Nebojša Nikolić, Ivan Klinar, Jovan Dorić, Nenad Raspopović
Influence of the faulty MAP sensor on some operation parameters of an automobile spark-ignition engine)


[image: image1.jpg]
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Summary: The research was conducted for the purpose of determining the possibility of diagnosing faulty MAP sensor readings of an automobile spark ignition engine. In that sense, an engine with no air-flow meter, operating under steady-state conditions, was tested on the test stand. The engine fuel system was operating in a closed-loop mode with the oxygen sensor. The tests were carried out in several operating points, first with the engine operating without any faults and then with a reading fault of a MAP sensor. Three different intensities of a mentioned fault and their impact on the engine speed and MAP sensor signals as well as on the injection pulse width and the spark angle were considered in the study. The measured values were compared with the corresponding values obtained with the engine operating under no-fault conditions. The results are shown in the diagrams followed by the appropriate comments.
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1. INTRODUCTION
In order to identify a faulty sensor on an engine, the engine bahavior should be monitored. In other words, it is necessary to investigate if some measurable engine parameters are affected by the sensor fault. According to that, the subject of the research, described in the scope of this paper, was a manifold absolute pressure sensor (MAP sensor).
In majority of automobile SI engines, the basic injection pulse width is today determined using mass air flow data. On some engines the data is directly measured by the mass air flow sensor (MAF sensor) and on the others, it is not measured but calculated. The most comon method used for the calculation is the so-called „speed-density“ method [1,2,3]. Among others, a correct value of the manifold absolute pressure is of crucial importance for the „speed-density“ method. For that reason, the authors of the paper decided to investigate the behavior of such an engine operating with an erroneous MAP sensor output.
2. EXPERIMENTAL INVESTIGATION
2.1 Experimantal installation

The object of the investigation was a liquid-cooled automobile 4-stroke, spark-ignition engine, with MPI fueling system. The engine was of the type YUGO EFI 1.1, with four in-line cylinders, engine displacement of 1116 cm3 and compression ratio 9.2. It was investigated on the test stand SCHENCK W230. The simplified schematic view of the experimental installation, with the measurement signals flow, is shown in Fig. 1.
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Fig. 1. Schematic view of the experimental installation: 1 – Throtle position sensor, 2 – MAP sensor, 3 – inlet air temperature sensor, 4 – camshaft reference mark sensor (Hall sensor), 5 – encoder, 6 – coolant temperature sensor, 7 – engine speed sensor, 8 – wide-band lambda-sensor, 9 – force sensor, 10 – amplifier, 11 – data acquisition card, 12 – desktop computer, 13 – VEMS controller, 14 – laptop computer
For the purpose of the investigation, some changes have been made to the engine in comparison to its original state. The largest change was the replacement of the electronic control unit (ECU). Namely, the original Bosch Motronic 3.1 ECU has been replaced with VEMS
 V3.6. Originally, a MAP sensor was integrated in the ECU. Therefore, a new MAP sensor has to be installed after removing the original ECU. Further, a wide-band lambda-sensor has been installed instead of the original narrow-band one. In order to monitor the impact of the faulty MAP sensor on the spark angle, the original ignition system has been substituted for another one – wasted-spark ignition system. Incremental rotary encoder also was a part of the experimental installation. The signal of the encoder was used in a LabView application [4] running on the computer 12 (Fig. 1), where it was adapted to show engine speed. Together with the encoder signal, the digitized dinamometer signal was used in the LabView application to monitor the engine operating point. The main reason for using VEMS instead of the original Bosch Motoronic system is the possibility of interactive communication between the researcher and the VEMS controller by using the associate software „VemsTune“, which is installed on the computer 14 (Fig. 1).
2.2 The experiment description
Before testing the engine behavior with the faulty MAP sensor, the appropriate engine operating points should have been selected. For that reason, several part-load engine torque characteristics have been determined on the test stand prior to the main experiments. This has been done for the following throttle plate positions: 10%, 12 %, 15%, 17%, 20%, 25%, 30%, 35% i 50% and the obtained results are given in Fig. 2.
Fig. 2 also shows the operating characteristic of the load torque obtained for a vehicle motion in fifth gear on a firm level ground. The red circles in Fig. 2 represent the steady-state engine operating points during the main experiments. By changing the offset value of the MAP sensor, the following malfunctions were caused:

1) MAP sensor 10kPa under-reading (the case „MAP-10“), 

2) MAP sensor 10kPa over-reading (the case „MAP+10“) i 

3) MAP sensor 20kPa over-reading (the case „MAP+20“).

After reaching the steady-state operation with the faulty sensor, all the monitored engine parameters were recorded into a log file for at least 5 seconds.
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Fig. 2 Engine operating points
3. RESULTS AND DISCUSSION
Fig. 3 shows the values of the engine speed, MAP, injection pulse width and spark angle, for the four considered cases („OK”, „MAP-10“, „MAP+10“ and „MAP+20“), with the engine running at the throttle opening of 30% for 5 seconds.
The graph in Fig. 3a shows a noticeable engine speed decrease for the case „MAP-10“, while in the remaining two cases there was no significant engine speed deviation, in comparison with the case „OK“. The graph in Fig. 3b shows mostly the expected results. In comparison with the case „OK“, the MAP sensor output in the cases „MAP+10“ and „MAP+20“ is higher by 10 kPa and 20 kPa, respectively, and for the case „MAP-10“, it is lower by 10 kPa. Injection pulse width in the case „MAP+10“ is at the same level as in the case „OK“, while the cases „MAP-10“ and „MAP+20“ are characterized by shorter and longer injection duration, respectively (Fig. 3c). As depicted in Fig. 3d, spark angle values increase as the MAP sensor values decrease.
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Fig. 3 Values of the considered parameters at the throttle opening of 30%: (a) engine speed, (b) manifold absolute pressure, (c) injection pulse width, (d) spark angle
4. CONCLUSION

The aim of the paper was to investigate the influence of the faulty MAP sensor on some important engine parameters. The following engine parameters have been monitored: engine speed, manifold absolute pressure, injection pulse width and spark angle. It was found that erroneous MAP sensor value, of the order of 10 kPa and 20 kPa, affects at least two of the monitored parameters. This indicates that monitoring of the aforementioned parameters could help in the diagnosis of MAP sensor faults.
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