
Coupling Having Angularly Oriented Key Surfaces Field of the
Invention     [0001] This invention relates to mechanical couplings
for flexibly joining pipe 5elements in end to end relation.
Background [0002] Mechanical pipe couplings provide various
advantages over other techniques for joining pipe elements end to
end. For example, they are less expensive to install than welded
joints, which require skilled welders and the use of an exposed flame
or 10arc, which are not practical or safe in every environment.
Mechanical couplings may also be designed to afford a degree of
flexibility at the joint, unlike welded joints which are
substantially rigid. Flexibility is desired because it facilitates
design and assembly of the piping network, allowing for larger
dimensional and angular tolerances. It also allows for greater
expansion and contraction under temperature 15changes without
compromising the fluid tight integrity of the various joints. It
would be advantageous to have a mechanical pipe coupling which is
usable with standard groove pipe and which provides for angular
flexibility of the pipe elements without compromising the fluid tight
integrity of the joint. Summary 20[00031The invention concerns a
coupling for joining pipe elements together in end to 



end relation. In onc embodiment, the coupling comprises a plurality
of segments attached end to end surrounding a central space. The
segments are joined to one another by adjustably tightenable
connection members, such as fasteners. At least one of the segments
includes an arcuate key extending along the segment. The key
25projects inwardly toward the central space. The key comprises two
oppositely disposed side surfaces and a first mid surface positioned
between the side surfaces.  The first mid surface faces radially
inwardly toward the central space and is angularly oriented with
respect to an axis oriented perpendicularly to a plane containing the
segments. A portion of the first mid surface is engageable with an
outer surface of one of the pipe elements when the pipe elements are
positioned within the central space. 5[0004] In one embodiment of the
invention, the first mid surface is oriented such that the distance
between it and the axis increases with increasing distance along the
axis in a direction away from the central space. In another
embodiment, the first mid surface is oriented such that the distance
between it and the axis increases with increasing distance along the
axis in a direction toward the central space. The first 10 mid
surface may have an orientation angle between about 1 and about 5. It
may have an orientation angle of about 3. [0005] In another
embodiment the key further comprises a second mid surface positioned
contiguous with the first mid surface. The second mid surface
projects radially inwardly toward the central space. The second mid
surface is angularly 15oriented with respect to the aforementioned
axis. The second mid surface is 



engageable with an outer surface of one of the pipe elements when the
pipe elements are positioned within the central space. 100061 The
second mid surface may have an orientation angle with a slope
opposite to the slope of the first mid surface. The second mid
surface may be oriented such that 20the distance between it and the
axis increases with increasing distance along the axis in a direction
away from the central space. In another embodiment, the second mid
surface is oriented such that the distance between it and the axis
increases with increasing distance along the axis in a direction
toward the central space. The second mid surface may have an
orientation angle between about 1 and about 5. It may 25have an
orientation angle of about 3.  [0007] In an alternate embodiment, the
coupling according to the invention comprises a plurality of segments
attached end to end surrounding a central space. The segments are
joined to one another by adjustably tightenable connection member
such as fasteners. Each of the segments has a pair of arcuate keys
extending along each of the 5segments. The keys project radially
inwardly toward the central space. The keys of each pair are in
spaced apart relation to one another Each of the keys comprises two
oppositely disposed side surfaces and a first mid surface. Each of
the first mid surfaces is angularly oriented with respect to an axis
oriented perpendicularly to a plane containing the segments. Portions
of each of the first mid surfaces are 10 engageable with outer
surfaces of the pipe elements when the pipe elements are positioned
within the central space. 100081 In another embodiment, each of the
keys further comprises a second mid surface positioned contiguous
with the first mid surface. The second mid surfaccs arc angularly
oriented with respect to the axis. The second mid surfaces are
engageable 15with an outer surface of one of the pipe elements when
the pipe elements are 



