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Spin Forming Method 

Cross Reference to Related Application 

[0001] This application is based upon and claims the benefit of priority to U.S. 

Provisional Patent Application No. 61/530,771, filed September 2, 2011, and 
hereby incorporated by reference in its entirety. 

Field of the Invention 

[0002] This invention relates to methods of spin forming pipe elements to create 
a shoulder, groove and bead proximate to the ends thereof. 

Background 

[0003] Various challenges are encountered when designing pipe elements to be 
joined by mechanical pipe couplings. Such couplings comprise two or more 

coupling segments joined in end to end relation by threaded fasteners, an example 
of which is disclosed in U.S. Patent No. 7,712,796, hereby incorporated by 
reference. The segments surround a central space which receives the pipe 
elements. Each segment has a pair of arcuate surfaces known as "keys" which 
engage the outer surfaces of the pipe elements, the keys often being received in 
circumferential grooves in the pipe elements which provide a positive mechanical 
engagement against bending and axial loads applied to the joint. Each segment 
also defines a channel between its pair of arcuate surfaces which receives a ring-

shaped gasket. The gasket is typically compressed between the segments and the 
pipe elements to effect a fluid tight joint. 

[0004] Circumferential grooves are advantageously formed by cold working the 
sidewall of the pipe element because, unlike cut grooves, material is not removed 
from the pipe sidewall and thus thinner walled pipe elements may be grooved by 
the cold working process. It is advantageous to use thinner walled pipe elements 
for weight and cost savings in high pressure and /or high load applications. 

However, prior art cold working methods and pipe designs do not produce 
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coupling and pipe element engagement features adequate for high loads and 
pressures sustainable by comparable cut groove systems used on thicker walled 
pipe elements. There are clear advantages to be had through improvements to the 
design and manufacture of thin walled grooved pipe elements by cold working 
which will allow thin walled grooved pipe elements to be joined by mechanical 
couplings and used in high pressure/high load applications. 

Summary 

[0005] The invention concerns a method of forming a groove in an outer surface 
of a pipe element. In one example embodiment, the method comprises: 

capturing an end of the pipe element in a die having first and 
second circumferential troughs arranged in spaced apart relation to one another; 

inserting an arbor within the pipe element, the arbor having a first 
circumferential rib aligned with the first circumferential trough and a second 
circumferential rib aligned with the second circumferential trough; 

revolving the arbor in an orbit about a longitudinal axis of the die; 

increasing the diameter of the orbit while revolving the arbor so as 
to force the arbor against an inner surface of the pipe element; 

pinching the pipe element between the first circumferential rib and 
the first circumferential trough while revolving the arbor in the orbit of increasing 
diameter, thereby causing a portion of the pipe element between the first and 
second circumferential troughs to move radially inwardly away from the die 
thereby forming the groove, the groove having a smaller outer diameter than the 

outer diameter of the remainder of the pipe element. 

[0006] In this example embodiment the first circumferential trough comprises a 
first side surface positioned proximate to the second circumferential trough, and a 

second side surface positioned distal to the second circumferential trough. A 
floor surface extends between the first and second side surfaces. The example 
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method further may comprise pinching the pipe element between the first 
circumferential rib and the first side surface. 

[0007] The first side surface may be oriented at a first orientation angle, the 
second side surface may be oriented at a second orientation angle. The first 
orientation angle may be less than the second orientation angle when measured 

relatively to a datum line extending perpendicular to the longitudinal axis of the 

die. 

[0008] In a particular example embodiment the first circumferential rib 
comprises first and second flank surfaces positioned on opposite sides thereof. 
The first flank surface faces toward the first side surface, and the second flank 
surface faces toward the second side surface. In this example embodiment the 
pipe element is pinched between the first flank surface and the first side surface. 
At least the first flank surface may be angularly oriented with respect to a datum 
line extending perpendicular to the longitudinal axis of the die. 

[0009] In an example embodiment, the second circumferential trough may 
comprise a side surface positioned proximate the first circumferential trough and 
a floor surface contiguous with the side surface of the second circumferential 
trough. The example method may further comprise pinching the pipe element 
between the second circumferential rib and the side surface of the second 
circumferential trough. The side surface of the second circumferential trough 

may be oriented substantially perpendicular to the longitudinal axis of the die. 

[0010] In another example embodiment, the second circumferential rib may 
comprise a flank surface facing toward the side surface of the second 
circumferential trough. In this example embodiment, the method further 
comprises pinching the pipe element between the flank surface of the second 
circumferential rib and the side surface of the second circumferential trough. The 

flank surface of the second circumferential rib may be angularly oriented with 

respect to a datum line extending perpendicular to the longitudinal axis of the die. 
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[0011] The method according to the invention may further comprise, by way of 
example, forming a shoulder in an end portion of the pipe element by forcing the 
second circumferential rib toward the second circumferential trough. 
Additionally, the method may further comprise forming a bead in the pipe 
element adjacent to the groove by forcing the first circumferential rib toward the 
first circumferential trough. 

