ROLLING-CONTACT BEARINGS

Shigley: Chapter 11 [8th Edition]
Outline

I. General

a. Sliding friction vs. rolling resistance 

· Demo of sliding friction  (f = 0.25)

· Demo of rolling resistance – very low

· Rigid Ball on a rigid flat surface (no deformation)

1. Neutral equilibrium  (no rolling resistance)

2. Rolling resistance is related to deformation and roughness of ball or wheel and the surface

· Contact stresses analysis gives equations for deformation of spheres and rollers on a flat surface

· Rolling-contact bearings have very low rolling resistance at low loads

· Criteria for a ball rolling or sliding on a surface

· Rolling bearings have cyclic loading ( fatigue  

b. Contact Stress Review

· Equation of deformation of sphere on a flat plate


[image: image1.wmf]  

a

=

(

1

-

n

1

2

)

/

E

1

+

(

1

-

n

2

2

)

/

E

2

8

/(

3

Fd

1

)

3


(3-68 modified*)
Where subscript 1 is the sphere and 2 is the flat plate

( is Poisson’s ratio and F is the contact load (*1/d2 = 0)
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at z = 0.48a (  
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where z is the distance below the surface

· Example for the evaluating  

· Two spheres

· Sphere on a flat surface

· Ball-in-socket joint

· Equation for deformation of a roller on a flat plate
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(Eqn. 3-73*)
and 
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at z = 0.75b  (
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  [*1/d2 = 0]
· These equations assume no shear stress in the contact zone. Location of maximum shear stress

Sphere:  depth = 0.48a where a is the radius of the contact circle given by equation 3-68 

Cylinder:  at a depth of 0.786 b where b is the half width of the contact band given by equation 3-73
Note: all principle stresses are compressive

Note: max. shear stress is below the surface in either case (this has implications as to failure mode).

II. Rolling-Contact Bearings

a. Bearing types

· Ball bearings

1. Figure 11-1: Cutaway of a ball bearing assembly

2. Figure 11-2: Various types of ball bearing mountings. Note: angular contact, self-aligning, thrust

· Roller Bearings

1. Figure 11-3: Types of roller bearing mountings. Note spherical, thrust, and needle types

2. Other types of bearings

b. Bearing Life 

· Life is fatigue related so it’s stochastic in nature

· Number of revolutions to evidence of fatigue

· Hours of use at std. angular speed to evidence of fatigue

· First evidence of fatigue not usually functionally limiting

· Onset of fatigue failure --- Pit of area = 0.1 in2  ( gives a circle with a diameter of 3/8”. 

c. Bearing Load Life at Rated Reliability

· C10  - catalog load life rating (represents 10th percentile life rating) with 10^6 revs. or more (depends on manufacturer)
· Equation relating desired load to catalog rating:
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Where L’s are life in hours [LR rating; LD design req’t.]


n’s are speeds (revs/min)

FD is the desired radial load, lbf or kN
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 = 3 for ball bearings; or 
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 = 10/3 for roller bearings

If you know the application, the catalog rating req’d is:
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Eqn. (11-3)

See example 11-1

d. Bearing Survival: Reliability vs. Life

· If the life measure is expressed in dimensionless form (x = L/L10 )

· With a Weibull life distribution reliability can be expressed as
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Eqn. (11-4)

Where R = reliability


x = life measure   L/L10   [L10   is the catalog life]


xo = minimum value of life measure (use 0.02)

· =  characteristic parameter corresponding to the 63.2121 percentile value of L/L10 (use 4.46)

b  =  shape parameter that controls the skewness in a Weibull distribution (use 1.483)

see figure 11-5 for a graphical reliability representation




The cumulative distribution function, F, can be written as:
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Eqn. (11-5)

e. Relating Load, Life, and Reliability

· Typically load, speed, and reliability aren’t as per the catalog

· See figure 11-5 for this condition shown graphically

· Determination of xD the design life multiple of std. catalogue life (usually 106 cycles but it can be more, depends on manufacturer)
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(L10 usually 106)  

· Equation to find a catalog bearing load rating that is sufficient:
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Eqn. (11-6)

· Examples

f. Bearing Reliability

Equation 11-6 can be solved for the reliability RD in terms of C10   the basic catalog rating of a selected bearing 
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Eqn. (11-18)

Where 
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g. Combined Radial and Thrust Loading

· Ball bearings are able to carry some thrust load in addition to the major radial load (on the order of 35% without any loss of radial load rating)

· The equivalent radial load Fe can be written
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Eqn. (11-9)
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  = axial thrust load
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  = radial load
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  = equivalent radial load for catalog rating
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  = rotation factor (= 1 for inner race rotation; = 1.2 for outer race rotation)

where 
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See table 11-1 for values of X1, Y1, X2, Y2, and e 

See figure 11-6 for graphical relationship of X and Y

h. Variable Loading

· Bearing loads are often variable and occur in some identifiable pattern:

1. Piecewise constant loading in a cyclic pattern [Ex. 11-5]

2. Continuously  variable loading in a repeatable cyclic pattern [Ex. 11-6]

3. Random variation

· See section 11-7 for combining various load histories to a single equivalent load history

i. Selection of Ball and Cylindrical Roller Bearing

· See example 11-7

j. Selection of Tapered Roller Bearings

· See example 11-8
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