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INTRODUCTION



      

  This manual was prepared for high school and postsecondary students enrolled in programs in which engine instruction is taught. It presents essential subject matter together with related classroom and laboratory exercises. Educators can use this combined material to instruct students in repair and maintenance and for evaluation activities.




  The subject matter of this manual includes lessons on engine operating principles; measuring and testing equipment; ignition systems; compression systems; carburetion and related systems; cranking, charging, and electrical auxiliary systems; preventative maintenance; off-season storage; small engine safety; and ordering parts. Instructors will most successfully cover all the basic principles and concepts of this manual in an organized sequence if they use identical engines, four-stroke and two-stroke cycle.




  An effective instructional program in small gas engines includes major repair activities on actual engines. Schools could furnish the engines for these activities, but students often develop greater interest and initiative if they can work on their own engines. It is beyond the scope of this manual to provide the know-how for all activities of major engine overhaul; Therefore, it is imperative that the schools provide or require student to purchase the service manuals and parts books for the engines that are brought into the laboratory. Service manuals and parts books are essential tools, and each student needs to know how to read and reference them effectively. It is also necessary for students to know how to properly use and care for the tools and special testing equipment used by mechanics. Information in Appendix D, E, and F will assist instructors and students in the preparation of mathematical calculations.




  Studying small gasoline engines and related laboratory activities should be an exciting and enjoyable experience for students. It is the purpose of this manual to help fulfill this goal.
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  Briggs and Stratton Corporation – Milwaukee, Wisconsin




  Dana Corporation – Toledo, Ohio
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  Onan Corporation – Minneapolis, Minnesota
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I. ENGINE OPERATING PRINCIPLES





  The internal combustion engine is defined as an engine where air and fuel are burned with the release of energy taking place within the engine. The linear movement of the piston is transformed to rotary motion through the connecting rod and crankshaft. There are four-stroke cycle and two-stroke cycle engines and their operation can be divided into compression, ignition, and carburetion. Each operational phase will be studied separately but they must work systematically to have a smooth running engine that produces power.




  FOUR STROKE CYCLE




  The four events in the operation of the four-stroke cycle engine are: intake, compression, power, and exhaust. Each event occurs with a linear movement of the piston which is called a stroke. The cycle of events is completed during two revolutions of the crankshaft which accounts for the name: FOUR-STROKE CYCLE ENGINE. The basic component parts of the engine are listed in Figure I-1. This valve location is called the flathead style. The valve style in Figure I-2 is the overhead valve (OHV) style.
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  Figure I-1. Basic Parts of a Four-Stroke Cycle Engine (Flathead Style) (Courtesy of Briggs and Stratton Corporation)




  The first event in the operation of the four-stroke cycle engine is the intake stroke. At the beginning of the intake stroke, as the piston moves downward, a vacuum occurs in the cylinder. The intake valve, a poppet design, is opened mechanically by a lobe on the camshaft. The lobe, eccentrically shaped, acts against a valve lifter (tappet), and opens the valve on flathead style engines in Figure I-1. With overhead valve style engines, note the push rod and the rocker arm which also actuates the intake valve, as presented in Figure I-2. Regardless of the style, during the stroke, the intake valve is opened allowing atmospheric pressure to push the air-fuel mixture into the combustion chamber above the piston. During this intake stroke, the exhaust valve is held closed by its valve spring. The downward movement of the piston creates a partial vacuum (pressure lower than atmospheric pressure) in the combustion chamber. The air-fuel mixture from the carburetor which is at normal atmospheric pressure (14.7 lbs./square inch at sea level) rushes into the combustion chamber as long as the intake valve is open and the pressure in the cylinder is lower than the pressure at the carburetor outlet. At the bottom of the piston stroke, bottom dead center (BDC), the camshaft has turned until the cam lobe no longer holds the intake valve open as the valve is closed by the valve spring. The operation of the (a) intake, (b) compression, (c) power, and (d) exhaust strokes is illustrated in Figure I-3.
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  Figure I-2. Overhead Valve (OHV) Style Four-Stroke Cycle Engine (Courtesy of Briggs and Stratton Corporation)




  The second operational event is the compression stroke. During the compression stroke, both intake and exhaust valves are closed and the piston moves upward compressing the air-fuel mixture. The top of the stroke is called top dead center (TDC). The piston rings form a seal between the piston and cylinder wall which prevents the escape of the air-fuel mixture. The compressing of the air-fuel mixture in the combustion chamber increases the temperature of the mixture making it easier to ignite.




