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[57] ABSTRACT 
A bearing for a ball-shaped gimbal ring of a gimbal 
system has opposing arcuate tracks mounted individu 
ally to a gimbal ring and a base of the system. In a ?rst 
embodiment, a ring track is segmentally opposed by a 
base track. Balls are disposed within the ring track and 
are kept there by a cage and retainer. A second embodi 
ment includes a gimbal ring track that is fully opposed 
by the base track. Caged balls partially fill these tracks 
so that the balls are constantly opposed by the tracks in 
spite of differences in track and ball speeds. 

13 Claims, 4 Drawing Sheets 

A statutory invention registration is not a patent. It has 
the defensive attributes of a patent but does not have the 
enforceable attributes of a patent. No article or advertise 
ment or the like may use the term patent, or any term 
suggestive of a patent, when referring to a statutory in 
vention registration. For more speci?c information on the 
rights associated with a statutory invention registration 
see 35 U.S.C. 157. 



US. Patent Nov. 1, 1988 Sheet 1 of4 H539 



US. Patent Nov. 1,1988 Sheet 2 0f 4 H539 

FIG‘. 2 



US. Patent N0v.1, 1988 Sheet 3 of4 H539 



US. Patent Nov. 1, 1988 Sheet 4 of4 H539 

/02 A» ‘ 



H539 
1 

ARCUATE ROLLING BEARING 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The invention pertains generally to gimbal systems of 

the type used to support antenna units. More particu 
larly, the invention relates to a bearing used to support 
the gimbal rings of such systems. 

2. Description of the Prior Art 
In many applications, it is important that a platform 

maintain a precise orientation irrespective of the move~ 
ments of the platform’s support. Traditionally, this has 
been accomplished by mounting the platform within a 
concentric arrangement of inner and outer gimbal rings. 
Typical gimbal systems of this sort include a mounting 
base, an outer gimbal ring rotatably attached to the 
mounting base, and an inner gimbal ring rotatably at 
tached to the outer ring for rotation about an axis that is 
perpendicular to the rotational axis of the outer ring. 
This structure allows a platform attached to the inner 
ring to stabilize, or maintain its line of sight, even 
though the support of the platform is unsteady. The 
limits of this line of sight de?ne a “look angle”, deter 
mined by the shape of the outer gimbal ring. The shape 
of the outer ring is, among other things, dictated by the 
bearing used to attach it to the mounting base. This 
bearing must not only allow the inner gimbal ring and 
platform to be able to swing through a large look angle, 
but, in the case in which sensitive electronics are in 
volved, must also provide an extremely steady, low 
vibration coupling to the outer ring base. 
There are numerous prior art bearing designs for 

maintaining precision gimbal ring alignment and move 
ment. They all, however, have certain de?ciencies. 
Current methods of aligning the outer gimbal ring in 
volve the use of bearing races which are a part of the 
outer edges of the gimbal ring itself. A common scheme 
is to allow the outer ring to ride upon several relatively 
large rollers. The effect of this design is a concentration 
of vibrational and other loadings over a small segment 
of the ring. Another prior art method is to fashion a 
recirculating bearing path in the platform base. The 
path is positioned to allow circulating balls to contact 
bearing races on the outer edges of the gimbal ring. 
Dimensional limitations require the balls to negotiate 
tight corners, lessening the smoothness of the gimbal 
ring movement. 

SUMMARY OF THE INVENTION 

The invention provides a bearing for rotatably sup 
porting a gimbal ring of a gimbal system. The bearing 
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permits the gimbal ring to rotate about an axis; therefore . 
as used herein, “axially” means in a direction along an 
axis about which such a gimbal ring rotates or pivots in 
relation to a base for the ring. Though the bearing is 
used in pairs, only a single bearing will be discussed and 
the reader may assume that what applies to one bearing 
applies equally to the other. 
A ?rst embodiment includes a ?rst circularly arcuate 