[0012] In another example embodiment the method includes forming a bead, a 
groove and a shoulder in an outer surface of a pipe element. In one example 
embodiment, the method comprises: 

capturing an end of the pipe element in a die having first and 
second circumferential troughs arranged in spaced apart relation to one another; 

inserting an arbor within the pipe element, the arbor having a first 
circumferential rib aligned with the first circumferential trough and a second 
circumferential rib aligned with the second circumferential trough; 

revolving the arbor in an orbit about a longitudinal axis of the die; 

increasing the diameter of the orbit while revolving the arbor so as 
to force the arbor against an inner surface of the pipe element; 

forming the bead by forcing the first circumferential rib toward the 
first circumferential trough; 

forming the shoulder by forcing the second circumferential rib 
toward the second circumferential trough; 

the groove being formed between the bead and the shoulder by 
pinching the pipe element between the first circumferential rib and the first 
circumferential trough while revolving the arbor in the orbit of increasing 
diameter, thereby causing a portion of the pipe element between the first and 
second circumferential troughs to move radially inwardly away from the die 
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thereby forming the groove, the groove having a smaller outer diameter than the 

outer diameter of the remainder of the pipe element. 

Brief Description of the Drawings 

[0013] Figure 1 is a longitudinal sectional view of an example pipe element 

formed by the spin forming process according to the invention; 

Figure 2 is an isometric view of a valve including an example pipe 

element formed by the spin forming process according to the invention; 

Figure 3 is an exploded isometric view of a combination of pipe elements 

and a pipe coupling; 

Figures 3A and 3B are elevational views of pipe coupling embodiments; 

Figures 4-6 are longitudinal sectional views of a combination of pipe 

elements and a pipe coupling; 

Figure 7 is a schematic diagram of an example spin forming machine for 

manufacturing pipe elements using a spin forming method; 

Figure 8 is a schematic end view of the spin forming machine shown in 

Figure 7; 

Figures 9-11 are longitudinal sectional views illustrating an example 

method of spin forming pipe elements; and 

Figures 12-15 are longitudinal sectional views illustrating an example 

method of spin forming in detail. 

Detailed Description 

[0014] The invention concerns pipe elements, combinations of pipe elements and 

couplings, and methods and devices for cold working pipe elements to receive 

couplings and form a fluid tight joint. Throughout this document the term "pipe 

element" means any tubular structure, including, for example, pipe stock 10 as 
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shown in Figure 1, as well as the tubular portion 12 of a fluid handling or control 
component such as the valve 14 shown in Figure 2. Other components, such as 
pumps and strainers, as well as fittings such as tees, elbows, bends and reducers 
are also included as having or comprising "pipe elements" as defined herein. 

[0015] As shown in Figure 1, pipe element 10 has an outer diameter 16 which 

passes through a point on a longitudinal axis 18 at the pipe element's center of 
curvature. At least one end 20 of pipe element 10 is configured to receive a key 
of a mechanical coupling (not shown), the configuration comprising a shoulder 
22 positioned at the end 20, a groove 24 positioned adjacent to the shoulder 22, 
and a bead 26 positioned contiguous with the groove 24. 

[0016] As illustrated in detail in Figure 1, shoulder 22 extends circumferentially 
around the pipe element and has an outwardly facing surface 28. Surface 28 has 

an outer diameter 30 that is greater than the outer diameter 16 of the pipe element 

10 excluding the shoulder. Shoulder 30 also has an outwardly facing curved 
surface 32. Curved surface 32 also extends circumferentially around the pipe 
element and has a center of curvature on an axis 34 oriented perpendicular to the 
longitudinal axis 18 of the pipe element 10. In Figure 1, axis 34 is shown 
perpendicular to the viewing plane and is therefore seen end on. 

[0017] Groove 24 is defined by a first side surface 36 which is positioned 
contiguous with the curved surface 32 of the shoulder 30. Side surface 36 in this 

example embodiment is oriented substantially perpendicularly to longitudinal 
axis 18, but may also be oriented angularly in other embodiments. 
"Substantially perpendicular" as used herein refers to an angular orientation 
which may not be exactly perpendicular, but is established as close as practicable 
in view of manufacturing practices and tolerances. Perpendicular orientation of 
the first side surface 36 stiffens the pipe element radially and helps it maintain its 
roundness. 

