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Teachers Note: Adapted from www.gaaged.org for the CTAE Resource Network 
March 2011
Repairing Small Engines Lab
Culminating Unit Performance

Objectives: 

1.
Identify tools for engine repair.

2.
Disassemble and reassemble a small engine.

3.
Trouble shoot and repair basic small engine problems.
Materials and Equipment:

Bristol Brush




Carburetor Cleaning Solvent

Parts Cleaning Brush



C-Clamp

Putty Knife




Machine Vise

Air Compressor




Vise Grip Pliers

Mineral Spirits




Starter Rewind Tool

Degreaser




Flywheel Holder

Open End Wrenches



Starter Clutch Wrench

Box End Wrenches



Small Engine Flywheel Pullers

Socket Wrench Set



Spark Plug Wrench

Standard Screwdrivers



Carbon Scraper

Piston Groove Cleaner



Needle Nose Pliers

Feeler Gauges




Ring Compressor

Valve Lapping Compound


Inch Pound Torque Wrench

Oil Seal Installation Tool


Oil

Carter Pin Remover



Flat File

Emery Cloth




Center Punch

Ball Peen Hammer



Ridge Reamer

Cylinder Hone




Cordless Drill

Piston Ring Expander



Valve Spring Compressor

Valve Lapping Tool



Foot Pound Torque Wrench

Gasoline

Teaching Procedure

1.
Cleaning the Engine - The engine should be thoroughly cleaned before it is disassembled.  The steps in cleaning are:

A.
Dry dirt should be loosened with a stiff brush and/or putty knife.

B.
Blow loose dirt and other foreign material off the engine with an air hose, but avoid getting dirt into internal parts of the engine.

C. Oil and grease should be removed by using a solvent, such as, mineral spirits, kerosene, or diesel fuel.  Commercial degreasers may be used with precautions.  It is unsafe to use gasoline as a solvent.  Remove air deflectors, cylinder baffles, and shroud in order to make the cleaning easier.

2.
Steps Used in Disassembling the Engine
A.
Remove the air cleaner assembly C-stud, wing nut and/or air clamp.  


Any type of air cleaner should be set aside for servicing.

B.
Drain the fuel from the tank and carburetor.  The fuel should be stored 
for use in the engine at a later date.

C.
Drain the crankcase by removing the drain plug.  Oil will flow more 
freely if it is warm.  Place used oil in a container that can be disposed 
of later.

D.
If an operator’s manual is not available or fails to show throttle 
linkage and carburetor connections, sketches should be drawn before 
disassembling these engine parts.  Governor and throttle connections 
must be reconnected properly.

E.
Disconnect the governor link.  Governor spring should be removed without excessive stretching so the link will not be distorted.

F.
Disconnect the fuel supply lines.  If the engine has a gravity flow-type system, remove the fuel tank and then disconnect the carburetor from the tank.  Disconnect the carburetor from the engine.  If the engine has a fuel suction system, remove the tank and carburetor together.

G.
Remove the muffler if it is to be replaced, otherwise it is usually advisable to leave it attached to the engine.  Use penetrating oil on muffler threads to make removal easier.

3.
Disassemble the Carburetor - There are many types of small engine carburetors.  Generally the float-types are similar in design, as are suction-types.  The suction-type has a built-in fuel pump.  The two types of the float-type carburetor are one-piece and two-piece.

A.
Float-type Carburetor

· Remove the main fuel set if it is diagonally installed on the side of the carburetor.  This set should be removed before separating the two halves of the carburetor.  Use a proper size screwdriver on the main fuel jet nozzle.

· Remove the needle valve by loosening the valve and nut together.

· Remove the bolts that hold the two sections of the carburetor together.  Mark the gasket(s) so that a new one may be replaced properly.

· Pull the pin from the float hinge and remove the float valve.

· Remove the idle mixture valve.

