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factors influence the design of a tube fitting to meet a desired grip and seal performance criteria,

but basic to any tube fitting design will be: 1) the characteristics of the tubing that the fitting must

work with, including the material, outside diameter and wall thickness; and 2) the tube grip and

25  seal performance level required of the tube fitting for its intended applications. The goal 1s to

design a tube fitting that reliably achieves the desired tube grip and seal functions within

whatever cost constraints are imposed on the product by competing designs in the marketplace.
A flareless tube fitting generally refers to a type of tube fitting in which the tube
end remains substantially tubular, in contrast to a flared tube fitting in which the tube end is
30  outwardly flared over a fitting component. Flared tube ends are commonly encountered in use
with plastic tubing and plastic tube fittings. The present invention is not primarily directed to
plastic tubing or tube fittings because such fittings have significantly different challenges and - .
material properties that affect the ability of the fitting to both grip the tube and provide an
1




12 July 2005 adequate seal. However, some of the aspects of the invention
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at the outer portion of that bore. The most commonly used camming surfaces are frusto-conical
25  such that the term “camming angle” refers to the cone angle of the camming surface relative to
the tube end longitudinal axis or outer surface. The tube end is axially inserted into the body
bore and extends past the frusto-conical camming surface. The gripping device is slipped onto
the tube end and the nut is partially threaded onto the body to the finger tight position such that
the tube gripping device captured axially between the camming surface and the nut. The nut
30  typically includes an inward shoulder that drives the tube gripping device into engagement with
the angled camming surface on the body as the nut and body componchts are threadably
tightened together. The angled camming surface imparts a radial compression to the tube

gripping device, forcing the tube gripping device into a gripping engagement with the tube end.

2



2 12 July 2005 The tube gripping device typically is to forma seal against
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ability of the single ferrule to also provide an effective seal. Consequently, although prior art
single ferrule fittings can achieve adequate tube grip in some cases, this tube grip performance

25 comes at the expense of having a less effective seal. One result of this situation is that some
single ferrule tube fittings have been designed with additional components and techniques to
achieve an adequate seal. Less than optimum seal performance is particularly noted in single
ferrule fittings that attempt to seal against gas, and especially high pressure gas. Single ferrule
tube fittings thus are usually more suited to lower pressure liquid applications such as hydraulics,

30 however, even in such lower pressure applications single ferrule seal performance remains less
than desired.

For single ferrule tube fittings, the biting action is usually associated with the

single ferrule being designed to bow in a radially outward direction from the tube wall in the
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single ferrule being designed to bowin a radially outward direction from
the tube wall in the 3 12 July 2005 central region or md-portio % t he
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25  and twenty degrees. This range of angles is referred to herein as “shallow” only as a term of
convenience in that the angle is rather small. The shallow camming angle has been used in single
ferrule fittings to obtain a mechanical advantage because the shallow angle provides an axially
elongated camming surface against which to slide and radially compress the single ferrule front

end to bite into the tube end outer surface. Hard stainless steel tubing material necessitated this

elongated sliding camming action in order to be able to get the single ferrule to create an
adequate bite for tube grip. Over the years, the single ferrule has been through hardened or case
hardened so as to be significantly harder than the stainless steel tubing, however, the shallow

camming angle is still used today in such single ferrule fittings to obtain a mechanical advantage
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har dened so as to be significantly harder than the stainless steel tubing,
however, the shallow cammng angle is still used today in such single
ferrule fittings to obtain a mechani cal advantage 4 12 Jul y122'b{5352(?9 m t he
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25 Because historically the single ferrule fitting has used a shallow camming angle to
achieve adequate tube grip, the less than optimum seal function is either tolerated as a recognized
limitation on the application of the fitting, or additional features have been designed into the
single ferrule fitting, most notably attempts to include one or more elastomeric seals with the
single ferrule or with which the single ferrule cooperates to provide a better seal with stainless

30 steel tubing. See, for example, United States Patent nos. 6,073,976 and $,351,998. United States
Patent No. 6,073,976 illustrates a typical example of a single “ferrule” (called a “cutting ring” in
the patent) fitting that attempts to solve the “seal” issue with added elastomeric seal. The



Patent No. 6,073,976 illustrates a typical exanple of a single "ferrule"
(called a "cutting ring" in the patent) fitting that attenpts to solve the
"seal " issue with added el astoneric seal. The 5 12 July 200 Hip2305093

pat ent describes the benefits obtained by separating the tube grip and seal
functions into two separate conponents. A commercially avail able and

hi ghly successful two ferrule fitting used for tubing is commercially
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States Patent Nos. 6,131,963 and 3,103,373 both of which are owned in
conmon by t HP BROSIEBHAE cBMPeNFRtSHr esent i nvention, the entire disclosures of
which are fully i ncome&;ﬁﬁe&ian? Bedilable ¥ind mgm? lsdtegful kwio Feffute fiting feed ifor tebing
fitting, the tube grip and sea

] ] functions also are separately achieved. by
the e of iavesTrasPallh svalshle fun HPEEIRK COGAY: Seiom DBIRpfEl PSR 3 LFE
seal eveq ag%&#g&t ORGs. 6,?@?',96%(1[3?1@5,3% bR R whith attl Gwiikh @ EHRfiorBy B asdigreat
tube grip. ee?ront errul e achieves an excellent seal by cagglpﬁp]giq by

agai nst a shfitheopresadrinyentjons e atireadigrlesussscof ¥hich n iy defomost
because the fl ot GEk A tfgﬂgg ﬁ?@g, theRfe glgp art] dcHiEfufetfoRs Asy &k ¥epafatdly &chieved

cammi ng surfQ¢e h or e atu fge:'rlgf function. Likew se, the
front ferr ubgpthesusaof tvafeerulear Ton fuwird oa doot erovides\an srplenieseal cvem agFRsh nt

ferrule is to S%g};mgqncggh?eaf EB%IOTPQOQAB%%EQGHG&%G%Pe end. Thus the

rel atively 8ot Ui'e’ achi eves an excefl ent seal, 15
particuliarly agai nst Tiesfrosveulehahipves he edsozllent seal dol cammingi spginstu e f shekow

presents a canmn angl e of ~about twent egrees. The rar Ul

achi eves thmfa’&é%bﬁfmgpéﬁé'ﬂﬁh&ﬁ%rw% %eﬁéoﬂggf?&e‘é%m @Bﬁggﬁféﬁﬁg dg%'ul%éneed to
fitting. TheideagbeskiQ&ly \ehehd meinesufcdiaredtr t®adhbeve abateqipi fahdtipn h hikdwise; than
the tube end. The front end of Eyhe back ferrule cagts a&ai ?st Ay and is
frust o- coni &8Nt fEEwEIS ROt s15¢ hadener Yecause iR PRREY PRSP the, Honlderpyigisde seal
ferrule. The,QsbRORPIE t@Eng, Phusithd £1460619 ol Sidrit RGfulé Schieved atr drcltent seal,
degrees, but due to the sliding novenent of the front ferrule, the

effecti ¥& camtienlarly against gas; exen thapghy the bodh Aonisal SARBTIAR SRriags RIESCREs 13 GATIMIPG

twenty degr th”g ffective cammng angle for the back ferrule
i s shal |l ow, gﬁ%"ﬁ%‘@ eJr&P,tSP ei%'s not required to provide a primary seal

(al though it can f orTheshch futele/achievbnthk uwbesgrin Bnctionhia the ekovedeied| tiofeaye
does not exhibit.the undesired .bow ' RSt Gt uie
end as a fuﬁ’@f’ rﬁi)tﬁlgo?rhg%@lﬁllbgﬁﬁylpg#mgggéﬁp%F%\gﬁ’acEﬁlﬁa(l}%?l%;t&g%d herein, the
t erm "hi ngi Gefit endfedise baok dermudertans dgaitistchefratovednicah caimingeuffaserfomeedsin dhe bagkit

a central regi r md-portion of the ferrul e body under > rdley
adial Shmprbatn Fonequly he orgmie e 8 b Frri Y nifERIBR ol gt ol
gut ward dis Bﬁe’i&ﬁ_{fﬁrﬂlid?]n-éh%_&rexﬁeﬁﬁ oﬁﬁfefﬁéﬂt \&régﬂ}s,aﬂlh (Bﬂ'eet&rewmmlgilng angg ds ractualyn :ay
oes not conprom se the fitting seal capabiljty, .it actuya subst antd al |y
enhances 3ehallAW apglercdpboys SRea ReNeRY dFeredie @&’BBSIT %FF&FF&@%‘B% % E’ftJ8’F the
stainl ess spg&lfedniii@allow, the back ferrule is not required to provide a primary seal (although it can
form secondary or backup seals). The back ferrule also does not exhibit the undesired bowing
25  action but rather grips the tube end as a function of a radially inward hinging action. As used

herein, the term “hinging” refers to a controlled deformation of the ferrule such that a central

region or mid-portion of the ferrule body undergoes an inwardly radial compression, as distinctly
contrasted to a bowing or radially outward displacement. Thus, the effective shallow camming
angle not only does not compromise the fitting seal capability, it actually substantially enhances

30  the overall performance of the tube fitting especially for stainless steel tubing.
By using separate ferrules for each to achieve primarily only one of the key tube
fitting functions, the two ferrule tube fitting achieves tremendous tube grip and seal functions.
This prior art two ferrule tube fitting thus has enjoyed tremendous commercial success especially
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By using separate ferrules for each to achieve primarily only one of the
key tube fitting functions, the two ferrule tube fitting achieves
tremendous tube grip and seal functions. This prior art t wt? YY F89% t ube
fitting thus has enjoyed trenendous commercial success especially 6 12 July
2005 in the art of stainless steel tubing in part due to its performance
characteristics such as high pressure rating on the order of 15000 psi,

wi de tenper at theert af staiglesy stesl yuhjeg)incparbdue2@itsPperfrgmpnee oharagtengtiss isuch 350H8ER o

significant _npunber .of renmak ‘ nref ' =
1 ot ent ng. BN ot o GBI of Foo0d B Re el ok BFeryBRRET 1S0¥Tant fa
No. 3,248, 1finy biplichicas asigivent manter ofemzkesci tapake hiers lo Gp hssering B“d?re-
errul e, rein cki ring.acts .agai nst a surface having an angle
that appear ght?%n%%feag‘%'ﬁ%ﬁgﬁﬂ%gﬂm@m} degrees or more, but the ring does
not appegr to plasti aahited SigteoPatentiNe 3,248c1 36Lillustrptds uise reeft 2 eingle dogkings ting as
elastic so that the ring is designed to retain its i gi nal sha
pul | -up, boPPPssd Wf 'r‘éhq"@ﬁlﬂlfg ST 351S BHAT ‘P%“regﬂ%‘? g5 a%q %fhgégsp%éifmeel
tube fitti ng,sb@%-egté}ﬁthzwﬂ%nt%e BSdrdedre Sul@e eing dosbaidtaspeer totpldsiidally defdenh into
publication 44-29659 illustrates a tightening rj ngﬂthat ; .ap{gears ltn% be
i nt ended t othedvking bydahpigremeing elastic e ‘gﬁ‘lﬂ?f Hingais dgsigned;to retainats Oginal Rpaps-afier

ends. The iy MInHOEShiBP hreFRRES! thhtCard BnsBREYIE SR latafh1dse sBEIAUBY BifigsSsfaBe type
tubing as the tube I1s covered with a resin cover. Attenpts have been g_‘aa(iie

to desi df t otsideredtiersis lapanesautility modelipyphicaoreARind iflpirates pdisliepmg Zing
during pu! abiftadso gym@gﬁtyﬁv@ﬁb&ﬁgsﬁ@aw ip fnBfbeGt HHRRTIAD aflEBACE BadsKTRwN

desi gns pl ac rea el enent on the nal'e t hreaded conponent . .
Addi ti onal | fiftinglieesarmb appedeibgappliceble estaiflesssteet mbing asthe giheipreygred | vatheafesin
agai nst a shallow camm ng surface angle or do not attenpt to create a tube
grippi ng bi f®%nto the tube wall. Thus the prior art designs suffer from
the same |intati onsAnénptikavebearmaletto désigyl tebe fittings with a bibe fgripping glemenithpts .

