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1
Introduction
What this book is all about

About This Book
The purpose of this book is to describe the common elements of any
internal combustion engine. The emphasis is on small internal combustion
engines - single cylinder engines that power your lawnmower, string
trimmer, or chainsaw. The principles outlined also apply for other, large
engines, with more than one cylinder, such as your car engine.
This book was not written to provide instructions on how to repair your lawn
mower or other small engines - other books in the series by H. Andy
Power are designed for that purpose.
This book is primarily aimed at the beginner. The basic parts of any
engine are discussed in detail, with an explanation of how everything
works. The idea here is to make your engine less of a mystery, and try to
have some fun along the way.
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Parts are included that explain where the good ideas that allow our engine
to work originated, and the sometimes surprising people who developed
them. Illustrations are placed in the chapters to help describe the more
difficult ideas.
So sit back and relax with a cup of hot coffee ( or tea, if you are so inclined)
while we take a guided tour through the world of the internal combustion
engine!
***
Imagine a world without engines.
For centuries, the entire continent of Europe was trying to survive without
internal combustion engines. No NASCAR, no Yugos, no sleek Italian sports
cars, no double-decker busses putting through the streets of London. Those
lucky enough to own their own homes had no power lawnmowers, string
trimmers or blowers. All the important work in life was done by hand.
Sounds bleak, doesn!t it?
Ahh, but what of the simple joys of traveling by horse drawn carriages in the
morning sunshine, or on a clear spring evening? The fresh air, the gentle
breeze blowing through your hair, the smells of the countryside?
Of course, this joy would come to a crashing halt after about thirty minutes of
travel on hard, unforgiving dirt roads scarred by deep ruts in the dead of
winter, while riding in an unheated carriage....
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As the population in Europe grew in numbers, and sophistication increased
everywhere, it slowly dawned on the people that something better was
possible. Word of the potential spread slowly among the peasants; at first in
small family gatherings, later in the local barber shops and markets. Over
time the murmurs increased in volume and intensity, and later began to turn
into loud protests.
One can imagine the hand-painted banners that were eventually produced
and hung in public view. “Peasants For Internal Combustion” and “Horseless
carriages For The Oppressed” became the battle cry for this new movement.
Shaken senseless by the rising tide of discontent, and fearing for their own
safety, the local politicians sprung into action. Secret laboratories funded by
the government were developed. The best scientific minds were pressed
into service to explore the mysteries of internal combustion.
After years of unimaginable struggle and toil over countless hours, a
workable internal combustion engine was produced at last! Cars and trains
were introduced. Now the peasant masses were free to buy expensive
modes of transportation. This allowed for the much coveted urban sprawl,
suburbs, long commute times, and most important of all - large lawns.
Eventually, engines were placed on airplanes. Soon airports were invented,
along with the overnight business trip. Security checkpoints followed. The
idea of lost luggage became a household joke.
And the peasants were happy.......
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******
This book is all about engines - internal combustion engines, to be exact.
The modern engine has roots dating back to the 1600s when the first
primitive engine was designed to perform a useful task. This engine used
gunpowder as fuel, and had to be disassembled before each use! The world
would wait until the late 1800s when efficient and affordable internal
combustion engines were finally mass produced.
The internal combustion engine was invented to do work. Before engines
were developed, the majority of the work in the world was performed by
hand, or with the use of animals. This was the norm for thousands of years.
Some limited applications of water and wind power were available, but this
was severely limited by geography. If a power supply was needed to do
work, and persistent winds or a suitable stream or river was not readily
available, then it was back to human or animal power to supply the need.
As the populations in the European cities grew during the 1700s, the
demand for energy also grew. Fuel was needed to stoke the fires of a
growing industrial base, but also for the cooking and lighting needs of the
general population. The great forests of Europe served this purpose well for
hundreds of years, but eventually a majority of the trees had disappeared.

Coal and the Internal Combustion Engine
It was in England where the Industrial Revolution was
born in the late 1700s. As industry was invented and
prospered, the demand for energy soared. Wood was
becoming less plentiful, so the industrialized world
Copyright 2008 All Rights Reserved
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turned to coal. England had an almost limitless supply of coal available.
Much of this coal was located near the surface, and proved cheap to mine.
Since coal provides much more heat than wood, and because coal burns
much hotter, it soon became the preferred energy source both for industry
and home.
Over time, the "easy coal# was depleted, forcing the mines to lower levels.
As the coal mines in England were moving deeper to meet the energy
demands of the growing population, water began to seep into the lowest of
the mine shafts. This became a major concern. To continue harvesting of
what seemed to be unlimited quantities of coal, the seeping water needed to
be removed in an efficient manner. Large pumps were soon developed to
remove the water that stood in the way of coal mining.
It is hard to underestimate the magnitude of the water problem. Not only
were large volumes of water collecting in the mines, but the process of water
seepage never ceased. Day and night the water came, so day and night it
had to be removed. Animal powered pumps proved to be inadequate for the
job. Human powered pumps were completely out of the question.
At exactly this time, the steam engine was developed. Large, slow moving,
and never affected by fatigue, the steam engines were a technological
marvel of their era. One of the first applications for these new steam
engines was to power the water pumps at the coal mines. The steam engine
proved to be utterly successful, and their numbers increased dramatically in
the first few years after their invention.
It stands to reason that since the first internal combustion engines were
designed to replace steam engines, they would be large and bulky also.
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These internal combustion engines were large and cumbersome like their
steam engine cousins. As the new engine design continued to improve, the
advantages to internal combustion became apparent. Over time, the steam
engines were slowly replaced by internal combustion engines in the coal
mines to power the water pumps.
The advantages of the new internal combustion engines were soon
recognized by the world, and an array of new applications developed. It
seemed as though the potential of this new engine was unlimited. A fast
pace of technological developments was witnessed, as the developing world
was swept up in the advances of industrialization. Suddenly, engine size was
no longer a factor. Today, the smallest internal combustion engine could fit
easily into the palm of a child#s hand!
Internal combustion engines have become a part of our everyday lives.
Chances are you own several engines, to include your car, lawnmower, or
string trimmer. Perhaps you own an RV, or a generator for back-up
electricity. All of these devices are powered by internal combustion.

Internal versus External Combustion
So what is an internal combustion engine, anyway? The whole idea of an
"internal combustion engine# hints at and the existence of an "external
combustion engine.' So how does an external combustion engine work?

External Combustion Engines
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Back in the dark ages of the early Industrial Revolution, the primary source
of power was the steam engine. Large, temperamental, finicky, and
extremely powerful, these engines were the mainstay of dependable power.
As you might have guessed, these engines were of the external combustion
type. Simply put, the fuel that supplied power to a steam engine is burned
outside of the engine, thus the name "external combustion#. Coal, wood, oil
( or whatever fuel is used) heats a container of water to the boiling point,
until steam is produced. The steam is contained under pressure in a boiler,
and then routed to the engine. Once in the engine, the steam is put to work,
turning a shaft. This revolving motion is then used to drive a water pump,
operate a cotton mill, or power a locomotive.
This type of engine has many limitations. Did you know that it takes more
energy to heat water than any other naturally occurring substance? This
means that an enormous amount of fuel ( and energy) is required to change
liquid water into steam. This translates into a
monstrous pile of coal needed to feed the never
ending appetite of the steam engine.
Perhaps the best known ( and most beloved)
example of a powerful external combustion is the steam locomotive. The
need for fuel end clean water is enough of a concern when the engine
remains stationary, but becomes even a greater problem if the engine is
mobile. A steam engine powering a train has to be powerful considering the
following:
• The weight of the engine itself ( which could easily be several tons).
• The weight of the coal needed to convert the water into steam.
• The weight of the water ( water weighs about 8 pounds per gallon)!
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• The weight of the passenger cars or cargo being hauled.
To the credit of the steam engine, it#s design worked beautifully for well over
100 years. The steam locomotive was perhaps the last great application of
the external combustion engine, lasting into the mid 20th century in America
before being replaced by their more efficient internal combustion cousins.
Steam locomotives may still be found as tourists attractions in the United
States, and may be used as work engines in remote parts of the world.

Internal Combustion Engines
Internal combustion engines operate on an entirely different principle
compared to a steam engine. Fuel and air are drawn into the engine, where
a controlled combustion takes place. As the fuel burns, it produces burning
gasses which expand. It is these hot expanding gasses that are used to
perform work.
As was mentioned previously, the first attempt at an internal combustion
engine used gunpowder as fuel. This was acceptable in one sense. As
gunpowder burns, it produces hot gasses that could be harnessed to move a
piston and perform work. The problem proved to be providing a fresh charge
of gunpowder into the engine automatically as it was needed. This dilemma
was never solved, and the world completely forgot about the internal
combustion engine for well over 100 years.
It was not really until the steam engine was up and running that engine
designers decided that internal combustion deserved a closer look. After all,
the technical problem of manufacturing engine components to exact
specifications on a large scale had been solved. Thanks to the European
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defense industry of the time, precisely bored cannon barrels that would not
inadvertently shatter when fired were invented. From cannons came the
idea of cylinder blocks for steam engines. The distillation of petroleum
products into kerosine and other fuels used for heating and lighting needs in
homes and businesses provided an available and cheap energy source for
internal combustion. As the world#s industrial base grew, the need for ever
more engines for different applications seemed never ending.
Eventually the bugs were worked out, and efficient internal combustion
engines were produced. The process took about 300 years from the
unsuccessful attempt of the first primitive engine. The world soon recognized
what a great idea this new engine design was, however, and the technology
spread like wildfire. Soon a whole host of machines were being powered by
internal combustion, using a variety of engine designs and fuel types. Entire
industries were born, and others faded into obscurity. The world would never
again be the same.
Before long, the car and airplane were invented, both powered by this new
type of engine. The Wright brothers used a primitive internal combustion
engine for the world#s first powered flight. Henry Ford revolutionized the
world in many ways by mass producing internal combustion engines and the
automobiles they powered.
*****
Okay, the history lesson is over ( for now). It is time to discuss more
practical matters, such as the basic components of any internal combustion
engine. Pass the popcorn, please!
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2
Engine Parts
The things that make your engine tick
All internal combustion engines share a set of common parts. These parts
have their origins in the very earliest engines. Truth be told, even the
oldest engines have parts with a great similarity to our modern engines.
What has changed over time is improved materials and manufacturing
techniques, which have allowed engineers to maximize power while
decreasing weight. An added benefit is a lower cost per engine, which has
made engine power more affordable to all.
The essence of an internal combustion engine can be distilled into a simple
idea: up and down motion is converted into a more useful circular motion.
A mechanic would describe this in more technical terms: reciprocal motion
is converted into a rotational motion.
Let#s not get too bogged down in technical jargon for the moment. By the
time you have finished reading this book, you will no doubt impress your
family and peers with your excellent command of engine terminology!
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The Piston
Although all the parts of an internal combustion engine are
essential for the engine to run, perhaps the most important part of all is the
piston. Most small engines you have around the home are single cylinder
engines, meaning there is only one piston driving the show. Of course, an
engine may have more than one piston, and several engines have been
designed in the past that contain 12 pistons or more. The pistons may be
line up in a row, in a "V# arrangement ( as in a V-8 engine), or even
fashioned like the spokes in a wheel.
Remember how we described an engine converting reciprocal motion into a
rotary motion? Well, it is the piston that is moving up and down ( reciprocal
motion) within the engine.
A good example of how a piston works would be to remember something
many of us did in our youth ( and may still be doing today...). Picture this it is warm summer evening, and you have just obtained a fresh pack of fire
crackers. After tormenting the neighbors for an hour or so with random, ear
shattering explosions, you have grown tired of just lighting the firecrackers
and tossing them to the side. You start thinking about harnessing the
awesome power of that firecracker. After careful consideration, you place
the firecracker under a small tin can before lighting the fuse. Viola! The
firecracker explodes, the can soars through the air, and everyone is very
impressed.
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____________________________________________________________

Figure 2:1 - If a tin can is placed over a firecracker and the fuse is lit,
the explosion will send the can flying upwards. In much the same
way, the rapid burning of fuel in the engine forces a piston to move.
____________________________________________________________
Frankly, they should be impressed, because you just demonstrated the
basic principle of a piston. Your lawnmower engine uses liquid fuel instead
of gunpowder, but the idea of harnessing the combustion of a flammable
substance to perform work is the same. Now this is a little ironic, because
the first internal combustion engine ever conceived tried to use gunpowder
to move a piston. Sadly, it failed miserably.
Pistons are typically composed of a light aluminum alloy which is durable
and able to withstand the high temperatures associated with combustion.
They are circular in shape, with deep grooves cut for the insertion of piston
rings, which help form a better seal. (More on piston rings in a later
chapter.) Pistons are machined to exacting specifications, since the proper
size and their perfectly round shape is critical. Because of the wonders of
modern science and manufacturing, a piston can travel up and down in the
cylinder hundreds of times per second at high engine speeds, and
somehow manage to remain in one piece! Even under extreme operating
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conditions, a piston may last for thousands of hours without wearing out,
assuming the engine is maintained properly.
Of course, the design and manufacture of a piston is not for amateurs, so
please do not try making your own pistons at home.

The Connecting Rod
Okay, we have established the piston somehow
moves up and down, using the energy obtained from
burning the fuel entering the engine. So far, so good. Previously, we
mentioned this up and down motion had to be transferred into a rotary, or
spinning motion for this to be of any use. One of the critical parts that helps
accomplish this goal is the connecting rod. ( Mechanics, engineers, and
those who like to talk as if they are knowledgeable about engines usually
abbreviate this by calling it just a "rod#).
Many an engine owner has lamented “ I over revved my engine and threw
a rod!” Now this is a bad situation, for two reasons:
• If the connecting rod in your engine breaks, it has most likely put a large
hole in the side of the crankcase, thus ruining you engine.
• The engine part that brought the power from the piston to the crankshaft
can no longer its job, because it is broken. Your engine will no longer run.
The connecting rod is really rather unassuming,
when you look at it. The upper end connects to
the piston with a small part called the wrist pin.
On the lowed end, a connection is made to the crankshaft. On most
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engines the lower end of the rod is split in half, and held together using
some type of nut and bolt arrangement. This allows for easy removal of the
connecting rod ( and the attached piston) for assembly and repairing of the
engine.
An exception to the two piece rod design used on most engines is the
single piece rod, used on high performance engines, such as a chainsaw.
Since the connecting rod is one piece, the engine is assembled using a
three piece crankshaft. Now this is a rather odd way of doing things, since
in most engines the crankshaft is usually of a one piece design.
But we digress. A connecting rod is nothing much to look at, but do not let
this homely appearance deceive you. This engine part takes an incredible
amount of punishment, since every revolution of the engine requires the
connecting rod to change direction twice (first going up, then going down).
As the engine speed doubles, the stress on the rod quadruples. It#s easy to
see a hefty amount of engineering is needed to keep this essential engine
part lightweight, yet provide the needed strength to prevent complete
engine failure.
Many small engines, such as your lawnmower, use an aluminum alloy for
the connecting rod. Higher performance engines, such as a chainsaw or
your car, use a steel alloy, for greater strength.

The Crankshaft
The next part of an engine is the crankshaft.
Here is where the power produced is able to
leave the engine, and do some useful work.
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Crankshafts are not very complicated. As the name implies, it is essentially
a long piece of metal shaped like a bar of solid metal. Each end of the
crankshaft is supported by a bearing of some sort.
In the middle of the crankshaft is where the action takes place. This is
where the connecting rod attaches. This area of the crankshaft is called
the journal, which is an offset from the center of the shaft. Since this offset
from the main shaft would throw the whole works out of balance when the
crankshaft revolves rapidly, there are built in stationary counter weights.
Each time the piston travels up and down, the crankshaft turns one
revolution.
The device being powered is attached to one end of the crankshaft. This
could be a lawnmower blade, car transmission, or the cutting blade of a
chainsaw. Engines that have more than one piston always have just one
crankshaft. All the connecting rods in a multi piston engine attach to a
single crankshaft.
In most cases, the rods "line up# side by side. The journals are placed at
slightly different angles to each other, to allow for smoother engine
performance. This translates into the various pistons reaching the top of
their strokes at different ( and complimentary) times.
If one end of the crankshaft provides power, what does the
other end of the crankshaft do? It seems a waste to have
the spinning end of a shaft performing absolutely no work.
Long ago, engineers realized that attaching a heavy round
wheel on the engine could help smooth out the sometimes jerky power
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provided by the engine. This attachment was soon named the flywheel,
and is found on most engines.
Later in the book we will discuss how the flywheel is also used to help
generate electricity in engines that do not have a battery. It also serves as
a fan to help keep air cooled engines from overheating.

The Valve Train
Now this is a strange name. “Valve train,” you ask, “what in the heck is a
valve train?”. The moniker valve train refers the group of moving parts that
support, well, the valves. As we know from every day life, valves open and
close to regulate the flow of something. In the case of an engine, the
valves control with precise timing the entrance of intake gasses carrying
fuel into the engine; and the exhaust gasses leaving the engine once the
fuel has been burned. Timing is of the essence here. To allow the engine
to run at all, the valves must operate perfectly and seal properly.
Not every internal combustion engine has a valve train. When at its most
simple design, an internal combustion engine may have only two engine
cycles instead of four, and the need for valves are eliminated completely.
In a later chapter we will explore the two stroke engine further.
The typical valve train is composed of several parts, to include:
• Camshaft
• Valve lifters
• Timing belt
• The valves themselves
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• Retaining springs to pull the valves back into place when it is time for the
valve to close

The Camshaft
As the name implies, the camshaft is a round shaft
with cams attached. Think of a cam as an eggshaped area fastened on the shaft. As the shaft
turns, the valve is somehow in contact with the cam,
and is pushed upwards ( and open). As the
camshaft continues to turn, the valve is pulled to the original closed position
using a strong valve spring.
Each camshaft requires at least 2 cams. One cam is for the intake valve,
the other is used for the exhaust valve.
One end of the camshaft is attached to the crankshaft. This can be
accomplished by one of two ways. A direct connection using a gear (as
seen in the photo) is used in many small engines. In engines equipped
with an overhead cam design, a timing belt or chain is used. In either case,
the camshaft turns with the crankshaft.

