wo 2009/149048 A2 I 0K OO0 OO O

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

o VAP,

(19 Worta tattlectual Property Orgaization /852 |1} OO 0 OO A

nternational Bureau Wi ‘ )
(43) International Publication Date \'é’;_._,/ 2 (10) International Publication Number
10 December 2009 (10.12.2009) PCT WO 2009/149048 A2

(51) International Patent Classification: OH 44040 (US). MENZ, William, J. [US/US]; 672 Rex

B21D 39/04 (2006.01) Lake Rd., Akron, OH 44319 (US). BROWN, Cal, R.
. . e [US/US]; 1025 Windling Creek Lane, Lyndhurst, OH

(21) International Application Number:pCT/Usz()()9/()45913 44124 (US). CLASON, Mark, A. [US/US]; 10201 Chaf-

fee Dodgeville Road, Orwell, OH 44076 (US). RUBINS-

(22) International Filing Date: K1, Jeffrey, Michael [US/US]; 8125 Belle Vernon Drive,

2 June 2009 (02.06.2009) Novelty, OH 44072 (US). MILHOAN, Raymond, Scott
o1 . [US/US]; 2545 Robindale Ave., Akron, OH 44312 (US).

(25) Filing Language: English MUSSIG, Michael [US/US]; 6435 Indian 1§Uoin1,

(26) Publication Language: English Painesville, OH 44077 (US).

(30) Priority Data: (74) Agents: LEWIS, Leonard, L. et al.; Calfee, Halter &
61/058,028 2 June 2008 (02.06.2008) Us Griswold LLP, 800 Superior Ave., Ste. 1400, Cleveland,
61/154,165 20 February 2009 (20.02.2009) Us OH 44114 (US).

(71) Applicant (for all designated States except US): (81) Designated States (unless otherwise indicated, for every
SWAGELOK COMPANY [US/US]; 29500 Solon kind of national protection available). AE, AG, AL, AM,
Road, Solon, OH 44139 (US). AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,

CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,

(72) Inventors; and DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,

(75) Inventors/Applicants (for US only): WILLIAMS, Peter, HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
C. [US/US]; 3495 Edison Road, Cleveland Heights, OH KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
44121 (US). RAYLE, Jeffrey, S. [US/US]; 21335 Queen ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NL
Anns Way, Fairview Park, OH 44126 (US). ARSTEIN, NO, NZ, OM, PG, PH, PL, PT, RO, RS, RU, SC, SD, SE,
Dale, C. [US/US]; 5456 Wilson Mills Road, Highland SG, SK, SL, SM, ST, SV, SY, TJ, TM, TN, TR, TT, TZ,
Heights, OH 44143 (US). MALEC, Kennan, Joseph UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

[US/US];, 7939 Gates Mills Estates Drive, Gates Mills,

[Continued on next page]

(54) Title: FITTING ASSEMBLY EVALUATING APPARATUS AND METHODS

(57) Abstract: Methods and apparatus for evaluating characteristics of

components of a mechanically attached connection are disclosed. Charac-
OP—| teristics that may be evaluated include, but are not limited to, the position
of a conduit gripping device on a conduit, an amount of axial compres-
sion or stroke of the conduit gripping device, and an amount of clamping
force applied to the conduit gripping device as the conduit gripping de-
vice is axially compressed or stroked.




WO 2009/149048 A2 100000 0T 000 0 OO A

(84) Designated States (unless otherwise indicated, for every Declarations under Rule 4.17:

kind of regional protection available): ARIPO (BW, GH, __ . . .
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM, of inventorship (Rule 4.17(v))
ZW), Furasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, Published:
TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, SE, SL, SK, TR),
OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML,
MR, NE, SN, TD, TG).

—  without international search report and to be republished
upon receipt of that report (Rule 48.2(g))



WO 2009/149048 PCT/US2009/045913

FITTING ASSEMBLY EVALUATING APPARATUS AND METHODS

[0001] RELATED APPLICATIONS

[0002] This application claims the benefit of pending United States provisional patent
application serial no. 61/058,028 filed on June 2, 2008, for FITTING ASSEMBLY
INSPECTION TOOL and the benefit of United States Provisional Application Serial No.
61/154,165 filed on February 20, 2009, for APPARATUS FOR SWAGING FERRULES the

entire disclosures of which are fully incorporated herein by reference.
[0003] FIELD OF THE INVENTION

[0004] The present application relates to methods and apparatus used to evaluate or
determine the nature of a mechanically attached connection installed on a conduit. More
particularly, the application relates to methods and apparatus for evaluating such an assembly
by determining or evaluating one or more characteristics of a component of the mechanically

attached connection, the conduit or both.
[0005] BACKGROUND

[0006] Mechanically attached connections such as fittings, joints, couplings, unions and so
on are used in fluid systems to contain fluid flow. Such mechanically attached connections
may be conduit fittings for tube, pipe or any other type of conduit. The conduit fittings may
connect a conduit end to either anothér conduit end or to another portion of a fluid system.
For simplicity and clarity, the term ‘fitting’ as used herein is intended to be all inclusive of
other terms, for example coupling, connection, union, joint and so on, that could alternatively
be used to refer to a mechanically attached connection. Such mechanically attached
connections are characterized by a fluid tight seal and mechanical strength to hold the
connection together including sufficient grip of the conduit under vibration, stress and

pressure. Fluids may include gas, liquid and any variation or combination thereof.
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[0007] Fluid systems typically use mechanically attached connections to interconnect conduit
ends to each other and to flow devices which may control flow, contain flow, regulate flow,
measure one or more characteristics of the fluid or fluid flow, or otherwise influence the fluid
within the fluid system. The term ‘mechanically attached connection’ as used herein means
any connection for or in a fluid system that involves at least one connection that is held in
place by mechanically applied force, stress, pressure, torque, or the like, such as, for example,
a threaded connection, a clamped connection, a bolted or screwed together connection and so
on. This is distinguished from a metallurgical or chemical connection most commonly
practiced as welding, brazing, soldering, adhesive and so forth. A connection may include a
combination of mechanical and metallurgical connections, and often do, and such
connections are also within the term ‘mechanically attached connections’ as they include at

least one such connection.

[0008] One example of a mechanically attached connection involves a conduit gripping
device, such as, for example, a collet or one or more ferrules, which may be installed on an
outer surface of a conduit for assembly with a fitting. In a conventional ferrule type fitting,
first and second coupling members (e.g., a fitting body and nut) may be assembled together
and tightened (or pulled up) to install the ferrule or ferrules in gripping and sealing
engagement with the conduit by plastically deforming the ferrule or ferrules on the conduit.
The installed ferrule or ferrules provide a fluid tight seal with the assembled fitting,
particularly under pressure, as well as adequate grip of the conduit and protection against

vibration fatigue.

[0009] Ferrule type fittings are well known and characteristically include a threaded coupling
nut, a threaded coupling body and one or more ferrules that fit inside the coupling nut. The
coupling body typically includes a camming surface that engages a camming surface on a
ferrule. A cylindrical conduit such as, for example, a tube end, is slid into the coupling body
with the ferrules closely surrounding the outer wall of the conduit end. When the coupling nut
is installed onto the threaded end of the coupling body (or vice versa when the coupling body
includes female threads), an axial force is applied to the ferrule or ferrules which causes the
camming surfaces of the ferrule and body to engage to produce a swaging action thereby
causing a radial displacement of portions of each ferrule, causing the ferrules to tightly grip
the outer wall of the conduit end. In many applications the fitting can be assembled with the

use of simple hand tools such as wrenches.
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[0010] In some circumstances, a fitting’s conduit gripping device may be “pre-installed” or
“pre-swaged” on a conduit (using, for example, the fitting with which the conduit gripping
device is to subsequently be assembled, another fitting, or an installation tool) to facilitate
subsequent installation of a fitting to the conduit in the fluid system. For example, tools may
be used to “pre-install” or “pre-swage” the such one or more ferrules on the conduit, which
holds the one or more ferrules and the coupling nut on the conduit as a subassembly. This
subassembly of the ferrules, coupling nut, and the conduit are later assembled with a fitting
body to form a final fitting assembly. One example of a tool for swaging ferrules onto a
conduit is disclosed by United States Patent No.: 6,834,524 to Johnston, titled “Apparatus for

Swaging Ferrules,” which is incorporated herein by reference in its entirety.

[0011] Another example of a mechanically attached connection is known as a flared fitting.
In a flared fitting, an end of the tube that seals with a fitting body is flared radially outward.
Some existing flared fittings include a body, a sleeve, and a nut. The nut and sleeve are
placed over the tube and the tube end is flared radially outward. After the flaring operation,
the flared tube end is clamped between the fitting body and the sleeve by the nut.

[0012] SUMMARY

[0013] The present application discloses methods and apparatus for evaluating characteristics
of components of a mechanically attached connection. Characteristics that may be evaluated
include, but are not limited to, the position of a conduit gripping device on a conduit, an
amount of axial compression or stroke of the conduit gripping device, and an amount of
clamping force applied to the conduit gripping device as the conduit gripping device is

axially compressed or stroked.

[0014] In one.exemplary embodiment, installation of a conduit gripping device on a conduit
is evaluated by sensing a position of an end of a conduit with respect to the conduit gripping
device. The sensed position allows a determination of whether the end of the conduit has
reached a predetermined position relative to the conduit gripping device to be made. The

conduit gripping device is compressed to attach the conduit gripping device to the conduit.

[0015] In another exemplary embodiment, a conduit gripping device is installed onto a
conduit by applying a clamping force to the conduit gripping device by relative axial

movement of a drive surface toward a camming surface. A position of the drive surface
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relative to the camming surface is monitored during said relative axial movement of the drive
surface toward the camming surface. The clamping force applied between the drive surface
and camming surface is monitored during said relative axial movement of the drive surface
toward the camming surface. The monitored position and clamping force are used to
determine whether one or more components of the conduit gripping device are disposed

between the drive surface and the camming surface.

[0016] In another exemplary embodiment, an apparatus is configured for evaluating an axial
location of a conduit gripping device installed on an end of a conduit. The apparatus may
include a conduit gripping device engaging feature configured to engage a portion of the
conduit gripping device to limit axial movement of the conduit gripping device with respect
to the conduit end accepting portion. An axial distance between the conduit gripping device
engaging feature and a conduit position reference feature corresponds to a distance between a
desired axial position of the installed conduit gripping device and an end surface of the

conduit.