[0018] A second side surface 38 further defines the groove 24. Second side 
surface 38 is positioned in spaced apart relation to the first side surface 36 and is 
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oriented angularly with respect to the longitudinal axis 18. Side surface 38 may 
have an orientation angle 40 from about 40° to about 70°, or about 45° to about 
65°. In the particular embodiment shown in Figure 1, orientation angle 40 is 
about 55°, which is considered advantageous when the groove receives keys of a 

mechanical coupling as shown in Figures 3-6. 

[0019] A floor surface 42 extends between the first side surface 36 and the 
second side surface 38 of groove 24. In the example embodiment shown, the 
floor surface 42 is substantially parallel to the longitudinal axis 18 and has an 
outer diameter 44 which is less than the outer diameter 16 of the pipe element 
excluding the groove. The groove 24 also has an inner diameter 17 which, in the 
embodiment shown in Figure 1, is approximately equal to the inner diameter 19 
of the pipe element 10. 

[0020] Bead 26 is positioned contiguous with the second side surface 38 of the 
groove 24 and also extends circumferentially around the pipe element. The bead 
26 projects outwardly away from axis 18 and has an apex 46 with an outer 
diameter 48 greater than the outer diameter 16 of the pipe element excluding the 
bead. In the example embodiment shown in Figure 1, the diameter 48 of the apex 
46 is less than the outer diameter 30 of shoulder 22. Bead 26 increases the radial 
stiffness of the pipe element and thereby helps maintain its roundness. 

[0021] For pipe stock, the configuration of the end of the pipe element 10 

(shoulder 22, groove 24 and bead 26) is the same at both ends (not shown for 

clarity), but other configurations are also feasible wherein the ends may be 
dissimilar. Furthermore, the pipe elements 50 at opposite ends of valve 14 also 
have the above-described end configurations which allow the valve, or any other 
fluid control component or fitting, to be joined to other pipe elements using 
mechanical couplings, examples of which are shown in Figures 3, 3A and 3B. 
Alternately, valves and other fluid control components and fittings may also have 

dissimilar end configurations. 
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[0022] In one embodiment, illustrated in Figure 3, mechanical coupling 52 
comprises two or more segments 54 attached to one another in end to end 
relation, in this example by threaded fasteners 56. The segments 54 surround a 
central space 58 which receives the pipe elements 10 to join them in a fluid tight 
joint. An elastomeric gasket 60 is captured between the segments 54 and has 
inwardly facing sealing surfaces 62 which engage the outwardly facing surfaces 
28 of shoulders 24 to ensure fluid tightness. Each segment has a pair of arcuate 
surfaces or keys 64 which project inwardly toward the central space and are 
received within the grooves 24 of the pipe elements 10. 

[0023] In another embodiment, shown in Figure 3A, the coupling 53 comprises a 
single segment formed of a unitary body 55 having ends 57 and 59 in spaced 
apart, facing relation. Bolt pads 61 extend from the ends 57 and 59 and a fastener 
63 extends between the bolt pads for drawing them together upon tightening of 
the fastener. The unitary body surrounds a central space 65 which receives the 
pipe elements to form a joint. Keys 67 in spaced relation on either side of the 
coupling 53 extend circumferentially along the unitary body 55 and project 
radially inwardly. A gasket 60 similar to that as described above is positioned 
between the keys. Tightening of the fastener 63 draws the keys 67 into 
engagement with grooves in the pipe elements and compresses the gasket 60 
between the unitary body 55 and the pipe elements. 

[0024] Figure 3B shows another coupling embodiment 69, formed of two 
segments 71 and 73 joined at one end by a hinge 75. The opposite ends 77 and 
79 of the segments are in spaced apart facing relation and connected by a fastener 
81. Segments 71 and 73 also have circumferential keys 83 in spaced relation and 
a gasket 60 is positioned between them. The segments surround a central space 
65 which receives the pipe elements to form a joint. Tightening of the fastener 
81 draws the keys 83 into engagement with grooves in the pipe elements and 

compresses the gasket 60 between the segments and the pipe elements. 

[0025] A joint may be formed between two pipe elements 10 by first 
disassembling the coupling 52 (see Figure 3) and slipping the gasket 60 over an 
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end of one of the pipe elements. The end of the other pipe element is then 
aligned in proximity with the end of the first pipe element, and the gasket is 
positioned so as to bridge the small gap between the two pipe element ends, with 
the sealing surfaces 62 of the gasket engaging respective outer surfaces 28 of the 
shoulders 24 of each pipe element. Next the coupling segments 54 are positioned 
surrounding the gasket 60 and the ends of the pipe elements with the keys 64 
aligned with respective grooves 24 in each pipe element. Fasteners 56 are then 
applied and tightened so as to draw the segments toward one another, engage the 
keys 64 within respective grooves 24 and compress the gasket 60 against the pipe 
elements so as to form a fluid tight joint. 

