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1*A thhod @f Fabrlcatlng A Wl ded Metallic Duct Assenbly Background of the
I nvention This invention relates .to a nethod for fabry P ngs?alllc
duct assenbly by welding, and in particul ar, ‘to a nethod in which’a tubul ar
menber or duct that-is used to fabricate the duct assenbly is 5 f or med
and heat treated so as to resist heat-inddced di stortion when subsequently
wel ded. Lightweight, very high strength materials are finding increasing
use in the fabrication of str@ctl'iﬁtéilocb&ﬁg)cﬁ@ﬁlsca%ﬁmtch to -such
materials 10 has arisen bedaided bl A s8g®Blyhe wei ght of such
~structural conponents without” sacrificing strength. More specifically,
ventilation ducting for certain. a P|IC tigns, is_now being nmade of

thin-wal | ed, titanium all oy ?%%$%§—9¥%§;9£55%%e%—%?%%%gﬁorned from 15
~relatively thin- gaugehsheEhvaatEobake1aSesttona néthbé fobi ng are wel ded
together, or t fit nr o) f ugt a rbly. |
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practice |t has
in particular, to a method in.which a tubular member

or duct that is used to fabricate the duct assembly is
5 formed and heat treated so as to resist heat-induced
distortion when subsequently welded.
Lightweight, very high strehgth materials are

finding increasing use in the fabrication of
structural components. The switch to such materials
10 has arisen because of the need to reduce the weight of
such structural connonents without sacrificin
strength. More specifically, ventilation ducting for
certain applications is now being made of thin-walled,
titanium alloy tubing that has been press formed from
15 relatively thin-gauge sheet material. Sections of the
tubing are welded together, or to a fitting or
connector, to form a duct assembly.
' In practice it has been found that a portion of
the tubing in the heat affected zone of the weld
20 becomes distorted during the welding process. This
distortion adversely affects the fatigue life of the
duct assembly. Accordingly, it would be desirable to
have a method of fabricating metallic tubing that
renders the tubing resistant to distortion when it is
25 subsequently welded during fabrication of a duct
assembly.

A technique known as "thermal sizing" has been
used to shape and preciéely dimension hollow, thin-
walled-articles; such as nuclearTfuel channels. In

30 the process of thermal sizing, éﬁg "sizing" force or
pressure results from the differential thermal
expansion between two dissimilar metals or alloys.
The hollow, thin-walled article is formed of a metal’
or alloy having a known coefficieht of thermal



t he fubing in the heat affected zone of the weld 20 -becomes-distorted-
during the wel ding process. This distortion adversel ‘affects the fatlgue
life of the duct assenbly. Accordingly, it would be d bis 8

met hod of fabricating netallic t ubi-ng@ that renders the ﬁE ﬁ%t to
di'stortion when it is 25 subsequently wel ded durlng f a duct
assenbly. A technique known as "thermal sizing" has been used to shape and
preci sely dinmension hollow, thin- walled articles, such as nucl ear fuel
channels. In 30exnahe*pnocessfotetbbenaizshgiu§eatmeutsizhegthﬁﬁtce or
pressure result t he, d ek »€ en two-
~dissimlar netaﬁ2£%$gllfo Ei% Egn& Fced % %Fggéggglgﬁ%yli formed of a
metal or alloy HEaRégen k géﬁmléoe¢¥m%¢e®¥ @fmﬁﬁ%¥h®l having axpansi on.
Before the sizi %éfeféi@ﬂ ofhEhéﬂi*!Q‘r veskbedls 864 T €het | 5 NP 865 QO nfly

surrounded %y a mandrel th
greater than thau of the thin-walled article. When

the thus assembled article and mandrel are heated to

an elevated temperature, the mandrel expands at a
faster rate than the thin-walled article, thereby
exerting radially directed pressure on the article.
10 The article and mandrel materials are selected such
that within a preselected temperature range, the
mandrel will expand to an external, or internal,
cross-sectional dimension that corresponds to the
desired internal, or external, cross-sectional

15 dimension of the sized article.

Summary of the Invention
The above-described problem of distortion in a
welded duct assembly formed of a high strength,
lightweight metal or alloy is solved to a large degre
20  in accordance with this invention whereby there is |
provided a novel method for fabricating a welded
metallic duct assembly. The fabrication process in
accordance with this invention includes the steps of
forming tubing from a flat form of a metal or alloy,
25 annealing the tubing while applying radially directed
pressure to a surface thereof, and then welding the

tubing to.an end of another similarly processed tube,
a fitting, or a connector to form a duct assembly.
The annealing step is. preferably carried out by
30 mounting the tubing on a mandrel having a cross
section that is-slightly smaller than the inside
dimension of the unannealed tubing and a coefficient
of thermal expansion that is substantially greater
than that of the metal or alloy used to form the
35  tubing, whereby a tubing/mandrel combination is
formed. The tubing/mandrel combination is heated in



forned of a material having a coefficient of thernal -expansion that is
significantly greater than that of the thin-walled article. Wen the thus

assenbl ed article and mandrel are heated 50 an eIevHiﬁmi

d t, mReplaced flhe _
mandrel expands at a faster rate than the~thAin-walle e& , Mlmeeb o
' ' malhdr el

exerting radially directed pressure on the article.
materials are selected such that within a presel ected tenperature range,

