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United States Patent Office 3,168,334 
Patented Feb. 2, 1965 

3,168,334 
FLEXBLE PPE JOINT 

Glenn D. Johnson, Downey, Calif., assignor to Shell Oil 
Company, New York, N.Y., a corporation of Delaware 

Filed Nov. 28, 1961, Ser. No. 155,386 
6 Claims. (Cl. 285-55) 

This invention relates to a flexible joint for pipes and 
pertains more particularly to a flexible joint for large 
diameter pipes such as marine conductor strings that are 
employed in drilling offshore oil and gas wells. 

In recent years methods and apparatus for successfully 
drilling wells at underwater locations has been developed. 
Most important have been the developments wherein it 
is possible to drill and complete a well on the ocean floor 
wherein the entire wellhead assembly is positioned at or 
near the ocean floor at a depth at least sufficient to 
avoid being a navigation hazard to ocean-going vessels. 
Offshore or underwater wells may be drilled from a 
suitable vessel such as a drilling barge or from a plat 
form which has been floated into position over a selected 
location and then extend legs downwardly to the ocean 
floor so that the operating platform remains above the 
surface of the water to carry out drilling operations. 

In drilling from a floating barge consideration must be 
given to the fact that a barge, even though anchored, 
possesses some movement. Thus, equipment such as drill 
strings and marine conductuor pipes extending downwardly 
from the barge to the ocean floor must possess some 
degree of flexibility so that they are not ruptured when 
the barge moves slightly off location. In general, drill 
pipe is of a diameter sufficiently small and is constructed 
sufficiently strong so that it possesses a relatively high 
degree of flexibility and is not subject to damage as 
much as other equipment. A marine conductor pipe 
however which is normally used to Surround a drill string 
in offshore locations so that drilling mud may be returned 
up the annulus between the inner wall of the conductor 
pipe and the outer wall of the drill string, is usually 
of considerably greater diameter and thus possesses little 
flexibility. 

It is therefore a primary object of the present invention 
to provide a flexible joint for use in a marine conductor 
pipe depending from a drilling barge to the ocean floor 
to give sufficient flexibility to the marine conductor so 
that the barge need not keep the marine conductor in 
a vertical plane at all times. 
A further object of the present invention is to provide 

a rugged flexible pipe joint capable of withstanding the 
forces to which a marine conductor pipe is subjected 
during offshore drilling operations. 
Another object of the present invention is to provide a 

flexible pipe joint for a marine conductor pipe string, 
said flexible joint being provided with means for limiting 
the declination or angle of tilt of the joint so as to 
prevent rupture of the joint. 
A still further object of the present invention is to 

provide a flexible pipe joint having a protective inner 
wall capable of protecting the sealing elements of the 
flexible joint, said protective wall being sufficiently rugged 
to withstand the impact of drill bits, pipe string, or other 
well tools that are normally run through a marine 
conductor. 

These and other objects of this invention will be under 
stood from the following description taken with reference 
to the drawing, wherein: 
FIGURE 1 is a diagrammatic view illustrating a drill 

ing barge positioned above a drilling location at an 
offshore location where the wellhead assembly is posi 
tioned on the ocean floor; 
FIGURE 2 is a longitudinal view taken in partial cross 
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Section of one form of the flexible pipe joint of the present 
invention; and, 
FIGURES 3, 4 and 5 are alternative arrangements of 

a protective liner forming the inner wall of the flexible 
joint. 

