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Appendix A

Problem Statement

A.1 Objective

 The goal of this design project was to design a cylinder head for a two-stroke weed-eater engine as well as all components associated with the cylinder head. Thus, a muffler, spark plug, as well as bolts had to be selected to go along with the cylinder head. 

A.2 Design Considerations


 In order to design a cylinder head, several calculations have to be made as well as analysis. The combustion pressure and combustion heat flux first have to be determined. Using the combustion pressure, the wall thickness can the be obtained after which the heat transfer calculations have to be made in order to determine the size and number of fins to provide ample cooling for the cylinder head. Finally, the bolt analysis has to be performed to ensure adequate strength and prevent catastrophic failure.


 After these calculations are performed, an appropriate material for the cylinder head has to be determined that meets certain criteria, mentioned in the constraints section to follow.

A.3 Design Constraints


 One of the main constraints is that the cylinder head be designed for an operating range of up to 10,000 rpm. The cylinder head also has to have a total height less than three inches so that it can fit into a weed-eater. It should also not be very heavy, since weed-eaters have to be carried around. 


 The cylinder head has to be designed for a compression ratio of five to one. The cylinder head should also be designed with a design factor on strength of at least 2. Of course, the cylinder head should also be inexpensive to manufacture and should be manufactured using a metal casting process. The production run of the weed-eater cylinder head will be an initial quantity of 100,000. 

A.4 Design Assumptions


 In order to simplify the design of a cylinder head, several assumptions can be made. The cylinder head can be modeled as being symmetric about one plane. Also, the cylinder head can be modeled to operate at a thermal steady state. The cylinder head stress analysis can be performed for static steady state. The fuel used in the cylinder head is a gas-oil mixture. However, to simplify the cylinder head, it can be assumed that the two-stroke engine operates using a stochiometric air-fuel mixture, excluding the oil. Finally, the engine will be operated with forced convective cooling using fins. The air is at 100oF with a speed of 10 mph. 


 To simplify the design process even more, it can be assumed that the spark plug, bolts, gasket, and muffler can be purchased separately from independent contractors. Thus, only the part numbers and vendor sheets have to be obtained for this design project.

Appendix B

Background Information

B.1 Background Information of  Two-Stroke Engines


 Two-stroke engines are used in a wide variety of areas. The main usages are in lawn and garden equipment, dirt bikes, mopeds, jet skis, small outboard motors, radio-controlled model planes, and so on. Most two-stroke engines use spark plugs to ignite air-fuel mixture. 


 Gottlieb Daimler was the first to invent a high-speed, lightweight two-stroke engine that ran off of gasoline. Most motors before that used gas such as methane to operate. Daimler’s invention, for which he received a patent on December 16th, 1883, was also the first motor to utilize a hot-tube ignition system. This ignition system was basically the precursor to spark plugs. 


 Two-stroke engines are becoming less and less popular and will most likely be replaced within the next few decades mainly because of environmental concerns. The reason behind this is that they burn oil and also output quite a large amount of unburned fuel because of the basic design principles. 

B.2 Operation Principles of Two-Stroke Engines


 The two main advantages of two-stroke engines are that they do not use valves, which greatly simplifies their construction. They also fire once every revolution, which greatly improves their power. Thus, two-stroke engines are more lightweight and less expensive and can thus be used in small devices such as chainsaws, and other garden equipment. 


 There are essentially two parts to the regular operation of a typical two-stroke engine. The first part is when the air-fuel mixture is compressed, and the cylinder is at top dead center. The spark plug ignites the mixture, resulting in combustion of the mixture. The power created by combustion causes the piston to be pushed “down” towards bottom dead center. This is considered the power stroke. At about a 90o rotation of the crankshaft, the exhaust port is released, causing the burnt mixture to exit the cylinder head.


 As the piston reaches bottom dead center, the intake ports are revealed, and a new air-fuel mixture rushes into the cylinder head. Because of the momentum created by the combustion, the piston starts moving back up again. The mixture is compressed during this process and the intake and exhaust ports are closed. This is called the compression stroke.  Because there are only two different strokes, this type of engine is called a two-stroke engine. 
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