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United States patent application serial nunber 60/159, 965 (pending) filed
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FOR TUBE FITTINGS, the entire disclosures of which are fully incorporated herein

by reference.

15 Technical Field of the Invention

The present invention relates to tube fittings of the type that use one or more
ferrules for gripping a tube end. More particularly, the invention relates to apparatus
and methods for visual verification that the fitting has been properly pulled up.

Background of the Invention
20 Ferrule-type tube fittings are well known in the art. A two ferrule fitting that
has been highly successful for over 30 years is a sequential gripping arrangement
invented by Lennon, et al., United States Patent No. 3,103,373, the entire disclosure
of which is fully incorporated herein by reference.

In a typical ferrule-type tube fitting assembly there is a coupling arrangement

25  that includes a coupling body and a coupling nut that is threadably engaged with
threads on one end of the coupling body. The coupling body includes a torquing .

flange, typically in the form of a hex shaped flange. The coupling body at the other



2 5 end may be joined to or integral wi th another body, flow control device
and so on. The coupling body includes an axially tapered opening or
camiing mY@W28Hd a shoul der or stop axially spaced fr #erTuSe/24e00er ed
opening. Two gripping conponents or ferrules, including a rear ferrule and
a front ferrule, are positioned within the coupling nut and are interposed
bet ween the coupling body and the coupling nut. The 10 tapered front end of
the front ferrule initially engages the gamm ng nouth of the coupling bod
b y
and a tapered front end of the rear ferrule initially engages a camm ng
surface at¢th t ggpﬁi IR . a
shoul der that gn&é?’%ibﬁ y%tﬁg%g%% a éé:%ﬁc\r/varﬁmggr}?’ﬁ‘ggreair H%é%?%\dgs Sc’&'tube
end is axially.l ] LDt f L1t til +he tube.en u t he
i nner shoul de)rfhés{a (g)‘gjrhggq)tohgg%éﬁ%F%r‘lg&t%ggg’ e%goér? exfégroélcé Ve g‘é’ at%ngna of the
coupl i ng body .and. nut which, driv th oupl.i ng.conmponents axially towards
cach ot her .t HLfssh 8t s pislipatei Tl e ehiRy ofthitid oo gins uelnenls.
referred to in the art . being "pull ed:up: d.radially displace
vardiy to ol R incfiings A oible &5, AR TP S opiinted WS 85 ¢ ul es
tightl rip the.tub |1 .due t t he swagi ng action., 20 Typically, a tube
fi '? ti né gssgnﬁ?‘?}’g%ﬁ‘ﬁ.“\ﬁ@aﬁé‘gWPﬁg&emg‘F °g‘§°l‘gﬁsﬁ{?’eﬁ‘gtﬂbe Geup 'Fﬁs‘f%‘ntge in an
he. coupl g At ARk ERLOb e daie G BEesP (b SmrAgarort ghie *
dition. Th npl h | i ially i he fitti
i1 1t bot t GHELEE SHPRG atEred B CeI  EHORTHE WO HSES doRPAR Doy
Wth the fitting in an_.initial fintger tight 25 condition, the assenbler,
usi ng a wr encHree etk hesk gpd phibe ffaat ferpie. e Xbmprupling Rutbas g,phoplder that o) at j ve
rotation between the coupling body and the coupling nut for a

pr edet er mi neddidngly epgpee? 2k f theyeay ferply) |Atubp gnd sgixiallydnserted itme

fittings, for ii_ ) .
the fitting until the tube end abuts the inner shoulder stop of the coupling body. Upon

=0

15  relative rotation of the coupling body and nut which drives the coupling components
axially towards each other, the tapered ferrules are axially pulled together, commonly
referred to in the art as being “pulled-up’;, and radially displaced inwardly to cause a
sequential inward gripping of the tube. The ferrules tightly grip the tube wall due to
the swaging action.

20 Typically, a tube fitting assembly such as described above, is shipped to a
customer in an assembled condition with the ferrules installed in the coupling nut and
the coupling nut threaded onto the coupling body to a finger tight condition. The
assembler then slips a tube end axially into the fitting until it bottoms or abuts the
inner stop shoulder on the coupling body. With the fitting in an initial finger tight

25 condition, the assembler, using a wrench or spanner or the like for example, then
imparts a relative rotation between the coupling body and the coupling mut for a

predetermined rotation to complete the installation. For smaller tube fittings, for




WO 01/ 20214 PCT/ US00/ 24900 3 5 exanple tube fittings used on one-quarter
(1/4) to one &% inch tubing, there is typically a relative rotation of
one and a B4 t urns past finger tight" ("TPFT") postEVEH0RY%chi eve
proper initial pull-up. The nunber of turns to properly pull-up a fitting
assenbly is determned by a nunber of factors including the thread pitch
and the proper axial displacenent of the 10 coupling nut relative to the
coupling body to insure that the ferruleg are properly swaged onto the tube
wal | . Al though the various parts of the fitting are machined wth high
preci si on and agapellnd filthe ubdd8% 'onk qiktter AQA) th Ve (15 irchi tubingatheRe s
difficult to Kkeep track OF t he nunber” of rotations and fractions thereof
to pul | -up thgufiiditi Detativestitidn dFshetdd of duabtir s phRigerd HigrAldTR@TH) an
area with limte | earance for the 15 wench, thuS necessitating a nunber

d
of separate nggm%ﬁg%nﬁ%%&%ﬁ&?ﬁug e conplete rotation. A successful

and commonly used solutio veri fyirng proper pull-up is a NO GO gauge as

descri bed in Uni tegp§&ﬂ%€% °.?2‘I’§§Jﬁr°|p$wéﬁgr uﬁ-fuﬁ%%té&%asts&nllﬂ?@%ntmealb a t he

entire disclosure ch rporated herein by reference. This

Qoupl i ng body inbgs ey el AL e AR oRl et K RIBHBRCRIRE) | e
t di ion. Th nbl i Sty | .1s the required relative

ot a1 on bot weRiPPRC SERRRTE B cotrRiisy i, 88 S NEE aleCpSper

et e P oSbed I8, B0 D e, OSBRSS P e "

d i bed ab ti t ' xcel.l ent. . conmercj al,, succ nd use,

thore are appNHEIPLRE TR Ao FERtsEiEr ioe g FORtRan ! DU S Ee SHOEHtni ence.

O particular interest_is the need for a t hat dpes t ) '
P keep track of the num%er o? rotat?ons anga#a%gons t%ereo to plﬂﬁup the fitting.

Many times the fitting is being installed in an area with limited clearance for the
15 wrench, thus necessitating a number of separate wrenching operations for one
complete rotation.
A successful and commonly used solution to verifying proper pull-up is a NO-
GO gauge as described in United States Patent Number 3,287,813 to Lennon et al.,,
the entire disclosure of which is fully incorporated herein by reference. This gauge
20  effectively verifies that the gap or relative spacing between the coupling body flange
and the forward end of the coupling nut is of the correct dimension. The assembler
first imparts the required relative rotation between the coupling nut and body. If the
gauge cannot fit between the body and the coupling nut, the assembler knows that the
nut has at least been properly pulled-up.
25 Although the gauging tool described above continues to enjoy excellent
commercial success and use, there are applications where the use of the gauge may be

an inconvenience. Of particular interest is the need for a gauge that does not



WO 01/ 20214 PCTI US00124900 4 5 necessarily require a separate gauge tool,
but rat her @hﬁzgg intrinsically part of the fitting. Addltlonally t he
NO- GO gauge 4 principally for initial pull-up of t h&CT SP%H’@
assenbly. In sonme cases, a coupling nay be disassenbl ed by unthreadi ng the
coupling nut fromthe body for repair or replacenent of the device joined
to the tube 10 end. During renake of the fitting, typically the relative
rotation between the coupling nut and bogly requires fractionally nore
turns than is required for initial pull-up, or in other words the axial
di spl acenmen$ ofeckdiarilgqequlireaGsepathte tzaigrrtas], bilt eathaphldrng ibiyically pastl drais | y
greater each pull-up conpared to the previous pull-up operation. A
manuf act urer ngpnget erm ne a reconmended nunber of renakes or axial 15

di spl acenent of the coupling nut with respect to the coupling body based on

a predeternined anpadiforlly,alé NO-GDSERLAE RNRE pRENHING i Britia iphilap cpld - UP

position. The design factors taken into consideration nmay include the

pressure and t{ERSLALMES. Ih Sirhd&Res Q'&oﬁﬂlﬁg frdal tok masstememy%th?éaamg%d in
the tubing and thé fitting conponents and so on. 20 The actual number of

remakes 291 Veihubiig il GoRPHE Bl fof Ao O A0erA o devioE thlch v sRGREP! 201 €

performance characteristics m ignificantl I gher t recomrended

posi 1 om, Wt e EARRE p o e SRS BPRAN, BENlare Tuai Rty e oui e

nurber of 11 mih dd DRy AEREED havlghé‘%‘v‘g%%?ﬂ% i i i

the hand gaugd T SNblEE Bl B ARSI Db iR LA {R&%h‘ie‘”%m%"is o nee

PCT/ U300/ 24900shghtly greater each pull-up compared to the previous pull-up operation. A
manufacturer may determine a recommended number of remakes or axial

15  displacement of the coupling nut with respect to the coupling body based on a
predetermined amount or axial displacement beyond the initial pull-up position. The
design factors taken into consideration may include the pressure and temperature
ratings for the fitting, the materials used in the tubing and the fitting components and
50 on.

20 The actual number of remakes a given fitting assembly can undergo and still
exhibit acceptable performance characteristics may be significantly higher than a
recommended distance of additional axial displacement past the initial pull-up
position, but it may still be desirable in some cases to be able to provide an indication
to the assembler that the fitting assembly has been remade a number of times so as to

25  have advanced the coupling nut and body together a predetermined axial displacement

beyond initial pull-up. Since the hand gauge discussed above necessarily has a fixed



5 5 axial dinension, it is not useful for verifying additional axial

di spl acenent for renmade fittings. It is therefore an objective of the
present i nv¥R4BRI¢o provi de apparatus and nethod for ve®CEAESHRPMMOOper
pull -up of a ferrule-type tube fitting for initial pull-up. It is another
objective to provide apparatus and nethod that verifies proper initial pul
10 up and al so can be used to provide an indication that the fitting has
been remade a nunber of times so as to iydicate a predetermnm ned axia

di spl acenent of the coupling nut relative to the coupling body. Sunmary of

the Invention 1 E&%Tgﬁﬁ,qm 'nbmﬁlm%ﬁ%gg agﬁ@g%ﬁngu AGfsteRBAt O Afade

obj ectives, an accordance wth nt of the invention, an
intrinsic gaugﬁtﬂg device includes a precisely formed and positioned
mar ki ng on t he co%bling body that is visually perceptible when the

coupling is in a filpggﬁ?r%{o?ﬁh%ng&ﬁgégﬁ%%? the gsehthﬁgenitfgfl ﬁfcg ér_%&rgdg apﬁe[r%t\% ?l!gfl ly

i npercepti bl e when een propertTy pu erred
form the marki is realized as reci sio roove.or r.ec chined into
a surface 20 JPHRLRESERMIES BSER-b el 4 bl RaibE atthe i THEP P Urar 4
percepti bl e such by. r.ougheni. or knurling t surface, or .cqloring the
e face. for cadniies objsshve Hoe mrera e mithog o RO GSoReE iR PRlledt o
count or remenber the nunber of relgtive . rotations and fractional

otati ons. [tk 4 45 PRSI Ve GricDoRge o hos bEs i oaderte
mar ki ng corresponds {o a predeterm ned axi al displacenment of_ the coupling
nut 25 rel at iRpEbERpo BracHA ¢ H’&“’B@cﬁPIF‘Eﬁter{nFﬂcfliaé‘Ial ﬂiﬁﬂli‘cﬁﬁlﬁ‘.‘t ofie ¢avpURE | on
further contenpl ates the nmethods enbodied in the use of such an intrinsic
gaugi ng devi celut gdatiygfq thg goyphing hedsher enbodi ment, a method for gaugi ng WO