positioned within the central space. [0009] Each of the second mid
surfaces may have an orientation angle with a slope opposite to the
slope of the first mid surface with which it is contiguous. In one
embodiment, each of the second mid surfaces is oriented such that the
distance 20 between each of the second mid surfaces and the axis
increases with increasing distance along the axis in a direction away
from the central space. In another embodiment, each of the second mid
surfaces is oriented such that the distance between each of the
second mid surfaces and the axis increases with increasing distance
along the axis in a direction toward the central space. 251-0010] The
coupling may further comprise connection members positioned at
opposite ends of each of the segments for adjustably connecting one
coupling segment to another. The connection members are adjustably
tightenable for drawing the first mid  surfaces into engagement with
the outer surfaces of the pipe elements. The first mid surfaces
subtend an angle of less than 180 and have a minimum radius of
curvature greater than the radius of curvature of the outer surface
of the pipe elements. Each of the segments is deformable upon
adjustable tightening of the connection members so 5as to
substantially conform the curvature of a portion of each of the first
mid surfaces to the outer surfaces of the pipe elements. [0011] The
invention also encompasses a method of joining pipe elements in end
to end relationship. The method comprises:  (a) providing a coupling
formed of a plurality of segments joined end to 10end by a plurality
of adjustably tightenable fasteners, the segments surrounding a
central space, at least one of the segments including an arcuate key
extending along the segment and projecting inwardly toward the
central space, the key comprising two oppositely disposed side
surfaces and a first mid surface positioned therebetween, the first 



15mid surface facing radially inwardly toward the central space, the
first mid surface being angularly oriented with respect to an axis
oriented perpendicularly to a plane containing the segments;  (b)
inserting the pipe elements into the central space from opposite
sides of the coupling; 20(c) tightening the fasteners so as to draw
the segments toward one another and thereby engage a portion of the
first mid surface with an outer surface of at least one of the pipe
elements. 100121 The invention further includes, in combination, a
pair of pipe elements and a coupling for joining the pipe elements
together in end to end relation. Each of the pipe 25elements has a
circumferential groove located adjacent to each end. Each of the
grooves comprises a pair of oppositely disposed sides and a floor.
The coupling  comprises a plurality of segments attached to one
another end to end surrounding a central space. At least one of the
segments includes an arcuate key extending along the segment. The key
projects inwardly toward the central space. The key comprises two
oppositely disposed side surfaces and a first mid surface positioned
therebetween.  5 The first mid surface faces radially inwardly toward
the central space. The first mid surface is angularly oriented with
respect to the floor of the groove. A portion of the first mid
surface is engageable with the floor when the pipe elements are
positioned within the central space. Brief Description of the
Drawings 10[0013] Figure 1 is an isometric view of a coupling
according to the invention; 



[0014] Figure 2 is a cross sectional view taken at line 2-2 of Figure
1; 100151 Figure 3 is a detailed partial cross sectional view taken
from circle 3 in Figure 2 and is shown on an enlarged scale;
[0016] Figures 3a, 3b, 4, 4a, 4b, 5, 5a and 5b show partial cross
sectional views of 15additional embodiments of the coupling according
to the invention. [0017] Figures 6 and 7 are longitudinal sectional
views illustrating assembly of a pipe joint using a coupling
according to the invention; [0018] Figure 8 is a detailed sectional
view taken from circle Sin Figure 7 and is shown on an enlarged
scale; 20100191 Figure 9 is a longitudinal section view illustrating
the flexibility of the coupling according to the invention; 10020]
Figures 10 and 11 are partial cross sectional views showing the
embodiments of Figures 4 and 5 respectively engaged with pipe
elements;  [0021] Figures 12 and 13 are cross sectional views of a
deformable coupling according to the invention; and [0022] Figure 14
is a sectional view take at line 14-14 of Figure 13. Detailed
Description of Embodiments 5[0023] Figure 1 shows an isometric view
of a coupling 10 according to the invention. Coupling 10 comprises a
plurality of segments 12. In this example two segments are 



