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Tuning Basics
Back to Table of Contents
This Tuner Guide is only a guide.  Some of the information may not be applicable to your vehicle.  Some vehicles may not have all the scan or tune parameters.  This is because each year and model PCM is different.

RULE NUMBER ONE

ONE CHANGE, ONE TEST. Until you all become seasoned tuners stick to ONE CHANGE and TEST vs twisting ALL the KNOBS in PowrTuner and closing your eyes on the dyno hoping for the best and praying to avoid disaster! Add timing in 1-2 degree increments and be sure to get the car HOT as to not skew the test! I can make 10 more HP by letting the car cool off but the customer will NOT be faster at the track and I have failed as a tuner! Don't add 1 whole A/F ratios in PE! Again sneak up on the power by adding just what you need!

The "KR" is the action of timing being pulled, usually because of a detected knock.
THINGS TO ALWAYS SCAN AND WHY

KR


Stands for KNOCK RETARD, the root of all that’s evil.

STFT


Short term fuel trims (used to tune fuel)
LTFT


Long term fuel trims (used to tune fuel)

Spark Adv
So you know what the PCM is commanding for spark at a given condition.

Fuel Trim Cell
So you know which fuel trim cell you are using at different throttle positions.
A/F Ratio
So you know what air to fuel ratio is commanded at a given condition.

ECT
Stands for Engine Coolant Temp, a lot of tables use this value to calculate spark and fuel.  You may find that you need to add fuel or spark at a specific ECT.

Engine Speed
RPM is also used in various tables

Vehicle Speed
Also used in various tables

ORDER IN WHICH TO TUNE
The best place to start tuning is with your fuel.  Once that is in check, then you can move on to other areas. Idle is first, then your cruise, part throttle and burst KR, and then the WOT (O2’s).  Two areas to watch for are the STFT (SHORT TERM FUEL TRIM) and LTFT (LONG TERM FUEL TRIM).  STFT is the result of almost instant calculations and displays whether the PCM is pulling or adding fuel at that particular moment.  LTFT’s are calculated averages based on what the PCM has learned over time to adjust the amount of fuel it adds or removes.  Both are important and after the PCM has learned how you drive, your LTFT and STFT readings should be very close, but almost never exactly the same.

After the fuel is set, then you can move on to timing or tranny adjustments.

WHEN SCANNING, HERE ARE THE BASICS

You must hit the space bar while scanning to enable the logging, hit the space bar again to pause. You can start and pause the logging while scanning as often as you need to.

Once you hit the disconnect button to conclude the logging, look at the lower left of the window to check the save status, if you have a large file it may take a couple of minutes to save depending on the speed of your laptop.

The data refresh rate will directly affect the data you see. At 100ms, the BEST case you will see is 10 frames a second. Now as you lower that you should get more data.

Scanning is always slow at first, because when you first add your PIDs, many steps are executed in the background to get the PCM to start sending data to the tuner. Also, every time you add an additional PID, these steps have to be re-executed.
HOW TO GET A GOOD SCAN

1- If you have a Performance mode button, turn it ON

2- If you have flashed the PCM recently, you need to reset the fuel trims by either:
1-doing a FULL write OR
2-doing a partial write and disconnect the battery for 10-15 minutes.

I suggest #2 over #1 because it is safer (less chance of something going wrong) on the PCM with partial writes. You MUST reset the fuel trims EVERY TIME you change anything fuel related (anytime anything changes in the FUEL folder of your bin)... either this, or drive the car a few days (at least 10-15 hours or more of driving) and wait till the new trims are relearned. You will notice when the trims are learned when the LTFT and STFTs are close to being the same (but never exactly the same).

3- After resetting the fuel trims, it takes anywhere from 15-30 minutes driving at VARYING speeds and TP% levels. During this cycle, touch everything from 0-50% TP settings. If your KR is 0, push it to 75% once or twice... if KR is still 0, touch WOT at least once for a few seconds (2-3 seconds is all that is needed). During the first 10 minutes I religiously avoid WOT as in my case it does NOTHING except burn fuel uselessly and show a little more KR than after the trims are settled down.

4- OK, we've done our fuel trim reset cycle and the fuel trims have settled down. We can tell when it is because the STFT and LTFTs are close (but they are never exactly the same, unless on a proper tune both at locked in at 0 while under PE).

5- ONLY NOW IS IT TIME TO START LOGGING. We're now in 3rd gear, performance mode (if available) is activated and if idle and cruise LTFTs are our goal for this scan I scan using the following parameters as a minimum: gear, IAT, IPW, KR, LTFT, STFT, MAF hz, Map kPa, MPH, O2, RPM, Spark and TP%.

6- Here is the secret to getting a good scan... you need a VERY slow progression from low Map kPa values up to 110 Map kPa or so. This is done by slowly rolling into the throttle.  Remember we are still in 3rd gear because it gives you a much better resolution than 4th. The slower and more gradual climb in Map kPa, the better. The reason you want to go a LITTLE into boost is that you see what the LTFTs and STFTs are locking in at once you are in boost. If you have a boost gauge, it should be starting from whatever position a slow cruise is at for you and swing SLOWLY upwards into just about 3-5 PSI of boost.

7- If you haven't seen any major KR up to this point, do the same up to 50% TP... and again the same thing to 75% TP... and finally the same thing to WOT. WOT does not need to be held long, perhaps for 3-5 seconds. ANYTIME there is more than 5 degrees of KR, back off. I have setup my PT so that the text in the KR field is of larger font and that all KR from 0.5 to 4.5 degrees goes yellow and from 4.51 degrees to 20 it goes red. It's easy to see out of the corner of your eye as I place the gauge in the center of my screen.

8- Save the scan using a logical name. I like to use the date and run number format (2005-09-12-R1, 2005-09-12-R2, etc...)

You now have all the info you need to decide what is the next step to address in your tune!

TORQUE ABUSE

When the PCM determines there is TOO much torque.

In the Tranny TM (Torque Management) folder you will see the tables the PCM looks at. If you make more torque than what is in the table the TM will activate.

If you don't want TM to activate raise these numbers.

If you are starting to play with the TM settings in your BIN it is a very good ideas to look at all the TM folders (Fuel, Timing and Tranny) read the info box and try to start understanding how and when TM activates.  Once you have a grasp of what happens to your AFR, timing and injectors, only then should you make changes to these folders since they all interact with one another. AFR settings of 15.5:1 are piston killers as it is dangerously lean and should be changed to something between 12.5 and 13.5 based on your requirements.
ADDING AND SUBTRACTING BY PERCENTAGES

Adding 10% to 50 gives you 55. But then subtracting 10% does not bring you back down to 50. It's 49.5. Mathematically this is correct, but if you want to undo what you just did, you can't just reverse the math.

Adding 10% to 50 is done like this. 50*1.10 = 55

Say you need to undo your change. In real life subtracting 10% can be done in two ways: 
55*0.90 or 55/1.10. The results for each are different.
55*0.90 = 49.5
55/1.10 = 50

By quickly looking at that you would think that the second one is the correct formula, but it's not. Here's a new example. To get 50% of 50 using the first method is 50*0.50 = 25. Using the second method of 50/1.50 = 33.333333. Obviously 50% (half) of 50 is not 33.33333.

99-00 Grand Prix Thermostat 
From 99-2000 they changed the temperature at which the computer starts listening for knock from about 104* to 163*, and then back again to 104* in 01.
Some good background information
The difference between a stock bin and a DHP bin is basically to augment performance over stock code and remove the top speed limiter... and a lot more. If you bought a DHP PCM directly from a vendor, it was coded with a generic v.1.0 code and encrypted so that no one could see or change that code. This is simply so that the competition would not "borrow" information that DHP worked hard to develop. V.1.5 is not encrypted, is specific to your year/model of car and is editable with the Power Tuner.

The MAIN difference in a DHP v.1.5 bin is that you can EDIT the parameters in it. That’s not to say that you cannot edit a STOCK bin, but that a lot of the performance enhancements are already done for you in the v.1.5 file. Also if you had a custom PCM with changes (for example your custom PCM had the idle raised to accommodate a radical cam), your v.1.5 bin would contain this change already made for you.

You ONLY get a DHP v.1.5 bin if you purchased a Power Tuner and asked for one. 

The lookup tables, on the right hand side of any given table, are FACTORY STOCK settings for that table for the year/model car that you purchased support for. They are there so that you can quickly reference the changes visually between stock and what changes you made, or changes in the DHP 1.5 file, in the blink of an eye.

No program logic changes are permitted. Low level programming logic is WAY BEYOND any PCM programmer on the market today. Besides, if they did offer one, NO ONE would know how to use them. We get a million questions on BASIC car tuning questions already. Imagine what chaos would be generated if they opened up that can of worms? Besides, there are HUNDREDS of settings to change in your average Power Tuner, that’s enough to get anyone a lot closer to a good tune in their car.

You are entitled to a v.1.5 bin as part of the package. If you did not enter a ticket asking for a DHP v.1.5 file, and supplied the required information such as, specific car info (custom PCM changes, vin, etc...) and a copy of the current PCM in your car (99% of the time it's just a copy of your stock bin in most case, or a copy of the DHP 1.0 encrypted file) then you do NOT have a v.1.5 bin.

What is a PID?
PID = Parameter Identification Data 
 
Basically, all the items displayed in the tables are PID's..

PCM PART NUMBERS

1997 GTP - Must have the 97 PCM hardware that ends in 797

1997 GT - Part number ends in 050 I think

1998 - 2002 have been pretty much interchangeable. Hardware ends in 735.

2003 - is different and i do not recall the P/N

2004 - is obviously different.

Now 98 - 02 pcm is quite interchangeable with other car types. If you look on places like car-part.com and do a search you will see what I mean.
BPW - Base Pulse Width
The equation that determines the injector pulse width is this:
BPW = BPC * MAP * T * A/F * VE * BVC * LTFT* DFCO * DE * CLT * TBM

BPC - Base Pulse Constant
MAP - Manifold Absolute Pressure
T - Temperature
A/F - Air Fuel Ratio
VE - Volumetric Efficiency
BVC - Battery Voltage Correction
LTFT- Block Learn
DFCO - Decel Fuel Cutoff
DE - Decel Enleanment
CLT - Closed Loop
BM - Boost Multiplier

In the above equation, any term that has a value of 1 is essentially not contributing to fuel delivery or neutral. It is not taking away or adding to the fuel quantity.

BPW - Base Pulse Width means the pulse width under steady state engine conditions. Extra fuel is added when the throttle is pressed down for acceleration. This is called asynchronous mode and will be discussed later. The above equation only consists of the synchronous mode contribution.

BPC - Base Pulse Constant is a term that is calculated from the volume of one cylinder, the flow rate of one injector, and a constant that converts the units to match other terms in the equation.

MAP – Manifold Absolute Pressure is a measure of the load on the engine. It is the pressure inside the intake manifold in KiloPascals above absolute zero pressure. It is the opposite of engine vacuum meaning that a high vacuum reading is a low MAP value. Zero vacuum (full throttle) is 100 Kpa MAP. Although I don’t fully understand the inclusion of this term in the equation, it is used extensively in all areas of engine control.

T – Temperature is actually the inverse of the absolute temperature. Once again, I don’t fully understand the inclusion of this term in the equation. It probably adjusts for the density of the air in calculating the fuel delivery.

A/F – Air Fuel Ratio is a term that I do understand. In closed loop mode, this term remains 1 and does not contribute to the equation. In open loop mode, this term takes on different values depending on coolant temperature, MAP, cranking status, clear flood condition, throttle position sensor, etc. When this term is other than 1, the closed loop term is held to 1 so that the two terms will not be fighting one another. This term is also where PE mode is implemented. In other words, this term is the controlling term when other than a 14.7 A/F is desired.

VE – Volumetric Efficiency is a term that corrects for different engine efficiencies. An engine is basically an air pump and the better the pump, the more power it can generate. Some engines are better pumps than others at a given RPM and MAP condition, so this term allows the equation to be calibrated for different engines. This is the single most important term that a speed density EFI system is famous for. There is a table in the PCM that gives VE for a given RPM and MAP condition. 

The important concept to grasp here is that the VE table is used in both open and closed loop modes. 

What is not so obvious is that the VE table, when programmed correctly, will result in a 14.7 A/F ratio with no closed loop (LTFT) or open loop correction taking place. In other words, this table provides a baseline that tells the PCM where 14.7 A/F ratio is so that other A/F ratios can be commanded and the PCM will be at the desired AFR. When this table is adjusted correctly, the engine runs the smoothest, not because the engine is running at 14.7 necessarily, but because all other ratios depend on this table being accurate. If this table is off, the closed loop LTFT will correct the A/F ratio back to 14.7 to a degree. If this table is way off, the closed loop LTFT can’t compensate and the engine may not run period.
Background Information

Back to Table of Contents
By Shawn M West 

The purpose of this article is to provide some initial exposure to OBD-II tuning and the capabilities and state of the technology as it stands today. It is by no means complete. There are several Internet articles that discuss this tuning in far more detail than can possibly be provided here. There are many aftermarket hand-held programmers that enable the installation of generic performance tuning and change some simple operating parameters (tire size, gear ratio, fan temperature, etc.). But for about the same price, you can obtain a package that enables your own custom tuning for more power and alteration of operational parameters far beyond the capabilities of the hand-held programmer. In essence, these packages provide you with the ultimate control of your vehicle's powertrain control module (PCM).Understand that you do this at your own risk. If the programming is done incorrectly you can impact emissions (perhaps violating local emissions laws), do serious damage to your engine, and possibly harm yourself and bystanders. The author consulted with a pro (Bryan Herter of PCM For Less) before attempting any of the programming. 

Introduction/Overview
If your GM car/truck is a '96-and-later, it incorporates an OBD-II-based PCM, which controls the transmission as well. For engine control, the PCM takes many sensor inputs (O2, TPS, RPM, MAF, MAP, etc.) and calculates the target outputs (primarily spark advance and fuel-injector-duty cycle).
Performance Considerations and Tuning Effects
On a given fuel, the maximum and mean cylinder pressures that can be achieved are limited to a certain figure. This is known as the knock limit. 

Trying to achieve cylinder pressures above the knock limit WILL destroy the engine. 
At wide open throttle, cylinder pressures can be altered by changing boost pressure and ignition timing. 
If the knock limit on a given fuel occurs at 700 psi PeakCylinderPressure, this limit could be achieved by using 5 psi of boost with the timing set at 30 degrees BTDC or at 12 psi with the timing at 15 degrees BTDC.

The engine will be considerably more efficient running less boost and more timing and the thermal stresses will be reduced as well.

As mentioned above, Thermal Efficency is affected by CR and ignition timing. 
As the timing is retarded, PCP is developed later in the cycle. This allows more energy to be lost through conduction into the water jackets because the piston is further down the bore and the rod has a less advantageous angle on the crank pin to deliver force to the crankshaft. 

Retarded timing also raises the exhaust gas temperature considerably. This raises the thermal stress on the pistons, spark plugs, valves, exhaust system. In severe cases of retarded timing, the mixture is still burning when the exhaust valve opens. (glowing exhaust manifolds)

All in all, retarded timing is counterproductive to producing an efficient, durable, powerful engine.
Most naturally aspirated engines require between 30 and 38 degress of ignition advance to achieve PCP at the correct crank pin position to make maximum power. 
By compressing the mixture through Supercharging, the rate of flame front progression increases and slightly less ignition advance is required to achieve PCP at the correct moment. In most cases, less than 5 degrees of retard is required however. 
We see many people throwing in 15 to 25 degrees of retard in a vain attempt to stop detonation at very high boost pressures for the fuel and compression ratios that they are running. It should be stressed that there are no free rides here. If you plan to achieve high specific outputs on low octane pump fuels for extended periods, you WILL have to reduce the CR. 
Truly high specific outputs are only available when using high octane fuels. 

There are sound scientific reasons why there are no factory 10 to 1 CR supercharged engines which produce specific outputs of 175 hp/L. In fact, there is NO production, piston, automotive engine which I am aware of which can achieve a specific output of this level on 92 octane pump fuel anywhere. Despite this fact, many people try to do this with expensive results. 
High compression ratios and high boost simply don't mix on pump fuel. If you try this, you will either be unhappy with the results or blow up the engine. 
When I say production engine, I mean one that you can buy off the showroom floor, no modifications, with the factory warranty intact. HP to be tested on a proper engine dyno, not on a chassis dyno with phantom flywheel correction factors applied. If Toyota, Honda or Ford could do this with factory reliability, don't you think that they would? 
As discussed in some of the reference articles above, set reasonable hp goals and modify the internal components as required to obtain these levels reliably. Be aware that many Japanese spec engines are designed to run on 98-102 octane fuel in their home markets. These engines will not be able to run the same boost levels on North American 92 octane fuel. Expect lots of detonation or spark retard if you attempt this.

Making it Live
Reducing the compression ratio or using higher octane fuel are the two best ways to increase power on a supercharged engine. If you drive on the street, you pretty well have to use pump fuel. In this case, you may want to fit some lower compression pistons. Pistons and spark plugs are often the first parts in the engine to suffer from the effects of overpressure and over temperature conditions. A high output engine should always be fitted with colder spark plugs.
Forged pistons and supercharged motors go together like jam and toast but there are wide variations between forged pistons. On a supercharged application, temperatures and pressures will far exceed anything seen on a naturally aspirated engine. 

Because the specific output is higher, the rate of energy release is higher. Piston dome temperatures can run between 450 and 550 degrees F. Most aluminum alloys have lost over half of their strength at 400F. Supercharged pistons need to have thick upper sections to be able to dissipate heat faster to the skirts and cylinder walls to keep dome temperatures down to safe limits. High silicon pistons can be fitted tighter because of their lower expansion rates for less rattling when cold but because they are more brittle, they don't stand as much detonation as a low silicon piston. Compression ratios for street use should generally be kept in the 7.0 to 8.5 to 1 range.

A)
OXYGEN SENSOR (O2)
[ http://www.kemparts.com/TechTalk/tt07.asp]
Using The Oxygen (O2) Sensor
Back to Table of Contents
The Oxygen (O2) Sensor can be used as a diagnostic tool on today's computerized vehicles. In order to use this "built-in" diagnostic aid, we must first understand how it works.

