensation as needed.  This value often needs little adjustment compared to the base maps provided with your unit.  Most often, this value will lie between 8 and 13% enrichment over your base idle.  For example, a car that uses a 10% after start enrichment that at the given temperature idles with an injector time 2.00ms will run an open injector time of 2.2ms during the after start stabilization period.  

The idle/warmup stage is one of the easiest stages to adjust largely because it is the longest lasting of all stages.  Most cars will have a preference to idle richer when they are cold and can be leaned out as the motor reaches operating temperatures. Additionally, advancing timing by 3-5 degrees at colder temperatures will also help with throttle response and idle strength.  Ideally, the idle will be near 14.5-14.7 when the vehicle is at operating temperature.  In the coldest of startup situations you may run AFR’s of about 11:1 or 12:1.  Your Water correction map in the Microtech is responsible for these behaviors.  

Finally, it is not recommended that you use fine wire (platinum or iridium) plugs or extended reach plugs in your car. Both types of plugs have considerable drawbacks, including ease of fouling and tendency toward hotspot related detonation, which can complicate your tune unnecessarily.  Standard tip or v-groove copper spark plugs are more than adequate for most every situation. 

Tuning Procedures
This procedure is a general outline for how to diagnose and improve your cold and hot startups. Not every car is the same, and it only takes a few wayward adjustments to put the tune outside of where it should be and can lead to frustrations for you or your tuner.  However, the important thing to remember is that while you may encounter difficulties with starting, it is NOT something you have to be satisfied with, and with the proper tuning the vehicle will start the way you feel that it should be. 

To begin, it is best to attempt to start the vehicle and bring it up to operating temperature.  If you are having difficulties with starting, locate the MixTrm value in the Microtech software and adjust this up and down in 5% increments until you can get the vehicle to start.  Prior to doing so, note the original MixTrm value so you can return to that once the vehicle has started. Additionally, make note of whether the adjustment you made was positive or negative.  After the vehicle warms up to operating temperatures (typically between 70 and 90C water temperature) adjust the MixTrm value to 5%.  Then adjust the necessary maps to bring your idle values to the AFR you desire.  Do NOT adjust your Water values at this point in time.  With the vehicle up to temperature and idling at a stable AFR you can begin your adjustments for startups.  

Note that it is possible to adjust your water correction maps as the car warms up this very first time and attempt to hit the ideal AFR’s during the warmup as is outlined in some of the future steps. However, this is often difficult as some cars will not run that well the first time around, and if the base injector values of the tune are significantly off you will end up with excessively large or inappropriate water correction values.  While this will not effect ultimate tune quality, it can lead to difficulties in troubleshooting later. 

Startup Setup in operating temp  conditions

Cranking 

Start by making note of the air to fuel ratio of the vehicle at idle and the injector open time as reported by the Microtech (typically between 1.2ms and 2.9ms and is shown in the “output” data box in the lower right corner of the laptop software screen).  Then, turn the vehicle off and let the motor stop completely. After waiting a couple of seconds make note of the output value in the software and then attempt to start the vehicle.  
You will notice one of several things will happen: 1) The engine started perfectly; 2) The engine cranked for more than 1.5 seconds and may have fired occasionally or not at all.  3) The engine cranked and caught almost immediately but then died out.  

Repeat starting again and see if the same behavior was witnessed. 
If #1 occurred, then great! And you are done with the first major step in your tuning and you can jump down to the Stabilization section.  

If #2 occurred you are either EXTREMELY rich or far more likely too lean for startup.  You can often differentiate between these two extremes by smell (if you smell gas you are definitely rich) and if you are getting backfiring which is also a sign of being too rich.  Assuming you were too lean, you should locate the temperature value on the Crank map that most approximates your current condition (indicated in the Microtech software by a yellow arrow pointing to the datapoint) and adjust this richer by 2-3%.  Then re-attempt startup twice and continue your diagnosis as in the first case. 
If 3# occurred you are more likely than not too rich.  However, in some cases this can be due to poor timing or stabilization values.  Considering that the majority of cases this signifies being too rich, you will want to locate the temperature value on the Crank map that most approximates your current condition (indicated in the Microtech software by a yellow arrow pointing to the datapoint) and adjust this leaner by 2-3% Then re-attempt the startup twice and continue your diagnosis as in the first case. 

Additionally, you will want to approximate the crank values near your current water temperature.  The map should start out with the least amount of crank enrichment at the highest operating temperature you usually see, and then vary at most 15% across the temperature range to the coldest temperature on the map.  Most cranking maps, however will vary by only 4-8% across the range.  

Our data and research has shown that in most cases on the Mazda Protégé’s that we have worked with have needed roughly 3.3 to 3.9 times as much fuel during cranking compared to a steady state idle at most temperatures.  Therefore, it is good to check your crank output value once you are satisfied and determine if it falls somewhere in this range. Additionally this range will help you close in on the right values if you are having trouble figuring out what to do with your tuning.  Again, this relies on a good steady state idle value that is at an appropriate AFR between 12.2 and 14.1 for idling.  