the mandrel will expand to @sdAd Y 2 Faddli® & an OSRrgRet i onal
di mensi on that &t résponds tothe desired internal, or gxté%nal
cross-sectionaluﬁmnﬁﬁﬁ%ﬂ?%ﬁs%QK%%ﬁ%ﬁxi%ﬁtq%ﬂ%ﬁ @ﬁﬁnﬁﬁ%ﬂ%ﬁl?qﬂaqﬂnﬁmdion
According to thed RveRlds¥ ddetidndiSts daPatiat dehedforiO\deted process
for fabricating a duct %ﬁsq‘ I¥1Coqpr|m%§%tkl Steps of : selecting a sheet
of a metal or aReSHEY FaVIdly R (FPITHTIT IV Fah&nkPeexpansi on;
form ng sai ¢ sheebinet.0 &Heaiblptamgyremite Inadnig e tdesi ried matassigedt i onal
geonetry by pressg-form nRg. i(% fo 3 t |l e edges o% ai d sheet
are brought int %Eclt-‘%seeeﬁr%(f%ﬁﬁ ;?Qﬁn%eéaé&hmoet %rrr %Dmgl%'ﬁf‘ngsut”ﬁe%SB s?’f’e edges
of said sheet ts&ubstantdiagldy relieve residual stresses induced in the
tubing by the forming operation. The tubing/mandrel '
combination is then cooled to a temperature at which
10 the tubing and the mandrel can be readily separated.
The process according to this invention stems
from the discovery that the distortion in the heat
affected zone of & welded metallic duct assembly
results from localized relaxation of residual stresses
15 induced in the tubing during the forming operation.
It has been found that a titanium alloy duct assembly
fabricated in accordance with the method of this

invention has little or no distortion in the as-welded

condition, thereby providing excellent fatigue life
20 and good dimensional consistency and uniformity from

assembly to assembly.

Detailed Descrivtion

In carrying out the process according to the

present invention to make a welded metallic duct

25 assembly, shee; material of appropriate length, width,
and thickness is selected. The preferred material for
use in this process is an alloy of titanium, such as
Ti-15V-3Cr-3Al1-3Sn or 218, although it is contemplated

_ that the process according to this invention can be

30 used with other metals or alloys. The sheet material
is press-formed; preferably on a brake-press machine
of the type generally known in the art, to form a tube
having a desired cross-sectional geometry. The
preferred cross-sectional geometry is circular,

35 however, another geometry such as an oval, elliptical,
or polygonal cross section can be used when desired
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channel and form a fongitudinal-sean1thereon, t hereby form ng tubing from

'sai d channel

pressure to a surface thereof for a time sufficientThisShetids BasitResthcey t O
relieve residual stresses in said tubing; and thgn-
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“wel ding an end of said tubing to an artTcfe  sel egt ec“lmmn%[ -mm-
arll-

consisting of a fitting, a tubular spacer, a conmector,

anneal ing said tubing while applying radially directed -

or

Esim'laf-ly prepared tubing. -3- The annealing step is preferably

out by nounting:Lhe tyai.ng r;el; N ng GQ ion that is
slightly smal I'-ergfhangjg!}?e ‘l%%@ grrré'(ra\ésﬁ Ger%’vldf t%e Lt?(r%gﬁr?e%gl%tg!& ?‘-‘u ¥ and a
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. As & result of the press-£forming operatioﬁ, the
opposite é&ges of the shest material are brought into
close proximity to each other to form an open
longitudinal seam. The edges are welded together with
a continuous longitudinal weld to close the seam. The
preferred method of forming the longitudinal weid is
tungsten inert gas (TIG) welding. The longitudinal

"weld is then reduced, for example by roll planishing,
to smooth out the weld bead and minimize any
circumferential distortion resulting from the forming
and/or welding processes. 1In tubing having a round
cross' section, this additional step also improves the
ovality of the tubing.

The tubing is then placed on a mandrel to form a
tubing/mandrel combination. The mandrel is formed of
a material that has a coefficient of thermal expansion
that is significantly greater than that of the tubing
material so that the mandrel will expand rapidly to
the desired inside diameter of the tubing when the
mandrel is heated to an elevated temperature. 1In this
manner the tubing is precisely and reliably
dimensioned. The preferred mandrel material is
stainless steel, although'a high temperature nickel-
base alloy or the like can be used when desired.

The mandrel has a cross-sectional geometry that
corresponds to the desired cross-sectional geometry of
the finished tubing. The outside dimension of the
mandrel is selected to provide a small gap between the
mandrel and the tubing to facilitate placing the
tubing on and removing it from the mandrel without
marring. the interior surface of the tubing.

The tubing/mandrel combination is placed in.a
pressure vessel which is then closed and sealed from



temperature sufficient to cause the mandrel to expand to a cross-sectiona
size that corresponds to the desired final inside cross-sectional size of

t he tubing. The tubing/ mandrel conbination is maintained at the el evated
tenperature for a time sufficient to subsjantially relieve residual
stresses induced in the tubing by the form ng operation. The tubi ng/ mandrel
conbination is then cooled to a tenperature at which the tubing and the
mandrel can be readily separated. According to the invention in a second
aspect, there isher etisieshta quenesedfQr Ty io&&tésﬂgeav@sste_as:serrbl y

conprising the steps Qj forn1n fIFQt and g_con S iran@1th|n wal | ed
flat form of titdfUAor 54 tc}l aé:lw‘log)?neeg‘c G1‘5 s%algdqtu“é:s b‘é‘i‘r?gdforrred

by selecting a whe@t a(rf Jtnetmlg;ra @uchi esnihghiskl of Bagiomg aTdesi r ed
coefficient of b exgﬁgghoqs f@;q1gga%a d,gh%ehalmtgra =¢hganel having

a desired cross: sectlonal georretry ress orn1ng sal d sheet %sai d sheet
bei ng forme® sufkrnase @mﬁoﬁetcée@dg@s éf thei Gubhagy "arerBlought i nto cl ose

proxinity to eagBn@ihefiadakhdisngnt Be QRRRS texpdgas et sakd sheet to
cl ose sald channel. and forma lon 2 Ludinal 5e8Y LhE 820%krel to the

desired final inside dimension of the tubing. The
expansion of the mandrel during heating applies

