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Course:
01.423  Agricultural Mechanics Technology III

Unit 2:
Small Two Cycle Engine Maintenance and Repair
Lesson 5:
Operating Two-Cycle Small Engines Safely

Georgia Performance Standards: 
AG-AMIII-2 j, k
Academic Standards: 
SPS7, ELA12LSV1, ELA9RL5, ELA10W3, MM1A3, MA1P1, MA1P3, SCSh2, SCSh3, SCSh4, SP1, SPS5, ELA9RC2
Objectives: 

1.
Describe hazards involved in using equipment with 2 cycle engines.

2.
Operate equipment with a 2 cycle engine in a safe and efficient manner.

Teaching Time:

6 Hours
Grades: 9-12

Essential Question: What hazards are involved in using 2 cycle engines and how can you operate them safely?
Unit Understandings, Themes, and Concepts:

Students will learn about small engine safety.
Primary Learning Goals: Students will be able to describe hazards of small engines, as well as how to avoid these hazards through following safety guidelines.
Students with disabilities: For students with disabilities, the instructor should refer to the individual student's IEP to insure that the accommodations specified in the IEP are being provided within the classroom setting. Instructors should familiarize themselves with the provisions of Behavior Intervention Plans that may be part of a student's IEP. Frequent consultation with a student's special education instructor will be beneficial in providing appropriate differentiation within any given instructional activity or requirement.

Assessment Method/Type:

____ Constructed Response

____ Peer Assessment

_X__ Combined Methods


____ Selected Response

____ Informal Checks


____ Self Assessment

References:


Owner’s manuals for various small engines.  Fundamentals of Service. John Deere & Co.  Moline, Il.

Materials and Equipment:

Various types of 2-cycle equipment

Sample bottles of oil pre-mix

Ear protection

Chainsaw Chaps

Gloves

Transparency 1.4.1 - 1.4.6

Overhead projector


PowerPoints:

Web Resources:

Georgia Performance Standards: 
AG-AMIII-2 (j,k)
AG-AMIII-2:  Students will service, maintain, repair, and operate small Two-cycle air cooled engines.


j.
   Describe hazards involved in using equipment with 2 cycle engines.

  k.
Operate equipment with a 2 cycle engine in a safe and efficient manner.                  


Academic Standards: 
SPS7, ELA12LSV1, ELA9RL5, ELA10W3, MM1A3, MA1P1, MA1P3, SCSh2, SCSh3, SCSh4, SP1, SPS5, ELA9RC2
ELA9RC2 The student participates in discussions related to curricular learning in all subject areas.

ELA12LSV1 The student participates in student-to-teacher, student-to-student, and group verbal interactions.

ELA9RL5 The student understands and acquires new vocabulary and uses it correctly in reading and writing.

ELA10W3 The student uses research and technology to support writing. 

MM1A3. The student solves simple equations.

MA1P1. The student solves problems (using appropriate technology).

MA1P3. The student communicates mathematically.

SCSh2 The student uses standard safety practices for all classroom laboratory and field investigations.

SCSh3 The student identifies and investigates problems scientifically.

SCSh4 The student uses tools and instruments for observing, measuring, and manipulating scientific equipment and materials.

SP1 The student analyzes the relationships between force, mass, gravity, and the motion of objects.

SPS5 The student compares and contrasts the phases of matter as they relate to atomic and molecular motion.

SPS7 The student relates transformations and flow of energy within a system.

Teaching Procedure

Introduction and Mental Set


Skills and Knowledge:

This chapter contains the basic information that will help you gain the necessary subject knowledge required of a service technician.  With application of this knowledge and hands-on practice, you should learn the following:

The components of a 2-cycle engine.

The function of each component of a 2-cycle engine.

How the components work.

How lubrication is accomplished on a 2-cycle engine.

Fuel and oil requirements for 2-cycle engines.

Why chain saws have some different operating requirements than other 2-cycle engines.

