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fittings. Typical fluid control devices include valves, regulators, meters and so on that are
interconnected in a fluid circuit with either tube or pipe. The fittings may take on a wide variety
15  of designs, including but not limited to single ferrule and multi-ferrule tube fittings, various
clamping arrangements using elastomeric seals, gripping rings and so on. For purposes of this
disclosure we refer to tube and pipe as “conduit” because the present invention may be used with
either tube or pipe.
Common to nearly all fluid circuits that use fittings to connect conduit to a flow control
20  device or process is the desire to verify in a non-destructive manner that a fitting has been fully
assembled. Most connections via fittings involve the positioning of a conduit within a fitting
body or other structure associated with a fluid coupling (referred to herein as a fitting assembly
of a conduit and coupling) such that an end of the conduit abuts a shoulder or wall of the fitting
body or other structure. This abutment or “bottoming” as we also refer to it herein, is usuvally

25  desirable as it allows that gripping device, such as a ferrule, to be installed onto the conduit

without the conduit moving axially.
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The need exists therefore to provide process and apparatus for non-destructive analysis

15  and evaluation of whether a conduit is properly bottomed within a fitting.

Summary Of The Invention

The invention contemplates in one aspect determining position of a conduit end using

input energy applied to the conduit. In one exemplary embodiment, ultrasonic energy emitted

20 from a shear wave transducer is applied to the conduit and propagates through the conduit as
mechanical waves. Alternatively or in combination, the input energy may be applied through one

or more of the fluid coupling components such as the fitting body, for example. Reflected energy

(also sometimes referred to herein alternatively as return signals, return energy, return yenergy
signals, reflected signals or reflected energy signals) is converted into electrical signals by the

25  transducer and these electrical signals are analyzed to determine position of the conduit end. Ina

specific exemplary application the invention may be used to determine the position of an end of



25 transducer and these electrical signals are analyzed to determ ne
position of the conduit end. In a specific exenplary application the

i nvent i orwoag/1@93sed to determ ne the position of an endPeffl/OMB/0853106993
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source that 20 applies nmechani cal energy waves, an anal yzer that

det er misigaglst he characteristics of a fitting assenbly as a function of

reflected portions of energy waves, or both, with a gap gauge. These and
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between the conduit and a surface associated with a fluid coupling installed on the conduit end
may be determined. In one exemplary embodiment, ultrasonic energy is applied to the conduit
15 and the amplitude of reflected energy is analyzed to determine the quality of the contact or
bottoming of the conduit end against the surface associated with the fluid coupling, such as, for
example, whether the conduit end is fully bottomed, partially bottomed or not bottomed.
Correlation analysis may also be used in connection with this aspect of the invention.
In another embodiment of the invention, a tool is provided that integrates a source that
20  applies mechanical energy waves, an analyzer that determines the characteristics of a fitting
assembly as a function of reflected portions of energy waves, or both, with a gap gauge.
These and other aspects and advantages of the present invention will be readily
appreciated and understood from the following detailed description of the invention in view of
the accompanying drawings.

25
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15 1. I NTRODUCTI ON The present invention is directed to apparatus and .
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coupling installed on the conduit. This determ nation may i ncl ude,

separ atetordfice eatidnodeds agetsfithainventidre axi al position of an end of the
conduit within a fluid coupling, and determ ning the quality of contact
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Determ ning the axial position of a conduit within a fluid coupling is

particul.arl eful r e, with tube fittings of the type that have
a thr e&d?ﬂflyy?ec&ﬁ(ﬁ#%%hn%% gﬁﬁgag%édy and at
10 Fig. 6 is the tool shown in Fig. 5 implemented through the fitting neck.
Fig. 7 is the tool shown in Fig. 6 implemented through the tube and nut.

Fig. 8 is an assembly of fittings wherein the tool of Fig. 5 can be implemented.

Detailed Description Of The Invention

15 1. INTRODUCTION

The present invention is directed to apparatus and methods relating to determining
position of a conduit within a fluid coupling installed on the conduit. This determination may
include, separately or combined, determining the axial position of an end of the conduit within a
fluid coupling, and determining the quality of contact between the conduit and a surface

20  associated with the fluid coupling.