  The third operational event is the power stroke. The intake and exhaust valves are both closed. When the piston approaches or is at the top of the stroke, a spark jumps the spark plug gap igniting the heated and compressed air-fuel mixture and the explosion pushes the piston downward. Ignition timing or the precise moment that the spark occurs is very critical in relationship to the position of the piston. When the spark occurs, as supplied by the magneto or battery ignition system, the air-fuel mixture burns rapidly and the expanding gases create pressure in all directions. The piston, being movable, is propelled downward imparting the force to turn the crankshaft producing rotary motion.
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  Figure I-3. Four-Stroke Cycle Engine Operation




  The fourth operational event is the exhaust stroke. When the piston reaches the bottom of the power stroke, momentum of the flywheel and crankshaft moves the piston up the cylinder. The exhaust valve is opened by the high surfaces of the exhaust valve cam lobe on the camshaft and the intake valve is held closed by its valve spring. See Figure I-3. As the piston moves upward, burned or exhaust gases are forced out of the combustion chamber past the exhaust valve into the exhaust passage. When the piston is near the top of its stroke in the cylinder, the exhaust valve closes and one cycle has been completed. The process is repeated: four strokes making one cycle and the crankshaft has made two revolutions traveling 720 degrees. This is because of the 2:1 ratio of the camshaft driven gear to the crankshaft driver gear.




  In the four-stroke cycle engine the crankcase is vented to atmospheric pressure via the positive crankcase ventilation (PCV) valve discussed in Unit VII. Preventive Maintenance. The major purpose of the crankcase is to serve as an oil reservoir for lubrication. An adequate supply of lubricating oil in the crankcase is essential for keeping the internal parts of the engine well oiled and as friction free as possible.




  TWO-STROKE CYCLE




  In the two-stroke cycle engine, the four events: intake, compression, power, and exhaust, all must occur, but more than one event takes place during each piston stroke. The operation of the two-stroke cycle engine is shown in Figure I-4.
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  Figure I-4. Two-stroke Cycle Engine Operation




  As illustrated in Figure I-4(a) the piston is at the top of its stroke, all ports are closed, the air-fuel mixture is compressed in the combustion chamber and the engine is ready for the power stroke. The spark jumps the spark plug gap igniting the air-fuel mixture and the expanding pressure from the burning gases pushes the piston down the cylinder. The downward travel of the piston uncovers the exhaust port first and then the intake port, Figure I-4(b). The downward movement of the piston also compresses the air-fuel mixture in the sealed crankcase. This pressure closes the reed valve and forces the air-fuel mixture inside the crankcase through the fuel transfer passage, intake port and into the combustion chamber. The incoming air-fuel mixture forces the exhaust gases out the exhaust port, Figure I-4(b). The removal of the exhaust gases is called scavenging. In some two-stroke cycle engines, the configuration of the piston top may be flat, but sometimes it is other than flat to help or assist the incoming air-fuel mixture to force out the exhaust gases more efficiently. During this downward movement of the piston, the power event has been completed and part of the intake and exhaust event has been completed.




  The piston starts its upward movement in the cylinder covering the intake and exhaust ports thus trapping the air-fuel mixture in the combustion chamber where it will be compressed, Figure I-4(c).




  When the piston moves up the cylinder, a pressure lower than normal atmospheric pressure (14.7 lbs/square inch at sea level) is created in the crankcase. The greater outside atmospheric pressure causes air to rush through the carburetor attached to the reed valve assembly, opening the flexible reed valve and filling the crankcase with the air-fuel mixture. When the pressure is equalized between the outside atmosphere and inside the crankcase, the flexible reed valve closes sealing the crankcase. The upward travel of the piston compresses the air-fuel mixture in preparation for ignition and the next power stroke. This stroke of the piston has completed the intake and exhaust events, and has completed the compression event in preparation for ignition which occurs before the piston reaches the top of its travel. The crankcase is a sealed unit and its purpose is to contain or hold the air-fuel mixture so that it can be compressed and moved into the combustion chamber. The four events (one cycle) are completed in two strokes and the crankshaft has made one revolution traveling 360 degrees which accounts for the name, TWO-STROKE CYCLE ENGINE. The four-stroke cycle engine has a power stroke every two revolutions of the crankshaft, while the two-stroke cycle engine has a power stroke each revolution of the crankshaft.




