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(57) Abstract: Techniques for implementing and/or deploying a swage machine (38), which includes a die (70) plate (58) that enables
a die (70) to be used to conformally deform a pipe fitting (18) around pipe segment tubing (22) to be loaded in the swage machine
(38), a grab plate (58) having grab plate (58) sections that are pivotably connected, and grab adapter sections (108). Each grab adapter
sections (108) includes a base sub-section (110) connected to a corresponding grab plate (58) section, in which an inner surface of the
base sub-section (110) includes an alignment notch (128), and a modular sub-section (112) to be secured to the base sub-section (110),
in which an outer surface of the modular sub-section (112) includes an alignment tab (132) to be disposed within the alignment notch
(128) in the base sub-section (110) and an inner surface of the modular sub-section (112) includes a grab tab section (126) that matingly
interlocks with a fitting grab notch (150) on the pipe fitting (18) to facilitate securing the swage machine (38) to the pipe fitting (18).
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SWAGE MACHINE MODULAR GRAB ADAPTER SYSTEMS AND METHODS
BACKGROUND

{00061} The present disclosure generally relates to pipeline systems and, more particularly, to
a swage machine that may implemented and/or operated to facilitate securing a pipe fitting o a
pipe segment in a pipeline system.

[00602] Pipeline systems are often used to transport (e.g., convey) fluid, such as hiquid and/or
gas, from a fluid source to a fluid destination. For example, a pipeline system may be used to
transport one or more hydrocarbons, such as crude o1l, petroleum, natural gas, or any
combination thereof. Additionally or alternatively, a pipeline system may be used to transport
one or more other types of fluid, such as produced water, potable water, fresh water, fracturing
fluid, flowback fluid, carbon dioxide, or any combination thereof.

{B8003] To facilitate fluid transportation, a pipeline system generally includes one or more
pipe segments in addition to pipe {e.g , nudline and/or end) fittings, which are used to connect a
pipe segment to another pipeline component, such as another pipe fitting, another pipe segment,
a fluid source, and/or a fluid destination. Generally, a pipe segment includes tubing, which
defines {e.g., encloses) a pipe bore that provides a prnimary fluid conveyance {e.g., flow) path
through the pipe segment. More specifically, the tubing of a pipe segruent may be implemented
to facilitate isolating (e g, nsulating) fluid being conveyed within s pipe bore from
environmental conditions external to the pipe segment, for example, to reduce the likelihood of
the conveyed {e.g., bore} fluid being lost to the external environmental conditions and/or the
external environmental conditions contaminating the conveyed fhad (e g, clean and/or potable
water).

{0004] Additionally, in some 1nstances, a pipe fitting may be secured 1o a pipe segment using
special-purpose deployment equipment — namely a swage machine, which i1s implemented and/or
operated to conformally deform at least a portion of the pipe fitting around the tubing of the pipe
segment such that the portion of the pipe {itting engages the pipe segment {ubing. Generally, 3
swage machine may include a grab plate, which s to be secured o a grab notch on a pipe fitting,
a die plate, which enables a set of dig segments to be loaded in the swage machine, and one or
more swaging actuators, which selectively move the die plate over the pipe fitting 1n an axial

direction to swage the pipe fitting. However, grab notches on different pipe fittings may have
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different geometries, which, at feast in some instances, may limit the ability of the same swage
machine to be used to swage different pipe fittings and, thus, pipeline deployment efficiency.
SUMBARY
{B005] This summary is provided to introduce a selection of concepts that are further
described below in the detatled description. This summary 15 not intended to identify kev or
essential features of the claimed subject matter, nor is it intended to be used as an aid in limiting
the scope of the claimed subject matter.
{0006] In one embodiment, a swage machine includes a die plate that enables a die that is to
be used to conformally deform a portion of a pipe fitting around pipe segment tubing to be
loaded in the swage machine, a grab plate having grab plate sections that are pivotably connected
via hinges, and grab adapter sections. Each of the grab adapter sections includes a base sub-
section connected to a corresponding grab plate section, in which an mner surface of the base
sub-section mcludes an alignment notch, and a modular sub-section to be secured to the base
sub-section, n which an outer surface of the modular sub-section includes an alignment tab to be
disposed within the alignment notch 1o the base sub-section and an inner surface of the modular
sub-section ncludes a grab tab section that matingly interlocks with a fitting grab notch on the
pipe fitting to facilitate securing the swage machine to the pipe fitting,
{0667} In another embodiment, a method of deploying a swage machine includes
mamntaining the swage machine in an opened state at least in part by mamtamning a first plate
section of a grab plate 1 the swage machine pivoted away from a second plate section of the
grab plate and securing a grab adapter section 1o the first plate section of the grab plate while the
swage machine 1s in the opened state to facilitate securing the swage machine to a pipe fitting,
Securing the grab adapter section to the first plate section of the grab plate includes securing a
first modular sub-section that has a first grab tab section on a first inner surface to the first plate
section of the grab plate at least in part by disposing a modular alignment tab on an outer surface
of the first modular sub-section within a base alignment notch on an inner surface of a base sub-
section in the grab adapter section in response to determining that a fitting grab notch on the pips
fitting has a first geometry that corresponds with the first grab tab section and securing a second
modular sub-section that has a second grab iab section on a second mner surface to the first plate
section of the grab plate in response to determining that the fitting grab notch on the pipe fitting

has a second geometry that corresponds with the second grab tab section.

[xe]
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{0088} In another embodiment, a grab adapter to be deployed in a swage machine inciudes
erab adapter sections. Each of the grab adapter sections includes a base sub-section to be
secured to a grab plate section in the swage machine, in which the base sub-section includes a
base alignment notch on an inner surface, a first modular sub-section {o be secured to the base
sub-section when the swage machine is to be used to swage a first pipe fitting that has a first grab
notch geometry, in which the furst modular sub-section includes a first grab tab section on a first
inner surface that matingly interfocks with the first grab notch geometry and a modular
alignment tab on an outer surface that 1s to be disposed within the base alignment notch in the
base sub-section; and a second modular sub-section to be secured to the base sub-section when
the swage machine is to be used to swage a second pipe fitting that has a second grab notch
geometry, in which the second modular sub-section includes a second grab tab sectionon a
second mner surface that matngly interlocks with the second grab notch geometry,

BRIEF DESCRIPTION OF BRAWINGS

[0609] FIG. 1 15 a block diagram of an exarople of a pipeline system ncluding pipe segments
and pipe fittings, 10 accordance with an embodiment of the present disclosure.

[0610] FIG. 2 15 a side view of an example of a pipe segment of FIG. 1 that mcludes a pipe
bore defined by its tubing as well as fluid conduits defined within an annulus of us tubing, n
accordance with an erabodiment of the present disclosure.

{6011} FIG 3 18 an example of a portion of the pipe segment of FIG. 2 with a helically
shaped fhud conduit defined within the annulus of its tubing, 1 accordance with an embodiment
of the present disclosure,

{0612] FIG. 4 15 a cross-sectional view of an example of a swage machine secured to a
portion of a pipeline system, in accordance with an embodiment of the present disclosure.

{0013} FIG. 5 15 a perspective view of an example of the swage machine of FIG. 4 mnan
opened state, i accordance with an embodiment of the present disclosure.

{0014} FIG. 6 15 a side perspective view of an example of a section of a modular grab adapter
section, which may be deploved in a swage machine, in accordance with an embodiment of the
present disclosure.

{8015] FIG. 7 is a side perspective view of another example of a section of a modular grab
adapter, which may be deployed in a swage machine, in accordance with an embodiment of the

present disclosure.
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{0016} FIG. 8 15 a frontal perspective view of a further example of a section of a modular
erab adapter, which may be deploved in a swage machine, in accordance with an embodiment of
the present disclosure.

{0617} FIG. 9 s a cross-sectional view of the example modular grab adapter section of FIG.
8, in accordance with an embodiment of the present disclosure.

{0018] FIG. 10 15 a side perspective view of another example of a section of a modular grab
adapter section, which may be deploved in a swage machine, in accordance with an embodiment
of the present disclosure.

{0019} FIG. 11 15 a cross-sectional view of the example modular grab adapter section of FIG.
9, 1n accordance with an embodiment of the present disclosure.

{0020} FIG. 12 1s a cross-sectional view of a further example of a section of a modular grab
adapter, which may be deploved in a swage machine, in accordance with an embodiment of the
present disclosure.

[0621] FIG. 13 15 a cross-sectional view of another example of a section of a modular grab
adapter secured to a grab plate section, in accordance with an embodiment of the present
disclosure.

{0622] FIG. 14 15 a flow diagram of an example of a process for implementing {e g,
manufacturing}) a section of a modular grab adapter, in accordance with an embodiment of the
present disclosure.

{0623] FIG. 1515 a flow diagram of an example of a process for deploying {e.g., mstalling) a
section of a modular grab adapter in a swage machine, in accordance with an embodiment of the
present disclosure.

DETAILED BDESCRIPTION

{0024} One or more specific embodiments of the present disclosure will be described below
with reference to the figures. As used herein, the term “coupled” or “coupled t0” may indicate
establishing either a direct or indirect connection and, thus, is not limited to either unless
expressly referenced as such. The term “set” may refer to one or more ttems. Wherever
possible, like or identical reference numerals are used in the figures to identify common or the
same features. The figures are not necessarily to scale. In particular, certain features and/or

gerated in scale for purposes of clarification.

<

certain views of the figures may be shown exag
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{0025} The present disclosure relates to pipeling systems, which generally include pipe
segments secured and sealed in pipe fittings, such as a midhine pipe fitting and/or a pipe end
fitting. In some instances, a pipe segment may be secured and sealed m a pipe fitting via special-
purpose deplovment equipment — namely a swage machine, which conformally deforms a fitting
jacket of the pipe fitting arcund tubing of the pipe segment such that the inner surface of the
fitting jacket engages the outer surface of the pipe segment tubing. To swage a pipe fitting using
a swage machine, a grab plate of the swage machine may be secured to the pipe fitting via a grab
adapter at least in part by securing the grab adapter to the grab plate and interlocking a grab tab
on the grab adapter with a grab notch on the pipe fitiing.

{0026] To enable a swage machine to accommodate pipe fittings that have different grab
notch geometries {e.g., size, shape, and/or diameter), the present disclosure provides techniques
for implementing and/or deployving a modular grab adapter ina swage machine. As will be
described i more detail below, a section of a modular grab adapter that 1s secured to a grab plate
section n a swage machine may generally include a base sub-section and one or more modular
sub-sections. In particular, the grab adapter base sub-section may be secured to or integrated
with the grab plate section and inchude a base alignment notch on its inner surface while a grab
adapter modular sub-section may nclude a grab tab section on its inner surface and a modular
aligninent tab (e g, protrusion}, which may be disposed within the base alignment notch to
facilitate securing the grab adapter modular sub-section to the grab adapter base sub-section
and/or transterring axal force therebetween, on its outer surface. In fact, in some embodiments,
different grab adapter modular sub-sections may be swapped m to accommodate different grab
notch geometries, which, at least 1n some instances, may improve pipeline deployment
efficiency, for example, by enabling the same swage machine to be used to swage pipe fittings
that have grab notches with different dimensions {e.g., diameters and/or circumferences).