race mounted to an axially facing edge of a generally 
bail-shaped gimbal ring. This ?rst race de?nes a ?rst 
axially facing bearing track. A plurality of balls are 
disposed in rolling engagement with the ?rst track of. 
this ?rst race. A cage is used to hold and separate the 
balls without obstructing their contact with the ?rst 
track. Guide members are mounted to opposite sides of 
this cage. Coaxially mounted to the ?rst race are shoul 
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2 
ders de?ning opposing, radially extending grooves. The 
guide members slideably engage these grooves to keep 
the cage substantially adjacent to the ?rst race and the 
balls in substantially constant contact with the ?rst 
track. A second circularly arcuate race is attached to a 
base of the gimbal system. The second race de?nes a 
second axially facing bearing track of the same radius as 
the ?rst track. This second track is positioned in oppos 
ing relationship to the ?rst track, however the second 
track opposes only a portion or segment of the ?rst 
track. A number of balls are disposed in rolling engage 
ment between the opposing ?rst and second tracks, 
while other unopposed balls continue within the ?rst 
track beyond the ends of the second track. The unop 
posed balls are kept in the ?rst track by the cage mem 
ber and grooved shoulder structures previously men 
tioned and serve to provide a continuous rolling surface 
between the gimbal ring and the base as the gimbal ring 
rotates with respect to the base. 
A second embodiment also includes a ?rst circularly 

arcuate race. The ?rst race is attached to an axially 
facing edge of a generally bail-shaped gimbal ring. The 
?rst race de?nes a ?rst axially facing bearing track. A 
plurality of balls are disposed in rolling engagement 
with this ?rst track. These balls are held and separated 
by a ball cage. A second circularly arcuate race de?ning 
a second axially facing bearing track is attached to a 
base of the gimbal system. This second track has the 
same radius as the ?rst track, and is positioned in oppos 
ing relationship to the ?rst track so that the balls are 
rollably engaged and the cage is slideably engaged be 
tween the two tracks. The ?rst and second tracks ex 
tend beyond the ball cage so that, as the gimbal ring is 
rotated with respect to the (base, any advancing balls are 
retained within the races and the need for cage keeper 
structure is avoided. 
Each of these embodiments allow rotational and 

other loads to be distributed over relatively large bear 
ing interfaces, thus making smooth and precise gimbal 
ring movement possible. - 

OBJECTS OF THE INVENTION 

A primary object of this invention is to provide a 
bearing suitable for gimbal ring mounting applications. 
Another object of the invention is to provide a gimbal 

ring bearing that permits large look angles for a gim 
balled platform effectively attached thereto. 
Yet another object of the invention is to provide a 

gimbal ring bearing that can maintain smooth and pre@ 
cise operation while experiencing high loads and intense 
vibration. 
These and other objects will become apparent when 

the following speci?cation, drawings and claims are’ 
construed together. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an isometric view of a representative gim 
balled platform including a ?rst embodiment of the 
invention. 
FIG. 2 is a cross-section of bearing interfaces of the 

embodiment shown in FIG. 1. 
FIG. 3 is a perspective view of a portion of the cage 

used in the embodiment shown in FIGS. 1 and 2. 
FIG. 4 is an isometric view of a gimbal ring and base 

cut away to show a second embodiment of the inven 
tion. 
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FIG. 5 is a cross-section of bearing interfaces of the 
embodiment shown in FIG. 4. 
FIG. 6 is perspective view of a portion of the cage 

used in the embodiment shown in FIGS. 4 and 5. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

First Embodiment 

FIG. 1 is a view of a representative gimbal system 10 
having an arcuate rolling bearing 11 which is a ?rst 
embodiment of the subject invention. System 10, typi 
cally, has an antenna 12 attached to a platform 14. Plat 
form 14 is in turn attached to an inner gimbal ring 16. 
Inner ring 16 is mounted for rotation within an outer 
bail-shaped gimbal ring 18 by a pair of bearings 20 each 
of which rotationally receives an extension 21 of ring 
16, only one of these bearings and the corresponding 
extension being shown in FIG. 1. Outer ring 18 rotates 
about an axis 19, which is de?ned by arcuate bearing 11, 
and has an edge 22 facing axially thereof. Bearing 11 has 
a ?rst circularly arcuate race 24 that is ?xedly mounted 
to edge 22 by adhesive bonding or any other suitable 
attachment means. First race 24 has a ?rst axially facing 
bearing track 26. Disposed in rolling engagement with 
?rst track 26 is a plurality of rolling elements, such as 
balls 28, conventional in the bearing art. Balls 28 are 
held and separated by an arcuate cage 30, and are kept 
in substantially constant contact with ?rst track 26 by 
structure to be discussed in greater detail. A second 
circularly arcuate race 32 is ?xedly mounted to a base 
34 by any suitable attachment means such as adhesive 
bonding. Races 24 and 32 are made of any suitable mate 
rial. Second race 32 has a second axially facing bearing 
track 36, best shown in FIG. 2, of the same radius as 
?rst track 26. Second track 36 segmentally opposes ?rst 
track 26, “segmentally” as so used herein meaning that 
second track 36 opposes only a portion or segment of 
?rst track 26. A number of the balls 28 are rollingly 
engaged between ?rst track 26 and second track 36. The 
remainder of balls 28 continue within the ?rst track 26 
beyond the second track 36. These remainder balls pro 
vide a continued rolling surface for rotation of the gim 
bal ring with respect to the base, and are retained in the 
?rst track by structure to be hereafter discussed. 
FIG. 2 is a cross-section of bearing interfaces of the 

