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TO ALL WHOM IT MAY CONCERN:

BE IT KNOWN that I, Gary Lynn Galle, have invented new and

useful improvements in a

Metal Seal Hydraulic Coupling

of which the follbwing is a specification:
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,1. Field of the Invention This invention relates in general to hydraulic
coupflngs and in particular to a netal-to-netal seal for a hydraulic

coupl i ng. 2. Description of the Prior Art Many“current subsea _
hydraul i c couplings enploy el astoneric seal elements to effect a hydraulic
seal . However, el astomeri BAGRGROUADE CRIIFEEt INVENRBONANd tear in coupling
applications. Because of harsh operating conditions and the susceptibility

of elastomeric seals to wear and tear, hydraulic couplings that
1. Field of the Invention:

2

3 This invention relates in general to hydraulic couplings and

4 in particular to a metal-to-metal seal for a hydraulic co upling.

5

6 2. Description of the Prior Art:

7

8 Many current subsea hydraulic couplings.ehploy elastomeric

9 seal elements to effect a hydraulic seal. However, elastomeric
10 seals are subject to wear and tear in coupling applications.
11 Because of harsh operating conditions and the susceptibility of
12 elastomeric seals to wear and tear, hydraulic couplings that
13 employ elastomeric seals do not have a sufficiently long service
14 life, ’
15 Some existing couplings employ metal-to-metal seals as
16 primary seal elements. However, the metal seal hydraulic
17 couplings built before this invention are complicated and employ
18 very delicate seal elements such as metal o-rings, or metal face
19 seals. Seals of this nature are particularly sensitive to
20 misalignment, connection and disconnection at an angle, and
21 debris. As a result of this sensitivity, relatively small
22 manufacturing tolerances are required, thus substantially
23 increasing cost. Also, when the metal seal elements -of the
24 couplings built before  this invention wear out, the seal
25 integrity is compromised, thereby further reducing the service
26 life of the couplings.
27

28
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enpl oy el astoneric seals do not have a sufficiently long service life.

Sone ‘exi sting couplings enploy netal -to-netal seals as primary seal

el enents. However, the netal seal hydraulic couplings built before this

i nvention are conpllcated an | oy ve&§ delicate seal elenents such as

metlal o-rings, or netal faces§¥£R§Y QF o FHE,ANVENT N ure are particularly

sensitive to msalignnment, connectlon and disconnection at an angle, and

defris. As a sult this se tivuity, relative nufactur
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e couplings.
insensi 1ve to misalignment, connection and disconnection at an

7 angle, and debris.

8 The hydraulic coupling has a male member and a female member
9 for sealing engagement one with the other. The male and female
10 members are maintained in axial engagement by an axial load. The
11 male member and the female member each have an annular body
12 having an axial bore therethrough for the passage of fluid.
13 Metal, concentric inner and outer annular seal legs extend from
14 the body of the female member, defining an annular sealing recess
15 between the seal legs. The seal legs have opposed tapered walls
16 that define female sealing surfaces. An annular metal sealing
17 wedge extends from the body of the male member and has inner and
i8 outer tapered walls that define male sealing surfaces for
19 insertion into the sealing recess for sealingly engaging the
20 female sealing surfaces. The axial load through the male and
21 female members is supported solely though the male and female
22 sealing surfaces so that the axial load results in a wedge-like
23 action between the sealing recess and the sealing wedge. The
24 wedge-like action deflects one of the seal legs thus allowing
25 surface contact between the male and female sealing surfaces.
26 This improved design results in a hydraulic coupling that has a
27 long service life and that is insensitive to misalignment,

28 connection and disconnection at an angle, and debris.
29 The above as well as additional objects, features, and
30 advéntages will become apparent in the following description.
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SUMVARY OF THE | NVENTI ON It is the general object of the invention to
provide a netal-to-netal seal for use in a subsea hydraulic coupling that
results in a coupling that has a long service |ife and that is insensitive
to m salignment, connection and di sconnection at an angle, and debris.

Tht hydraul i ¢ coupl i ng BRIEE, RRIGRIRAERQN @FJTHE ®RAWINASber for seal ing
engagenent one with the other. The nmale and fenmal e nenbers are mai ntai ned

1y 81 a3 IR Pt B P d A ond o 1B TIRY AV N SIS, JETber
4 of this invention. .

5

6 Figure 2 is an enlarged partial sectional view of the metal-to-
7 metal seal of the present invention shown in FIG. 1, but shown
8 in a disconnected position and showing the inner seal leg in
9 various flexed and unflexed positions.

10 _ ! .
11 Figure 3 is an enlarged partial sectional view of the seal of
12 FIG. 1 shown in a connected position. -
i3
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each have an annul ar body having an axial bore therethrough for the passage
of fl'uid. Metal, concentric inner and outer annular seal |egs extend from
t he body of the fermal e nmenber, defining an annul ar sealing recess between
the seal legs. The seal | egs have o osed tapered walls that define fenale

sehling surfaces. AnDPETRH PNgOReFHE INVENEIGY om t he body of

the mal e nenber and has i nner and outer tapered malls .that define nale

i f f t.h I I
cragi ng i ne PR A bt U b acBYaTRTE  SPupBIRE; 1Pods & MY IRAYL i
f ehal e wempdring sof uber teyps olisked tmuglmht-heearabdlartmd egase paaiucigion
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seal i ng Tecess and t Qﬁi action ects one of
t e seakWeeginafis(ngl &H?@’s&?’é’@élﬂﬂnﬁxéﬁ' e dhleid: nal e and

7 Referring now to both FIG. 1 and FIG. 2, coupling 10 has a

8 female member 12 for threaded connection to one of the pipe ends

9 which is to be sealingly coupled. Female member-12 has a body
10 14 and an axial bore 16 therethrough for the Passage of fluid.
11 A metal inner annular seal leg 18 extends from body 14 of female
12 member 12. Also extending from body 14 is metal outer annular
13 seal leg 20 having a rim'22. Outer seal leg 20 is thicker and
14 has more rigidity than inner seal leg 18.

15 Inner seal leg 18 extends concentrically w1thin outer seal
16 leg 20. Inner and outer seal legs 18 and 20 define between them
17 an annular sealing recess 24. Inner and outer seal legs 18 and
18 20 have opposed tapered walls or sealing surfaces 26 and 28.
19 Outward facing opposed tapered wall 26 is located on inner seal
20 leg 18 and inward facing opposed tapered wall 28 is located on
21 outer seal leg 20. The opposed tapered walls 26 and 28 define
22 respectively an inner female sealing surface and an outer female
23 sealing surface. Separating opposed tapered walls 26 and 28 is
24 a downward facing, flat base 34. Outer seal leg 20 also has a
25 seal groove 36 for housing back-up elastomeric seal 38.
26 Referring still to both FIG. 1 and FIG. 2, coupling 10
27 further has a male member 42 for threaded connection to the other
28 of the hydraulic pipe ends which is to be sealingiy coupled.
29 Male member 42 has a body 44 and an axial bore 46 therethrough
30 for the passage of fluid. An-annular metal sealing wedge 48
31 extends from body 44 of male member 42. Sealing wedge 48 has a
32 rim 50. Sealing wedge 48 also has an inner tapered wall 52 and
33 outer tapered wall 54. Inner and outer tapered walls 52 and S4
34 define an inner male sealing surface and an outer male sealing
35 surface, respectively. Male member 42 also has a circumferential
36 protrusion 60 where the outside of sealing wedge 48 and the
37 outside of body 44 meet.
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femal e sealing surfaces. This inproved design results in a hydraulic

coupl’i ng

REPLACEMENT SHEET - 2 - that has a

long service life and that is insensitive to m salignment, connection
Referring now mainly to FIG. 1, a stationary base 64 is

2 shown. Stationary base 64 has an opening 66 for accepting male
3 member 42. Retaining means 68, in conjunction with protrusion
4 60, serves to fixedly couple stationary base 64 to male member
S 42 so that there is no axial movement between stationary base 64
6 and male member 42. Also shown in FIG. 1 is retrievable base 70.
7 Retrieval base 70 has an opening 72 for slidably engaging female
8 member 12. Retaining means 74 and belleville washers 76 allow
9 female member 12 to axially slide within opening 72 of
10 retrievable base 70 while maintaining female member 12 biased
11 towards male member 42.
12 Still referring mainly to FIG. 1, check valve assemblies may
13 be employed with both féhale member 12 and male member 42,
14 Referring first to the check valve assembly on female member 12,
15 check valve body 80 has a conical portion 82 that conforms to
16 valve seat 84 on female member 12. Extending from check valve
17 body 80 is a valve tip 86. One end of a valve spring 88 is in
18 contact with check valve body 80, while the other end of valve
19 spring 88 is in contact with a spring collar 90 which has a flow
20 passage 92 and which is kept in place within female member 12 by
21 the end of the pipe which is threadedly attached to female member
22 12 through threads 94. Valve spring 88 maintains conical portion
23 82 of check valve body 80 biased towards a closed position, that
24 is, against valve seat 84. Check valve body 80 has a vertical
25 passage 96 and a plurality of horizontal passages 98 to allow
26 fluid to flow through the check valve body when the check valve
27 body is in the open position, that is, when conical portion 82
28 is not in sealing engagement with valve seat 84.
29 Referring next to the check valve assembly on male member
30 42, the check valve aséembly on male member 42 is very similar
31 to the check valve assembly on female member 12. Check valve
32 body 100 has a conical portion 102 that conforms to valve seat
33 104 on male member 42, Extending from check valve body 100 is
34 a valve tip 106. One end of a valve spring 108 is in contact
35 with check valve body 100, while the other end of valve spring
36 108 is in contact with a spring collar 110 which has a flow
37 passage 112 and which is kept in place within male member 42 by

/,

6 e



and di sconnection at an angle, and debris. The above as well as

addi ti onal objects, features, and advantages will beconme apparent in the

foll ow ng description. BRI EF DESCRI PTI ON OF THE DRAW NGS FIG 1is a

vertical sectional viewillustrating the coupling of this invention.

FI & 2 ithearenshief gelie ppipeavhieht iigndhrgadedky tattachad- to- pads memblexf
2 42 through' threads 114. Valve spring 108 maintains conical
3 portion 102 of check valve body 100 biased towards a closed
4 position, that is, against valve seat 104. Check valve body 100
5 has a vertical passage 116 and a plurality of horizontal passages
6 118 to allow fluid to flow through the check valve body when the
7 check valve body is in the open position, that is, when conical
8 portion 102 is not in sealing engagement with valve seat 104.

9 In operation, coupling 10 operates as follows. The end of
10 a stationary hydraulic pipe is threadedly attached to male member
11 42 which is in turn fixedly coupled to stationary base 64
12 through retaining means 68. Stationary base 64 is located at the
13 sea bottom. The end 'of a retrievable hydraulic pipe is
14 threadedly attached to the end of female member 12 which is
15 slidably engaged to retrievable base 70 and is biased toward male
16 member 42 by belleville washers 76. Retrievable base 70 is
17 ' lowered from the surface to the sea bottom to where it is in
18 substantial axial alignment and in proximate vicinity of the
19 stationary base. i
20 As retrievable base 70 is brought closer to stationary base
21 64, so is female member 12 brought closer to male member 42.
22  Even if female member 12 and male member 42 are not perfectly
23 aligned, either axially and/or angularly, the shape of sealing
24 recess 24 and sealing wedge 48 and the displacement allowed by
25 belleville washers 76 allow sealing recess 24 and sealing wedge
26 48 to come into sealing engagement despite the axial and/or
27 angular offset. '