{0627} An example of a pipeline system 10 15 shown in FIG 1. As in the depicted example,
the pipeline system 10 may be coupled between a bore fluid source 12 and a bore fhad
destination 14. Merely as an iflustrative non-fimiting example, the bore fluid source 12 may be a
production well and the bore fhuid destination 14 may be a fluid storage tank. In other instances,
the bore fluid source 12 may be a first {e.g., lease facility} storage tank and the bore fhuid

destination 14 may be a second {e.g., refinery}) storage tank.
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{0028} In any case, the pipeline system 10 may generally to facilitate transporting {e.g.,
conveying} fhuid, such as gas and/or liquid, from the bore fluid source 12 to the bore fluid
destination 14. In fact, in some embodiments, the pipeline system 10 may be used in many
applications, including without limitation, both onshore and offshore oil and gas applications.
For example, in such embodiments, the pipeline system 10 may be used to transport one or more
hydrocarbons, such as crude o1l, petroleum, natural gas, or any combination thereof.
Addstionally or alternatively, the pipeline system 10 may be used to transport one or more other
types of fluid, such as produced water, fresh water, fracturing fluid, flowback fluid, carbon
digxide, or any combination thereof

{0029] To facilitate flowing fluid to the bore fluid destination 14, in some embodiments, the
bore fluid scurce 12 may include one or more bore fluid pumps 16 that inject {e.g., pump and/or
supply ) fluid from the bore fluid source 12 into a bore of the pipeline system 10, However, it
should be appreciated that the depicted exarople 1s merely mntended to be dlustrative and not
futing. To particular, in other embodiuments, one or more bore fluid pumps 16 may not be
mcluded at the bore fluid source 12, for example, when fluid flow through the bore of the
pipehine system 10 1s produced by gravity. Additionally or alternatively, i other embodiments,
one or more bore fluid pumps 16 may be mcluded in the pipeline systern 10 and/or at the bore
flurd destination 14,

{0030} To facihitate transporting fluid from the bore fhid source 12 1o the bore fluid
destination 14, as  the depicted example, a pipeline system 10 may include pipe fittings 18 and
one or more pipe segments 20, For example, the depicted pipeline system 10 inchudes a first
pipe segment 204, a second pipe segment 20B, and an Nth pipe segment 20N, Additionaily, the
depicted pipeline system 10 mcludes a first pipe (e g., end) fitting 18A, which couples the bore
fluid source 12 to the first pipe segment 204, a second pipe (e.g., mudling) fitting 188, which
couples the first pipe segment 2Z0A to the second pipe segment 208, and an Nth pipe (e.g., end)
fitting 18N, which couples the Nth pipe segment ZON to the bore fluid destination 14,

{00631} However, it should again be appreciated that the depicted example is merely intended
to be ilustrative and not liniting. In particular, in other embodiments, a pipeline system 10 may
mclude fewer than three (e.g., two or one) pipe segments 20 or more than three (e.g., four, five,

or more} pipe segments 20, Additionally or alternatively, in other embodiments, a pipeline
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system 10 may inchide fewer than four {e. g, three or two) pipe fittings 18 or more than four
{e.g., five, six, or more) pipe fittings 18,

{0032} In any case, as described above, a pipe segment 20 generally includes tubing that may
be used to convey (e g., transfer and/or transport} water, gas, oil, and/or any other suitable type
of fluid. The tubing of a pipe segment 20 may be made of any suitable type of material, such as
plastic, metal, and/or a composite (e.g., fiber-reinforced composite) material. In fact, as will be
described 1n more detail below, in some embodiments, the tubing of a pipe segment 20 may
mclude multiple different layers. For example, the tubing of a pipe segment 20 may include a
first high-density polyethyiene (e.g., internal corrosion protection} layer, one or more
mtermediate {(e.g., steel strip) layers external to the first high-density polyethylene layer, and a
second high-density polyethylene {e.g., external corrosion protection} layer external to the one or
more intermediate layers.

[0033] Additionally, as 1o the depicted example, one or more (e g., second and/or Nth) pipe
segrents 20 m a pipeline system 10 may be curved. To facilitate implementing a curve in a pipe
segment 20, i some embodiments, the pipe segment 20 may be flexible, for example, such that
the pipe segment 20 13 spoolable on a reel and/or 10 a coil {e.g., during transport and/or before
deployment of the pipe segment 20). In other words, 1n some embodiments, one or more pipe
segments 20 m the pipeline systern 10 may be a flexable pipe, such as a bonded flexible pipe, an
unbonded flexible pipe, a flexible composite pipe (FCP), a thermoplastic composite pipe {TCP),
or a remforced thermoplastic pipe (RTP). In fact, at least in some instances, mcereasing
flexibility of a pipe segment 20 may facilitate improving deployment efficiency of a pipeline
systerm 10, for example, by obviating a curved (e g., elbow) pipe fitting 18 and/or enabling the
pipe segment 20 to be transported to the pipeline system 10, deploved i the pipeline system 10,
or both using a tighter spool.

{0634] To facilitate improving pipe flexibility, in some embodiments, the tubing of a pipe
segment 20 that defines (e.g., encloses) its pipe bore may additionally define free space (e.g., one
or more gaps} devoid of solid material within its annuolus. In fact, in some embodiments, free
space defined in the tubing of a pipe segment 20 may run {e.g., span) the length of the pipe
segment 20 and, thus, define {e. g, enclose} a fhuid conduit (e g, free space) in the annulus of the

tubing, which is separate from the pipe bore. In other words, 11 such embodiments, fluid may

~
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fiow through a pipe segment 20 via its pipe bore, free space {e.g., gaps and/or one or more fhud
conduits} defined within its tubing annulus, or both.

{0035} To help iliustrate, an example of a pipe segment 20, which includes tubing 22 with
fluid conduits {e. g, free space) 24 defined in 1ts annulus 25, 15 shown in FIG 2. As depicted, the
pipe segment tubing 22 has multiple layers including an inner barrier (e.g., liner} layer 26 and an
outer barrier {e.g., shield and/or sheath) layer 28. In some embodiments, the inner barrier layer
26 and/or the outer barrier layer 28 of the pipe segment tubing 22 may be composite material
and/or plastic, such as high-deunsity polyethviene (HDPE) and/or raised temperature polyethylene
(PE-RT). Although a number of particular layers are depicted, 1t should be understood that the
techniques described in the present disclosure may be broadly applicable to compaosite pipe body
structures having two or more layers, for example, as distinguished from a rubber or plastic
single-laver hose subject to vulcamization. Inany case, as depicted, an inner surface 30 of the
et barrier layer 26 defives (e.g., encloses) a pipe bore 32 through which flwid caun flow, for
example, to faciltate transporting fluid from a bore fluid source 12 to a bore fluid destination 14,
[0036] Additionally, as depicted, the annulus 25 of the pipe segment tubing 22 15 defined
between s 1nner barrier layer 26 and its outer barmer layer 28, As will be described in more
detai below, the tubing annulus 25 may include one or more miermediate layers of the pipe
segrment tubing 22, Furthermore, as depicted, flund conduits {e.g., free space and/or gaps) 24
running along the length of the pipe segment 20 are defined (e.g., enclosed} in the tubing annulus
25, As described above, a fluid conduit 24 in the tubing annulus 25 may be devoid of sohid
material. As such, pipe segment tubing 22 that includes one or more flnd condwits 24 defined in
s annulus 25 may inclode less solid material and, thus, exert less resistance to flexure, for
example, compared to solid pipe segment tubing 22 and/or pipe segment tubing 22 that does not
include fluid conduits 24 defined therein. Moreover, to facilitate further improving pipe
flexibulity, in some embodiments, one or more layers in the tubing 22 of a pipe segment 20 may
be unbonded from one or more other layers in the tubing 22 and, thus, the pipe segment 20 may
be an unbonded pipe.

{0037} However, it should be appreciated that the depicted example is merely intended to be
ilfustrative and not limiting. In particular, in other embodiments, a pipe segment 20 may include
fewer than two (e.g., one) or more that two {(e.g., three, four, or more} fluid conduits 24 defined

m its tubing annulus 25, Additionally or alternatively, in other embodiments, a fluid conduit 24
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defined in the tubing annulus 25 of a pipe segment 20 may run non-parallel to the pipe bore 32 of
the pipe segment 20, for example, such that the fluid conduit 24 1s skewed relative to the
longitudinal extent of the pipe bore 32 of the pipe segment 20.

{0038] To help illustrate, an example of a portion 36 of a pipe segment 20, which includes an
mnner barrier layer 26 and an mtermediate layer 34 included in the annulus 25 of its pipe segment
tubing 22, 1s shown in FIG. 3. In some embodiments, one or more intermediate layers 34 of the
pipe segment tubing 22 may be composite material and/or metal, such as carbon steel, stainless
steel, duplex stamless steel, super duplex stainless steel, or any combination thereof. In other
words, at least in some such embodiments, an intermediate layer 34 of the pipe segment tubing
22 may be made using electrically conductive material, which, at least in some instances, may
enable communication of electrical {e.g., sensor and/or control} signals via the intermediate layer
34.

[0039] In any case, as depicted, the intermediate layer 34 15 helically disposed {e.g., wound
and/or wrapped) on the inuer barrier layer 26 such that free space 1s left between adjacent
windings to define a fluid conduit 24, In other words, in some embodirents, the mtermediate
iayver 34 may be woplemented at least 1 part by windimg a metal {e.g., steel) strip around the
inner barrier layver 26 at a non-zero lay angle (e g, fiftv-two degrees) relative to the longitudinal
extent of the pipe bore 32, In any case, as depicted, the resulting fluid conduit 24 runs helically
along the pipe segment 20, for example, such that the fluid conduit 24 18 skewed fifty-two
degrees relative to the longitudinal extent of the pipe bore 32.

{8048} In some embodiments, an outer barrier layer 28 may be disposed directly over the
depicted mtermediate layer 34 and, thus, cover and/or define (e.g., enclose) the depicted flud
conduit 24. However, 1n other embodiments, the tubing annulus 25 of a pipe segment 20 may
include multiple {e.g., two, three, four, or more) intermediate layers 34, In other words, in such
embodiments, one or more other intermediate layers 34 may be disposed over the depicted
mtermediate layer 34, In fact, in some such embodiments, the one or more other intermediate
lavers 34 may also each be helically disposed such that free space 1s left between adjacent
windings to implement one or more corresponding fluid conduits 24 n the tubing annulus 25 of
the pipe segment 20.

