4-H Machine Series:

Discovering Small Engines
Introduction
Whether you live in a town or on a farm you will
likely use a machine that has a small gasoline engine.
From weed whackers and lawn mowers to snow
blowers, pumps, chainsaws, generators and grain
augers, small engines are an important part of making
life more efficient for us. All
these machines need care and
regular maintenance to ensure they run healthy for
a long time. Learning how to operate and maintain
small engines is a valuable and useful skill, whether
it is just to save you money on servicing your
machines, or in preparation for a career as a
mechanic.
This project provides the background and
basics of how small engines work as well as
how to maintain them properly. The
information in this project will give you not
only practical knowledge on the operation
and maintenance of small engines but valuable hands
on experience too. Overall, it is an excellent
introduction to small engines and a stepping stone
towards learning about larger, more complex engines
(such as the ones found in cars and trucks).

Engine Education
This Engine Education box will appear throughout the manual. Check out
the great website link ideas. These links will lead you to fun online
content to help you with your 4-H project.
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Meet Gizmo!
Gizmo is a machine that
knows lots of
interesting
facts! Gizmo
will tell you
neat and
important
information
throughout your manual.

Learning is 3D!

Dig It

Dream It

Do It

To help you get the most out of
your learning, each activity has the
following parts:
Dream it! Plan for success
Do it! Hands on learning
Dig it! What did you learn?

What Skills Will You Learn?
Each section or ‘Builder’ in this project has activities that will help your project
group learn to do by doing while learning new skills and having fun!
To complete this project you must:
 Complete the activities in each ‘Builder’ OR a similar activity that focuses
on the same skills, as you and your leader may plan other activities
 Plan and complete the Showcase Challenge
 Complete the Portfolio Page
 Participate in your club’s Achievement (See the inside back cover for more
information about 4-H Achievements).
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Skill Builder 1: Intro to Small Engines
& Engine Safety
Gizmo says…
An internal combustion engine is an engine that works by
burning its fuel inside the engine, unlike a steam engine which
burns its fuel outside the engine. The most common engine type
is gasoline powered; others are those that run on diesel,
hydrogen, methane, and propane.
SKILLS CHECKLIST

Important words

Identify the different types of small engines
Explain the basic safety rules when
working with engines
 Identify and describe the tools used to
maintain small engines



Watch for these important
words throughout this
builder: Fuel, Stroke,
Combustion

Dream it!
There are different kinds of internal combustion engines: Four stroke engines, diesel engines, gas
turbine engines, rotary engines and two-stroke engines. Each has its own advantages and
disadvantages.
The word stroke in the world of engine mechanics is each upward or downward movement of a
piston within the cylinder. A 4 stroke or 4-cycle motor has 4 strokes between the spark plug firing.
On a 2 stroke or 2 cycle motor, the spark fires at the top of each stroke (down-up-fire, down-upfire).
Today's internal combustion engine is a marvel of technology. But amazingly, after more than 100
years the basic process has not changed.
Examples of Machines With Small Engines


Lawn mower



Chainsaw



ATV



Snow blower



Grain Auger



Go-cart



Garden tiller



Weed trimmer



Pressure washer

Intro to engines


What do you know about small engines?

While you probably have used a machine that uses a small engine, have you ever done any
maintenance on one? Have you changed a spark plug or changed the oil? Brainstorm with the list
below to see just how much you know about small engines. Check your answers with your leader
when you are done.
Brainstorming - How Do Small Engines Work?
1. What turns the engine off?____________________________________________________
2. What do you need to use in order to start a cold engine?_____________________________
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3. What protects the engine from dust in the air?_______________________
4. Where do you put the gasoline that runs the engine?__________________
5. What ignites the fuel mixture? __________________________________
6. Where would you need to remove the dirty oil from?__________________
7. Where is the gas and the air mixed?_______________________________
8. If the engine is running too slow what do you turn?__________________________________
9. The engine turns this mechanism:_______________________________________________
10. The gas moves from the tank to the engine through this:_____________________________
How did you do? What was the hardest question?
Tools of the Trade
Using the proper tool when working on your engine will help ensure things go smoothly. The
following tools are the most common when working on a small engine:
 Socket wrenches (good quality) - for small engine work, a 3/8" ratchet and a set of sockets
from 1/4" to 1" as well as a special spark plug socket
 Screwdrivers – A variety may be needed. Slotted (straight) and Philips (crosshead) are
essential.
 Oil filter wrench
 Pliers - Needle-nose and utility
 Wire cutters and strippers
 Hammer (ball-peen)
 Rubber mallet
 Funnel, drain pan, and plastic milk jug for used oil
 Old rags, cotton swabs, paper towels, etc. for cleaning. An old but soft paint brush for
getting dust and dirt out of various places
 Wood blocks for propping things up or securing the blade or flywheel when loosening or
tightening
 Torque wrench – for measuring and controlling the amount of torque or turning force to
be exerted on nuts and bolts. Find one that will work with your 3/8" sockets
 Feeler gauge - a set of precise thickness strips or wires for setting spark plug and point gaps.
The .020" and .030" sizes are good for basic maintenance.
 Flywheel puller (build or buy) - If purchased, it should be one specifically designed for your
model of engine.
 Carburetor cleaner - This comes in a spray can. It is as flammable as gasoline, toxic, and will
eat plastics and painted surfaces. Therefore, use only in a well-ventilated area or outdoors
and take precautions.
 A tube of thread-lock - for locking, sealing, and protecting the threads of screws and bolts
 A tube of anti-seize compound like graphite grease – keeps metal lubricated at high
temperatures
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Engine Safety
Safety is always important when you are working with any kind of
machine. Knowing your machine is important, but there is much
more to know. Small engines are used in many different situations.
Sometimes people become careless when working with them. These machines can
be very dangerous and do hurt people every day.
Strategies and tips for an accident free engine experience:
 A tool or machine should be used only after it has been discussed and
demonstrated by your instructor.
 Safety glasses must be worn when using power machinery or when there is a chance of eye
injury.
 Things can get tangled and cause serious injury. When you are working on small engines be
sure to avoid:
 Jewellery
 Loose clothing
 Long hair
 Stop the engine and remove the spark plug wire before doing any kind of maintenance
 Safe use of gasoline:
 Do not use as a solvent
 Store away from fire
 Do not fill the tank while the engine is running
 Gasoline fumes may be ignited by a hot muffler
 All running engines must have the exhaust ventilated outside because exhaust fumes contain
carbon monoxide, a deadly poison that is colorless and odourless.
 Read the equipment manual prior to first time equipment operation.
 Keep equipment in perfect operating condition with all guards in place.
 Basics of shop safety:
 Using the right tool for the job avoids injuring yourself or damaging
the tool.
 Keeping the floor neat is important to avoid the chance of slipping or tripping.
 Compressed air should never be used to clean dirt and dust from your clothing.

