ENGINE HEALTH

Spark Plugs
By Bill Hancock
Assistant Editor

Before we dig into
the subject, let’s take a
minute to understand
the critical role a spark
plug plays in your
engine’s performance.
The spark plug is like
an exclamation point in the combustion
story. As we know, there are four steps or
cycles in the internal combustion engine
typically found in our boats. The intake
cycle is the first step. Outside air is drawn
into the engine through the carburetor
where it is mixed with the proportional
amount of gasoline necessary to
create what’s called the charge. This
combination of air and gasoline is then
drawn into the combustion chamber
where it is compressed by the upcoming
piston traveling up the cylinder bore.
At precisely the right time during the
compression stroke, a spark is introduced
in the chamber which initiates the burn.
Let’s pause for a moment to dispel a
popular myth. Most of the population
thinks that engines work by harnessing
the power produced by an ongoing
series of tiny explosions occurring inside
the engine. As proof of this, they will
tell you with unflinching certainty that
the exhaust noise you hear is made by
those tiny little explosions inside the
engine. Nothing could be further from
the truth! If in fact these tiny internal
explosions did occur, they would be
short lived, because the resulting damage
would soon render the engine unusable.
Instead, the compressed charge mixture
is burned at a carefully controlled rate,

which results in a pressure rise within
the cylinder which in turn forces the
piston down the bore which ultimately
turns the crankshaft thus producing
torque to drive the propeller. The burn
is precisely controlled by a series of
carefully coordinated events to ensure a
smooth, reliable pressure rise within the
cylinder.
An explosion is an uncontrolled
chain reaction where the flame speed
reaches near sonic speed resulting in a
violent pressure rise. Two flame fronts
occurring within the cylinder meet
and collide causing the explosion. This
rapid pressure rise occurs before the
piston reaches the top of its travel. At
this point, two opposing forces are
meeting inside the cylinder. The piston
is rising, and the pressure is pushing
back with explosive force! This condition
is known as detonation. As a result of
this, two things happen. First, due to the
pressure increase, the temperature rises
rapidly, causing an extreme pressure rise
resulting in mechanical damage, just as

you would expect with an explosion.
As you can surmise, this is one of those
chain reaction events which escalates
with each succeeding cycle until it
climaxes with a bad ending unless it
is stopped. To better understand this,
imagine grilling a steak on the grill.
Everything is fine as the coals create a
nice hot fire which burns at an even and
predictable temperature. Now visualize
what happens if somebody comes along
and throws a firecracker into the grill!
Suffice it to say, there are no explosions!
OK, so if there is no explosion,
what makes the popping noise that we
all hear? What we are hearing is the
sudden release of the hot gases entering
the atmosphere when the exhaust valve
opens to let the compressed gas out at
the end of the cycle. The trapped gas still
has some residual pressure, so it sounds
much like a gun going off.
The lowly spark plug is a deceptively
simple looking device with a lot of
hidden features which it allow it to
perform a critical job under some

Fig 1 – Here is a selection of typical automotive engine spark plugs. Notice the different length
reaches, electrode configurations, and thread diameters.
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Fig. 2 – Here are the various
parts which make up a spark
plug (Courtesy Champion Spark Plugs)

extreme conditions. Spark
plugs come in a variety of sizes
ranging from tiny ones for
miniature engines all the way
up to large ones for internal
combustion engines.
The spark plugs are
designated by reach, thread
diameter, type, and heat
range. Within each model
configuration, there are
typically several different
heat ranges. Let’s examine the
various features which make up a spark plug as seen in Fig. 2.
The shell is the threaded metal base which screws into the
cylinder head. The size is predicated on the space available
and the pressures and heat encountered. The shell forms the
cavity which supports the insulator. The insulator is made
from a special non-conductive ceramic material which is
sealed by sillment, a special high temperature cement. The
insulator material has near diamond like hardness allowing it
to withstand extreme pressures and temperatures nearing 1000
psi and 650 deg. F. The center electrode utilizes very special
materials which allow it to endure the extreme conditions and
resist melting and corrosion as well as spark erosion. Today,
almost all center electrodes have a resistor feature, fig.3, which
moves the current frequency away from the range used by
vehicle electronics, thus rendering interference free operation.
Initially this was necessary to eliminate the crackling noise in
the radios, but today it is an absolute necessity since so many
of the computerized engine control systems work on millivolt
current.
Now let’s talk specifically about the spark plugs in our
boat engines. First let’s put things in perspective. Most of our
original engines are carbureted
and have point type ignitions
with a traditional coil. In order
to produce a smooth-running
powerful engine, everything
must be correct. The fuel
mixture must be proper to
avoid fouling a plug with a
rich mixture. The compression
must be good, because when
the charge is compressed, it
burns more easily and more
completely. If the rings are worn
the compression will be low and
the oil consumption will allow
Fig. 3 – The resistor reduces
unburned oil to get pumped into
the electrical interference
the combustion chamber. As it
(Courtesy Champion Spark Plugs)
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burns, this oil will eventually form deposits which collect on the
spark plug and the combustion chamber causing the spark plug
to foul and eventually stop firing. It is also imperative that the
points and coil be in good shape in order to provide a strong
spark.
When the engine runs, heat must be transferred from the
spark plug to the cylinder head to prevent the spark plug from
overheating. If the plug becomes overheated, it literally glows
and becomes a source of ignition. This is called pre-ignition.
When the incoming charge encounters any source of ignition,
it will immediately start its burn. Since the burn is initiated far
too early in the cycle you will once again have pre-ignition, and
damage will eventually result.

Fig. 4 – We see two
similar plugs but with
different heat ranges
(Courtesy Champion
Spark Plugs)

Looking at Fig. 4 we can see the difference in the heat flow
path. This heat flow path ultimately determines how easily the
spark plug can transfer heat. Spark plugs are categorized by
designated groups, each with unique attributes.
Within each of those groups, each version has a heat range.
There are usually two or three heat range choices within the
selection span which allow the user to utilize a spark plug best
suited to their particular usage profile. Taxicabs which spend an
inordinate amount of time idling, may run a hotter plug than
those in a race car engine which runs at high cylinder temperature
and under extreme loads. If the plug transfers heat rapidly it is
said to be a “cold” plug. If the plug transfers heat at a slower rate
it is said to be a “hot” plug. The spark plug manufacturers run
hundreds of tests to precisely match the spark plug to the engine’s
operating profile. A racing engine runs at a high temperature
and at extremely high cylinder pressure so in order to perform
correctly, special cold plugs are utilized to prevent preignition.
Our boats typically fall at the other end of the scale. Consider
three boats with the same engine. One boat may run at Wide
Open Throttle (WOT) for extended periods of time, while another
has the same cooling capability but cruises at much slower speeds
and only under part throttle. The third combination might be a
tour boat which spends most of its time idling. These three boats
may each use the same spark plug but with different heat ranges.
Using the charts provided on page 19, examine your spark
plugs and first determine their condition. If your engine is healthy,
then you may want to GENTLY explore different heat ranges
to find a spot where you avoid potential pre-ignition and at the
same time the plugs run hot enough to avoid fouling and causing
misfires.

If your engine is burning oil or the carburetor is running too rich, you may want to
either rebuild your engine or have your carburetor rebuilt. Sometimes, a poorly running
engine simply needs a tune-up. Replacing the spark plug wires, distributor cap, rotor,
condenser as well as the coil and spark plugs will fix the problem. However, expecting new
spark plugs to fix a worn-out engine offers only a temporary solution.

Happy
Boating!
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