{0041} For example, a first other intermediate layer 34 may be helically disposed on the

depicted intermediate layer 34 using the same non-zero lay angle as the depicted intermediate
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layer 34 to cover {e.g., defing and/or enclose} the depicted fluid conduit 24 and to implement
another thid conduit 24 n the first other intermediate layer 34. Additionally, a second other
mtermediate layer 34 may be helically disposed on the first other intermediate layer 34 using
another non-zero lay angle, which 1s the imverse of the non-zero lay angle of the depicted
intermediate layer 34, to implement another fluid conduit 24 in the second other intermediate
iaver 34 Furthermore, a third other intermediate layer 34 may be helically disposed on the
second other intermediate layer 34 using the same non-zero lay angle as the second other
mtermediate laver 34 to cover the other fluid conduit 24 in the second other intermediate layer 34
and to implement another fluid conduit 24 in the third other intermediate layer 34, Insome
embodiments, an outer barrier layer 28 may be disposed over the third other intermediate layer
34 and, thus, cover {e g., define and/or enclose) the other fluid conduit 24 in the third other
interroediate layer 34,

{0042] In any case, to facilitate flowing fluid from a bore fluid source 12 1o a bore fluid
destination 14, as described above, one or more pipe fitiings 18, such as a mudline pipe fitting 18
and/or a pipe end fitting 18, may be secured to a pipe segment 20, In particular, as described
above, in sorue mstances, a pipe fitting 18 may be secured to a pipe segment 20 using swaging
technigues, which conformally deform a fitting jacket of the pipe fitting 18 arcund tubing 22 of
the pipe segment 20, In fact, 10 some embodiments, special-purpose deployment equipment —
namely a swage machine — may be implemented and/or operated to facilitate securing a pipe
fitting 18 to a pipe segment 20 during deployment of a pipeling system 10,

{0043] To help illustrate, an example cross-section of a swage machine 38 and a portion 40
of a pipeline system 10 1s shown n FIG. 4. As depicted, the portion 40 of the pipeline system 10
meludes a first pipe segment 204, a second pipe segment 20B, and a pipe fitting 18, which s
disposed between the {irst pipe segment 20A and the second pipe segment 208, Additionally,
the pipe fitting 18 includes a fitting tube 44 and a grab ring 46, which 1s disposed around {e. g,
surrounding} the fitting tube 44 In particular, the fitting tube 44 defines {e.g., encloses} a fitting
bore 48, which is fluidly coupled to a first pipe bore 32A of the first pipe segment 20A and a
second pipe bore 32B of the second pipe segment 208,

{6044} In other words, the pipe fitting 18 in FIG. 4 may be a mudline pipe fitting 18.
However, it should be appreciated that the depicted example i1s merely intended to be illustrative

and not limiting. In particular, in other embodiments, the techniques described in the present
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disclosure may additionally or alternatively be used with other types of pipe fittings 18, suchas a
pipe end fitting 18
{8045} In any case, as depicted, the pipe fiting 18 includes fitting jackets 50 — namely a first

fitting jacket SOA and a second fitting jacket 50B — secured {e.g., welded) to the grab ring 46

such that they extend circumferentially around the fitting tube 44, Additionally, first tubing 22A
of the first pipe segment 20A 1s disposed within a first tubing cavity 54 A of the pipe fitting 1§,
which is defined between the first fitting jacket 50A and the fitting tube 44, Simularly, second
tubing 228 of the second pipe segment 20B is disposed within a second tubing cavity 54B of the
pipe fitting 18, which is defined between the second fitting jacket SOB and the fitting tube 44,
{6046] However, as depicted, open space 56 ts present between the second tubing 228 of the
second pipe segment 208 and the second fitting jacket S0B of the pipe fitting 18 whereas
minimal open space 1s present between the first tubing 22A of the first pipe segment 20A and the
first fitting jacket SOA of the pipe futing 18, As such, the pipe fitting 18 may exert more
resistance to tubing movement in the first tubing cavity 54A and, thus, faciluate securing the
pipe fitting 18 to the fust pipe segment 20A. On the other hand, the pipe fitting 18 may exert
less resistance to tubing movement in the second tubing cavity 548, whuch, at least in some
mnstances, may enable the second tubing 228 of the second pipe segment 20B to move relatively
freely mto and/or out from the second tubing cavity S4B of the pipe fitting 18 As such, to
facilitate securing the pipe fitting 18 to the second pipe segment 208, the swage machine 38 may
be operated to conformally deform (e.g., swage} the second fitting jacket 50B arocund the second
tubing 22B of the second pipe segment 208 such that the inner surface of the second fitting
iacket S0B engages the outer surface of the second pipe segment tubing 228, thereby consuming
at least a portion {e.g., majority} of the open space S6.

{06047} To facilitate conformally deforming a fitting jacket 50 of a pipe fitting 18 around pipe
segment tubing 22, as in the depicted example, a swage machine 38 generally includes a grab
plate 58 and a die plate 60. In particular, to facilitate securing the swage machine 38 to the pipe
fitting 18, a grab adapter 62 may be secured to the grab plate 58 via one or more threaded
fasteners 68, such as a bolt or a screw. The grab adapter 62 includes a grab tab 64 that is
implemented {e.g., sized and/or shaped) to matingly interlock {e. g., engage and/or interface} with
a fitting grab notch 66 that extends circumferentially along the outer surface of the grab ring 46

m the pipe fitting 18
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{0048} However, it should be appreciated that the depicted example is merely intended to be
dlustrative and not limiting. In particular, in other embodiments, a grab tab 64 and a
corresponding fitting grab notch 66 may be reversed. In other words, in such embodiments, a
erab ring 46 on a pipe {itting 18 may include a grab tab 64 that extends radially cutward while a
corresponding grab adapter 62 includes a grab notch 66, which s implemented (e.g., sized and/or
shaped) to matingly imnterlock {e g., engage and/or interface) with the grab tab 64 of the pipe
fitting 18,

{0049] Additionally, to enable a die 70 to be loaded in the swage machine 38, a die seat 71
may be secured to the die plate 60 via one or more threaded fasteners 68, suchasa boltora
screw. In particular, in the depicted example, the die 70 is loaded into the die plate 60 such that
the die 70 opens toward the grab plate 58 of the swage machine 38 As such, when compressed
against a fitting jacket 50 of the pipe fitting 18 in an axwal direction 72 toward the grab plate 58,
the shape of the die 70 may compress the fitting jacket 30 circumferentially inward m a radial
divection 74, for example, such that the fitting jacket 5O and pipe segroent tubing 22 disposed
a corresponding tubing cavity 54 are conformally deformed.

[0650] To facilitate coropressing a die 70 loaded 10 its die plate 60 against a fitting jacket 50
i an axial direction 72, as 10 the depicted example, a swage machine 38 may generally mclude
one or more swaging actuators 73, To particular, the swage machine 38 may inchude a fust
swaging actuator 73A and an Nth swaging actuator 73N, In some embodiments, one or more
swaging actuators 73 n a swage machine 38 may be a flud actuator, such as a hydraulic actuator
or a pneumatic actuator. In any case, as depicted, each swaging actoator 73 of the swage
machine 38 includes an actuator cylinder 78 and an actuator rod {e.g., piston} 76, which
selectively extends out from the actuator cylhinder 78 based at least in part on the supply of flud
{(e.2., liquid and/or gas) to the actuator cylinder 78 and/or selectively retracts into the actuator
cylinder 78 based at least in part on the extraction of fluid from the actuator cylinder 78.

{0051} In particular, in the depicted example, the actuator cvlinder 78 of each swaging
actuator 73 is secured to the die plate 60 of the swage machine 38, Additionally, the actuator rod
76 of each swaging actuator 73 extends through the die plate 60 and 1s secured {e.g., welded or
bolted) to the grab plate S8 of the swage machine 38, As such, to perform a swaging operation,
one or more of swaging actuators 73 of the swage machine 38 may be operated to pull the grab

plate 58 toward the die plate 60 via one or more reverse {e g., retracting) strokes such that the
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second fitting jacket S0B of the pipe fitting 18 secured to the grab plate 58 moves through the dig
70 loaded 1n the die plate 60.

{0052} However, it should be appreciated that the technigues described in the present
disclosure are not limited to a specific configuration of a swage machine 38. For example, in
other embodiments, a swage machine 38 may conformally deform a fitting jacket 50 around pipe
segment tubing 22 by moving its die plate 60 over the fitting jacket 50 via one or more forward
(e.g, extending} strokes. Additionally or alternatively, in other embodiments, a swage machine
38 may conformally deform a fitting jacket 50 around pipe segment tubing 22 by moving its die
plate 60 over the fitting jacket 50 in an outward axial direction 72 away from its grab plate 58.
{0053] In any case, the ability of a swage machine 38 to swage a pipe fitting 18 may be
premised on a die 70 and, thus, the die plate 60 in which the die 70 15 loaded being disposed
circurnferentially around the pipe fitting 18, Additionally, as described above, to facilitate
securing a swage machine 38 to a pipe fitting 18, a grab adapter 62 secured to the grab plate 38
of the swage machine 38 may matingly interlock with a fitting grab notch 66, which extends
circumferentially along the outer surface of the pipe fitting 18, Since a pipe fitting 18 to be
swaged may not necessarly be at an end of a pipeline system 10, swage machine plates {e.g., die
plate 60 and/or grab plate S8) of a swage machine 38 may be implemented to enable the swage
machine 38 to selectively transition between an opened state, which enables the swage machine
38& to be deployed at or removed from the pipe fitting 18, and a closed state, which enables the
swage machine 38 to swage the pipe fitting 18

{0054] To help illustrate, a more detatled example of a swage machine 38A in its opened
state 15 shown in FIG. 5. As in the depicted example, m addition to a grab plate 58 and a die
plate 60, i some embodiments, a swage machine 38 may mchide a support plate 80 In
particular, in the depicted example, swaging actuators 73 of the swage machine 38A are each
secured to the support plate 80 such that its actuator cvlinder 78 is secured between the support
plate 80 and the die plate 60A. As such, the support plate 80 may be facilitate supporting the
swaging actuators 73 of the swage machine 38A. Moreover, at least in some instances, the
actuator cylinders 78 of the swaging actuators 73 may facilitate transferring force {e.g., siress
and/or load) exerted on the die plate 60A to the support plate 80.

{0055] However, it should be appreciated that the depicted example is merely intended to be

dlustrative and not limiting. In particular, in other embodiments, a swage machine 38 may not
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include a support plate 80, Additionally, in other embodiments, a swage machine 38 may
additionally include a housing, which is disposed around the actuator cylinders 78 of 1ts swaging
actuators 73 and secured to its die plate 60 as well as its support plate 8C. Furthermore, in other
embodiments, a swage machine 38 may additionally include one or more support rods secured
between its die plate 60 and its support plate 80 (e.g, to facilitate supplementing the force
transfer provided by actuator cylinders 78 in the swage machine 38) and/or between the die plate
60 and its grab plate 58 (e g, to facilitate supplementing support provided by actuator rods 76 in
the swage machine 38}, Moreover, in other embodiments, a swage machine 38 may include
more than six {e.g., seven, eight, or more) swaging actuators 73 or less than six (e.g., five, four,
or less) swaging actuators 73,

{0056} In any case, as i the depicted example, to enable a swage machine 38 to be
transttioned between its opened state and its closed state, each plate (e.g., grab plate 58, die plate
60, and/or support plate 80} of the swage machine 38 may be tmuplemented using multiple plate
sections 84 — namely a base plate section 84A and one or more pivotable plate sections 848, In
particular, to facilitate transitioning between the opened state and the closed state, each pivotable
plate section 848 of a swage machine plate may be connected to another {e.g., base) plate section
84 via a hinge 86, Furthermore, as in the depicted example, in some embodiments, a swage
machine 38 may additionally include an equipment base 88 secured to the base plate section 84A
of 1ts die plate 60, for example, to facilitate moving the swage machine 38 via a crane.

{0057} Moreover, as in the depicted example, to facilttate transitioning a swage maching 38
between its opened state and its closed state, 1n some embodiments, one or more base actuators
90 may each be secured between the equipment base 88 of the swage machine 38 and a
corresponding prvotable plate section 34B of the swage machine 38, In particular, each base
actuator 90 may be secured such that its actuator cyhinder 78 13 pivotably secured to the
equipment base 88 and s actuator rod 76 s pivotably secured (o a corresponding pivotable plate
section 848 of a die plate 60.

{0058] Accordingly, in the depicted example, operating a base actuator 90 to retract its
actuator rod 76 into its actuator cylinder 78 may cause a corresponding pivotable plate section
848 of the die plate 60A to rotate {e.g., pivot} toward its securement point 92 on the eguipment
base 88. In other words, since the pivotable plate sections 84 of the die plate 60A are connected

to the pivotable plate sections 84 of the grab plate 38 A via the actuator rods 76 of the swaging
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actuators 73 and to the pivotable plate sections 84 of the support plate 80 via the actuaior
cylinders 78 of the swaging actuators 73, operating the base actuator 90 to retract its actuator rod
76 o its actuator cylinder 78 may facilitate transitioning the swage machine 38A from s
closed state toward its opened state.