Do it!
Safety at Work


How do you stay safe around machines?
Have you heard about someone who was injured operating or working on a
machine? Injuries happen all time when working with machines. What do you do to
ensure you don’t get hurt around machines? Sharpen your pencil and show how
safety savvy you are by doing the following quiz. You can check your answers with
your Leader.
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Safety at Work Quiz
1. How should you dispose of oily rags?______________________________
2. Do you use gasoline to clean your greasy hands? _____________________
3. Why is it important to maintain a clean and organized work area? ________
___________________________________________________________
4. Before you turn the blade of your lawn mower
by hand you should:
a. Spit on your hands
b. Wear gloves
c. Disconnect spark plug
d. Clean the blade
e. Check oil level

5. A running gas engine produces which
deadly gas:
a. Hydrogen sulfide
b. Carbon monoxide
c. Carbon dioxide
d. Dihydrogen monoxide

6. When using a wrench, it is best to:
a. Pull it towards you
b. Push it away from you

7. Is it safe to use compressed air to clean
your clothes.
a. True
b. False

8. When lifting something heavy:
 How did you do? How is working
a. Bend over at the waist and grasp it firmly
with engines potentially dangerous?
b. Bend with your knees and grasp it firmly
c. Lift it with one strong jerk

Dig it!
Think about your learning . . .
Think about this builder and
the activities you did…

Record it…
Review the Skills Checklist on
Discuss what you have learned Apply it…
page 3. What skills have you dewith your leader so that the
veloped? Do you need more
How could you explain
information can be recorded
practice?
to others how safety
on your Portfolio Page.
and tools are related?
Engine Education
For more information on the automobile pioneer Nikolaus Otto see:
http://www.nationmaster.com/encyclopedia/Nicolaus-Otto

What’s next?
Learning about the proper tools and safety precautions used in repairing and maintaining small
engines is very important. Without this knowledge you would not get far without hurting yourself
or your engine. But before you can get your hands dirty you first need a good understanding how
small engines actually work. The next section will give you all the background you need on two and
four-stroke engines, paving the way for successful hands on maintenance and troubleshooting of
small engines.
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Skill Builder 2: 2 & 4 Stroke Engines
Gizmo says…
All gasoline and diesel engines come in two types: 2 and 4
stroke. 2 stroke engines have only a few moving parts and are
found in small vehicles (such as motorbikes) and small
machinery (like a chainsaw). 4 stroke engines are found mostly in
cars and trucks.
SKILLS CHECKLIST

Important words

 Explain how 2 and 4 stroke engines work
 Demonstrate how a piston and crankshaft

work
 Identify the advantages and disadvantages

of 2 and 4 stroke engines

Watch for these important
words throughout this builder:
Piston, Crankshaft,
Venturi

Dream it!
There are two kinds of internal combustion or gasoline engines: 2 stroke and 4 stroke. You will
learn about how they work; their similarities and differences; and the pros and cons of each.
Examples of 2-stroke engines:
 Chainsaws
 Leaf blowers
 Dirt bikes
 Mopeds
 Small outboard motors

Examples of 4-stroke engines:
 Lawnmowers
 Pumps
 Generators
 Motorcycles
 Cars & trucks

Major Parts of a Small Engine
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1. Fuel Tank
2. Drain Plug
3. Fuel Filter
4. Fuel Valve
5. Power Shaft
6. Oil Drain Plug
7. Oil Filter Plug
8. Needle Valve
9. Choke Lever
10. Idle Valve
11. Air Cleaner
12. Idle Screw
13. Governor Screw
14. Spark Plug
15. Stop Switch
16. Oil Sump
17. Cylinder Head
18. Carburetor
19. Fuel Line

The Two Stroke Engine
Piston – a cast cylindrical piece of metal
that fits in the cylinder of the engine and
moves up and down.
Reed valve - allows fresh air/fuel to be
drawn into the crankcase from the
carburetor and traps it. It acts like a
check valve as the air-fuel mixture is
trapped by the one-way reed valve.
Spark plug – a device designed to let a spark jump across a
small gap to ignite fuel.
Combustion chamber – the area in the cylinder where the
fuel/air is compressed, and burned; As the piston moves up
and down, the size of the Combustion chamber changes.
Exhaust Outlet – the exhaust waste exit.
Cooling fins - Most small two-stroke engines are air-cooled which means that air flows over
cooling fins around the outside of the combustion chamber.

