USOORE39695E

(19) United States

a2 Reissued Patent
Ungchusri et al.

(10) Patent Number: US RE39.,6935 E
45) Date of Reissued Patent: Jun. 19, 2007

(54) SWIVEL JOINT WITH STEPPED BEARING 2499837 A * 3/1950 Sheets et al. ............... 384/512

RACES 3,142,498 A % 7/1964 PIESS voverererereerrenn, 285/276 X

_ 3372715 A * 3/1968 Ashton ................... 285/134 X

(75)  Inventors: Tep Ungchusri, The Woodlands, TX 3,971,604 A % 7/1976 Kapaan ................ 384/513

(US); Sergio A. Castillo, Spring, TX 4,418,947 A * 12/1983 Talafuse ....ooovvvueenr.... 285/168

(US) 4,501,511 A * 2/1985 Albert, Jr. cevvvvvreeenninn.... 403/24
: _ : 4,930,791 A 6/1990 Ungchusr et al.

(73)  Assignee: E}gj lechnologies, Inc., Houston, 1X 5,118,205 A * 6/1992 Hoffmann .............. 384/512 X
5,149,148 A 9/1992 Taeuber, Jr. et al.

_ 5,160,229 A * 11/1992 Yoshino ......ccecevevvennn.. 408/59

(21)  Appl. No.: 10/387,023 5,176,457 A * 1/1993 Hofmann et al. ....... 384/512 X

AP 226, andy, Jr. ...l
(22) Filed: Mar. 11, 2003 5,226,737 A * 7/1993 Sandy, J 384/512
6,164,707 A * 12/2000 Ungchusn et al. .......... 285/276
. Related U.S. Patent Documents FORFEIGN PATENT DOCUMENTS

Reissue of:

(64) Patent No.: 6,371,527 DE 1907428 071970 . 285/276
Tssued: Apr. 16, 2002 DE 35032215 #O8/1986 i 384/512
Appl. No: 09/703,575 on 984+ 1899 sas1
Filed Nov. 1, 2000

' " GB 174917 31922 0 i 384/512

U.S. Applications: GB 2643458 *12/1926 ... 384/512

(63) Continuation of application No. 08/742,520, filed on Now. 1, GB 983980 271965 384/512
1996, now Pat. No. 6,164,707, which is a continuation of SE 127402 271950 Ll 384/512
application No. 08/260,160, filed on Jun. 15, 1994, now WO WO 93/172251 *9/1993
abandoned. _ _

* cited by examiner
(51) Int. Cl 4
nt. CI.
F16L 27/04 (2006.01) Primary Examiner—David Bochna
(74) Attorney, Agent, or Firm—Willlams, Morgan &
(52) US.CL oo, 285/276; 285/98; 384/512  Amerson, P.C.
(58) Field of Classification Search ................. 285/276, (57) ABSTRACT

285/121.2,121.3,121.4,121.5,121.6, 98,
285/272, 134, 136, 145.1;,384/504, 512,
384/513, 316
See application file for complete search history.

A swivel joint comprises a tubular male member having at
least first and second outer annular grooves formed on an
outer surface, a tubular female member having at least first
and second inner annular grooves formed on an inner

(56) References Cited recess, and a plurality of balls disposed in at least first and
| second annular races which arve formed by the alignment of
U.S. PATENT DOCUMENTS the first and second outer grooves with the first and second
5 . inner grooves when a first end of the male member is
jéé’jgg i x ?jiggg giﬁzig: """"""""""" ggjﬁjgg received within the vecess of the female member. In addition,
633798 A * 0/1R00 Carley oo 324/5 12 the radius of the first race is greater than the radius of an
738,503 A * 9/1903 WAfers ................ 285276 X  adjacent race closer to the first end of the male member, and
090,946 A * 5/1911 Badger w.oovvovovrovvo. 384/513  the number of balls in the first race is just one more than the
1,325,113 A * 12/1919 RORN vveveeveeeeereeerenn. 384/512  humber of balls in the adjacent race closer to the first end.
1,452,603 A * 4/1923 Himes ......cccooevvnennnn.. 384/513
2,412,287 A * 12/1946 Phillips ....cccovvveeinnin. 285/138 22 Claims, 3 Drawing Sheets
10
152 150) IS 4
i ~ 154
' 130
1~ & T ’V"‘y e
SRR 22
# balls |
per race 124 (44 146
126~. 138 [134