[0017] BRIEF DESCRIPTION OF THE DRAWINGS

[0018] These and other inventive aspects and features of the present disclosure will become
apparent to one skilled in the art to which the present invention relates upon consideration of
the following description of the exemplary embodiments with reference to the accompanying

drawings, in which:

[0019] Figure 1A illustrates an exemplary conduit gripping device positioned around a

conduit at a first axial location;

[0020] Figure 1B illustrates the exemplary conduit gripping device positioned around the

conduit at a second axial location;

[0021] Figure 1C illustrates a component of the exemplary conduit gripping device
positioned around the conduit, while a second component of the conduit gripping device is

missing;
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[0022] Figure 1D illustrates the exemplary conduit gripping device positioned around the

conduit, with the order of the components of the conduit gripping device reversed;

[0023] Figure 1E illustrates the exemplary conduit gripping device positioned around the

conduit, with an orientation of a front ferrule of the conduit gripping device reversed,

[0024] Figure 1F illustrates the exemplary conduit gripping device positioned around the

conduit, with an orientation of a rear ferrule of the conduit gripping device reversed; and

[0025] Figure 1G illustrates the exemplary conduit gripping device positioned around the
conduit, with an orientation of a front ferrule and a rear ferrule of the conduit gripping device

reversed.

[0026] Figure 2 illustrates a side cross-sectional schematic view of a fitting assembly

evaluation apparatus assembled with a conduit and conduit gripping device;

[0027] Figure 2A illustrates a perspective view of an exemplary embodiment of a fitting

assembly evaluation apparatus;

[0028] Figure 2B illustrates a side cross-sectional view of the apparatus of Figure 2A,

assembled with a conduit, conduit gripping device, and fitting coupling member;

[0029] Figure 3 illustrates a side cross-sectional schematic view of another fitting assembly
evaluation apparatus, assembled with a conduit, conduit gripping device, and fitting coupling

member;

[0030] Figure 4 illustrates a side cross-sectional view of an exemplary embodiment of a
fitting assembly evaluation apparatus, assembled with a conduit, conduit gripping device, and

fitting coupling member.

[0031] Fig. 5 is a cross-sectional view of a conduit gripping device disposed around a conduit
in an apparatus for installing conduit gripping devices on conduits of a first exemplary

embodiment;

[0032] Fig. 5A is a perspective view of an exemplary embodiment of a clamping device used

in an apparatus for installing conduit gripping devices on conduits;
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[0033] Fig. 6is a sectioned perspective view of the apparatus as shown in Fig. 5;

[0034] Fig. 7 is a cross-sectional view of an anvil and sensor assembly of the apparatus as

shown in Fig. 5;

[0035] Fig. 8 is a sectioned perspective view of the anvil and sensor assembly as shown in
Fig. 7;

[0036] Fig. 9 is a cross-sectional view of a conduit sensor assembly of the anvil and sensor

assembly as shown in Fig. 7,

[0037] Fig. 10 is a sectioned perspective view of the conduit sensor assembly as shown in
Fig. 9;

[0038] Fig. 11 is a cross-sectional view of the apparatus of Fig 5 in a clamped position that

causes the conduit gripping device to be installed on the conduit end;
[0039] Fig. 12 is a sectioned perspective view of the apparatus shown in Fig. 11;

[0040] Fig. 13 is a cross-sectional view of an anvil and sensor assembly of the apparatus as

shown in Fig. 11,

[0041] Fig. 14 is a sectioned perspective view of the anvil and sensor assembly as shown in
Fig. 13;

[0042] Fig. 15 is a cross-sectional view of a conduit sensor assembly of the anvil and sensor

assembly as shown in Fig. 13;

[0043] Fig. 16 is a sectioned perspective view of the conduit sensor assembly as shown in
Fig. 15,

[0044] Fig. 17 is a cross-sectional view of a conduit gripping device disposed around a
conduit in an apparatus for installing conduit gripping devices on conduits of a second

exemplary embodiment;

[0045] Fig. 17A is an enlarged portion of Fig. 17;
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[0046] Fig. 18 is a sectioned perspective view of the apparatus as shown in Fig. 17;

[0047] Fig. 19 is a cross-sectional view of the apparatus of Fig 17 with the conduit in a

Abottomed position in an anvil of the apparatus;

[0048] Fig. 19A is an enlarged portion of Fig. 17,

[0049] Fig. 20 is a sectioned perspective view of the apparatus as shown in Fig. 19; and
[0050] Fig. 21 is an illustration of a pre-swaged fitting pre-assembly in a gauge.

[0051] Description of the Exemplary Embodiments

[0052] While the inventions are described herein with specific reference to a variety of
structural and material features, such descriptions are intended to be exemplary in nature and
should not be construed in a limiting sense. For example, the exemplary embodiments are
described primarily in terms of a stainless steel tube fitting utilizing two ferrules. Those
skilled in the art, however, will readily appreciate that any one or more of the aspects and
features of the inventions may be used with different mechanically attached connections for
conduits, including but not limited to, other conduit gripping arrangements (e.g., single
ferrule designs) and flared conduit fittings, with materials other than stainless steel, and with
many different conduits including, but not limited to, tube or pipe. Moreover, many of the
aspects of the inventions may be used for fittings intended for use in a variety of system
pressures and temperatures, and with a variety of system fluids. Still further, many of the
exemplary embodiments herein illustrate components of what is commonly known as a male-
style fitting, meaning that a male (i.e. externally) threaded component receives and abuts the
conduit end. Many aspects of the male-style embodiments will find application in female-
style fittings as will be apparent to those skilled in the art. The inventions will also find
application for fitting assemblies that do not require threaded connections between the fitting
components, for example the inventions may be applied to clamped and/or bolted fittings.
The inventions will also find application far beyond the exemplary embodiments herein as to
mechanically attached connections that can be made to a wide and ever expansive variety of
fluid components including, but not limited to, other conduits, flow control devices,

containers, manifolds and so on.
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[0053] Many types of fitting arrangements may be used to provide a fitting connection,
including, for example, push-to-connect, tool-tightened (e.g., crimping or clamping), or
threaded arrangements. Referring to Fig. 1A, an exemplary fitting assembly includes a
conduit gripping device 12 positioned around a conduit 14. The illustrated conduit gripping
device 12 includes a front ferrule 18 and a rear ferrule 20. However, the conduit gripping
device 12 may take any form and may include any number of ferrules when the conduit
gripping device is a ferrule-type conduit gripping device. The conduit gripping device 12 is
positioned between a drive surface 17 and a camming surface 30. The drive surface 17 and
the camming surface 30 are moved relatively toward one another to engage the conduit
gripping device 12 and drive the conduit gripping device into gripping and/or sealing
engagement with the conduit by plastically deforming the conduit gripping device. This

relative axial movement is referred to herein as “stroke” or “axial stroke™.

[0054] The movement of the drive surface 17 toward the camming surface 30 will cause the
conduit gripping device 12 to become attached to the conduit 14. This attachment is referred
to herein as iﬁstallation or pre-installation. The amount of axial movement or stroke of the
drive surface 17 toward the camming surface 30 needed to attach the conduit gripping device
12 to the conduit 14 may be less than the amount of axial movement or stroke needed to
cause the conduit gripping device to seal with the conduit. A conduit 14 with pre-installed
conduit gripping device 12 may be assembled with a fitting body and nut such that the
conduit gripping device grips and seals the conduit and seals with the fitting body to form a
pulled-up fitting.

| [0055] The attachment of the conduit gripping device 12 to the conduit 14 may be achieved
during a clamping operation, where a drive surface 17 is forced relatively toward the
camming surface 30 or stroked by a pre-installation apparatus. The pre-installation apparatus
may include a pre-installation drive surface 17 and/or camming surface 30 or the drive
surface 17 and/or the camming surface 30 may be the drive surface and/or camming surface

of a later pulled-up fitting assembly.

[0056] The present application relates to methods and apparatus for evaluating one or more
characteristics of a conduit gripping device 12 installed or being installed on an end portion
of a conduit 14. The conduit gripping device 12 may be, for example, used with one or more

coupling members of an associated fitting. A wide variety of characteristics of the conduit
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and/or conduit gripping device may be evaluated. Examples of characteristics of the conduit
14 and/or conduit gripping device that may be evaluated include, but are not limited to, the
position of the conduit gripping device 12 on the conduit 14, an amount of compression or
clamping of the conduit gripping device, and an amount of force applied during the
compression or clamping. The characteristic(s) can be evaluated after the conduit gripping
device grips end of the conduit and/or can be evaluated during installation of the conduit

gripping device on the end of the conduit.

[0057] In Fig. 1A, the position of the conduit gripping device 12 on the conduit 14 is
represented by the dimension labeled CP. In the illustrated example, the conduit position CP
is a relative distance between the conduit end 32 and the conduit gripping device 12
(determined based on a relative distance between the conduit end and the camming surface
30). The stroke of compression or clamping of the conduit gripping device 12 can be
determined based on the position of the drive surface 17 relative to the camming surface 30.
The position of the drive surface 17 relative to the camming surface 30 is represented by the

dimension labeled S in Fig. 1A.

[0058] In an exemplary embodiment, the conduit position CP is evaluated to determine
whether the conduit is positioned within a predetermined range of acceptable conduit
positions. This may be done for a variety of different reasons. For example, the conduit
position CP may be evaluated to confirm or ensure proper bottoming of the conduit 14 in a
fitting body. For example, the fitting body may have a stop shoulder 37 that the conduit
abuts when the fitting is pulled-up and/or the fitting body may have a tapered surface 36
axially inward of the camming mouth that the conduit engages when the fitting is pulled-up
(See Fig. 1B). The conduit is properly “bottomed” if the conduit engages the stop shoulder
37 or engages the tapered surface 36. Fig. 1B illustrates an example of a situation where the
conduit end 32 has not reached an acceptable position relative to the conduit gripping device
12. Since the conduit end 32 does not extend all the way through the conduit gripping device

12, it does not “bottom” on the tapered surface, or the shoulder.

[0059] In an exemplary embodiment, the relative position S is evaluated to determine
whether the drive surface 17 is positioned within a predetermined range of acceptable
positions with respect to the camming surface 30. This may be done for a variety of different

reasons. The relative position S may be evaluated to confirm or ensure proper compression
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of the conduit gripping device 12 on the conduit 14. In one exemplary embodiment, a
clamping force between the drive surface 17 and the camming surface 30 is evaluated while
the relative position S is evaluated. This may be done for a variety of different reasons. For
example, by evaluating both the clamping force and the relative position S, missing
components can be detected, too many components can be detected, incorrect component

positioning can be detected, and incorrect component orientation can be detected.

[0060] In Fig. 1C, the rear ferrule 20 is missing. This condition can be detected by
evaluating the clamping force and the relative position S. The clamping force would be
expected to rise (or be required to rise) at the relative position S where the front ferrule 18
and the rear ferrule 20 are first engaged by the drive surface 17 and the camming surface 30.
Since rear ferrule 20 is not present, the clamping force will not increase at the expected
position S and the missing ferrule condition is indicated. A missing front ferrule 18 can be

detected in the same manner.