Referring to FIGURE 1 of the drawing, a drilling barge 
11 is illustrated as floating on the surface 12 of a body 
of water 13 above a drilling location wherein an under 
water wellhead assembly 14 is positioned on the ocean 
floor 15. A large-diameter marine conductor pipe 16 
is secured by means of a wellhead connector 17 to the 
Wellhead assembly 14. The upper end of the marine 
conductor pipe 16 is secured in any suitable manner well 
known to the art to the barge 11, as by means of cables 
18 and 19 which position the top of the marine conductor 
pipe 16 more or less centrally in a drilling slot 21 which 
extends through the barge 11. 
Although the marine conductor pipe 16 is illustrated as 

being a continuous pipe or tubular element, it is normally 
made up of a plurality of relatively short sections of 
pipe secured together in any well known manner. Posi 
tioned in the marine conductor pipe intermediate the 
ends thereof are one or more flexible joints 22 and 23. 
During drilling operations a string of drill pipe 24 
extends through a rotary table 25 and down through 
the length of the marine conductor pipe 16 and into the 
well. 
The flexible pipe joint assembly of the present invention 

is shown in FIGURE 2 as being provided with a pair of 
outwardly extending end flanges 26 and 27 which are 
fixedly secured between two sections 16a and 16b of 
a marine conductor pipe by any suitable connector means 
such as screw threads 28 and 29. Positioned between 
the end flanges 26 and 27 are a plurality of resilient 
compression rings 31, preferably made of rubber, with 
a rigid separator ring 32 positioned between each pair 
of compression rings 31. The compression rings 31 and 
the separator rings 32 have central openings therethrough 
substantially equal to the bore of the end flanges 26 
and 27 and to the bore of the pipe sections 16a and 
16b to which the end flanges are connected. The com 
pression rings 31 and the separator rings 32 are also 
normally in coaxial alignment with the flanges 26 and 27 
and the pipe sections 16a and 16b. 
The separator rings 32 are provided with a plurality of 

holes 33 while the compression rings 31 are provided 
with a similar set of holes 34 adapted to register with 
each other when in alignment with a series of bolt holes 
35 and 35a passing longitudinally as illustrated, through 
the end flanges 26 and 27. Extending through each set 
of holes 33, 34, 35 and 35a is a tie bolt 36 having bolt 
anchor means such as nuts 37 and 38 carried on the 
opposite end of each flange for securing the bolts in 
the flanges 26 and 27. The lock nuts 37a and 38a may 
be employed if desired. 
The tie bolts 36 have a diameter less than that of the 

holes in the separator rings 32 and the end flanges 26 
and 27 to permit slight movement of the bolt 36 in a 
direction normal to the axis of the holes 33 and 35. 
At least one of the bolt anchor devices, such as nut 37 
forms a bolt take-up device when mounted on threads 
39, the bolt take-up device being employed to apply 
tension to the bolts 36 to place the compression rings 
31 in compression so that they are sealed in a fluidtight 
manner against the separator rings 32 and against the 
end flanges 26 and 27 at all times. 
Each of the separator rings 32 extends inwardly to 

ward the bore of the assembly preferably a greater dis 
tance than the compression rings so as to protect the lat 
ter from impact or rotational damage which may other 
wise be effected by the drill string operating within the 
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flexible pipe joint. Various protective liners may be em 
ployed on the inner surface of the flexible pipe joint of 
the present invention to protect the compression rings and 
separator rings from wear by a rotating drill string or for 
protecting the compression rings against wearby an ab 
rasive circulating drilling mud. - 

Referring to FIGURE 2, the protective liner may take 
the form of a series of spacer rings 40 adapted to be 
seated on a pair of shoulders 41 and 42 formed on adja 
cent faces of a pair of adjacent separator rings 35. When 
the flexible joint is at its maximum angle of declination or 
tilt, as illustrated, the shoulders 41 and 42 on the adja 
cent separator rings 35 are compressed tightly against the 
separator ring 40 thus preventing further compression of 
the compression rings 31 on the left-hand side of the flexi 
'ble joint, as illustrated. At the same time the outer Sur 
face of the spacer ring 40 presses against the separator 
ring so that it does not move laterally. 
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When the flexible joint is at its greatest angle of tilt, . 
as illustrated, the right-hand bolts are in tension between 
nuts 37 and 38 which bear against flanges 26 and 27. 
The bolt holes 35 are provided with a convex washer 44 
which is welded to the top of the flange 26 and construct 
ed to mate with a movable concave washer 45 which is 
adapted to slide over the top face of the washer 44 when 
the bolt .36 moves laterally. The inner surface of each 
compression ring 31 may be V-shaped, as at 46, so that 
the lips of the V cut-will be forced outwardly by fluid 
pressure against adjacent separator rings 32. Additional 
ly, each spacer ring 40 may be provided with one or more 
fluid ports 47 so that fluid behind the spacer ring mayflow 
into the bore of the assembly. The spacer rings 40 take 
the wear of a rotating element such as a drill pipe in the 
flexible joint and may be readily replaced when worn. 