{0059} On the other hand, operating a base actuator 90 to extend its actuator rod 76 out from
its actuator cylinder 78 may cause a corresponding pivotable plate section 848 of the die plate
60A to rotate (e g., pivot) away from its securement point 92 on the equipment base 88, In other
words, since the pivotable plate sections 84 of the die plate 60A are connected to the pivotable
plate sections 84 of the grab plate 58A via the actuator rods 76 of the swaging actuators 73 and
to the pivotable plate sections 84 of the support plate 80 via the actuator cylinders 78 of the
swaging actuators 73, operating the base actuator 90 to extend its actuator rod 76 out from its
actuator cylinder 78 roay facilitate transitioning the swage machine 38A from its opened state
toward its closed state.

[0060] However, i should again be appreciated that the depicted example is merely intendec
to be illustrative and not limiting.  In particular, in other embodiments, a base actuator 90 may be
secured such that its actuator rod 76 1s secured to the equipment base 88 of a swage machine 38
while 15 actuator cylinder 78 15 secured to a corresponding pivotable plate section 84B.
Alternatively, 1o other embodiments, a swage machine 38 may not include an equipment base 38
Furthermore, 1 other embodiments, a swage machine 38 may not include a base actuator 90, for
example, when the swage machine 38 15 to be manually transitioned between 1ts opened state and
its closed state.

[0061] In any case, as m the depicted example, to facilitate mamntaining 8 swage machine 38
m 1ts closed state, in some embodiments, the swage maching 38 may additionally include a
pinming assembly 94, In particular, as in the depicted example, a pinning assembly 94 may
mclude a manual pinning sub-assembly 96 having a manual pin 98. Additionally or
alternatively, as in the depicted example, a pinming assembly 94 may include an automated
pinning sub-assembly 100 having a pinning actoator 102,

{0062} However, it should again be appreciated that the depicted example is merely intended
to be dlustrative and not imiting. In particelar, in other embodiments, a swage machine 38 may
not include a pinning assembly 94, for example, when the swage machine 38 relies on base

actuators 90 to hold the swage machine 38 in its closed state. Additionally, in other
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embodiments, a pinning assembly 94 of a swage machine 38 may inchide only a manual pinning
sub-assembly 96 or only an automated pinning sub-assembly 100, Furthermore, in other
embodiments, a manual pinning sub-assembly 96 may be implemented on the die plate 60 of a
swage machine 38 while an automated pinning sub-assembly 100 may be implemented on the
grab plate 58 of the swage machine 38.

{0063] In any case, as described above, a die seat 71 may be secured to the die plate 60 of a
swage machine 38 to enable a die 70 to be loaded in the swage machine 38, Since the die plate
60A 1s implemented using multiple plate sections 84, in the depicted example, the die seat 71A 15
wnplemented using multiple die seat sections 104, which are each secured to a corresponding
plate section 84 of the die plate 60A. Additionally, in the depicted example, the die 70A s
implemented using multiple die segments 106, which are each secured in a corresponding die
seat section 104

{0064] Furthermore, as described above, a grab adapter 62 may be secured to the grab plate
58 of a swage machine 38 to faciliate securing the swage machine 38 1o a pipe fitting 18, Since
the grab plate SBA 15 implemented using multiple plate sections 84, i the depicted example, the
grab adapter 624 1s implemented using multiple grab adapter sections 108, which are each
secured 1o a corresponding plate section 84 of the grab plate S8A.

[0065] However, it should again be appreciated that the depicted example 13 merely intended
to be lustrative and not limuting. In particular, n other embodiments, a grab adapter 62 may
melude more than three (e.g., four, five, or more) grab adapter sections 108, for example, when a
corresponding grab plate 58 mcludes more than three plate sections 84, Alternatively, in other
embodiments, a grab adapter 62 may mclude fewer than three {e.g., two) grab adapter sections
108, for example, when a corresponding grab plate 38 includes fewer than three plate sections
34,

{8066} In any case, to facilitate securing the swage machine 38A to a pipe fitting 18, as
depicted, each grab adapter section 108 includes a corresponding section of a grab tab 64, which
is implemented (e.g., sized and/or shaped} to matingly interlock with a fitting grab notch 66 on
the pipe fitting 18 However, at least in some mstances, different pipe fittings 18 may have
fitting grab notches 66 with different geometries {e.g., size, shape, and/or diameter}. For
example, a fitting grab notch 66 on a first pipe fitting 18 may be wider and/or deeper than a

fitting grab notch 66 on a second pipe fitting 18, As another example, a fitting grab notch 66 on
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a pipe fitting 18 for smaller diameter (g.g., four inch} pipe segments 20 may have a smaller
diameter while a fitting grab notch 66 on a pipe fitting 18 for larger diameter {e.g., stx inch or
eight inch} pipe segments 20 may have a larger diameter,

{0667} To facilitate enabling a swage machine 38 to accommodate pipe fittings 18 with a
range of varying grab notch geometries, as depicted, each section 108 of the grab adapter 62A
mcludes a base sub-section 110 and at least one modular sub-section 112. In particular, as in the
depicted example, in some embodiments, a grab adapter base sub-section 110 may be secured to
a corresponding grab plate section 84 via one or more threaded fasteners 68, such as a screw ora
bolt. Additionally, a grab adapter modular sub-section 112 may be secured to a corresponding
orab adapter base sub-section 110 and include a corresponding section of a grab tab 64. To
enable a swage machine 38 to accommodate multiple different grab notch geometries, in some
embodiments, different grab adapter modular sub-sections 112 may be selectively swapped into
the grab adapter base sub-sections 110, for exarople, while the swage machine 38 is 11 1is opened
state.

[0068] To help illustrate, an example of a grab adapter section 108A, which may be secured
to a plate section 84 of a grab plate 58, in a first configuration s shown in FIG. 6 and an example
of the grab adapter section 108B 1n a second configuration 1s shown 1 FIG. 7. In the depicted
examples, the base sub-section 110A of the grab adapter section 108A includes side flanges
118A with fastener opemings 120 formed therethrough to enable the base sub-section 110A to be
secured to a corresponding plate section 84 via one or more threaded fasteners 68, suchas a
serew or a bolt. Addiionally, in the depicted examples, the base sub-section 1104 15 formed
such that 1ts outer surface 122 tapers {e.g., narrows) radially inward away from a corresponding
die plate 60 of a swage machine 38, for example, to facilitate improving transfer of axial force
between the grab adapter section 108A and a corresponding grab plate section 84,

{0669] However, it should be appreciated that the depicted examples are merely intended to
be iHlustrative and not limiting.  In particular, in other embodiments, a grab adapter base sub-
section 110 may be welded to or otherwise integrated with a corresponding grab plate section 84,
for example, instead of being a discrete (e.g., separate} component that 13 secured to the grab
plate section 84, Alternatively, as will be described 1n more detaif below, in other embodiments,
side flanges 118 of a grab adapter base sub-section 110 may not include fastener openings 120,

for example, when the side flanges 118 include flange retainer protrusions that are implemented
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{e.2., sized and/or shaped) to matingly interlock {(e.g., engage and/or interface} with plate retainer
cavities i a corresponding grab plate section 84 and, thus, the grab adapter base sub-section 110
can be secured to the grab plate section 84 without using threaded fasteners 68, such as screw or
a bolt. Furthermore, in other embodiments, the outer surface 122 of a grab adapter base sub-
section 110 may not be tapered, for example, when side flanges 118 of the grab adapter base sub-
section 110 are sufficient to transfer axial force between the grab adapter base sub-section 110
and a corresponding grab plate section 84,

{0670} In any case, as depicted, a first modular sub-section 112A, which has a grab tab
section 126A with a first geometry on its inner surface 133 A, is secured {(e.g., attached) to the
base sub-section 110A in FIG. 6 while a second modular sub-section 112B, which has a grab tab
section 1268 with a second (e.g., different) geometry on its inner surface 1338, 5 secured to the
base sub-section 110A wn FIG. 7. In particular, the grab tab section 1268 on the second modular
sub-section 112B extends out from the base sub-section 110A farther than the grab tab section
126A on the fust modular sub-section 112A. Thus, in some embodiments, the second modular
sub-section 112B may be used when a pipe fitting 18 that has a grab notch geometry with a
smaller (e.g., four inch or six 1inch) outer surface diameter is 1o be swaged whereas the first
modular sub-section 112A may be used when a pipe fitting 18 that has a grab notch geometry
with a larger {e.g., eight inch or ten inch) outer surface diameter 18 to be swaged.

{0671} However, 1t should again be appreciated that the depicted examples are merely
miended to be ilustrative and not limiting. Io particular, as mentioned above, 1n other
embodiments, a grab adapter 62 may mstead mclude a grab notch 66, which 1s implemented
{e.g., sized and/or shaped) to matingly interlock with a grab tab 64 on a pipe fiting 18 Thus, in
such embodiments, a modular sub-section 112 n a grab adapter section 108 of the grab adapter
62 may include a corresponding section of the grab notch 66, for example, instead of a grab tab
section 126, Additionally, in other embodiments, a grab adapter section 108 may include more
than two {e.g., threg, four, or more) modular sub-sections 112 that may be selectively swapped
i, for example, when the grab adapter section 108 is to be used to accommodate more than two
different grab notch geometries. Furthermore, in other embodiments, a grab adapter section 108
may extend over a wider are, for example, greater than one hundred twenty degrees when a
corresponding grab plate 58 includes fewer than three {e.g., two} plate sections 84,

Alternatively, 1n other embodiments, a grab adapter section 108 may extend over a shorter arc,
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for example, less than one hundred twenty degrees when a corresponding grab plate 58 includes
more than three (e.g., four, five, or more} plate sections 84.

{0672} In any case, to facilitate securing a grab adapter modular sub-section 112 to a grab
adapter base sub-section 110 and/or transferring axial force therebetween, as depicted, the grab
adapter base sub-section 110 i1s formed to include a base alignment notch 128 on its inner surface
130 while the grab adapter modular sub-section 112 is formed to include a modular alignment
tab 132, which is implemented {e.g., sized and/or shaped} to be disposed within the base
alignment notch 128, on its outer surface 134, In some embodiments, a grab adapter modular
sub-section 112 may be secured to a grab adapter base sub-section 110 via friction between the
modular alignment tab 132 on the grab adapter modular sub-section 112 and the base alignment
notch 128 on the grab adapter base sub-section 110, Additionally or alternatively, a grab adapter
modular sub-section 112 and/or a grab adapter base sub-section 110 may be formed using
magnetic material and, thus, the grab adapter modular sub-section 112 may be secured to the
grab adapter base sub-section 110 via magnetic attraction,

[8073] To facilitate improving securement strength and/or transfer of axial force between a
grab adapter modular sub-section 112 and a grab adapter base sub-section 110, as wn the depicted
example, 10 some embodiments, the grab adapter base sub-section 110 may be formed to include
a base retamner protrusion 138 on its inner surface 130 while the grab adapter modular sub-
section 112 may be formed to include a modular retamner protrusion 136 on its outer surface 134
In particular, 1o the depicted example, the base retainer protrusion 138 includes a hp, which 1s
mplemented {e.g., shaped and/or sized) to matingly mterlock with a cavity 137 defined by the
modular retamer protrusion 136, while the modular retamer protrusion 136 includes a lip, which
may matingly intertock with a cavity 139 defined by the base retamer protrusion 138 In this
manner, a section 108 of a modular grab adapter 62 may be implemented and/or deployed to
enable a swage machine 38 o accommodate multiple different grab tab geometries, which, at
least in some instances, may facilitate improving pipeline deployment efficiency, for example,
by enabling the same swage machine 38 to be used with a variety of pipe fittings 18.

{0674} Muoreover, implementing a grab adapter section 108 using a base sub-section 110 and
one or more modular sub-sections 112 enables the total weight of the grab adapter section 108 to
be divided between different components, which can be separately manipulated {e.g., moved}.

