This is some assorted....collected info on this subject.........there might be some duplications...

note: some links will no longer work

further note:  I did not write any of this...it is a collection of info found on the web.  It is useful in that comparing various techniques gives a more complete picture of how you might proceed.  Having your own copy allows you to “take notes”.  The original info can be seen by clicking the links in some cases...usually there are  illustrations that make things more clear. 
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Tuning for Mileage (Part 1)

So you installed the Acme Fuel Mizer, the Presto Mileage Maestro, Sparky plugs, and a few other devices all claiming up to a 30% increase in mileage, but you are only seeing maybe a 10% gain. There are many devices and technologies on the market and the internet that are based on sound science that can’t seem to deliver the goods.

It has become painfully obvious by observing my apprentices on the mpgResearch Forum that a comprehensive Guide to Tuning is desperately needed. Simply making combustion more efficient these days isn’t enough. The factory ECU is programmed for the factory hardware. Once you deviate from that basic recipe, the ECU is no longer able to deliver optimal results. The fix? Tuning!

Tuning a stock vehicle usually won’t deliver much of an increase in mileage. Up to 20% gains have been reported, but typically fall into the 10% or less range. Once you add something to improve combustion efficiency, much larger gains are common. In fact, I’ve been seeing over 100 MPG regularly with Brown’s Gas, fuel heaters, vaporizers, ozone, and other devices, almost always in combination.

Let’s break the tuning process down into bite-sized steps. A logical format makes the tuning process more like science and less like a mystical black art.

1- Verify the vehicle is in good working condition

2- Install your mileage device(s)

3- Lower your lean-out limits

4- Adjust your air/fuel mixture

5- Adjust your ignition timing

6- Readjust your air/fuel mixture

Verify Vehicle Condition

A common cause of vehicles fighting mileage gains is a hidden problem with the vehicle itself. Tired oxygen sensors, clogged EGR circuits, carboned throttle bodies, ignition components that are not up to par, partially clogged catalytic converters, defective sensors, and a whole host of other problems have been found. Usually the vehicle runs perfectly fine, no codes are set, and the stock mileage is typical for that type of vehicle. The owner assumes that the vehicle is in top operating condition because he/she has no reason not to.

When the proper tuning procedure is followed and mileage gains just won’t come, go back and start nit-picking the vehicle apart. Check everything. You might even consider planning on a complete tune-up at this time. In fact, this would be a good time to upgrade to Pulstar Plugs, MPG Plus ignition wires, Blue Streak or Neihoff cap and rotor. Clean out your throttle body and PCV system. Install new filters and oxygen sensor. Make sure the basics are in order.

Install Mileage Device

The next step is to install your mileage device(s). Many people like to install upgrades one at a time to determine the overall effect each addition yields. Some like to just toss several on at a time. Usually finances dictate the one-at-a-time method. Be sure to install the device(s) properly. If it is a product you have purchased, follow the manufacturer’s instructions to the letter. If it is a device you have built from plans, perhaps from the internet, again, follow the instructions implicitly.

Any other modifications called for in the instruction manual should also be done at this time. Some devices require other changes in order to be effective. Without the other changes, the inventor cannot guarantee the results you seek. Short cuts usually short-cut your results.

Lower Lean-Out Limits

The ECU has parameters that it will not go beyond. The parameters that are correct for your modified vehicle almost always fall outside the range the ECU is prepared to operate. Combustion efficiency enhancing technologies will easily take your maximized operating conditions beyond what the ECU will tolerate. The solution is to change the parameters.

The ECU works similarly to our brains. It uses multiple inputs and controls multiple outputs. We have our 5 senses: hearing, sight, smell, taste, and touch. Within each of these senses there are a range of different inputs possible. The ECU has its senses as well: MAP, TPS, MAF, ECT, IAT, Tach, O2 and other inputs.

If the MAP (Manifold Absolute Pressure) sensor sees a given load, the TPS (Throttle Position Sensor) sees a corresponding throttle angle, the CTS (Coolant Temp Sensor) sees a normal operating temperature, and the O2 (Oxygen) sensor is saying the engine is too rich, the ECU will comply…to a point. When the ECU has leaned out the AFR (Air/Fuel Ratio) beyond what the programming claims is an acceptable range, the ECU will go into Open Loop and ignore the O2 sensor. It then reverts to Look-Up tables for its source of information. At this point, mileage will invariably go down, and often a trouble code is set.

Consider the conditions needed for the ECU to accept lean fuel commands. If the engine is warmer than it actually is, the ECU will accept leaner. If the engine is under less of a load, the ECU will want to deliver less fuel. If the incoming air is hotter, the ECU will accept lean commands more readily. If MAF (Mass Air Flow) sensor equipped, less air entering the engine will require less fuel.

(Due to the mass of this article, it will be broken down into 3 parts. Tune in for the rest of this article.)
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Tuning For Mileage (Part 2)

Last week we laid out the basic foundation for what is involved with tuning. Now let’s look at the particulars. Next week will feature the final part of the series.

CTS

One of the easiest ways to lower lean-out limits is to install a resistor across the CTS and IAT sensors in parallel with the sensor. A parallel circuit offers 2 paths of travel for the voltage. A cold CTS will have very high internal resistance. As it warms up, the resistance goes down. Adding a parallel resistor nets a lower total resistance value, thus sending a hotter temperature signal to the ECU. It should be noted that this trick applied to the IAT sensor will retard ignition timing in addition to lowering the lean-out limits.

Most of the world uses similar resistance values to equate a given temperature. The Ford based systems (including Mazda, Infiniti, and Jaguar) use much higher resistance values. This is important to know when selecting resistors.

If you have a scan tool available to you, use it. Monitor the CTS temperature that the ECU sees. With your engine at operating temperature, check to see that the temp reading is close to the thermostat rating. If it is, proceed. If it isn’t, check your cooling system for contamination or stuck thermostat. You may need to do a coolant flush or repair before proceeding. Assuming you are getting reasonable numbers, try different resistors across the CTS to raise the temp reading about 10* F (for example, from 195* to 205*). Even though higher numbers will work, you will most likely run into cold start issues beyond the 10* offset. The average vehicle will use something like a 3.9K ohm resistor. Fords may like a 5K ohm or larger value.

If your cooling fan runs continuously with your setting, add more resistance to lower the temp reading. Any mileage gains from the hotter engine signal will be more than offset by the additional load on the alternator. If you have a rear-wheel-drive with a belt driven fan, you can still add too much temperature offset. The ECU has an internal cooling mode. After the engine overheats to a point, the ECU starts dumping copious amounts of fuel. The excess fuel will evaporate, thus cooling the engine from the inside. However, at this point your mileage literally tanks.

IAT

The IAT is less sensitive to cold start issues. You can add more temp to this signal than you can to the CTS. Just keep in mind that you are not only lowering your lean-out limits, you are also retarding your ignition timing. If you put a timing light on the engine as you adjust IAT values, you won’t see the timing change. The timing changes under load. Hotter air is more prone to detonation. This is why the ECU retards the timing.

If you are tuning on the hottest day of the year, you may find out just how high of a signal you can generate before setting codes. Typically it is in the 240* F range. If you are tuning in the middle of February, then you can offset the signal from your base cold reading and things will be fine for now. Come June or August, this setting may be high enough to trip codes. Allow for this when tuning.

MAP

It is important to address your load sensing system in order to keep your mileage gains. Often times addressing only a few of the ECU’s inputs will allow you to tune for a mileage gain, only to have the adaptive memory take it away as time goes on. The load sensing devices give the ECU a clue as to what you are up to, and it won’t tolerate it. By generating a lower voltage signal from the MAP sensor, harmony is restored, and your mileage gains are for keeps.

There are 2 types of MAP sensors on the market. Most of the world uses a version that has a 5 volt VREF, ground, and DC signal wire. The MAP is a type of potentiometer; like a radio volume knob. Instead of turning the knob with your hand, the knob is turned as the vacuum in the engine changes. A high vacuum reading will give a low voltage signal. A low vacuum reading will give a high voltage signal. Low vacuum means the engine is under load and needs lots of fuel. Look at it this way, low signal voltage, low fuel requirements. High signal voltage, high fuel requirements.

If you raise the VREF, than the signal will be higher. If you lower the VREF, then the signal will be lower. A lower signal tells the ECU lower load. A relatively simple method of lowering the VREF is with an LM317T adjustable voltage regulator. If you are somewhat capable with electronics, you can build one for about $10 to $15. The parts you will need are:

- LM317T adjustable voltage regulator

- 220 ohm resistor (1/4 watt is sufficient)

- 1K ohm multi-turn potentiometer

- Small heat sink for the LM317T

- 3 different colors of 18 gauge wire

- Enclosure (box)

The LM317T comes in a TO-220 case. Looking at it from the front with the mounting tab at the top and the 3 pins at the bottom, solder the 220 ohm resistor across the 2 left pins. Run a jumper wire from the left pin to the center of your 1K pot. Run a ground wire to one of the outside legs of the pot. If you use one side, then clockwise will raise the voltage. If you use the other side, then counter-clockwise will raise the voltage. Bench test your unit to know which way it will work.

Run the right leg to a Key-On/Crank battery voltage source. It is important that you have voltage when the key is on AND when cranking. If you don’t have voltage when cranking, the ECU will not see a MAP signal and usually won’t start at all. Drill 2 holes in your enclosure; one for the wires and one to access the pot.

With your unit on the bench, apply battery voltage to the battery and ground leads. Check the voltage output. Adjust it to 5.0 volts to start with. To install it on your vehicle, cut the VREF wire going to the MAP. DO NOT TAP THE VREF WIRE COMING OUT OF THE ECU! This will affect all sensors using the same 5 volt signal and will deliver disastrous results. After you cut the wire, connect your adjusted voltage wire to the MAP sensor and tuck and tape the other end of the cut wire back into the harness. It is best to solder connections and seal with heat-shrink tubing.

Lowering the VREF voltage will lower your lean limits, but will also advance ignition timing. Less load equals more timing advance. More load equals less timing advance. Remember this when we get to step 5.