20 Many applications and uses .of .t he ahove-descrjbed .t wo f.er.rul

tube f ilg ti ﬁ?j’aﬁ&sr@fms Bhilaup do Sunetion,is . sipgle & 8{ h‘?& FPEYEE &g‘g&a n@“%@gé
per f or mance pabathe Gidakivwdy dlément ¥h the[Hids Bidadédvonipohan. Aditiionaily; thd knowm desegns
fitting concept that can neet |ower perfor E‘(?’:“fe char ac eriﬁ&éi CS V\Ii%”ltgelilﬁt
conpr oni si n@lﬂ%ﬁ@%rﬁqWheF"ertSF"H@‘flgﬁ\e@ﬁPtiaﬁ?“%ﬁdH% BiTRe &gt ¥ OF d9y0of plfemmp

I nvention 2§, L:éq atedfppRg Wit thtODR taRRAM Thus tepriod W @edi@i, suffernon thelzame
fitting concept requires user assenbly of only two conponents, nanely a

fitting bodyimitadons a thetprietarhisingle fosaleulte fHER ¢RSIEPS- are adapted to be
threadally coupl ed t%ﬁﬁﬁ‘ﬁigg%o ok tls st R bl Rest MASIGRE t4RAOSWHTEIDK tube

includeS an initially I'n e gripping elenent or ferrule that
cooper at es iting dv manequing ssch high eressure, ttérapdvatdse andaamakecparformpneg charagiaRpbicsyp

The tube grippind. &l eMERbn T irBSed BN hAG Fiethd BorlcBft AM can meet lower performance

characteristics without compromising overall fitting integrity and performance.

Summary of the Invention
25 In accordance with one aspect of the invention, a new tube fitting concept requires

user assembly of only two components, namely a fitting body and a fitting nut. The nut and body

are adapted to be threadably coupled together by relative rotation therebetween. The nut includes
an initially integral tube gripping element or ferrule that cooperates with a camming surface on
the body when the fitting is made-up. The tube gripping element may be machined with the nut
30  or separately attached thereto by any convenient process such as brazing, welding or soldering,
for example. In the described embodiment the tube gripping element is a ring like structure that,
after it separates from the component to which it is attached, operates as a single ferrule. The

detached ferrule is radially compressed and plasticalty deformed against the tube outer wall to
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30 or separately attached thereto by any conveni ent process such as
brazing, welding or soldering, for exanple. In the described enbodi nent
the tube gripping element is a ring like structure that, atd &y 2p0s
separates fromthe conponent to which it is attached, operates as a single
ferrule. The detached ferrule is radially conpressed and plastically

def ormed agai nst the tube outer wall to 7 12 July 2005 forma seal and a
ti ght tube dorinm dealand aTight thbe gdibite. f Brerdetaghell formulf @lsodormsgrprimary seabagainst the

agai nst the _canm ng surface. ln.on di |
ooter ¢ apor S EHAraTa nREE e, RERITTRIacd Dol Gl bt S35 B
cont act - t ypend foahing@agensrally herrava ling coptastitybassel aghivest fhercemining surfacgaelhe ferrule

duri ng pul | LR RaEih § FREwDederes PReREnit Pde plisfriinf pigBulur v
excel | ens t ¢RBedihe ﬁose%ﬂﬁioﬁ\ﬁnt@ﬁe?thlbiﬂ% a6l &srerdellemage: grip! arsioinl axially adiecenhswage
| sol ates the enbedded nose portiaqn

rom vi bratjon ffect%. Thﬁf%n in%.
action al s8f @Fb@nﬁwé‘@@*’f‘ﬁ@ qrghefldpd doss pogion; STl i Se% né% P8Ry
l'ine cont ach)symtips fo el BeX@rile ouftktap@e® surfad@inf 4 %édeﬂﬂy(liﬁgﬁ&ﬂ@dﬁﬁth thd)¢hmming
particularly the separable ferrule, are prefera

: . |y but nqt necgéé)?ri){!}y
case har den&&facqndhpdifling eampogents, aad particalptly thessepirpblg fergpleyraze prefarably putpot

and ot her -c&%sd' [ Nt hewal il Upeliby dsRFE RS o Rfiniess 46 akd dthératbtdl O
any particgﬁgcr%gsc %ss 0 rfdgtils. Imrﬂacﬁ(;égrd%ﬁégﬁywith anot ﬁgr aspect of the

i nventi df, tube fittings,ialthouginthe inventign isnot Emitedigagy paytiewanclass of Metplsy {acperdance
sufficient pukl,- e . | | i { : :

T acoor danoiipRetified BT Htiof {68 Whinkink) HELA0 LIy iflE CARAT RPRBIRe
surface pr eiffitientipullspaad anprewdnt yxcassivic tightenifig ofithp coroponsmts. si ngle ferrul e

tube fitting designs by incorporating. 1 e \: |

range of abgut th?rtﬁ?ﬁ%’ﬁﬁt&gr‘@@ “?‘gu%rggﬁ'?pegﬁsx&smgziég@e@g %E?%&p%‘?ﬁce
ca lr)rm P_gt ang pfily i@dut?mtiiﬂlyh?ibdigﬁd frot?ﬁrig:r é:psimgliafe_mm mbed fiting ﬂit:sﬁgigéyﬁ?:ofmkﬁng
tube fittings articul ar en errul e is hardene ea
about 318 1 frskeep Ramins wiaie 1 (8 TR S GooHRET e, SERRES FuPaoH e diesieEo The
desi gned W tgeRr ¢RRARIE ¥ngldplodhd@ds ial Beitet Ribe EripaHarabtior arhinpR fefruleguitgfigiags, on
during pull-up. This hinging action inproves the tube grip. and seal, as..
conpared 2patieplgly whens thedemuledy pyrdened (o ke pt leastahout 33, élﬁ@ebf theuhing s
and advant aggeqal HERLASRRY ais8 68 HelipfaWill  RorBRANAN fuciliules DRARIIS kg

in the art fromthe follow ng description of the preferred enmbodinents in
vi ew of t hbingingantinanduiring puHami This. himingactipe iroproyssithntube snp andpealpsegipgusd
The invgption ; li‘& ¢ %i ormin certain parts and arrangenents of
parts, ggre Oegr&%mé@nbo |$re%§%s aﬁél a method of which will be described in
detail in this speci fThesd amnotherchspects|and adantagesi of thépresant invprtiop wilf beragpdrenys

100,51 836 BB oL i o b 2k ol view o
the accompanying drawings.
Brief Description of the Drawings
25 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, and wherein:
FIG. 1 illustrates in half fongitudinal cross-section an exemplary embodiment of a
tube fitting in accordance with the invention in a finger tight position;
30 FIG. 2 illustrates the embodiment of FIG. 1 in a partially pulled up position;
FIG. 3 illustrates the embodiment of FIG. 1 in a completed initial pulled up
position; and
FIG. 4 illustrates another embodiment of the invention.
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tube fitting in accordance with the invention in a finger tight position;
30 FIG 2 illustrates the enbodinent of FIG 1 in a partial{% uI%ed up
position; FIG 3 illustrates the enbodinent of FIG 1 in a 'H’@(g%
initial pulled up position; and FIG 4 illustrates another enbodi nent of
the invention. 8 12 July 2005 Detail ed Description of the Invention In
accordance then with one aspect of the invention, a tube fitting is

provi ded having a tube gri ppiRefailed Deseription ofithe Inveption j s j ntegral with one
of the coupling ele t ; 39% s her, : l.@N
as a single ferrul e%t%ﬁ%&#%ﬁ%ﬂg%{é g&r%(sat enggﬁ?nn%%,aqgﬁét)ﬁghgd%gﬂﬁdc@
gri ppi ng dewadeg atubf grippihgdéviceithat étiallyliy integrabwithwhe of the teupling clemenrts andoipanit

I 7oL S o AR ML RO, o il

conponent. Ass tabesgripging deeice o ferrale txintegmpip fatnied with alfemdle thredded nuttand iscadfa¢hed t

the steep camm.ng angl e ,sur.face of. a | e .t hr e Wefe!
sur face " andiiE & BERRuEHER A5 netvahaEusus 4 ARG HEsH infly S SRR
gri ppi ng degir€re bfsheamalattm@adell cdinpdient.cASta sigdel fertilSafter rsegargtionatherfemuiel acts
preferably at least 4 times -greater to the rd s ,of -t he tubing

ateri o ARBHER O SEoR RBEE APe e O el AT HBG n THF Sretro e girtice
herein as bﬁh%@is ﬂaﬂﬁmmgwaﬁdg&ms%wmeemﬁak F jhe @WHQippRIgidevicS ks ratio of at
description_shoul'd not be construed in a _limting sense. For aipy

parti cullfr 353 abeuli3 bismesgreater and pecterably @t leagh @ times Brenles ie ths;hardpgsy 9 ghe, UbGE o

15 requi redpglapndi f f erent conbi nati ons and sub-conbi nations thereof.
Furthernore, although the present disclosure describes and/or illustrates
a number of design chiheugh amnmtier of gererty of theriinygniiamaeg, deserihed dwzedt pHPFBAS

are not int . rﬁ}ﬂ:’dir}? t j [

of such cho?dggl?gg%g 1§ﬁ glrg%gt&?@géd “Phos e&éigﬁ?leggﬁﬂnﬁ?eﬁgﬁ? %'E‘?F%&%éggﬂ §/§£
appreci at e lismtihgusember Eorany padiditiar appéitatiah thervatious\aspectsnf thiciovention may be ysedaat
are within . I Ty n . of he (d.nvent | Sﬁﬁﬁ I '
appendezg cl gﬁ%rrgs A ?’#8%8?1 c?‘ﬁ@%“fﬁf Sﬂ(g%%g' %%l?mr%lﬁ sm%?eg%descr F%%éé’ hmetbglll%lh@\ft h
speci fi c r epesanclisclosuret duscribiek tand@r dimgnatee it auhbsrngf design choisdsaamll eltgnative
steel, and in rticular 316, stainless.stegl, such escriptjon is intended
Do be cxompPpdings ik Remniin e don ioned g e o Honl alh b forsiytd b8
Those ski | | ethastive M6t c¥rsuchilidices @adl lkematiRey. ETHosé skilldtbin thé ertiwill @&idilp Bppregiatbe
real i zed using any 25 nunber of djifferent, types of netal materials for the

fitting conphepstang addyienal alternabivey anddgpigs chaters hat areswithin dhe ApirH F0p SEOPR G
limtedago BbGavertidilas séQbrth BQfld appRAdedatiheni tic or ferritic stainless

steel, any duplex stainless steel, any nickel alloy such as HASTALLOY,
| NCONEL or MONEL, Although the various embodiments are described herein with specific reference to

the fitting components being made of stainless steel, and in particular 316 stainless steel, such
description is intended to be exemplary in nature and should not be construed in a limiting sense.
Those skilted in the art will readily appreciate that the invention may be realized using any
25  number of different types of metal materials for the fitting components, as well as metal tubing
materials, including but not limited to 316, 316L, 304, 304L, any austenitic or ferritic stainless
steel, any duplex stainless steel, any nickel alloy such as HASTALLOY, INCONEL or MONEL,
any precipitation hardened stainless steel such as 17-4PH for example, brass, copper alloys, any
carbon or low alloy steel such as 1018 steel for example, and any leaded, re-phosphoerized or re-
30  sulphurized steel such as 12114 steel for example. An important aspect of the choice of
materials is that the tube gripping device preferably should be case or through hardened to a ratio
of at least about 3.3 and preferably 4 or more times harder than the hardest tubing material that
the fitting will be used with. Therefore, the tube gripping device need not be made of the same
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any precipitation hardened stainless steel such as 17-4PH for exanple,
brass, copper alloys, any carbon or low alloy steel such as 1018 steel for
exanpl e, and any | eaded, re-phosphorized or re 30 sul phuri ZE&JWY @85 such as
12L14 steel for exanple. An inportant aspect of the choice of materials is
that the tube gripping device preferably should be case or through hardened
to aratio of at |east about 3.3 and preferably 4 or nore tinmes harder
than the hamh@sial hdak RbinppitRlfl FHor lekahple,tab avifl ibe tdisogssed hdreibkelors,cttle wibe fgripping