Comparatively, forming a grab adapter section 108 as a single unit may result in the weight of

19



WO 2022/187700 PCT/US2022/019016

the grab adapter section 108 becoming unwieldly (e.g., greater than fifty pounds or twenty-three
kilograms) — particularly as the outer surface diameters of fitting grab notches 60 decrease.
Thus, at least in some mstances, implementing a grab adapter section 108 using a base sub-
section 110 and modular sub-sections 112 may facilitate further increasing the number of
different grab tab geometries for which a swage machine 38 can be adapted to accommodate, for
example, by enabling the swage machine 38 to accommodate a pipe fitting 18 using a grab
adapter section 108 that has an unwieldly total weight, but manageable base sub-section weight
and manageable modular sub-section weight.

{0075] However, it should again be appreciated that the depicted examples are merely
mtended to be iilustrative and not limiting. Yo particular, in other embodiments, a grab adapter
base sub-section 110 may not include a base retainer protrusion 138 and a grab adapter modular
sub-section 112 may vot include a modular retainer protrusion 136, Additionally or
alternatively, to facilitate improving securement strength, in some embodumnents, a grab adapter
modular sub-section 112 may be secured to a grab adapter base sub-section 110 via one or more
threaded fasteners 68, such as 4 bolt or a screw.

[0675] To help dlustrate, another example of a grab adapter section 108C, which may be
secured to a plate section 84 of a grab plate 58, 18 shown 1n FIG. 8 Similar to FIGS 6and 7, as
depicted, the grab adapter section 108C of FIG. 8 generally mncludes a base sub-section 110C and
a modular sub-section 112C. However, the grab adapter section 108C of FIG. 8 additionally
meludes threaded fasteners 68 — namely axial fasteners 140 — and corresponding fastener
openings 120, which are formed through the modular sub-section 112C o the base saeb-section
110C.

{0677} To help more clearly 1Hustrate, a cross-sectional view of the grab adapter section
108C 1s shown in FIG. 9. As depicted, fastener openings 120 — namely axial fasteners openings
142 — are formed in the base sub-seciion 110C and the modular sub-section 112C. Thus,
aligning the axial fastener openings 142 and disposing an axial fastener 140, such as a bolt or
screw, therein may result in the axial fastener 140 engaging the modular sub-section 112C as
well as the base sub-section 110C and, thus, facilitate improving securement of the modular sub-
section 112C to the base sub-section 110,

{80738} In particular, in some embodiments, an axial fastener 140 may be manually inserted

mto corresponding axial fastener openings 142, for example, by a user, an operator, and/or a
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service technician. However, in other embodiments, insertion of an axial fastener 140 may be
automated. For example, i1 some such embodiments, insertion of an axial fastener 140 into
corresponding axial fastener openings 142 may be controlled via an electrical actuator or a fluid
actuator, such as a hydraulic actuator or a pneumatic actuator.

{0079} To further help illustrate, ancther example of a grab adapter section 108D, which may
be secured to a plate section 84 of a grab plate 58, is shown in FIG. 10, Sinular to FIGS. 6and 7,
as depicted, the grab adapter section 108D of FIG. 10 generally includes a base sub-section 110D
and a modular sub-section 112D, However, the grab adapter section 108D of FIG 10
additionally includes threaded fasteners 68 — namely radial fasteners 144 — and corresponding
fastener openings 120, which are formed through the modular sub-section 112D to the base sub-
section 110D

[0080] To help more clearly dlustrate, a cross~-sectional view of the grab adapter section
108D 13 shown in FIG. 11, As depicted, fastener openings 120 — namely radial fasteners
openings 146 — are formed in the base sub-section 110D and the modular sub-section 112D,
Thus, aligning the radial fastener openings 146 and disposing a radial fastener 144 therein may
result 1n the radial fastener 144 engaging the modular sub-section 112D as well as the base sub-
section 110D and, thus, facilitate improving securement of the modular sub-section 112D 1o the
base sub-section 110D,

{0081] In particular, wm some embodiments, a radial fastener 144 may be manually mserted
mto corresponding radial fastener openings 146, for example, by 3 user, an operator, and/or a
service technician. However, 1o other embodiments, insertion of a radial fastener 144 may be
automated. For example, i some such embodiments, insertion of a radial fastener 144 into
corresponding radial fastener openings 146 may be controlled via an electrical actuator or a fhad
actuator, such as a hydraulic actuator or a pneumatic actuator.

{6082} In any case, it should be appreciated that the depicted examples are merely intended
to be illustrative and not limiting. In fact, in some embodiments, modular sub-sections 112 ina
subset of grab adapter sections 108 may be secured via threaded fasteners 68 while modular sub-
sections 112 1n another subset of grab adapter sections 108 may not be secured via threaded
fasteners 68. For example, in some such embodimenis, the modular sub-section 112 m a grab
adapter section 108 that is secured to a base grab plate section 84A may be secured toa

corresponding base sub-section 110 via a threaded fastener 68 (e g, to facilitate overcoming the

21



WO 2022/187700 PCT/US2022/019016

tendency of gravity to puil the modular sub-section 112 away from the base sub-section 110}
while the modular sub-section 112 in a grab adapter section 108 that is secured to a pivotable
grab plate section 84B may be secured to a corresponding base sub-section 110 without using
discrete threaded fasteners 08 {(e.g., due to tendency of gravity to pull the modular sub-section
112 toward the base sub-section 110).

{0083] Moreover, as described above, in some embodiments, a grab adapter section 108 may
mnclude multiple modular sub-sections 112, which have different grab tab geometries, that may
be selectively secured to its base sub-section 110 to facilitate accommodating multiple different
grab notch geometries. To change from accommeodating a grab notch geometry corresponding
with the modular sub-section 112D of FIG 11 to a different grab notch geometry, in some such
embodiments, the depicted modular sub-section 112D may be swapped out for a different
modular sub-section 112, which has a grab tab geometry that corresponds with the different grab
notch geometry. However, to facilitate reducing its total footprint and/or total weight, in other
embodiments, grab tab geometry of a grab adapter section 108 may be adjusted to accommodate
a grab notch geometry with a smaller diameter by stacking multiple modular sub-sections 112 on
the base sub-~section 110 of the grab adapter section 108,

{0084] To help llustrate, the grab adapter section 108D, which is shown n a first
configuration that accommodates a first grab notch geometry in FIG. 11 15 shown m a second
configuration that accommodates a second {e.g., different) grab notch geometry in FIG. 12,
Simlar to FIG. 11, as depicted in FIG. 12, a first (e.g., vutial and/or outery modular sub-section
112D 18 secured to the base sub-section 110D via a first radial fastener 144D, Additionally, the
first modular sub-section 112D includes a grab tab section 126D, which 1s implemented (e.g.,
sized and/or shaped) to interlock with a first grab notch geometry (e.g., larger diameter).

{00385} However, to accommodate a second grab notch geometry that has a smaller diameter,
as depicted in FIG. 12, a second {(e.g., other, subsequent, and/or inner} modular sub-section
112E, which has a grab tab section 126E with a different geomeiry as compared to the grab tab
section 126D on the first modular sub-section 112D, 1s secured to the base sub-section 110D
over the first modular sub-section 112D, To facilitate transferring axial force from the second
modular sub-seciion 112E to the first modular sub-section 112D and, thus, the base sub-section
110D and/or securing the second modular sub-section 112E to the first modular sub-section

112D and, thus, the base sub-section 110D, as depicted, an outer surface 134 of the second
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modular sub-section 112F includes an adapter grab notch 150, which is implemented {e.g., sized
and/or shaped) to enable the grab tab section 126D on the first modular sub-section 112D to be
disposed therein. In particular, in some embodiments, the second modular sub-section 112E may
be secured to the first modular sub-section 112D at least in part using friction between the grab
tab section 126D on the first modular sub-section 112D and the adapter grab notch 150 in the
second modular sub-section 112E. Additionally or alternatively, the first modular sub-section
112D and/or the second modular sub-section 112E may be formed using magnetic matenial and,
thus, the second modular sub-section 112F may be secured to the first modular sub-section 112D
via magnetic attraction.

{0086] Nevertheless, similar to the first modular sub-section 112D, to facilitate improving
securement strength, in some embodiments, the second modular sub-section 112E may be
secured at least n part via a second radial fastener 144F disposed within aligoed radial fastener
opernungs 146 in the grab adapter base sub-section 110D and the second grab adapter modular
sub-section 112E. Additionally, sumuilar to the first radial fastener 144D, i some emnbodiments,
the second radial fastener 144E may be manually inserted into corresponding radial fastener
openings 146, for example, by a user, an operator, and/or a service technician. However, 1n other
ernbodiments, msertion of the second radial fastener 144E may be automated. For example, 1o
some such embodiments, insertion of the second radial fastener 144E nto corresponding radial
fastener openings 146 may be controlled via an electrical actuator or a fluid actuator, such as a
hydraulic actuator or a pneumatic actuator.

{0087} However, 1t should be appreciated that the depicted example 18 intended to be
Hhustrative and not limiting. In particalar, in other embodiments, 8 grab adapter section 108 may
melude more than two {e.g., three, four, or more} modular sub-sections 112 concurrently secared
to its base sub-sections 110, Additionally, as mentioned above, in other embodiments, the side
flanges 118 in the base sub-section 110 of a grab adapter 62 may include flange retainer
protrusions that are implemented (e g, sized and/or shaped) to matingly interlock {e. g, engage
and/or mterface} with plate retaingr cavities in a corresponding grab plate section 84, for
example, to enable the grab adapter base sub-section 110 to be secured to the grab plate section
&4 without using a threaded fastener 68, such as screw or a bolt.

{00388} To help iliustrate, a further example of a grab adapter section 108E, which 15 secured

to a plate section 84 of a grab plate 58, 15 shown in FIG 12, Simular to FIGS. 6 and 7, the grab
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adapter section 108E of FIG. 12 generally includes a base sub-section 110E and a modular sub-
section 112E. Additionally, similar to FIGS. 6 and 7, the base sub-section 110E of FIG. 12
generally includes side flanges 118E.

{6089 However, as depicted in FIG. 12, each side flange 118E of the base sub-section 110E
imncludes a flange retainer protrusion 149 that extends axially inward from a remainder of the side
flange 118E, for example, instead of being completely vertical. In particular, as i the depicted
example, a flange retainer protrusion 149 on a side flange 118 of a grab adapter base sub-section
110 may extend substantially perpendicular to the remainder of the side flange 118,

Additionally, as in the depicted example, a flange retainer protrusion 149 on a side flange 118 of
a grab adapter base sub-section 110 may be implemented (e.g., sized and/or shaped} to matingly
interlock with a corresponding plate retainer cavity 151 that 1s formed in a grab plate section 84,
[0690] Accordingly, in such embodiments, the grab adapter base sub-section 110E may be
secured to the grab plate section 84 via engagement of flange retainer protrusions 149 on the side
flanges 118 of the grab adapter base sub-~section 110E with plate retainer cavities 151 1o the grab
plate section 84 as well as friction between the grab adapter base sub-section 110F and grab plate
section 84, In fact, 10 some such emnbodiments, securing a grab adapter base sub-section 110102
corresponding grab plate section 84 via flange retainer protrusions 149 on the grab adapter base
sub-section 110 and plate retaner cavities 151 10 the grab plate section 84 may obviate a
threaded fastener 68, such as bolt or a screw. In other words, 1n some embodiments, the side
flanges 118E of the grab adapter base sub-section 1 10E may not inclhude fastener openings 120
formed thergthrough.