[l




U.S. Patent Jun. 19, 2007 Sheet 1 of 3 US RE39,695 E

LEAK

o  DETECTION BALL PORT
FEMALE

\ PORT
AR ot

) <<

/RIS
26~ ' 23 | I HUB
™
2 NN\

7 O Qv‘)’ oo
ORI
COMSP!?EESED SEgé)A\IEARY 24 >t Pl{’:l(l)g .A;!(T

152 150 14 50 0
e~ X/ 2 == 150
SRl
\\A\\\b A7 N
’

 # balls 124
per race 144

:
122 1




U.S. Patent Jun. 19, 2007 Sheet 2 of 3 US RE39,695 E

210

\ 214 012
NP Y
FIG. 3b W{%“i///t

:_:_::'.l

7\
#balls 124 €36
per race 582
200
L
7 B
2
FIG. 3a 56

PRIOR m\‘\‘w‘ ‘A
= | SR R

212 520 513 52

olq

\

\

Na\Vs
7 ), do VNI @qn
WIL&\\\*'\S 519
of
33

i
S =BT

o



U.S. Patent Jun. 19, 2007 Sheet 3 of 3 US RE39,695 E

114

/110
- 2% 220, @) N T

124



US RE39,695 E

1

SWIVEL JOINT WITH STEPPED BEARING
RACES

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

This application 1s a continuation of U.S. patent applica-
tion Ser. No. 08/742,520 filed on Nov. 1, 1996, now U.S. Pat.
No. 6,164,707, which 1s a continuation of U.S. patent
application Ser. No. 08/260,160 filed on Jun. 15, 1994, now
abandoned, both of which applications are hereby incorpo-
rated herein by reference.

BACKGROUND OF THE INVENTION

The present invention relates to a swivel joint and, more
particularly, to a swivel joint having stepped bearing races.

Swivel joints are used 1 connect tluid pipes 1n oilfields
and 1n other applications. Swivel joints are generally com-
prised of interfitting male and female members rotatably
connected by a bearing assembly. Typically, inner and outer
grooves are mcorporated in the male and female members to
form a bearing race, and a plurality of ball bearings are
housed within the race. Higher demand for compatibility
with increased service pressure, wider operating temperature
range, and a greater variety of corrosive chemicals has
resulted 1in swivel joint designs with multiple bearing races
rather than one bearing race. Even with multiple bearing
races high pressures can sometimes cause deformation or
brinelling of the bearing races. Such brinelling relaxes the
compression ol the seal between the male and female
members and causes the seal to leak, preventing the swivel
joint from swiveling smoothly under pressure and reducing,
the bearing race life significantly. In addition, errosive wear
in the male member under the bearing race can quickly
reduce the integrity of the swivel joint.

SUMMARY OF THE INVENTION

The present mnvention provides a swivel joint having two
or more bearing races situated i a stepped relationship
wherein each bearing race 1s positioned coaxially with
respect to and has an incrementally greater radius than the
next adjacent bearing race closer to the end of the male
member which engages the female member. The radius of
cach bearing race 1s preferably determined as a function of
the radius of the ball bearings and the cross sectional areas
of the male and female members at the bearing race. In a
preferred embodiment of the mvention, the radius of each
race 1s determined such that the number of balls in each race
1s one more than the number of balls in the adjacent race
closer the end of the male member which engages the female
member.

The present imnvention improves sealing under extreme
conditions and specifically eliminates bearing race brinel-
ling at pressures much greater than 1s attained with conven-
tional or known swivel joints with minimal increase in
weight and cost. This stepped configuration more equally
distributes hydrostatic end loading to each bearing race
section, enabling maximum total end loading while mini-
mizing load concentration on a particular bearing race. In
addition, the stepped configuration permits the male member
to have a relatively larger cross section under the bearing
race without increasing the overall diameter of the swivel
joint, which enables the male member to withstand a rela-
tively greater amount erosive wear and thereby improves the
overall integrity of the swivel joint.
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2
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a partial cross-sectional view of a prior art swivel
joint having three bearing races;