The other type of MAP sensor used almost exclusively on the Ford based systems is frequency based. It has a 5 volt VREF, ground, and frequency signal output. The method of dealing with the frequency based MAP sensors is different than that used for the DC voltage based MAPs. Simply cut the ground wire going to the sensor, then add a small amount of resistance. A good starting point is about 10 ohms. Your upper limits will be between 15 and 20 ohms, depending on the ECU’s calibration. The more resistance, the more offset. Notice I didn’t say 10K ohms. It takes very little resistance to accomplish the job. You may find an Ohm Ranger or small value potentiometer helpful here.

MAF

There are a couple different styles of MAF sensors that have been employed over the years. Early versions were called Vane Air Flow (VAF) sensors. They had a spring loaded door that controlled a wiper arm across a resistive pad. There is a black plastic cover that, once removed, will allow access to this resistive circuit. Raising spring pressure will lower lean-out limits. You can shift the wiper arm to a clean spot on the resistive circuit to extend the life of your VAF while you’re in there.

Some of the MAF sensors work like the typical MAP sensors in that they have a DC voltage IN, and a DC voltage signal OUT. They can be dealt with the same as the typical MAP sensor.

Most of the modern MAF sensors have a ground, battery voltage input, and frequency based output. These aren’t that difficult to tune. I’ve seen complicated and expensive products that aren’t much better than this trick. Just like the frequency based MAP sensors, cut the ground wire and install a small amount of resistance. Again, no more than 30 ohms, with averages in the 10 to 15 ohm range.
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Tuning For Mileage (Part 3)

The first 2 installments have been received with great accolades. Here is the final installment.

Adjust AFR

Once you have set the stage by lowering your lean-out limits, you can now adjust the AFR for better mileage. The exact method will depend on the type of O2 sensor your vehicle uses. There are 4 types currently on the market: old style oxygen sensor, AFR sensor, titania sensor, and wide-band sensor. Each requires its own unique approach. Some vehicles may have 2 bank sensors. You’ll have to address both equally. Don’t worry about the downstream sensors (the ones after the cat) as they only tell the ECU that the converter is working.

To do your adjustment, you want to monitor your Loop Status. If your ECU pops into Open Loop, any adjustments you make are irrelevant. You have to stay in Closed Loop. If you pop into Open Loop, your lean-out limits are still too high (or your oxygen sensor is bad). If you can install a scan tool to monitor Loop Status, do it. This is the easy way. If you have an older vehicle that doesn’t have data stream information, then hook a digital volt meter to the O2 signal wire. As long as the voltage is jumping around, you’re probably in Closed Loop. If the voltage goes steady, you probably are in Open Loop.

As you begin to lean out the mixture you will probably feel an increase in power. There will be a peak in the power, then it will gradually taper off. After so much leaning out, it will be like you just fell off a cliff. There will be a dramatic loss in power, it will want to hesitate and stall. I try to tune about ½ way between peak and cliff.

Old Style O2 Sensor

The oxygen sensor was introduced in mass back in 1981 on GM vehicles. It has an operating range of 0-1 volt. The higher the voltage the richer the detected AFR. The lower the voltage, the leaner the AFR. A rich mixture is a lean command. A lean mixture is a rich command. It is commonly called a Narrow-Band sensor because it is only accurate within a narrow range of AFR operation. Right at the 14.7:1 AFR, a small change in AFR yields a large change in voltage. As the engine goes leaner or richer from the 14.7:1, the voltage changes get smaller and smaller.

A device that has been used for several years is the Electronic Fuel Injection Enhancer (EFIE) developed by George Wiseman of Eagle Research. The principle is to create a small amount of voltage offset that is electrically isolated from chassis ground. It is like a free-floating battery installed inline with the signal wire. This raises the voltage to the ECU indicating a richer-than-actual AFR.

If you have an older vehicle with loose parameters, you may be able to add as much as 0.450 volts to the O2 signal. If you have a newer vehicle with tight parameters, you may not be able to get away with more than about 0.280 volts. Experimentation will dictate what your ECU will tolerate.

The old single wire sensors are easy to spot the signal wire, since it is the only one. There have been 2-, 3-, and 4-wire sensors used over the years. You may have to use a manual to determine which wire is the signal wire. Usually on a 4-wire sensor, you have 2 white wires for the heating element, a grey wire that is ground, and a black wire for your signal out.

Another method that I have not personally tried, but comes with good recommendations is to drill out a spark plug anti-fouler for the mid-70s Ford products with the 18 mm plug. Install the modified anti-fouler into the exhaust where the O2 sensor normally goes, then screw the O2 sensor into the anti-fouler. This pulls the sensor out of the exhaust stream and allows for leaning out the AFR. Since I haven’t tried it, I cannot guarantee results.

Wide Band Sensors

Good news! You can use the same EFIE on the signal wire of a wide band. The one wide band that I modified used the blue wire for the signal. Wide bands will have 5 wires. That’s the dead give-away. They have been used widely on VWs and Mazdas.

AFR Sensors

AFR sensors operate under a totally different set of rules. The same sensor is used in 2 different ways by various OEMs. One method involves putting a fixed voltage on the reference wire (white) and varying the current to maintain a fixed voltage on the signal wire (blue). Another method is to apply a fixed voltage and current to the reference wire, and monitor the voltage coming out. Either way, they are current devices, not voltage devices.

To alter an AFR sensor, cut the blue signal wire and install low value resistors. The range will be 30 ohms or less. Most of the vehicles I’ve modified have liked the 7 to 18 ohm range. I’ve never needed over 20 ohms as of yet. Again, an Ohm Ranger or low value pot will be helpful in your tuning. You will be able to feel 1 ohm resistance change.

Titania Sensors

They work similarly to the traditional O2 sensors, but backwards. I haven’t yet had the opportunity to deal with these, so I can only give you guesses on what will work. One possibility is to install an EFIE backwards so you are lowering the signal voltage. Another way might be to add resistance to the signal wire. The spark plug anti-fouler may also work. Fortunately, they were only used for about 3 years and only on select vehicles.

Adjust Ignition Timing

If you have a distributor, the solution is simple. Loosen the hold-down clamp and turn the distributor. If you have DIS, COP, or a distributor that doesn’t affect timing, then you have to play with the MAP and IAT signals to dial in the spark.

To adjust with the distributor, grab a vacuum gauge, timing light, and distributor wrench. Drive the vehicle down a relatively flat section of road at cruise speed. Watch your vacuum gauge. Pull over and either advance or retard the timing by about 4 degrees. If you increased the power and vacuum, adjust again by about 2 degrees. If you lost power and vacuum, crank it the other way about 8 degrees and test again. You want the least amount of timing advance needed to maintain maximum power at cruise. Any more advance than that will increase the possibility of detonation, and will fight the piston on the compression stroke.

If you have the DIS or COP, adjust the IAT sensor reading by 10* F increments for maximum power. If you start high on your reading (smaller value resistor), start adding resistance to advance timing. If you have a near ambient reading (no or large value resistor), reduce parallel resistance to retard timing.

As stated earlier, adjusting the MAP VREF will alter timing. A lower VREF will advance timing. A higher VREF will retard timing. There is a balance between finding the right lean-out limit, and maximizing the timing.

Readjust AFR

Improving combustion efficiency usually requires less timing advance to get the job done. The fuel burns faster and more thorough. Thus, it takes less time to convert the chemical energy in the fuel into kinetic energy at the crank. On the flip side, as you lean out the AFR, it takes longer to burn across the leaner mixture. More timing advance is required. Sort of a catch-22. Once you have adjusted your ignition timing for maximum power, you may find that you can lean out your AFR a bit more. A leaner mixture requires more time for the flame to propogate across the cylinder. If you advanced your timing, try leaning out the AFR a bit more. If you retarded your timing, you might be able to slightly enrich the AFR and get better power and mileage.

Summary

Tuning was taught in tech schools up until about 30 years ago. As the vehicles became more complex, there was less tuning required for optimal performance and mileage. Tech school grads coming into the work force these days are taught to follow flow charts, replace bad parts, and track down poor connections. For the younger generation, tuning is something they read about in magazines, but never get to experience. It isn’t difficult, but requires a learning curve just like anything else. Don’t get discouraged quickly. It may take a little time to get the hang of it, but you can do it.

Go make me proud!

.........

The HAFC kit has seen very good results with about 60L/h on 4-cylinders and about 120L/h on V8's.

To tune the oxygen sensor, set your "box" up so it's input=output. Then, while driving, start leaning the motor out until you just start to lose power. DON'T GO LEANER once you start to lose power. At that point combustion efficiency begins to drop, manifesting itself in loss of power. That's as far as you want to go. Take a look at this power graph.

The "Targeted A/F Ratio" has generally been where the most efficiency is gained. Take note, however, that even if you get a good mileage increase from tuning the oxygen sensor, the ECU just may eventually negate your tuning through it's short and long term adaptive memory. You can "cure" this in two ways... The simplest is to address the "keep alive memory" in the ECU. You would basically put a relay in-line with the KAL wire so the ECU sees battery voltage with ignition on and crank, but severs the connection when you shut off the ignition. This eliminates the learning process. The other way to tune the ECU, is to address the other various sensors on the engine such as the MAF, MAP, CHT, IAT, and ECT sensors. Properly tuning these sensors will increase your mileage even further. I'll get you a link in a bit...

The O2ptimizer is pretty well universal, though with a few minor limitations. IIRC the 3x O2ptimizer can't offset titania 02 sensors or AFR sensors. I'm pretty sure the 4x that will be coming out sometime in the near future will be able to deal with those types of sensors (don't quote me, though... I think they're still in development).

Due to the high impedance nature of Ford sensors, the 3x o2ptimizer has a "Ford jumper" that changes the resistance values for the CHT sensors to high impedance. The IAT sensor is tuned by adding a resistor inline with the O2ptimizer's IAT wire.

The Tuning For Mileage articles described how to modify the emission control sensor signals to let you tune the engine. However, the articles don't really describe what to do with the data that you're getting from your scan tool.