  Lubrication of the two-stroke cycle engine is usually accomplished by mixing specially designed lubricating oil with the fuel. The crankcase of the two-stroke cycle engine is not an oil reservoir as in the four-stroke cycle. Each time a new charge of the air-fuel mixture is drawn into the sealed crankcase of the two-stroke cycle engine, the fuel is carrying diluted particles of lubricating oil which disperses oil upon bearing and journal surfaces within the crankcase. Therefore, the proper type and amount of oil mixed with the fuel is critical for lubricating purposes, or internal parts of the engine will suffer serious damage. Some two-stroke cycle engines use an injection system whereby a small amount of lubricating oil is atomized under high pressure into the crankcase. This application is much more popular with motorcycle engines than with engines for lawn and garden powered equipment.




  CROSS-SCAVENGE OPERATION




  The two-stroke cycle engine shown in Figure I-4 is referred to as the cross-scavenged design because it has two ports machined into the cylinder wall. The exhaust port is 180 degrees around the cylinder from the intake port and it may be slightly closer to the spark plug end of the cylinder. The piston head is shaped (non-flat) to set up a turbulent pattern of the air-fuel mixture as it enters the combustion chamber which in turn helps move out the exhaust gases.




  A third-port can be used instead of/or with a reed valve as a means to get the air-fuel mixture into the crankcase. In the third-port cross-scavenge engine, the carburetor is mounted directly on the cylinder with the third port in the throttle opening of the carburetor, note Figure I-5.
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  Figure I-5. Third-port Cross-scavenge Two-stroke Cycle Engine




  LOOP-SCAVENGE OPERATION




  In the loop-scavenged design, Figure I-6, the piston head is usually flat because the intake and exhaust ports are not opposite each other. The fuel moves into the cylinder through ports or grooves in the cylinder wall that are 180 degrees apart, while the exhaust ports are in a line 90 degrees from the intake opening. With the loop-scavenged design, the exhaust gases are removed more efficiently, more air-fuel can be introduced during the intake event and more horsepower can be produced per engine weight when compared to the cross-scavenge two-stroke cycle engine.
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  Figure I-6. Loop-scavenge Two-stroke Cycle Engine




  The loop-scavenged design third-port engine is similar to the conventional loop-scavenged design except that the third-port replaces or assists the reed valve in charging the cylinder. The third-port in Figure I-7(a) has the prime function of introducing the air-fuel mixture into the crankcase and as noted in Figure I-7(b), the intake ports are moving the air-fuel mixture into the combustion chamber.




  Applications of two-stroke cycle engine as a power source include lawn mowers, line or string trimmers, motorcycles, chain saws, snowmobiles, and outboard motors. There is a greater pollution emission problem with the two-stroke cycle engine because the fuel and oil are mixed together and the combustion is not complete.




  The four-stroke and two-stroke cycle cylinder engines warrant study because of their importance in our mechanical age. They also provide a convenient method for learning the principles and concepts which apply to both single and multi-cylinder engines.
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  Figure I-7. Third-port Loop scavenged Two-stroke Cycle Engine




  The engines being smaller are easier to utilize than those from either cars or tractors. The small engine is a logical stepping stone for multi-engine ignition testing, preventive maintenance and engine overhaul.




  An understanding of the general concepts of how small engines operate as discussed in this unit and explained in other units, will help you do a better job of maintenance, minor repair and complete engine overhaul. Engines have three basic systems:




  • IGNITION




  • COMPRESSION




  • CARBURETION




  All three systems must work in harmony with each other. The mechanic often trouble-shoots one system at a time, but the knowledge of the effect of one system on another is important. If the ignition system is malfunctioning, obviously the other two systems will not work because the fuel is not properly burned. However, the compression system may be weak and the mechanic may be quick to blame the carburetion. Indeed, the mechanic may be wrong because a good carburetor will operate poorly when compression is too low to draw a new charge of air-fuel into the combustion chamber.




  Small engines operate best when all systems are in top condition. This book is dedicated to the study of these systems, and other auxiliary support systems. When the student has an understanding of engine theories of operation, a general knowledge of using measuring instruments, skill in use of mechanic’s hand tools, access to specialized tools, equipment for working on specific engines, the service and repair literature, and with patience and practice, a good job of working on small engine can be completed.