10 radially directed pressure to the interior surface of
the tubing causing it to expand plastically to the
desired size. The backfill pressure of the inert gas
is contfolled so as to avoid exceeding the pressuxe
rating of the vessel when the pressure increases

15 inside the vessel as a result of heating the inext gas
at constant volume. As an alternative to using an
inert gas, the interior of the pressure vessel can be
maintained at subatmospheric pressure during the
heating step. _

20 The tubing/mandrel combination is held at the

| elevated temperature for a time sufficient to ensure
that it is uniformly heated to the desired temperzture
and to ensure that residual stresses in the tubing are
fully relieved. The hold time at temperature is

25 readily selected based on the size and wall thickness
of the tubing and the size of the mandrel.

‘When the tubing/mandrel combination has been
thoroughly heated; the pressure vessel is removed from
the furnace and allowed to cool. The

30  tubing/mandrel combination is cooled inside the
pressure vessel in the presence of the inert gas, or
under vacuum as.the case may be, to a témperature at
which the tubing and the mandrel can be readily
separated.'_

3S : The tubing is separated from the mandrel and
prepared in any known manner to be welded to
similarly processed tubing. A pair of tubes are
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annealing said first and second tubes while applying radially directed
pressure to a surface of each of said tubes for a tine sufficient to
substantially relieve stresses in said tubes; and then circunferentially
wel ding an end of said first tube to an en pf sai d second tube. -4- The
process according to this invention stens fromthe discovery that the
distortion in the heat affected zone of a welded netallic duct assenbly
‘results fromlocalized relaxation of residual stresses induced in the

tubing during thedida Ngogeerati 8. zé*nk@sal.b@@”aéé%hM)ﬁ hfeR {htani um
al l oy duct assenbly fabricated i.n accordance with the method of this .
‘invention has |iMaidIE REIRErGRTFHRF | PPE HE s a0 | Hod abkeli tFe@wnt her eby

provi di ng excel | e_l&tch‘zﬁ‘tdtgye IIf\eoﬁélderﬂmﬁerm’:‘nﬁﬁ Wil s $d e0Ya PR 7
uniformty from %‘e sse ag [%eo al I %nDeaSere'l% Jon énxfurgdl ment of
t he invention mnll tFTH g and
5 weiaea together circumferentially. The ends of the
respectivé tubes may be expanded slightly prior to
welding in order to iﬁprove roundness, in the case of
circular cross-section ducts, and to facilitéte
alignment of the ends. ‘Those skilled in the art will
10 readily appreciate that the tubing can also be fitted
up for welding to a flange, spacer, connector, or the |
like, to form a duct assembly in accordance with the
present invention.
o The preferred technique for welding the duct
15 -assembly is TIG. In making the weld, filler wire can
be used when necessary. The plasma arc welding
technique also provides satisfactory results and méy
be used when desired.
By way of example, tubes approximately 20 feet
20 long and having a wall thickness of 0.020 in. and a
circular cross section were formed from Ti-15V-3Cr-
321-3Sn alloy sheet on a brake-press. The tubes were
assembled onto mandrels of AISI Type 304 stainless
steel and thermally formed to an outside diameter of
25 about 7.000 in. Thermal forming of the tubes was
performed by heating the tubing/mandrel combinations
in a preséure vessel backfilled with helium gas to an
annealing temperature in the range 1400-1450F and
holding at the annealing temperature for about S
30 minutes. The tubing/mandrel combinations were cooled
to just below 400F in the pressure vessel in the
presence of the.helium gas and then separated. The
tubes were subsequently welded together to form a duct
assembly. After welding there was little or no
35 distortion of the tubing in the heat affected zone of

the weld.
In view of the foregoing, a method has been



by way of exanmple. In carrying out the process according to the present
invention to make a welded netallic duct assenbly, sheet nmaterial of
appropriate length, width, and thickness is selected. The preferred
material for use in this process is an.alloy of titanium such as

Ti - 15V-3Cr-3Al -3Sn or 21S, although it is contenpl ated that the process
according to this invention can be used mn;h other netals or alloys. The
sheet material is press-fornmed, preferably on a brake-press nachine of the
type generally known in the art, to forma tube having a desired

Cross- sectronal geonetry. The preferred cross-sectional geonetry is

circular,” howeveges@pobber wHEeREEEYusHE1a$08N rQ¥Rk cahhEPhi Gal dedl,
pol ygonal - cross. secﬁiﬁ can: be used or articul a

en desire
appl i cation. In PoF bctﬂ%cFuﬁrﬁE”me ﬁﬁ?@rﬁSFa&EhenEP Angf Fh@gﬁﬁﬁrng is
formed slightly theetabzed ielprevesédyt BeémbhBiohed anddugliePsdacEesult of