How a 2-Stroke Engine Works
Intake - Air-fuel mixture enters the crankcase and is trapped there by the one-way
reed valve. A hole in the lower part of the cylinder wall lets gas and air into the
combustion chamber.
As the piston moves up these gases are compressed, but a venturi
creates an area of low pressure below the piston and fresh
air and fuel is sucked inside.
The spark plug ignites the gases and pushes down the piston
compressing the air/fuel mixture in the crankcase.

The exhaust waste exits through another hole in the cylinder. Because of
air pressure differences the fresh gases flow into the cylinder
pushing the exhaust fumes out.
Pros and Cons of 2-Stroke Engines
Pros

Cons

 No valves, has simple construction  Doesn't last as long as four-stroke engines. The lack of a
 Lighter, and costs less to
lubrication system means that the parts will wear-out faster.

manufacture.
Two-stroke engines require a mix of oil in with the gas to
lubricate the crankshaft, connecting rod and cylinder walls.
 Potential for about twice the
power over a 4-stroke in the same  Two-stroke oil can be expensive. Mixing ratio is about 4
ounces per gallon of gas.
size engine because there is twice
 Not fuel efficient
as many power strokes per
revolution
 Produces more pollution (smoky).
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The 4-Stroke Engine
A.
B.
C.
D.
E.
F.
G.
H.
I.
J.
K.
L.
M.
N.
O.

Camshaft
Tappet
Valve spring
Spark plug
Exhaust port
Piston
Crankcase
Big end
Crankshaft
Connecting rod (or Conrod or just rod)
Cylinder
Wrist pin (or Gudeon pin)
Combustion chamber
Inlet port
Inlet Valve

How a 4-Stroke Engine Works
The Intake Stroke:
The first stroke is the
intake stroke; the intake
valve is open. The piston is
moving down, and a
mixture of air and
vaporized fuel is drawn
into the cylinder from the
carburetor through the
intake port.

The Compression
Stroke:
The piston begins to move
upward. The intake valve
and the exhaust valve are
closed, so the cylinder is
sealed. As the piston
moves upward, the air/fuel
mixture is compressed.

The Power Stroke:
As the piston reaches the
top of the stroke the spark
plug fires igniting the air/
fuel mixture. This
explosion creates
expanding exhaust gases
that force the piston
downward for the third
stroke. This force is
converted into power
turning the crankshaft and
the flywheel. This motion
is provided from the
energy of converting fuel
energy into mechanical
energy and does work for
us.

The Exhaust Stroke:
As the piston reaches the
bottom of its travel, the
exhaust valve opens. The
piston moves up, pushing
the exhaust gases out of
the cylinder. When the
piston reaches the top of
its stroke, the exhaust
valve closes and the intake
valve opens. The cycle
repeats again with the
intake stroke, using the
energy left in the flywheel
to start the four strokes
again.
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Do it!
Model Piston/Crankshaft

What you will need: popsicle sticks, brass
fasteners, scissors, glue, cardboard

For an animation of a model 2-stroke engines check out this webpage: http://
science.howstuffworks.com/two-stroke2.htm. Also, you can look for the “Two
Stroke Cycle Engine Video” on this website or go directly to:
http://videos.howstuffworks.com/user/4729-two-stroke-cycle-engine-video.htm. The animation and
video may help you to visualize how pistons move.


How do an engine’s pistons move?
For the blades of a lawnmower to turn or for a car to move, the blades and
wheels have to turn in a rotary motion. Internal combustion engines are powered
by pistons which move in a back-and-forth or linear
motion. By building and testing a model piston/crankshaft system, you'll discover
how energy transfers from linear (or reciprocating) motion to rotary motion.
One thing small engines do is turn things. Wheels and blades, for example, turn in
a circular or rotary fashion. But how does this happen? Think about how a bicycle
compares to a motorcycle: how do you think a motorcycle engine turns its rear
wheel?

1. Form the outline of a cylinder with three Popsicle sticks by gluing them to the bottom edge of
a 16 cm x 16 cm piece of cardboard.
2. Glue the other Popsicle sticks on top of the first three Popsicle sticks.
3. Cut an 8 cm x 8 cm square from a piece of cardboard to represent the piston.
4. Cut an 11 cm x 2 cm strip and a 6 x 2 cm strip.
5. Poke a hole in the end of each strip.
6. Attach one end of the strip (the piston connecting rod and crankshaft) together with a fastener.
7. Poke a hole in the piston and attach the other end of the piston rod with a fastener. Allow
enough room so that the piston rod can turn the crankshaft completely when the piston head
moves up and down.
8. Put the last fastener halfway through the second hole in the crankshaft and flatten the ends of
it. This should make a knob, which can be used to turn the crankshaft.
9. Turn the knob on the crankshaft and note what happens.
Write down your observations below
Begin with the piston at the top of the cylinder. Holding onto the knob, gently rotate the
crankshaft. What happened to the piston when the crankshaft was rotated?_________________
This represents which stroke? ____________________________________
Holding onto the knob, gently rotate the crankshaft again. What happened to the piston when
the crankshaft was rotated? __________________________________________________
This represents which stroke? _________________________________________________
Describe the next stroke in a four-cycle engine. ____________________________________
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Holding onto the knob, gently rotate the crankshaft again. What happened to the
piston when the crankshaft was rotated?_______________________________
This represents which stroke?______________________________________
What is the purpose of the motion of the crankshaft?_____________________

