











purple, white, blue, brown, yellow, and then returning to green. As you continue across the screen you will see a
break in the timing where the red injector event is present followed by a pause. After the pause, the purple then
follows, showing the sequence is not broken. Again the injector events continue until the orange injector event is
followed by a much larger pause. After the pause the red injector event occurs showing the sequence again was not
broken. These pauses create a problem where no fuel is injected to the cylinder in the engine, thus creating an
engine cut out.

The question now is what is occurring with these injector timing sequence events? It is clear that the injectors are
not being activated correctly; it is also clear that the injector event sequence remains intact. This is caused by a
software timing error where the algorithm written for the sensor events does not correlate with the actual sensor
positions. The software timing is accomplished with the crankshaft and camshaft position sensors. The program uses
the microprocessor’s clock to calculate the crank angle space. If the sensors are not in the correct location for the
program to calculate their position, an error within the program occurs. This programming error can create many
different timing sequence failures depending on how the program instructions are written.

In Figure 6, the oscilloscope capture is from this same 8-cylinder engine and shows the camshaft position sensors on
channel 1 (yellow), channel 2 (red) and the crankshaft position sensor on channel 3 (green). It can be determined
that the two camshaft position sensor waveforms are not in the same position compared to the crankshaft position
sensor. The red camshaft position sensor waveform is 3.5 teeth after the missing index tooth on the crankshaft
position waveform. The yellow camshaft position sensor waveform is 5 teeth after the missing index tooth on the
crankshaft position waveform. The red camshaft position signal at 3.5 teeth is in the wrong position. This mechanical
timing problem causes the program to be unable to correctly identify the crank angle space, thus creating an injec-
tor timing problem.
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It is important to understand how the timing sequence events are created, so when a problem occurs one can quick
identify the cause. Pay particular attention to the way these output signals fail. It is not that they failed, but the exact
way in which they failed — did the sequence fail, did the commanded time fail, or was a command issued. These are
the output commands that when incorrect are caused by input errors, software errors or electrical supply errors.
Each of these different errors will change the commands in different ways. By monitoring the timing sequence
events, some of the most difficult problems will become routine in your service bay.