[0026] In an alternate embodiment, Figures 4-6 show in detail the engagement of 
the pipe elements 10 with an installation ready type coupling 52 wherein the 
segments 54 are pre-assembled and held in spaced relation from one another by 
fasteners 56, the segments being supported on the gasket 60. The segments are 
sufficiently far apart that the pipe elements 10 may be inserted into the central 
space 58 without disassembling the coupling as shown in Figures 4 and 5. Note 
that the outwardly facing surfaces 28 of shoulders 22 engage the sealing surfaces 
62 of the gasket 60 and the keys 64 align with the grooves 24 in each of the pipe 
elements. As shown in Figure 6, the fasteners 56 (see Figure 1) joining the 
segments 54 to one another are tightened, drawing the segments toward one 
another. This compresses the gasket 60 against the pipe elements to effect a seal 
and forces the keys 64 into the grooves 24 to effect a positive mechanical 
connection between the coupling and the pipe elements 10 to effect the joint. In 
one embodiment, shown in detail in Figure 6, the keys 64 have a cross sectional 
shape that is compatible with the grooves, and the keys are dimensioned such that 
a substantially vertical key surface 66 engages the groove first side surface 36, 
and an angularly oriented key surface 68 engages the angularly oriented second 

side surface 38 of the groove. It is advantageous that the surfaces 68 and 38 have 
complementary orientation angles to maximize surface to surface contact. In 
general for this embodiment there will be a gap 70 between the groove floor 
surface 42 and a radially facing surface 72 of the key 64. This is due to tolerance 
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variations in both the pipe element and the coupling. Some gap between surfaces 

42 and 72 is advantageous to ensure that the keys engage the groove with a 

wedging action that provides rigidity to the joint and maintains the pipe elements 

in space relation to one another under axial compression and tension loads. 

Formation of the joint using coupling embodiments 53 and 69 shown in Figures 

3A and 3B proceeds similarly as described above for the installation ready 

embodiment. Other embodiments are also feasible, for example, wherein only 

the vertical key surface 66 is in contact with the groove first side surface 36, or 

only the angularly oriented key surface 68 is in contact with the second side 

surface 38 of the groove 24. It is also possible that the coupling segments float 

on the gasket 60, wherein none of the key surfaces are in contact with the groove 

surfaces, at least initially until the joint is subjected to load. 

[0027] It is advantageous to form the circumferential shoulder, groove and bead 

using spin forming techniques. Spin forming uses a fixed outer die and a roller 

tool or "arbor" which revolves in an orbit within the die. The pipe element is 

held within the die between it and the arbor, and the arbor orbits about the die's 

longitudinal axis. The arbor's orbit is increased in diameter and the arbor is 

forced against the inner surface of the pipe element. As the arbor revolves it 

forces the end of the pipe element to conform in shape to the shape of the arbor 

and die. 

[0028] Spin forming is advantageous because it eliminates the sensitivity of the 

process to the pipe element outer diameter tolerance variation. While techniques 

such as roll forming may be used to cold work the pipe element and produce the 

desired shoulder-bead-groove shape, it is difficult to establish the shoulder and 

the groove outer diameters with an acceptable degree of repeatability due to the 

variation in pipe element outer diameter. However, by using spin forming with 

its fixed outer die, the dimensional variations of the pipe element outer diameter 

are not relevant since the outer die reliably establishes the pipe element's outer 

surface dimensions regardless of the initial diameter of the pipe element. 
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[0029] Figures 7 and 8 schematically depict an example spin forming machine 

136. As shown in Figure 8, the machine 136 includes a die 138 formed in four 

sections 140, 142, 144 and 146. The die sections are mounted in bearings (not 

shown) and are slidably moveable toward and away from one another using 

respective actuators 148, 150, 152 and 154. In this example there are four die 

sections configured in offset pairs (140 and 142, 144 and 146) but dies having 

only two sections are also feasible. As shown in Figure 7, a spin forming tool, 

arbor 156 is mounted in a housing 158. Housing 158 has a fixed axis of rotation 

160 and is mounted on a carriage 162 which moves along guide rods 164 toward 

and away from the die 138. An actuator 166 effects motion of the carriage 162 

and hence motion of the arbor 156 toward and away from the die. Housing 158 is 

driven in rotation about axis 160 relatively to carriage 162 on bearings 168 by an 

electric motor 170 also mounted on the carriage. The axis of rotation 160 of 

housing 158 is substantially parallel to the die's longitudinal axis 161, best shown 

when the die sections 140, 142, 144 and 146 are brought together. However, the 

arbor 156 may be moved relatively to the housing 158 in a direction so as to 

offset its longitudinal axis 172 from the housing axis of rotation 160. Offset 

motion of the arbor 156 is via an actuator 174 mounted on the housing 158. A 

spring 176 provides restoring force which moves the arbor's longitudinal axis 

172 back into coaxial alignment with the housing axis of rotation 160 when force 

of the actuator 174 is relieved. 