How to remove, clean, inspect, and install the cylinder head

The procedure for removing and inspecting the cylinder

How to recondition the cylinder.

How to disassemble and clean pistons and connecting rod
What to look for when inspecting the piston and connecting rod components for damage

Procedures for assembling the piston and connecting rod

How to disassemble the flywheel, crankcase, and crankshaft

What to look for when examining the flywheel and crankshaft for excessive wear

Procedure for reassembling the crankshaft, crankcase, and flywheel

How to check crankshaft end play

How to measure crankshaft run out
Two cycle engines, because of their advantages such as high power to low weight, ability to operate in a variety of positions, and their simplicity of design are found in a wide variety of power equipment designs.
Common ones we use are:
Weedeaters

Chainsaws

Power blowers

Tillers

Hedge clippers
They are also used on construction equipment (augers, pumps, etc.) pressure washers and other equipment.
Discussion

1.
To operate them safely, there are some things that you should do to ensure safety.

A.
The owner’s manual is necessary for you to be able to operate equipment safely.

B.
The manual usually gives you information specific to the equipment.  Read it, you may learn something you haven=t before.

C.
The manual explains:

· Names and adjustments of critical parts

· Safety precautions to follow

· Starting procedures

· Tips for efficient usage

· Maintenance schedules and adjustments

D.
In the owner’s manual, you will find statements concerning safety in bold, highlighted, and prefaced by the exclamation point in a triangle.

E.
Some examples of safety precautions are simple and straight forward while others are specific to equipment.

· An exclamation point symbol points out that: Never mix or store gasoline/oil mixtures indoors or in enclosed poorly ventilated areas, where fuel fumes may reach an open flame, spark or pilot light such as on a furnace, water heater, clothes dryer or other appliance.

· Or, as in this application, the 2-cycle engine has a governor, which is not seen in most engines.  An exclamation symbol here warns: Never tamper with engine governor which is factory set for proper engine speed.  Overspeeding the engine above the factory high speed setting can be dangerous.  Changing of engine speed will void the engine warranty.

2.
Two-Cycle Engines are typically operated by holding the equipment in the hands, or in some cases by means of a backpack.  

This places the power equipment in close contact with the body.

A.
Some things you should recognize are: 

· Vibrations from the equipment to the body will tire and numb the operator quickly.  They often dull the reaction time and senses.  Gloves will often reduce the vibration effect, and serve to protect the hands, especially when used with a chainsaw.

· Noise from the engine can also affect the senses, dulling the reaction time.  If after using equipment, you notice a ringing or background noise in your ears, you have damaged them.  It is more than duration of damage that affects hearing over time.

· Ear protection, whether over-the-ear type or simple ear  plugs help to keep this from happening.

· Debris from a chain, a trimmer head, or a blower can damage your eyes.  An eye injury is painful and quick to happen, and may be irreversible.  Another consideration is to people who wear contact lenses.  Any dust or dirt can damage both the eye and the contact lens.  People who wear glasses should use a face shield or goggles over the eyes.

· Eye protection, whether safety glasses, goggles or face shield, should be worn.

B.
In addition to the basic safety gear mentioned, you should wear clothing specific to the job you are performing.

· Long-sleeved cotton shirts, pants and boots should be worn for all outdoor equipment operation.

· Chaps should be worn when using a chainsaw.  In fact, OSHA mandates the use of this by loggers and arborists.

· Heavy shoes, like boots should be worn to protect the feet, and give support to the ankles, especially since much work occurs over difficult terrain.

3.
The owner’s manual also lists specific information about the operation and maintenance.

A.
The fuel/oil pre-mix must be mixed correctly.  In most engines, the mix gas is pre-mixed.  Some larger two cycle engines, like outboards and motorcycles may have an injection pump to mix oil and fuel in the crankcase.

B.
To mix the fuel/oil correctly, you should:

· Pour half the correct amount of gasoline into the mixing container.  Add the correct amount of oil to the gasoline.  Shake vigorously.  Then, add the remaining gasoline.  Shake thoroughly.