[0091] However, to facilitate improving securement strength, in other embodiments, a grab
adapter base sub-section 110 that includes flange retainer protrusions 149 on its side flanges 118
may nevertheless mclude one or more fastener openings 120 formed therethrough, for example,
to enable the grab adapter base sub-section 110 to be secured to a corresponding grab plate
section 84 via a threaded fastener 68. In any case, in this manner, sections 108 of a modular grab
adapter 62 may be implemented and/or deploved to enable a swage machine 38 to accommodate
nmultiple different grab tab geometries, which, at least in some instances, may facilitate
improving pipeline deplovment efficiency, for example, by enabling the same swage machine 38

to be used with a variety of pipe fittings 18,

24



WO 2022/187700 PCT/US2022/019016

{0052} To help further illustrate, an example of a process 152 for implementing {e.g.,
manufacturing) a section 108 of a modular grab adapter 62 1s described in FIG. 13, Generally,
the process 152 includes implementing a grab adapter base sub-section with an alignment notch
{process block 154}, Additionally, the process 152 generally includes implementing a grab
adapter modular sub-section with an alignment tab and a grab tab section (process block 156},
[0093] Although described in a specific order, which corresponds with an embodiment of the
present disclosure, it should be appreciated that the example process 152 s merely intended to be
dlustrative and non-limiting. In particular, in other embodiments, a process 152 for
implementing a section 108 of a modular grab adapter 62 may include one or more additional
process blocks and/or omit one or more of the depicted process blocks. For example, some
embodiments of the process 152 may additionally include implementing another grab adapter
modular sub-section with another grab tab section {process block 158) while other embodiments
of the process 152 do not. Moreover, in other embodiments, one or more of the depicted process
blocks may be performed m a different order, for example, such that the grab adapter modular
sub-section 15 implemented before the grab adapter base sub-section.

[0694] In any case, as described above, a section 108 of a modular grab adapter 62, which
corresponds with a plate section 84 of a grab plate 58 in a swage machine 38, may generally
include a base sub-section 110 that 1s implemented (e.g., formed, forged, cast, and/or milled) to
mciude a base alignment notch 128 on its nner surface 130, As such, implementing a grab
adapter section 108 may generally melude implementing {e.g., formung, forging, casting, and/or
milling} a grab adapter base sub-section 110 with a base ahgnment notch 128 on its mnner surface
130 {process block 154). In particular, 10 some embodiments, a grab adapter base sub-section
110 may be made at feast in part using metal, such as carbon steel, stainless steel, duplex
stainless steel, super duplex stainless steel, or any combination thereof

{0095] Additionally, as described above, in some embodiments, a grab adapter base sub-
section 110 may include one or more fastener openings 120 formed therein, for example, to
facilitate securing the grab adapter base sub-section 110 to a grab plate section 84 and/or
securing a grab adapter modular sub-section 112 to the grab adapter base sub-section 110, In
other words, i such embodiments, implementing a grab adapter base sub-section 110 may
mclude forming {e.g., milling, forging, and/or casting) one or more {astener openings 120 in the

erab adapter base sub-section 110 {process block 160}, In particular, as described above, in
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some such embodiments, one or more fastener openings 120 may be formed through side flanges
118 of a discrete base sub-section 110 to enable the base sub-section to be secured to a
corresponding grab plate section 84 via one or more threaded fasteners 68, such asa boltora
screw. Thus, i such embodiments, implementing a grab adapter base sub-section 110 may
include forming (e g., implementing, forging, casting, and/or milling) the grab adapter base sub-
section 110 with side flanges 118, for example, including one or more fastener openings 120
formed therethrough and/or flange retainer protrusions 149 that extend inwardly from the
remainder of the side flanges 118 (process block 161},

{0096} Furthermore, as described above, to facilitate supplementing axial force transferto a
corresponding grab plate section 84 that is provided by side flanges 118 of a discrete grab
adapter base sub-section 110, in some embodiments, an cuter surface 122 of the grab adapter
base sub-section 110 may include a taper that narrows moving away from a corresponding die
plate 60. Thus, in such embodiments, mplementing a grab adapter base sub-section 110 may
include formung (e g, implementing, forging, milling, and/or casting) an outer surface 122 of the
base sub-section 110 such that it has a narrowing taper {process block 162},

[B097] However, as described above, in other embodiments, a grab adapter base sub-section
110 may be integrated with a corresponding grab plate section 84, for example, instead of being
a discrete {e.g., separate} component. Thus, in such embodiments, moplerenting a grab adapter

base sub-section 110 may mclude forming (e g., implementing, forging, nulling

g, and/or casting)
a plate section 84 of a grab plate 58 to include an integrated base sub-section 110 {process block
164).

{8098} In any case, as described above, (o faciiitate securing a swage machine 38 1o a pipe
fitting 18, a section 108 of a modular grab adapter 62 may generally include a modular sub-
section 112 that has a grab tab section 126, which s implemented (e.g., sized and/or shaped) to
matingly interfock with a grab notch 66 on the pipe fitting 18, on its inner surface 133
Addtionally, as described above, to facilitate securing a grab adapter modular sub-section 112 to
a grab adapter base sub-section 110 and/or transferring axial force therebetween, the grab adapter
base sub-section 110 may include a base alignment notch 128 on its inner surface 130 and the
erab adapter modular sub-section 112 may include a modular alignment tab 132, which is
implemented (e.g., sized and/or shaped) to be disposed within the base alignment notch 128, on

its outer surface 134, As such, implementing a grab adapter section 108 may generally include
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implementing {e.g., forming, casting, and/or nulling) a grab adapter modular sub-section 112

£,
with a grab tab section 126 on its mner surface 133 and a modular alignment tab 132 on its cuter
surface 134 {process block 156). In particular, in some embodiments, a grab adapter modular
sub-section 112 may be made at least in part using metal, such as carbon steel, stainless steel,
duplex stainless steel, super duplex stainless steel, or any combination thereof.

{0099] To facilitate improving securement strength, as described above, in some
embodiments, a grab adapter modular sub-section 112 may be secured to a grab adapter base
sub-section 110 via one or more threaded fasteners 68. Thus, in such embodiments,
implementing a grab adapter modular sub-section 112 may include forming {e.g., implementing,
miulling, and/or casting) one or more fasteners openings 120 in the grab adapter modular sub-
section 112 {process block 168} In particular, as described above, in some such embodiments,
one or more axial fastener openings 142 and/or one or more radial fastener openings 146 may be
formed through the grab adapter modular sub-section 112,

{01 06] Addwionally or alternatively, as described above, to facilitate voproving securement
strength, 10 some embodiments, a grab adapter modular sub-section 112 may nclude a modular
retainer profrusion 136 on s outer surface 134 wiule a corresponding grab adapter base sub-
section 110 may include a base retainer protrusion 138 on ifs inner surface 130, In particular, in
such embodiments, the modular retainer protrusion 136 may be implemented {e.g., shaped and/or
sized) to matingly mterlock with a cavity 139 defined by the base retainer protrusion 138 while
the base retainer protrusion 138 may be implemented to matingly interlock with a cavity 137
defined by the modular retainer protrusion 136, thereby facilitating securement of the grab
adapter modular sub-section 112 to the grab adapter base sub-section 110, Accordingly, in such
embodiments, implementing a grab adapter base sub-section 110 may mnclude forming {e.g.,
implementing, milling, and/or casting) the grab adapter base sub-section 110 with a base retaner
protrusion 138 on its mner surface 130 (process block 166) and implementing a grab adapter
modular sub-section 112 may include forming the grab adapter modular sub-section 112 with a
modular retaimer protrusion 136 on its outer surface 134 (process block 170).

{0101} Furthermore, as described above, to facilitate accommodating multiple different grab
notch geometries, in some embodiments, a grab adapter section 108 may include multiple
modular sub-sections 112, which may be selectively secured to its base sub-section 110, Thus,

m such embodiments, implementing a grab adapter section 108 may include implementing {e. g,
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forging, casting, and/or mulling) another grab adapter modular sub-section 112 with another grab
tab section 126, for example, such that the other grab tab section 126 15 implemented {e.g., stzed
and/or shaped) to accommodate a different grab notch geometry as compared to the grab tab
section 126 on the grab adapter modular sub-section 112 {process block 158). Simular {o the
grab adapter modular sub-section 112, in some embodiments, the other grab adapter modular
sub-section 112 may be made at least in part using metal, such as carbon steel, stainless steel,
duplex stainless steel, super duplex stainless steel, or any combination thereof.

[0102] Additionally, similar to the grab adapter modular sub-section 112, to facilitate
wnproving securement strength, in some embodiments, the other grab adapter modular sub-
section 112 may be secured to the grab adapter base sub-section 110 via one or more threaded
fasteners 68. Thus, in such embodiments, implementing the other grab adapter modular sub-
section 112 may include forming (e g., implementing, nulling, and/or casting) one or more
fasteners openings 120 in the other grab adapter modular sub-section 112 {process block 172).
In particular, as described above, in some such embodiments, one or more axial fastener
openings 142 and/or one or more radial fastener openings 146 may be formed through the other
grab adapter modular sub-section 112,

{0103] Additionally or alternatively, similar to the grab adapter modular sub-section 112, 1o
faciliate improving securerment strength, in sore embodiments, the other grab adapter modular
sub-section 112 may inclade another modular retainer protrusion 136 on its outer surface 134, In
particular, m such embodiments, the other modular retainer protrusion 136 may be implemented
{e.g., shaped and/or sized} to matingly interlock with a cavity 139 defined by the base retainer
protrusion 138 on the grab adapter base sub-section 110 while the base retaner protrusion 138
may be implemented to matingly interlock with a cavity 137 defined by the other modular
retainer protrusion 136, thereby facilitating securement of the other grab adapter modular sub-
section 112 to the grab adapter base sub-section 110, Accordingly, in such embodiments,
implementing the other grab adapter modular sub-section 112 may include forming {e.g,
mmplementing, mulling, forging, and/or casting) the other grab adapter modular sub-section 112
with another modular retainer protrusion 136 on its outer surface 134 {process block 174).
{0104] Furthermore, similar to the grab adapter modular sub-section 112, to facilitate
securing the other grab adapter modular sub-section 112 directly against the grab adapter base

sub-section 110 and/or transferring axial force therebetween, in some embodiments, the other
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grab adapter modular sub-section 112 may include another modular alignment tab 132, which s
disposed within a base alignment notch 128 in the grab adapter base sub-section 110, on its cuter
surface 134, Thus, in such embodiments, implementing the other grab adapter section 108 may

mclude implementing (e.g., forming, forging, casting, and/or milling) the other grab adapter

g,
maodular sub-section 112 with another modular alignment tab 132 on #ts outer surface 134
{process block 176},

{01 05] However, as described above, in other embodiments, multiple grab adapter modular
sub-sections 112 may be concurrently secured to a grab adapter modular sub-section 112, for
example, 1nstead of being swapped out. In particular, in some such embodiments, an mitial (e g,
first and/or outer) modular sub-section 112 may be secured to the base sub-section 110 and
another (e.g., second, subsequent, and/or inner} modular sub-section 112 may be secured to the
base sub-section 110 such that the other modular sub-section 112 covers the modular sub-section
112, To facilitate securing the other modular sub-section 112 to the modular sub-section 112
and/or transterring axial force therebetween, in such embodiments, the other modular sub-section
112 may include an adapter grab notch 130, which 1s implemented {e.g., sized and/or shaped) to
enable a grab tab section 126 on the modular sub-section 112 to be disposed therein, on its outer
surface 134, for example, instead of a modular alignment tab 132, Accordingly, 1o such
embodiments, implementing the other grab adapter modular sub-section 112 may mclude
formung {e.g., implementing, casting, mitling, and/or forging} the other grab adapter modular
sub-section with an adapter grab notch 150 on s outer surface 134 {process block 178). In this
manner, a section 108 of a moduldar grab adapter 62 to be deployed at a corresponding grab plate
section 84 in a swage machine 38 may be implemented (e g, mamifactured) to enable the swage
machine 38 to accommodate multiple different grab notch geometries, which, least in some
mnstances, may facilitate improving pipeline deployment efficiency, for example, by enabling the
same swage machine 38 to be used with a variety of pipe fitings 18.