Therefore, the tube, grippi devi ce need .not e.of the.sa y
2005 rat o | PSR B TPt G AnIeE e AL IR A1 Op o e Bends
her ei nbel oWhak B Heltdas: KhirddBd, RGch £Aaidghesim\tititur ehEaltvathubn, emintesonteaidditioss
steel materials noted above, or other suitable naterlals glg“(ﬂ?iaﬁ‘ﬁe&& dlc%‘i
har dened, sGE#NRles. rRvghEmIoTe the frangihle, fratiprioting bR GHPPIPS HiRg AR i Bhal
exanpl es4 Ft,;qatym%q;g;&hzgdhgngﬁ%gﬂmbgﬁﬁﬁgg ure of the tube gripping ring and
femal e threadéd nut 5 nay also be realized in non-netal tube fittin Sqﬂ
ﬁh@“‘% t*ng

Wth reference to FI GVith refessacefiodiGn, the pegsent dnveation comfamplates &

50 in whic a1RY Irafifely £ fekfabs thbdalled
nanely a fe%&%éﬂ%ﬁr eadé]gy nut &’\g%gg ﬁbﬁeﬂts%@ﬁgﬁl@éﬁb%4 The_ nut 5nzut| S

subst ant i al I5¢ and 4 faledhreaded body $de Themiut$ is auhstapdally different the typiqal pytupedin
type tube fit (R lperles B8P 8s 3
10 typi oal  BIHYY SBrrlE g ihe hulfB. 1fc by B4 Bl 3 (ol oPHRIE R gelSF g
further 1Ber eypmal badyiusediingier fittinig lhbwcwntas wilt bseplajned ffarther heremovays maferpdshyt he
optlmzedfor er K W hth o}
54 need not Bte %ﬁc&gﬁ 'g’f‘y’%g% ‘cfoe c f@ﬁ%& {ordar?per%(% ;\9{[ %Wo&ofrfl»{
ot herw se i maeglroaéuyg meaaraaf; beﬁeqdafot btsalmbcraslyaepMWemhpnﬁynthma? (oh dttzched)ltotoer
conponents f .exa .. 15 Note that in th r ngs. t|n
i|lustrated® W‘%tﬂ? i tRaAnother part Sueh pHA Vas'ﬁt g 9‘%‘5 ? °5f 8{17“osnf°|rs
i Il ustrat edexdnipipei ng understood that the ot her hal f is identi caI and
omtted for clarlty and ease of |IIustrat|on n.all aof the.illustrati n

herei n, Warious gaps Mot thayimhedryyiagsthe %‘H’rﬁém’aﬂh‘g@&‘&g@ﬁ%%ﬂ r TR SE
i |1 ustrati ogy &Eﬁfhms;m%edﬁnqs Hﬁa@@s&éﬁ' hmeﬁlglmaa&tbs@mammwﬂmfmdmﬁm al’ﬂas

an integral extension or end . The énd extension 56a may be a hex

body, for exmittsdefor elanp'aaml aase aﬁdwloncémrpﬁﬁéme ilustratipns hegpincyarioys gapg and
val ve body .y be nachined fromthe
sane stock gﬁ“ téﬁ%ﬁgg %‘Gel% ggqgggfg,?%@o?gﬂyuﬁﬁerw se attached such as by
wel di ng or other sui t’Hh:I&dyﬁélmm gpme:almmmldnwnaqumswmhasanm@grab@ﬁww

e e B g
than a coax lc&hp(ﬁﬁﬁmdh b@foe eﬁﬁnplh atvals bea;da rtdwddwgdmm:bee eTibe meintberdy 56 magda
? Let ,hﬁnte)(r)dy mSaf:'hmng from the saine stocltc aseth]; Ic;[1 extehs 150g 5'63 of ma may &6t er%ge BOREEH¢noR by
welding or other suitable technique. The body 56 includes a first central longitudinal bore 58
that is appropriately sized to closely and slideably receive a tube end 13. The first bore 58 is
25 somewhat larger in diameter than a coaxial second bore 59 that extends through the end .
extension 56a of the body 54. Of course, if the fitting 50 is a closed end connection, the inner
bore 59 would not be a through bore.
The tube end 13 preferably bottoms against a counterbore 60. The body 56 is
machined or otherwise formed with external male threads 62 that threadably mate with
30 corresponding female threads 64 formed or machined in the nut 52. It is contemplated that in
order to avoid inadvertent mixing of old and new style body and nut parts with prior art fitting
components, that the thread pitch on the nut and body of the present invention may be

substantially different from the thread pitch values of prior art ferrule-type tube fitting nuts and

10



bore 59 would not be a through bore. The tube end 13 preferably bottons
agai nst a counterbore 60. The body 56 is machined or otherwise formed with
external male threads 62 that threadably mate with 30 corrEsyind?®y fenal e
threads 64 fornmed or machined in the nut 52. It is contenplated that in
order to avoid inadvertent m xing of old and new style body and nut parts
with prior art fitting conponents, that the thread pitch on the nut and
body of t hebgdies eTiiis il evdid imerciegd problemzsind aisb allbys firfd @nesstpitch dat provides

thread pitch, values _qf prJjor, art ferrul e.type be fittin Ngks:

July. 2005 0 Bigh il S ek Py e ﬁ”ﬁ?‘bﬁ°é)r%E‘P%F°oB‘flifé‘?Ps ERfelilile A0 upf

? cour seI pj[ iﬂébrp]bll‘wés thé giﬂséiﬁﬁnvehtii@hm&&}@b tc_ﬁﬁrﬁ@?ﬂclﬂ\/thﬁ‘d‘i' t thirdads dﬁumemi{[idwsﬁdmﬂtabchh t
or conplete, pull-up. For exanple, a.fi n at . jncor e presen

i nvent im(; n nﬁ?&ﬁ%@‘e@g@r"é@eﬁ RrEH’rI"Ir) PAl-uR iR a &“ﬂg‘ﬂ’g’p r‘g W&f@i W@P‘g{t@?ﬁeﬁya%“&'laﬁmn 15

di spl acegenty iQ-FGREY 9, t810p RimsD NdthiHp howevdr fraténts thé desigher Heth enkinghiethread t

fitting by conparison is 5 pulled-up with 1"'/a to 1'/2 turng..Nothi nvq.

however prepidsh any Naluesuitabiroto 2 RAFHCHEK | appliqatien, 138, e arpiother teglynqysy fp, avoid

suitable t0ifephbl flledr TRRRIURE W Abhal i F Bullf il ne REHPIL GHQVatifly of

avoid interchangé issues. Therefore, the one-half turn for pull-up is just
one exanpl edefignechoigey aveilabdd.  desi gn choi ces avail able. The central body

bore 58 is preferabl yyal Jegﬁg%dg%tggﬁﬁe olably :gﬁﬁg?pn&@ﬂebeséaﬁ#%:ﬂeh%% a

radially inward taper a relativ ongi tudi n axi s X ( 1) of the
t ube end0 13skight radizflydnwart Gapeli caredatios tothe ddngithdinad agig Xi@FIGe Bsefdhe tubie and 13 sugh

the axial direction to ds th ount erbor.e . . [4: ' '&1@&?{
may be abou%hag&]fe(Sm'e‘gtrb‘%?lﬁ}tlc\’kfcl ,esugﬁ%oﬁeﬁﬁeaﬁ%éa@aelﬁe%tggeou g“?}&l’ g@flﬁ{g@]\gﬁm&é‘i}g%l cu erl?l y
critical. The Forexdniplelithisaaper naly Hiehshoan2htocatoor 4°, aithalgtiche iseleqtedsangdd isgiet | y
| ess than the quter. di ter of. the tube.end 13, In,this.manner e
end 13 has H“QF‘ﬁ °‘?t§a€a Borg %? diemeter At the P?‘Enjfg}mrg 5*‘%"&7&? ng{;ﬁl&? Hi ﬂ%? {hgl?
i ngh 1;1 or e)l;ﬂﬁmlfget\i%ihﬁetéﬂ'l@f hertebedend Thi smiﬂiifg eiidn@ére Mectubd ehdvddrhas heslipht ead&8
and the tube en

rovides an anti-ratation actiopn, to help. prevent .the
tube ehdl 1ZueTFeERRCe 5 at # fry Bavsenghped s iggh or premplg Wi ﬁ&&?&f‘egs-r@@ﬁa‘ggf"“’““
torsion strggaedd@t boRYS8AGd HeRehicd 18 Prdvided &n hitReotAiod a6kith tb helpQréehtahic tube
t he tube grippi ng el enent é80) during pull-up. The tube end 13 does no%6

necessari | yeihid from pasatingneuringpnudleun. y Thigaalsesteduges residual dqrpion stressoliptaay B9
20 Thi [ t ' 5 | [ )

bet ween t e T0aC By bl kI AfF 36 cH be HELBS apfiiy HemEnIB0Faiing PRI YpS ThY

i nprove t hetubalead 43 dges oyt nedoessarilp bavyr to ppitery cenplatelt againgohie enpntesons shoulden ‘51 ng

of the ehbe TRIOBERGC LedEiotati biigd BroRile b gRbc ity Wl pltbdl mdbog g sRRE!
grip rather nibband a8y Thé insdrfepenteafic alsd helps intprovetharmbe gop by fhe tubberigmng eemintg
enti o ai (800 i SRR s oging s 15 S suientss Briog iy bt B Sl el et
of the tube gripping element (80) is used for proper deformation and tube grip rather than any
lost axial motion or movement of the tube end during tightening. The taper of the bore 58 may
25  extend gradually along its entire axial length or a shorter axial portion adjacent the counterbore
60.