  DEFINITION OF TERMS




  AIR-FUEL: Reference to the mixing of air and fuel.




  AIR-FUEL RATIO: A ratio of the mixture of air to fuel by weight.




  ATMOSPHERIC PRESSURE: 14.7 lbs. per square inch at sea level.




  BOTTOM DEAD CENTER (BDC): The point where the piston reaches the bottom of its stroke in the cylinder.




  BLOW-BY: A leakage or loss of pressure, often used with reference to leakage of compression past the piston rings.




  BY-PASS: A passage, usually with a valve arrangement, giving an alternative route for liquids or vapors.




  CAM GEAR: The gear permanently affixed to the camshaft. A gear on the crankshaft drives the cam gear.




  CAM LOBE: An egg-shaped or eccentric-shaped rotating unit that causes a reciprocating motion to a follower riding upon it. A part of the camshaft.




  CAMSHAFT: The shaft containing lobes, or cams, to operate the engine valves.




  COMBUSTION: The process of rapid burning or explosion.




  COMBUSTION CHAMBER: A cylindrical space shaped by the cylinder walls, with the engine head enclosing the space on one end and the piston head enclosing it in the other end.




  CONNECTING ROD: The part that connects the piston to the crankshaft.




  CRANKCASE: The housing within which the crankshaft and many other parts of the engine operate. It is used as a reservoir for engine lubrication oil in four-stroke cycle engines and as a sealed compression chamber in two-stroke cycle engines.




  CRANKSHAFT: The main shaft of the engine which, in conjunction with the connecting rod, changes the linear reciprocating motion of the piston into rotary motion.




  CYCLE: A series of occurrences in which conditions at the end of the series are the same as they were at the beginning.




  CYLINDER: A round hole bored to receive a piston; sometimes referred to as bore.




  CYLINDER BLOCK: The main mass of metal in which the cylinders are bored and the pistons are placed.




  EXHAUST PIPE: The pipe connecting the engine’s exhaust passage to the muffler. It conducts exhaust gases away from the engine.




  EXHAUST VALVE: A valve which permits a gas to exit the combustion chamber, and which seals the exit.




  FLATHEAD: A style of engine which has the valves in the engine block.




  FOUR-STROKE CYCLE ENGINE: An engine design which permits one power stroke for every two revolutions of the crankshaft.




  IGNITION: The act of firing a combustible mixture of gases or vapors by means of an electric spark.




  INTAKE VALVE: A valve which permits an air-fuel mixture to enter the combustion chamber, and then seals the entrance to hold the mixture in the combustion chamber.




  INTERNAL COMBUSTION: The burning of a fuel within an enclosed space.




  MUFFLER: A chamber attached to the end of the exhaust pipe which allows the exhaust gases to expand and cool. It is usually fitted with baffled or porous plates and serves to subdue some noise created by the engine.




  OVERHEAD VALVE ENGINE: A style of engine which has the valves in the head and the valve holding unit is detachable from the cylinder block.




  PISTON: A cylindrical part closed at one end which is connected to the crankshaft by the connecting rod. The force of explosion in the cylinder is against the closed end of the piston, causing the connecting rod to move the crankshaft.




  PISTON RING: An expanding ring placed in the groove of the piston to provide a seal, preventing passage of fluid or gas past the piston and minimizing the contact of the piston to the cylinder wall.




  PORT: A hole through which gases may enter or exit.




  REED VALVE: A unit between the carburetor and crankcase of a two-stroke cycle engine acting as a one-way check valve.




  SCAVENGE: The removing of hot burned exhaust gases from the cylinder through the exhaust port.




  SPARK GAP: The space between the electrodes of a spark plug through which the spark jumps.




  SPARK PLUG: A device inserted into the combustion chamber of an engine containing an insulated center electrode for conduction of current. It delivers the spark needed for combustion.




  STROKE: The total distance moved by the piston within the cylinder bore on one-half revolution of the crankshaft.




  TAPPET: A component riding on the cam which results in movement of the valves.




  TOP DEAD-CENTER (TDC): The point where the piston reaches the top of its stroke in the cylinder.




  TWO-STROKE CYCLE ENGINE: An engine design permitting one power stroke for each revolution of the crankshaft.




  VALVE (POPPET): A device which opens and closes the passage that admits the air-fuel gas mixture into the cylinder, or permits the burned gases to escape.




  VALVE SPRINGS: Used to hold valves closed.




