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Introduction 
 
A previously published course "Engineering Patents" examines patents, the patent 
application process, and a patent granted to a U.S. corporation to improve one of 
its products. This course examines a patent application that reveals another side of 
the patent process.   
 
A patent is a document issued by the government that gives the engineering 
applicant exclusive rights to an invention for a period of 20 years. The invention 
must be something that is new and useful to society. An invention that is obvious 
to a person with average skill in a given field is not patentable. Patent laws give 
individuals and corporations incentive to develop their innovative ideas for their 
own benefit and for the benefit of others.  
 
There are three types of patents; utility patents, design patents, and plant patents. 
Engineering patents usually fall into the category of utility patents. Utility patents 
involve materials, machines and components, as well as manufacturing parts and 
processes. Design patents involve only the appearance of an article. Plant patents, 
as the name suggests, are given to those that reproduce a new variety of plants. 
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Background 
 
There has been a long standing debate among anti-friction bearing engineers 
as to what type of bearing to use in an application. This course deals with one 
of the arguments by examining an engineering patent request that suggests the 
use of angular contact ball bearings to replace tapered roller bearings in a 
power transmission product.   
 
Angular contact ball bearings are similar to commonly used radial ball 
bearings except for the alignment of the balls and rings. Radial ball bearings 
have the balls and rings aligned to support radial loads. Radial loads act 
perpendicular to the bearing axis of rotation. Angular contact ball bearings 
have the balls and rings aligned so that the line of contact is at an angle to the 
perpendicular. They are used to support both radial and thrust loads. Thrust 
loads act parallel to the bearing axis of rotation. See Figure 1. 
 
Tapered roller bearings have the roller-to-ring contact line act at an angle to 
the perpendicular similar to angular contact ball bearings. Tapered roller 
bearings, like angular contact ball bearings, support both radial and thrust 
loads. See Figure 2. 
 
Angular contact ball bearings operate with virtually pure rolling between the 
balls and rings. Tapered roller bearings, under load, create forces that act to 
"squirt" the roller’s large end against the inner ring (cone) flange face causing 
frictional losses that don't exist in angular contact ball bearings. See Figure 3.  
 
Ball bearings have a much lower spring rate (load vs. deflection) than tapered 
roller bearings. The contact between balls and rings starts out as a point and, 
as the load increases, evolves into an ellipse. The contact for tapered roller 
bearings starts out as a line and, under increasing load, changes into a larger 
rectangular shape. The spring rate of tapered roller bearings is "orders of 
magnitude" greater than that of ball bearings. 
 
The following pages describe the above mentioned patent application that was 
submitted for a gearshaft bearing arrangement. Included is a discussion of 
four existing patents that were selected as "prior art". Prior art are existing 
patents that are similar to the one being applied for. They can be used by the 
patent applicant as reasons why his patent should be allowed or they can be 
used by the Patent Office as reasons why the patent should be denied. 
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Figure 1 
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Figure 2 
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Figure 3 
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Tapered Roller Bearing Gearshaft 
  
Figure 4 has a cross-sectional view of a conventional gearshaft arrangement. 
The assembly consists of output gear 1, tapered roller bearings 2, housing 3, 
gearshaft 4, bearing preload locknut 5, and collapsible spacer 6. The unit is 
lubricated with gearbox lube which is contained in the assembly by seal 7 and 
o-ring 8. Flange 9 connects to the driven member. If the output shaft is 
exposed to the elements, slinger 10 is used to limit foreign element intrusion 
into the seal area.  
 
Although this type of bearing arrangement has proven successful in some 
applications, it is not without disadvantages. Gearshaft support bearings have 
to be preloaded in order to support the shaft with enough rigidity to keep the 
gears in the proper mesh under all load conditions. To preload gearshaft 
bearings, an axial load (thrust) is imposed on one bearing that is reacted by 
the other. In Figure 4, by torquing locknut 5, a thrust load is imposed on the 
right bearing inner ring (cone). At the same time, the same thrust load is 
transferred through the housing to the left bearing outer ring (cup) putting the 
two bearings into compressive preload. As previously discussed, ball bearings 
have a low spring rate because of the smaller contact pattern between the balls 
and rings, while tapered roller bearings have a high spring rate because of 
much larger contact pattern between the rollers and rings. This makes it easy 
to apply and control preload on ball bearings and very hard to apply and 
control preload on tapered roller bearings. Too much preload results in 
potential bearing failure, and too little preload results in potential gear failure. 
The problem is so acute with tapered roller bearings that they are not 
normally recommended to be run under preload. Since tapered roller bearings 
are used in this application and preloading is required, special steps have to be 
taken for the design to be successful. 
 
During assembly, a unique procedure is used on a special machine in order to 
set the preload on bearings 2 to the amount needed to support the shaft with 
enough rigidity to insure proper gear mesh under all power conditions. On 
this machine, while the gear shaft is rotated, adjusting nut 5 is rotated slightly 
faster in the same direction until a predetermined torque level is reached. This 
torque level corresponds to the correct amount of preload that is required for 
the application. Because tapered bearings are so stiff to the application of 
load, collapsible spacer 6 must be used to control the rise in torque while the 
nut is being rotated in order to accurately set the preload. 
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There is another factor against the use of tapered bearings in this application.  
Ball bearings operate with virtual pure rolling; however, when tapered roller 
bearings are under load, the roller’s large end is "squirted" or forced against 
the cone (inner ring) flange face causing sliding friction. This contact 
produces additional bearing torque and is subject to wear from gear debris 
and poor lubrication. This, in time, will cause the loss of preload with the 
resulting adverse affect on the gear mesh. Special precautions in the design 
and manufacture of the tapered roller’s large end and the cone flange face 
have to be taken for the bearing to operate satisfactorily. Even then, the 
lubricant must be free of contamination from gear and other hard particle 
debris. Magnets are put in lubricant sumps in an effort to attract ferrous 
particles. The lubricant has to be changed after a period of time because of 
thermal breakdown. 
 