Tt o ) CEaPRRIEL FPcebREs BRESER S ElRE R L Shoghognt ori ol are
seam The edges eseemblﬂeﬂabngeehec mntacaocgancauvbshlohgided¢nébedeld to
close the seam Jhe,psefriedsrrhbod) o) £0EH 88 L0Stortion in the heat
affected zone of the weld between respective tubes.
The disclosed process is particularly advantageous in
the fabrication of welded duct assemblies macde from
10 titanium or a titanium alloy.
The terms and expressions which have been
employed herein are used as terms of description, not
of limitation. There is no intention in the use of
such terms and expressions of excluding any
15 equivalents of the features shown and described ox
portions thereof. However, it is recognized that
" various modifications are possible within the scope of

the invention claimed.



l.ongi tudinal weld is tungsten inert gas (TIG welding. The - 4a -

| ongi tudinal weld is then reduced, for exanple by rolT—planishing, to
smoot h -out. the-wel-d-bead-and m ni m ze any_circunferegtial di stortioen.
resulting fromthe form ng and/or wel di ng”processes. . - Hhy gl havi n

round cross f!ﬁmwmmwmmitional step al so inproy, F
tubing. The ks L llaced on acﬁﬂgggp! to for i/ ! ¥

combi nation. The mandrel *is formed of ial that has a
~thermal "expansion that is significantly greater than that of the tubing
- material so tha; the mandrel wil| %xgand-raﬁidly lo_the dﬁg@red I nsi de
di aneter of the'tubi figPRRERSENE HRABPELCREIREafeFUCS BRSERRYY ed
temperature. | ncohpsisdngethehetepbi of:is precisely and reliably

di mensi oned. The pre 3 riak,i Lnless steel, although a
hi gh tenperature nicég%&ggggﬁggﬁgé g?gﬁhé #}Eg %%%Ebg‘u eﬂéhﬁgn°desired;
The mandr elS hasabdleyoss-sect'i onal geonetry that ' :

~annealing said tubing while applying radially

directed‘pressure'to a surface thereof; and then
welding an end of said tubing to an article
_ selected from the group consisting of a fitting, a
10 spacer, a connector, a flange, or similarly prepared

tubing.

2. The process set forth in Claim 1 wherein the sﬁep
of forming the tubing comprises the steps of:
' selecting a sheet of the metal or alloy, said
15 metal oxr alloy having a desired coefficient of thermal
expansion; :
. forming said sheet into a channel having a
desired cross-sectional geometry, said sheet being'
formed such that opposite edges of said sheet are
20 brought into close proximity to each other to form a
longitudinal seam; and
welding the opposite edges of said sheet aléng
said longitudinal seam to close said channel.

3. The process set forth in Claim 1 wherein the step
25 of annealing-said tubing comprises the steps of:
mounting the tubing on a mandrel having a cross
section that is smaller and a coefficient of thermal
expansion that is substantially greater than that of
the metal or alloy used to form said tubing, whereby a
30 tubing/mandrel. combination is formed;
heating the tubing/mandrel combination to an
elevated temperature sufficient to cause the mandrel
to expand to a cross-sectional size that corresponds
to a desired inside cross-sectional size for said

35 tubing;



cor résponds’ to tﬁ@“desﬁeedheross sectional geonetry of the finished tubi ng.
The outsrde of the mandrel is selected to pr ThisiS ”#wﬁmEMErgﬁp
bet ween t he @w ubing to faciljtate 2 H‘ . n and
removing it fromt vvrthout marring The i ﬂerl t he
t ubi ng. The tubi ng/ mandrel "combi nation is placed ilh a pressure vess - whi ch
is then closed and seal ed from -5- the anbi ent ere. The pressure

vessel is evacuated t O8RS rADTHRER thi® 1 9RYaR rRfick acddh 4 A 8k W th an

i nert gas such as heljum or :argon. The ressure vessel 1s_then placed in a

heat treating 5 Sﬁ&@n&é@"éﬁ&%&ﬁ“@& ﬁ-ﬁt"‘rrel Fore & (iR TNt e o iR nat i on

reaches an el evat edbtse@neri&uqrye rehdlkevies reufidueile kit el i Sin esgiansi on- of

- the mandrel to the desired fin i'nsi de di mension of the tubing. The
expansi on of the HEAAFPEF &35 ﬁg Reating applies 10 radially directed

pressure to the interiopodinbaceidf tubing/mandrel combination to a

temperature at which. said tublng anc Sald mandrel can

be readily separated

4, The proceés according to Claim 3 wherein the step

of heating the tubing/mandrel combination comprises
10 © the steps of:

placing the tubing/mandrel combination in a
pressure vessel and then closing and sealing the
. Pressure vessel;
' evacuating the pressure vessel to remove

15 atmospheric gases; and then
| placing the pressure vessel in a heat treating

furnace.

5. The process set forth in Claim 4 further
- comprising the step of backfilling the pressure vessel
20 with an inert gas after it has been evacuated.

6. The process set forth in Claim 1 wherein the step
of welding the tubing to the article comprises the
steps of:
aligning the end of said first tubing with an end
' 25 of the article; and then .
forming a circumferential weld between the tubing
~and the article to join them together.

7.._ The process set forth in Claim 3 wherein the
tubing is formed of a titanium alloy and the mandrel
30 is formed of a stainless steel alloy.