The nut 52 includes a first central bore 70 having a first diameter D1 relative to
the longitudinal axis of the fitting 50. The nut 52 also includes a second bore 72 having a second
diameter D2 relative to the central longitudinal axis of the fitting 50. In this embodiment, the

30 diameter D2 is less than the diameter D1. Furthermore, the diameter D2 is sized so that the bore
72 defines a generally cylindrical wall that receives the tube end 13 (FIG. 2). The first bore 70
terminates at a location that is axially spaced from the nut back end 74 to form a trepan 75, such
that the nut 52 includes a radially inwardly extending collar 76. The collar 76 is generally
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60. The nut 52 includes a first central bore 70 having a first diameter D
relative to the longitudinal axis of the fitting 50. The n’[ﬁ{;ﬁ% @fo

i ncl udes a second bore 72 having a second dianeter D2 rela ¢ he
central longitudinal axis of the fitting 50. In this enbodinent, the 30
dianmeter D2 is less than the dianeter DI. Furthernore, the dianeter D2 is
sized so that the bore 72 defines a generally cylindrical wall that

recei ves t héefingebyethel back el @all Ty of the nt $2; tthe gmpalley gliameiqr hose 2 and the, larger

| ocation th { ie?eﬁ%(fiea} |y spaced fromthe nut back end 74 to forma trepan
75, such th&FThé”Rdt” 52 includes a radiall y inwardly extending collar 76.
The collar 76 i s gendnakdoydahie with d sigyifi2®® 3speetiaf tednyeption dhenus B2 gedidams tubg 4

of the nut 52, .the s r. dianeter. bore 72. '

70. In accogﬂmﬁﬁh"{éﬁéda&ﬂ %ﬂﬁ?@gﬁ{l}r nseedly %B%P%g‘gl#ﬁven F%errﬁw @%g&ﬁ%tc%S ¢
i ncl \tlJ\ﬁessa bu_lf 769 rrhgn%be@ﬁgﬁug ]gevi&antﬁllﬂabxmm?fsds ﬂ?)gead:rlra].lyfothn@ypihglriag 80
somewhat cantj) evered.fashion. fromthe col | ar .. The . tuhe |
device in tA® m&l%&’rfﬁf‘ém}eég‘?rﬁ B? fhat 6‘@%‘5‘7 ‘éf"’%?ta?rf?blgf:ylgl%ﬁf ;%ﬁllntggrcllo%l&g%eg%dm ©
i ncl udes anpibeRed 1P TG, 3% Thadiadatd DB 6f e HufeB2atiyi til thy same asnatdiffexént Ermi the

that closely receives the, tube end 13 (FI.G .2 The di aneter. D3 of {he
bore 82 maydi@etengf thy secopd ngf bogs 2.0 The ¢ 1?“#5%"[“%?@'1‘3&"5 © GPRTIEg ote 82

hut bore 72 e)lttgltf@faﬁbéhj'r i &p@ﬂmr@é@%&nt bhadse P6itioR 83 of e glippiRPHAG 80.1 The RRE Portidn

extends axially froma tapere ront or nose portion 84 of fhe g}rl‘g‘g{hng
ring 8010Th84 iskuegun axially tampregputen surfge §6 Hiat ingfeases in the Fadial dipension tardsibe
86 that inc g&ﬁf’% Pyt e Ol | I Neom B Keﬂﬁdraaifalﬁbﬁ nd Ng
80. The tap{e)re gl?{t‘g]rei%r@gggﬁéﬁxten g&.rg\#?aeg%%%e_rglll %ﬁrgdi al front cend
85 of the gBS5ppHihagriping deyi®®0. Thisgenpeallyrradinlfrontende8s jping it the inpeneylindriqe bare
the inner cybipdri r pr e S o} :

Al ternati veyé,ﬂh%v%%%jgra?@t g}éar“g%r?gl)t?r ?g pr%l\%ggéigf H@‘F%gﬁnﬁg{eeﬁa}ra?e (E,%vé%eg_ ?)r
step or not cifcunifereiitint recgsairatep wr hatch orsdilsamgporhetryt (net shpwn) indaifrertt endef the nigg 15

80 having a_dianeter,.that js.sone t |arger ,t han th i amet.

o o Ty 1 iR R rismerer e i S DA ! R0 e ot R nR ERy Rlfg fom
52. The ggp&fegﬁnswd_fmewﬁﬁs%lﬁibﬁﬂcdnb645fmgh1t;t€52d 85dpref egabl y by a radi ijs
ortion and at its axial opposite en a .radi ys to ener

Eyl indrical portion 9ihe tm@t?“ﬁq'g?etsﬁﬁ?inﬁ e #QX" ngggr#ﬁﬁﬁqﬁgy%aﬁ'ﬁq?ﬁbmﬁp@é%n
75. 20 It i g ipoked offositblbd 1304 falliuk BEd tot\@n¥aNy SymdEEL FBitiol 9 Nalkigl inftuirSibin S

of the tube gripping device 80 (such as, for exanple, the various
recesses, ni@Tadus Ptgdhetirpapd?.i ons, radius portions and so on) are

3\/' .e: Iec;gg? 3 (r)t ﬁz r t gxef eed galﬁd %P!%Ei?@&ﬁﬁttﬁat R ivalidud deBifREy cRirRGbmgica OF it tuds
pl al ne ereinafter. Accordingly, the geonetry of a tube

gri ppi ng degiippngdeviosi 80| (sunh adefor exAmpdel thevarioes rehessescratehes; tepasedyportions, radius
material of p:;[) 6nd & isg n lﬁr%hse?e%teg'% ARSFrR Jpgﬁ)priate radially inward hinging action as
will be further explained hereinafter. Accordingly, the geometry of a tube gripping device 80
will be determined by the characteristics of the material of the tubing such as hardness and the
25 fitting components, the dimensions of the tubing and the required tube grip and seal performance
needed for a particular application. Therefore, the specific embodiments illustrated herein are
intended to be exemplary in nature and nbt limiting as to the geometry of the tube gripping
device. The above referenced patents for the two ferrule fitting also illustrate additional
geometry variations to facilitate the hinging effect to obtain a desired tube grip.

30 In accordance with another aspect of the invention, the tube gripping device or
ferrule 80 is attached to the female threaded nut 52 by a thin frangible web portion 95. This web
portion breaks (as illustrated in FIG. 2) when the ferrule 80 cams initially against 8 camming

surface (88) during pull-up so that the tube gripping device or ferrule becomes a separate piece
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25 fitting conponents, the dinmensions of the tubing and the required tube
grip and seal performance needed for a particular application. Therefore,

the specific enbodinents illustrated herein are intended '3 By | ary
in nature and not limting as to the geonetry of the tube gripping device.
The above referenced patents for the two ferrule fitting also illustrate

addi tional geonetry variations to facilitate the hinging effect to obtain
a desired t abfugetions with thenw enbbadyrie effeot ana single farulafibast The sepprated feraile 8¢,

the tube or b0l figy 46y 16fmlss abi ya&k&%&)%{sﬁd@h{iﬂmgf éxgenhi%% w18 &¢ bid/:nspd

nut 52 by a thin trangi ortion S we ortron breaks (a
i | | ust r at edthiahseFregas 2)drivk surfach fordeiving te BouleB0cforward pgainsy thg gaming syrface for

carom ng surface (88).duri I 480 : R Vi el MNals
ferrul e becSHRRCAEH %“%‘?Pe'gtéﬂ cl%&%?%ﬁ%ﬁ;ﬁ%%%ﬁﬁ ?‘ﬁ%&i ﬁ%?ll wtht hg_ nut
and bodysi nsephfacioh ofithe devita 8 frothaliernut 62,fthe surfage 95ihthatsie papoatdelongthe braak oe

has a back end 150 .t hat i xi,al | riyen a radi al i rdi t0g
wal | 152 of S???éwiﬂﬂte e wl"ﬁéﬁe g‘é‘Fe\/%lggﬁesilsg ?ﬁ%?/&uts urrace %lrlmgru E\;ig ﬁgé’t’ﬁ%%g
ferrul e 80 haemelvd ARdRéddreih, e GRANTHIE gippingaivicd andC emilétarrigngle fernile’l e
pul I -up. The frangible web portion 95 is preferabl esi.gn S hat upon 5
separ ati on 8fedipferchamgpably 'Sbé)nf"ﬁ H?"cgﬁ%i‘?ﬁ]te“g??g ﬁgsg%.;aﬂg&b‘gggge 1{“23# i S
exposed al ong the brepie fhird1€ 80 OREchiHRE WifhitEs fravpiblyvivel 95 Portidhi by dortnitid acadial 52
of the nut during farther pull -uE) to conpl ete Ehe aais&gq%xds?Ag ui‘ﬁig

her ei n, 1?heZoerers4 hejeangledgsperaliviovriidhe maide of be fepale Y 3% e EAVIY
are used 'Téﬁgﬁﬂ%ﬁg%@g éﬁd}’i‘aﬁ'affhﬁff&ﬁﬂé ParddidoliRe ARMI WAl 882 ¥ thehut AP AR then

fromthe nut rrule 80 1s machined with the frangi bl e web 95

portion by fesruid agjally egadistithe tonuyingcsuefacesafterihe fersule $9) separgien &om the R¥\&% d
t he inside t | r adethad

end 150 of PieEtin b bl sAl 1595 W BacklipR 150 oleoaiiela et hnpé ok
drive the flent db®dagxéealol yo aglativeso thentobe honeianiy X.ualthaugh st anglet may pe diffarant 80
separ at frromthe nut 52. . Pref.erabl y. b C ' nd
t he bac E§ end°PFEGTE PR %@%ﬁcﬂléﬁapgilcaéﬁn'a?}ﬁsgts"g?a%%g%ua?ﬁ336 g{gg P‘té g@’ t%@%tgjr%@
rel ative t ogillieg indaerqieifeo eequiied<, al t hough this angle may be different 15
dependi ng on the partg cul appl i i on,. ese surfaces 152 d. e
contoured to reduce \E{ﬁ I’%IFFQ“‘%&B Fﬁ%&qﬁg "r“ﬁh"s a‘ertwﬁ?‘ﬁ@a‘? Pﬁ??@?é?é%@n%gxﬁeg
FIGS. 1, 2 gidxidily tdp6reli 3nGinGh eMHE S iHal fDfmS 4n lopédingid the eulgapes 58 an thexhaih | v
tapered carom ng surface 88 that forns an opening, {o t%ga t#je@gortﬁ ?8]" n
the main bbedy .TWW%%GWW%W@SSW&&E@%Q“}S@ Trd Yeet e §Phs
the bor g,58,Rl5h Jrthe! iRy 1338 I’Tllgﬁ'b%l?lﬁ)na g"ﬁ!rl*alce%h Richirh@eriRd by 2%endrhlly friqo@biiical

surface 88 is characterfl ze y general ly frusto-conical contour.

However, t heonttrap&lonfeverhthe sapk of thegarisngBBineaychs sslecled fiopontheshepes depgpdiag on
dependi ng o il ' ' EhididD foq@iirdd Rk R fitting 50 in 2
characteri sp}ecésan?célg"g%égg#%m[oh}g?iq@te%@@gqﬁﬂﬁég slpegeiq?ilic appli cat%on.
specific application.
Upon a completed pull-up, the back end 90 of the body 54 contacts the trepan 75
25  which serves as a positive stop against over tightening. Should remakes be desired, the back end

90 may be axially spaced from the trepan 75 upon a completed first pull-up. Proper pull-up in

this case may be verified using a gap gauge or other suitable technique, as is known.
The tube gripping fermlé 80 is shaped to effect several important functions of the
fitting 50. The ferrule 80 must, upon proper pull-up, provide a fluid-tight primary seal against
30  the tapered camming surface 88. This seal may be a primary outer seal for the tube fitting 50, or
may be in effect a secondary or back-up seal to any seal formed between the tube end 13 and the
body 54, for example along the bore wall 58 and/or the counterbore 60, The separated ferrule 80
also will form a primary seal at the location where the ferrule 80 bites into the outer surface of
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Upon a conpl eted pull-up, the back end 90 of the body 54 contacts the
trepan 75 25 which serves as a positive stop agai nst over tightening.
Shoul d renakes be desired, the back end 90 may be axially »dd¥8093 om t he
trepan 75 upon a conpleted first pull-up. Proper pull-up in this case may
be verified using a gap gauge or other suitable technique, as is known. The
tube gripping ferrule 80 is shaped to effect several inportant functions of
the fittingeHibe éhdd 3fiamnlicirea SReratigtcylingrival horo B2 of thelferrulp 80 grgsgesdbe tube end

fluid-tight [ l. ai t 30 the t ] '
Seal iy beoRetirig: A gtin S ooyl i o oA AP b Shogiah A8 B ny S S
effect a segam@aby i tub&le 180agaRed thé BodyB4. drahy bemtyelke feertileciSrmush formupranasnd