  VACUUM: A space completely without matter. A vacuum exists where there is absolutely no pressure. In connection with a gasoline engine, this word is used to define a pressure less than atmospheric pressure. The vacuum in a cylinder means suction.




  NOTES




  
CLASSROOM EXERCISE I





  Engine Operating Principles




  FOUR-STROKE CYCLE




  1. The four events of a four-stroke cycle engine are_________________,_________________ _________________ and _________________




  2. It takes _________ strokes to complete _________ cycle which involves ________ revolutions of the crankshaft that represents _________________ degrees of travel for the four-stroke cycle engine.




  3. The air-fuel mixture enters the combustion chamber through the _________________ and the ____________.




  4 The valves are held in the closed position by the _________________ and are opened by the _________________




  5. The linear motion of __________________ is changed to rotary motion through the __________ and _________________.




  6. Both valves are closed during the ________________ and _________________ strokes.




  7. The spark to ignite the compressed air-fuel mixture comes from the________________________________________________.




  8. The compressed air-fuel mixture does not escape between the piston and the cylinder wall because the _____________________ seal the passage area.




  9. The major purpose of the crankcase is to contain the ____________ .




  10. The air-fuel mixture moves into the combustion chamber because of the difference in ______________________________ between the outside atmosp here and in the combustion chamber. This occurs when the _________________ moves downward in the cylinder.




  11. Identify the strokes for all the illustrations below.
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TWO-STROKE CYCLE





  12. The four events of a two-stroke cycle engine are _____________________,___________________ and _________________.




  13. It takes ________ strokes to complete ______________ cycle which involves ________________ revolution of the crankshaft that represents _________ degrees of travel for the two-stroke cycle engine.




  14. The air-fuel mixture enters the _________________________ through a ____________ and enters the combustion chamber by passing through the ____________ and the Exhaust gases leave the combustion chamber through the __________________.




  15. The _______________ becomes a sealed unit as the reed valve closes so the air-fuel mixture can be compressed causing it to enter the combustion chamber.




  16. Describe the events happening on the two-stroke cycle engines below.
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    17. Complete the following table by studying the typical valve timing circles. Study of the Valve Timing Comparison section in Unit IV, Compression, may be helpful in completing this question.


  




	

	Four-stroke Cycle

	Two-stroke Cycle






	a. Degrees intake valve (port) is open

	_____________________

	_____________________






	b. Degrees exhaust valve (port) is open

	_____________________

	_____________________






	c. Degrees both valves (ports) are open

	_____________________

	_____________________






	d. Degrees compression stroke is effective

	_____________________

	_____________________






	e. Degrees power stroke is effective

	_____________________

	_____________________











  ENGINE COMPONENTS




  18. Identify the engine components of this four-stroke cycle engine.
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a. _________________________


b. _________________________


c. _________________________


d. _________________________


e. _________________________


f. _________________________


g. _________________________


h. _________________________


i. _________________________


j. _________________________


k. _________________________




  
NOTES







   

  

  
II. MEASURING AND TESTING INSTRUMENTS





  The manufacturers of small engines prepare instructional materials called owner's or operator's manuals and service or repair manuals to assist the engine operator and repairperson in performing preventive maintenance and complete engine overhaul. These manuals present exacting measurements and tolerances for engine adjustments and parts, Precision measuring instruments are used to determine if parts are to be rejected resulting in replacement. The repair of any engine should be based upon the manufacturer's recommendations as outlined in their service manuals.




  In the service or repair manual, the listing of clearance or tolerance measurements is usually expressed in one-thousandths of an inch, but occasionally they are expressed in ten-thousandths inch. For example, the spark plug gap might be listed as 0.030 meaning that for normal operation, the spark plug should be gapped at 0.030 inch. Specifications are normally listed for the armature air-gap, valve tappet clearance, breaker-point gap, piston to cylinder wall clearance, ring-groove clearance and many other tolerances.