8. The process set forth in Claim 7 wherein the

tubing is circular in cross section.



he desired s“ié“The
i S’Mlsﬁﬂﬁe&ﬂ . ﬁ%(eﬁeedl ng

t he tub| ng causing it to expand plastically to
backfill pressure of the inert gas is controlle

the pressure rat umrmllum“mﬁ when the press -'re ‘i nsi de
t he vessel as a t he inegrg gas e.;; As an
alternative to usfng art i fer € gas the interior of essel can

be mai ntai ned at . subat nospheric pressure during the heatlng step 20

The tubi ng/ mandgel chngg4§g1¢éprua5Ll dihe @l evrieddemparature for a
time sufficient to ensdre that 1t is unlforn1y heated to the“desired

tenperature andPBPEASINS thRR FEWUPA: stresses in the tubing are fully
relieved. The hold tifdeatiing efpesitaH® dezod@d tubesdifhymsel €aked fased on

the size and wal L Ethkness of tﬁg tublgg qad the size of the mandrel. Wen
the tubing/ mandPel “ESABITHR iYh has 1t Ror8¥dhl y heated, the pressure
vessel is r®noved framméaiﬁngnﬁnﬂianﬁsalhadedetoncobhbeEhen&Qe

LDl nol mandr el SGEPLRRE) 95000 L JARldt L BEURLCRULCNERSEL g (e

presence of t he 1 ne as; er “vacuunt as case“may bé “a
tenmperature at €ach of said tubes; and then .

welding an end of said first tube to an end of

said second tube.

10 10. The process set forth in Claim 9 wherein the step
of forming the tubes comprises the steps of: '
selecting a sheet of titanium or titanium alloy
having a desired coefficient of thermal expan 51on,
forming said sheet into a channel having a
15 desired cross-sectional geometry, said sheet being
formed such that opposite edges of said sheet are
brought into close proximity to each other .to form a
longitudinal Seam; and then
welding the opposite edges of said sheet along
20 said longitudinal seam to close said channel.

| o

The process set forth in Claim 9 wherein the step

O
th -

annealing said tubes comprises the steps of:
mounting a tube on a mandrel having a cross-
section that is smaller than, and a coefficiant of
25 thermal expansion that is greater than that of the
titanium or titanium alloy used to form said tube,
whereby a tube/mandrel combination is formed;
heating the tube/mandrel combination to an
elevated temperature sufficient to cause the mandrel
30 to expand to a cross-sectional size that corresponds
to a desired inside cross-sectional size for said
tube;
maintaining the tube/mandrel combination at said
elevated temperature for a time sufficient to
35 substantially relieve residual stresses in said tube;



whi ch the tubing and the mandrel can be readily separated. 35 ' The
tubing is separated fromthe mandrel and prepared in any known nanner to be
wel ded to simlarly processed-tubing. A pair of tubes are wel ded
together to " ' bly with the welding being carried dut”with
any suitabl 4]“'“:“““ mgmlﬂm . in one enbodi ment, nfis $hBe HAE fagegPai I of
‘tubes are ali*gnéd &nd*to*erdd on a welding fixture:a THINaie Qgt oget her.
circunferentially.. The-ends of the respgctive tube{ﬂﬂﬂ“’ ’ fed
slightly prior to welding in order to ingrove roundness, T e e M¥ase| of
circular cross-section ducts, and to facilitate alignnment of the ends.
Those skilled in the art wll 10 readily appreciate that the tubing can
also be fittedartp dignwel ding to a fl ange, spacer, connector, or the |iKke,
to forma duct assenbly. CLOr 1th {h | ion. The
opidd &L : ﬂ?ﬁ;&@%‘ﬂg&rei Solb 25 ohh "WEY

preferred techni quec‘? of . ' ]
temperature at which said tube and said mandrel can be

readily separated.

5 12;' The p%oéess according to Claim 11 wherein the
step of heating the tube/mandrel combination comprises
the steps of: ' '

placing the tube/mandrel combination in a
pressure vessel and then closing and sealing the

10 pressure vessel;
evacuating the pressure vessel to remove
atmospheric gases; and then '
placing the pressure vessel in a heat treating

furnace.

15 13. The process set forth in Claim 12 further
comprising the step of backfilling the pressure vessel
with an inert gas after it has been evacuated.

14. The process set forth in Claim 9 wherein the step

of welding the first and second tubes comprises the:
20 steps of:

’ ‘aligning the end of said first tube with the end

of said second tube to form a seam therebetween; and

" then
forming a circumferential weld around the tubes

25 to join them together.

15. The process set forth in Claim 9 wherein the
tube/mandrel combination is heated to a temperature of

about 1400-1450F.

16. The process set forth in Claim 10 wherein the

30 channel has a circular cross-section.



15 -“assenbly is TIG In making the weld, filler wire can be used when
necessary. The plasma arc wel di ng techni que al so provi des satisfactory
results and may be used when desired. By way of exanple, tubes
approximately 20 feet 20 | ong and having a wall thickness of 0.020 in.
and a circular cross section were formed from Ti-15V-3Cr- 3Al -3Sn all oy
sheet. on a brake-press. The tubes were assenbl ed onto mandrels of Al SI Type
304 'stainless steel and thermally formed to an outside dianeter of 25

about 7.000 in. Thermal form ng of the tubes was performed by heating the
t ubi ng/ mandrel conbinations in a pressure vessel backfilled wth helium gas
to an annealing tenperature in the range 1400- 1450F and hol ding at the
anneal i ng tenperature for about 5 30 m nutes. The tubing/ mandrel

conbi nati ons were cooled to just bel ow 400F in the pressure vessel in the
presence of the heliumgas and then separated. The tubes were subsequently
wel ded .t ogether to forma duct assenbly. After welding there was little or
no'35 distortion of the tubing in the heat affected zone of the weld.