Valve lifters
In most engines, the intake and exhaust valves do not ride
directly on the camshaft. Instead, valve lifters are used.
The lifters look a little like the valves, but they really spend
their entire working lives pushing the intake and exhaust
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valves open against the force of the return springs. On some engines, a
column of compressed oil is used to push open the valves, instead of using
a metal valve lifter.

Timing Belt
In some cases the camshaft is driven by a timing belt or a timing chain. In
the old days, only larger engines had timing belts or chains. The reason?
Only larger engines had a camshaft located on the top part of the engine,
remote from the crankshaft. A chain ( or belt) was needed to turn the
camshaft, with the other end of the belt or chain being wrapped around the
crankshaft.
For the last 20 years or so, overhead camshafts have begun to appear on
small engines, especially lawnmowers and generators. The benefits to this
design are many, and include better fuel efficiency, increased engine
power, and prolonged valve life.

Valves
Intake and exhaust valves are an extremely important
part of a four stroke engine. As mentioned previously,
the intake valve opens when a fresh charge of fuel and
air is needed by the engine. The exhaust valve opens
at just the right time, and allows the inferno - hot exhaust gasses to escape
the engine.
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Think of this for a minute. Every time the exhaust valve gets pushed up into
the open position by the camshaft and sticks up its head, it is struck by a
blast of super hot gasses rushing out of the engine at incredibly fast speeds
(and you thought your job was tough)!
Contrast this with the intake valve. Every time the intake valve opens, it is
bathed by a fresh, cool mixture of air and aromatic fuel. For the intake
valve, every day is like dipping it#s toes in a cool stream on a hot summer#s
day. Life is good for an intake valve!
____________________________________________________________

Figure 2:2 - Comparison between an intake valve (left) and an exhaust
valve (right). The intake valve runs much cooler, since it is exposed
to the cool air and fuel mixture from the carburetor. The exhaust
valve is runs hotter, since is being heated by exhaust gasses every
time it is pushed open.
____________________________________________________________
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Looking at the intake and exhaust valves from the
top reveals size differences. This is no accident.
Intake valves are usually larger in diameter,
translating into a bigger valve surface.
Why the difference? For an explanation, let#s start with the exhaust valve.
Remember, the exhaust valve opens when the engine is ready to empty
itself of burned fuel and hot air. This action is done under pressure by the
moving piston, with a very strong force pushing the hot gasses out of the
combustion chamber.
In contrast, on the intake side there is a different situation. The intake valve
opens to allow a fresh charge of fuel into the engine. This is where the
engine is sipping air from the intake port, much in the same way root beer
is sipped using a straw. This force is much less powerful than the pushing
force of the exhaust cycle, so a larger valve is needed to compensate for
the pressure difference. This is similar to using a larger straw to allow the
root beer to flow more easily into your mouth.
If an engine is a four stroke design, then it must have at least one intake
and exhaust valve ( later on we will talk about an engine that has
eliminated the valve train altogether). This is an important point, since
some high performance engines may have two ( or more) intake and
exhaust valves per piston, to improve performance.
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Valve Springs
The valve springs look exactly as you would expect them to. Their job is to
hold the valves firmly closed, which helps to make a good seal and prevent
leaks of the compressed gasses in the combustion chamber.
Some engines have a size difference between the valves springs. In these
cases, the longer spring always goes on the exhaust side. Why is this?
Remember the exhaust valve leads a tormented life, always exposed to
hellishly hot gasses. It has never has the opportunity to unwind, to cool
down, to sip an iced coffee or a cool glass of lemonade. All day up, down,
up down with nary a nanosecond of rest. It is easy to see heat buildup can
be a great problem.
To help the poor exhaust valve keep its cool, the stronger spring holds it
against the valve seat with more force, allowing the heat to be dissipated
by conduction. The heat is transferred to the engine block, where is later
removed by the engine#s cooling system.

The Crankcase
Think of the crankcase as being the generous host of all the moving
internal parts of you engine. Within its walls are housed the crankshaft
( hence the name crankcase - clever, huh)?, connecting rod, and possibly
the lower portion of the valve train. In addition, the crankcase holds the
lubricating oil that keeps the engine running smoothly. All engines have a
crankcase.
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In some cases, the crankcase and cylinder are all one piece. In any case,
the cylinder is always attached to the crankcase in some manner.

The Cylinder
As the name implies, the cylinder is, well, cylindrical in shape. The engine
cylinder has many functions, the most important of which is to house the
piston. Since the piston is circular is shape, the cylinder must be perfectly
round. It is sealed at the top portion, which also contains the spark plug.
The area at the top of the cylinder forms the combustion chamber. This is
the place the air and fuel mixture is ignited. The lower end of the cylinder
communicates with the crankcase.
Since the cylinder has a great deal of friction going on, with the piston ( and
possibly valves) sliding up and down constantly, an incredible amount of
heat is produced. The cylinder is the ideal location to eliminate this heat,
by transferring it somewhere else.
Most single cylinder small engines are air cooled. This is accomplished by
cooling fins, which carry the heat into a stream of air. The air flow is usually
created by air vanes mounted on the flywheel, and is directed across the
fins with the engine covers.
Larger engines ( like your car) bathe the outside of the cylinders with liquid
coolant. The heated anti freeze is then pumped to the radiator, where it is
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cooled. The liquid then is returned to the cylinder block to repeat the whole
cycle again.

Intake and Exhaust Manifolds
The engine cylinder is generally where the intake manifold and exhaust
manifold are attached to the engine. Think of the manifolds as being the
port of entry ( or the port of exit) for the engine. This intake manifold is the
passageway for the incoming air and fuel into the engine. If the engine has
a carburetor, is attached to the intake manifold.
In a likewise manner, the exhaust manifold is where the hot waste gasses
exit the engine. All engine types have a muffler of some sort, and this
always attaches to the exhaust manifold.

The Cylinder Head
This part sounds very important, like it houses the engine#s
brain. Nothing could be further from the truth. In reality, the
cylinder head ( or called simply the head by those in the
know), has a modest function. Primarily, the engine head
provides a home for the spark plug.
In most engines, the engine head can be removed to examine and repair
the cylinder and valve train. In some cases, the head and cylinder are of a
one piece design. Since the engine head is located over the top of the
combustion chamber where the fuel is burned, it is exposed to a great
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amount of heat. Cooling fins are always located on the head for air cooled
engines, and water cooled engines always direct the flow of coolant in this
area also.

If your engine happens to have an overhead camshaft ( as all cars do
nowadays), then the cylinder head also houses the camshaft and valves. If
the engine is a water cooled engine, then the coolant is also circulated
through the head. In all engines that use a spark plug, it is located in the
head.

The Carburetor
The carburetor is simple in principle. Rapidly moving air draws tiny
droplets of fuel into the engine to be burned. At one point in history, all
engines had a carburetor. This is where the fuel and air come together.
This air / fuel mix is then transported to the engine#s combustion chamber,
where it is ignited by the spark plug and burned.
Small engines still use a carburetor, but all modern cars use a fuel injector
instead, which is far more efficient. All diesel engines also use a fuel
injector, as we will see later.

The Ignition System
All engines ( except diesels) need a way to ignite the fuel drawn into the
engine. This responsibility for igniting the fuel goes to the ignition system.
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Every ignition system contains several parts to include ignition coil and
spark plugs. All modern ignition systems have eliminated the moving parts
that were previously found on most engines. These parts include the
ignition points and capacitor. More on ignition systems in Chapter 4.
******
So there we have it, the basic components of any internal combustion
engine! In the next chapter, we will explore how all the various parts of an
engine work together to create the smooth delivery of power. You may be
surprised to learn how the parts described previously can be combined in
some very ingenious ways to make up the different engine types used
today.
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3
Engine Types
Four stroke, Two stroke, and Diesel

Defining Terms
Before we discuss the differences between the different engine types,
some basic definitions must be made. There are several terms used when
describing the movement of the piston inside the cylinder.
The first term to be defined is top dead center. As was previously
described, the piston moves up and down in the cylinder. The term stroke
refers to the total distance travelled by the piston from the top of the
cylinder to the bottom ( thankfully we are not talking high cholesterol and
blood pressure here). The very top of the piston#s stroke is defined as top
dead center ( sometimes abbreviated as TDC).
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When the piston is at top dead center, two things are happening:
• The piston is at the very top of its stroke.
• An imaginary line drawn through the center of the cylinder and the piston
would divide the connecting rod down the very center.
____________________________________________________________

Figure 3:1 - The piston is at the very top of the stroke. An imaginary
line divides the rod down "dead center.' Combining the two results in
the term “ Top Dead Center”.
____________________________________________________________
By combining what is happening with these two separate engine parts ( the
piston is at the top, the connecting rod is at center), the term “top dead
center” was coined.
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The next term is bottom dead center. This is a very similar idea, with two
things happening:
• The piston is at the very bottom of its stroke.
• The rod is again divided evenly by the imaginary line drawn through the
center of the cylinder and piston.
____________________________________________________________

Figure 3:2 - The piston is at the very bottom of the stroke. An
imaginary line divides the rod down "dead center.' Combining the two
results in the term “ Bottom Dead Center”.
____________________________________________________________
Top dead center is an especially important idea, since this is the piston
location used in setting the ignition timing in an engine. We will discuss this
is greater detail in a later chapter. Interestingly enough, there is no special
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term to describe when the piston is half way between top dead center and
bottom dead center.
Now that we know the names for the different piston positions, an
explanation of the various engine types will make a lot more sense.

Four Cycle Engines
This was the first real internal combustion engine to be developed. It is
known by several names, to include four cycle engine; four stroke engine;
and the Otto engine. The engine itself was invented by Karl Otto in 1887,
who was a former traveling salesman turned engine designer. Otto#s
natural mechanical abilities and perseverance was to change the world
forever.

The Intake Stroke
As the name implies, there are four distinct phases of operation in a four
stroke engine. The first phase begins when the piston is at top dead
center. As the crankshaft turns, the piston moves in a downward direction,
and the intake valve opens. The air and fuel mixture is allowed to rush into
the cylinder, since a partial vacuum exists. This is the same action that
occurs when a child sucks on a straw, but instead of apple juice entering
the child#s mouth, an air fuel mixture is entering into the cylinder. The
intake stroke does not end until the piston reaches bottom dead center. At
this exact moment, the intake valve magically closes ( thanks to the careful
timing of the camshaft). What we have is a cylinder full of the perfect ratio
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of fuel and air. The engine#s crankshaft has turned one half of a revolution
from the starting position.
____________________________________________________________

Figure 3:3 - The intake stroke begins when the piston is at top dead
center, and the intake valve is open. The intake stroke ends when the
piston reaches bottom dead center and the intake valve closes (right).
____________________________________________________________

The Compression Stroke
The next step is the compression stoke. This begins when the piston is at
bottom dead center, and when the cylinder contains the fresh charge of fuel
and air. The compression stroke begins at the exact instant the intake
stroke ends, and the intake valve closes.
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The piston travels upwards and compresses the air and fuel mixture, as top
dead center is approached. No valve opens to relieve this pressure. This
increase in pressure is known as the engine#s compression ( thus the name
compression stroke). The compression stroke ends when the piston
reaches to top dead center. The crankshaft has now rotated one complete
revolution from the original starting point at the beginning of the intake
stroke.
____________________________________________________________

Figure 3:4 - The compression stroke begins when the piston is at
bottom dead center when both the exhaust valve and intake valve is
closed ( left). The compression stroke ends when the piston reaches
top dead center ( right).
____________________________________________________________
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Compression Ratio
Engine designers ( and other smart people) talk about an engine#s
compression ratio. Mechanics are fond of discussing how much
compression an engine has ( or how much is left, in the case of a used
engine).
Why is this? Compression is important, because it is a major factor of how
much power an engine can deliver. More compression generally means
more power. As we will discuss later, increasing compression also means
increasing the temperature of the compressed gas. If taken to an extreme,
very high engine compression may allow the fuel mixture to ignite on its
own. This can result in a poor running engine that knocks and backfires.
In the circumstances where really high compression is needed in an engine
( like a drag racer), special fuels are used that resist being ignited too early
by the heat generated by the compressed gasses.
There will be more about compression ratios in chapter 6.

The Power Stroke
The third step is the most fun - the power stroke! It is here that the
compressed fuel and air are ignited, causing a small scale explosion. The
resulting force from the rapidly expanding gasses causes the piston to be
pushed downwards, much in the same way the tin can was shot into the air
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by the exploding firecracker discussed earlier. The power stroke begins
just after the piston reaches top dead center, and continues until the piston
reaches bottom dead center.
In a perfect world ( and a perfect engine) combustion would continue until
the piston reaches bottom dead center. This would allow for a constant
"push# as the piston moved towards bottom dead center, further maximizing
the power delivered to the piston.
Alas, in the real wold, engines are not quite so efficient, and some
unburned fuel may be left over after the power stroke. This, of course,
contributes to the pollution the engine produces.
At the completion of the power stroke, the crankshaft has completed one
and one half revolutions from the original starting position at the beginning
of the intake stroke.
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____________________________________________________________

Figure 3:5 - The power stroke begins when the piston is at top dead
center, and the air fuel mixture is at maximum compression. Both the
intake and exhaust valves are closed. The heat from the electrical
spark at the spark plug ignites the fuel. The expanding burning
gasses push the piston down ( right).
____________________________________________________________

The Exhaust Stroke
The final ( and fourth) stroke is the exhaust stroke. Nothing exciting going
on here, just the engine eliminating the by products of combustion,
affectionately known as engine exhaust. The exhaust stroke begins at
bottom dead center, after the completion of the power stroke. As the piston
starts traveling upwards, the exhaust valve opens on cue, and the hot
exhaust gasses are pushed out of the engine by the piston moving toward
top dead center.
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Since this step is rather loud, the exhaust gasses pass though a muffler of
some sort, to help dampen the noise to an acceptable level. (Of course,
what an "acceptable level# of engine noise varies considerably, especially
with the engine owner#s age, and the perceived need to impress members
of the opposite sex.)
At the completion for the exhaust stroke the piston is again at top dead
center. The exhaust valve closes, and the next intake stroke is ready to
begin. The crankshaft has turned a total of two complete revolutions from
the starting point at the intake stroke. After the completion of the exhaust
stroke, all four engine cycles have been completed.
____________________________________________________________

Figure 3:6 - The exhaust stroke begins immediately following the
completion of the power stroke, when the piston is at bottom dead
center. As the crankshaft continues to turn, the piston moves
upwards. The exhaust valve opens, and the exhaust is pushed out of
the engine. Once the piston reaches top dead center, the exhaust
valve closes (right). The crankshaft has turned 2 revolutions from
the starting point at the intake stroke. After completion of the exhaust
stroke, the whole process will begin again with another intake stroke.
__________________________________________________________
Copyright 2008 All Rights Reserved

40

www.niftymower.org

How Your Engine Works!