It is to be understood that various arrangements of pro 
tective liners on the inner surface of the flexible joint 
assembly of the present invention may be employed. For 
example, in FIGURE 3 of the drawing, a spacer ring 
4.0a is employed having a diameter: greater than the inner 
diameter of the separator rings 32a, so as to nest be 
tween a pair of separator rings 32a while the compression 
ring prevents lateral movement of the spacer ring 40a. 
In the arrangement shown in FIGURE 4, each separator 
ring 33b is provided with suitable-stop means which may 
be in the form of short ridges or annular flanges extend 
ing upwardly and downwardly from either face of the 
separator rings 32b, and positioned in from the inner 
face slightly to serve as lateral stop means for the spacer 
rings 40b which would limit the compression of the com 
pression ring 31b. 

In the arrangement shown in FIGURE 5, the separator 
rings 32c are provided with upwardly and downwardly. 
extending flanges 48c on the innerface of the separator 
rings 32c. Thus, when a flexible joint employing the 
arrangement of FIGURE5 was at its maximum angle of 
tilt, the adjacent flanges 48c of adjacent separator rings 
32c would be forced one against the other to prevent fur 
ther compression of the compression rings 31c. This ar 
rangement is not preferred since the elements subject to 
wear on the innerface of the assembly could not replaced 
readily but it would be necessary to replace the entire 
set of separator rings 32c. 

I claim as my invention: - - - 
1. A flexible pipe joint assembly for flexibly connecting 

two sections of pipe together, said pipe joint assembly 
comprising 
a pair of outwardly-extending end flanges, 
means on each end flange for securing said flange co 

axially to one pipe section, - 
a plurality of resilient compression rings arranged be 
tween said end flanges, a rigid separator ring posi 
tioned between each pair of compression rings, said 
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compression rings and said separator rings having 
a central opening aligned with the bore of said pipe 

75 sections, 

4. 
connector means extending between said flanges and Se 

cured thereto for applying tension to place the com 
pression rings in compression, the spacing between 
said flanges being adjusted so that the compression 
rings are in fluidtight engagement with said separa 
tor rings at all times, 

a replaceable axially flexible metallic wear liner carried 
by said assembly between the flanges thereof, 

said flexible metallic wear liner including a spacer ring 
positioned between each pair of separator rings and 
between said separator rings and said flanges adja 
cent each compression ring, said spacer rings between 
said separator rings being of a size so limit the com 
pression of said compression rings. . . . 

2. The apparatus of claim 1 wherein the internal diam 
eter of said spacer rings is less than the internal diameter 
of said separator rings. 

3. The apparatus of claim 2 including shoulder means 
carried by said separator rings on both sides thereof in 
Wardly of said compression rings, the diametrical spac 
ing of said shoulder means being substantially equal to 
but greater than the external diameter of said spacer rings 
forming stop means therefor. 