28 Referring now mainly to FIG. 2 and FIG. 3, after manufacture
29 but prior to the first connection, taper angle 124 of tapered
30 wall 28 is substantially the same as taper angle 126 of outer
31 tapered wall 5S4 of sealing wedge 48. Also at this time, inner
32 seal leg 18 is in a never-coupled position 128a. When inner seal
33 leg 18 is in never-coupled position 128a, never-coupled taper
34 angle 130a of tapered wall 26 is slightly smaller than taper
35 angle 132 of inner tapered wall 52 of sealing wedge 48. If inner
36 seal leg 18 did not flex, then the contact between tapered wall
37 26 and tapered wall 52 would only be along a line as apposed to
-
i



the present invention shown in FIG 1, but shown in a disconnected position
and showi ng the inner seal leg in various flexed and unflexed positions.
FIG 3 is an enlarged partial sectional view of the seal of FIG 1 shown in

a connected position. DETAI LED DESCRI PTI ON OF THE | NVENTI ON Referring
ta Fl Galbndyalrsatfaceoupling 10 is a hydraulic coupling of the
2 However, after female member 12 and male member 42 come into
3 contact, and as retrievable base 70 is then brought closer to
4 stationary base 64, belleville washers 76 are compressed and
S female member 12 begins to axially slide inside retrievable base
6 70. The compression of belleville washers 76 due to the lowering
7 of retrievable base 70 after female and male members 12 and 42
8 are already in contact results in an axial load being applied to
9 female member 12 in the direction of male member 42. Since the
10 only contact between female member 12 and male ember 42 is along
11 tapered wallé 26, 28, 52, and 54, the entire axial load is
12 supported through tapered walls 26, 28, 52, and 54. This results
i3 in a wedge-like action Bétween sealing wedge 48 and sealing
14 recess 24.
15 During the first connection, as the female and male members
16 12 and 42 are forced together by the axial 'load, inner seal leg
17 18 flexes, both elastically and plastically, inward toward
18 coupled position 128b. When in coupled position 128b, tapered
19 wall 26 is at coupled taper angle 130b, which is éubstantially
20 the same as taper angle 132 of inner tapered wall 52 of sealing
21 wedge 48. When inner seal leg 18 is in coupled position 128b,
22 the contact between tapered wall 26 and tapered wall 52 E?a?%&?zg
23 a surface rather than along a line. As shown in FIG. A7 tapered
24 wall 28 and tapered wall 54, and tapered wall 26 and tapered wall
25 52, are in substantially full surface contact.
26 When male member 42 and female member 12 are connected, a
27 gap 134 remains between rim 50 of sealing wedge 48 and base 34
28 of sealing recess 24. Another gap 136 remains between rim 22 of
29 outer annular seal leg 20 and protrusion 60 of male member 42.
30 Gaps 134 and 136 ensure that the axial load through male member
31 42 and female member 12 is supported completely through tapered
32 walls 26, 28, 52, and 54.
33 Since during the first connection inner seal leg 18 deforms
34 both plastically and elastically, upon disconnection, inner seal
35 leg 18 will not spring back to never-coupled position 128a, but
36 will only spring back to decoupled position 128c. When in
37 decoupled position 128c, tapered wall 26 will be at decoupled
8 This Sheet Has
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type used in sub-sea oil and gas production operations. Coupling 10 serves
to sealingly couple the ends of two pipes (not shown) carrying hydraulic
fluid. Referring now to both FIG 1 and FIG 2, coupling 10 has a fenale
menber 12 for threaded connection to one of the pipe ends which is to be
tsgal i tng}a;pem@hgue F20u} e Decbupled pesidiwnyi28c aiel semewherepbpEwegn
-there _nggp (p))@% f o d. mgcﬁj e |l e 8
extends Trom %83 1?3 lg nj?aénd#er alrgi Al so eégen(ﬁgr}mii‘% 3'(2®|l:’y 1311[&5
n8t al &ﬁ@unhﬁm §ap9§a|anqé§ B3 0RvWAd 1o he nfnaller: Shadp Fo4 ‘go taper

t i ckerg ifle N2SoHObEE L4t gh ¥ AR Me VL cBaplled@ablr angle 130a. Upon
5 subsequent connections, inner seal leg 18 deflects predominantly

6 elastically, and will deflect substantially between decoupled
7 position 128c and coupled position 128b.

8 Referring now primarily to FIG. 1, the check valve
9 assemblies ensure that hydraulic fluid is not lost while female
10 and male members 12 and 42 are not coupled. When female member
11 12 and male member 42 are not coupled, conical portion 82 of
12 check valve body 80 is being forced into sealing contact with
13 valve seat 84 so that fluid cannot flow out of female member 12.
14 Likewise, conical portion 102 of check valve body 100 is being
15 forced into sealing contact with valve seat 104 so that fluid
16 cannot flow out of male member 42. Duriné connection of male
17 member 42 and female member 12, valve tip 106 of check valve body
18 100 comes into contact with valve tip 86 of check valve body 80.
19 As the male and female members 42 and 12 are brought further
20 together, check valve body 100 is displaced axially within male
21 member 42 and check valve body 80 is displaced axially within
22 female member 12, thus causing conical portions 102 and 82 to
23 disengage valve seats 104 and 84. When conical portions 102 and -
24 82 disengage valve seats 104 and 84, hydraulic fluid in female
25 member 12 can flow through vertical passage 96 and horizontal
26 passages 98 and out of or into female member 12, and the fluid
27 in male member 42 can flow through vertical passage 116 and
28 horizontal passages 118 and out of or into male member 42.

29 _ The tapered shape of the sealing wedge 48 and sealing recess
30 24 help to prevent elastomeric seal 38 from being "blown out" of
31 seal groove 36. During disconnection of hydraulic coupling 10,
32 there is often a great pressure differential between the inside
33 and outside of coupling 10. During disconnection of male member
34 42 and female member 12, a gap is created through which the
35 pressure differential is equalized. This gap increases in size
36 as male member 42 and female member 12 are brought further apart.
37 While the gap is small and the pressure differential is not yet

-
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I nner seal |leg 18 extends concentrically within outer seal |eg 20. Inner
and outer seal |legs 18 and 20 define between them an annul ar sealing recess
24. Inner and outer seal |egs 18 and 20 have opposed tapered walls or

seal ing surfaces 26 and 28. Qutward facing opposed tapered wall 26 is

:opat egeqaanﬂtaea sa?alu:legrd&zeedaitn\zﬁrghfaeilagiugpasﬁdmcﬁpemd gapl. 28Ifs

ocat e ut er_.seal I

 pect PUBFPOIRT A, Realt af ois . APCHIE FobIRICEY, Wb e Cod WhiaE ¢

su3 f aceprésparat dif feppodda l dsemmt Wwet seqeaame@a edastonarke deaki 3@;
[1a0 baggndte MhEEuRCBLhCGLnE0ghDVE S35 é;gefea SpEHEY of

back-up el'astoneri ¢ sea g sti IG. 1 an 2,
cupl i ngeg@lpgrt“gﬁgﬁagl% A%k sealing recess 24 cause he pressure

6 differential to be substantially equalized before elastomeric

7 seal 38 gets close enough to the gap to be blown out.

8 The hydraulic coupling of the present invention results in
-9 several advantages. .Since the axial load through male member 42
10 and female member 12 is supported solely throﬁgh tapered walls
11 or sealing surfaces 26, 28, 52, and 54, the axial load ensures
12 a positive seal. Furthermore, the tapered shape of both sealing
13 recess 24 and sealing wedge 48 ensure that even as sealing recess
14 24 and sealing wedge 48 wear down, a positive seal will be
15 maintained. In other words, as sealing recess 24 wears down it
16 gets larger, and as sealing wedge 48 wears down it gets smaller.
17 However, the tapered shapes of the sealing surfaces and the fact
18 that the axial load is supported only by the sealing surfaces
19 allows sealing wedge 48 to travel further into-sealing recess 24,
20 thereby allowing the sealing surfaces to come into full contact
21 with each other and thus maintaining a positive seal.

22 Another advantage of the present invention is that the shape
23 of the sealing surfaces together with the displacement of female
24 member 12 that is allowed by belleville washers 76 results in a
25 hydraulic coupling that is capable of being connected and
26 disconnected under large angular and axial offsets.

27 Another advantage of the present invention is that it is not
28  as sensitive to debris since there is a relatively large sealing
29 area. '
30 Yet another advantage of the present invention is that the
31 plastic deformation during the first assembly acts as a "final
32 machining" process, making initial small manufacturing tolerances
33 unnecessary. Also,, the elastic deformation during each
34 connection ensures that the application of the axial load results
35 in substantially the entire sealing surfaces being in contact.
36 * still another advantage of the present invention is that
37 since the primary seal is the metal-to-metal seal between tapered

——-—ﬂﬂ—~_f—_f___,,__
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menber 42 for threaded connection to the other of the hydraulic pipe ends
which is to be sealingly coupled. Male nmenber 42 has a body 44 and an axi al
bore 46 therethrough for the passage of fluid. An annular netal sealing
wedge 48 extends from body 44 of nmale nenber 42. Sealing wedge 48 has a rim
50 Seawadd S2gend8tapewredasvalbli R6cr thwemedalato-metaild s8hkr ilsApresd

Wa5"54susceptible to wear and tear than elastomeric seals. Also, the
3 simple design and lack of delicate elements of the present
4 invention makes it more durable than metal seal hydraulic
5 couplings built before this invention.

6 Still another advantage of the hydraulic coupler-bf the
7 present invention is the increased service life of the coupler
8 that results from the improved design.

9 While the invention has been particularly shown and

10 described with reference to a preferred embod{ment, it will be
11 understood by those skilled in the art that various changes in
12 form and detail may be made therein without departing from the
13 spirit and scope of the invention.

—
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.- 3 - Inner and outer tapered walls 52 and 54 define an inner nale sealing
surface and an outer male sealing surface, respectively. Mile nmenber 42
also has a circunferential protrusion 60 where the outside of sealing wedge
48 and_the outs gﬁ of body 44 neet. Referring now mainly to FIG 1, a
statiodﬁiFtﬁé %MM Stati onary base 64 has an opening 66 for

atkcept iang nete menpdra421cﬁbbapmnmgrﬁﬁﬂ&n@Sa iferld WehbeOr #h8&ha male
P5OL T U BIL&0; LN °Rabonh' ¥RIRAAUY So3h§! QA el i ®4nt8enent one
3 with the other, the female member and male member being
maintained in axial engagement with each other by'an axial load,
the female member and male member each ﬁaving an axial bore
therethrough for the passage of fluid, the improvement
comprising:

metal, concentric inner and outer annular seal 1legs
extending from the body of the female member, d€fining an annular

10 .sgaling_;ggg§§ between the seal legs;

O 0 Jd O 1

11 the seal legs having opposed tapered walls that define
12 female sealing surfaces; ’
i3 an annular metal sealing wedge extending from the body of
14 the male—ﬁgﬁggg'ﬂaving inner and outer tapered walls that define
15 male sealing surfaces for insertion into the sealing recess for
16 sealingly engaging the female sealing surfaces; and
17 the axial load through the male and female members beiné
i8 supported solely through the male and female sealing surfaces so
19 that the axial load results in a wedge-like action between the
20 sealing recess and the sealing wedge, which deflects one of the
21 seal legs thus allowing surface contact between the male and
22 female sealing surfaces.
1 2. The hydraulic coupling according to claim 1 wherein the
2 female member has an elastomeric seal located on one of the

3 female sealing surfaces.

1 3. ' The hydraulic coupling according to claim 1 wherein the
2 female member has an elastomeric seal located on the outer seal
3 leg of the female member.

1 4. The hydraulic coupling according to claim 1 further
2 ~comprising a check valve in at least one of the axial bores for
3 preventing flow through the bore while the male member and female
4 member are not coupled.
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mal e menber 42 so that there is no axial novenent between stationary base
64 antd mal e nenber 42. Also shown in FIG 1 is retrievable base 70.
Retrieval base 70 has an opening 72 for slidably engagi ng femal e nmenber 12.
Ret ai ni ng nmeans 74 and belleville washers 76 allow fermal e nenber 12 to
axial | ySsl i d&he thyidrapeid repupl bhgr accioavdhriee tmgel&im whi weeneint ene of

f | t |
to2r & O Fedt ?%ﬁgggs?ﬁd‘f%@%y“%m Hos mork, nid RILE) Paly He/
23 and eéhernafhdhe seakileys ngff the ft%“ BemkRrval ve assenbly on

femal e nenber 12, check val ve body 80 has a coni cal portlon 82 t hat

confornms to valve seat 84 on fenm| e nenber 12. Exten qnfr
1 6. The hydraulic coupling according to c a1 wherein the

2 outer seal leg has more rigidity than the inner seal leg.

1 7. The hydraulic coupling according to claim 1 wherein the
2 hydraulic coupling further comprises a spring element acting on
3 one of the members to bias the members axially.ﬁbward each other.