Determining the axial position of a conduit within a fluid coupling is particularly useful,
for example, with tube fittings of the type that have a threadably coupled nut and body and at
least one ferrule that is used to provide a fluid tight coupling between the tube end and the body.
Although the invention is described herein with particular reference to its use with a two ferrule

25  flareless tube fitting, those skilled in the art will readily appreciate that the invention may be used

in many other applications, and generally to any application wherein it is desired to determine the



| east one ferrule that is used to provide a fluid tight coupling between
the tube end and the body. Although the invention is described herein with
parti cul aworeefiervehce to its use with a two ferrul e 25 fl arerass3iube
fitting, those skilled in the art will-sreadily appreciate that the
invention may be used in many other applications, and generally to any
appl i celatbie amdér absolute axigl pesifioreell aroendeafey oandeitsyeh vipubay2 oramps Whether the
PCT/ US03/ 19133 -5 relative and/or absolute axial position of an end of a
condui tondmitcdndaspasithined wath gflyd cowblatghe flutdtow deviduot soeord is positi oned
with a fluid coupling, a fluid flow device or so on. Determning the nature
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abut ti Ry ‘pallai ongHY mean the dnabipsgopliportighteging of the cpuRiinggs gpexeag the
limted to, the facing operation of the tube end, such as the degree of

f | at negstid (irgedtiglhfirasembdy) apdrimdy sofas tideccutdtbe onel or fiivge Frarulgseonyd therHube el al
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amount ih seslbigstd ehameRt The duakty eMshioebuttingl uslativgsiipl ik -affectedtey manp dmitoref
conpressi ve | oad between the tube end and the body shoul der, and so on. The
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particular character.istics of quali and. nat ur f the abut ment be
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will find application beyond two ferrule flareless tube fittings and may
be useamprntrafppmpEskive lnaddesvemmdhe iubeiend pad tediody shewlderetnd 6 o TiedUlitd i t v
of the abutnent between a conduit end and a surface in a fluid el ement
such asf thet bdi@nfing is thgrefarefd game0 referencoto thewioowlaenkss of dire. battonmmgynd the
coupling applications, sinply know ng the quality of the
load between the abutting surfaces, as exhibited by the nature of the contact in terms of the
15 amount of contact area, the characteristics of the abutting surfaces and so on. The particular
characteristics of quality and nature of the abutment may be selected as required for a particular
application. Again, the invention will find application beyond two ferrule flareless tube fittings,
and may be used in many applications wherein it is desired to determine the quality of the
abutment between a conduit end and a surface in a fluid element such as a tube fitting, a flow
20  conirol device and so on. In many coupling applications, simply knowing the quality of the
conduit end insertion, for example whether the conduit end is fully bottomed, partially bottomed
or not bottomed, is the most useful information, regardless of the ability to detect axial position
of the conduit end.
In the exemplary embodiments herein, the invention is realized using ultrasonic energy as

25  an input energy signal. The more specific, but not necessarily required, characteristics of the

ultrasonic energy in the exemplary embodiments is ultrasonic energy in the form of a generally
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are intended to be exenplary in nature and
available form of reflectable mechanical energy, as distinguished from electromagnetic energy
such as x-rays, that is transmitted by pressure waves in a material medium, such as, for example,
15  the conduit or one or more parts of a fluid coupling, and detected therefrom.

While the invention is described and illustrated herein with particular reference to various
specific forms and functions and steps of the apparatus and methods thereof, it is to be
understood that such illustrations and explanations are intended to be exemplary in nature and
should not be construed in a limiting sense. For example, the present invention may be utilized

20  with any fluid coupling between a conduit and a fluid flow member including but not limited to
another conduit. The term fluid coupling therefore is used in its broadest sense to refer to any
mechanical connection between a conduit end and an abutment surface of another fluid flow
element. Furthermore, while the invention is described herein with reference to stainless steel

tubing and tube fittings, the invention will find application with many other metals and indeed

25  non-metal applications such as plastics, as well as to tubing, pipe and so on.
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15 2. DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION

With reference to Fig. 1, there is illustrated a highly successful two ferrule tube fitting A.
This fitting A is described in United States Patent No. 3,103,373 owned by the assignee of the
present invention and fully incorporated herein by reference. The illustration of Fig. 1 shows
only one half of the fitting, it being recognized by those skilled in the art that the other half of the

20  view is identical about the centerline CL.

The fitting A includes a body B, a nut C that is threadably engaged with the body B
during finger-tight assembly and pull-up, a front ferrule D and a back ferrule E. The fitting A is
illustrated installed on a conduit, in this case in the form of a tube end T. The tubing T may carry
a media such as liquid, gas, slurry and so on. The assembly in Fig. 1 is illustrated in the pulled-

25  up condition, with the ferrules D and E plastically deformed so as to provide a fluid tight seal and

strong grip on the tube end T.



present invention and fully incorporated herein by reference. The
illustration of Fig. 1 shows only one half of the fitting, it being

recogni zewolwg/10d9exse skilled in the art that the other hal PCofUSINI®13R20 Vi ew
is identical about the centerline CL._gThe fitting A includes a body B, a
nut C that is threadably engaged with the body B during finger-tight
assenbl y amds plgsitablepthantierianer drelr ¥ of ¢heDubndnd Thatak af éxern@gi@nEPAﬂﬁ%n@ﬁ #d ng A
is illustrated installed on a conduit, in this case in the formof a tube

end Tp,dfhenb MBS fdnB@Yn @R Body B THESE bbutsletis asetreditd b, “boasming!” trer tybaad so
on. The assenbly in Fig. 1 is illustrated in the pulled 25 up condition,

with the ferrL | $6c18@ing GordifY h odsdal tndl
tight tlgaélglls g%}s:#ag%tt? %ﬁgﬁgﬁg’%ﬁ@%’ %Bgﬁgﬁ{ém A B a5 10133