13 and the body 54, for exanple ong .t he bore wall., 58, and he 4ies
count er bor e S&¢ astipgt the ﬁ%fP%cf“’r’fé‘fe?d}I aélgél!f’ outgr SyrEage; qf thepihe 3“‘{‘)?:{ n]t'é"r a?%“é%’l the

the | ocagi ofpiie§Emblterdbaiately Eripdtheltitieand 18156 ab @ matntaii scull irtepriey mided Bredsdre,
July 2005 the tube end 13 in

13 | he area where the cyljindrical bore 82 of .the
ferrul e 80 tempsraye apd vibgasion effgets, And &9 preyent éll‘?et.“bﬁﬁlé" Ef?mt Pt ﬁ?sf??hesélgpg
may in effeghadsudd RaGksidRe®’ Secondary seal to any seal "formed by the

tube end 13 against the body 54. In any event, the ferrule 80 H’%Z% for8r61.
primary seals agai ndin aries te aphieyege Suidftightseaband,iibe SEPRIOE @Fticly, Rulg 80 if o

tube end 13ueddhe Y bt iofidricaliPGefduhed bl &8k M5 thoAlBEILAL Bhdh Giniplerddgull-ths

end 13 so as maintain se Integrity under pressure, tenperature and
vi brati af eflfustrited indfiss. 8o Thisgemittis achisved pedesigging thmferule804e havg ¥hipging prdon
fitting wunder such circunstances,, | [y AP kYot 408 hresRk
and tube gr V’S’ﬁﬁeﬁb&géme HOPRECTET %}Semcgé)rﬁfgn{' e%@kgﬁﬁ%%d Egemtiﬁgst lcally

def or med andntowsdisdlyisa] buttalse ié tadialle didplagedror deawgn intooehgpgementiyith the outep surface

illustrated in FIG 3. .This resuylt i | eved by desi gni 0
to have a hPhBWeﬁﬁbeaE‘ﬂ %Wﬂ)ﬁer@ﬁﬁmffﬁg 8%81’?0“8%6 B%&P?%ﬁqgﬁﬁ l{ggoﬁg{cg%hﬁi}g
dlri ven axi gbﬁl}ﬁ?&d@% Vié Itheétﬁléihﬁlelralclihh_tithl:aZred}lﬁtaﬁth;tres&d&elr oniﬁtedmﬂhﬂeﬁiodyleﬁmatddwﬂ in
also is radia i splaced qr. driven into engagenent with.the outer [ hace
of the fdbe FEﬁdX-BT%ﬁ‘P’?t end bite A BrRENSER 8 gﬁﬂergﬁ)gfﬁ?ézgwo enag\gt W‘gﬁo’égh “.“zdéf %gs
conpressed gghed PHPANRE JIaticallyNGefbiiti nGba\Rhd rdtériula Tias shduddet 99t exgagesr theer
or bite in the region designatéd 94 in 15 FIG 3. The frgnt S end bl%gffjgaif

produces a gwheddad fpnt endi 93/ ofthegrinping fing §to|thys,form aq Fxespuelly sEoyg e

the plastic LAl 499 tenR@asades b
enbedded f rgéﬁts%é‘geg%g‘iﬁgﬁ"‘%ﬁg‘%éﬁég%ﬁéﬁaﬁsﬁghggﬁﬁﬁfﬁ?gﬁgﬁ? m an exceptsi‘qnz?lil y
strong mechaxdeteit seal esd s steamgagripontthefubaxndl3o The sing B0 ipfarthesdesignpdde exhipipthe
enbedded.fropt end 92 th [ OV . _ ead}ﬂ ;

grip oan he % eng%%c%fg‘.hgﬁ%gl @ﬁgﬁ%&g%gﬁlﬁ{r&t ‘ﬁg‘?%g}e”é?g’tn%ﬁ%? (k)h ex h?%}ct'_ﬁ ?%ZQ%O
af or ement i oagdnst stk wbé ¥nd avaictatiomaisily aijacextrorspaced fram sheagsorise dite S anfe

CoLL0CTt 21 i B 3 ot e S SRR B St i
nurer al  96. tHEMEe Spiig inéivd 260 lséreés t6fidoftd the ehibbdied nate portorhand bite 94 from the
' effects of down tube vibration and also temperature changes.

25 Although the present invention is described herein in the various embodiments as
effecting an embedded nose portion and attendant swaging action, those skilled in the art will
appreciate that in some applications such rigorous design criteria may not always be required,
particularly for fittings that will be exposed to moderate temperature, vibration and pressure
effects. Therefore, the additional design aspects of the nut, body and gripping ring set forth

30  herein as preferred embodiments should therefore not be construed in a limiting sense but rather
as selectable enhancements of the basic concepts of the invention to be used as required for

particular applications,
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the tube gripping function and serves to isolate the enbedded nose portion
and bite 94 fromthe effects of down tube vibration and al so tenBerature
changes. 25 Although the present invention is described her B 1YY f9%he

vari ous enbodi ments as effecting an enbedded nose portion and attendant
swagi ng action, those skilled in the art will appreciate that in sone
applications such rigorous design criteria may not always. be required, .
particularly for fittlrrmgderitn2chiqrq the desited syagias @stiorand be erianie tsils 80 is
vi bration age;nke % tiibic hE -actlOEhE Hofs tﬁehgpeeaﬂﬁ&se BAon 48 $hd theatRed bf

of the nut, body and grippin ing set forth 30 herein.as preferred
embodi nent s midrpertion (aseatethe regioref Bis eybindrical berei§2 er therregion esigpated f)tof the

rather as ' : AV he

o be used BPdiEH Al 305 8RRGRAR bty LiSpRS e NARERS S gl leperdl Biag
or der t o5 aciviogthe88 b thkebidyesh. s Whisi uging tactom iaraksot wisd tgrirpyide esigrafiqan! redd
Is designed. 1.0 exhibit the hing oy W Ne] ed..
bort1on 4 Dbt digeobpfes ol e cAERER vhl B (4R et LPBEY P Sfine
cylindrical fdnmie8085ddg bntohke tube erainl Jdakilly ndinealt B4he gfess heer 9¢r Ipthe emboediment 80
to be radia In g.n.co r essed. lgt en es with hi t erefglcl:g 'ngS
nouth 88 of Hﬁ% lﬁgacfb" g‘éﬁ“‘& AP ??ﬁflﬁ%e‘ia@f ?%ﬁaﬁ§ azﬂr%fgn-ﬁéﬁgmpép e SEqUE fadia

si gni ficant ixmaﬁéiﬁr.:mfdiérﬁi}ﬁldﬁ&ﬂ{@ thaﬁﬁ?xﬁﬁﬁpﬁmw]c \ lbetWEeﬁBO gxe C;:gﬂﬁdmdlrﬁoﬁﬁdns\mﬁlahd 83
to swage _a central or_md-portion of the n- a 0 nto t ube .en
13 axi ai0y & beanchess mubBlysusiealt nemigne femufe oo pheiamin ARprnpnd pqliase 18
1-3, the hi R@bmieblids dafiferiss af ffialifaflPtGRpross (RY &)ingkichl wall B2ekeinsake fbé Bl gih
not required radial inner circunferential notch 98 that is_axial

] ly .
posi ti oned Bewdaueca colis cfigqti Rhe prtirulsgeemeo! fie ingineging 80 “FHéh‘H&’FégPl@c?d e
suitably sh F% c}ﬁ@mﬂ%& W furth&}Sndefideli glécfggi’en%ggﬁb it o 'ﬁh %ACSHO fertuft B sﬁﬁ’Jﬁté’sgz e

in a contro manner so as to r y conpress e cylindrical wa
agai nst t hethedtreileStihingestand phasticdlly defornsdo igtip thednifecand andtreseplhoth againgithe tube

geonet r y. of L PRI ' | b © ' t t
52-is f z?t hgéé]?rhd?%%g@é&gn‘wg é’\rqgldﬁsan %E‘F%g dgﬁo@yggggig?%esﬁ El?ﬁ%FP@F rﬂ]u%é&go
separ at es, Ahfigsi§ sy bk asédo loptigizs tlengtomktg of tha lring 80dhsadm vaniabje fastarhauchabe
end and to geal. .both against the tube 1 ng and the taper ] h
55, & andar B QEUPETIAIST AL RdHecien bt vt ek ol bR et b |
to opti m zevibhtiog perfRinancetharaéteristics)g 80 based on variable factors such as
the tubing material, _tubing hardness and t hi ckpness, and r.equire
pressure, tenperatur & 2Rl d°f9FB?‘é?Pi‘lfr‘Fh?)g?rT“Xﬁva%H@§ f@‘ﬁ%‘i’&“é’??ﬁ@?dc seﬁcg%fm
def or mabg ONaphogriaf domicub'fs B0 tiPeted suFfhdecds. DPhis QRificR! nBaloel the Ripered in6@ éMthe 20
appropriate contour for the tapered surface 88. This surface engagﬁs ﬁ%gﬁ_

t aper ed nosfergle 8hand therefore evillon pad defeapias dheotiping andmagner of bpwW the
timng and gapae i o |
o, Rl M e B oSt b

tubing and also provide the desired collet or swaging action. Furthermore, the contour of the

camming surface 88 may be designed to achieve the desired seal between the ferrule 80 nose
25 portion and the tapered surface 88. This seal is important to the overall performance of the
fitting, as is the seal provided between the ferrule 80 and the tube end 13.

The nut 52 with its integral tube gripping ferrule 80 may be manufactured by
standard machining operations, and will typically include 2 trepan operation to form the outer
contour of the ring 80. The other features of the nut 52 can be realized as well with known

30 machining operations. Preferably but not necessarily the nut 52 includes wrench flats 102 to
permit the user to tighten the nut 52 onto the body 54. Those skilled in the art will readily
appreciate that use of the fitting 50 only requires relative rotation between the nut 52 and the
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tubing and al so provide the desired collet or swaging action. Furthernore,
the contour of the camm ng surface 88 may be designed to achieve the
desired seal between the ferrule 80 nose 25 portion and themtﬁ-l%?@? surface
88. This seal is inportant to the overall performance of the fitting, as
I's the seal provided between the ferrule 80 and the tube end 13. The nut 52
wth its integral tube gripping ferrule 80 may be manufactured by standard
machi ni ng opeiyas4, Gaeh tian cithér! compppent airl hoth malyUskercated @p aequined rdarin® @ pul-dror m
the outer contour of the ring 80. The other features of the nut 52 can be
real i zed as®REEF™i th known 30 namchini ng operations. Preferably but not
necessarily the nut 3f¢ hivg foresther € Rchighly desirablBXot the qamming surfaee 88 ¢o farm a

tighten the nut, 52 qnto.the o4, .Thos killed.in the_ art. w | ily-
appr eci at e saming nele  of aowt ngg%gre}f@‘f%m @e f‘&‘&ﬁ‘i"ﬁ‘é"é af"éﬁgf’f@'@ fif%‘?%%‘? %"ﬁﬂa‘q‘!’é
bet ween § heefii3, SoRNslefeRi®lyl e hagld @ of BOOAbRE Yufiske SBUMHOUId KR 408i50P @and most
conponent or both may be rotated as required during a pull-up o e%gtlo&
W have foupreferméthe dnglest ghoyld be geayt Aalh) £his saneenf ﬂ%&‘ﬁﬁ&ﬂg&g G-“’P‘EB@ %
forma canmg Bt ord? ' ¢ fit@RD bésipals.n alonddndy X
of the 1ttt Gafatall BonfRfhonty uR BPianif it El’Iﬁto héj‘g%gf?h% o The.”
canni ng sur fised cubgdittings liave ermmiog Serfaca maeleroistthe g r%@%ﬂ@%{h’@ﬂé“b“%&% d
be about 45sha¥l_g'»b§r &g%ﬁ&%%%{eg{ infdhfiof IR Bh vl ChifnthgBRgle M ddofisiy in