FIG. 2 1s a partial cross-sectional view of a swivel joint of
the present mnvention having three stepped bearing races;

FIG. 3a 1s an enlarged, partial cross-sectional view of the
prior art swivel joint of FIG. 1;

FIG. 3b 1s an enlarged, partial cross-sectional view of
another embodiment of a swivel joint of the present inven-
tion having a straight bore seal;

FIG. 4a 1s an enlarged, cross-sectional view of a ball
bearing race 1n a prior art swivel joint;

FIG. 4b 1s an enlarged, cross-sectional view of a ball
bearing race 1n a swivel joint according to another embodi-
ment of the present invention;

FIG. 5 1s a partial cross-sectional view of another embodi-
ment ol a swivel joint of the present invention; and

FIG. 6 1s a partial cross-sectional view of the swivel joint
of FIG. 2, but having the bore seal depicted 1n FIG. 1.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

FIG. 1 shows a known, prior art swivel joint 10 having a
male connector 12 rotatably received inside of a female
connector 14. A sealed fluid flow passage 16 1s formed
therethrough, 1n communication with fluid conduits or pipes
(not shown) extending from each connector. Each connector
12, 14 has respectively formed thereon a plurality of annular
grooves 18, 20. When the connectors 12 and 14 are inserted
together, the grooves 18 and 20 align with each other
forming annular bearing races 22. A plurality of ball bear-
ings 24 are housed in each race 22 to provide bearing
support and to enable swiveling of the connectors 12, 14
relative to each other. The races 22 and ball bearings 24 are
coaxially positioned around a center axis 26 of the tlow
passage 16. The races 22 all have substantially the same
radius. An annular elastomer compression seal 28 1s posi-
tioned between axial faces of the male connector 12 and the
female connector 14 to prevent fluid flow therebetween. The
compression seal 28 1s pre-stressed.

When flmd under pressure 1s introduced into the flow
passage 16 there results a hydrostatic end load causing the
male and female connectors 12, 14 to be biased axially away
from each other. The ball bearings 24 are then subject to
axial resultant forces which are transmitted through contact
surfaces between the ball bearings 24 and the races 22. The
resultant force to which each bearing race 22 1s subject 1s
distributed 1n relation to the relative position of each race.
For instance, the male member groove 18 closest to the seal
28 1s subject to a first load, the second groove 1s subject to
a second load which 1s cumulative of the first load, and so
on. Thus, with each successive bearing race 22 moving away
from the seal 28, the cumulative load on the male member
groove 18 increases. The female connector 14 1s subject to
analogous loading, with the race closest to the seal bearing
the greatest cumulative load.

In a typical tri-race bearing assembly 10 as shown i FIG.
1, the load distribution for each race 22 beginning with that
closest to the seal 28 1s approximately 47%, 31% and 22%.
It 1s desirable then to distribute the load more equally so as
to reduce the load on the first race without reducing the
overall load bearing capacity of the bearing assembly. The
present 1mvention accomplishes this through the stepped
coniiguration.

The first embodiment of the present invention 1s shown 1n
FIG. 2. A swivel joint 110 has a male connector 112 rotatably
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received inside of a female connector 114. A sealed fluid
flow passage 116 1s formed therethrough, in communication
with fluid conduits or pipes (not shown) extending from
cach connector. Each connector 112, 114 has respectively
formed thereon a plurality of annular grooves 118, 120.
When the connectors 112 and 114 are inserted together, the
grooves 118 and 120 align with each other forming annular
bearing races 122. A plurality of ball bearings 124 are
housed 1n each race 122 to provide bearing support and to
enable swiveling of the connectors 112, 114 relative to each
other. The races 122 and ball bearings 124 are coaxially
positioned around a central axis 126 of the flow passage 116.