[0061] Similarly, the condition where more than the prescribed number of ferrules are
present can be detected by evaluating the clamping force and the relative position S. The
clamping force would be expected to rise (or be required to rise) at the relative position S
where the front ferrule 18 and the rear ferrule 20 are first engaged by the drive surface 17 and
the camming' surface 30. Since an additional ferrule is present, the clamping force will

increase earlier than the expected position S and the additional ferrule condition is indicated.

[0062] In Fig. 1D, the front ferrule 18 is positioned behind the rear ferrule 20. This condition
can be detected by evaluating the clamping force and the relative position S. The clamping
force would be expected to rise (or be required to rise) by a predetermined amount at the
relative position S where the front ferrule 18 and the rear ferrule 20 are first engaged by the
drive surface 17 and the camming surface 30. The clamping force will increase at a position
S that is different than expected and/or by a different amount than expected and the incorrect

component positioning is indicated.

[0063] In Fig. 1E, the front ferrule 18 is oriented backwards. In Fig. 1F, the rear ferrule 20 is
oriented backwards. In Fig. 1G, both the front and rear ferrules are oriented backwards.
Each of these conditions can be detected by evaluating the clamping force and the relative
position S. The clamping force would be expected to rise (or be required to rise) at the

relative position S where the front ferrule 18 and the rear ferrule 20 are first engaged by the

10
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drive surface 17 and the camming surface 30. The clamping force will increase at a position
S that is different than expected and/or by a different amount than expected and the incorrect

component orientation is indicated.

[0064] In some circumstances, the conduit gripping device, such as a ferrule or ferrules, may
be pre-installed or “pre-swaged” onto the conduit prior to final assembly of the fitting body
with the conduit. The conduit gripping device may be “pre-installed” on a conduit by
camming a portion or portions of the conduit gripping device into gripping engagement with
the conduit, creating a conduit, conduit gripping device and nut (optional) pre-assembly or
subassembly that may be assembled with a fitting body to form a final fitting. For example,
the fitting may be assembled by tightening a fitting body and nut of the pre-assembly. By
pre-tightening or pre-installing the conduit gripping device on the conduit and optionally
retaining the nut on the conduit with the conduit gripping device, the time and/or effort to

assemble the final fitting in a fluid system may be reduced.

[0065] Pre-installation of the conduit gripping device on the conduit may, but need not,
include pre-camming a portion or portions of the conduit gripping device against the conduit
and optionally retaining the nut on the conduit with the conduit gripping device. The pre-
camming is provided by an axial stroke of a drive surface 17 relatively toward a camming
surface 30 (i.e. a reduction of the dimension S in Fig. 1). The drive surface 17 and/or
camming surface 30 may be the same surfaces of a final fitting (i.e. a drive surface of a fitting
nut and a camming surface of a fitting body body), or one or both of the surfaces may be part
of a pre-installation apparatus. The axial stroke provides a gripping force of the conduit
gripping device with the conduit 14. The axial stroke and gripping force is less than the axial
stroke and resulting gripping force of the conduit gripping device in a finally assembled
fitting. The pre-installation axial stroke and resulting gripping force is sufficient to retain the
conduit gripping device on the conduit as a subassembly. In such an arrangement, an
additional axial stroke that results in additional gripping force may be applied to the conduit
gripping device when the fitting body is assembled with the conduit and ferrule sub-
assembly. The fitting may be configured such that a predetermined amount of axial stroke of
the drive surface 17 toward the camming surface is sufficient for proper make-up of the

fitting.

11
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[0066] In one exemplary method, by “pre-installing” the conduit gripping device with a
predetermined axial stroke between a drive surface 17 and a camming surface 30, proper
subsequent make-up of a fitting may be achieved by tightening a fitting nut a predetermined
number of turns beyond a finger tight position. In one exemplary embodiment, the fitting
may be configured to be pulled up by a first predetermined number of turns if there is no
“pre-installation” of the conduit gripping device onto the conduit and the fitting and the pre-
installation assembly may be configured such that the fitting is pulled up by a second,
smaller, predetermined number of turns if the conduit gripping device is “pre-installed” onto
the conduit. For example, a fitting may be configured to be pulled up by tightening the fitting
nut with respect to the fitting body 1 % to 1 % turns past finger tight if there is no pre-
installation of the conduit gripping device onto the conduit. The “pre-installation” may be
configured such that, after the conduit gripping device is pre-installed onto the conduit, the
fitting may be pulled up by tightening the fitting nut with respect to the fitting body by 2
turn. That is, the axial stroke of the drive surface 17 with respect to the camming surface 30
during the pre-installation operation corresponds the axial stroke achieved by rotating the
fitting nut with respect to the fitting body a predetermined number of turns. For example,
when a fitting is normally (without pre-installation) pulled up by tightening 1 % turns past
finger tight and a corresponding pre-installed fitting is pulled up by tightening 2 turns past
finger tight, the pre-installation operation is configured to compress the conduit gripping
device substantially the same amount as the conduit gripping device would have normally

been compressed by tightening a non-pre-installed fitting % turns past finger tight.

[0067] This “pre-installation” of a conduit gripping device 12 to a conduit 14 may be
performed using fitting coupling components, such as a fitting body and nut, assembled with
the conduit and the conduit gripping device. One or both of the fitting body and nut used for
pre-installing may be the same fitting body and/or nut subsequently used with the conduit in a
final fluid assembly. Alternatively, one or both of the fitting body and nut may be replaced
by another fitting body and/or nut when the conduit is assembled in the fluid system. In other
ferrule pre-installation arrangements, a tool or anvil may be used to “pre-install” a conduit
gripping device onto a conduit. Many different types of tools may be used to “pre-install” a
conduit gripping device onto a conduit, including, for example, electrical installation tools,
pneumatic installation tools, hydraulic installation tools, and manually operated installation
tools. One such exemplary installation tool includes a clamping device that axially

compresses or strokes the conduit gripping device against a camming surface 30 to radially

12
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compress at least a portion of the conduit gripping device to “pre-install” the conduit gripping

device to grip the conduit at a desired axial position of the conduit 14.

[0068] The installation tool may be provided in many different configurations for “pre-
installing” a conduit gripping device (e.g., a ferrule or ferrules) onto a conduit, including, for
example, clamping arrangement with first and second clamping members that move axially
toward one another without substantial relative rotation, compressing arrangements with
radially inward clamping member(s) that radially compress the conduit gripping device
without substantial axial movement of the clamping member(s), or threading arrangements
with first and second clamping members that rotate to move axially toward one another. In
one embodiment, the installation tool may be provided with threaded portions and internal
surface geometries configured to “install” a conduit gripping device onto a conduit. As
described herein, threaded components may include, for example, the body and nut of a
fitting or the body portion and an anvil of an installation tool. However, it should be noted
that many of the inventive aspects described herein may also be applied to other installation
processes for conduit gripping devices involving, for example, clamping or compressing
components (as opposed to threaded components), and hydraulic, pneumatic, or electric
installation apparatus, other manual installation apparatus, or compressing of a conduit

gripping device by pull-up of a fitting.

[0069] The present application contemplates evaluation, verification, or inspection of the
axial position of an installed conduit gripping device on a conduit, whether the conduit
gripping device is installed on the conduit during final assembly of the associated fitting or in
a “pre-installation” operation prior to subsequent fitting assembly. The evaluation,
verification, or inspection may occur after the assembly or pre-assembly is complete, and/or
the evaluation, inspection, or verification may be performed while the conduit gripping
device is being “swaged” or “pre-installed” onto the conduit. A variety of axial positions of
an installed and/or pre-installed conduit gripping device may be desired for a variety of
reasons. In one embodiment, the installed conduit gripping device is positioned such that the
end of the conduit abuts or bottoms against a shoulder and/or engages a tapered surface in the
fitting body during fitting installation. According to an inventive aspect of the present
application, an apparatus may be provided for evaluating the axial position of the installed or

pre-installed conduit gripping device on the conduit end (after the installation or pre-
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installation and/or during the installation or pre-installation), for example, to verify that the

conduit end was or will be bottomed in the fitting body.

[0070] Embodiments of methods and apparatus for installing conduit gripping devices onto a
conduit will be described herein in an exemplary manner for causing two ferrules of a
conventional conduit fitting to grip a conduit end at a desired axial location. However, this is
for purposes of illustration and explanation and should not be construed in a limiting sense.
Those skilled in the art will readily appreciate that the installation methods and apparatus
described herein can be used to pre-install single ferrules onto conduit ends, and further can
be used to pre-install ferrules onto cylindrical members other than just conduit ends, among
them being cylindrical members such as tubing extensions on flow control devices to name
one example. Further, the pre-installation operation may take place at the site where final
assembly with a fitting body occurs or the pre-installation operation may take place at a first
site to form a pre-assembly that includes a conduit, conduit gripping device, and nut that is

transported to a second site where the pre-assembly is assembled with a fitting body.

[0071] While various inventive aspects, concepts and features of the inventions may be
described and illustrated herein as embodied in combination in the exemplary embodiments,
these various aspects, concepts and features may be used in many alternative embodiments,
either individually or in various combinations and sub-combinations thereof. Unless
expressly excluded herein all such combinations and sub-combinations are intended to be
within the scope of the present inventions. Stili further, while various alternative
embodiments as to the various aspects, concepts and features of the inventions--such as
alternative materials, structures, configurations, methods, circuits, devices and components,
software, hardware, control logic, alternatives as to form, fit and function, and so on--may be
described herein, such descriptions are not intended to be a complete or exhaustive list of
available alternative embodiments, whether presently known or later developed. Those
skilled in the art may readily adopt one or more of the inventive aspects, concepts or features
into additional embodiments and uses within the scope of the present inventions even if such
embodiments are not expressly disclosed herein. Additionally, even though some features,
concepts or aspects of the inventions may be described herein as being a preferred
arrangement or method, such description is not intended to suggest that such feature is
required or necessary unless expressly so stated. Still further, exemplary or representative

values and ranges may be included to assist in understanding the present disclosure, however,
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such values and ranges are not to be construed in a limiting sense and are intended to be
critical values or ranges only if so expressly stated. Moreover, while various aspects, features
and concepts may be expressly identified herein as being inventive or forming part of an
invention, such identification is not intended to be exclusive, but rather there may be
inventive aspects, concepts and features that are fully described herein without being
expressly identified as such or as part of a specific invention, the inventions instead being set
forth in the appended claims. Descriptions of exemplary methods or processes are not
limited to inclusion of all steps as being required in all cases, nor is the order that the steps

are presented to be construed as required or necessary unless expressly so stated.

[0072] Figure 2 illustrates a schematic view of an apparatus 20 for evaluating the axial
position of a conduit gripping device 12 (e.g., ferrules 15, 157) installed on a conduit 14. The
apparatus 20 may conveniently be realized in the form of a tool, such as a hand-held tool.
When the apparatus is configured as a hand-held tool, the apparatus is portable and may be

used at a wide variety of different locations to evaluate fitting characteristics.

