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GENERAL MOTORS ENGINEERING STANDARDS

Materials and Processes - Metals

SELECTION AND USE OF BEARING AND BUSHING ALLOYS AND
SLEEVE BEARING COMPOSITES
(NOT A PART OF THE SPECIFICATIONS)
GM1707M

1 SCOPE. The SAE Handbook and the ASM Metals
Handbook offer considerable background on sleeve bearing
materials and their selection and use. Summarized in this writ-
ing are important environmental considerations and other
criteria for selection.

1.1 GM Research Laboratories have developed procedures
for determining theoretical bearing performance. These pro-
vide excellent bases for comparing various designs and for
predicting probable performance in service.

2 PERFORMANCE CHARACTERISTICS.

Listed below are major performance characteristics which
should be considered when selecting composites for specific
applications. Table 1 rates 9 bearing composites by these char-
acteristics. Thus it can be seen that the final selection of a
bearing material is always a compromise between the strength
requirements and the parameters associated with a more for-
giving material. In general, the softest material that will
withstand the load in the application should be used.

TABLE 1 - RELATIVE PERFORMANCE CHARACTERISTICS OF NINE BEARING COMPOSITES
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Performance Charactaristics
Nu?:ber R::si::oe Ress‘i:;‘::oc Embecability | Conformabilty ::;i."f:. Overst! Load
Capacity
Rating*
GM 6151-M 3 9 9 9 5 “23020;;'8)
GM 6152-M 3 9 9 9 9 ([230_%01‘;’;;)
GM 6153-M 4 8 8 8 10 (fgfgoﬁ'}fi )
GM 3881-M 5 9 9 9 9 (gg‘;"“}’g )
GM 6154-M 8 4 4 34 10 (23820 l\flgia)
GM 6155-M 9 ? 6 7 10 Pyt
GM 3898-M 8 8 7 8 10 i
GM 61564 8 9 8 8 10 (230‘;0;:‘ )
GM 6157-M 10 8 7 6 10 (18229700 me:l)

*Rating: 1-3 = Poor; 4-6 » Fair; 7-8 = Good; 9-10 = Excellent.

2.1 FATIGUE RESISTANCE. The ability of the bearing
material to resist cyclic loading without fracturing. This is the
most important characteristic in determining when to specify a
premium material.

2.2 SCORE RESISTANCE. The ability to resist welding to
the journal under marginal lubrication. Also a measure of how
forgiving a bearing is of shaft and bore imperfections.

2.3 EMBEDABILITY. The capacity of the bearing material
to tolerate and absorb foreign material and wear products with-
out subsequent damage to the shaft.

2.4 CORROSION RESISTANCE. The ability of the mate-
rial to resist attack by acidic oils. This characteristic is not as
important now because of the good oxidation and corrosion
inhibitors in 1970 and later engine oils. Long or heavy duty
service is important to consider when evaluating the need for
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this parameter. When long intervals between oil changes or
other severe conditions occur this parameter becomes impor-
tant,

3 ENVIRONMENTAL FACTORS. There are many
conditions that affect bearing performance that are difficult to
analyze. Some of the more important of these factors are:

3.1 LUBRICATION.

3.1.1 To perform satisfactorily a sleeve bearing must receive
an adequate supply of clean, relatively cool, viscous lubricant.
Journal bearings require approximately a quart of oil per bear-
ing per minute to perform well.

3,1.2 0il is generally fed into the main bearings and then
through the crankshaft to the rod bearing. This is accomplished
many times through a 360 degree groove in the bearing. This
groove reduces the load capacity of the bearing by 2/3 because
the pressure distribution across the bearing face becomes that
of 2 very narrow bearings with a space between them. A 180
degree groove in the unloaded half of the bearing should be
used with crossdrilling in high performance applications and
without crossdrilling in moderate and light duty engines.

3.1.3 Enough pressure must be maintained in the main bear-
ing to overcome centrifugal force and deliver oil to the rod
bearings. This pressure can be expressed by the formula: P =
4,93 x 1073 12 N2 ; where P is pressure in pascals; r is the jour-
nal radius in mm and N is speed in revolution/minute. Specific
gravity of fluid in this case is 0.9.

