Teaching Fuel Systems
[image: ]When we switch over to teaching fuel, it is easy to slide directly into an injector waveform.  There will be lots of transfer of knowledge since we have just looked at the primary circuit waveform.  Like ignition have the student see the voltage changes at the injector starting at the white board again.  Draw the ECM/PCM as a switch that opens and closes a ground.  It is true that some vehicles, but not many open and close the power circuit but start out with ground switched circuits.  Ask the students what will the voltage be on the negative of the injector with the switch open?



[image: ]Change the drawing to reflect a closed ground circuit and ask the same question.  What will the voltage be at the negative of the fuel injector with the circuit to ground closed?  The above two drawings are on Microsoft White Board




At this point switch them to a live vehicle that has easy to get at injectors or use an engine bench or trainer (hopefully from ConsuLab…).  Many trainers have breakout terminals so the student will not have to back probe or disconnect anything.  This pattern is from a Toyota injector on an older vehicle.  Notice in the zoom overview box that I am using only the voltage waveform (the blue trace).  I would suggest that you have the students capture only the voltage waveform first on a single trace DSO.  Use whatever you have both in terms of vehicles and DSO’s.
[image: ]
This is the point to again have the students answer basic questions using cursors.  What voltage was present when the injector was off?  What voltage when the injector is on?  How long did the ECM/PCM pulse last?  What was the voltage of the inductive kick?  Have the students write directly on the printout but make sure they use cursors.  One of the advantages of a DSO is the ability to use cursors to measure.  Reinforce that they are measuring at the negative of the injector.
The next concept to get across is the pintle bump (blue arrow).  The electrical characteristics of the injector coil of wire change if the pintle is moving.  When we turn off the ground, the pintle moves, closing off the injector.  This change in the electrical characteristic of the coil is actual a generating of a back voltage.  This causes a slight rise in the pattern as the inductive kick is being bled off.  This is the exact point where the injector shuts off fuel.  Notice that it is actually after the close signal from the ECM/PCM.  Sometimes you will have to change the voltage (reducing it) setting to make the bump look larger and easier to see.
[image: ]

[image: A close up of a device

Description automatically generated]Let’s move into current measurement using a current probe.  Couple of points here: the probe will use a battery and may need to be zero adjusted.  Notice the green light and the blue zero knob.  The green light indicates that the probe has suficient power to measure current flow.  Do not use a probe with insufficient power as the readinbg might not be accurate.  The probe is placed around either wire at the injector naking sure the clamp is completely closed around one wire.  Use the trigger function and place the pattern as shown below.







[image: A close up of electronics

Description automatically generated]Use the lowest setting your probe has.  On this probe the 20 A setting is the best choice.  Notice the (100mV/Amp).  This means that for every Amp flowing, the probe generates a 100mV signal.  Very important information!




[image: ]
This a typical fuel injector current ramp pattern.  By itself it gives the level of current of about .8 Amps (100mV = 1 Amp) and an open signal of 3.45 mSec.  This pattern comes off of ConsuLab’s EM-330.  Since there is no compression on the plugs the open pintle bump is a bit hard to see.  The blue arrow is the open signal or pintle bump.  Students need to understand that they can see the open pintle bump on a current signal and the close pintle bump on the voltage waveform.
If we dual trace the patterns we can look at each in the same time frame. As this illustration shows. [image: ]
Look hard and you will see both pintle bumps.  The open pintle bump is on Channel A, the blue trace and the close pintle bump is on the voltage waveform on channel B, the red trace.
[image: ]
The comparison of pulse signal command vs the actual opening time as measured between pintle bums tells us if the injectors are clean or dirty.  Using the cursors makes this an easy task.  Let’s look at another example:
[image: ]
Follow along with this MTS 5100 older style DSO.  Current is on the bottom; voltage is on top.  Measure the distance between the pintle bumps.  Each division is 1 mSec.  the fuel injector stays open for about 4.5 mS.  Now look at the voltage waveform (top).  Look at the command signal from the ECM/PCM.  It is about 5.25 mS.  This is a great teaching lesson, and it shows what happens as fuel injectors get dirty with increased miles.  The ECM/PCM will have to command the injector open for 5.25 mS for the injectors to inject 4.5 mS worth of fuel.  Ideally the numbers will be the same, but realistically they should be within .1 mS of each other.  As the injectors get dirty the amount of fuel which can flow through them is reduced so the command signal must increase to compensate.
The delivery of fuel is the next this to look at.  We will use the speed of the fuel pump as an indirect indicator of pump health.  As pump age and/or develop problems they will typically slow down, reducing the fuel delivery.  Place the amp clamp around the fuel pump wire.  This pattern is again from our EM-330, which has a complete fuel delivery system.

Find a repeating pattern and count the number of bumps between.  This indicated the pump has made one rotation.  So, 8 bumps indicate a pump rotation.  How long did it take to complete one rotation?  Measure it with cursors or just figure it.  At 2 mS per division it is just shy of 10 mS or .010 Sec.  Here comes the math – SORRY!  To calculate how many rotations in a second, just divide the time in seconds into 1 (one second) 1 ÷ .010 = 100   So, this pump turns 100 times a second and if there are 60 seconds in a minute then this pump is turning at about 6,000 RPM (100 X 60 = 6000)  The manufactures specify that most pumps need to turn a minimum of 4500 RPM, so this looks like a good pump.
Note: If you use a PICO, putting the cursors on the repeating pattern will result in a direct measurement of RPM.
Here is a bad fuel pump for your students to calculate speed on. .035 mS for one turn = 28.5 turns per second or 1714 RPM.  Definetly bad.  BTW, this is the pump before replacement.  The pump pattern above is from the new pump.  Same car.







Here is a pattern from the ConsuLab’s EM-330 with the cursors added.  The automatic calculation of pump speed is in the lower right side of the screen.  7183.1 RPM  This pump spins a bit faster than normal since it is pushing solvent rather than fuel.
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