The O2 sensor can be considered a small battery that has an operating range of 0 to 1 volt when fully warmed up to 600°F. Its voltage depends on the amount of oxygen in the exhaust stream.
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All O2 sensors are vented to the atmosphere which contains approximately 21% oxygen. The exhaust of a gasoline Powered engine typically contains up to 2% oxygen. The Sensor's output voltage depends on the oxygen content of the exhaust stream. That is, if the exhaust has 2% oxygen, it is lean. This produces a low voltage, below .3 volt (300 milli volts). If the exhaust has near 0% oxygen, it is rich. This produces a high voltage, above .6 volt (600 milli volts). These voltages are sent to the computer and it reacts by adjusting the air/fuel ratio. This is commonly known as the O2 feedback system and when this system is operating it is said to be in "closed loop". When it is not operating, meaning the computer is not reading and responding to the oxygen sensor, it is said to be in "open loop".

Keep in mind that the computer uses all the sensors to control timing, fuel mixture, and emission systems. The O2 sensor as an input is used by the computer to keep the mixture as balanced as possible. When the air/fuel ratio is "balanced" it is at 14.7 parts of air to 1 part of fuel by weight. That means that for every pound of gasoline the engine burns, it will need 14.7 pounds of air. Keep in mind that oxygen occupies only 21% of the total air volume needed by the engine. The term "stoichiometric" is the term referring to the point at which the catalytic converter can be at its maximum efficiency when converting the three major pollutants (CO, HC, NOX) into harmless emissions (CO2, H2O, N, H).

The computer can only use the sensor's output information under certain conditions. First, the sensor must be hot to produce a normal signal. (600 °F). This is why most sensors today have built-in heaters to counteract the cooling effects of prolonged idling and to achieve closed loop mode sooner during warm-up. Heating the sensor also keeps it cleaner and extends its life considerably. The heater usually gets voltage from a constant "key-on" source like the fuel pump relay or a fuse. This is what the second and third wires are for on today's sensors. By the way, the late model Chrysler products are now using 4 wire O2 sensors. The four Wires are; O2 sensor output, O2 sensor ground, 12 volt heater feed, and heater ground. On 3 wire sensors, the O2 sensor grounds through its case and doesn't require a separate ground wire.

Secondly, the computer is programmed not to go into closed loop operation until the coolant temperature sensor tells the computer the engine is warmed up. If the system tries to go into closed loop too early in the warm-up period, the leaning effect of the system would cause drivability problems and pollutants.

Thirdly, the computer is also programmed to ignore the O2 sensor at near wide open throttle conditions. Maximum power requires maximum enrichment.

Also, some manufacturers have a built-in time delay. For example, on some GM models, closed loop is delayed for 1 to 2 minutes every time the car starts. This allows engine stabilization to take place before the engine goes into closed loop.

We can then conclude from the open loop conditions above that O2 sensor feedback is used when the engine is warmed up, at Idle, and at part throttle (cruise) conditions.
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In order to read the O2 sensor, most computers send out a certain voltage to the output terminal of the sensor. This is typically around 450 milli volts. Since we know that the sensor sends low voltage (under 300mv) when a lean condition is present and a high voltage (over 600mv) when a rich condition is present, the computer can count the number of times the sensor crosses the 450mv mark. Cross-counts are the number of times an O2 sensor crosses 450mv. A scanner can "look" at this for you.

Even though you can't see the number of cross-counts without a scanner, you can use a digital voltmeter to watch the open/closed loop system operate. Just connect your meter as illustrated above, while the O2 sensor is still connected, and start-up the car.

Caution: Do not ground the output wire of the sensor. This can damage the sensor and your readings will be erroneous.

When the car starts (cold), you should see approximately .450 volt (450mv) on the O2 output wire. This reading often varies slightly. The system is now in open loop.

After a few minutes (less if the engine is warm or the O2 Sensor is heated), this reading should begin to fluctuate. You will see changing numbers ranging from near 0 volt to near 1 Volt. If these readings occur, everything is ok. The O2 sensor's output should vary relatively quickly. A lazy sensor would show up here and the readings will vary slowly. If the readings don't start to vary (stay in open loop), you now are aware of it and can begin to look for the reason.

Let's now see how this information can help us diagnose problems. This "tool" can be especially helpful if another sensor is out of normal range but not enough to trip a trouble code.

Since engines still operate on the same principles as they always did, we must keep in mind that mechanical problems can occur. We must remember to consider compression, cam timing, ignition timing, fuel quality, filters, and exhaust restrictions whenever we come across drivability problems.

Always begin diagnosing a drivability problem in a computerized vehicle by retrieving the codes first. Hard codes, (check engine light on) will give you an obvious starting point. Soft codes (engine light was on intermittently but is not on at the moment) will also give you a good start for diagnosis. Keep in mind that a code is an indication of a failure or the result of a failure. For example an O2 sensor may be constantly showing a rich condition which will trip a code. The sensor may or may not be the problem. The problems may be in a system that could cause a rich condition. The same goes for lean O2 sensor readings.

Oxygen sensors can set trouble codes for various reasons. An open sensor wire can set trouble codes. If a sensor stays lean or rich for a long period of time, lean or rich codes may set. In either case, the sensor may be at fault. Before condemning the sensor, there are some very important checks that should be made.

For continuously lean O2 sensor readings:

1. Check sensor output wire for possible grounding. A ground will cause a false lean signal.

2. Check the MAP sensor for proper vacuum to voltage output. A high vacuum signal will cause a lean ecu reaction. (Don't forget to check manifold vacuum first!)

3. Clogged injectors can cause a false lean condition. A cleaning may solve the problem.

4. Water contamination will cause a lean condition.

5. Low fuel pressure will cause lean conditions at any rpm or load range. Be sure to check pressure at all driving modes.

6. Exhaust leaks, especially near the sensor can pull in air and cause a false lean reading.

7. Check for proper air injection system operation. The air pump should not direct air to the exhaust ports during closed loop operation.

For continuously rich O2 sensor readings:

1. Check the fuel pressure. High readings will cause rich conditions.

2. Leaking injector(s) will cause rich exhaust.

A leak down test and/or a power balance test can usually reveal the leaker.

3. A contaminated or malfunctioning canister purge system can very easily put uncontrollable amounts of fuel into the intake manifold. Simply disconnecting the vapor hose can reveal this as your problem system.

4. Check vacuum to voltage readings at the MAP sensor. A low MAP output will cause a rich ECU reaction. (Don't forget vacuum readings again!)

5. A false TPS signal can cause the system to go rich if the ECU sees a high TPS output. Check TPS readings at idle and for a smooth rise to wide open throttle.

Remember that the O2 sensor can help you simplify your diagnosis and help you avoid frustration! 
CLOSED LOOP – 
Closed Loop is a term in which the PCM uses feedback from the O2 sensor to make corrections to the air fuel ratio. Another name for this term is short term fuel trim. The PCM makes immediate but temporary corrections to the fuel delivery to maintain the AFR at 14.7. The only ratio that can be maintained in closed loop is 14.7. This is due to the nature of the type oxygen sensor used on most passenger cars. There are other types of O2 sensors called wide band sensors, but they are expensive. They can be used to monitor the AFR at other than 14.7 AFR. The short term fuel trim value is called the Integrator. The value of the integrator varies above and below 0 with 0 being no correction. For ex., if the Integrator is +5, the PCM is adding fuel because the O2 sensor is reading a lean mixture. If the Integrator is -6, the PCM is removing fuel because the O2 sensor is reading a rich mixture. Anytime the system is not in closed loop, the Integrator will immediately return to a value of 0 and stay there. There is only one Integrator and its value is solely dependent on the O2 sensor. When the engine is started, the PCM will keep the Integrator at 0 until the PCM determines that the O2 sensor is working correctly and that the engine temperature and time delay constraints before entering closed loop have been satisfied. Once the PCM goes into closed loop, the Integrator begins to adjust the fuel delivery to maintain a 14.7 A/F ratio, however, the Integrator term is only weighted half as much as the Block Learn term (LTFT). The Integrator and BLOCK LEARN work together to re-tune the system to match any engine's characteristics, up to a practical limit.
B)
FUEL TRIMS (LTFT/STFT)

[http://www.stealth316.com/misc/obdii_fuel_trim.pdf]


[http://www.baumtools.com/fueltrim.htm] 
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Asynchronous Fuel Mode(AE) – This is a temporary mode in which the injectors are commanded on longer for transient conditions. The accelerator pump shot is an asynchronous mode function in which extra milliseconds are added to the injector pulse width when the throttle position sensor rapidly changes state.
The LTFT BLOCK LEARN term-
The LTFT BLOCK LEARN term can be viewed as a semi-permanent automatic adjustment of the VE tables. I say semi-permanent because if you disconnect the battery, the LTFT adjustments revert back to 0 or neutral. 
Over time, the LTFT numbers will settle at a value that gives a 14.7 A/F ratio with no closed loop term correction. I say values because there are more than one LTFT value, unlike the single Integrator (STFT). The LTFT can be up to 32 different numbers depending on the PCM model. The Block Learn term derives its name from the way the VE table is divided into blocks for the corrections to take place. The actual LTFT boundaries are decided by the PCM settings. Each division of the grid is called a Block Learn cell and each cell has its own BLOCK LEARN value. Each cell is associated with certain ranges of RPM and MAP in the VE table, so the LTFT value in a given cell affects all the VE values in that cell. For example, say cell 4 has a LTFT value of 12%. Every VE value in cell 4 will be increased by 12%. In an adjacent cell, the LTFT might be -4%, which will decrease all VE values in that cell by 4 percent.

Now that you know how the LTFT value affects the VE table, we can explain how the LTFT itself is changed. In closed loop, it is discussed how the Integrator(STFT) increases or decreases as the PCM gets feedback from the O2 sensor. The LTFT value tracks the STFT but has a delay. If the STFT increases, so does the LTFT, but the LTFT lags behind the STFT. The higher the STFT climbs above 0, the faster the LTFT rises. As the LTFT rises, it begins to effect the AFR because remember, the VE table is being increased. As the AFR drops (gets richer) in response to the increased VE table, the STFT will stop rising and begin to fall. Once the STFT returns to a value of 0, the LTFT will stop moving. Not only will the LTFT stop moving, it will remain at that value permanently, essentially retuning the VE table at this engine operating condition. The only thing that will send the LTFT memory back to 0 is removing power from the PCMs memory. In reality, the LTFT values will never stay in one spot. They constantly jump around a bit near the 14.7 AFR. The tuning implications of this are as follows.

Remember that the STFT value can't be used to determine how far away from 14.7 you are. However, the LTFT value can. Since the LTFT settles at a value indicating how much more fuel is needed beyond what the VE table is delivering, you can use the LTFT value to adjust the VE tables manually. 
If your scantool shows a LTFT of +16 at 2000 RPM and 50 KPa MAP, then you know that the VE table value at 2000 RPM and 50 KPa MAP needs to be raised by 16 percent. The problem is that the PCM doesn't tell you where the cell boundaries are through a scantool, so you need a great deal of data to discover where the VE tables are off. This is where a data-logging program come in handy. They allow you to drive and record on your laptop hard drive every sensor and internal value in the PCM. Obviously, with this much data, you need a good analysis tool and a statistical analysis program. I take the scan’d file and export it into Excel so that I can use the data sort functions to group the data into useful information. 
In general, if your LTFT values are all significantly low, then you probably have your BPC ( Base Pulse Constant) (IFR table) set too high. If your LTFTs are all too high, set the BPC a little higher. If the LTFTs are both above and below 0, but not too far above and below, your VE table is probably reasonably close. If your LTFTs are way above and below 0 all over the VE tables, the calibration is probably significantly off and needs to be manually corrected in the PCM. 

WHY your LTFT can never be perfect-
If the PCM has to do a lot of self-tuning(swings in Short and Long-TFT), there are some situations where although the car will be drivable, it will not be smooth and steady, but hesitant and sluggish. The best way to explain why this happens is lets look at the 2000 RPM row and the 50 range of MAP. Say you have been steadily cruising along at 2000 RPM and 50 MAP (up a significant hill). Also say the LTFT at this load point settled at around -8, so the VE table at 2000 RPM and 50 MAP is too rich, requiring the subtraction of 8% less fuel. Also say earlier in the day you were cruising at 2000 RPM and 50 MAP on a flatter road. Say that at this load point the LTFT settled at +8. This would mean that the VE table value at 2000 RPM and 50 MAP is too lean by 8%

When this happens, your engine could surge, hesitate, and in general feel like it may run out of gas at any moment. It won't, it just feels that way. The reason is this. Say you were cruising at the 2000 RPM and 50 MAP load point for quite some time resulting in the same -8 LTFT. Then you quickly peaked a hill and were going down the other side at 2000 RPM at 50 MAP. Once you get to the bottom of the hill, you start back up a flatter hill at 2000 RPM and 50 MAP. You would feel a sluggishness and reluctance to go for a few seconds until the STFT and LTFT could correct the mixture. What happened is that at 2000 RPM and 50 MAP, the VE table is too lean (+8 LTFT, but the last time you were in this cell, your LTFT was -8 and it stayed there when you left the cell. So now, you are 16% too lean because you are running a -8 LTFT where it needs to be +8. This is 16% too little fuel. The engine would feel sluggish here for a few seconds until closed loop could correct it. In a very short time of probably less than 10 seconds, the -8 LTFT will rise up to 0 LTFT, so once you reach a steady unchanging load, the engine will smooth out. In the situation I have just described, the calibration is marginally matched to the engine, although it will run the engine and you can live with the car. But when you adjust the VE tables such that all VE table values in the same cell yield the same LTFT, the engine will run much smoother. It doesn't mean the calibration is right, but better suited for the engine. What this means is that a well tuned VE table smooths out the transitions from one load point to another so that you can't tell when you've crossed into another cell. 

Ideally, each load point in the VE table should have had its own floating LTFT value, instead of being divided into cells, but I imagine that the processor memory and speed are insufficient to handle this complex of a task.

Fuel Trim (Fuel Adaptation) Diagnostics

Q: What Is "Fuel Trim"?

A: "Fuel Trim" is the fine tune control of fuel delivery by the ECU. To accomplish this, the ECU increases or decreases fuel delivery by increasing or decreasing the time that the injectors are open.

Q: How does the controller know what to do?

A: By monitoring the primary Oxygen sensor(s) (pre catalytic converter), engine coolant temperature,

throttle position, air mass volume, engine speed (rpm) and to a lesser extent changes in altitude, humidity,

ambient temperature, fuel quality, etc.

The ECU modifies the injection rate under two areas of engine operation. These areas are the idle or low load mid range engine operation and operation under a normal to higher load when at higher engine speeds. These altered injection rates are known as Long Term Fuel Trim (LTFT) Additive and Short Term Fuel Trim (STFT) Multiplicative. See figure 1.
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Figure 1.
Long Term Fuel Trim (LTFT)

This is the control of Injection Pulse Time Open (ti) (also called Injection Pulse Width) over the entire range of engine operation. It is primarily calculated at idle or low load mid range engine operation and is averaged over time.

In these idle/low load conditions the amount of fuel variation is small due to the relatively small amount of air input. The computer monitors the O2 sensor and ADDS or SUBTRACTS approximately 0.001msec to the injection pulse time (ti) in order to maintain a Lambda = 1. This amount of increase or decrease of the injection pulse width is known as the Adaptation Value. This is the value output by the ECU when reading the live data stream.

For example: An LTFT of 1 is the factory spec for a new injector's injection pulse width (time open). This

corresponds to an LTFT Adaptation Value of 0.0.

An LTFT Adaptation Value of 0.100 would indicate a wider injection pulse width. This corresponds to a LTFT of 1.100.

An LTFT Adaptation Value of -0.020 would indicate a narrower injection pulse width. This corresponds to a LTFT of 0.980.

The LTFT is also influence by the Short Term Fuel Trim (STFT).

Short Term Fuel Trim (STFT) Multiplicative

This is the control of the Injection Pulse Time Open over the mid to upper range of engine operation. When the engine operates at normal or higher load or at higher engine speeds, larger volumes of fuel and air are needed. In order to maintain a Lambda = 1 in these conditions, the ECU monitors the O2 sensor and calculated load (see figure 2) and compares the values against the optimal value for the fuel injection pulse width stored in the drive map. If this base fuel injection pulse width value does not yield a Lambda = 1 at the O2 sensor for the measured air mass, the computer increases or decreases the pulse width by a percentage (%) determined by the difference in Lambda from optimal. These percentages have been computed by the engineers at the factory from extensive dynamometer testing and are stored in a "weighted STFT value array (1)" in the drive maps. When the STFT reaches the limit of its adjustment it will cause corresponding decrease or increase to the Long Term Fuel Trim. If the correction to the base value exceeds +25% or -25% for longer than 10 seconds a DTC is set for rich or lean stop for STFT.
	Calculated Load =
	Current Air Mass
	X
	Atmospheric Pressure @ sea level

	
	Maximum Air Mass
	
	Current Barometric Pressure


Figure. 2
Short Term Fuel Trim in general makes very quick and small temporary changes to the fuel being delivered to the engine. Long Term Fuel Trim makes slower more permanent changes. Each change in the Long Term Fuel Trim is equivalent to a change of the Short Term Fuel Trim over its entire range. The idea of this being that when the Short Term hits it's upper/lower limit, it resets back to the beginning, and moves the long term TRIM up or down by one count. The Short Term continues to change very quickly, and if it hit's its limit again, it increments/decrements the Long Term again. This continues until the Long Term has added enough fuel to compensate for the problem or until the long term has hit its own limit. When the later occurs the Air/Fuel ratio cannot be maintained at Lambda=1 and a "Lambda Control" DTC would normally be set and in later injection systems a "LTFT at rich/lean stop" fault.

Once a LTFT DTC is set, depending on the calibration, the ECU usually defaults to Open Loop (O2 sensor not on line) the ECU determines fuel delivery based on all sensor inputs (except oxygen sensor) and predetermined internal "drive maps".

During Closed Loop, the input from the Oxygen sensor(s) is used by the ECU to calculate fuel delivery

adjustments or adaptations. If the Oxygen sensor(s) indicate a lean condition, the adaptation values will be above 0. If the oxygen sensors indicate a rich condition, adaptation values will be below 0. Adaptation

values that are between +10% and -10% of the base injection pulse width are an indication that the ECU is maintaining proper fuel control.

If the ECU drops into Open Loop for what ever reason, you will notice that the long term fuel trim adaptation value will show 0.0 ms. This is because the ECU is no longer looking at the O2 sensor, and therefore can't make any adjustments to the fuel delivery. It must rely only on the fuel curve that has been programmed into the drive map. This is a good reason for having the fuel curve as close to perfect as possible.

Let's look at some conditions that will set adaptations faults and there causes.

Intake air leaks

Incorrect Fuel Pressure

Injector valve defective or coked

Engine Temperature Sensor defective

EGR valve defective

Secondary air leak

Fuel evaporation control system, defective or leaking.