8. The hydraulic coupliqg according to claim 1 wherein one- of
the seal legs of the female member has more rigidity than the
other of the seal legs of the female member and wherein the seal
leg with less rigidity deflects both plastically and elastically
during the first coupling and predominantly elastically during
subsequent couplings.
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check val ve body 80 is a valve tip 86. One end of a valve spring 88 is in
‘contact with check val ve body 80, while the other end of valve spring 88 is
in contact with a spring collar 90 which has a fl ow passage 92 and which is
kept in place within fermale nmenber 12 by the end of the pipe which is
t hLteadedly atd amétal+bofmebhd rsedkr as%exﬂbhuglﬁorhraauyd&zaul\iai veowpling 88
nt ai al I f C 8 d sed
o8t ofaviRy o' gehdld Apbiorard ShafR WY, SachiE0ihG"Rh Snflutat
vedti caboplarsﬁagesgalana engagenentyope waﬁ:hzbmeabtpsgsagbg Qsmaéeamemwer
f'w d tanl ﬂl\élltemfn%‘ﬂ\%ri B@m@eﬁmﬁaﬂ%é@dﬁn W{‘aihénﬁgééiﬁe}‘@ ¥ Qﬁdé(xhﬁl' n

the open position, when conical portion 82 is"not in Seal ng
en@ager‘réﬁ?% fqlpevgp;;\élgelagmygr and male member each having an axial ore

6 therethrough for the passage of fluld the metal-to-metal seal
7 assembly comprising:

8 metal, concentric annular inner and outer seal legs
9 extending from the body of the female member, the inner and outer
10 seal legs ha}ving opposed tapered walls defining an annular
11 sealing recess;

12 an annular metal sea}ing wedge extending from the body- of
13 the male member, the sealing wedge having inner and outer tapered

14 walls that sealingly engage the -tapered walls of the female
15 member; i
16 the outer seal leg having more r1g1d1ty than the inner seal

17 leg, causing the inner seal leg to flex as the members are
18 inserted into one another; and

19 the inner and outer seal legs being separated by a base such
20 that when the sealing wedge is in sealing engagement with the
21 sealing recess a rim of the sealing wedge is spaced apart from
22 the base resulting in a gap between the base and the rim of the
23 sealing wedge. ’

* C L M s %
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Referring next to the check valve assenbly on male nmenber 42, the check

val ve assenbly on nmale nenber 42 is very sinilar to the check val ve -
assenbly on fenal e nenber 12. Check val ve body 100 has a conical portion
102 that conforms to val ve seat 104 on nmal e nenber 42. Extending from check
valve baoy 10he smetadteo-metalO6sed@le astebly vaccorslirigigtbl8cilaim 9

copt actwwe&%ﬁh%% %@h&qebﬁ%b&}%a ! 54 mlfcggsﬁggs%ng@egi i’éééleeépéhgggéos

is in contact with a spring coll | ow passage

wht ch i eutexn 1adpwhdehy eRgagRs| etlherrts@%t@z aperedndadl tof Hhee waleh

| s4 t hr epdager . .attached to nmal e nenber 42 through t-hreads 114. Val ve spring
100 meintains conical portion 102 of check valve body 100 bi ased towards a
cl osed position, that is, against valve seat 104. Check val ve body 100 has
a yertiagal. pamﬁagmethﬁ-&bdm@tal seal assembly according to claim 9

2 further comprising:

a stationary base having an opening for accepting one of the
members and having retaining means for fixedly coupling said one
of the members to the stationary base; i

a retrievable base having an opening for slideably engaging
the other of the members; and -

a spring element mounted on the retrievable base acting
between said other of the members and the retrievable base to
10 bias said other of the members in one axial direction so that
11 upon coupling of the two members the spring element will exert
12 the axial load between the two members.

O 0 3 o 0 & W

12. The metal-to-metal seal assembly according to claim 9
wherein the inner seal 1leg deflects both plastically and
elastically during the first coupling and predominantly
elastically during subsequent couplings.

bW N
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plurality of horizontal passages 118 to allow fluid to flow through the
“check val ve body when the check valve body is in the open position, that
i's, when conical portion 102 is not in sealing engagenent with val ve seat

14. a3ln qpe:wdi:mneouahbmncyoc raﬂm@slﬁObbﬁmnaEIienend of a
sfationary g% auI% @ gg i S _threade attgphed to nqq nber 42 ichis
ifi turn fix €/ 3upI BGP5T ARG shdt %axggm *hi %Y‘Q?%?\ﬁ BN a%s.
SBat i orhwdy Ifrar s@aliing englgdmnentt oaes wd HivtthemotHex etfieofemalet membainl e

hydr aul 'ng:} H{mePfe' ﬁefgﬁé@a%‘é‘ih}s HLAEhLS 1R SN Pl A SIRL FNEWEER 1 22 CP

sh
-other by an axial load, the female member and male member each

s

5

6 having an axial bore therethrough for the passage of fluiqd;

7 metal, concentric inner and outer annular seal 1legs
8 extending from the body of the female member defining an annular
9 sealing recess between the seal legs;

10 the seal legs having opposed tapered walls that define
11 female sealing surfaces,
12 an annular metal sealing wedge extending from the body- of
13 the male member having inner and outer tapered walls that define
14 male sealing surfaces for insertion into the sealing recess for
15 sealingly engaging the female sealing surfaces;
i6 the outer seal leg having more rigidity that the inner seal
17 leg;
18 the inner seal leg having a never-coupled taper angle on its
- 19 tapered wall that is less than a taper angle on the inner tapered
20 wall of the sealing wedge, causing the inner seal leg to flex
21 inward as the members are inserted into one another;
22 a'spring element acting on one of the members to bias the
23 members axially toward each other; and
24 - the axial load through the male and female members being
25 supported solely through the male and female sealing surfaces so
26 that the axial load results in a wedge-like action between the
27 sealing recess and the sealing wedge which deflects the inner
28 seal leg inward thus allowing surface contéct between the male
29 and female sealing surfaces. '
1 14. The hydraulic coupling according to claim 13 wherein the
female member has an elastomeric seal located on one of the
3 female sealing surfaces.
1 15. The hydraulic coupling according to claim 13 wherein the
2 female member has an elastomeric seal located on the outer seal
3 leg of the female member.

16 This Sheet Has Been Reﬂ




- 4 - retrievable base 70 and is biased toward nal e nmenber 42 by

bell &ville washers 76. Retrievable base 70 is lowered fromthe surface to
the sea bottomto where it is in substantial axial alignnment and in

proxi mate vicinity of the stationary base.

1 16. The hydraulic coupling according to claim 13 further
2 comprising a check valve in at least one of the axial bores for
3 preventing flow through the bore while the male member and female
4 member are not coupled.

\ N
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_As retrievable base 70 is brought closer to stationary base 64, so is
femal e nenber 12 brought closer to nale nenber 42. Even if femal e nenber 12
and mal e menber 42 are not perfectly aligned, either axially and/or
angul arly, the shape of sealing recess 24 and sealing wedge 48 and the
di spl acenent al | oned by beb® T QFs T W%“?%Wgeal ing recess 24 and
seal ing wedge 48 to cone into sealing engagenent despite the axial and/or
angul ar offset. Referring.now mainly to FIG 2 and FIG ter
i acture. B hEAFERIRS pRapdRf A, b ot 5, Heihdl and i3 femls Sempes,

wez | 28for sebitiagt ienidagenents anee asithptheangherl26 Tife malsy argbefexalpal |
54, of s ' : at .t hj i ' e | $44R @
ncver - chanpag=rBEBmaingdiatalin Sictar Bhgagtitine ® anixiL’ fobdl.? The

4 male member and the female member each have an annular body

5 having an axial bore therethrough for the passage of fluid.
6 Metal, concentric inner and outer annular seal legs extend from
7 the body of the female member, and define an annular sealing
8 recess between the seal legs. The seal legs have opposed tapered
9 walls that define female sealing surfaces. An annular metal
10 sealing wedge extends from the body of the male member and -has
11 inner and outer tapered walls that define male sealing surfaces
12 for insertion into the sealing recess for sealingly engaging the
i3 female sealing surfaces. The axial load through the male and
14 female members is supported solely though’ the male and female
is sealing surfaces so that the axial load results in a wedge-like
16 action between the sealing recess and the sealing wedge. The
17 wedge-like action deflects one of the seal -legs thus allowing
18 surface contact between the male and female sealing surfaces.

-
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A8 is in never-coupled position 128a, never-coupled taper angle 130a of
tapered wall 26 is slightly smaller than taper angle 132 0of—immer—tapered >

wal I 52 of sealing wedge 48. If inner seal leg 18 did nofyfd HalflEN t he

contact between tapered wall 26 and tapered wall 52 would i oo
| ine as apposed to\al ong a surfac &l after fe*ﬂﬂ ﬂ ’and
mal e menber 42 cone\j nto contact| ljevabl e base .

brought closer to stationary bas Legwashers 76 are conpressed
and femal e nenber 12 begrns to axifd ifnsi de retrievabl e base 70.
The conpression of belleville wa Mo t Gowering of retrievable
base 70 after fenul eldneral e ne are
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already in contact results in an axial |oad being 3

" 12

liedt

f emal e nenber

FIGURE 2

I'n the direction of _mal-e—nguber 42. Since thesonly contagt between
fermal e menber 12—amaN\pal e nenbwy #R.is_altT '?b-'-d 6, 28, 52, and
54, the entire Jaxial lsgd Is supported throygtt tapered wal Il 26, 28, 52,

- and 54 This rgsults in™{ wedge-11ke action petween seal i ng wedge 48 and
seal i ng recess |24. Durig the fir tio g as t he mal e and mal e
menbers 12 and j423qre forced\! oget g axi al” | oad, inner seal |leg 18
fl exes, both ellasticglly and phasA i pward toward coypl ed position
128b. When in qoupled™xositi¢n 128b, smmuc 26—+s—at—coupl ed taper
angl e 130b, whifch is-substanfially tfe sa as taper angl e |132 of inner
tapered wal | 53NQf ’s,ee_l\l I nONwedge 48. -24
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inner seal leg 18 is in coupled position 128b, the contact between tapered
“wal I+ 26 and tapered wall 52 is along a surface rather than along a line. As
shown in FIG 3, tapered wall 28 and tapered wall 54, and tapered wall 26
and tapered wall 52, are in substantially full surface contact. When
mal e nmenber 42 and fenmal e nmenber 12 are connected, a gap 134 remains
between rim50 of, sealing wedge 48 and base 34 of sealing recess 24.

Anot her gap 136 reqmins between rim 22 of outer annular seal |leg 20 and
protrusion 60 of male menber 42. Gaps 134 and 136 ensure that the axi al

| oad through male menper 42 and fermal e nenber 12 is supigorted donpletely
t hr ough tapered wal | s 26, 28, 52, and 54. ///H

% . N

™
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Since during_the first connection inner seal |eg 18 deforns both
\ -

plastically
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METAL SEAL HYDRAULIC COUPLING

27 DEC 199¢

BACKGROUND OF THE INVENTION

1. Field of the Invention:

This invention relates to hydraulic couplings and in
particilar to a metal-to-metal seal for a hydraulic
coupling.

2. Description of the Prior Art:

Many current subsea hydraulic couplings employ
elastomeric seal elements to effect a hydraulic seal.
However, elastomeric seals are subject to wear and tear in
coupling applications. Because of harsh operating
conditions and the susceptibility of elastomeric seals to
wear and tear, hydraulic couplings that employ elastomeric
seals do not have a sufficiently long service life.

Some existing couplings employ metal-to-metal seals
as primary seal elements. However, the metal seal
hydraulic couplings built before this invention are
complicated and employ very delicate seal elements such as
metal o-rings, or metal face seals. Seals of this nature
are particularly sensitive to misalignment, connection and
disconnection at an angle, and debris. As a result of
this sensitivity, relatively small manufacturing

‘tolerances are required, thus substantially increasing

cost. Also, when the metal seal elements of the couplings

built before this invention wear out, the seal integrity
is compromised, thereby further reducing the service life
- of the couplings.
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and el astically, upon disconnection, inner seal leg 18 w |l not spring back
to never-coupled position 128a, but will only spring back nﬁ,o

position 128c. When in decoupl ed position 128c, t aper ed
decoupl ed taper angle 130c. Decoupl ed position 128c is sq

18 defl ects predom nantly elastlcally, and wi || deflect
bet ween decoupl ed position 128c and coupl ed position 128b.

primarily to FIG 1, the cheW&ssﬁ_{?Iimme t hat

It is the general object of the invention to provide
a metal-to-metal seal for use in a subsea hydraulic
coupling that results in a coupling that has a 1long

 service life and that is insensitive to misalignment,
connection and disconnection at an angle, and debris.

The hydraulic coupling has a male member and a female
member for sealing engagement one with the other. The
male and female members are maintained in axial engagement
by an axial load. The male member and the female member
each have an annular body having an axial bore
therethrough for the passage of fluid. Metal, concentric
inner and outer annular seal legs extend from the body of
the female member, defining an annular sealing recess
between the seal legs. The seal legs havg opposed tapered
walls that define female sealing surfaces. An annular
metal sealing wedge extends from the body of the male
member and has inner and outer tapered walls that define
male sealing surfaces for insertion into the sealing
recess for sealingly engaging the female sealing surfaces.
The axial load through the male and female members is
supported solely though the male and female sealing
surfaces so that the axial load results in a wedge-like
action between the sealing recess and the sealing wedge.
The wedge-like action deflects one of the seal legs thus
allowing surface contact between the male and female

sealing surfaces. This improved design results in a
hydraulic coupling that has a long service life and that
is insensitive to misalignment, connection and

disconnection at an angle, and debris.