The present invention provides for a stepped arrangement
wherein the [radii of the bearing races 122 increase progres-
sively 1in consecutive races 122 1n a direction moving away
from the male connector end which contacts the female
connector 114] radius of each bearing race 122 as measured

from the central axis 126 becomes progressively larger the
farther the bearing race is located from the male connector
end, which is defined hevein as the end of the male connector
112 which engages the female connector 114. This stepped
design more uniformly distributes loading per ball bearing
124 by more uniformly distributing tensile stress across each
hub section at each respective race 122. The number of steps
can vary from two or more and there can be one or more
races per step. The radius of each bearing race, as measured
from the central axis 126, 1s preferably determined as a
function of the cross-sectional areas of the male and female
connectors at the race, the maximum end load which the
swivel jomnt 110 1s designed to accommodate, and the
diameter of the balls 124. The radi1 of the bearing races are
calculated to distribute the end load more evenly among the
bearing races than 1n the prior art swivel joint of FIG. 1. It
1s desirable, though not required, that the ball bearings 124
are of uniform size throughout the assembly 110 and, thus,
cach race 122 will contain a different number of ball
bearings 124.

In the embodiment of the invention wherein the diameter
of all the balls 124 1s the same and each step comprises only
one bearing race 122, the radius of each bearing race 122 1s
preferably determined such that the number of balls 1n each
race 1s one more than the number of balls 1n each adjacent
race closer to the male connector end [which contacts the
female connector 114]. The increase in the radius of each
consecutive bearing race 122 necessary to accommodate one
additional ball 124 has been found to be suflicient to
distribute the hydrostatic end load more evenly over the

bearing races. As 1s known 1n the art, the number of balls of

a given diameter which can be accommodated in a bearing
race depends on the circumierence of the bearing race.
Conversely, given a desired number of balls of a certain
diameter, the required circumierence of the bearing race can
be determine. Thus, once the radius of the bearing race 122
closest to the male connector end [which contacts the female
connector] has been determined, the radii of the remaining
bearing races can be determined. For example, 1n the exem-
plary 234" swivel joint 110 shown 1n FIG. 2, the balls 124 are
each 3" in diameter and the [first] bearing race 122 closest
to the male connector end houses 34 balls, the [second] rext
bearing race houses 35 balls and the [third] bearing race
farthest from the male connector end houses 36 balls.

In accordance with the present invention, thervefore, the
radius of the bearing race 122 which is located farthest from

the male connector end is larger than the rvadius of the

bearing race which is located closest to the male connector
end. In the embodiment of the invention shown in FIG. 2, for
example, the radius of the first bearing vace 122, which is
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located farthest from the male connector end, is lavger than
the radius of the third bearing race, which is located closest
to the male connector end, by an amount sufficient to enable
the first bearing race to accommodate two movre balls 124
than the third bearing race. Of course, the sizing of the radii
of the first and third bearing races 122 will enable the
second bearing vace to have a rvadius which will allow it to
accommodate one less ball 124 than the first bearing race
and one movre ball than the third bearing race. However, the
second bearing race 122 need not have a different radius
than either the first orv third bearing races; it may, for
example, have the same radius as the third bearing race. In
this event, the radius of the first bearing race 122 is
preferably selected such that the first bearing race can
accommodate at least one and preferably two more balls
than the second and thivd bearing races.

The present invention utilizes a straight bore seal 128 of
the type disclosed mn U.S. Pat. No. 4,930,791 made of
non-metallic compositions such as “TEFLON” having dii-
ferent properties than conventional elastomer compression
seals such as the seal 28 of FIG. 1. Conventional elastomer
seal materials have imnherent limitations with respect to fluid
compatibility, temperature range, and rupture. The axial
ends of the male and female connectors 112, 114 have
recessed sections 130 and 132, respectively, which form one
recessed groove 134 when the connectors 112, 114 are fitted
together as shown 1n FIG. 2. The straight bore seal 128 1s
received therein such that the mner circumierential surface
138 of the seal 128 is flush with the inner surface of the tlow
passage 116. The recessed sections 130 and 132 have axial
end portions 140 and 142 facing toward each other which
receive the axial ends of the straight bore seal 128. The end
portions 140 and 142 are engaged by axial ends 144 and 146
of the straight bore seal 128. The outer circumierential
surface 148 forms a seal with the mnner circumstantial
surface of the groove 134. Because the geometry and
material of the straight bore seal 128 allows a substantially
smaller cross-sectional area than a comparable capacity
conventional elastomer seal 28, hydrostatic end loading and,
thus, contact force between each ball bearing 124 and race
122 are reduced significantly, resulting in less brinelling of
the race 122. The assembly 110 embodied i FIG. 2 further
includes a ball bearing port 150 and secondary elastomer
O-ring or other suitable seals 152. A leak detection port 154
1s also provided.

