AIR / FUEL RATIO METER

Make your own Air Fuel Ratio Meter
Last updated: October 21, 1996 

It is very simple to build your own AFR Meter, and all you need is a little electronics experience and that's about it. The parts you will need include the following: 

    1 LM3914 from National Semiconductor. 

    10 LEDs (assorted colours are nice.) 

    1 - 1k Ohm resistor. 

    1 - 220 Ohm resistor. 

    Wire. 

    Solder. 

    A prototyping board. 

    A little case for the final product. 

There's really not much to it. What we end up building is a 1V full scale LED bar driver. The output of your existing O2 sensor is hooked up to this little device and then it displays the voltage on the sensor. It will give you a rough feeling for what the engine is doing. You'll know when your engine is too rich or leaning out and can then make modifications to prevent these conditions. I have a few more links below to help you get all the information you need to make your own AFR Meter. 

    A brief description of the LM3914 chip from National Semiconductor. 

    LM3914 specifications (in PDF format) from National Semiconductor. 

    The Adobe software that you'll need to read that PDF file. 

    A schematic of the circuit that you will build. 

    The Do-It-Yourself Electronic Fuel Injection Mailing List Home Page. (This 

    is where I got the original idea for this thing. I find that my circuit 

    diagram is a little better... 

As of Jan. 29/96, I have yet to try this circuit out. I will attempt to get outside sometime when it is warmer (today its -26 deg C outside with windchill). If you try this out and get it to work, let me know bm959@freenet.carleton.ca. 

Feb. 6/96, I have tested the circuit. It does work as is, although I am unaware if it loads the O2 sensor down (hence providing slightly low readings to the ECU). I hooked up the circuit directly to the sensor under the hood and moved the throttle. The circuit responds well, shows how the mixture richens, then how the ECU goes in to closed loop control (this is holding the engine at 2000 - 3000 rpms with no load). The LEDs oscillate, from about the third to the eigth in closed loop. Note that this is in the driveway at no load, it will most likely act considerably different on the street when switching between open and closed loop control modes. I would also recommend installing some sort of switch on the circuit. This circuit might tend to get a little annoying after a while with all its LEDs flashing all the time. Great 'seat of the pants' diagnostic tool to make sure that your vehicle is running under the proper conditions. I will be updating this page in the future with a design for an input buffer to provide better isolation between the LM3914 and the O2 sensor so that the sensor does not see any loading from the circuit. 

Feb. 14/96, I have started to build the dash mounted LED bar for the car. I have also dusted off some old engineering texts to research making an input buffer, but I might have to get some other circuits including a voltage inverter and a voltage follower to provide good input buffering for the circuit. I am also looking at designing my own voltage follower, but I might encounter problems with how much time I really want to spend on it. I think that the quick way would be to get the right solid state stuff and plug it all together quickly. We'll see... I also had to fix the links to National and Adobe, they had moved their stuff... 

Mar. 26/96, Concerning the input buffering. Well, I am having difficulties finding a buffering op-amp that will work well between 0.0 - 1.0V without a negative -Vss. Using 0V for -Vss, most op-amps crap out and flip the output to the positive supply when the input voltage started to drop closer to 0V. The specifications on the LM3914 do say that the input pin only draws typically 25nA to a maximum of 100nA. This theoretically provides a very high input impedance when compared to 1V maximum input. So, I'm figuring that the input impedance of the circuit is somewhere around 10Mohms, but I'm guessing. I feel this is sufficient to prevent loading of the O2 sensor. So, go ahead! Build away, mine is built and working. Just have to rip apart the car when it gets warm enough and install it in to my dashboard. 

July, 9/96 Some time in April 1996, I installed the circuit in to my car, with a good healthy length of sheilded cable. It is integrated in to my instrumentation pod cowl and looks very professional. (Had to do a lot of very careful work with a file and Dremmel tool). It works great and I haven't had a problem with my car at all since I've installed it. It really does dance around a lot when 'cruising' down the highway. The ECU stays in closed loop control and uses the O2 sensor to adjust mixture and the LEDs dance quite nicely. Once the throttle pedal is mashed, the LEDs dip off for a second, leaning right out and then the engine richens the mixture way up and off you go. When on WOT it stays around the 8th LED, which corresponds to a sensor voltage of over 0.8v, although I have no idea what it corresponds to with respect to mixture ratio, it looks rich. When using the ECU's O2 sensor diagnostic mode, the MIL light switches modes when my LEDs switch between the 4th and 5th LEDs, which is bang on. I'm very satisfied with my circuit, and it wasn't that hard to make, just time consuming. 

In order to do a good job, it takes a lot of effort.

October 20, 1996. The circuit it working great and I haven't had a problem at all with it. Not a single peep from my ECU in the form of diagnostic problems or anything like that. Works like a charm.

Subject: Re: Air Flow Meter Allen Bolt? 3/12/99L

From: "MT" martin.taylor@clear.net.nz Martin

>Where is the air bypass screw at the throttle?  My car hesitates like crazy >when cold.  The AFM bypass made a big difference to the good when warm.  Is the >throttle air bypass for cold mixture adjustment?  Trent

----------

Hi Trent, the bypass screw at the throttle sets the idle speed when hot, the aux air valve or idle stabilizer (on later cars) allows extra air to bypass when the engine is cold.  If the engine idles well when hot I would leave the air bypass screw alone and suspect the aux air valve to be stuck closed, or a faulty engine temp sensor miss reporting the temp of the engine to the DME.  The screw on mine is actually a bolt on the engine side on top of the throttle body.

