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LITERATURE REVIEW
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2.1 INTRODUCTION
1 × ENTER (1.5 line spacing)
The purpose of this chapter is to provide a review of past research efforts related to internal combustion engine, free piston engine, finite element analysis, durability assessment models and surface treatment on the fatigue life. A review of other relevant research studies is also provided. Substantial literature has been studied on stress history computation, fatigue life prediction, and durability analysis of components of two-stroke free piston engine. The review is organized chronologically to offer insight to how past research efforts have laid the groundwork for subsequent studies, including the present research effort. The review is detailed so that the present research effort can be properly
tailored to add to the present body of literature as well as to justly the scope and direction

of the present research effort.
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The IC engine was first realized in its modern form by Nikolaus Otto in 1867 (Heywood, 1988; Stone, 1999). The technology spread quickly, and by World War I, the internal combustion engine was ubiquitous in both the mobile and stationary applications.

With the advent of mass production, automobiles actuated by the chemical power plant entered the garages of middle class America. Around the world, fortunes were made and lost by those who made automobiles, fuels, tires, and all the other things necessary for peoples’ new found mobility. In the manufacturing and power generation, these sources of mechanical energy were also common. Such uses include air compressors, power equipment, electrical generators, and, of course, all types of transport vehicles. The remarkable versatility of the IC engine has been due to its inherent simplicity, favorable power-to-weight ratio, and exceptional ruggedness (Heywood 1988). Figure 2.1 presents an illustration of one of these crankshaft driven machines.
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Figure 2.1: An illustration of a conventional crankshaft driven IC engine
1 × ENTER (1.5 line spacing)
Source: Heywood 1988
1 × ENTER (1.5 line spacing)
2.2.2 Classification of Internal Combustion Engines
1 × ENTER (1.5 line spacing)	Sub-topic title: Title Case Bold There are many ways in which internal combustion engines may be classified
(Heywood, 1988; Dawson, 1998). However, if the limit of the scope to geometries involving reciprocating pistons, two broad distinctions are of special importance.


The force balance to the crank engine piston in the x direction is expressed as in

Eq. (2.3)
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Table 2.1 are listed the materials properties of the materials used in this study
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Table 2.1: Monotonic and cyclic properties of the MANTEN and RQC100 materials
1 × ENTER (1.5 line spacing)

	Materials properties
	MANTEN
	RQC100

	Monotonic Properties

	Young’s modulus, E, GPa
	203.4
	203.4

	Ultimate tensile strength, Su , MPa
	552
	863

	Cyclic and Fatigue Properties

	Fatigue strength coefficient,  f  , MPa
	917
	1158

	Fatigue strength exponent, b
	-0.095
	-0.075

	Fatigue ductility coefficient ,  f
	0.26
	1.06

	Fatigue ductility exponent, c
	-0.47
	-0.75

	Fatigue strength, S f @ 108 cycles, MPa
	10
	10

	Cyclic strength coefficient, K  , MPa
	1103
	1151

	Cyclic strain hardening exponent,  n
	0.19
	0.10


1 × ENTER (1.5 line spacing)
Source: Rahman (2007)
1 × ENTER (1.5 line spacing)
The SAE keyhole was modeled using the MSC.PATRAN and analyzed utilizing the MSC.NASTRAN, the finite element analysis code.
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