01/ 20214 PCT/ US00/ 24900
Summary of the Invention

To the accomplishment of the aforementioned and other objectives, and in
15  accordance with one embodiment of the invention, an intrinsic gauging device
includes a precisely formed and positioned marking on the coupling body that is
visually perceptible when the coupling is in a finger tight position, and that is covered
or visually imperceptible when the fitting has been properly pulled-up. In a preferred
form, the marking is realized as a precision groove or recess machined into a surface
20  of the coupling body. The groove can be made more visually perceptible such as by
roughening or knurling the surface, or coloring the surface, for example. Use of the
intrinsic gauge thus avoids the need to count or remember the number of relative
rotations and fractional rotations imparted to the coﬁpling nut and body. The position
of the marking corresponds to a predetermined axial displacement of the coupling nut

25  relative to the coupling body for initial pull-up.
The invention further contemplates the methods embodied in the use of such

an intrinsic gauging device, as well as in another embodiment, a method for gauging



6 5 proper pull-up of a coupling nut on a coupling body in a ferrule type

fitting, od including the steps of positioning I sual
perceptlblgﬁﬂgpgkﬂg on the coupling body; formng the né?%ﬂ%@3%?¥h an
axial length that corresponds to a predeterm ned axial displacenment of the

coupling nut relative to the coupling body;, assenbling the fitting to a
finger tight condition; and tightening the coupling nut onto 10 the
coupling body until the marking is just Isi dden fromview by the nut. In .
accordance with another aspect of the invention, the marking may be forned
W th a predet gidpenpdll-ayioila couplings nonornadopplingi twdy \in lacfertle dypenfitting, theupl i ng
body so that upon proper initial pull-up the coupling nut aligns with a

| eadi ng edge Ghethddhincliinli e ;steps bf Yjpsikioing racvisdatly nperptitie dhdrking ain i al

di spl acenent of the coupling 15 nut relative to the coupling body during
subsequent r erglging ﬁdmz fotiningC heeharkidgewithainkixid) lehigthlthg nrespohdsatd aai | i ng
edge of the marking. The present invention also contenplates apparatus and

met hods for vepidedehiitled bt digtlacRibht-dffhe8hplifhkareRE%d fol the Soudin@bedy; di ng a
device install'ed on the fitting or fornmed integral therewith that changes

shape or is alags%ﬁ,%ﬂng fhe FitthgSH | Ange b e SkitiBhSand ﬁl’i@ﬂmg‘/ﬂﬁcrboﬁplﬁigtﬂut Bisto has

been initially puI ed-up. I'n another aspect of t I nvention, a device is

rovi ded tfat | t I t
provi ded. tpat iy ahgh ot Splind SRl AR 1idch B8l i blned |- up position

i Spllacenent of the nut upon renmakes of the fitting

wherein the dew Cth bScofddh &eﬁhﬁtﬁdan%ef *aspeéﬂ b uﬁgmoenut)ermedmmfng%@ be

therewith and changes shape or altered in a visually perceptible way

wnen a f11t! ngbag. ﬁfyg}eﬁétgﬁrﬂﬁ%dy |dirfichistoR aﬁ@gﬁ%égggaa% Gikn8 orfing LIS

addi ti onal axi a enent o e nut onto Inatt urt her

aspect -of "t ne Ry & thilbon Bropb: il {amlaﬁ,nﬁggs&?ﬁggnm@m 21888k bed oo the

t ubi ng to pI’OVI e a Vi I on~t nut as peen | ed to
the initial 'ﬁxel marg.ing; and upon a predetermined additional axial displacement of the coupling

15 nut relative to the coupling body during subsequent remakes, the nut covers the
marking or aligns with a trailing edge of the marking.

The present invention also contemplates apparatus and methods for verifying
initial pull-up and remake positions by providing a device installed on the fitting or
formed integral therewith that changes shape or is altered in a visually perceptible

20  way when a fitting has been initially pulled-up. In another aspect of the invention, a
device is provided that provides visual indication of the initial pull-up position and
additional axial displacement of the nut upon remakes of the fitting wherein the
device is installed on the fitting or formed integral therewith and changes shape or is
altered in a visnally perceptible way when a fitting has been initially pulled-up and

25 remade so as to cause additional axial displacement of the nut onto the body. In a
furt.her- aspect of the invention, a visually perceptible marking is applied to the tubing

to provide a visual indication that the nut has been installed to the initial pull-up




WO 01120214 PGI/ US00/ 24900 7 5 position and to a position that is axially
advanced a predeterm ned axial displacenent beyond the iplti |1 -up
posi tion. W2%Ad ot her aspects and advantages of the &i"éﬂ*”‘? vention
will be apparent to anyone skilled in the art fromthe foll ow ng
description of the preferred enbodinents in view of the acconpanying
drawi ngs. 10 Brief Description of the Drawi ngs The i nvention nay take
physical formin certain parts and arrangenents of parts, preferred
enbodi nents and a nethod of which will be described in detail in this
speci fi catison pgglgm; hiaus tarpRkiEien that ishAgiaBy edvaped\ prefetknaivied gsialdispldceentm a
part hereof, 15 and wherein: Fig. 1 is a ferrule-type fitting that
i'ncor por at es %@ygﬂattﬁéﬂﬁjappﬂpﬁigﬁostmture in accordance with the invention,
the fitting being shown in | ongitudinal cross-section in a finger tight
position; Fig. 2 i [P N Fahd -advantdpeVas ithe PreBén® Afvenfion [will-bep
condition; and 20 Ehgg.ge%&di {)t%lﬁﬂgtgsrpg%tsesahgr?dal ternati vegenbodi ment in which a

marking is in ﬁ.%g erit 3 tqhyog.a ﬁﬁngﬁ&rﬁ&g aROdrh b foﬁwingﬂdeédﬂbﬂ&i 6P preféired

alternative e Iment 1 a ralised portion defines |eading and
trailing edges; .Fi o UleWsde K aRdiddiat is spaced fromthe body
threads; 25 Iﬁmé’.oh%wflglﬂlljgi[rat ggetagéonlgpr ng 1Flnlt e formof two raised
portions; _Fig. 7 illustrates a raised marking that is in the formof a
step; WO o 20214 PCT/ US00/ 24900

Brief Description of the Drawings

The invention may take physical form in certain parts and arrangements of
parts, preferred embodiments and a method of which will be described in detail in this
specification and illustrated in the accompanying drawings which form a part hereof,

15  and wherein:

Fig. 1 is a ferrule-type fitting that incorporates an intrinsic gauge feature in
accordance with the invention, the fitting being shown in longitudinal cross-section in
a finger tight position;

Fig. 2 is the fitting of Fig. 1 shown in a proper pulled-up condition; and

20 Fig. 3 illustrates an alternative embodiment in which a marking is in the form
of a raised portion;

Fig. 4 illustrates an alternative embodiment in which a raised portion defines
leading and trailing edges;

Fig. 5 illustrates a marking that is spaced from the body threads;

25 Fig. 6 illustrates a marking in the form of two raised portions;

Fig. 7 illustrates a raised marking that is in the form of a step;



8 5 Fig. 8illustrates a marking that is a cylindrical portion axially

adj acent a body neck; Fig. 9 illustrates a marking forned as a
tapered portion of the body neck:; Fig. 10 illustrates usBCHPSWR#Eds as a
marking; Figs 11A-H illustrate various marking groove profiles; 10 Fig. 12
illustrates a marking in the formof a band; Fig. 13 illustrates a marking
inthe formof a band that has a raised |ip or edge; Fig. 14 illustrates a
marking in the formof a band having two gaised portions; Fig. 15
illustrates a marking in the formof two portions that overlap in a

predet er m rled manndig. & 8lusirges 4 Gndrkihg shat d§ @Scyindfvak béxlioh Axfallg afifabant Gf

over |l apping bands in which a larger dianeter band slides over the other;
Fig. 17 ill usttapereibodhaedkse of a vi ewi ng wi ndow to observe the marking;

Fig. 18 illustrates a band that changes shape as a visual indication

marking; Figs. 19Figl9Aihitted 9BaikligolnicdlR afapdRel pbAidn oPthk BEay Mk Of
collapsible tabs; 20 Fig. 20 illustrates an alternative enbodi nent that

uses a nodified nufig, 1FilEStrateslusboRthtdabidiita B4Ringn enbodi ment that uses a
col I apsi bl e ring; I—gl g. 22 illustrates a ring that uses collapsible tab

extensions; Figs 28psand-iRstrdtt Vaidudhir @ggqg gt in which the marking
is formed on the tusi ng; 258Fig. 24 1l lus ate? a marking tool for the

embodi nentjgof Fi g. Fg312 ﬁu%tes%%gﬁéﬁ%%ggﬁ%r&%ﬁéenbodi ments that use

rotational position i ndicators; OQ' 24900 9
Fig. 13 illustrates a marking in the form of a band that has a raised lip or edge;

Fig. 14 illustrates a marking in the form of a band having two raised portions;
Fig. 15 illustrates a marking in the form of two portions that overlap in a
predetermined manner;
15 Fig. 16 illustrates a marking in the form of overlapping bands in which a
larger diameter band slides over the other;
Fig. 17 illustrates the use of a viewing window to observe the marking;
Fig. 18 illustrates a band that changes shape as a visual indication marking;
Figs. 19, 19A and 19B illustrate a marking in the form of collapsible tabs;
20 Fig. 20 illustrates an alternative embodiment that uses a modified nut;
Figs. 21 A-D illustrate an embodiment that uses a collapsible ring;
Fig. 22 illustrates a ring that uses collapsible tab extensions;
Figs 23A and 23B illustrate an embodiment in which the marking is formed on
the tubing; -
25 Fig. 24 illustrates a marking tool for the embodiment of Fig. 23;

Figs. 25 and 26 illustrate embodiments that use rotational position indicators;




5 Figs. 27 and 28 illustrate use of the invention with a traditional T
style fittin body; and Fig. 29 illustrates another enbogj tng | aser
et chi ng. ﬂEEQV?ﬁﬁyEEscription of the Preferred Enbodinenﬁgﬂﬁgkﬁyﬁh
reference to Fig. 1, the invention will be described herein in an

exenpl ary manner as being incorporated into a standard two ferrule style
tube fitting assenbly. However, this description is intended to be
exenplary in nature to explain and illustrate the concepts and advant ages
of the present invention, and therefore should not be construed in a
liniting sense. PeFReIrEy @il 28ulastatedise af the siviehtion with héraditional T siyle fittingadi | y
under stand and appreciate that the invention can be put to practice in a

wi de variety @hdf;uhe fittings and couplings that are relatively rotated to
make up the assenbly. For exanple, and not for purposes of limtation, the

present invention egN29 AREYA A6MhEYenitRdisaduding Rss etelging. ferrul e tube
fitting or wiwth any two part coupling in which proper assenbly is
determned in part by relative rotation between two 20 threaded parts. The
standard fitting assenbly 10 includes a coupling body 12 and a coupling

nut 14. The coupling body péaiitFbesdBption bf the Préfefted Eniiv@imedds €xt ernal |y
threaded as at 18. The coupling nut 1S internally threaded as at 20 and

the nut 14 .can be QAg| lYferehdSIAFEL, Olle! MGertiBH PlillNGe RRGibEE H¥Yeih Ghadn ve
rotation ﬁgtmeen tﬁ@ﬁth?€12 and §hé nﬁt125 14. Theetern1"relative"

rotation is ”%ﬁgﬁ%{yﬁm‘“@#m ﬁwgggt}ﬁg@gﬁo b ¥Rh&R tis Bl yle mb@qgﬁ%' e for

the fitting 1 ves restrainin ody 12 against rotation
T e b el bR Seh i R
contenpl ated that,the badYd@nkOMlitdifai et Arafle Wb BHnHoN%nd therefore
should not be construed in a limiting sense. Persons of mere ordinary skill in the art
15  will readily understand and appreciate that the invention can be put to practice in a
wide variety of tube fittings and couplings that are relatively rotated to make up the
assembly. For example, and not for purposes of limitation, the present invention can
conveniently be used in a single ferrule tube fitting or with any two part coupling in
which proper assembly is determined in part by relative rotation between two
20 threaded parts.
The standard fitting assembly 10 includes a coupling body 12 and a coupling
nut 14. The coupling body 12 includes a first end 16 that is externally threaded as at
18. The coupling nut is internally threaded as at 20 and the nut 14 can be easily
installed on the coupling body 12 by relative rotation between the body 12 and the nut
25 14. The term “relative” rotation is used herein because although a typical assembly
procedure for the fitting 10 involves restraining the body 12 against rotation and

turning the nut 14 with a wrench, such a procedure is not required to practice the



the nut 14 stationary, or alternatively, rotational novenment could be
applied to t e nut and body to rotate themin opposite directions at
the same tiﬁg’o?%my;ke up the fitting 10. The body and nutCHY00R4M cally
provi ded with hex shaped portions 22, 24 respectively to assist in the use
of a wench or other tool to inpart the relative 10 rotation. The threaded
end 16 of the body 12 has a central bore or passageway 26 that extends

| ongitudinally all the way through the coupling body 12. This bore 26 is
formed with a tapered caroming nouth 28 at the forward end of the coupling

body 12. The cpreghi ingentionly It i¥ contehplated thatthe Beusr 12sda0Mdl siabiaid vtilehoRisnga
counterbore that is 15 axially spaced fromthe camm ng nouth 28. The

fitting assenbl the hit fustitiRary] Bcilied@sively,froRtibnal Blovethént 35uld e applicdab bbay rul e’
34. The front ferrule 32 has a tapered nose portion 36 that engages the

tapered car on fgnifikd BodiBo @btatciBent RdPpbi@ dROGHHnd & thelRgheltintd Vo ke hphe 32

also is forned with a tapered caromng nouth 38 at the back end thereof.