[0030] As shown in Figure 9, the die sections (140 being shown) have an inner 

surface 178 shaped to produce a desired final shape of the outer surface 134a of 

the pipe element 134 during spin forming. Furthermore, the arbor 156 has an 

outer surface 180 shaped to cooperate with the inner surfaces 178 of the die 

sections and allow the material of the pipe element 134 to deform and flow so 

that when, during the spin forming process, the outer surface 180 of the arbor 156 

is forced against the inner surface 134b of the pipe element 134, the outer surface 

134a of the pipe element 134 takes the desired shape defined by the inner 

surfaces 178 of die 138. 
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[0031] In operation, as illustrated in Figures 7-11, actuators 148 and 150 move 

respective die sections 140 and 142 away from one another. Similarly, actuators 

152 and 154 move respective die sections 144 and 146 away from one another, 

thereby opening the die 138. The pipe element 134 may then be inserted into the 

die. As shown in Figure 9, the die 138 is then closed by bringing the respective 

die sections 140 and 142, 144 and 146 together using their respective actuators to 

capture the end of the pipe element 134. Next, as shown in Figures 7 and 9, 

actuator 166 moves carriage 162 toward the die 138. Arbor 156 with its 

longitudinal axis 172 positioned at this time in coaxial alignment with the axis of 

rotation 160 of housing 158, and hence also in coaxial alignment with both the 

longitudinal axis 161 defined by the die 138 and the longitudinal axis 182 of the 

pipe element 134, is moved toward the die 138. The arbor 156 is inserted within 

the pipe element 134 captured by the die. Housing 158 is then rotated by motor 

170 about its axis of rotation 160, and the actuator 174 moves the longitudinal 

axis 172 of the arbor 156 out of coaxial alignment with the longitudinal axis 160 

of the housing. This configuration is shown in Figure 10, where the axis 172 of 

arbor 156 is also offset from the longitudinal axis 182 ofpipe element 134 as well 

as the die axis 161. This eccentric configuration causes the arbor 156 to revolve 

around the longitudinal axis 161 of the die 138 and the longitudinal axis of the 

pipe element 134 in a circular orbit upon rotation of the housing 158. The 

diameter of the orbit increases as the actuator 174 continues to move the arbor 

156 further off the axis of rotation 160 of the housing 158. Continued motion of 

the arbor 156 relative to housing 158, while the housing is rotating, forces the 

arbor against the inner surface 134b of the pipe element 134. As shown in Figure 

11, the arbor 156 travels around the pipe element inner surface in its orbit and 

cold works the material, forcing the outer surface 134a of the pipe element 134 to 

substantially conform to the shape of the inner surfaces 178 of the die 138. In 

this example, the shoulder 22, groove 24 and bead 26 are formed. However, it is 

also possible to form only a shoulder and the groove, or only the bead and the 

groove, depending on the shape of the die and the arbor. Note that to mitigate 

friction between the arbor 156 and the inner surface 134b of the pipe element 
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134, the arbor is free to rotate about its longitudinal axis 172. Once the desired 

shoulder-bead-groove shape is achieved upon completion of the spin forming 

process, rotation of housing 158 is halted, the longitudinal axis 172 of the arbor 

156 is moved back into alignment with the housing longitudinal axis 160 and die 

axis 161, and the carriage 162 is move away from the die 138, thereby removing 

the arbor 156 from within pipe element 134. Die 138 is then opened by moving 

the die sections 140, 142, 144 and 146 apart, thereby allowing removal of the 

formed pipe element from the die. 

[0032] Figures 12-15 illustrate in detail an example method for spin forming a 

groove 24, as well as a shoulder 22 and bead 26 in a pipe element 134. As shown 

in Figure 12, the arbor 156, moving it its eccentric orbit of increasing diameter 

about the die longitudinal axis 161, is shown just as it contacts the inner surface 

134b of pipe element 134. In this example, die 138 has first and second 

circumferential troughs 192 and 194, arranged in spaced apart relation to one 

another. Arbor 156 has first and second circumferential ribs 196 and 198. Note 

that upon insertion of the arbor 156 into the pipe element 134, the first rib 196 is 

aligned with the first trough 192, and the second rib 198 is aligned with the 

second trough 194. 