It is interesting to note an inherent inefficiency of the four cycle engine.
Notice that it takes three engine strokes to support a single power stroke.
In other words, the engine is "coasting# three quarters of the time! This can
be compensated for with a variety of ways. The most common is to place a
heavy flywheel on the crankshaft to provide extra momentum needed to
carry over to the next power stroke. Another strategy is to place several
pistons in the engine, with power strokes placed at different times. All car
engines use a combination of these two strategies for smoother
performance and increased power.
____________________________________________________________

Figure 3:7 - A multi cylinder engine uses pistons placed at different
positions to provide smoother power and increased performance.
____________________________________________________________
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To summarize, the stages of a four cycle engine include intake,
compression, power, and exhaust. After these cycles are completed, the
crankshaft has made two complete revolutions.
____________________________________________________________

Figure 3:8 - The four strokes of a four stroke engine include ( from left
to right) Intake, Compression, Power, and Exhaust.
____________________________________________________________

Diesel Engines

Asking who invented the diesel engine is like asking who is buried in
Grant#s tomb - why, Mr. Diesel invented the engine! All of us are aware of
diesel engines because we see them every day. These engines are tasked
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with the very heavy lifting of the world: semi tractor trailers, modern
locomotives, industrial equipment such as bulldozers and backhoes, all use
the diesel engine. Diesel engines are typically not lightweight ( although
exceptions do exist, such as some model airplane engines). Diesel
engines are best suited for applications where the weight of the engine is
not a factor, slower engine speeds are acceptable, and where brute force is
required.
These engines use a different fuel other than gasoline. Diesel fuel ( or
diesel oil, as it is sometimes referred to) is a thicker fuel that is much less
flammable than gasoline. When burned in an engine, it produces a
characteristic odor, and may often produce a much darker exhaust.
How does the mysterious diesel engine work? In principle, it is very
similar to the four stoke engine, from which it was originally developed. (It
is possible to make a two stroke diesel also, but that is much less
common.) A four stroke diesel follows the same sequence of strokes as the
four stroke engine, namely:
• Intake
• Compression
• Power
• Exhaust
The engine also uses a ventilated crankcase filled with oil for lubrication, as
does a gasoline four stroke engine. The valve train is used in an identical
manner to provide intake air for combustion and to eliminate the exhaust
gasses.
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It is what is missing in a diesel engine that makes is so interesting. There
is no ignition system ( meaning no spark plugs), and no carburetor to mix
fuel with the air (more on both of these engine systems later). No spark
plugs, no carburetor, you ask? How can this engine run?
The secret of the diesel engine lies in its incredibly high compression.
Remember when it was mentioned earlier the temperature of a gas
increases as the gas is compressed? This was first discovered in the 1660
by an Irish scientist named Robert Boyle, and has been known as “Boyle#s
Law# ever since. A diesel engine uses this principle to raise the
temperature at the completion of the compression stroke to the point that
the diesel fuel ignites spontaneously.
How high is the compression in a diesel engine? The typical diesel may
have about 500 PSI ( Pounds per square inch) of pressure at the top of the
compression stroke. This raises the temperature to about 1000 degrees
farenheght, which is more than enough for the diesel fuel to be ignited for
the power stroke. The heat present during the compression stroke is used
to ignite the air and fuel mixture, so a spark from a spark plug is not needed
to perform this job.
So far, so good. This explains why the ignition system can be eliminated in
a diesel engine. How can the carburetor be missing? After all, this is
where the fuel and air are mixed in just the right proportion for the engine to
burn properly during the power stroke.
The secret to eliminating the carburetor can be summed up in two easy
words: fuel injection. Filtered air is still drawn into the engine during the
intake stroke, but no fuel is taken with it. At just the right time, the precise
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amount of fuel needed is shot into the combustion chamber located above
the piston using a fuel injector. At this point, the temperature is high
enough for the fuel to ignite, and the power stroke begins. The remaining
strokes are identical to a gasoline powered engine.
Using a fuel injector has many advantages, to include:
• The amount of fuel delivered to the cylinder is the same every time.
• If multiple cylinders are present in the same engine, every cylinder is
provided the same amount of fuel. This helps to ensure that every
cylinder performs the same amount of work, and the engine performance
( horsepower) is increased significantly.
• Less fuel is needed to do the same amount of work, since there is less
waste
• The engine#s emissions are reduced, making for cleaner air.
Okay, you#re convinced. Fuel injection is the cat#s meow, the best thing
since sliced bread. Why don#t all engines use a fuel injector, and eliminate
the carburetor altogether? Someday, this may be the case. Certainly, all
cars built since about 1990 no longer have a carburetor since fuel injection
is the standard in the automotive industry.
The main disadvantage of fuel injection is the fuel injector itself. This is a
high tech part, which adds cost and weight to an engine. This is especially
a factor in small engines, where the carburetor remains king ( at least for
now).
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____________________________________________________________

Figure 3:9 - A typical fuel injector.
____________________________________________________________

So why is diesel fuel different from gasoline? The answer lies in the
extremely high compression ( and the resulting high temperatures) of the
diesel engine#s combustion chamber. Gasoline is more flammable than
diesel fuel, so the resulting explosion would be more sudden and less
controlled. The result would be a terrible engine knock, decreased power,
and a very rough running engine.
A diesel engine is very forgiving when it comes to what types of fuel are
used. As long as the fuel is not too flammable, it can probably be burned in
a diesel engine. Various vegetable oils work just fine in a diesel engine,
and the so called "biodiesel fuels# are becoming more popular all the time.
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Two Cycle Engines

It was not long after the development of the four cycle engine that a smart
young engineer developed the idea of the two cycle engine. As was
pointed out earlier, the four cycle engine has a glaring deficiency. It takes
four engine cycles and two revolutions of the crankshaft to deliver single
power stoke. “ Why not”, reasoned some very intelligent engine designer
“combine engine strokes, eliminate the valve train altogether, and make an
engine that contains just three moving parts?” Voila! No sooner thought of
than the two stroke engine was developed.
Miraculous as it sounds, this engine has no valve train. This means no
camshaft that robs valuable engine power from the crankshaft, no valve
lifters forcing open valves against the force of the return springs, and no
valves that can potentially leak and loose precious engine compression. A
two cycle engine is therefore lighter weight, cheaper to produce, and can
more easily obtain some very impressive engine speeds.
How can engine cycles be combined, you ask? The secret is using the
piston#s tight seal against the cylinder wall as a kind of valve. This allows
for the opening and closing of intake and exhaust ports which are bored
into the cylinder wall at precise locations.
Let#s start with the piston at top dead center. As the piston starts moving
downwards in the cylinder, the air trapped in the crankcase becomes
pressurized. (This is different from a four cycle engine, where the
crankcase was ventilated to prevent pressure buildup from the piston#s
movement).
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At just the right time, the piston uncovers the intake port located in the
cylinder wall. The intake port acts as a passage from the crankcase to the
cylinder.
____________________________________________________________

Figure 3:10 - The two stroke engine crankcase is filled with the air and
fuel mixture from the carburetor. As the piston moves downwards,
this mixture is partially pressurized (left). At the bottom of the stroke,
the intake port is opened, which allows the pressurized air and fuel
mixture to rush into the cylinder (right).
____________________________________________________________
The pressurized gasses rush into the cylinder, until the piston again moves
upwards, closing the intake port. The compression stroke now begins.
At the same time, the air and fuel mixture is being compressed above the
piston in the combustion chamber, a partial vacuum is being created below
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the piston in the crankcase. As the piston approaches top dead center, a
port leading to the carburetor is opened. Air rushes into the crankcase after
first passing through the carburetor. This intake air is pulled through the
carburetor, so the air is mixed with fuel.
You can think of this as a combined compression stroke ( for the gasses
located above the piston in the combustion chamber) and intake stroke ( for
the gasses being drawn into the crankcase).
Once the piston reaches top dead center, the spark plug fires, and the
power stroke begins. As the piston is forced downwards, the air fuel
mixture in the crankcase becomes pressurized, since it has no place to
escape.
As the piston approaches bottom dead center, the exhaust port is
uncovered by the piston. The exhaust port is opened by the piston at about
the same time as the intake port is opened. This can be considered a
combination of the power and exhaust strokes.
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____________________________________________________________

Figure 3:11 - The piston has now completed the compression stroke,
and the power stroke is about to begin (left). As the power stroke is
finished, the fresh intake gasses entering the cylinder force the
exhaust gasses out of the engine (right).
___________________________________________________________
Here#s the neat part: the fuel and air mix from the crankcase rush into the
cylinder form one side, pushing out the exhaust gasses through the other
side of the cylinder ( slick, huh?)! As the piston continues to move upwards
to top dead center, both the intake and exhaust ports are closed, and the
engine is ready for the next power stroke / exhaust stroke combination.
An interesting point: every time a two cycle engine reaches top dead
center, a power stroke occurs. In a four cycle engine, the piston must
reach top dead center two times for a power stroke to occur. Compared to
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a four cycle engine, there are twice as many power strokes in the two
stroke engine.
Put another way, every revolution of the crankshaft causes a power stroke
to occur. Combined with the fact that there are only three parts moving
( piston, rod, and crankshaft), with no camshaft, valves, or lifters explains
why a two cycle engine is so light and powerful. This type of engine is
especially suited where a high performance engine that is lightweight is
needed.
Two cycle engines are most commonly used in chainsaws, string trimmers,
outboard motors and the like. Why aren#t all engines used of the two cycle
variety? After all, it seems their simple design would make them a favorite
to power most anything!
Truth be told, two cycles have some disadvantages. One of the biggest
drawbacks is the emissions the two cycle causes. Remember, a separate
exhaust stroke was eliminated. Instead of an exhaust stroke, the engine
relies on incoming intake gasses to push the exhaust gasses out of the
way. Inevitably, some of the unburned fuel is lost with the exhaust gasses,
which dumps unburned fuel into the atmosphere.
Another drawback is the two cycle engine#s lubrication system ( this will be
discussed in more depth in a later chapter). Suffice it to say that the
lubricating oil must be mixed with the fuel, since the crankcase is not filled
with an oil reservoir, like a four stroke engine.
Everyone knows that burning oil causes lots of smoke. Many advances
have been made in two cycle oils, so this pollution has been much reduced.
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Unfortunately, try as they might, engine designers have not been able to
bring the two cycle emissions down to standards set by the government.
Frankly, the two cycle engine#s exhaust is in many ways worse than even
the diesel! Because of this, within another twenty years, most two cycle
engines may disappear completely.
******
So there you have it, the basics of four cycle, two cycle, and diesel. In the
coming chapters, we will discuss the three things needed by any internal
combustion engine to run:

• Ignition
• Fuel
• Compression

The symbol of the triangle is used to show that all three are needed for the
engine to start and run. If one of the three is removed, the system cannot
operate.
So without further delay, we will continue our engine oddessy with a
description of the first part of the engine triangle - ignition systems!
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4
Ignition Systems
How to deliver 20,000 volts at the right place and time

The sole reason the ignition system exists in an engine is to provide a
spark at the proper time to ignite the fuel and air mixture that is being
compressed in the combustion chamber. Of course, ignition systems are
not needed on diesel engines, since the diesel#s very high compression
serves the purpose of igniting the fuel.

Electrical Circuits
Before we explore how the ignition system works, some basic terms need
to be defined. An electrical circuit is composed of several parts including a
power source that provides electric current. The power supply needs a
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way for the electricity to leave, and a means for it to return to the power
supply. Copper wires are traditionally used for this purpose, since copper
is such a good conductor of electricity. If a loop is created that allows the
electricity to flow without interruption, then the electrical circuit is complete.
____________________________________________________________

Figure 4:1 - A basic electrical circuit. The power supply ( red box)
generates electricity. Copper wires provide a path for the electricity
to flow away from the power supply, and then return. The light bulb
allows the electricity to perform useful work. The switch allows the
flow of electric current to be interrupted as needed.
____________________________________________________________
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A typical electrical circuit in an engine#s ignition system has several
components, to include:
• A switch (either "contact points " or "solid state ignition#).
• A transformer, or ignition coil, to boost the voltage of the electricity.
• A capacitor ( or condenser) to temporarily store electricity.
• A spark plug, which allows the ignition of the air fuel mixture.
• A strong magnet, which is passed near the ignition coil to produce
electricity. Together, the magnets and transformer act as the power
source.
When put together, these parts make up a magneto ignition system.

The Switch
A switch is always a good idea to have in a circuit, since
it allows the flow of electricity to be stopped (or turned
off) when needed. A switch can also be used to change
the direction of the electrical current to a new destination, if needed.
In a magneto ignition system, a special type of switch is present. In the old
days, this consisted of a set of contact points. This is a very simple switch
that was opened (or turned on and off) mechanically, usually by the
spinning action of the crankshaft or camshaft. The timing of the opening
and closing of the switch is critical, since this will determine when (and if)
the electricity will create a spark at the spark plug.
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There are many different styles of contact points, but the basic function
remains the same. They all are used to interrupt the flow of electricity in a
circuit at a specific time.
In reality, contact points are now almost a thing of the past. There are very
few modern engines today that continue to use contact points, since more
reliable solid state electronic switches can do the job more better, and for
longer periods of time, before needing replacement.

The Transformer
No, this has nothing to do with your son#s favorite movie!
As the name implies transformers somehow change electricity. In fact, they
are very useful for changing the amount of voltage in a circuit. A
transformer does not make electricity, nor can it store electrical current.
The transformers purpose in life is to increase or decrease the amount of
voltage in an electrical circuit.
Changing the amount of voltage in an electrical circuit is a very handy thing
to do, since the voltage produced by an electrical source may be too low
(or high) to perform the needed work. Transformers were truly an amazing
discovery, which has allowed the "fine tuning# of the voltage available to a
whole host of circuits.
When placed on an engine, the transformer is typically known as an ignition
coil, since it will boost the electrical current to a high enough level to allow
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for the spark to jump across the electrodes of the spark plug. All engines
(except for diesels) must be equipped with ignition coil of some type.
Transformers come is a variety of shapes and sizes, but all have one thing
in common: they are composed of coils of wire surrounding a soft iron core.
This is where the name "Ignition coil# comes from.

The Capacitor
Capacitors (or condensers) are able to store electricity
for short amounts of time. Capacitors can handle
quite a load of electricity, depending on their size. Even a small capacitor
can provide a powerful shock if handled while charged, (as your author can
personally testify) so caution is always warranted.
A capacitor should not be confused with a battery, which produces
electrical energy through some type of chemical reaction. Capacitors
simply hold electricity and store it for a short amount of time, much in the
same way water can be held in a sponge. When needed, the capacitor can
discharge its electricity, and be ready to be refilled at a moment#s notice.

The Spark Plug
The spark plug is really the whole reason for having an
ignition system. It is the end destination for the electricity
produced. The spark plug#s function is exactly as the name
implies - a spark jumps across a gap between two electrodes. The heat of
this electrical spark ignites the air fuel mixture in the combustion chamber,
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causing the power stroke. The spark plug is really nothing more than a
fancy metal conductor with a gap at one end, that the electricity must jump
across to complete the circuit.
Over time, the metal on the electrodes is slowly vaporized due to the high
temperatures of the electrical spark, and exposure to the hot combustion
gasses. As a spark plug#s electrodes slowly wears down over time, the fuel
is less efficiently burned. The result can be decreased engine
performance.
____________________________________________________________

Figure 4:2 - Parts of a typical spark plug.
____________________________________________________________
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The Magnet
Everyone has played with magnets at some time in
their life. Their ability to attract and repel using invisible
lines of force is truly fascinating. Strong magnets are
cast into, or imbedded into the flywheel. We will learn
in a moment why the combination of strong magnets in motion near a coil
of wire will produce electricity.

The Magneto Ignition System
All early internal combustion engines, and many modern engines, do not
use a battery to provide the electricity for spark. Instead, a system called a
magneto ignition system is used. The components of the magneto ignition
were discussed above.
It is important to understand all of these components were discovered or
developed at different times. It was not until the year 1887 that a German
engineer by the name of Robert Bosch developed the magneto ignition
system where all of these parts were used together. The company he
founded is still in business today.
The vast majority of small engines use the magneto approach, including
lawn mowers, chainsaws, snowblowers, string trimers and the like. In
addition, some piston powered airplanes use a magneto ignition, since in
many ways a magneto is more reliable than using battery power.
Copyright 2008 All Rights Reserved

59

www.niftymower.org

How Your Engine Works!

In the case of some piston powered airplane engines, each cylinder is
equipped with two spark plugs, and two magneto systems. This allows for
better combustion of the air fuel mixture, and provides a "back-up# system
in case one of the spark plugs or magnetos should fail.
As diverse as these engines are, any magneto ignition must accomplish the
same three things:
• Make ( generate) electric current.
• Boost the voltage of the current high enough to allow the electricity to jump
across a short distance at the spark plug, thereby igniting the air fuel
mixture.
• Deliver the boosted electricity to the spark plug at exactly the right time.

Generating Electricity
The magneto ignition system uses a process known as induction to
generate electricity. The principle of induction was first discovered by the
British scientist Robert Faraday in the year 1846, and has been so effective
that the vast majority of the electricity produced in the world today is
accomplished using this method. The materials used by Faraday in his
experiments included coils of copper wire, and a strong permanent
magnets.
It is well known that all magnets have several properties in common, to
include:
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• A north and a south pole ( The North pole of a magnet was so named
because it will always point to the North pole of the earth if allowed. This
is why a compass needle always points in the same direction).
• A magnetic field, which can be thought of as invisible lines of force,
flowing between the poles.
• An attraction to metals that contain iron.
Magnets are also attracted to the opposite poles of other magnets, and
repelled by the same poles of another magnet.
____________________________________________________________

Figure 4:3 - A horseshoe magnet, showing the invisible magnetic field
(magnetic lines of force) that flows between the north and south poles
( blue lines).
____________________________________________________________
Faraday discovered that if a wire is passed through a magnetic field,
electricity is produced. We say that electricity is induced to form when a
copper wire is passed across magnetic lines of force. The movement is the
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critical step, since no movement means no electricity is produced. A coil of
wire that is stationary in a magnetic field produces no electricity.
Here is the interesting part. Electricity is also produced if the coil of wire
stands still, but the magnets are moved past the coil. It makes no difference
whatsoever if it is the magnets or the wire that is moving, as long as one or
the other is in motion.
Faraday also discovered a greater amount of electricity can be generated
by several ways:
• Passing more coils of wire through the magnetic field.
• Moving the wire through the magnetic field faster.
• Using stronger magnets.
It makes absolutely no difference if the magnet used is a permanent
magnet, like the ones used on your refrigerator door to hang up your
children#s art work, or an electromagnet, which is magnet that can literally
be turned on and off. The magnets imbedded into the engine#s flywheel
are permanent magnets.

Electromagnets
Making an electromagnet is very simple. Wrap a
coil of wire around an iron core, and then pass
electric current through the wire. Presto! The iron core becomes a magnet.
When the electricity is turned off, the metal core stops being a magnet.
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Here is the neat thing about an electromagnet: you can make the magnet
stronger by increasing the electricity flowing through the wire surrounding
the core; or by increasing the number of wraps of wire around the iron core.
Electromagnets also have the same magnetic lines of force, with a north
and south pole, just like permanent magnets do. So if a wire is passed
through an electromagnet#s magnetic field electricity will be produced, in
the same way as if the wire were being passed near a permanent magnet.