The rear ferrul §idd10.NThe/BRE add 2 &enﬁﬁ@a@iy%mewmmlﬁ sﬂ&eﬁ%ﬁﬁioﬁ@gﬁgtgslg he

tapered canm ng nouth 38 of 'the front™ ferrule 32. Al of the fittin

conponents are Iegmwe%ﬁ,! hedisP ¥R ilePtleCoff 4 mncﬁ\w&%e?l&ocﬂg@?@% 0 rQlkive NI ©-

The fitting assenbly is illustrated in Fig. 1 1nt I'nger t1ght
position" of, FRIRugs the fitting would typically be received fromthe
manuf acturer. The drawing 25 also illustrates the fitting 10 after a tube

end A has been i nse%g%ggayﬁ?eﬁ?ﬁzg{%gigg%n%aﬁidgﬁ althFe &%P%g%ygﬁormﬁnents

12, 14 are only finger tig easily Is he

(101109 assenmblochds Whbinladl§ uRE wR) bl of BB 343§ 12" Bilis 3BRUTR™ VO
formed with a tapered camming mouth 28 at the forward end of the coupling body 12.
The coupling body 12 includes an inner shoulder 30 such as a counterbore that is
15  axially spaced from the camming mouth 28.
The fitting assembly 10 further includes a front ferrule 32 and a rear ferrule
34. The front ferrule 32 has a tapered nose portion 36 that engages the tapered
camming mouth 28 of the coupling body 12. The front ferrule 32 also is formed with
a tapered camming mouth 38 at the back end thereof. The rear ferrule 34 includes a
20 tapered nose portion 40 that engages the tapered camming mouth 38 of the front
ferrule 32.  All of the fitting 10 components are commercially available from
Swagelok Company, Solon, Ohio.
The fitting assembly 10 is illustrated in Fig. 1 in the “finger tight position” or
FTP as the fitting would typically be received from the manufacturer. The drawing
25  also illustrates the fitting 10 after a tube end A has been inserted into the fitting 10,

Since the coupling components 12, 14 are only finger tight, the tube end A easily

slides into the fitting assembly 10 until the tube end wall B abuts the inner shoulder




5 30 of the coupling body 12. The front and rear ferrules 32, 34 both have
generally cylindrical bores 32a and 34a respectively th ely
recei ved aBBLIVHE tubing outer wall C It is inportantq%gﬂﬁgwgkgﬁat t he
present invention is not limted to the ferrule geonetry illustrated in
the draw ngs. Many different ferrule configurations can be 10 used with
the present invention. The coupling nut 14 includes an inwardly extending
shoul der 42 that serves as a driving sunface that engages the back wall
34b of the rear ferrule 34. As the coupling nut 14 is tightened down onto
the coupling badyr the colphig bedy 14.eThel front3shdirsar feirileeB, f3drbudr Haviergeoeralie
camm ng nouth at the back end of the front ferrule 32 and a 15 sequenti al
gri ppi ng oper alindridabb&ies BAER Fus rekpsaivieliatati die tloselphoyieed shoat heaatingat ent s
to cause inward radial displacenent of the ferrules 32, 34 to swage them
into a strong ,alddltid tight grip on the tube wall C (see Fig. 2). The
rel ative axial displacenent of the coupling nut 14 onto the coupling body

12 is related to tggis;igiﬁgﬁént?{)] nGR MMt GhE pREGt idvaridnOis ot iktad to/Be Iferhaé i ons

between the 20 bo e nut 14.  The nut 14 is advanced far enough

refative to the hody ; i ing." NG L doRgMtidnb @ar 8 1 Ul es
32, 34 on the euglggyxéﬁ%u%.gdl cco‘&%?’ﬁ% 'yfmagly%pi cal assenbl%dgi nstrzcti on

woul d indicate the. . J and fractional turns to inpart, for
exanple, t @t h%segclglﬁtgl i ggsr?g{m‘%%hb\?ﬁ | e holding the coupling body 12

stationary. 25 As t %Bs,ggélﬁ X)[ug%%@ﬁggs J&ga&,{ﬁgl%j@m&g@%@&? 4985t vfag t he

fitting 10 conpone or que nee . itting 10 tends
| mpr overent s +RAEVPECURR B ETes8S 1 He Rt URloT Byt e i oSl 3t Trom

coupling nut 14 is tightened down onto the coupling body 12, the rear ferrule 34 is

=]

driven forward into the camming mouth at the back end of the front ferrule 32 and a
15  sequential gripping operation takes place as described in the above referenced patents
to cause inward radial displacement of the ferrules 32, 34 to swage them into a strong

and fluid tight grip on the tube wall C (see Fig. 2).
The relative axial displacement of the coupling nut 14 onto the coupling body
12 is related to the number of complete and fractional relative rotations between the
20  body 12 and the nut 14. The nut 14 is advanced far enough relative to the body 12 to
impart a strong gripping action by the ferrules 32, 34 on the tube wall C.
Accordingly, a typical assembly instruction would indicate the number of full and
fractional turns to impart, for example, to the coupling nut 14 while holding the

coupling body 12 stationary.

25 As technology advances in the materials and design of the fitting 10
components, the torque needed to make up the fitting 10 tends to decrease. For

example, this decrease in make-up torque can result from improvements that reduce



5 galling between the nut 14 and the rear ferrule 34. Watever the reason
may be, Qﬁ gg %prque makes it easier for an assenbler to inadvertently
advance t he"RM?2H  axial | y beyond the point sufficient fRFTVHPRM pul | -up
of the fitting 10. Over advancing the nut 14 relative to the body 12
beyond this point is typically accommbdated by the fitting design due to
the desirability in sone applications to permt renmakes. 10 However, such
over advancing of the nut 14 onto the bogy 12 during initial pull-up '
reduces the addi tional relative axial displacenent available for subsequent

remakes, C%}ulid’gblﬁtwd&ntthﬁ flut” PAbefhe bR fonat 1320 Whitevdp Qe RlasdremBi8e. | N
accordance with a feature of the invention, an intrinsic gauging device is

provi ded on t hedeed RirduddniR6 Yt chdier BY an | b S tCinSRREERE advancsith®hyt 1B ANt
that the 15 gauge device and/or function or nethodology is inherently

embodi ed in oraxm%ewna%etﬂnﬁrsufﬁeﬁmt} RfliaPPuRA o Rhe B 1@f oviSdbidctdsn9

conponents and therefore can be used wi thout any external or separate

gaugi ng tool . than&tharawe% iRhoBY 42 B@Iow gﬁ{jcfl {cqm( %Pfﬁnio'a& 4 B3 e gauge

is realized as a precisely p05|t|one e nar Ing on the

coupling body g, | Qsléﬂ“dﬁe%e gifab?l ol B%ﬂﬁl it th? %ﬂ%gm si on

20 machi ned groove or-recess int nec Mor e.

D e 2P0y, RO KE i LR ofORL bt RO Q%g@%rﬁ&%tqohg &erduﬁs smasgg,uﬁ.“d thread

54 of the roove as a YRd a

trailing edge.éﬂ&s &Q%d(?hgrﬁx%;égmlﬁ Kfsﬁlg(ge%!leét ?xﬁah@ﬁ?%xbéfﬁséﬁ en?l r&ﬁc%e”b' e

when the fitting s in as T usty ooveE 50 is

pref erably but eSSAl | nt e entlal 25 AIternatlver, for
exanpl e, the grocgl %ggu%@05§ﬁ %@%%’ ﬁﬂar% 5¥%k§ect|ons about the body

k 52. Virtuall t h d to the body 12
to form the markin ag% i e e R

perceptibl e e%goevi&/e\? on:ltﬁe2 qu%f‘mg Ecrciyuéq Oﬁyzr ZIE1%(21'(1-)1151clgaug1ng is simply meant that the

15  gauge device and/or function or methodology is inherently embodied in or assembled

to or installed on one or more of the fitting components and therefore can be used
without any external or separate gauging tool. In the preferred but not required form,
the intrinsic gauge is realized as a precisely positioned visually perceptible marking
on the coupling body 12. In this exemplary embodiment, the marking is a precision
20 machined groove or recess 50 formed in the coupling body neck 52. More preferably,
the groove 50 is positioned adjacent to or near the end thread 54 of the threaded body
12. The groove 50 has a leading edge 50a and a trailing edge 50b. The groove 50 is
visually perceptible to an assembler when the fitting is in the FTP as illustrated in Fig.
1. The groove 50 is preferably but again not necessarily circumferential.
25  Alternatively, for example, the groove 50 could be formed in arcuate sections about
the body neck 52. Virtually any geometric shape could be machined into the body 12

to form the marking 50 so long as it has a well defined and visunally perceptible edge




5 or edges or other suitable demarcation, as wll be apparent fromthe
followng djscussion. The axial position 56 of the tralllgﬂ %@%F Ob of

t he groove g@”?@“%fe0|sely machi ned so that when the fit& 6’ #Ms been
properly and initially pulled-up, as illustrated in Fig. 2, the coupling
nut forward end 14a substantially aligns with the 10 edge 50b and t he nut
14 substantially obstructs visual perception of the groove 50,

particularly froma lateral view ng angl esrelative to the |ongitudinal axis
X of the fitting 10. The precise |ocation and positioning of the trailing
edge 50b issusgdedsesr sREKALabR ddidtcatibg ASWHIBE Gpp&aR Mo theFolldveingi tti ng
10 by advancing the coupling nut 14 relative to t e coupllng body 12 to

t he proper |n|akakﬂgQS|t|on referred to herein as 15 the "predeterm ned
initial pull-up”. This predeternmned initial pull-up condition corresponds
to a predet erm ned 4 4idl poditivR!seRATHE ﬁanngédgehﬁ)bwmé@rdoeé géwﬁre&l@ely he

body 12 for initial puII-up to swage the Terrules 32, 34 onto

wal | C. To aidyj, ﬁ,el 250 m SHitn BR dﬁt‘ﬁﬂ%'l@’ixa? gf‘mg{/ B éﬁlaﬁggem A%

assenbly is in't -up con can col ored as by

applying a pai fify tefﬁgos%geb@ﬁl g%fg;égbrgts&dlﬁﬁ saﬁst%hg@ﬁm hohs REECAR! T DI €

surface, such as roo exa esi ve

SUrip wih g Syl abhe Gohoh, g&;@nur}aﬁg%ﬂsﬁd@ tﬂa.agggreﬁoﬁ%fgét#&ge ther

t he groove sur cou or o Sher v ange xture or

he h F I
gt e b e MR AR by 000
f i . d d ld b f t k 52,
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marker

so that the assembler can pull-up the fitting 10 by advancing the coupling nut
14 relative to the coupling body 12 to the proper initial position, referred to herein as

15 the “predetermined initial pull-up”. This predetermined initial pull-up condition
corresponds to a predetermined initial axial position of the mut 14 relative to the body
12 for initial pull-up to swage the ferrules 32, 34 onto the tube wall C. To aid in the
visual perception of the groove 50 before the assembly is in the pulled-up condition,
the groove 50 can be colored as by applying a paint or other coloring material to the

20  visually perceptible surface, such as the bottom groove surface 58. For example, an
adhesive strip with a suitable color can be placed in the groove 50. Still further, the
groove surface 58 could be knurled or otherwise changed in texture or appearance to
be easily seen to the human eye. Further still, a snap ring may be installed into the
groove 50.

