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(57) Abrégée/Abstract:
A flowline connection assembly connects first and second tubular members to each other.

—ach tubular member has an external

flange on its end. A conical recess Is formed In the bore at the end of each of the tubular members. A metal ring has a pair of legs
extending In opposite axial directions, each of the legs having a conical outer surface that engages one of the conical recesses.
Each ring has an elastomeric seal that seals the recess. A clamp has cam surfaces that engage the flanges and pull the tubular

members axially toward each other.

C an adg http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca

OPIC - CIPO 191

S SNV ENEEN
O - 2.7 20 a0

J "..
KT
e
A

OPIC




CA 02490664 2004-12-22

FLOWLINE CLAMP CONNECTOR

Abstract

A flowline connection assembly connects first and second tubular members to each
other. Each tubular member has an external flange on its end, A conical recess 1s
formed in the bore at the end of each of the tubular members. A metal ring has a pair
of legs extending in opposite axial directions, each of the legs having a comnical outer
surface that engages one of the conical recesses. Bach ring has an elastomeric seal

that seals the recess. A clamp has camn surfaces that engage the flanges and pull the
tubular members axially toward each other.
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FLOWLINE CLAMP CONNECTOR

Cross-Reference to Related Application:

This application claims priority to provisional application S.N. 60/566,264,
filed April 29, 2004.

Field of the Invention:

This mvention relates in general to oilfield pipe connectors, and in particular

to a clamp-type connector for connecting flowlines for well service operations.

Background of the Invention:

In some oil field service operations, such as hydraulic fracturing, cementing,
acidizing and the like, high pressure fluids are pumped down the well. In some cases,
the fluid pressures may be in excess of 15,000 psi. Typically, an operator brings high
pressure pumping equipment to the well site and mstalls temporary service flowlines
from the high pressure pumps to the wellhead. Because high volumes of fluid may
also be needed, a number of pumping units may be connected together at one well

site.

The temporary flowhine components include joints or sections of steel pipe of
differing lengths, various junctions, valves, swivels and the like, Generally, each well
site differs, and the workers have to arrange the flowlines to extend around and past a
variety of well site equipment. Many counections have to be made up, and each

connection must be able to withstand the high pressure. The workers need to be able

 to quickly make and break out the connections to minimize the time for each job.

A hammer union is a common type of connector used for these temporary
flowlines. The flowline components have ends that abut each other. A collar fits
loosely on one end, the collar having intemal threads for engaging threads on the end
of the other flowline component. The collar has external lugs, and the workers deliver
blows to the lugs to tighten the collars. While these hammer union systems work
well, there are disadvantages. The larger size components can be fairly heavy, and

the ends being joined have to be elevated above the ground to tighten the hammer
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union. A worker might sustain an injury while lifting the components and delivering
blows with a hammer. In very cold climates, the hammer union could shatter or break
due to the blows. Sparks can be created by delivering the blows, which could create

an explosion if any combustible gas has leaked in the vicinity. The task of connecting

the components with a hammer union is time consuming.

Another type of temporary oilfield service flowline uses clamps to clamp the
ends of the flowlines together. The workers employ wrenches to secure four bolts
that draw the clamp halves together. The clamp engages annular extemal flanges
formed on the ends of the flowline components. A cylindrical seal recess is formed i
the bore at the end of each flowline component. The cylindrical recess texrminates m a
shoulder that is parallel to the end face of the flowline component. A cylindrical
metal carmier ring fits within but does not seal to the cylindrical seal recess. Rather a
clearance exists between the recess and the carrier ring to facilitate entry of the camer
ring into the recess. Elastomeric seal rings are mounted to the carrier ring to seal
against the cylindrical portions and shoulders of the recesses. This type of service

flowline avoids the disadvantage of hammer union but is not in wide use.

In the clamp type of temporary flowline mentioned above, the extemal
dimensions of the clamps are fairly large because the external flanges protrude
considerably more than the outer diameter of the flowline component. Reducing the
size would make setting up the flowlines more convenient because of compaciness,
However, the high pressure ratings mandate a certain amount of support metal and

still must be maintained.