In order to further illustrate the novelty of the present
invention, FIGS. 3a and 3b show the prior art assembly 10
of FIG. 1 juxtaposed with a second embodiment 210 of the
present invention assembly along centerline 200. Because
the straight bore seal 228 has a lower seal profile than the
conventional seal 28, the sealing radius 256 of the present
invention 1s smaller than the sealing radius 56 of the
conventional seal 28. This results in a smaller area of the
connectors subject to hydrostatic pressure and, thus, a
reduced hydrostatic end load. While the conventional seal 28
1s subject to pre-stress axial compression, the straight bore
seal 228 1s free of axial loading. Thus, axial forces between
the connectors and the seal 228 are generally non-existent,
while the conventional seal 28 contacts the female connector
14 on mner circumierential and axial surfaces and contacts
the male connector 12 on an axial surface.

Referring to FIG. 6, however, the swivel joint 110, which
includes a stepped bearing arrangement in accordance with
the present invention, can comprise a conventional seal 28
to seal between the male and female connectors 112, 114.
The seal 28 has several features which may make 1t more
suitable than the straight bore seal 128 for certain applica-
tions.
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FIG. 4a illustrates a conventional bearing arrangement
subject to hydrostatic loading in which a ball bearing 24 1s
received 1n a race 22 formed by male and female connector
grooves 18, 20. Typical bearing races such as the one
illustrated in FIG. 4a are machined as grooves 18,20 having
a constant radius 321. The groove radius 321 must be greater
than the radius 322 of the ball bearings to the extent that
assembly 1s possible. This results 1n concentrated contact
areas 318,320 when the connectors shift under axial load.
Such load concentrations subject the races to brinelling.

In order to reduce concentration of contact areas as
described above, the present invention provides grooves
having offset radi1 as illustrated 1n FI1G. 4b. As shown 1n FIG.
4b, the female connector groove 420 1s formed with sub-
stantially the same radius as the ball bearing 424 except that
at the apex 422 of the groove 420 there 1s a straight line
portion 425 formed by oflsetting the center point 426 of the
radius of the groove 420 to an oflset center point 428. Thus
the groove 420 does not form, 1n profile, a perfect half circle
due to the straight line portion 425 on the perimeter of the
groove at the apex 422. The male connector groove 418 can
be formed with substantially the same radius as the ball
bearing 424. This design provides enough clearance to
facilitate assembly while maximizing the contact areas
between the ball bearing 424 and the respective grooves
418,420, thereby minimizing brinelling. Either connector
groove for an individual race can have the offset radius
teature, or both grooves can have a reduced oflset distance.

FIG. 5 illustrates a third embodiment of the mmvention
utilizing the stepped configuration illustrated 1n the embodi-
ment of FIG. 2, having connectors 512,514 that are placed
end to end and joined by a collar 513 which fits around the
connectors 512,514. Each connector 512,514 has a plurality
of stepped grooves 518,519 corresponding to a plurality of
stepped grooves 520,521 1n the collar 513. A single straight
bore seal 538 i1s utilized. The embodiment herein operates
essentially the same way and utilizes essentially the same

features as the first embodiment described in FIG. 2.

Although the best mode contemplated for carrying out the
invention has been herein shown and described, 1t 1s under-
stood that modifications and variations may be made without
departing from what 1s regarded as the subject matter of the
invention.

What 1s claimed 1s:

1. A swivel joint comprising:

a central axis;

a tubular male member having an outer annular surface,

a first end and at least first and second outer annular

grooves formed on the outer surface coaxial with the
central axis;

a tubular female member having an inner annular recess,
an annular shoulder formed at an 1nner end of the recess
and at least first and second inner annular grooves
formed on the recess coaxial with the central axis;

wherein the outer surface of the male member 1s adapted
to be received 1 the recess of the female member such
that the first end 1s disposed proximate the shoulder and
cach outer groove 1s aligned with a corresponding inner
groove to thereby define at least first and second
annular races;

a plurality of balls disposed 1n each race to secure said
male and female members together and to facilitate
relative rotation of the male and female members about
the central axis:

wherein the radius of each race as measured from the
central axis i1s greater than the radius of each adjacent
race closer to the first end of the male member; and
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wherein the number of balls 1n each race 1s just one more
than the number of balls 1n each adjacent race closer to
the first end.