[0033] As shown in Figure 13, the first trough 192 is defined by a first side 

surface 200 positioned proximate to the second trough 194, a second side surface 

202 positioned distal to the second trough 194, and a floor surface 204 that 

extends between the first and second side surfaces 200 and 202. Note in this 

example that the first and second side surfaces are angularly oriented with respect 

to respective datum lines 206 and 208 which extend perpendicular to the die axis 

161. In some embodiments the orientation angle 210 of the first side surface is 

less than the orientation angle 212 of the second side surface 202 (as shown). 

The orientation angle 210 of the first side surface 200 may range from about 20° 

to about 50°, and the orientation angle 212 of the second side surface 202 may 

range from about 20° to about 75°. 
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[0034] The first rib 196 comprises first and second flank surfaces 214, 216 

positioned on opposite sides of the rib. First flank surface 214 faces toward the 

first side surface 200 of the first trough 192, and the second flank surface 216 

faces toward the second side surface 202. The first and second flank surfaces 214 

and 216 are angularly oriented with respect to respective datum lines 218 and 220 

which extend perpendicular to the die axis 161. The orientation angle 222 of the 

first flank surface 214 may range from about 10° to about 55°, and the orientation 

angle 224 of the second flank surface 216 may range from about 10° to about 
75°. 

[0035] In this example embodiment, the second trough 194 is defined by a side 

surface 226 positioned proximate to the first trough 192, and a floor surface 228 

that is contiguous with the side surface 226. In this example, the side surface 226 

is oriented substantially perpendicular to the die axis 161, although it may also be 

angularly oriented. Side surface 226 and floor surface 228 cooperate to define 

the shoulder 22 (see Figures 13 and 14). 

[0036] The second rib 198 comprises a flank surface 230 positioned facing 

toward the side surface 226 of the second trough 194. Flank surface 230 may, as 

shown, be angularly oriented with respect to a datum lines 232 which extends 

perpendicular to the die axis 161. The orientation angle 234 of the flank surface 

230 may range from about 1° to about 45°. 

[0037] With reference to Figure 14, as the arbor 156 revolves in its orbit of 

increasing diameter, the pipe element 134 is pinched between the first flank 

surface 214 of the first circumferential rib 196, and the first side surface 200 of 

the first trough 192. When this pinching is effected, it is observed that groove 24 

is formed in the outer surface 134a of the pipe element 134 wherein a portion 

134c of the pipe element moves radially inwardly away from the die 138, as 

evidenced by the gap 184 between floor 42 of the groove 24 and the die 138 as 

shown in Figure 15. As also shown in Figure 14, further pinching of the pipe 

element 134 occurs between the flank surface 230 of the second circumferential 

rib 198 and the side surface 226 of the second trough 194, which is thought to 
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contribute to the formation of the groove 24 by facilitating movement of the 

portion 134c radially inwardly away from the die 138. As shown in Figure 11, 

the groove 24 thus formed in pipe element 134 has an outer diameter 186 which 

is less than the outer diameter 188 of the rest of the pipe element. In this example 

method, the shoulder 22 and bead 26 are further formed, respectively, by forcing 

the second circumferential rib 198 toward the second circumferential trough 194 

and the first circumferential rib 196 toward the first circumferential trough 192 as 

shown in Figure 15. 

[0038] The radial inward motion of the region 134c of the pipe element 134 away 

from the die 138 to form the gap 184 is contrary to the radially outward motion of 

the arbor 156 and is thus unexpected. This method allows pipe elements 134 (as 

shown in Figure 11) to be formed wherein the outer surface 134a of the groove 

24 has a diameter 186 less than the diameter 188 of the outer surface of the 

remainder of the pipe element; i.e., the outer surface 134a of the pipe element 

exclusive of the groove 24. It was previously thought that such a configuration 

was possible only by roller forming of the pipe element between two rotating 

rollers, but spin forming according to the invention allows this configuration to 

be achieved while maintaining precise and repeatable outer dimensions of the 

pipe element due to the effect of the fixed die capturing the pipe element. This is 

unexpected because it was thought that spin forming could only expand a pipe 

element; i.e., any part of a pipe element deformed by spin forming must have a 

diameter larger than the original dimension. Therefore, according to the common 

wisdom, it would not be possible, in a spin forming process, to start with a pipe 

element having a first outer diameter and end up with a portion of the pipe 

element having a second outer diameter smaller than the first outer diameter, but 

applicants have achieved this using spin forming in the method according to their 

invention. 

[0039] The pipe element configurations comprising the shoulder, groove and 

bead, and the methods and apparatus for creating the configurations as shown and 

described herein allow thin walled pipe elements to be joined by mechanical 
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couplings and used in high pressure/high load applications previously thought 

unsuited for thin walled pipe elements and grooved mechanical couplings. 