Air Mass Meter defective

Vacuum leaks

Oxygen sensor aging (slow response)

Clogged or damaged catalytic converter

Contaminated fuel

Fuel tank ran empty

Combustion altered by a mechanical failure (Spark plugs, compression, intake/exhaust valves, etc...)

LTFT Adaptation Value positive (+), LTFT >1.

Lack of fuel or too much air. ECU is attempting to increase the amount of fuel by increasing the injector

open time.  This could be caused by un-metered air leaking past the EVAP, EGR or into the air intake system after the Air Mass Meter or a fuel pump delivery problem or clogged or damaged fuel injector.

LTFT Adaptation Value negative (-), 0<LTFT<1 

Too much fuel, Lack of air. ECU is attempting to decrease the amount of fuel by decreasing the injector open time.  This could be due to leaking injector or a stuck open pintle supplying too much fuel.

STFT Adaptation Value positive (+)

Consistent high positive value can mean low exhaust back pressure, blown TWCC

STFT Adaptation Value negative (-)

Consistent high negative value can mean high exhaust back pressure, clogged TWCC.

OBD II Requirements

The OBD-II requirements for fuel system monitoring says that the fuel delivery system must be continuously monitored for the ability to provide compliance with emission standards. The fuel trim monitoring system is considered malfunctioning when it causes the emission levels to exceed 1.5 times the FTP standards. The regulations specifically require a monitor of the long-term fuel trim limits. The operating conditions at the instant of fault detection must be stored in Freeze Frame data for the automotive technician.

BMW monitors LTFT and STFT in all LEV systems.

Fuel Trim Diagnostic Monitoring

The fuel trim Diagnostic monitors the averages of Long Term and Short Term Fuel Trim. If these fuel trim values reach and stay at their maximum limits for a period of time, a malfunction is indicated. The fuel trim Diagnostic compares an average of Long Term Trim values and Short Term Trim values to rich and lean limits which are the calibrated fail thresholds for the test. If either value is within the fail thresholds, a pass is recorded. The closed loop system still has control authority. If both values are outside the fail thresholds, then a failure condition exists. This will cause a DTC to be stored and the rich or lean condition to be recorded. The fuel trim diagnostic also conducts an intrusive test to determine if a rich condition is being caused by excessive vapor from the EVAP canister.

1. The exact method of utilizing the weighted STFT array is held proprietary by BMW, but a good example is that used by GM. See http://members.iatn.net/tech/gm/obd2/obd2-6-3.html .

DECEL FUEL CUTOFF / DECEL FUEL ENLEANMENT – Decel fuel cut-off means exactly that. When you take your foot off the gas pedal going downhill or decelerating quickly, the PCM will cut off the fuel entirely. The difference between this term and the next one, DECEL FUEL ENLEANMENT, is that some fuel is allowed to reach the engine during DECEL Enleanment.
C)
MASS AIR FLOW (MAF)
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The Mass Air Flow Sensor is probably the best way to measure the amount of air an engine takes in (engine load). This sensor not only measures the volume of air but also compensates for its density as well. Ford, GM, and many imports are using engine control systems based around this sensor.
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There are two common designs of MAF sensors used in today's vehicles. One produces a variable voltage output (analog) and the other produces a frequency output (digital). In either case their operation is similar. Both outputs can be measured by a scanner or a digital volt/ohm meter (DVOM) that can measure frequency.

Both designs work on the "hot wire" principle. Here's how they work. A constant voltage is applied to the heated film or heated wire. This film or wire is positioned in the air stream or in an air flow sampling channel and is heated by the electrical current that the voltage produces. As air flows across it, it cools down. The heated wire or film is a positive temperature coefficient (PTC) resistor. This means that it's resistance drops when it's temperature drops. The drop in resistance allows more current to flow through it in order to maintain the programmed temperature. This current is changed to a frequency or a voltage which is sent to the computer and interpreted as air flow. Adjustments for air temperature and humidity are taken into consideration since they also affect the temperature of the heated wire or film.
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GM (Bosch) Hot Wire MAF Sensor

 

Humidity always affects the density of air since humid air is denser than dry air. No other compensation is therefore needed for this factor. Air temperature affects density since colder air is more dense than warmer air. Many systems use an air temperature sensor to compensate for this factor since similar amounts of air can enter an engine at different temperatures. Some MAF sensors use an internal "cold" wire to send ambient temperature information to the computer. Some use an intake air temperature sensor in the manifold or the intake piping. This sensor is almost always ntc in design (negative temperature coefficient). That is, it's resistance goes up as air temperature goes down. This "thermistor" works just like a coolant temperature sensor and usually has identical resistance to temperature values. By the way, these values are very different from manufacturer to manufacturer and are available in most repair manuals. They are also programmed into scanner software.
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Ford Hot Wire MAF Sensor

Now, as we discussed, the MAF sensor sends either a variable voltage or a changing frequency to the computer. The computer is programmed to accept this information when the car is running in any mode. For example, idle rpm will send a low voltage or low frequency and a high revving engine will send a high voltage or high frequency to the computer along a specific wire (the MAF signal wire). If the signal is not present when it should be and within a programmed parameter, say high voltage at high throttle opening, the computer will set a code.

So, there are several things to consider whenever there is a code which points to the MAF sensor as the problem:

1. Derive the code(s) by the manufacturer's recommended method.

2. Look up the code(s) in a service manual.

3. Read the explanation(s) carefully!

4. A code that indicates an out of range signal is often an indication that another sensor, like the throttle position sensor or the rpm input signal is contradicting the MAF signal. The cause might be the other sensor or signal being out of adjustment or faulty.

5. A code that indicates a low MAF signal may be set by various problems. These include the following:

    1. A bad MAF sensor (internal fault)

    2. Any wire on the MAF sensor circuit including:

        A. The 12 volt feed wire which connects the MAF to the battery through the 
        ignition switch or through a relay as in many GM applications

        B. The MAF ground wire

        C. The output wire

        D. The MAF or computer connectors

        E. The computer

Note: The GM Bosch style system used on 5.0L/5.7L Firebirds, Camaros, and Corvettes have a hot wire "burn-off" feature that uses a relay to burn any impurities off of the hot wire. This system will set a code if the ECU controlled side of the relay fails. 
The MAF measures the mass of air that is flowing into the engine. The PCM also knows the mass flow rate of the injectors. If you are flowing, for example, 20#/min of air into the motor, and want to run 14.64:1 air/fuel ratio (which is the chemically correct a/f ratio for heptane, essentially gasoline). With 20#/min of air and a desired a/f ratio of 14.64, you'd need 20/14.64, or 1.366#/min of fuel. When multiplied by 60 to get #/hr of fuel, one would need 1.366 times 60 or 81.97#/hr of fuel through all the injectors. If you had say 8 injectors, each injector would have to inject 81.97/6 or 13.66#/hr of fuel. With a 24# injector, this is 13.66/24 or 56.9% of full injector opening. 
This part is straight forward.

There is another side to this: 
The PCM calculates what's called load, which is essentially volumetric efficiency or VE. VE is the efficiency of the engine to pump air. For a 3.0L engine, in two engine revolutions, it can move in and out 3.0L of air. If the engine only moves 1.5L of air, then it's VE is 1.5/3.0 or 50%. Since the PCM knows mass of air, air temp and barometric pressure, it knows the volume of air that is moving through the engine at all times, so it can calculate VE.

The spark and fuel tables are tables for the amount of spark to deliver and the a/f ratio to command if you are NOT open loop. Open loop is when you are richer than 14.64:1 a/f raito and no longer using the O2 sensors for feedback.   The PCM uses load in calculating spark and fuel. If your MAF transfer function is off (this is the input voltage from the meter to the PCM and what the flow is at that voltage) VE will be calculated incorrectly and hence so will timing and fuel be calculated incorrectly. This is why the MAF is so critical to making the engine work right. VE gets an input into almost everything, even what the transmission feels like when it is shifting.

Most will say that you can get a MAF calibrated for a given size injector and not change the PCM. This is right and wrong. Let's say you have 19# injectors and some MAF. You want to put in 38# injectors. You purchase a MAF calibrated for 38#ers.  What they do is TRY to make it so at every voltage point the output from the MAF is original injector size divided by new injector size, in this example, 19/38 or 1/2 of the original value. The PCM now thinks there is a lot less airflow into the engine. Let's say before at 2 volts it was 12#/min, now with the "new" MAF, to get that same 12#/min you are at 1 volt. So, you now running at 1 volt with 12#/min of air and the PCM thinks you are running much lower flow, thus giving you a lower fuel pulse width. If the air meter was set up correctly, you would have 1/2 the pulse width and the amount of fuel going into the engine will be correct. This is the part that's right.

Now the wrong part. Load is calculated incorrectly, in this example, it's 1/2 of what it should be. So, the PCM uses the wrong values out of the spark and fuel tables. This typically ends up in knock (also known as detonation, or pinging) on some cars, since the car is leaner with more spark.

The correct way to calibrate for injectors is ALWAYS to make changes in the PCM via a chip or flash.  A "larger" (read: with more range) MAF is only needed when there is a danger of the current one pegging.  This is true of most forced induction applications.  As long as your MAF has enough range for your application, American MotorSport can match any MAF to any injector size in the calibration.

Larger MAF's
Although an aftermarket MAF will show some gains on a dyno, these gains, contrary to popular belief, are not due to the MAF being physically larger.  A larger MAF will not help by being physically larger, unless the smaller MAF was a restriction.  If the stock MAF was not a restriction (this is gauged by measuring pressure drop across the MAF) you will find very little, if any, power in a new MAF over your stock MAF from additional diameter alone.  If the stock MAF is a restriction, and such is the case on Crown Vic's, 5.0L Mustangs, and some early Supercoupe's and SHO's, among others. In these applications there is some power to be gained by a larger MAF.  This applies to larger TB's as well.

The reason the MAF does increase power by a marginal amount is that, using the logic applied in the above FAQ, the MAF calibrators will shift a/f leaner (generating some additional power) and based on the explanation of the MAF regarding load (or VE) above, the PCM will now be tricked into adding a little bit of timing because it believes that load than actual.

Tricking the EEC as above will also yield some negative side-effects, such as knock in some vehicles.  In addition, since load (calculated from the MAF) is key even to how an automatic transmission shifts, there may be other detriments.  With use of a chip or reflash, timing and a/f can be optimized correctly, at all points.

In a "mass air" engine control system, as used in the 94 and later F-bodies, the PCM only needs a few pieces of information to manage the air and fuel mixture. The most important is the amount of air entering the engine, to be used for combustion with the correct amount of gasoline. More specifically, it needs to know the "mass" of air, or the number of pounds or grams of air that entered the engine to be used to burn the gasoline.

The Mass Air Flow (MAF) sensor measures the mass of air entering the engine, expressed in "grams per second" or "pounds per minute". The ScanMaster displays only the metric units - grams per second (gps). 

Note - to convert grams per second to pounds per minute:

grams/second = pounds/minute x 7.56

Example: 30.0 pounds/minute x 7.56 = 226.8 grams/second

At idle, the air mass flow will range from as low as 6gps to as high as 10gps. If you reading is suspiciously low, you may have a vacuum leak. If it is suspiciously high, and the idle speed is correct, it's most likely a "faulty" or "mis-calibrated" MAF. This problem is typical of "home ported" units.

At WOT, the peak air flow in a stock, normally aspirated engine, with a 5,800rpm rev limit will be about 240gps. 

The MAF sensor works by internally measuring the temperature of the air coming into the system. It then uses the wires to heat the small amount of air that is actually touching the wires, a fixed number of degrees above the incoming air. By measuring the electrical power required to heat the air, and knowing the specific heat of air, the MAF sensor can calculated the "mass" (or roughly "pounds") of air entering the engine. It then converts this signal to a variable frequency output. Inside the PCM, there is a calibration table that converts the frequency to a "mass air flow" rate.

The calibration chart is based on the specific configuration of the stock MAF sensor and air inlet ducting. If you change any component of the system, you upset the calibration of the sensor. The "screen" - actually a honeycomb, made out of thin paper - is there to provide a uniform flow of air across the full face area of the sensor. In this way, since the amount of air flowing past the sensors is the same as the amount of air flowing in other parts of the sensor, it can calculate the total air mass flow through the sensor by measuring only the small sample of air that touches the wire. Removing the "screen", or removing the dividing wing in the housing inlet and outlet halves destroys the calibration of the sensor.

GM (Bosch) Hot Wire MAF Sensor

Humidity always affects the density of air since humid air is denser than dry air. No other compensation is therefore needed for this factor. Air temperature affects density since colder air is denser than warmer air. Many systems use an air temperature sensor to compensate for this factor since similar amounts of air can enter an engine at different temperatures. Some MAF sensors use an internal "cold" wire to send ambient temperature information to the computer. Some use an intake air temperature sensor in the manifold or the intake piping. This sensor is almost always NTC in design (negative temperature coefficient). That is, its resistance goes up as air temperature goes down. This "thermostat" works just like a coolant temperature sensor and usually has identical resistance to temperature values. By the way, these values are very different from manufacturer to manufacturer and are available in most repair manuals. They are also programmed into scanner software.
The MAF table is broken up into three major groups: Idle, Cruise, and WOT. Here is the breakdown:

	MAF Value in Hz
	Range

	1000-1999
	Idle

	2000-2999
	Idle

	3000-3999
	Idle

	4000-4999
	Cruise

	5000-5999
	Cruise

	6000-6999
	Cruise

	7000-7999
	Cruise

	8000-8999
	Cruise

	9000-9999
	WOT

	10000-10999
	WOT

	11000-11500
	WOT

	Why did we stop here?
(GM did not design their MAF to go beyond 11500 so readings were limited in the PCM as well) 
	MAX in V6


D)
MANIFOLD ABSOLUTE PRESSURE (MAP)
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Purpose:
The Manifold Absolute Pressure (MAP) sensor is used to monitor intake manifold pressure(engine load). It sends voltage signals to the Powertrain Control Module (PCM) that represent the engines varying load conditions.
Theory/Operation:
PCM supplies 5 volt sensor reference voltage. The sensor, connected to manifold vacuum at throttle body, converts intake manifold pressure into voltage.

A silicon crystal in the MAP sensor senses changes in manifold absolute pressure. This crystal changes the resistance of the sensor depending upon the manifold absolute pressure acting upon it, and the change in resistance affects the amount of voltage that the sensor allows to flow back to the PCM.

Manifold absolute pressure and voltage to PCM are directly proportional (manifold absolute pressure increases, low vacuum, voltage to PCM increases and vice versa).

Sensor resistance and manifold absolute pressure are inversely proportional (as manifold absolute pressure increases, (low vacuum), sensor resistance decreases and vice versa).

MAP Sensor (Typical) 

Typical Readings:
Sensor output voltage range is 0.5 to 4.5 volts.

Output voltages between 0.5 and 1.5 volts indicate a high vacuum (low pressure) situation, such as idle or deceleration.

Output voltages between 1.5 and 3.0 volts indicate a medium level of vacuum (pressure) such as a cruise or slight acceleration condition.

Output voltages between 3.0 and 4.5 volts indicate a low vacuum (high pressure) situation such as hard acceleration or a mechanical failure.

Any reading of 0 volts or over 4.5 volts indicates a problem.
NOTE: The following procedure tests the MAP sensor only. 

1. Inspect the rubber nipple (fitting) from the MAP sensor to the throttle body. Repair as necessary. CAUTION: When testing the MAP sensor, be sure that the harness wires are not damaged by the test meter probes. 

2. Test the MAP sensor output voltage at the MAP sensor connector terminal B. With the ignition switch ON, and the engine OFF. Output voltage should be 4 to 5 volts. 

3. Test the MAP sensor output voltage at the MAP sensor connector terminal B at a hot, neutral idle speed condition. The voltage should drop to 1.5 to 2.1 volts. 

4. Test MAP sensor supply voltage at sensor connector terminal C with the ignition ON. The voltage should be approximately 5 volts (±O.5 V). 

As always, check the service manual for the proper procedures and specifications for your particular vehicle.
E)
TORQUE MANAGEMENT (TM)
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Torque Management 
With the introduction of the Supercharged 3800, a few modifications to the 4T60-E were made.  The

biggest change is the final drive unit, which is of heavy duty design.  The transmission still can't

handle the full torque of engines such as the SC 3800 and the DOHC 3.4L V-6s at redline during shifts. GM utilizes Engine Torque Management to maintain reliability.  This consists of controlling engine rpm

and engine torque (through timing and fuel) during shifts.  That is why the SC 3800 and DOHC 3.4L do

not shift at redline at WOT.

     For the 1997 model year, GM introduce the 4T65-E. This transmission is a heavily reworked 4T60-E design which includes such features as a 258mm torque converter instead of 245mm, twin chains and special sprockets for noise, Electronic Line Pressure (ELP) for ECM control of pump pressure to better regulate shift quality, revised fourth clutch, revised second clutch housing, and many other improvements to reliability.  The first applications to receive the 4T65-E will be the SC 3800 V-6 and the DOHC 3.4L V-6 to minimize the need for torque management.  The phase in will be three years and will be complete by model year 1999.

      The biggest cause of failure of the original 4T60 (440) is heat.    [snip of restricted info]   Through

control of shift points and torque converter lockup, transmission temperature can be controlled.  There is

a temperature sensor in the transmission for the ECM to monitor. This shows the STRONG recommendation to add and external air/oil transmission cooler for 4T60 (440) equipped vehicles.

PLEASE NOTE: Disabling torque management will put greater stress on your drive line. 

TM Abuse Mode time limit= This is the time in abuse mode as a function of temperature. Turning it off in conjunction with Upshift Torque reduction and %Torque Reduction vs RPM will eliminate torque management. However we have noticed that the shift feel when disabling the upshift torque reduction in trucks and SUV's is reduced and therefore recommend leaving it ON for trucks and SUV's. 

%Torque Reduction vs RPM= Torque reduction as a function of RPM, turning it off in conjunction with TM abuse mode time limit and upshift torque reduction will eliminate torque management. However we have noticed that the shift feel when disabling the upshift torque reduction in trucks and SUV's is reduced and therefore recommend leaving it ON for trucks and SUV's. 

Upshift Torque reduction= Torque reduction control for each individual gear, turning it off in conjunction with TM abuse mode time limit and %Torque Reduction vs RPM will eliminate torque management. However we have noticed that the shift feel when disabling the upshift torque reduction in trucks and SUV's is reduced and therefore recommend leaving it ON for trucks and SUV's.
F)
PERFORMANCE SHIFT
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How to add Performance shift back into your 98 - 2002 GT/SE, and 2000 - 2002 GTP:

Following these instructions you should be able to add a performance shift switch to any 98-2002 GT/SE or 2001-2002 GTP equipped with a Digital Horsepower PCM. 