dramatically Tromc y use errul e-type tube fitting designs.
Conmon| 0  upsiat attufiftingsits havagie favle siideragrenter auial distanceradpingshq gamnkpe suifrge Hrs
10-25, which is g..subst.antial.ly al |. I r r d
i nventi on. ?ﬁﬁtersﬂ’élﬂgoﬂ‘ﬁé?n P n%e ﬁlﬁeg Iglélgﬁﬁgé %%v@%stg(}:% SIHF 1% %%iu%%’ gira?aél?td%ﬁﬁﬂ&
fittings toinkaihe tibecentias forkrea ghipping action @abite ovtticatubeli Thiaris espatieitgthetvase for

caronm ng surface. This..greater _slidin t.iqn,perm.ts. o]y

devi ce to bR sl B‘&g'l yfil ‘?°Jd‘iu§7‘ If@m@gftgﬁrfﬂ uded,) g;ttrﬁgthP Egéeldgg%%% angt (E)ér)p%ra
gri ppi ng actdn@hingranblet 20Ny teltRert 1¢lieon Anshalldvs persipr aifahé Yammingcasfacé or do not
stainless steel tubring. Prior tube fittings that in Iudeg w;ﬁt. m htﬁhfaﬂﬁ)wear
to be aldt epgdice achitedhihrgubing therst limitng 1 pregsyre resisfangp of thefiting,  Fie SHATaY,

of the car o ifing UhEIRGE R prie aROhoweven CoHpYORIsRs el Milith of AGirglebietrgle tb liaedy
limting the preSsure resistance of the fitting. The shallow canmi ng angle
of the pri oflepandablersosle e sharresmiassthe prssenhiavention utilizes @ substantigihnstecper ‘ii'%ém{‘
forma dep ich Pertfi@ nosBorlbE B8 M effY &bé Sdinddt inlol tBE'S
a substanti %Pﬂgpé'f%%g’g‘lr’h‘%}gﬁ?n ng ﬂ&s%%g{ggﬁ%nngo eﬁc()), whi (1:_heper mts the
gri ppi ng ri canmiog eunfape 88 withGut sitbstanfislsbiding activs, thereby forning@neneellertsedni ng
surface,88 wi thout sybstantial slidip t,i - OF B B0k gecghihent
seal . 2663I n the exerrg?:'ﬁ’eye’éer‘r”ﬁ%ﬁ?’r%%f’%lgﬁgt%é}e%?j’t‘#{gg‘?\% é’r{ﬁ@{tﬁ?%% 84° i ncl udes
the radius pqaeh 89thaB@anisitiohs forthéSiter tayesedt snrfadecB6o (this outterserfect SSurpeacgengmlly
This outer surface 86.tapers generall t an_angl et S as
The’angl 6 oft HIASE 410 b Srep a6 Diogaeteof e AP b 1R fteaBhuet WEfEe
86 preferably tapers axially with an increasing radial dimension towards the back end of the
gripping ring 80. This tapered outer portion 86 contacts the camming surface 88 with, in effect, a

25  generally narrow zone or line contact upon pull-up that has high stress and material coining to
allow the front end of the gripping ring 80 to coin into the camming surface 88. Therefore, the
term “generally narrow line contact” is not intended to preclude an area of contact between the
outer tapered surface 86 and the camming surface 88, but rather more generally to the concept of
a localized contact zone near or at the innermost extent of the camming surface 88 of high stress

30 and material coining between the outer tapered surface 86 and the camming surface 88. By
“coin” is simply meant that the gripping ring 80 achieves a good metal to metal seal between the

radius portion 89 and the camming surface 88 by forming a generally narrow circurnferential line
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86 preferably tapers axially with an increasing radial dinension towards
the back end of the gripping ring 80. This tapered outer portion 86
contacts the caroming surface 88 with, in effect, a 25 genetZduly28@% r ow
zone or line contact upon pull-up that has high stress and material coining
to allowthe front end of the gripping ring 80 to coin into the camm ng
surface 88. Therefore, the term"generally narrow |line contact' is not
i nt ended t ocqrtat bimietakburmished onimetad ta effcct Hgasightprintaey scalibewetratbe tapered surfage e
surface_88.0obut rather nore generally to the concept of

86 and the )
a locali zedgﬁﬁﬁﬁ@gfwgsw’g%?sg‘r at the innernost extent of the canmm ng
surface 88 of high stif #i@p&fanatchowather thabseadiapanigulartanseing tahgle dutot depengeat ed

surface 86 and the caym ng surface 88. B "coin", i.s sinply. n. t he
ol ol gy Atpesrl ot at ity 6 [ St 88, o pBESYOgn e Fielt einPRa0S diibicll
portion 89 aAfhithe feaEridner ﬁ&b‘@i’i@ﬁiﬂg&&gm §ontafistBe darfalQr Aikfaye BRI fokm 2 seal
circunferential line 16 12 July 2005 cont act, of tal, burni,shed on nmetal to

|
effect a gatherepyhThis, hesapminguriaes $way indeed; bequadegvith, p pop-frustgronifia] cppiaur,
cami ng sur {@aGRe &8t is il FoPmbdBPHe Fdht {rd T M eFelrila BO boRaciRg aGleep aaéd suefidecss.

camm ng angle I's not dependent necessarily on the contour o theﬁlsuréace
88. In ot heAddisierrl compaundnanelesoir Gontonrseaft the campung, syyfage A8 may Bgjused fo, petter

front end o Malal A haGBhetRbatived b GeFamit 8@ surface 88 to forma
seal ther eagta.cf ?Jsfé t e %gfl:lr(l&ﬂ ng su?b?ﬂgce 88 yei ndeed be nade with a

non-fru$@o- coni cal coNbeher the pamming surfacs| 88; ig fanmerl|as grompguist angled surfaen withd
of the ferr g+c§ti<)8ngl a%%%%%&foﬁg t %gt%%e?&géhgﬁ]oééfﬁg ﬁgﬁiéaggthe hﬂ%ﬂigtdcﬁé}?ﬁnd bite of
0 e cam ng may be

conpound angles or ntours. o sur face used to better
facilitate theegrippingiring 8fcihioothe autet éndii3, i sceoranive evitthip/aspent of direr inventign. tha 0

Whet her the_carom surface 88 Ls farnmed.asqa.C Qun . f MLt h
ndai ¢ onal sagreri ot 855 ens ot fbe e3pRER uR AP GE TR Mepls AFKallh
hi ngi gg act b@ﬂﬁﬁﬁﬁ) Borire thé prih’(myf ﬁédl_pmi agteep nggldd pottion Tﬂwﬁzetmahmipgldux‘f%&p 88
accordance Wi I s aspect .of the invention, the s in fiqn. of the
front eh onekq'?é’ﬁﬁgﬁi P rigsednRpraen i Ehetﬁﬁgee%ﬁ‘bﬂq%reymg?h]%’ai%égﬁpst?ci?r}gertgatpﬁs
portion 89) 1chefifna BAs Ridf MR fittiSEe80 arfitulfe &nd 98 mare Prefetablpthid Anplecd oftthkecanmiing ng
surface 88, 15 preferably a steep angled portion in the range of

le 0 of
about 35- 60surtace B8 shouldobe 4(8-50F cndinmastiprterred shegmple G showd beiabpytiy %g{‘egﬂgn%ge
end 13, mr%h&%%@%@gﬁ g@% B! 60 PrdthianIG AMHBURH noShckAGSlydRis phmidhyChelgs

40-50, and nost pr the angle 0 shoul d be about 45 at ‘the | ocation
wher e t he peffectadybys eagenérally matyow flinenesuitacPrypt engtgement) betwagh theofromt cmd sof dhe | y

this pr'bérar %“Qfl’%#%sﬁ?eﬁ;‘%:tﬁ%gg% a?ﬁéeu?r ally narrow | i ne contact type

engagenent ront en 20 gripping ring 80 and the ]
cammi ng surface 88. Tihe stetmee panmirgrsorfaicegngle histbeadditipine] easfitt thes taebise droromt

be Tormed wPHOSehEs R PP i Ye bCbompiubl Bs ity bk R &tofifudhy

to if the front portion had to engage a shallower camming surface angle as in the prior art single

ferrule and gripping ring designs. This added mass, along with the hinging action, tends to
25  position a substantially greater mass of material at or near the location of the tube bite 94. This
significantly strengthens the tube gripping device in resisting pressure and also strengthens the
collet effect that isolates the bite from vibration and temperature effects, as contrasted to prior art
single ferrule or gripping ring designs. The hinging action also results in the back end of the tube
gripping device (i.e. the end opposite the nose end 84) from contacting the tube end, so that the

30 entire tube gripping device is in axial and radial compression.
In general, for a tube gripping device such as a ferrule to embed into, bite and grip
the tube end, the tube gripping device must be harder than the tube end. This is especially so for

thick wall tubing. The greater axial movement of a ferrule in a shallow angle camming mouth of
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toif the front portion had to engage a shallower canm ng surface angle as
in the prior art single ferrule and gripping ring designs. This added
mass, along with the hinging action, tends to 25 position aZl#hs?@ially
greater mass of material at or near the l|ocation of the tube bite 94. This
significantly strengthens the tube gripping device in resisting pressure
and al so strengthens the collet effect that isolates the bite from
vibration athd ptiemngsedintve aderaid E@hﬂ)pdartocmbe eestvaen the foruleis enly mod¢ratglydarder

ferrule or r ns. The

back end of&f”hgp ttﬁ%e ﬂ’b‘%ﬁ}% rchfagﬁes [i’gtuq{%h%ﬁ%hgrhewcg??te hfé@rll%ds?,lgta g d
34) from CO]iH;rmttha:ﬂghd tgse éugbmraadce wouldt batmabhaao a&ﬁlueta}yl grip theitube Guriatsepengle
evice is in axjia nd, radi a ressj,o nera tube qari g
devi ce. s ucHOARTIE Fusfice besaits af HiEcbT ALY gﬂf‘éﬂé‘?f‘ﬁ“&ﬁ’ﬂé’“ o the; eg’é’ﬁg‘g i34

tube griPpi HFHPPAIIGH daliel bRIhREPOF cstnhﬂmg tahget Ho@ewsndin abbordarics mmpmehy
so for thick wall_ tubing. The greater axla%glg nt of . a errulel

shal | ow angin¥ertigpoby Faking the, ube erippimg dsyics, s aﬁ‘i‘qrcfpa’h lF%rvﬂss ?f’per

ferrule to ﬁ{@?@aﬂuﬂh ﬁrﬁé&b&a?\f&nuéeh%dtlb%ff&arvwbecam o8| tibérgeippiag eevice to
harder than the tube. Under these circunstances if the tube gripping

devi ce 80 wedequately hitnintrethatubp gnd legrigdhe Wbfan the tube end, the device woul d
be unabl e to adequat r t REEnt3RUiRion N HeRdtsSiH 4 Mch
Gy s %&#y ésaﬁgn %Qﬁ%@% £othe Lpréien on s

because of the substanti Xi a novenent of the tube grippi ng

devi ce B0 dustiorter disthicenf asialidiepladsmentef the Sople 8 durinegmyllaing | ConseargRie the 1
accordance w %%?‘gwﬂpree%qgtbﬁeidtmﬁn&e%q_&w W &g%egarnhgglﬁql gﬁl\ibﬁ:e

si gni ficantP§ Fan t ing, a S angl e canm ng surface may
be used andshosercidfialdisplaecrtient onsliding movément &y ornderi mgsbiewﬁleptr@er tube guia tteany

bite into the. t nd to t Test fa.t he
present invE‘ﬁlfrB‘E %lflbsgre'f Vf’%eithﬁl%ﬁn#&gﬁ esgﬁggﬁgst %%g{%nce 0 ax%mé
di s 'Pl acegljfnﬁlbl Fnimc?f fifdrgkﬁn;ﬁé) ifithe hmglg]rclﬂdtéﬁalldis.stdéiﬂmeqalenm?eﬁm{bﬁ atda@glah ess of
portion Wi nee 0. ber ef or conpr es into.

