Plain Bearings 
On the following pages are given data and procedures for designing full-film or hydrodynamic ally lubricated bearings of the journal and thrust types. However, before proceeding to these design methods, it is thought useful to first review those bearing aspects concerning the types of bearings available; lubricants and lubri​cation methods; hardness and surface finish; machining methods; seals; retainers; and typical length-to-diameter ratios for various applications.

The following paragraphs preceding the design sections provide guidance in these matters and suggest modifications in allowable loads when other than full film operating conditions exist in a bearing.

Classes of Plain Bearings.-Bearings that provide sliding contact between mat​ing surfaces fall into three general classes: radial bearings that support rotating shafts or journals; thrust bearings that support axial loads on rotating members; and guide or slipper bearings that guide moving parts in a straight line. Radial sliding bearings, more commonly called sleeve bearings, may be of several types, the most usual being the plain full journal bearing, which has 36o-degree contact with its mating journal, and the partial journal bearing, which, has less than 18o​degree contact. This latter type is used when the load direction is constant and has the advantages of simplicity, ease of lubrication, and reduced frictional loss.

The relative motions between the parts of plain bearings may take place: (t) As pure sliding without the benefit of a liquid or gaseous lubricating medium between the moving surfaces such as with the dry operation of nylon or Teflon; (2) with hydrodynamic lubrication in which a wedge or film buildup of lubricating medium is produced, with either whole or partial separation of the bearing sur​faces; (3) with hydrostatic lubrication in which a lubricating medium is introduced under pressure between the mating surfaces causing a force opposite to the applied load and a lifting or separation of these surfaces; and (4) with a hybrid form or combination of hydrodynamic and hydrostatic lubrication.

Listed below are some of the advantages and disadvantages of sliding contact (plain) bearings as compared with rolling contact (antifriction) bearings.

Advantages: r. Require less space; 2. are quieter in operation; 3. are lower in cost, particularly in high-volume production; 4. have greater rigidity; and 5. their life is generally not limited by fatigue.

Disadvantages: t. Have higher frictional properties resulting in higher power consumption; 2. are more susceptible to damage from foreign material in lubri​cation system; 3. have more stringent lubrication requirements; and 4. are more susceptible to damage from interrupted lubrication supply.

Types of Journal Bearings. -Many types of journal bearing configurations have been developed; some of these are shown in Fig. r.

Circumferential-groove bearings, Fig. i (a), have an oil groove extending circum​ferentially around the bearing. The oil is maintained under pressure in the groove. The groove divides the bearing into two shorter bearings that tend to run at a slightly greater eccentricity. However, the advantage in terms of stability is slight, and this design is most commonly used in reciprocating-load main and connecting rod bearings because of the uniformity of oil distribution.

Short cylindrical bearings are a better solution than the c conferential-groove bearing for high-speed, low-load service. Often the bearing can be shortened enough to increase the unit loading to a substantial value, causing the shaft to ride at a position of substantial eccentricity in the hearing. Experience has shown that instability rarely results when the shaft eccentricity is greater than o.6. Very short bearings are not often used for this type of application, because they do not provide a high temporary. 
rotating-load capacity in the event some unbalance should be created in the rotor during service.

Cylindrical-overshot bearings, Fig. i(b), are used where surface speeds of 5o,ooo fpm or more exist, and where additional oil flow is desired to maintain a reason​able bearing temperature. This bearing has a wide circumferential groove extend​ing from one axial oil groove to the other over the upper half of the bearing. Oil is usually admitted to the trailing-edge oil groove. An inlet orifice is used to control the oil flow. Cooler operation results from the elimination of shearing action over a large section of the upper half of the bearing and, to a great extent, from the additional flow of cool oil over the top half of the bearing.

Pressure bearings, Fig. i(c), employ a groove over the top half of the bearing. The groove terminates at a sharp dam about 45 degrees beyond the vertical in the direction of shaft rotation. Oil is pumped into this groove by shear action from the rotation of the shaft and is then stopped by the dam. In high-speed operation, this situation creates a high oil pressure over the upper half of the bearing. The pressure created in the oil groove and surrounding upper half of the bearing in​creases the load on the lower half of the bearing. This self-generated load increases the shaft eccentricity. If the eccentricity is increased to o.6 or greater, stable op​eration under high-speed, low-toad conditions can result. The central oil groove can be extended around the lower half of the bearing, further increasing the ef​fective loading. This design has one primary disadvantage: Dirt in the oil will tend to abrade the sharp edge of the dam and impair ability to create high pressures.