25 Still as another alternative to forming a groove 50, a machined band could be
formed in or on the neck 52, such as again by knurling, stippling, roughening and so

forth.



5 For the initial pull-up gauging aspect of the invention, the use of a

groove i | sual perception of the edge 50b. Those skilled in the
art wll reag?"?@uﬂ%ppreci ate that the marking 50 may be r¥H/VSIR2490, t he

formof any suitable edge, Iine or other denarcation either raised or
recessed in the coupling body 12 or applied to the coupling body 12 and
that is visually perceptible during pull-up to indicate to the 10 assenbl er
that the predetermined initial pull-up pasition has been reached and
therefore further advancing of the nut 14 is no longer required. O course,
the assenbfer can Erithd initei pukdup lpauging aspéctpafSthe invefitionp Biet iserof dptooven any
case the intrinsic gauge has provided the indication that the nut 14 has
been pul | ed upinipowet visaalSgerdeption bithel dlige [50b.| -ThasdP8sTiddi @Nthe bRt Wil RBdily

exenpl ary assenbly procedure and nmethod for intrinsic gauging, the

assenbl er i nstapplesiatd thatttiomakiig 5 iy Be foalzeliih the'Tohm bSinyGuftabié EdbehRy Ot her
suitable tool the coupling body 12 is held stationary and the coupling nut

14 rotated untdrdothidd emamitioneith&Oraiséd bt/fekessedOidShe bl bEBM Vb LiELH,
enbodi nents that use a sinpler denmarcation for thgﬁ%%rﬁﬁﬁ% 50, fheonut 14

is rotated unttht chipEn@BeR 1M4md What i asiau} p&@eﬁﬂﬁﬁ%ﬁﬂ% bﬁ‘l'l-h?f tdaftas Wich the

mar ki ng 50. Therefore, with the present invention there "is no need to

count or KRep dséefbierOthat (R %ﬂ@é‘rﬁliﬁd ﬁﬁm?lpﬁﬁlgup'a:‘g(%itg . afis poa! 15t et dn4®

rotations between the body and the nut 14. ttings 1 at wll be

made and rema ' |sel L al
posi tioned soqﬁtﬁg‘%@ﬂiﬁﬁg%ﬁﬁgf %ﬁﬁg ?dgg lcg%gr vmqﬁlﬁéd;e ng‘?‘él‘s?ylh%%

spaced from t hgefipispand s@n %ti‘té%eoﬁuttlh?j?#@nﬁéb%ﬁitigﬁenult %gx#){?%agg ;ﬁ%einﬁﬁng‘ici S

positi oned such that when the proper as ‘been e e forward

end 14a of the,pdp,l i’ﬁ‘gﬁdgﬂé fn\ﬁictaaoﬁ 6 b8 PAnSARED %gﬁléd tlt:[)Ju ld H9empfpzeauent

remakes, the nut 14
initial pull-up position.

15 As an exemplary assembly procedure and method for intrinsic gauging, the
assembler installs the tube end A into the fitting. Using a wrench or other suitable
tool the coupling body 12 is held stationary and the coupling nut 14 rotated until the

~ marking 50 is just obstructed from view. For embodiments that use a simpler
demarcation for the marking 50, the nut 14 is rotated until the edge 14a of the nut

20  substantially aligns with the marking 50. Therefore, with the present invention there
is no need to count or keep track of the number of complete and fractional relative
rotations between the body 12 and the nut 14.

For fittings 10 that will be made and remade, the leading edge 50a can also be
precisely axially positioned so that in the FTP the leading edge 50a will be axially

25  spaced from the forward end 14a of the nut 14. The leading edge 50a is positioned
such that when the proper pull-up has been effected, the forward end 14a of the nut 14

aligns with the leading edge 50a. During subsequent remakes, the nut 14 axially




WO 01/ 20214 PCT/ US00/ 24900 15 5 advances a little further each tine to
achi eve proper pull up. After a predeterm ned nunber of remakes the
forward endWQa4u202f4 t he nut 14 aligns with the trailing edper/6sio24%wé the

mar ki ng 50, thereby substantially covering the marking 50, and the

assenbl er knows that the fitting 10 has been renade to the point where the
coupling nut 14 has been axially advanced a predeterm ned anount relative
to the coupling body 12 past 10 the ini tilgl pul | -up condition. The axi al

| ength between the | eading and trailing edges 50a, 50b of the marking 50
can be determ ned from.design anal.ysis_and enpirical data _so that. {he
mar ki ng 50 ec%%%nsce%g\%% e g?/r etafr}%amr%tm i (o tp@?p eﬁpﬁgu 'e%tﬁo 2 éerﬁiﬁﬁgggmf‘ﬂat
corresponds to _a,predeternm ned adyan of. .t he lin ut 14 relative to
Che Cobupl + no BENEF SOSBER A PRy PR BB Mot Hits Ml wilihd €50 on.

Al t hough the 1 reci.se distance Y can be detern ned a chined jnto the
body 13 i 1 ¢ et Brbmeri S HeEehy b EALY FovERRS 1 OHG DR e agblet
necessarily required to practice the presen invention. Thj s is _because in
sone appl i cat i R¥sthat Fhfytﬁﬂﬁ’ﬂ }Obfghﬁgq{ﬁmaéatq%e geipbwhere thecoupling 16 hag i on of
the desired additional axial displacenment beyond the initial g&ul | - uP

posi tion. 20 RGPS advgncedagpredstemined aueupticplativesty the roupling peds Kopas

machi ned based on the machining profile of the body 12 so that the marking
provi des al’ acheinitial raliyp cprditiem e axial drngthybepyeqes &t lepding anditrailing ¢dges
determ ning proper pull-up of the fitting 10. Wth reference to the

remai ni ng fi guites>Obgd theimarking 3P sambedetaramed fomgiesiga aeglysis andisowitipehdata of t he
invention. These variations are intended to be exenplary in 25 nature and
shoul d not be sedhaithamarking 59 bepomesicaveredbishe aut t4oafieh e numbgreof gémakise that
invention. Were like parts are used for the fitting 10, such as the body,
nut and f er r ulessrespondse toA® PredaminedPadvand800) theo@@pling nut 14 relative to the

coupling body 12 beyond the predetermined initial pull-up position. Although the

15  precise distance Y can be determined and machined into the body 12 if required,
precise location of the trailing edge is not necessarily required to practice the present
invention. This is because in some applications it may only be required to give a
close approximation of the desired additional axial displacement beyond the initial
pull-up position.

20 Regardless of its form, the marking SO can be precisely machined based on the
machining profile of the body 12 so that the marking provides an accurate and
permanent visually perceptible indicia for determining proper pull-up of the fitting 10.

With reference to the remaining figurcs, we illustrate a variety of different
embodiments of the invention. These variations are intended to be exemplary in

25  nature and should not be construed in a limiting sense as to the scope of the invention.

Where like parts are used for the fitting 10, such as the body, nut and ferrules, like



16 5 reference nuneral s are used for the corresponding parts described

her ei nabove with respect to the embodinent of Figs. 1 and 2. In Fig

then, the n¥P¥2B1%0 is realized in the formof a raised Wﬁ“?fh"%‘bo of

the neck 52 on the body 12. The raised portion 100 may be col ored or
otherwise treated to be visually perceptible to the fitting assenbler. The
rai sed portion 100 10 defines an edge 102. The nut 14 (omtted in Fig. 3)
is installed onto the body 112 wuntil thggnut back end 14a covers the

rai sed portion 100. In this condition the nut 14 wll at |east be allgned

with or cover (hfeRdGBmaR ard Bicd BEGR cdRespbitiily fa1s'REPBE BertBabdvbavithesi red
initial pull-up position of the nut, in a manner simlar to the trailing

edge 56 in Figg eltto'tﬁbéﬁh&dmi%ntéﬂ‘ﬁgsf Qiaage portion 100 is forned adjacent
t he back end of the 15 body threads 18; however, the precise position of

the marking 50 will lﬁ‘g g%éﬁ”ﬁb%ﬁnf%w@@a‘ﬁ?eﬁh%ﬁe thirh bf EhiRE poYiSN 1G0/SH Y

descri bed herei nabove I'n the enbodi nent of Fig. 4, the rai sed portion 100
defines a |ea d12th?h A884 18ioh S 08 Iemeeggemwetlve to
t he | eadi ng eg%ggﬁgﬁgf%%%% adi ng eége %E%Ps po§? oned so as '

correspond 1o o, Jin! e%s%ﬁyg,@fc il 18R Leanblgmbdﬂ@gﬂr_ cal [0 ede

102 is positio use ate to t assenbl er subsequent

e o i "adenéd itk iBo. 1 aI qﬂrhg&ﬁm@éw}gys)ag Es[ﬁgaioato%@gsafﬁ@ ned

di stance " “fie nut 1 l1gns with

ng}aéreai LL:ﬁuﬁﬂﬂﬂﬁ& ?P?ckg ERal cerr%fsabso h°51?5‘5?%2’f5§‘5%5%ermne aeen
|
S aert ot LT st alified Y or Gy S e oz Pdd e RO et PorRGRAL B¢

arki ng 50 Y, b y3ed k8 ARdaLEch LR LAY o bl LBLiaPH b UR1RGhd' O

56 in Fig. 1. In Fig. 3, the raised portion 100 is formed adjacent the back end of the
15 body threads 18; however, the precise position of the marking 50 will be determined
for cach size fitting as previously described hereinabove.
In the embodiment of Fig. 4, the raised portion 100 defincs a leading edge 104
and the edge 102 is a trailing edge relative to the leading edge 104. The leading edge
104 is positioned so as to correspond to an initial proper pull-up position, and the
20 trailing edge 102 is positioned and used to indicate to the assembier during
subsequent remakes of the fitting that the nut has axially advanced a predetermined
distance “Y™ past the initial pull-up position. When the nut 14 aligns with the trailing
edge 102, the assembler knows that the fitting 10 has been remade the number of
times that corresponds to the predetermined axial distance of movement of the nut
25  past the initial pull-up position.
It is important to note that in the various embodiments herein, although a

marking 50 may be used to indicated the target initial pull-up position, precise




17 5 alignnent of the nut 14 with the marking is not required. The

assenbl er, nple, my go past the initial pull-up r ki ng,
ei ther int e‘%‘?%ﬁ%ﬁl y or inadvertently. Thus, the presentp(glzl\}gehg‘l&gt{nm
contenpl ates that the | eading edge of the narklng, in the exanple of Fig.
1 for exanple, provides a visual indication to the assenbler that if the
nut 14 is installed at least to that position, then the initial pull-up
posi tion has been 10 achi eved. Thereforei7the distance "Y' illustrated
herein is not necessarily limted to the distance between tw edges or
demar cati orss adlighfentSEtHeinaf1HWith theimaikin@is ndeequirgdt iThe aysemblay|for dxemple,
understood to be the distance of additional axial displacenent of the nut