inventive embodiment shown in FIG. 1. One of the balls 
28 is shown disposed between ?rst race 24 and second 
race 32 in rolling engagement with ?rst track 26 and 
with second track 36. First track 26 and second track 36 
are of a well-known Gothic arch shape to provide a 
four-point contact surface; however, a variety of track 
con?gurations may be used as is well understood in the 
bearing art. Bearing 11 has an inner shoulder 38 and an 
outer shoulder 40 which are mounted to ?rst race 24 
and are coaxial therewith in relation to axis 19 which is 
shown in FIG. 1. Shoulders 38 and 40 and race 24 may 
be unitarily constructed or, as is shown, the shoulders 
may be made independently of the race and then be 
attached thereto. Inner shoulder 38 is positioned at a 
lesser radius measured from axis 19 than the radius at 
which outer shoulder 40 is positioned. With respect to 
axis 19, inner shoulder 38 has a radially outer surface 42, 
and outer shoulder 40 has a radially inner surface 44 
facing outer surface 42 and coaxial thereto. Outer sur 
face 42 has a radially inwardly extending inner groove 
46, and in like but opposite manner, inner surface 44 has 
a radially outwardly extending outer groove 48. 
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4 
Referring to FIGS. 2 and 3, it can be seen that cage 30 

is con?gured so as to separate and hold balls 28 while 
permitting them to rollingly engage tracks 26 and 36. 
Cage 30 is swaged, as indicated by numeral 49 in FIG. 
3, or is machined to hold balls 28 tightly enough to keep 
the balls from falling out of the cage but loosely enough to 
permit them to rotate freely within the cage. Cage 30 is 
typically made of a soft metal; however, those skilled in 
the art will realize that a cage of non-metallic material, 
such as oil-impregnated “Micarta”, may also be used. 
As is shown in FIGS. 2 and 3, a ?rst radially extending 
guide member 50 is ?xedly mounted to cage 30. A sec 
ond radially extending guide member 52 is also ?xedly 
mounted to cage 30 and is positioned opposite thereof 
from ?rst member 50. The guide members and the cage 
may be unitarily constructed, or the members may be 
manufactured separately of the cage and then attached 
thereto. As is shown in FIG. 2, first member 50 extends 
into inner groove 46 for slideable engagement there 
with. Similarly, second member 52 extends into outer 
groove 48 for slideable engagement therewith. 

Referring again to FIGS. 1 and 2, operation of the 
invention is such that, as gimbal ring 18 rotates with 
respect to base 34, a continued rolling surface is main 

- tained between ?rst track 26 of ?rst race 24, and second 
track 36 of race 32. Those of balls 28 that are initially 
unopposed by the second track 36 may become roll 
ingly engaged between tracks 36 and 26 as gimbal ring 
18 rotates. Any difference between track and balls 
speeds is thus compensated for. As ring 18 rotates, those 
of balls 28 that become unopposed by second track 36 
are retained in ?rst track 26 since cage 30 is con?gured 
to hold balls 28 and guide members 50 and 52, which are 
?xedly mounted to cage 30, slideably engage grooves 
46 and 48, respectively, and keep cage 30 substantially 
adjacent ?rst race 24 and ?rst track 26. 

Second Embodiment 

FIG. 4 shows a portion of a gimbal system, of the 
general type shown in FIG. 1, having an arcuate bear 
ing 98 which is a second embodiment of the subject 
invention. The gimbal system includes an outer bail 
shaped gimbal ring 100 rotatably mounted to a base 102. 

