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At the meetlng of thls commlttee last sprlng ln Cleveland, the sub-
Ject of the torque to be applled ln the asgembly of tube fltttngs wag
brought up for dlscussion. At that tlme lt was reported that Con-
valr-Astroneutlcs had started detatled research lnto thts subtect
and would make lts findtngs avatlable when completed to thls Com-
mlttee.

This study ls now finjshed and we wish to thank thls Commlttee for
the opportunity to present our findings for your conslderatlon.

At the outset of our program it was dectded to approach torque re-
guirements from the standpoint of the required end result, that le,
an adequate loadlng at the sealing interface. Certaln assumptlons
were necesBary in establlshlng the value of thte adequate load. In
prevlous tests leading to the development of the copper seal, lt
was learned that material must be caused to yteld at the seal polnt
ln order to achleve the degree of matlng whlch would contaln hellum
ga8.

Some of you who were wlth us ln St. Louls laet Fall may remember
my brief report from the floor concerning thlg development. At
the riek of repetltton, I would llke to recall for you the reeulte of
those tests. It wae found'that of 160 test samples aseembled at
standard maxlmum torques only four were able to contaln helluur
gas at 3,000 pet ard most falled below 500. When a materlal wtth
a low yleld polnt, tn thls case soft copper, wae placed et the seal-
tng lnterface, the, Beme fttttngs contalned preasures of 81 000 to
4,000 psl wtth only 9 exceptlons -- most of whlch were traced to



gross tube defects. In the case of the material combinailon used
ln these tests, the fitting had a -r.ield point of 80,000 pst and the tube
material of 75,000 pst. Our assumption now ls that the minimum
torqrre required to sea-l heliurn *'ith a corrosion resistant steel
flared assernbiy'rs that torque which wlll develop a stresa of 30r000
p€r et rhe sealing interface.

ln order to relate the forces requlred to develop thle level of atresg
to torque at the fltting nut, tests were run on slmulated AN-type
fltting speclmens.

The teet artlcles conslsted of a soltd bar of corrosror-reer€+ant
steel machlned on one endlottretl-menslons of the male flared
flttlng, another solld bar machlned to correspond to a standard
fttttng gleeve and a standard AN 818 nut. Theee parts were essem-
bled tn a, manner to slmulate a fltttrg on a tube and rnstalled rn a
tenslon test machlne. Meaeured torques were applted wlth a atand-
ard torque wrench and resultant loads were read dlrecfly as tenslon
on the machlne dlal. In thls manner all undetermlned varlables
were elimlnated ard a true meaeure of the effect of torque was ob-
talned.

Included as a slde study ln this test, or frtnge beneflt lf you wlll,
was an lnvestlgation of a promislDg new dry lubricant. prevlous
galling and frictton tests had been conducted on a number of ma-
terlals applled by a hlgh veloclty alr Jet in e fluid vehlcle. such
materiale as sllver, colloidal mica, lead and graphite were tested.
It was found thqt a comblnatlon of grapbite ln a eillcon suspenslon,
wblch could be atr drted at normal roop temperatures, gave the
beet c.omblnatlon of propertlee for the lubricaHon of tube fltilngs.
1l'he graphlte, whlch was lnsengltlve wtth ltqutd oxygen, was
mllled to a ma:<lmum partlcle elze of two mlcrons whlch left no
problema of ayetem contamlnatlon ehould any materlal become
dlslodged. Thls materlal le tmbedded lnto the pores of the steel
by the very htgh veloclty alr atream. rae resultant surface shows
Do meesurable change ln dlmenslon and essenHally no removal bf
materlel ln use. The male thread and the slmulated sleeve ehoul-
der of the torque test samples were treated wtth thts graphtte and
alllcon materlal. There ls a promtslng fleld here for rnveailga-
tlon of pre-lubrlcated flttlnge.



Wtth the flgures gtvtng the force avallable as the reault of nut
torque, lt was a slmple aet of calculatlone to relate theee flguree
to terme of stress at crltleal polnts ln the fltttng assembly.

A cross eectlon of a standard flared fltting aasembly ls eho"'rn ln
Ftg. 1.

The loadg measured ln the tenalle teet machlDe represent the net

force exlsttng to draw the three elemente of the fltttng together.
Tbe nut applles thls foree to the aboulder of the sleeve, whlch ln
turn tranemits the force to the back of the tube flare, and brtngs
the tnelde of the flare up to the noee of the flttlng. Thle foree ls
resolved tnto a force acting normal to the eeallng surface, whlch
ls the force whlch muet develop the requlred 30,000 pat at the
eeal.