14 during remakgpsd paanmiehsitibpulliupl poitibh mafking $ithdr Gntentidnellyrer inddvertentlyt i al
pul | - up position corresponds to precise alignnent of the nut 14 with the

target initialTimuthe prosst ilRftidn RhteRPlatds thal i lehdihd tdple ofte matRingOigithd ON
sonmewhat axially beyond the target position. Thus for exanple, in Fig. 4,

the axial | engéthgf 'i%lseﬁ‘(gmﬁ'ﬁ ﬂrbﬂﬂesmﬁsuaphﬁiéhﬁiﬁﬁo%é’ds%ﬂ?dlerlﬂm if@R¢ i on to
the assenbler that for initial pull-up the nut front end 14a should be

advanced at | %ﬁtmt@u-fsaﬁed Qtal%sp% ﬁlqgfosmﬂ thB theCiBitiafip@l- ﬁﬁpgﬁtlﬁgﬂﬁ%&g to a

position within the axial length of the portion 100. The trailing edge 102

of the 20 ppr ta O]Eﬁel?éf&ebﬁk ta&@dyaﬁgl@ua&e@ﬂaem @Hbtc,?efcés@m?ﬁma@d to

addi ti onal aX|a dISp acement stance eyond the target 1nitial pull-up

posi tion 56. Eﬂhgr O%m{c h%&\,géoh%ot Qd nX‘ﬁst Be ftﬁeﬁrﬂaﬁhﬁg%p%{ IR 100

axi ally space y thr sone sizes of fittings. In the

il AL %%%Sptiféelgtﬁﬂ@&@érﬁﬁd%%fo%g 6 K‘Q %ﬁsga%ne BRIl lzlxu%gxsﬁlja%%beﬂ 25

formed on the rst or g ralse por I's used

to indicate t |n| o r.al ortion
112 is used to° éét E“‘E%‘Ff‘ﬁg&sfﬁ Sd%ﬁ?l pPeﬁ’ElPeélgg?f%‘?}’ ethr?l} S?lﬁ’og shown)
has axially adﬁ/pa;po% %n%or\{'\é)spgr} s%(()) 12)1J'e€'1s q” U%(r)lto c/)tztﬁe m% 14 with the target initial pull-

15 up position 56 or to an initial pull-up position somewhat axially beyond the target

position. Thus, for example, in Fig. 4, the axial length of the raised portion 100
provides a visual indication to the assembler that for initial pull-up the nut front end
14a should be advanced at least to the leading edge 104, but could also be advanced to
a position within the axial length of the portion 100. The trailing edge 102 of the
20 portion 100 thus being used as a visual indication of an additional axial displacement
distance beyond the target initial pull-up position 56.
Fig. S is similar to Fig. 3 but with the raised portion 100 axially spaced from
the body threads 18 for some sizes of fittings.
In the embodiment of Fig. 6, the marking 50 two raised portions 110, 112 are
25 formed on the body neck 52. The first or leading raised portion 110 is used to
indicate the initial pull-up position, while the second raised portion 112 is used to

indicate during subsequent remakes that the nut (not shown) has axially advanced a



18 5 predeterm ned distance Y fromthe initial pull-up position 56. Note
that in Fig initial pull-up position corresponds to a trailing edge

6 .t he
11 Ca of thqulg?zg%a portion 110 so that the raised porti 8RT/V§e§24200

substantially covered when the nut is in the initial pull- up position; and
further that the additional pull-up position indication corresponds to a
trailing edge 112a of the second raised portion 112 so that the second

rai sed portion 10 112 is substantially copdered when the nut has advanced
axially a predetermned distance fromthe initial pull-up position. As

with all the eplhaeemiinddsdifitice Ynfror i@ initial plrhyspusita 86, ootd thst iRFHd. i6aRs 110,
112 can be treated with col or or roughening or otherwse to aid in the

vi sual per cept jr@tul gill-up osinidofespaiids th B taili@g @R 4B the Pfiselipbrtiod 116 &8

marking 50 is realized 1n a manner simlar to 15 Fig. 4 except that the

marking 50 is {yaf the¢aisd p%rtﬁilelﬂoiigﬁlbkt&nﬂaﬂ]?_ca\?&i‘d witenGhe hfi8s BOMY inidd puihe step
120 fornms a | eading edge 120a and a trailing edge 120b that are used for

the initial puly ﬁd&ﬁioﬂoﬁidtﬁxﬁﬁbrﬁﬁt Qi@‘h&if?oﬂapﬁ.gﬁﬁ’ﬂ ﬁosidg,ﬁ ifoict%Eigx?&lﬁ;-fegp&HE by

subsequent remakes of the fitting. . In e enbodi nen . 8 the neck

52 of the bodyyhfnd 4% BEme%thd Yaid pBltion 312 36 hat H&E‘sg&%‘&‘%aig&l a%;}?ﬁcﬁ{ s toa

cylindrical portion that Inthis e I's positione acent the
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formof the cyli ortion that 1's visually percep e nut
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In the embodiment of Fig. 7, the marking 50 is realized in a manner similar to
15  Fig. 4 except that the marking 50 is formed as a step 120 in the neck 52 of the body
12. The step 120 forms a leading edge 120a and a trailing edge 120b that are used for
the initial pull-up position 56 and to indicate the distance Y during subsequent
remakes of the fitting. .
In the embodiment of Fig. 8 the neck 52 of the body 12 is tapered axially as at
20 52a. The neck 52 tapers to a cylindrical portion 130 that in this embodiment is
positioned adjacent the back end of the body threads 18. The marking 50 is thus
realized in the form of the cylindrical portion 130 that is visually perceptible. The nut
is advanced onto the body 12 until the marking 50 is substantially covered by the nut,
thus indicating that the nut is in the initial pull-up position.
25 In the embodiment of Fig. 9, the neck 52 of the body 12 is tapered axially over

a predetermined portion 140 of the neck 52. The tapered portion 140 is axially

adjacent a groove 142 thus defining an edge 144 between the groove 142 and the




19 5 tapered portion 140. The edge 144 corresponds 'to the initial pull-up
position 56 so that the groove 142 is substantially covered by the nut 14
when the nowobd292tdeen installed to the initial pull-up pBEI/Y$BR4%E. The
axi al extent of the tapered portion 140 defines the distance Y for further
predeterm ned axi al displacenent of the nut 14 during subsequent renmakes
of the fitting, so that the tapered portion 140 is 10 substantially covered
by the nut when the nut has advanced the,gistance Y during subsequent
remakes. The marking 50 in this enbodi ment thus conprises the groove 142
and the tapered rti 0. j S eoh ; ds 18
of the bod 1§ap§f;2:§ pb’thog i %‘g [ yﬂen%gggﬁﬁigag%bﬁg?o %e’ﬁ%lglc?(‘ﬁgurfdﬁ%gg&g@he

t hreads 18 cor onds._t he_hniti 1k ] S

BT ER 7 bty Bt U9 o BuPRE b e Hef i

enbodi nent th 1S°r ized ormo end of the

threads 18. Fi.gs.., 11A-11FE.illuystrat.e vari Qus y
fornmed in the‘ﬁ%@kguﬁ egyulﬁgﬂﬁgavmﬁgnﬁ%aﬁ%gg%ﬂ%g%ﬁgggﬁggﬁﬂgﬁggﬁar ing 50
in the various, enbodi nent s t he i nvention herein.that use 0 . These
are intended t g%“é tgig%fﬂnﬁ?y fas ﬁﬁpﬁr@’"{é})@?"’flIaftﬂtr‘}fsggger?wztd%eegﬁé:ﬂi cul ar
groove shape is not critical to th ractice of th resent _inveption. In
particul ar, Fidyring subseaneyt (fempkss aféf’)eog-\cﬁé“gha??i gt éﬁe B?Heir Pe neﬁ@e."c’ Fig.
12 illustrates an enbodi nent. of the intrjnsi ayge ipyention t.uses a
band that 10s jsHbstantiplbyceeradnly thediut Sthep fe B‘Hﬁl?gfg‘gﬁn& é‘re "If‘ﬂ%ﬂ‘feéh ned
groove or raised portion of _the neck 52. The band 150 may be col ored or
ot herwi se vi subsequentremakess pEhegnarking»g 1p &his pbediment JAPsSOMPHsEs PHEOAR 14
(not shown) can easily extend over the band 150. The band 150 includes a
visual |y per cel$2iand tepapered ®grton 1¢Bat defines a leading and trailing edge

50a and 50b to correspond with the initial pull-up position W 01/20214
PCT/ US00/ 24900 In the embodiment of Fig. 10, the threads 18 of the body 12 are precisely

machined so that the back end 18a of the threads 18 corresponds to the initial pull-up
15 position 56. In this embodiment then, the marking 50 is realized in the form of the
end of the threads 18.

Figs. 11A-11F illustrate various groove shapes or geometry formed in the neck
52 of the body 12 that can be used for the marking 50 in the various embodiments of
the invention herein that use grooves. These are intended to be exemplary in nature to

20 illustrate that the particular groove shape is not critical to the practice of the present
invention. In particular, Fig. 11H illustrates a groove having an elliptical edge.

Fig. 12 illustrates an embodiment of the intrinsic gauge invention that uses a
band that is installed on the neck of the body 12 rather than a machined groove or
raised portion of the neck 52. The band 150 may be colored or otherwise visually

25  perceptible, and is thin enough so that the nut 14 (not shown) can easily extend over
the band 150. The band 150 includes a visually perceptible marking 50 that defines a

leading and trailing edge 50a and 50b to correspond with the initial pull-up position



20 5 56 and a redeterm ned axial distance Y of novenent of the nut during

subsequent W é€§. Fig. 13 illustrates another version of this concept in
whi ch t he bandH§ includes a raised lip 152 that defi neBCHHSWA#E0 154 t hat
corresponds to the initial pull- up position 56 of the nut 14. Fig. 14
illustrates another enbodi ment in which the band 150 includes first and
second rai sed portions 160, 162. These raised portions 10 160, 162 define
correspondi ng edges 160a and 162a that imngi cate the initial pull-up
position 56 and the predeterm ned axial distance Y during subsequent
renmakes, respe6iahd @lpyeder@hined 2ds didime Yef Abvenkat 6f Be nih@urHigShBdgeent’ can
correspond to the axial distance between the initial pull-up target

posi tion 56 aneenidkes. Figli 13 MasHated dndther WrGeH 8f HEEIncHRNSH toifh (e Mand Asdi 9- 12
or 162a in Fig. 14, for exanple) or can 15 correspond to axial distance

bet ween the acijéfilded Nidide@NipAYh kirat! BefRfe bl bdPR 1150 Bhad Uérrebflodds to fEiRAL J}uﬁ- on the
body 12 and the additional displacenent position. Fig. 15 1llustrates

ther enbodi : - 4 Olkig 11 N ‘
anot her enbodi g§ Bbsifén 5681 R4 OFig. 117 ﬁlmtr%hegéﬂ%&ﬁ%%fd}“?%‘? %a’#gﬁythelz_ The

cylindrical bo band or sleeve 200 Ts attac

body band 200 ﬁﬁiﬁ%%mﬁﬁ&e@g”_r& 4@ s@coﬂei%&éédﬁﬁr&zg 16036n! mee&gsgggym%se Lt

determ ned to 20 correspond to the tnitral” pull-up position

attached t A0 hdF 167 desd cobieling Bl agkd 1608 kit Tl bR BRS¢,
500 and has. a PoSkionodt, ahg e Bikabiindd iyt Biendl 9Bl Bhodglfy Aalee” "

b 204 25 aovieehiolf, At pERNBELUBRVAE Y gebitef oot oribgiba iR b 0an
That the nut 190 SRR ReSRn B8t fitbl B BAMen St B aRRRGRT el i ar
di mension of the .l ab 208 b9 B3 P2 G658 1 Fo L %8 Lample) or can

15  correspond to axial distance between the actual initial pull-up position the nut 14 is

turned to on the body 12 and the additional displacement position.