Difference Between Two and Four Stroke Engines
Show what you know about 2 and 4 stroke engines by filling out the chart below.
Two Cycle Engine

Four Cycle Engine

Fuel
Oil
Muffler
Number strokes per crankshaft
Method of getting fuel/air mixture in
combustion chamber and burned gases out
Number of moving parts in the engine
Weight
Size
Pollution
Camshaft
Sound
Initial Cost
General Maintenance
General Operating Efficiency (hp. wt. ratio)
Number of major moving parts

Dig it!
Think about the
builder and the
activities you
did...
Review the Skills
Checklist at the start of
the builder. What skills
have you developed? Do
you need more practice?

How Did it Go?
Discuss these questions with your leader, parent, or another adult:
 Did the model piston/crankshaft help you understand how an

internal combustion engine works? Why?
 Explain to someone the differences between 2 & 4 stroke engines?

What’s next?
By now you are probably full of small engine information. Knowing how 2 and 4-stroke engines
work will help you down the road when you maintain, troubleshoot, and repair a small engine. Next
up you will be learning the maintenance side of things as you learn about oil and how it works in the
engine. You will also give a small engine an oil change.
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Skill Builder 3: Oil Maintenance
Gizmo says…
Motor oil or Engine oil is a type of liquid oil used for
lubrication by various types of internal combustion engines.
It creates a layer that acts as a protective film. This film
reduces friction and essentially keeps metal moving parts
from ever coming in contact with each other, which creates
less wear on your engine.
SKILLS CHECKLIST

Important words

Explain the importance of
maintenance on small engines
 Explain the purpose of motor
oil
 Perform an oil change


Watch for these important words
throughout this builder:

Oil, Viscosity, Filter,
Additives

Dream it!
While the main function is to lubricate moving parts, motor oil also cleans, prevents corrosion,
and cools the engine by carrying heat away from the moving parts. Oil should be changed on a
regular basis because, left unclean, the suspended molecules of contamination from cleaning can
start to settle. This settling creates sludge in your engine, accelerating wear on all components
that come in contact with your oil. And clean oil performs much better than dirty oil.
The proper amount of oil is vital to the way that your engine will perform. Too little and it may
overheat, cause excessive wear, and sometimes cause engine parts to stop moving and fail. Oil
also loses its abilities and cooling effectiveness with use and this will not protect your engine parts.
Make it a habit to check the oil regularly. Doing this after about every 5 hours of operation is
generally recommended.
What is the purpose of oil?
Oil must look after your engine in five ways:






Lubricate - reduces friction and wear on the moving engine parts. It is very important to
have correct viscosity of oil (viscosity means thickness).
Cool engine parts - keeping piston, connecting rods, and bearings at safe working
temperatures.
Seal - forms a seal between the piston rings and the cylinder wall to prevent exhaust gases
from entering the crankcase.
Absorbs shock and reduces engine noise.
Cleans - provides a cleaning agent to keep soot and varnish from forming during combustion.
When the oil is changed these particles are drained from the engine.

Discuss with your leader why do certain things need lubrication or oiling (such as hinges, bicycle
chains, or engines)?
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Do it!

Safety First!

Work on Your Oil Burner
 Why is oil important to an engine?

Disconnect the sparkplug wire
from the sparkplug before working
on your engine.

What you will need: Four stroke engine, wrenches, rags, oil, drain pan
 Before you change the oil in your small engine let it run for a few minutes and make a note of

how it runs. Does it burn any oil or have any other problems?
 Follow the lubrication checklist below as you change the oil in your small engine.
Lubrication Checklist
1. Locate oil filter
2. Clean off filler plug or cap
3. Remove filler plug or cap
4. Identify presence or absence of dipstick
5. Oil level, no dipstick (oil low, oil correct)
6. Oil level, dipstick
a. Remove dipstick
b. Wipe clean
c. Reinsert
d. Check level (normal, low)
7. Check oil condition
8. Add oil (if low)
9. Changing oil
a. Operate engine until warm
b. Stop engine, disconnect spark plug
c. Locate drain plug and clean
d. Remove drain plug
e. Drain five minutes
f. Replace drain plug
g. Refill crankcase with oil (recommended by manufacturer’s specifications)
h. Area around plug cleaned
i. Reconnect spark plug, start engine
j. Check for oil leaks
k. Stop engine
l. Recheck oil level
m. Destroy or clean the rags used
n. Place old oil into oil recycling container
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Check When Done

Dig it!


Compare how the engine runs now from before you began. Did you notice
any difference?

