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1. Excerpt from Chapter 1 — Lab Scopes — How do

they work? (page 6)

Zero point: Another thing to look at is our zero point. (Sometimes called the ground
point. This is where the zero amount of voltage would be.) This is also adjustable, and
may be in different places on the screen, depending on what we are looking at. We might
have the zero point near the bottom, because we’re looking at positive DC (direct current)
voltage. And this will be all above the zero. Or we might have the zero point in the
middle, because we’re looking at AC (alternating current) waveform of an ABS signal.
And with AC, half the signal may be above the zero, and half the signal below the zero.
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This shows the voltage
level of 500mV per division
for Channel A. (The AC
means we will see only AC
voltage. More on that
later.)

The voltage went up

to about 700 mV and —_—

down to about —700
mV, for a peak to peak
voltage of 1400 mV,
or 1.4 VAC.

>
This “2ms” shows the

time for each division.
(2ms is two thousands
of a second)

The voltage goes low for about 2
divisions. The fuel injector “on”

time is about 4ms.
From here to here:
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2. Excerpt from Chapter 3 — Pattern Recognition
(page 15)
Throttle Position Sensor

Here’s an example of a Throttle Position
Sensor sweep. You see us open and me DTy e el by

P 1Y 200ms-OIY Trig:al —-10IY
close the throttle, and the voltage goes L L '
up and down. If there was a really bad -
spot on the potentiometer contact strip,
you would see the trace go down
suddenly where it shouldn’t. This causes
all sorts of havoc in how the engine L

runs—everything from hesitation,
stalling or even an intermittent fast idle. i .
a
But I must tell you here, testing a TPS
with a lab scope is not the best way to HOLD
. : SPECIAL FUMCT:
catch intermittent TPS. Do a ohms GENERATE WEGSURE_FRINT FRINTER

sweep with a digital DVOM and watch FORMATS SETUP$
the analog bar graph. That is really

sensitive, and problems will show up

there that won’t show up anywhere else.

Fuel Injector
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Let’s look at the different parts of anelie,  TEISARLG DY :
the fuel injector pattern. This is

just a basic port or sequential i \

injector where battery voltage - D

goes to the injector coil, and the
computer grounds the coil to

create the magnetism to open the A \ I - O N
injector. -

A\ shows that beginning =1

voltage level. This is >

usually close to system B I C

SPECIAL FUMCT:
voltage. GENERATE MERSURE PRINT FRINTER
B shows the voltage v FORKGE:SETURS

dropping low as the

computer grounds the coil. If this doesn’t get close to zero, there could be ground
problems, or a weak computer transistor can’t pull the voltage low.

C shows the computer turning off the injector by no longer grounding it. The
voltage goes up. From B to C is the “on-time” of the injector.

D When the coil is turned off, the magnetic field collapses, and this generates a
spike, similar to an ignition coil generating a spark. If this coil doesn’t go up very
high, it shows the magnetic field wasn’t very strong. Could be shorted coil
windings in the injector, or low amperage to the injector for some reason.




3. Excerpt from Chapter 3 — Pattern Recognition
(page 16)
Duty Cycle

This is an EGR valve vacuum regulator solenoid being turned on with a duty cycle signal.
Battery voltage is being grounded about 30% of the time, at a fast cycling rate. This
gives a small vacuum signal to the EGR valve to turn on the EGR valve a small amount.
When we want more EGR, the EGR is grounded at a higher duty cycle, like 50%, and
this gives more vacuum to turn on the EGR valve more.
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The function of and ignition coil is in some ways similar to the fuel injection coil. We
ground the coil to create a magnetic field, then unground the coil to get the field to
collapse. It’s this moving magnetism, as
the field collapses, that generates a spark @ 1oy OC 1931 Fieeey OC 131 HOLD
in the secondary coil windings. :

A\ is the voltage before the
primary side of the coil is
grounded. This should be close
to system voltage. It is also the
start of the time when the coil is
grounded by the ignition module
or computer.

D

B is when there is current
limiting applied to the grounding A
circuit. It keeps too much current

from running through the coil, so 'SﬁUE EEEﬁLL.
it doesn’t overheat.