____________________________________________________________

Figure 4:4 - An electromagnet, composed of a soft iron core ( in this
example the core is a nail) with several windings of electrical wire
( green). As electric current flows through the wire from the battery
( purple box) a magnetic field is produced ( blue lines). If the flow of
electric current stops, then the magnetic field disappears.
____________________________________________________________
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Transformers
Remember we spoke briefly about transformers, and how the voltage can
be increased or decreased, depending on the design of the transformer?
This is accomplished by putting together several of the principles we have
just discussed.
A transformer is composed of two different coils of wire, that are both
wrapped around a shared iron core. An outside source of electricity is
allowed to flow through the first coil. As discussed above, this makes an
electromagnet, with a magnetic field surrounding the coil of wire. If the
electricity is somehow "pulsated# through the first coil of wire, it stands to
reason the magnetic field it produces will also pulsate, or vary its intensity.
( Remember, this is because the magnetic field produced by the
electromagnet depends on the electricity flowing through the wires.) An
excellent way to pulsate electrical current is to use AC, or alternating
current.
Now let#s suppose we place a second coil of wire around the same soft iron
core that the first coil is wrapped around. This second coil of wire is just
standing in place, like an innocent bystander, with no intention of moving.
( Frankly, a coil of wire couldn#t move on its own, even if it wanted to. After
all, it is just a coil of wire).
Suddenly, this second coil of wire is exposed to the fluctuating magnetic
field produced from the pulsating electrical current flowing through first coil
of wire. The result? Electrical current is induced to form in the second coil
of wire!
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Keep in mind the coil that started that whole process by forming a magnetic
field is named the primary coil. The electricity produced by the fluctuating
magnetic field occurs in the secondary coil.
Neat, huh? The fun doesn#t stop there. Remember, you read earlier that
the amount of electricity produced by induction can be increased by several
methods, to include:
• Passing more coils of wire through the magnetic field.
• Increasing the speed of the magnetic field movement.
• Using stronger magnets.
Now for the math. If the number of loops of wire surrounding the iron core
are the same in the primary and secondary coils, then the voltage will
remain the same in the two coils. (The number of loops of wire going
around the core are known as windings.)
Pay attention, here#s where the math comes in! If the secondary coil
contains twice as many windings as the primary coil, then the voltage is
doubled. If the secondary coil contains half as many windings as in the
primary coil, then the voltage is reduced by one half.
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____________________________________________________________

Figure 4: 5 - A typical transformer. A coil of wire is wrapped around a
soft iron core ( right). If 50 volts is applied to the primary coil of wire
from an outside power source, a magnetic force is produced that
flows through the soft iron core ( red arrows). Assuming the electric
current in the primary coil fluctuates ( as it does with AC current),
then electricity is induced to form in the secondary coil (left). Since
the secondary coil has twice as many windings, it produces twice the
electricity, or 100 volts.
____________________________________________________________
This seems too good to be true! Using transformers, why couldn#t the
voltage from a small source (like a 12 volt car battery) be boosted to the
110 volts used in the home to power your refrigerator and other
appliances?
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The voltage could be boosted 100 times, from 12 volts to 120 volts. For
that matter, it could be boosted one thousand times, if the secondary coil
contained enough windings.
There is a problem, though. The total amount of work that can be
performed does not change, even though the voltage does change.
Converting the 12 volts from a car battery to 120 volts is possible, but only
smaller appliances can be powered ( like your computer).
There are power converters on the market that do the converting of a lower
voltage to a higher voltage ( or vice versa). These devices plug into the
cigarette lighters on your car, and boost voltage to the household appliance
level. Usually the limitations on electrical load provided by your car#s
cigarette lighter prohibit using anything much more power hungry than a
kitchen blender, for instance.

Magneto Ignition Systems
But we digress. Back to the magneto ignition system used in your engine.
We know that there are powerful permanent magnets in the flywheel.
Since the flywheel is attached to the crankshaft, it spins with the same
number of revolutions as the engine ( which is usually thousands of times
per minute, or several times per second). This permanent magnet is
whizzing along, creating a moving magnetic field just begging to be put to
good use.
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____________________________________________________________

Figure 4:6 - As the permanent magnets imbedded in the engine#s
flywheel pass by the soft iron core, magnetic lines of force travel
through the core ( red arrows).
____________________________________________________________
In the case of the transformer, the magnetic lines of force were produced
by the electricity passing through the primary coil. In the case of the
magneto ignition system, the magnetic lines of force come from the
permanent magnets embedded in the flywheel. In either case, electricity
can be produced, since it does not matter if the magnetic field originated
from a permanent magnet or an electromagnet.
If a stationary iron core with 2 legs is placed in proximity to the magnets,
the magnetic field will pass through the iron core. Remember, it does not
matter if the magnets are moving and the wires are stationary, or if the
wires are moving and the magnets are stationary. Electricity is produced in
either case. In the example of an ignition coil, the wire remains stationary,
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and the magnets ( with a strong magnetic field) pass by the wire at a high
rate of speed.
If a coil of wire is wrapped around this iron core, then at least 3 things will
happen:
• Electricity will be produced in the coil of windings using the property of
induction. This electricity can flow through an electrical circuit.
• As the electricity flows through the coil of wire, an electromagnet is
produced in the iron core, since the core is made of iron.
• An even stronger magnetic field results, since there is a combination of
the magnetic fields from the permanent magnets in the flywheel and the
electromagnet.
A mathematician might demonstrate the relationship with the following
equation:
Magnetic field from permanent magnets + Magnetic field from the
electromagnet = One super strong magnetic field!!
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____________________________________________________________

Figure 4:7 - If a coil of wire is placed around the soft iron core, the
magnetic lines of force from the moving flywheel magnets will induce
an electrical current in the coil of wire. In this case, 20 volts have
been produced.
____________________________________________________________

How much voltage has been produced so far in the coil of wire surrounding
the soft iron core? This can vary considerably from one type of engine to
another, but the combined forces of magnetic fields from the permanent
magnets and the electromagnets could provide several hundred volts
maximum.
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Needless to say, several hundred volts is not enough voltage to reliably
jump the gap at the spark plug, and ignite the air fuel mixture in the
combustion chamber. Several thousand volts is needed at the spark plug
for the electricity to jump the gap across the electrodes. Also, there is the
whole issue of timing, since the spark must occur at the very instant the
piston approaches top dead center.
Using the principle of a transformer, the voltage could be increased to
almost any level needed. Since the voltage needed for the spark plug to
fire reliably is about 20,000 volts, then a secondary coil could be placed
surrounding the same iron core as the primary coil. If 100 times more
windings of wire is in the secondary coil, then 100 times the voltage will be
produced.
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____________________________________________________________

Figure 4:8 - A secondary coil has been added near the primary coil, on
the same soft iron core ( left). If the magnetic field surrounding the
primary coil ( right) can be made to change quickly, then electricity
will be produced in the secondary coil. Assuming the secondary coil
contains more windings, the voltage will be increased.
____________________________________________________________
Remember, to produce electricity in the secondary coil, we must somehow
cause the magnetic field to move in some way. Without a rapid movement
of the magnetic field, there will be no electricity induced in the secondary
coil.
So now we have produced enough voltage for the spark plug to fire. One
problem remains: the timing of the spark.
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The Contact points
Here is where the contact points come into play. Remember how you read
the contact points are nothing more than a fancy switch, that is opened and
closed by the turning crankshaft or camshaft? This switch is in the circuit
powered by the primary coil. As long as the points remain closed, the
circuit remains complete, and the electricity flows in a circle. As long as the
electricity flows in the primary coil, the magnetic field surrounding the coil
remains intact.
When the contact points open, it is the same as turning a switch to the "off#
position. The flow of electricity has now been interrupted. If the flow of
electricity stops, then the electromagnet the electricity produced also stops.
The magnetic field the primary coil created collapses also.
Talk about movement of a magnetic field! When the electricity stops, the
magnetic field surrounding the iron core goes from maximum strength to
zero in the blink of an eye. This rapid collapse of the strong magnetic field
surrounding the primary coil moves so quickly, an immense voltage is
induced in the secondary coil.
Since the secondary coil has so many windings, the resulting voltage is
tremendous! A veritable lightning bolt of 20,000 volts is produced for just
an instant. This surge of electricity rushes to the spark plug and jumps
across the gap to complete the circuit of the secondary coil at just the right
instant, igniting the compressed fuel and air in the combustion chamber.
Another power stroke has been born!
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____________________________________________________________

Figure 4:9 - The switch on the primary coil is turned to the "off#
position at the time when the magnetic field surrounding the primary
coil is at maximum. This interrupts the flow of electricity in the
primary circuit, and causes a rapid collapse of the magnetic field
surrounding the primary oil. Since the collapsing magnetic field is
moving very rapidly, voltage is induced in the secondary coil.
The secondary coil has many times more windings than the primary
coil, so the voltage produced is much higher. To complete the circuit
in the secondary coil, electricity must jump the gap at the spark plug
electrodes. This spark ignites the air / fuel mixture in the combustion
chamber.
____________________________________________________________

Copyright 2008 All Rights Reserved

74

www.niftymower.org

How Your Engine Works!

The Condenser
A condenser ( or capacitor) is always placed on the primary coil circuit.
This acts as a kind of electrical "shock absorber#. The condenser helps
prevent surging electricity from jumping across the contact points. If a solid
state ignition is used, the condenser helps prevent damage to the solid
state switch. Since moving electricity has momentum, it resists changing
direction suddenly. Frankly, the electricity would prefer to arc across the
contact points instead of doing its job at the secondary coil and spark plug.
When the contact points open ( or the electronic switch turns " off "), the
condenser absorbs just enough the surging electricity to prevent it from
jumping across the point gap. Once charged, the condenser discharges the
electricity it has stored when the contact points close again.
The electricity stored by the condenser does no useful work. Rather, the
condenser convinces the surging electricity what a lousy idea it would be to
jump the gap at the contact points, instead of doing the work it is supposed
to do at the spark plug.

Ignition Timing
This is a good time to discuss, well, ignition timing. The whole process,
from having electricity generated sing the magnets, to the primary coil#s
magnetic coil collapsing, to the spark plug firing all happens incredibly fast.
The whole process can easily occur several times per second.
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Consider this: if an engine is traveling at 3600 revolutions per minute
(otherwise known as Rpm's), as many lawn mower engines do; and the
spark plug fires with every revolution of the engine ( which it does); then
spark is being produced 3600 times per minute. Put another way, the
spark plug is firing 60 times per second! A high performance two cycle
engine, such as a chainsaw, may have maximum of 12,000 Rpm's. This
translates into the spark plug firing 200 times per second!
In reality, the spark should not occur when the piston is exactly at top dead
center of the compression stroke. The spark plug fires a little bit before top
dead center. This allows the fuel to start burning a little sooner, which
provides for better engine power and fuel efficiency.
How much before top dead center does the spark plug fire? This really
depends on the engine type, and if the engine is expected to deliver power
at a full range of Rpm's.
For instance, your lawn mower or chainsaw does not get put to work unless
the engine is at near maximum speed. In this case, the ignition timing is
essentially fixed for the speed the engine is expected to provide power,
which is at full Rpm's.
In other engine types, such as a car engine or an outboard motor, the
engine must provide power at the full range of engine speeds. In this case,
the timing is adjusted accordingly, which provides good engine power at
slow engine speeds without the engine stalling as the load is placed.
Here is a point to ponder: since the spark plug fires every time the flywheel
passes by the magneto coil, there is a spark produced every time the
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piston reaches top dead center. This is fine for a two cycle engine, since
the spark plug should fire each time the piston reaches top dead center.
Every time the piston reaches top dead center in a two stroke engine, this
represents the completion of a compression stroke.
In most single cylinder four cycle engines, the spark plug is also firing at the
completion of the compression stroke, but fires again on the completion of
the exhaust stroke! This is completely harmless, although is does wear out
the spark plugs a little sooner.

Solid State Ignition
Since about 1985, the moving parts of magneto
ignitions ( namely the contact points) have been
eliminated. In their place is a fancy solid state
electrical switch that senses the peak voltage in the
primary coil, and interrupts the circuit in the same
way the mechanical contact points do in the old fashioned magneto
systems. The advantages of a solid state electronic ignition are obvious,
since an electronic ignition can easily last the for the life of the engine.
Also, electronic ignitions are less prone to be affected if they happen to get
wet.

Lawnmower Ignition Timing
Lawnmowers present a special case when it comes to ignition timing.
Although all engines are made to do work, a rotary lawnmower ( the kind
with a single blade that rotates under the mower deck) poses some special
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challenges. Have you ever accidentally run over something while mowing
the lawn? If the object was small enough ( like a small doggie toy) one of
two things happen:
• The toy is thrown out from the mower.
• The toy is ground up into very small pieces, and becomes what the
Horticulturists like to describe as "mulch#.
If you are having a very bad day, and your mower blade strikes something
that will not move, such as a large rock or a piece of pipe, the engine may
stop rather abruptly. Since there is a great deal of momentum involved with
an engine running at full speed, serious damage can result from the engine
stopping too fast. The most common damage occurs to the crankshaft,
which has a tendency to become permanently bent. This is bad news,
because a bent crankshaft causes the engine to become unbalanced, and
vibrate uncontrollably. This can be very embarrassing as far as he neighbors
are concerned.
To help prevent this problem from occurring, the flywheel is

secured to the crankshaft by an aluminum key, known as the
flywheel key. This is not like a key used to open a lock, but is
rather a small rectangular piece of metal that goes between the
corresponding grooves cut into the flywheel and crankshaft.
The fact the key is made out of aluminum is important. If the key was made
of steel, then the flywheel could never "slip# on the crankshaft in cases where
the engine stops suddenly. Because the flywheel key is made of aluminum,
the key will shear (sometimes completely in half) if the engine stops too
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quickly. This absorbs some of the engine momentum, and can save the
crankshaft from certain doom.
Interesting, you say, but how does this affect the ignition timing? Think back
a moment. Remember how the piston is near top dead center when the
spark plug fires? It is essential the magnets of the flywheel are aligned with
the magneto coil at precisely this time.
If the flywheel key has been sheared, then the ignition timing is affected,
and the spark will occur at the wrong time. The magnets will still pass by the
ignition coil, but the piston will not be at the correct position.
Remember, a spark will be produced anytime the magnets pass by the
magneto coil, especially if the engine has a solid state ignition system. If the
flywheel key has been sheared in half ( or even partially sheared) the spark
may occur when the piston is no where near the completion of the
compression stroke. The result? Your lawnmower refuses to start.
Thankfully, this very common problem is one that is easy to fix. The flywheel
is removed, a new flywheel key is placed, and all works well once the proper
ignition timing is restored.
******
Whew! That was quite a crash course in magnets, induction, and electrical
theory. The whole idea of ignition timing was no walk in the park, either.
Hopefully, it all somehow made sense. I bet you didn#t realize how much
physics went into a simple small engine!
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Don#t be discouraged if the ignition system seemed a little intimidating. This
was the toughest chapter in the book. Next, we will explore the most
interesting leg of the power triangle - the fuel system. Read on to explore
the mystery of the carburetor, and the power of the venturi!
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5
Fuel
How a carburetor is like an airplane wing

Most small engines still use a carburetor to mix air and fuel that is delivered
to the engine during the intake stroke. You read earlier in the book modern
car engines have eliminated the carburetor altogether, and rely almost
exclusively on fuel injection to deliver the proper amount of fuel to the
combustion chamber. Of course the diesel engine has never used a
carburetor at all ( or an ignition system), but has always relied on fuel
injectors.
Keep this point in mind: even if fuel injectors are used, the engine still must
draw clean, filtered air into the engine for the intake stroke. This means
that all engines, no matter the type, need to have some sort of intake
manifold that connects to the cylinder. If an engine has a carburetor
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( which all small engines seem to have, at least for now) then it is
connected to the intake manifold.
The ratio of the fuel to the air is critical for good engine performance. If
there is too much fuel present, the engine will sputter and run poorly ( if it
runs at all). If the amount of fuel is too low, the engine will have a tendency
to run hot, and suffer from a lack or power. The mixing of fuel and air is
described as the air and fuel ratio, and for most engines needs is about 14
parts of air to 1 part of gasoline. Too much fuel present is known as a rich
mixture, and too little fuel results in a lean mixture.
Some carburetors allow for adjustment of the air and fuel mixture, since
engine needs will vary depending on the altitude and temperature the
engine is operated, as well as differences in the fuels being used.

The Power of the Venturi
Okay, so how do we mix the air and fuel in the perfect 14 to 1 ratio? We
know there is a near constant stream of air flowing into the engine, from the
repeated intake strokes as the engine is running. We also know that all
engines have some type of gas tank attached, to act a a reservoir for the
fuel. But how to bring the two together?
The answer to that question lies in a marvel of science, the venturi. The
principle of the venturi was first described by a Dutch scientist named
Bernoulli in the year 1738. Bernoulli discovered if a fluid ( a gas or a liquid)
is passed though a tube with even sides, the flow remains smooth and
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constant. The pressure remains constant also, when measured at different
areas of the tube.
____________________________________________________________

Figure 5:1 - As air passes through a tube, the pressure of the fluid and
the speed of the fluid will remain constant.
____________________________________________________________
Now suppose we constrict the center portion of the tube, forming a section
that is narrower than either end. If the same amount of air is passed
through the tube as before, your intuition tells you something is bound to
happen when the narrower part of the tube is met by the flowing air.
The air cannot slow down at this point, since more air is pushing from
behind. What ends up happening is the air speeds up, at least until the
constriction is passed. After this, it returns to the previous speed. The
constriction in the tube in known as a venturi.
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______________________________________________________

Figure 5:2 - If the flowing air comes meets with a narrowed portion of
the tube, the speed increases. After the constriction is passed, the
speed returns to normal.
__________________________________________________________

An example of this phenomenon can be seen in everyday life. Suppose a
line of girls is walking down the hallway of the school they attend. Let#s
say they are shoulder to shoulder, engaged in deep conversation about the
flow characteristics of a venturi. The row of girls fills the entire width of the
hallway. They are all walking at the same speed. Suddenly, they come
across an unexpected narrowing in the hallway from each side. In order
not to disrupt their conversation, the girls in the middle of the line will
automatically walk faster, to make room for the others. Once the
obstruction is passed, they return to the original walking speed and straight
line formation, and continue with their conversation as if nothing had
happened.
Another example would be putting you thumb at the end of a garden hose,
to make the stream of water squirt farther. Your thumb provides a
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restriction in the flow of water, and acts as a venturi. The water speeds up,
and travels farther through the air.
Besides the speed being increased at the point of constriction, another
interesting thing happens at the venturi. The air pressure drops! Going
back to our example of the girls walking down the hallway, as they speed
up to get past the temporary narrowing in the hallway, the space between
the girls temporarily increases also. This is exactly what happens with the
air. The distance between the air molecules also increases. This results in
a lower air pressure at the area of the venturi.
____________________________________________________________
.