Parts Required:

1. About 10 Feet of dark blue wire 16/18 Gauge Preferably, use your own judgment.
2a. A Shift knob from a 97-2000 GTP (GM part #10224212)
2b. OR any type of "On / Off" switch.
3. Packard Electronics FEMALE Connector Pins (GM part #12084913) Sold in Strips of 5.
4. A DHP reprogrammed PCM
5. Misc. Wire connecting supplies

Instructions:
1. Disconnect your battery
2. Remove your air box, locate your PCM and remove both connectors, this will ease the job immensely.
3. Locate Connector 2 on the PCM that will be the Clear one NOT the blue one.
4. Lift off the gray covers covering the wiring you may have to cut off some tie wraps to do so.
5. Locate Pin Number 21 or lack there of it will be a empty slot, take a drillbit or a punch and punch a SMALL hole in the rubber covering it.
6. Take one of the FEMALE pins and crimp the Dark blue wire onto it at the end. You may want to solder this connection as well to avoid any problems in the future.
7. Push the Pin and wire assembly into the whole you just made in the rubber grommet at pin 21 on the clear connector. MAKE SURE it seats fully, it may take 2 or so tries to get it right.
8. Position the wire to run with the rest of them out of the connector and into the loom if possible, if not grab some loom and cover it, a factory appearance never hurt anyone.
9. Take the aforementioned blue wire, now connected to pin 21 on your PCM and run it into the cabin either way you see fit.. 
10a. Run the wire up into the console and up to your NEW shift knob with switch, attach the blue wire to the RED wire of the switch using whatever means you like, solder/butt connectors ect, take the black wire on the shift boot and put a knurled ground loop on it and attach it to the upper left hand corner bolt that holds down your shifter.
10b. If using a simple switch, solder the Blue wire to one prong, and solder the ground wire to the other.
11. Reverse all procedures and button up all your trim and under hood accessories.

{IMG} Now on a 99-2002 GT/SE and on 2001-2002 GTP's equipped with a Trip computer the DIC should show the status of the Performance Shift switch.

{IMG} On a 98 GT/SE, and a 99-2002 GT/SE equipped with a base level DIC, there is a little more wiring required. 
For OUR cars you need it to switch type 1 and a debounce time of ~25 

The other 2 #';s are for such items such as Class II.

This variable tells the PCM what type of switch is activating the PS mode.

If its 0, there is no switch
1, standard switch
2,3,4 I forget which are which but one is a Class II. Class II is the data bus message format. Some of the regal’s use Class II and this basically means when you press the switch, a message is sent on the data bus to tell the pcm to go to PS mode, etc, etc... 

SPARK
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Spark Management
Unlike fuel management, spark management is an open loop only system. What you program in the timing table is what the PCM uses with no automatic adjustment to improve performance or drivability. The exception to this statement is the knock sensor function of retarding timing to eliminate engine detonation, but this function does not advance the timing if the engine is running at less than optimum. 

The fact that spark timing is not automatically improved means that its up to you, the programmer, to optimize the spark timing tables, and herein lies the secret to tweaking more power from your vehicle. 

An engine operates at its best power level when the spark is timed to start combustion to give the maximum torque at that RPM and engine load. And getting spark timing this perfect requires extensive dyno testing or road testing. 

The criteria for a good part throttle spark table is to be able to maintain a given speed and engine load (MAP) with a minimum amount of throttle input. Tuning a spark table is mostly trial and error by seeing what works the best and what doesn't. 

When the engine gets into a situation that it wants to take power away, it will often reduce timing. This is done with KR.

ALOT of the time the timing is pulled because of detected knock. (aka: "pre ignition"

So..... the engine normally gives you 11 deg timing advance but notices some detonation (knock) and tries to fix this by reducing timing down to 4,5,6,7 degrees. 

Usually by killing the timing (power) it will lighten the load and the engine will recover from the knocking.

SOMETIMES (as was my case in my mysterious unstoppable part throttle kr) the engine will show KR for other reasons like Torque Management.

When my engine was seeing too much hp at part throttle to WOT jumps it was getting into the TM folders that say "no more than 225 hp when the converter is locked" and the engine would kill power by giving my 14 deg kr and totally killing my timing advance.... so I had to alter those to fix my KR.

Its hard to say exactly what is causing your KR without some scans and a lot of testing.. but it shouldn’t be too much to figure out if you learn what causes it, or exactly when it happens

TERMS
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Brake Mean Effective Pressure/ Peak Cylinder Pressures
BMEP is defined as the average effective combustion pressure occurring in a cycle. It can be calculated by using the formula:

792,000 X BHP divided by (engine displacement in cubic inches X RPM).

This figure is useful in comparing different engines operating on different fuels and the highest figure occurs at torque peak. The average range for engines is 200 to 400 psi.
Peak cylinder pressure (PCP) is the maximum chamber pressure achieved during the combustion process. This figure would normally be in the 600 to 2000 psi range.

Thermal Efficiency
Thermal efficiency describes the amount of energy extracted to perform useful work from the total energy contained in the fuel. 
TE is primarily affected by the compression ratio and ignition advance in a given engine design. Most engines are in the range of 25 to 35%. The lower the TE, the higher the exhaust gas temperature. 

TE can be calculated with the following formula:
2545 X BHP divided by (Btu/lb X lb. fuel/hr).

Specific Power Output
This describes the amount of hp developed per unit displacement. It is usually expressed in HP/liter or HP/cubic inch. This is useful in comparing different engines and stress limits. 
Generally speaking, the higher the specific output, the higher the stresses on the engine and the lower the engine life will be. 

It can be calculated by:
HP divided by engine displacement.

GETTING FAMILIAR WITH YOUR TUNER
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The first thing you need to understand is some of the lingo.  Here are some of the key terms.

STFT (Short Term Fuel Trims)  This is an instantaneous numerical value to determine how close your fuel tune is.  A “0” in the STFT means that the PCM is not adding or pulling fuel.  The farther you go positive (+) the leaner you are running, so the PCM is trying to add fuel (hence the +).  The farther you go negative (-) the richer you are running, so the PCM is trying to pull fuel (hence the -).
LTFT (Long Term Fuel Trims)  This is the same as STFT’s, but it is an average of STFT’s over time.
IPW (Injector Pulse Width)  This is the amount of fuel flowed at a given Manifold Pressure.  For my application it is in mSec per Gram, or msec/gram.  In other words, it takes XXX msec to flow 1 gram of fuel. The less the msec, the more fuel.  The longer it takes, the less fuel.  Think of it this way.  If the formula was Sec/Gal, and you had a gallon milk jug, and a gallon bucket, turned them both over at the same time, it would take lets say 1 sec to empty the bucket and 10 sec to empty the jug.  So at 2 seconds, the flow of the bucket is 2 gallons and the jug is just under a ¼ gallon.
MAP (Manifold Absolute Pressure)  This is the amount of air vacuum or pressure in the intake manifold.  To give you a quick reference, around 30kPa is about 20 psi of vacuum, and 100 kPa is no vacuum.  Over 100 kPa you are creating boost.

Ok, now its time to play.

Hook up the PowrTuner and scan your MAP and STFT.  At idle your MAP should be around 30 to 40 kPa, but this will vary based on how far you are from sea level.  It wont vary a lot.  Now rev the motor a bit, and watch the MAP.  Your values should go up (keep in mind if you are slowly pushing the accelerator, the change wont be much, but if you jab it, they will go pretty high).  Now lets look at the STFT’s.  At idle you should be close to 0, if not, don’t worry, we can change that.  Now give it another jab.  If the STFT’s go positive or more positive, you are running lean.  If they are negative or go more negative, you are rich, and burning fuel you could be saving, since premium is over 2.50 a gallon.
Only continue if you have not edited your PCM.  It is my belief that you should tune in your IFR first.  Once they are tuned, you never have to touch them again unless you change the fuel pump or injectors.

Now open your bin file and go to Calibration Data, then Fuel, then PE.  Check the value you have listed for PE Enable TPS.  This is the % of throttle when the PCM will start adding fuel for heavy acceleration.
Now its time to hit the road.  Open the scanner and log your MAP, STFT, LTFT, RPM, Throttle Position and Fuel Cell #.  (It may be easier if you put it in low gear and get a few short runs) Once you start scanning, RESIST THE TEMPTATION TO FLOOR IT.  The key here is to get a scan from idle to right at the point of boost (IE 100 kPa).  Slowly roll into the throttle.  Try to stay away from the PE enable.  Once you get home, look at your scan.  Get a piece of paper and down the left side start with 0, then under that is 10, then 20, all the way to 100.  Fill in your STFT’s for as many MAP values as you can (anything over 100 kPa throw it out).  It does not have to be exact, but try to pick a number as close to the value on the left side of the paper as possible.  Try not to use any STFT’s that are in the #3 fuel cell.  We want cruise numbers in the #2 fuel cell.  Check your paper, and at 30 kPa where are your STFT’s?  If they are +, then we need to add some fuel, which means decreasing the IPW at 30 kPa.  If they are – then we need to take away fuel which means raising the IPW at 30kPa.  You want to make small changes to the IPW (Like .5 to 2, depending on how far off you are).  If the STFT’s are anywhere from -5 to 0, I would not change your IPW.  Once you work your way through the rest of the kPa values, its time to write the bin to the PCM and go for another drive.  Once you get the STFT’s to stay in the -5 to 0 range.  Now you can fine tune things with tuning the MAF on the next page.  Congrats, you have done your first tune.
Both IPW and MAF are measurements of a flow system, usually that has changed via mods (CAI, AFPR, injectors, cam, boost etc..). They work all together....as long as the system (engine) is happy and you're not going to extremes..I say use both. Avoid extremes and make sure you have smooth curves.

The Factory makes a guess...they flow test the stock air box, those numbers aren't the same for Wizaired (or other CAI/LRI). Injectors will vary, Fuel pressure will vary from car to car etc. My point is they are all inputs to a system, you can't tune one without the others....

WEBRACIN TUNE
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I started this section as a sort of diary of my tune.  This guide has grown so much its hard to determine where to start, and what to look for.  I will be updating this section as I progress through tuning my 2001 GTP.  
Start with a Stock Bin file, not a 1.5 file.  My theory on this is if you start with a  stock file you will know exactly what has changed in your PCM and wont be fighting changes that could be part of the 1.5 file.  Now I am not saying the 1.5 file is bad, but I feel that you will become a better tuner if you make all the changes in your PCM.  Now there is some prep work before we can load the first file into the PCM, so lets get started…
Open your stock bin file and we need to make a few adjustments based on your current setup.  This could be anything from a larger injectors to a cam.  I would start with importing any files that are applicable for your mods in the imports folder.  Once that’s done we need to change a few more things and this is why:
Accessories/Fans/Fan_1_Coolant_Temp:  Depending on your thermostat, I would change the ON value to 10 over the rating of the thermostat, and change the OFF value to 5 over the rating on the thermostat.  Example on a:




195 T-stat
180 T-stat
160 T-Stat
Fan on time 
205

190

170
Fan off time 
200

185

165
I don’t recommend the 160 T-stat.  We use to use them to combat KR, and now they are not needed since we can tune with the PowrTuner.  I personally would not go less than a 180 drilled T-stat.
Accessories/Fans/Fan_1_Keyoff_Coolant:  Set this value to the rating of the Thermostat.

Accessories/Fans/Fan_1_Keyoff_Time:  Some like 3 min and some like 5 min, so I split the difference and went with 240 Seconds.

Accessories/Fans/Fan_2_Coolant_Temp:  I set this value to 5 over the value in the Fan_1_Coolant_Temp turn on and 2 over on the turn off.  I mainly set it this way for winter.  In the summer I will change it to 1 over on both the on and off times.
(The list would be to long to put every possible combination of which DTC codes to delete.  If you have a CAT delete/EGR delete/lower T-stat/etc you can check here for the codes to delete. Do yourself a favor and use both tables to disable the fault.  
Diagnostics/Fault Reporting/DTC Fault Type:
0 = 1 trip SES On, 3 trips SES Off.  
1 = 2 trips SES On, 3 trips SES Off. 
2 = Service On.  
3 = No Reporting.
Diagnostics/Fault Reporting/DTC Fault Enabled:0 = DTC Disabled

1 = DTC Enabled
(Charles has the following security file changes in the 1.5 file, so I assume it has to do with writing to the PCM)

Diagnostics/Security/Ignore_Flash_Checksum:  Set this to 1 
Diagnostics/Security/Disable_Flash_Security:  Set this to 255

Diagnostics/Security/Flash_Checksum:  Leave this one alone

Fuel/AE/AE_TPS_Re-Allow:  Set to 30 (This is the value the TPS must be below to allow AE mode.  Since we will be changing the PE to 30%, we don’t want AE active when PE is engaged.

Fuel/AE/AE_MPH_Modifier:  Change all values to 1.
Fuel/AE/AE_Enrichment:  Change all values by 108%. Now I like my tables with a clean look, so I only have 2 decimal places.  I delete everything after the 2nd decimal place, but this is personal preference.

Fuel/Fuel Injector/Injector_Flow_Rate:  Import the file needed for your setup.  If you are stock, leave it stock.  If you have 42.5 then import that file.
Fuel/Fuel Injector/Injector_Skew_Percent:  If you have checked your plugs and have a skew % already, use that value.  If not set 3 and 4 to 100% and 1,2,5 & 6 to 96%.  The idea here is that since 3 and 4 are in the middle of the engine and are the pistons that crack more often it could be due to higher cylinder temps since they have more surface area bordering other cylinders than the other cylinders.  You should check your plugs and set this according to what the plugs show and not use a generic figure.
Fuel/MAF/MAF_Airflow_Table:  If your stock, leave it stock, if you have an aftermarket, import the appropriate file.
Fuel/PE/Open Loop Base AF by Coolant Temp:  Modify all between 86 and 158 deg to 11.7, then go back and modify all between 176 and 212 deg to 11.6.
Fuel/PE/Base_PE_A/F:  Modify all between 86 and 158 deg to 11.7, then go back and modify all between 176 and 212 deg to 11.6.

Fuel/PE/PE_Enable_TPS:  Set all to 30% TPS to enable PE
Fuel/Torque Mgmt/Torque_Abuse_A/F:  Set this to 11.6
Fuel/Torque Mgmt/Torque_Abuse_Differential_Score: Set this to 11.6
Fuel/Torque Mgmt/Traction_Control_Desired_A/F:  Set all to 11.6

Fuel/Torque Mgmt/Torque_Abuse_Drive_Injector_Disable: Set to 0 (we never want injectors to shut off)

Fuel/Torque Mgmt/Torque_Differential_Score_Injector_Disable:  Set to 0

Fuel/Torque Mgmt/Traction_Disable_Injectors:  Set all to 0

For the High MPH, I set the numbers for a natural progression.  Even though we will never hit 252 mph, I want no complications later on down the road.
Fuel/Torque Mgmt/Disable_All_Injectors_High_MPH:  Set all High to 255.  Set all Low to 254.
Fuel/Torque Mgmt/Disable_1_Injector_High_MPH:  Set to 252.  

Fuel/Torque Mgmt/Diable_2_Injectors_High_MPH:  Set to 253.

Fuel/Torque Mgmt/High_RPM_Fuel_Cutoff:  Set High to 6250.  Set Low to 6249.
Spark/Base Timing/Good_Fuel_Spark:  Increase all by 1.
Spark/Base Timing/Mean_Best_Torque_Spark:  Increase all by 1.

(These KR settings will save an engine until we get the tune right.  After the tune is good, we can go back to stock or a little lower.)
Spark/Knock Sensor/Maximum_Allowed_Spark_Retard:  Increase all by 1.
Spark/Knock Sensor/Knock_Retard_Default_Value:  Increase all by 1.

Spark/Speed/Timing Limiter/High_RPM_Threshold:  Set to 6250 RPM’s.

Spark/Speed/Timing Limiter/High_MPH_Limit:  Set all to 255.

Spark/Torque Management/Torque_Differential_Score_Retard:  Set to 0.
Spark/Torque Management/Torque_Abuse_Spark_Retard:  Set all to 0.

Supercharger/Boost Control/Excess MPH Torque Reduction Scalar:  Set to 1.
Supercharger/Boost Control/Excess MPH Enable Timer:  Set to 2.
Supercharger/Boost Control/Excess MPH Enable by MPH:  Set to 255.

Supercharger/Boost Control/Catalyst_Protection_Boost_Cutoff:  Set to 1500.

Transmission/Gear Ratio:  Edit these according to your tire size and gearing.  Use this spreadsheet (DHP Tire Size Chart).
Now in the Trans section you have two ways to go.  If you have a Performance Shift button, edit as stated here.  If you don’t have a Performance shift button, but want Performance Shift, edit your Shift Point Normal section.
Transmission/Shift Pressure/Shift_Pressure_2nd_Performance:  Start at FT/LBS STEP 0 (which is 1)  and increase the value in a natural progression to FT/LBS STEP 23 (which is 96) and every step after 23 should be set to 96.  DO NOT EXCEED 96 PSI.
Transmission/Shift Pressure/Shift_Pressure_3rd_Performance:  Do the same for this table as the SHIFT PRESSURE 2nd PERFORMANCE table.
Transmission/Shift Pressure/Shift_Pressure_4th_Performance:  Do the same for this table as the SHIFT PRESSURE 2nd PERFORMANCE table.
Transmission/Shift Switch/Shift_Switch_Type:  If you have a Performance Shift button, change this to 1.

Transmission/Shift Switch/Discrete_Switch_Debounce_Time:  Change this to 25.

Transmission/Shift Time/1st_to_2nd_Performance_Shift_Time:  Set all to .01.
Transmission/Shift Time/2nd_to_3rd_Performance_Shift_Time:  Set all to .01.
Transmission/Shift Time/3rd_to_4th_Performance_Shift_Time:  Set all to .01.
Transmission/Torque Mgmt/Torque_Reduction 1st_to_2nd_Performance_Upshift:  Step 4 to 32 change to 5.
Transmission/Torque Mgmt/Torque_Reduction 2nd_to_3rd_Performance_Upshift:  Step 10 to 32 change to 5.
Transmission/Torque Mgmt/ Torque_Reduction 3rd_to_4th_Performance_Upshift:  Step 8 to 14 change to 0 then step 16 thru 26 should follow a natural progression from 0 to 15.
Transmission/Torque Mgmt/Max_Turbine_Torque_TCC_Locked:  Set all to 600.
Transmission/Torque Mgmt/Max_Turbine_Torque_TCC_Unlocked:  Set all to 600.