Once this has been completed for your engine when warm move onto stabilization tuning. 
Stabilization

Stabilization tuning is very easy to complete with the warmed up engine due to the ability to use wideband readings.  Simply put, the engine should idle about 1 AFR point richer than at idle for the first few seconds.  Therefore, if your car when hot idles well at 13.7:1 AFR under normal operating conditions, your hot startup should result in an AFR of about 12.7-13.2 immediately after cranking until the Af_Ste value shuts off after 3-10 seconds.  

To adjust, simply start the car wait for the AFR to stabilize after 1-2 seconds and then adjust the value to move the AFR accordingly.  Then repeat to make sure that it is stable.  This adjustment must be done quickly as the after start enrichment only lasts for a short period of time. The easiest way on the Microtech software to determine if you are still in the after start enrichment is to look at the small data screen in the upper left hand corner in the blue and grey “handset” image.  When in the after start enrichment period, the injector output will be displayed as 2.9aS  versus during a steady state idle you’d likely see 2.7mS.  The “a” indicates the enrichment is active.  If you watch the value and see the “a” turn to an “m” you’ll probably also notice the value and your idle AFR’s change.  
If you are finding that the motor leans out and dies immediately after cranking you may need to add a little more fuel to the cranking map as well as to the after start to stabilize the initial startup.  

After getting a consistent crank and rich stabilization that leads to a good idle, check to verify that your timing is reading between 10 and 15 degrees with an idle between 750 and 1000 rpm’s.  If not, adjust the timing up to the max of 15 degrees to speed up your idle, or down to reduce the rpm’s.  Running slightly more timing at idle helps with throttle response particularly in cold conditions.  Additionally, there is an idle air bleed screw found on the throttle body near where the throttle cable connects.  This can be turned counter-clockwise to speed up idle or clockwise to slow. 
Startup Setup in cold start conditions

Cold startup is really no different than hot startup other than requiring more fuel and slightly more timing.  Following the same procedures used above you can adjust your cold startup.  However, a few good tricks will help you get a good start:

- For every 15 degrees C below operating temperatures add 1 degree of timing advance to a maximum of 5 degrees of advance. This should result in no more than a maximum of 18 degrees advance in any cold condition. Otherwise adjust accordingly.   

- Take your hot start cranking value and divide it by the hot start idle value.  Use this number to target a cranking value for your cold startup based off a cold idle output value.  Again, this ratio should fall for most Mazda 2.0L motors in the 3.3-4.3 range and may be similar for other motors as well. 
Often, cold starts and idles will require as much as twice the injector open time that was necessary for a hot start.  The easiest approach, if it can be accomplished is to start the vehicle and make note of the injector open time required to idle at a slightly richer AFR than when the engine is properly warmed up.  If the value is too rich or too lean, simply adjust the Water map to bring the value more inline with what is desired.  Then, before the engine warms up too much kill the motor and adjust the cranking value to fit the mentioned ratios or a crank to idle injector open time ratio similar to what worked for your hot starts.  
Alternatively, or if the car can not be started at all when cold move the crank value to be a couple % lower than the crank value for your hot start and then begin adding 2% at a time to the crank value and your current temperature and at temperature values near it until the motor begins to catch easily.  Then add 1% at a time until the motor will start quickly and begin to run under its own power.  If the motor dies out again shortly after starting, or begins to “lope” and idle rough, adjust the Water values to add more fuel.  If this does not improve the condition, or in fact worsens it, begin leaning out the Water values at the temperatures near your current engine temperature.  This may require periodic starting of the motor or killing and restarting of the motor to be accurate.  

Here is an example table of some startup values from a stock Mazdaspeed Protégé:
	Injector Size
	Water Temp
	Cranking
	After Start
	Crank to Idle Ratio
	Idle
	Startup Quality

	280cc
	28
	9.57
	2.62
	4.369863014
	2.19
	Good

	280cc
	50
	8.14
	2.29
	4.174358974
	1.95
	Good

	280cc
	60
	7.86
	2.29
	3.93
	2
	Good

	280cc
	70
	7.24
	2.19
	3.531707317
	2.05
	Good


Once the car starts easily at the initial temperature you are at, and you have adjusted the idle AFR’s with the Water map allow the car to warm up by 10 degrees C from your starting point.  Shut the car off, and then repeat the processes described for the new temperature.  Ideally, you should be able to complete the process every 10 degrees until back up to operating temp.  This should establish all your idle AFR’s and your crank settings across the full range.  With this accomplished no major adjustments should be made in the future.  If you do find that the vehicle is difficult to start later after doing additional tuning to your general fuel maps, review your crank to idle ratios again to make sure they are similar to regions where the car starts well.  

Thank you and happy tuning!