Figure 5:3 - As the air speed increases at the point of the venturi, the
air pressure drops. Once past the venturi, the air pressure returns to
normal as the speed decreases.
___________________________________________________________

Now suppose a hollow tube was placed exactly at the center of the venturi.
Since we have established the pressure is lower at the venturi, then there
will be a suction force placed on the tube. This suction will draw up
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whatever fluid is present into the stream of air moving above it. If a liquid is
being drawn up into the moving air, it will be broken into tiny droplets as it
meets with the fast moving air.
It is easy to see that gasoline could be drawn into the moving stream of air
and carried off into the engine. This is exactly the way an engine#s
carburetor works.
_______________________________________________________

Figure 5:4 - The world#s simplest carburetor. The air speed increases
at the venturi at the same time the pressure drops. This decrease in
pressure draws fuel upwards from a small tube connected to a
reservoir of liquid fuel.
____________________________________________________________

The beauty of a venturi is it woks with any fluid flowing through a container.
This does not just have to be air. The same principle would hold true for a
liquid passing through the tube also. A good example of this would be a
sprayer that attaches on the end of a garden hose, like a device used to
spray fertilizer or insecticide on your lawn.
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Throttle and Choke
The design of the carburetor is proven and reliable. It is in the carburetor
itself that the engine#s speed is determined. If no restrictions were placed
on the air flow through the venturi, the engine would tend to run faster and
faster, consuming more fuel and air like a ravenous teen ager, until finally
the maximum speed of the engine was achieved. This is good, if you don#t
mind the engine always running at top speed and half out of control.
In most applications, though, some control of the engine speed is needed.
At slow speeds, the engine is said to be at idle. Idle is the slowest speed
the engine can continue to run without stopping altogether. There is
generally no work being performed by the engine at these very low speeds,
since the amount of horsepower produced is low. There has to be a way of
accelerating the engine on demand, so useful work can be performed.

Throttle
The trick to engine acceleration lies in the throttle. There are many
variations of the throttle, but all have one thing in common: the flow of air
through the carburetor is regulated and controlled. The throttle valve has
several characteristics to include:
• The throttle is always located downstream of the venturi.
• The throttle cannot stop the flow of air completely through the carburetor.
The throttle is always slightly open, allowing for some air and fuel mixture
to reach the engine.
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• When the throttle is in the open position, very little resistance to the air
flowing through the carburetor is present.

_____________________________________________________________________

Figure 5:5 - The throttle valve is always located downstream from the
venturi. When the throttle is in the closed position, little air is allowed
to enter the engine (left). As the throttle is opened, more air enters the
engine (right). As a result, the engine runs faster.
_______________________________________________________________________

Choke and Primer
A very similar idea is that of the choke. The name choke does not inspire
confidence! All sorts of images are called to mind, most of which are not
pleasant. Suffice it to say nothing could operate at peak performance while
being choked. This also holds true for your engine.
The purpose of the choke is to help start a cold engine. It should never be
used once the engine has warmed up, since too much fuel ( and not
enough air) will be delivered to the engine. At an extreme, the spark plugs
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could become wet, not allowing for a spark to jump the gap and ignite the
fuel. When this occurs, the engine is said to be flooded.
Here is how the choke works. A valve is placed on the opposite side of the
venturi as compared to the throttle valve. Consider this area between
where the air filter attaches to the carburetor, and where the venturi is
located. If this valve is in the closed position, 2 things happen:
• Very little air is let into the engine.
• During the intake stroke, a huge amount of suction is placed on the fuel
inlet situated in the venturi.
The result is a great deal of fuel is pulled directly into the engine, without
the benefit of air to help break up the fuel into tiny droplets. In addition, the
mixture of fuel to air is very rich, which prevents complete combustion of
the fuel. The result is an engine that will try to start, but will run erratically
with much smoke, which is produced from the unburned fuel.
This is all fine when the engine is cold. The choke serves as a way to pull
fuel into the carburetor, and eliminate any air that may be in the fuel
delivery system. The rich mixture serves to "wake up# the engine and
prepare it to run smoothly, much like that morning cup of joe and prune
Danish roll prepares us to face the day. Once the engine starts to run, the
choke is opened, allowing for a healthier blend of air and fuel to enter the
engine.
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____________________________________________________________

Figure 5:6 - The choke is always located upstream from the venturi.
The flow of air is restricted when the choke is in the closed position.
Large amounts of fuel are drawn into the engine, with only a small
amount of air.
___________________________________________________________

Some engines use a primer instead of a choke. The primer delivers a jet of
pure fuel into the carburetor, which is later drawn into the engine to be
burned. The result is exactly the same - a small quantity of fuel is provided
to get things moving.

The Dirty Air Filter
If an air filter is allowed to become dirty, then engine performance suffers.
Why is this the case? Consider where the air filter is placed. It is in the
same relative position as the choke, namely, on the upstream side of the
venturi. If the engines is unable to draw air through the carburetor easily
due to an obstruction at this point, more fuel is pulled into the carburetor,
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just like when the choke is closed. The mixture becomes too rich, and the
engine runs poorly.

Airplane Wings
There are countless applications for the venturi, including airplane wings. If
we were to go back to the diagram of a venturi in cross section, and
remove the top half of the venturi, a familiar shape emerges. With a little
shaping of the lower edge, we have just created an airplane wing!
Here is the principle: as air flows over the top of the wing, it is forced to
speed up. As the air speeds up, the air pressure drops on the top surface
of the wing (sounds familiar, doesn#t it)? Since the air pressure is greater
on the bottom surface of the wing compared to the top, lift is created, which
helps lift the airplane off of the ground.
____________________________________________________________

Figure 5:7 - The cross section of an airplane wing. Notice this closely
resembles the shape of a venturi in a carburetor.
____________________________________________________________
The lift from this venturi effect is so powerful, an airplane weighing several
tons is easily lifted off of the ground.
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____________________________________________________________

Figure 5:8 - The air flowing over an airplane wing is forced to speed
up as it flows over the top of the wing. This reduces the air pressure
on the surface portion of the wing, which creates lift.
____________________________________________________________

Carburetor Types
Okay, so we have established the principles involved with the venturi
drawing fuel into the carburetor, and mixing it with air for later combustion
in the power stroke. Since different engines are used for different
applications, there are several different carburetor types.
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All carburetors need a reservoir of fuel that is available to be drawn into the
venturi for proper mixing as the engine is running. This fuel reservoir is
filled from the gas tank, and has several requirements. Every carburetor
fuel reservoir needs:
• A means to replace the fuel as it is drawn off into the venturi.
• A shut off valve to stop the flow fuel when the reservoir is full.
There have been several ways that this can be met, depending on the
needs of the engine. In the beginning, all internal combustion engines had
two things in common: they were large; and they were relatively stationary.
Even engines that were mobile operated while remaining on level ground.
After a time, other engines were designed that could operate in a variety of
positions. Chainsaws, for instance, have the need to operate in any
position imaginable. This demanded a different design in the carburetor,
compared to a lawn mower or edger, that remains operating on level
ground all the time.
What follows is a discussion of the various carburetor types that are
commonly seen on modern internal combustion engines.

Float Bowl Carburetors
This is the most common type of carburetor used. If a
car or truck has a carburetor, it is the float bowl type.
Most lawnmowers used today still use float bowl
carburetors, although there are a few exceptions.
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As the name implies, this design us two main parts, the float and the bowl.
The bowl is the reservoir that holds the fuel.
In some cases, a small drain valve or drain plug is included in the bowl, to
allow drainage of fuel from the carburetor before storage, or to drain stale
fuel or water that has collected in the bowl.
The float is often hinged at one end, and this is where the inlet valve is
connected. In principle, the operation of the float is exactly the same as
the water tank located in your toilet. As the fuel level decreases, the front
of the float drops down. Since the inlet valve is attached near the hinge,
the falling motion of the float opens the valve. When the valve is open, fuel
enters the bowl ( or reservoir), and the float rises. The higher the float, the
more the intake valve closes. Eventually, the bowl is full again, and the
flow of fuel into the bowl is shut off completely.
____________________________________________________________

Figure 5:9 - Float bowl carburetors. When the fuel reservoir is empty
or low the float falls downwards. This opens the attached fuel inlet
valve, and fuel enters the bowl (left). Once the bowl is full, the float
rises and shuts off the valve (right).
____________________________________________________________
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This process of opening the inlet valve is repeated every time enough fuel
is drawn out of the bowl by the action of air passing through the venturi.
There are many variations of this design, and each has been given its own
special name. Usually, the name refers to the flow of air from the
carburetor to the engine. An updraft carburetor is mounted below the
combustion chamber, which forced the air and fuel mixture to move in an
upwards direction to reach its destination. In a likewise manner, a down
draft carburetor is mounted above the combustion chamber, so the mixture
of air and fuel travels downwards to the combustion chamber. The most
common arrangement is the side draft in which the carburetor is mounted
at the same level as the combustion chamber.
____________________________________________________________

Figure 5:10 - If the carburetor is mounted at the same level as the
combustion chamber, it is known as a side draft design ( left). If the
carburetor is located above the combustion chamber, then it is a
down draft design ( center). If the carburetor is mounted below the
combustion chamber, then it is an updraft design ( right).
____________________________________________________________
Copyright 2008 All Rights Reserved

95

www.niftymower.org

How Your Engine Works!

Diaphragm Carburetors
It should be noted that some engines would never dream of using a float
bowl design. These are the versatile engines which must
be able to operate in any position. Two cycle engines
often fall into this category, especially chainsaws, string
trimmers, and the like. If a float bowl design were used,
the reservoir would spill the fuel every time the engine was tipped,
wreaking havoc, and potentially causing a fire from the spilled fuel. Not a
pleasant thought, especially if you are a professional tree trimmer working
eighty feet off of the ground!
The solution was to modify the basic idea of a moving float to open and
close an inlet valve. Instead of using a floating valve, a rubber diaphragm
is used instead. The diaphragm provides a tight seal on the reservoir that
completely seals the fuel chamber. As fuel is drawn into the venturi, the
diaphragm is drawn into the fuel chamber also, since less fuel is now
present. This opens the fuel valve, which fills the fuel chamber up again.
The diaphragm returns to the original position, and the inlet valve shuts off
the flow of fuel.
Since the diaphragm makes a leak proof seal against the fuel chamber of
the carburetor, the possibility of fuel spillage is eliminated. This allows the
engine to be turned in any direction the operator wishes without the danger
of fuel leaking and causing a hazard.
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Getting Fuel to the Carburetor
So how does the fuel get into the float bowl, and past the inlet valve? A
small amount of positive pressure is needed to be placed on the fuel, so it
will flow into the bowl when the inlet valve opens. This is accomplished by
one of two ways:
• Gravity.
• Using a fuel pump.
A gravity system is just as simple as is sounds. The gas tank is located
above the carburetor, and the fuel flows downhill when needed. This is a
very popular arrangement for a whole variety of engines that have float
bowl types of carburetors.
Fuel pumps are used on all cars as well as on some small engines. On
larger engines with multiple pistons, the fuel pump is usually mechanical in
design. This means the fuel is moved either by means of a small piston
driven by an electric motor; or by use of a heavy rubber diaphragm that is
pushed back and forth by the rotation of the engine. The diaphragm design
has metal rod or lever that pushes and pulls the heavy rubber diaphragm.
In the past, most fuel pumps were of the diaphragm type, but nowadays the
electric fuel pumps are more common.
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Carburetors With a Fuel Pump
So why not combine the fuel pump with the carburetor itself? This could
potentially solve two problems at once and simplify the engine
considerably.
On the surface, this sounds horribly complicated, adding a fuel pump
directly to the carburetor! Thankfully, the idea is almost as simple as it is
useful. Truth be told, this combining of the two parts has been common in
engine design for decades.
Let#s start with a lawnmower engine. As we learned before, many mowers
use the float bowl type carburetors. Some manufactures have designed
the carburetor to mount on top of the fuel tank, in the same manner as the
"simplest carburetor ever built# example discussed previously ( See Figure
5:4). However, if a fuel pump is not installed, the size of the fuel tank is
forced to be very small, since the venturi is unable to draw fuel from a
reservoir that is more than about 2 inches in depth. In the past, some
engines used very shallow “pancake” fuel tanks, but this adversely affected
how long the engine could run before running out of gas.
How to solve this problem? Why, add a fuel pump! The diagram below
shows the addition of a fuel pump would allow the carburetor#s reservoir to
access fuel deep within the gas tank. The fuel is pumped into the
carburetor reservoir, and the pump runs constantly. Instead of using a float
valve to stop the flow of fuel when the reservoir is full, the fuel simply spills
over the sides of the reservoir and is returned to the gas tank! A pretty neat
idea, and one that has been used in millions and millions of engines over
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the years. The fuel pump allows for a much deeper gas tank, which allows
the engine to run a longer amount of time between fill-ups.
____________________________________________________________

Figure 5:11 - A carburetor with a built in fuel pump. The venturi is
unable able to draw fuel upwards into the carburetor more than about
2 to 3 inches. This limits the size of the fuel tank, and the engine has
a tendency to out of gas quickly!
One solution is to provide a much deeper fuel tank, and pump the fuel
to an upper reservoir, where it can be easily drawn into the carburetor
by the venturi. The fuel pump ( represented by the green box) is
operated by crankcase pressure. Excess fuel is returned to the main
tank by overflow holes located at the top of the upper fuel reservoir.
The actual carburetor is shown to the right.
____________________________________________________________
Okay, you ask, what drives the fuel pump? Is there a small electric motor,
or maybe some type of connection to the crankshaft to perform all of this
heavy lifting of the fuel?
Although either approach would work, they both have their drawbacks.
Electric pumps need a power source to operate. This is fine if you are
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driving around in a car with a battery and a heavy alternator to keep it
charged, but is not practical in a lawnmower, due to the added weight and
expense.
A purely mechanical approach would work, also, but again there is the
whole issue of added weight ( and cost). In larger small engines, such as
riding mowers, mechanical pumps are sometimes used, but this is almost
never seen in smaller lawnmowers.
Think back to the earlier discussion of the two and four stroke engine types.
The piston makes an excellent seal against the cylinder rings ( more on
rings in the next chapter). This seal ensures the gasses are compressed
as the piston reaches top dead center of the compression stroke, right?
The action is not confined to the top of the piston in the combustion
chamber, however. This excellent seal also create changes in pressure in
the engine#s crankcase. As the piston moves upwards, there is a negative
pressure, or partial vacuum, created in the crankcase. After the piston
reaches top dead center and starts traveling downwards, a positive
pressure is created in the crankcase. Some brilliant young engineer asked
“Why not use this alternating positive and negative pressures to drive a fuel
pump?” Eureka! A new type of fuel pump was born!
In many small engines ( including all chainsaws), this simple idea is used to
pump fuel from the gas tank to the carburetor#s reservoir, where it can then
be drawn into the venturi and sent to the combustion chamber to be
burned. The pump is really a thin rubber diaphragm. Sometimes a spring
is used to help the diaphragm to return to the neutral "starting position#
between pressure and vacuum pulses from the crankcase. In addition,
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there is always two "flapper valves# which keep the fuel flowing in the
proper direction, and prevent back flow.
Of course, like any moving parts in your engine, the diaphragm pump will
eventually wear itself out. Thankfully, these parts are easy to replace and
typically provide trouble free service for years and years.
The idea of a crankcase driven diaphragm pump works well for both two
and four cycle engines. In the case of the lawnmower carburetor discussed
above, the crankcase pressure drives the fuel pump, which in turns pumps
the fuel from the gas tank to the carburetor. This system is inexpensive,
extremely lightweight, and incredibly trouble free and reliable,
This is a good time to make the point that a chainsaw carburetor has two
rubber diaphragms located opposite of each other. One regulates the fuel
coming into the fuel reservoir, opening and closing the inlet valve. The
other diaphragm acts as a fuel pump, delivering pressurized fuel to the
reservoir side of the carburetor.

Fuel Injectors
Okay, so you are wondering how an engine can possibly get along without
a carburetor. Fuel injectors have been mentioned multiple times already in
the book, but no explanation has been offered to how a fuel injector works.
Keep in mind an engine needs a carburetor or a fuel injector, but never
both. One or the other is responsible for bringing fuel to the combustion
chamber.

Copyright 2008 All Rights Reserved

101

www.niftymower.org

How Your Engine Works!

Like the best things in life, the fuel injector is an exercise is simplicity itself.
A fuel injector is nothing more than a valve that is opened at exactly the
right time and duration. When the valve is in the open position, a fine spray
of fuel is injected into the combustion chamber.
Here is an example from everyday life. Most people have used a handheld
plastic spray bottle at home. When the handle is squeezed, a fine mist is
produced from the spray head. This is the exact effect the fuel injector
produces, and it is repeated several times per second!
The fuel is under pressure from the fuel pump. Fuel pumps are most often
driven by an electrical motor. The injector opens and closes with the use of
an electromagnet, which pulls the injector to the open position when
electrical current passes through the magnet. A spring returns the valve to
the closed position when the magnet is turned off.
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____________________________________________________________

Figure 5:12 - A typical electric fuel injector. An electromagnet pulls
open the plunger, which allows pressurized fuel to injected into the
combustion chamber. A strong spring returns plunger to the closed
position when the electromagnet is shut off.
____________________________________________________________
So why don#t all engines use a fuel injector, since it a well known fact they
improve fuel economy and engine power? A fuel injector needs a big
"support system# to operate properly. An electric fuel pump is usually used
to supply pressurized fuel to the injector, and a computer is generally used
to provide the split-second timing required for things to work smoothly. A
reliable source of electricity is needed for both these operations, which is
more than the typical magneto ignition system can provide. This translates
into the necessity of having a large battery on hand. Since batteries need
to be charged, an alternator needs to be present, also.
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This explains why fuel injection is seen on larger engines. The weight
factor of the "support system# makes fuel injection impractical in most small
engines. Using a simple carburetor saves weight, and in the end means
fewer moving parts.

