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		941 Wear Phenomena The action between two surfaces in contact is complicated, involving the statistical relationships between many variables Among the parameters are the surface roughness, waviness, and stresses; prior history of machining; modules of elasticity; friction (rolling and sliding); materials; lubrication; corrosion; and loads Wear, in a broad sense, is related to the friction between the two surfaces in contact Simply, wear may be considered the undesirable removal of solid material from rubbing surfaces Basically, the four kinds of wear in cam-follower mechanisms are: adhesive wear, abrasive wear, corrosive wear, and surface fatigue wear Each of these will be articulated in the following sections Also, other, less signi cant types of surface failure do not  t into these four categories, such as erosive wear, cavitation wear, and fretting corrosion wear In cam-follower material design, test data will be presented including different perspectives for design Much of the material in the following sections must be utilized with discretion Wear testing and experience of a particular design is critical to optimizing the performance of the mechanism For the engineer, the study of wear mechanisms on a speci c machine may be possible by three methods: examination of wear debris, examination of worn surfaces, and metallographic examination of surface and subsurface structures In the examination of the wear debris, usually collected from the lubricating oil, large lumps imply adhesive wear;  ne particles, oxidative wear; chiplike particles, abrasive wear; and  akelike particles, delamination wear In the examination of the worn surface heavy tearing implies adhesive wear; scratches, abrasive wear; and burnishing, nonadhesive wear Metallographic examination of the surface structure may reveal the type of deformation to the sliding process, the generation of subsurface crack, incipient delamination, and other things 9411 Surface De nition A fundamental understanding of the mechanisms interacting with the tribological surface is of utmost importance in lubrication A solid surface is not a  at or smooth surface When a surface is examined with an electron microscope or surface pro lometer, it is found to contain irregularities called asperities; see Buckley (1997) and Fig 96a The asperity surfaces contain surface  lms they are not clean (Fig 96b) For metals, these  lms consist of oxides and absorbed gases usually water vapor, carbon monoxide, and carbon dioxide Nonmetals may contain other adsorbates All  lm materials strongly affect the mechanical and metallurgical behavior of contacting solids Also, the near surface (surfacial) layers of the solid itself may vary from the bulk of the solid Crystalline solids may have recrystallized material and strain hardening In metals, polishing or  nishing the operation of a surface produces these surfacial layers These layers are generally rich in impurities When the two solids touch, the area of contact is at the points of the contacting asperities across the interface, Fig 96c Initial contact of the solids deforms the asperities elastically, later followed by plastic deformation when the load is increased It is at.
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		V1 =
FIGURE 96 Surface topography and contact (Adapted from Buckley, DH,  Tribology Fundamentals,  Tribology for Aerospace Applications, EV Zaretsky, Ed, copyrighted by the Soc of Trib and Lub Eng, Park Ridge, Ill, with permission)
A=P(l+i)
Similarly, for 1   x   2, the upper edge of the triangle has equation y = 2   x Thus the segment being rotated extends from ( x, 0) to ( x, 2   x)  Under rotation, it will generate a disc of radius 2   x, and hence area A( x) =  ( 2   x) 2  Thus the volume generated over the segment 1   x   2 is
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		the asperities that the adhesion between two solids occurs Today, surface pro les can be established on an atomic level by use of a scanning electron tunneling microscope In this way, a surface can be examined tribologically to study the structural, physical, and chemical change in the surface 942 Adhesive Wear Adhesive wear, often called galling, scuf ng, or scoring wear, occurs between two sliding solid surfaces It exists as an attraction between the surface atoms of contacting materials, leading to a transfer of material from one surface to the other and eventually to the formation of loose fragments Strong adhesive forces develop at the interface formed by the solids The magnitude of the forces relates to the surface condition (cleanliness, etc) and fundamental properties of the two solids The surface contact is established in deep areas High local pressure combined with the relative sliding motion along crystallographic planes causes roughening of the interface of contact When a pair of  rmly interlocked high spots is forced apart, breakage will occur where the section is weakest
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		Most of the energy released during the process of breaking the high spots is transformed into heat, which causes a sudden temperature  ash When the heat of the temperature  ash is conducted through the interface, momentary diffusion occurs rapidly If the diffusion process is rapid enough to cause welding of the sheared-off peak to the opposite high spot, a piece of transferred metal is formed If the conditions are such that no appreciable diffusion occurs, the adhesive force can still keep the metal particles on the opposite high spot The small piece of metal sheared from the high spot will leave a  loose particle  when both diffusion and adhesion are weak Also, the amount of adhesive transfer and wear can be profoundly affected by the surface friction and ambient conditions Figure 97 shows adhesive wear on a shaft with an example of surface failure which is similar for cams and followers A signi cant factor affecting adhesion is the compatibility of the mating materials Tests show that some combinations of metals are compatible for long wear life, whereas others are poor Table 92 indicates some interesting metal combinations  wearing on unlubricated surfaces Note that these material combinations relate to adhesive properties only Adhesive bonding can occur if the materials surfaces have contaminants These contaminants could be forms of oxide, oils from human skin, moisture coatings, or lubricants Obviously the lubricant is of positive value in isolating the two potentially adhesive bonding surfaces
V2 =
Example of adhesive wear (shaft)
Metal Combinations Poor Hardened steel and hardened bronze Hardened nickel steel and hardened nickel steel Soft steel and bronze Soft steel and soft steel Soft steel and laminated thermoset resins Soft steel and nylon
( 2   x) 3 3
in the limiting case ofinstantaneous compounding the amount is A = Per'
Cast iron and phosphor bronze Hardened steel and phosphor bronze Cast iron and soft steel Babbitt and soft steel Soft brasses and soft steel Hardened steel and soft bronze Hardened steel and brass Hardened steel and cast iron Hardened steel and laminated thermoset resins Hardened steel and nylon
1 1   0 +  0     3 3
.
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