3.2 JOURNAL GEOMETRY.

3.2.1 Journal axial and circular geometry can greatly affect
load capacity. Circular journal lobing is the circumferential
waviness caused by vibrations during machining. Oil film
thickness decreases with corresponding greater wear and scor-
ing as number and/or size of the lobes increases. A useful
figure can be determined by multiplying the number of lobes
by the amplitude in pm. If this product exceeds 38 for pm,
bearing distress is almost a certainty.

3.2.2 Journal surface roughness should always be below 0.38
um AA and preferably should be 0.25 p m or less. Cast iron
shafts should always be rotated in normal engine direction dur-
ing polishing to lay the surface asperities in the proper
direction, and porosity should be both minimized and kept in
an unloaded journal area. '

3.2.3 Undesirable axial geometry such as hourglass and bar-
rel shape should be limited to 0.005 mm max rise or fall in
length of the crankpin or journal.

3.3 BORE GEOMETRY. The geometry of the bearing hous-
ing is important for good oil film development. A study to
determine the manner in which the connecting rod or saddle
bore reacts to bearing installation is normally performed by the
bearing manufacturer. This is accomplished by installing bear-

ings with various splitline heights in the receiving hole and
measuring the subsequent distortion. The receiving hole sur-
face roughness should be 1.27 pm AA max to minimize loss
of crush from the bearing seating in the hole and for good heat
transfer. Deficiencies such as cap shift, taper and out of rough-
ness will also be brought to the engine manufacturers
attention.

4 BEARING DESIGN.
affect bearing performance.

Important design factors that

4.1 LENGTH-TO-DIAMETER RATIO. The ratio of the
bearing effective length to the journal diameter, or L/D ratio
has a very large effect on load capacity and film thickness.
This important factor is often determined simply by cylinder
bore spacing and required crankshaft strength. A minimum L/
D of 0.4 for rod bearing and 0.35 for main bearings should be
maintained, although some lower values are performing satis-
factorily today. .

4.2 CRUSH. The circumferential length of a bearing always
designed to be greater than that of the receiving hole. This
excess length is called crush and it is this crush that keeps the
bearing from rotating in the bore. The crush also ensures good
bearing back to bore contact and subsequent good heat trans-
fer. The maximum crush occurs when 2 shells with high limit
splitline height are installed in a low limit receiving hole. A
maximum back stress of 276 MPa is normal for present day
engines while all bearing measurements are taken with the
back stressed to 83 MPa.

4.3 ECCENTRICITY.

4.3.1 Eccentricity in bearing design is the controlled variation
in wall thickness to give a desired amount of diametrical
eccentricity in the receiving hole with bearing installed. Thus,
a 0.03 mm eccentric bearing refers to one in which the wall at
the parting line is 0.013 mm less than the wall at the crown.
This eccentricity is designed to minimize any undesirable hole
geometry that is found during the distortional study mentioned
earlier. The necessity of controlling clearance to less than the
ideal (0.001 mm/mm, of shaft dia) to control noise also
requires that the horizontal clearance be greater than the verti-
cal. Eccentricity in higher speed engines has been designed to
0.08 mm to allow for horizontal close-in of the connecting rod
during high inertia loads. These high eccentricities cause high
unit loading at the crown and subsequent high wear.

4.3.2 Recently a design has been developed that allows for
undesirable bore geometry with lower effective unit loading
and reduced oil end leakage. This is designated a CONECC
design and it is patented by GM Corporation. The design typi-
cally has a uniform wall thickness for an arc of 60 degrees on
either side of the crown and a rapidly decreasing wall from
this point to the splitline. The constant wall section spreads the
load with lower wear while the eccentric areas allow for hori-
zontal close-in, cap shift and other environmental problems.
Oil flow of this bearing is the same as a 0.038 mm eccentric
bearing which is helpful in many situations.
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