Multiple-groove bearings, Fig. i (d), are sometimes used to provide increased oil flow. The interruptions in the oil film also appear to give this bearing some merit as a stable design.

Elliptical bearings, Fig. i(e), are not truly elliptical, but are formed from two sections of a cylinder. This two-piece bearing has a large clearance in the direction of the split and a smaller clearance in the load direction at right angles to the split. At light loads, the shaft runs eccentric to both halves of the bearing, and hence, the elliptical bearing has a higher oil flow than the corresponding cylindrical bear​ing. Thus, the elliptical bearing will run cooler and will be more stable than a cylindrical bearing.

Elliptical-overshot bearings (not shown) are elliptical bearings in which the up​per half is relieved by a wide oil groove connecting the axial oil grooves. They are analogous to cylindrical-overshot bearings.

Displaced elliptical bearings, Fig. i(f), shift the centers of the two bearing arcs in both a horizontal and a vertical direction. This design has greater stiffness than a cylindrical bearing, in both horizontal and vertical directions, with substantially higher oil flow. It has not been extensively used, but offers the prospect of high stability and cool operation.

Three-lobe bearings, Fig. i(g), are made up in cross section of three circular arcs. They are most effective as antioil whip bearings when the centers of curvature of each of the three lobes lie well outside the clearance circle that the shaft center can describe within the bearing. Three axial oil-feed grooves are used. It is a more difficult design to manufacture, because it is almost necessary to make it in three parts instead of two. The bore is machined with shims between each of the three parts. The shims are removed after machining is completed.

Pivoted-shoe bearings, Fig. i(h), are one of the most stable bearings. The bear​ing surface is divided into three or more segments, each of which is pivoted at the center. In operation, each shoe tilts to. form a wedge-shaped oil film, thus creating a force tending to push the shaft toward the center of the bearing. For single direction rotation, the shoes are sometimes pivoted near one end and forced to​
Nutcracker bearings, Fig. i (i), consist of two cylindrical half-hearings. The upper half-bearing is free to move in a vertical direction and is forced toward the shaft by a hydraulic cylinder. External oil pressure may be used to create load on the upper half of the bearing through the hydraulic cylinder. Or the high-pressure oil may be obtained from the lower half of the bearing by tapping a hole into the high-pressure oil film, thus creating a self-loading bearing. Either type can increase bearing eccentricity to the point where stable operation can be achieved.

Hydrostatic Bearings.-Hydrostatic bearings are used when operating condi​tions require full film lubrication that cannot be developed hydrodynamically. The hydrostatically lubricated bearing, either thrust or radial, is supplied with lubricant under pressure from an external source. Some advantages of the hydrostatic bear​ing over bearings of other types are: low friction; high load capacity; high relia​bility; high stiffness; and long life.

Hydrostatic bearings are used successfully in many applications including ma​chine tools, rolling mills, and other heavily loaded slow-moving machinery. How​ever, specialized techniques, including a thorough understanding of hydraulic components external to the bearing package is required. The designer is cautioned against use of this type of bearing without a full knowledge of all aspects of the problem. Determination of the operating performance of hydrostatic bearings is a specialized area of the lubrication field and is described in specialized reference books.

Design.-The design of a sliding bearing is generally accomplished in one of two ways: (r) a bearing operating under similar conditions is used as a model or basis from which the new hearing is designed; (2) in the absence of any previous experience with similar bearings in similar environments, certain assumptions con​cerning operating conditions and requirements are made and a tentative design prepared based on general design parameters or rules of thumb. Detailed lubri​cation analysis is then performed to establish design and operating details and requirements.

Modes of Bearing Operation.-The load-carrying ability of a sliding bearing depends upon the kind of fluid film that is formed between its moving surfaces. The formation of this film is dependent, in part, on the design of the bearing and, in part. on the speed of rotation. The bearing has three modes or regions of op​eration designated as full Jibe, mixed-filmn, and boundary lubrication with effects on bearing friction, as shown in Fig. z.

In terms of physical bearing operation these three modes may be further de​scribed as follows:

i. Full-film, or hydrodynamic, lubrication produces a complete physical sepa​ration of the sliding surfaces resulting in low friction and long wear-free service life.

To promote full-film lubrication in hydrodynamic operation, the following pa​rameters should be satisfied: t. Lubricant selected has the correct viscosity for the proposed operation; 2. proper lubricant flow rates are maintained; 3. proper design methods and considerations have been utilized; and 4. surface velocity in excess of 25 feet per minute is maintained.