  Competency in engine repair and maintenance requires proficiency in the use of a variety of measuring devices. Since most measurements are stated in one-thousandths inch and the measuring devices are based upon this dimension, it is essential to have a basic understanding of fractions and decimal equivalents. Common fractions, such as 1/8 inch, must be converted to the decimal equivalent of 0.125 inch because instruments such as a micrometer, are read in one-thousandths inch. Decimals are usually carried to three and sometimes four places, therefore 1/2 inch is equal to a 0.500 or 0.5000 inch. Common fractions are changed to decimal equivalents by dividing the numerator by the denominator and carrying out to the desired places beyond the decimal.
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  Figure II-1. One-inch Outside Micrometer Caliper




  THE MICROMETER CALIPER




  One of the more common measuring devices is the outside micrometer caliper shown in Figure II-1. It is designed to measure machined components where tolerances are critical as on a crankshaft journal. It is essential for the micrometer to be accurate and its accuracy should be checked against a standard. If the micrometer or any other measuring instrument is out of calibration, the manufacturer's information should be consulted for the procedure to adjust the tool. The micrometer is easy to use once its major parts and a few basic principles are understood. The parts nomenclature are listed in Figure II-1.




  The first measurement marks to understand are those on the sleeve and thimble. Turn the thimble until the 0 marks on the thimble and sleeve come together and then the micrometer is at its zero mark. On the 1-inch micrometer, shown in Figure II-2, the measurement is 0.000 inch.
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  Figure II-2. Testing the Accuracy of 1-inch Micrometer




  The marks on the thimble represent 0.001 inch each. Turn the thimble to the next line on the thimble, Figure II-3, and if it is a 1-inch micrometer, the spindle will be 0.001 inch from the anvil. Turn the thimble to the 5 mark on the thimble and the spindle will be 0.005 inch from the anvil.
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  Figure II-3. Micrometer Reading of One-thousandths Inch (0.001)




  One complete revolution of the thimble equals 0.025 inch because a complete turn of the thimble moves it one mark on the sleeve, thus each mark on the sleeve is 0.025 inch. Every fourth line on the sleeve is longer than the others to help identify the whole numbers which represent tenths: .1, .2, .3, etc. or they can be read as hundredths: .10, .20, .30, etc. or read as thousandths: .100, .200, .300, etc.




  To determine the micrometer opening (the distance between anvil and spindle surfaces), the marks on the sleeve are read as an ordinary rule. Remember, the sleeve numbers 1, 2, and 3, etc. represent 0.100 inch, 0.200 inch, and 0.300 inch, etc. To this add the thousandths indicated on the thimble. For example, the reading in Figure II-4(a) is 0.300, and in Figure II-4(b) it is 0.337 (0.300 plus 0.025 plus 0.012).
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  Figure II-4. Reading the Micrometer




  A number of different micrometers are manufactured for special uses. The outside micrometer caliper is the most common type. It can be used to measure the outside diameter of round objects, and the width and thickness of flat pieces. The inside micrometer is used to measure the diameter of a hole such as the inside diameter of an engine cylinder. The depth micrometer, another common type, is used to measure the depth of holes, grooves, and slots. Regardless of type, micrometers are all read in the same manner.




  Micrometers are designed to measure within a 1-inch range. A 1-inch micrometer will measure space between 0 and 1 inch. To measure an engine piston that is approximately 2-1/4 inches would require a 3-inch outside micrometer which will measure the distance from 2 to 3 inches. Some micrometers have adapter rods (extensions to the anvil) which permit their use over a longer range of distances such as 0 to 8 inches.




  The inside micrometer, Figure II-5, may be used with typical small engines for determining cylinder bore diameters. It has a one piece micrometer that has only a one-half inch range: for example, 2-1/2 inches to 3, 3 inches to 3-1/2, etc. A handle comes with the set that allows the user to insert the micrometer unit into the cylinder bore to determine the measurements at various cross-sections of the cylinder. Reading the micrometer is the same as with the outside caliper style.
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  Figure II-5. The Inside Micrometer Set




  THICKNESS GAGES




  A variety of different gages are manufactured for measuring the clearance or gap between two parts. Thickness gages most commonly used when working on engines are the flat feeler gage, round-wire gage, reject gage, Plastigage, and small hole gage.




  Thickness gages are used to make numerous measurements on engine parts which could include: spark plug gap, breaker-point gap, connecting rod to crankpin clearance, piston ring end-clearance, and main bearings.




  The flat feeler gage, illustrated in Figure II-6, is probably the most commonly recognized thickness gage. It consists of a number of thin, steel blades which usually fold into a handle. Each blade is a different thickness. The thicknesses represented may range from 0.001 inch to 0.025 inch in increments of 0.001, 0.003 and 0.005 inch. Each blade is stamped with its thickness. The feeler gage can be used to measure valve tappet clearances, the air-gap between the armature legs and flywheel magnet, the breaker-point gap, and crankshaft end play.