Two things that I see that should be pretty well universal across the board:

Set the CHT to about 215°F

Set the IAT to about 100°F above ambient

After that, you have to start adjusting the load sensors: O2's and MAF/MAP sensors.

You can tune simply for a loss of power and then go back to your next best setting... But how can you use the PCM's datastream to get everything working in tandem (to eliminate the possibility of the computer learning around your mods)?

As I understand it, the ECU takes the data from the IAT and MAP sensors to predetermine the fuel mixture. It then samples the O2 sensors to fine-tune the mixture. The LTFT and STFT are used to make the MAF/IAT "guesses" more accurate as time goes on; eventually the IAT/MAP guesses are spot-on and the ECU doesn't have to adjust the mixture by much (and the LTFT/STFT stays close to 0)

As I'm driving/testing, I'm also monitoring my scantool. I have it to set to show both O2's, Cylinder Head Temp, Long Term Fuel Trim (bank 1 and 2), and open/closed loop status. I've noticed that my LTFT has been going very positive, around +12 to +14. I have the O2's set to switch at 0.3645v. It seems that no matter the O2 setting (higher or lower), the LTFT is always positive. I've tested with a stock MAF signal, with 200k ohms in-line, 100k ohms, and 75k ohms. The resistance doesn't seem to make any difference in my vehicle (I think my MAF may be freq-based).

If I understand the workings of the PCM correctly, if all of the sensors agree with eachother, the fuel trims will stay at 0. A +14 tells me that the MAF/IAT is feeding the engine a very lean mixture, and the PCM is adding fuel (via the O2's) to try to richen it back up. HOWEVER, my O2's are switching at a lower voltage than stock, my CHT is set to 215°F, and my IAT is higher than normal. What the heck am I missing?

Sounds like maybe you went to far...or dont have enough of something else(HHO_browns gas) to compensate for your tuning.

Try This: remove the device you have and run the truck back to normal, switching the key off between runs till you get everthing back to zero--LTFT. Remember LTFT drives STFT and adaptive memory saves this data, so it may be necessary to drive the vehicle several times unless your scan tool caN RESET FUEL ADAPTS, THEN DRIVE IT SEVERAL TIMES TO VERIFY YOU DONT HAVE AN additional problem--stuck-clogged injectors etc..

So now you have LTFT back close to zero in a the fuel trim cells you can monitor, so now lets add the device working with your LOAD sensor and adjust it to where you are adding about 5-8% LTFT, then work on you 02 sensor control to take it back down to zero or just below. Remember to switch the vehicle off after each adjustment so that your confuser "saves" the tuning data..Unless you are adding something else to compensate for fuel you will be limited to how much you can squeeze it before the confuser takes over, remember you are "tricking" the computer into giving you what you want.Once you got this part of the tuning to where you see an improvement and the confuser is not "coding" play with your timing, then tweek on your load--o2 sensor again. might take a few times before you understand and see what you are trying to accomplish.Small adjustments, one at a time, documenting your results is the key.

hope it helps.

Dave

pinhead

If the parameters are skewed so that the computer sees conditions that call for less fuel, it is happy. It won't try to get around your tuning and mods. I've seen where mods are made, then tuning gets great mileage. A couple of tanks later, the mileage drops. Go back and retune, and the mileage comes back again. I've seldom had to go back and tune a third time.   Mike

The IAT and CTS are 2 sensors that will allow you to lean things out. Telling the computer that the battery voltage is higher than it really is will also lean things out. (hey, another application for an EFIE). Reducing MAP VREF will lean things out. The O2 signal offset does it too. Combined you can shut the engine down from lack of fuel (or install Firestorm plugs and run it anyways).

Mike

If you blindfold someone, and take them into a meat locker and try to tell them it's a bright sunny day out in the garden, they ain't gonna beleive you. If you blindfold them, take them into a meat locker and blow warm air at them and tell them it's a bright sunny day in the garden... they might beleive you.

It would be all about creating a consistant set of conditions, where as far as the ECU can tell, it's at 10,000 feet on a 140F day.

If all sensor readings are consistant with a certain set of conditions, it can't fault them.     RoadWarrior
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 Electronic Controls

I know many of you are adding fuel economy devices and the results just aren’t there. All of the science in the world says you should be getting 50% or more increases from your Condensator, Brown’s Gas unit, HyCo, or combinations of other solid technologies. I also know there are some of you reading this that have a Hot Rod that you’ve tossed a grand or two at hoping to make it faster, but without the best of results.

It is universally understood that the factory computers are not your friend once you start to modify. There are a few tricks out there, some of them rather lame, and some of them somewhat promising. I want to share with you some tricks I have used to tune for both performance and economy that ought to help you get closer to your goals.

Before you start, you have to determine what you are trying to accomplish. There are three areas that you may need to address:

1- Cold start enrichment

2- Cruise

3- Transients

Cold start enrichment shoves more fuel into the engine to assist drivability when there isn’t enough thermal energy in the engine to vaporize any significant amount of fuel. A cold engine needs more liquid fuel to deliver the proper amount of fuel vapor to keep the engine running. As the engine warms up, less of the liquid is required to make the same amount of vapor.

How much enrichment your engine receives may be just right, or it may be quite excessive. Leaning out the cold start enrichment may increase fuel economy without as much as a hick-up. 

The easiest way to lean out the enrichment is to experiment with adding resistors in parallel with the factory Coolant Temp Sensor (CTS). Start with a 10k ohm resistor. If the engine starts fine, reduce the resistance to 9k ohms, and so forth. On Ford, Mazda, and Jaguars you may need to go higher on the resistance. Connect one end of the resistor to one of the CTS wires and the other end to the other CTS wire.

DO NOT DISABLE THE FACTORY CTS OR ANY OTHER SENSOR! You will need your stock sensor to give you at least some of the cold start enrichment, plus your cooling fan may be activated from this sensor. There is also the fact that disabling it happens to be illegal. Many vehicles have more than one sensor in the coolant jacket, so be sure you’re modifying the right one.

For fuel economy, the most influential segment of your driving will most likely be your cruising conditions. This is when the computer is in closed loop and the oxygen sensor is operational. If you are able to improve combustion efficiency, you should easily be able to at least slightly lean out the cruise Air Fuel Ratio (AFR) to gain better mileage. In fact, many combustion efficiency enhancers will actually create a rich mixture condition, and leaning out the factory injectors becomes mandatory to restore the proper AFR.

There are several devices on the market that will interface with the factory oxygen sensor. Most will add a few millivolts to the signal to simulate a richer mixture. When the computer sees this rich mixture, it then leans out the injectors to try to restore the proper AFR. Such devices can be a Godsend, but have their limitations. The parameters in the factory ECU will only tolerate so much leaning out before a check engine light comes on. If you have some really good hardware and you know there is more potential in it than the ECU will allow, then you need to also address the transient portion of this article. EFIE devices are available from Eagle Research as well as 2 vendors from the mpgResearch.com forum (Heavy Chevy and qsiguy).

Transients can be defined as acceleration and deceleration. Under acceleration, the ECU issues a command to the injector to fire for a specified period of time, then that fuel is drawn into the cylinder on the intake stroke. The air and fuel are then compressed, ignited, push the piston down, then sweep out the exhaust port. Eventually the oxygen sensor is able to see the results. However, under heavy acceleration, the amount of time required for this process to happen is so long that whatever the oxygen sensor has to say becomes irrelevant. Engine conditions have changed and the oxygen sensor’s signal is too late. Under these circumstances, the ECU reverts to open loop and issues fuel commands based solely on look-up tables.

If you have a fuel economy modified vehicle, then you would want to lean out these transients. 

If you have the hot rod, it may be advantageous to richen up your transients. The simplest vehicles to affect are ones with a 5 volt VREF MAP sensor with a DC signal. Most of the Ford vehicles use a 5 volt MAP, but the signal is a frequency signal. This trick won’t work on them. However, this trick can be modified to work on DC signal based MAF sensors used on many imports.

There is a Jeep site (http://www.angelfire.com/my/fan/MAP_adjuster.html) that has posted a simple electronic circuit that will allow you to shift your fuel tables either richer or leaner by replacing your VREF with either a higher or lower voltage. The circuit allows for a bypass switch to eliminate it from the vehicle electrically, and an adjustable pot. I’ve built a couple of these and beg you not to use the ¾ turn pot. Spend the extra few bucks to go with a multi-turn pot. Your sanity requires it. Of course, if you are planning on modifying a 12 volt input device, you will want to change the 1k pot to a 10k pot. This will allow you to adjust the regulated voltage up to the 12 volt range.

For deceleration, you don’t need fuel. Unfortunately, most of the vehicles will continue to dump fuel to keep the cat hot. A simple Hobbs switch adjusted to about 1.5” vacuum above idle will allow you to shut the fuel off when not needed. The Hobbs switch should activate a 5 prong (driving light style) relay that is normally closed, open when activated. The voltage supply to the injectors gets run through this relay. Under normal conditions, the relay activates the injectors. When the Hobbs switch closes (high vacuum), the relay is activated and the injectors turn off due to no voltage supply.

Another trick is to add a resistor across the Intake Air Temp (IAT) sensor. 

This will accomplish 2 things; first it will allow you to lean out your cruise circuit (O2 sensor circuit) further without tripping a code, and secondly it will retard your ignition timing slightly. Hotter air has fewer oxygen molecules per cubic volume, and hotter air promotes detonation. 

Conversely, if you’re looking to add fuel and timing advance, adding resistance in series with the factory IAT wire will tell the ECU that the incoming air is colder than it actually is and will enrich AFR and advance timing. 

Either way, start with high resistance (10k+ ohms) when putting them in parallel (leaner) and low resistance (100 ohms) when installing them in series (richer).

Potentiometers can be used instead of fixed resistors for ease of adjustment.

Once you have the electronics installed, it is time to tune them. 

If you plan on leaning out the CTS and/or IAT, do that first as it will affect your other adjustments. 

Next adjust your transients. 

The Hobbs switch can be adjusted at any time in the process. 

The MAP VREF circuit should be set to factory setting (either 5.0 or 12.0 volts) to start. 

