
B. POROUS-METAL BEARINGS
1.0 GENERAL PROPERTIES

Sintered-metal self-lubricating bearings are based on powder-metallurgy technology. They are economical, suitable for high
production rates and can be manufactured to precision tolerances.
   General properties of porous-metal bearing materials have been described in Machine Design magazine (Vol. 54, #14, June 17,
1982, pp. 131—132), with whose permission the following material is reprinted:
   Sintered-metal self-lubricating bearings “are widely used in home appliances, small motors, machine tools, aircraft and
automotive accessories, business machines, instruments, and farm and construction equipment.
   Most porous-metal bearings consist of either bronze or iron which has interconnecting pores. These voids take up 10% to 35%
of the total volume. In operation; lubricating oil is stored in these voids and feeds through the Interconnected pores to the
beating surface. Any oil which is forced from the loaded zone of the bearing is reabsorbed by capillary action. Since these
bearings can operate for long periods of time without additional supply of lubricant, they can be used in Inaccessible or
inconvenient places where relubrication would be difficult.
   Many variations are possible to meet specific requirements. From 1% to 3.5% graphite is frequently added to enhance
self-lubricating properties. High porosity with a maximum amount of lubricating oil is used for high-speed light-load applications,
such as fractional-horsepower motor bearings. A low-oil-content low-porosity material with a high graphite content is more
satisfactory for oscillating and reciprocating motions where it is hard to build up an oil film.

   Powder producers can control powder characteristics such as purity, hydrogen loss, particle size and distribution, and particle
shape. Each of these properties in some way affects performance. In the bronze system, for example, shrinkage increases as
particle size of tin or copper powder in the mix decreases. Graphite additions result in growth but always lower the strength of
the bearings. Lubricants used in the mix have only a slight influence on dimensional change, but a more pronounced effect on the
apparent density and flow rate.
   After sintering, the bearing must be sized to the specified dimensions. Sizing reduces interconnected porosity and produces
greater strength, lower ductility and a smooth finish.
   Bronze: The most common porous bearing material. It contains 90% copper and 10% tin. These bearings are wear resistant,
ductile, conformable, and corrosion resistant. Their lubricity, imbeddability, and lcw cost give them a wide range of applications
from home appliances to farm machinery.
   Leaded Bronzes: Have a 20% reduction of the tin content of the usual 90—10 bronze and 4% reduction in copper. Lead
content is 14% to 16% of total composition and results in a lower coefficient of friction and good resistance to galling in case the
lubricant supply is interrupted. These alloys also have higher conformability than the 90—10 bronzes.
   Copper-Iron: The inclusion of iron in the composition boosts compressive strength although the speed limit drops accordingly.
These materials are useful in applications involving shock and heavy loads, and should be used with hardened shafts.
Hardenable Copper-Iron: The addition of 1½% free carbon to copper-iron materials allows them to be heat treated to a particle
hardness of Rockwell C65. They provide high impact resistance and should be used with hardened-and-ground shafts.
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   Iron: Combine low cost with good bearing qualities, widely used in automotive applications, toys, farm equipment, and
machine tools. Powdered-iron is frequently blended with up to 10% copper for improved strength. These materials have a
relatively low limiting value of PV (on the V side), but have high oil-volume capacity because of high porosity. They have good
resistance to wear, but should be used with hardened-and-ground steel shafts.
   Leaded-Iron: Provide improved speed capability, but are still low-cost bearing materials.
   Aluminum: In some applications they provide cooler operation, greater tolerance for misalignment, lower weight, and longer
oil life than porous bronze or iron. The limiting PV value is 50,000, the same as for porous bronze and porous iron.”

2.0 SIZING POROUS-METAL BEARINGS

The load-carrying capacity of porous-metal bearings can be measured by a friction/wear criterion, which is a measure of the seat
generated by the bearing. It is called the PV factor. The PV factor, as its name implies, is the product of the bearing load, P,
expressed In pounds per square inch of projected bearing area, and the surface velocity of the shaft expressed in feet per
minute.

If        d = inside bearing diameter (in.)
          l = length of bearing (in.)
         F = bearing load (lbs.)
and   N = shaft speed (RPM),

then  P =    F    lbs/in2                                                                                                                                          (1)
               ld
         V = € πdn    ft/mm.                                                                                                                                       (2)
                  12
and hence PV = (    F   ) (   πdn   )
                             ld           12

                        =    πFN =   0.262 FN                                                                                     (3)

                               12l             l
   Most engineering data relating to the PV faotor lists an upper limit of the factor, i.e. a value which should not be exceeded for
satisfactory bearing operation. The working value of the PV factor, however, is often less than this upper limit, for example if the
sliding velocity is not sufficiently high to maintain an adequate lubricating film. In addition, the PV limit is affected by the static
load-carrying capacity of the material, which should not be exceeded. The latter is a function of environmental factors, bearing
clearances and geometry and the nature of the load (continuous, intermittent or shock loading). Detailed information on these
considerations is usually furnished by the metal manufacturer. General guidelines are summarized in Table 1.

3.0 CLEARANCES

As in all bearings, satisfactory operation of porous-metal bearings require suitable clearances between shaft and housing. While
guidelines depend on the materials used and the nature of the application, a representative chart showing recommended bearing
clearances for porous-bronze and porous-iron bearings is given in Figure 1: We carry a full line of both thick and thin wall
bushings. Please consult the Designer’s Data section of this handbook for information on recommended shaft size and bore
diameter to be used with various bushing sizes.
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TABLE 1
GENERAL GUIDELINES FOR THE PV FACTOR IN POROUS-METAL BEARINGS

Limiting conditions for operation of porous bearings can be expressed as a PV factor. Since P= load, psi; and V = surface velocity.
fpm; the PV value gives an index of frictional heat generated on a unit area of the bearing surface. A maximum value of 50,000 is
common for porous bearings. For long-time running with no additional lubrication, 20,000 should be a limit in selecting loads for
various speeds. For thrust bearings, a maximum PV of 10.000 should be used.
     Provision to replenish the oil supply is desirable when the PV factor approaches the maximum under continuous operation for
extended periods of time, or for high temperatures. For such cases, oil can be applied to the OD or ends of the bearing. From there
it is drawn, by capillary action, into the bearing and metered to the shaft. A reservoir of grease next to the bearing also can be
helpful.