[0073] The apparatus 20 may include a conduit end accepting portion 21 having one or more
conduit gripping device engaging features 25 configured to engage a portion of the conduit
gripping device 12 to limit axial movement of the conduit gripping device and attached
conduit 14 with respect to the conduit end accepting portion 21. The conduit end accepting
portion 21 may be provided with many different structures or arrangements shaped to
accommodate a conduit end, including, for example, a bore, recess, or planar wall. Likewise,
the conduit gripping device engaging feature 25 may be provided in many different
configurations, including, for example, a ridge, shoulder, or projection. In one embodiment,
a conduit end accepting portion includes a bore 27 sized to receive an end of the conduit 14
and a camming surface 30 extends from the bore 27. The camming surface 30 may function

as the schematically illustrated conduit gripping device engaging feature 25.

[0074] The exemplary apparatus 20 may include a conduit position reference feature, shown
schematically at 22. According to an inventive aspect of the present application, the conduit
position reference feature 22 may be positioned such that an axial distance (or range of
distances) defined between the conduit gripping device engaging feature 25 and the conduit
position reference feature 22 corresponds to a distance (or range of distances) between a
desired axial position of the conduit gripping device 12 and a reference position (for example,

a marked position or an end face 11) of the conduit 14. This axial distance or range of
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distances may correspond to acceptable conduit position dimensions CP (see Figure 1). As a
result, when the assembly of the conduit 14 and conduit gripping device 12 is positioned such
that the conduit gripping device engages the conduit gripping device engaging feature 25, as
shown in Figure 2, alignment of the conduit end face 11 (or other predetermined reference
point of the conduit) with the conduit position reference feature 22 is an indication that the
conduit gripping device 12 was installed in a desired axial position on the conduit. If the
conduit end face 11 (or other predetermined reference point of the conduit) does not align
with the conduit position reference feature 22 upon engagement of the conduit gripping
device 12 with the conduit gripping device engaging feature 25, the misalignment is an
indication that the conduit gripping device 12 is not in a desired axial position on the conduit.
As used herein, “alignment” of the conduit end face 11 with the conduit position reference
feature 22 may include, for example, abutment against or contact with the position reference
feature, a visible overlap with the position reference feature, or obscuring of the position
reference feature. The position reference feature may take a wide variety of different forms.
For example, the position reference feature may include a stop shoulder, a tapered surface,
and may be fixed or moveable between a predetermined range of positions. In one exemplary
embodiment, the apparatus 20 is a unitary structure that includes both the gripping device
engaging feature 25 and the position reference feature 22.

[0075] The position reference feature 22 may be provided in many different
configurations, and may provide for many different types of evaluation, verification, or
inspection of axial position of the conduit gripping device 12. As one example, the position
reference feature 22 may include a visible marking, projection or other such feature that
provides a visible indication of the axial position of the conduit gripping device 12 relative to
the conduit end face 11. In this example, the position reference feature 22 and the conduit
end face may both be visible to the user, allowing the user to visually determine whether or
not the axial position CP (see Figure 1) of the conduit 14 relative to the conduit gripping
device 12 is a desired predetermined position. In one example, an aperture (e.g., a hole, slot,
or cut-out) may be provided in the apparatus through which the conduit end face 11 and
position reference feature 22 may be viewed to provide a visible indication of the axial

position of the conduit gripping device 12 relative to the conduit end face 11.

[0076] As another example, the position reference feature 22 may include a

projection, abutment or other surface feature that provides a tactile indication of the axial
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position of the conduit gripping device 12 relative to the conduit end face 11. In this
example, the position reference feature may contact the conduit to allow the user to feel
whether or not the axial position CP (see Figure 1) of the conduit 14 relative to the conduit
gripping device 12 is a desired predetermined position. For example, the position reference
feature 22 may include a “no-go” pin that is prevented from full insertion in an opening in the
apparatus whén the conduit gripping device 12 is installed in the desired axial position. As
still another @kample, a position reference feature 22 may include a slidable or rotatable stop
collar assembled with the apparatus 20, such that the conduit end face 11 abuts the stop collar
when the conduit gripping device 12 is installed in the desired axial position (or wthin an
acceptable range of positions), impeding movement of the stop collar to indicate positioning

of the conduit end at the desired axial position (or range of positions).

[0077] As still another example, the position reference feature 22 may include a
mechanical or electrical gauging mechanism, such as, for example, a micrometer gauge, a
spring-loaded dial gauge, an electrical switch, sensor, or other such electrical mechanism that
generates an electrical signal to provide an indication of the axial position of the conduit
gripping device 12 relative to the conduit end face 11 (e.g., when the conduit end face 11
contacts the ‘electrical mechanism). In these examples, the position reference feature 22 is
configured to sense the position of the conduit end face 11 and provide an output that
indicates to the user whether or not the axial position CP (see Figure 1) of the conduit 14
relative to the conduit gripping device 12 is a desired predetermined position. The position
reference feature 22 may be configured to generate an electrical signal that indicates the axial
position of the conduit gripping device 12 with respect to the conduit end face 11. An
electronic interface of the position reference feature 22 may provide a visible or audible

indication of the axial position based on the electrical signal.

[0078] - Figures 2A and 2B illustrate an exemplary embodiment of a fitting assembly
evaluation apparatus 40 for evaluating the axial position of a conduit gripping device 12, such
as ferrules 35, 35, installed on a conduit 14 (see Figure 2B). The fitting assembly evaluation
apparatus may be used to verify that the ferrules are properly pre-installed on the conduit.
For example, the apparatus may be used to determine whether the distance between the drive
surface 17 and the camming surface 30 is within an acceptable range and/or whether the
position of the conduit gripping device 12 on the conduit is within an acceptable range. As

shown, the apparatus 40 includes a conduit end accepting portion 41 that defines a bore 43 in
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which the conduit end 14 may be inserted. At an outer end of the bore 43, a conduit gripping
device engaging portion 45 of the apparatus 40 is positioned to engage the conduit gripping
device 12 (for example, ferrules 35, 35") when the conduit end is inserted in the bore 43. As
shown, the conduit gripping device engaging portion 45 may be tapered to accommodate
(e.g., to prevent marring of) the conduit gripping device 12. In one example, the tapered
surface may match or otherwise accommodate an outer profile of the conduit gripping device
(e.g., a tapered outer surface of a front ferrule 35). In some fitting assemblies, the installed
conduit gripping device may experience some elastic relaxation or “spring-back” upon
loosening the assembled fitting or installation apparatus. Accordingly, the depth of the bore
43 and the contour of the conduit gripping device engaging portion 45 may be configured to
allow the conduit gripping device 12 to be forced back into an axial position of pre-
determined gripping engagement (i.e. either a fully swaged or installed position- the position
of the ferrules correspondiﬁg to an initial pull-up or a pre-installation position- the position of
the ferrules corresponding to a pre-installation operation) with the conduit 14. The apparatus
may be used to check for proper axial stroke of the drive surface 17 relative to the camming

surface 30 after the pre-installation process.

[0079] The conduit end accepting portion 41 may be sized to accommodate a fitting
coupling member 32 (e.g., a female threaded fitting nut) that remains captive on the conduit
14 upon installation of the conduit gripping device 12 on the conduit. For example, the outer
diameter of the conduit end accepting portion 41 may be sized such that the open end of a

female threaded fitting nut 32 fits over the conduit end accepting portion 41.

[0080] To verify the axial position of the conduit gripping device 12 on the conduit
14 (for example, with respect to the conduit end face), a position reference feature 22 may be
positioned such that the axial distance (CP in Fig. 1) between the conduit gripping device
engaging portion 25 and the position reference feature 22 corresponds to the axial distance
(or range of acceptable distances) between a correctly installed conduit gripping device 12

and the conduit end face 31.

[0081] . As shown in Figs. 2A and 2B, a position reference feature 22 may include a
radially extending base portion 42 of the apparatus 40. The base portion 42 is positioned
such that when the conduit 14 is inserted in the bore 43 and the conduit gripping device 12
engages the conduit gripping device engaging portion 45, abutment of the conduit end face

31 with the base portion 42 or positioning of the conduit end face within a predetermined
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distance of the base portion 42 provides an indication that the conduit gripping device 12 has
been installed on the conduit 14 in a desired axial position (e.g., a position consistent with
bottoming of the conduit end 14 in a fitting body). To facilitate visual verification of the
position of the conduit end face 31 with respect to the base portion 42, one or more inspection
apertures may be provided in the apparatus. For example, as shown in Figs. 2A and 2B, one
or both of a wedge shaped slice 47 and a radially extending hole 48 may be provided in the
apparatus 40 to intersect the bore 43 for visual verification of the position of the conduit end
face 31 with respect to the base portion 42. While the exemplary wedge-shaped slice 47
extends approximately 90° around the circumference of the apparatus 40, different sized

slices may be utilized.

[0082] _ In an embodiment where the apparatus is used to confirm proper axial stroke
and/or conduit position during the pre-installation process, a slice 47 will typically not be
included. Rather, the hole 48 may be included for visual confirmation of the positioning of
the conduit before the clamping of the pre-swaging operation begins. This allows for a

camming surface that extends completely around a perimeter of the apparatus.

[0083] According to another inventive aspect of the present application, a fitting
assembly evaluation apparatus may additionally or alternatively be provided for evaluating an
amount of axial compression of the conduit gripping device 12 (i.e. the reduction of the
dimension S of Figure 1) during installation of a conduit gripping device on a conduit end. In
many fitting assemblies, as the conduit gripping device (e.g., ferrule or ferrules) is plastically
deformed on the conduit during pull-up, the axial position of the fitting coupling member
being tightened (e.g., a fitting nut and/or fitting body) with respect to the conduit gripping
device changes. As such, an amount of axial stroke may be verified by inspecting the axial

position of the fitting coupling member with respect to the conduit gripping device.

[0084] A fitting assembly evaluation apparatus may also be utilized to evaluate an
amount of axial stroke of a fitting coupling member during installation of a conduit gripping
device on a conduit. This may be done concurrently with the installation and/or after the
fitting assembly or installation apparatus has been separated from the conduit gripping
device. In one such embodiment, the amount of axial advance or stroke may be gauged
without threading the coupling member onto a mating coupling component. Figure 3
illustrates a schematic view of a apparatus 60 for monitoring fitting member axial stroke

during (i.e. while the conduit gripping device is being axially compressed by the drive surface
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17 and the camming surface 17) installation of a conduit gripping device (e.g., ferrules 55,
55") on a conduit 50 or for confirming fitting member axial stroke after ( i.e. after the pre-
installation clamping operation) installation of the conduit gripping device on the conduit.
The apparatus 60 includes a conduit end accepting portion 61 having one or more conduit
gripping device engaging features 65 configured to engage a portion of the conduit gripping
device 12 (for example, ferrules 55, 55°) to limit axial movement of the conduit gripping
device 12 with respect to the conduit end accepting portion 61. The conduit end accepting
portion 61 may be provided with many different structures or arrangements shaped to
accommodate a conduit end, including, for example, a bore, recess, or planar wall. Likewise,
the conduit gripping device engaging feature 65 may be provided in many different
configurations, including, for example, a ridge, shoulder, or projection. In one embodiment,
a conduit end accepting portion includes a bore sized to receive a conduit end, with an outer
-end of the bére including an edge or surface that functions as a conduit gripping device
engaging fea_tﬁre. As shown, the apparatus 60 may be configured to accommodate a fitting
coupling member 52 (e.g., a female threaded fitting nut) engaged with the conduit gripping

device 12.