Save the file as your STARTER.BIN.  That way if you ever need to retune, you have your base file ready to go.  Any edits from here on should be saved as another file name to save your base file.  After saving go ahead and write it to the PCM and make sure you select to reset the LTFT’s.  Im going to give mine about a week to learn before I start adjusting.
More to come soon……..

Fuel
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Fuel as an Intercooler... why do you think the DHP PCM beats all others? FUEL for ONE thing! They add lots of WOT and AE fuel to counteract the effects of a small pulley on Supercharger Delta Temps. Because boost comes in much faster with a smaller pulley you also need more pump shot to keep from going lean. Normally aspirated cars are different they usually respond to leaner mixtures.

Tuning Order

The safest basic order of tuning is as such:

· Idle and cruise LTFT’s

· Part throttle KR or Flash KR

· WOT

· Spark parameters
· VE Table
· Transmission parameters

Idle and cruise LTFT’s
If you don't have your idle under control, DO NOT even bother doing WOT runs or anything of the sort....
Charles Beyerch
 
Tuning in the LTFTs is very important as it sets the groundwork for all the other future air/fuel changes.  If you have improper settings here, nothing will work for you.  After all, how many house builders start building a roof before the foundation is solid?

Your goals are to initially have the LTFT’s as close to 0 (zero) at all times as possible.  A plus or minus 5% is acceptable, but the closer to 0 things are, the better.  Once under acceleration, we definitely want (under ideal circumstances) for the LTFTs and STFTs to both be locked to 0 at WOT.  We will get into additional details for cars with cams later… but if you have a stock cam, you want LTFT’s to fluctuate as little as possible.  So how do we do this?
IDLE

Go back to your stock table for MAF.

Start car and wait for it to get to closed loop.  You will tell because fuel trim data will start registering once it hits closed loop.  If its a large NEGATIVE # for STFT and LTFT then you have too much fuel at idle.  If it’s a large POSITIVE #, then you are too lean and its adding fuel.

You can either adjust injector flow rate or MAF table (2000 - 2500 hertz range) to get trims within +/- 5%.

There are varying opinions on which method to use.  I usually tune it via MAF (once injectors are CLOSE).

CRUISE
Basically the same idea goes here, except now you are looking to adjust part throttle fuel.  Once again target is +/- 5% fuel trim UNDER LOAD.  On a deceleration, trims are going to jump and don't even waste time with it, IMHO...  But you want cruise and light acceleration trims to be somewhat under control.

Make the necessary adjustments to make this happen.
WOT
Now you are looking at O2 reading (mv) not, trims.  Target 920 - 940 mv at WOT.  Adjustments now are either made to MAF table or PE (Power Enrichment tables).

If you have a knock issue when transition from cruise to WOT, then you need to adjust AE (acceleration enrichment) to add some fuel.
There are 2 methods to tuning in your LTFTs.  Both are accepted methods, but some believe that tuning via your MAF and IPW are only a short term fix and over time the PCM will relearn and compensate for the changed values.  It should also be noted that tuning by changing the MAF sensor is only “tricking” the PCM into thinking more air is flowing thru the sensor, so more fuel is needed (or less air, so less fuel is needed).  

The first method is as follows:

If you can determine 1 is accurate then you adjust the other one. The problem is when you don’t know if either are accurate.

If you have a stock MAF then import the stock MAF table for your year and go from there. Adjust your IFR until your LTFTs are close to 0.

If you have stock injectors then do the same but adjust the MAF until your LTFTs are close to 0.
In both cases when you get really close you can tweak either one. They are mechanical devices and are not 100% accurate in themselves so tweaking either (or both) is fine.

If you are not stock on either then you are kind of stuck in a difficult spot. I would try to find the CORRECT OEM MAF table for the MAF you are running. That is a great place to start. Do the same for the Injectors (use the % calculation). These will get you within the ballpark. After that it is hopefully just tweaking so then what table you decide to change isn’t such a big deal. If your LTFTs are all out of whack then you used the wrong table for one of them.

Now this brings up a more complicated issue.

I have the LQ6 MAF. I was running over the top of the MAF table (>11500Hz). I used a mini afc to scale the MAF back to keep my max within the 11500 range. Now I needed to figure out what my table should look like to match this scaling. I posted the Excel sheet I used to do this a while ago. It was pretty complex. Most do not have to worry about this but some do.

Idle

There are a few different types of idle:

1-open loop

1.a-base open loop idle

1.b-cold start idle

1.c-warm start idle

1.d-short run start idle

2-closed loop idle

I am still unfamiliar with cold starting and the related cold/warm start idles.

OPEN LOOP IDLE

I do know that open loop means that the O2 sensor is not used. So it bases its fueling off of a few things:

1) MAF (base fueling variable)

2) IFR (base fueling variable)

3) MAP (modifier)

4) ECT (modifier)

5) Probably more

So if the MAF and IFR tables are right then your idle fueling should be good. If you are using an aftermarket cam then this is a whole other ball game and is much more complicated.

CLOSED LOOP IDLE

Closed loop means the PCM uses the O2 sensor for feed back on its fueling parameters. The PCM then alters its fueling based on this feedback (STFT and LTFT).

When in closed loop the PCM is factory set to run at 14.7:1 A/F ratio. The PCM will adjust until the O2 sensor "says" it is there.

Again if your MAF and IFR are accurate then your Trims will be good.

If you are using an aftermarket cam, you can ignore this whole thing just like above.

Cruising

For this paragraph we will define cruising as "under 35% throttle" (AKA not in PE).

When you’re cruising you’re in closed loop mode (explained above). Just like closed loop idle the PCM wants to be at the golden AF of 14.7 (or whatever you set it to in the PCM) and will adjust STFT / LTFT to get it there. AE does come into play as you move the throttle around but as long as your Fuel trims are under control your OK. Again if your MAF and IFR are accurate this should all be good.

WOT

When you’re in WOT your in PE (and AE for some time). When you’re in PE you’re basically in open loop. The O2 sensor is not used anymore for feedback. The LTFT / STFT are locked (hopefully close to 0). The PCM then decides its fueling based the PE table and its various modifiers. I have most all of my PE modifiers 0'd out. NOTE:  Extreme caution should be used when zeroing out the PE modifiers.  This should only be done by those with intercoolers, as fuel us used as a cooling agent, and if you lean out a cylinder, you could crack a piston. This way I just change the number in the base PE table and THAT IS IT. I know what it will be shooting for. I may go back and tweak some of the modifiers at a later date though. (If your running lean at 14 sec into WOT, it does not make sense to change the base PE for a given RPM, as this will change your fueling across the board and not at the specific time it is needed.  Once you get your PE base at an acceptable level, fine tune it with the modifier table [ie PE_RPM vs TIME_A/F])  The PCM now has a desired A/F ratio. it then checks how much air it has injected (MAF) and figures how much fuel will be needed to hit that A/F and determines how long the injector needs to be open for (IFR) (this # is then skewed by any LTFT you may have).  I found that I could adjust my 7k and 8k (mostly just 8k) and I could get my LTFT to lock near 0, no matter what my LTFT's were lower than that. 
So there is a theme across this entire thing:

MAF and IFR… if they are correct then you can spend your time tuning the actual A/F you want it to run at (when in PE) and not waste your time guessing which numbers you need to change in the MAF table (and then wonder why its not responding like you thought it would.  This is why its important to tune idle and cruise first without tuning WOT.
The second is as follows:

First bring up the scanner and scan only the MAP kPa and LTFT parameters. 

Cruise at various speeds on the highway ranging from steady 40 mph to steady 90 mph. You want your drive your car with very gentle gas pedal changes as you want to record your LTFT at various levels of vacuum (note that I said vacuum, not boost!).  You are recording readings between ambient air pressure (which is about 14.7 pounds per square inch at sea level and 100kPa) down to what ever level of vacuum your engine generates, to 0 on the Map(kPa) value is about 14.7PSI of vacuum. 

Once you have a good 20 minutes of scanning completed, export the file to a CSV and open it in either Excel or JDredd’s LOGCOLOR (an excellent product that I highly recommend!).

Take a piece of paper or open Notepad on your computer and jot down the numbers from 10 to 100 in increments of 10 (10, 20, 30, etc…) each on a separate line.

I then looked at the MAP kPa readings in relation to the LTFTs... meaning... for example, I looked at map readings between 90 and 99 and took the highest value in the LTFT (lets say it was -10%) and wrote that down in the column next to the 90.  Do this with all the cells from 100 all the way down to the lowest Map(kPa) values that show on your scan.  

Next we open up your BIN and look under:

CALIBRATION DATA > FUEL > FUEL INJCTOR

… and open up the INJECTOR FLOW RATE table.

This is what the table should look like:

[image: image8.png]oL 1999 GTP Stock. bin : Injector_Flow_Rate [Edit Mode] [B=%]

G0 Goneeel Progecties | stk e

Ijoctor_ Pl Rate

mSec/Gram Injector. Flow_Rate
PePs0 218

kP 10 2165
Parameter Class .
KPa20 21348 [Tebl
kP 30 20338 Category =
KPa 40 20851
Sub Catego |
KPa 50 2008 &y e et
KPa 60 0778 Min Value P
kP2 70 20748
Max. Vatue [isotsor
KPa &0 723 [ENER
KPa 90 2[3tock Value = 207 48, variance of 0.00% B =100 =0
L] Value Units Eelc=|

Paramter Description

Injector flow rate a5 a function of engine
manifold vacuu.





Note:  Your table values may not be the same, don’t worry!

Your next task is to modify the table as per your info that you wrote down in your columns.  If your 90kPa value was -5, then from the number in the 90kPa cell you SUBTRACT 5.  If your value was 4, then you ADD 4 to that number.  Do that for all the cells that you have information for.  Not to worry if you do not have all the numbers, not many cars log values under 30 and if you have a cam, not many values under 50kPa will show.  For the cells that you do not have info for, fill in the unknown values with the lowest ones that you do have (ie:  If your 50kPa values ended up being 190, fill in the values under 50kPa with that number).

Close and save that table, then save your BIN.

Upload this bin to your car.

IMPORTANT:  Anytime you make changes to your IFR table you MUST reset the fuel trims.  This is a fancy way of saying that you must disconnect your battery for approximately 5 minutes or do a full write.

Lastly, go take the car for a 15-20 minute drive to let the PCM relearn the new fuel trims and then log again.  Your LTFTs should be much improved and you are on your way to tuning your car for better performance.  If necessary, repeat the process.
AE - Acceleration enrichment:
-Similar to the accelerator pump on a carb. Additional fuel is injected for rapid throttle openings, or rapid decreases in MAP. Compensates for sensor lag, and also for fuel condensing out of the air when MAP decreases. Less AE is used on dry manifold (port injected) applications.

Remember that anytime you play with the LTFTs, you want to reset your fuel trims... that’s just a fancy way of saying "disconnect your PCM for a few minutes" or do a full write to clear out what the PCM recalls of how to portion out the fuel.  Caution should be used if performing a full write, as there is a greater chance of damaging your PCM.
LTFTs - Long Term Fuel Trims

-You want to stay as close to zero as possible but it is wiser to err to the negative (rich) side. This is calc due to the "average" STFTs (def. found below). The last known LTFT before going to PE (or Performance Enhancement or Power Enrichment Mode) changes the fuel table (example -16ltfts before WOT will have the PCM tune for a "leaner" table). Max limits of the LTFTs (+24 and -23). Please Note that Negative (-) LTFTs means the PCM is pulling fuel due to being "rich". Positive (+) LTFTs means the car is adding fuel due to being "lean".
So if your LTFTs are negative, that means the computer is pulling fuel because your running rich, so you need to DECREASE the IFR value or the MAF table in that area.

If your LTFTs are positive, that means the computer is adding fuel because your running lean, so you need to INCREASE the IFR value or the MAF table in that area
If you look at the MAF Table it is based on Frequency (Hertz). At a given Frequency, it will apply X grams of fuel per sec. If you lower this number (take away from) it will lean you out, thus moving your STFT and LTFT to the right (based on a basic number scale -10..........0.........+10). Add numbers and it will move your STFT and LTFT to the left.

As we all know if your STFTs and LTFTs are negative, the PCM is pulling fuel (because you’re rich) and if the numbers are positive the PCM is adding fuel (because you are lean). This is why it is not good for the PCM to be in a lean condition when you go into WOT. You want the PCM to be in a rich state when you mash the foot feed. (optimum would be to have your STFT's and LTFT's at 0 and this is the goal to attain).
STFT - Short Term Fuel Trims

-Use to calc average for LTFTs (def. found above). Please Note that Negative (-) STFTs means the PCM is pulling fuel due to being "rich". Positive (+) STFTs means the car is adding fuel due to being "lean".

PE - Power enrichment:

-Defaulted to 60% throttle and above it is used to fuel the car during the extreme conditions (such as WOT).

--Base_PE_AF
PE is the Target AFR you want to run while at WOT. Stock is 12.5 and somewhere between 12.5 and 11.4 you will find the sweet spot for your mods.

--PE_RPM_vs_Time_AF
This table will add the numbers to the target AFR when in PE mode. negative number will run you richer, positive numbers will run leaner.
This allows you to slowly richen up as cylinder temps increase while at WOT.

--Open Loop AF by Coolant Temp 
PE has nothing to do with warming up. When the PCM is using the O2 sensor you are in closed loop most daily driving you are in closed loop and at WOT you are on open loop. The PCM is using a table not the o2 sensor to control fuel.
WOT is only 99.6% TPS I believe this is a PT scanner bug. The correct TPS voltage is 0.4VDC at idle and 4.2VDC. You can use a multi meter to check this. Center wire on the TPS connector to ground. Key on motor does not have to be running.

--Open Loop AF by RPM vs Air Mass
Which table does this one affect? PE Base AF or Open Loop AF by Coolant Temp? Id guess PE Base AF. These names can be confusing, at least to me anyway.

If it's not in the PE folder it is not PE related.

Adding to the IFR table or the MAF table will richen you up.
IFR - Injector Flow Rate:

The 97-02 injectors are rated at 36lbs and while scanning your injector pulse widths (IPW),it is good to know that they are considered maxed out at around 23- 25ms at WOT. This is called going STATIC and happens when the injectors are pushing he maximum amount of fuel that they can.

-The purpose of the IFR table is to set the injector flow rate for whatever injectors you are running. They are set for one set of values for 36lb injectors, another set for 38lb injectors, another set for 42.5lb injectors and so forth, so you NEED a table that is specific to the size of your injectors to set the injector flow rate. That's why we have it. Those values are used throughout the PCM to calculate the IPWs for every condition. Caution should be used when editing this area, as the IFR affects a lot of other tables.  There is great potential in having a motor go lean and detonate.  Adjust this table first to dial in your injectors, THEN adjust the other tables.  Once the IFR is set, leave it alone unless you change injectors.
With the IFR's its a little easier to see how things go because if you scan your MAP kPa's and at WOT you see -7, if you remove 4-5 from whatever your IFR numbers are, ideally that will set it darn near 0. So if in your 100 kPa cell you have 185, lowering it to 180-181, your LTFTs should be very close to 0.


Injector conversion table http://cartechpr.com/forums/index.php?act=Attach&type=post&id=399

MAF - Mass Air Flow:

-Used in partial calc. for fueling and transmission shift pressures. If adjusted incorrectly can cause the torque converter to not unlock or shifts will slip more.

MAF_positive change:

-Max g/s that can change up (positive) from one khz to another. If change is greater than max then the PCM will only do MAX positive change.

MAF_negative change:

-Max g/s that can change down (negative) from one khz to another. If change is greater than max then the PCM will only do MAX negative change.

Tweak your MAF tables down low and in the midrange, (6,000 Hz and lower) to have as little LTFT correction as possible 0 LTFTs are NOT advisable... the best LTFTs to shoot for is around -4 to -6%. Always tune at night so you have cold weather and a denser air, so when you hit at night your LTFTs do not go positive LTFTs WILL change with air density, engine wear, fuels, etc.. This isn't as easy as doing it with an ICCU because the ICCU is real-time and you can nail down your correction much faster. The benefits will be a better running part throttle and better performance because you will have better part throttle fuel control. If you are at 15 % POSITIVE trims down low and you tap the gas the car will run lean until you get back into the AE Enrichment mode, (PUMP SHOT), and you will induce part throttle KR.I rather not change the MAF tables.. There are many other ways to tune a car.


When the LTFT goes positive so does the fueling on your WOT run as the PCM recalls the last LTFT condition and if it’s lean it will overcompensate. Use the MAF values below 3500Hz to tune for idle, and use the values between 3500Hz and ~6KHz to tune for cruise, and then use the PE tables for WOT. Use AE tables to add a splash of gas just as the throttle is pressed to help control KR BEFORE it happens.

MAP – Manifold Absolute Pressure

The MAP is quite accurate for baro, as long as you’re looking for relative starting point.
If you log baro, turn the car to on, and look at it, usually it’s between 95 - 101kPa.
I just use that as a reference for figuring boost.

Less than that number (100 kPa) is vacuum, above 100kPa is boost.

100kPa = 14.7psi (or atmospheric pressure) 200kpa = 29.4psi (or 14.7psi boost) 

O2 Sensor –
O2's.. the big happy feel good lie.... Yes, even I succumb to the 02 myth... "I'm good I'm at .940, so what happened?" Factory 02's are only accurate at 14.7 and a little bit each way. Go wide band, do plug readings and err on the safe side of rich. O2’s are good for a ballpark figure, but to get it right on you will need a WIDEBAND O2.
FUEL CELLS

We have 4 main Fuel Trim Cells to go by (But 10 total, 5 with the evap open, and 5 with evap closed), however you will only see FTC 1-4 regardless of whether the evap is open or closed. The FTC's go like this:

0 -- Idle

1 -- Decel 

2 -- Light Load / Engine Not Running

3 -- High Load 

4 -- Med Load

Usually you will almost always lock in at cell 3 at WOT...

The PCM determines the FTC by the following requisites:

0 = Idle 

- MPH < 1

- TPS < 1.5%

- RPM within 100RPM of desired Idle RPM

3 = High Load 

- TPS > 25%

- CylAir > 0.4 g/cyl

1 = Decel 

- TPS < 1%

- CylAir < 0.12 g/cyl

4 = Med Load 

- Airflow > 24 g/sec

2 = Light Load / Engine Not Running 

- none of the above (or engine not running)

Tuning the Volume Efficiency Table

	VE table tuning should only be done by persons who have a good working knowledge of the PowrTuner.  For this reason, you should start your tuning with your Idle, Cruise and WOT fuel settings.  After these are complete, you will have a better understanding of how changes affect the PCM.  Results and benefits have not been verified and the only known advantage is in the event of a MAF sensor failure, the ”backup” or VE table will be accurate.