C.
The engine manufacturer sets a ratio of fuel to oil for each engine.  The owner’s manual and a sticker near the fuel tank tells the correct mixture to use.

D.
Using an incorrect mixture over time will either foul the engine and spark plug with excessive carbon or oil, or it will not lubricate the engine, causing wear and engine failure.

E.
There are two classes of two cycle oils, one is formulated for air-cooled two cycle engines, and one for water-cooled two cycle engines.  Water-cooled oil is rated TCW or TCW-II.  This oil should not be used in air cooled engines, because the lubricating effects of this oil will not work on hotter running, air cooled two-cycle engines.

F.
The amount of oil in the fuel-oil premix is adequate for lubricating the crankshaft bearings, piston pin bushing, piston rings, and cylinder walls.  The flow of the fuel-oil mixture through the crankcase ensures lubrication.

G.
Many people have problems with the ratios, and figuring out how much oil to pre-mix with gasoline. Engine manufactures package the correct amount of oil in mixtures for one gallon or 2.5 gallons of gasoline.  However, it is easy to figure ratios.
· Remember one gallon of gasoline is 128 ounces.  So, for one gallon of premix at a ratio of 16:1, you need ____ ounces of oil. 128oz /16 parts gasoline = 8/oz of oil.  50:1, 128 oz/50 parts = 2.56 oz. of oil.  To double gasoline amount, double the oil.

4.
The manual will list specific information about maintenance.
A.
Reading through the manual should point out information about maintenance.  This amount tells us...(use your own or use SNAPPER included for reference)

B.
Before starting:

· Be sure to check all belts, safety switches, throttle cables, bolts, blade, adjustments and adjusters.

· This engine as a dual element filter.  Check and clean, and re-oil filter every 25 hours.  Replace paper filter every 100 hours.

· Check spark plug yearly or every 100 hours of operation.  Replace and regap if necessary.

· Frequently, remove grass clippings, dirt and debris from around cooling fins, air in-take screen, and levers and linkages.

· Muffler and exhaust ports should be cleaned by dealer every 75-100 hours of operation.
5.
Finally, the safe and correct operation of 2-cycle engines is dependent upon the operator.  You should:

A.
Read the owner’s manual and understand how parts work and react together.

B.
Use the recommended safety equipment.

C.
Know and follow the maintenance procedures.
6.
Activities

Assembling piston and connecting rods.  Display and discuss transparencies 1.4.1 -1.4.4.

A.
Purpose:
To practice correct techniques for assembling internal engine parts.  Most 2-cycle engines use needle bearings for crankpin bearings.

B.
Procedure:
Disassemble and clean the engine being overhauled.  Purchase a new set of piston rings.  DO NOT INSTALL USED RINGS.

Also inspect needle bearings for damage and count the number of needle bearings on hand.  If bearings are damaged or missing, purchase new bearings as replacements.

On engines with a removable cylinder head and a removable connecting rod, proceed as follows:

1.
Lubricate the piston and piston rings with 2-cycle engine oil.

2.
Compress the piston rings with a ring compressor.

3.
Carefully place the connecting rod into the cylinder bore from the top.  Make sure the connecting rod does not scratch the bore and that the piston exhaust side is on the same side as the cylinder exhaust ports.

4. Install the needle bearings around the crankpin of the 

crankshaft to which the connecting rod will be attached.  Apply a light grease to the crankpin so the needle bearings will not fall out during assembly.


5.
Install bearing guides, if used, on the crankpin and bearing liners in the bore of the connecting rod and cap.

6.
Push the piston into the cylinder so that the bearing liner in the connecting rod head fits against the needle bearings.

7.
Assemble the connecting rod to the connecting rod around the crankpin.  Tighten the connecting rod capscrews to the specified torque.
On engines with cylinder heads that are not removable, the piston must be installed from the bottom of the cylinder.  
The procedure to use is:
1.
Lubricate the piston and piston rings with 2-cycle engine oil.