Material PV Static P (psi) Dynamic P (psi) V (fpm)

Bronze
Lead-Bronze
Copper-Iron
Hardenable  Copper-Iron
Iron
Bronze-Iron
Lead-Iron
Aluminum

50,000
60,000
35,000
75,000
30,000
35,000
50,000
50,000

8,000
3,500
20,000
50,000
10,000
10,500
4,000
4,000

2,000
800

4,000
8.000
3,000
2,500
1,000
2,000

1,200
1,500
225
35
400
800
800

1,200

Under certain conditions these recommended values can be exceeded but with a sacrifice In service life.

* Reprinted with the permission of Machine Design Magazine from Vol. 54, $14, June 17, 1982, p. t31.

The upper curve (maximum) and at
allowances above the mean are
suggested for iron-based bearings
only. Iso chart is representative of
average conditions and each
appticalion needs to be evaluated
Individually.

* Reprinted with the permission of the Keystone Carbon Company, St. Mary’s, Pennsylvania, from “Keystone Porous Bronze and
Porous Iron Bearings”, Fig. 8—34, p.9.
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4.0 PRESS FITS

A press fit is used when available space and torque lobe transmitted is limited. Tolerances of mating parts have to be closely
controlled to assure a minimum and avoid all excessive interference.
Formulas for press fit are:

1)   p =  eE   [1- (  d   )²] and T = p   pµd²L, from here
              2d           D                  2

      T = 0.785µdLeE [1-( d )²]....(inch, lbs)
                                     D
2) S =       2p   or  S =  eE  
             1-( d )²          d
                   D   

Where:
p = unit pressure on the interfering surfaces lb/sq inch
e = amount of interference in inches
E = modulus of elasticity psi
d = shaft diameter
µ = coefficient of friction (assume 0,1 - 0,2)
L = length of riterference surfaces
S = combined stress resulting from circumferential tension and radial compression psi.
T = slip torque (to be divided by safety factor of 2)
Graph gives values of p for different d/D ratios and different values of e.

By permission, PRODUCT ENGINEERING May 1960
Tables 3.4 and 6 are reproduced by pcrrnsson trom MACHINE DESIGN I;Sue phisheri June 15, 1967)
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“S” SERIES BEARINGS

RUNNING CLEARANCE
proper running clearance for bearings depends to a
great extent on the particular item.Only minimum
recommended clearances for oil impregnated
bearing used with ground steel shafting are listed.

PRESS FITS
Plain cylindrical journal bearings are commonly installed by press fitting
the bearing into a housing with an insertion arbor. For housing rigid
enough to withstand the press fit without appreciable distortion and for
bearings with thickness approximately one-eighth of the bearing outside
diameter, the press fits shown are recommended.

                  Running Clearances                                                  Recommended Press Fits

Shaft Size
in.

Clearance mm in
Bronze Base iron Base

Up to 0.760
0.761 to 1.150
1.511 to 2.510

over 2.510

0.0005
0.001
0.0015
0.002

0.001
0.0015
0.002
0.0025

Outside Diameter
In.

Press Fit,in.
Minimum Maximum

Up to 0.760
0.761 to 1.150
1.511 to 2.510
2.511 to 3.010

over 3.010

0.001
0.0015
0.002
0.002
0.002

0.003
0.004
0.005
0.006
0.007

Oil impregnated sintered bearings are manufactured under strictly controlled conditions, and are subjected to in-process
inspection. They are tested for radial crushing strength of magnitude.
           P = KLT² lbs.
                  D-T
where:
D = O.D. of bearing in inches
T = wall thickness of bearing in inches
L = bearing length in inches
K = strength constant = 22,500

Should additional shaft to bearing clearance be required, a Bail Burnishing operation should be used for the following reasons:
        a) to maintain concentricity
        b) to maintain surface finish of ID.
        c) to reduce contamination of surface
The required size of the bearing can be determined from equations:
            1) P = W lbs./in² (load on projected bearing areas not to exceed 1000 psi)
                      Ld
            2) V =  dπN ft/min (surface speed at bearing ID. not to exceed 1000 ft/mm)
                        12
            3) P  = WNπ  (PV factor — not to exceed 50,000)
                        12L
where:
W = bearing load in lbs.
L = bearing length in inches
N = shaft RPM
d = bearing I.D. in inches

Above values are reasonable for the following conditions: continuous rotation, oil impregnation without additional lubrication.
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5.0 CONCLUSION

       Porous-metal bearings are used widely in instruments and general machinery, in which their self-
lubricating characteristics and load-carrying ability is very desirable. When properly designed, they
can be both economical and highly functional.
      Calculations of bearing loads on page T31 are also applicable to porous-metal bearings.

POROUS-METAL BEARING SELECTOR CHART

Description
Page

Inch Metric

Ultra Precision Plain
Ultra Precision Flanged

2-12
2-13

7-8
7-9

Plain 2-14 to 2-23 7-10

Long Plain 2-14 --

Flanged
2-14
2-15

2-24 to 2-27
7-11

Spherical - 7-14

Bar Stock
Solid 2-30 -

Bar Stock
Cored 2-31 -
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