{0106} To help further illustrate, an example of a process 180 for deploying {e.g., installing}
a section 108 of a modular grab adapter 62 in a swage machine 38 is described in FIG. 14
Generally, the process 180 includes maintaining a swage machine in an opened state {process
block 182). Additionally, the process 180 generally includes securing a grab adapter modular
sub-section to a grab adapter base sub-section, which 1s secured to or integrated with a grab plate

of the swage machine (process block 184}
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{0187} Although described in a spectfic order, which corresponds with an embodiment of the
present disclosure, it should be appreciated that the example process 180 is merely intended to be
Hlustrative and non-limiting. In particular, in other embodimenis, a process 180 for deploying a
section 108 of a modelar grab adapter 62 in a swage machine 38 may include one or more
additional process blocks and/or omit one or more of the depicted process blocks. For example,
some embodiments of the process 180 may additionally include securing the grab adapter base
sub-section to a plate section of the grab plate (process block 186} while other embaodiments of
the process do not. As another example, some embodiments of the process 180 may additionally
mnclude securing another grab adapter modular sub-section to the grab adapter base sub-section
over the grab adapter modular sub-section {process block 188) while other embodiments of the
process 180 do not.

[01038] In any case, as described above, since a pipe fitting 18 to be swaged may not
necessarily be at an end of a pipeline system 10, a swage machine 38 may be implemented
and/or operated to selectively fransition between an opened state, which enables the swage
machine 38 to be deployed at or removed from the pipe fitting 18, and a closed state, which
enables the swage machine 38 to swage the pipe fiting 18 Additionally, a grab adapter 62 may
generally be secured to the grab plate 38 of a swage machine 38 while the swage machine 38 15
in its opened state. Accordingly, deploying a section 108 of a modular grab adapter 6210 a
swage machime 38 may generally include mamtaining the swage machine 38 in ifs opened state
{process block 182},

{0109] To enable a swage machine 38 to transition between an opened state and a closed
state, as described above, the grab plate 58 and the die plate 60 of the swage machine 38 may
each nclode a base plate section 84A and one or more pivotable plate sections 84B. In
particular, to transition from the closed state toward the opened state, a pivotable grab plate
section 84B may be pivoted away from a corresponding base grab plate section 84A
Accordingly, maintaining a swage machine 38 in its opened state may include maintaining a
pivotable plate section 848 of is grab plate 58 pivoted away from the base plate section 84A of
the grab plate 58 (process block 190},

{0116} Additionally, as described above, in some embodiments, a swage machine 38 may be
manually transitioned between its opened state and s closed state, for example, by a user, an

operator, or a service technician. However, since actuator rods 76 of swaging actuators 73
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extend between plate sections 84 of its grab plate 58 and corresponding plate sections 84 of its
die plate 60, 1 other embodiments, a swage machine 38 may be transitioned between its openad
state and its closed state in an automated manner. In particular, in such embodiments, the swage
machine 38 may be transitioned via one or more base actuators 90, which are each secured
between an equipment base 88 that is attached to the base plate section 84 A of the die plate 60
and a corresponding pivotable plate section 848 of the die plate 60

{0114} In any case, as described above, a section 108 of a modular grab adapter 62 generally
mcludes a base sub-section 110, In particular, 1n some embodiments, the base sub-section 110
may be integrated with a plate section 84 of a grab plate 58. However, in other embodiments,
the grab adapter base sub-section 110 may be a discrete (e.g., separate} component. Thus, in
such embodiments, deploving a section 108 of a modular grab adapter 62 in a swage machine 38
may generally nclude securing its base sub-section 110 to a corresponding grab plate section 84
in the swage machine 38 {process block 186).

[6112] In particular, as described above, 11 some embodiments, a discrete grab adapter base
sub-section 110 may be secured to a grab plate section 84 via one or more threaded fasteners 68§,
such as a bolt or a screw. To enable securerent via a threaded fastener 68, a {astener opening
120 may be formed through a side flange 118 of the grab adapter base sub-section 110 and
another fastener opening 120, which can be aligned with the fastener opening 120 in the grab
adapter base sub-section 110, may be formed in the grab plate section 84, In other words, in
such embodiments, securing a discrete grab adapter base sub-section 110 to a corresponding grab
plate section &84 may include securing a threaded fastener 68 in corresponding fastener openmngs
120 formed n the grab adapter base sub-section 110 and the grab plate section 84, thereby
securing the threaded fastener 68 through the grab adapter base sub-section 110 {o the grab plate
section 84 {process block 192}

{0113] However, as described above, in some embodiments, a discrete grab adapter base
sub-section 110 may additionally or alternatively be secured to a grab plate section 84 via flange
retainer protrusions 149 on the side flanges 118 of the grab adapter base sub-section 110. To
enable securement via flange retainer protrusions 149, corresponding plate retainer cavities 151,
which are implemented {e.g., sized and/or shaped} to matingly interlock {(e.g., engage and/or
mnterface} with the flange retainer protrusions 149 may be formed in the grab plate section 84, In

other words, in such embodiments, securing a discrete grab adapter base sub-section 110 to a
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corresponding grab plate section 84 may inclede matingly interlocking a flange retainer
protrusion 149 on a side flange 118 of the grab adapter base sub-section 110 witha
corresponding plate retainer protrusion 151 in the grab plate section 84 (process block 193},
{6114] In any case, as described above, in addition to a base sub-section 110, a section 108
of a modular grab adapter 62 may include a modular sub-section 112, which has a grab tab
section 126 that 1s implemented {e.g., sized and/or shaped) to matingly interlock with a grab
notch 66 on a pipe fitting 18 Thus, to facilitate securing a swage machine 38 to the pipe fitting
18, the modular sub-section 112 may be secured to the base sub-section 110 In other words,
deploving a section 108 of a modular grab adapter 62 in a swage machine 38 may generally
mclude securing a grab adapter modular sub-section 112 to its grab adapter base sub-section 110
{process block 184).

[0115] In fact, as described above, to faciitate increasing the number of ditferent grab notch
geometries a modular grab adapter 62 and, thus, a corresponding swage machine 38 can
accommodate, in some embodiments, a section 108 of the modular grab adapter 62 may nclude
multiple modular sub-section 112, which have grab tab sections 126 with varyimg geometries
{e.g., size, shape, and/or diameter). Additionally, in some such emboduments, each grab adapter
modular sub-section 112 may be implemented {e.g., sized and/or shaped) to be secured directly
against the base sub-section 110, Thus, in such embodiments, the grab adapter modular sub-
section 112 that 15 actually secured to the grab adapter base sub-section 110 may be selected
based on the grab notch geometry of a pipe fitting 18 that 1s to be swaged by the swage maching
38&.

[0116] In any case, as described above, to facilitate securing 8 grab adapter modular sub-
section 112 to a grab adapter base sub-section 110 and/or transferring axial force therebetween,
the grab adapter base sub-section 110 may include a base alignment notch 128 on its inner
surface 130 while the grab adapter modular sub-section 112 may include a modular alignment
tab 132, which s implemented {e.g., sized and/or shaped) to be disposed within the base
alignment notch 128, on its outer surface 134, Accordingly, securing a grab adapter modular
sub-section 112 to a grab adapter base sub-section 110 may include mnserting a modular
alignment tab 132 on the grab adapter modular sub-section 112 into a base alignment notch 128
in the grab adapter base sub-section 110 (process block 194} In particular, in some

embodiments, the grab adapter modular sub-section 112 may be secured to the grab adapter base

32



WO 2022/187700 PCT/US2022/019016

sub-section 110 at least in part via friction between the modelar alignment tab 132 and the base
alignment notch 128 and/or magnetic attraction between the grab adapter modular sub-section
112 and the grab adapter base sub-section 110.

{0117} To facilitate improving securement of a grab adapter modular sub-section 112to a
grab adapter base sub-section 110, as described above, in some embodiments, the grab adapter
modular sub-section 112 may additionally include a modular retainer protrusion 136 on its outer
surface 134 while the grab adapter base sub-section 110 may additionally include a base retainer
protrusion 138 on its inner surface 130, In particular, in such embodiments, the modular retainer
protrusion 136 may be implemented {e g., sized and/or shaped) to matingly interfock with a
cavity 139 defined by the base retainer protrusion 138 while the base retainer protrusion 138 may
matingly interlock with a cavity 137 defined by the modular retainer protrusion 136. Thus, in
such embodiments, securing a grab adapter modular sub-section 112 to a grab adapter base sub-
section 110 may include mterlocking a modular retainer protrusion 136 on the grab adapter
modular sub-section 112 with a base retainer protrusion 138 on the grab adapter base sub-section
110 {process block 196).

[0118] Addwionally, as described above, to facditate improving securement of a grab adapter
modular sub-section 112 to a grab adapter base sub-section 110, in some embodiments, the grab
adapter modular sub-section 112 mway be secured to the grab adapter base sub-section 110 via
one or more threaded fasteners 68, such as a bolt or a screw. To enable secorement viaa
threaded fastener 68, a {astener opening 120 may be formed through the grab adapter modular
sub-section 112 and another fastener opening 120, which can be aligned with the fastener
opening 120 n grab adapter modular sub-section 112, may be formed 10 the grab adapter base
sub-section 110 In other words, 1 such embodiments, securing a grab adapter modular sub-
section 112 to a grab adapter base sub-section 110 may include securing a threaded fastener 68 in
corresponding fastener openings 120 formed in the grab adapter modular sub-section 112 and the
grab adapter base sub-section 110, thereby securing the threaded fastener 68 through the grab
adapter modular sub-section 112 to the grab adapter base sub-section 110 {process block 198).
{0119} As described above, in some embodiments, a section 108 of a modular grab adapter
62 may include multiple modular sub-sections 112 concurrently secured to s base sub-section
110. In particular, in some such embodiments, an initial modular sub-section 112 may be

secured to the base sub-section 110 followed by another modular sub-section 112 such that the
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other modular sub-section 112 covers the 1nmitial modular sub-section 112, In other words, in
such embodiments, deploying a section 108 of @ modudar grab adapter 62 in a swage machine 38
may generally inciude securing another grab adapter modular sub-section 112 to its base sub-
section over an initial grab adapter modular sub-section 112 {process block 188). Accordingly,
in some such embodiments, the other grab adapter modular sub-section 112 may engage a grab
notch 66 on a pipe fitting 18 instead of the initial grab adapter modular sub-section 112 and,
thus, the other grab adapter modular sub-section 112 that s actually secured to the grab adapter
base sub-section 110 may be selected based on the geometry of the grab notch 66.