2.
Support the piston with a support tool.

3.
Install the cylinder over the piston.  Rock the cylinder back and forth gently while sliding it down over the piston rings.  Compress the rings with fingers or with a ring compressor.  Do not rotate the cylinder while installing piston rings.  Rotating could cause the rings to go out of alignment with the locating pins.
4.
Install the cylinder on the crankcase, as described earlier, and install the spark plug.

Summary
Two cycle engines are a vital part of the horticulture and small engine industry.  The operator needs to review the operator=s manual prior to the operation of the piece of equipment

Evaluation
Written test

Activity sheets


1.4.1

Study Guide: Servicing the 2-Cycle Engine
1.
Why is a new gasket required when replacing the cylinder head on an engine?

2.
Why is it so important to give special attention to needle bearings when the piston is removed from the cylinder?

3.
Some 2-cycle engines are of a split crankcase design.  If the crankcase halves will not come apart by hand, what procedure should you use to split the crankcase?
4.
How do you remove crankshaft bearings?

1.4.1

Study Guide: Servicing the 2-Cycle Engine
5.
How are oil seals removed?

6.
Why are magnets found on many flywheels on 2-cycle engines?

7.
Why should they be free to rust?

8.
Why are needle bearings found more commonly on 2-cycle engines than on 4-cycle engines?

1.4.2

Basic 2-Cycle Engines
1.
Draw arrows to the engine parts which are commonly found on 2-cycle engines
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Cylinder Head


Connecting Rod

Cylinder



Crankshaft

Crankcase



Flywheel

Piston



Reed Valves

2.
Review fuel (and oil) mixing procedures in an operator=s manual for a 2-cycle engine.

1.4.2

Basic 2-Cycle Engines
3.
What are the steps to follow to correctly add fuel to a 2-cycle engine?
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4.
Why are 2-cycle engines used on chain saws a special type of engine?
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5.
Discuss why chain saw engines can operate in all attitudes and positions.

1.4.3



Laboratory-Exercise 1: 

Identification of Engine Parts
Purpose

To learn the parts of a 2-cycle engine and to see the similarities and differences between parts from different engines.

Procedure

1.
Obtain discarded 2-cycle engines.  Try to have several different sizes of engines available from different manufacturers.

2.
Thoroughly clean the engines of all grease and oil.

3.
Take turns with other students removing parts from each engine.  Keep the parts organized to aid in reassembly and to avoid parts from different engines getting mixed together.

4.
Examine different engines and observe the similarities and differences between the parts.  Some of the parts to observe are:

· Piston head design and the number of piston rings

· Removable or non-removable cylinder head and cylinder

· Reed valves or piston port

· Connecting rod removable from crankshaft

5.
Be able to identify all parts from all engines.

6.
Reassemble the engines.  Make sure there are no extra parts left over.
Evaluation

1.
Make sure you are able to give the function of all engine parts, especially those you were unable to identify.

2.
Write general comments about the differences between similar parts of different engines.

1.4.4


Laboratory-Exercise 2: 

Engine Lubrication (2-cycle)
Purpose

To learn how 2-cycle engines are lubricated and to know the lubricating properties of 2-cycle engine oil.
Procedure

1.
Obtain at least two reed-valve engines and two piston-port engines.

2.
Disassemble the engines to the point that all fuel ports are visible and observe the differences.

3.
Trace the path of fuel flow through each engine.

4.
List some of the characteristics of 2-cycle engine oil.

Evaluation

1.
Write down your observations of the differences between piston-port and reed-valve engines.

2.
Review your notes with your instructor or with other students in the class.
1.4.4

Laboratory

Exercise 3
Purpose

To learn the correct procedure to follow when adding fuel and oil to 2-cycle engines.
Procedure

1.
Select an engine to use.  Write type and size.

2.
Read operators= manuals for both engines.

3.
Outline procedure to be followed below (give proportions, etc.)

4.
Complete the addition of fuel and oil to the engine.

5.
How many hours of operation between refueling will be necessary?

Evaluation

1.
Have someone familiar with engines review your project.
1.4.5





Chapter Review
1.
(True or false) Some 2-cycle engines contain a cylinder head that is cast in one piece with the cylinder.