In conclusion, it can be seen that to achieve successful operation of the 
machinery, extra effort and cost are incurred for gearshafts designed with 
tapered roller bearings. The following pages will examine a design that a 
patent was applied for using ball bearings to support the gearshaft. Ball 
bearings, as explained above, are more easily preloaded and operate with less 
friction than tapered roller bearings. Included in this case study, will be an 
analysis of four patents that were investigated as "prior art" (patents that are 
similar to the one being applied for) that employ the use of ball bearings to 
support shafts. 
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Figure 4 
 

Tapered Roller Bearing Gearshaft 
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Figure 5 
 

Ball Bearing Gearshaft 
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Ball Bearing Gearshaft 
 
Figure 5 has a sketch of a gearshaft similar to Figure 1 except that the tapered 
roller bearings have been replaced with angular contact ball bearings. Item 1 
is the gear. Item 2 are the two angular contact ball bearings. As shown on 
Figure 2, angular contact ball bearings (as well as tapered roller bearings) 
have the line of contact between the balls and the two rings of each bearing lie 
at an angle extending outward from the vertical, which aids in supporting 
overhanging loads such as the gear in this application. Item 3 is the hub. Item 
4 is the gearshaft. Item 5 is the ball bearing clamping nut. Item 6 are the two 
bearing seals and Item 7 is the slinger seal. Item 8 is an o-ring needed to 
prevent leakage of the gearbox fluid. Item 9 is the rear drive shaft mounting 
flange. Item 10 is the mounting flange retaining nut. 
 
The following are explanations of the claims that were given in the patent 
application describing the advantages of using angular contact ball bearings 
instead of tapered roller bearings to support gearshafts:  

 
• Ball bearings have a very low spring rate compared to tapered roller 

bearings; and therefore, preload is more easily set and maintained under 
all gear load conditions. The preload for the two ball bearings in this 
design is automatically set by simply tightening locknut 5. This is a 
much more accurate and easier task than requiring the use of a special 
machine and a collapsible spacer to set the preload as is required for 
tapered roller bearings. 

 
• Ball bearings operate with less friction than tapered roller bearings and 

with less chance of losing preload. Ball bearings rotate with nearly 
perfect rolling as compared to tapered roller bearings which have 
sliding friction occurring at the roller/inner ring interface. Also, gear 
debris and lubricant breakdown cause excessive wear at this interface 
resulting in loss of preload. 

 
• The angular contact ball bearing design has three of the four ball 

pathway diameters ground directly in the hub and on gearshaft saving 
significant machining and assembly time when compared to the tapered 
roller bearing design where all inner and outer rings are separately 
manufactured and assembled. One ball bearing inner ring is separable 
on each bearing so that a full complement of oversized balls can be 
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assembled into each ball row greatly increasing the capacity of the 
design and its ability to support heavy gear loads. 

 
• The angular contact ball bearings are designed with a larger diameter 

and with less separation between the two rows than the tapered roller 
bearings offering design compactness and more support for the gear 
because of a stronger housing and shaft. 

 
• The ball bearing design is lubricated with grease and sealed against the 

entrance of gearbox lubricant which can become contaminated with 
hard particle debris. Tapered roller bearings do not operate as 
efficiently with grease lubrication as do ball bearings because of the 
inability of the lubricant to satisfactorily penetrate the roller/inner ring 
interface.  
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Prior Art 
 
Listed below are copies of the first page of four inventions that were 
investigated as “prior art” in support of the subject patent application: 
 
1) Figure 6, U.S. Patent 4,248,487: This patent shows a compromised version 
of the means of supporting a gearshaft by using one tapered roller bearing row 
and one angular contact ball bearing row. This combination of bearings 
supporting a gearshaft is not commonly used and is shown for informational 
purposes only. 
 
2) Figure 7, U.S. Patent 3,594,051: Although this patent is concerned with the 
method of retaining angular contact ball bearings with a special spindle nut 
36, it does show that supporting a spindle (shaft) with angular contact ball 
bearings is not new; however, the spindle supports an overhung wheel, not an 
overhung gear, which makes this patent unlike the one being requested. The 
patent being requested may still be allowed based on the difference in 
applications; however, it does present a weaker argument than if the idea was 
to be novel to all applications.  
 
3) Figure 8, U.S. Patent 3,792,625: This patent is concerned with the method 
used in preloading two angular contact ball bearings. The bearings support an 
overhung gearshaft similar to the one in the subject application, which greatly 
weakens the main claim of the patent being sought after. The method of 
setting the preload differs in that a push on the flanged member is used 
instead of a threaded spindle nut. 
 
4) Figure 9, U.S. Patent 2,174,262: This patent dates back to 1939 and again 
has angular contact ball bearings 54 and 55 supporting a gearshaft. Ball 
pathways ground directly on adjoining parts 49 and 50 and bearings are 
retained with spindle nut 56 similar to the method used in the subject patent 
application.  
 
The three “prior art” inventions show that supporting gearshafts with angular 
contact ball bearings, having ground-on pathways and nut preloads, have been 
in existence for many years and are not patentable. The other claims made for 
the ball bearing design, such as design compactness and grease lubrication, 
are considered to be good accompanying features but are not novel; and 
therefore, are not patentable items. Based on all the above, the subject patent 
application was denied. 
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Figure 6 
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Figure 7 
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Figure 8 
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Figure 9 
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