
Original equipment manufacturers (OEM) 
of off-highway equipment and vehicles are 
continuously looking for new ways to apply 
technology into their designs, both new and 
old — anything that will give their products an 
edge in productivity, payloads, and efficiency.
The machines and vehicles they produce must endure ex-
treme environments, demanding operating conditions, and 
heavy loads. Reliability and ease of maintenance are para-
mount; repairing equipment on-site is costly, and often al-
most impossible. However, many designs are built upon 
tried-and-true platforms that incorporate drivetrains, sus-
pensions, steering linkages, torsion bars, connecting rods, 
articulated joints, heavy duty linkage pivots, and hydraulic 
cylinders. All of these applications have something impor-
tant in common: they use radial spherical plain bearings and 
rod ends. Engineers have yet to develop bearings that better 
accommodate the combinations of movements and heavy 
loads these vehicles and equipment encounter, with reliabil-
ity and cost-effectiveness.

Here’s what you should know about these relatively sim-
ple and extremely tough bearings found in most off-highway 
applications.

How they work
Radial spherical plain bearings have an inner ring with a 
sphered convex outside surface, and an outer ring with a 
correspondingly sphered (but concave) inside-sliding con-
tact surface. The two general styles relate to the manufactur-
ing method. Swaged style bearings are made by “swaging,” or 
forming, the outer ring over the inner ring (or ball). Fractured 
style bearings have an outer ring that is split, or fractured, in 
one position to facilitate assembly of the rings during manu-
facturing.

The bearings can be comprised of different sliding contact 
surface combinations, i.e. the sliding surfaces of inner and outer 
rings are made from different materials. Some combinations re-
quire maintenance (such as steel-on-steel), while others do not.
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Wheel loading excavator unloading sand at a 
construction site (all photos courtesy of AST).
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Comparison to rod ends
Rod ends consist of an eye-shaped head with integral shank, 
forming a housing and one of three options: a standard spher-
ical plain bearing, a spherical plain bearing inner ring, or a 
spherical plain bearing inner ring with a sliding layer between 
the bore of the head and the inner ring. As a rule, rod ends are 
available with left or right-hand female or male threads. Rod 
ends can have the sliding contact surface combinations steel-
on-steel, steel-on-bronze, steel-on-PTFE composite material, 
or steel-on-PTFE fabric.

Rod ends and spherical plain bearings share common design 
principles and function in the same manner, designed to handle 
radial loads under misalignment. Rod ends are more common 
in linkages and connecting rods due to their ease of mounting 
and adjustment. They can be selected with sliding contact sur-
face combinations that render them maintenance-free, or the 
steel-on-steel style can accommodate a grease fitting, allowing 
for regular re-lubrication.

Spherical plain bearings, however — due to their construction 
and internal geometry — can handle heavier radial loads under 
misalignment than rod ends. They accommodate misalignment 
between the housing and shaft, as well as oscillating movements 
at slow speeds. While these bearings can handle a small amount 
of axial load, they should be used where the load is primarily 
radial.

Varieties and case studies
Maintenance (steel-on-steel) spherical plain bearings are 
more common in off-highway applications. These bearings 
have a hardened sliding contact surface on both rings. The 
surfaces are treated with molybdenum disulfide (MoS2) lu-
brication and a phosphate coating. They have both wear 
and corrosion-resistant characteristics. Bearings with this 
sliding contact surface combination require initial, and 
regular lubrication. The high strength of the sliding contact 
surfaces makes these bearings especially suitable for bear-
ing arrangements where heavy loads of alternating direction, 
shock loads or heavy static loads have to be accommodated. 
Unless properly protected, maintenance free bearings with 
liners (PTFE composite or PTFE fabric) are subject to dete-
rioration from contamination, and they are not well suited 
for heavy alternating loads.

Since bearings with steel-on-steel sliding contact surface 
combinations require regular relubrication, they typically have 

lubrication holes and grooves in the inner and outer ring to allow 
grease to flow into the areas of sliding contact. It is important 
these features line up with the grooves and grease fittings in the 
mating components when mounted.

When mounting bearings with a fractured outer ring, it is crit-
ical that the joint be positioned at 90⁰ to the main load direction, 
otherwise the service life will be shortened, particularly under 
heavy loads. The angle of tilt, or misalignment, is usually noted 
with the symbol α in most catalogs and can vary from 3⁰ to 15⁰. 
Bearing tolerances, internal clearances, and recommended fit-
ting practices are listed in the Engineering sections of most cata-
logs. In the US, ANSI/AFBMA Standards 22.1 and 22.2, Series 3, 
covers these types of bearings.