When full-film lubrication is achieved, a coefficient of friction between o.oo1 and o.005 can be expected.

2. Boundary lubrication takes place when the sliding surfaces are rubbing to​gether with only an extremely thin film of lubricant present. This type of operation is acceptable only in applications with oscillating or slow rotary motion. In com​plete boundary lubrication, the oscillatory or rotary motion is usually less than 1o feet per minute with resulting coefficients of friction of o.o8 too. 14. These bearings are usually grease lubricated or periodically oil lubricated.
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3. Mixed-film lubrication is a mode of operation between the full-film and boundary modes. With this mode, there is a partial separation of the sliding sur​faces by the lubricant film; however, as in boundary lubrication, limitations on surface speed and wear will result. With this type of lubrication, a surface velocity in excess of 1o feet per minute is required with resulting coefficients of friction of 0.02 to 0.08.

In starting up and accelerating to its operating point, a journal bearing passes through all three modes of operation. At rest, the journal and bearing are in contact. and thus when starting, the operation is in the boundary lubrication re​gion. As the shaft begins to rotate more rapidly and the hydrodynamic film starts to build up, bearing operation enters the region of mixed-film lubrication. When design speeds and loads are reached, the hydrodynamic action in a properly de​signed bearing will promote full-film lubrication.

Methods of Retaining Bearings. -Several methods are available to ensure that

a bearing remains in place within a housing. Which method to use depends upon the particular application but requires first that the unit lends itself to convenient assembly and disassembly; additionally, the bearing wall should be of uniformv thickness to avoid introduction 4f weak points in the construction that may lead to elastic or thermal distortion.

Press or Shrink Fit: One common and satisfactory technique for retaining the bearing is to press or shrink the bearing in the housing with an interference fit. This method permits the use of bearings having uniform wall thickness over the

entire bearing length.

Standard bushings with finished inside and outside diameters are available in sizes up to approximately 5 inches inside diameter. Stock bushings are commonly provided 0.002 to 0.003 inch over nominal on outside diameter sizes of 3 inches or less. For diameters greater. than 3 inches, outside diameters are 0.003 to 0.005 inch over nominal. Because these tolerances are built into standard bushings, the amount of press fit is controlled by the housing-bore size.

As a result of a press or shrink fit, the bore of the bearing material "closes in" by some amount. In general, this diameter decrease is approximately 70 to 1oo per cent of the amount of the interference fit. Any attempt to accurately predict the amount of reduction, in an effort to avoid final clearance machining, should be avoided.

Shrink fits may be accomplished by chilling the bearing in a mixture of dry ice and alcohol, or in liquid air. These methods are easier than heating the housing and are preferred. Dry ice in alcohol has a temperature of - i 1o degrees F and liquid air boils at -310 degrees F.

When a hearing is pressed into the housing, the driving force should be uni​formly applied to the end of the bearing to avoid upsetting or preening of the bearing. Of equal importance, the mating surfaces must be clean, smoothly fin​ished, and free of machining imperfections.

Keying Methods: A variety of methods can be used to fix the position of the bearing with respect to its housing by "keying" the two together. Possible keying methods are shown in Fig. 3 including: (a) set screws; (b) Woodruff keys; (c) bolted bearing flanges; (d) threaded bearings; (e) dowel pins; and (f) housing caps.

Factors to be considered when selecting one of these methods are as follows:

i. Maintaining uniform wall thickness of the bearing material, if possible, es​pecially in the load-carrying region of the bearing.

2. Providing as much contact area as possible between bearing and housing. Mating surfaces should be clean, smooth, and free from imperfections to facilitate heat transfer.

3. Preventing any local deformation of the bearing that might result from the keying method. Machining after keying is recommended.

4. Considering the possibility of bearing distortion resulting from the effect of temperature changes on the particular keying method.

Methods of Sealing.-In applications where lubricants or process fluids are utilized in operation, provision must be made normally to prevent leakage to other areas. This provision is made by the use of static and dynamic type sealing devices. In general, three terms are used to describe the devices used for sealing:

Seal: A means of preventing migration of fluids, gases, or particles across a joint or opening in a container.

Packing: A dynamic seal, used where some form of relative motion occurs be​
tween rigid members of an 'assembly.

Gaskets: A static seal used where there is no relative motion between joined parts.

Two major functions must be achieved by all sealing applications: prevent es​cape of fluid; and prevent migration of foreign matter from the outside.