Drive the vehicle spiritedly to force the open loop acceleration circuit. Lower the voltage and drive again. Continue to lower the voltage until the acceleration starts to feel a little soggy, then back off to the last best setting. 

Next, start adding millivolts to the O2 circuit. You want to slightly accelerate, then decelerate as you tune. When the slight acceleration starts feeling soggy, back off to the last best setting.

You can lean your AFR out too much. With too lean of a mixture, you need more throttle to just to maintain a given power level. The more throttle will draw in more air AND more fuel. Experimentation will lead you to your ideal settings.

Don’t forget basics. 

Adjusting ignition timing (where applicable) can yield even more gains. 

The way I like to tune the timing for mileage is to hook up a vacuum gauge and drive at normal speed on a flat surface. Monitor the vacuum to get an average reading over a stretch of road. 

Using a timing light and distributor wrench, try advancing the timing by about 4 degrees and retest. If the vacuum increases, then you’re going in the right direction.

If the vacuum drops, then you went the wrong way. Adjust in 2-4 degree increments until there is no gain in vacuum reading, then back off to the last best setting.

It is often mentioned that whenever making changes in hardware you need to tune for them. Hopefully this helps you to perform that requisite tuning better.

SPOCK is correct in that when the parameters are out of check, the ECU will call the O2 sensor a flaming liar and go into open loop. But as racprops pointed out, by tailoring other sensor signals, we can lower the lean limits of the ECU and force it into accepting leaner settings. This is one of the things I've found with the research I've been doing. By hitting a couple of different sensors to change the whole operating conditions the engine sees, we are able to install hardware that provides for better combustion efficiency, then remove the now not needed fuel more effectively.

Mike

.........

A lot depends on your vehicle make. But mainly you install a resistance across the sensor. Which in basic terms means, one end of the resistor to one wire of the sensor and the other end of the resistor to the second wire going to the sensor.

To do this properly you need to look up the resistance tables for the sensor in your vehicle to be able to calculate the resistance needed. Using the folling formula will help figure out the resistance needed to get the desired affect (R1 X R2) / (R1 + R2) R1 for example is the resistance at a given temp of the sensor, and R2 the resistance you are planning on adding. You then look at the sensor table with the answer to the formula to see if the resistance puts you in the range you want to be in.

To take this one step further an average ford sensor on an eec IV system at 194 deg has a resistance of 2.8k ohms and installing a 7.5k ohms resistor parrellel to the sensor reduces resistance to 2.038k ohms which makes the computer see an adjust temp of approx 214 deg. If you look into this alittle further though at a sensor temp of 32 deg the resistance of the sensor is 65.85k ohms and when adding the same 7.5k resistor makes the computer see approx 148 deg. If you tried to start the vehicle on that 32 deg day with that resistor installed it would be very difficult to start if it would start at all.

I have a ford with the eec IV system but to keep cold weather starting ability I installed a switch to open up the circuit of the resistance added which takes it back to stock for start up and a few minute warm up, which I have to do on our cold morning we have or it will not start. So it takes alittle more research to find out what is actually needed by the system to function properly. I also went one step further and installed a 10k 10 turn pot for fine tuning without having to constantly resolder resistors to tune in the vehicle.

I am working on an idea to take this to a level that I will not have to use the switch for cold weather start ups, but I am planning on always keeping my switch in place because it allows me to go back to stock easily. I currently have adjusters on the CTS, IAT, MAP, and O2. On my ford truck I went from 14 mpg hwy to 20 mpg hwy with these and no other mods.

http://www.autospeed.com/A_109133/cms/article.html
Despite cars being stuffed full of electronic systems for decades - and consequently sophisticated and interesting cars now being available for nearly nothing - the basic, DIY electronic modification of car systems seems to be pretty well unheard of. So what about the really simple - but potentially very effective - electronic mods that can be made for nearly nothing? Like, I am talking a components cost of a few dollars, and a required electronics knowledge which is pretty low as well. But do these mods actually exist? And can normal people do them - you really don't need to be an electronics engineer? Read on...

But first a warning. The mods that we'll be covering in this story are easy and effective - but they're not always the best way of doing things. They're perfect on budget cars, where spending $1000 on an interceptor or new chip is just a ridiculous prospect. And personally I am also happy to use some of these techniques on expensive cars, including ones that I have owned in the past and own now - but others would look askance at my doing so. You pick.

The Workshop Manual

As far as we're concerned, to achieve success in any of these basic electronic mods you need to have a good workshop manual - and in nearly all cases that's the factory workshop publication. We don't have a lot of patience with people who delve into their car's wiring harness, basically not knowing any of the colour codes, plug pin-outs or the functionality of the systems. Sure in some cases it can be done - but we're not interested in doing things that way.

In pretty well all cars but grey market imports, a full workshop manual will be available. Even if it costs a few hundred dollars, we'd recommend that you buy it. (And if you can't buy it, see if you can beg or borrow one to do a major photocopying exercise.) Most - although it must be admitted, not all - factory workshop manuals have detailed coverage of the electronic systems in a car, including the basics on how things work as well as how to diagnose faults, check trouble codes, etc. In the case of a grey market import, the minimum information that you should have is a circuit diagram for the car's wiring. Again, even if you have to pay for it, it's worth it.

So if about now you're thinking - "Nah, I don't need the manual or a circuit diagram", well, stop reading! Your chances of achieving success are near zero.

Thinking Through the Modification

So you're armed with the workshop manual, complete with circuit diagrams, wiring colour codes and some coverage of how things work. What you need to do now is to mentally work through the best approach.

The questions to answer are:

   1. What modification outcome do you want?

   2. What parameter do you need to alter to achieve this outcome?

   3. To alter this parameter is it easiest to make modifications on the input or output side of the ECU?

These are the fundamental questions that must be answered if you're to make an electronic modification that works - on that's on anything from a factory boost controller to an auto trans control system to the engine management system.

Doing It

Let's say that the outcome that you desire is leaner full-load mixtures. This means that the parameter that you want to alter is the amount of fuel that the injectors flow at high loads. Next question: do you make the modification on the input or output side of the ECU? If you make the modification on the output side of the ECU, you're going to need to alter the duty cycle with which the injectors are driven - that is, lessen the full-load duty cycle so that they squirt less fuel.

Alternatively, you can make the modification on the input side of the ECU, for example changing the signal coming from the airflow meter so that the ECU thinks that less air is flowing into the engine than it actually is. This in turn will lean the air/fuel ratio as the ECU will have the injectors on for less time (for the same amount of air flowing into the engine) than was previously the case.

And the full-load only part of the requirements? That's easy - you just switch your modification in and out on the basis of throttle position, for example with a microswitch like the one pictured.

So how do you decide whether input or output modification is best? It's a case of consulting the workshop manual and looking at the airflow meter (or MAP sensor) signal characteristics. (The ECU output signal to the injectors is universal in all cars - it's a pulsed, variable duty cycle signal.) In nearly all cases you will find that coming out of the airflow meter is a variable voltage signal. Variable voltage signals are a lot easier to modify than variable duty cycle signals (see breakout box for more), so in this case the approach is clear - you attempt to modify the input signal to the ECU.

To show how the same three decisions need to be made with any car electronic system (the questions again: the desired outcome, the parameter to alter, and whether it's done on the input or output side of the ECU), let's now take a completely different example. The outcome that you want is heavier power steering in a car with electronically-controlled variable assist steering. So the parameter that you want to alter is the behaviour of the power steering pressure control valve - but do you try to modify the electronic inputs or outputs to achieve this?

The workshop manual shows you that the system is very simple - there's a single input of vehicle speed and a single output of a variable duty cycle that goes to the power steering assist solenoid. Neither the input or output is a constantly varying voltage (ie both signals are pulsed) but you look at the diagrams in the workshop manual and realise that the speed input also connects to the cruise control ECU and engine management ECU. So if you attempt to modify the speed input you might also upset these other systems - in this case it might be better to attempt to modify the variable duty cycle output signal.

What about turbo cars? A particular turbo car uses a MAP sensor which, when the boost is wound up, causes the ECU to trigger a fuel-cut. The outcome that you want is to disable the fuel cut - basically, you don't want it to occur. The parameter that triggers this is the MAP sensor output. Modifying the output signal of the ECU is damn-near impossible (doing this mod would require that you kept the injectors pulsing correctly after the ECU has stopped working with them!) so you look instead at the input side of things. In this case it's the MAP sensor that is measuring the over-boost condition, so you need to modify the ECU input signal from this sensor so that a ceiling isn't exceeded.

Here's a final example. The problem that your high-boost turbo car has is detonation - the outcome that you want is more stable combustion, and the parameter that you want is to alter is the ignition timing at high loads. To alter ignition timing on the output side is very hard - again it's a pulsed signal - and on the input side it's scarcely less easy, because again the main timing signal (eg from a crank angle sensor) is pulsed. But there's another input signal that can be altered to tweak timing - the intake air temp. This sensor uses a variable voltage output, so it's easy to alter. Again, the mod can be switched in and out with a load switch - a boost pressure switch would be ideal in this case.

Usually, it is better to modify a carefully chosen input signal rather than tweak an output signal.

Directions to Take the Signal

Once you have identified the signal (either input or output) that you need to modify, the next step is to work out what direction you want to take it. This sounds simple - but in some cases it isn't.

Let's take the airflow meter signal modification. If you desire leaner mixtures, you want the ECU to think that there is less air flowing into the engine than there actually is, so that it will inject less fuel with the same actual mass of air flowing in. Think that one through until it's clear in your mind!

Now, does that mean that you want the signal voltage from the airflow meter to be higher or lower than normal? If you immediately said "lower!" think about why you said that - it's because you assume that a higher voltage from the airflow meter represents a higher amount of air flowing into the engine. In other words - voltage goes up with load. In this case you're very likely right, but - by direct measurement or by consulting the workshop manual - you need to be sure of this relationship.

Not all sensors behave in this way...