Picture This…
In this picture I am ____________________________________

Share your learning experiences with friends and family
I want you to notice ________________________________________________________
I want to explain to you why you should regularly change your engine’s oil _________________
________________________________________________________________________
Engine Education
For additional information on checking and changing oil in a small engine, check out this web page:
http://www.smallengineadvisor.com/oilchange.htm

What’s next?
Oil plays a very important part in the smooth running of an engine. In the next builder you will be
learning about another important part of an engine: the sparkplug. The sparkplug is important
because it starts the whole combustion process and because a dirty or faulty one can make your
engine run very poorly or not at all.
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Skill Builder 4:
Spark Plug & Air Filter Maintenance
Gizmo says…
Both the spark plug and the air filter are very important in the
smooth running of your engine. Apart from its job of initiating
the combustion process, the spark plug is also like a
thermometer that can tell how well or sick the patient (or
engine) is. For example, a spark plug that comes into contact
with oil (oil fouled) often means that the piston rings or
cylinder walls are badly worn.

Important words

SKILLS CHECKLIST

Watch for these important
words throughout this builder:
Spark plug, gapping, air
filter

Describe the components of a
spark plug and air filter and
describe how they work
 Gap a sparkplug
 Clean and care for an air filter


Dream it!
Spark Plugs
A spark plug consists of three parts: the insulator, electrode, and a threaded metal shell. It forces
electricity to arc across a gap, just like a bolt of lightning. The electricity must be at a very high
voltage in order to travel across the gap and create a good spark. The plug has to withstand the
extreme heat and pressure inside the cylinder, and is designed so that deposits do not build up on
the plug.
A. Connector to plug wire - Made from metal it is at the opposite
end to the electrodes
B. Ceramic insulator - Houses the centre electrode and terminal
and insulates them from the shell.
C. Center electrode - In standard plugs it is melted gas-tight into the
insulator. It protrudes slightly from the insulator creating a
specific size gap with the ground electrode.
D. Gap - electricity travels across in order to produce a spark.
E. Ground electrode- In a standard plug the electrode reaches out
from the threaded end of the plug and curves over to create a
specific gapsize with the centre electrode.
New spark plugs are manufactured to have the proper gap between the two electrodes at their
tips. Always check the gap before you install a plug.
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Look in your owner's manual to find the right gap size, insert the tip of a feeler
gauge into the gap of the plug. The gauge should slide between the electrodes
with light to moderate contact on either side. If the gap is too large, tap down
on the ground electrode with a light hammer or wrench until it's the right size. If
it's too small, bend the side up slightly with the flat tip of a screwdriver inserted
into the gap. Tap and bend until the gap is right. This whole process of checking
and adjusting is called "gapping" the plug.
Analyzing a Spark Plug

1. Normal

Source: nascar.com

2. Normal with
red coating

3. Fuel fouled

4. Detonation

5. Worn plug

Cause: red coating
resulting from fuel
additive in
unleaded fuel

Cause: faulty
Cause: over
choke - overly rich advanced timing,
fuel mixture,
low octane fuel
ignition problems
or plug heat range
too cold

Cause: plug used
beyond its
service life. Need
to replace

6. Glazing

7. Carbon fouled

8. Pre-ignition

9. Lead fouled

10. Oil fouled

Cause: melting
lead deposits—
plug too hot at
high speeds

Cause: plug heat
range too cold—
extended low
speed driving

Cause: plug heat
range too hot:
over advanced
timing, air/fuel
mixture too lean

Cause: use of
leaded fuel

Cause: poor oil
control—worn
rings, worn valve
guides and valve
seals

Air Filters
Since many small engines are used in machines that get dirty and/or dusty, the air filter (which traps
dust and dirt in the incoming air) is especially important. Without it there would be dust or dirt
drawn into the engine clogging the carburetor and air passages and causing internal engine wear.
There are 3 types of air filters:
Oil foam element - which uses oil to assist in trapping dirt
Dry element (paper cartridge type) - which relies upon a great surface area and small pore
sizes to trap dirt
 Dual element - a paper cartridge element surrounded by an oil-foam pre-cleaner element which
uses the benefits of each type
16
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 One thing to remember is that pressurized air will damage the filter by
driving dirt particles through the filter creating dirt-sized holes that will allow
dirt into an engine. The service interval for filters is easy to remember- every
25 hours unless under rough conditions (dusty, dirty). Every 100 hours of
use or annually, remove the cartridge and replace/clean it.
Cleaning filters:
Oil Foam
 Wash filter in kerosene or hot soapy water
 Wrap in cloth and squeeze dry - not twisting filter
 Saturate foam with engine oil - squeeze out excess
Dry Element (paper cartridge type)
 No compressed air - simply tap filter gently on a flat surface
Dual Element
 Wash pre-cleaner and treat with oil as shown in manual
 Clean dry filter by tapping on flat surface
Engine Cleanliness
Keep your machine clean! Keeping the engine clean will do more to ensure your engine lasts a
long time:









Air must be able to flow across the fins under the blower housing.
Any trash or debris will create “hot spots” in the engine.
Clean the finger guard, rotating screen and exposed fins daily, or more often as needed. At
each refuelling it would be a good idea to look at them.
Keep trash and debris out of throttle linkages and govern linkage. Clean and inspect them
each day of use.
Before starting engine, clean muffler of any combustible debris. Keep it clean as needed.
If the muffler has a spark arrestor screen, remove it and clean it every 50 hours.
Dirt and debris can enter the block housing with cooling air and block the fins. Every 100
hours of use or once a season, remove the block housing and clean the cooling fins.
Make sure the cooling fins are clear of debris. Use compressed air or water pressure. (DO
NOT SPRAY A HOT ENGINE WITH WATER).