Referring to both FIGS. 4 and 5, gimbal ring 100 
rotates about an axis 103, shown in FIG. 4, and has an 
axially facing edge 104. Bearing 98 has a ?rst circularly 
arcuate race 106 that is ?xedly mounted to edge 104 by 
adhesive bonding or any other suitable attachment 
means. First race 106 has a ?rst axially facing bearing 
track 108. Disposed in rolling engagement with ?rst 
track 108 is a plurality of rolling elements, such as balls 
110, conventional in the bearing art. Balls 110 are held 
and separated by an arcuate cage 112 to be described in 
greater detail. A second circularly arcuate race 114 is 
?xedly mounted to second circularly arcuate race 114 is 
?xedly mounted to the base 102 by any suitable attach 
ment means such as adhesive bonding. Races 106 and 
114 are made of any suitable material. As is best shown 
in FIG. 4, second race 114 has a second axially facing 
bearing track 116 of the same radius as ?rst track 108. 
Second track 116 opposes ?rst track 108 so that balls 
110 are rollingly engaged between tracks 108 and 116. 
First track 108 and second track 116 are of a well 
known Gothic arch con?guration to provide a four 
point contact bearing surface, however other track 
con?gurations may be used. Cage 112 is slideably en 
gaged between ?rst race 106 and second race 114, and 
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permits balls 110 to rollingly contact tracks 108 and 116 
as well be described. 

Referring to FIGS. 5 and 6, it can be seen that cage 
112 holds and separates balls 110 while permitting the 
balls to rollingly engage adjacent bearing tracks 108 and 
116. Cage 112 may be swaged, as depicted in FIG. 6, or 
may be machined to hold balls 110 tightly enough to 
keep the balls from falling out of the cage but loosely 
enough to permit them to rotate freely within the cage. ' 
However, cage 112, unlike cage 30 of bearing 11 of the 
?rst embodiment, need not be so con?gured since balls 
110 are kept within cage 112 by the adjacent bearing 
tracks 108 and 116. Cage 112 is, preferably, made of a 
soft metal; however, those skilled in the bearing art will 
realize that a cage of non-metallic material may also be 
used. 

Referring again to FIG. 4, it can be seen that ?rst 
track 108 and second track 116 extend beyond ball cage 
112 so that, as gimbal ring 100 is rotated with respect to 
base 102, balls 110 are retained within the tracks. Differ 
ences in ball and track speeds are thus compensated for 
by these additional lengths of track. 
For both embodiments of the invention, constructing 

the gimbal ring and base of suitable bearing material 
would allow the tracks of the bearing to be out directly 
into these gimbal system components, rather than at 
taching the tracks thereto. Furthermore, it should be 
understood that though the invention has been de 
scribed for use with the outer gimbal ring of a gimbal 
system, the invention may be used with inner gimbal 
rings in which the adjacent outer ring would served as 
a base. 

Obviously, those skilled in the art will realize that 
these and other modi?cations and variations of the in 
vention are possible in light of the above teachings. 
Therefore, it is to be understood that within the scope 
of the following claims the invention may be practiced 
otherwise than as speci?cally described. 
What is claimed is: 
1. A rolling bearing comprising: 
a ?rst circularly arcuate race de?ning a ?rst axially 

facing bearing track; 
a plurality of rolling elements disposed in rollable 
engagement with said ?rst track; 

cage means for holding said rolling elements and for 
separating said rolling elements from each other; 
and 

a second circularly arcuate race de?ning a second 
axially facing bearing track having the same radius 
as said ?rst track and being axially opposed thereto 
so that said second track is rollably engaged with 
said elements. 

2. The bearing of claim 1 in which said cage means is 
slideably engaged between said ?rst race and said sec 
ond race. 

3. The bearing of claim 1 in which said second track 
segmentally opposes said ?rst track so that a number of 
said rolling elements are rollably engaged with said 
second track. 

4. The bearing of claim 3 further comprising means 
for slideably keeping said cage substantially adjacent to 
said ?rst race so that said rolling elements are retained 
in said ?rst track. 

5. A rolling bearing for rotatably supporting a gimbal 
ring of a gimbal system upon a base of said system, said 
gimbal ring being rotatable about an axis and having an 
axially facing edge, the bearing comprising: 
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6 
a ?rst circularly arcuate race mounted to said edge of 

said gimbal ring, said ?rst race de?ning a ?rst axi 
ally facing bearing track; 

a plurality of rolling elements disposed in rollable 
engagement with said ?rst track; 

a cage for holding said rolling elements and for sepa 
rating said rolling elements from each other; and 

a second circularly arcuate race de?ning a second 
axially facing bearing track having the same radius 
as said ?rst track and being axially opposed thereto 
so that said second track is rollably engaged with 
said elements. 