The VE table is starting to gain some attention in the tuner community.  We are finding out that it has some more secret benefits to help us achieve an ultimate tune.  

SPEED DENSITY TUNE
Some say that the first thing to tune is the VE table or SPEED DENSITY Tune.  This can be done with a Narrow Band O2, HOWEVER, the only way to get accurate results is with a Wide Band O2 Sensor.   The reason for this is the VE table and the MAF table for lack of a better word, compliment each other.  The VE table is used when the PCM thinks the MAF sensor is unreliable and RPM is under 4000.  Over 4000 RPM, VE is not used.  Here is how to tune the VE Table.

Step 1..Editing the PCM

Copy your bin file and rename it Speed Density tune.  Open the bin, and go to Calibration Data/Spark/Base Timing folder and copy the entire Good_Fuel_Spark folder to the Bad_Fuel_Spark folder.  The reason for this is the PCM will default to the Bad Fuel Spark if the MAF fails (and we will be unplugging the MAF for this tune).  Next we want to disable PE, and to do this we need to open the Fuel table then go to the PE folder.  Select the PE_Enable_TPS and change all the values to 100 (this will not let you go into PE unless the TPS is at 100%, and we will not be doing WOT runs).  Now save and exit, then write to the PCM.

Next step is to clear out the LTFT’s by killing power to the PCM (this can be done by removing the Battery cable for about 10 min, or removing the PCM fuse).  Next disconnect the MAF sensor, and go for a long drive.  You want to vary the speed and the Throttle Position.  NEVER GO WOT.  The goal here is to gather as much data as possible using RPM data versus MAP (KPA).  Monitor your LTFT’s as well.

Next get your paper and pen or use a spreadsheet and make a table like the VE table in the PowrTuner.  Your table should have down the left hand side MAP Data (in Kpa) from 20 to 140 in 10Kpa Increments, and RPM Data from 0 to 6400 in 400 RPM Increments.   Look at your scan data and fill in the LTFT’s.

Now take your table and open up the VE table in the PowrTuner.  Think of the LTFT numbers as a percent, so if the LTFT for 800 RPM at 30 Kpa is -7, and your VE table has .71, then you subtract .07(7%) from the VE Table so your end result will be .64.  If your LTFT is +12, and your VE table has .71, then you add .12(12%) from the VE Table so your end result will be .83.  This needs to be done for all the data locations you collected on your table.  Now that you think you’re done, go for another 30 min drive and collect more data, but DO NOT RESET THE LTFT’s.  Match it up with the table and keep doing this until you get the LTFT’s to +/- 5 but +/- 2 would be better.  This will take about 10 trips.  Once your done, plug the MAF back in and then tune your MAF in.  
A second way to tune the VE is as follows:

Turns out the VE table has a major role in the fuel cells. Please don't start thinking you have to disconnect your MAF and go thru all that jazz.

Here's a definition of the VE that should get your tuning juices going. The author on the website was only listed as R.F. 

VE – Volumetric Efficiency is a term that corrects for different engine efficiencies. An engine is basically an air pump and the better the pump, the more power it can generate. Some engines are better pumps than others at a given RPM and MAP condition, so this term allows the equation to be calibrated for different engines. 

There is a table in the PCM that gives VE for a given RPM and MAP condition. The important concept to grasp here is that the VE table is used in both open and closed loop modes. 

What is not so obvious is that this table, when programmed correctly, will result in a 14.7 A/F ratio with no closed loop (LTFT) or open loop correction taking place. In other words, this table provides a baseline that tells the PCM where 14.7 A/F ratio is so that other A/F ratios can be commanded and the PCM will be at the desired AFR. When this table is adjusted correctly, the engine runs the smoothest, not because the engine is running at 14.7 necessarily, but because all other ratios depend on this table being accurate. If this table is off, the closed loop LTFT will correct the A/F ratio back to 14.7 to a degree. If this table is way off, the closed loop LTFT can’t compensate and the engine may not run period. 

A good example of when this table needs adjusting is when a hot cam is installed. A stock cam typically idles at 17 inches vacuum. But a hot cam might idle at 15 inches or less of vacuum. The VE table will be calling for more fuel at a lower vacuum reading (higher MAP), but the engine doesn’t need the extra fuel because its still idling. In this case, the calibration doesn’t match the engine’s airflow characteristics. Unless the VE table is changed to lower the efficiency at this MAP and RPM, the engine will run very rich and probably stumble and blow black smoke. The majority of retuning engines is done in the VE table since this is the baseline of the entire system.

I do believe, but don't quite know how yet, that this is why our LTFT's are not tuning in smoothly.
Why the LTFT jumps in each fuel cell.
TUNING WITH AN AFTERMARKET CAM
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There are several of us here that have XP cams and others. Tuning for a cam is almost identical except for minor things. Some like the rough idle and leave the idle basically stock others like it less and raise the RPM a little. For a cam that is as aggressive as an S1X, XP and higher, in general I would suggest raising the RPM up 75-100 to smooth things out. Also you will find that cams make registering Map kPA readings under 30 difficult... that's normal too. Having a cam means that your power will be a bit higher so to take advantage of that, 6000-6200RPM (depending on cam, XP’s love a 6100RPM limit, not more) shift points take advantage of that higher RPM power. Make sure you have the hardware to support those higher RPM’s!
Having that "romp-romp" feeling at idle is normal and not something you can tune out... its normal and an effect of cam design. Raising the Tranny Engaged RPM up will smooth things out. Raising them up while in P-N is nice, but with the load on the engine, RPM drops even more while in gear and things can get quite lumpy. Raising up the RPM’s a little will fix that but NOT solve it. 

As for the "endless pursuit of 0 LTFT/STFT’s", that’s exactly what it is. What you want and is doable is to have 0 LTFTs while anytime in PE mode and over a longer period of time... I saw this on Foghorn's car... he touches the gas, and his numbers drop to zero... now. He also has the attitude of not caring much about idle numbers. And with a cam, this is the right attitude to have. Idle is a lot harder with an aftermarket cam. It's also not super critical so I understand that train of thought.

Also check your TM folder for conditions that would lean you out or turn off injectors should TM or traction control activate.  A Level 2 traction control with a commanded AFR of 15.5 is not a good thing if you happen to forget to turn TC off.

One thing to keep in mind is that if you are having problems with the AC not working at stop lights, it is more than likely your RPM’s are set to low, and the PCM is shutting off the AC to remove the load and keep the engine running.
If after the cam install, you can get the car running, but it will not idle, then the problem could be that the cam sensor is not picking up the signal.  Try unplugging the cam sensor, turn the key to the on position (do not start the car) and then turn the car off, reconnect the cam sensor, and start the car.  Hopefully this will fix the problem, if not, you may want to check the cam sensor and make sure its not damaged.

Note: In referencing cars with aftermarket camshafts, it is generally considered a good thing to pull fuel from the Map(kPa) cell at which your car idles at until it reads a high positive value like 12-16.5.   The reasoning being is that the cam is dumping much more fuel into the engine causing it to be too rich at idle. Some people do this, others do not.  You make the choice according to what works best for you. On my car, it seems to idle much smoother using negative LTFT values.
TUNING 25% THROTTLE RICH CONDITION
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Once 25% throttle is engaged, the car kicks into fuel trim cell 3. Now, you have to be logging the commanded fuel trim cell in your data logger. Now, to be honest, I still use autotap. What I have noticed is that the scanner in the PowrTuner has a one increment lower value than the Autotap, so... in the PowrTuner it would be fuel trim cells 0-3 (0,1,2,3) and on Autotap is 1-4 (1,2,3,4). I don't know why this is.

This is a hard task to follow. You are using your IFR table and MAF in conjunction with the ECT and A/F Ratio at 25% throttle, which means you need to adjust any one of these parameters or a combination there of. Now, depending on when you have AE enabled, this adds a whole new variable to the equation, because AE dumps additional fuel into the equation. 

So, you need to find out exactly when and where you are richening your A/F mixture. Is it in normal drive mode before AE or PE, or is it accelerating. It is critical to monitor that throttle position and fuel trim cell in whatever scanner you are using.

Simple way to know in the scan tools (whichever you use) is to go WOT and see which trim cell locks in. From there, monitor which trim cell goes active at 25% throttle and up to wherever your AE is set to go active.

I should state that while you are cruising you test all of this. Normal throttle position for cruising is around 10% for me. So, you need to cruise and increase you TP%, thus you are accelerating. So, it can be dangerous to know when and where to stop and monitor because, well, you are ACCELERATING. It is a good idea to have a spotter watching the scan tool for you.

I hope this helps. This area to tune is a real PITA.

TUNING FOR BETTER GAS MILEAGE
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You need to pick a fairly warm day to tune this setup. If KR is going to show up with 90 degree IAT you need to know it.

DON'T RUN 87
Nothing colder than a 180 non-drilled out thermostat.
Plugs should be no colder than 1 heat range gapped at .060”
Clean your air filter. Insulate your FWI or CAI.
Switch to a large pulley. (even the stock pulley is fine, as it requires less HP to spin the SC).
Don't have a large pulley? Unplug your Boost Bypass electrical connector. This will limit your boost to 4-5 PSI.

Take a stock PCM bin file for your year and name it: MPG_revA.bin

If you have after market injectors or MAF allot more tuning is required. I won't go into that.
I am assuming stock MAF and injectors.

Set your Target AFR to 14.8

Set your AE to 5% over stock

Set your PE target to 12.1 activating at 35%TP

Set your Good Fuel and Mean Best Torque timing table to stock +1 in all the boxes and from 1500-6000rpms.

Your tranny folder should be stock.
Remove all the injector turning off TM stuff in the Air, Fuel, and Tranny folders.

Go out and scan for KR.
Where you get KR Note the rpm range and estimate the mg/XX by where your TPS voltage is and reduce the timing in 1 degree steps in just those areas.

Example: lugging up a hill (no downshift) at 1600rpms TPS voltage 0.7 you see 3 degrees of KR.
Go to the Good Fuel and mean best tables and in the first three rows select 1400-1800rpms and reduce by 1 degree.

If you normally cruise to work at say 2100-2300 RPMs target those areas and up the timing as much as possible (no KR allowed) +3 over stock might be possible. Go slow and scan often.

Go out and scan again. Keep locating the areas you have KR during normal driving and reduce the timing in just those areas. Every car will be different due to the mods, age/mileage of the vehicle, weather.

Spark
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Timing/Spark

You get more power from increased timing than from leaning fuel mixtures. Hence MODS that reduce KR and allow more spark advance will increase cylinder pressure and make a more powerful BOMB in the combustion chamber! Remember that max timing is not necessarily achieved just before detonation. You want full explosion at 15º ATDC to achieve maximum power. So there may be a point where you have too much advance and not have detonation... Keep this in mind. A lot of timing means a bad design in the engine. You do not want gobs of timing to make power. 

Timing is only adjusted in .5 degree increments. So say you get KR of .75*, the PCM will pull 1*. Same goes when adding timing. A .75 degree increase/decrease is 1degree to the PCM.

Once you have target WOT fuel correct, you can look at timing and go from there.  IF you have no KR and low timing, you can add a few degrees... basic cars should be in the range of 15 - 20 at WOT

If changing setups for Pump gas. Try to stay between 8.5-9.0:1 Dynamic Compression Ratio for N/A and around 6.5 DCR for boosted engines. 

Most of the guys recommend starting at the 360mg/cyl tables and up, when you add timing

Base Timing

Bad_Fuel_Spark: Table used in the “What-if you put bad gas into the tank”. This is used in case you commanded high timing in the Good_Fuel_Spark, but the car is getting a good amount of KR, it will refer to this table. THERE ARE NO IN BETWEEN/AVERAGES (Good and Bad Fuel Spark table), it will use one table or the other.

Good_Fuel_Spark: Table used in the case you put good gas (91 and above with mild timing would put you in this area).

IAT_Temp_Spark: Used to create the happy knob controls from 360mg/cyl to 640mg/cyl (this section is for WOT changes).

**NOTE: Timing (in all spark locations) should be half or whole numbers. (Example... 2.10* is actually 2.0* timing. 2.48* timing = 2.5* timing)

Sneak up on timing. If you add 4 degrees of advance at WOT and the PCM pulls 2, go back and add LESS than the 4. The PCM ALWAYS overcompensates, just like your Dad did!.

--Good_Fuel_Spark
This is the base spark advance table I should be running/modifying assuming enough octane.

YES, plus the Mean Best Torque folder as well.


--Air_Temp_Spark
This modifies the above table dependent upon mg/cyl and air temp.
Is this ambient air temp or IAT? It must be IAT, I’ve never even visited a place that gets that warm.
Again how? Given 50* C and 320 mg/cyl the adjustment would be (-)2. were running @ 16 BTDC what is the advance after correction?

IAT, 16-2=14
Spark Management
Unlike fuel management, spark management is an open loop only system. What you program in the BAd/Good/Mean Best timing tables is what the PCM uses with no automatic adjustment to improve performance or drivability. The exception to this is the knock sensor function of retarding timing to eliminate engine detonation, but this function does not advance the timing if the engine is running at less than optimum. The fact that spark timing is not automatically improved means that it’s up to you, the programmer, to optimize the spark timing tables, and herein lies the secret to tweaking more power from your vehicle. An engine operates at its best power level when the spark is timed to start combustion to give the maximum torque at that RPM and engine load. And getting spark timing this perfect requires extensive dyno testing or road testing. The criteria for a good part throttle spark table is to be able to maintain a given speed and engine load (MAPkPa) with a minimum amount of throttle input, and no KR.
Your fuels octane will always be a limiting factor.

Beyond these methods, tuning a spark table is mostly trial and error by seeing what works the best and what doesn't. 

What I have found is anything over 36 degree(SC'd) at part throttle cruising does not do give me any improvements. Anything over 26 low boost(5-6#)(91/93), or 22 High boost(>10)(91/93) did not give me additional performance.

Some background info on Spark Tables.
GM designed the PCM with a wonderful feature where the PCM has two main off idle spark maps, the 'High Octane' table and the 'Low Octane' table.
Generally the High Octane table will have timing values reasonably close to the optimum timing values for 'decent' quality fuel (i.e 95 to 98 Octane).
Then there is the Low Octane table which will have much lower timing figures designed to cope with situations where fuel quality maybe poor or a knock sensor failure (MAF failure as well).
The PCM uses a 'scaler' value that varies between 0% - 100%
100% indicates to the PCM to use '100%' of the value in the High Octane table, this scaler value can be reduced towards zero by excessive knock activity. If the PCM detects several knock conditions over a short period (about 3deg of retard) the scaler may drop to about 70 - 80%, this wil have the effect of droping the overall timing down as the PCM will now calculate the final timing figure from a 'mix' of the High Octane table and the 'Low Octane' table.
If the scaler was at 0% this would mean the PCM would only use the timing figures in the Low Octane map.
If the scaler was at 50%, it would do a 1/2 and 1/2 blend of the values in the High Octane table and the values in the Low Octane table.
The system works very well, except it can catch tuners out....here's how.

Lets say you are tuning a car on the dyno and the first run the Octane scaler is at 100%, you run the car up, it has some detonation, so the scaler all of a sudden drops to 91%, you proceed to give the car another run, same thing, there is some detonation and the scaler is bumped down to 78%. At this stage you are now down probably a few degrees of timing on the next run compared to the first run because the octane scaler is doing it's job and reducing the overall timing because the engine is knocking consistantly.
So the next run you decide to add some fuel in, all of a sudden the engine has some extra fuel, but you are still running that reduced timing figure, you might not know it, but you are. You figure it was too lean, that's why it was knocking, so the car comes off the dyno and the customer takes it away.
After giving the car a few hard stabs the customer settles down and drives home normally, by the time they have been driving for about 10 - 15mins the octane scaler has crept back up to 100% because the engine stopped knocking. Then, the driver gives the car a bootfull and it knocks....because all of a sudden the 2 - 3 degrees you lost on the dyno due to the scaler dropping has returned with some normal driving.
TROUBLESHOOTING MISSFIRES
Misfires are a relatively common happening in our cars. To best address this issue, I've made a small article on how to handle the situation. 

Before starting, its always best to scan the car with an OBD-2 scanner (Autotap, Alex Peper scanner, etc...) so that we know what cylinders are misfiring. One could always just start visually changing parts randomly but that can get expensive fast and is a waste of time and money. 

Ok, you've scanned the car and now know what cylinders are misfiring. Best way to address it is in the following order: 

1. Spark plug(s) 
2. Spark plug wire(s) 
3. Coil pack(s) 
4. Fuel injector(s) 
5. Ignition module 

- After scanning the car, remove the spark plug from the cylinder that is misfiring and examine it. Replace if needed. If you cannot remember the last time the plugs were all changed, its time to do it. Platinum plugs will last a lot longer, but I would suggest replacing them after 50,000 miles (80,000km). Copper plugs give me better performance, and I change mine once a year at the very least. Reading up on Overkill's sparkplug article is always a good thing (http://www.oqcgp.com/forum/kb.php?mode=article&k=3 ). I always put a nice coating of dielectric grease on the threads to prevent them from seizing and on the head where the wire connects. If its not the plugs, we move on up the chain a little further. 

- The stock spark plug wires are very good for 90% of us here. Only the very hard core high-end modders need even consider top quality wires. Taylor’s have a nasty reputation of being good, but being able to only last less than a year before the misfires start. A fast way to diagnose if its the wire is swap it with the one from the cylinder next to it and see if the misfire moves with it to the other cylinder. If it does, its best to change all wires. If one is bad, chances are good that the others are not in peak shape either. Use plenty of dielectric grease on both contact points of the wires to prevent corrosion, another way that misfires can start. Remember to place them on the right cylinders, otherwise you will get misfires of epic proportions. 

- Next up the chain are the coil packs. Since we have scanned we KNOW what cylinders are misfiring. Again, the stock parts are of excellent quality and only the very hard core high-end modder’s need even consider top quality aftermarket coils. A big giveaway that its the coil, is that we get misfires on TWO cylinders and the cylinders match the ones that are controlled by a single coil. Some say that if a coil becomes defective, that it is possible that one cylinder misfires. I *highly* doubt that as there is one set of circuitry in that coil for both cylinders. Before replacing the coils, remove them, clean off any corrosion and use a thin layer of dielectric grease on the wire contact points and underneath where they contact the ignition module. Test and see if the misfire has disappeared. If not, swap the coil to another position and see if the misfires have moved. If it has, replace the coil. 