Summary of the Invention:

In this invention, each tubular mmember end portion has a flange that extends
outward relative to a longitudinal axis. An annular recess is formed in the bore at the
end of each of the tubular members, each of the recesses having a conical portion. A
metal ring has an outward extending rib that locates between end faces of the tubular
members. The rib has a pair of legs extending in opposite axial directions from the
1ib, each of the legs having a conical outer surface that engages one of the conical

portions of the recess. Bach leg of the metal ring carries an elastomeric seal that seals
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between the leg and the recess. A clamp has cam surfaces that engage the flanges and

pull the tubular members axially toward each other.

In one embodiment, each recess has a cylindrical portion adjacent its end. The
elastomeric seals seal against the cylindrical portions of the recesses. Further, the
contact of the legs of the ring with the conical portious of the recesses forms
secondary metal-to-metal seals to prevent extrusion of the elastomeric seals nto the
conical portions of the recesses. Preferably the legs of the ring are sized to create an
interference contact with the conical portions of the recesses. The dimensions are
seleEted so that the legs of the ring undergo elastic deformation when the connector 1s
made up. During insertion of the ring, the elastomeric seals clear the conical portions
of the recesses and only engage the cylindrical portions to avoid damage to the

elastomeric seals.

In one embodiment, the assembly is rated for 15,000 psi, and a ratio of the
outer diameter of each of the flanges over a diameter of the bore is less than 2.2 and
preferably in the range from 1.9 to 2.2. Also, preferably a ratio of the outer diameter

over an axial thickness of each of the flanges measured at the outer diameter 15 less

than 10, and preferably less than 8.

Brief Description of the Drawings:

Figure 1 1s a perspective view illustrating a flowline clamp connector

constructed in accordance with this invention.

Figure 2 15 a sectional view of the clamp connector of Figure 1.

Figure 3 is a further enlarged view of a portion of the clamp connector of
Figure 1.
Detailed Description of the Invention:

Referring to Figure 1, two tubular members 11 are shown connected together
by a clamp connector 15. Tubular members 11 are conduits that are utilized in oil and

gas well service operations. In typical well service operations, the operator brings

high capacity pumps to a well site to pump well fluids into the well for various

- purposes, such as cementing, fracing, acidizing and the like. A number of tubular

(4



10

15

20

25

30

roh

CA 02490664 2004-12-22

members 11 are connected to each other to form temporary flowlines from the
pumping equipment to the well, Tubular members 11 cormaprise lengths of straight
pipe, tees, ells, adapters, valve ends and the like. The lengths of straight pipe

typically range from a few feet to 20 feet, and inner diameters usually are from 2

" inches to 4 inches. Connectors 15 allow tubular members 11 to be quickly made up ‘

and disassembled. Tubular members 11 must be able to sustain high pressures, in
some cases 15,000 psi to 20,000 psi.

Connector 15 is a clamp assembly having two halves or semi-circular poﬂioﬁs

'17,19. Each clamp portion 17, 19 has a lug 21 protruding from opposite sides, each

lug 21 having a single hole 26. Preferably, holes 26 in lugs 21 in clamp portion 17 are

threaded, while holes 26 in clamp poriion 19 are not threaded. A fastener, such as a

bolt 23, inserts through hole 26 in each lug 21 of clamp portion 19 and engages the
threaded holes 26 in lugs 21 of clamp portion 17 to clamp tubular members 11
together. Bolts 23 have heads 24 that have drive surfaces for engagement by a tool,
such as a socket of an air impact wrench. Preferably bolts 23 are retained with clamp
portion 19 by retention devices, such as a retainer ring 25, such that when detached
from clamp portion 17, each bolt 23 is loosely retained with clamp portion 19.
Alternately, though not preferred, one bolt 23 could be retained with clamp half 17

and the other with clamp half 19. Another fasteners are feasible, such as bolts that are
engaged by nuts.