-8 It is desirable that the inner.end F of t u T

r egi OHAWAE deflif gy tUbe &P, rtgﬁti en S P ner?lgr?eﬁrlé% %’oﬁdﬁﬁgs bsgglggg.t%rﬂ%rgﬁre
abutnment is referred to as "bottom ng" the tube en and is desjirahle to
prBvi derietions pohyibsetionaifest /8% MAYAYEnegdhqt E&&%@lq%ﬁh%@%m%gﬁ eeeﬁﬁ Gnd
having a strong tube grip, that can withstand environnmental condjtiaons such
as t enpenas Brands.v AVhiehdransakbis domidsk there o net, filewpald bs asuantageoys Bube MRS not

be forned at the abutnent between the surfaces F and G Wether a seal is
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surface to surface contact between the conduit end and the body shoul der
anfl gdedrusleisd nechani cal contact or conpression therebetween. A partially
bottomed conduit end would be a condition in which, for exa,gs}gllﬁ.,lth{are is
not subst an fidly ttomedonduitend weelddssieqaditign & PHIhdBFrearRs SPREHG BIT2E8 ¢ he

conduit end, a cocked or tilted conduit, or sinpl %/ a lack of str onﬁ) .

CoNnpr as suficdedniee between the conduit end and the body shoulder and good solid mechanical
contact or compression therebetween. A partially bottomed conduit end would be a condition in
which, for example, there is not substantial surface to surface contact due to poor end facing of

15  the conduit end, a cocked or tilted conduit, or simply a lack of strong compression between the
two abutting surfaces. A conduit end that is not bottomed would be a condition of little or no
surface to surface contact or the presence of an actual axial gap between the non-abutting
surfaces. Therefore, as used herein, the nature or quality of the contact between the conduit end
and the abutting surface refers generally but not exclusively to various features either alone or in

20  various combinations including the amount of surface area where contact is made, the force or
load between the conduit end and the abutting surface, presence of a gap therebetween, lack of
square alignment of the abutting surfaces, and so on.

With reference to Fig. 2 we illustrate a first embodiment of the invention. An input
energy source or input device 12 is coupled to the conduit T so as to apply mechanical input

25  energy into the conduit T, wherein a portion of the applied input energy is reflected back or

returned. The source device 12 may be, for example, a transducer that converts an electrical



two abutting surfaces. A conduit end that is not bottomed would be a
condition of little or no surface to surface contact or the presence of an
actual axwelosgeqodbet ween t he non-abutting surfaces. Ther @Cornsp3/sg3zused
herein, the nature or quality of the_gantact between the conduit end and
the abutting surface refers generally but not exclusively to varjous
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exanmple is an ultrasonic transducer that emts a high frequency signal
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of conditions including but not limted to inclusions, mcro-structural
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i ndentations such as the ferrule bite or 5 conpression. The source 12 is

used Loufled FANSNIE 4 8% WRb sRfbR ERBEIIOAN toosn SRREOAiIcANMangmear t1$. The
refl ected energy that reaches the source 12 into a corresponding el ectrical

signal , . AhLerpat hyely iate" . r tdsQREHMEE siRY BEHS ’BaAfcaldevies
di ff ereé"rﬁr‘)a]@?/ilgégqlu%'?eapg%O&r?lgfee %’%ﬁu{@&%ﬁ% ecf'r Swﬁa a cable 14 or ot her
sui tabl e connection to _an el ect rog]itocs ar ranggérqnet 12:L6. The electronics 16
i 16 udsand sht seseivies Ehecqlpqiticdl signpli Aoy bR SPEFE YRS ' 4r i ve signal for the
source device 10 12 and that receives the electrical sllég\riﬁlez f rcgw t he
source deviWe hage famdiheie-aithenslh 3 sface f1ave GagHluseis o ¢ 4¢ PP HTREr or
a delay line transducer may be used to determ ne the bottonmed condition of
a t ubeheaned toadetavalihe tes hottomed casbigorbdfie wbe eid as wisd asprener aemalyPLithatube
either of these transducers is a useful alternative to the exenplary
enbodi ﬁrtﬁﬁé, and that either of these transducers is a useful alternative to the exemplary embodiment
herein--a preferred technique and device is to use a shear wave transducer to apply the input
15  energy to the conduit T. A shear wave transducer is distinguished from a delay line transducer in
that the shear wave transducer applies energy into an object generally longitudinally or along the
direction of the surface of the object, whereas a delay line transducer applies energy generally
normal to the surface, and thus may be used to determine wall thickness. The shear wave
transducer is thus able to produce a better return reflection or echo of the end of the conduit,
20  particularly when the conduit is only partially bottomed or completely not bottomed.
A suitable and exemplary transducer is a Phoenix-ISL shear wave transducer model
SSW-4-70 that is resonant at 4 Megahertz. Other transducers commercially available or later
developed will also be suitable for the present invention, and the invention is not limited to the

use of ultrasonic energy waves. Non-ultrasonic wave frequencies may be used provided that