- Fuel Injectors... I've placed them here because 99% of the time the misfires come from the above possibilities a lot more often than the injectors. If you have misfires even after addressing all the points above, chances are pretty good that you have a dirty or defective injector. To address this issue, we have three steps... first I like to run a couple of botles of injector cleaner through a few tanks. If that doesn't address the issue, the next step would be a MOTOVAC (or MOTORVAC, however you spell it). This is where the fuel line is disconnected and a special strong cleaning agent is run through your injectors as the engine is run for a period of 30-45 minutes. This is a great way to clean them out and as a matter of fact, I would consider this as a regular maintenance item at least once every 1-2 years. 

- Ignition module. I've placed this one near the bottom because its so rare that these units fail. If you have done pretty much everything else above, chances are that the module is defective. The only way to verify is to replace it with another one. Before doing the actual replacing, make sure to clean off all contact points of corrosion and cover in light coat of dielectric grease. If you happen to have a friend with a GP, you could swap them out for a while, test it and find out if it addresses the issue. If yes, purchase a new module and replace it. Since I started playing with GPs in 1999 I have never seen/heard of an ignition module failing, so its pretty rare. 

There are other possibilities of where misfires could happen: 

- A vacuum leak 

- A disconnected or defective MAF sensor 

- A defective fuel pressure regulator 

- A plugged up fuel filter (high RPM stumble) 

- A severely plugged up air filter 

- A disconnected or defective IAT sensor 

- An aggressive cam (low RPM stumble is interpreted as misfires by the PCM, they disappear as soon as you step on the gas) 

- Water in the fuel or a bad batch of gas 

The chances are that if you have followed my instructions above you will have solved your misfire issues, but if not, it could be one of the above. 

We could literally write a book on this topic, but I hope that with the above information, you will have enough information to go on and resolve your misfiring issues.

Transmission
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So much can be done to an automatic transmission performance car, its likely one of the most underutilized tuning areas. Especially with our tall stock gearing, keeping the rpms up can really make a difference. Someone could sit down and remap the entire transmission's shift points and miracles could be performed. But to save the poor DHP guys, since they've done a good job with the V1.0 with skip shifts and others, I'll suggest a few quick areas to look at in performance shift.

The torque converter locks up at the most inopportune times, its just desparate to keep mileage in check and can be extremely bothersome to the driver if he wants to apply the gas a little or a lot. Its lockup however can be delayed until higher road speeds. I prefer something around 45-50mph so its not locking up on me around town, just on the highway where it should be. Having it unlock quicker on the highway can also be nice, especially with a stock TPS sensor; something around 24-30% throttle and any higher have it unlock itself rather than hanging on until 40-50%.

The 1-2 up shift in the first 1/4 throttle feels nice to me if the tranny hangs on a little longer before shifting. 12% throttle should be up around 2500rpm while 18-30% is nice to have around 3000-3100.

The 3-2 downshift is where a lot of smiles could be made if it was more responsive. I was extremely happy to see the LS1 throttle body's TPS make the kick down more responsive, however with a stock throttle body I would try and have it respond closer to 24% throttle than near 50% when around town. Its minimums can also be adjusted so when you take a corner in town, you pull away in 2nd gear rather than waiting for it to kick down 3-2. Have the 0% 3-2 shift set at 21mph and the 2-3 up shift set at 22mph, that got rid of one of my most nagging auto tranny failings!

WOT shifting, if you have a cam and appropriate valve springs, really consider higher shift points! A VS cam shifting at 6000-6200 rpms and an XP shifting 6200-6400 can really make a big difference! Since you're going past redline, be sure your motor is prepared for it, and then hang on I gained over 1mph in the quarter mile with raised shift points and my XP cam.
GM PUT TQ MANAGEMENT THERE FOR A REASON. if its your daily driver.. DO NOT CHANGE TM.
Is Torque Management evil? Well.... It does help promote longer transmission life! But if you firm up the shifts and are making moderate power <300 let's say, you will see gains at the track for SURE if you reduce the AMOUNT of torque reduced via torque management!

Problems getting that top speed?  Car hits a wall around 104mph and wont go faster?  Open the supercharger section and check the cat temp setting. It should be between 800-850 C and not 500C.
TRANNY Shift points – 

Shift points are not ALWAYS exact in every car! Some trannys shift quicker than others, some trannys slip more than others. And remember all trannys slip a little bit! Allow yourself some headroom with your rev limiters

..........100% throttle shifts the PCM uses RPM

..........<100% throttle shifts the PCM uses MPH
With this said, if your RPM limit is set to 6300, and you are at 85% throttle, the transmission will shift when the MPH limit is achieved.  If you are at 99.6% (this is 100% according to the Tuner) your transmission will not pay attention to the MPH, but will shift when the RPM limit is achieved.
Transmission -> Shift point Performance -> Shift RPM (this is where you change your shift rpm to the spot you want). Please note that you got to take into account clutch slippage and how fast your car revs to enter a shift rpm. As an example my boost comes in the high rpm so commanding 6300 rpms gives me as high as 6600 rpms before it completes.

Sections in Tranny

Performance - Duh performance shift line grounded

Cruise - freeway driving

Urban - city driving

Drive - Shifter in D or 3rd

Drive_2nd - Shifter in 2nd

Low - Shifter in 1st

Gear Ratios:

Pulses_Per_Mile - (use to adjust for different tire sizes)

Stock wheels and tires: Calc adjustments found here Look at post #3.

2.93 gears: (Stock GTP)

Calculated_Pulses_Per_Revolution - 22.3

Drive_Sproket_Ratio - 1.12

3.29 gears: (Stock GT/ 04 CompG)
Calculated_Pulses_Per_Revolution - 25
Drive_Sproket_Ratio - 1

3.69 gears:
Calculated_Pulses_Per_Revolution - 27.75
Drive_Sproket_Ratio - .89

Torque Management/Torque TC Locked

All settings above 1600RPM’s should be set to 500

i. Max Trq TC unlocked> "1000 - 1250 lbs" (edited by DHP)

ii. Max trq TC LOCKED> "258"  

iii. When you go from a stop, the entire WOT run is with the TC UNLOCKED. (max trq= 1000)

iv. When you go from a roll with the TC already locked (CRUISING).. and must unlock.....

v. But before it gets a chance to, your foot is through the floor and WOT and the PCM is looking to its folder for "Max Trq when TC locked"....

vi. So the PCM sees the "258" and instantly pulls timing in the form of KR to limit the torque.

TM (torque management) is something that the PCM has built into it from the factory to control the wear and tear on the drive train. (specifically the trans).

TM controls the amount of power that the car has by 2 ways:
1- limiting spark (preferred)
2- limiting fuel (last resort and the cause for so many blown pistons)

LIMITING SPARK- the PCM pulls timing and shows this by KR. KR is the retarding of spark advance, and commonly used to limit knock (detonation)

Usually if you are seeing KR it is because you are running too lean, causing knock, and the pcm see this and limits it with KR.

In the case of TM, the pcm pulls timing to limit spark to save the drive train... and displays it as KR ("pulling timing")

LIMITING FUEL- as a last resort to limiting torque in a "unsafe situation" the factory pcm is wired to actually take out fuel away by shutting down injectors! This makes no sense to us since we are modded and run smaller pullies, nitrous, cams, rockers, etc. But to a factory stock car, it would not seem so bad. 

So when you are smoking the holy bejebus outa those tires to warm them up and the factory pcm is in traction control mode #2 , the pcm says.. turn off an injector.
Mode #3? ok.. shut down 2 injectors.. mode #4? ok.. shut down 3 injectors! 

Fortunately.. thanks to Charles we have access to a lot of these options and are able to stop the fuel side of TM.
Look in the tuner under "diagnostics> Fuel > torque Management."
There are folders regarding MPH, RPM, Traction Control, trq abuse....

I have all mine changed to turn off "0" injectors, and/or set the limit to something unreal, like 255 mph limit. I will let what little TM I DO have, do so by using KR rather than taking away my fuel while I am WOT! 
"Torque management when TCC locked" folder.....
This specific folder determines at what point the PCM will start to limit power when the Torque Converter in locked.

By raising the number from 158 to xxx, we are saying, "do not pull timing or fuel unless the Trq is above "xxx" ft/lbs when the TC is locked.

If I only make 450 ft/lbs, by moving the number to "500", I am ensuring that when I am cruising and the TC is locked, and I hammer it and cause the PCM to see 450 lbs of trq, the pcm will not pull any timing or limit and fuel.

The down side to this, is that the trans is getting a lot more torque put through it while the TC is still locked (before the WOT causes it to unlock.. during the transition from lock to unlock, during a downshift, and possibly during a 2 stage downshift. 

Without a beefed up internal parts (and even with) this kind of abuse WILL end a transmission after so many times. That number can be 1 or 1000 or anything in between, so USE CAUTION!

You get your best gas mileage with the TC locked.
I would think that would be the only down side.

I have not changed my TC lock/unlock but I have changes the mph that the tranny up/down shifts in all gears to more suit my driving style.

When playing in the tranny folder I found it best to make 1 change at a time to be sure it is working as you think./ It is very time consuming and easy to get side tracked. I found if you write a To-Do-List and stick with it you can have your tranny shifting just like you want in a few evening of tuning.

I found raising the mph the tranny shifts during normal driving gave me the response I wanted.

For you newbies, 

select the 1 to 2 normal shift folder and increase the mph by 5%

select the 2 to 3 normal shift folder and increase the mph by 5%

I leave the 3 to 4 shift at stock values since we don't use that for racing.

For quicker shift in normal tranny mode

I cut the stock shift times in half and up the shift pressure by 5%
CODE REMOVAL INFO
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*code removal info is only used for non-street legal vehicles.

Go to Calibration Data/Diagnostics/Fault Reporting/DTC Fault Enabled
What is being said is that in the DIAGNOSTICS > FAULT REPORTING folders are 2 subfolders:

- DTC FAULT TYPE
- DTC FAULT ENABLED

In the DTC FAULT TYPE folder the options are:
1 = 2 trips SES On, 3 trips SES off. 
2 = Service On. 
3 = No Reporting.

In the DTC FAULT ENABLED folder the options are:
0 = Fault disabled
1 = Fault Enabled
Set the code you wish do delete to 0.  If you want to re-enable it, set it to 1.
From my experience setting DTC FAULT ENABLED just controls the SES light. I have set some codes to 0 and they still show up when I scan DTC just no SES light. 
Now when I use DTC FAULT TYPE and set the code to 3, that code is gone. I no longer get a SES light nor do I see the code when I scan. 

You will want to do the DTC FAULT TYPE and set it to 3 to get ride of the code, especially if you have to take car for OBDII emissions.

Each vehicle has different codes.  If you don’t have the code listed in your tuner, skip it its not for your vehicle.  If you find a code not listed please PM webracin on the tuner board.
P0128 - coolant light (will show when a 180/160 tstat is installed on a 99 or later Grand Prix)

P0300 - random misfires (will show in cam applications)

Codes need to remove w/ no cat or high flow cat:

P0420 Catalyst System Efficiency Below Threshold (Bank 1)

P0421 Warm Up Catalyst Efficiency Below Threshold (Bank 1)
P1626  Theft Deterrent System Fuel Enable Circuit
Codes need to remove when rear o2 sensor is unplugged:
P0036 HO2S Heater Control Circuit (Bank 1 Sensor 2)

P0136 O2 Sensor Circuit Malfunction (Bank 1 Sensor 2)

P0137 O2 Sensor Circuit Low Voltage (Bank 1 Sensor 2)

P0138 O2 Sensor Circuit High Voltage (Bank 1 Sensor 2)

P0140 O2 Sensor Circuit No Activity Detected (Bank 1 Sensor 2)

Codes need to remove when EGR has been removed

P0400 Exhaust Gas Recirculation Flow Malfunction

P0401 Exhaust Gas Recirculation (EGR) Flow Insufficient

P0402 Exhaust Gas Recirculation Flow Excessive Detected

P0403 Exhaust Gas Recirculation (EGR) Solenoid Control Circuit

P0404 Exhaust Gas Recirculation (EGR) Open Position Performance

P0405 Exhaust Gas Recirculation (EGR) Position Sensor Circuit Low Voltage

P0406 Exhaust Gas Recirculation Sensor A Circuit High

P0407 Exhaust Gas Recirculation Sensor B Circuit Low

P0408 Exhaust Gas Recirculation Sensor B Circuit High

P1403 Exhaust Gas Recirculation System Valve 1

P1404 Exhaust Gas Recirculation (EGR) Closed Position Performance

P1405 Exhaust Gas Recirculation System Valve 3

P1406 EGR Valve Pintle Position Circuit

P1407 EGR Air Intrusion in Exhaust Supply to EGR Valve

P1409 EGR Vacuum System Leak
Traction Control info

Fuel -> Torque Mgmt -> Torque_Abuse_Drive_Inj_Disable (Default is 3, I put it to zero): This may be the reason why people pop pistons when breaking traction.

Fuel -> Torque Mgmt -> High RPM fuel cutoff (this has to be higher than the shift point you want.) I usually put this well above because I don't like my fuel cutting off during boost.

Spark -> Speed/Timing Limiter -> HighRPM Threshold (same as fuel cut-off, try to get it above the shift point you are aiming for.) I usually have this in a RPM range 400 rpms above my estimated shift points.

Spark -> Speed/Timing Limiter -> High MPH Limit (haven't messed with this setting but you can tell in the gears that it has some insanely high mph numbers if you have the DHP code).

KNOWN ISSUES 

With a Work-Around
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SCAN TOOL NOT SAVING AND 701 FAULTS
You need to create a folder under the install dir (C:\Program Files\DigitalHorsepower Inc)
You need to create a folder named "ScanConfig"
That will fix the saving problem. 

USB ADAPTERS
While most adapters will work, the one recommended is the KEYSPAN (USA-19HS).  Cost is around 35.00.  One USB adapter that will not work is the PROLIFIC.  Transfer speeds are to slow for scanning and editing the PCM.

BOOST SCANNING

The data issues are partly due to inappropriate PID assignment when one PID has more than one possible use, such as MAP... the same map PID is reused for map kPa, MAP in/hg, boost. This is a known issue and has been in the notes for quite a while now. It is being worked on very shortly.  In short, don’t scan for boost until this is fixed.

IBM THINKPAD CHIPSET
If you have a 16450 UART chipset you may have a problem.

The problem is the 16450 UART is only good up to about 9600bps ... it can only store up to 2bytes at a time.. if more comes in, they just basically get dumped.. (lost) ..

16550 can store up to 16bytes at a time and there are newer versions of that, that can store up to allot more...

If you're having this problem that you may need to get a USB to Serial adaptor for the older laptops. 
KNOWN ISSUES NOT RESOLVED
Go to http://groomlakelabs.com/dhp-mantis/login_page.php and log in.  There will be a list of all known issues, as well as issues that have been resolved.
COMMON PROBLEMS

Tuner will not save logs – Need to activate scan logging by hitting the space bar. The space bar will toggle from active to pause.  Under the communications window, it will say Active if scanning is being saved or Pause if its paused.

Tuner will not disconnect – In the bottom left hand corner of the screen, there should be a percentage.  This is a status percentage of saving your scan.  It will not show disconnected until the save is complete.
Not getting the decimal places in the tables?  Try this…. 

Start - Settings - Control Panel - Regional and Language Options

Make sure it's set to English (United States)

Next click customize

Under the numbers tab, look for "No. of digits after decimal" and make sure it is the default value , which is 2.

CASE LEARN PROCEDURES
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CKP System Variation Learn Procedure

The crankshaft position system variation compensating values are stored in the PCM non-volatile memory after a learn procedure has been performed. If the actual crankshaft position system variation is not within the crankshaft position system variation compensating values stored in the PCM, DTC P0300 may set. Refer to Diagnostic Aid for DTC P0300.

The Crankshaft Position System Variation Learn Procedure should be performed if any of the following conditions are true:

* DTC P1336 is set.
* The PCM has been replaced.
* The engine has been replaced.
* The crankshaft has been replaced.
* The crankshaft harmonic balancer has been replaced.
* The crankshaft position sensor has been replaced.

IMPORTANT: The scan tool crankshaft position system variation learn function will be inhibited if engine coolant temperature is less than 70°C (158°F) . Allow the engine to warm to at least 70°C (158°F) before attempting the crankshaft position system variation learn procedure.

The scan tool crankshaft position system variation learn function will be inhibited if any powertrain DTCs other than DTC P1336 are set before or during the crankshaft position system variation learn procedure. Diagnose and repair any DTCs if set.

The crankshaft position system variation learn function will be inhibited if the PCM detects a malfunction involving the camshaft position signal circuit, the 3X reference circuit, or the 24X reference circuit.

* If the scan tool indicates a problem with the Cam signal, refer to DTC P0341 Camshaft Position (CMP) Sensor Performance.
* If the scan tool indicates a problem with the 3X crank signal, refer to DTC P1374 3X Reference Circuit.
* If the scan tool indicates a problem with the 24X crank signal, refer to DTC P0336 24X Reference Signal Circuit.

1.Connect PowrTuner and start the car.

2. Let car warm up to at least 160 deg f or 71 deg c.

3. Once the car is warmed up, open the Real Time Controls in the upper left corner of the scan window. (this option can only be seen when the PCM is connected to the Tuner.

4. Put on the parking brake.

5. Apply the brake. (not the park brake but the brake you use to stop the car when driving)

6. Ensure car is in park.

7. Press START CASE LEARN and follow the prompts. (you will have to press the accelerator until you hit the rev limiter (usually 4000 to 5000 RPM).  This is done 2 times and you have 5 sec when prompted to achieve hitting the rev limiter, so this can be done gradually or “Jabbing” the accelerator.  Both will work as long as the rev limiter is hit within the time period.
8. If the scan tool indicates that DTC P1336 ran and passed, the crankshaft position system variation learn procedure is complete. If the scan tool indicates DTC P1336 failed or not run, check for other DTCs. If no DTCs other than P1336 are set, repeat the crankshaft position system variation learn procedure as necessary. 

SCANTOOL TABLE
Based on the Grand Prix.

Not all vehicles have the same options.
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AUTOSAVE/AUTO RESTORE 
The scantool incorporates a relatively new feature that will auto-matically save and restore your scan tool data session for you. By default these options are enabled. The settings are stored on a PER CAR basis meaning if you scan 10 different cars and configure them differently (as far as PIDS, etc, etc) the software will track it.

The following data is tracked (*PID = Scantool Parameter)
-------------------
Each and every PID you have selected to log and/or view as a guage.
For gauge enabled PIDs *EVERY* gauge config item is saved as well. This includes items such as :
- Gauge position on the screen
- Gauge size
- Gauge Warning Alerts
- **** PID Override info (i.e. change PID name from IAT to Inlet Air Temp)


How it works
--------------
When you first connect to a vehicle, the vehicle is queried for vin and other data. If you have enabled auto-restoration, the softawre then looks for the config file for that car. The file is in a subfolder called : ScanConfig. The config file name will have the VIN# of the vehicle.