2. The swivel joint of claim 1, further comprising means
for sealing between the male and female members.

3. The swivel joint of claim 2, wherein the sealing means
comprises an annular seal disposed between the first end of
the male member and the shoulder of the female member.

4. The swivel joint of claim 3, wherein the annular seal 1s
comprised of an elastomer.

5. The swivel joint of claim 2, wherein the sealing means
comprises a straight bore seal which 1s disposed 1n a seal
pocket formed in adjacent portions of the male and female
members.

6. The swivel joint of claim 1:

wherein the cross section of at least each outer groove or
cach 1nner groove comprises first and second acurate
segments each having a distinct centerpoint and sub-
stantially the same radius;

wherein the centerpoint of the first segment 1s oflset from
the centerpoint of the second segment 1 a direction
parallel to the central axis; and

wherein the radius of the first and second segments is
substantially the same as the radius of the balls.

7. A swivel joint comprising:

a central axis;

a tubular male member having an outer annular surface,
a first end and at least first and second outer annular
grooves formed on the outer surface coaxial with the
central axis;

a tubular female member having an 1inner annular recess,
an annular shoulder formed at an inner end of the recess
and at least first and second inner annular grooves
formed on the recess coaxial with the central axis;

wherein the outer surface of the male member 1s adapted
to be received 1n the recess of the female member such
that the first end 1s disposed proximate the shoulder and
cach outer groove 1s aligned with a corresponding inner
groove to thereby define at least first and second
annular races;

a plurality of balls disposed 1n each race to secure said
male and female members together and to facilitate
relative rotation of the male and female members about
the central axis;

wherein the radius of each race as measured from the
central axis 1s greater than the radius of each adjacent
race closer to the first end of the male member by an
amount suflicient to enable each race to accommodate
just one more ball than 1s disposed 1n the adjacent race.

8. The swivel joint of claim 7, further comprising means
for sealing between the male and female members.

9. The swivel joint of claim 8, wherein the sealing means
comprises an annular seal disposed between the first end of
the male member and the shoulder of the female member.

10. The swivel joint of claim 9, wherein the annular seal
1s comprised of an elastomer.

11. The swivel joint of claim 8, wherein the sealing means
comprises a straight bore seal which 1s disposed 1n a seal
pocket formed 1n adjacent portions of the male and female
members.

12. The swivel joint of claim 7:

wherein the cross section of at least each outer groove or
cach mner groove comprises lirst and second accurate
segments each having a distinct centerpoint and sub-
stantially the same radius;
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wherein the centerpoint of the first segment 1s offset from
the centerpoint of the second segment 1n a direction
parallel to the central axis; and

wherein the radius of the first and second segments 1s
substantially the same as the radius of the balls.

13. A swivel joint comprising:

a central axis:

a pair ol tubular members each having a first end and a
plurality of outer annular grooves formed coaxial with
the central axis:

a collar member comprising a pair of mner cylindrical
recesses each having a plurality of inner annular
grooves formed coaxial with the central axis;

wherein each tubular member 1s adapted to be received 1n
a corresponding recess of the collar member such that
the first ends are proximate one another and each outer
groove 1s aligned with a corresponding inner groove to
thereby define a plurality of annular races;

a plurality of balls disposed 1n each race to secure said
tubular members 1n said collar and to facilitate relative
rotation of the tubular members about the central axis;

wherein the radius of each race as measured from the
central axis i1s greater than the radius of each adjacent
race closer to the first ends of the tubular members; and

wherein the number of balls in each race 1s just one more
than the number of balls 1n each adjacent race closer to
the first ends of the tubular members.

14. The swivel joint of claam 13, further comprising
means for sealing between each tubular member and the
collar member.

15. The swivel joint of claim 14, wherein the sealing
means comprises an annular seal disposed between the first
ends of the tubular members.