{0120} To facilitate securing another grab adapter modular sub-section 112 over an initial
erab adapter modular sub-section 112 and/or transferring axial force therebetween, as described
above, the other grab adapter modular sub-section 112 may include an adapter grab notch 156,
which is implemented {e.g., sized and/or shaped) to enable the grab tab section 126 on the mnitial
grab adapter modular sub-section 112 to be disposed theremn, on s outer surface 134
Accordingly, securing another grab adapter modular sub-section 112 to a grab adapter base sub-
section 110 over an inutial grab adapter modular sub-section 112 may nclude disposing the grab
tab section 126 on the niial grab adapter modular sub-section 112 within the adapter grab notch
150 10 the other grab adapter modular sub-section 112 {process block 200). In particular, 1o
some embodiments, the other grab adapter modular sub-section 112 may be secured to the mwtial
grab adapter modular seb-section 112 and, thas, the grab adapter base sub-section 110 via
friction between the grab tab section 126 on the imtial grab adapter modular sub-section 112 and
the adapter grab notch 150 in the other grab adapter modalar sub-section 112 and/or magnetic
attraction between the other grab adapter moduldar sub-section 112 and the mitial grab adapter
modular sub-section 112,

{0121} To facilitate improving its securement, as described above, in some embodiments, the
other grab adapter modular sub-section 112 may be secured to the grab adapter base sub-section
110 via one or more threaded fasteners 68, such as a bolt or a serew. To enable securement viaa
threaded fastener 68, a fastener opening 120 may be formed in the grab adapter base sub-section
110 and another fastener opening 120, which can be aligned with the fastener opening 120 i
erab adapter base sub-section 110, may be formed through the other grab adapter modular sub-
section 112, In other words, in such embodiments, securing the other grab adapter modular sub-

section 112 to the grab adapter base sub-section 110 may include securing a threaded fastener 68
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in corresponding fastener openings 120 formed in the other grab adapter modular sub-section
112 and the grab adapter base sub-section 110, thereby securing the threaded fastener 68 through
the other grab adapter modular sub-section 112 to the grab adapter base sub-section 110 (process
block 202). Inany case, in this manner, sections 108 of a modular grab adapter 62 may be
implemented and/or deploved to enable a swage machine 38 to accommodate multiple ditferent
orab tab geometries, which, at least in some instances, may facilitate improving pipeline
deployment efficiency, for example, by enabling the same swage machine 38 to be used with a
variety of pipe fittings 18

{0122} While the present disclosure has been described with respect to a limited number of
embodiments, those skilled in the art, having benefit of this disclosure, will appreciate that other
embodiments may be devised which do not depart from the scope of the disclosure as described

herein. Accordingly, the scope of the disclosure should be himuted only by the attached claims.

W
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What is claimed 15

i A swage machine, comprising:

a die plate configured to enable a die that 1s to be used to conformally deform a portion of
a pipe fitting around pipe segment tubing to be loaded in the swage machineg;

a grab plate having a plurality of grab plate sections that are pivotably connected via
hinges; and

a plurality of grab adapter sections, wherein each grab adapter section in the plurality of
grab adapter sections comprises:

a base sub-section connected to a corresponding grab plate section in the plurality of grab
plate sections, wherein an inner surface of the base sub-section comprises an alignment notch;
and

a modular sub-section configured to be secured to the base sub-section, wherein:

an outer surface of the modular sub-section comprises an alignment tab configured to be
disposed within the alignment notch o the base sub-section; and

an inner surface of the modular sub-section comprises a grab tab section configured to
matingly interlock with a fiting grab notch on the pipe fitting to facilitate securing the swage
machine to the pipe fitting.

2. The swage machine of claim 1, wheremn:

the die plate 1s configured to enable another die that 1s to be used to conformally deform
another portion of another pipe Hitling around other pipe segment tubing to be loaded 1n the
swage machine;

the modular sub-section in each of the plurality of grab adapter sections 1s configured to
be secured to the base sub-section when the swage machine is to be used to conformally deform
the portion of the pipe fitting around the pipe segment tubing; and

each grab adapter section in the phlurality of grab adapter sections comprises another
modular sub-section configured to be secured to the base sub-section when the swage machine 1s
to be used to conformally deform the other portion of the other pipe fitting arcund the other pipe

segment tubing, wherein another inner surface of the other modular sub-section comprises
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another grab tab section configured to matingly nterlock with another fitting grab notch on the

other pipe fitting to facilitate securing the swage machine to the other pipe fitting.

3. The swage machine of claim 2, wherein another outer surface of the other
maodular sub-section 1 each of the plurality of grab adapter sections comprises another

alignment tab configured to be disposed within the alignment notch in the base sub-section.

4, The swage machine of claim 2, wheren:

the other modular sub-section in each of the plurality of grab adapter sections is
contigured to be secured to the base sub-section over the modular sub-section when the swage
machine 1s to be used to conformally deform the other portion of the other pipe fitting around the
other pipe segruent tubing; and

another outer surface of the other modular sub-section 1n each of the plurality of grab
adapter sections comprises an adapter grab notch, wherein the grab tab section on the modular
sub-section 1s configured to be disposed withun the adapter grab notch o the other modular sub-
section.
5. The swage machine of clairn 2, wherem:

the fitting grab notch on the pipe fitting has a smaller diameter than the other grab notch
on the other pipe fitting; and

the grab tab section on the modular sub-section extends out from the base sub-section

farther than the other grab tab section on the other modular sub-section.

6. The swage machine of claim 1, comprising a plurality of threaded fasteners,
wherein:

the base sub-section in each of the plurality of grab adapter sections comprises a first
fastener opening;

the modular sub-section in each of the plurality of grab adapter sections comprises a
second fastener opening configured to be aligned with the first fastener opening in the base sub-
section; and

each threaded fastener in the plurality of threaded fasteners is configured to be secured in

the first fastener opening in a corresponding base sub-section and the second fastener opening in

(o
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a corresponding modular sub-section to facilitate securing the corresponding modular sub-

section to the corresponding base sub-section.

7. The swage machine of claim 6, wherein the first fastener opening in the base sub-
section in each of the plurality of grab adapter sections and the second fastener opening in the
modular sub-section in each of the plurality of grab adapter sections are formed in an axial

direction.

8. The swage machine of claim &, wherein the first fastener opening in the base sub-
section in each of the plurality of grab adapter sections and the second fastener opening in the

maodular sub-section 1n each of the plurality of grab adapter sections are formed in a radial

direction.
3. The swage machine of claim 6, comprising another plurality of threaded fasteners,
wheren

each grab plate section in the plurality of grab plate sections comprises a third fastener
opemng;

the base sub-section in each of the plurality of grab adapter sections comprises a fourth
fastener opening configured to be aligned with the third fastener opening 1n a grab plate section
m the plurality of grab plate sections; and

each threaded fastener i the other plurahity of threaded fasteners 1s configured to be
secured in the fourth fastener operung n a corresponding base sub-section and the fourth fastener
opening in 8 corresponding grab plate section to faciitate securing the corresponding base sub-

section to the corresponding grab plate section.

16. The swage machine of clamm 1, wherein:

the base sub-section in each of the plurality of grab plate sections comprises a base
retainer protrusion on the inner surface of the base sub-section; and

the modular sub-section in each of the plurality of grab plate sections comprises a

modular retainer protrusion on the outer surface of the modular sub-section, wherein the modular
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retainer protrusion is configured to matingly mterlock with the base retainer protrusion to

facilitate securing the modular sub-section to the base sub-section.

11 A method of deploying a swage machine, comprising;

maintaining the swage machine in an opened state at least in part by maintaining a first
plate section of a grab plate in the swage machine pivoted away from a second plate section of
the grab plate; and

securing a grab adapter section to the first plate section of the grab plate whule the swage
machine s in the opened state to facilitate securing the swage machine to a pipe fitting at least in
part by:

securing a first modular sub-section that has a first grab tab section on a first inner
surface to the first plate section of the grab plate at least in part by disposing a modular
alignment tab on an outer surface of the first modular sub-section within a base alignment notch
on an nner surface of a base sub-section 1 the grab adapter section i response to determining
that a fitting grab notch on the pipe fitting has a first geometry that corresponds with the first
grab tab section; and

securing a second modular sub-section that has a second grab tab section on a second
inner surface to the first plate section of the grab plate in response to determuining that the fitting
grab notch on the pipe fitting has a second geometry that corresponds with the second grab tab

section.

12, The method of claim 11, comprising securing another grab adapter section to the
second plate section of the grab plate while the swage machine 15 1n the opened state at least in
part by:

securing a third modular sub-section that has a third grab tab section with geometry that
matches the first grab tab section on the first modular sub-section to the first plate section of the
erab plate at least in part by disposing another modular alignment tab on another outer surface of
the third modular sub-section within another base alignment notch on another inner surface of
another base sub-section in the other grab adapter section in response to determining that the

fitting grab notch on the pipe fitting has the first geometry; and
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securing a fourth modular sub-section that has a fourth grab tab section with geometry
that matches the second grab tab section on the second modular sub-section to the first plate
section of the grab plate in response to determining that the fitting grab notch on the pipe fitting

has the second geomeiry.

13. The method of claim 11, wherein securing the second modular sub-section to the
first plate section of the grab plate comprises disposing another modular alignment tab on
another outer surface of the second modular sub-section within the base alignment notch in the

base sub-section.

14. The method of claim 11, wherein securing the grab adapter section to the first
plate section of the grab plate comprises securing the second modular sub-section to the base
sub-section over the first modular sub-section at least in part by disposing the first grab tab
section on the first modular sub-section within an adapter grab notch on an outer surface of the
second modular sub-section n response to determining that the fitting grab notch on the pipe

fitting has the second geometry.

IS, The method of claim 11, wheremn securing the grab adapter section to the fust
plate section of the grab plate comprises securing a threaded fastener m a first fastener opening
m the base sub-section of the grab adapter section and a second fastener opening in the first plate

section of the grab plate.

i6. The method of claim 15, wherein:

securing the first modular sub-section to the first plate section of the grab plate comprises
securing another threaded fastener i a third fastener opening in the base sub-section and a fourth
fastener opening i the first modular sub-section; and

securing the second modular sub-section to the first plate section of the grab plate
comprises securing a further fastener in the third fastener opening in the base sub-sectionand a

fitth fastener opening in the second modular sub-section.
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17. The method of claim 11, wherein the base sub-section of the grab adapter section

is integrated with the first plate section of the grab plate.

18 The method of ¢laim 11, wherein:

securing the first modular sub-section to the first plate section of the grab plate comprises
matingly mterlocking a first modular retainer protrusion on the first outer surface of the first
maodular sub-section with a base retainer protrusion on the inner surface of the base sub-section;
and

securing the second modular sub-section to the first plate section of the grab plate
comprises matingly interlocking a second modular retainer protrusion on the second outer
surface of the second modular sub-section with the base retainer protrusion on the inner surface

of the base sub-section.

19 A grab adapter to be deploved m a swage machine, wherein the grab adapter
comprises a plurality of grab adapter sections each having;

a base sub-section contigured to be secured 1o a grab plate section in the swage machine,
wherein the base sub-section comprises a base alignment notch on an mner surface;

a first modular sub-section configured to be secured to the hase sub-section when the
swage maching 1s to be used to swage a first pipe fitting that has a first grab notch geometry,
wherein the first modular sub-section comprises:

a first grab tab section on 8 first mner surface, wheremn the first grab tab section 18
configured to matingly interlock with the first grab notch geometry; and

a modular alignment tab on an outer surface, wherein the modular alignment tab 13
configured to be disposed within the base alignment notch in the base sub-section; and

a second modular sub-section configured to be secured to the base sub-section when the
swage machine 1 to be used o swage a second pipe fitting that has a second grab notch
geometry, wherein the second modular sub-section comprises a second grab tab sectionon a
second imner surface that is configured to matingly interfock with the second grab notch

geomelry.

20,

s}
n?

The grab adapter of claim 19, wherein the second modular sub-section comprises:
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another modular alignment tab on another outer surface, wherein the other alignment tab
is configured to be disposed within the base alignment notch in the base sub-section; or

an adapter grab notch on the other cuter surface, wherein the first grab tab section on the
first modular sub-section 1s configured to be disposed within the adapter grab notch in the second

madular sub-section.
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