Fig. 15 illustrates another embodiment of the invention. In this example, a
generally cylindrical body band or sleeve 200 is attached to the fitting body 12. The
body band 200 extends axially to a position 202 that is precisely determined to

20  correspond to the initial pull-up position 56 of the nut 14 on the body 12. The fitting
nut 14 includes a nut tab 204 that is attached to the forward end of the nut 14a. The
nut tab 204 is formed with an outer diameter that is less than the inner diameter of the
body band 200 and has a rear end 204a. As the nut 14 is advanced onto the body
threads 18 by relative rotation between the nut 14 and the body 12, the nut tab 204

25  advances toward the body band 200. When the tab back end 204a aligns with the
forward end 202 of the body band 200, the assembler knows that the nut 14 is in the

initial pull-up position. Optionally, the axial dimension of the tab 204 can be




21 5 predetermined to correspond to the axial distance Y that the nut

advances dyri ubsequent remakes of the fitting 10. | I ernative
situation,“ﬁh@gﬁﬂg 14 is advanced during subsequent rengﬁé?h%W?#%)the
forward end 202 of the body band 200 covers the tab 204 or hits the
forward end 14a of the nut 14. In the enbodinment of Fig. 16, the nut tab
204" is dinensioned with an outer 10 dianeter that is greater than the
outer dianmeter of the body band 200. In this case, as the nut 14 is
advanced onto the body 14 threads, the tab 204" can slide over the body
band 200" . 4 nigredeteriel -t EoRSspohd & theSadidldigsice dy \Whuenhd het ddvlnce®4iuriag i gns
with the forward end 202" of the body band 200. In the enbodi ments of

Figs. 15 and l&pseylént hamalees 210he 4@fhg €N ThahivRAtemafive sitnati®i, ahe FUEN4 S
stainless steel for exanple. The bands can be attached to or machined from

the body 12. TiaQarted dindkiSsubiéuent Pénakesd intd xOfoRPardBd20286F tREbRB Ban@R0d he nut
14. In another enbodinent illustrated in Fig. 17, the marking 50 is

posi tioned on .JfbeaRqagyrdelordits tHeShtwatd'éndl 12h 8248 nidSr4. The marking 50 may be a

band or a machined surface, groove or other suitable marking that is

i ount oront | aly A ad EERESAArEDR 18 PRI S fobd SULARAT.F QML afvapir!y anc

circunferentially a I's exanple, a radi

vi ewi ng w O\lg%%)glgiﬂétﬁﬁﬁ% Grebflptlad h{e%&g afafircl0f tnd Boay OiRardeh. 1ithid hsd ST A | ed

onto the nu mar Ki n irst visible int

220. Thi s posthL gy QL %@%Bgégg&gf fs?xgth@ iszg}l%één?% t 1b 26 c%x?%ii&é'd&}t%g th-g%%d_\?)(i al

| ength of the nmarking 0 correspon

gth of the “farid g St be Sel'e .
Femnkes. of "t ne 0P OR ER petioh F indifedWiorole 208 P SRICRL

mar king 50 is no |on visible.in wi ndow 220, then WO 01/ 20214
PCT/ USOQ 24900 8 CE(F 502 o? h:e lbodybanEl 580

In the embodiments of Figs. 15 and 16, the bands 200, 200’ can be made of

15 metal such as stainless stee] for example. The bands can be attached to or machined
from the body 12. The nut tabs 204, 204’ can also be machined as part of the nut 14.

In another embodiment illustrated in Fig. 17, the marking 50 is positioned on

the body 12 adjacent the threads 18. The marking 50 may be a band or a machined

surface, groove or other suitable marking that is visually perceptible. Preferably the

20 marking 50 extends continuously and circumferentially about the body neck 52. In

this example, a radial viewing window 220 is provided through the nut 14. The nut

14 is installed onto the nut body 12 until the marking 50 is first visible in the window

220. This position corresponds to the initial pull-up position. The axial length of the

marking 50 can also be selected to correspond to a predetermined axial displacement

25 Y of the nut 14 during subsequent remakes of the fitting 10. When the nut 14

advances to a point where the marking 50 is no longer visible in the window 220, then



5 the assenbl er knows that the nut 14 has been axially advanced the
predeterm ned distance Y. In the enbodi nents described thus far, the
intrinsic gaug8¥% ealized in the formof a marking 50 HEESHYEYM® or nore
dermarcations that are initially visually perceptible and that becone
visual ly aligned or inperceptible at the initial pull-up 10 position or the
addi tional axial displacenent position. The general concepts of the

present invention can also be realized inalternative ways that incorporate,

additional features of the fitting 10. These alternative enbodinents are
al so referregl thehssepibleramows Miiat itheSng 1GREGibien RAGRY 8@vahbRYthe PredeRrmined

incorporated into the fitting assenbly 10 and used w thout the need for a

separate or extggfaade @augi ng tool. 15 Wth reference to Fig. 18 then, a
rai sed band 300 such as a netal stanmping is positioned on the body neck

52. The free end 302mGhe tiiBoddakiss d0@ribei thid #80hs fdifkdd gdufpe is Fanivard gnd 14a
of the nut 14 engages with the band 300 and di spl aces I't when the nut 14

has reached thegdii ¢fl Anaflitld 56/BaRRS bhé 8P ndfe ddhfcdRRS 3P Ar BMtiafll SRubfy Made
to break away when the nut 14 reaches the initral pull-up condition “or
when the nut 14 b dey; e ' t e

%‘9"89@% A8 Gt bl 01s@a§ilg]?aﬁ'ig.ﬁgl XinfHetobp «Ptﬁﬁﬁﬁr@ é@é‘%ﬁl itfup

di stance Y duri% equent renakes itting.

thi's oxampl £ " af it dr U Rl el By Wl B b 3B e SRR S, 1T,
25 ext endi ng.+ aegbB ertiicEF A pby Al ARG o Hclimolele Byl 'Y
[Lange 403, ere bt HRhg p0" e SRR AR BB R "

01/20214 PCT/ Usi(x)xg{n%fcliggggging %ecause they can be incorporated into the fitting assembly 10 and

used without the need for a separate or external gauging tool.

15 With reference to Fig. 18 then, a raised band 300 such as a metal stamping is
positioned on the body neck 52. The free end 302 of the band 300 is raised so that the
forward end 14a of the nut 14 engages with the band 300 and displaces it when the
nut 14 has reached the initial pull-up position 56. The band 300 may also be made to
break away when the nut 14 reaches the initial pull-up condition or when the nut 14

20  has been further advanced axially- a predetermined distance Y during subsequent
remakes of the fitting.

With reference to Fig. 19, the present invention may be realized using
collapsible tabs. In this example, an indicator ring 400 (Fig. 19B) is installed on the
body 12 about the neck 52. The indicator ring 400 includes a plurality of axially

25  extending tabs 402. Each tab 402 includes in this example a radial flange 403. The
forward face 404 of each flange 403 is precisely position to correspond with the initial

pull-up position 56 for the nut 14.



5 For initial pull-up, the nut 14 is instaIIFd onto tﬂe Eod¥ 12 ugt;l ch04
forward e f the nut 14 contacts or aligns with the forwar ace

of the tabsrwﬂéé?m%ﬁ g. 19B). Over nmke is avoided by the FFHUHY2#@i cation
to the assenbler that the nut 14 has contacted the ring 400, specifically
the flanges 403. If the nut 14 continues to be turned relative to the body
12, the tabs 402 will begin to be collapsed or bent 10 inwardly. This
conpressing of the tabs 402 can be used as an indicator of the additional
axial displacenent distance Y during subsequent remakes if so required. In
such case, sduring Fubintipleall-upehekesi4 ishestaldiontooms boay 12 unfrihe TeeaRNt  Of
the nut 14 onto the body 12 wll cause further conpression or collapse of

the tabs 402. en@auplbett® GONPIOHELSRr afigds Rt MbFordRA R 408 o 9RBS 46 Vi Sual
indication that the nut 15 14 has advanced a di stance Y beyond the initial

pul | -up posi ti®ip. 268). Widp nakE ¢4 @m&dl@tﬁi glgl.lag%dlléalﬁgn k@ﬁﬁ%#eﬂ{b}%ﬁ?m the

illustrated in use with a nodified nut aspects o Itting 10

and the marki ngit pPhacenthdifa H8FRg @éo,tsf;&iﬁcgg?fsﬁg 'ﬂ?ﬁ% 4@§.h§itﬁe2r)1(ut 2[4 %Minﬁfsﬁgor

exanpl e, but the nut 450 has beén nodifi aces are

formed on the b ybeuRaLreRtive Rﬁth@'—btod& ‘fllﬁ,htﬁé tatbpﬁgﬁ‘"@g}’ Yo ﬁ?g%lla Bd} e | S

manner, the nut 450 has a reduced di aneter ent egion of the

Visual actur vty (ENERORRINFERr e Ly o U o AR BK po el R °V'h“tg
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rigid body 502 °ahn%‘ %%E*aﬁr%%e%&“%ftée%%e%ﬁfﬁ aad_t}&%ﬂ? é’xt?k)P‘i‘iaB‘_EF%eé‘h‘?f ot 14 o
Co The rigia asy w1 Yulitkiee GHERY] Gmbiiied 55 s2HmeTo Meckband6 24

Complete compression of the tabs 402 can be used as a visual indication that the nut

15 14 has advanced a distance Y beyond the initial pull-up position 56.

With reference to Fig. 20, the invention is illustrated in use with a modified
nut 450. All aspects of the fitting 10 and the marking 50 are the same as the
embodiment of Figs. 1 and 2 for example, but the nut 450 has been modified so that
the hex faces 452 are formed on the tube end of the nut rather than the body end. In

20  this manner, the nut 450 has a reduced diameter 454 adjacent the region of the
marking 50, making the marking easier to visually detect and also improving visual
accuracy of determining alignment of the nut end 456 with the marking 50.

Figs. 21A-C illustrate another embodiment of the invention that uses an

attachable ring 500. The ring 500 is preferably metal and can be attached by any
25  suitable method. The ring 500 is characterized by a rigid body 502 and a
compressible or collapsible portion 504. The compressible portion 504 in this

example includes a thin wall 506 attached to the rigid body 502 by a number of thin



5 web-like legs 508. The legs 508 can be formed by nachining holes in a
cylindrical wall of the collapsible portion 504. Fig. 21A illustrates the
fitting 10 WQMR®4 i nger tight position. In Fig. 21B, thePCHE2¥ a5 peen
installed onto the body 12 to a position whereat the forward wall 506
contacts a forward face 12b of the body 12. This may be used as the initial
pul I -up 10 position. During subsequent remakes the thin webs 508 will

coll apse as the nut is axially advanced,further with each remake, as
illustrated iin Fig. 21C. Conplete conpression of the | egs 508 can be used
as a visualg i ”Qé d 15 568 tiR 1858805081 BRBL fdiied by rlicARIRARIRH aRyBidican f or

t he assenbler can a So be used as a positive stop to prevent further

remakes if so g&ltﬁggj’u ﬁfﬂ,lggoﬁlbﬁsﬁmodl ment of Figs. 21D-F, a conpressible

stop collar 85 Is 1nsta on the body 12 in a manner that allows the

col lar 850 to spi n%@m RS kSl 10 At B Ak JUSEGn MBS URB, BUCh S,

for exanple, by all an axi al” gap 852 the co 850 and

e M ey Dok b inshfed Speb 3Rl 411d Lodefon WK b ktReraBRR! dds07

(Fig. 21F). e *hut gerrinse totheflnger tight
Thi s cont act  HEPRESA PHE: Rl PR By ohAE 12! ey AR 58 g 50
of pr oper M trestopuTes. gt eE rheEe, °%%‘r‘é’$r1?§§%°§)%"‘g§égﬂﬁs e el FF g,
21F, as the nu%‘&hYa Vrg%‘ggrfp@?van es FXI aII prgted 1313 n'ilbal FQI?{ [ fete UP

position, the Pon or series o 854

a
that are 25 crushed or e at a pr ter ne X dvance
o et 14, copmression af e Je ﬁ@gf’%‘f Ay ia%? sisGHRiEaRoF pElE ?%@“a?%’ﬁ%
01/ 20214 PCT/ US00Q/ 24900 25 5 Flg l Etrates anot her enbodi men for
the col | apsi bl @sFﬂ%ﬁeP‘F’éfrPCﬁmn foy th tafs&gmb er and can also be used as a positive stop 1o

prevent further remakes if so required.