Octane
No discussion of fuel would be complete without explaining the idea of
octane. On the surface, this seems easy enough. Everyone has seen the
octane labels at the gas pump. The higher the octane number, the more
expensive the gasoline. You probably have heard "high performance"
engines require a higher octane fuel. Why is this?
Did you know that in the world of organic chemistry, octane is an actual
chemical? ( To a chemist, the more accurate term would be iso-octane).
Everyone knows how many arms an octopus has - eight, right? Octa is a
Greek word, meaning "eight.' Octane, therefore, is a molecule that contains
eight carbon atoms. The carbon atoms all line up in a row and hold hands.
As the octane is burned, each carbon atom lets go of the carbon lined up
next to them, and energy is released.
This lovely liquid burns like a dream in an internal combustion engine
( unless of course, the engine is a diesel). If the fuel in your gas tank was
made up entirely of pure octane, then there would be 100% octane present.
Instead of adding the percentage to the end of the number every time, the
fuel is described simply as 100 octane. Likewise, if a different liquid fuel
acts in an identical fashion as octane, it too would be rated as 100 octane.
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Since all fuel is not 100 octane, there must be other additives that are
present that can lower the octane number. These additives vary from
season to season, and include a variety of other petro chemicals.
Likewise, some chemicals can be added to increase the octane rating
greater than 100.
How can this be? Since 100 octane is the equivalent of a fuel that is
composed of 100% octane molecules, how can the number ever be any
higher than 100?
To answer that question, we need to review some basics briefly covered
earlier in the book. Remember how the differences between the diesel
engine and the gas engine were explained? The diesel engine does not
need an ignition system or a carburetor, since the extremely high
compression produced in the combustion chamber causes the diesel fuel to
ignite when it is injected into the combustion chamber? This principle limits
the amount of compression allowed by your everyday gas engine.
If the compression in the combustion chamber is too high, the heat
generated by compressing the gasses would cause a premature ignition of
the air and fuel mixture, and interfere with the engine running smoothly ( or
keep it from running at all). A delicate balance must be maintained
between the need for higher compression (which delivers more power); and
the fuel, which could ignite too early if the temperature becomes too high
as the intake gasses are compressed. It was found that octane provided a
good balance in these circumstances. It did not pre ignite when
compressed to the usual pressures found in gasoline engines, and yet it
burned well when ignited by the spark plug.
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There are fuels other than octane that do an even better job of not "igniting
under pressure#. These fuels would be given an octane number higher
than octane. Likewise, other fuels might have a lower octane rating ( less
than 100), if they have a tendency to ignite at lower temperatures (and
pressures) than the octane molecule. The final mixture of these different
fuels determines the octane rating listed at the gas pump.

FUEL

Octane Rating

Ethanol

116

Methanol

113

Octane

100

Heptane

0

So what if a fuel ignites before it is supposed to. What damage could this
cause to an engine? Plenty! The annoying "ping# experienced during
engine acceleration in your car, for instance, is placing an extra strain on
the piston and rod.
Picture this: the piston is working hard to compress the air and fuel mixture
during the compression stroke. Way before the piston reaches top dead
center, the mixture suddenly ignites. As the fuel starts to burn, it expands.
This happens at the same time the piston is attempting to compress the
gasses even further, as it races to top dead center.
A terrible pushing contest ensues, with the piston attempting to compress
the hot gasses further, even as they are expanding and placing much more
force on the piston and rod. In the end, the piston wins, but at the cost of
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reduced power ( since the fuel was ignited too early) and increased stress
on the engine parts (due to the terrible clash of opposing forces deep within
your engine). The result is possible total engine failure!
Is higher octane fuel always better? In reality, the answer is probably no.
The take home message? Higher engine compression means a higher
octane rating is needed.
Using a fuel with an octane higher than your engine really needs will
accomplishes two things:
• Spending more money than you really should.
• Adding absolutely nothing to your engine#s performance.
That last point may be a bit of an exaggeration, but it is interesting how the
minimum octane rating changes with altitude. At sea level, it would be
nearly impossible to find gasoline with an octane level of less than 88. In
the Rocky Mountain west, where the altitudes are at least 5,000 feet above
sea level, the octane ratings drop to a minimum of 85.
Why the difference? At lower altitudes, the air is "thicker.' This translates
into more air drawn into the engine during the intake stroke, and results in
higher compression. This is the reason your car has more power at lower
elevations, and less power when going over high mountain passes on your
ski vacations. More compression at lower altitudes translates into higher
temperatures in the combustion chamber during the compression stroke,
and an increased risk of pre ignition.
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At high elevations, the air is "thinner#, resulting in less compression in the
combustion chamber. This, of course, translates into less power. Less
compression also means less heat generated during the compression
stroke, lowering the risk for pre ignition of the air / fuel mix. Therefore, a
lower octane fuel will work fine.

When Gas Goes Bad
Gasoline is a wonderful fuel. Easily available at your local gas station,
easy to store, loaded with power producing petrochemicals, it is truly a
marvel. A fact many people are unaware of is how high maintenance
gasoline really is. Most of us are accustomed to filling up our gas tanks in
the car, and using this gasoline over the course of several days, then
refilling the tank again. The gasoline never has a chance to sit around.
Contrast this with your lawn mower or chainsaw. You have a small gas can
in the garage or shed that is filled once every two months or so. Since you
are not a professional lawn maintenance person or a lumberjack, the
engine probably runs less than an hour per week. The gasoline has a
chance to sit around and get bored. It may even become stale. This, my
friends, is a recipe for trouble!
Gasoline does not age gracefully. In fact, it does not age well at all. After a
few short weeks, it is past its prime. After several months it may degrade to
the point it refuses to ignite in the engine for the power stroke. Let it sit a
year, and it degrades further, eventually turning into a varnish. After
several years, it reverts to a black, tar-like substance which resembles
chocolate syrup ( It tastes worse than chocolate syrup, too!). In this state, it
is less flammable than road tar.
Copyright 2008 All Rights Reserved

108

www.niftymower.org

How Your Engine Works!

This process is accelerated if oil is mixed with the gasoline. As we will see
in a later chapter, mixing an oil with the gasoline is required for a two stoke
engine to operate correctly. Oil / gas mixtures have a notoriously short
shelf life. Manufacturers recommend mixing only as much gas and oil as
can be used in about one month#s time.
These warnings also apply to the gasoline that is in the fuel tank of the
engine. If a long term storage is anticipated in a dry climate ( greater than
two months time) it would be best to drain the gasoline and start the engine
until all the fuel is used up.
In humid climates, another peril exists: water condensation. If the fuel tank
is stored empty, water can collect, causing damage to the fuel tank and the
carburetor. In these circumstances, an empty fuel tank can mean trouble.
The solution? Gas stabilizers! These nifty additives do just what the name
implies - they stabilize the fuel in a chemical sense, and prevent the rapid
aging and degradation that would otherwise occur. Think of gas stabilizers
as powerful antioxidants for your fuel. Fortunately, these are inexpensive,
readily available at many stores, and work well with both plain gasoline and
gasoline / oil mixtures. Mixing gas stabilizers with your fuel may extend the
shelf life of gasoline and gas / oil mixtures for many months. Most engine
manufactures endorse their use.
A brief word to the wise. If you own a gasoline generator that is expected to
lie dormant for months at a time, and then spring into action at a moment#s
notice to supply emergency power to your home, invest in some gas
stabilizer and use as directed on the package.
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Air Filters
We will conclude the chapter on fuel with a discussion of air filters. Almost
all internal combustion engines have an air filter. One notable exception is
snowblowers. Air filters are missing on a snowblower for two very good
reasons:
• If there is newly fallen snow on the ground, it is unlikely there is any dirt
or dust in the air.
• The blowing snow could melt when near the heat of the running engine.
This could allow water to collect on the air filter, which might later freeze
when the engine cooled down. This would completely slow down or block
the flow of air through the filter, and mimic the "dirty filter
phenomenon# (see below).
Overall, though, the idea of having an air filter is a good one. An engine
breaths in an enormous amount of air as it runs. This is especially true if
you consider the long life most engines enjoy. This translates into a huge
amount of intake gasses over many years.
If this titanic amount of air is not filtered and cleaned, then abrasive dirt is
taken into the very heart of the engine. The dirt and grit mixes well with the
lubricating oil. The result? An abrasive mixture that wears the engine#s
moving parts down, severely shortening the engine#s useful life. Often the
damage is irreversible and may be impossible to repair.
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Of course, dirt is more of a concern in dry and dusty areas. This can be
especially true with lawnmowers, which are operated close to the ground
where the cutting blade can produce large amounts of dust and grit.

Oil Bath Filters
In the beginning, there was the oil bath filter- and it was good.
One of the first air filter designs to be developed was the oil bath filter. As
the name implies, there was a reservoir of oil at the bottom of the filter. Air
is drawn into the filter by the intake stroke of the engine. The air flows
across the surface of a pool of oil, and then passes though a maze made of
metal mesh, which is coated with a thin layer of oil.
Why so much oil in this filter? Oil acts as a natural "magnet# that attracts
dirt. Once dirt and dust lands on the surface of the oil, it is trapped there
forever, much like a prehistoric sabertooth tiger trapped in a California tar
pit. Periodically, the oil is changed in the base of the filter, and the element
rinsed out. The base filled with clean oil to start the whole process again.
Overall, this filter type was extremely durable, and fairly effective at
eliminating unwanted dirt and dust from the engine. This filter type was
used primarily in small engines, but a few cars and tractors also used this
design. The high maintenance, and need for the filter to always remain in
the horizontal position eventually led to its downfall.
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____________________________________________________________

Figure 5:13 - An oil bath oil filter. Air drawn into the engine first
passes across a pool of oil. Since dirt is attracted to oil like a magnet,
much of the dirt present in the intake air is trapped at this point. The
air then flows through a metal mesh coated with a thin layer of oil that
traps additional dirt. Periodically, the filter is cleaned and the oil is
replaced in the filter.
____________________________________________________________

Foam Filters
Foam Filters have been the mainstay of many lawnmower
engine brands for many years. The principle is an easy
one: air is drawn through the maze of small air holes found
in the foam rubber. Along the way, dirt is deposited and
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trapped before it can reach the engine. This filter design is practically
indestructible.
Like the oil bath filter described above, the secret in the filter#s action is the
presence of oil. It is the oil itself that captures the dirt. The fact is that if a
foam filter is used without the presence of oil, very little filtration occurs.
There is a delicate balance that needs to maintained here. No oil means
no filtration. Too much oil will not allow the air to pass through the filter
easily, and the engine responds as if the choke valve is always closed,
impairing engine performance.
The advantages of the foam filter are its low cost, and easy maintenance.
There are few, if any disadvantages to this filter design.

Paper Filters
Paper Filters are now the gold standard in the world of
internal combustion engines. Although the design of
paper filters has changed considerably over the years,
the basic idea remains the same. As air is drawn through
a tightly woven paper mesh, dirt is trapped in the paper
and left behind. Almost all cars use paper filters. They are also becoming
very common in small engines as well. Maintenance couldn#t be easier.
When the filter is dirty, it is disposed of and a new filter is installed.
Besides becoming clogged with dirt, the biggest factor in the paper filter
losing efficiency occurs when it becomes wet. This severely limits the
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ability of air to pass through the paper. This is seen if the paper becomes
saturated with any liquid, whether it be oil, gasoline, or water.
Because of this, paper filters are seldom used on chainsaws and many
other two cycle engines ( although exceptions do exist). All two stroke
engines have a little "blowback# of the air and fuel mixture from the
crankcase. This may reach to air filter, and if a paper filter is used, then
loss of filter performance results.
____________________________________________________________

Figure 5:14 - A typical paper air filter. As the dirty air flows through
the filter ( red arrows), the dirt and debris is trapped in the paper
element of the filter. Clean air passes into the engine. When dirty, the
filter is replaced.
____________________________________________________________
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Hybrid Filters
Sometimes two different filters are combined. This is
typically paper and foam filters. Sometimes the foam
component is called the "pre filter.' A thin layer of foam
is placed on the outside of the paper filter, which is
often a circular or oval shape. The foam is lightly oiled
as described before. The reason for combining the two filters is to extend
the life of the paper filter. As always, the foam cover can be cleaned and
reused multiple times.
******
Fuel systems are so satisfying, aren#t they? Just the thought of providing
energy to the engine somehow makes me hungry.... to learn more!
The next leg of the power triangle is compression. I hope you can stand
the pressure!
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6
Compression
Delivering the power

There is perhaps no more important factor in engine performance than the
compression the engine is able to achieve. A high performance engine is,
almost without exception, a high compression engine. Compression
translates into power. The more the air fuel mixture can be compressed,
the more power is released when it burns.
There are limits to how high the compression can be pushed, however. As
was mentioned previously, Boyle#s Law states the more a gas is
compressed, the higher the temperature becomes. If too much
compression is present, the fuel may ignite spontaneously ( and
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prematurely). This pressure-induced fuel ignition is wonderful and
necessary in a diesel engine, but can cause all sorts of problems in an
engine that uses gasoline as a fuel.

Piston Rings
Whatever the engine type, adequate compression depends on a good set
of piston rings, commonly abbreviated as "rings# by those in the know.
Piston rings help provide a good seal against the cylinder wall, and prevent
the combustion gasses from escaping past the piston into the crankcase
below. Escaping gasses translate into lost engine performance.

There are really several different styles of piston rings, to include the
compression ring, oil scraper ring, and oil ring. Not all engines have all three
types. In fact, many two stroke engines use only one or two compression
rings. Most four cycle engines ( including diesels) have all three ring types.
All piston rings are made of a tough, hard steel that is rather brittle.
The rings are well supported within the piston, being held in place by the
piston ring grooves. In addition, piston rings have a natural tendency to
"spring open# or to expand against the cylinder wall. These characteristics
can make installing and removing piston rings a challenge. Many rings have
been broken during the installation or removal process because they are so
brittle.
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_____________________________________________________________

Figure 6:1 - Piston rings found on a four stroke engine. The
compression ring is always located on the top, and the oil ring is
always on the bottom. If a scraper ring is present, it is located between
the compression and oil rings.
_____________________________________________________________

Compression Rings
The compression ring is at the very top of the piston ring pecking order. It is
the ultimate defender of lost compression and blow by of the combustion
gasses. Located in the highest of the piston ring grooves, it uses a variety of
tricks to help get the job done.
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Compression rings have a variety of shapes and designs to help accomplish
this goal. Keep in mind the critical time to make an excellent seal against
the cylinder wall is during the compression stroke. This is when the piston is
moving upwards. The natural tendency for the piston ring is to be pushed to
the bottom portion of the piston ring groove, opening a slight space towards
the top of the groove. Keep in mind it is also the top of the ring that is facing
the compressed intake gasses. The pressure finds itself trying to escape
past the compression ring. The design of the ring allows for the compressed
gasses to make their way to the inside edge of the ring. Here the gasses are
hopelessly trapped and can travel no further.
An interesting thing happens at this point. The compressed gasses
themselves push the piston ring against the cylinder wall even tighter,
providing a better seal! This results in 2 things:
• The compressed fuel / air mixture is not allowed past the piston into the
crankcase.
• During the power stroke, the hot combustion gasses cannot escape past
the piston, which prevents a potential loss in engine power.

All internal combustion engines that have a piston use compression rings.
Consider their presence in your engine guaranteed and universal.
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_____________________________________________________________

Figure 6:2 - The compression ring. As the piston moves upwards in the
compression stroke, the piston ring is forced to the bottom of the
piston ring groove. The compressed gasses ( green) get behind the
piston ring and force it against the cylinder wall ( red arrow). This
helps the ring to provide a better seal.
_____________________________________________________________

Oil Scraper Rings
Oil scraper rings have a very special purpose in life. Theirs is the job of
wiping the cylinder wall clean of excessive oil each time the piston is moving
in a downwards direction. As the piston is moving upwards, the oil scraper
ring really does not have much of a function, other than to help provide a
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good seal for the piston. You can consider this type of ring a half-time
employee in the engine world. Good work, if you can find it!
Here is how the scraper ring works: As the piston is moving downwards, the
ring acts as a squeegee ( or maybe like a windshield wiper, if you prefer).
This is occurs because the ring twists or rocks slightly in the piston ring
groove. The sharp lower edge comes in contact with the cylinder wall.
Excessive oil is pushed downwards towards the crankcase, where the oil
reservoir is located. This scraping action helps reduce the amount of oil that
finds its way to the combustion chamber, where it would be burned and
added to the engine#s emissions.

It should be noted that oil scraper rings are only needed in those engines
that contain a reservoir of oil in the crankcase. If there is no such reservoir
( such as in a two stroke engine) there would be no point in having a
compression ring. Two stoke engines usually have multiple compression
rings instead of having an oil scraper ring.

Copyright 2008 All Rights Reserved

121

www.niftymower.org

How Your Engine Works!

_____________________________________________________________

Figure 6:3 - As the piston moves down, the oil scraper ring "rocks# or is
twisted slightly in the piston ring groove. The edge of the ring acts as
to scrape excessive oil from the cylinder wall, and direct it down into
the crankcase. This helps prevent excessive oil from being burned in
the combustion chamber.
_____________________________________________________________

Oil Rings
The oil ring is a strange duck indeed! This is the lowliest of the piston rings,
always located at the very bottom ring groove of the piston.