The first determination in selecting the proper seal is whether the application is static or dynamic. To meet the requirements of a static application there must be no relative motion between the joining parts or between the seal and the mating part. If there is any relative motion, the application must be considered dynamic, and the seal selected accordingly.

Dynamic sealing requires control of fluids leaking between parts with relative motion. Two primary methods are used to this end: positive contact or rubbing seals; and controlled clearance noncontact seals.

Positive Contact or Rubbing Seals: These seals are used where positive contain​ment of liquids or gases is required, or where the seal area is continuously flooded. If properly selected and applied, contact seals can provide zero leakage for most fluids. However, because they are sensitive to temperature, pressure, and speed, improper application can result in early failure. These seals are applicable to ro​tating and reciprocating shafts. In many assemblies, positive-contact seals are available as off-the-shelf items. In other instances, they are custom-designed to the special demands of a particular application. Custom design is offered by many seal manufacturers and, for extreme cases, probably offers the best solution to the sealing problem.

Controlled Clearance Noncontact Seals: Representative of the controlled-clearance seals, which includes all seals in which there is no rubbing contact between the rotating and stationary members, are throttling bushings and labyrinths. Both types operate by fluid-throttling action in narrow annular or radial passages.

Clearance seals are frictionless and very insensitive to temperature and speed. They are chiefly effective as devices for limiting leakage rather than stopping it completely. Although they are employed as primary seals in many applications, the clearance seal also finds use as auxiliary protection in contact-seal applications. These seals are usually designed into the equipment by the designer himself, and they can take on many different forms.

Advantages of this seal are that friction is kept to an absolute minimum and there is no wear or distortion during the life of the equipment. However, there

are two significant disadvantages: The seal has limited use when leakage rates are critical; and it becomes quite costly as the configuration becomes elaborate.

Static Seals: Static seals such as gaskets. "0" rings, and molded packings cover very broad ranges of both design and materials. Some of the typical types are as follows: t. Molded packings: A. lip type, B. squeeze-molded; 2. Simple compression packings; 3. diaphragm seals; 4. nonmetallic gaskets; 5. "0" rings; and 6. metallic gaskets and "0" rings. Data on "0" rings are found on pages 2400-2405.

Detailed design information for specific products should be obtained directly from manufacturers.

Hardness and Surface Finish.-Even in well-lubricated full-film sleeve hear​ings, momentary contact between journal and bearing may occur under such con​ditions as starting, stopping, or overloading. In mixed-film and boundary-film lu​bricated sleeve bearings, continuous metal-to-metal contact occurs. Hence, to allow for any necessary wearing-in, the journal is usually made harder than the bearing material. This arrangement allows the effects of scoring or wearing to take place on the bearing, which is more easily replaced, rather than on the more expensive shaft. As a general rule, recommended Brinell (Bhn) hardness of the journal is at least too points harder than the bearing material.

The softer cast bronzes used for bearings are those with high lead content and very little tin. Such bronzes give adequate service in boundary- and mixed-film applications where full advantage is taken of their excellent "bearing" characteristics.

High-tin, low-lead content cast bronzes are the harder bronzes and these have high ultimate load-carrying capacity: higher journal harnesses are required with these bearing bronzes. Aluminum bronze, for example, requires a journal hardness in the range of 550 to 6oo Bhn.

In general, harder bearing materials require better alignment and more reliable lubrication to minimize local heat generation if and when the journal touches the shaft. Also, abrasives that find their way into the bearing are a problem for the harder bearing materials and greater care should be taken to exclude them.

Surface Finish: Whether bearing operation is complete boundary, mixed film, or fluid film, surface finishes of the journal and bearing must receive careful at​tention. In applications where operation is hydrodynamic or full-film, peak surface variations should be less than the expected minimum film thickness; otherwise, peaks on the journal surface will contact peaks on the bearing surface, with re​sulting high friction and temperature rise. Ranges of surface roughness obtained by various finishing methods are: boring, broaching, and reaming, 32 to 64 microinches, rms; grinding, 16 to 64 microinches, rms; and fine grinding, 4 to 16 microinches, rms.

In general, the better surface finishes are required for full-film bearings oper​ating at high eccentricity ratios because full-film lubrication must be maintained with small clearances, and metal-to-metal contact must be avoided. Also, the harder the material, the better the surface finish required. For boundary- and mixed-film applications, surface finish requirements may be somewhat relaxed because bearing wear-in will in time smooth the surfaces.

