FUEL COMPUTERS AND AFTERMARKET SYSTEMS

OPEN LOOP – this is the condition where the DME is not using the oxygen sensor output to adjust the fuel mixture.. This condition is triggered when the trottle is opened >60 in a short period of time.

CLOSED LOOP – this is the condition where the DME adjusts the injector duty cycle based on the fuel ratio as measured by the oxygen sensor. Note that closed loop mode  can be used all the way to redline if the throttle is opened gradually. Rapid gear changes and hard acceleration will of course send the DME into open loop.

AFM Signal

The way the AFM works is to put out a voltage from 0-5V representing the amount of air flow. The DME expects to see a voltage somewhere between 0-5V.

Adding in mods to get more boost means that the AFM would hit that 5v max output much sooner. To cope with the extra modsitis necessary to massage the air flow signal being sent to the DME this is what the ARC2 and Link MAP systems do.

When the DME sees a particular voltage and it is operating in closed loop mode (after rapid throttle opening) it goes to its chip based fuel map and finds an injector duty cycle number. This will deliver a predetermined amount of fuel that should match the airflow being measured.

Limitations of original AFM – the original AFM was calibrated for a stock motor such that it would be providing 5v output at an airflow that corresponds to the maximum airflow that a stock motor could achieve (call this airflow X). When the engine is modded with bigger turbo’s and exhausts etc its air flow capacity is increased. On this modded engine the stock AFM will hit a point where it is outputting 5v at airflow X and as the engine continues to higher RPMs and greater airflow the AFM will still continue to be capped at 5v because that is the maximum output signal. The DME will see the fixed 5v signal and continue to use the injector duty cycle that corresponds to that 5v. But since the airflow is actually increasing whilst the fuel delivery remains capped the fuel mixture will be getting leaner and leaner as RPM increases.

MAF systems measure the air flow and generate a similar range of voltage to what the AFM would do (0-5v) the chips that go along with the MAF will generally have their own fuel maps that will use higher duty cycles to deliver more fuel that is needed by cars with mods such as MAF & bigger turbo etc. The ARC 2 allows fine tuning of the system by further massaging the air flow signal up or down (within the 0-5v range). The massaged air flow voltage will then just correspond to a slightly different number from the fuel map in the chip.

MAF Adjustments – in a poorly matched MAF system the output voltage my not correspond well to the air flow capability of the engine so that you end up in a situation like the AFM where the voltage becomes capped at 5v for a given airflow. Adjustment of the ARC 2 will be of no benefit from this point on because the output will already be at 5v and any positive increments to the airflow signal will have no effect (because its already at 5v) Whilst tuning on a dyno this could give the impression of being in closed loop because +ve adjustments of the fuel computer will not increase the richness of the mixture.

The link system generates an air flow voltage between 0-5V that can be input to the DME. Danno’s link system also comes with chips that are burned with fuel maps to suit certain cars. The benefit of the system is that his fuel maps (injector duty cycles) are based on particular mod configurations and injector sizes so that the duty cycles in his maps are likely to be producing good mixtures as long as your mod configuration is matched to the chips that you have purchased. The link tuning module acts in a similar way to the ARC2 in that it allows the user to add or subtract a certain voltage from the standard output at particular RPMs and load conditions. This adjusted airflow voltage will then correspond to a certain injector duty cycle from the chip fuel map.

Fuel pressure regulator - Increasing the fuel pressure will allow the standard injectors to deliver more fuel for a given duty cycle and will allow an across the board increase in richness. This can be useful for modified engines which have a higher airflow and which need more fuel.

Fuel injectors – At some point it becomes necessary to increase the capacity of the fuel injectors because the engine capacity may demand more fuel. Initially the fuel delivery can be increased by increasing fuel pressure and then by increasing duty cycle but when the injector is being run at max fuel pressure and max duty cycle it will be necessary to install larger capacity injectors if more power is needed from the engine. Once bigger injectors are used it will be necessary to match the fuel pressure and duty cycles (fuel map in the DME) to suit the delivery rate for the new injectors.

Air Fuel Measurement. – Lets assume that you have purchased a MAP kit  with chips to suit a bigger turbo and 65lb/hr injectors. This kit will have the MAP kit programmed so that it will deliver a 5v signal at the expected airflow capacity of your engine and it will have a duty cycle based on the 65lb/hr fuel injectors and it will be expecting that you operate the FPR at a certain fuel pressure (ie 3 bar). The MAP kit will deliver reasonable fuel ratios and power because the chips and their fuel maps are reasonably matched o your cars mods. However every car is a little different  ie exhaust size, head flow characteristics, specific turbo model etc. These differences will result in slightly different flow characteristics from the vehicle used to tune/write the fuel map in the chips you obtained with the MAP. Those differences in flow characteristics may require you to slightly adjust the air flow signal output by the MAP unit at certain RPMs That will cause the DME to use a slightly different injector duty cycle at those RPMs so that you achieve the correct mixtures at those RPMs. In order to do this tuning it is necessary to  know the AF ratio at each RPM  so that you can spot the points that need adjusting. You can then use the tuning module or software to adjust the MAP kit air flow signal at that particular RPM. Wideband O2 sensors with RPM logging are needed to take these kinds of measurements. The typical dithering AFR gauges are not sufficient for this purpose as they are really only good for telling you that your mixture is at stoic or not at stoich. When these cheaper gauges show stoic they are accurate but when the gauge reads anything other than stoic the actual amount of richness or leanness indicated is very inaccurate (the regular sensor display is only designed to provide an accurate reading at stoich)

LINK Logging – use the link system to log the air flow signal all the way to redline in each gear and verify that the signal only gets to 5v at about redline. That will indicate that the output of the LINK air flow signal is a good match to the flow capacity of your engine. If its hitting 5v before redline your engine will be heading towards lean as rpms increase beyond the cap point (rpm)

