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In this continuing series about electrical issues in vintage cars, I’d like to cover the five
types of circuit failures this week.
To summarize what we detailed a few weeks ago, in order for electricity to do useful
work, a circuit needs three things: a voltage source, a path for the current to flow, and a
load device to offer resistance to the flow of current.
In a car, the voltage source is the battery (or, once the car is running, the alternator,
with the battery acting as a filter). The path for current to flow is usually a wire
connecting the positive terminal of the load device to the battery, supplying voltage, and
another wire connecting the negative terminal of the load device to the body of the car to
provide the ground return path.
The load device is the light bulb, the fan motor, the radio—whatever is using the
electricity in the circuit.
In addition, in most car circuits, there is also a fuse and a switch. Thus, in the minimum
real circuit, current flows from the positive battery terminal, through the fuse, to the
switch, into the load device, through a ground wire connected to the body of the car,
through the body of the car, and back to the battery, like this:

A basic circuit with voltage, a load device, a fuse, a switch, and a path for current to
flow.

With that in mind, let’s enumerate the five ways it can fail.
Failure Mode #1: Open Circuit
The simplest thing that can go wrong is that the circuit can be “open.” That is, it doesn’t
have a closed path for the electricity to flow. If the switch is in the “off” position, that
creates an open circuit, and current doesn’t flow past it, as shown below. If the fuse is
blown, that also creates an open circuit.

The simplest “open” circuit is when the switch is off.
But look at the diagram. Where the black lines (the wires) go to the fuse, the switch, the
load device, and the body, in every one of those spots, there is a connector, usually either
a push-on spade connector or a screw-on ring terminal, and where there’s a connector,
there’s the possibility of an open circuit. While it is possible for wires to break in the
middle, it is far more likely for an open circuit to be caused by a connector pulling off a
component, or by a wire pulling out of the back of a connector.
Failure Mode #2: Short Circuit to Ground
The second failure mode is what most people call a “short circuit,” but is technically
called a short circuit to ground. As we discussed two weeks ago, in the figure below,
the switch is in the open position, so no current should be flowing. We show two
possible paths for a short circuit:





If a short to ground occurs along the green path (short #1), the current will first flow
through the fuse, causing the fuse to blow, opening the circuit, and stopping the flow of
current before any damage is caused.
But if the short to ground occurs along the red path (short #2)—the one before the
fuse—instead, the fuse isn’t part of the circuit, and won’t protect the wiring. This is why
frayed power wires touching ground cause so much damage, and can burn your ride to
the ground in a minute.

Two different shorts to ground, the first protected by the fuse, the second unprotected,
resulting in melted wires.
Failure Mode #3: Short Circuit to Power
In figure 4, we show two light bulbs, each with a fuse and a switch. The switch to bulb1 is
closed, so current flows to it, and from there, to ground. The switch to bulb2 is open, so
no current should flow to it, and the light should be out. But as we’ve drawn it, there is a
short circuit going from the wire feeding 12V to bulb1 to the wire feeding 12V to bulb2.
This is an example of a short circuit to power. Thus, bulb2 will turn on along with
bulb1, even when bulb1’s switch is off.

What happens in a short to power.
If you imagine wires running together in old cloth-wrapped harnesses, chafing against
clips and each other, rubbing off their insulation until bare wire is touching bare wire,
you can see how if, for example, you hit the brakes and the fan comes on, this kind of
short to power is usually the root cause.
Failure Mode #4: Component Failure
In figure 5, I’ve drawn a light bulb with a broken filament as an example of component
failure. Even though there’s power, and the switch is closed, and all the wires are intact,
the filament is open, so no current will flow.
“Wait a minute,” you may say. “That’s just an open circuit, but with the broken wire
inside the component instead of between the components. Why are you listing it
separately?”
You’re right. And if you look other places online, you won’t find “component failure”
listed as a separate cause of circuit failure for this reason.

But I list it separately because when you are trouble-shooting an electrical problem in a
car, you want to know if the cause is a component (e.g., a fan motor, a bulb, a switch), in
which case you order a replacement and install it, or if the cause is something in the
wiring, in which case you may have hours of troubleshooting ahead of you.

An example of component failure (a broken filament inside a bulb).
Failure Mode #5: High Resistance Failure
When we talked about Ohm’s Law two weeks ago, I said that resistance is a good thing,
that if a circuit doesn’t contain a load device to offer resistance to the flow of current,
you have a short circuit that’ll melt wires. That’s true, but there’s a difference between
the intended resistance in a load device, and the unintended resistance created by
corrosion.
The Greek symbol Omega (Ω) is used to represent resistance. In the figure below, we
depict that resistance is present at every connection in a circuit. If this kind of
unintended resistance is too high, it saps voltage, and makes it so the current reaching
the circuit’s load device isn’t enough for it to do its job. A light might come on, but
flicker and then go out. A motor might groan and turn for an instant, then stop.

In a later installment, we’ll cover the subject of Voltage Drop Testing, which is how you
use a multimeter to detect a high resistance failure. For now, though, just park the
thought that a high-resistance failure is a non-binary circuit failure. That is, the circuit
might not be open, but also might not be closed enough to allow enough current to flow.

Resistance is present at every connection.
There. That was actually quite a bit. Next week, we’ll cover the basics of how to use a
multimeter to help detect these kinds of circuit failures.
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