ABSTRACT

A Method of Fabricating A
Welded Metallic Duct Assembly

A process for fabricating a welded metallic duct

assembly includes the steps of forming tubing from a
flat form of a metal or alloy, annealing the tubing

s while applying radially directed pressure to a surface
thereof, and then welding an end of the tubing to an
article such as a flange, fitting, connector, spacer,
or similarly processed tubing to form a duct assemply.
The annealing step includes thermal sizing of the

10 tubing in a manner that relieves residual stresses
resulting from the forming process. A welded duct
assembly fabricated in accordance with this process is
substantially free of distortion in the heat affected
zone of the weld that adversely. aifects the fatigue

15 life of the ducting.
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ﬂn’@iew of the foregoing, a nethod has been -8- 1. A process for
fabricating a duct assenbly conprising the steps of' selectlng a sheet of a
nmetal or an alloy having a desired coefficient of .
form ng said sheet into a tubular channel having-a
geonetry by press-form ng said sheet suel2 +hat oppgsite ﬂ qg% ai dy sheet
are brought into close proximty to each other; we dDMg gﬁg% pdges
of said sheet to close said channel and form a | ongFeadifar seanm U]
thereby formn ublng rom sai.d channel eal i.ng t.ubi n
app ying 1+ SAPAPE O QR RS i, A AL, t R TER i b g R
suf fi ci ent artisllestianthicairdted an ere svavicamealeds tye ss emridredaithattuliisng; and
then circu I f | g t-i cl e sel ected
Lo, Che sEbEhER Y B g At o AU 4P B
expansion that is 31gn1f1cantly greater than that of the
thin-walled article. When the thus assembled article and
mandrel are heated to an elevated temperature, the mandrel
expands at a faster rate than the thin-walled article,
thereby exerting radially directed pressure on the article.
The article and mandrel materials are selected such that
within a preselected temperature range, the mandrel will
expand to an external, or internal, cross-sectional
dimension that corresponds to the desired internal, or
external, cross-sectional dimension of the sized article.

According to the invention in a first aspect, there is
provided a process for fabricating a duct assembly
comprising the steps of:

selecting a sheet of a metal or an alloy having a
desired coefficient of thermal expansion;

forming said sheet into a tubular channel having a
desired cross-sectional geometry by press-forming said sheet
such that opposite edges of said sheet are brought into
cloée proximity to each other;

welding the opposite edges of said sheet to close said
channel and form a longitudinal seam thereon, thereby
forming tubing from said channel;

annealing said tubing while applying radially directed
pressure to a surface thereof for a time sufficient to
substantially to relieve residual stresses in said tubing;
and then

circumferentially welding an end of said tubing to an
article selected from the group consisting of a fitting, a
tubular spacer, a connector, a flange, or similarly prepared

tubing.




t ubul ar spacer, a connector, a flange, or simlarly prepared tubing. 2.
The process set forth in Caim1l wherein the step of annealing _said tubing
conprises the steps of: nounting the tubing on a
section that is smaller and a coefficient of the
substantially greater than that of the-n2tal or ' d@ﬂbrn1 aid
t ubi ng, whereby a tubing/ mandrel conbination is | ey

t ubi ng/ mandrel conbination to an el evated tenperé : :
the mandrel to Zkpaptinealingr ssspséetPraierabiy €Rnriedr PuSpbHds to a

desired inﬁbﬁﬁt@h@Sﬁhéegthﬂ?loﬁ!aemaﬁaréaiﬂa&yagna;caagataéahmgntaaat
a

t ubi ng/ mangr el _gopbinati o sai d e] evat ed_t enper at f t
sufficient1Fos§&EgggXtFQPE}eFeFﬁévet%ﬁel?%%ﬁﬁu m§P?gé§egg{ﬁﬁ§a=gEtubing;

and then ceabhfigatatidtubbhggbnandr ebetbibianti of theamadnprpahsienat which
sai d tublnghggdigaggbggggEgglignggga 8%déﬁgnsgﬁg£aggdthe metal or
alloy used to form the tubing, whereby a tubing/mandrel

combination is formed. The tubing/mandrel combination is
heated in an inert atmosphere or a vacuum to an elevated
temperature sufficient to cause the mandrel to expand to a
cross-sectional size that corresponds to the desired final
ingide cross-sectional size of the tubing. The
tubing/mandrel combination is maintained at the elevated
temperature for a time sufficient to substantially relieve
residual stresses induced in the tubing by the forming
operation. The tubing/mandrel combination is then cooled to
a temperature at which the tubing and the mandrel can be
readily separated. |

According to the invention in a second aspect, there is
provided a process for fabricating a duct assembly
comprising the steps of:

forming firet and second tubes from a thin-walled flat
form of titanium or a titanium alloy, each of said tubes
being formed by selecting a sheet of titanium or titanium
alloy having a desired coefficient of thermal expansion,
forming said sheet into a channel having a desired .
cross-sectional geometry by press-forming said sheet, said
sheet being formed such that opposite edges of
said sheet are brought into close proximity to each other,
and welding the opposite edges of said sheet to close said
channel and form a longitudinal seam thereon;

annealing said first and second tubes while applying
radially directed pressure to a surface of each of said
tubes for a time sufficient to substantially relieve
stresses in said tubes; and then

circumferentially welding an end of said first tube to
an end of said second tube.