One of the most common uses of spherical plain bearings in off-
highway equipment is with hydraulic cylinders, linear actuators de-
signed to deliver force in a single direction, because they’re effec-
tive in dealing with misalignment — a common cause of hydraulic 
cylinder failure. Spherical bearings are often used in the clevis style 
mounts of hydraulic cylinders. Deviations from the centerline of the 
load, introduce what is known as “side loading”. This places lateral 
stress on cylinder pistons, seals, bushings and rods — these compo-
nents are not designed to withstand these forces, so they will fail 
quickly. Spherical bearings allow for some degree of misalignment 
due to side loading, improving cylinder longevity.

A typical excavator or backhoe has a half dozen cylinders, or 
more, for the bucket, boom, dipper, outriggers, steering, and 
other equipment and accessories on the vehicle where these 
bearings are used, in addition to steering linkages, shock absorb-
ers, and pivot points.

Spherical plain bearings are available in various types and con-
figurations to address specific loading and operating conditions, 
and environmental conditions.

Various sizes and styles of rod ends and spherical plain bearings.

Hydraulic hoses of a modern tractor.
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Sealed Type
Spherical plain bearings are available with seals to protect 
the sliding surfaces in severe environments. The seals are 
affixed to the outer ring and make positive contact with the 
inner ring keeping dirt and debris out, and the lubricant in. 
Variations in seal materials and design vary from manufac-
turer, but most seals are either a polyester elastomer mate-
rial or a buna nitrile rubber bonded to a sheet steel insert. 
These plastic and rubber seals are best suited for applica-
tions where the bearings see frequent tilting or circumferen-
tial movement. This tends to keep the contact surfaces clean.

Extended Inner Ring
To ease assembly, and eliminate the need for spacers, these 
bearings are also available with an extended inner ring de-
sign. These have a slightly higher cost.

High Angle
Depending on their size, most spherical plain bearings ac-
commodate misalignment in the 5 to 15 degree range. How-
ever, higher angles of misalignment can be accommodated 
with a special series. This series has an increased cross sec-
tion inner ring which allows for the higher angle of tilt, up to 
20 degrees.

Spherical plain bearing configurations (Upper Left: Standard, with misalignment Angle α; Upper Right: With higher 
misalignment Angle β; Lower Left: Extended inner ring; Lower Right: Seal type).
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Impact Resistant
In some off highway applications shock 
or impact loading is common and can 
have a devastating effect on bearings. 
Most spherical plain bearings are man-
ufactured from thru hardened 52100 
chrome steel. These bearings have good 
wear resistance and fatigue strength. 
However, with their high hardness, they 
are susceptible to chipping, cracking, 
and breaking under these conditions. 
Spherical plain bearings manufactured 
from low carbon, carburizing steels, such 
as 8620, and processed with a special 
heat treatment known as case hardening 
are recommended in these applications. 
The case hardening provides an outer 
layer of high hardness for wear resistance 
and fatigue and the core of the bearing is 
“softer”, or more ductile, which allows the 
bearing to absorb impact. These bearings carry a price pre-
mium.

Loading and life
Spherical plain bearings can accommodate loads in both 
the axial and radial directions, with the load predominantly 
radial for the latter. Angular contact types are available for 
heavier thrust or axial loading. Loads can be in combination, 
and the direction constant or alternating.

Other loading considerations:
•	 Loads are dynamic when sliding movements take place in 

a loaded bearing, causing wear in the bearing.
•	 Dynamic loads can be oscillatory or rotational. 

Oscillatory loads can be accommodated only along the 
lateral axis and are limited to the angle of misalignment, 
or tilt, designed into the bearing.

•	 The higher the frequency of oscillation, the lower the 
bearing life for a given application.

•	 Under static load, the limiting factor is the strength of the 
material of the bearing or rod end.

While these bearings have very straightforward con-
struction and operating principles, calculating service life 
is tricky — so engineers are advised to contact the manu-
facturer for assistance. The values of load ratings depend 
on the definition used, so it’s not always possible to make 
direct comparisons with load ratings published by each 
manufacturer.