The above as well as additional objects, features,
and advantages will become apparent in the following
description.
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hydraulic fluid is not lost while female and mal e nmenbers 12 and 42 are not
coupl ed. \Wen femal e menber 12 and mal e nenber 42 are not coupled, conical

portion 82 of check valve body 80 is being forced into seali

val ve seat 84 so that fluid cannot flow out of ferale nenber
coni cal portion 102 of check val ve body 100 is being forced
contact with valve seat 104 so that fluid cannot flow out off
42. During connection of nale menmber 42 and femal e menber 12
of check valve body 100 cones into contact with valve tip 8¢ o4 nhpck valve}
body 80. As the male and fermal e nenbers 42 and 12 are brought further o
toget her, check val ve body 100 is displaced axially w thin maremerber—42

and check val ve body 80 igr1Hir HENredcN loF WiE ipRAwRse nmenber 12, thus
‘causi ng coni cal

Figure 1 is a vertical sectional view illustrating the
coupling of this invention.

Figure 2 is an enlarged partial sectional view of the
metal-to-metal seal of the present invention shown in FIG.
1, but shown in a disconnected position and showing the
.inner seal leg in various flexed and unflexed positions.

Figure 3 is an enlarged partial sectional view of the seal
of FIG. 1 shown in a connected position. '

-
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portions 102 and 82 to di sengage val ve seats 104 and 84. Wen coni cal
portions 102 and 82 di sengage val ve seats 104 and 84, hydraulic fluid in

femal e menber 12 can flow through vertical passage 96 and hori z

passages 98 and out of or into fenmale nenber 12, and the fluid
menber 42 can flow through vertical passage 116 and hori zont al
and out of or into nmale nenber 42. *ha t-apered shape of the
wedge 48 and sealing recess 24 help to prevent el astoneric seal
bei ng "blown out” of seal groove 36. During disconnection of hy

REPLACEMENT SHER
pdssages 118

sgal2 APEC 1994
8 from

draulic

coupling 10, there is often a great pressure differential betw

ben t he

i nsi de and outsi de of OEFPALED DBSCREPTIQNIOFC FHEcENVENTION

Referring to FIG. 1, hydraulic coupling 10 is a
hydraulic coupling of the type used in sub-sea oil and gas
production operations. Coupling 10 serves to sealingly’
couple the ends of two pipes (not shown) carrying

hydraulic fluid.

Referring now to both FIG. 1 and FIG. 2, coupling 10

has a female member 12 for threaded connection to
the pipe ends which.is to be sealingly coupled.

one of
Female

member 12 has a body 14 and an axial bore 16 therethrough
for the passage of fluid. A metal inner annular seal leg

18 extends from body 14 of female member 12.
extending from body 14 is metal outer annular seal

" Also
leg 20

having a rim 22. Outer seal leg 20 is thicker and has

more rigidity than inner seal leg 18.

Inner seal leg 18 extends concentrically within outer

‘seal leg 20. Inner and outer seal legs 18 and 20

define

between them an annular sealing recess 24. Inner and
outer seal legs 18 and 20 have opposed tapered walls or
sealing surfaces 26 and 28. Outward facing opposed

tapered wall 26 is located on inner seal leg 18 and

inward

facing opposed tapered wall 28 is located on outer seal

leg 20. The opposed tapered walls 26 and 28

define

respectively an inner female sealing surface and an outer
female sealing surface. Separating opposed tapered walls
26 and 28 is a downward facing, flat base 34. Outer seal
leg 20 also has a seal groove 36 for housing back-up

elastomeric seal 38.

Referfing still to both FIG. 1 and FIG. 2, coupling
10 further has a male member 42 for threaded connection to

the other of the hydraulic pipe ends which is
sealingly coupled. Male member 42 has a body 44

to be
and an

axial bore 46 therethrough for the passage of fluid. An

annular metal sealing wedge 48 extends from body

44 of
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of male nenber 42 and fermal e nmenber 12, a gap is createdtREMMﬁﬁﬁﬂﬁyfﬁﬂﬂﬁf
pressure differential is equalized. ThIS gap increases in
menber 42 and femal e menber 12 are brought further apart:
smal | and the pressure differential is not yet equalized,
hi gh velocity through the gap. If elastoneric seal 38 is

to the gap while the pressure differemi®l™is not yet eqyalized,

el astoneric

sj ze as are

fll ul d rushes at

i|s |

seal 38 can be "blown out" of seal groove 36. The tapered

shapes of sealing wedge 48 and seal ing recess 24 cause the pressure

di fferenti al

b b I | ized bef I .
cl ose enougra e CRERES 14 booBY b otpade 18,898, & B3k ecoustrad™d he

present invewmédoge HM8swHYIso i hasewar ainner tapered wall 52 and outer

tapered wall 54. Inner and outer tapered walls 52 and 54
define an inner male sealing surface and an outer male
sealing surface, respectively. Male member 42 also has a
circumferential protrusion 60 where the outside of sealing
wedge 48 and the outside of body 44 meet.

Referring now mainly to FIG. 1, a stationary base 64
is shown. Stationary base 64 has an opening 66 for
accepting male member 42. Retaining means 68, in
conjunction with protrusion 60, serves to fixedly couple
stationary base 64 to male member 42 so that there is no
axial movement between stationary base 64 and male member

42. Also shown in FIG. 1 1is retrievable base 70.
Retrieval base 70 has an opening 72 for slidably engaging
female member 12. Retaining means 74 and belleville

washers 76 allow female member 12 to axially slide within
opening 72 of retrievable base 70 while maintaining female
member 12 biased towards male member 42.

Still referring mainly to FIG. 1, check valve
assemblies may be employed with both female member 12 and
male member 42. Referring first to the check valve
assembly on female member 12, check valve body 80 has a
conical portion 82 that conforms to valve seat 84 on
female member 12. Extending from check valve body 80 is
a valve tip 86. One end of a valve spring 88 is in

contact with check valve body 80, while the other end of -
valve spring 88 is in contact with a spring collar 90

which has a flow passage 92 and which is kept in place
within female member 12 by the end of the pipe which is
threadedly attached to female member 12 through threads
94. Valve spring 88 maintains conical portion 82 of check
valve body 80 biased towards a closed position, that is,
against valve seat 84. Check valve body 80 has a vertical
passage 96 and a plurality of horizontal passages 98 to

This Sheet Has Been Replac
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x.

advant ages. Since the axial |oad through mal e nenber 42 aj

12 is supported solely through tapered walls or sealing s
52, and 54, the axial |oad ensures a positive seal. Furth
t apered shape of both sealing recess 24 and seal i ng wedge| 4
even as sealing recess 24 and seal i ng wedge 48 wear down,
will be maintained. In other words, as-sgaking recess 24
| arger, and as seal i ng wedge 48 wears

pe—-fenale. nepnber

RERIGACEMENT28ERT

=1 S tfre

pggfvégébggal

down jt q

allow fluid to flow through the check valve body when the
check valve body is in the open position, that is, when
conical portion 82 is not in sealing engagement with valve

seat 84.

Referring next to the check valve assembly on male
member 42, the check valve assembly on male member 42 is
very similar to the check valve assembly on female member
12. Check valve body 100 has a conical portion 102 that

conforms to valve seat 104 on male member.42.

from check valve body 100 is a valve tip 106.

Extending
One end of

a valve spring 108 is in contact with check wvalve body
100, while the other end of valve spring 108 is in contact
with a spring collar 110 which has a flow passage 112 and
which is kept in place within male member 42 by the end of
the pipe which is threadedly attached to male member 42
through threads 114. Valve spring 108 maintains conical
portion 102 of check valve body 100 biased towards a.

closed position, that is, against valve seat
valve body 100 has a vertical passage 116 and

104. Check
a plurality

of horizontal passages 118 to allow fluid to flow through
‘the check valve body when the check valve body is in the
open position, that is, when conical portion 102 is not in

sealing engagement with valve seat 104.

In operation, coupling 10 operates as follows. The
end of a stationary hydraulic pipe is threadedly attached
to male member 42 which is in turn fixedly coupled to

stationary base 64 through retaining means 68.

Stationary

base 64 is located at the sea bottom. The end of a
retrievable hydraulic pipe is threadedly attached to the

end of female member 12 which is slidably

engaged to

retrievable base 70 and is biased toward male member 42 by

belleville washers 7s6. Retrievable base 70

is lowered

from the surface to the sea bottom to where it is in

substantial axial alignment and in proximate

vicinity of

the stationary base. —
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- 6ff. domndithge$s snmal | er. However, the tapered shapes of the sealing
surfaces and the fact that the axial |oad is supported onl

surfaces allows sealing wedge 48 to travel further into se ﬁAb@géﬁﬁzq%ﬁéT
thereby allowing the sealing surfaces to cone into full cgntfjact with each

other and thus maintaining a positive seal. Anot her adyant 248 DE" 1996
present invention is that the shape of- the- seal i ng

As retrievable base 70 is brought closer to
stationary base 64, so is female member 12 brought closer
to male member 42. Even if female member 12 and male
member-42 are not perfectly aligned, either axially and/or
angularlyf the shape of sealing recess 24 and sealing
wedge 48 and the displacement allowed by belleville
washers 76 allow sealing recess 24 and sealing wedge 48 to
come into sealing engagement despite the axial and/or
angular offset.

Referring now malnly to FIG. 2 and FIG. 3, after
manufacture but prior to the first connection, taper angle
124 of tapered wall 28 is substantially the same as taper
angle 126 of outer tapered wall 54 of sealing wedge 48.
Also at this time, inner seal leg 18 is in a never-coupled
position 128a. When inner seal leg 18 is in never-coupled
position 128a, never-coupled taper angle 130a of tapered
wall 26 is slightly smaller than taper aﬁgle 132 of inner
tapered wall 52 of sealing wedge 48. If inner seal leg 18
did not flex, then the contact between tapered wall 26 and
tapered wall 52 would only be along a line as apposed to
along a surface.

However, after female member 12 and male member 42
come into contact, and as retrievable base 70 is then
brought closer to stationary base 64, belleville washers
76 are compressed and female member 12 begins to axially
slide inside retrievable base 70. The compression of
belleville washers 76 due to the lowering.of retrievable
base 70 after female and male members 12 and 42 are
already in contact results in an axial load being applied
to female member 12 in the direction of male member 42.
Since the only contact between female member 12 and male

.member 42 is along tapered walls 26, 28, 52, and 54, the
entire axial load is supported through tapered walls 26,
28, 52, and 54. This results in a wedge-like action
between sealing wedge 48 and sealing recess 24.

is Sheet Has Been Reﬂlaced
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surfaces together wth the displacement of female menmber
by belleville washers 76 results in a hydraulic coupling
bei ng connected and di sconnected under |arge angul ar and
Anot her advantage of the present invention is that it is
to debris since there is a relatively |arge sealing area.
advant age of the present invention istHat"the plastic de

-2t at—t-s—al-l-oned.
REPLACENEDED RHEBT
gXiidal Orrsers. ]
rjot 2¥?§T§ygcwe

ther
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the first assenbly acts as a "final machining" process, ngking initial
smal | manufacturing tol erances unnecessary. Al so, the el astrt—deformatt+on

during each connegyi oy, aNRH A8 10akoARECERBh! C3L! et b

axi al
e ang male

members 12 and 42 are forced together by the axial load,
inner seal 1leg 18 flexes, both elastically  and
plastically, inward toward coupled position 128b. When in
coupled position 128b, tapered wall 26 is at coupled taper
angle 130b, which is substantially the same as taper angle
132 of inner tapered wall 52 of sealing wedge 48. When
inner seal leg 18 is in coupled position 128b, the contact
between tapered wall 26 and tapered wall 52 is along-a
surface rather than.along a line. As shown in Fig. 3,
tapered wall 28 and tapered wall 54, and tapered wall 26
and tapered wall 52, are in substantially full surface
contact.

When male member 42 and female member 12 are
connected, a gap 134 remains between rim 50 of sealing
wedge 48 and base 34 of sealing recess 24. Another gap
136 remains between rim 22 of outer annular seal leg 20
and protrusion 60 of male member 42. Gaps 134 and 136
ensure that the axial load through male member 42 and
female member 12 is supported completely through tapered
walls 26, 28, 52, and 54. _

Since during the first connection inner seal leg 18
deforms both plastically and elastically, upon
disconnection, inner seal leg 18 will not spring back to
never-coupled position 128a, but will only spring back to
decoupled position 128c. When in decoupled position
128¢c, tapered wall 26 will be at decoupled taper angle
130c. Decoupled position 128c is somewhere between never-
coupled position 128a and coupled position 128b, and
decoupled taper angle 130c will be smaller than coupled
taper angle 130b but larger than never-coupled taper angle
130a. Upon subsequent connections, inner seal leg 18
deflects predominantly elastically, and will deflect
substantially between decoupled position 128c and coupled
position 128b.
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load results in substantially the entire sealing surfaces being
Still another advantage of the present invention is that since t

seal is the netal -to-netal seal between tapered wall 52 and tapgr¢d Z/\Mbll-n w908,

REPLAGFNE T g

hd prlnary
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26, the netal-to-netal seal is |ess susceptible to wear and tea Fhan

el astoneric seals. Also, the sinple design and | ack of delicatefe

the present invention nmakes it nore duraBl & than netal seal hydfaulic

couplings built before this invention. Still another advaptage of the —

hydraul i c coupler of the present -invention is the increased service life of

t he coupl er that %%&%E&ingr%@J'Eélﬁg%f¥3dtge§&%” 1, the check valve

assemblies ensure that hydraulic fluid is not lost while

female and male members 12 and 42 are not coupled.