16. The swivel joint of claim 15, wherein the annular seal
1s comprised of an elastomer.

17. The swivel joint of claim 14, wherein the sealing
means comprises a straight bore seal which 1s disposed in a
seal pocket formed 1n adjacent portions of the first ends of
the tubular members.

18. The swivel joint of claim 13:

wherein the cross section of at lest each outer groove or
cach 1nner groove comprises first and second arcuate
segments each having a distinct centerpoint and sub-
stantially the same radius;

wherein the centerpoint of the first segment 1s oflset from
the centerpoint of the second segment 1 a direction
parallel to the central axis; and

wherein the radius of the first and second segments 1s
substantially the same as the radius of the balls.
19. A swivel joint comprising:

a central axis;

a tubular male member having an outer annular surface,
a first end and at least first and second outer annular
grooves formed on the outer surface coaxial with the
central axis;

a tubular female member having an inner annular rvecess
and at least first and second inner annular grooves
formed on the recess coaxial with the central axis;

wherein the first end of the male member is adapted to be
received in the recess of the female member such that
each outer groove is aligned with a corresponding
inner groove to theveby define at least first and second
annular races;

a plurality of balls disposed in the first and second races
to secure the male and female members together and to
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facilitate relative votation of the male and female
members about the central axis;

wherein the radius of the first race as measured from the
central axis is greater than the radius of an adjacent
race closer to the first end of the male member; and

wherein the number of balls in the first race is just one
movre than the number of balls in the adjacent race
closer to the first end of the male member.

20. A swivel joint comprising:
a central axis;

a tubular male member having an outer annular surface,
a first end and at least first, second and third outer

annular grooves formed on the outer surface coaxial
with the central axis;

a tubular female member having an inner annular recess
and at least first, second and thivd inner annular
grooves formed on the rvecess coaxial with the central
axis;

wherein the first end of the male member is adapted to be
received in the recess of the female member such that
each outer groove is aligned with a corresponding
inner groove to thereby define at least first, second and
third annular races;

wherein the first vace is located farther from the first end
of the male member than either the second or thivd
races, the thivd race is located closer to the first end
than either the first ov second rvaces, and the second
race is located between the first and thivd races;

a plurality of balls disposed in the first, second and third
races to secure the male and female members together
and to facilitate relative votation of the male and female
members about the central axis;

wherein the radius of the first vace as measured from the
central axis is greater than the radius of third vace; and

wherein the number of balls in the first race is just two
movre than the number of balls in the thivd race.

21. A swivel joint comprising:

a central axis;

a tubular male member having an outer annular surface,
a first end and at least first and second outer annular
grooves formed on the outer surface coaxial with the
central axis;

a tubular female member having an inner annular recess
and at least first and second inner annular grooves
formed on the recess coaxial with the central axis;

wherein the first end of the male member is adapted to be
received in the recess of the female member such that
each outer groove is aligned with a corresponding
inner groove to theveby define at least first and second
annular races;

a plurality of balls disposed in the first and second races
to secure the male and female members together and to
facilitate relative votation of the male and female
members about the central axis;

wherein the radius of the first race as measured from the
central axis is greater than the radius of an adjacent
race closer to the first end of the male member by an
amount sufficient to enable the first vace to accommo-
date just one more ball than the adjacent race.

22. A swivel joint comprising:

a central axis;

a tubular male member having an outer annular surface,
a first end and at least first, second and third outer
annular grooves formed on the outer surface coaxial
with the central axis;
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a tubular female member having an inner annular vecess
and at least first, second and third inner annular
grooves formed on the recess coaxial with the central
axis;

wherein the first end of the male member is adapted to be
received in the recess of the female member such that
each outer groove is aligned with a corresponding

inner groove to thereby define at least first, second and
third annular races;

whevrein the first vace is located farther from the first end
of the male member than either the second ovr third
races, the third race is located closer to the first end

10
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than either the first or second races, and the second
race is located between the first and thivd races;

a plurality of balls disposed in the first, second and third
races to secure the male and female members together
and to facilitate rvelative rotation of the male and female
members about the central axis;

wherein the radius of the first vace as measured from the
central axis is greater than the vadius of the thivd race
by an amount sufficient to enable the first vace to
accommodate just two move balls than the third race.
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