[0085] The exemplary apparatus 60 also includes an installation inspection feature,
shown schematically at 66. According to an inventive aspect of the present application, the
inspection feature 66 may be positioned such that an axial distance (or range of distances)
between the conduit gripping device engaging feature 65 and the axial advance or stroke
inspection feature 66 corresponds to a distance (or range of acceptable distances) between an
axial position of the conduit gripping device 12 and a reference portion 53 (e.g., a leading
end) of a coupling member 52 engaged with the conduit gripping device 12 when the
coupling member has been axially advanced or stroked to a predetermined position during
installation of the conduit gripping device 12. As a result, when the conduit 50 is positioned
to engage the conduit gripping device 12 with the fitting engaging feature 65, as shown in
Figure 3, the coupling member leading end 53 aligns with the axial advance or stroke
inspection feature 66 to provide an indication that the coupling member was axially advanced
a predetermined amount during installation of the conduit gripping device 12 on the conduit
50. If the coupling member leading end 53 does not align with the axial advance or stroke
inspection feature 66 upon engagement of the conduit gripping device 12 with the fitting
engaging feature 65, an indication that the predetermined axial advance or stroke is not

correct is provided. As used herein, “alignment” of the coupling member leading end 53 with
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the axial advance or stroke inspection feature 66 may include, for example, abutment against
or contact with the axial advance inspection feature, a visible overlap with the axial advance

or stroke inspection feature, or obscuring of the axial advance or stroke inspection feature.

[0086] The axial advance evaluation feature 66 may be provided in many different
configurations, and may provide for many different types of verification of axial position of
the coupling member 52 relative to the conduit gripping device 12. As one example, the axial
advance evaluation feature 66 may include a visible marking, projection or other such feature
that provides a visible indication of the axial position of the coupling member 52 relative to
the conduit gripping device 12. As another example, the axial advance or stroke evaluation
feature 66 may include a projection, abutment or other surface feature that provides a tactile
indication of the axial position of the coupling member 52 relative to the conduit gripping
device 12. As still another example, the axial advance or stroke inspection feature 66 may
include a mechanical or electrical gauging mechanism, such as, for example, a micrometer
gauge, a spring-loaded dial gauge, an electrical switch, sensor, or other such electrical
mechanism that generates an electrical signal to provide an indication of the axial position of
the coupling member 52 relative to the conduit gripping device 12 (e.g., when the coupling

member 52 contacts the electrical mechanism 66).

[0087] Figure 4 illustrates an exemplary embodiment of a fitting assembly evaluation
apparatus 80 for verifying an amount of axial advance or stroke of a fitting coupling member
after installation (i.e. after a clamping operation where the conduit gripping device is
compressed by axial advance of the drive surface 17 relatively toward the camming surface
30) or during installation (i.e. during the clamping operation) of a conduit gripping device 12
(e.g., ferrules 75, 75) on a conduit 70. As shown, the apparatus 80 includes a conduit end
accepting portion 81 that defines a bore 83 in which the conduit end 70 may be inserted. At
an outer end of the bore 83, a conduit gripping device engaging portion 85 of the apparatus
80 is positioned to engage the conduit gripping device 12 when the conduit end 70 is inserted
in the bore 83. As shown, the conduit gripping device engaging portion 85 may be tapered to
accommodate (e.g., to prevent marring of) the conduit gripping device and/or to act as the
camming surface for pre-installing the conduit gripping device onto the conduit. In one
example, the tapered surface of the engaging portion 85 may accommodate an outer profile of
the conduit gripping device 12 (e.g., a tapered outer surface of a front ferrule 75). In some

fitting assemblies, the installed conduit gripping device may experience some elastic
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relaxation or “spring-back’ upon spreading apart of the drive surface and camming surface of
the assembled fitting or installation apparatus. Accordingly, the position of the bore 83 and
the contour of the fitting engaging portion 85 may be configure to allow the conduit gripping
device to be forced back into an axial position of full previous gripping engagement with the
conduit. Further, the conduit end accepting portion 81 is sized to accommodate a fitting
coupling member 72 (e.g., a female threaded fitting nut) that remains captive on the conduit
70 upon installation of the conduit gripping device 12 on the conduit. In the illustrated
embodiment, the outer diameter of the conduit end accepting portion 81 may be sized such
that the open leading end 73 of the coupling member 72 fits over the conduit end accepting

portion 81.

[0088] An axial advance or stroke inspection feature 89 is included to evaluate
whether the fitting coupling member is axially advanced or stroked by the predetermined
amount during installation of the conduit gripping device 12 on the conduit 70 (by gauging
the axial position of the coupling member with respect to the conduit gripping device). The
axial advance or stroke inspection feature 89 comprises a radially extending shoulder in
Figure 4. The axial advance inspection feature 89 may be positioned such that the leading
end of the coupling member 72 is engagement with or is within a predetermined distance of
the inspection feature when a conduit gripping device has been axially compressed a

predetermined distance or within a predetermined range of distances.

[0089] As shown in Figure 4, the apparatus 80 may, but need not, also be configured to allow
for verification of the axial position of a conduit gripping device installed on the conduit,
consistent with the apparatus 40 of Figure 2. As such, the apparatus 80 may include a
position reference feature (such as, for example, a radially extending base portion 82)
positioned such that when the conduit is inserted in the bore 83 to engage the conduit
gripping device with the fitting engaging portion 85 of the apparatus 80, abutment of the
conduit end face 71 with the base portion 82 or positioning of the conduit end face 71 within
a predetermined distance from the base portion provides an indication that the conduit
gripping device has been installed on the conduit in a desired axial position (e.g., a position
consistent with bottoming of the conduit end in a fitting body). To facilitate visual
verification of the position of the conduit end face with respect to the base portion 82, one or
more evaluation apertures may be provided in the apparatus 80. For example, one or both of

a wedge shaped slice (not shown) and a radially extending hole 88 may be provided in the
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apparatus 80 to intersect the bore 83 for visual verification of the position of the conduit end

face with respect to the base portion 82.

[0090] Figs. 5-16 illustrate an exemplary embodiment of an apparatus 510 for pre-installing a
conduit gripping device 512 onto an outer wall 516 of a conduit 514 where a position of a
drive surface 17 and/or a position of an end 532 of the conduit is sensed during the pre-
installation. In the example illustrated by Figs 5-16, the drive surface 17 is the drive surface
of a fitting nut 522. A such, the position of the drive surface 17 may be sensed by sensing the
position of the fitting nut 522. In one exemplary embodiment, the position of the fitting nut
522 and/or the position of the conduit end 532 relative to a camming surface 530 for pre-
installing the conduit gripping device 512 is sensed. In the example illustrated by Figures 5-
16, the camming surface 530 is a surface of an anvil 526. These positions may be sensed by
a nut position sensor 550 and a conduit end position sensor 552. Referring to Fig. 5, the
conduit gripping device 512 includes a front ferrule 518, and a rear ferrule 520. However, as
is noted above, the conduit gripping device 512 can take a wide variety of different forms.
The conduit gripping device 512 can be any arrangement that grips a conduit 514 and
facilitates fluid tight sealing with a fitting body (not shown). In the illustrated embodiment,
the fitting nut 522 is disposed around the conduit 514 and the conduit gripping device 512.
The fitting nut 522 facilitates assembly of the conduit gripping device 512 and the conduit
514 with a fitting body as is well known in the art. The illustrated fitting nut 522 is a female
threaded nut:with internal threads, but could also be a male threaded nut with external
threads. |

[0091] Referring to Figs. 5 and 11, the apparatus 510 includes the anvil 526 and a clamping
device 528. The anvil 526 can take a wide variety of different forms and can be used with or
without the nut position sensor 550 and/or the conduit end position sensor 552. For example,
the anvil 526 can take any configuration that forces at least a portion of the conduit gripping
device 512 radially inward to retain the conduit gripping device 512 on the conduit. In an
exemplary embodiment, the anvil 526 is configured such that after the conduit gripping
device 512 is retained on the conduit 514, the conduit gripping device 512 can be assembled
with a fitting body (not shown) and be forced further radially inward such that the conduit
gripping device grips and seals the conduit and forms a seal with the fitting body. Referring
to Figs. 7 and 8, the illustrated anvil 526 includes a frusto-conical camming mouth 530 that

forms a camming angle with respect to a longitudinal axis X (See Fig. 5) of the conduit 514.
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In an exemplary embodiment, the angle that the camming mouth 530 forms with respect to
the longitudinal axis X is the same angle that a camming mouth of a fitting body (not shown)
will form witﬁ respect to the conduit when the conduit gripping device 512 is assembled with
the fitting body. However, in other embodiments, the camming mouth 530 may be formed at
a different angle than the camming mouth of the fitting body that the conduit gripping device

will be assembled in.

[0092] In one exemplary embodiment, the anvil 526 is optionally configured to control the
stroke of the nut 522 during the clamping operation of the apparatus 510. Referring to Figs. 5
and 11, the stroke is the axial distance the nut 522 moves toward the anvil 526 as the nut

drives the rear ferrule 520, which drives the front ferrule 518 into the camming mouth 530.