Do 1948 ¢ st Ot 300 Bicker. Tapraford:int SCRHBRGA 0 IUCRPELAS Ok uiRiah: Whep 1B
order to aCﬁitﬁFsﬂ i \RedWih ShichiHARPmaEidls, iheibe gri fcﬁhli:b'lslﬁmﬁﬁbd largened mraa’ahw
case hardened to a hardness of at |east abouf t| nmes. h %Pﬁr t han t

tubi ng mat eef af| leastgbous 3 fimes harder than thentubigemiYlereipasferred, ¢ FEPPLE Y'F° it
may exhi bi t 4o, AN MERRePlo sratibf taPle?s@Q‘“lﬁne%Qﬁrd\& 4R Ei: tuﬂ-lhgr @tif (frther, the entire

accordance w tﬁ thi's aspect of the i1 nvention, when t |tt|q‘g 50 is used
wi th such hgumpingatieg 88l seed trive beutnee @Mdplpﬁdn@uﬁmh%@nbh&ﬂ Bo35ePeHEH 8 JBEN BE a

ratio a 43 tines harder than the tubing. Mre preferred,
t he tubga gr%‘%"ﬁﬁﬁ%%&gﬁ%@“%shom d be hardened to a ratio of at least 4 tines

harder than the tubi fgaccBidahte Witk tlineaspedt fthe fiiviention, gl iopparhgf the nyt $Panddedy
ot e e SR b 5 5P el SR 5 B TP S,

all or partygf “hih%aﬂi& nfbngaisletddlélvuch as stainless steel. Smtable case hardening processes are

fully described in United States Patent Nos. 6,165,597 and 6,093,303 and copending patent

25 application serial no. 09/494,093 filed on January 28, 2000 for MODIFIED LOW

TEMPERATURE CASE HARDENING PROCESS, issued to the assignee of the present

invention, the entire disclosures of which are fully incorporated herein by reference. These

processes produce a hardness of the tube gripping device of about 800 to 1000 Vickers or higher

without compromising the corrosion resistance of the fitting. Other case hardening techniques

30 however may be used as required. Case hardening of the tube gripping ring 80 allows the ring 80

to adequately grip and seal against tubing materials such as stainless steel including duplex

stainless steel. The above referenced case hardening patents have an additional benefit of
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54 may be through hardened or case hardened to increase the tube grip of
the fitting 50 when wused with harder tubing materials such as SE@#” ess
steel. Suitable case hardening processes are fully descri b ted
States Patent Nos. 6,165,597 and 6,093,303 and copendi ng patent 25
application serial no. 09/494,093 filed on January 28, 2000 for MODI FI ED
LOW TEMPERATURE CASE HARDENI NG PROCESS, issued to the assignee, of tze_
present i npwnidingnsurfapes @nthe ringBlsthptredpeesoroprevimt gplling betwgen $he; fiRgo PG SVt g
herein by r sewi)ffﬁ? es produce a hardness of the tube

gri ppi ng de\?/tlft%é 0 %%E@S%%g&?%%o Vi ckers or higher wthout

conprom sing the cor r\ésioon lubsisants may alsof bet vred fwith: tha qubecgrinpingc 6ag 8 dp delirsig
t echni ques . - . IS gLy el t ;
gripping ri g%h%\lﬁgﬁ%ﬂs ﬁg&ro#n%%%ﬁ’ ?‘% guc?é%geét ely gri |oeg’aﬁﬂl %éal esagtglitatrll%{i?
t ubi ng nht emolybgemmrdisidpshidd aritmigstss distlpkide. ncl udi ng dupl ex stainl ess steel.

The above referenced cas ar.denin atent s. ha . | Li f i
18 12 July 2005 provi%&"@ﬁ?‘%%&l&ﬁ% st@éca??ﬁ&ﬁgﬁswhlggﬂ r Eedéﬁégghto%e%;ﬁel\l[}{eegﬁ
gal | i ng bet woerngrippiag fing 80 86 bé vise Glrderiedl &When the ichsetHaedening i5prfameld ph etainless

tubi ng. Varioys._lubricants al so be used, wth the tube grippi in 0
to reduce 5‘8%’1} f%gfxﬂﬂ@c’r@s?‘gﬁ%?b"f’ﬁf Fr(?ﬂce?d’@f?\%so,r p'ag:pt @?ﬁﬁ%ﬁg’, E'E B 'g'# gagiggs,
and gr easesgigARN diAéd)dn aRothE ntvdainent 6if thel inpbintida, Eolidunigiiantmaly Baiappliedi®. the
Case hardening techniques typically wll ult i e enti rg nut

t 52 d
i nt egr alt0 t Hpeadyof thy 'nkﬁﬁtﬁfﬁ@m“fst)g%é" Eeé’é‘r%ee ﬂ’élﬁgﬁ. YR P E-Up Tdue diring

har deni ng i §glﬂ€x[if1é?r 'ZK@Q sOid fubAdAl Smbe BERRIr thif E\Irﬁ@sééhﬁﬂ)hﬁny aifchi sblid Rdricdneyvee
referenced patents or “patent application, an ad

t oxide skin, i
e B it 4o A s ot
applied to b’ilﬂu%ﬂzt@fn%a}ﬁ &Blegl'il& &éi@ﬁt’}logﬁeﬁag%ﬁ‘?' THME RubHarkOcdntstussaa hedtGitd. on
-up rng tl t éni g.

and t he hence pul torque du Any solid lubrjcant can be
used for thhet qombped evithradothrenyateriad,or swikéediwithy pothen materigh such aes FesIPABYFAITIN OF ew-

(ol tra 19 oneopScat Bt by SN et v A AG5H M oSilhins P ARE b

neat, i.e. ambpaseanbi ned with another material, or mxed wth anot her

material such as ar . .carrier. or 15 th i ke 1 n addjti t

be used in essenti al f%?hﬁﬂv%@w%&fﬁﬁf_%ﬁenﬁﬁuﬁqhb‘°a&mv"é‘?’“@ir yﬁ‘@ 23 f]%#gﬁﬁ@
pastes. Sol idnide Ddve Eokntng® 32N Dy FileLibridanteivhildbleofom Muwndloming Corpodition ©f
Exanpl es include Dow Com n%“rq?( 321 Dry Film Lubrjcant alyai I E,BI e ér m Do

Comi ng Cor pitigdlend; Mighiganagd ,OtR@cW'YggPP"amp SYqﬂé‘tllﬁtfg‘(‘?) T8y~ e Tg.ggs, °

avai | abbg f pRmroli2RSlfRe4N Coatings, of 20 Monrovia, California. These

| ubricants can be applied by any standard nethod such as bdy hand, bK
These lubricants can be applied by any standard method such as by hand, by

(=}

aerosol or air spraying or by automatic equipment. Any coating thickness can be used which will

provide lubricating properties. Solid lubricant thickness exceeding standard class 2 thread

clearances are usually not required.. If appropriate, the lubricant can also be heated to enhance its

25 adhesion. For example, some lubricants, especially those supplied in a resinous binder, can be

heated to effect cure of the binder. For example, Slickote® Dry Lube 100 can be heated
following manufacturer’s instructions to 300° F for 1 hour, for example.

In a particular embodiment of the invention, a dry lubricant as described above is

used on stainless steel nuts 52 which have been subjected to low temperature carburization using

30 carbon monoxide as the carbon source. Stainless steel is stainless because of the thin, coherent

chromium oxide film which inherently forms when the steel is exposed to air. Low temperature

carburization of stainless steel parts, such as those made from AISI 316 and 316L stainless steel,

usually leaves the part surfaces coated with a layer of soot. Before use this soot is usually
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aerosol or air spraying or by automatic equipment. Any coating thickness
can be used which will provide lubricating properties. Sol | d | ubrjcant

t hi ckness exceedi ng standard class 2 thread clearances are %%‘U\é?pc}s not
required. |If appropriate, the lubricant can al so be heated to enhance its
25 adhesion. For exanple, sonme |ubricants, especially those supplied in a
resi nous binder, can be heated to effect cure of the binder. For exanple,
Slickote(r) remroyed b avasioag. c Wheh earhemmerpxidedis es as ghereasbannsouse dp low temperature

i nstruction ) Ypge st

of the i nve?’l %,%Hz%R& Eogoq\l{l%(}&g%tfmglg&égé%rq?{?ﬁg hle%\'fo ;xmﬁﬁlhtpjés*éeogﬁon st aaf llriﬁagiss
steel nuts Wd%lmhxshmdﬁebim dffeemcieu the cbbﬂﬁrttmkpmmrﬁ@d%aﬁhbuwhlihtmw
u5|ng 30 c e as t Sal

ot ai ol cas baPATEL EN SpiRt i i EiAEPE bR SiRtsaP ChRERT ol R ispfo removed
i nherentfy Bﬁbmw\hﬁmw.k&t]ﬁtpamscmmen@m’&eio air. Low tenperature

carburization of stainless steel e e fr

and 316L stainl ess stBeACCOrdEE %36‘3&“ h %%{in’fwn acg%vycgﬁégﬁ%fm ?]n%t
| ayer of sogmmovBehefore BgAichtiinSofS@etsolic lubsivait! ¥ Rihﬂmﬂ,Zt jwleﬁ é&Dﬂﬁ: aaﬂmmze:tiphy
washi ng. When_carbon nonoxide is uysed as .the c rce ‘g
t enper at ur eSUrB&FH AF ptlsast e Portisns 9 °6@8§z°§1§8{f rigaie d{i‘I Q“%rﬁaﬁe fhis,yy

oxi de film ﬁérﬁ&llwxﬁ%mrﬁ@m,é‘n R fonfd dﬁt fhi hﬂﬁﬂaﬂy(pﬁfbﬁk eheucnlak Wf thid ﬁeﬁﬁa Bkide

fromthe co ent chromumoxide filmwhich nakes stainless

stai nl ed@ i pkip pefs 23 an mh@rhﬁoz:hr@ﬁmam lhmca@dﬁéheeﬁ'ﬁ‘ surfaess o ASradesy ‘hﬁ‘:‘? Ipbricant;iy
al so renoveg adlﬂﬁxfeﬁtr tﬁaﬂ’ﬁﬁulﬁ%ﬂ}ép@@ ﬁé thk Qﬁsepﬁ{dt heﬁc&cﬁraglértb Zatsand fepeled fitling

accordance wt particul ar enpbodi ment, this heavy oxide filmis not
removed bef mn@keqdpmls:asqnmauﬂm—h@tmwithwwemwtbmm@pvedrt is left on
the carburized part 3alﬁfs%‘ate9'énoqﬁ I tth fqgéﬁllvgﬂ%nq{l “Irtrlgﬁ ﬁlaglgﬁgn&szﬁg
surfaces to be | ubri cate n accor anc I'S articular e ment, it

has been f ogedrallyale same as teyprior bmb@maﬂsvzﬂtmw&nﬂmnoﬂn mf@n@bhwemr@@ 950
skin ac as _an anchor for t he ubrl a
resul t, E? he? FUEF CRUFRITAHDS “Hgbgngsg@ ? fah %F gggécﬁéfa&\j\natéée s%égg [: e@@gag@?
and hence i fiotétbBe0 ifornbd a3 argdnefrageagmdamst that¢reatescmatiimser (Webeof, mbterdad S62 ng
ot hor - crbBRITAER FBiY e WA ElATHIR SUAOBHOS AR B cHis eI Oolu s Afey!
the same aset NpiMiaPipak &P AsthtiERNSS thé full 50BoMGphsiifingBr tighd pbdisor. I BitgitapEoihe
portion 95, 15 a stress concentrating notch 300 is forned therei In this

enbodi ment  break i alags bss;me@ht Pther ﬁgapﬁ-b@féﬂwswhu 300 r3p¥-Be used 35 AMERdinplyding
tight ragli Ué‘lhé;t'[ﬁ% uq}%ugg %’Hfr yeb of material 302 to pronote a rapid
rom L1

clean break o e nut 52. The break thus occurs as a
result of a mininal 'Epanvmhondmameurde@mbpﬁewﬁmefﬂé@cgﬁ@ﬂq pfefﬁﬂ§ ombagdigient.