15 In the embodiment of Figs. 21D-F, a compressible stop collar 850 is installed
on the body 12 in a2 manner that allows the collar 850 to spin freely when the fitting
has not been made up, such as, for example, by allowing for an axial gap 852 between
the collar 850 and the nut 14 before the nut 14 is installed to the finger tight position
(Fig. 21E). In Fig. 21E, the nut 14 has been installed to the finger tight position such

20  that a forward wall 14a of the nut touches the collar 850. This contact between the
nut 19 and the collar 850 prevents or restricts the collar 850 from spinning freely and
can thus be used as an indication of proper initial pull-up. Upon subsequent remakes,
as illustrated in Fig. 21F, as the nut 14 further advances axially beyond its initial pull-
up position, the collar 850 includes a thin extension or series of tabs 854 that are

25  crushed or otherwise collapse at a predetermined axial advance of the nut 14. For

clarity the ferrules are omitted from Figs. 21E, F.



exanple of Fig. 22, the collapsible or conpressible portion 504" of a ring

500" is realized in the formof a series of tab extensi at
s Wiyl

axi al |y ext¥h®%8m the main body 502'. These tabs 510 as they
engage the body 12 during initial nake- up of the fitting 10. 10 Wth
reference to Figs. 23A and 23B, in another formof the invention, the
initial pull-up position 56 and the additional axial displacenent position
(and distance Y) are visually indicateda2sising a marking 600 on the tubing
T. In this exanple, the marking 600 is realized in the formof two

demarcations or |i s 26GRustids Sidher TaBodifleRvEbERE collupsiblZortis0ntynhke f or med
into the tubing wall 606 or applied in the form 15 of a band, painted |ine

and so forth. %}ﬁrngﬁeot*li‘ig.gﬁ, the B41lapHBIS i dr i BRipreddblB PoititRssiA0f a6@d 56 @s hi dden
fromview to the assenbler by the nut 14. The first line 602 is positioned

such that duri x@ﬂi%eﬁ‘ il th@ borRWfla-skiResto? GabMbiendifns 53 0 a6y axiaRyle@eHdCrdn the gty 12
until the first Ine 602 is visible, as illustrated in Fig. 23A the

second | ne 604, SopOSiesLRBE!s it Eilapdeli e hbAl tiUBSBOKring SRS

second |ine becores vi sl ter the nut "14 has 20 been advanced an
addi tional axial di . nt Y beyond the initial pull-up position 56.
Fig. 24 iIIust?pa?@s’esgtlngg?ggbl e tool 650 for marking the tubing T in

seeoraance v TR 5kl Y di S e
SLEEVS 552, T St Wt o R LSRR RS gt 0 T
o2 e o SR KT St 800 on O B LR BB 87,35
01/ 20214 PCT/ USO! 24900, 26,5 wihin (e sleeve 652 . (g 4oka F21a0s
demarcations 602, 604 may be formed into the tubing wall 606 or applied mn the form
15 of a band, painted line and so forth. In the finger tight position, both lines 602, 604
are hidden from view to the assembler by the nut 14. The first line 602 is positioned
such that during initial pull-up the nut 14 is advanced onto the body 12 until the first
line 602 is visible, as illustrated in Fig. 23A. the second line 604 is positioned such
that during subsequent remakes the second line becomes visible after the nut 14 has
20 been advanced an additional axial displacement Y beyond the initia]l pull-up position
56.
Fig. 24 illustrates a suitable tool 650 for marking the tubing T in accordance
with the embodiment of Figs. 23A and B. The tool 650 is realized in this example in
the form of a hollow single ended cylindrical sleeve 652. The sleeve includes a rear
25  wall 654 against which a tube end 656 is bottomed. A pair of radial holes 658, 660

are formed in the sleeve 652 and receive respective marking tools 662, 664. The tools

662, 664 are axially separated a predetermined distance Y. as the tubing T is rotated



of the tubing T to correspond with the lines 602, 604 described herein with
respect to Figs. 23A and 23B. Wth reference to Fig. 25, in this

enbodi nment cwog‘ﬂ@z‘r'nvention, a position indicator band 7@CTiUsoc49ached to
the nut body 12. This band includes a "start” 10 position identifier 702
and a "finish" position identifier 704. The nut 14 is initially installed
onto the body 14 to the finger tight position. The nut 14 is then marked in
a suitable manner, either at the manufacjurer or by the assenbler. The
alignment mark (not shown) on the nut is applied to the nut so as to

axially align Wi hbesledss, RORb66s) ook SALERLOSmeBe e Bl GRLL 1 LDY DC

applied to the forward face of the nu a or aces on

t he nut body. - d . ' t he body fo th ’
prescri bed %urr%-ggw@%ﬁl ?4.1? Ité angs%gg?‘%l g’ﬁh{ E’Ir‘eﬁgsw’sﬁ?g%ﬁcﬁg?‘ﬁ%ﬁﬁw 1%Lf°ﬁp§§rl%t at ed
until the nut galign t23?'arkis axially aligned with the finish position

I ndi cator 704.. 't%on%ﬁ his techni que requires the assenbler to keep

t k of the full pakrtial .turns,. final LI -up_position is nore
a(rzgﬁr ately achi evegwéhnrgéerﬁnﬁﬂoe?% ZSME‘I 15 ?Qﬁgﬁenlngglﬁ Wﬁf’rﬁ’r‘?a’h?@_"élgfﬂbplt ng
It i ndi cat . 1 Fi 6 LlLlustrates X .wherej n the indicator
Do 900" "o T 0 R b e BET, o bt AT 1
i al bt ghrertoiPHoe e 7o e T ah o ienfseE 4o 3he ot 146 AR 700"
par t1al turns THEN TG e Yoo ffaer Bt ayper 14 e Bksd M gns
with the finish.position identifier 704" on the band 700'. Wth reference
to Figs. 27 anyuye mapger; ¢itheratithsmanufactyreror byithepssemblere The eligument mark ¢ ng

. fitti 00 includes a main body 802 with three identical fitting
2233 ;I'P eV\DI E)EI. ;_égt??‘gwpiﬂq theny/ioapphed tothe nu% so as to axially align with the start position

indicator 702, and typically may be applied to the forward face of the nut 14a or to
15  one of the hex faces on the nut body. The nut is then rotated relative to the body for
the prescribed number of full and partial turns, wherein the nut 14 is rotated until the
nut alignment mark is axially aligned with the finish position indicator 704. Although
this technique requires the assembler to keep track of the full and partial tumns, final
pull-up position is more accurately achieved since there are well defined starting and
20  stopping position indicators. Fig. 26 illustrates an example wherein the indicator band
700’ is installed on the nut 14. When the fitting 10 is assembled to the finger tight
position, an alignment mark is applied to the body 12 in axial alignment with the start
position identifier 702° on the band 700°. The nut 14 is then relatively rotated the
prescribed number of full and partial turns until the alignment mark on the body 12

25  axially align.s with the finish position identifier 704” on the band 700°.
With reference to Figs. 27 and 28, the invention is illustrated in use with a T

fitting 800. The fitting 800 includes a main body 802 with three identical fitting ends




5 804. In this exanple, each fitting end 804 includes a marking 50 in
accordance w e invention, although it is not necessar at all three
ends have t&é%‘é&l ng 50. As best viewed in Fig. 28, the ﬁ’#ﬂﬁ‘]’w is
realized in the formof a groove 806 machined into the neck portion 22 of
each fitting end 804. The groove |l eading edge 808 is axially spaced from
the last thread 18a of the threaded end 18, thus 10 form ng a step 810. The
trailing edge 812 may be used to indicate ggn additional axial displacenment
of the nut 14 (not shown) during subsequent remakes. In this case, as wth
the other exanpg®s 1heHis exhmpld)Radhfittih@bnd 804 intlpdRAShirking 566n kecordidtcwited by
aligning the forward end of the nut 14 with the | eading edge 808 of the

groove 806, or {KBYuvestidiAlholgh 1§ RAM: hécRekanAhitA tired Mk HaveiiHe Mbrkidpesonut 14
axially aligning anywhere within 15 the groove 806 area. Fig. 29

illTustrates another LMQQEiiEREd in FigVd¥ 82 thikR F’S@ﬁﬁe&ﬁ&d%’% BAf 0PQGRovar €
applied to the nut 14 and body 12 affer the fitting has been assenbled to

the finger tigfge Bo Tﬂu} Qo 18 Redk eﬂ%‘?thm%bﬁ&%h 2B 8. TRE PREvO k@il

sui table method 1nc ng | aser |ng The fitting may be~di sassenbdl ed

condi 1 on it h PS8 HbEP s <Rt ML ORI 8 B ke O end e s
veri i ed by ot aping 5 b T, rasglh%&?grgﬁ%a 8 S i sl

al i gnnent . is enp 1 S par te |ngs at u |I|ze
a single full T | i 0 e
used in conbl ngﬁfé’l%cﬁ%w{t%é’% E‘l’atrﬂmg | n s gﬁr(l: %gs &llré(r)%@ﬁe{e?o%?trlﬁ) JIE a?
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simply be specified as the forward end of the nut 14 axially aligning anywhere within
15  the groove 806 area.

Fig. 29 illustrates another embodiment in which line markings 900a and 900b
are applied to the nut 14 and body 12 after the fitting has been assembied to the finger
tight position. The line markings 900 may be formed by any suitable method
including laser etching. The fitting may be disassembled by the user for installation

20 and then re-made to the finger tight condition with the markings 900a,b aligned.
Afterwards, initial pull-up is verified by rotating the nut a full turn until the markings
are again in alignment. This embodiment is particularly suited for fittings that utilize
a single full turn for initial pull-up. The line markings 900a,b may be used in
combination with other markings such as a groove to indicate additional axial

25  displacement beyond initial pull-up during subsequent re-makes.

The invention has been described with reference to the preferred and

exemplary embodiments. Modifications and alterations will occur to others upon a



5 reading and understanding of this specification. It is intended to

i ncl ude all nodi fications and alterations insofar as_the gnme within
t he scope 0‘1/3?}04@2‘& aimed invention or the equival ents tﬁgFéng&M?“.o: it 1.
.i is WD 01/20214 PCTIUS00/ 24900 29 1111211111211212~iji 11111121111 s 5 CLA
| M5 Having thus described the invention, it is clainmed: 1. Intrinsic
gaugi ng assenbly for a ferrule type tube fitting, conprising: a coupling
body having a threaded end that is capahke of receiving a tube end; a )
t hreaded coupling nut that mates with said threaded end of the coupling 10
body; at |sasteadifg ahé€ hddreaddaigaofibil specifibationutlt ishinesnial o molda alisa¢hal | y
percepti ble marking on the coupling body that is visible when the fitting
I's in a fingemodifigitions andl altdrtivns AR+ B they Tome bt theadcbpe oMmerckanéd bl e -
after the fitting has been assenbled on a tube end to an initial pull-up
position. 15 Rwentidf offne@fkivaler®d theleaf. M 1 Wherein sai d marki ng conprises a
machi ned surface on the coupling body. 3. The assenbly of claim2 wherein
said marking is adjacent said threaded end of the coupling body. 4. The
assenbly of claim2 wherein said nmachi ned surface is knurl ed.