C . . 2m=s0IY




4. Excerpt from Chapter 6 — Relative Compression
(page 34)
Chapter 6

Relative Compression

Well, now we get down to some diagnosis. How often have you wanted to do a
compression test, but some of the spark plugs are hard to get to. You need to qualify if
the mechanical part of the engine is good, but it

will take a lot of time and effort to get to the back  It’s easy. You don’t have to
spark plugs on a V-6 engine. The engine is get to a spark plug to check
missing on one cylinder, and you don’t know if the relative compression

the problem is compression related, or not. Good

news—there is an easy way to test this! You can

view the waveform of amperage going to the

starter motor and tell if the engine has good relative compression. Here’s why.

There’s this thing called “counter electro-motive force”, and we need to talk about it for
a bit so you see how it can help you. As electricity flows through a starter motor it’s not
an even amount. The amount goes up and down, depending on the condition of the
engine. When you first start to crank the engine, the starter isn’t turning. This makes the
internal resistance of the starter low, so lots of amps can flow. You will notice, if you
measure it, that when you first start to crank an engine over, the starter motor draws more
amps. Then, as the motor is turning, the amp draw goes down. This is because the starter
motor tries to act as a generator when it is turning. It tries to push some electricity back in
the opposite direction. (This is the “counter electro-motive force”, or C.E.M.F.) It can’t,
but it does increase the resistance of the starter, and slow down the current flow.

Cranking amps are high when the engine

_ first starts to turn over—This is over 350
B+ Soomny s B+ S0 0mY amps

I I I I I I 1 1=l

As the engine starts spinning, the
starter draws less amps, down to
- L~ about 150 amps

There bumps show even
compression from one cylinder to
another.

Every time a piston comes up on
compression, it slows the starter
e == L OTRIA motor down, and this increases
SPECIAL FUNCT: the amp flow. (Counter electro-

GEMERATE MEASURE PRINT FPRINTER motive force, remember)
: 4 FORMATS SETUR2




5. Excerpt from Chapter 7 — Fuel Pumps (page 42)
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By spreading out the time to 5Sms/div,
we can spread out the pattern and
see the repetition more easily.

Notice, it takes about 25 ms for the
pump to rotate one time and repeat
the pattern.

Pattern repeats from one arrow to the
next.

After replacing the pump the
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pattern is much more even. (It's
not perfect, but it was probably an
aftermarket pump)

Notice the new pump is turning
faster than the old pump. It only
takes about 12 ms for the pump to
rotate once.

The new pump draws about 5
amps, the old pump was about 3
amps. (Poor contacts wouldn’t
conduct enough electricity to power
the pump enough.)

There is no lack of power now, and
no intermittent problem.




6. Excerpt from Chapter 9 — Primary Ignition
Amperage, or Current Ramping (page 51)

Chapter 9

Primary Ignition Amperage, or Current
Ramping

Looking at voltage is only part of the picture of what’s happening with the ignition
system. (No pun intended.) Another part is amperage. To really know what’s happening
in a circuit, we need to be able to measure the amps too. And now we have some
awesome tools to do just that.

When the coil is grounded, the current flows in and builds up the magnetic field. But how
long should it take for the current to flow in? Electricity flows at the speed of light, right?
So why does it take some time to build up to the maximum amp flow? The wires inside
the coil aren’t that long.

Why should it take some time mpout SCILa1], 81 Sn¥ O 15 N {HOLD)
to fill up the coil with amps? ' IR T B R N Y
Doesn't electricity flow at the
speed of light?

This coil takes 10 ms to get to
full amp flow of 4 amps. (Much
slower than the speed of light)

With the probe set at 100mA =
1mV, then each division is one N B -
amp.

10mz-DIYV

The answer is counter electromotive force. (CEMF) As current flows into the coil, it
builds up a moving magnetic field that tries to force current in the opposite direction.

Top pattern is primary ignition
volts, bottom is primary
amperage (current)

B 10my DC 1:1 2V DO 1:1 HDLD

As the voltage drops when the coil
is grounded, amperage “ramps up”

The voltage rises to fire the spark
plug when the amperage drops off
suddenly. (Magnetic field collapses)