Working the Manual Backwards

As car systems get more complex it can be difficult working out what parameter to actually change. You know what performance outcome you want - but how do you get there? One approach is to read the workshop manual backwards - looking at what the manual describes as fault symptoms, but what you see as a good performance outcome.

For example, an electronically controlled auto trans might have listed a fault condition termed "harsh engagement (1st > 2nd)", with a variety of possible causes for this condition then listed. Have a look at what is also shown as causing "harsh engagement" for the 2nd > 3rd, 3rd > 4th and 4th > 5th gear changes - that is, all of the up-changes. In the case of the manual that I have open in front of me now, the only common cause of these conditions is the solenoid modulator valve.

From this you can deduce that modifying the signal that goes to the solenoid modulator valve can be used to firm up the shifts. Having come to this decision, you can look at the diagnosis tables to see what other conditions will occur if this signal is modified. In this case the table also shows that it's likely that the car will also then have a harsh engagement when changing from Neutral > Drive, and Neutral > Reverse. If you didn't want the latter conditions to occur, you could switch the modification in only when the throttle is open past the idle position.

Even very complex systems can be examined with this 'backwards diagnostics' approach - another excellent reason to have the complete workshop manual available.

Signal Types

There are only two basic types of signals used in cars.

The first is an analog voltage. With this type of signal, a voltage goes steplessly up or down. For example, an airflow meter might have a voltage output of 2.5 volts at low engine loads and 4 volts at high engine loads. All the 'in between' loads have 'in between' voltages.

The second type is a signal that goes on and off rapidly - a frequency signal. For example, a crankshaft position sensor might send out a pulse every time a tooth on a crankshaft-mounted cog passes it. The faster the cog is turning, the faster the frequency of pulses coming out of the sensor. The ECU can work out engine speed by looking at how fast the pulses are being generated.

Frequency signals can also vary in what is called duty cycle - not only might the pulsing change in speed but the 'on' versus 'off' proportions of the signal might also vary. An injector works on this type of signal, where at low loads the injectors might be pulsed-on for only 10 per cent of the available time every rotation of the crankshaft. This 'on' time is called duty cycle.

With one exception that we will cover later, frequency signals (both input and output) are hard to change with very simple electronics, whereas voltage signals are easy - either by altering the value of the sensor resistance or by creating a voltage offset.

http://www.autospeed.com/cms/A_109134/article.html
Last week ["DIY Modification of Car Electronic Systems - Part 1"] we discussed how to go about selecting the signals to modify in order that your desired performance outcome is realised. (If you haven't read that article first - go read it now!) This week we take a look at some actual electronic modification approaches that can be undertaken. They all cost nearly nothing and can be incredibly effective.

Modifying Coolant and Intake Air Temp Sensor Inputs

Potentiometers ("pots") are available very cheaply from electronics stores. Used carefully they can be very powerful modification tools, able to dramatically alter air/fuel ratios in addition to working well on other car systems. There are two ways in which they can be used - as variable resistors or as true potentiometers.

Any sensor that uses a variable resistance can be modified by the addition of a pot. The most typical of this type of sensor are the intake air temperature and coolant temperature sensors. As temperature changes, so does the resistance of the sensor.

The coolant temperature sensor controls almost exclusively the amount of fuel enrichment during times of cold running. This means that changing the output of the coolant temp sensor (ie the input from this sensor to the ECU) can cause more fuel to be injected. However, note that the extra enrichment may not be made in the same proportion throughout the load and rev range - the manufacturer doesn't expect that cold enrichment will be required at full load, 5000 rpm! But for example, if you want to smooth the idle in a cam'd car, enriching the idle mixtures will often go a long way to doing this (closed loop idle will need to be disabled).

As mentioned last week, another temp sensor that can be usefully modified is the intake air temperature sensor. The output of this sensor is frequently used by the ECU to determine the final ignition timing, and where the sensor is located after the turbo or supercharger is an especially good way of pulling back timing in forced aspiration cars. (Here's how I came to realise that: I had a high-boost turbo Daihatsu Mira which was still using the standard top-mount intercooler. Suddenly one day it started to detonate - something it hadn't done previously. I looked under the bonnet to find the intake air temp sensor plug dangling - without this input, the ECU was selecting a limp-home ignition timing setting, one which wasn't pulling enough timing off to cope with the high intake air temps actually being experienced. Fixed the plug and all was again well - the output of that sensor sure made a big difference to ignition timing!)

But before you modify the output of the temperature sensors, you should know how the sensor output works. Most temperature sensors decrease in resistance as the temp goes up. The table below shows the relationship between coolant temp and resistance in one sensor:

Temperature

(degrees C)     Resistance(ohms)

0       6000

20      2500

30      1800

40      1200

70      450

90      250

100     190

110     110

This sort of information is available in workshop manuals, or you can test a sensor using the sensor, a thermometer, a multimeter and a saucepan of hot water on the stove. To carry out this test, simply connect the multimeter to the sensor and place it in the water. Measure the temperature of the water and note the sensor resistance. Then heat the water, measuring the changed resistance of the sensor every 10 degrees C.

In the example shown above, the sensor has a resistance of 250 ohms at a normal coolant operating temperature of 90 degrees. If the resistance of the sensor is artificially changed so that it has a new resistance of 6000 ohms, the ECU will 'think' that the coolant is at 0 degrees, even when it is still 90 degrees! That will richen the mixtures - at least at light loads and on throttle transients. To achieve this outcome you need to increase the resistance of the sensor by 5750 ohms. A 10 kilo-ohm potentiometer can be used to give an adjustable range of extra resistance around this figure. Furthermore, adjusting the pot should create no danger to the engine - at worse a fault code might be registered and/or the Check Engine light come on.

If the opposite effect is needed - you want the ECU to believe that the temp is higher than it really is - you need to wire the resistor in parallel with the sensor. This type of wiring makes it a little more difficult to work out the value of resistor that you need to use, but it still isn't very hard. For example, assume that the air temp sensor has a resistance of 2000 ohms at 20 degrees C and 400 ohms at 80 degrees C. To make the ECU think that the intake air temp is 80 degrees when it's really only 20 degrees you need to remove 1600 ohms of resistance. But how do you work out the value of the new resistor?

The resistance of resistors in parallel is worked out by:

1               1               1

        =               +       

total           R1              R2

In this example we want a total resistance of 400 ohms but the sensor resistance is currently 2000 ohms. The equation can be re-arranged:

1               1               1

        =               minus   

R1              400             2000

which gives a value of R1 (the new resistor) of 500 ohms. Doing these sums is a lot easier if the '1/x' button on a scientific calculator is used during the process.

With the installation of a 500 ohm resistor in parallel with the air temp sensor, the ECU will think that the inlet air temp is 80 degrees C when the intake air temp is really 20 degrees. This is very likely to retard the timing, but you won't know the exact effect until you've tried it.

As indicated earlier, changing the output of temperature sensors is most frequently carried out with coolant temp sensors (to change the low load air/fuel ratio), and with intake air temp sensors (to change the timing). 

However any sensor that uses a variable resistance can have its output changed in this way. Other sensors can include throttle position, fuel temperature, and transmission temperature. If the modification is wanted in only some situations, the changed sensor output can be easily switched in and out with a throttle-triggered microswitch or a manifold pressure switch.

Do the Maths?

Picking a 10K-ohm pot and simply trying it in each of these configurations is perhaps quicker and simpler than going through the above mathematical design process. You're very unlikely to cause any problems to anything in doing so, although you should always take things carefully and make sure that mixtures and detonation are being monitored.

Modifying Load Sensor Inputs

Changing the output of the coolant temp sensor is good for relatively small changes - but what if you want the power to dramatically change mixtures? Before discussing this approach, a few words of warning are required.

    * Blowing-up an engine (especially a turbo one) developing a lot of power can result from one power run with lean mixtures.

    * Mixtures should be monitored by an air/fuel ratio meter. Dong this with the car on a dyno gives the best control over what is happening.

    * Start off rich and then lean things out - don't go the other way.

The reason for these warnings is that - with the following approaches - changing the mixtures from full rich to full lean anywhere in the rev range is very easy.

Firstly, you will need to examine the pin-outs of the load sensor - the airflow meter or MAP sensor. A power feed to the sensor (usually 5 volts), an earth, and a signal wire should be able to be located. In vane-type airflow meters, an air temp sensor is also located inside the meter, but you can ignore that. Whether the sensor's output voltage rises or falls with increasing engine load doesn't matter when using this circuit. However, this approach cannot be used with airflow meters or MAP sensors that have a variable frequency output.

Two 10 kilo-ohm linear designs pots are used. A pot works as a variable voltage divider, allowing the central wiper contact to be skewed to one voltage or another. 

One of the pots is connected between the 5 volt supply wire and earth. With this pot's wiper at the 5 volt end, that's the voltage available on the wiper (ie middle) terminal. With the wiper at the earth end, there will be no voltage available. 

Pot 2 connects between the wiper of Pot 1 and the signal output wire of the sensor. Moving the wiper arm of this pot (which goes to the ECU) will cause the signal to be either closer in level to the sensor output, or to the voltage provided by Pot 1.

The wiring is simple, and the use of the pots even simpler. To start the car, set both pots to their central positions - if the car won't start, make further adjustments with Pot 1. Disconnect the oxygen sensor from the ECU (so that it can't go into closed loop mode) and then use Pot 1 as a coarse mixture control and Pot 2 as fine adjustment. Start off by setting light loads. When the light load adjustment is about right, lift the power level required and re-do the fine-tuning using Pot 2. Obviously it's more important to get the high loads right than the light loads, but when the mixtures are set perfectly for high load conditions, they may not be right at light loads because of non-linearity in the engine's fuel needs when compared with its unmodified state. If the light loads look a bit too rich, don't worry - when the oxygen sensor is re-connected they'll lean out as the ECU learns its new mixtures - or you can switch the modification in and out as required.

Taking this potentiometer approach gives enormous power over the mixtures and so should be used with extreme care - you may want to use 10-turn pots to give even more sensitivity to the adjustment process. The results of this modification can be spectacularly successful - especially when the under AUD$10 cost is considered...