25  adequate and detectable energy is reflected back from the tube end. It is also possible to use a



herein--a preferred technique and device is to use a shear wave transducer
to apply the input 15 energy to the conduit T. A shear wave transducer is
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exanmpl e, other types of exponential sinusoidal wavel et functions,
or other filtering functions, may be alternatively useful in some applications.

With reference to Fig. 3, we illustrate a detailed functional block diagram of the
15  electronics arrangement 16 in the form of an analyzer. It is desirable that the invention be
realized in the digital analysis domain, however, such is not required and it may be suitable in

some applications to perform analog or hybrid analog/digital analysis.
Fig. 3 also illustrates additional aspects of the invention relating to the mounting of the
source 12. In this example, the source 12 is a shear wave transducer and is firmly supported on a
20 base 20 that can be suitably attached to or placed in contact with the conduit surface TS. The
base 20 preferably is made of a high transmission material, such as acrylic resin, so that the
energy emitted from the transducer face 22 is coupled with good efficiency into the conduit T.
The use of a base 20 or other suitable structure enhances the coupling because the base 20 can be
provided with a sqrface 24 that conforms to the surface profile of the conduit surface TS. This
25  usually will be an improvement over simply trying to position the typically flat transducer face

22 against a cylindrical surface TS, however, in some applications, especially large diameter



or other filtering functions, may be alternatively useful in sone
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transducer face 22 is angled away fromnormal towards the conduit
| ongi tdiendly akbs: 65° td rabbi $5TarHwvevet,hthei sebacted afiglentor ghr @ntay artipular

conduit structure at an angle OR W have found that a suitable range for
Ris application may be selected based on the angle that produces the best or most useful return
energy profiles. Materials having appropriate indices of refraction may be selected to allow

15  refraction to assist in the input energy entering the coupling assembly at the desired angle Ox.

'With continued reference to Fig. 3, the analyzer 16 may be realized in the form of any
suitable digital processor including but not limited to DSP, microprocessors, discrete digital
circuits and so on. The analyzer processor 16 may conveniently be any commercially available
or later developed circuit that is programmable in accordance with programming techniques well
20 known to those skilled in the art, to carryout the functions described herein. The analyzer
processor 16 thus includes a signal generator 26 that produces a suitable drive signal that is
coupled to the transducer 12 via a suitable cable or wire 28. The analyzer processor 16 further
includes a filter function 30 that may be used for noise reduction, since the electrical signal from
the transducer 12 will typically include a substantial amount of background undesired noise.

25  Any suitable filter design in circuitry or software well known to those skilled in the art may be

used. Note that in Fig. 3 the noise filtering function is performed on the analog signal from the



from about greater than O to about 90, nore preferably about 45 to about
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In some applications, the reflected energy signal may have a very pronounced and easily

discernible signal level that corresponds to the axial position of the conduit end relative to the
15  energy source 12. Note that the axial position of the conduit end relative to the transducer may

be determined either as an absolute number or a relative number, and is computed based on

knowing the propagation speed of the energy through the conduit, as is well known in the art of

ultrasonic analysis. If the reflected energy provides an easily discernible signal stored in the

memory 36, then the controller 16 can simply be programmed to determine the characteristics of
20 the signal to ascertain the axial position of the conduit end.

In accordance with another aspect of the invention, the relative strength of the reflected
energy is an indication of the quality of the bottoming. We have found that when there is good or
complete bottoming, very little energy is returned from the conduit end because the energy
passes through into the fitting body material (and/or other contacting structures) and there is thus

25  a substantial attenuation in the reflected or returned energy. Thus interestingly, the absence of a

strong reflected energy level actually indicates excellent bottoming. For an un-bottomed conduit



(A/D) converter 34. The A/ D converter 34 converts the electrical signal
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requi red. W have further found through experinentation, however, that the
mechaniheadonduit end may not always appear at the same time delay marker when the transducer is

moved about different circumferential positions, even at the same axial location, on the conduit.
We attribute this to micro-variations in the conduit and the fluid coupling structure, but whatever
15  the causes may be, the practical consequence is that they typically will be present.