used, it being understood that more than two segments are often used
to join pipe elements exceeding a certain diameter. Each segment 12
is cast from ductile iron, but may alternately be machined from metal
billets or molded of plastic resin. 10[0024] Segment 12 has an
arcuate housing 14 which defines a recess 16. Recess 16 receives a
ring seal 18 (not shown in Figure 1 for clarity, see Figures 6, 7)
which engages the pipe elements being joined to create a fluid tight
joint. Seal 18 is formed of an elastomer such as EPDM, and is
flexible and resilient to accommodate pipe element irregularities to
seal the joint. Two lugs 20 are attached to the housing 14 at
15opposite ends of the segment 12. The lugs have openings which
receive fasteners, in this case bolt 22 and nut 24. The fasteners are
adjustably tightenable to draw the segments toward one another as
described below. [0025] Coupling 10 is formed by joining segments 12
in end to end relation using the fasteners as shown in Figure 1. When
assembled the coupling defines and surrounds a 20central space 26. A
reference plane 28 may be defined as a plane which includes the
segments 12. A reference axis 30 may also be defined as an axis
extending substantially perpendicular to the plane 28. It is
advantageous to position axis 30 at the center of the central space
26, the axis being co-axial with the longitudinal axis of pipe
elements joined by the coupling. 25[0026] As best shown by comparing
Figures 1 and 2, each segment 12 includes at least one, but
preferably a pair of keys 32. Keys 32 of each pair are in spaced
apart  relation on each segment 12. Keys 32 project radially inwardly
toward the central space 26 and extend along the housing 14 between
the ends of segment 12. As best shown in Figure 2, each key 32
comprises oppositely disposed side surfaces 34 and 36 and a mid
surface 38 positioned between the side surfaces. Mid surface 38 faces



5radially inwardly toward the central space 26 and, as shown in
Figure 3, is angularly oriented with respect to axis 30. For
practical designs the orientation angle 40 varies between about 1 and
about 5, with an orientation angle 40 of about 3 being advantageous.
100271 As shown in Figure 2, mid surface 38 is oriented such that the
distance 42 10between the mid surface and the axis 30 increases with
increasing distance along axis 30 in a direction away from central
space 26 as indicated by arrow 44. This may be seen by a comparison
between distances 42 and 42a, 42a being firrther away from central
space 26 in the direction of arrow 44 and longer than distance 42.
[0028] In another embodiment, shown in Figure 4, mid surface 38 is
oriented such that 15the distance 42 between the mid surface and the
axis 30 increases with increasing distance along axis 30 in a
direction toward central space 26 as indicated by arrow 44. This may
be seen in Figure 4 by a comparison between distances 42 and 42a, 42a
being closer toward central space 26 in the direction of arrow 44 and
longer than distance 42. Similar to the embodiment shown in Figure 2,
mid surface 38 faces 20 radially inwardly toward the central space 26
and, as shown in Figure 4, the mid surface is angularly oriented with
respect to axis 30. In this embodiment, the slope of the orientation
angle 41 is opposite to that of orientation angle 40 shown in Figure
3. For practical designs the orientation angle 41 varies between
about 1 and about 5, with an orientation angle 41 of about 3 being
advantageous. 25[0029] In yet another embodiment, shown in Figure 5,
each key 32 has a second mid surface 46 arranged contiguous with the
first named mid surface 38. Like the first mid surface, second mid
surface 46 is angularly oriented with respect to axis 30. The 



second mid surface may also have an orientation angle 48 between
about 1 and about 5. The distance 50 from the second mid surface 46
to axis 30 may increase with increasing distance away from the
central space or increase with increasing distance toward the central
space, the latter being illustrated in Figure 5. In the example shown
5 in Figure 5, the slope of the second mid surface 46 is opposite to
that of the first mid surface 38. By opposite slope is meant opposite
in sign, and does not mean that the slopes are necessarily the same,
as the orientation angle 40 of the first mid surface 38 may be
different from the orientation angle 48 of the second mid surface 46
with the slopes being opposite in sign. 10100301 The mid surface or
surfaces 38 and 46 need not be flat in the direction of arrows 44 as
shown in Figures 2-5, but may have convex or concave curvature in
this direction. Figure 3a shows a mid surface 38 having convex
curvature, the convex curve 39 of the surface being best seen in
cross section and having end points 43 and 45. The orientation angle
40 of the convexly curved mid surface 38 is measured 15between a
chord line 47 which passes through the end points 43 and 45 and a
line parallel to the axis 30. Figure 4a similarly shows a convexly
curved mid surface 38 having a slope opposite to that of Figure 3a,
the orientation angle 41 again being measured between the chord line
47 (which passes through the end points 43 and 45 of the surface's
curve 39) and a line parallel to axis 30. Figure 5a shows an
embodiment 20 having two contiguous convexly curved mid surfaces 38
and 46 with respective orientation angles 40 and 48, each measured
between respective chord lines 47 and Si and a line parallel to axis
30. Chord line 47 passes through end points 43 and 45 of curve 39,
and chord line 51 passes through end points 43 and 53 of curve 55.
100311 In an alternate embodiment, shown in Figure 3b, the mid
surface 38 has  25 concave curvature, the concave curve 57 of the
surface being best seen in cross section and having end points 59 and
61. The orientation angle 40 of the convexly curved mid surface 38 is
measured between a chord line 63 (which passes through the end points