Switching Closed Loop

Any changes that you make to the air/fuel ratio at low loads will probably not be retained. This is because the car works in closed loop (using the feedback of the oxygen sensor) when setting its mixtures at light loads and idle. Unless you change the mixtures so far that the self-correction of the system is insufficient, the ECU will learn its way around the mods.

However, if you want richer mixtures just at idle (at light cruising loads the system is fine in an unmodified state) then switch the oxygen sensor on and off, so that the car is forced into open-loop when the modification is taking place. A microswitch placed on the throttle can be used to perform this switching. Doing this will almost certainly cause a fault code to be registered (and where fitted, the Check Engine light to come on), however the car will still run fine.

Next week: Turbo boost fuel cuts and altering one type of frequency output signal

Check Engine Lights

A point to consider when making changes to input sensors is that it can be easy to trigger the ECU's back-up or 'limp home' mode. When this occurs a Check Engine (or similar) light may be illuminated and the engine's performance limited. Entering this mode can occur if the ECU sees a sensor output well out of the range that it has been programmed to consider 'normal'.

This can occur if the sensor does not vary in output as would be expected, or if its output is unexpectedly high or low. Note that the ECU may make this judgement on the basis of other input sensors - for example, if the inputs of other sensors indicates that the car is travelling at 60 km/h at a large throttle opening, but the airflow meter signal still reflects idle conditions, the ECU may determine that one of these sensors is defective.

While modifications should usually be carried out so that the Check Engine light is not continually illuminated - or important (and real!) malfunctions will not be able to be seen when they occur - this cannot always be achieved.

The Digital Fuel Adjuster, Part 1

http://www.autospeed.com/cms/A_2418/article.html

We don’t think that it is possible to overstate the importance of this project: an electronic kit that when built, allows full control over your car’s mixtures by means of a digital hand controller. And you want to know the real clincher? The kit costs just AUD$79.95. Don’t have the electronics skills to build it? It is also available through the AutoSpeed shop, fully built and tested.

If all you want to do is alter your car’s air/fuel ratio, expensive interceptors are pretty well all immediately blown out of the water. Want to change your high-load air/fuel ratio? This project can do it. Swapped in a new airflow meter or upsized the injectors? Again this project can provide the solution.

If your car uses a voltage-outputting airflow meter – hotwire or vane - this interceptor will work with it. We’re talking something that is easy to tune, absolutely seamlessly transparent in driveability, and easy to wire into place.

The Background Story

So how did this kit come about? It’s worth briefly backgrounding its genesis, if only so that you know what has gone into it.

The Digital Fuel Adjuster was developed and designed by Silicon Chip electronics magazine. The kit, along with many others, is covered in the Silicon Chip publication – Performance Electronics for Cars – which is available from Silicon Chip Publications or the AutoSpeed shop. The book is a must-have for DIY modifiers.

The kit for the Digital Fuel Adjuster is available from Jaycar Electronics [www.jaycar.com.au] or through the AutoSpeed shop for AUD$79.95, with the required Hand Controller kit AUD$59.95.  Built and tested versions of the Digital Fuel Adjuster and Hand Controller are also available from the AutoSpeed shop.

The electronics design and development of the Digital Fuel Adjuster was carried out by the brilliant and modest electronics engineer John Clarke, while I came up with the concept and did all the on-car development. (During this period I wore a different hat to an AutoSpeed contributor, working for Silicon Chip Publications as a freelance contributor to Performance Electronics for Cars.)

The unusual mixture of ingredients – development funding from an electronics magazine, design and development by an electronics guru with no particular interest in modifying cars, and concept development and project management by me – has resulted in something of which I am very proud. It’s a unique product that works superbly and undercuts by a huge amount similar commercial products... none of which, AFAIK, can do all that this one can, anyway!

So by no means should the Digital Fuel Adjuster be seen as an AutoSpeed-developed project, but at the same time I am happy that AutoSpeed endorses it and promotes it.

Julian Edgar

How It Works

The Digital Fuel Controller (DFA) is an interceptor. It takes the voltage signal coming from the airflow meter and allows adjustment of this voltage up or down in very small steps. It interpolates between the steps (ie smooths the curve of the adjustments) and when no changes are made to the signal, the input exactly equals the output.

The latter means that there are no ‘digital jumps’ that might give poor drivability.

In fact, on the subject of driveability, it is brilliant – we spent over 24 months and thousands of kilometres trialling the DFA in different cars (including the ultra-smooth 1998 Lexus LS400, a 2002 Impreza WRX, an STi Impreza WRX, a Nissan S15 200SX, a 1988 Nissan Maxima V6 Turbo, a mid-Eighties BMW 735i and a 1999 Toyota Prius) and if the modified air/fuel ratios are set correctly, the drivability remains absolutely factory.

The DFA allows real time tuning, so that you can make changes with the digital hand controller (either on the dyno or the road) and immediately assess the results. Additionally, you can scroll through the map in non-real-time mode, making changes as you go. Changes can be made at 128 load points that normally correspond to 0-5 volts, the output range typical of airflow meters. (Note that the DFA can also work on 0-12V and 0-1V signals, the latter especially good for modifying oxygen sensor outputs. We’ll cover these aspects at another time.)

Each of the 128 load points can be adjusted up or down in 127 steps, which gives a very fine range of adjustment indeed. The removable digital hand controller shows both the load point being accessed and the up/down adjustment. Tuning changes are made with pushbuttons on the hand controller – no laptop is required.

It is brilliantly effective at altering mixtures, it’s available now, and it is incredibly cheap.

So, how do you use it?

Tuning

The digital Hand Controller uses a two-line LCD display, eight ‘direction’ pushbuttons, a VIEW/RUN pushbutton and a RESET button. (Incidentally, the pics of the Hand Controller shown here are of the prototype – the final kit version differs a little in appearance.)

The hand controller can be set to three different modes. RUN and VIEW modes are selected with a pushbutton on the hand controller, while LOCK mode is selected with a switch on the main unit

RUN mode:

    * view the tuning map real-time as it is accessed by the car

    * make real-time tuning changes 

VIEW mode:

    * move up or down through the map, reading what tuning adjustments have been input

    * make non-real-time tuning changes 

LOCK mode:

    * tuning changes are prevented but the map can be viewed

In RUN mode the display shows which load site is being accessed by the running car, and what up/down changes have been made at that load site. But what are these load sites all about, anyway?

Typically the DFA is set up for 0-5 volt signals. In these cases, an input voltage from the airflow meter of 0 is indicated by a load site of 1 (shown on the hand controller as “INPUT 1”), and an input of 5 volts is shown as a load site of 128 (“INPUT 128”).  From this it’s not too hard to work out that all the in-between signal voltages will show up as in-between load sites – for example, a signal input voltage of 2.5V will show as a load site of 64.

For example, a particular airflow meter might have a minimum voltage output of 1.5V at idle and a maximum voltage output of 4.6V at full load. This means that when the car is being driven and the Hand Controller is in RUN Mode, INPUT numbers ranging from 38 to 118 will appear on the LCD. In this example you then have 80 load sites at which the airflow meter voltage can be adjusted (there’s no point in adjusting load sites below 38 or above 118, because in this case they’re never accessed).

So the INPUT load sites are just another way of showing airflow meter output voltage.

In RUN mode you can real-time tune each load site as you’re on it. For example, if you’ve got an assistant driving the car up a long hill and the Hand Controller is showing load site 87 (“INPUT 87”), pushing the white ‘up’ key will cause the mixtures to be immediately richened at that load site. Each time you press the white ‘up’ key, the OUTPUT number shown on the display will change upwards.

For example, the display might look like this:

OUTPUT    +2  (dV)

INPUT        87    /RUN/

This shows that at load site 87, you’ve increased the voltage output of the airflow meter by 2 units (which will cause the mixture to be richer). If you want the mixtures to change even faster, press the black ‘up’ key, which will cause the adjustment to jump up in blocks of four units. Pressing the ‘down’ buttons will reduce the airflow meter voltage at that load site, leaning the mixture at that load. The maximum adjustment is plus/minus 127 units.

(The ‘dV’ to the right of the top line means ‘delta voltage’, ie change in voltage.)

Tuning in real-time RUN mode can be useful but VIEW mode tuning is often used. VIEW allows you to scroll left/right through all the load sites and then make tuning adjustments.

So for example, a moment ago in real-time tuning RUN mode we set load site 87 to +2, and now we’d like to tune load site 86. By pressing the RUN/VIEW button we can set the controller to VIEW mode, and then by pressing the left/right keys we can move up and down the load sites, putting in any tuning figures we want. If the car is running, these tuning figures will immediately take effect. So after moving to load site 86 in VIEW mode and pressing the black ‘up’ button twice, the display will look like this:

OUTPUT     +2     (dV)

INPUT         86    <VIEW>

A complete tuning map might look something like the following:

Load Site

Tuning Adjustment

It’s easier to see what it looks like when it’s graphed.

In this case all the tuning adjustments are positive – that is, the air/fuel ratio at all loads (except load point 62 and 63) needed to be richer. You can see that less enrichment was needed at medium loads, but fuel was added at both low and high loads. (This is the actual tuning map for a 1985 BMW 735i, which doesn’t use closed loop. The tuning was done on the road using a MoTeC air/fuel ratio meter.)

Note that unlike a programmable management system - where you’d expect the map to be more regular in shape - the resulting air/fuel ratios from the DFA interception are the outcome of both what the factory had already programmed and the changes that you want to make. For example, if you want richer mixtures in the midrange than the factory had set (eg in a turbo car as it comes on boost), there’s likely to be a hump in your tuning chart at that point.

Conclusion

Tuning is easy:

    * There’s a range of load sites accessed either real time (RUN) or non-real-time (VIEW)

    * Up/down tuning adjustments at each load site are made with the up/down keys

    * In VIEW mode only, the left/right keys takes the tuner through the different load sites

In use it’s even simpler than this explanation indicates – it takes only a few minutes for even novice tuners to get the hang of things and start tuning the air/fuel ratios.

http://www.autospeed.com/cms/A_2420/printArticle.html

Last week in The Digital Fuel Adjuster, Part 1 we covered the basics of the Digital Fuel Adjuster. A kit designed and developed by Silicon Chip magazine, it intercepts the airflow meter output voltage and allows the adjustment of air/fuel ratios at all loads. It is controlled by a digital Hand Controller and both real time and non-real-time mapping modes are available. In a typical application there will be about 80 load sites between idle and full load able to be modified in air/fuel ratio.