In accordance then with another aspect of the invention, the energy applied into the
conduit T is done at two or more circumferential positions about the selected axial location of the
source transducer 12. This is illustrated in Fig. 4 wherein reflected energy data is collected and
stored for two or more circumferential positions of the source transducer 12 about the conduit at

20 the axial location selected. This can be performed using a plurality of transducers positioned at
different positions about the conduit T, or more simply by repositioning a single transducer 12
and then collecting data at each location as indicated by the dashed lines in Fig. 4. The different
positions may be but need not be evenly spaced about the conduit.

Each application of input energy at a particular circumferential position produces

25  reflected or return energy that is converted into an electrical signal, filtered and stored as

previously described herein. Data is collected for two or more, and preferably about three,



conplexity of a typical fluid coupling and conduit mcro-structure renders
a nice clean easy-to- detect reflected energy signal to not be a practi cal
reality. wossead93 all sorts of false or non- repeatabl e ePoPaSIEM3RAri SE.
Furthernore, we have found that for a gingle axial |ocation of the 10
transducer relative to the conduit end, the circunferential position of the
t r ans ddicferentraircursfegmititl pesitidng 4t e sedonte atial lneatiomenfathe ttagsdustl Ghiel ineher gy .
For exanple, the reflected energy from the conduit end may not al ways

appeare@imfldi¢ &RlihédTeisdabtayeiiid kiey nwhenof e fitthipsaksedblyi 8.) MAVerreddimut
different circunferential positions, even at the sanme axial |ocation, on

t he COMH!I(%H 40 Y¥anat & c{%ﬂh@@t@ tﬁe@e? f &’aténfr%ﬁpﬂl\é%'Idr@ﬁt&%%nbﬁ‘m?éi‘@ntfﬁ@ﬁgﬁtlénsar"ﬂ]et he

fluid coupling structure a ever 15°the Causes may be, the practical

consequence. i s that th igcally wk Lese Wt h
anot he?orﬁiagé’&an?) /SIS §aby ?‘%\/%ﬂ?elg TR eﬁg?rg’y&gpp d|2%131Im ﬂ?%ﬁ%%&%@@%ﬁé‘fﬁ??ﬂlﬁ
done at .two aor nore circunf ent| osi.tions about the ect ed, axi al

| ocat i BiFrefvagipfions g@@l}ec@n@pgﬁ@ r%‘eirpposwﬁ% relatiyg F%Q’Fra@PEEA PRFTEY {ranggiucer
wherein reflected energy data is collected and stored for two or nore

ci r cunferent? cdiangessisthotmansdtcer irrepetitiensdtabarghie eenduitsl . abatigondylt cadrdetie at
20 the axial location selected. This can be perfornmed using a plurality of
t r ansdp@stich, hosietdroies mit, ardi ddredaivn qabistsi distmctp alidcrinfiraten thduiorreshondmgnor e
sinmply by repositioning a single transducer 12 and then collecting data at
each | geah! %e%@rrélﬂ%&%aﬁ&h@%a Be colazhashdl] e ad fbr"_eb(QmEFb but et Kinftéetop e

positions may be but need not be evenly spaced about the conduit. Each
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just behind the nut C of the fitting assenbly A.) A correlation function
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positions. The correlation analysis substantially elimnates or "filters”

t he raggiiRallftuit HreBRbBY uSingnaé SvdvelMbalel correlation method disclosed in Complex

Wavelet Analysis of Ultrasonic Signals, Hull, Yang, and Seymour, to be published in IMechE

15  (Institution of Mechanical Engineers, London), June, 2003, the entire disclosure of which is fully
incorporated herein by reference, and which may be implemented/programmed in software or
firmware using conventional and well known techniques. The analyzer 16 can thus produce an
output 42, in any suitable form including but not limited to a visual output, printed output and so
on, of the quality of the conduit end bottoming and, if so desired or alternatively separately

20  desired, the absolute or relative axial position of the conduit end as a function of the axial

. location of the source 12.

The present invention contemplates not only the structure of the aforementioned
apparatus, but also the methods embodied in its use, and furthermore a method for determining
position of a conduit end within a fluid coupling and a method for determining the quality of the

25  bottoming of a conduit end against a structural surface. Such a method includes the steps of

applying energy into the conduit structure, detecting reflected or returned energy from the



5 mcro-variations in the conduit because their positions relative to the
applied energy transducer source 12 changes as the transducer is

repositi omedsa®es the conduit T. The conduit end rel ati veCTmses/19165,
however, does not, and correlation anajgsis distinctly discrimnates the
corresponding signal. The correlation analysis may_ be conventional, such
as f or cendaityEng abdtdeteominingriheaepsition afiiee cendaityesd s @i Sastieredf the lesstipr oAtheon
Anal ysis of Spatial Tinme Series Datasets: A Filter and Refine 10 Approach,
Zhang, sdi#édgIn Shekbamedivd, KuwrgualitWnifviee dottymofy M areadtia endes iefecalne®epor t
Abstracts, 2001, the entire disclosure of which is fully incorporated
herein gt fs@uadrel Rdtectine refdcest 6f rétuaieal eretiyr loat ilan
anal ys?@%@g %&ngg’fg?rtl? }elﬁ%é%tﬁ(l\ﬁ;ﬁ/t fsggi i fated Iltf)% optionally but p%g; erably
usi ng e vel et r4. el atq ' 0, it nGon ; I