2.
(Fill in the blanks) Cylinders may either be ______ or they may be ______ with the crankcase.

3.
(True or false) The connecting rod on some 2-cycle engines cannot be removed from the crankshaft.

4.
Describe the procedure to use to check the end gap of new or used piston rings.

5.
(True or false) Most 2-cycle engines use needle bearings as crankpin bearings.

6.
Why must the piston in some 2-cycle engines be heated in a container of oil before the piston pin is inserted?

7.
Why are locating pins often used in the ring grooves of 2-cycle engine pistons?

8.
(Fill in the blanks) Two crankcase designs commonly found on 2-cycle engines are: _________ and _________-__________.

9. 
(Fill in the blanks) Reeds may be checked for leakage by holding a piece of paper in front of the __________ side of the __________.

1.4.6

Some basic components common to most

 2-cycle engines are:
Cylinder head -Seals on end of cylinder so power and compression can be developed.

Cylinder-Hollow tube in which piston works and compressions and power are developed.

Crankcase -Supports the crankshaft and assists in transferring fuel-air mixture to combustion chamber.

Piston -Slides in cylinder and uses piston rings to seal compression.

Connecting Rod -Links piston to crankshaft.

Crankshaft-Converts linear motion of piston, through connecting rod, into rotary motion.

Flywheel-A disk keyed to one end of the crankshaft which stores energy, stabilizes crankshaft speed, transmits power, and acts as a fan on some air-cooled engines.

Reed Valve -A flexible, spring steel reed acting as a means to allow the fuel-air mixture to enter the crankcase.

Lubrication System -Provides an oil film to engine components which rub together to reduce friction and cool the parts.

Two-cycle engine oil is usually mixed with gasoline before placing in fuel tank (fuel-oil premix lubrication).
Individual Learning Activity

Lesson:
Small Engine Repair & Maintenance
Assignment:
Choose one of the topics below and research it. Write a report on your findings that answers the question or explains the concept and shows why it is relevant to your life.

1.
Describe hazards involved in using equipment with 2 cycle engines.

2.
Operate equipment with a 2 cycle engine in a safe and efficient manner.
Minimum Requirements:

1. Paper must be typed in 12 point font and at least one page in length. The paper may be double-spaced. 

2. At least two credible references must be properly cited.

3. All work must be original. No plagiarism! Any use of  

another’s ideas without giving credit will result in a zero.

4. Papers will be graded on content (amount of good information, accuracy, etc.) and mechanics (grammar, spelling, and punctuation.)

Due Date:

Points/Grade Available:

Individual Learning Activity Rubric

	Content - offers current information on the topic chosen, thoroughly covers each aspect of the question, and demonstrates understanding and mastery of the lesson. The paper should include information and issues of state and local importance.
	35 pts.



	Critical Analysis - logical process of analyzing and reporting information that examines and explains the topic selected. The paper should go beyond simply listing facts and must include why the concept is relevant to the student’s life. 
	25 pts.

	Organization- The paper should have an orderly structure that demonstrates a logical flow of ideas.
	15 pts.

	Mechanics- spelling, grammar, punctuation, font size, double spacing, citation, etc. Essentially, the paper should meet all specifications and be executed following rules of proper written English.
	15 pts.


Group Learning Activity

Lesson: 
Small Engine Repair & Maintenance
Assignment: 
Choose one of the topics below and research it. With your group, prepare a presentation to teach the class your concept.

1.
Describe hazards involved in using equipment with 2 cycle engines.

2.
Operate equipment with a 2 cycle engine in a safe and efficient manner.
Your presentation should include the following:

1. A lesson plan outlining exactly what your group will teach and how the information will be taught

2. A Power Point of at least twelve slides

3. Notes containing the information the class will be responsible for (these can be printed and given to the class, written on the board, or part of the Power Point). A copy of the notes will be turned in to the instructor.