Thls normal force may be broken down lnto two componente. One

axlal and one radlal. It wtll be seen that the radlal component la
reslsted by and, therefore, ls the result of hoop streseea aet up
tn the eleeve. From this tt may be seen that the llmltlng factor
on the force normal to the seal le the hoop strength of the Eleeve.
We are all famtltar wlth sleeves whlch have been overgtressed
and whlch have become Jammed ln the nut. For years we have at-
trtbuted thls phenomena to over-torgulng. Unfgrtunately thls ts
not the case. Reference to the flgures obtatned ln thte test ahow
that at standard maximum torgues in one slze, the stress ln the
sleeve is in the order of 30,500 psl or above the yleld strength of
the sleeve maLerial and, in the others, ls coming dangerously
close.

Take the case of a 1-1n. dlameter fttttng torqued to 110 ft. -lb.
The calculated hoop stress ln the sleeve, resultant from the mea-
sured axlal load of 3,850 lb. , ls 19,000 psl. When a proof pree-
eure of 6,000 pet ls applled, an addltlonal a:<lal load of 41 000 lb.
ls added to the 3,850 lb. exlstlng and a resultant hoop stress ls
developed ln the eleeve of 38,600 psl. It ls obvlous thatthe ltmtted
croas sectlon of the nut ln thls area, whlch ls already under Eever€
bendtng loads, le carrylng the hoop loads beyond the capaclty of the
eleeve. A etmllar condltlon exlsts ln the 6/8- and 3/g-tn flttlnga.

This means that at standard torgues without any lnternal presaure
the eleeve may be eaused to fail. When an lnternal preesure la ap-
plted the axial component of thls pr€Bsure acte ln the same direc-
tlon as the force resultant of torque.
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ThIr ercyrig rliia!gOiP€, mi[-: :rggEf( rnEi(IIr,'JIr mrq(le levels are too

hlgb, rben somlie:gd es o:q'i:s::: e Fressurlzed fitltr8' end tb€

nut lt aBsu-mLI4 g l':'er 1:: ry1"':f l: rngs nr't iesiSned'

Uptothlspolrillebr.,"ebe*-*sg.lsslnE:}restresslevelspresent
Bt normel torgres. \lts:34:be:e s":ess levels mean ln terme of

the atreee at tbe see.tr nn"i her fo:hese sllelI8e8 eompere wlth thoce

requlred to seal ?

TheaetofcurvesghoEntnFtg.2denonstllft*hatiegotrrgontn-
slde of e L/4'Lr.. atandard flared flfdng' Uerrg tbe valuee of net

force obtalned from the torgue test! coEverted tnto aeall4 rtrers'
we ftnd two curvee b€lng a maxlmum erd mtntmu-m streBt level'

The mlnlmum torque req,rtrea to effeet a seBl la that tor$re whlch

wltlproduceS0,000pstetthegealandtakenfromthemutimum
streB6 meeBured. The mar(lmum torqtre requlred to seel lg that

torqtre whlch produce8 30, ooo pal on the extrapolated mlnlmum

curve. The mexlmum slloweble torqrre te that torque whlch pro-

ducegS0,000.pslhoopatrecslnthecro8!gectlonofthegleeve.

you wtll note thrt ln the oece of thls 1/4-tn. flttlrg the mptlmum

cllowable torque lr below the mutlmum requlred geal. The rtand-

rrdtorqr.rellettsbllehedbyAlt[Dloos4rangelfrombelowthe
mlnlmum rcqtrlred to altghtly above. Thls tr B oondltlon pecullrr

to thc 1/{- rnd 3/8-1n ltttrngr aod eccounts for ttre reletlvcly
hrlh rcllrHllry ol tbcce stzec for hellum tlght Jolntr'

Notr rlgo tbrt tb. arJdmu:n torque rcqulred to leal lr l1r beyod

thc ttendrrd rugc rnd bc}ord thc mr,tlmum rllowablc torque;

whlch tr thrt torqur whlch ceule! I ltrrlr bcpnd go' o0o prl ln thc

llctvg.

Ac tbe llse lncreerea thlr condltlon bacomer wor66. For 1/2 tn'

endup,tbgmaxlmumallowabletorqrretallrbelowthemlnlmum
regulred.