20 5. The assenbly of claim 1l wherein said marking has an axi al position
t hat correi‘pond to a predeterm ned axi al advance of the cozlgslgi ng nut
relative to'q W& 21éoupl ing body for initial pull-up. 6. THEE of
claiml1 wherein said marking conprises a machined recess in a neck portion
of said coupling body. 25 7. The assenbly of claim ]| Wiérein said marking

conprises a machined recess in said coupling body. Thi "Iﬁ Iﬂ
Replaced II1TTAINCITTIT 11111211 1111 WO £1/ 20214 PCT/ met(l Imll ITm
VITIY 1110 VLD 11 111l * CL s 30 5 8. The assenbly of %l & n'l #herein

mar ki ng cogprises a band having a prqedgsi ned axial |ength. 9. The
assenbly of claim1 wherein said marking conprises a colored nachined

‘groove. 10. The asHeVTRY thudfeserivddthelinWiitiofifis SRirsegar ki ng conpri ses at | east
two 10 denmarcations on said coupling bocfy to forma |eading and trailing

mar ki ng edge; saidj | eagifigic gSEnE RGP W dirieh1é Spé bk GeRigCERRRA! Ni ti al
pul | -up of the assenbly and said trailing edge corresponding to an

dditi I determ vl f: ' : ' 0 said
addi tional prede _£EauBgﬁg gafpﬁqgnﬁplgaa&r@&ﬁmth& is Siphible ]Qﬂét:el_{'ﬁkattdb\é%n&,.

body beyond said initi 11. The assenbly of claim| wherein said

gﬁéki;'g?r g gg‘;;g:etsoé‘ éhr?:a‘iie&’%ﬁﬁﬁlﬁx%tﬂuﬁ’%ét Nidhtes' Witk shift! dh¥adb@Sdnldl NGE Bip1Rg! d bOdy
10  body;
at least one ferrule retained in the nut interior; and
a visually perceptible marking on the coupling body that is visible when the
fitting is in a finger tight condition, and that is substantially imperceptible after the
fitting has been assembled on a tube end to an initial pull-up position.

15 2. The assembly of claim 1 wherein said marking comprises a machined
surface on the coupling body.

3. The assembly of claim 2 wherein said marking is adjacént said
threaded end of the coupling body.
4, The assembly of claim 2 wherein said machined surface is knurled.

20 5. The assembly of claim 1 wherein said marking has an axial position
that corresponds to a predetermined axial advance of the coupling nut relative to the
coupling body for initial pull-up.

6. The assembly of claim 1 wherein said marking comprises a machined
recess in a neck portion of said coupling body.

25 7. The assembly of claim 1 wherein said marking comprises a machined

recess in said coupling body.
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predeterm ned axi al displacenent of said nut relative to said body for
initial pull (gg %1% The assenbl_y—gi—e—l—&l—m—}%—mherﬁl n said demarcat I on
conprises an 1921% nat substanti al | with a forwarf§T858%3p00s 5 d

coupl ing nut when the nut has eimuﬁ;ﬂuﬂlm(um mtaced relative to the body
by said predeternned axial displ nitial pull-up. 13. The
assenbly of claim 11 wherein said demarcation is substantially obstructed
fromview after the nut has been axially sisplaced relative to the body by

at least said predeterm ned displacenment for initial pull-up. 14.

Intrinsic gauge forga feTkddseentiblpor tlaie1 ihetein@akifzedilpYisesGObiRE hatifga 25 a
coupling body having a threaded end that can receive a tube end and at

| east one fer puddeteAtiled Hadl 1ngth. be mated with a coupling nut as a fitting
assenbly; This Sheet Has Been Replaced illllliviIl | WO 01/20214 1 1111111

T T T I e BSEISORERA8 WOuferinlsald arkih colpfitisch 6061 N0

body having a visually perceptible marking thereon that is visible when the
fitting assenblpyschified rodvef i Nger tight condition, and that has a
predeterm ned rel ati onsh| p to the coupling nut when the fitti ng assenbl y

has been properly sl ) £9Bired B M %ggg?gwg to a

predeterm ned axia d| spl acenen e nut tive'to

0L 2 ol SRS 64 40, R RGO TRLLSP

claim 15 where hé&dzi@ 'eﬁigesc%ﬁfﬁ)%ﬁdlh é toaa%r@&?é%m@d Hﬂt?eh pﬁﬂ-ﬁp of the assembly and said
trailing edge corresponding to an additional predetermined axial displacement of said
nut relative to said body beyond said initial pull-up.

11.  The assembly of claim 1 wherein said marking comprises a

15 demarcation that is axially positioned on said body and corresponds to a
predetermined axial displacement of said nut relative to said body for initial pull-up.

12.  The assembly of claim 11 wherein said demarcation comprises an edge
that substantially aligns with a forward end of said coupling nut when the nut has
been axially displaced relative to the body by said predetermined axial displacement

20  for initial pull-up.

13.  The assembly of claim 11 wherein said demarcation is substantially
obstructed from view after the nut has been axially displaced relative to the body by at
least said predetermined displacement for initial pull-up.

14,  Intrinsic gauge for a ferrule type tube fitting assembly, comprising:

25 a coupling body having a threaded end that can receive a tube end and at least
one ferrule and that can be mated with a coupling nut as a fitting assembly;
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of said threaded end of the coupling- bady 17 The assenbl y of claim 15

wherein sa ned surface is knurle

wherein sa:vg) mar%} ing has a predet ﬂlml J I J“!I ngth defl /(}'sg ’%"ﬁm
dermarcations, a first demarcatio a predeterm ned axi al
di spl acenent of the coupling nut relative to the coupling body for initial
pul | -up and a second demarcation corresponding to an additional axi al

di splacenent of the nut relative to the body beyond said initial pull-up.
20 19. A nethod for gaugi ng proper pull-up of a coupling nut on a coupling
body in a Berrul e saipeonpling bgly lyingr & siisuglly perceptibies mafking thefepmnibatyisa
visual |y perceptible marking on the coupling body; b. said formng step
‘conpri si ng povisitleniheg thbditing kssegblyoiscir a deygen tightoconditipne det dhatilned axi al
di spl acenent of the coupling nut relative to the coupling body 25 for
initial pull-yppederndined rdatastip itorthet doaplinyimiti wigenntie fitiigoaskdimblg diapbeeng body
until the marking corresponds with the nut. This Sheet Has Been Repl aced
FEEETTTT 11T ipkdgerly Ipulléd i lonla ¥6e @hd; 242t thafRinl] bdvtdspondB@told pileliétbrhididedl 1h

uhttrerrrrrtr * CLMS 32 5 20. The nethod of claim 19 wherein the step
of form ng thexjibdikpla@ment of the nut relative to the body for initial pull-up.
10 15.  The assembly of claim 14 wherein said marking comprises a machined
surface on the coupling body.
16.  The assembly of claim 15 wherein said surface is adjacent a back end
of said threaded end of the coupling body.
17.  The assembly of claim 15 wherein said machined surface is knurled.
15 18.  The asscmbly of claim 14 wherein said marking has a predetermined
axial length defined by two demarcations, a first demarcation corresponding to a
predetermined axial displacement of the coupling nut relative to the coupling body for
initial pull-up and a second demarcation corresponding to an additional axial
displacement of the nut relative to the body beyond said initial pull-up.
20 19. A method for gauging proper pull-up of a coupling nut on a coupling
body in a ferrule type fitting, comprising the steps of:
a. forming a visually perceptible marking on the coupling body;
b. said forming step comprising positioning the marking to correspond to
a predetermined axial displacement of thc coupling nut relative to the coupling body
25  for initial pull-up; and
c. assembling the coupling nut onto the coupling body until the marking

corresponds with the nut.
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conprises the step of machining a groove in the coupling body. 21. The

nmet hod of Cl@@&%%“\émoerei n the stepof—formng the-marki n%ﬁl_ﬁ%@%&#ﬁes t he

step of appl | or surface t ' . The claim 20
wherein the step of formng the rra;ﬂlllmmmmjmnlmaes the step of knurling
the surface of said groove. 23. The*nethod sl akm 19 conprising the step
of inparting relative rotation between the nut and body to produce an
axi al displacement of the nut relative t® the body until said marking is
substantially visually obstructed. 24. The nethod of claim 19 wherein the
step of forging the2omr kT method adrgiims E5 whiaeins the pstepf of forminggthatmdrkiagt two
demar cations on the coupling body; and form ng said demarcations as a

| eadi ng edge ar@mpridek dielstep@f GGt @ Rione in'the tapHhglgpdyedge corresponds to
axi al displacenent of the nut relative to the body for initial pull- up of

the fitting and theairai The shedd &f CMiMENP MheZir! thestepaolf] Edrinftigathe aMdrking
di spl acenent of the nut relative to the body beyond the initial pull-up.

20 25. I ntrinsisGnoaieiniGed ot espifg b e8lofsubfabifo kiill kiddge.0f the type conprising
a body, a nut threadably installed on the body and at | east one ferrule,

the assenbly conprbsi NOThAndAYIBrdRANCE) WhedeRl 1Rt oL Rtz thBendrkibg i NY
body and nut, said device having a first visually perceptible shape when

the fitting,is c&jnéﬁstes ﬁx%_%EePte&k'S aiiﬁgﬁegdrﬁgef)fstai bove2> condition, and a

second visual |y perceptil pe when the fitting is pulled up to an
Hhfnitahik 'd{/\gﬁﬁg@?}fl | 19 2R [RPHACEF jmpopting relaie
PCT/ US00/ 24900 rotgicln t¥wWeen the nut and body to produce an axial displacement of the nut relative
to the body until said marking is substantially visually obstructed.
24.  The method of claim 19 wherein the step of forming the marking

15  comprises the step of forming at least two demarcations on the coupling body; and
forming said demarcations as a leading edge and a trailing edge wherein the leading
edge corresponds to axial displacement of the nut relative to the body for initial pull-
up of the fitting and the trailing edge corresponds to an additional axial displacement
of the nut relative to the body beyond the initial puil-up.

20 25. Intrinsic gauging assembly for a tube fitting of the type comprising a
body, a nut threadably installed on the body and at least one ferrule, the assembly
comprising:

a gauge device installed on one of the fitting body and nut, said device having
a first visually perceptible shape when the fitting is first assembled in a finger tight

25 condition, and a second visually perceptible shape when the fitting is pulled up to an

initial pulled up condition.

This Sheet Has Been Ref;laced




33 5 26. The assenbly of claim 25 wherein said device axially coll apses as
the fi tt| |l ed-up. 27. The-assenbly of claim25 | | d device
is loosely i ns?za?lﬁed an ni when the fitti nWﬁ"ﬂ’%@i nger
tight condition, and V\hﬂlmuﬂﬂmmlﬂﬂt\ul is restrained fromrotati ng when
the fitting is puI | ed up* 10 28. "Thé& assenbly of claim 27 wherein said
device is axially conpressed and changes visually perceptible shape upon
further pull up of the fitting. 29. Intrinsic gauging for a tube fitting of
the type having a body, a nut threadably coupled to the body and at | east
one ferul es conpri26.ng: Tle dséeniblly oftelsin2f whertihsakioltyicaaxially sddlapsed asrtheki ng on
the nut, said first and 15 second markings being aligned when the fitting
i's in a fingeftidgdhpulizdngi tion, said markings being unaligned as the
fitting is pulled up, and said markings being aligned again when the

fitting is fully npre urhe 3%mblher dsserdliersin saidaiemic2 & lobeheinstalial whdf i r st
and second markings conprise axially oriented lines relative to a

rotational aXigge &f rotdtewheti the ftlinB e a fﬁ%eﬁﬁght?ﬂﬁmﬁ@i Ewhdreif Isaid MeiBe is

conprising the step of form ng a secon mar ki ng on the nut, wherein said

mar ki ngs are adshainesifrbh retaiMSdh M BAg isTRNaehp. When the f|tt| ngisin a
finger tight condition, are unaligned during |n|t|al tightening of the nut

on the bods. and begoroniealugngd: sk 2 diRkadghe (Shines Ayl colpralacern
pl aced
11111111 11T Lyd éﬂanﬁés wéually perceptible shape upon further pull up of the fitting.
29.  Intrinsic gauging for a tube fitting of the type having a body, a nnt
threadably coupled to the body and at least one ferrule, comprising:
a first marking on the body and a second marking on the nut, said first and

15  second markings being aligned when the fitting is in a finger tight condition, said
markings being unaligned as the fitting is pulled up, and said markings being aligned
again when the fitting is fully made up.

30.  The assembly of claim 29 wherein said first and second markings
comprise axially oriented lines relative to a rotational axis of the nut and body.

20 31.  The method of claim 19 comprising the step of forming a second
marking on the nut, wherein said markings are aligned in a predetermined manner
when the fitting is in a finger tight condition, are .unaligned during initial tightening of
the nut on the body, and become realigned after a predetermined axial displacement of

the nut relative to the body.
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