Referring to Figure 2, each tubular member 11 has a bore 27 that is coaxial
with the bore of the tubular member to which it is connected. Bach tubular member
11 has each end with an external annular flange 29, Tubular mémbe’r 11 has a flat end
face 31 that is perpendicular to longitudinal axis 32 of each tubular member 11. One
end of flange 29 extends outward from end face 31. Faces 31 of the adjacent tubular
members 11 are closely spaced but not contacting each other. Flange 29 has a
cylindrical outer periphery 33 that is larger in diameter than outer periphery 34 of
each tubular member 11. Flange 29 has a tapered shoulder 35 that extends from outer

periphery 33 of flange 29 at a selected acute angle, about 25 degrees, relative to a

plane perpendicular to axis 32. Shoulder 35 is a flat conical cam surface that appears



10

15

20

25

30

N

CA 02490664 2004-12-22

straight when seen in cross-section. Shoulder 35 joins a curved fillet 36 that gradually

blends to outer periphery 34 of tubular member 11.

| Each clamp portion 17, 19 has a depending wedge 37 that has a surface
tapering at the same angle as tapered shoulder 35 for engaging shoulder 35, Drawing
clamp portions 17, 19 toward each other with fasteners 23 causes flanges 29 to move
axially toward each other.

Outer periphery 33 of flanges 29 has a relatively small outer diameter

compared to prior art type clamp connectors for the same tubular member size, In this
embodiment, the ratio of the outer diameter of flange periphery 33 over the inner
diameter of bore 27 (FOD/ID) is less than 2.20 and preferably in the range from 1.90

to 2.20. By way of example, the following sizes for 15,000 psi rated tubular members
11 are preferred.

Bore Diameter FOD/ID
4 inch 2.054
3 inch 1.917
2 inch 2.157

The ratio FOD/ID for 3 inch 20,000 ps1 rated tubular mernbers 11 is less than 2.9 and
In one example 1s 2.792.

In order to make up a loss in support metal due to a reduction in the outer
diameter of peniphery 33, flange 29 has an axial dimension 39, shown in Figure 3, that

15 relatively large compared to prior art clamp connectors. Axial dimension 39 is

measured from end face 31 to the junction between outer periphery 33 and tapered

shoulder 35. The outer diameter of outer periphery 33 divided by the axial length 39
(OD/AL) 1s less than 10 and preferably less than 8, but at least 4.0. By way of

example, the following sizes for 15,000 psi rated tubular members 11 are preferred:

Bore diameter OD/AL
4 inch 7.05

3 inch 4,957

2 inch 4.326

For 3 inch 20,000 psi rating, the ratio OD/AL is preferably 7.05.
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Referring still to Figures 2 and 3, bore 27 has a counterbore or recess 43
formed at the intersection with end face 31. Recess 43 has a flat end or shoulder 43¢

that extends radially outward from bore 27 and joins a cylindrical portion 43b that 1s

concentric with axis 32 (Fig. 2). A large radius or fillet is located at the junction of
cylindrical portion 43b and shoulder 43c. A tapered or conical surface 43b joins
cylindrical portion 43 and converges outward at a selected angle until reaching end
face 31. When viewed in cross-section, tapered surface 43b is at an acute angle
relative to axis 32 that is preferably between 8 and 12 degrees and 10 degrees 1n the
pfeférred embodiment. Conical portion 43a has a longer axial length than cylindrical
portion 43b. In this example, the distance from shoulder 43c to conical portion 43a 1s
approximately 60 percent of the distance from end face 42 to cylindrical portion 43b.

A metal seal ring 47 locates within recesses 43 of two abutting tubular
members 11. Seal ring 47 has two legs 48, one of which locates in each of the
adjoining recesses 43. Each leg 48 has an outer tapered surface 49 that engages one
of the tapered surfaces 43b. Preferably, the engagement of tapered surfaces 43b, 49 is
an iterference fit that elastically deforms legs 48. tapered surface 49 1s slightly
larger in outer dimension that tapered surface 43b. Being an elastic deformation, seal
ring 47 can be re-used. Seal ring 47 also has an inner diameter 50 that 18 the same
diameter as bore 27. Seal ring 47 has a rib 43 that extends radially outward from a

junction with legs 48. End faces 31 abut but do not seal against opposite sides of rib
53.