  Sometimes several blades are "stacked" together to determine a gap larger than any one single blade. When this is done, the blades must be added. To do this, the blades must be clean to avoid false readings.
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  Figure II-6. Flat Feeler Gage




  Manufacturer's specifications frequently list the end play limits for the crankshaft. The end play can be measured by moving the crankshaft to its two extreme axial positions. The measurement can be made with the flat feeler gage, Figure II-7, or with a dial indicator. If the end play is incorrect, gaskets, washers, or shims can be added or removed to correct the problem. Whether added or removed is dependent upon your starting point.




[image: chpt_fig_018]




  Figure II-7. Checking Crankshaft End Play (Courtesy of Briggs and Stratton Corporation)




  The round-wire feeler gage has several applications for working with small engines. The most common of these is measuring the electrode gap of new or used spark plugs. One type of wire measuring gage is illustrated in Figure II-8. Another type has wires of different thicknesses which will fold back into the handle.
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  Figure II-8. Round-wire Gage




  REJECT GAGES




  The plug gage, commonly used in small engine repair, is a tool used for a specific application. Figure II-9 illustrates a plug gage being used to determine if a valve guide bushing needs replacing. Often the end that is inserted in a bushing or bearing is slightly tapered. The engine manufacturer (who normally makes available such tools) will indicate that if a plug gage can be inserted into a hole a certain distance, the bushing is a reject and the engine should be rebushed. Other common names given the plug gage by various manufacturers and mechanics are go, no-go gages and reject gages.
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  Figure II-9. Plug Gage Being Used to Check a Valve Guide Bushing (Courtesy of Briggs and Stratton Corporation)




  A reject gage is being used to determine if bearings should be replaced in Figure II-10. The plug gage in Figure II-11 is being used to check the breaker-point hole. This is another specialty testing tool available from a manufacturer. The small engine service manual has instructions on the use of the testing tool and the specifications for the engine.
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  Figure II-10. Checking Bearings with Reject Gage (Courtesy of Briggs and Stratton Corporation)
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  Figure II-11. Checking the Breaker-point Plunger Hole (Courtesy of Briggs and Stratton Corporation)




  The small hole gage, as illustrated in Figure II-12, is used by some engine manufacturers as a technique to determining wear in the valve guide. The handle is turned to tension the movable outside parts of the tool to match the size of hole. When properly set, the 0-1 inch range outside caliper micrometer is used to learn the spread of the movable parts. Thus, an accurate reading of the wear in the valve guide hole is determined. Considerable "mechanics feel" is required when using this tool, otherwise inaccurate readings may be obtained.
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  Figure II-12. A Small Hole Gage for Measuring Valve Guides




  PLASTIGAGE




  Plastigage can be used to measure clearance between the bearing journal on a crankshaft and its bearing or rod cap. It consists of a thin, plastic, thread-like material which is placed between the crank pin and rod cap, as shown in Figure II-13. The rod cap is tightened to the recommended torque, flattening the Plastigage. After the rod cap is removed, the flattened plastic is compared to a scale supplied by the manufacturer. This scale provides a thickness reading in either thousandths of one inch or in millimeters. Plastigage is made in a range of sizes, so a "trial and error" approach may need to be done. Start with a larger, safe range and work down.
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  Figure II-13. Using Plastigage to Check Crankshaft to Connecting Rod Bearing Clearance (Courtesy of Dana Corporation)




  Plastigage -- A trade name for a commercial product developed by Perfect Circle Division, Dana Corporation, Hagerstown, Indiana.




  TORQUE AND TORQUE WRENCHES




  There are manufacturers' specifications for the torque which bolts and other fasteners must be tightened depending upon their size, grade, and materials of mating parts being secured. Three styles of torque wrenches are illustrated in Figure II-14.




  It is important that torque values be obtained from the repair manual specifications for the particular engine and model when available. Keep in mind that many small engines are manufactured of an aluminum alloy.
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  Figure II-14. Torque Wrench Types




  It is questionable if one should even attempt to torque when the manufacturer's repair literature is not available because it is basically "shooting in the dark" and considerable damage to the engine could result or a dangerous situation for workers might exist.