59 and 61) and a line parallel to the axis 30. Figure 4b similarly
shows a concavely curved mid surface 38 having a slope opposite to
that of Figure 3b, the orientation angle 41 again being measured
between the chord line 63 (which passes through the end points 59 and
61 of the surface's curve 57) and a line parallel to axis 30. Figure
5 5b shows an embodiment having two contiguous concavely curved mid
surfaces 38 and 46 with respective orientation angles 40 and 48, each
measured between respective chord lines 63 and 65 and a line parallel
to axis 30. Chord line 63 passes through end points 59 and 61 of
curve 57, and chord line 65 passes through end points 59 and 67 of
curve 69. 1010032] Figures 6 and 7 illustrate a method of joining
pipe elements 52 and 54 in end to end relation according to the
invention. Coupling 10 is provided with the segments 12 in spaced
apart relation (see Figure 1) and the bolts 22 only loosely fastened.
Pipe element 52 is inserted into the central space 26 where it
engages seal 18. Next, pipe element 54 is inserted from the opposite
direction into central space 26 as shown by 15arrow 56. The pipe
element is inserted into engagement with seal 18. Bolts 22 are then
tightened and segments 12 are drawn toward one another, forcing the
keys 32 into engagement with the outer surfaces of pipe elements 52
and 54 as shown in Figure 7. The outer surfaces of the pipe elements
have circumferential grooves 58 and 60 which receive the keys 32. It
is noted that the surfaces forming the grooves are also 20considered
to be part of the outer surface of the pipe elements. As best shown
in Figure 8, groove 60 has oppositely disposed sides 62 and 64 and a
floor 66. (Groove 58 may be similarly described.) In this embodiment,
the floor 66 is substantially parallel to the remainder of the pipe
outer surface 68. Seal 18 is also compressed within the recess 16
between the segments and the pipe outer surfaces and acts to 25ensure
a fluid tight joint. 100331 As shown in Figure 8, the angular
orientation of mid surface 38 permits a gap 70 to form between floor
66 and the mid surface. This gap extends circumferentially around the
key, increases with increasing distance from the central space 26 and
provides flexibility between the coupling and the pipe elements
allowing for relative deflection of the pipe elements 52 and 54 (see
Figure 9) without imposing significant 



stress on the coupling. Furthermore, the angular orientation of the
mid surface 38 does not significantly induce straightening of pipes
which start out angularly oriented. 5[0034] Similar flexibility
between the pipe elements and the coupling is also afforded by the
coupling embodiment shown in Figures 4 and 10, wherein the mid
surface 38 is angularly oriented to form a gap 72 between the mid
surface and the floor 66 which increases with increasing distance
toward the central space 26. Furthermore, the coupling embodiment
shown in Figures 5 and 11 , having first and second angularly
10oriented mid surfaces 38 and 46 respectively, provides two gaps 74
and 76 between the mid surfaces and the groove floor 66 to provide
flexibility to the joint formed between the pipe elements by the
coupling. [0035] As shown in Figure 12, to provide sufficient
clearance between segments 12 when they are connected to one another
in spaced relation so that the pipe elements 52 15and 54 may be
inserted into the central space 26 without disassembling the coupling
10 it is advantageous that the minimum radius of curvature 78 of the
mid surfaces 38 of keys 32 be greater than the radius 80 of the floor
66 of the grooves 58 and 60 on the pipe elements. It is further
advantageous that the angle 82 subtended by the keys 32 be less than
180. As shown in Figure 12, this configuration of mid surface radius
and 20 subtended key angle provides clearance between the pipe
element outer surface and the ends 84 and 86 of segments 12. This end
clearance permits a closer spacing of the segments while still
allowing insertion of the pipe elements which, in turn, allows
fasteners 22 to be shorter and thereby yields a practical design.
When the fasteners are tightened to draw the segments toward one
another and effect engagement between the 25groove floor 66 and the
mid surface 38 of keys 32 (see Figure 13) the segments deform so as
to substantially conform a portion 88 of the mid surface 38 to the
outer surface of the pipe elements (that being the floor 66 of the
grooves) as shown in 