If the engine is supplied with a diaphragm-type carburetor, it should be disassembled in a similar manner as the float-type carburetor.  The fuel pump is usually built into this type of carburetor.  In disassembling the diaphragm-type carburetor, the diaphragm is removed from the main body of the carburetor.

B.
Suction-type Carburetor

· Remove the carburetor from the fuel tank.  The broad and shallow tank corresponds to the carburetor bowl.

· Remove the fuel pipe(s) or fuel pick-up tube(s) from the carburetor body.

· If the suction-lift carburetor has adjusting needles, they should be removed.

C.
After the carburetor has been disassembled; all parts should be cleaned in a carburetor cleaning solvent.  Parts made from synthetics such as nylon should not be soaked for more than 30 minutes.  Other parts may remain in the solvent for several hours.  The engine may be disassembled during the time the carburetor is soaking. 

D.
An examination may be made of each part of the carburetor before reassemble.  The parts that should be checked:

· Needle valve - If the valve has a worn ring or rim, it should be replaced by a new one with new seats.

· Float - The float should be checked for leakage or damage.

· Throttle shaft - The throttle shaft bushing should be replaced if the wear is more than 0.010 inches.

· Fuel Jet - The fuel jet should be cleaned, and if it appears to be damaged, it should be replaced.

· Gaskets - All new gaskets should be used when reassembling the carburetor.

E.
After the parts of the carburetor have been checked for wear, reassemble in reverse order of disassembly.

4.
Disassembling the Engine Starter
A.
Remove the engine housing from the main body of the engine.  The 
method of removal will depend on the type and brand of the engine.

B.
Remove the starter.  On certain makes of engines, the engine cowling 
of the equipment is removed with the starter.   If the starter is to be 
disassembled, it should be placed in a vise or secured by a c-clamp 
before working on it.  The rope can be removed by pulling it all the 
way out and locking the starter in place with vise-grip pliers.  If the 
spring is removed, the starter may be rewound with a special 
rewinding tool.  Some small engines are equipped with an electric 
motor.

5.
Disassembling the Main Body of the Engine and its Parts
A.
After the shroud and deflectors have been removed and before 
removing the flywheel nut or starter clutch, the threaded end of the 
flywheel shaft should be checked to determine whether it has a right 
or left-hand thread.

B.
The flywheel may be removed by using a special holder or wood blocks and a socket wrench or a special starter clutch wrench.  If screwdrivers or wrecking bars are used as a holder, it is possible that the fins will be damaged, throwing the flywheel out of balance.  Flywheels should be removed using a special wheel puller.  Do not use a wheel puller.

C.
Remove the spark plug by using a spark plug wrench.  A spark plug wrench is cushioned to protect the porcelain part of the plug.

D.
Remove the cylinder head bolts and gasket.  Mark the bolts and holes to facilitate reassemble.  Some of the bolts could be of different lengths, and serve purposes other than holding the cylinder head in place.

· Remove the carbon from the head, the top of the piston and from around the valves.

E.
The crankcase is opened on four-cycle engines by removing the oil cleaner.








· Use a sharp tool to pry out the oil seal.  Before removing the oil cleaner of an engine to expose the crankcase, rough places on the PTO end of the crankshaft, such as rust and burrs, may need removing.  Remove these with a flat file or with emery cloth.

· Open the crankcase without disassembling the cam gear.  Most cam gears have timing marks.  If the marks are not visible, make them by using a center punch before un-meshing the gears.

F.
Turn the piston to the bottom dead center position and examine the upper end of the cylinder for a sharp ridge.  If a ridge is present, remove it with a ridge reamer before removing the piston.

· Check the bearing and connecting rod for marks.  Mark these parts before removing the crank pin bearing cap.  Remove the cap screws from the bearing cap.  Push the piston and piston rod out the top of the engine cylinder.  In order to keep all parts in place, replace the bearing cap.  