Various additional advantages over prior art pipe elements are also realized. For 

example, it is known that the outer diameter 186 of the groove floor 42 is an 

important dimensional parameter for compatibility between couplings and pipe 

elements in view of pipe element diameter manufacturing tolerances. The spin 

forming method disclosed herein permits this parameter to be controlled so that 

grooves can be formed that are compatible with couplings at both the maximum 

and minimum pipe diameter tolerances. Furthermore, the combination of the 

enlarged shoulder diameter 190 (shoulder 22 outwardly facing surface larger than 

the pipe element outer diameter) and the reduced groove floor diameter (groove 

floor 42 outer diameter less than the pipe element outer diameter) allows lighter 

weight couplings to be used without a performance penalty. It is also easier to 

design the couplings due to the tighter tolerances to which the groove and 

shoulder dimensions can be held. Practically, this translates into lower cost 

couplings at lower weight, and stronger joints withstanding higher internal 

pressures. Gasket design is also simplified because of the tighter tolerances 

afforded, and it is easier to manage the size of the gap which forms between 

coupling segments through which the gasket can be extruded and blow-out under 

high pressures. Manufacturing advantages are also secured as there is less 

thinning of the pipe element and less cold working required which means lower 

residual stresses, higher remaining elongations, and stronger pipe elements. The 

addition of the bead 26 permits a more rigid joint and allows the key to fill the 

groove and employ a wedging action to advantage. The wedging action holds the 

pipe elements within the coupling at a constant distance even when under axial 

compression, due, for example to thermal loads or a vertical pipe stack. This 

prevents the pipe elements from pinching and damaging the gasket center leg if 

present. The enlarged shoulder also permits the groove to be relatively shallow 

and present a lower internal profile within the pipe element. A lower profile 

groove at each joint causes less head loss and less turbulence in the fluid flowing 

through the pipe elements. Additionally, by forming the groove concentric with 
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the shoulder a more uniform engagement between the coupling and the pipe 
elements is achieved, further lessening the likelihood of leaks. 
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What is claimed is: 

1. A method of forming a groove in an outer surface of a pipe element, 

said method comprising: 

capturing an end of said pipe element in a die having first and 

second circumferential troughs arranged in spaced apart relation to one another; 

inserting an arbor within said pipe element, said arbor having a 

first circumferential rib aligned with said first circumferential trough and a 

second circumferential rib aligned with said second circumferential trough; 

revolving said arbor in an orbit about a longitudinal axis of said 

die; 

increasing the diameter of said orbit while revolving said arbor so 

as to force said arbor against an inner surface of said pipe element; 

pinching said pipe element between said first circumferential rib 

and said first circumferential trough while revolving said arbor in said orbit of 

increasing diameter, thereby causing a portion of said pipe element between said 

first and second circumferential troughs to move radially inwardly away from 

said die thereby forming said groove, said groove having a smaller outer diameter 

than the outer diameter of the remainder of said pipe element. 

2. The method according to claim 1, wherein said first circumferential 

trough comprises a first side surface positioned proximate to said second 

circumferential trough, a second side surface positioned distal to said second 

circumferential trough, and a floor surface extending between said first and 

second side surfaces, said method further comprising pinching said pipe element 

between said first circumferential rib and said first side surface. 

3. The method according to claim 2, wherein said first side surface is 

oriented at a first orientation angle, said second side surface is oriented at a 

second orientation angle, said first orientation angle being less than said second 
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orientation angle when measured relatively to a datum line extending 

perpendicular to said longitudinal axis of said die. 

4. The method according to claim 2, wherein said first side surface is 

oriented at an orientation angle from about 20° to about 50° measured with 

respect to a datum line extending perpendicular to said longitudinal axis of said 

die. 

5. The method according to claim 2, wherein said second side surface is 

oriented at an orientation angle from about 20° to about 75° measured with 

respect to a datum line extending perpendicular to said longitudinal axis of said 

die. 

6. The method according to claim 2, wherein said first circumferential rib 

comprises first and second flank surfaces positioned on opposite sides thereof, 

said first flank surface facing toward said first side surface, said second flank 

surface facing toward said second side surface, said pipe element being pinched 

between said first flank surface and said first side surface. 

7. The method according to claim 6, wherein at least said first flank 

surface is angularly oriented with respect to a datum line extending perpendicular 

to said longitudinal axis of said die. 

8. The method according to claim 6, wherein said first flank surface is 

oriented at an orientation angle from about 10° to about 55° measured with 

respect to a datum line extending perpendicular to said longitudinal axis of said 

die. 