Anal ys?gndgﬁ%ﬂﬁtaﬁgs%eﬁié@qgﬁg téﬁqaﬂht?{bfr@tgﬁgl%gghg eiﬁngﬂirt ,rént 0 be%ﬁgwgﬁgg‘gi n
| MechE (ILnstitutiop of chani c ngi neer s ondon June,.. 200 t he
entd r eTdlestef 58ghe% Stﬁnaﬂﬂr%t -sDPy rpgthoﬁ%r%ﬂ ESP&%de Oﬂ%Pﬁgrhc%ﬁblP%th@r‘gﬁ%g?&and
whi ch may be i npl enment ed/ programmed in software or_ firnmware using i
convenpihenar ol analyisisk medrbotie arsthefsemay Tpslonally yiilize e aboverdesaifsforlee an
output 42, in any suitable formincluding but not limted to a visual

out put filtpringdreictoogiapion tenhdigmes. on, of the quality of the conduit end.
bottom ng and, if so desired or alternatively separately 20 desired, the
absol ut e or Asebakiofghé@xiaal aReisdblé liferpdtivetiahe eleditotice 6l nasy lee inuopbiatsd info t he
axial location of the source 12. The present invention contenpl ates not

only t Q%r %ﬁirfdf):fé Pa&aBe fBlh‘ﬁ?@firP HRRAI.ANEHlicARRMRE SvirdRtient! FOr thempRYL s

enbodied in 1ts use; and furthernore a nethod for determ ning position of
qul Tt et taftef 4Pl P e i e Mo B P e
St ot 6 6 COMBPHDRAl 6gb EBFEoc BCBF TP HEHY GHERES NS HE D63 T0BTE
PCT/ US03/ 19133 - 15 conduit end and determ ning the position of the
condui anéfut easmplef cordd ismply betehéght deraindientesta ge/Bo geaerudieol the befinimeof the
nmet hod, the quality of the bottom ng of a conduit end is determ ned by

tube end. The electronics may also incorporate intelligent rules based software such as neural

nets for calibration and/or analysis and may include the above described noise filtering and

15  correlation techniques.

The source 12 may alternatively be configured to apply the input energy into a component
of the fluid coupling, rather than or in addition to the conduit. This would only require a simply
reconfiguration of the interface geometry of the base 20 for example. Depending on the surface
for mounting, the base 20 may even be unnecessary. For example, the source 12 may apply the

20  input energy into the fitting body B, such as at the head or neck of the fitting body.

Still further, the present invention may be used to determine, separately or in combination
with the conduit end position, other evaluations of the fitting assembly. As described herein
above, the present invention may be used to determine the position and abutment characteristics
of the conduit end. The invention may also be used to determine the position and characteristics

25  of other normal deformations and structural variations of the conduit such as are associated with

the fluid coupling, as such conditions may also produce reflected energy. For example, but not



applying energy into the conduit structure, detecting reflected or returned
energy fromthe conduit end and determning the quality of bottom ng of

t he conduwD 0anak9as a function of the 5 refl ected energy sipgraiSO¥1918Ngt h.
Bot h met hods may be used al one or in cogbination with each other or other
anal ysis, and both nethods nmay optionally utilize the above-described noi se
filter lingtedrigbretor thel iavérdiont menbe gsaskto dtect dineprstench andmn yocatien o ieebite or
alternatives, the electronics 16 may be incorporated into any suitable
pack ageibkafidengion ror tcogpaesion edused blyi dhadtor aibrand tenferme MBIt detdratiniey akmp e

the 10 electronics 16 including the source 12 may be incorporated into a

devi ce sQEcit PAndithil isHosiBioh&d PRBE PRI EhLEANY B8ilcAR@hlIF2hedRMIRay TAGW that the
el ectronics 16 nay produce anh output of any desired format, <and for

|l g,.. | d_si npl |l igh i ndi
b R e
intelligent rules based soft e such as neural .nets for qﬁlibr%_ion

and? or ISHALY 8 Pl URa APSSREGAFSUE I BSBA aY dlicats ifoRgiaseemlly PEPHEYPand 15

correl ation techniques. The source 12 nay alternatively be configured to
appl y the i Hpothsheplpdiment.chainyentign ifeniool thit cembe feditel cesk Both iy, cofrsetriss of han
or in addition to the conduit. This would onl¥ require a sinPIy i ,