Figure 14. Portion 88 extends circumferentially around the segments
12 but does not include the entire area of the mid surfaces 38, the
gap 70 still being present to ensure flexibility and permit
deflections of the pipe elements 52 and 54. The angular orientation
of the mid surface 38 counteracts the tendency of the deformable
coupling 5to stiffen the joint. 100361 When used to couple pipes
having grooves the angularly oriented mid surfaces of the coupling 10
according to the invention provide for a significant degree of
angular flexibility without compromising the fluid tight integrity of
the joint.  What is claimed is:    1.1n combi na lion, pipe elements
and a coupling for joining said pipe elements together in end to end
relation, said coupling comprising; a plurality of segments attached
to one another end to end surrounding a central space; connection
members positioned at opposite ends of said segments liar adjustably
connecting one coupling se1.3- ment to another: at least one of said
segments including an arcuate key extending along said segment and
projecting inwardly toward said central space, said key comprising
two oppositely disposed side surffices and a first mid surface
positioned therebetween, said first mid. surface facing radially
inwardly toward said central space. said first mid surface being
angularly oriented with respect to an axis oriented perpendicularly
to a plane containing said. segments, a portion of said first mid
surface being engageable with an outer surface of one of said pipe
elements when said pipe elements arc positioned within said central
space, said connection members being adjustably tightenable for
drawing said first mid surliwe into engagement with said outer
surface of said one pipe element; and wherein said first mid surlitcc
subtends an anglt.' o fless than I go- and has a minimum radius
ofeurvaturc greater than the radius of curvature of said outer
surfitce a Isaid pipe element, at least said one segment being
deformable upon adjustable tightening of said connection members so
as to substantially conform the curvature of a portion of said first
mid surface to the outer surface of said pipe element.   2. The
combination according to claim I, wherein said first mid strike is
oriented such that the distance between said first mid surfitce and
said axis increases with increasing distance along said axis in a
direction away from said central space.    3. The combination
according to claim 1, wherein said first mid surface is oriented such
that the distance between said first mid surface and said axis
increases with increasing distance along said axis in a direction
toward said centtil space. 



4. The combination according to claim I. wherein said first mid
surthee has an orientation angle between about 110 and about 5".
5. The combination according to claim], wherein said first mid
surface has an orientation angle of about 3'.    6. The combination
accordina to claim 1, wherein said first mid surihce is curved, said
first mid surfitee having an orientation angle measured between a
chord line through end points of said first mid surface and said
axis.     7. The combination according to claim 6, wherein saidfirst
mid surface has a convex curvature.    8. The combination according
to claim 6, wherein said lirst mid surface has a concave curvature.
9. The combination according to claim 1, wherein said key further
comprises a second mid suribce positioned contiguous with said first
mid surface, said second mid surface projecting radially inwardly
toward said central space. said second mid suttee being angularly
oriented with respect to said axis. said second mid suite being
engageable with an outer surface acne ofsaid pipe elements when said
pipe elements are positional within said central space.    10. The
combination according to claim 9. wherein said second mid suffice has
an orientation angle with a slope opposite to the slope of said first
mid surlhce.   IL The combination according to claim 9. %% herein
said second mid suribce is oriented such than he distance between
said second mid surface and said. axis increases with increasing
distance along said axis in a direction away from said central space.
12. The combination according to claim 9. w herein said second mid
surthce is oriented such that the distance between said second mid
surface and said axis increases with increasing distance along said
axis in a direction toward said central space.    13. The combination
according to claim 9, wherein said second mid surface has an
orientation angle between about 1" and about 5'4.    14. The
combination according to claim 9, wherein said second mid surface has
an orientation angle of about 30.    15. The combination according to
claim 9. wherein said second mid surface is curved, said second mid
surlbee having an orientation angle measured between a chord line
through end points of said second mid surface and said axis,    16.
The combination according to claim 15. wherein said second mid
surlhce has a convex curvature. 