Do it!
Gapping a Spark Plug


What you will need:
Four stroke engine,
Various used spark plugs,
Sparkplug wrench,
owner’s manual

How does a spark plug’s gap
relate to performance?

Look at the various spark plugs your leader has provided you.
Compare them to a new spark plug and try to analyze the health of the engines they came from.
Using the table on the following page, clean and gap your engine’s spark plug.
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Gapping a Spark Plug Checklist
1. Removing the spark plug
a. Disconnect spark plug wire
b. Loosen spark plug wire
c. Remove dirt from around plug
d. Correct wrench used
e. Removed without stripping threads
f. Gasket removed
2. Checking the spark
a. Reconnect the wire
b. Ground plug to engine
c. Crank engine
d. Identification of spark quality
3. No Spark
a. Disconnect wire
b. Hold wire ½ a centimetre from cylinder head, crank engine
c. Problem identification
4. Checking the plug
a. Condition identification
b. Plug selection id required
5. Cleaning spark plugs
a. Cleaned in solvent
b. Dried correctly
c. Threads cleaned with wire brush
d. Hard deposits removed
e. All loose material removed
f. Electrode files smooth
g. Ground electrode in original position
6. Spark plug and spacing
a. Proper spacing according to manufacturer’s specifications
b. Feeler gauge according to manufacturer’s specifications
7. Spark plug installation
a. Hand tighten in place
b. Correctly tighten
c. Reconnect wire
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Check Once
Completed

Gizmo’s Fast Facts
Spark plug gap adjustment is important and if it is not adjusted correctly the
engine may run badly, or not at all. A narrow gap may give too small and
weak a spark to effectively ignite the fuel-air mixture, while a gap that is too
wide might prevent a spark from firing at all. Either way, a spark which only
intermittently fails to ignite the fuel-air mixture may not be noticeable
directly, but will show up as a reduction in the engine's power and
fuel efficiency. The main issues with spark plug gaps are:
 narrow-gap
 risk: spark might be too weak/small to ignite fuel
 wide-gap
 risk: plug might not fire, or miss at high speeds
A properly gapped plug will be wide enough to burn hot, but not
so wide that it skips or misses at high speeds, causing that
cylinder to drag, or the engine to begin to rattle.

Air Filter Checklist




How does the air filter help an engine run smooth?
What kind of air filter does your engine have?
Check your engine’s air filter by following the appropriate filter type checklist:
What you will need: Engine with air cleaner type talked about, wrench, screw drivers, sockets,
owners manual

Oil Bath Type Checklist
1. Disable engine
2. Remove air cleaner
a. Free bail wire
Or b. Unscrew cover
Or c. Remove wing nut
3. Cover air intake
4. Measure sediment deposit
5. Clean parts in solvent
a. Cup
b. Filter
6. Refill oil cup
a. Correct oil
b. Fill level (high, online, low)
7. Reassemble and install air cleaner
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Dry Filter Type Checklist
1. Disable engine
2. Clean around the air cleaner
3. Remove Filter element
a. Remove stud bolt
b. Remove cover
c. Cover carburetor air intake
4. Filter element
a. Damaged, replaced
b. Paper element – clean by tapping on flat surface
c. Moss fibre, wash in soapy water
5. Reassembly
a. Uncover carburetor
b. Clean filter cover
c. Clean carburetor intake
d. Replace filter element
e. Replace cover, tighten

Dig it!
Think about your learning . . .
Think about this builder
and the activities you
did …
Review the Skills Checklist
on page 15. What skills
have you developed? Do
you need more practice?

Record it . . .
Discuss what you have
learned with your leader so
that the information can be
recorded on your Portfolio
Page.

Apply it . . .
How could you explain
to others how a
sparkplug is like your
engine’s thermometer?

Showcase Challenge?
Have you thought about what you might like to do for the showcase
challenge?

What’s next?
Now that you know some of the basics of small engine maintenance it is time to take a closer look
at how small engines are put together. In the next builder you will learn this by taking one apart!
So for next time get your tools ready, your work clothes on, and be prepared to get dirty!
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Skill Builder 5: Dismantling An Engine
Gizmo says…
The gasoline engine consists of many parts that work
together as a smooth power team. To competently
troubleshoot, maintain, and repair a small engine, it is
important to be able to identify these parts and explain how
they fit and work together. In this builder you are to disassemble
a typical four-stroke cycle engine and study the basic parts.
SKILLS CHECKLIST



Important words

Identify engine parts
Take apart a small engine using
the correct tools

Watch for these important words
throughout this builder:
Engine parts, Tools

Dream it!
Now that you know the basics of small engines, it’s time to get your hands dirty! Taking apart a
small engine will give you an even better understanding of its components.
In this activity you will:
 Take apart a small engine
 Learn how to use the right tools
 Identify your engine’s parts

How Many Parts?


How many parts make up a small engine?

Make an educated guess as to the number of parts that are in your engine and write the number
in the box below. Then, when you have disassembled your engine count the parts and put in the
actual number.
Number of Engine Parts
My guess:

Actual:

Do it!
Ripping It Apart
Before you begin taking apart your engine think about how will you approach it. Do you have a
plan as to what parts will come off before others?