All of the rings work as a team, but there is a special relationship between
the oil scraper ring and the oil ring below it. The oil ring accepts the oil
pushed down by the scraper ring up above, and allows the oil to pass
through holes in the ring body. The oil then flows to the inside of the piston
skirt, and is allowed to fall into the crankcase reservoir.
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_____________________________________________________________

Figure 6:4 - Cutaway view of the piston skirt. The oil ring accepts the oil
from the scraper ring located above it. Special holes located in the
rings and piston grooves allow the oil to pass freely into the crankcase
below.
_____________________________________________________________
As with the oil scraper ring, the oil ring is found only on engine types that use
a reservoir of oil in the crankcase.

Compression Ratios
Often times people talk about the compression ratio of an engine. The way
people talk, it seems like a higher compression ratio is somehow better. It
must be better - engines with higher compression ratios generally cost
more money! Higher compression ratios are also associated with
increased engine performance. Race cars all contain engines with high
compression ratios, for instance.
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To illustrate the idea, let#s start with an engine with the piston at bottom
dead center. From here, the piston can go nowhere but in an upwards
direction. At this point, the amount of air in the cylinder is at a maximum.
Let#s also assume the intake and exhaust valves are closed, and the piston
rings are making a good seal, so none of the air can escape. As the piston
moves upwards, the gasses become compressed. The compression
reaches a maximum when the piston reaches top dead center.
If the volume of air at bottom dead center is compared to the volume
achieved at top dead center, the compression ratio is determined. Let#s
say the volume starts at 100 cubic centimeters at bottom dead center and
ends up being 10 cubic centimeters at top dead center. This can be
expressed as a ratio of 100 ( at the beginning) to 10 ( at the end). A math
whiz would say this is a 100: 10 ratio. This can be simplified further by
taking a zero off each number, leaving us with a 10:1 ratio.
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____________________________________________________________

Figure 6:5 - Compression ratio is defined as the volume of air at the
bottom of the stroke compared to the volume of air at the top of the
stroke. On the example above, the air is compressed from 100 cubic
centimeter volume to a 10 centimeter volume. The ratio is 100:10.
This can also be expressed as a 10:1 ratio.
____________________________________________________________
In general, the higher the compression ratio, the more efficient the engine
becomes. As efficiency increases, so does the power the engine produces.
Diesel engines have the highest compression ratios, and are therefore the
most efficient and most powerful engine type.
Gasoline engines are limited compression ratios they can achieve, since
higher compression also raises the temperature of the gasses being
compressed in the combustion chamber. If the compression is to high, the
gasoline will ignite spontaneously, and the engine will run poorly. In high
performance gasoline engines with elevated compression ratios, a higher
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octane fuel is needed to help combat this problem. Higher octane fuel will
resist igniting under pressure.

******
A job well done. You handled the pressure in a splendid fashion! Next up is
the slippery topic of lubrication.
A wise man once observed that the two most deadly enemies any engine
faces are heat and dirt. In a sense, lubrication deals with both. Lack of
lubrication results in heat. Also, engine oils are used to "bathe# the engine
parts keep them clean as the engine is running.
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7
Lubrication
Keeping the wheels turning!

In a sense, this whole book kind of boils down to lubrication. Even if all the
other complicated engine systems and parts work flawlessly, lack of proper
lubrication will cause the engine to fail within minutes! The heat generated
by the friction of the engine parts can become so great ( and occur so
quickly) it can melt metal!
This is especially true of the connecting rod, at the end that attaches to the
crankshaft. The result of this great heat is the connecting rod may partially
melt, and "weld# itself to the crankshaft journal. A welded connecting rod is
one that is doomed to fail, since it often breaks in half from the added
strain. Other parts will be adversely affected from heat and lack of
lubrication also.
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The need for proper engine lubrication cannot be over emphasized. This
means every engine operator needs to perform the following:
• Check the oil level regularly in your engine if you are using a four cycle
engine.
• Make sure the proper oil is mixed with the gasoline at the correct ratio if
you are using a two stroke engine.
• Change the oil in the crankcase on the recommended intervals. Clean oil
makes for a happy engine.

Oil Basics
Most people are well aware how temperature affects how well an oil flows.
At low temperatures, oil becomes thicker ( think bacon grease at room
temperature). At high temperatures, oil becomes thinner and flows better.
Every engine has an oil thickness preference. If the oil is too thick, lack of
lubrication may occur due to the difficulty of moving the oil to where it is
needed. If the oil is too thin, the protective lubricating film between the
moving parts may also be inadequate, resulting in friction and engine wear.
Every engine needs an oil that considers two things:
• The design of the engine.
• The climate the engine will be operated in.
Engines with close tolerances between the moving parts ( meaning parts
that fit together tighter, with less space between the parts), often require a
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thinner oil. If an engine is not manufactured to have very close tolerances,
then a thicker oil is often required to "fill in the gaps# and provide some
cushion, much like a liquid shock absorber.
If an engine will be operated in a cold climate, a thinner oil is needed, just
to maintain the ability of the oil to flow properly. Contrast this with an
engine that will be used in a very hot climate. The oil will have a tendency
to get thin from the intense heat, and may not provide adequate lubrication
if it does not start out in a thicker state.
So how about an engine that will operate under a variety of conditions let#s say you car, for instance? A person can#t very well be changing the oil
from month to month with different thicknesses of oil, to make sure
lubrication is maximized in the engine! This would be way too confusing
( and expensive).

Multi Weight Oils
The solution was the development of multi weight oils. You have used
these oils all along, and probably never given it a second thought. Let#s
return to the example of your car engine for a minute. In the summer heat,
the engine would really like a heavier oil, which would stand up to those
one hundred degree days. In the dead of winter, when even trying to get
the engine to turn over is a challenge, a very light oil would be more
appropriate.
Enter the multi weight oils. These are so versatile, the same oil acts like a
heavy 30 weight oil in the summer, but flows like a 10 weight oil in the
winter. How is this possible?
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Polymers
The secret lies in the addition of polymers to a thin oil. Let#s say we start
with a 10 weight oil, which is very thin. With the proper polymer additives,
the oil will act like a much heavier oil as the temperature increases.
It is important to note the oil remains a 10 weight oil, but it behaves as a
much heavier oil as the polymers are made active by the heat. Activated
polymers return to their normal inactivated state at lower temperatures at
cooler temperatures.
There is no limit to how many times these polymers can be activated and
deactivated. Over time, however, the polymers have a tendency to break
down when exposed to the various insults of spending one#s life inside an
internal combustion engine. The moral: change the engine oil often!
Another good reason to change the engine oil is to eliminate the dirt and
fine metallic dust that results from the inevitable wear of the engine. Think
of your engine oil as giving the inside of your engine a bath every time it is
started. Eventually the oil can become so dirty, the cleansing function
becomes compromised. At its worst, the oil could become abrasive if it
contains too much trapped dirt. This would accelerate engine wear, instead
of preventing it.
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Oil in the Crankcase
Since the majority of the engines in the world are of the four cycle variety,
the most common place for the lubrication is in a reservoir located in the
crankcase. As the oil waits in the crankcase to be circulated through the
engine, it cools slightly. Some of the heavier particles may settle to the
bottom, where they can do no harm to the moving parts of the engine.
Many engines use a dip stick to measure the amount of oil in the
crankcase. It is important to keep the oil at the proper level. Too little oil,
and the engines lubrication is compromised. Too much oil in the crankcase
will result in the extra oil being burned by the engine, and will significantly
reduce engine performance.

Oil Pumps
Most larger engines ( like your car) use an oil pump to move the oil from
the crankcase to the moving parts of the engine. The goal is to pump more
oil than is needed, since the excess oil falls back into the crankcase to be
circulated again. The idea is to literally flood the bearing surfaces with
clean oil to reduce friction as much as possible.
If an engine has an oil pump, then placing an oil filter becomes possible.
The oil filter is always placed on the pump outlet, where the oil pressure is
highest. The filter#s job is to trap as much dirt as possible before it can
reach the engine#s moving parts and cause wear. As with the engine oil,
the oil filter should be replaced on a regular basis.
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Oil Slingers
Smaller four stroke engines often do not have an oil pump at all. Instead,
some type of oil slinger is used. As the name Implies, the oil is tossed
throughout the engine willy nilly and with abandon, with the theory the oil
will somehow find the place it needs to be.
Here#s the funny thing about this crazy slinger theory - it works beautifully!
Millions upon millions of lawnmower engines were made with this simple
idea, which has worked without a problem.
Since the oil is not being pumped under pressure with a slinger system, it is
very difficult to have an oil filter. Engines that use a slinger system really,
really need to have their oil changed on a regular basis.

Mixing Oil With Gas
The two stroke engine was such a great idea. Fewer moving parts, lighter
weight, and higher engine speeds! Keeping the internal engine parts
lubricated presented a special problem, however.
Using a reservoir of oil at the bottom of the crankcase proved to be
impractical, since these engines were often operated in a variety of
different positions, and were not always kept horizontal. Keep in mind the
whole idea of an oil reservoir is to keep the oil in the bottom of the engine.
If an engine is turned on its side, the oil in the crankcase would end up in
the combustion chamber, where it would cause major mischief!

Copyright 2008 All Rights Reserved

132

www.niftymower.org

How Your Engine Works!

In a two cycle engine, the air fuel mix encounters all the moving internal
engine parts ( all three of them)! It made sense to mix the oil with the gas,
and provide lubrication for the engine parts at the same time. This is a
great idea for many reasons, including the fact the engine is always
exposed to a very clean oil that is never re used or filtered. The oil is
burned before it has a chance to get dirty and contribute to engine parts
wear. No oil pump is needed, eliminating moving parts from the engine that
might need maintenance or breakdown at some point.
Ah, but there is a fly in the ointment, so to speak. Oil does not burn
particularly well. When oil does burn, it has a tendency to smoke, and
leave deposits in the engine known as ash. Over time, the deposits can
block the exhaust system, and seriously reduce the power the engine is
able to produce.
One way around this problem is to mix less oil with the gas. Less oil
means less smoke and deposits. Unfortunately, less oil also means less
lubrication for the moving parts. As is he case in a four cycle engine, the oil
acts as a shock absorber between the moving parts. Less of an oil film
between these parts can lead to more friction and wear. At an extreme,
premature engine failure could easily occur.
There has been a constant trend over the years to improve the good
qualities of two stroke oils (lubrication properties) while minimizing the bad
( smoke and ash).
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Gas to Oil Ratios
In the old days, most two stroke oils were mixed with gasoline at a 16:1
ratio - that is, sixteen parts gasoline per one part oil. This provided good
lubrication, but the result was clouds of aromatic blue smoke. This proved
very effective at killing all mosquitoes within a two mile radius of the engine,
but was very annoying to the neighbors. Something had to be done.
The oil to gas ratios have slowly increased over the years. From the
original 16:1 ratio, we have gradually seen the development of oils that can
be mixed at 24:1, followed by 32:1, 40:1, and 50:1 ratios. The highest ratio
commonly used is now 100:1! The oil comes in a variety of forms, to
include a handy pre measured plastic packet, which is mixed with a gallon
of gasoline. This also helps to reduce the telltale blue cloud of exhaust,
and lowers engine emissions.
It should be noted that all two stoke engine oils are dyed a color, usually
green or blue. Why? The quickest way to kill a two stroke engine is to
operate the engine with "straight gas#, or gasoline without engine oil mixed
in. Without a dye present, it would be very difficult to tell if oil had been
mixed with the gasoline. Blue or green gasoline gives an unmistakable
sign the fuel is safe to use in the two cycle engine.
******
There were some slick concepts in this chapter, no doubt! When it comes
to lubrication facts, the best resource will always be the owner#s manual for
the equipment you own. It is here where you will find the skinny on
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recommended oil types for your engine. For the four cycles, the amount of
oil required to fill the crankcase will also be listed.
With the completion of this chapter, all the basics of a small internal
combustion engine have been explained. With any luck, it all made sense,
and you found the journey to be enjoyable.
If you are interested in a "How To” approach to tuning up an engine, be sure
to check out the other books in the series by H. Andy Power!
Since a great deal of information was presented in a short amount of time,
a glossary of terms follows, just in case a second look at some of the facts
is needed.
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9
Glossary
Reviewing the terms you missed the first time
In an effort to make life a little easier for the engine novice, the terms in this
glossary have been arranged by chapter and topic. Page numbers are
provided for reference back to the main text.
Study hard, the written test is next Friday!

Chapter 1: Introduction
External combustion engine - An engine design that burns fuel outside of
the engine to provide power. All steam engines are external combustion
engines. ( Page 11)
Internal combustion engine - An engine that burns fuel in a combustion
chamber located inside of the engine. This is by far the most common type
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of engine in use today, and is used in cars and home power equipment.
( Page 13 )
Single cylinder engines - Any engine that has just one piston and one
cylinder. Most small engines used around the home are single cylinder
engines. ( Page 6 )

Chapter 2: Engine parts
Camshaft - A shaft attached to the crankshaft by gears or pulleys. As the
camshaft turns, the intake and exhaust valves are pushed open at the
proper time for the intake and compression stokes. ( Page 22)
Carburetor - The place where air being drawn into the engine during the
intake stroke is mixed with fuel. ( Page 29)
Connecting rod - A sturdy metallic part that transfers power from the
piston to the crankshaft. ( Page 18)
Crankshaft - The round shaft that turns as the engine is running. The
crankshaft is attached to the engine transmission, chainsaw chain,
lawnmower blade, etc. ( Page 19)
Cylinder - The perfectly round hole in the engine block that houses the
piston, as it travels up and down. ( Page 27)
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Cylinder head - Any attachment that is fastened to the top of the engine
cylinder. This is where the spark plug attaches to the engine. In some
cases, the engine head also contains a camshaft, intake and exhaust
valves. ( Page 28)
Exhaust manifold - The area of the engine where exhaust gasses are
collected. One end is attached to the engine block, the other end to the
muffler. ( Page 28)
Exhaust valves - The valve that opens during the exhaust stroke of a four
stroke or diesel engine, allowing the engine to rid itself of burned fuel.
( Page 23)
Flywheel - A heavy round metallic part that attaches to one end of the
crankshaft. The flywheel is used to provide momentum to the engine and
smooth the power deliver between the power strokes of the engine. It also
may be used to house magnets for a magneto ignition system, and cooling
fins for an air cooled engine. ( Page 20)
Ignition system - The generator of electrical spark used to ignite the fuel
for the power stroke. Most small engines ( and some small airplanes) use
a magneto ignition system. ( Page 29)
Intake manifold - The area of the engine where the intake gasses enter
the engine. The intake manifold is where the fuel system and air filter
attach. ( Page 28)
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Journal - The area of the crankshaft where the lower end of connecting rod
attaches. ( Page 20)
Overhead Valve engine - An engine design that places the camshaft and
intake/exhaust valves in the cylinder head. ( Page 29)
Piston - The heart of any engine. A round metallic part that moves up and
down in the cylinder. The piston is responsible for compressing the intake
gasses, and is also "pushed down# during the power stroke. ( Page 16)
Piston rings - Attached in the piston by fitting into ring grooves. The piston
rings help to form a good seal between the piston and the cylinder. ( Page
17)
Timing belt (chain) - The attachment between the crankshaft and the
camshaft. This is needed if the camshaft does not mesh with the
crankshaft directly using gears. Timing belts and timing chains are used in
overhead valve engines. ( Page 23)
Valve train - Moving parts including the intake valve, exhaust valve,
camshaft, lifters, return springs, and timing belt or chain. ( Page 21)
Valve lifters - The device used to push the intake and exhaust valves
open. On end of the lifter is in contact with the camshaft, the other end is in
contact with the intake or exhaust valve. ( Page 22)
Wrist pin - Located on the piston. This attaches the piston to the upper
end of the connecting rod. ( Page 18)
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Chapter 3: Engine types
Bottom dead center - When the piston is at the bottom of the stroke, it is
at bottom dead center. Any rotation of the crankshaft in either direction will
make the piston start to move upwards. ( Page 33)
Compression stoke - The upwards movement of the piston from bottom
dead center to top dead center, when the cylinder is full of the air/fuel
mixture. The compression stroke follows the intake stroke. ( Page 35)
Diesel engine - An engine design that uses the temperature of the
compressed gasses to ignite the air fuel mixture. Diesel engines are the
most efficient internal combustion engine design, and do not use a
carburetor or an ignition system. ( Page 42)
Exhaust port - Located on a two stroke engine. The part of the cylinder
block where the hot exhaust gasses leave the engine. The exhaust port
leads into the exhaust manifold. ( Page 47)
Exhaust stroke - Starting at bottom dead center. As the piston moves
upwards, the burned fuel is pushed out of the engine. This stroke ends
when the piston is at top dead center. The exhaust stroke follows the power
stroke. ( Page 39)
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Four cycle engine / Four stroke engine - An engine type that requires
four distinct cycles, or strokes, to operate. The strokes ( in order) are
intake; compression; power; and exhaust. ( Page 34)
Intake stroke - Starting at top dead center, the piston moves downwards
and draws fresh air mixed with fuel into the engine cylinder. This stroke
ends when the piston reaches bottom dead center. ( Page 34)
Intake port - Located on a two stroke engine. The part of the engine block
where the air / fuel mixture enters the engine from the crankcase. The
exhaust gasses are expelled from the engine during this step also. ( Page
47)
Muffler - Connected to the exhaust manifold, the muffler helps to dampen
the noise of a running engine. ( Page 40)
Power stroke - Starting at top dead center the instant the spark plug
ignites the air / fuel mixture. The power stroke ends when the piston is
pushed to bottom dead center by the hot burning gasses. The power stroke
follows the compression stroke. ( Page 37)
Stroke - The amount of distance travelled by the piston from top dead
center to bottom dead center. ( Page 31)
Top dead center - When the piston is at the top of the stroke, it is at top
dead center. Any rotation of the crankshaft in either direction will make the
piston start to move downwards. ( Page 32)
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Two cycle engine / Two stroke engine - An engine type that requires two
distinct cycles, or strokes, to operate. The stokes are power / exhaust and
compression / intake. ( Page 47)