An elastomenc seal 51 is carried on an end of each leg 48. Bach seal 51 is in
the general shape of a ;'J " having one portion that is exposed to bore 27 and another
portion that sealingly engages cylindrical recess portion 43b and shoulder 43c. Each
seal 51 is trapped between recess portions 43b, 43c and seal ring 47, to form the
pnmary seal for internal pressure in bore 27. In the preferred embodiment, the metal-
to-metal engagement of tapered surfaces 43b and 49 forms a secondary seal, but the
secondary sealing is optional because the purpose of the metal-to-metal contact is not

to seal, rather it is to prevent high pressure causing elastomeric seal 51 to extrude
between tapered surfaces 43b and 49. The rating of the secondary metal-to-metal seal

1s much lower than that of elastomeric seal 51, and the metal-to-metal sealing
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engagement would not provide the necessary sealing under high pressure in the event

of failure of elastomeric seal 51.

Each clamp half 17, 19 has an internal rib 55 located equidistant between the
two tapered wedge surfaces 37. Clamp rib 55 has a crest 55b, which defines 1ts inner
diameter, and tapered conical flanks 55a extending in opposite axial directions from
crest 55b of rib 55. Crest 55b is a cylindrical surface in this embodiment, but it could
be rounded. Clamp flanks 55a are defined by a pair of grooves 57 on opposite sides
of clamp rib 55. Bach groove 57 has a common conical surface with one of the rib
flanks 55a, a common conical surface with one of the wedges 37, and a generally
cylindtical base 57a. Base 57a could be rounded rather than cylindrical. Curved

fillets join base 57a with the conical sides of groove 57.

Each groove 57 has a width or axial extent from the corner junction of rib
crest 55b and rib flank 55a to flange 37, measured alopg a line parallel to the axis of
bore 27. The width of groove 57 is greater than the width of crest 55b in this
example. The width of crest 55b is only slightly greater than the width of seal rib 53
in this embodiment. The inner diameter of crest 55b is smaller than the inner
diameter of groove base 57a by a considerable amount. Preferably, for a 15,000 psi
rated connectors 15 with a two or three inch bore 27, the inner diameter ot groove
bage 57a is in the range from 15-20% greater than the inner diameter of clamp mb
crest 55b.

n operation, the operator abuts ends of tubular members 11 with seal ring 47
located between end faces 31. The operator places clamp halves 17, 19 around
flanges 29 and tightens bolts 23 to draw clamp halves 17, 19 toward each other. The
radial movement of clamp halves 17, 19 causes tubular members 11 to move axially
toward each other and causes seals 51 to energize and seal against recess 43, The
axial movement also causes a metal-to-metal engagement between tapered surfaces
43b and 49. Recess conical surfaces 43a are larger in diameter than the outer
diameters of elastomeric seals 51, except near the junction with cylindrical portions
43b. Consequently, during make-up, seals 51 do not slide against much of comcal
surfaces 43a. Rather seals 51 only slide axially along a small portion of conical

swiaces 43a, and cylindrical portions 43b have short axial lengths compared to
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conical portions 43a. Avoiding extensive axial sliding movement during make-up

reduces the possibility of damage to seals 51.

The invention has significant advantages. The use of clamp connectors rather
than hammer unions reduces a possibility of accidents due to the use of hammers.
The clamp connectors are more quickly and easily assembled than hammer unions.
The tapered metal seal surfaces facilitate make-up and prevent extrusion of the
primary seals. The elastic deformation of the metal portion of the seal allows
repeated re-use. The reduction in outer diametér of the flanges and increase in axial

length of the flanges makes the connectors more compact without sacrificing strength.