<9- h The process according to Claim2 wherein the step of heatlng t he

t ubi ng/ mandr el conbi nation conprises the steps qbi—ptacHrg

t ubi ng/ mandrel conbination in a pressure vessel i@

sealing the pressure vessel; evacuating the presH gV e

at nospheric gases; and then placing the @ressurellveasel.. "t eating
furnace. 4. The process set forth in Caim3 ftk 2 'S|ng the step
of backfilling the pressure vessel with an inert gas after it has been

evacuated. 5. Tife BROsGeass aggenddng, tion thiy drveddiion atems JfFomeithe he
step of ci a@u@b@@w itddty t\aﬁ calrsg:otﬂtaowlimn@h@oh@& AfifedtRdc YRl IS & he

f d d b h d of. th | e;
and then 1 BPYERE SeRIdiN SSR ARPTBLY GEANIER HROM ARORI R the arti dl o
to join theaﬁaxgeubu’oﬁSresiﬂmalpsmmesseseunﬂmneu im Eha tubding, dwritg :
wher el n tnepbURLaRLY (TRt it 2 e Bl Bedl Bou chlE PRItehid o

of a stainless’s
alloy duct assembly fabricated in accordance with the method

of this invention has little or no distortion in the as-
welded condition, thereby providihg excellent fatigue life
and good dimensional donsistency and uniformity from
assembly_to assembly.

Detailed D Lot

An embodiment of the invention will now be described,
by way of example. '

In carrying out the process according to the present
invention to make a welded metallic duct assembly, sheet
material of appropriate. length, width, and thickness is
selected. The preferred material for use in this process is
an alloy of titanium, such as Ti-15V-3Cr-3Al1-3Sn or 218,
although it is contemplated that the process according to
this invention can be used with other metals or alloys. The
sheet material is press-formed, preferably on a brake-press
machine of the type generally known in the art, to form a
tube having a desired cross-sectional geometry. The
preferred cross-sectional geometry is circular, however,
another geometry such as an oval, elliptical, or polygonal
cross section can be used when desired for a particular '
application. In forming the tubing the internal dimension
of the tubing is formed slightly undersized relative to the
finished product.

As a result of the press-forming operation, the
opposite edges of the sheet material are brought into close
proximity to each other to form an open longitudinal seam.
The edges are welded together with a continuous longitudinal
weld to close the seam. The preferred method of forming the
longitudinal weld is tungsten inert gas (TIG) welding. The




7. - The process set forth in Caim®6 wherein the tubing is circular in
Cross section. 8. A process for fabricating a duct_assenbly conprising
the steps of: formng first and second tubes from E@#g- d - fjorm
of titaniumor a titaniumalloy, each of said tubes gﬁggﬁggjgg?I

sel ecting a sheet of titaniumor titarm & alloy hav R, A
coefficient of thermal expansion, form ng said sheg o6 A CHANHAT ™

O CHANHBT " havi ng
a desired cross-se¢tional_gepnetry b ress-form ng sajd sheet,_said sheet
bei ng for MERPEHERA1RaE BBh s%?etgéﬁeée@¥ce§'-§®¥-§ aEPigclY BPLlbr ought
into cl osepyumwiéliny, t Poesabobhheut e weldibgad hen@ppofinezedgeg of said
sheet to clpose g@id c@angeé.§£d forma | gitud'nal éﬁantthereon' gnnealing
sai d firstCHrd S eTona-tanest ?¥%1%5h¥?§ﬁg 1991 BFPY GRPEPEHDT 2RA{R 1 o a
surface ofwelatingfpsacessedes Imrtubingehsuifgcaendund sudssasecaiody,
relieve Stt{}?féeédd{'tfgﬁglté’pgﬁ;af@g itﬁf@oves the ovality of the
tubing.
The tubing is then placed on a mandrel to form a

tubing/mandrel combination. The mandrel is formed of a
material that has a coefficient of thermal expansion that is
significantly greater than that of the tubing material so
that the mandrel will expand rapidly to the desired inside
diameter of the tubing when the mandrel is heated to an
elevated temperature. In this manner the tubing is
precisely and reliably dimensioned. The preferred mandrel
material is stainless steel, although a high temperature
nickel-base alloy or the like can be used when desired.

The mandrel has a cross-sectional geometry that
corresponds to the desired cross-sectional geometry of the
finished tubing. The outside dimension of the mandrel is
selected to provide a small gap between the mandrel and the
tubing to facilitate placing the tubing on and removing it
from the mandrel without marring the interior surface of the
tubing.