17. The combination according to claim 15. wherein said second mid
surlitice has a concave curvature.    18. The combination according
to claim 1 comprising two said segments.    19. The combination
according to claim 1, m herein said segments are attached to one
another in spaced apart relation.    20. The combination ;wand ing to
claim 1, wherein each of said segments has a cavity therein, said
cavity on each said segment extending lengthwise along said segment
and liking said central space. a seal being located within said
cavity.    21. Me combination according to claim 1. m herein said
segments are attached to one another in spaced apart relation.  22.1n
combination, pipe elements and a coupling it
joining pipe elements together in end to end relation, said coupling
comprising: a plurality of segments attached to one another end to
end surrounding a central space: connection members positioned at
Opposite ends of said segments for adjustably connecting one coupling
segment to another: each of said segments having a pair of arcuate
keys extending along each of said segments and projecting radially
inwardly toward said central space, said keys of each said pair being
in spaced apart relation to one another, each of said keys comprising
two oppositely disposed side surbees and a first mid surface, each.
of said first mid surfaces being angularly oriented with respect to
an axis oriented perpendicularly to a plane containing said segments,
portions of said first mid surfaces being emtageable with outer
surfaces of said pipe elements when said pipe elements are positioned
within said central space. said connection members being adjustably
tightenoble for drawing said first mid surfaces into engagement with
said outer surfaces of said pipe elements; and N; herein said first
mid surfaces subtend an angle of less than 1St and have a minimum
radius of curvature greater than the radius of curvature of said
outer surface of said pipe elements, each of said segments being
dellirmab le upon adjustable tightening of said connection members so
as to substantially con hum the curvature ola portion of each of said
first mid surfaces to the outer surfaces of said pipe elements.   23.
The combination according to claim 22. wherein said first mid
surfaces on each of said pairs of said keys are oriented such that
the distance between said first mid surfaces and said axis increases
with increasing distance along said axis in a direction away from
said central space.    24. The combination according to claim 22.
wherein said first mid surthces on each of said pairs of said keys
are oriented such that the distance between said first mid surfaces
and said axis increases with increasing distance along said axis in a
direction toward said central space. 



25. The combination according to claim 22. wherein said first mid
surfaces have an orientation angle between about la and about 50.
26. The combination according to claim 22. wherein each of said first
mid surfaces has an orientation angle o f about 3".    27. The
combination accordine. to claim 22. wherein each of said keys limber
comprises a second mid surface positioned contiguous with said first
mid surface. said second mid surfaces being angularly oriented w ith
respect to said axis, said second mid surfaces being engageable with
an outer surface alone of said pipe elements when said pipe elements
are positioned within said central space.    28. The combination
according to claim 27. wherein each of said second mid surfaces has
an orientation angle with a slope opposite to the s lope of said
first mid surface with v. Inch it is contiguous.     29. The
combination according to claim 27, wherein each of said second mid
surfaces is oriented such that the distance between each of said
second mid surfaces and said axis increases with increasing distance
along said axis in a direction away from said central space.    30.
The combination according to claim 27, wherein each of said second
mid surfaces is oriented such that the distance between each of said
second mid surfaces and said axis increases with increasing distance
along said axis in a direction toward said central space.   3.1. The
combination aceordina to claim 27, wherein each of said second mid
surfaces has an orientation angle between about 1" and about 5')
degrees,   32. The combination accordine to claim 27, wherein each
ofsaid second mid st mines has an orientation amile olabout 3"
degrees.   33. The combination according to claim22 comprisimg two
said seements.   34. The combination according to claim 22. wherein
each Isaid setunents has a czoity therein, said cavity on each said
segment extending lengthwise along said segment and theing said
central space. a seal being located within said cavity,  .35. The
combination accordint to claim 22, wherein said segments are attached
to one another in spaced apart relation. 