What you will need: Four stroke engine, tools, shop setting
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Before You Get Started
1.
2.
3.
4.

Prepare your work surface
Lay out your tools so that they will be easily accessible
Decide which parts will be removed first
As you dismantle your engine identify and label each part



Which part was the hardest to remove? ______________________________



Which tool did you use the most? __________________________________

Dig it!
Think about this builder and the activities you completed...
Review the Skills Checklist on page 4. What skills have you
developed? Do you need more practice?

How Did it Go? Discuss and Answer these questions:
What was it like taking apart an engine?

How did you decide which parts would be removed first?

Did you learn anything new about small engines in this meeting? If so, what?

Engine Education
Check out this step by step guide to small engine disassembly (with pictures):
http://www.diynetwork.com/diy/ab_small_engines/article/0,,DIY_13693_2276449,00.html

What’s next?
Taking apart a small engine is the last stage of learning about the operation and maintenance of
small engines. You should now know enough about small engines to be able to maintain one
successfully. In the next and final builder you will create your own maintenance checklist for a
machine with a small engine and provide the basic maintenance to keep it running smoothly.
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Skill Builder 6: Maintaining a Small Engine
Gizmo says…
Knowing when to service your small engine is as important as
knowing how to service it. By following the service
recommendations in the owner’s manual or by using your own
maintenance schedule, you are ensuring that your small engine will
keep running smoothly and therefore reduce the need for repairs.
SKILLS CHECKLIST

Important words

Make a maintenance check list
Provide needed maintenance on a small
engine
 Properly store a machine at the end of
the season



Watch for these important
words throughout this
builder: Maintenance,
Schedule, Storage

Dream it!
This lesson will let you take all the knowledge you have gained in this project so far and apply it to
everyday life. To do this you will maintain a machine from home/your farm with a small engine so
that it runs smooth and continues to do so.
Which machine will you pick to maintain? Why?

Do it!
Maintaining & Storing My Machine
What you will need:
Machine with a small engine, tools,
owner’s manual, shop setting

Safety First!
Don’t forget the rules of shop
safety!

1. After selecting a machine from home make a maintenance checklist/log using the information
you have learned in this manual and your engine’s owner’s manual (if available).
2. Do a complete check on your engine of choice and do any maintenance that is needed.
3. Put down your information in the checklist on the following page
Storage of small engines
As you have learned, regular maintenance is important for the long and useful life of an engine.
Many machines with small engines are used for a particular season and when that season is over
those machines need to be stored. When you store an engine properly it should run and operate
the same as it did when it went into storage. The end of the season is a good time to service your
engine. If any repairs are needed, you can do it now or make a note about what is required before
starting it up the next time.
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Storage procedure:
1. Either use a fuel stabilizer product added to the gas tank or pour out unused
fuel from the gas tank, then run the engine until it stops. This process drains the
gas tank and carburetor.
2. Clean the engine by removing dirt and dust from the cooling fins and outside of
the engine.
3. Check and clean (or replace) the air filter.
4. Check the spark plug and clean (or replace) if needed.
5. Coat the inside of the engine using either:
A. an engine fogging oil that is sprayed into the engine intake or carburetor while
engine is running (follow manufacturer’s directions)
Or
B. Pouring one or two ounces (30 or 60 ml) of engine oil into the spark plug hole then
manually rotating the engine a few times to distribute the oil.
6. After engine has been coated turn it over until the piston is at the top of the compression
stroke to seal off the combustion chamber (both the intake and exhaust valves are
closed). Store engine in a garage or shed to keep it dry.
7. Create an end of season check list that you can refer to at the end of the season.
Now your engine can be put away for another season.
Maintaining My Machine Checklist/Log
Engine Part

Date Checked

25

Required
Maintenance?
(yes or no)

Parts Needed / Cost

Dig it!
Think about this builder and the activities you did...
Review the Skills Checklist at the start of this builder. What skills
have you developed? Do you need more practice?
Picture This…
In this picture I am __________________________________________

Share your learning experiences with friends and family
In this picture I want you to notice _____________________________________________
I want to explain to you how to properly store a machine with a small engine _____________
_______________________________________________________________________

What’s next?
Now that you have finished all the builders in this project it is time to think about and plan for the
Showcase Challenge. Also, do not forget about your Portfolio Page where you can make sure
your Discovering Small Engines Project Skills Chart is complete. There is space for you to write
down some thoughts and reflections on the project (what you liked, didn’t like, etc.).
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Showcase Challenge
Bringing it all together!

Now that you have finished this project, it is time to think about how you will
share your experiences and knowledge with others. You may put your new
skills to work by helping at a community event or at your club Achievement or
teaching others about your topic. The goal of the Showcase Challenge is to help
highlight your new skills and help you understand how you can use them. It can
be an opportunity to receive feedback from others on your project. So go back
through your manual and find some highlights of your learning (what you are
proud of) and think about how you will “showcase” it.

Dream It!
Here are some Showcase Challenge Suggestions:


Demonstrate something you made
or learned about



Make a pamphlet



Give a speech



Make a poster or display



 Make a computer presentation (e.g.
 PowerPoint)

 Write a report




Use your new skills to help with the  Or come up with your own idea. It is
Club Achievement plans
up to you and your leader!