When

female member 12 and male member 42 are not coupled,

conical portion 82 of check valve body 80 is being forced
into sealing contact with valve seat 84 so that fluid
cannot flow out of female member 12. Likewise, conical

portion-102 of check valve body 100 is being forced

into

sealing contact with valve seat 104 so that fluid cannot

flow out of male member 42. During connection of

male

member 42 and female member 12, valve tip 106 of check
valve body 100 comes into contact with valve tip 86 of
check valve body 80. As the male and female members 42
and 12 are brought further together, check valve body 100
is displaced axially within male member 42 and check valve

body 80 is displaced axially within female member 12,

thus

causing conical portions 102 and 82 to-disengage valve
seats 104 and 84. When conical portions 102 and 82
disengage valve seats 104 and 84, hydraulic fluid in
female member 12 can flow through vertical passage 96 and
horizontal passages 98 and out of or into female member
12, and the fluid in male member 42 can flow through
vertical passage 116 and horizontal passages 118 and out

of or into male member 42.

The tapered shape of the sealing wedge 48 and sealing

recess 24 help to prevent elastomeric seal 38 from being

"blown out" of seal groove 36. During disconnection of
hydraulic coupling 10, there is often a great pressure

differential between the inside and outside of coupling

10. During disconnection of male member 42 and female

member 12, a gap is created through which the pressure

differential is equalized. This gap increases in size as
male member 42 and female member 12 are brought further

apart. While the gap is small and the pressure

differential is not yet equalized, fluid rushes at

high

———
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Whil e the invention has been particularly shown and descri
reference to a preferred enbodinent, it will be understoo

ih the art that vari ous changes in formand detail may bejTyg Ir
wi t hout departing fromthe spirit and scope of the inventjop. N
27 DED 9%
- 10 -
velocity through the gap. If elastomeric seal 38 |is

located too <close to the gap while the pressure
differential is not yet equalized, elastomeric seal 38 can
be "blown out" of seal groove 36. The tapered shapes of
sealing wedge 48 and sealing recess 24 cause the pressure
differential to be substantially equalized before
elastomeric seal 38 gets close enough to the gap to be
blown out. .

The hydraulic coupling of the present invention
results in several . advantages. Since the axial load
through male member 42 and female member 12 is supported
solely through tapered walls or sealing surfaces 26, 28,
52, and 54, the axial load ensures a positive seal.
Furthermore, the tapered shape of both sealing recess 24
and sealing wedge 48 ensure that even as sealing recess 24
and sealing wedge 48 wear down, a positive seal will be
maintained. In other words, as sealihg.recess 24 wears
down it gets larger, and as sealing wedge 48 wears down it
gets smaller. However, the tapered shapés of the sealing
surfaces and the fact that the axial load is supported
only by the sealing surfaces allows sealing wedge 48 to
travel further into sealing recess 24, thereby allowing
the sealing surfaces to come into full contact with each
other and thus maintaining a positive seal.

Another advantage of the present invention is that
the shape of the sealing surfaces together with the
displacement of female member 12 that is allowed by
belleville washers 76 results in a hydraulic coupling that
is capable of being connected and disconnected under large
angular and axial offsets.

Another advantage of the present invention is that it
is not as sensitive to debris since there is a relatively
large sealing area.

Yet another advantage of the present invention is
that the plastic deformation during the first assembly
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having a fenmal e menber and a nal e nenber, each havin f@,ﬁ\t}, Agp ot
5 for sealing engagenent one with the other, the fenale qm%ﬁ‘ iﬂiEﬁjﬁﬁh
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acts as a "final machining" process, making initial small
manufacturing tolerances unnecessary. Also, the elastic
deformation during each connection ensures that the
application of the axial load results in substantially the
entire sealing surfaces being in contact.

Still another advantage of the pfesent invention is
that since the primary seal is the metal-to-metal seal
between tapered wall 52 and tapered wall 26, the metal-to-
metal seal is less susceptible to wear and tear than
elastomeric seals. Also, the simple design and lack of
delicate elements of the present invention makes it more
durable than metal seal hydraulic couplings built before
this invention. '

Still another advantage of the hydraulic coupler of
the present invention is the increased service life of the
coupler that results from the improved design.

While the invention has been particularly shown and
described with reference to a preferred embodiment, it
will Dbe understood by those skilled in the art that
various changes in form and detail may be made therein
without departing from the scope of the invention.

.- This Sheet Has Been Re epla
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menber and nmal e nenber being maintained in axial engagenent wi th each

ot her by an axial |oad, the fenale menber and nmal e nenber- each havi ng
an axi al bore t heret hrough for the passage of fluid, the inprovenent 10
conpri si ng: metal, concentric inner and outer

| egs extending fromthe body of the femal e nenber, fﬂﬂﬂﬂ“ﬁﬁWENThSHEEE%
seal ing recess between the seal | egs; 515 t he Fegs—travrn
opposed tapered walls that define fenmal e sealing suff ACO% DEC 1995

What is claimed is:

1. . A hydraulic coupling having a female member and a
male member, each having an annular body for sealing
engagement one with the other, the female member and male
member being maintained in axial engagement with each
other by an axial load, the female member and male member
each having an axial bore therethrough for the passage of
fluid, the improvement comprising: |

metal, concentric inner and outer annular seal legs
extending from the body of the female member, defining an
annular sealing recess between the seal legs;

the seal legs having opposed tapered walls that
define female sealing surfaces;

~an annular metal sealing wedge extending from the

body of the male member having inner and outer tapered
walls that define male sealing surfaces for insertion into
the sealing recess for sealingly engaging the female
sealing surfaces; and

the axial load through the male and female members
being supported solely through the male and female sealing
surfaces so that the axial load results in a wedge-like
action between the sealing recess and the sealing wedge,
which deflects one of the seal legs thus allowing surface
contact between the male and female sealing surfaces.

2. The hydraulic coupling according to claim 1 wherein
the female member has an elastomeric seal located on one
of the female sealing surfaces.

3. The hydraulic coupling according to claim 1 wherein
the female member has an elastomeric seal located on the
outer seal leg of the female member.

RO e
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an annul ar netal sealing wedge extending fromthe body of the male

nmenber having i nner and outer tapered wal | s that deflne.nale seallng
surfaces for insertion 20 into the sealing recess for{gesl is '

t he femal e seal ing surfaces; and t he axi a ) QU gH:
mal e and fenmal e nenbers being supported solely thraugh the mal e amdi
fenal e sealing surfaces so that the axial |oad respl}s2#ADBECH9E
wedge-|i ke action between the sealing Téeess and the seal i ng wedgs,
whi ch deflects one of the .seal |egs thus al | owi ng purtace contact—
between the male and fenal e

v oA nta e o

4. The hydraullc coupling according to claim 1 further
comprising a check valve in at least one of the axial
bores for preventing flow through the bore while the male
member and female member are not coupled.

5. The hydraulic coupling according to claim 1 wherein
one of the seal 'legs of the female member has more
rigidity than the other of the seal legs of the female
member.

6. The hydraulic coupling according to claim 1 wherein
the outer seal leg has more rigidity than the inner seal
leg.

7. The hydraulic coupling according to claim 1 wherein
the hydraulic coupling further comprises a spring element
acting on one of the members to bias the members axially
toward each other.

8. The hydraulic coupling adcording to claim 1 wherein
one of the seal legs of the female member has more
rigidity than the other of the seal legs of the female
member and wherein the seal leg with less rigidity
deflects both plastically and elastically during the first
coupling and predominantly elastically during subsequent
couplings.

9. A hydraulic coupling having a female member and a
male member, each having an annular body for sealing
engagement one with the other, the female member and male
member being maintained in axial engagement by an axial
"load, the female member and male member each having an
axial bore therethrough for the passage of £luid, the

improvement comprising:
T This Sheet Has
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seal i ng surfaces. 30 2. The hydraulic coupling _according to claim

1 wherein the femal e menber has an el astoneric seal p
of the fenmale sealing surfaces. 3. The hydr PLAQ%%Hﬁ?{gEEEﬁ
according to claiml1l 35 wherein the femal e nenber has an el ast oneric sdal

_ - 14 - 27 DEC 1996

metal, concentric annular inner and outer seal legs
extending from the body of the female member, the inner
and outer seal legs having opposed tapered walls defining
an annulér sealing recess;

an annular metal sealing wedge extending from the
body of the male member, the séaling wedge having inner
and outer tapered walls that sealingly engage the tapered
walls Of the female member;

the outer seal leg having more rigidity than the
inner seal leg, causing the inner seal leg to flex as the
members are inserted into one another; and

the inner and outer seal legs being separated by a
base such that when the sealing wedge is in sealing
engagement with the sealing recess a rim of the sealing
wedge is spaced apart from the base resulting in a gap
‘between the base and the rim of the sealing wedge.

10. The hydraulic coupling according to claim 9 wherein
the female member has an elastomeric seal located on the
outer leg which engages the outer tapered wall of the male
member.

11. The hydraulic coupling according to claim 9 further
comprising: _

a stationary base having an opening for accepting one
of the members and having retaining means for fixedly
coupling said one of the members to the stationary base;

a retrievable base having.an opening for slideably
engaging the other of the members; and

a spring element mounted on the retrievable base
acting between said other of the members and the
retrievable base to bias said other of the members in one
axial direction so that upon coupling of the two members
the spring element will exert the axial load between the
two members.

\
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I;cated on the outer seal leg of the fenal e nenber. REPLACENE%H1SHEET
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12. The hydraulic coupling according to claim 9 wherein
the inner seal 1leg deflects both plastically and
elastically during the first coupling and predominantly
elastically during subsequent couplings.

13. A hydraulic coupling comprising in combination:

a female member and a male member, each having an
annular body for sealing engagement one with the other,
the female member and male member being maintained in
axial engagement with each other by an axial load, the
female member and méle member each having an axial bore
therethrough for the passage of fluid;

metal, concentric inner and outer annular seal legs
extending from the body of the female member defining an
annular sealing recess between the seal legs;

the seal legs having opposed tapered walls that
define female sealing surfaces;

an annular metal sealing wedge extending from the
body of the male member having inner and outer tapered
walls that define male sealing surfaces for insertion into
the sealing recess for sealingly engaging the female
sealing surfaces;

the outer seal leg having more rigidity that the
inner seal leg;

the inner seal leg having a never-coupled taper angle
on its tapered wall that is less than a taper angle on the
inner tapered wall of the sealing wedge, causing the inner
seal leg to flex inward as the members are inserted into
one another; '

a spring element acting on one of the members to bias
the members axially toward each other; and

the axial load through the male and female members
being supported solely through the male and female sealing
surfaces so that the axial load results in a wedge-like
action between the sealing recess and the sealing wedge

T - il Illl
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4. In a hydraulic coupling having a fenmale menber and a mal e nenber,

each having an annul ar body 5 for sealing engagenent o

the femal e

nmenber and nal e nenber being mai ntai ned 'Qﬂﬁ%}@ﬁﬂLFNT

§§5EET

engagenent with each other by an axial |load, the fenale rember—and

menber each having an axial bore therethrough for th

t he i nprovenent 10 conpri sing: nmet al , concentr
annul ar seal

| egs extending from thel®ody of the fenhl nenber.

C pazﬁggngg out Ie:’:

which deflects the inner seal leg inward thus allowing
surface contact between the male and female sealing
surfaces.

14. The hydraulic coupling according to claim 13 wherein
the female member has an elastomeric seal located on one
of the female sealing surfaces.

15. The hydraulic coupling according to claim 13 wherein
the female member has an elastomeric seal located on the
outer seal leg of the female member.

16. The hydraulic coupling according to claim 13 further

comprising a check wvalve in at least one of the axial
bores for preventing flow through the bore while the male
member and female member are not coupled.

* ¢ L M S *x
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defining an annul ar sealing recess between the seal | egs; 15

t he
seal |egs having opposed tapered walls that defi ne Efﬁ&Le_qnalina
surfaces; - an annul ar netal sealing wedge exten Eﬁi

body of the mal e nmenber

define mal e sealing surfaces for. insertion 20 into the

seal ingly engagi ng the

through the nal e and fenal e nenbers bei ng support ed

havi ng i nner and outer tapered

femal e seal +ny7 sur f aces;

i, ACKMENTSHERT
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mal e and fenal e

METAL SEAL HYDRAULIC COUPLIN

ABSTRACT OF THE DISCLOSURE

'An hydraulic coupling has a male member and a female
member for sealing engagement one with the other. The
male and female members are maintained in axial engagement
by an axial load. The male member and the female member
each have an annular body having an axial bore
therethrough for the passage of fluid. Metal, concentric
inner and outer annular seal legs extend from the body of
the female membér,_and define an annular sealing recess
between the seal legs. The seal legs have opposed tapered
walls that define female 3ealing surfaces. An annular
metal sealing wedge extends from the body of the male
member and has inner and outer tapered walls that define
male sealing surfaces for insertion into the sealing
recess for sealingly engaging the female sealing surfaces.
The axial load through the male and female members is
supported solely though the male and female sealing
surfaces so that the axial load results in a wedge-like
action between the sealing recess and the sealing wedge.
The wedge-like action deflects one of the seal legs thus
allowing surface contact between the male and female
sealing surfaces.