While the invention has been shown in only one of its forms, it should be
apparent to those skilled in the art that it is not so limited but is susceptible to various

changes without departing from the scope of the invention.
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1. A flowline connection assembly, comprising:

first and second tubular members, cach having a bore and an end surrounded

by a flange that extends outward relative fo a longitudinal axis;

an annular recess formed in the bore at the end of each of the tubular

members, each of the recesses having a conical portion;

a metal ring having an outward extending rib that locates between end faces of
the fubular members and a pair of legs extending in opposite axial directions from the
rib, each of the legs having a conical outer surface that engages one of the conical

portions of the recess;

a pair of elastomeric seals, each of the seals sealing between one of the legs

and the one of the recesses; and

a clamp that has cam surfaces that engage the flanges and puli the tubular

members axially toward each other.

2. The assembly according to claim 1, wherein the clamp comprises:
a pair of clamp halves, each of the clamp halves having an external lug;
a single hole extending through each of the lugs; and

a pair of fasteners, each of the fasteners extending from one of the holes of one

of the clamp halves into one of the holes of the other of the clamp halves.

3. The assenibly according to claim 1, wherein the clamp compnises:
a pair of clamp halves, each of the clamp halves having an external lug;

a single hole extending through each of the lugs of the clamp halves, two of
the holes being threaded,

a pair of bolts, each of the bolts extending from one of the holes of one of the

clamp halves into one of the holes that is threaded to secure the clamp halves; and
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a retainer on each of the bolis to retain the bolts with its respective clamp half
while unfastened.

4. The assembly according to claim 1, wherein the legs of the ring are sized fo create
an interference contact with the conical portions of the recesses, the interference fit

5 causmg elastic deformation of the legs of the ring,

5. The assembly according to claim 1, wherein each of the recesses has a cylindrical
portion joining the conical portion, and wherein the elastomeric seals engage the

cylindrical portions.

6. The assembly according to claim 1, wherein:
10 the assembly has a pressure rating between 15,000 and 20,000 psi;
the inner diameter of the bore is from 2 to 4 inches;

each of the flanges has an outer diameter, and a ratio of the outer diameter of

each of the flanges over the inner diameter of the bore is in the range from 1.9 to 2.2.

7. The assembly according to claim 1, wherein:

15 the assembly has a pressure rating of at least 15,000 psy;
the bore has an inner diameter in the range from 2 to 4 inches;
each of the flanges has an outer diameter; and

a ratio of the outer diameter over an axial thickness of each of the flanges

measured at the outer diameter 1s in the range from 4.0 to 10.

20 8. The assembly according to claim 1, wherein:
the assembly has a pressure rating of between 15,000 and 20,000 psi;
the bore has an inner diameter in the range from 2 to 4 inches;

each of the flanges has an outer diameter, and a ratio of the outer diameter of
cach of the flanges over the inner diameter of the bore is in the range from 1.9 to 2.2;

25 and

10
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a 1at1io of the outer diameter over an axial thickness of each of the flanges

measured at the outer diameter is in the range from 4.0 to 10.

9. The assembly according to claim 1, wherein:
- the assembly is rated for at least 20,000 psi;

5 the bore has an inner diameter in the range from 2 to 4 inches; and

each of the flanges has an outer diameter, and a ratio of the outer diameter of

each of the flanges over the inner diameter of the bore is less than 2.9.

10. The assembly according to claim 1, wherein the angle of the conical portion of

each of the recesses is in the range from 8 to 12 degrees.

10 11. The assembly according to claim 1, wherein the clamp has an internal 11b located
centrally between the cam surfaces of the clamp and a pair of grooves on opposite
sides of the intermal nb, and wherein the intemal rib has a crest that has a lesser width

than a width of each of the grooves.