4. Some type of interactive activity for the class (game, problem solving activity, interactive model, etc.)

5. Your group must also prepare an assessment for the class. This assessment can be written or oral, but should show the instructor that the class understands and has retained the material being taught.

Due Date:

Points/Grade Available:

All work must be original. No plagiarism! Any use of  

another’s ideas without giving credit will result in a zero.

                                             Group Learning Activity Rubric

	Lesson Plan – The group submits a thorough, detailed lesson plan highlighting the content and organization of their lesson.
	10 pts.

	PowerPoint – The group presents a Power Point of at least twelve slides that contains information and pictures vital to the lesson with additional information or examples for enhancement.
	20 pts.

	Interactive Activity – Some type of interactive activity is used to help teach the lesson. The activity should contribute to the mastery of content and involve the entire class in some way.
	15 pts.

	Assessment – A fair, thorough assessment is prepared and administered based on the information presented to the class. Poor grades on the assessment by a few members of the class are excusable, but if the entire class has difficulty, the points awarded in this category may be lowered at the discretion of the instructor.
	   15 pts.

	Content – The group should cover the concept (within reason) in entirety. The group may study actual lesson plans to help decide what should be emphasized.
	    25 pts.

	Overall Effect – The group is prepared, enthusiastic, and interesting, and the lesson flows smoothly. 
	    15 pts.


Presentation Learning Activity
Lesson:
Small Engine Repair & Maintenance
Assignment:
Choose one of the topics below, research it, and prepare a presentation that answers the question or explains the concept and shows why it is relevant to your life.

1.
Describe hazards involved in using equipment with 2 cycle engines.

2.
Operate equipment with a 2 cycle engine in a safe and efficient manner.
Minimum Requirements:

Oral Report Option

1.   Write a paper on one of the topics and orally present your work to the class.

2.   Paper may be double-spaced and should be at least one page in length, resulting in a two to five minute presentation. 

3.   At least two references must be properly cited. 

4.   The presentation of the report will be graded secondary 

      to the content of the paper.

PowerPoint Option

1. Presentation should be at least ten slides in length

2. Presentation should include at least four photos.

3. Presentation should be two to five minutes in length.

4. Grammar and spelling will be graded by the same standards as any other written assignment.

5. At least two references must be properly cited.

Poster Option:

1. Prepare a poster that answers/explains one of the topics. You will present your poster to the class.

2. Your poster should include both text and graphics that help communicate your research.

3. At least two sources of information should be properly cited on the back of the poster.

4. Neatness and appearance of the poster will be graded.

5. Poster presentation should last two to five minutes.

Due Date:

Points/Grade Available:

For all presentations: All work must be original. No plagiarism! Any use of another’s work or ideas without giving proper credit will result in a zero.

Presentation Learning Activity Rubric

	Content- offers current information on the topic chosen, thoroughly covers each aspect of the question, and demonstrates understanding and mastery of the lesson. The presentation should include information and issues of state and local importance.
	40 pts.

	Critical Analysis/Organization – The presentation shows a logical process of analyzing and reporting information that examines and explains the topic selected. The presentation should go beyond simply listing facts and must include why the concept is relevant to the student’s life.
	20 pts.

	Presentation – The student makes a genuine effort to present, not just read the material. The student should present with confidence using techniques like eye contact and voice inflexion to make his or her point. Although content takes precedence over presentation, the experience of successfully presenting in front of a class is part of the basis of this assignment.
	25 pts.

	Mechanics- spelling, grammar, punctuation, font size, double spacing, citation, etc. Essentially, the presentation should meet all guidelines set forth and should be executed in proper written English. For the poster, this includes neatness and appearance.
	15 pts.


Essential Question:

What hazards are involved in using 2 cycle engines and how can you operate them safely?
Vocabulary
OSHA

Piston

Owner’s manual
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