This document is intended as a brief overview of some of the theory and approaches used for general automotive tuning as well as some of the functions of the Microtech Engine Management system.  This is NOT intended to be a comprehensive guide, nor a definitive method to tuning your vehicle. If at any time while following the information within this guide you damage or destroy your engine, NSN Enginesports, LLC in no way shall be held liable.  Many factors have to be considered when tuning a vehicle and this guide by no means covers all of those factors, or should be considered to be definitive in what must be considered for a safe tune. 

If at you have additional questions or would like further clarification, do not hesitate to contact us at sales@nsnenginesports.com!

Tuning Theory

A short discussion of the theory behind tuning a performance engine can go a long way toward a better understanding of what must be accomplished to make your engine run and perform the way you expect. 


When it comes down to the most basic aspects of a engine, three things are required: air, fuel, and ignition.  With reference to an engine management system, our discussion can be focused on fuel and ignition as the supply of air to the engine is typically not affected by any of the adjustments made.  Thus, our discussion of theory will focus on fuel and ignition and what aspects therein that are beneficial and detrimental to the output and behavior of the engine.  
Fuel

First of all, it is important to understand what air to fuel ratios are beneficial to certain goals for your engine.  Air to fuel ratios are a specific measurement of the combustion of fuel.  In a chemically balanced reaction, 14.7 parts of air are used relative to 1 part of fuel.  In this case combustion is the most complete, and emissions are minimized.  However, power output is not the highest, and in some cases fuel efficiency is not the highest either. However, nearly all manufacturers target this AFR due to the necessity to reduce emissions of the vehicle.  It is also important to understand that the closed loop fuel control exercised by your stock vehicle and some engine management systems is not ideal to your goals.  When using a narrowband oxygen sensor, the only accurate value that can be read is when the 14.7 point is crossed. Thus a stock computer typically adds fuel in small amounts until the voltage crosses the narrowband 14.7 point and then the computer begins to pull fuel out until the point is crossed again.  Thus in closed loop operation you will see on a stock vehicle that the AFR will often cycle back and forth between about 13.5 and 15.5 AFR.  A properly tuned Microtech can often achieve variation of less than .2 AFR points!  

For performance and fuel mileage there are two major AFR ranges that are of interest.  Most engines find a maximum output power that occurs at about 12.2-12.8 AFR.  This value will often vary depending on combustion chamber design and many other factors but can often be considered to nominally be 12.5.  Thus, when tuning for maximum power based on fuel you will typically try to target an AFR value of 12.5 in both naturally aspirated and forced induction applications.  This, however, is further complicated by the effect of timing on your risk for detonation and the subsequent effects these factors have on engine output. The effect of timing will be discussed in greater detail later in this document.  The second AFR range of interest is 14.5-15.5.  This AFR range provides the best fuel economy.  Many people often believe that they want to run as lean as possible to improve their fuel economy.  This is actually not true in many cases because as you lean out your air to fuel ratio the engine output falls.  When this occurs you will often need to input more throttle to maintain your speed and thus more fuel is required than if you had produced more power at a lower throttle with slightly more fuel.  This fine line varies considerably vehicle to vehicle and requires experimentation to determine what is best. 

Timing plays a bit of a role in determining your output based on air fuel ratio. Often, in forced induction applications, running slightly richer will allow you to run more timing and may yield more power than just running the maximum timing at a more optimal AFR.  Similarly, you can run leaner for highway cruising by pushing timing more advanced. Also, running more advanced timing can help prevent some surging and drivability issues that will occur at lean and light throttle conditions. Therefore, when selecting your air fuel ratios for given conditions, you will want to consider the affect it has on timing. For naturally aspirated engines that are not at enhanced compression ratios, it is often successful to find the optimal AFR and then attempt to advance the timing to the maximum value.  

In some conditions, alternative AFR’s are beneficial.  For example, when a vehicle starts cold the first time you will often need to run the engine richer than at operating temperature.  This in large part is due to the poorer vaporization and mixing of the fuel into the air that occurs at lower temperatures.  By running richer, the vehicle will warm up quicker, respond better to throttle, and be less likely to stall.  Also, AFR’s have a significant impact on exhaust gas temperatures (EGT’s).  Running richer will typically result in a slightly lower combustion chamber temperature as well as exhaust temperature.  Thus, it follows easily that running leaner will raise those temperatures. However, it should be noted as it will be explained later that timing also effects EGT’s and can mask the effect of your AFR adjustments in some cases. High temperatures can lead to an increased likelihood of detonation due to hot spots on valves or spark plugs and thus is typically avoided when possible and can also cause damage to certain components in extreme cases.  Thus controlling your EGT’s will help prevent such issues from occurring. 