FIGURE 1.
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seal ing surfaces so that the axia

between the sealing recess and the
all owi ng surface contact between th

a check valve in at least o
bores 30 for preventing flow through the bore while the
and fermal e nenber are not coupl ed.

the seal legs thus’
seal i ng surfaces; and

according to claim1l
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wherein one of the seal legs of the fenmale menber has 35 nofREPLACBYENT SHERT
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femal e nmenber . 6. The hydraulic coupling éccording toclaim1l
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for sealing engagenent one with the other, the female 10 nenbe
smenber being maintained in axial engagenent wi th each ot her
| oad, the female menber and mal e nenber each havi ng an axi al
t heret hrough for the passage of fluid,qthe inprovenent ~_conpr
nmetal, concentric inner and outer annular seal | egs m '

body of the fenmale nenbe SR/ 1ePOUBLING 2! | NY
MET[%IH Peggﬁhaw ng opposed tcpergd wal | s t hat

OCT 1997

t he seal

Alfzaal e
by an axi al
bore

i sing: 15

| egs; e sea
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BACKGROUND OF THE INVENTION

TP

1. Field of the Invention

This invention relates in general to hydraulic couplings and in particular to
a metal-to-metal seal for a hydraulic coupling.

2. Description of the Prior Art

Many current subsea hydraulic couplings employ elastomeric seal elements to
effect a hydraulic seal. However, elastomeric seals are subject to wear and tear
in coupling applications. Because of harsh operating conditions and the
susceptibility of elastomeric seals to wear and tear, hydraulic couplings that
employ elastomeric seals do not have a sufficiently long service life.

Some existing couplings employ metal-to-metal seals as primary seal
elements. However, the metal seal hydraulic couplings built before this invention

are complicated and employ. very delicate seal elements such as metal o-rings, or -

metal face seals. Seals of this nature are particularly sensitive to

misalignment, connection and disconnection at an angle, and debris. As a result
of this sensitivity, relatively small manufacturing tolerances are required,

thus substantially increasing cost. Also, when the metal seal elements of the
couplings built before this invention wear out, the seal integrity is
compromised, thereby further reducing the service life of the couplings.

SUMMARY OF THE INVENTION

It is the general object of the invention to provide a metal-to-metal seal
for use in a subsea hydraulic coupling that results in a coupling that has a
long service life and that is insensitive to misalignment, connection and
disconnection at an angle, and debris.

The hydraulic coupling has a male member and a female member for sealing
engagement one with the other. The male and female members are maintained in
axial engagement by an axial load. The male member and the female member
each have an annular body having an axial bore therethrough for the passage of
fluid. Metal, concentric inner and outer annular seal legs extend from the body
of the female member, defining an annular sealing recess between the seal legs.
The seal legs have opposed tapered walls that define female sealing surfaces. An
annular metal sealing wedge extends from the body of the male member and has
inner and outer tapered walls that define male sealing surfaces for insertion
into the sealing recess for sealingly engaging the female sealing surfaces. The
axial load through the male and female members is supported solely though the
male and female sealing surfaces so that the axial load resuits in a wedge-like
action between the sealing recess and the sealing wedge. The wedge-like action
deflects one of the seal legs thus allowing surface contact between the male and

female sealing surfaces. This improved design results in a hydraulic coupling
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20 define femal e sealing surfaces; an annul ar netal sealing wedge

extending fromthe body of the male member having inner and outer
t aper ed wal I's that define male sealing surfaces for insertion into
the sealing recess for sealingly engaghng the 25 female sealing surfaces;
the axial |oad through the mal e and fenal e nenbers bei ng supported

oad Tesul ts i 08 Tl oo ine SR, WS BT oo “and e

| oad results ecmﬁ, P
30 seal i ng we ge % ‘3? ts one of t he seal Iegs thus

The above as well as additional objects, features, and advantages will become
apparent in the following description.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a vertical sectional view illustrating the coupling of this
invention.

FIG. 2 is an enlarged partial sectional view of the metal-to-metal seal of
the present invention shown in FIG. 1, but shown in a disconnected position and
showing the inner seal leg in various flexed and unflexed positions.

FIG. 3 is an enlarged partial sectional view of the seal of fii

FIG. 1 shown in a connected position. !

DETAILED DESCRIPTION OF THE INVENTION

Referring to FIG. 1, hydraulic coupling 10 is a hydraulic coupling of the
type used in sub-sea oil and gas production operations. Coupling 10 serves to
sealingly couple the ends of two pipes (not shown) carrying hydraulic fluid.

Referring now to both FIG. 1 and FIG. 2, coupling 10 has a female member
12 for threaded connection to one of the pipe ends which is to be sealingly
coupled. Female member 12 has a body 14 and an axial bore 16 therethrough
for the passage of fluid. A metal inner annular seal leg 18 extends from body 14 -
of female member 12. Also extending from body 14 is metal outer annular seal
leg 20 having a rim 22. Outer seal leg 20 is thicker and has more rigidity than
inner seal leg 18.

Inner seal leg 18 extends concentrically within outer seal leg 20. Inner and
outer seal legs 18 and 20 define between them an annular sealing recess 24.
Inner and outer seal legs 18 and 20 have opposed tapered walls or sealing
surfaces 26 and 28. Outward facing opposed tapered wall 26 is located on inner
seal leg 18 and inward facing opposed tapered wall 28 is located on outer seal
leg 20. The opposed tapered walls 26 and 28 define respectively an inner
female sealing surface and an outer female sealing surface. Separating opposed
tapered walls 26 and 28 is a downward facing, flat base 34. Outer seal leg 20
also has a seal groove 36 for housing back-up elastomeric seal 38.

Referring still to both FIG. 1 and FIG. 2, coupling 10 further has a male
member 42 for threaded connection to the other of the hydraulic pipe ends
which is to be sealingly coupled. Male member 42 has a body 44 and an axial
bore 46 therethrough for the passage of fluid. An annular metal sealing wedge
48 extends from body 44 of male member 42. Sealing wedge 48 has a rim 50.
Sealing wedge 48 also has an inner tapered wall 52 and outer tapered wall 54.
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and | a spring elenent acting on one of the nenbers
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Inner and outer tapered walls 52 and 54 define an innef male sealing surface and
an outer male sealing surface, respectively. Male member 42 also has a
circumferential protrusion 60 where the outside of sealing wedge 48 and the

outside of body 44 meet.

Referring now mainly to FIG. 1, a stationary base 64 is shown. Stationary
base 64 has an opening 66 for accepting male member 42. Retaining means 68,
in conjunction with protrusion 60, serves to fixedly couple stationary base 64 to
male member 42 so that there is no axial movement between stationary base 64
and male member 42. Also shown in FIG. 1 is retrievable base 70. Retrieval
base 70 has an opening 72 for slidably engaging female member 12. Retaining
means 74 and belleville washers 76 allow female member 12 to axially slide
within opening 72 of retrievable base 70 while maintaining female member 72

biased towards male member 42.

Still referring mainly to FIG. 1, check valve assemblies may be employed
with both female member 12 and male member 42. Referring first to the check
valve assembly on female member 12, check valve body 80 has a conical
portion 82 that conforms to valve seat 84 on female member 12. Extending from
check valve body 80 is a valve tip 86. One end of a valve spring 88 is in contact
with check valve body 80, while the other end of valve spring 88 is in contact
with a spring collar 90 which has a flow passage 92 and which is kept in place
within female member 12 by the end of the pipe which is threadedly attached to
female member 12 through threads 94. Valve spring 88 maintains conical
portion 82 of check valve body 80 biased towards a closed position, that is,
against valve seat 84. Check valve body 80 has a vertical passage 96 and a
plurality of horizontal passages 98 to allow fluid to flow through the check valve
body when the check valve body is in the open position, that is, when conical

portion 82.is not in sealing engagement with valve seat 84.

Referring next to the check valve assembly on male member 42, the check
valve assembly on male member 42 is very similar to the check valve assembly
on female member 12. Check valve body 100 has a conical portion 102 that
conforms to valve seat 104 on male member 42. Extending from check valve
body 100 is a valve tip 106. One end of a valve spring 108 is in contact with
check valve body 100, while the other end of valve spring 108 is in contact with
a spring collar 110 which has a flow passage 112 and which is kept in place
within male member 42 by the end of the pipe which is threadedly attached to
male member 42 through threads 114. Valve spring 100 maintains conical
portion 102 of check valve body 100 biased towards a closed position, that is,
against valve seat 104. Check valve body 100 has a vertical passage 116 and a
plurality of horizontal passages 118 to allow fluid to flow through the check
valve body when the check valve body is in the open position, that is, when

conical portion 102 is not in sealing engagement with valve seat 104.

In operation, coupling 10 operates as follows. The end of a stationary
hydraulic pipe is threadedly attached to male member 42 which is in turn fixedly
coupled to stationary base 64 through retaining means 68. Stationary base 64 is
located at the sea bottom. The end of a retrievable hydraulic pipe is threadedly
attached to the end of female member 12 which is slidably engaged to




--10 - 8. The hydraulic coupling according to claiml
wherein one of the seal legs of the femal e nenber has nore rigidity
than'the other of the seal |egs of the femal e menber and wherein the
seal leg with less 5 rigidity deflectg both plastically and elastically
during the first coupling and predom nantly elastically

retrievable base 70 and is biased toward male member 42 by belleville washers
76. Retrievable base 70 is lowered from the surface to the sea bottom to where it
is in substantial axial alignment and in proximate vicinity of the stationary base.

As retrievable base 70 is brought closer to stationary base 64, so is female
member 12 brought closer to male member 42. Even if female member 12 and
male member 42 are not perfectly aligned, either axially and/or angularly, the
shape of sealing recess 24 and sealing wedge 48 and the displacement allowed
by belleville washers 76 allow sealing recess 24 and sealing wedge 48 to come
into sealing engagement despite the axial and/or angular offset.

Referring now mainly to FIG. 2 and FIG. 3, after manufacture but prior to the
first connection, taper angle 124 of tapered wall 28 is substantially the same
as taper angle 126 of outer tapered wall 54 of sealing wedge 48. Also at this
time, inner seal leg 18 is in a never-coupled position 128a. When inner seal leg
18 is in never-coupled position 128a, never-coupled taper angle 130a of tapered
wall 26 is slightly smaller than taper angle 132 of inner tapered wall 52 of
sealing wedge 48. If inner seal leg 18 did not flex, then the contact between
tapered wall 26 and tapered wall 52 would only be along a line as apposed to
along a surface.

However, after female member 12 and male member 42 come into contact,
and as retrievable base 70 is then brought closer to stationary base 64, belleville
washers 76 are compressed and female member 12 begins to axially slide inside
retrievable base 70. The compression of belleville washers 76 due to the
lowering of retrievable base 70 after female and male members 12 and 42 are
already in contact results in an axial load being applied to female member 12 in
the direction of male member 42. Since the only contact between female
member 12 and male member 42 is along tapered walls 26, 28, 52, and 54, the
entire axial load is supported through tapered walls 26, 28, 52, and 54. This
results in a wedge-like action between sealing wedge 48 and sealing recess 24.

During the first connection, as the female and male members 12 and 42 are
forced together by the axial load, inner seal leg 18 flexes, both elastically
and plastically, inward toward coupled position 128b. When in coupled position
128b, tapered wall 26 is at coupled taper angle 130b, which is substantially the
same as taper angle 132 of inner tapered wall 52 of sealing wedge 48. When "
inner seal leg 18 is in coupled position 128b, the contact between tapered wall
26 and tapered wall 52 is along a surface rather than along a line. As shown in
FIG. 3, tapered wall 28 and tapered wall 54, and tapered wall 26 and tapered
wall 52, are in substantially full surface contact.

When male member 42 and female member 12 are connected, a gap 134
remains between rim 50 of sealing wedge 48 and base 34 of sealing recess 24.
Another gap 136 remains between rim 22 of outer annular seal leg 20 and
protrusion 60 of male member 42. Gaps 134 and 136 ensure that the axial load
through male member 42 and female member 12 is supported completely
through tapered walls 26, 28, 52, and 54.