Figure 4 is a general guide to the ranges required for bearing and journal surface finishes. Selecting a particular surface finish in each range can be simplified by observing the general rule that smoother finishes are required for the harder ma​terials, for high loads, and for high speeds.

Machining.-The methods most commonly used in finishing journal bearing bores are boring, broaching, reaming, and burnishing.

Boring of journal bearings provides the best concentricity, alignment, and size control and is the finishing method of choice when close tolerances and clearances
	L 1 1 V

Table z. Commonly Used Greases and Solid Lubricants

	
	Type
	Operating Temperature,

Degrees F
	Load
	Comments
	

	
	Greases
	

	
	Calcium or lime soap

soap

Sodium soap

Lithium soap

Barium soap
	i6o

oo

i8o

300

350
	Moderate

Wide

Moderate

Moderate

Wide
	For wide speed range

...

Good low temperature

...
	

	
	Solid Lubricants
	

	
	Graphite

Molybdenum disulfide
	woo

- too to 750
	Wide

Wide
	
	


2. Avoid contaminating surrounding equipment or material with "leaking" lubri​
cating oil;

3. Provide effective lubrication under extreme temperature ranges;

4. Provide effective lubrication in the presence of contaminating atmospheres;

and

5. Prevent intimate metal-to-metal contact under conditions of high unit pressure which might destroy boundary lubricating films.

Greases: Where full-film lubrication is not possible or is impractical for slow​speed fairly high-load applications, greases are widely used as bearing lubricants. Although full-film lubrication with grease is possible, it is not normally considered since an elaborate pumping system is required to continuously supply a prescribed amount of grease to the bearing. Bearings supplied with grease arc usually lubricated periodically. Grease lubrication, therefore, implies that the bearing will operate under conditions of complete boundary lubrication and should be designed accordingly.

Lubricating greases are essentially a combination of a mineral lubricating oil and a thickening agent, which is usually a metallic soap. When'suitably mixed, they make excellent bearing lubricants. There are many different types of greases which, in general, may be classified according to the soap base used. Information on commonly used greases is shown in Table 2.

Synthetic greases are composed of normal types of soaps but use synthetic hydro​carbons instead of normal mineral oils. They are available in a range of consistencies in both water-soluble and insoluble types. Synthetic greases can accommodate a wide range of variation in operating temperature; however, recommendations on special​purpose greases should be obtained from the lubricant manufacturer.

Application of grease is accomplished by one of several techniques depending upon grease consistency. These classifications are shown in Table 3 along with

	Table 3. NLGP Consistency i urnurrs

	
	NLGI

Consistency No.
	Consistency

of Grease
	Typical Method

of Application
	

	
	0

r

2

3

4

5

6
	Semifluid

Very soft

Soft

Light cup grease

Medium cup grease

Heavy cup grease

Block grease
	Brush or gun

Pin-type cup or gun

Pressure gun or centralized pressure system

Pressure gun or centralized pressure system

Pressure gun or centralized pressure system

Pressure gun or hand

Hand, cut to fit
	

	•
National Lubricating Grease Institute


] typical methods of application. Grooves for grease are generally greater in width, up

to 1.5 times, than for oil.

Coefficients of friction for grease-lubricated hearings range from o.08 to o.i6, depending upon consistency of the grease, frequency of lubrication, and type of grease. An average value of 0.12 may be used for design purposes.

Solid Lubricants: The need for effective high-temperature lubricants led to the development of several solid lubricants. Essentially, solid lubricants may be de​scribed as low-shear-strength solid materials. Their function within a bronze bearing is to act as an intermediary material between sliding surfaces. Since these solids have very low shear strength, they shear more readily than the bearing material and thereby allow relative motion. So long as solid lubricant remains between the moving surfaces, effective lubrication is provided and friction and wear are reduced to ac​ceptable levels.

Solid lubricants provide the most effective boundary films in terms of reduced friction, wear, and transfer of metal from one sliding component to the other. How​ever, there is a significant deterioration in these desirable properties as the operating temperature of the boundary film approaches the melting point of the solid film. At this temperature the friction may increase by a factor of 5 to to and the rate of metal transfer may increase by as much as I0oo. What occurs is that the molecules of the lubricant lose their orientation to the surface that exists when the lubricant is solid. As the temperature further increases, additional deterioration sets in with the friction increasing by some additional small amount but the transfer of metal accelerates by an additional factor of 20 or more. The final effect of too high temperature is the same as metal-to-metal contact without benefit of lubricant. These changes, which are due to the physical state of the lubricant, are reversed when cooling takes place.