G.
Remove the crankshaft

The crankshaft should be turned so that the timing marks are aligned on the compression stroke.  Both valves should be closed.  Pressure from the tappets is relieved by this action.  The tappets will remain in place while removing the camshaft if the crankcase is turned on its side or placed upside down.  Mark the tappets and remove them one at a time.  The tappets should be reinserted in the same holes from which they came.

H.
If the cylinder does not require re-boring, disassemble the piston-and-rod assembly in the following order:

· Remove the piston retainer rings that are located on the piston pin.

· Use a piston ring expander to remove the rings.  A small screwdriver or long-nose pliers may be used to remove the rings.

· Place the rings in order and the proper side up so they may be replaced in the proper grooves.

I.
Valves are easier to remove if a valve-spring compressor is used to press the springs before trying to remove the valve retainer.  The valve should be held closed with the hand if it is removed by using a screwdriver.  Remove the retainer lock with pliers and/or screwdriver, depending upon the type of retainer lock.

· Remove the valves and mark them exhaust or intake.  If the springs and caps are removed they should be marked so they may be placed in the proper valve hole.  If burns are found on the valve stem, they should be removed with a file before forcing the valve through the valve guide or opening.

J.
In order to restore the engine to the proper operating condition, measurements must be made for minimum tolerances.  The measurements should be compared with the operator’s manual.  An examination should be made of the following internal engine parts.

· Cylinder - The cylinder should be checked for oversize in diameter, out-of-round and taper.

· Piston - Check the piston for carbon deposit in ring grooves.  Check also for excessive piston skirt clearance and wear on the top ring.  Check the rings for wear.  Check piston pin for roundness.

· Crankpin - Check the crank pin for diameter wear, out-of-round and scoring.  Replace the pin if it is worn.

· Crankshaft - Usually no adjustment is necessary on the crankshaft.  Check for wear, out-of-round, damaged gear teeth, damaged key slot, taper, and the bearing condition.  

· Cam gear assembly - Measure the eccentric on the camshaft.  Check the spark advance if one is installed.  Check the tappets for wear.  If the oil passes through the shaft, check the passageways.  Check the magneto side cam gear bearings.

· Piston Rod and Bearing - Check the rod for cracks and straightness.  Check rod-bearing cap with a piece of plastigage across the full width of the cap.




· Valves and valve accessories - These parts should be checked for the following conditions:

-
Warped head

-
Burned, cracked or out-of-round face

-
Bent or worn stems

-
Gum and varnish deposits

-
Unsquare springs

-
Cracked or pitted valve seats

-
Worn and corroded valve guides

6.
Reassembling the Engine
A.
If the engine has ball bearings used on the end of the crankshaft, 
replace the bearing on the crankshaft by heating it (bearing) in oil and 
slipping the bearing on the crankshaft while it is still hot.  As the 
bearing cools, the bearing will tighten on the shaft.

B.
In many four-cycle engines that are made of aluminum alloy, the tappets are oiled and installed in the order they were removed.  After the tappets are replaced, the crankshaft and the cam gear are installed.  The timing marks on the crankshaft and cam gear must be aligned.

C.
Clean the cylinder walls with an oil soaked rag.  Check the ring gap 
and install rings in the correct position on the piston.  Use a ring 
compressor to install the rings.

· Install the oil ring and then the compression rings.  

· The center ring may have a scraper groove; therefore, it must be installed with the scraper groove down.

· If the top ring has a recess, the recess goes up.

· Attach the connecting rod to the piston.  

· The piston and rod may be marked to identify rod and piston alignments.  Check the ring gap with a feeler gauge. 

· Insert the piston in the cylinder so that the connecting rod is in contact with the block.

· Use a ring compressor to squeeze the rings into the grooves.  

· Oil all parts and put on the bearing cap.  Tighten the bearing bolts with a torque wrench.  Refer to operator’s manual for the correct torque specifications.