12. In a flowline assembly having first and second tubular members, a connection

15  assembly for connecting the tubular members to each other, comprising:

an end portion on each the tubular members having a bore with a longitudinal

axis and an end face perpendicular to the axis;

an external annular flange on each of the end portions, each of the flanges

having a tapered cam surface spaced from the end face;

20 an annular recess formed in the bore of each end portion, the recesses
mtersecting the end faces and having conical portions extending in opposite
directions, the recesses having cylindrical portions spaced from the end faces and
joining the conical portions, the cylindrical portions terminating in shoulders that are

paralle] with and spaced axially from the end faces;

25 a metal ring having an outward extending rib that locates between and 1S

contacted by the end faces, the metal ring having a pair of legs extending in opposite

11
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axial directions from the rib, each of the legs having a conical outer surface that

engages one of the conical portions of the recess in an elastic interference fit,

a pair of elastomenc seals, each mounted to one of the legs of the metal ring,

each elastomeric seal engaging one of the cylindrical portions of the recesses and one

of the shoulders o form a seal; and

a clamp that has internal cam surfaces that engage the cam surfaces of the

flanges and pull the end faces axially toward each other.

13. The assembly according to claim 12, wherein the clamp has an internal rib
located centrally between the cam surfaces of the clamp and a pair of grooves on

opposite sides of the intemal rib, and wherein the internal rib has a crest that has a

lesser width than a width of each of the SIrOOVeSs.

14. The connector according to claim 13, wherein each of the grooves has a base with

an 1mmmer diameter that 1s in the range from 15 to 20 percent greater than an inner

diameter of the crest.

15. The assembly according to claim 12, wherein the clamp comprises:
a pair of clamp halves, each of the clamp halves having an external lug;

a single hole extending through each of the lugs of the clamp halves, two of

the holes being threaded;

a pair of bolts, each of the bolts extending from one of the holes of one of the

clamp halves into one of the holes that is threaded to secure the clamp halves; and

a retainer on each of the bolts to retain the bolts with its respective clamp half

while unfastened,

16. The assembly according to claim 12, wherein:

the assembly has a pressure rating of at least 15,000 psi, but Jess than 20,000
psi;

the inner diameter of the bore is from 2 to 4 inches;

12
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each of the flanges has an outer diameter, and a ratio of the outer diameter ot

each of the flanges over the inner diameter of the bore is in the range from 1.9 to 2.2,

17. In a flowline assembly having first and second tubular members, a connection

assembly for connecting the tubular members to each other, comprising:

an end portion on each the tubular members having a bore with a longitudinal
axis and an end face perpendicular to the axis, the bore having an inner diameter in

the range from 2to 4 inches,

an external annular flange on each of the end portions, each of the flanges

having a tapered cam surface spaced from the end face;

each of the flanges having an outer diameter, and a ratio of the outer diameter

of each of the flanges over the inner diameter of the bore being in the range from 1.9
to 2.2;

an anmilar recess formed in the bore at the end face of each of the tubular

members;

a metal ring having an outward extending rib that locates between end faces of
the tubular members and a pair of legs extending into the recesses in opposite

directions from the nb;

a pair of elastomeric seals, each of the seals sealing between one of the legs

and the one of the recesses:

a clamp that has internal cam surfaces that engage the cam surfaces of the

flanges and pull the end faces axially toward ¢ach other; and

wherein the assembly has a pressure rating of at least 15,000 psi but less than
20,000 psi..

18. The flowline assembly according to claim 17, wherein each of the flanges has an

axial thickness, and wherein a ratio of an outer diameter over an axial thickness of

each of the flanges measured at the outer diameter 1s in the range from 4.0 to 10.
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19. The assembly according to claim 17, wherein the clamp comptises:

a pair of clamp halves, each of the clamp halves having an external lug;

a single hole extending through each of the lugs of the clamp halves, two of
the holes being threaded;

a palr of bolts, each of the bolts extending from one of the holes of one of the

clamp halves into one of the holes that is threaded to secure the clamp halves; and

- aretainer on each of the bolts to retain the bolts with its respective clamp half

while unfastened.

20. The assembly according to claim 17, wherein the clamp has an internal rib
located centrally between the cam surfaces of the clamp and a pair of grooves on

opposite sides of the internal ¥ib, and wherein the internal nb has a crest that has a

lesser width than a width of each of the grooves.

14
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