Since during the first connection inner seal leg 18 deforms both plastically
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during subsequent couplings. 9. A netal-to-netal seal assenbly
.for a 10 hydraulic coupling having a female nmenber and a nual e menber ,
each having an annul ar body for sealing engagenment one with the other,
t he femal e nmenber and mal e nmenber. oei ng mai ntai ned in axi al engagenent
by an axial load, the femal e nmenber and nal e nenber each 15 having an
axi al bor e t hgd ghdticAlY ipdnQdischiiiRcitAS BR&SscRl1eg 18 will HotGpridgd¥ack®S al - t o- net al
seal assenbl y.£RERMieA Position 128a, but will only spring back to decoupled position

128c. When in decoupled position 128c, tapered wall 26 will be at decoupled

taper angle 130c. Decoupled position 128¢ is somewhere between never-coupled

position 128a and coupled position 128b, and decoupled taper angle 130c will be

smaller than coupled taper angle 130b but larger than never-coupled taper angle

130a. Upon subsequent connections, inner seal leg 18 deflects predominantly

elastically, and will deflect substantially between decoupled position 128c and

coupled position 128b.

Referring now primarily to FIG. 1, the check valve assemblies ensure that
hydraulic fluid is not lost while female and male members 12 and 42 are not
coupled. When female member 12 and male member 42 are not coupled, conical
portion 82 of check valve body 80 is being forced into sealing contact with
valve seat 84 so that fluid cannot flow out of female member 12. Likewise,
conical portion 102 of check valve body 100 is being forced into sealing contact
with valve seat 104 so that fluid cannot flow out of male member 42. During
connection of male member 42 and female member 12, valve tip 106 of check
valve body 100 comes into contact with valve tip 86 of check valve body 80. As
the male and female members 42 and 12 are brought further -together, check
valve body 100 is displaced axially within male member 42 and check valve
body 80 is displaced axially within female member 12, thus causing conical
portions 102 and 82 to disengage valve seats 104 and 84. When conical portions
102 and 82 disengage valve seats 104 and 84, hydraulic fluid in female member
12 can flow through vertical passage 96 and horizontal passages 98 and out of or
into female member 12, and the fluid in male member 42 can flow through
vertical passage 116 and horizontal passages 118 and out of or into male
member 42.

The tapered shape of the sealing wedge 48 and sealing recess 24 help to
prevent elastomeric seal 38 from being "blown out" of seal groove 36. During
disconnection of hydraulic coupling 10, there is often a great pressure
differential between the inside and outside of coupling 10. During disconnection
of male member 42 and female member 12, a gap is created through which the
pressure differential is equalized. This gap increases in size as male member 42
and female member 12 are brought further apart. While the gap is small and the
pressure differential is not yet equalized, fluid rushes at high velocity
through the gap. If elastomeric seal 38 is located too close to the gap while
the pressure differential is not yet equalized, elastomeric seal 38 can be
"blown out" of seal groove 36. The tapered shapes of sealing wedge 48 and
sealing recess 24 cause the pressure differential to be substantially equalized
before elastomeric seal 38 gets close enough to the gap to be blown out.

The hydraulic coupling of the present invention results in several
advantages. Since the axial load through male member 42 and female member
12 is supported solely through tapered walls or sealing surfaces 26, 28, 52, and
54, the axial load ensures a positive seal. Furthermore, the tapered shape of both
sealing recess 24 and sealing wedge 48 ensure that even as sealing recess 24 and
sealing wedge 48 wear down, a positive seal will be maintained. In other words,
as sealing recess 24 wears down it gets larger, and as sealing wedge 48 wears
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metal , concentric annular inner and outer seal | egs extending fromthe

.body of the femal e nenber, the I nner and outer seal |egs having opposed
tapered walls 20 defining an annul ar sealing recess; an annul ar
metal sealing wedge extending fromtheg. body of the mal e nmenber, the
seal i ng medge having inner' and outer tapered wal I s that sealingly
engage Fhe ﬁgtipgr.g&ls eaﬁx?gsurfaces aﬁrpe outer seal

| eg having @faci Lt% *1 ported & %’ E ackCifish@d t he i nner
seal leg to f 1ngwcdge48 ermt% sgalmg eceg cuy %pomn&gher and

sealmg surfaces to come mto full contact with each other and thus maintaining
a positive seal.

Another advantage of the present invention is that the shape of the sealing
surfaces together with the displacement of female member 12 that is allowed by
belleville washers 76 results in a hydraulic coupling that is capable of being
connected and disconnected under large angular and axial offsets.

Another advantage of the present invention is that it is not as sensitive to
debris since there is a relatively large sealing area.

Yet another advantage of the present invention is that the plastic
deformation during the first assembly acts as a "final machining" process,
making initial small manufacturing tolerances unnecessary. Also, the elastic
deformation during each connection ensures that the application of the axial
load results in substantially the entire sealing surfaces being in contact.

Still another advantage of the present invention is that since the primary
seal is the metal-to-metal seal between tapered wall 52 and tapered wall 26, the
metal-to-metal seal is less susceptible to wear and tear than elastomeric seals.
Also, the simple design and lack of delicate elements of the present invention
makes it more durable than metal seal hydraulic couplings built before this
invention.

Still another advantage of the hydraulic coupler of the present invention is
the increased service life of the coupler that resuits from the improved design.

While the invention has been particularly shown and described with reference
to a preferred embodiment, it will be understood by those skilled in the art
that various changes in form and detail may be made therein without departing
from the spirit and scope of the invention.
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the inner and outer seal |egs being separated by a base such that when
.the sealing wedge is in sealing 30 engagenent with the sealing recess a
rimof the sealing wedge is spaced apart fromthe base resulting in a
gap bet ween the base and the rimjf.the sealing wedge. 10.
The metal -to-netal seal assenbly according to 35 claim9 wherein the
femal e menber has an el astoneric

CLAIMS: What is claimed is:

[*1] 1. In a hydraulic coupling having a female member and a male '
member,
each having an annular body for sealing engagement one with the other, the
female member and male member being maintained in axial engagement with
each other by an axial load, the female member and male member each having
an axial bore therethrough for the passage of fluid, the improvement comprising:

metal, concentric inner and outer annular seal legs extending from the body
of the female member, defining an annular sealing recess between the seal legs;

the seal legs having opposed tapered walls that define female sealing
surfaces;

an annular metal sealing wedge extending from the body of the male member
having inner and outer tapered walls that define male sealing surfaces for
insertion into the sealing recess for sealingly engaging the female sealing
surfaces; and

the axial load through the male and female members being supported solely
through the male and female sealing surfaces so that the axial load results in a
wedge-like action between the sealing recess and the sealing wedge, which
deflects one of the seal legs thus allowing surface contact between the male and
female sealing surfaces.

[*2] 2. The hydraulic coupling according to claim 1 wherein the female
member has an elastomeric seal located on one of the female sealing surfaces.

[*3] 3. The hydraulic coupling according to claim 1 wherein the female
member has an elastomeric seal located on the outer seal leg of the female
member.

[*4] 4. In a hydraulic coupling having a female member and a male
member, each having an annular body for sealing engagement one with the
other, the female member and male member being maintained in axial
engagement with each other by an axial load, the female member and male
member each having an axial bore therethrough for the passage of fluid, the
improvement comprising:

metal, concentric inner and outer annular scal lens extending from the body
of the female member, defining an annular sealing recess between the seal legs;

the seal legs having opposed tapered walls that define female sealing
" surfaces;

an annular metal sealing wedge extending from the body of the male member
having inner and outer tapered walls that define male sealing surfaces for
insertion into the sealing recess for sealingly engaging the female sealing
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- 11 - seal located on the outer | eg which engages the outer
.tapered wall of the nmale nenber.

-8-
-surfaces;

the axial load through the male and female members being supported solely
through the male and female sealing surfaces so that the axial load results in a
wedge-like action between the sealing recess and the sealing wedge, which
deflects one of the seal legs thus allowing surface contact between the male and
female sealing surface; and

a check valve in at least one of the axial bores for preventing flow through -
the bore while the male member and female member are not coupled.

[*5] S. The hydraulic coupling according to claim 1 wherein one of the seal
legs of the female member has more rigidity than the other of the seal legs of
the female member.

[*6] 6. The hydraulic coupling according to claim 1 wherein the outer seal
leg has more rigidity than the inner seal leg. '

[*7] 7. In a hydraulic coupling having a female member and a male
member, each having an annular body for sealing engagement one with the
other, the female member and male member being maintained in axial
engagement with each other by an axial load, the female member and male
member each having an axial bore therethrough for the passage of fluid, the
improvement comprising:

metal, concentric inner and outer annular seal legs extending from the body
of the female member, defining an annular sealing recess between the seal legs;

the seal legs having opposed tapered walls that define female sealing
surfaces;

an annular metal sealing wedge extending from the body of the male member
having inner and outer tapered walls that define male sealing surfaces for
insertion into the sealing recess for sealingly engaging the female sealing
surfaces; '

the axial load through the male and female members being supported solely
through the male and female sealing surfaces so that the axial load results in a
wedge-like action between the sealing recess and the sealing wedge, which
deflects one of the seal legs thus allowing surface contact between the male and
female sealing surfaces; and

a spring element acting on one of the members to bias the members axially
toward each other.

[*8] 8. The hydraulic coupling according to claim 1 wherein one of the seal
legs of the female member has more rigidity than the other of the seal legs of
the female member and wherein the seal leg with less rigidity deflects both
plastically and elastically during the first coupling and predominantly
elastically during subsequent couplings.
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11. The netal -to-netal seal assenbly according to 5 claim9 further
.conpri sing: a stationary base having an opening for accepting
one ‘of the menbers and havi ng retaining nmeans for fixedly coupling said
one of the nmenbers to the stati orary base; 10 a retrievabl e base -
havi ng an opening for slideably engagi ng the other of the nenbers; and
a spring el epant grpunétsico Sittal Bal hssérible Yol 18y daEE coupling having a

female member and a male member, each having an annular body for sealing

engagement one with the other, the female member and male member being

maintained in axial engagement by an axial load, the female member and male

member each having an axial bore therethrough for the passage of fluid, the

metal-to-metal seal assembly comprising:

metal, concentric annular inner and outer seal legs extending from the body
of the female member, the inner and outer seal legs having opposed tapered .
walls defining an annular sealing recess;

. an annular metal sealing wedge extending from the body of the male member,
the sealing wedge having inner and outer tapered walls that sealingly engage the
tapered walls of the female member;

the outer seal leg having more rigidity than the inner seal leg, causing the
inner seal leg to flex as the members are inserted into one another; and

the inner and outer seal legs being separated by a base such that when the
sealing wedge is in sealing engagement with the sealing recess a rim of the
sealing wedge is spaced apart from the base resulting in a gap between the base
and the rim of the sealing wedge.

[*10] 10. The metal-to-metal seal assembly according to claim 9 wherein the
female member has an elastomeric seal located on the outer leg which engages
the outer tapered wall of the male member.

[*11] 11. The metal-to-metal seal assembly according to claim 9 further
comprising:

a stationary base having an opening for accepting one of the members and - -
having retaining means for fixedly coupling said one of the members to the
stationary base;

a retrievable base havmg an opening for shdeably engaging the other of the
members; and

a spring element mounted on the rétrievable base acting between said other of
the members and the retrievable base to bias said other of the members in one
axial direction so that upon coupling of the two members the spring element will
exert the axial load between the two members.

[*12] 12. The metal-to-metal seal assembly according to claim 9 wherein the
inner seal leg deflects both plastically and elastically during the first
coupling and predominantly elastically during subsequent couplings.

[*13] 13. A hydraulic coupling comprising in combination:
a female member and a male member, each having an annular body for

sealing engagement one with the other, the female member and male member
being maintained in axial engagement with each other by an axial load, the

i




acting between said other of the nenbers and the retrievabl e base to
.bias said other of the nenbers in 15 one axial direction so that upon
coupling of the two menbers the spring elenent will exert the axi al

| oad bet ween the two nenbers. -10 - 12. The nmetal -to-netal seal
assenbly according to 20 claim9 wherein the inner seal |leg deflects both
plastically and elastically during the first coupling and predom nantly

el astically quphidthemYESHEREM member each havmg an axial bore therethrough for the
passage of fluid;

metal, concentric inner and outer animlar seal legs extending from the body
of the female member defining an annular sealing recess between the seal legs;

the seal legs having opposed tapered walls that define female sealing
surfaces;

an annular metal sealing wedge extending from the body of the male member .
having inner and outer tapered walls that define male sealing surfaces for
insertion into the sealing recess for sealingly engaging the female sealing
surfaces;

the outer seal leg having more rigidity that the inner seal leg;

the inner seal leg having a never-coupled taper angle on its tapered wall
that is less than a taper angle on the inner tapered wall of the sealing wedge,
causing the inner seal leg to flex inward as the members are inserted into one
another;

a spring clement acting on one of the members to bias the members axlally
toward each other; and

the axial load through the male and female members being supported solely
through the male and female sealing surfaces so that the axial load results in a
wedge-like action between the sealing recess and the sealing wedge which
deflects the inner seal leg inward thus allowing surface contact between the
male and female sealing surfaces.