[0093] In many applications, proper assembly of conduit fittings is ensured by controlling
axial advancement of the nut toward the fitting body. This can be done in a variety of
different ways. For example, a fitting that has not been pre-installed onto the conduit by the
apparatus of the present application or by another pre-installing apparatus can be installed on
a conduit and the nut is tightened to a finger tight position. Then, the nut is tightened a
specified number of turns (one and a half turns, for example) to axially advance the nut a
controlled distance and ensure proper pull-up of the fitting (i.e. to ensure proper gripping and
sealing of the conduit gripping device with the conduit and proper sealing of the conduit
gripping device with the fitting body, typically at the camming mouth 30). However, when
the conduit gripping device 512 is pre-installed or on the conduit 514, the axial advance
needed to properly pull-up the fitting is less than the axial advance of the nut that is needed
when the conduit gripping device is not pre-installed on the conduit. In the embodiment
illustrated by‘ Figs. 5 and 6, the anvil 526 includes a stop surface 534 that controls the stroke
of the nut during clamping by the apparatus 510. The position of the stop surface 534 may be
set at any predetermined position such that after the conduit gripping device 512 is installed
by the apparatus 510, a predetermined additional axial advance needed to properly pull-up the
fitting is set. For example, the position of the stop surface 534 may be set such that when the
pre-installed conduit gripping device 512 is installed in a fitting body, the nut is assembled to
a finger tight position and then rotated a prescribed number of turns (1/2 turn for example) to
properly pull-up the fitting.
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[0094] Other manners in which the axial advance of the nut with respect to the fitting body
can be controlled are providing the fitting with a positive stop or a torque rise at a
predetermined axial advance. Examples of ways a fitting may provide a positive stop
include, but are not limited to, configuring the nut to engage the fitting body or engage a stop
ring assembled with the fitting body at the predetermined axial advance. Examples of ways a
fitting may provide a torque rise include, but are not limited to, configuring the nut to engage
the fitting body at the predetermined axial advance, configuring the nut to engage a stop ring
assembled with the fitting body at the predetermined axial advance, providing inclined
surfaces that are engaged at the predetermined axial advance, providing a member that is

elastically or plastically deformed at the predetermined axial advance.

[0095] When the axial advance of the nut with respect to the'ﬂtting body is controlled by
providing a positive stop or a torque rise, the apparatus 510 may not need to control the
stroke of the nut 522 as precisely during the clamping operation. For example, the apparatus
510 may be configured to provide sufficient stroke to cause the conduit gripping device 512
to maintain its position on the conduit when the conduit gripping device is removed from the
apparatus and configured to limit stroke to allow for enough axial movement of the nut and
conduit gripping device toward the fitting body to grip and seal the conduit when assembled
with the fitting body. As such, when axial advance of the nut with respect to the fitting body
are controlled by providing the fitting with a positive stop or a torque rise, the stroke of the
apparatus 510 can optionally be set to have a relatively wide acceptable range. For example,
the stroke can be set to the minimum stroke needed to keep the conduit gripping device on
the conduit, can be set to the maximum stroke that still allows the conduit gripping device to

grip and seal the conduit when assembled with a fitting body, or any stroke in between.

[0096] In an exemplary embodiment, the anvil 526 is also configured to set the position of
the end 532 of the conduit 514 such that the end 532 is at an appropriate position relative to
the conduit gripping device 512. For example, the anvil 526 can be configured to allow the
conduit 514 to extend through the conduit gripping device 512 and to prevent the conduit end
532 from moving more than a predetermined axial distance past the conduit gripping device.
In one embodiment, the anvil 526 is configured to set the position of the end 532 of the
conduit 514 to appropriately “bottom” in the fitting body when the conduit gripping device is
assembled in the fitting body. The term “bottom” means that the end 532 of the conduit is at
an acceptable axial position with respect to the fitting body when the fitting is pulled up. For
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example, the fitting body may have a stop shoulder that the conduit abuts when the fitting is
pulled-up and/or the fitting body may have a tapered surface axially inward of the camming
mouth that the conduit engages when the fitting is pulled-up. In an exemplary embodiment,
when the fitting body has a tapered surface for bottoming of the conduit, the conduit is
properly “bottomed” if the conduit engages the tapered surface at any point along the length

of the tapered surface.

[0097] Referring to Fig. 13, the illustrated anvil 526 may include a tapered conduit bottoming
surface 536 that forms a camming angle with respect to the longitudinal axis X of the conduit
514. In an exemplary embodiment, the angle that the tapered conduit bottoming surface 536
forms with respect to the longitudinal axis X may be the same angle that a tapered conduit
bottoming surface of a fitting body (not shown) will form with respect to the conduit when
the conduit gripping device 512 is assembled with the fitting body. Also, the axial length and
position of the tapered conduit bottoming surface 536 of the anvil 526 may be the same as the
length and position of the tapered conduit bottoming surface of the fitting body. As such, the
interior surfaces of the anvil 526 may match or substantially match the interior surfaces of the
fitting body that the conduit 514 and conduit gripping device 512 will be installed in.
However, in other embodiments, one or more interior surfaces of the anvil 526 may be
different than the interior surfaces of the fitting body that the conduit 514 and conduit
gripping device 512 will be installed in. For example, the angle, length or position of the
conduit bottoming surface 536 may be different than the conduit bottoming surface of the

fitting body that the conduit gripping device will be assembled in.

[0098] The clamping device 528 can take a wide variety of different forms. For example, the
clamping device 528 can be any arrangement that forces the anvil 526 relatively toward the
fitting nut 522. Examples of acceptable clamping devices include, but are not limited to,

mechanisms that axially force the fitting nut 522 relatively toward the anvil 526.

[0099] In thé embodiment illustrated by Figs. 5 and 11, the clamping device 528 is a
mechanism that axially forces the fitting nut 522 toward the anvil 526 without rotation of the
nut. In this embodiment, a cylindrical outer wall 38 of the anvil 526 is sized to clear the
threads of the nut 522. The clamping device 528 is illustrated schematically in Figs. 5 and
11. A wide variety of different clamping devices 528 can be used to force the nut 522 toward

the anvil 526. The clamping device 528 may comprise a hydraulic actuator, a pneumatic
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actuator, a pheumatic over hydraulic actuator, an electric actuator, or any other manual or
powered actuator capable of forcing the nut 522 toward the anvil 526. A wide variety of
different existing presses and actuators can be adapted to be used as the clamping device
shown schematically in Figs. 5 and 11. When the clamping device 528 is operated, the
clamping device applies a clamping force that forces the anvil relatively toward the fitting
nut. The movement of the anvil 526 relatively toward the nut 522 compresses the conduit
gripping device 512 to force at least a portion of the conduit gripping device radially inward
to retain the conduit gripping device on the conduit 514 at a desired axial position on the
conduit. The clamping device 528 then returns to its initial position, and the preassembly of

the nut, conduit gripping device, and conduit are removed from the apparatus.

[00100] Fig. 5A illustrates an embodiment of the apparatus 510 that includes a clamping
device 528 that comprises a pump 529 and an actuator 531. The pump 529 provides fluid
under pressure to the actuator 531 to move a first clamping member 541, which is coupléd to
the anvil 526, relative to a second clamping member 543, which is positioned behind the nut
522 (the clamping member 543 is moved downward to a disengaged position in Fig. 1A).
The pump 529 may take a wide variety of different forms. For example, any arrangement
that provides pressurized fluid to the actuator 531 may be used. In the example illustrated by
Fig. 1A, the pump 529 uses air pressure to pressurize hydraulic fluid that is provided to the
actuator 531. The pump 529 includes an inlet port 533 that receives the pressurized air and
an outlet port 535 that delivers the pressurized hydraulic fluid to the actuator 531. The
actuator 531 inay take a wide variety of different forms. The illustrated actuator 531 includes
an inlet port 537 that receives the hydraulic fluid under pressure. When the hydraulic fluid
under pressure is provided to the actuator, the actuator may be operated to move the anvil 526

to pre-installe the conduit gripping device (under the nut 522 in Fig. 1A).

[00101] The apparatus illustrated by Figs. 5 and 6 also includes the first position sensor 550
positioned to sense a position of the fitting nut 522 relative to the anvil 526 and the second
position sensor 552 positioned to sense a position of the end 532 of the conduit 514 relative
to the anvil. In some applications, it may not be necessary to sense both the position of the
fitting nut 520 and the position of conduit end 532. As such, the first position sensor 550 or

the second position sensor 552 may be omitted.
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[00102] The fitting nut position sensor 550 may take a wide variety of different forms. For
example, in one embodiment the fitting nut position sensor 550 is a binary device that is
configured to be in a first state before the fitting nut 522 reaches a predetermined position
relative to the anvil 526 and to be in a second state once the fitting nut reaches the
predetermined position. Examples of binary fitting nut positions sensors include, but are not
limited to, switches, proximity sensors, hall effect sensors, inductive sensors, and the like.
Any type of sensor capable of changing states when the fitting nut 522 reaches a

predetermined position relative to the anvil 526 can be used.

[00103] In another embodiment the fitting nut position sensor 550 provides a continuous
output that is indicative of the position of the fitting nut 522 relative to the anvil 526 for a
portion of the stroke of the clamping device 528 or the entire stroke of the clamping device.
A wide variefty of different continuous output position sensors can be used as the fitting nut
position sensor 550. For example, a linear variable displacement transducer can be used or
some clamping presses include outputs that indicate the position of a clamping member. In
this application, analog sensors, digital sensors that provide outputs at predetermined
displacement intervals and/or time intervals, and multiple discrete switches arranged to sense

multiple positions of the nut with respect to the anvil are considered to be continuous sensors.

[00104] In the example illustrated by Figures 5-8, the fitting nut position sensor 550 is a
plunger type switch. The plunger type switch includes a pin or plunger 553, an insulating
bushing 554, and a spring loaded contact 556. The contact pin or plunger 553 is positioned to
be engagéd by the fitting nut 522 and switch the spring loaded contact 556 from a first state
to a second state when the fitting nut 522 is moved to within a predetermined distance of the
stop surface 534. For example, the spring loaded contact 556 may close a circuit when the

fitting nut 522 is moved to within 0.005 inches of the stop surface 534.

[00105] The conduit end position sensor 552 may take a wide variety of different forms. For
example, in one embodiment the conduit end position sensor 552 is a binary device that is
configured to be in a first state before the conduit end 532 reaches a predetermined position
relative to the anvil 526 and to be in a second state once the conduit end reaches the
predetermined position. In an exemplary embodiment, the predetermined position of the
conduit end relative to the anvil 526 may be any position that is axially past the conduit

gripping device 512, but not so far past the conduit gripping device that the conduit end 532

28



WO 2009/149048 | PCT/US2009/045913

prevents the conduit gripping device from properly engaging the camming surface of the
fitting body during pull-up. Examples of binary conduit end position sensors include, but are
not limited to, switches, proximity sensors, hall effect sensors, inductive sensors, and the like.
Any type of sensor capable of changing states when the conduit end 532 reaches a

predetermined position relative to the anvil 526 can be used.

[00106] In another embodiment the conduit end position sensor 552 provides a continuous
output that is indicative of the position of the conduit end 532 relative to the anvil 526 for a
portion of the axial movement of the conduit end 532 into the anvil or all axial movement of
the conduit end 532 into the anvil. A wide variety of different continuous output position
sensors can be used as the conduit end position sensor 552. For example, a linear variable
displacement transducer can be used. In this application, analog sensors, digital sensors that
‘provide outputs at predetermined displacement intervals and/or time intervals, and multiple
discrete switches arranged to sense multiple positions of the conduit end with respect to the

anvil are considered to be continuous sensors.