Where To Buy The Kits

The kit costs just AUD$79.95 while you can also buy the fully built and tested version from the AutoSpeed shop for just AUD$299

Please Note: The Handcontroller - Basic and Pre-assembled are also available via the above links.

As mentioned, the Hand Controller has three modes – RUN (real time tuning), VIEW (non-real-time tuning) and LOCK (no tuning but map viewing available).

However, before getting to the tuning stage, the Digital Fuel Adjuster (DFA) needs to be configured for your particular application. These steps are covered in detail in the kit instructions, so the following is just an overview so that you have an idea of what’s involved.

Bench Set-Up

    * InputRange

The DFA can work with 0-1, 0-5 and 0-12V signals. Most airflow meters have a 0-5V signal output (although some stretch to 0-5.5V). Setting the DFA’s input range involves applying a known maximum signal voltage, making some measurements with a multimeter (at the input, output and test point) and then adjusting some pots. It’s a 10 minute job at max. (The input voltage is provided by wiring a pot across the supply voltage – the pot is included in the kit).

To find out what input range you need, measure the output of the airflow meter across all loads. This is easily done if you mount the multimeter in the cabin and then fang the beegeezus out of the car. A peak-hold multimeter makes it even easier – otherwise, you should use an assistant in the car to watch the readings.

    * Fine and Coarse Modes

The DFA can be configured to work in either fine or coarse tuning modes. Once set in a particular mode, all tuning is carried out in that mode. Coarse mode allows a plus/minus 50 per cent adjustment to the airflow meter output signal voltage – which is an enormous amount. Using Coarse mode means that just small up/down adjustments on the Hand Controller will make noticeable changes to the mixtures.

Fine mode reduces the strength of the up/down changes by a factor of 5. This means that a tuning input that in Coarse mode required a -5 adjustment will need a -25 adjustment in fine mode. Even Fine mode has enough power to do big airflow meter swaps, etc, but because of the range of numbers available, Fine mode tuning takes longer.

Fine and Coarse modes are selected by a moveable link on the circuit board.

    * Switch-In Voltage

Testing of prototype DFAs found that if the DFA is intercepting on start-up, in some cars the Check Engine light is triggered. Apparently in these cars the ECU is watching the resistance of the airflow meter to check on wiring integrity, etc, and when it sees the DFA in the way, it doesn’t like it.

To overcome this, the DFA can be configured so that it switches in the interception only after the car has started.

The DFA works this out by watching battery voltage. If you set the DFA so that it will click in only at 13.8V battery voltage, the car will start without the DFA operating and then once the engine is running (and the so battery voltage has risen) the changeover will occur. This changeover is very quick – there aren’t any glitches in how the car runs when this occurs.

The changeover voltage can be set with a pot – if you set it to 11V the DFA will start intercepting as soon as you turn on the ignition, but if you set it to (say) 13.8V the DFA will start to intercept only when the car is running. A red LED on the board comes on when the DFA is actually intercepting.

Installation

Installing the DFA in a car is a doddle – all that you need to do is access the airflow meter output signal wire, 12V and ground. Normally, these connections should all be made at the ECU, however, during prototype testing these connections were often made at the airflow meter, as shown in the following box. (If making the connections at the airflow meter, you should use twin-core shielded cable with the shield [ie the braid] earthed at the ECU.)

    * Step 1

Access the airflow meter wiring at the back of the plug.

    * Step 2

Earth the negative lead of the multimeter and with the meter set to read Volts DC, backprobe the airflow meter pug until you find a connection that has a varying voltage output that varies with load (eg when the engine is free-revved).

    * Step 3

Cut this wire and bare the ends of insulation.

    * Step 4

Tin the bare copper with solder.

    * Step 5

Solder the INPUT wire from the DFA to the wire leading to the airflow meter. Solder the OUTPUT wire from the DFA to the wire that leads off to the ECU.

    * Step 6

Insulate the connections. Connect ignition-switched power and earth to the DPA.

Testing

So, the DFA is installed in the car. What next?

Use a pointy tool to press the RESET button on the Hand Controller for at least 4 seconds – RESET will flash on the screen. Then start the car, making sure after you have done so that the DFA has actually switched-in its interception (ie red LED on board has come on). The car should start and drive just as it did before fitting the DFA. If it doesn’t, check with a multimeter that the input and output voltages are the same (if not, redo the bench calibration), check your wiring connections to the car, and check that the DFA is switching-in its interception appropriately.

If everything is working as it should, press the VIEW/RUN mode button to get into RUN mode. An INPUT number should appear on the screen – eg an input of 35. This is the Load Site number that the DFA is currently on. By blipping the throttle, you should be able to change the Load Site.

While in RUN mode and holding a constant Load Site (eg at idle), press the white ‘Up’ key. The upwards adjustment that you are making to the mixtures will show on the OUTPUT line of the LCD, and as you keep pressing ‘Up’ the engine should start to stagger as it runs over-rich. (If you are working in Fine mode, use the higher speed black ‘Up’ key.) Now do the same the other way – making the mixtures leaner by pressing the ‘Down’ button. Again the engine should start to stagger when it runs too lean.

Easy to use, huh?

Tuning

The tuning process that you follow depends on what you’re trying to achieve. For example, if you’ve fitted a bigger airflow meter, you’ll need to firstly disconnect the oxygen sensor (unless doing so puts the car in limp-home mode) and then tune across the full load range. On the other hand, if you’re just leaning out the top-end mixtures a little, you’ll be tuning only at high load sites which usually aren’t in closed loop. (See ‘Closed Loop?’ breakout below.)

This graph shows the tuning changes made to the high load (ie out of closed loop) mixtures on a 1998 Lexus LS400. The tuning was being carried out in Coarse Mode and used a prototype DFA which had 64 load points rather than the current unit’s 128 load points. Air/fuel ratio monitoring was by an Autronic professional air/fuel ratio meter. The mixtures were altered from being in the high Tens / low Elevens to about 12.5:1 AFR at full load. Performance improved by about two-tenths of a second to 100 km/h. Driveability was perfect.

When tuning, you should always move in small increments, getting a ‘feel’ for how much adjustment results in what alteration to the air/fuel ratio. Making random changes will almost certainly result in a blown engine! However, having said that, if you are careful, it’s possible to make major tuning changes on the road, using only the output of a standard heated oxygen sensor placed in the tail-pipe. That’s just what was done with a DFA in Real World Air/Fuel Ratio Tuning.

Conclusion

The DFA allows the alteration of the air/fuel ratio across the full range of loads in the engine’s operating range. This allows the running of larger injectors or a larger airflow meter. When making less radical tuning changes, the air/fuel ratio can be altered at high loads. Tuning is easy and effective and driveability is seamlessly excellent.

Next week – we make a radical change to the way in which an airflow meter works and then use the DFA to achieve perfect mixtures. Airflow intake restriction was halved....

Closed Loop

In ‘closed loop’ operation the ECU constantly watches the output of the oxygen sensor, modifying the injector flow to keep the air/fuel ratios around 14.7:1. (This is the ratio at which the cat converter works best.) Closed loop operation in most cars occurs at idle, light loads and cruise. At full load most cars drop out of closed loop, enrichening the air/fuel ratios and setting them on the basis of information mapped in the ECU. When the ECU isn’t using the oxygen sensor to help determine air/fuel ratios, the car is said to be in ‘open loop’.

Tuning changes made with the DFA at loads where the car is in closed loop will usually be learned around by the ECU, unless those changes are so great that the ECU reaches the maximum amount it can learn. This means that when modifying the air/fuel ratio, it is usual to make these changes only at loads where the system is in open loop.

The loads at which the ECU changes from closed to open loop can be easily assessed using a Mixture Meter (see Cheaply Monitoring Air/Fuel Ratios) or any form of air/fuel ratio monitoring. The Closed Loop Monitor (see The Closed Loop Monitor) can also be used.

But if you’ve made a really major change to the system (eg upsized injectors or the airflow meter) you will need to DFA-tune the mixtures right through the load range. You won’t be able to alter them away from 14.7:1 in closed loop, but without the DFA helping, the ECU wouldn’t have been able to learn enough to work with the large injectors and airflow meter, anyway.

In this sort of situation it’s usual to disconnect the oxy signal input (unless that causes the car to enter limp-mode) and do all the tuning with the DFA, plugging the oxy sensor back in only when you’re finished. In this way, the oxy sensor with do the ‘fine tuning’ for you.

So what air/fuel ratios do you want to run at different loads? See – Tuning Air/Fuel Ratios Tuning Air/Fuel Ratios 

OEM Computer Simplified

It does surprise me that no one has taken the time to study the main component that controls a IC engine, the computer. There are numerous books on the market that can walk most folks through the process of learning what the computer is, what it actually controls, and how the sensors help the computer control power, gas mileage and emissions. The following applies mainly to GM and Japanese engines that I have worked on over the years.

The basic fuel injection time(Injection Volume) is calculated from the sensors input: Manifold Absolute Pressure(MAP) manifold vacuum, Crankshaft Position Sensor(CKP) which is RPM,and Throttle Position Sensor(TPS).

To compensate for different loads and conditions, the following sensors and signals are used: Atmospheric Pressure Sensor(Baro), Engine Coolant Temperature Sensor(ECT), Intake Air Temperature Sensor(IAT), Oxygen Sensor(O2S) or Heated Oxygen Sensor(HO2S), Battery Voltage Signal and the Starting Signal.

With the Basic fuel injection time and compensation together gives the total fuel injection time that is sent to the fuel injectors. This signal determines the injector ON time. The fuel pressure (36 to 60 psi depending on the vehicle) and the injector ON time determine the amount of fuel volume allowed into each cylinder in a one injector per cylinder arrangement.