The effects just described also partially explain why fatty acid lubricants are superior to paraffin base lubricants. The fatty acid lubricants react chemically with the metallic surfaces to form a metallic soap that has a higher melting point than the lubricant itself, the result being that the breakdown temperature of the film, now in the form of a metallic soap is raised so that it acts more like a solid film lubricant than a fluid film lubricant.

Journal or Sleeve Bearings

Although this type of bearing may take many shapes and forms, there are always three basic components: journal or shaft, hushing or bearing, and lubricant. Figure 7 shows these components with the nomenclature generally used to describe a journal bearing: W = applied load, N = revolution, e = eccentricity of journal center to bear​,ing center, 0 = attitude angle, which is the angle between the applied load and the point of minimum film thickness, d = diameter of the shaft, Cd= hearing clearance, d + Cd = diameter of the bearing and ho = minimum film thickness.

Grooving and Oil Feeding. -- Grooving in a journal bearing has two purposes: (i) to establish and maintain an efficient film of lubricant between the bearing moving surfaces and (2) to provide adequate bearing cooling. The obvious and only practical location for introducing lubricant to the bearing is in a region of low pressure. A typical pressure profile of a bearing is shown by Fig. 8. The arrow W shows the applied load. Typical grooving configurations used for journal bearings are shown in Fig. 9.

Heat Radiating Capacity. - In a self-contained lubrication system for a journal bearing, the heat generated by bearing friction must be removed to prevent continued temperature rise to an unsatisfactory level. The heat-radiating capacity HR of the bearing in foot-pounds per minute may be calculated from the formula HR = Ld CtR in which C is a constant determined by O. Lasche, and tR is temper-
Thrust Bearings

As the name implies, thrust bearings are used either to absorb axial shaft loads or to position shafts axially. Brief descriptions of the normal designs for these bearings follow with approximate design methods for each. The generally accepted load ranges for these types of bearings are given in Table 7 and' the schematic configurations are shown in Fig. tq.

The parallel or flat plate thrust bearing is probably the most frequently used type. It is the simplest and lowest in cost of those considered; however, it is also the least capable of absorbing load, as can be seen from Table 7. It is most gen​erally used as a positioning device where loads are either light or occasional.

The step bearing, like the parallel plate, is also a relatively simple design. This type of bearing will accept the normal range of thrust loads and lends itself to lowcost, high-volume production. However, this type of bearing becomes sensitive to alignment as its size increases.

The tapered land thrust bearing, as shown in Table 7, is capable of high load capacity. Where the step bearing is generally used for small sizes, the tapered land type can be used in larger sizes. However, it is more costly to manufacture and does require good alignment as size is increased.

The tilting pad or Kingsbury thrust bearing (as it is commonly referred to) is also capable of high thrust capacity. Because of its construction it is more costly, but it has the inherent advantage of being able to absorb significant amounts of misalignment.
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Guide Bearings

This type of bearing is generally used as a positioning device or as a guide to linear motion such as in machine tools. Figure 33 shows several examples of guide way bearing designs. It is normal fix this type of bearing to operate in the boundary lubrication region with either dry, dry film such as molybdenum disulfide (MoS1) or tetrafluorethylene (TFE), grease, oil, or gaseous lubrication. Hydrostatic lubrication is often used to improve performance, reduce wear, and increase stability. This type of design uses pumps to supply air or gas under pressure to pockets designed to produce a bearing film and maintain complete separation of the sliding surfaces.

Plain Bearing Materials

Materials used for sliding bearings cover a wide range of metals and nonmetals. To make the optimum selection requires a complete analysis of the specific application. The important general categories are: Babbitts, alkali-hardened lead, cadmium alloys, copper lead, aluminum bronze, silver, sintered metals, plastics, wood, rubber, and carbon graphite.

Properties of Bearing Materials. - For a material to be used as a plain bearing, it must possess certain physical and chemical properties that permit it to operate properly. If a material does not possess all of these characteristics to some degree, it will not function long as a bearing. It should be noted, however, that few, if any, materials are outstanding in all these characteristics. Therefore, the selection of the optimum bearing material for a given application is at best a compromise to secure the most desirable combination of properties required for that particular usage. The seven properties generally acknowledged to be the most significant are: t. Fatigue resistance; 2. Embed ability; 3. Compatibility; 4. Conformability; 5. Thermal conductivity; 6. Corrosion resistance; and 7. Load capacity.
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