r econf fhgueerstpnrytun Ard therppmaldategjiy Abe PYNdFTHeabe fine o /smg pltEropmpieasor()
Depending on the surface for nounting, the base 20 may even be .
unnece &bt Jicrqnsocegsgr ppbslded with adigreed mesherpaticah pritware. il foolovill s #bledp drtgsf if nt o
the fitting body B, such as at the head or neck of the fitting body. Stil

f ur t hetthe tptieg is fellchattomad agrinsh the by e shewdert(oe: geirest Mbpdnsteligionr atediptugy i n
conbination wth the conduit end position, other evaluations of the

fi19i nghegwinpivpntage ofl dkig dppgr ishir BPKde 4B Altematiyethal Bseirdestipirg (oh FRY be
used to determ ne the position and abutment characteristics of the conduit
end. THsassembdnt fecsserily &l idng) andjewdn £est delpdier Xarayine figigiconnsioangnd sreatly
characteristics 25 of other normal deformations and structural variations
of t he reduerd thepoisniish farghegredugistio e ingipbied PR he 1 uid coupling, as such

conditions nmay al so produce reflected energy. For exanple, but not_ WO
03/ 106993 P& hyndbelddqad showmig Figures 5-7 verifies cotrect geometric pull-up, as shown in Feature 3

(i.e. 1-1/4 turns past finger-tight by gauging the “nut-to-body” gap) and detects if the tubing is fully
15  Dbottomed against the tube bore shoulder. Further, use of the tool does not require the fitting to be
disassembled and thereby eliminates the need to use of X-ray equipment. The tube-gripping portion of
the tool verifies the correctness of the geometric pull-up by gauging the “nut-to-body” gap. The nut-to-
body gap is held consistent due to tightly toleranced critical dimensions placed on the nut, ferrules, and
fitting body. This feature is designed such that the tool cannot fit in between the nut and the fitting body
20  when the required “nut-to-body” gap is reached. As such, the tool acts as a conventional gap gauge, as
disclosed in US Patent No. 3,287,813, the disclosure of which is fully incorporated herein by reference.
The back end of the tool detects if the tubing is fully bottomed against the tube bore shoulder, located
inside the fitting body (i.e. correct tube installation). Using one or more ultrasonic sensors and a
microprocessor embedded with advanced mathematical software, the tool can selectively scan critical
25  internal features of the fitting body and components and notify the user, audibly or visually, if the tubing

is correctly installed. The tool may scan the fitting using any of the methods described herein above.



limted thereto, the invention may be used to detect the presence and/or

| ocation of the bite or tube indentation or conpression caused by one or
nore of twe oBaeqed es. By determ ning that the selected ceaauSOYWMIBE
positioned properly and has the desireg7rquality, the user may know that the
fitting assenbly has been properly conpleted, such as know ng that the
ferrul es ardheolwerliqn, Igsi hegnadpssaibadhawphi rederengs, tabthen pecterreds rarbogiingerdi s
may indicate inproper assenbly or pull-up. In another enbodi nent, the

i nvent Mudifietians eodl althmtiosawibecuseth dheshesin batidibhand amdestandmg of thit he
geonetric pull-up and the internal integrity of a twin-ferrule tube

fittingpeclfiatign. Ultlig Rgeace tSROAE A1 buchanddificatidhk QRY ARASEATs ifdFAdHerkyddntk
advanced mat hemati cal software, the tool will be able to detect if the

t ubi Ny ngﬁﬁ [ t houl der (i.e. correct tube
instalrgﬁggﬁgg%%%qﬁgat g&%?Fﬂ%%s%ﬂgme Pﬁa§§§§ﬁ§g§§ of this designis to
provide an alternative that is non-destructive (e.g. actual disassenbly /
re-assenbly of fitting) and lowin cost (relative to X-raying fitting
connections) and greatly reduces the potential for the product to be
installed inproperly. The hand-held tool shown in Figures 5-7 verifies
correct geonetric pull-up, as shown in Feature 8 (i.e. 1-1/4 turns past
finger-tight by gauging the "nut-to-body" gap) and detects if the tubing is
fully 15 bottoned against the tube bore shoul der. Further, use of the tool
does not require the fitting to be disassenbl ed and thereby elimnates the
need to use of X-ray equi pnent. The tube-gripping portion of the tool
verifies the correctness of the geonetric pull-up by gauging the
"nut -t o-body" gap. The nut-to- body gap is held consistent due to tightly
tol eranced critical dinensions placed on the nut, ferrules, and fitting
body. This feature is designed such that the tool cannot fit in between the
nut and the fitting body 20 when the required "nut-to-body" gap is reached.
As such, the tool acts as a conventional gap gauge, as disclosed in US
Patent No. 3,287,813, the disclosure of which is fully incorporated herein
by reference. The back end of the tool detects if the tubing is fully

bott oned agai nst the tube bore shoulder, located inside the fitting body
(i.e. correct tube installation). Using one or nore ultrasonic sensors and
a mcroprocessor enbedded with advanced mat hemati cal software, the tool
can selectively scan critical 25 internal features of the fitting body and
conponents and notify the user, audibly or visually, if the tubing is
correctly installed. The tool may scan the fitting using any of the nethods
descri bed herein above.