· If the engine turns freely, the bolts should be locked in place.  If an engine does not turn freely, the piston should be checked to determine whether or not they were installed backwards.

D.
After the valves have been refaced and seated properly they should be replaced by using the spring compressor and pin inserter.  Needle nose pliers can be used to insert the pin or valve retainers.  Turn the engine several times to be sure the valves are opening and closing properly.

E.
With the piston at top dead center on the compression stroke, check to 
clearance between the valve stem and the valve tappets with a feeler 
gauge.  Refer to the operator’s manual for the correct valve clearance 
specifications.  If not enough clearance, remove valve and file the tip 
of the valve stem.  Replace valve and check again.  If too much 
clearance, lap the valve seats until the valve clearance is within the 
required manufacturer’s specifications.  Install a new valve cover 
gasket and install valve cover.

F.
The engine head should be replaced after the valves are installed and 
seated.  Use a new head gasket between the head and cylinder.  The 
head bolts should be drawn up evenly with a socket wrench and final 
tightening should be done with a torque wrench.  Refer to the 
operator’s manual for the correct torque specifications and the correct 
torque sequence of the head bolts.

G.
Install new oil cleaner gasket and tighten bolts to manufacturer’s 
specifications with a torque wrench.

H.
Install new oil seals in both the magneto and PTO ends.  Use oil seal 
installation tool.

7.
The Engine Ignition System
An ignition system that functions properly will produce a spark that jumps a gap larger than is recommended for the spark plug setting.  Most all small engines today are some form of electronic ignition, and therefore, there are no adjustments to be made, except to the air gap between the flywheel magnets and the ignition coil legs.  Refer to the operator’s manual for engine specifications.

8.
Replace Other Major Parts of the Engine
The following parts may be reassembled on the engine in the following order:

A.
Spark plug after checking and/or setting gap

B.
Starter clutch and rope pulley

C.
Governor blade

D.
Breather assembly

E.
Muffler and fuel tank

F.
Carburetor and linkage

G.
Blower housing

H.
Fuel line

9.
Operating Steps
A.
Refill crankcase of 4-cycle engine with the proper oil.

B.
Install air cleaner

C.
Adjust main jet valve on carburetor so engine will run smoothly.

D.
Hold the throttle shut and adjust the idle speed so engine runs 
smoothly.

E.
Set the idle speed by adjusting idle screw.

F.
After the engine is warm, adjust carburetor so that it will accelerate at 
different speeds.

G.
The head bolts should be re-tightened with a torque wrench after about 10 hours of operation.  Carburetor may need readjusting after about 10 hours of use.

Small Engines





Name ___________________

Lab #1






Date ____________________

1. Remove Spark Plug:  ________

a. What type spark plug:  ___________

2. What is the recommended spark plug gap?  

3. What is the actual spark plug gap?  _________

4. Remove Gas Cap and Oil Stick.  __________

5. What is the model # of this engine:  ______________

6. Using model #;  record the following information:  

a. Cubic Inch Displacement:  ________________

b. Basic Series Design:  ___________________

c. Position of Crankshaft:  _________________

d. Type of Carburetor:  __________________

e. Type of Governor:  __________________

f. Type of Starter:  ___________________

7. Type # of engine:  ________________________

8. Year/month/date engine was assembled:  

a. _________________/________________/_____________

9. Remove Air Filter and Filter Cover:  ____________ 

10. What type of Air Filter:  _____________________

11. What is the proper procedure for cleaning this air filter?

a. ______________________________________________________

______________________________________________________

______________________________________________________

12. Remove Gas Line:  _______

13. Remove Blower Housing (Rope Starter and Assembly).  _________

14. Remove throttle and governor linkages.  Make sure that you inspect these linkages long enough to remember how to reset:  __________