tight posi tgP%T&mﬁ%gguse 8ls ilfhrio Fllocest Blodhrd Geh { RG4S ptmyefstaiﬁﬁe%?

of the notc as req u'red incl T
triangul ar a:imkpemﬁcmmﬁo it ieimendeé to mclude all such modifications and alterations insofar as they

come within the scope of the appended claims or the equivalents thereof.
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The invention has been described with reference to the preferred

enbodi nent. Clearly, nodifications and alterations will occur to others
upon a readi ng and understanding of this specification. |t144uly 80@hded to
i nclude all such nodifications and alterations insofar as they cone within
the scope of the appended clains or the equivalents thereof. 20 12 July
2005 CLAI M5 Havi ng described the invention, we claim 1. A tube fitting for
a tube end, conprising: 5 a femal e threaded GIAIMS ng nenber and a nal e

t hr eaded coupligg nﬁﬂggr.t %g.aref t hreadably joined together to assenble
the fitting ont o"&™® é‘“ﬁ:ﬁa, Ay e 48 Phr eaded coupl i ng menber having a
tube gripping device attached thereto; said tube gripping device

separating fromgsaid fenal e, threaded nber. during assenbly of the fitting
to a pul | ed-up cbndi t45‘g?ﬁ%‘g or pbe EGH@MBNSINEL 0 of claim 1 wherein said

tube gripping deyisgelé Wicdde@ tBupihgomebg! £d 4 afalditipeadéd eoudinpanahbenrthdtraen
said femal e threaded nenber. 3. Tlgue tube fitting of .claim1l wherein said

mal e threadéﬁeaﬁ@%@ﬁneéé?ﬁ?ﬁeé@sasﬁfﬁlbka‘ﬁ@ﬁgﬂgBQP ndir face that engages a

front end of saigdid gBgePhrefidh BoupHRY iemibelHabing aRibel gripPink deviéutfabhedahadetdevi ce
to separate from safléd feemale thrﬁgg%ed m&*rrber.g 15 4. "The tube fitting of

cl ai m 3 wher ei n said tbe gripping deyjse separring &om spid:femalerthrgaded member dpring gsgembly

t hreaded ne _ ! ..The tube fitting of claim4 wherein said
thin web i sggtﬁ%ggiéﬁ% %Bﬁl{Fﬁ\é{ﬁ?S%%tl?q'tti ng of claim1 wherein said fenale -
coupl i ng0menmber Znd tThedubedfittimgdfivdpinicdvivinzein sad nbe grinping deviefupgtiong as? singe ut
3.3 tinmes harder .t han the ter. ' 20 end. 7. The tube fitting
of claim1l ?ﬁ%‘?ﬁe e’%?f‘faﬁ T %ma?l?géﬁlm%th} Ieag‘?dc&eﬂgﬁbsm'machi ned integral wth

sai d fenmal e threhded Thenher fitthg of daimubeavhireirt said) muale threaded mepber edmpresgs @n

| e threaded nenber. ' | ed . :
[ont ana. of et ERHEHBE AGFD oG @R LRYe 0 PhF s HpfiaE gE AR RR 15
surface for pius@saididdvirelts! ftene s#id felatethreadedtintensdenut 60 rel ative to a
I | tudi nal ' f the fitting, 9, The tube.fitti .of cl.ai '
ol 0 1 okl o and fal o TR URRGAnE ShpaRACEL s b sAPRiRl i B st of i
gri ppi ng deydntfe RABD m&ERbeRbP 8 REA Jby nNarrow line contact netal to netal

seal agai nst said canm ng surface upon conplete pull-up of the fitting.
5. The tube fitting of claim 4 wherein said thin web is annular.

6. The tube fitting of claim 1 wherein said female coupling member and tube

gripping device are hardened to be at ieast about 3.3 times harder than the material of the tube
20 end

7. The tube fitting of claim 1 wherein said tube gripping device is machined integral
with said female threaded member.

8. The tube fitting of claim 1 wherein said male threaded member comprises an
angled camming surface that contacts a front end of said tube gripping element during pull-up;

25 said camming surface forming an included angle of about 35° to about 60° relative to a
longitudinal axis of the fitting.

9. The tube fitting of claim 8 wherein said female and male threaded components are
metal; and wherein said tube gripping device comprises a generally narrow line contact metal to
metal seal against said camming surface upon complete pull-up of the fitting,

30 10 The tube fitting of claim 1 wherein said tube gripping device separates from said
female threaded member along a surface that avoids interference with said female threaded
member during further pull-up of the fitting.
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30 10 The tube fitting of claim1l wherein said tube gripping device
separates fromsaid fenmale threaded nenber al ong a surface that avoi ds
interference with said femal e threaded nenber during furt ht? lﬂlb pfbp of
the fitting. 21 12 July 2005 11. The tube fitting of claim1 wherein said
separated tube gripping elenent functions as a single ferrule during final

pull-up of the fitting;, said ferrule having a front end that bites into an
outer surface oflthe Th;ﬁeb%ﬁmng afxlaimhewhan¢in 53141 mat@ddﬂbmpmgﬂmbﬁl@#wm

sai d separ aragg ,L@g?.mu?egq errtﬂttthe i}eﬂuéhmn Aﬁgtt eRd' tHar BiRks Ho

that a centra I on e 15 Tad Iy conpressed agai nst the
tube end tanombdmfamdﬂ‘mumbemdd at a Iocatlon that is axially fromsaid

front end tube btidnpr'f@etgb hﬁumgﬁgfctﬁi%} i @Hﬁrﬁ% 381:1%13{&%& fgﬁﬁfe rh%e? Rddtbiily $aGard

gri ppi ng device error cylfrndric ore and
circunfese ntitu&ﬂg firendl pall-up ecehasa dentraipdrtionef dierfemlle is tadielhy compredsed against tha hube| vy
spaced from s

conpri si ng: %1 ﬁ&?tghcttﬂﬁeeﬂ'@é’éoéoﬁﬁtb% tuﬁ%ﬂg %“Lﬁ?ﬁa &tﬁﬁ?ggé(;gd coupl i ng

menber that are 13 .hr epgaby ﬂtmignetdclhﬁgen hetierdit said siabeb ipfippihg dbvitd icomprises ana
tube end; said fenmale threade havi t ube
devi ce at t adiiuipr cpliadrical borg gp 3%@?’[’?8@@5@5 i"ﬁ%ﬁé‘ﬁﬁ% aﬁ%#ﬁo R glhf e
end receivi gﬁallgogpgc@rﬁbn@sﬁgmﬁgd 15 surface at an end of said bore and

i ng device during assenbly; said tube gripping device

faci ng sald tube grip
engagi ng¥sai d cal‘fﬁt g£§4h°fﬁét§tgfﬂﬁﬁuh§m}5‘u99mﬁﬂﬁmﬁnd separating from said
femal e threaded ﬂ%&ﬂ}ﬁé th:léded@lﬁgﬁr’&lbﬁteﬁlb&t 4% Pal€ irkdBed Lol geﬂanEé%i tHlat are

camm ng surface has a caromn of about 35 to about 6 elative to a
| ongi t udi nathreadals)y jfinadtegether ta Wm@@ﬁhdfttuﬁén@rﬁtpmﬁ@ device 20 fornming a

primary seal aga K Qherktbal M
15 wherein at éa?cffea poﬂrtlon%g#lﬁggl drupe g%l pp%phﬁ%ﬁig&h&%%a@gﬁ e(ﬂfras
about 3.3 ti rre hﬂﬂdﬂﬂﬂletth&ﬂd&dl”@uphﬁmcmbcrdfavmg@ tibrb enceredeivibg bofhand; apAIming
f|tt|ng f cl |m16 t he be en smade ty eel. 18.
The tubd flt“l’r %atoqne\é\‘ﬁﬁhﬁ"g rﬁ/ﬁ‘&f' ‘ﬂggaéf? fﬁ'ﬂ?é’"ber%t‘)’bﬁ%ng %S?’%réﬁ ‘unctions as
a 25 single fergid mbegeippingAevied empagifig suid sandingesuethes duringpubaiprapdiseparating.
The tube fitting of claim rein said canmng angle is about 45. 20.
The tube fiﬁ?ﬁ?%‘déij@Fz}FFﬂdjl?g“lﬁH’gF"el n said tube gripping device forms a
general ly narroys | i NeheGand ﬁtﬁh§ OBLigim 1P whEreil saldl daffidiilg S@fdce A@eh bahmib@iatgle

camm ng surface. 21. The tube Titti n? of claim 14 wherein said tube
gri ppi ng deof shout 35°4p rher &° relative tqya Jongitudinal axis of the fitting; said tube grlppmg device

20 forming a primary sea] against said camming surface.
16.  The tube fitting of claim 15 wherein at least a portion of said tube gripping device
is at least about 3.3 time harder than the materiel of the tube end.
17.  The tube fitting of claim 16 wherein the tube end is made of stainless steel.
18.  The tube fitting of claim 15 wherein said tube gripping device functions as a

25  single ferrule upon separation from said female threaded member.
19.  The tube fitting of claim 15 wherein said camming angle is about 45°.
20.  The tube fitting of claim 15 wherein said tube gripping device forms a generally
narrow line contact metal to metal primary seal against said camming surface.
21.  The tube fitting of claim 14 wherein said tube gripping device is attached to said
30 female threaded member by a thin web.
22. The tube fitting of claim 21 wherein said thin web comprises a stress

concentrating notch.
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30 femal e threaded menber by a thin web. 22. The tube fitting of claim 21
wherein said thin web conprises a stress concentrating notch. 22 12 July
2005 - 23 23. A female coupling menber for a tube fitting BJ4HhE05 pe
having a fermal e coupling nenber and a male coupling nenber that are joined
to assenble the fitting, the female coupling nenber conprising: a fenmale
body having a tube gripping device that separates therefromduring pull-up
of the fitting. 24. The fenmal e coupki 88 mrenber of claim23 wherein said
femal e body conprises netal. A 25. The feral e coupling nmenber of claim?24
wherein said femal e body conprises stainless steel. 26. The fenmale
coupling body of claim23 wherein said tube gripping device includes a
surface that engages a caroning surface of the nale coupl i ng menber during

pul I -up of the §|ttA 0 heferlgal of clal 23 wherein
d “5’ & memper oy %EI” °F'B'1"S
Ty o R e Shi i B gt M

member comprisin

a female body having a tube gripping device that separates therefrom during pull-up of
the fitting.

24, The female coupling member of claim 23 wherein said female body comprises
metal.;
® 25,  The female coupling member of claim 24 wherein said female body comprises
stainless steel,

26.  The female coupling body of claim 23 wherein said tube gripping device includes

% surface that engages 2 camming surface of the male coupling member during pull-up of the
tting,

27.  The female coupling body of claim 23 wherein said camming surface forms an

?cluded angle of about thirty-five to sixty degrees with respect to a longitudinal axis of the tube
itting