9. The method according to claim 6, wherein said second flank surface is 

oriented at an orientation angle from about 10° to about 75° measured with 

respect to a datum line extending perpendicular to said longitudinal axis of said 

die. 
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10. The method according to claim 1, wherein said second 
circumferential trough comprises: 

a side surface positioned proximate said first circumferential 
trough; 

a floor surface contiguous with said side surface of said second 

circumferential trough, said method further comprising pinching said pipe 

element between said second circumferential rib and said side surface of said 
second circumferential trough. 

11. The method according to claim 10, wherein said side surface of said 
second circumferential trough is oriented substantially perpendicular to said 
longitudinal axis of said die. 

12. The method according to claim 10, wherein said second 
circumferential rib comprises a flank surface facing toward said side surface of 
said second circumferential trough, said method further comprising pinching said 
pipe element between said flank surface of said second circumferential rib and 
said side surface of said second circumferential trough. 

13. The method according to claim 12, wherein said flank surface of said 
second circumferential rib is angularly oriented with respect to a datum line 
extending perpendicular to said longitudinal axis of said die. 

14. The method according to Claim 12, wherein said flank surface of said 
second circumferential rib is oriented at an orientation angle from about 1 ° to 
about 45° measured with respect to a datum line extending perpendicular to said 

longitudinal axis of said die. 

15. The method according to claim 1, further comprising forming a 
shoulder in an end portion of said pipe element by forcing said second 
circumferential rib toward said second circumferential trough. 
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16. The method according to claim 1, further comprising forming a bead 

in said pipe element adjacent to said groove by forcing said first circumferential 

rib toward said first circumferential trough. 

17. A method of forming a bead, a groove and a shoulder in an outer 

surface of a pipe element, said method comprising: 

capturing an end of said pipe element in a die having first and 

second circumferential troughs arranged in spaced apart relation to one another; 

inserting an arbor within said pipe element, said arbor having a 

first circumferential rib aligned with said first circumferential trough and a 

second circumferential rib aligned with said second circumferential trough; 

revolving said arbor in an orbit about a longitudinal axis of said 

die; 

increasing the diameter of said orbit while revolving said arbor so 

as to force said arbor against an inner surface of said pipe element; 

said bead being formed by forcing said first circumferential rib 

toward said first circumferential trough; 

said shoulder being formed by forcing said second circumferential 

rib toward said second circumferential trough; 

said groove being formed between said bead and said shoulder by 

pinching said pipe element between said first circumferential rib and said first 

circumferential trough while revolving said arbor in said orbit of increasing 

diameter, thereby causing a portion of said pipe element between said first and 

second circumferential troughs to move radially inwardly away from said die 

thereby forming said groove, said groove having a smaller outer diameter than 

the outer diameter of the remainder of said pipe element. 
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18. The method according to claim 17, wherein said first circumferential 
trough comprises a first side surface positioned proximate to said second 
circumferential trough, a second side surface positioned distal to said second 
circumferential trough, and a floor surface extending between said first and 
second side surfaces, said method further comprising pinching said pipe element 
between said first circumferential rib and said first side surface. 

19. The method according to claim 18, wherein said first side surface is 
oriented at a first orientation angle, said second side surface is oriented at a 
second orientation angle, said first orientation angle being less than said second 
orientation angle when measured relatively to a datum line extending 
perpendicular to said longitudinal axis of said die. 

20. The method according to claim 17, wherein said first circumferential 

rib comprises first and second flank surfaces positioned on opposite sides thereof, 

said first flank surface facing toward said first side surface, said second flank 

surface facing toward said second side surface, said pipe element being pinched 
between said first flank surface and said first side surface. 

21. The method according to claim 20, wherein at least said first flank 
surface is angularly oriented with respect to a datum line extending perpendicular 
to said longitudinal axis of said die. 

22. The method according to claim 17, wherein said second 
circumferential trough comprises a side surface positioned proximate said first 
circumferential trough and a floor surface contiguous with said side surface of 
said second circumferential trough, said method further comprising pinching said 
pipe element between said second circumferential rib and said side surface of 
said second circumferential trough. 

23. The method according to claim 22, wherein said side surface of said 

second circumferential trough is oriented substantially perpendicular to said 
longitudinal axis of said die. 
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24. The method according to claim 22, wherein said second 

circumferential rib comprises a flank surface facing toward said side surface of 

said second circumferential trough, said method further comprising pinching said 

pipe element between said flank surface of said second circumferential rib and 

said side surface of said second circumferential trough. 

25. The method according to claim 24, wherein said flank surface of said 
second circumferential rib is angularly oriented with respect to a datum line 
extending perpendicular to said longitudinal axis of said die. 

26. The method according to Claim 24, wherein said flank surface of said 
second circumferential rib is oriented at an orientation angle from about 1° to 
about 45° measured with respect to a datum line extending perpendicular to said 

longitudinal axis of said die. 
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