My Showcase Challenge Plan
My showcase idea: __________________________________________________________
________________________________________________________________________
What materials and resources do I need? _________________________________________
________________________________________________________________________
Who do I need to help me? ___________________________________________________
________________________________________________________________________
When do I need to have things done by? _________________________________________
________________________________________________________________________
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Do It!
Insert or attach your finished product or a photo of you sharing your skills in
your Showcase Challenge.

Dig It!
Now that you have showcased your project skills;
 How did your Showcase Challenge go?


What would you do differently next time?



How will you use your new skills in the future? (in different situations?)
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My 4-H Portfolio Page
Name: __________________ Date: _____________ Year in 4-H: ____
Club: ____________ Hours Spent on 4-H: ____(Project and Other 4-H Activities)
Discovering Small Engines Skills Chart
To be completed by the leader and the member based on observations and
conversations throughout the project.

Skill
Members will be able to…
We know this because…
Each
Builder
had
a
Skills
Checklist
which
identified
the
Identify
activities
completed and record observations
Builder
skill you will learn.

1

and information from discussions about activities.

 Identify the different types of small engines
 Know the basic safety rules when working

with engines
 Identify and describe tools used to maintain
small engines
 Know how 2 and 4 stroke engines work

2

and the advantages and disadvantages of
each
 Identify the parts of 2 and 4 stroke engines
 Know the importance of maintenance on

3

small engines
 Know the purpose and ingredients of oil
 Complete an oil change
 Know the components of a spark plug and

4

air filter and how they work
 Gap a sparkplug
 Clean and care for an air filter

5

 Identify all small engine parts
 Take apart a small engine using the correct

tools
6

 Make a maintenance check list
 Provide needed maintenance on a small

engine
 Store machines at end of season
Additional Comments/Activities:

Leader Point of Praise!
I am most impressed by…

I acknowledge that the member has completed the 4-H project requirements.
Leader’s Signature: _______________________________
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Above and Beyond!
In addition to project skills, 4-H also increases skills in meeting management, communications,
leadership, community involvement through participation in club, area, or provincial 4-H events or
activities. List below any activities you participated in this year in 4-H.
(Some examples include Executive Positions Held, Workshops, Communication, Community Service, Rally, Bonspiels,
Conferences, Judging, Camps, Trips, Awards, Representation to Area or Provincial Councils, etc)

_____________________________________

_______________________________________

_____________________________________

_______________________________________

_____________________________________

_______________________________________

_____________________________________

_______________________________________

_____________________________________

_______________________________________

_____________________________________

_______________________________________

**Feel Free to add additional pages that include awards, certificates, new clippings, photos or other items
that describe your 4-H involvement.

Member Point of Pride!
What I learned…

What I need to improve on…

What I want others to notice…

Member’s Signature: _______________________________

Point of Praise! Another’s perspective on your achievements in 4-H.
(community professionals, MAFRI staff, 4-H club head leaders, 4-H Ambassadors, friends of 4-H)

I am most impressed by…

I believe that you have learned…

In the future I encourage you to…

Signature: _______________________________
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4-H Achievement
4-H Achievement is… a 4-H club celebration when
members have completed their projects. Achievements
are planned by the club to give recognition to members
and leaders for their accomplishments in their 4-H
projects and club activities.
A 4-H Achievement can take many different formats: from choosing a theme, to
member project displays, to members using their new skills for the event
(entertainment, food, decorating, photographer, etc.), to members presenting their
project to the whole group, the options are endless and open to the creativity of
the members and leaders in each club!
Clubs may also plan their Achievement to promote 4-H to the community or to recognize
sponsors and others who have helped the club.
Members and leaders - be sure to check your project books for the project completion
requirements, so you will be ready for your club’s Achievement celebration!

If you have any questions, comments or suggestions
for this or other 4-H projects contact:
Manitoba 4-H Projects
Manitoba Agriculture Food and Rural Initiatives
1129 Queens Avenue
Brandon, MB R7A 1L9
Email: 4h@gov.mb.ca
Phone: 204-726-6613
Fax: 204-726-6260

This manual is for educational use only and is not intended as professional advice.

For more information about 4-H and the many
4-H opportunities available please visit
http://www.gov.mb.ca/agriculture/4-h/
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What is 4-H?
4-H is an international youth organization involving more than 7
million members in 80 countries around the world.
In Canada, 4-H began in 1913 in Roland, Manitoba as a communitybased organization dedicated to growth and development of rural
youth. Today’s 4-H program reaches both farm and non-farm youth
across Canada. The motto of “Learn to Do by Doing” is embodied in
the program, as 4-H focuses on skill development as well as personal
development of life skills such as communications, leadership and
citizenship.

4-H Motto
“Learn To Do by Doing”

4-H Pledge
I pledge,
My HEAD to clearer thinking,
My HEART to greater loyalty,
My HANDS to greater service,
My HEALTH to better living,
For my club, my community, and my country.

4-H Quality Equation Principles
Quality People
 Promote responsibility, respect, trust, honesty, fairness,
sportsmanship, citizenship, teamwork and caring.
Quality Experiences
 Provide members with personal development and skill
development experiences.
Quality Projects
 Promote and value quality effort.
 Promote high quality, safe food production within industry standards.

Manitoba 4-H project material is developed by

Manitoba Agriculture, Food and Rural Initiatives (MAFRI)