[00107] In the embodiment illustrated by Figs. 5-16, the conduit end position sensor 552 is
configured to be in a first state when the conduit end 532 is outside the tapered conduit
bottoming surface 536 and to be in a second state when the conduit end 532 is in the tapered
conduit bottoming surface 536. The conduit end position sensor 552 is in the second state
regardless of where in the tapered conduit bottoming surface 536 the conduit end 532 is
positioned. In the illustrated embodiment, the conduit end position sensor 552 is also
configured prevent the conduit end 532 from moving axially past the tapered conduit

bottoming surface 536.

[00108] The conduit end position sensor 552 is assembled with the anvil 526. Referring to
Figs. 9 and 10, the conduit end position sensor 552 includes a base block 560, a backing
member 561, a conduit end engagement assembly 562, and a contact assembly 564. The
conduit end engagement assembly 562 includes a conduit end engagement member 566, a
stop member 568, and a biasing member 570, such as a spring. The contact assembly 564
includes a contact 572 and a biasing member 574, such as a spring. Referring to Fig. 9, the
base block 560 includes a stepped bore 576 having a first cylindrical portion 578 and a
second cylindrical portion 580 that is diametrically larger than the first portion to define an
annular stop shoulder 582 or step therebetween. The contact 572 includes a cylindrical
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contact portion 584 and a cylindrical stop flange 586 that extends radially outward from the
cylindrical contact portion 584. A central bore 585 extends through the contact 572. The
contact 572 is slideably disposed in the stepped bore 576 of the base block 560. The biasing
member 574 is disposed in the second cylindrical portion 580 of the stepped bore 576
between the cylindrical stop flange 586 of the contact and the backing member 561. The
biasing member 574 biases the cylindrical contact flange 586 into engagement with the stop
shoulder 582 such that the contact portion 584 extends into the first cylindrical portion 578 of
the stepped bore 576. The stop member 568 includes a threaded portion 588 and a head 590.
The threaded portion 588 extends through the central bore 585 of the contact 572 with the
head 590 disposed in the second cylindrical portion 580 of the stepped bore. The conduit end
engagement member 566 is connected to the threaded portion 588 of the stop member 568.
Referring to Fig. 13, the conduit end engagement member 566 is disposed in a bore 592 of
the-anvil 526. Referring to Fig. 7, the biasing member 570 biases the stop member 568 into
engagement with the contact 572. The biasing member 574 is disposed around the biasing
member 570 and the head 590 of the stop member 568. Referring to Fig. 9, the conduit
engagement member 566 includes a stepped outer surface having a first cylindrical portion
600 and a second cylindrical portion 602 that is diametrically larger than the first portion to
define an annular stop shoulder 604 or step therebetween. The conduit engagement member
566 is moveable toward the contact 572, until the conduit engagement member 566 engages
the contact. When the conduit end engagement member 566 is spaced apart from the contact
572, the conduit end position sensor 552 is in a first state. When the conduit end engagement
member 566 is in contact with the contact 572, the conduit end position sensor 552 changes
to a second state. For example, a circuit may be closed when the conduit end engagement

member 566 engages the contact 572.

[00109] Figs. 5 and 11 illustrate operation of the conduit end position sensor 552. In Fig. 5,
the conduit 514 is disposed in the bore 492, but the end 532 of the conduit has not yet reached
the tapered conduit bottoming surface 536. In this position, the conduit end 532 is in contact
with the conduit end engagement member 566, which is spaced apart from the contact 572.
The conduit 514 will then be pressed further into the bore 592 of the anvil 526 as indicated by
arrow 610. As the conduit 514 is advanced in the bore 592, the engagement member 566 is
moved toward the contact 572 against the biasing force of the inner biasing member 570,
while the outer biasing member 574 maintains the flange 586 of the contact 572 against the

shoulder 582. At the point the conduit end 532 enters the tapered conduit bottoming surface
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536, the engagement member 566 comes into contact with the contact 572. This contact
between the engagement member 566 and the contact changes the state of the conduit end
position sensor. Referring to Fig. 11, if the conduit end 532 is advanced further into the
tapered conduit bottoming surface 536, the engagement member 566 remains in contact with
the contact 572 and moves the contact 572 axially into the stepped bore 576 against the
biasing forces of the biasing members 570, 574. The advancement of the conduit end 532
into the tapered conduit bottoming surface 536 may continue until the conduit end reaches the
end 612 of the tapered conduit bottoming surface. When the conduit end reaches the end 612
of the tapered conduit bottoming surface 536, the annular stop shoulder 604 engages the

block 560 to prevent further axial advancement of the conduit end 532.

[00110] Referring to Fig. 5, in one exemplary embodiment, an output device 620 is in
_communication with the first position sensor 550 and the second position sensor 552. The
output device 620 is configured to output a first signal 621 or nut position signal that
indicates whether the fitting nut 522 has reached the predetermined position relative to the
anvil 526. The output device 620 is also configured to output a second signal or conduit end
position signal 622 that indicates whether the conduit end 532 has reached the predetermined

position relative to the anvil 526.

[00111] The output device 620 may take a wide variety of different forms. The output device
620 may be a single device that outputs a nut position signal 621 and the conduit end position
signal 622 or two separate devices that output the nut position signal and the end position
signal. The output signals may take a wide variety of different forms. The output signal(s)
may be visual, audible, and/or tactile signals that indicate to an operator of the apparatus 510
whether or not the nut 522 and/or the conduit end 532 have reached their appropriate
predetermined positions relative to the anvil 526. The output signal(s) may be wired or
wireless signals that are used to automatically or semi-automatically control operation of the
apparatus 510. For example, the conduit end position signal 622 may be used to prevent the
clamping device 528 from operating, until the conduit end 532 is in an appropriate bottomed
position in the anvil 526. Further, the conduit end position signal 622 may be used to
automatically start operation of the clamping device 528 when the conduit end 532 is in an
appropriate bottomed position in the anvil 526 Once the conduit end 532 is appropriately
bottomed, the clamping device forces the nut 522 relatively toward the anvil 526 to compress

the conduit gripping device 512 onto the conduit 514. The nut position signal 621 may be
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used to stop operation of the clamping device 528 when the nut 522 has reached the
appropriate pre-assembly relative to the anvil 526 (i.e. an appropriate axial stroke has been
achieved).

[00112] Figs. 17-20 illustrate a second exemplary embodiment of an apparatus 1310 for
installing a conduit gripping device 512 onto an outer wall 516 of a conduit 514. The
apparatus 1310 includes an anvil 526, a clamping device 1328, and a load cell 1329. The
anvil 526 may be as described with respect to the embodiment of Figs. 5-16, and is therefore

not described in detail again.

[00113] In the embodiment of Figs. 17-20, the clamping device 1328 is an arrangement that
forces the anvil 526 relatively toward the fitting nut 522. Referring to Fig. 17, the clamping

device 1328 may include an output 1330 that provides a clamping position output signal

1331. The clamping position output signal is indicative of the position of the fitting nut 522

relative to the anvil 526. In an exemplary embodiment, the clamping position output signal is

continuous for a portion of the stroke or for the entire stroke of the clamping device 1328.

[00114] The load cell 1329 is configured to measure the load or clamping force applied by the
clamping device 1328. Referring to Fig. 17, the load cell may include an output 1332 that
provides a clamping force output signal 1333 that is indicative of the clamping force applied
by the clamping device 1328. In an exemplary embodiment, the clamping force output signal
is continuous for a portion of the stroke or for the entire stroke of the clamping device 1328.
The clamping force output signal 1333 may be associated with the clamping position output
signal 1331.. This association allows the monitored clamping force to be compared to an

expected clamping force along the stroke of the clamping device.

[00115] By continuously monitoring the nut position relative to the anvil and the clamping
force at each position of the nut with respect to the anvil, a variety of condition(s) of the nut
522, conduit gripping device 512, and/or the anvil 526 can be determined. Prior to the
clamping of the pre-installation operation or at the beginning of the clamping operation,
proper fitting component quantity, type, orientation, and position can be detected, and the
condition of the anvil can be detected. This may be achieved by applying a small portion of
the clamping force with the clamping device 1328 and checking for errors before the full
clamping force that would typically permanently deform one or more of the components is

applied. This test can be used to determine whether the clamping operation will start at the
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correct position. For example, a clamping force that is lower than expected at the expected
beginning of the stroke of the clamping device may indicate that one or more components (a
conduit gripping device component for example) of the conduit gripping device is missing or
is the wrong type of component or may indicate that the anvil is wormn (See Figure 1C for
example). This expected beginning of the stroke may be determined, because the total axial
length of the components of the conduit gripping device, assembled in the correct order, in
the correct orientation is known (See Figure 1A for example). The detection of a clamping
force before the expected beginning position may indicate that too many components are
present, the wrong type of components are present, the orientation of one or more
components is incorrect, or the position of one or more components is incorrect (See Figures

1D - 1G for example).

[00116] Each conduit gripping device and conduit combination will have an expected
Displacement vs. Force curve for the stroke of the clamping device 1328. The actual
displacement' vs. force for each clamping operation may be monitored to determine whether
there is a potential problem with the conduit gripping device or the anvil. Further, each
incorrect assembly will also have an expected Displacement vs. Force curve. In one
embodiment, when a potential problem is detected, for example, by detecting a deviation
from the expected Displacement vs. Force curve, the apparatus 1310 compares the measured
displacement vs. force with Displacement vs. Force curves of known incorrect assemblies to

identify the type of incorrect assembly.

[00117] The apparatus illustrated by Figs. 17-20 also includes a continuous conduit end
position sensor 1352 positioned to continuously sense a position of the end 532 of the conduit
514 relative to the anvil 526. The continuous conduit end position sensor 1352 may
comprise, for example, a linear variable differential transformer. Referring to Fig. 17, the
continuous conduit end position sensor 1352 provides a conduit position output 1353 that is
indicative of the position of the end 532 of the conduit in the anvil 526. In one exemplary
embodiment, the apparatus 1310 is configured to provide an alert or prevent operation of the
clamping device 1328 if the conduit is not in a proper predetermined position in the anvil.
For example, the alert may be provided or operation of the clamping device 1328 may be

prevented if the conduit end 532 is outside the tapered conduit bottoming surface 536.
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[00118] In the example illustrated by Figs. 17-20, the conduit end position sensor 1352 is
disposed in a base 1360 of the clamping device 1328. A conduit end engagement member
1366 is connected to a shaft 1368 of the conduit end position sensor 1352. The conduit end
engagement member 1366 is disposed in the bore 592 of the anvil 526 (see Fig. 17A). The
conduit engagement member 1366 includes a stepped outer surface having a first cylindrical
portion 1300 and a second cylindrical portion 1302 that is diametrically larger than the first

portion to define an optional annular stop shoulder 1304 or step therebetween.