Chapter 4: Ignition Systems
Capacitors ( or condensers) - An electrical device that temporarily stores
electricity. Once emptied (or discharged) it is ready to store electricity
again. ( Page 57)
Contact points - A type of mechanical "on / off# switch used in a magneto
ignition system. When the contact points open, the switch is turned "off#,
and the spark plug fires. ( Page 55)
Electrical circuit - The combination of an electrical power source and
conductor ( such as a copper wire) that allows the electricity to flow in a
loop away from the power source, and then back to the power source.
( Page 53)
Electromagnet - A magnet formed by wrapping a coil of wire around a soft
iron core. When electricity is passed through the wire, the iron core
becomes a magnet. When the electricity stops, the magnet is turned off.
( Page 62)
Flywheel key - A rectangular-shaped piece of aluminum that fastens the
flywheel to the crankshaft. If the engine stops suddenly, the momentum of
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the flywheel shears the key in half, helping to prevent damage to the
engine. ( Page 78)
Induction - Producing electricity by passing a coil of wire through a
magnetic field. This is how most electricity used in our daily lives is
produced. ( Page 61)
Magnetic field - An invisible area surrounding any magnet, which flows
from the magnet#s north and south poles. ( Page 61)
Magneto ignition system - An ignition system used on most small engines
and some airplanes. The electricity needed to activate the spark plug is
generated using magnets passing through a coil of wire. A battery is not
needed to provide the electricity for the spark plug. ( Page 59)
Permanent magnet - A magnet that is always attracted to another magnet
or iron. Most magnets around the home are permanent magnets. ( Page
59)
Primary coil - A coil of wire that is wrapped around a soft core of iron. The
primary coil interacts with the secondary coil to increase or decrease
voltage. The primary coil in a typical engine will develop several hundred
volts of electricity. ( Page 65)
Secondary coil - A coil of wire that is also wrapped around the same soft
iron core as the primary coil. The secondary coil in a magneto ignition
system has many more windings of wire. As the two coils interact, the
voltage in increased to about 20,000 volts. ( Page 65)
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Spark plug - The device mounted in the head of the engine that ignites the
compressed air / fuel mixture in the combustion chamber, by using an
electrical spark generated by the ignition system. ( Page 57)
Switch - Used to interrupt the flow of electrical current in a circuit. ( Page
55)
Transformer - Two coils of wire that are wrapped around a common soft
iron core. Transformers are used to increase or decrease voltage, and
contain a primary coil and a secondary coil. ( Page 56)

Chapter 5: Fuel
Air and fuel ratio - The amount of air mixed with the amount of fuel used by
the engine. The optimum ratio for most engines is 14 parts of air to 1 part
fuel. ( Page 82)
Choke - A valve located in the carburetor, between the air filter and the
venturi. When the choke is closed, the engine is provided with a very rich
air / fuel mixture. This helps a cold engine get started. ( Page 88)
Down draft carburetor - A design that places the carburetor above the
combustion chamber. Air flowing through the carburetor flows in a
downwards direction. Compare to side draft and up draft carburetors.
( Page 95)

Copyright 2008 All Rights Reserved

144

www.niftymower.org

How Your Engine Works!

Float bowl - A container that acts as a fuel reservoir in a carburetor. Fuel is
drawn into the venturi from the float bowl. ( Page 93)
Foam air filter - An air filter that cleans the incoming air by using a synthetic
foam filter element that is moistened with oil. ( Page 112)
Fuel injection - A system that uses a spray nozzle to deliver fuel into the
intake manifold. A fuel injector replaces the carburetor in many engines.
( Page 101)
Idle - The lowest speed an engine can run at without dying. ( Page 87)
Octane - A measure of how easily a fuel will ignite when placed under heat
and pressure. Higher octane fuels are needed in high compression
engines. This prevents the air / fuel mix from igniting spontaneously
during the compression stroke. ( Page 104)
Oil bath air filter - A primitive air filter design that directed air entering the
engine across a pool of oil, trapping any dirt present. ( Page 111)
Primer - Used instead of a choke valve in some engines. The primer
squirts fuel directly into the carburetor, which helps a cold engine start.
( Page 88)
Rich mixture - Changing the air / fuel ratio so more fuel is present in the
mixture. This often causes the engine to smoke and run poorly. ( Page 82)

Copyright 2008 All Rights Reserved

145

www.niftymower.org

How Your Engine Works!

Side draft carburetor - An engine design that places the carburetor at the
same level as the combustion chamber. Compare to up draft carburetors
and down draft carburetors. ( Page 95)
Throttle - A valve placed in the carburetor located between the venturi and
the engine. As the throttle valve is opened, more air and fuel is allowed to
enter the engine. This allows the engine to run faster. ( Page 87)
Updraft carburetor - An engine design that places the carburetor below
the level of the combustion chamber. Air flowing through the carburetor
flows in a upwards direction. Compare to side draft carburetors and down
draft carburetors. ( Page 95)
Venturi - A narrow area in the carburetor where air speed increases and air
pressure decreases. ( Page 82)

Chapter 6: Compression
Compression ratio - The volume of air in the cylinder at bottom dead
center compared to the volume achieved at top dead center. ( Page 123)
Compression ring - The top most piston ring that provides a good seal of
the piston against the cylinder wall. Compression rings prevent the
compressed gasses from escaping past the piston. ( Page 118)
Oil ring - The lowest ring on a piston. Oil ring allow the oil pushed
downwards from the scraper ring above to pass though the piston skirt into
the crankcase below. ( Page 122)
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Oil scraper ring - The middle piston ring, that helps remove excess oil
from the cylinder wall as the piston moves downwards. ( Page 120)
Piston rings - Hard steel rings that fit into the upper portion of the piston.
Piston rings provide a good seal, and help prevent excessive oil from being
burned. ( Page 117)

Chapter 7: Lubrication
Ash - Carbon build up in a two stroke engine that results from oil being
burned. ( Page 133)
Dip stick - A measuring device to check the oil level in the crankcase of a
four cycle engine. ( Page 130)
Multi weight oils - Engine oils that retain the ability to flow easily at low
temperatures, and still provide good lubrication at high temperatures. Most
motor oils used today are multi weight oils. ( Page 129)
Oil filter - Used on engines that have an oil pump to lubricate the engine#s
moving parts. ( Page 131)
Polymers - A special additive that allows an engine oil to provide good
lubrication at high temperatures. It is polymers that make an oil multi
weight. ( Page 130)

Copyright 2008 All Rights Reserved

147

www.niftymower.org

How Your Engine Works!

10
HEADLINES FROM HISTORY
A whimsical look at news stories from across the ages
(News stories that were never really written, but should have been!).
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!"#$!%&'()*!%)+,-./#
Lad Heats
Gas With
Pressure
Ireland, 1660
Local gentleman
scientist Mr. Robert
Boyle today defended
criticisms directed
against his recent work
New Experiments PhisicMechanicall, Touching
the Spring of the Air, and
its Effects.
In a spirited defense of
his recent research into
the behavior of
compressed gas, Mr.
Boyle emphatically
stated the principles he
discovered were true,
and could be verified
with further
experimentation
performed by others.
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“It is natural fact the
temperature of a gas will
increase with more
pressure applied to the
gas” stated Boyle from
his laboratory in Oxford,
England “ My results
speak for themselves.”
Mr. Doyle is the
youngest of fourteen
children. His father is
the “Great Earl of Cork”
Richard Boyle.
Childhood
acquaintances of Robert
Boyle state he was able
to learn Latin, Greek,
and French when he was
but a lad. At eight years
old, he was sent away to
college, and later
travelled abroad with a
French tutor.

could have long lasting
consequences. “ Future
generations of chemistry
and physics students will
be forced to learn these
formulas” stated a
colleague of Boyle’s, “
Which could lead to
some very long and
sleepless nights before
test day”.
Source - Wikipedia

Local
Leprachauns
Threaten to
Strike
Drop in World
Gold Prices to
Blame

Supporters of Robert
Boyle have commented
if his results concerning
the behavior of gasses is
found to be correct, it

149

www.niftymower.org

How Your Engine Works!

!elgian Wooden Clo"
Local
Bernoulli
invents
Venturi !
Netherlands - 1738
Daniel Bernoulli, son of
Johann Bernoulli,
celebrated today the
publishing of his latest
book Hydraulica.
In this ground breaking
body of work, Mr.
Bernoulli demonstrates,
tutilizing mathematical
equations, how liquids
behave when flowing.
Critics in scientific
circles have credited
Bernoulli with defining
and explaining
principles that were
previously unknown.
“ This is truly an
amazing achievement,
both for the world of
Copyright 2008 All Rights Reserved

science, and for the
world as a whole”
stated Leonard Euler, al
long time friend and
professional associate. “
The ideas developed by
Bernoilli will one day
change the world. The
possibilities are endless
- from airplane wings to
internal combustion
engines, the world will
certainly change in the
next three hundred
years, thanks to the
discovery of the venturi
principle”.
Daniel Bernoulli hails
from a long line of
talented scientists and
mathematicians, having
competed against his
father in a scientific
competition is France.

of Basel, where he was
born.
Source: Wikipedia

Local Boy#s
Finger
Seriously
Injured in
Dike incident
“Countryside
saved by his
heroism“ states
official.
Dike Reportedly
Saved by Quick
Action!

The two Bernoulli’s tied
for first place, which has
reportedly caused
continued hard feelings
to this day.
Bernoulli continues to
reside in the Dutch town
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London Tea - Times
London - 1776
Two local businessmen
announced a joint
venture today that has
the potential to change
industry as it is
currently known.
James Watt, a engineer
and developer of the
advanced steam engine
design, has announced
an agreement today
with Industrialist John
“Iron-Mad” Wilkinson
to produce precision
bored engine cylinders.
Mr. Wilkinson recently
demonstrated the ability
to bore a precision core
from a cannon that was
solid cast. This resulted
in a much stronger
cannon barrel, and
minimized the
troublesome
‘honeycombs’ which
have been deemed
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unacceptable by the
English Board of
Ordinance.

Former to this
agreement, the
fabrication of a cast iron
cylinder with a
precision bore was
nearly impossible.
Traditional techniques
cast the cannon barrel
around a cylindrical
insert, which was
removed after the
molten metal cooled.
The rough cannon barrel
walls were then
smoothed. The
resulting cannons often
had imperfections,
making them inaccurate
at best, and dangerous
to the artillery crews at
worst.
Wilkinson’s new
design was immediately
recognized by Watt as
providing exactly the
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solution to the key
problem in fabricating a
steam engine - mass
producing a precision
cylinder bore for his
steam engines.
As the local coal mines
are forced to follow coal
seams deeper and
deeper into the earth,
water seeping into the
mines has proven a
troublesome factor.
Pumping water from the
mines is a solution, but
until now there has been
no power source to
operate the water
pumps.
With the increasing
demands for coal to
power the ever
expanding Industrial
Revolution, sources
speculate the market for
the steam engine could
be unlimited.
Source - Wikipedia
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London Science Times
London - 1846
The intellectual elite
gathered today in
London for the annual
Meeting of the
Association of the
Sciences. Several
medals were bestowed
on deserving men of
science, no less so than
Michael Faraday, who
hails from the Royal
Institution here in
London.
Mr. Faraday was
recognized today for his
pioneering work in the
mysterious phenomenon
known as electricity.
Mr. Faraday has
performed research into
and defined such
associated phenomena
as electromagnetic
induction, which
reportedly allows
electricity to be
produced at will. He
has also done extensive
research into
electromagnetic fields.
Mr Faraday has openly
speculated that the
energy of
Copyright 2008 All Rights Reserved

electromagnetic fields
may be harnessed to
produce what one day
will be known as an
‘electric motor’, which
could impact both home
an industry.
Enthusiasm was
contagious in the
audience tonight at the
presentation of the
Royal Medal to Mr
Faraday. Perhaps his
greatest supporter was
Mr. Humphrey Davy,
who served as Faraday’s
Academic Advisor and
mentor. “ From the time
I first was introduced to
Michael, I was
impressed with his
intellect and work ethic”
Humphrey Davy was
quoted; “ He ( Mr.
Faraday) is perhaps the
best experimentalist I
have ever come in
contact with”.
John ‘Mad Jack’ Fuller
was equally favorable,
having served as Mr.
Faraday’s sponsor and
mentor.
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Not all were so
impressed with Mr.
Faraday and his
achievements. “ He is
simply not of the
gentleman class” Jane
Apreece, Humphry
Davys’ spouse stated
before the ceremony. “
Although he has
accomplished much in
his life, he remains the
son of a blacksmith.”
This was in reference
to Mr. Faraday’s humble
beginnings. He did
indeed receive only the
very basic education his
parents could afford to
provide. At the age of
14, Mr. Faraday was
apprenticed as a
bookbinder. It was here
his love of reading and
thirst for knowledge
eventually allowed him
to cross paths with
Humphrey Davy.
Faraday later served as
Mr. Humphrey’s
assistant during a
scientific trip abroad.
Source: Wikipedia
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Paris Baguette
Award
Winners
Announced
at World’s
Fair

The judges described the
engine as a
revolutionary new
design, utilizing the new
concept of ‘internal
combustion’, whereby
fuel is burned inside of
the engine itself.

Paris - 1868

A total of four engine
cycles are required for
the engine to operate.

The Gold medal for
innovation of a
mechanical device was
awarded today to Mr.
Nicolaus Otto for his
‘atmospheric gas
powered machine”,
which will holds
promise to be an
economical power
source for small
businesses and their
needs.
The drive engines are
manufactured by Otto’s
company “N.A. Otto &
Cie”.
Copyright 2008 All Rights Reserved

This design frees the
engine from a
requirement of steam to
move the piston up and
down in the cylinder,
and is a departure from
the conventional
external combustion
steam engine design
used most commonly
today.
The engine
demonstrated at the
World’s Fair is
stationary. The volatile
153

fuel is ignited in the
engine using a pilot
light.
Otto was optimistic
about the future of his
engines “ The next
logical step is to make a
portable engine that can
run on liquid fuel’
beamed Otto at the
judges station “ Once
that is accomplished,
there are few obstacles
to developing a rotary
lawnmower for the
masses”.

Rust
Detected at
the Base of
Eiffel Tower!
Officials Fear Tourism
Could be Affected

www.niftymower.org

How Your Engine Works!

BAVARIAN BUGLE
Local
Engineer
Develops
Engine That
Does Not
Need a
Carburetor or
Ignition
System!
Berlin - 1897
Local refrigerator
engineer Rudolf Diesel
announced to day at a
press conference the
successful completion
of a prototype internal
combustion engine that
does not employ an
electrical ignition
system to ignite the fuel.
Visibly showing the
effects of an industrial
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accident several years
prior sustained while
experimenting with an
ammonia powered
engine, Diesel was no
less confident in the
future of his new
invention. “ At some
time in the future, my
new engine will be a
household name in the
Americas and Europe”
stated Diesel.
Production of the new
engine is slated to begin
in the next year.
Diesel’s immediate
market is a replacement
for aging steam engines
used in mines and other
industrial applications.
One advantage of the
new engine design is its
ability to use a variety
of liquid fuels that are
less expensive than
other internal
combustion engines.
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Some experts have
speculated filtered oils
from fast food
restaurants may
someday be a source of
fuel for these engines.
Diesel received formal
training at Munich
Polytechnic. After
reviewing the principles
of the Otto engine,
Diesel recognized the
efficiency of the engine
could be improved if the
fuel was introduced into
the combustion chamber
at the peak of engine
compression, instead of
being mixed in a
carburetor. ‘In theory,
there is no limit to the
efficiency of my engine”
Diesel was quoted as
saying recently” since
there is no limit to the
compression that can be
utilized”.
Source - Wikipedia
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Stuttgart Business Weekly
Local Man
Develops
Magneto
Ignition
System

This new ignition
system promises to solve
one of the toughest
problems associated
with the recently
developed internal
combustion engine how to effectively ignite
the fuel drawn into the
engine.

Stuttgart - 1887
Robert Bosch, president
of the ‘Workshop for
Precision Mechanics and
Electrical Engineering’
of Stuttgart announced
today the application for
a patent for ‘The
improvement of a
Magneto Ignition
System.”
Mr. Bosch based his
work on an unpatented
primitive ignition system
currently produced by
the engine manufacturer
Deutz.
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” Shocking, simply
shocking” was the
response from a
local business leader. “ I
have never seen such an
electrifying invention in
my life!” Mr. Bosch’s
invention reportedly
generates up to 20,000
volts several times per
second as the engine
approaches full power.
“ There is nothing
magical concerning my
invention” stated Mr.
Bosch emphatically. “
This simply represents
the application of solid
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research using known
scientific principles.”
Engineers working for
the Bosch Company are
currently working to
perfect the spark plug.
The project is slated for
completion in 1902,
which is estimated to be
just in time to supply the
future American
automotive industry’s
needs.
Robert Bosch hails
from southern Germany.
He completed an
apprenticeship as a
precision mechanic in
Ulm. He has worked
both for Thomas Edison
in New York, and
Siemens in the United
Kingdom before
founding his own
company.
Source - Wikipedia
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Be Sure to Watch For These Upcoming “ How To” Books
From H. Andy Power:

Tune Up Your Mower!
Tune Up Your String Trimmer Or Leaf Blower!
Tune Up Your Snowblower!
Tune Up Your Lawn Tractor!

Visit niftymower.org for details.
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