[*14] 14. The hydraulic coupling according to claim 13 wherein the female
member has an elastomeric seal located on one of the female sealing surfaces.

[*15] 15. The hydraulic coupling according to claim 13 wherein the female
member has an elastomeric seal located on the outer seal leg of the female
member.

[*16] 16. The hydraulic coupling according to claim 13 further comprising a
check valve in at least one of the axial bores for preventing flow through the
bore while the male member and female member are not coupled.
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coupl i ngs. 25 13. A hydraulic coupling conprising in

conbi nat i on: a femal e nenber and a nal e nenber, each having an
annul ar body for sealing engagenent one with the other, the femal e
menber and mal e menber being maintained in 30 axial engagenent wi th each
. other by an axial |oad, the

femal e nenber and mal e nmenber each haV|ng
an axi al bore threrethrough f or-thé passage of f|UId
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- 12 - | egs; the seal |egs having opposed tapered walls that

-define femal e sealing surf.aces; an annul ar metal s g.wedge
extending fromthe 5 body of the nmale nenber having inner |REBf ROERES Y )
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10;' -i;hner seal Ie'g' _ the inner seal |eg havi @P -cou Igﬁl’m”rr
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t aper angle on its tapered wall that is Iess than . ngl e on
the inner tapered wall of the sealing wedge, causing the inner seal |eg
to flex inward as the 15 nembers are i@serted i nto one anot her; . a
spring el enent acting on one of the nmenbers to bi as the nenbers axially
toward each ot therhas aishg service life aridatdx indénsiiOd rhisilpnfent SMnédo and femal e
menber s b einaglisconiection @t ars arlpd, ¥ind Bébpiyoh the mal e and female 20 sealing

surfaces so that the axial load results in a
The above as well as additional objects, features, and advantages will become
apparent in the following description. '

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a vertical sectional view illustrating the coupling of this
invention.
FIG. 2 is an enlarged partial sectional view of the metal-to-metal seal of

the present invention shown in FIG. 1, but shown in a disconnected position and
showing the inner seal leg in various flexed and unflexed positions:

FIG. 3 is an enlarged partial sectional view of the seal of FIG. 1 shown in a
connected position.-

DETAILED DESCRIPTION OF THE INVENTION

Refefring to FIG. 1, hydraulic coupling 10 is a hydraulic coupling of the
type used in sub-sea oil and gas production operations. Coupling 10 serves to
scalingly couple the ends of two pipes (not shown) carrying hydraulic fluid.

Referring now to both FIG. 1 and FIG. 2, coupling 10 has a female member
12 for threaded connection to one of the pipe ends which is to be sealingly
coupled. Female member 12 has a body 14 and an axial bore 16 therethrough
for the passage of fluid. A metal inner annular seal leg 18 extends from body 14
- of female member 12. Also extending from body 14 is metal outer annular seal
leg 20 having a rim 22. Outer seal leg 20 is thicker and has more rigidity than
inner seal leg 18. .

Inner seal leg 18 extends concentrically within outer seal leg 20. Inner and
outer seal legs 18 and 20 define between them an annular sealing recess 24.
Inner and outer seal legs 18 and 20 have opposed tapered walls or sealing
surfaces 26 and 28. Outward facing cpposed tapered wall 26 is located on inner
seal leg 18 and inward facing opposed tapered wall 28 is located on outer seal
leg 20. The opposed tapered walls 26 and 28 define respectively an inner
female sealing surface and an outer female sealing surface. Separating opposed
tapered walls 26 and 28 is a downward facing, flat base 34. Outer seal leg 20
also has a seal groove 36 for housing back-up elastomeric seal 38.

Referring still to both FIG. 1 and FIG. 2, coupling 10 further has a male
member 42 for threaded connection to the other of the hydraulic pipe ends
which is to be sealingly coupled. Male member 42 has a body 44 and an axial
bore 46 therethrough for the passage of fluid. An annular metal sealing wedge
48 extends from body 44 of male member 42. Sealing wedge 48 has a rim 50.
Sealing wedge 48 also has an inner tapered wall 52 and outer tapered wall 54.
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wedge- | i ke action between the seal ing recess and the seal i ng wedge
mhigh deflects the inner seal leg inward t hus alRERhABENENFﬁgEETcontact
bet ween the mal e and femal e sealing surfaces. 25 14. The
hydraul i c coupling according to claim13 wherein the femal e menber has
an el astoneric seal | ocated on one af st he fenmal e seal ing surfaces. 30
15. The hydraulic coupling according to claim 13

What is claimed is:

1. In a hydraulic coupling having a female
member and a male member, each having an annular body
5 for sealing engagement one with the other, the female
member and male member being maintained in axial
engagement with each other by an axial load, the female
member and male member each having an axial bore
therethrough for the passage of fluid, the improvement
10 comprising:
metal, concentric inner and outer annular seal
legs extending from the body of the female member,
defining an annular sealing recess between the seal
legs;
15 the seal legs having opposed tapered walls that
define female sealing surfaces;
an annular metal sealing wedge extending from the
body of the male member having inner and outer tapered
walls that define male sealing surfaces for insertion
20 into the sealing recess for sealingly engaging the
female sealing surfaces; and
the axial load through the male and female members
being supported solely through the male and female
sealing surfaces so that the axial load results in a
25 wedge-like action between the sealing recess and the
sealing wedge, which deflects one of the seal legs thus
allowing surface contact between the male and female
sealing surfaces.

30 2. The hydraﬁlic coupling according to claim 1
wherein the female member has an elastomeric seal
located on one of the female sealing surfaces.

3. The hydraulic coupling according to claim 1
35 wherein the female member has an elastomeric seal
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mhéréin the femal e nenber has an el astoneric seal _ located on the outer
seal leg of the fenmal e nenber. 16. The hy CEMEthueﬁﬁ
according to claim 13 35 further conprising a check valve in at |east one
of " t he

-8 -

located on the outer seal leg of the female member.

4. In a hydraulic coupling having a female
member and a male member, each having an annular body
5 for sealing engagement one with the other, the female
member and male member being maintained in axial
engagement with each other by an axial load, the female
member and male member each having an axial bore .
therethrough for the passage of fluid, the improvement
10 comprising:
metal, concentric inner and outer annular seal
legs extending from the body of the female member,
defining an annular sealing recess between the seal
legs;
15 the seal legs having opposed tapered walls that
define female sealing surfaces;
an annular metal sealing wedge extending from the
body of the male member having inner and outer tapered
walls that define male sealing surfaces for insertion
20 into the sealing recess for sealingly engaging the
female sealing surfaces;
the axial load through the male and female members
being supported solely through the male and female
sealing surfaces so that the axial load results in a
25 wedge-like action between the sealing recess and the
sealing wedge, which deflects one of the seal legs thus
allowing surface contact between the male and female
sealing surfaces; and
a check valve in at least one of the axial bores
30 for preventing flow through the bore while the male
member and female member are not coupled.

5. The hydraulic coupling according to claim 1
wherein one of the seal legs of the female member has
35 more rigidity than the other of the seal legs of the

- REPLACEMENT SHEET

A 0 16 DEC 199




- i3?- axi al bores for preventing fIOM/through the bore while the male
nmenber and femal e nenber are not coupl ed. REPLACEMENT SHEET
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female member.

6. The hydraulic coupling according to claim 1
wherein the outer seal leg has more rigidity than the
5 inner seal leg.

7. In a hydraulic coupling having a female
member and a male member, each having an annular body
for sealing engagement one with the other, the female

10 member and male member being maintained in axial
-engagement with each other by an axial load, the female
member and male member each having an axial bore |
therethrough for the passage of fluid, the improvement
comprising:

15 metal, concentric inner and outer annular seal
legs extending from the body of the female member,
defining an annular sealing recess between the seal
legs; ' g

the seal legs having opposed tapered walls that

20 define female sealing surfaces;

an annular metal sealing wedge extending from the
body of the male member having inner and outer tapered
walls that define male sealing surfaces for insertion
into the sealing recess for sealingly engaging the

25 female sealing surfaces;

the axial load through the male and female members
being supported solely through the male and female
sealing surfaces so that the axial load results in a
wedge~like action between the sealing recess and the

30 sealing wedge, which deflects one of the seal legs thus
allowing surface contact between the male and female
sealing surfaces; and '

a spring element acting on one of the members to
bias the members axially toward each other.

35

I
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8. The hydraulic coupling accérding to claim 1
wherein one of the seal legs of the female member has
more rigidity than the other of the seal legs of the
female member and wherein the seal leg with less
rigidity deflects both plastically and elastically
during the first coupling and predominantly elastically
during subsequent couplings.

9. A metal-to-metal seal assembly for a
hydraulic coupling having a female member and a male
member, each having an annular body for sealing
engagement one with the other, the female member and
male member being maintained in axial engagement by an
axial load, the female member and male member each_
having an axial bore therethrough for the passage of
fluid, the metal-to-metal seal assembly comprising:

metal, concentric annular inner and outer seal
legs extending from the body of the female member, the
inner and outer seal legs having opposed tapered walls
defining an annular sealing recess;

an annular metal sealing wedge extending from the
body of the male member, the sealing wedge having inner
and outer tapered walls that sealingly engage the
tapered walls of the female member;

the outer seal leg having more rigidity than the
inner seal leg, causing the inner seal leg to flex as
the members are inserted into one another; and

the inner and outer seal legs béing separated by a
base such that when the sealing wedge is in sealing
engagement with the sealing recess a rim of the sealing
wedge is spaced apart from the base resulting in a gap
between the base and the rim of the sealing wedge.

10. The metal-to-metal seal assembly according to
claim 9 wherein the female member has an elastomeric
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seal located on the outer leg which engages the outer
tapered wall of the male member.

11. The metal-to-metal seal assembly according to
claim 9 further comprising:

a stationary base having an opening for accepting
one of the members and having retaining means for
fixedly coupling said one of the members to the
stationary base; '

a retrievable base having an opening for slideably
engaging the other of the members; and \

. a spring element mounted on the retrievable base
acting between said other of the members and the
retrievable base to bias said other of the members in
one axial direction so that upon coupling of the two
members the spring element will exert the axial load
between the two members.

12. The metal-to-metal seal assembly according to
claim 9 wherein the inner seal leg deflects both
plastically and elastically during the first coupling

‘and predominantly elastically during subsequent

couplings.

13. A hydraulic coupling comprising in
combination:

a female member and a male member, each having an
annular body for sealing engagement one with the other,
the female member and male member being maintained in
axial engagement with each other by an axial load, the
female member and male member each having an axial bore
threrethrough for the passage of fluid; _

metal, concentric inner and outer annular seal
legs extending from the body of the female member
defining an annular sealing recess between the seal

R
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legs;

the seal legs having opposed tapered walls that
define female sealing surfaces;

an annular metal sealing wedge extending from the
body of the male member having inner and outer tapered
walls that define male sealing surfaces for insertion
into the sealing recess for sealingly engaging the
female sealing surfaces;

the outer seal leg having more rigidity than the
inner seal leg;

the inner seal leg having a never-coupled taper
angle on its tapered wall that is less than a taper
angle on the inner tapered wall of the sealing wedge,
causing the inner seal leg to flex inward as the
members are inserted into one another;

a spring element acting on one of the members to
bias the members axially toward each other; and

the axial load through the male and female members
being supported solely through the male and female
sealing surfaces so that the axial load results in a
wedge-like action between the sealing recess and the
sealing wedge which deflects the inner seal leg inward
thus allowing surface contact between the male and
female sealing surfaces.

14. The hydraulic coupling according to claim 13
wherein the female member has an elastomeric seal
located on one of the female sealing surfaces.

15. The hydraulic coupling according to claim 13
wherein the female member has an elastomeric seal
located on the outer seal leg of the female member.

16. The hydraulic coupling according to claim 13
further comprising a check valve in at least one of the
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axial bores for preventing flow through the bore while
the male member and female member are not coupled.
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METAL SEAL HYDRAULIC COUPLING

ABSTRACT

An hydraulic coupling has a male member and a female
member for sealing engagement one with the other. The
male and female members are maintained in axial en-
gagement by an axial load. The male member and the
female member each have an annular body having an
axial bore therethrough for the passage of fluid. Metal,
concentric inner and outer annular seal legs extead from
the body of the female member, and define an annular
sealing recess between the seal legs. The seal legs have
opposed tapered walls that define female sealing sur-
faces. An annular metal sealing wedge extends from the
body of the male member and has inner and outer ta-
pered walls that define male sealing surfaces for inser-
tion into the sealing recess for sealingly engaging the
female sealing surfaces. The axial load through the male
and female members is supported solely though the
male and female sealing surfaces so that the axial load
results in a wedge-like action between the sealing recess
and the sealing wedge. The wedge-like action deflects
one of the seal legs thus allowing surface contact be-
tween the male and female sealing surfaces.

Figure 1
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