In conclusion, when tuning your vehicle you will want to seek to balance your general driving and cruising AFR’s in the 14.7 area, and more toward 12.5 at wide open throttle and in boost.  By achieving these AFR’s you are well on your way to a basic safe and powerful tune. 
Timing

Timing is the final component to the power tuning aspect of your mapping of the ECU.  Timing is more simple in what is required, but is often more difficult to accurately tune due to the lack of gauges like the wideband used for AFR tuning.  However, using a device like the J&S Safeguard system can provide you with an accurate visual indication of impending detonation which will help you to determine what you need for your tune.  

Timing also has technically correct approaches to maximum power.  In an internal combustion engine, you ideally want to have the peak pressure occur within the cylinder at approximately 14-16 degrees after top dead center.  This will yield the maximum torque and horsepower at all loads and rpm’s.  However, to achieve this results timing needs to be adjusted to cause this combustion to occur in such a manner that the peak pressure is achieved at the appropriate time.  This can theoretically result in the ignition spark being triggered anywhere from 5 to 40 or more degrees before top dead center.  The sooner before top dead center (40 degrees versus 30 degrees) the more advanced timing is considered to be, and the closer to top dead center, the more retarded the timing is considered to be. 
Flame fronts in the cylinder move at different speeds depending on the density of the air and fuel mixture.  The more dense the mixture, the faster the flame front moves and thus less timing is needed to move the peak pressure to the appropriate time.  However, as RPM’s increase at a given load, less time is available for the flame front to travel and therefore needs to occur sooner.  Thus the following general principles can be stated:

More spark advance is required as RPM’s increase


Less spark advance is required as loads/boost pressure increases. 
Tuning on a load generating dyno is one way by which the ideal ignition timing for achieving the appropriate peak pressure timing can be determined.  This is done by setting the dyno for a specific RPM (for example 4500 rpm’s) and then holding the vehicle at wide open throttle while advancing the timing.  As the timing is advanced, the output of the engine will rise and then begin to fall off. Shortly after the power starts to decrease audible detonation will be heard in many cases.  However, there are many conditions and loads where detonation will occur even before the peak output is achieved.  An ideal tune will use the ignition timing required to achieve the peak of power as was witnessed as the timing was advanced, and do so for all conditions.   This is often very difficult and time consuming, but what often leads to the differences in power between tunes.  In some cases, especially in forced induction applications, detonation and/or preignition will occur prior to the peak pressure achieving the ideal timing after top dead center as previously mentioned.  This is typically indicative of too much boost pressure, too high of compression, or too low of octane for the application. 

If you do not have access to a load bearing dyno for tuning, setting your timing is somewhat of guess work.  With many people having very loud exhaust systems and other distractions, detonation is often very difficult to hear.  Thus, unless you are properly equipped for tuning your timing (with listening devices, a J&S Safeguard, or other such options) it is recommended that you leave timing adjustment to a professional.  Should you feel confident to adjust your own timing, however, the typical procedure is to advance timing until you can hear slightly audible detonation and then back the timing off by 2-5 degrees.  This will usually result in a good, but aggressive tune of timing.  However, it is often not safe and can result in damage to engine components if the user does not identify the detonation properly, or is unable to hear it over other noises. 

Also, timing can be used to affect other behaviors of the car such as turbo spooling and cold throttle response.  By retarding your timing significantly, still burning exhaust gases can be introduced into the turbo manifold system and can greatly improve your spool up time for the turbo over running more advanced timing.  Additionally, when a vehicle is cold, running more timing can provide better throttle response and more resistance to stalling.  Adjusting the timing to meet your needs for such conditions are one of many “minor” actions you can take to improve the overall performance of your vehicle and truly customize the performance to your desires.

Ignition timing also greatly affects your exhaust gas temperatures.  More advanced timing results in lower exhaust temps.  In fact, running too little timing can cause exhaust temps to be so high that they can destroy exhaust valves, turbos, and even allow enough unburned mixture into the exhaust system that the catalytic converter can be destroyed.  Many people have stated that they can detect detonation in their system by watching their EGT’s.  This is a bad policy, and often very inaccurate. EGT’s respond slowly compared to the rate at which detonation occurs and thus is not a good indicator. Also, contrary to popular belief EGT’s actually decrease when detonation occurs due to the additional burning of the mixture prior to venting to the exhaust.  Through adjustment of your timing you can exercise a reasonable amount of control over your EGT’s and keep them safe for components in your system.
Conclustion

Finally, it is important to understand that while everything laid out above is the technical way to the most power, every vehicle will respond differently, and only trial and error will truly yield the safest and most powerful tune for your vehicle.  With this base of knowledge you will have a good beginning with which to do your tuning.  
Microtech Engine Management System Functions and Details
Before you being tuning it is important to understand the modes the Microtech is capable of.  There are essentially four ways to tune the Microtech.  You can tune it base off of Manifold Air Pressure (MAP) input versus rpm’s and the “modifiers”, or you can tune the vehicle based on Throttle Position Sensor input versus rpm’s. For use on your Mazda Protégé we only recommend use of the MAP version of tuning which is the default when you receive your unit.  