Dynamic load rating
Dynamic load rating is used for calculations when the spher-
ical plain bearing is subject to dynamic stress. It represents 
the load, constant in magnitude and direction, under which 
a basic rating service life, expressed as a sliding distance, will 
be attained for continuous oscillating movement at a de-
fined sliding velocity at room temperature. It assumes that 
the load acting on radial and angular spherical plain bear-
ings and on rod ends is purely radial, and that the load act-
ing on spherical plain thrust bearings is purely axial and acts 
centrically. Dynamic stresses often occur in combination: 
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Cross sectional view of spherical plain bearing installed 
with shaft and housing. Radial and axial load axes, sliding 
contact zones.
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when tilting, oscillatory or rotational movements are made 
under load; with micro-sliding movements under alternat-
ing loads; and with loads alternating at high frequency.

Static load rating
Static load rating is used when spherical plain bearings re-
main stationary under load, with only occasional alignment 
movements. It should be considered when dynamically 
loaded bearings are subject to heavy shock loads.

The static load rating represents the load which can be taken 
by a spherical plain bearing when static contact stress of the 
bearing contact surface reaches the material stress limit. It is 
valid at room temperature and it assumes that the surrounding 
components prevent deformation of the bearing.

At higher temperature, it must be multiplied by a temper-
ature factor dependent on the sliding contact surface com-
bination. The temperature factor is the same as for a dy-
namically stressed bearing. It is also necessary to take into 
consideration the permissible temperature range for the var-
ious sliding contact surface combinations. For rod ends, this 
is the strength of the rod end housing under stationary load. 
The rod end static load ratings give a safety factor of 1.2 times 
the tensile strength of the rod end housing material.

Service life
The service life of a spherical plain bearing is expressed as 
the number of oscillating movements, or the number of op-
erating hours, which the bearing will endure before a de-
fined increase in bearing clearance or a defined increase in 
friction is reached.

The service life of a spherical plain bearing operated under 
mixed or dry friction conditions is determined by the increase in 
bearing clearance / bearing friction caused by progressive wear 
of the sliding surfaces, plastic deformation of the sliding mate-
rial, and fatigue of the sliding surface. Depending on the applica-
tion, the permissible wear and increase in friction will be differ-
ent — meaning the service life which can be obtained in practice 
will be different, even under the same operating conditions.

The effective service life is how long a given spherical plain 
bearing lasts under actual operating conditions. It is primar-
ily determined by the magnitude and type of load, as well as 
contamination, corrosion, high-frequency load and move-
ment cycles, and shock. Some of these factors are impossible 
to determine or can only be determined with difficulty.

Lubrication
Metal-on-metal spherical plain bearings

For spherical plain bearings requiring maintenance (metal-
on-metal), lubrication increases a bearing’s life by reducing 
friction and wear, with the added benefits of reducing noise 
and providing a barrier against corrosion.

In order for the lubrication to be effective, the grease must 
flow into the load areas — the contact zone between the inner 
and outer ring. When the grease cannot flow into the load zone, 
the bearing must be unloaded in order to effectively lubricate 
it. Regular re-lubrication of the bearing during its operation, on 
an established schedule that’s re-examined when operating con-
ditions change, will substantially extend its service life. NLGI 

grade 2 greases with EP additives are recommended.
Insufficient lubricant in the load zone allows for metal to 

metal contact and leads to premature bearing failure. Bearings 
with special groove patterns on the inner ring (ball) are available 
that increase bearing life in dirty and extreme environments. 
These grooves promote more efficient lubricant distribution by 
providing additional channels to move lubricant into the load 
zones. In addition, the grooves move and capture dirt and debris 
thus keeping these contaminants off the raceway surfaces. These 
bearings also carry a price premium.

Maintenance-free steel-on-PTFE spherical plain bearings
For steel-on-PTFE lined (fabric or composite) spherical 
plain bearings, it’s important to refrain from additional lubri-
cation. Any lubrication of the sliding contact surfaces could 
disturb the internal self-lubricating properties and shorten 
the bearing’s service life.

When operating conditions require enhanced sealing and 
protection against corrosion, it is recommended to fill the 
space surrounding the bearing with lithium-based grease.

Summary
Radial spherical plain bearings serve an important function 
within the off highway world, particularly in the construc-
tion, forestry, and agricultural sectors, because they’re cru-
cial to the equipment and vehicles used in those industries. 
They’re key to OEMs’ ability to create reliable products that 
endure extreme environments. Knowing the basics about ra-
dial spherical plain bearings, and how they compare to other 
commonly used components, is fundamental to making 
good design choices. 
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