[00119] Referring to Fig. 19A the conduit end 532 may be moved into the tapered conduit
bottoming surface 536 until the conduit end reaches the end 112 of the tapered conduit
bottoming surface (unless the tapered surface 536 prevents further insertion first). When the
conduit end reaches the end 112 of the tapered conduit bottoming surface 536, the optional
annular stop shoulder 1304 engages the block 60 to prevent further axial advancement of the

conduit end 532.

[00120] Referring to Fig. 18, in one exemplary embodiment, an output device 1420 is in
communication with the nut position output 1330 of the clamping device, the load cell 1329
and the conduit end position sensor 1352. In one exemplary embodiment, the output device
1420 comprises a processor or other logic applying device. The output device may use the
nut position signal, clamping force signal, and conduit end position signal in a wide variety of
different ways. Proper insertion of the conduit can be determined before or during the
clamping of the pre-installation operation, proper component quantity, type, and orientation
can be determined before or during the clamping of the pre-installation operation, the
condition of the anvil 526 can be determined before or during the clamping of the pre-
installation operation, and sufficient nut stroke in the clamping of the pre-installation
operation can be determined. The output device 1420 may count each instance of clamping
of the pre-installation operation and may measure and record the extent of conduit insertion
and/or nut stroke with each clamping. The output device 1420 can send an alert or block the
progress or completion of a clamping of a pre-installation operation if the conduit insertion is
insufficient or if the nut stroke is incomplete. By applying a slight load before the clamping
of the pre-installation operation, the output device 1420 can determine a starting position
where clamping force is first applied to verify proper component quantity, type, orientation,
and position. The starting position can also be used to detect wear of the anvil. If the sensed

starting position is incorrect, the output device 1420 may send an alert and/or stop or block
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the progress of the clamping of the pre-installation operation. Additional signals and sensors
may provide input to the output device 1420. For example, the apparatus 1310 may include
additional sensors that monitor conditions of the conduit gripping device, such as the position
of the conduit gripping device on the conduit, the depth of the grip on the conduit, an amount
of strain in a portion of the conduit gripping device and/or conduit, and a maximum strain of

the conduit gripping device and/or conduit.

[00121] Referring to Fig. 21, in one exemplary embodiment gauging of the nut 522, conduit
gripping device 512, and conduit 514 is performed to ensure that the nut 522 and the conduit
gripping device is properly pre-installed at the desired axial location on the conduit 514. The
gauging is performed by assembling the pre-assembly (conduit 514, nut 522, and gripping
device 512) in a gauging tool 1710. The gauging tool 1710 may be the anvil 526 of apparatus
510 or 1310 or the gauging tool may be a separate tool. A predetermined clamping force as
indicated by arrows 1312 is applied to the nut 522 and the tool 1710 and the position of the
nut 522 relative to the tool 1710 is measured, for example as indicated at 1714, and/or the
position of the conduit end 532 relative to the tool is measured, for example as indicated at
1716. The clamping force 1312 is a force that is smaller than the force required to further
compress the conduit gripping device 512 onto the conduit 514. For example, the clamping
force may be 100 lbs. The gauging illustrated by Fig. 21 may be performed after the pre-
assembly is removed from the apparatus 510 or apparatus 1310 or the apparatus 510 or the
apparatus 1310 may be operated to perform the gauging after the pre-installation operation,

but before the pre-assembly is removed.

[00122] The invention has been described with reference to the preferred embodiments.
Modifications and alterations will occur to others upon a reading and understanding of this
specification. It is intended to include all such modifications and alterations insofar as they

come within the scope of the appended claims or the equivalents thereof.
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CLAIMS
1. A method of evaluating installation of a conduit gripping device on a conduit
comprising:
sensing a position of an end of a conduit with respect to the conduit gripping
device;

determining whether the end of the conduit has reached a predetermined
position relative to the conduit gripping device based on the sensed position;
axially compressing the conduit gripping device to attach the conduit gripping

device to the conduit.

2. The method of claim 1 wherein the position of the end of the conduit with respect to

the conduit gripping device is sensed with a sensor.

3. The method of claim 1 wherein the position of the conduit end with respect to the
conduit gripping device is sensed while a clamping force is applied to the conduit

gripping device to attach the conduit gripping device to the conduit.

4, The method of claim 1 wherein the step of sensing the position of the end of the
conduit with respect to the conduit gripping device comprises sensing the position of
the conduit end with respect to a camming surface that engages the conduit gripping

device.

5. The method of claim 4 wherein a clamping force is applied to the conduit gripping
device to attach the conduit gripping device to the conduit, wherein the position of the
end of the conduit relative to the camming surface is continuously monitored during

application of said clamping force.

6. The method of claim 1 wherein the conduit gripping device is attached to the conduit
by relative axial movement of a drive surface toward a camming surface, and wherein
the method further comprises inhibiting the relative axial movement of the drive
surface toward the camming surface until the end of the conduit has reached said

predetermined position relative to the conduit gripping device.
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The method of claim 1 wherein a drive surface and a camming surface move axially
toward one another to attach the conduit gripping device to the conduit, wherein the
method further comprises sensing a position of the drive surface relative to the
camming surface and determining whether said drive surface has reached a
predetermined position relative to the camming surface that corresponds to attachment

of the conduit gripping device onto the conduit based on the sensed position.

The method of claim 7 wherein the position of the drive surface relative to the
camming surface is continuously monitored during said relative axial movement of

the camming surface toward the drive surface.

The method of claim 7 further comprising continuously monitoring a clamping force
applied between the drive surface and the camming surface during said relative axial

movement of the drive surface toward the camming surface.

The method of claim 9 further comprising determining whether one or more
components of the conduit gripping device is disposed between the drive surface and
the camming surface based on the monitored position of the drive surface and the

monitored clamping force.

An apparatus for evaluating installation of a conduit gripping device on a conduit

comprising:

a clarﬁping arrangement configured to axially compress the conduit gripping device to

attach the conduit gripping device to the conduit;

a sensor configured to detect a position of an end of the conduit relative to the conduit

gripping device prior to said attachment of the conduit gripping device to the conduit,

wherein said sensor produces an output that indicates whether the conduit end has reached a

predetermined position relative to the conduit gripping device.
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The apparatus of claim 11 wherein the fitting includes a fitting nut and the apparatus

further comprises an anvil and a clamping device configured to apply a clamping
force that forces the anvil relatively toward the fitting nut to attach the conduit

gripping device to the conduit.

The apparatus of claim 12 wherein the position of the conduit end with respect to the
conduit gripping device is sensed with the sensor while the clamping force is applied
to the conduit gripping device by relative axial movement of the anvil toward the

fitting nut to attach the conduit gripping device to the conduit.

The apparatus of claim 11 wherein a signal output by the sensor that indicates that the
conduit end has not reached said predetermined position inhibits operation of the
clamping arrangement to prevent attachment of the conduit gripping device to the

conduit.

The apparatus of claim 12 wherein the position sensor is configured to continuously
monitor the position of the end of the conduit relative to the anvil during said relative

axial movement of the anvil toward the fitting nut.

The apparatus of claim 12 further comprising a second position sensor positioned to
sense a position of the fitting nut relative to the anvil, wherein the second sensor is
configured to output a signal that indicates whether the fitting nut has reached a

predetermined position relative to the anvil.

The apparatus of claim 16 wherein the sensor is configured to continuously monitor
the position of the nut relative to the anvil during said relative axial movement of the

anvil toward the fitting nut.
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18.  The apparatus of claim 17 further comprising a load sensor configured to
continuously monitor the clamping force applied between the anvil and fitting nut

during said relative axial movement of the anvil toward the fitting nut.

19.  The apparatus of claim 17 further comprising a processor that is in communication
with the position sensor and the load sensor, wherein the processor is configured to
determine whether one or more components of the conduit gripping device is disposed
between the anvil and the nut based on the monitored position and the monitored

clamping force.

20. A method of installing a conduit gripping device onto a conduit comprising:

applying a clamping force to the conduit gripping device by relative axial movement
of a drive surface toward a camming surface;

monitoring a position of the drive surface relative to the camming surface during said
relative axial movement of the drive surface toward the camming surface;

monitoring the clamping force applied between the drive surface and camming
surface during said relative axial movement of the drive surface toward the camming surface;

determining whether one or more components of the conduit gripping device are
disposed between the drive surface and the camming surface based on the monitored position

and the monitored clamping force.

21.  The method of claim 20 further comprising determining whether an orientation of at
least one component of the conduit gripping device is different than a predetermined

orientation based on the monitored position and the monitored clamping force.

22.  The method of claim 20 further comprising determining whether said drive surface
has reached a predetermined position relative to the camming surface that corresponds
to attachment of the conduit gripping device to the conduit based on the sensed

position.
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23.  An apparatus for installing a conduit gripping device of a fitting onto an outer wall of
a conduit, the fitting including a threaded fitting nut, the apparatus comprising:

an anvil,

a clamping device configured to apply a clamping force that forces the anvil relatively

toward the fitting nut;

a position sensor configured to monitor the position of the nut relative to the anvil

during said relative axial movement of the anvil toward the fitting nut;

a load sensor configured to continuously monitor the clamping force applied between
the anvil and fitting nut during said relative axial movement of the anvil toward the fitting

nut;

a processor in communication with the position sensor and the load sensor, wherein
the processor is configured to determine whether one or more components of the conduit
gripping device is disposed between the anvil and the nut based on the monitored position

and the monitored clamping force.

24.  The apparatus of claim 23 wherein the processor is configured to determine whether
said fitting nut has reached a predetermined position relative to the anvil that
corresponds to installing of the conduit gripping device onto the conduit based on the

sensed position.

25.  An apparatus for evaluating an axial location of a conduit gripping device installed on
an end of a conduit, the apparatus comprising:

a conduit end accepting portion having a conduit gripping device engaging

feature configured to engage a portion of the conduit gripping device to limit axial

movement of the conduit gripping device with respect to the conduit end accepting

portion; and
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a conduit position reference feature, wherein an axial distance between the
conduit gripping device engaging feature and the conduit position reference feature
corresponds to a distance between a desired axial position of the installed conduit

gripping device and an end surface of the conduit.

The apparatus of claim 25, wherein the conduit position reference feature comprises
an electrical gauging mechanism positioned on the conduit end accepting portion for

engagement with the end surface of the conduit.

A method for evaluating whether a conduit gripping device is attached to a conduit at
a desired axial position on a conduit, the method comprising:

engaging a conduit gripping device at a first reference position, wherein said
engagement at the first reference position fixes the position of the conduit gripping
device and the conduit; and

comparing an axial position of an end surface of the conduit to a second
reference position, wherein an axial distance between the first reference position and
the second reference position corresponds to a desired axial distance between the

conduit gripping device and the end surface of the conduit.

The method of claim 27, wherein said comparing comprises evaluating an electrical

signal produced in response to contact between the conduit end surface and a sensor.
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