Within the MAP based tuning you have two possible options. On the setup screen (Screen 31) you will find a value for “Maps =”.  When you receiver your unit this value will be set to “NORMAL.” (Units loaded with NSN base maps are automatically set to “MATRIX” however).  This is the simplest mode to tune in, but the most limited of the modes.  The basic function of this mode is that you will tune ONE load map for all rpm’s. Then based on WOT and whether or not you are “cruising” you will setup special WOT and CRUISE maps that will modify the values of your load map and thus determine your final AFR and vehicle performance.  Since most people will tune in Matrix mode and it is the recommended mode for tuning your vehicle we will begin with this method of tuning. If you are wary of attempting Matrix mode due to the extra complexity and effort associated then please skip ahead to the Normal tuning section!
General

There are several maps that are important to your general tuning as you go along.  Here are a few definitions and ideas that will help you understand what each map really does!

One of the critical things to understand when tuning is that when you initially do your tuning, you will have one overall map that is correct for a specific temperature and conditions set.  DON’T second guess it!  Once you dial it in the first time it does NOT change, the only thing that changes are the temperatures and conditions affecting the vehicle. Other than very minor tweaks to your main maps you will not need to adjust them. If you notice you are running lean or rich all of a sudden you need to identify what modification or correction factor is the culprit.  Typically, it is the water temp modifier that needs to be adjusted. It is important however to realize that the intake air temp modifier may also need adjustment.  During initial tuning of the vehicle do NOT alter these modifiers. ONLY adjust your main maps (fuel/rpm maps 500-7500 rpm). Note  the operating water temperature and intake air temperature for future reference.

Idle:

The idle map has very little overall effect in Matrix mode, but is a critical map in Normal mode. The purpose of the idle map is to control your “idle loop” fuel. Idle loop is determined based off of throttle position.  In other words, if the TPS detects that you are off the gas, the Microtech will automatically use the idle values for timing. However, your AFR is purely determined on your idle rpm’s.  The “IDLE” map for fuel is actually the 500 rpm map.  Therefore, if you idle at 1,000 rpm’s the major fuel determination is done by this map. Additionally, the Microtech software weights the values based on the maps adjacent to your current status to help ensure smooth and accurate fuel responses to conditions.  Therefore, it is important that when you make adjustments to the Idle, 500 rpm, and 1000 rpm map that you consider their interaction with one another.  Idle typically consists of engine loads between -25Hg and 15Hg.  -22Hg is a standard Mazda Protégé idle load.  Anytime that you are not at an exact load or rpm point (say you are at 1200 rpms and 21” Hg) your fuel will be affected by the actual load points on either side of where your actual conditions are, and thus those points should all be adjusted for accuracy. 
NOTE: It is important to setup idle at normal operating temperatures BEFORE you later apply air and water temp correction factors. 

Pum2Start, Pump1Amt, Pump1Pulse, Pump1Stop, Pump2Time, Pump2Amt, Pump2Trig, Pump2Stop, PumpCold



These functions are how you control drivability of the vehicle during rapid throttle on instances.  It is not recommended that you set up these functions until you have fully tuned the vehicle. These are purely for eliminating “hesitation” and “bogging” as you may experience when you punch the throttle to accelerate.  Careful manipulation of the values of these functions will result in a driving experience and responsiveness of your vehicle that far exceeds the stock performance!
Water

This temperature based map set is used to adjust the fuel ratios depending on how “warm” the engine is.  The temperature that your initial tuning was done at should always be set to 0%.  In fact, all values in this map should be 0% when you initially being tuning.  No value in this map should typically exceed 10% of adjustment. 

Air_t

This air temperature based map is similar to that of the water map. During initial tuning ALL values should be set to 0% after you have arrived at your base map at your initial tuning temperatures you should make adjustments to this map to correct for warmer or cooler air as appropriate. 

Crank

This map is a critical function to setting up your car initially.  The important part about this map is to understand that it ONLY applies during the time the starter is engaged to turn the engine over.  Adjusting this map is done by starting out at a low value and then increasing until the engine will catch and fire but may not achieve an idle. Then the water and after start enrichment maps should be adjusted to finally achieve your appropriate startup and idle mapping.  Adjust the crank function based on temperatures… more fuel for lower temperature to always achieve the same catch and then idle behavior. If you are cranking for a long time during startup THIS map is the one that needs to be adjusted NOT the idle or the after start enrichment maps. 