If a file is found, it then adds every pid and then creates the gauges for the pids that had gauges (per the config file). Then *IF* items had override data (such as changing scaling units or pid name, etc), those items are updated. After all of this is done, you should start to see data populate.

When you disconnect from the vehicle, if you have auto-save enabled, it will then take the current stated of the scantool (gauges and logging items) and store it back to the file (or it will create a file if its the first time that vin'd car has been scanned).

Things to be aware of
--------------------
- If the vin # of a vehicle changes, the profile will no longer "work" automatically as vin is linked to the config file. You can still manually load the config and then the auto-save will kick in when you disconnect. OR you can rename the config file.

- If you did an override of a PID parameter for a vehicle and its stored to yoru config file, the PID will always use the override info unless you change back the PID and resave the config file. Or, you can remove it from the config file manually...

- If you are scanning, you may see a few lines showing the original PID names, etc; however, once the override data is updated, you will then see the "new" pid data displayed.

This table is used to determine the BASIC scanning parameters needed to scan when tuning a specific area.
	
	Fuel
	Spark
	Shift
	TM
	At the Track

	ENGINE
	
	
	
	
	

	Engine Speed (RPM)
	√
	√
	√
	√
	√

	AFR (Ratio)
	√
	
	
	
	√

	Baro (KPA)
	*
	*
	*
	*
	*

	Baro (Volts)
	*
	*
	*
	*
	*

	Boost (PSI)
	*
	*
	*
	*
	*

	Boost Sol Cmd (%)
	
	
	
	
	

	Desired EGR (%)
	
	
	
	
	

	Desired Idle Speed (RPM)
	
	
	
	
	

	EGR (%)
	
	
	
	
	

	EGR (Volts)
	
	
	
	
	

	Engine Oil (%)
	
	
	
	
	

	Fuel Trim Cell (#)
	√
	
	
	
	

	Generator PWM (%)
	
	
	
	
	

	IPW (milliseconds)
	√
	
	
	
	√

	MAP (inHg)
	*
	*
	*
	*
	*

	MAP (KPA)
	√*
	*
	*
	*
	*

	Misfire Cyl 1Current (#)
	
	
	
	
	

	Misfire Cyl 2Current (#)
	
	
	
	
	

	Misfire Cyl 3Current (#)
	
	
	
	
	

	Misfire Cyl 4Current (#)
	
	
	
	
	

	Misfire Cyl 5Current (#)
	
	
	
	
	

	Misfire Cyl 6Current (#)
	
	
	
	
	

	Misfire Cyl 1 History (#)
	
	
	
	
	

	Misfire Cyl 2 History (#)
	
	
	
	
	

	Misfire Cyl 3 History (#)
	
	
	
	
	

	Misfire Cyl 4 History (#)
	
	
	
	
	

	Misfire Cyl 5 History (#)
	
	
	
	
	

	Misfire Cyl 6 History (#)
	
	
	
	
	

	H02S Sensor 1/B1S1 (millivolts)
	√
	
	
	
	√

	Run Time
	@
	@
	@
	@
	@

	Total Misfires
	
	
	
	
	√

	TPS (Volts)
	
	
	
	
	

	TPS (%)
	√
	√
	
	
	√

	Vehicle Speed (MPH)
	√
	√
	√
	√
	√

	MAF Raw Freq (Hz)
	√*
	*
	*
	*
	√*

	Ignition 1 (Volts)
	
	
	
	
	√

	STFT (-23 to +23)
	√
	
	
	
	√

	ECT (Deg)
	√
	
	
	
	√

	LTFT (-23 to +23)
	√
	
	
	
	√

	Intake Air Temp (Deg)
	√
	
	
	
	√

	Spark Advance (Deg)
	
	√
	
	
	√

	KR
	√
	√
	√
	√
	√

	
	Fuel
	Spark
	Shift
	TM
	At the Track

	TRANSMISSION
	
	
	√
	
	

	1-2 Shift Time (Sec)
	
	
	√
	
	

	2-3 Shift Time (Sec)
	
	
	√
	
	

	3-4 Shift Time (Sec)
	
	
	
	
	

	Gear Ratio (Ratio)
	
	
	
	
	

	Transmission ISS (RPM)
	
	
	√
	
	

	Transmission OSS (RPM)
	
	
	√
	
	

	PC Solenoid Duty Cycle (%)
	
	
	√
	
	√

	PC Solenoid Actual Current (Amps)
	
	
	√
	
	

	PC Solenoid Reference Current (Amps)
	
	
	
	
	

	Last Shift Time (Sec)
	
	
	
	
	

	Current Tap Cell (#)
	
	
	
	
	

	Current Tap Memory (#)
	
	
	
	
	

	TCC Duty Cycle (%)
	
	
	√
	
	

	TCC Slip Speed (RPM)
	
	
	√
	
	

	Trans Fluid Temp (Deg)
	
	
	√
	√
	√

	Gear (#)
	
	
	√
	√
	√

	ACCESSORIES
	
	
	
	
	

	Evap (%)
	
	
	
	
	

	IAC Position (#)
	
	
	
	
	

	Traction (%)
	
	
	
	√
	

	
	
	
	
	
	


Legend

√
Select

*
Only use one of these values (There is a known issue with the PT logging both boost and MAP data)
@
Needed for LOGCOLOR Program

PROBLEMS NOT TUNER RELATED

BUT TUNING RELATED
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Not able to scan and light on tuner not lit?

The common problem with this is that the OBDII port is powered by the same fuse as the cigarette lighter.  If the fuse is blown, you will not be able to scan.  Two things to check:

1. Do you have a red led lit on the tuner interface box? (should be yes)

2. Does the cigarette lighter work? (should be yes)

If both are no, check the fuse.
Boost Bypass Valve (BBV) free mod.  Is it good or bad?

Has anyone done that neat and free mod that lets you get boost at way lower throttle settings? I have talked to at least 5 people and scanned at least 4 cars that did this mod. None of which were very happy with it.

Well we discovered why (at least in all the cases that I speak of above) we were so often getting "flash KR". "Flash KR" is where you are driving along and want some acceleration, so you step on it. My car would hit the roof with KR because of this. With the combination of a 3.25 pulley and the boost mod with the plunger all the way down, what was happening was that I was introducing boost almost instantaneously... so fast, that the engine did not have time to introduce the proper amount of fuel to compensate. The result? A nice lean condition that also resulted in some nasty KR as the engine fought to keep from punching a hole in my pistons.

My gas mileage also suffered because I was in boost with as little as 10%TP.

Its all nice and dandy that I could impress my GP friends with displays of my boost gauge hitting 10 PSI while in park and tromping the gas pedal for a second, but the loss of performance, gas mileage and added stress of all this KR now pounding on my pistons was not. 

Rather than going all the way down with the mod, go about 1/2-way down. This offers you the advantages of having the boost come in A LITTLE sooner without over-doing things. Like all things in life, too much of anything is not good. This is ok if you do not have a PT or scan very much... but actually... you do NOT get less boost at WOT no matter where this plunger is set, but you do get lower mileage with it down, as well as the potential of a lot of KR.

My suggestion? Leave it at stock, or even raise it up a little. At WOT you get 100% of the boost available and at lower settings, you get a little better mileage... but here is the best part... your flash KR drops a lot and it makes tuning the car a **LOT** easier.
If your tune is good, the plunger is in about the stock location or higher and you are still getting flash KR, then it's time to look at the AE, PE and PEvsRPMvsTIME tables.

Keys not working? Is your Security Light flashing?
Try This First:

Adding Keys Domestic

Important

* You may add up to 10 additional master keys or valet keys using this procedure when a learned master key is available.

* This procedure adds keys only. The procedure does not erase previously learned keys.

* The keys to be learned must duplicate the mechanical cut of the current key.

* If more than one valet key is to be learned, immediately precede each valet key with a learned master key.

1. With a previously learned master key, turn ON the ignition, with the engine OFF.

2. Turn OFF the ignition and remove the key.

3. Within 10 seconds insert the key to be learned. Turn ON the ignition with the engine OFF. The vehicle has now learned the new key.

If that does not work, try this….

Turn the key to the on position, DO NOT start the car. 

wait for the light to stop flashing and go out, about 10 minutes 

turn the key to off for 5 seconds and then back to on. 

After the third cycle you should be able to turn the key on and see the security light come on, as it tests all the bulbs, and then turn off. That means it is ready to go. If that doesn't fix it, something else is probably messed up in the passkey system.

Airbag Module Relearn (cant be done with the tuner as of yet)

After replacing the SDM the new SDM must be programmed into the Body Control Module. 

Procedure to Set Up a Body Control Module (BCM):

Important:

The air bag indicator light may remain ON after the BCM module is replaced, and during the programming procedure for the BCM, until after the procedure is completed and the ignition key is cycled OFF and ON .

After replacement of the BCM, use a scan tool to perform the following procedure.

1- Connect a scan tool (Tech-II) to the data link connector (DLC). 

2- Turn ON the ignition, with the engine OFF. 

3- Under the BCM Main Menu, select Special Functions. Under the Special Functions menu, one of the                     choices is Setup SDM Serial Number in BCM. 

4- Setup the SDM Serial Number in BCM. To continue with the procedure, follow the scan tool on screen prompts 

5- After the user chooses Setup BCM, the scan tool displays a screen as follows:

- Do you want to set up a Body Control Module? 

- Select Setup BCM to set up module or press Exit to go back to Special Functions menu. 

A - If the user selects Setup BCM, the scan tool displays: Now Setting Up the New Body Control Module. 

B- Once complete, the scan tool displays: Body Control Module Setup is Complete. 

C- Press EXIT to Go to Special Functions Menu. 

6- To complete the procedure, select Set Options from the Special Functions Menu. 

7- Under the Set Options menu, the user selects the following: 

- Point of Sale, to continue with the procedure, 

follow the scan tool on screen instructions to Select the Point of Sale. 

- Load Management Option, to continue with the procedure, follow the scan tool on screen instructions to 
Select the Load Management Option. 

- Press Exit, to go back to Special Functions menu. 

Important

After programming, perform the following to avoid future misdiagnosis:

1- Turn the ignition OFF for 10 seconds. 

2- Connect the scan tool to the data link connector. 

3- Turn the ignition ON with the engine OFF. 

4- Use the scan tool in order to retrieve history DTCs from all modules. 

5- Clear all history DTCs.
Spark Plug Cross Reference
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97-03 Grand Prix

	Manufacturer
	Type
	< < < Colder
	Stock
	Hotter > > >

	AC Delco
	Copper
	41-919
	41-932
	41-921
	
	

	
	Platinum
	
	
	
	
	

	
	Double Platinum
	
	
	
	
	

	
	Iridium
	
	41-985
	41-101
	
	

	Autolite
	Copper
	104
	605
	606
	
	

	
	Platinum
	
	
	AP606
	
	

	
	Double Platinum
	
	
	APP606
	
	

	
	Iridium
	
	
	
	
	

	Bosch
	Copper
	
	
	7580
	
	

	
	Platinum
	
	
	6241
	
	

	
	Double Platinum
	
	
	4304
	
	

	
	Iridium
	
	
	
	
	

	Denso
	Copper
	
	
	
	
	

	
	Platinum
	
	
	
	
	

	
	Double Platinum
	
	
	PT16ETR-L13
	
	

	
	Iridium
	
	
	IT16
	
	

	NGK
	Copper
	
	
	TR55
	
	

	
	Platinum
	
	
	TR55GP
	
	

	
	Double Platinum
	
	
	PTR4B-15
	
	

	
	Iridium
	TR7IX
	TR6IX
	TR55VI
	
	


Platinum is not recommended for engines with power adders.
LINKS TO TUNING SPREADSHEETS
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You cannot paste values from Excel directly into the PT.  That would be nice though! You have to go from the PT, export into a CSV, change that CSV and import the new values. That’s the reader's digest version.

If you just do a cut and paste, Excel will be nice and paste in any formulas for you at the same time and that is why I suggest the PASTE SPECIAL method. 
Selecting PASTE SPECIAL and clicking on the values radio button basically assures you that all you are pasting in are the values of the LTFT/MAF Hz or MAF table numbers alone into the columns when going from one spreadsheet to another.

Auto MAF V25
MAF Worksheet
MAF/LTFT Calculator Worksheet
I use the MAF_LTFT_Cal.xls file because though both of these files work about the same, this one is visually less complex (truthfully, I did not even test out the other one... I know bad tuner. I'll leave the honors to someone else to play with it).

- Before starting, just export your current MAF_Table into a CSV format file. Call it MAF1.CSV or something related.

- Open up MAF_LTFT_Cal.xls, make sure that the LTFT and MAF columns of the Log Data page are deleted of any previous information... ALL the way down to the end.

- Next, I highlight/copy the values in the MAF1.CSV table, go back to the MAF_LTFT.xls spreadsheet and in the on the SUGGESTED CHANGES page, place the info into the proper columns (Do not just paste, but right click, select PASTE SPECIAL, select the VALUE radio button and click on OK). Save the spreadsheet and minimize for the time being.

- Open the PT and log at least the MAF HZ and LTFTs (I prefer having more parameters open, at least the ones that are suggested in the tuner guide on how to do a good scan). Go for a nice long drive of about 30-60 minutes. There is no need at this point usually to go WOT, but do modulate the gas pedal slowly and smoothly and do get into PE mode at least 2-3 times during this scan (that means go to 30-60% throttle). Save this log and export it.

- Open this newly saved log, highlight the MAF and LTFT columns and copy. Paste (using te PASTE SPECIAL technique again) the info into the LOG DATA page of the MAF_LTFT.xls spreadsheet. It immediately does its calculations.

- I then copy the new suggested MAF table and paste (PASTE SPECIAL again) the new MAF table into the MAF1.CSV file and save it (remember to not save it into an excel spreadsheet, keep it in it's native CSV format.

- From inside the PT, import the new MAF table from the MAF1.CSV file and save the bin with a new name (2005-10-29-Stage1MAF.bin or something like that).

- Upload to your PCM, reset the fuel trims, go for a drive of at least 15 minutes BEFORE starting a new log. After the trims learn, you should see an improvement.

Start the process over until you get where you want to with your idle, cruise and PE mode LTFTs.

A small note: Using this process, I did see a big improvement, especially in the lower Map kPa ranges but it did not want to better itself after reaching a -0.78 LTFT while in PE mode, even after doing this process 3 times. This is no huge issue, and will be worlds better than some scans I have seen lately, but it's not a "perfect" solution. I ended up doing a small touchup on the MAF to achieve the 0 LTFTs in PE manually and all was right with the world again. 
MAF vs RPM for Timing
Injector Flow Rate
Injector Conversion Worksheet
36 lb stock injector GTP table
VE Worksheet
The procedure for using this worksheet is:
1. Go for a long cruise (30+min) and log at least LTFTs and MAP (kpa).
2. Export your log to .csv format.
3. Copy the LTFT and MAP (kpa) from you log into the worksheet. NOTE: you want to make sure the previous scan's data is deleted from these columns. An easy way to highlight an entire column is to select the first cell with data in the column, press the End key, the press and hold the Shift key, then press the down arrow.
4. Export your current IFR table into .csv format.
5. Copy the IFR table from the .csv file to the OLD Table in the work sheet.
6. Let the sheet make its calculations. Then copy the NEW table into your .csv file for importing. Save the file.
7. In the powrtuner software right click on the Injector_Flow_Rate and select import from file. Select the .csv file used in the previous step.
8. If importing doesn't work for you, then simply type the NEW table data into your calibration.

Another VE Worksheet
The procedure for using this worksheet is:
Copy the scan areas for each MAP 10,20,30 ect. one at a time from the full sorted scan. So for the first fill I started with just the 30KPa rows.
Sort by RPM
Use the average function for each RPM range under the corresponding RPM column to the right.
Below each average it is summed with 100 to get the percent change needed in the VE table.

IFR Tuning Worksheet
DHP Tire Size Chart
Algorithms
Not2Fast: Pressure Measurement Converter
Common MAF tables
RPM/Speed Converter
Fuel Injector Flow Calculator
Fuel Injector Flow and Pressure Calculations
Fuel Injector Technical Information - RC Engineering
Calculate Change in Injector Flow
Fuel Injector/Fuel Pump Relationship
Glossary
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%
Percentage

A/C
Air Conditioning

A/F
Air/Fuel

AE
Acceleration Enrichment

AFR
Air/Fuel Ratio

ALT
Alternator

AP
Air Pump
BBV
Boost Bypass Valve
BCM
Body Control Module

BIT
Uses 1’s and 0’s for set and not set, and sometimes a 3 to disable

BIN
Binary file that stores your data.  File name ends in .bin

BPW
Base Pulse Width

CAI
Cold Air Induction

CKP
Crankshaft Position Sensor

CPS
Cycles Per Second (Cycles per second are taken of the crankshaft position sensor)

DEG
Degrees Celsius or Fahrenheit (or angle if used for timing)
DTC
Diagnostic Trouble Codes

DP 
Down Pipe

ECT
Engine Cooling Temperature

EGR
Exhaust Gas Recirculation

EGT
Exhaust Gas Temperature

FP
Fuel Pump

FPR
Fuel Pressure Regulator

FT
Foot

FTC
Fuel Trim Cell

HFC
High Flow Catalytic Converter

HZ
Hertz (Frequency)

IAC
Idle Air Control

IAT
Inlet Air Temperature

IFR
Injector Flow Rate

IPW
Injector Pulse Width

KPA
Kilopascal

LBS
Pounds

LIM
Lower Intake Manifold

LTFT
Long Term Fuel Trims

MAF
Mass Air Flow

MAP
Manifold Absolute Pressure

Mg
Milligram

MPH
Miles Per Hour

Ms
Milliseconds

PCV
Positive Crankcase Ventilation

PE
Power Enrichment
PEM
Ported Exhaust Manifold
PID
Parameter Identification Data

PSI
Pounds Per Square Inch

RPM
Revolutions Per Minute

SC
Supercharger

SD
Speed Density

SEC
Seconds

STFT
Short Term Fuel Trims

TB
Throttle Body

TCC
Torque Converter Clutch

TCS
Traction Control System

TM
Torque Management

TPS
Throttle Position Sensor

V
Volts

VE
Velocity Enrichment

WBO2
Wide Band Oxygen Sensor

WOT
Wide Open Throttle
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A DTC is made up of 5 unique digits. The Diagram below demonstrates the composition of a DTC.  There are two code definitions categories listed, "Generic/SAE (P0XXX) and GM Specific (P1XXX)".  With this information it is easier to trouble shoot a DTC.
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