  Several companies require the use of special lubricants on head bolt threads when torquing the bolts; for example, use of graphite grease. When special lubricants are not dictated, mechanics can assume SAE 10W-30 or 30-weight oil may be used. Any bolt to be torqued must be easy to move by finger tightening. Therefore, if there is excess resistance, thread restoring equipment should be used, as often is the case with head bolts. Because of the critical requirements of head bolt torquing, a thread restoration of both the bolt fastener and the threads in the cylinder block should always be done whenever the head is removed Aluminum alloy engines have serious warping problems and only thread restoration will facilitate proper torquing when the head is replaced.




  When multiple bolt patterns are found, such as with head bolts, the proper sequence listed in the repair manual should be followed. The amount or value of torque between each sequence is referred to as "staging". Some companies will dictate the staging value. For example, one company has 200 pound-inches torque on its head bolts. They recommend staging in 50 pound-inches for each sequence. This would mean the mechanic would stage at 50 pound-inches during the first sequence, 100 pound-inches on the second, 150 pound-inches on the third, and 200 pound-inches on the final sequence. When the literature does not give directions on staging value, the mechanic can be safe if he stages the torque values by dividing by three or four. The same idea holds true with connecting rod cap bolts, which is a two bolt pattern. If a connecting rod is to be torqued to 100 pound-inches, staging at increments of 25 pound-inches would be logical. A flywheel nut or starter clutch assembly would be torqued to a specific value in one process. The mechanic would need a special tool on certain Briggs and Stratton Corporation engines as shown in Figure II-15, part number 19244, for engines with flywheels 6.75 inches in diameter or less. On engines with larger flywheels, it is recommended to secure the engine to a table, wedge a block of wood between the table and cooling fin, and then loosen the flywheel nut. All small engine manufacturers require specialized flywheel holding tools. It is important to use tools recommended by the repair literature to avoid damage, especially to the cooling fins.
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  Figure II-15 Loosening Flywheel and Torque Wrench Adapter for Tightening Flywheel (Courtesy of Briggs and Stratton Corporation)




  Torque equals force times distance, note Figure II-14(c). Torque wrenches are usually calibrated in pound-feet or pound-inches but could be in ounces or grams. To convert pound-feet to pound-inches, multiply by 12 and for the reverse conversion, divide by 12. The conversion factor for ounces to pounds is 16 and for ounces to grams is 28.35. Metric torque values could be meter-kilogram (MKg), kilogram-centimeter (Kgcm) or Newton meters (N.m). Refer to the tables in the Appendix for English and Metric Equivalents.




  In small engine work, the best torque wrench is probably a 0-200 pound-inches click-type or flexible-beam type. Most of the torsion-bar types are too cumbersome to use in and around the close quarters of the connecting rod cap. Details on the proper use and care of torque wrenches can be obtained from manuals or literature supplied with torque wrenches.




  COMPRESSION TESTERS


  

  Compression testing, see Figure II-16, can help determine if the small engine being studied has a problem with either the cylinder, piston rings, valves, and/or gaskets. Refer to the specifications for the engine being studied but normally one cylinder engines will have 60-150 pounds per square inch (psi). Some engines have specifications given in grams per centimeter square (Metric). For example, if an engine has a 7 to 1 compression ratio, the theoretical maximum compression would be 7 x 14.7 or approximately 103 psi. An accepted rule is that compression problems exist if the reading is 20 percent less than the minimum specification for the engine. Compression testers can either have a rubber tip which is held to the spark plug hole or a threaded end for screwing into the spark plug hole.




  One popular engine manufacturer uses no compression testing with a compression gage, as illustrated in Figure II-16. This manufacturer has the mechanic turn the engine backwards into the compression stroke and he senses or feels a "rebound". A sharp rebound indicates satisfactory compression, whereas slight or no rebound indicates poor compression.
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  Figure II-16. Compression Tester in Use (Courtesy of Tecumseh Products Compay)




  TELESCOPING GAGES




  Cylinder wear can be measured using a telescoping gage in the cylinder and then measuring the gage with an outside micrometer caliper. Check the service manual for engine specifications. One small engine manufacturer's technique for use of the telescoping gage is illustrated in Figure II-17.




  These are some of the different types and applications of measuring and testing gages. They, like the micrometer, are made for specific uses.
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  Figure II-17. Use of the Telescoping Gage (Courtesy Of Briggs and Stratton Corporation)




  Testing instruments serve a very important function when their operation and intended use is thoroughly understood and the service manual is consulted to determine the recommended tolerances.
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