Timing maps


The timing maps we leave to later in the document. When you receive your Microtech these values should be nearly correct and will not need adjustment to tune your car initially. 

AuxFAN_ON

This auxillary function will control the output of the white wire in the harness. Due to the fact that the stock water temp sensor is used by the Microtech the stock ECU will be unable to properly control the radiator fans. This feature of the Microtech allows proper control of the radiator fan to ensure that the engine remains cool.  


To use this function, ensure that AuxRPM_ON and AuxMAP_ON are set to OFF, and that AuxFAN_ON selects a temperature for turning the fan on and off.  A temperature of 65 degrees Celsius or 150 degrees Fahrenheit are good starting points. Adjust as you see fit but do not exceed 210 degrees Fahrenheit. 
AuxFANadd

This can be used to add more fuel when the fan or AC comes on. This is due to the extra load the fan applies to the system as well as for the slightly cooler fluid flowing through the system.  This is another “fine tune” feature that can be ignored until you are 100% comfortable with the tune of your vehicle. 

MixTrm

This important value is used for shifting the ENTIRE fuel map up or down. When tuning initially it is important to always set this to 0%. 

TPSCal


This feature is used for the initial calibration of the TPS. 
Af_StE

Use this feature for ensuring that the vehicle idles properly after startup. This value only affects the injector output for the first 2-10 seconds after startup of the car.  This is used to help the vehicle stabilize when first started and operating temps have not been reached.

REVlim, REVcut

These features are important settings that you need to adjust to protect your engine. It is not recommended that you allow REVcut to be any higher than 6800 rpm’s.  REVlim is a “soft” limit to the rpm’s you can achieve and REVcut is the “hard” cut to rpm’s.  

BstCUT

Boost cut is used to prevent the engine from overboosting. Set this value to 1 lower than the absolute maximum value of boost pressure you want the engine to ever see. This will then cut the ignition to the engine to prevent any chance of driving the boost high enough to damage your engine. 

Decel

This is a great cooling and gas mileage feature.  Setting this feature causes the engine to cease inputting fuel into the vehicle when it is detected that the vehicle is decelerating (high negative vacuum).  This vastly improves fuel mileage during highway driving, and helps cool the engine during those periods.   
Note:

Additional features allow for addition of a cold air bypass and other unique features for improving idle and air conditioning response. For more information please contact NSN Enginesports
Preliminary/First Tune Instructions
Cold Start and Idle Tuning
Reference the Cold Start Tuning Manual for more information. 
Main Matrix Tuning

Then starting from the idle map and with the car stationary go through and tune the 1000, 1500, 2000 etc maps up to 3500 by revving the engine and holding it in place at each rpm value. Adjust the fuel maps so that the wideband reads about 13.5.  Then, create a relatively linear increase in fuel relative to load.  Approximate a similar curve to that of the base map for the higher load values. Once you have done this for all of the rpm maps at steady state you are ready to go on the road. 


Once you get out on the road try to find gears and combinations to again hit 1000, 1500, etc up to 3500 at the -20, -15, -10, and -5 Hg load points on each of the maps.  And adjust each of those again until the wideband reads about 13.5 AFR through all those points.  Now go back through those maps and slowly accelerate and verify that you keep a relatively consistent AFR near 13.5 as you drive.  In many cases, the Microtech logging feature is very helpful for determining what areas need more tuning.  All Microtech LT10S units from NSN are equipped with wideband logging, therefore you may find this feature useful in combination with the data logging to determine what areas need to be adjusted.  Adjust load and rpm points as necessary until your AFR’s are stable where you want them. 


Once you have done this continue moving up through load and vacuum levels and rpm’s until all of your NA areas (up to 0”Hg) run at an AFR between 13.5 and 14.7 and all your boost regions run between 10.9 and 12.2.  Simply adjust each point through multiple runs where you hold either load or rpm as constant as possible to determine the needed adjustments.  Also, remember that each time you make an adjustment you need to do it at additional rpm’s  above and below your current points to help keep your maps consistent.  Ideally the transitions both from rpm value to rpm value and load point to load point should be smooth and consistent with no significant jumps or sharp changes anywhere.  

In summary, to effectively adjust the main fuel maps for your vehicle, you need to take several steps methodically to complete the tune.  Start by adjusting low rpm’s and low load values and progressively work your way up to higher rpm’s and load values until all of your maps are even and all AFR’s remain consistent and transition smoothly as the vehicle enters boost for any forced induction application.  

Accelerator Pump Settings

Timing Adjustment