                                                                            Explanation Of Compensation: The Baro Sensor senses the atmospheric pressure, if it is low, a signal is sent to reduce the injection time and if high, the reverse is true. The ECTS detects coolant temperature, if coolant is cold/cool, a signal is sent to increase the injection time and as the coolant heats up, a signal is sent to reduce the injection time. The IAT senses outside air temperature or the temperature of the air as it enters the air filter area and performs the same process as the ECTS. The Oxygen Sensor or Heated Oxygen Sensor senses the amount (density) of oxygen in the exhaust gases and its signal varies the amount of the fuel added (if Lean) or subtracted (if Rich) by the injection time. The computer senses the Battery Voltage since it operates from it. If a low voltage to the computer is detected, the injection time is increased, as a low voltage will shorten the injector ON time. In starting the engine, the computer senses this and adds more fuel.    

The OEM programs the computer with basic 3-D fuel and Ignition maps. These maps have minimum and maximum values that cannot be exceeded. The above sensors modify these maps to allow the engine to perform correctly under all loads, all conditions while keeping the emissions to the stated EPA requirements for that engine. The above sensors are nothing but variable resistors. Most vehicles use a standard 5-volt signal to the sensors. This voltage is changed by the resistor in the sensor and sent to the computer as a 0.1 to 4.85 volt signal. In trying to modify the sensor, you have to stay within this voltage range, if you go outside this range, the computer believes the sensor has failed and it will use a fixed value that has been programmed in and ignore that sensor-the CHECK ENGINE light turns on and a fail code is entered. When the engine is started the next time, the computer does a self-check of itself and all sensors. If the sensor that was modified is still out of range, the check engine light will come on. If the sensor is in range, the computer will accept its signals and enter a temp fail code into its memory, the check engine light stays off.     

The Ignition Timing is calculated approx. the same way the injection timing is; a 3d basic map is modified by signals from the CKP,TPS,and ECT sensors. In some cars and motorcycles, there is a Gear Position Sensor. It works with both fuel injection and ignition. In each gear, there is a basic fuel and ignition map setup for that gear. The input from the other sensors fine-tunes the operation for each gear that the engine is in.   

All the above use the TPS and MAP to determine the air flow into the engine,however,some vehicles use a MASS Air Flow Sensor(MAF).This sensor uses a fine special wire that is heated. As the air flows across it, the change in its temperature is sensed as a frequency, which(in some cases)is sent to the computer; or(in other cases)converted to a voltage signal which then is sent to the computer. If your vehicle has a MAF,it will not use a MAP. Trying to modify a MAF signal is problematic at the best. The computer must see how much air is coming in to the engine to fuel it correctly. Lowering or raising the signal too much can cause stalling/bucking,etc..In setting up the computer for whatever you want to do, this would be one sensor to leave alone.

In modifying the computer for H2/O2 use, you need to first purchase a OEM Factory Shop Manual for the vehicle you are going to modify. A Haynes, Chilton or Clymer’s manual will not do at all, as they do not go into the emission specs,resistances,voltages that the sensors use. Not all vehicles use the same sensors, the same way others do. You have to KNOW what you are trying to modify.Also,no one sensor has more control over the computer than any other sensor does. There are instances where one or more sensors are depended upon slightly more that the rest as the engine rpm,throttle and load changes, but the computer decides what it needs from the sensors and when as it updates itself to as many as 500 times a second.     

First of all, find all the sensors your engine uses and make a list of them.  Then,using the shop manual, find the signal value range for each sensor and list that with each sensor.IE:HO2 sensor- 0.015 to 1.5 volt signal range.                                           

The safe sensors to modify are the: O2/HO2 , BARO , ECT ,and IAT. You will modify these sensors using fixed resistors. This will keep the sensor signal at a fixed point within the signal range the computer expects and you can get that sensor to go either richer or leaner throughout the complete rpm range. Explanation: When a sensor fails, the computer ignores that sensor and uses a fixed value. Lets say that the O2 sensor fails-the computer ignores the sensor and uses a fixed value of 14.7:1 which may equal (in your vehicle) a 0.6 volt signal. Most oem shop manuals will give or show what fixed values the computer uses incase of sensor(s) failure. Now that you have this voltage value, you can calculate the resistor value needed for that sensor that you want to modify and keep to the 14.7:1 ratio.

I will not give any resistance values as I do not want the reader to email me saying they read this and did everything I said and use the resistors that I had stated, in their engine and they are having problems. There are other members in our Yahoo group that can help/show the reader how to calculate these values.

Now that we have our resistor selected, we’ll use the oxygen sensor as our first mod.Find the O2 sensor wire; follow it into the wiring harness. Cut the sensor wire. Install/connect the resistor to the O2 wire in the harness and ground the free end. Use the wire from the O2 sensor to power a Exhaust Gas Monitor-a wideband meter would be great(8.0 to 18.0:1),but a standard meter will work fine. This will allow you to monitor how much leaner the engine is running. Depending on how your computer reads voltage signal, you can change the resistor higher or lower to get the richer or leaner mix you need. The use of a variable resistor (pot.) is not advisable nor do I recommend tapping into sensor wires with the sensor still in circuit as it is to easy to put that sensor out of range and the computer into fault mode. With the O2 circuit fixed, drive the vehicle. Have a passenger note the meter readings as you drive. This will help in deciding if you need to go leaner.

You need a driving test circuit, a length of road several miles (20) long, with if possible, long straight a-ways, up and down sections (Hills), freeway and stop/go(City) driving. You are testing for higher overall mpg.Test the vehicle without a H2/O2 Booster connected. A scan meter can be used but be very careful as when you start modifying the sensor(s),the computer will be sending the wrong info back to the scanner,mpg wise. I would fill the fuel tank completely before and after each test to get the mpg.Its not that acurate,but better than nothing. Connect the Booster and go for another drive, and watch the exhaust gas meter. If while driving, the meter shows a leaner mix than before, you now have proof that the booster is working and the engine is using H2/O2. If you have a scanner, connect it and drive the vehicle having the passenger watch the coolant temperature. The shop manual will show what the engine coolant temperature should be normally and at what temperature is considered overheating. If the engine coolant remains in the normal range, you may want to change the resistor value to lean out the mixture only a slight bit leaner. Do all changes in small steps-NOT large jumps, as you could miss "the sweet-spot" for that sensor with the booster connected.                                                         

You now had a base line to use for further sensor mods.Leave the Booster active throughout the rest of any sensor mods.Start with setting the sensor to the computers fixed value, then test drive.Next,try leaning out "slightly" that circuit. Test drive,again.ETC..

For my own testing purposes, I did not touch any other sensor except the BARO.The BARO reads atmospheric pressure from slightly below sea level to 10,000 feet. In the bad old carburetor days(LOL),you went one jet size smaller for approx. every 2,500 feet you went up. At 10,000 feet in altitude, this is a main jet 4 sizes smaller than sea level. Now we are real lean!!!!! The BARO sensor sets up the computer for the altitude you are at. This allows the computer to lean out the overall mixture and operate correctly, staying within EPA emissions. You would be well advised to modify this sensor only, by determining the resistor value for operations at a 2,500 foot level. Test drive as before. Watch the engine temperature closely. Check for mpg.Change the resistor if ness. and retest. 

WARNING:Remember,if you travel up in alitude,you will need to change the resistance to meet the altitude you will be at;IE:you set up the BARO for 2,500 feet and you drive to Denver,Colo. which is at 5,000 feet, if value is not changed, you will have a rich running engine. The reverse is true if you leave Denver to go home (at sea-level), if not changed back, the engine will be very lean.

                                                                         One other item, which I won’t go into, is the 3-wire sensor to resistor conversion. The 3 wire sensors have: a 5-volt power wire; a sensor wire and a ground wire. Depending on the vehicle, year made, and engine management system used, some computers want to see a small voltage on the ground wire from the sensor; other computers don’t. There is away to get around this, but I will leave this up to the other members of this group to figure out. The only way to know if your system requires this signal is to try the resistor mod from the 5 volt wire to the sensor wire. If everything is done right, the check engine light stays off.                                                              You will notice that I did not go into any modifications of the EGR (Exhaust Gas Recirculation); EECS (Evaporative Emission Control System); Fuel Pump Pressure or the PVC (Positive Crankcase Ventilation). I am trying to keep these engines inside the EPA guidelines for emissions. There are some gains to be had, but without the proper testing equipment, its not worthwhile for a DIY.

Please remember that your Booster will be most effective at low engine rpms and possibly into the engine's mid-range. As the engine speed (rpms) go up, the engine is using more air/fuel and the Boosters output is fixed at say, 1.7 lpm.From idle speed on up, the booster will be less and less effective. A great booster would be one that could increase its output as the engine speed increases, so the engine would benefit from H2/O2 from idle to wide open throttle.

                                                                                       As a end to this little paper, PLEASE stay away from so-called Sensor Modifiers, or O2 extenders,etc..One little resistor is super cheap, easy to understand and easy to install or change out. Just think of ROI-Return On Investment. If you buy a system, install it and have problems getting it to work for you, what is your ROI?  There will be some that swear these things work and how dare I put them down!

                                                                       I answer: When you have 40 years in tuning,building,repairing,designing,racing,etc. 2 cycle/4cycle gasoline,ethanol,methanol and propane(LPG) engines along with complete understanding of Carburation, Fuel Injection, Exhaust Systems and Ignition systems, you more than know what works and what doesn't. Plus, hardcore testing of many items that are on the web for sale, that seem to show some promise, but testing proves otherwise.

In closing, I hope this can help the members see that computer control is not that hard given good, straight facts. This work is copyrighted and can be used only for personal use  and not to be displayed on anyone’s website, except Yahoo's Water Car Group or used as a gimmick for CD/DVD sales. I reserve all rights. Disclaimer: The information given is true and accurate, but I take no responsibility on your use/miss-use of this information. It is your responsibility to meet all city,county,state,and federal EPA laws.                                            

Louis A. Gattman III      04-10-2008            Repairs Unlimited