6. The bearing of claim 5 in which said cage is dis 
posed in slideable engagement between said ?rst race 
and said second race. 

7. The bearing of claim 5 in which said second track 
segmentally opposes said ?rst track so that a number of 
said rolling elements are rollably engaged with said 
second track. 

8. The bearing of claim 7 further comprising means 
for slideably keeping said cage substantially adjacent to 
said ?rst race so that said plurality of rolling elements 
are retained in said ?rst track. 

9. The bearing of claim 8 in which said keeping means 
includes: 

an inner shoulder and an outer shoulder which are 
coaxially mounted to said ?rst race, said inner 
shoulder being positioned at a lesser radius mea 
sured from said axis than the radius at which said 
outer shoulder is positioned, said inner shoulder 
de?ning a radially inwardly extending inner 
groove and said outer shoulder de?ning a radially 
outwardly extending outer groove facing said 
inner groove; and 

a ?rst guide member and a second guide member 
which are oppositely mounted to said cage, said 
?rst member extending into said inner groove for 
slideable engagement therewith and said second 
member extending into said outer groove for slide 
able engagement therewith so as to slideably keep 
said cage substantially adjacent said fnst race so 
that said plurality of rolling elements are retained 
in said frst track. 

10. A four-point contact ball bearing for supporting a 
generally bail-shaped gimbal ring of a gimbal system 
upon a base of said system, said gimbal ring being rotat 
able about an axis and having an axially facing edge, 
said bearing comprising: 

a ?rst circularly arcuate race mounted to said axial 
edge of said gimbal ring, said ?rst arcuate race 
defming a ?rst axially facing bearing track; 

a plurality of balls disposed in rollable engagement 
with said ?rst track; 

an arcuate cage for holding said balls and separating 
said balls from each other, said cage having oppo 
site, radially extending ?rst and second guide mem 
bers; ' ' 

means for slideably keeping said cage substantially 
adjacent to said ?rst race so that said plurality of 
balls are retained in said ?rst track, said keeper 
means having: 
an inner shoulder and an outer shoulder which are 

coaxially mounted to said ?rst race, said inner 
shoulder being positioned at a lesser radius mea 
sured from said axis than the radius at which said 
outer shoulder is positioned, said inner shoulder 
de?ning a radially inwardly extending inner 
groove and said outer shoulder de?ning a radi 
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ally outwardly extending outer groove facing 
said inner groove, where 

said ?rst guide member of said cage extends into said 
?rst inner groove for slideable engagement there~ 
with and said second guide member of said cage 
extends into said outer groove for slideable engage 
ment therewith; and 

a second circularly arcuate race mounted to said base 
and de?ning a second axially facing bearing track 
having the same radius as said ?rst track and being 
segmentally opposed thereto so that a number of 
said balls are rollably engaged with said second 
track. 

11., The bearing of claim 1 in which said ?rst track of 
said ?rst circularly arcuate race and said second track of 
said second circularly arcuate race extend beyond said 
cage containing said plurality of rolling elements so that 
said plurality of rolling elements are retained within said 
tracks when said tracks are rotated with respect to each 
other. 

12. The bearing of claim 5 in which said ?rst track of 
said first circularly arcuate race and said second track of 
said second circularly arcuate race extend beyond said 
cage containing said plurality of rolling elements so that 
said plurality of rolling elements are retained within said 
tracks when said tracks are rotated with respect to each 
other. 
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13. A rolling bearing for rotatably supporting an 

outer gimbal ring of a gimbal system upon a base of said 
system, said gimbal ring being partial, stopped rotatable 
about an axis and having an axially facing edge, the 
bearing comprising: 

a ?rst arcuate race having a circular shape and con 
centric with said axis mounted to said edge of said 
gimbal ring, said first race defining a ?rst axially 
facing bearing track; 

a plurality of rolling elements disposed in rolling 
engagement with said ?rst track; 

a cage for holding said rolling elements and for sepa 
rating said rolling elements from each other; and 

a second circularly shaped arcuate race mounted to 
said base of said gimbal system, said second race 
de?ning a second axially facing bearing track hav 
ing the same radius as said ?rst track and being 
axially opposed thereto so that said second track is 
rollably engaged with said rolling elements, said 
?rst track of said ?rst circularly arcuate race and 
said second track of said second circularly arcuate 
race being extended beyond said cage containing 
said plurality of rolling elements so that said plural 
ity of rolling elements are retained within said 
tracks when said tracks are rotated with respect to 
each other. 
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