Throttle stop screw: stops the throttle butterfly 0.5 turns from fully closed (to prevent throttle sticking and ensure it always closes to the same place)

Air bypass screw at throttle: sets warm idle speed by allowing a set amount of metered air past throttle.

Aux air valve or idle stabilizer sets cold idle speed by allowing more metered air past the closed throttle when cold.  On early cars it is a simple bimetal timer, on later cars it is a stepper motor which can drive open and closed to control the idle speed fully (I think that is why there is no throttle bypass screw on the 968 cars)

Mixture screw at AFM: allows unmetered air past the AFM, more air past and the DME thinks the car is getting less air and gives a leaner mixture etc.

Temp sender: gives the DME a signal to generate the correct mixture (via injector pulse width) to attain correct fuel atomization for the temp. There is a temp sender in the AFM as well as in the motor.

I will forward to the list as this subject seems to be of common interest.  Let me know anymore details of the cold run/idle problem and I may be able to make a few more suggestions, my car does not hesitate at all when cold, there is no difference but I did have to replace the idle stabilizer.  

Subject: RE: Measure A/F ration with CO meter, 11/24/99L

From: Clifton Hipsher clifh@microsoft.com 

Why not go to Summit Racing (http://www.summitracing.com/index.htm), select Intellitronix from the list of manufacturers, type TH7009 in the part number field, and then click 'GO!'

For $29.95 + shipping, you can get a digital A/F meter.  You can either mount it in a Radio Shack project box, or you can mount it in your center console.

I can use my meter both ways.  What I did was put insulated female spade lugs on the meter leads (two for power and one for the O2 sensor), and then I wired a project box with a bullet connector and male spade lug for the O2 sensor lead, and male spade lugs and small jumper cable style clamps for the power leads.  This gives me a small, easy to use meter.  To set the mixture, just hook the power leads to the battery, disconnect the O2 sensor lead, plug the bullet connector into the O2 sensor lead, start the engine, wait for the sensor to heat up, and then make your adjustments.

For in-dash use, I ran a wire from the O2 sensor lead in the engine bay into the dash. I pulled the gage cluster from the center console and removed the clock (My CD player displays the time).  I installed the meter in the gage cluster, connected the clock power, ground, and O2 sensor input, reinstalled the gage cluster, and Viola, I have an inexpensive in-dash A/F meter.  BTW: Because this meter uses solid state electronics, the current drain is probable equal to or less than what the clock draws, so don't worry about draining the battery.  As a side benefit, removing the clock gave me an extra instrument light and socket, so I used it to add an additional light to the speedometer.  There are three spots for lights, but there are only two sockets wired into the harness.

One other point: The A/F meter's bezel ring is about 2 to 3 times as thick as the clock's bezel ring, so you do not get as much recess into the gage cluster.  This is purely cosmetic.

----------

Matt Henson hensonator@yahoo.com 

Yea but that's not a real A/F meter.  It only accurately measures in the ~14-15.5:1 range - great for it's intended purpose (closed loop operation in the 1 lambda range) but not very good for real tuning of the open loop parameters.  Turbocharged cars need to run in the 12-12.5 range (sometimes even less!) when under full boost.  A regular O2 sensor just can't deliver the accuracy that you need in that range.  Not when your engine is on the line.  

The current best practice is to take your car to a tuning dyno and set up your ARC2 or burn your chips using their expensive (~$1k) equipment.  I'm wondering if a fairly accurate CO meter could give satisfactory results.

Subject: Re: Measure A/F ration with CO meter?, 11/24/99L

From: "TonyG" toeknee@brandx.net 

I ran a 951 that belted out 350HP to the wheels for 40K miles (at that power level) with a ARC2 and the HR 4 wire 02 sensor, and the ARM1 a/f gauge.

I've got over 30 dyno pulls on the car.  Before every dyno session the car is run on a tuning dyno with a Horriba exhaust gas analyzer just to check and verify my ARC2 settings.

I was able to run almost a perfect linear a/f ratio under boost of 11.8:1 according to the Horriba. This is almost exactly what my a/f gauge indicated (and the car was tuned by me on the street with my little ARC2!!!)

I always tuned my car with the ARC2 and the a/f gauge on the street and have never been off and have never had any problems (always running 19-20 psi boost on 92 octane pump gas).

No flame intended :-) but you can set up your car correctly with the 4 wire 02 sensor, and the HR ARM1 a/f gauge.

Subject: [951] Dawes devices air/fuel gauge, 6/25/00

From: David Hanning UpLifesp49@aol.com 

I just found a very interesting air/fuel meter sold on a site called Dawes devices. I'm seriously thinking about getting this one for my old 87. Does anyone have any experience with this one? Also anyone else care to look at the site and tell me what you think? http://www.dawesdevices.com/turbo.html 

Subject: [951] Re: dawes devices air/fuel gauge, 6/25/00

From: John Anderson blackbox@san.rr.com 

Looks a little homemade to me...a direct copy of our ARM1 gauge. It may be cheaper, but are you willing to risk your engine on its accuracy?

Subject: [951] Re: dawes devices air/fuel gauge, 6/26/00

From: "David Lindsey" dlindsey@ionet.net  

We offer a nice piece for a little more money.  Not only do you get air/fuel ratio, but you can monitor your injector duty cycle.  Lets you know when your injectors are to small as you upgrade things.  I don't think others do this.  

David Lindsey, Lindey Racing, www.lindseyracing.com 

Subject: [951] Re: dawes devices air/fuel gauge, 6/26/00

From: "TurboTim" timer1@home.com 

It looks like a big pile of crap to me.You can probably duplicate this thing with $4 of Radio Shack parts!