4. A flexible pipe joint assembly for flexibly connecting 
two sections of pipe together, said pipe joint assembly 
comprising 

a pair of outwardly-extending end flanges, 
connector means on each end flange for securing said 

flange coaxially to one pipe section, a plurality of 
resilient compression rings arranged between said 
end flanges, 

a rigid separator ring positioned between each pair of 
compression rings, said compression rings and said 
Separator rings having a centrol opening aligned with 
the bore of said pipe sections, all of said rings hav 
ing a plurality of bolt holes therethrough adapted to 
be positioned in register, 

a tie bolt passing through each of said set of aligned 
bolt holes in said rings and secured at the ends to 
said flanges for applying tension to the bolt to place 
the compression rings in compression, the spacing 
between said flanges being adjusted so that the com 
pression rings are in fluidtight engagement with said 
separator rings at all times, 

a replaceable axially-flexible metallic wear liner carried 
by said assembly between the flanges thereof, 

said flexible metallic wear liner including a spacer ring 
positioned between each pair of separator rings and 
between said separator rings and said flanges adja 
cent each compression ring, said spacer rings having 
an axial dimension less than the space between the 
Separator rings when the assembly is in its unflexed 
position. 

5. A flexible pipe. joint assembly for flexibly connect 
ing two sections of pipe together, said pipe joint assem 
bly comprising - 

a pair of outwardly-extending end flanges, 
connector means on each end flange for securing said 

flange coaxially to one pipe section, 
a. plurality of resilient compression rings arranged be 

tween said end flanges, 
a rigid separator ring positioned between each pair of 

compression rings, said compression rings and said 
separator rings having a central opening substantial 
ly equal to the bore of said pipe sections and nor 
mally coaxially aligned therewith, the diameter of 
said central opening in said separator rings being 
less than that in said compression rings, all of said 
rings and said flanges having a plurality of bolt holes 
therethrough adapted to be positioned in register, 

a tie bolt passing through each of said set of aligned 
bolt holes in said rings and said flanges, said tie 
bolt having a diameter less than that of the holes 
in said separator rings and said flanges to permit 
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slight movement of said bolt normal to the axis of 
said holes, 

bolt anchor means carried at opposite ends of each bolt 
for movably securing each bolt to said flanges, 

at least one of said bolt anchor means forming bolt take 
up means for applying tension to the bolt to place the 
compression rings in compression, the spacing be 
tween said flanges being adjusted so that the com 
pression rings are in fluidtight engagement with said 
separator rings at all times, 

each of said separator rings extending inwardly toward 
the bore through said assembly a distance greater 
than said compression rings, 

and shoulder means formed on both sides of the inner 
portion of each separator ring forming a spacer ring 
on the inner wall of each separator ring, said spacer 
rings limiting the compression of said compression 
Tings. 

6. A flexible pipe joint assembly for flexibly connecting 
two sections of pipe together, said pipe joint assembly 
comprising a pair of outwardly-extending end flanges, con 
nector means on each end flange for securing said flange 
coaxially to one pipe section, a plurality of resilient com 
pression rings arranged between said end flanges, a rigid 
separator ring positioned between each pair of compres 
sion rings, said compression rings and said separator rings 
having a central opening substantially equal to the bore 
of said pipe sections and normally coaxially aligned there 
with, all of said rings and said flanges having a plurality 
of bolt holes therethrough adapted to be positioned in 
register, a tie bolt passing through each of said set of 
aligned bolt holes in said rings and said flanges, said tie 
bolt having a diameter less than that of the holes in said 
Separator rings and said flanges to permit slight move 
ment of said bolt normal to the axis of said holes, bolt 
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anchor means carried at opposite ends of each bolt for 
movably securing each bolt to said flanges, at least one 
of Said bolt anchor means forming bolt take-up means for 
applying tension to the bolt to place the compression rings 
in compression, the spacing between said flanges being 
adjusted so that the compression rings are in fluidtight en 
gagement with said separator rings at all times, each of 
said separator rings extending inwardly toward the bore 
through said assembly a distance greater than said com 
pression rings, shoulder means formed on both sides of 
the inner portion of each separator ring, and a spacer 
ring positioned on the shoulder means of each pair of 
Separator rings and inwardly of each compression ring, said 
shoulder means forming stop means to maintain said 
Spacer rings substantially coaxial with the bore of said as 
Sembly, said spacer rings between said separator rings 
having an axial dimension to limit the compression of 
said compression rings. 
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