15. Remove Carburetor:  ___________

16. Disassemble Carburetor and reassemble: _______  

Small Engines 




Name __________________

Lab #2






Date ___________________

1. What is the recommended amount of torque on the cylinder head bolts?  _____________ 

2. What is the recommended torque pattern for the cylinder head bolts:  Draw shape of the cylinder head on your engine.

3. What is the actual amount of torque on the cylinder head bolts?  (check tightening bolts not loosening)

1. _____ 2. _____ 3. _____ 4. _____ 5. ______ 6. ______ 7. _____ 8. _____

4. What is the recommended armature air gap?  _________ 

5. What is the actual armature air gap?  __________ (Check opposite side of flywheel from magnet)

6. Remove armature.  _________

7. Remove safety shut-off equipment from outside flywheel if present.  _______

8. Remove muffler.  ________

9. Remove intake pipe.  _______

10. Remove cylinder head and carefully remove head gasket.  _______

11. List the four strokes of a 4-cycle engine and give a brief description of what is happening on each stroke.  

a.  ______________-_______________________________________

b. ______________-________________________________________

c. ______________-________________________________________

d. ______________-________________________________________

12. Identify the position of the valves and the direction of travel of the piston for each of the following strokes.

a.


Valve (open or closed)

Piston (up or down)



Intake      
_______________


_________



Compression   _______________


_________



Power 

_______________


_________



Exhaust
_______________


_________

Small Engines






Name ______________

Lab #3







Date _______________

1. What is the recommended Valve Tappet Clearance?  

a. Intake ___________
____________

b. Exhaust ___________
 ____________

2. What is the actual Valve Tappet Clearance?  

a. Intake ____________

b. Exhaust ____________

3. What is the recommended procedure for insufficient valve tappet clearance?

a. ____________________________________________________

4. What is the recommended procedure if valve tappet clearance it too great?

a. ____________________________________________________

5. Remove valve and springs:  Do not mix up which spring and lock or washer goes with which valve.  _______

6. Put intake valve back in the engine block and connect valve spring.  _____

7. Remove intake valve and valve spring.  ______

8. Using valve guide plug gauge tool # _________, determine if the valve guide is worn and needs to be rebushed:  yes or no (circle one)  

9. Remove flywheel nut, bell housing, and screen. _______

10. Remove flywheel and flywheel key.  (do not lose flywheel key)  ____ 

11. What is the recommended torque on the crankcase cover (sump cover) bolts?  ________ 

12. Remove the crankcase cover:  _________

13. Note where the piston is when the timing mark on the cam gear meets the timing mark on the crankshaft gear.  

a. Piston is ____ inches from top dead center.

Small Engines 




Name ___________________

Lab #4






Date ____________________

1. Remove the Cam Gear:  _____________ 

2. Remove the Cam Lobes:  ____________ 

3. What is the Cam Gear Journal reject size:  ________ 

4. What is the actual size of the cam gear journal:  ____________

5. What is the Cam Lobe reject size:  ___________ 

6. What is the actual size of the cam lobes:  ____________  ____________

7. What is the recommended torque for the connecting rod bolts?  ________

8. Push up slightly on the connecting rod and remove crankshaft:  _______

9. What is the Crankshaft reject sizes? 

a. PTO Journal         _____________

b. Crankpin Journal  _____________

c. Magneto Journal   _____________

10. What is the actual size of the crankshaft journals:  

a. PTO Journal          _____________

b. Crankpin Journal   _____________

c. Magneto Journal    _____________

11. Remove the Piston:  ____________ 

12. Remove the piston rings using the piston ring expander and be able to identify the different rings.  _________ 

13. What is the maximum size feeler gauge allowed when checking the piston ring land wear?  ________ 

14. What is the ring end reject size:  

a. Compression Ring  _____________

b. Oil Scraper Ring     _____________

c. Oil Control Ring     _____________

15. What is the actual ring end gap for your piston rings:  

a. Compression Ring    _____________

b. Oil Scraper Ring       _____________

c. Oil Control Ring       _____________
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