WO 03/106993 PCT/ US03/19133 -17 The invention has been described with
reference to the preferred enbodinent. Mdifications and alterations wll
occur to wDhenesvapon a readi ng and understandi ng of this Pspaso$/iaation. It
is intended to include all such nodifigations and alterations insofar as
they come wthin the scope of the appended clains or the equivalents

t hereof . WO 03/ 106993 PCT/ US03/ 19133 CLAZMS Al M5 Havi ng thus descri bed
the invention, we claim 1. A hand-held tool for evaluating a fitting
assenbl y of Hahiag tiyselebhaibied gheaing@msbni e aladn: a fl ui d coupling installed

t hereon, conprising: 5 a source adapted to apply mechani cal energy waves

into the fi{tingaassemRldtoost BvaRinee fitiee 8isknBl ¢fahé Bk edviaparcaidyipmes
and producing a signal related thereto; and an anal yzer that determ nes a

characj %idfséégg}hgé intsﬁ(ﬁe(flitﬂe}éoﬂgcﬁliﬁ%%?%:y as a function of said reflected

portions o energy waves. e tool of claiml1, wherein the source

is integrated with.a auge. , 10 3. The toal. of. claim 1l erein the

anal yzer isais?ﬁr% ?%ﬁpé‘%ia&i a%gﬁ%n%%lﬁnlﬁgﬁed@ghwaﬁe}%ntpg%? h@pgca}sgqn\#ﬁl%’ Sa\lf\(iﬂéorué?en
said tool includes a gap gauge _and an ultrasonic__analyzer. 5. The tool of
cl ai m HeCeifierellerteh eSO RS 280 RpAdUSBE aa?l&r@f)%ﬁla&%thﬁ%%%ﬁt ter and

receiver. 15 6. The tool of claim1, wherein said source produces transient
shear ul t r asmanayzesieatgletonaines a charaTissistioof thef fittingiassemblyae adimctivai of said
anal yzer correlates said received energy waves. 8. The tool of claim7,
wher ei reflsated peaiohe bftdidBndrgy hassd on a Mrlet wavel et

2. The tool of claim 1, wherein the source is integrated with a gap gauge.
10 3. The tool of claim 1, wherein the analyzer is integrated with a gap gauge.
4. The tool of claim 1, wherein said tool includes a gap gauge and an ultrasonic
analyzer.
5. The tool of claim 1, wherein said source comprises a separate transmitter and
receiver.
15 6. The tool of claim 1, wherein said source produces transient shear ultrasonic

energy waves.

7. The tool of claim 1, wherein said analyzer correlates said received energy waves.

8. The tool of claim 7, wherein said correlation is based on a Morlet wavelet
correlation function.

20 9. The tool of claim 1, wherein said energy waves are applied to a fitting body that is
associated with the fluid coupling.

10.  The tool of claim 1, wherein said energy waves are applied to the conduit at an
angle within the range of about greater than 0° to about 90° from normal relative to a longitudinal
axis of the conduit.

25 11.  The tool of claim 1, wherein said characteristic relates to bottoming of an end of

the conduit in the fluid coupling.



correlation function. 20 9. The tool of claim1, wherein said energy waves
are applied to a fitting body that is associated with the fluid coupling.
10. The twolo3nb69e3 ai m 1, wherein said energy waves are appCrasoy/owishe
conduit at an angle within the range- gJ-about greater than 0 to about 90
fromnormal relative to_ a | on(():;i tudi nal axis of the conduit. 25 11. The
tool of clailfn 1, Thatobphclaim 40.crhereasaidieseisy wapatsdnpw abbve ormer differsat end
of the conduit in the fluid coupling. WD 03/106993 PCT/US03/19133 -19 12.
The t olsicatignsabailinthe Gonduie saidsosae dreiemgya plavadisy af elettnipait sigralst inaregons®toe
different |ocations about the conduit, said source producing a plurality
of el egdid irelivedi @ivagys wales, @agioRERrical sighhldcdrBRfdnaRth @Nar &Ypddave Sne @RCAId

el ectrical signal corresponding to a respective one or said |locations. 5
13. Thpch@sls, of claim 12 conprising a correlation function of said
plurality of electrical signals and wherein said anal yzer produces an
output thatgor reaPARSoF il # RRHEE" Qrrellliof "indfiod BF SR PHikiH25E

electrical signals and wherein said analyzer produces an output that corresponds to axial position

of an end of the conduit based on said correlation.