Ttre famtly oI curveB pertatnlng to the !/2-ln, elze ls lnterestlngt

partlcularly, tn that tt forme the flret verlflcatlon of the streal

requlred to seel. (See Ftg' 5 -8' )

In the copp€r seal teste only three speclmens eeeled hellum at

etandard maxlmum torque. wtth the seal ln place all 40 speclmene

held3,000pst.Youwlllnotethatthemtnlmumaeelstresecurve



l:.= :-.::-:::'."1e:"r'een the alio*al'ies anci the :ea'jl:'?::'ents t€-
::::.:= r:.r"..r a*{ the fitting size increases, indlca:tng tn3t any

s?ii :':::-:eC in:he -10, -12 o:'-16 is a rnalter cf chance rat'her

than deslqre:-in capabiltty. This ls' of course, a matr-er of com-

mon knou,iedge to those faced wlth sealing high pressure heiium.

These curves only 6erve to tell why and indicate corrective meas-

ures which maY be taken.

Another curve on these slides is labeled maxlmum nut 8tre86 -

modifled. Thls curve extends the allowable torque range I'ery

considerably. Enough to make Eealing wlthln allowable torque

values a reality.

Figure 9 shows a cross sectlon through a flared flttlng, a tube'

a modified sieeve and a nut. Thls is a standard MS 21921'

Fron tre les.:ipti:n oi the ana11'sis of |"he standard assembly

cer:a::r af 1,'3.:.::.les :i :hls :esirn * ii1 be apparent. First, the seal

is',:re sanie ant:.,E :.;€:'.de:l:t':i:he s'-'al is still upon the allowable

ho:p str:ss ln thr sj€,?.,.e;-:i nu". He:e 
"he 

similaritl',ends. The

slee,..e h.s [een:ei,;ced:. a i'eslig:lal s:ructural e].ement ano the

nut has beccne a signiiicanl rrlass. The action oi the nul i8 nov.' to

not oni.,'sr-rntain the sieeve but act to reduce its diameter'

The first advantage of this design is to bring the large cross sec-

tion of the 2192I nut into action as a hoop stressed member for

which it was designed. The effect of thls is to reduce the hoop

stresses to the 4,000/6,000-psi range at the loads measured in

thls test. This t.eduetion acts to extend the ma-ximum allowable

torque and brlng the required torques withln the maximum allow-

able range.

The second advantage may not be 8c' apparent but may be of even

greater signlficance. In the orlginal cross sectlon discussed (see

Fig. 1), the action of the slceve was to expand under hoop tenslon.

This expansion caused the sleeve, already a loose fit on the tube'



to move still further awav at:!r? hei-.:::::'l:.::. Ti:e charaeter-
lstlc failure of flared tubes un,ir:'.:::::-::. :::-r:, 99 failures out
of 100, at the root of the flare. 11: :': :.':,si:n cf the sleeve leaves
the tube unsupported at the cri:ici" ar:a. lvrre ln the modifled de-
sign (Ftg. 9) the nut exeri-c a r-a::al i:r:e inwardly, whlch BwBgeB
the sleeve tightll'onto the tuh. ij::is effect app€ars famlllar to
you think of the flareless ass€n:l;.. The geometry and the actlon
are the same.

Test samples of this design hare been subJected to vlbratlon whlle
under 3,000-psi helium pressure. There have been no tube fall-
ures, at over 200,000 cycles of reverge bendtng at 76% of the
minimum yield stress of the tublng materlal.

To summarize theeetest findings, refer to Ftg. 10. In thts
figure the requlred torque range ts plotted wtth the AND stand-
ard range, the maxlmum allowable range wlth the standard d€-
sign and the maximum allowable with the modified deslgn.

In all caaes the requlred range ls far beyond both the etandard
range and the allowable wtth the standard deslgn, whlle the modtfled
design permits torques far in exeess of requiremente.

Frc,r.r :nls it can ire seen that the standard deslgn can not be made
tc seal he;iu::: gas rrithou', ciangerous over-torguing. Some deslgn
rnod-lficaton rust be maCe a,,'ailable for tNs servlce.

The cesra:i n,:,i-ifica:r:n propcs;C here incorporates the followtrrg
qualif lc al j - :s f : r meeting tire rer.:irements :

A. It proCuces the reqr.rired seal stresses at reasonabie internal
fitting stress levels.

B. It dc-es not affeet welght of the assembly.

C. It ls entirely compatlble and lnterchangeable wlth existlng
lnstallations.

trt ylelds moasurable lmprovement in vlbratlon performance.

Iturstlng strengths are lncreaeed ln the order of. 20%

See Figs. 11 and 12 for tabulated test data from whlch the fore-
golng flgure charts were prepared.

D.

E.



Fig" I AN STANDA,RD FLAITED F'ITTING
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