The tubing/mandrel combination is placed in a pressure
vessel which is then closed and sealed from




-C|rcunferentlaLJy—me%drﬁg—aﬁ end—of said first tube to an. end of sald

second tube. 9. forth in daim g%
~anneal i ng sai d t Bm ﬂw ﬂ Elt steps of: nount @’&AGEMEI\DTSI-EEIB dr el
havi ng a cross- s | l'er than, and A& coeff qg%m@ thurnal
expansion that is greater than that of- tthe titani Umbate t a used
to formsaid tube, mhereby a t ube/ mandrel conbi natTomr TS Tof .-|ng

t he tube/nandrel conbi nat | n el evat ed. t enper at ure suff|C|ent to cause
the mandréi- t o PeBRRREED %é%"s‘&ttlr%éi Rcke AgRATRIG RIPFHAND a
desired i rﬁigi@ug;@sofsect | onal size-for said tube; naint a| ning the

t ube/ mandr el i nati on at ,sai.d evat er at e f a time sufficient
to substanti aI I eecf JER/% Hgéh?eets %{J e‘i‘aésé’g:sp ngar"f'd t hen
cool i ng sdesnndﬁﬂcaﬁﬁfxﬂlemnﬁomaﬂmmmak)axganqxumﬂure at which said tube

and said mandr g C rding to
Caim9 wherein tlﬁﬁrhﬁbesa[ﬁ?d% Y ng tl}’bbjug' E}‘ ’B%egan‘?‘ﬁ’a %g% conpri ses
t he steps d@fSlqﬁdacquﬁﬁeqﬁﬂamaiameMWmaﬂswmmlmgemdesh@saé:el and
then cl Os's'ﬁ%}@%a'%e%ﬂﬁlibfﬂ@ ddges U éﬁ%ﬁ"éhee%v%&l@tﬂx‘&gtﬂte ikftessure

vessel to renove atnpspheric
close proximity to each other;

welding the opposite edges of said sheet to close said
channel and form a longitudinal seam thereon, thereby
forming tubing from said channel;

annealing said tubing while applying radially directed
pressure to a surface thereof for a time sufficient to
substantially relieve residual stresses in said tubing; and
then

circumferentially welding an end of said tubing to an
article selected from the group consisting of a fitting, a
tubular spacer, a connector, a flange, or similarly prepared
tubing.

2. The process set forth in Claim 1 wherein the step of
annealing said tubing comprises the steps of:

mounting the tubing on a mandrel having a cross section
that is smaller and a coefficient of thermal expansion that
is substantially greater than that of the metal or alloy
used to form said tubing, whereby a tubing/mandrel
combination is formed; .

heating the tubing/mandrel combination to an elevated
temperature sufficient to cause the mandrel to expand to a
cross-sectional size that corresponds to a desired inside
cross-sectional size for said tubing; '

maintaining the tubing/mandrel combination at said
elevated temperature for a time sufficient to substantially
relieve the residual stresses in said tubing; and then

cooling said tubing/mandrel combination to a
temperature at which said tubing and said mandrel can be
readily separated.




gasés and then—p#ac+ﬂg~{he~ﬁfessure vessel in a _heat treating furnare_ 11.

The process set further conpri# O :
backfilling the imgm'la'@s iﬂn th-an inert gas g%%%?ﬁﬁg een
evacuat ed. s set forth in af 0 11

one 3 dainms 8

wherein the step of wel di ng the first an®l second {UbES COAPEL steps .
of: aligning the end of said first tube with the end of sai d second tube to
forma seam therebetween; and then forn1ng a circunferential weld around
the tubes 8o j oFRet REAFE8gefREPYding tohelaimcaswheseinokhs shepi@fm 9, 10,
or 11 Wnerﬁeatiﬁg tHBetiBIHEPhafiQrBl néémsﬂnaélaﬁa&sﬂpwsastenaeé@égée of
about [errJ)f The process set forth in any one of O ains to wherein
t he chann has a circul ar cross-section.

placing the tubing/mandrel combination in a pressure

vessel and then closing and sealing the pressure vessel;
evacuating the pressure vessel to remove atmospheric

gases; and then
placing the pressure vessel in a heat treating furnace.

4. The process set forth in Claim 3 further comprising the
step of backfilling the pressure vessel with an inert gas
after it has been evacuated.

5. The process set forth in any preceding claim wherein
the step of circumferentially welding the tubing to the
article comprises the steps of:

aligning the end of said first tubing with an end of
the article; and then

forming a circumferential weld between the tubing and
the article to join them together.

‘6. The process set forth in Claim 2, 3, or 4 wherein the
tubing is formed of a titanium alloy and the mandrel is |
formed of a stainless steel alloy. '

7. The process set forth in Claim 6 wherein the tubing is
circular in cross section.

8. A process for fabricating a duct assembly comprising
the steps of:

forming first and second tubes from a thin-walled
Elat form of titanium or a titanium alloy, each of said
tubes being formed by selecting a sheet of titanium or
titanium alloy having a desired coefficient of thermal
expansion, forming said sheet into a channel having a
desired cross-sectional geometry by press-forming said
sheet, said sheet being formed such that opposite edges of




11~ and t hen-ceot+ng-sai d tube/ mandrel conbi nati

whi ch sai d tube N “rel can be readil y\f €U .
process accoiﬁ‘@[@&m\mm wherein the step W&&Sﬁ&eg efimandr el
conbi nati on Al es st'eps of : placing the |t ube/$an I i lation in
a pressure vessel and then closing and d&al-i ng t|h&®0+pressure-ydssel
evacuating the pressure vessel to renove atnospheric gases, and then
placing the pressure vessel in a heat treating furnace. 15 13. The
process sef2i@reReeh argi hrovohtrinee eloseiRTroRimbkystepeachpather)|ing
the pressusgdvRssaing theaBppbsite 088gdd tEFf sdidlasShdeenc8varyadtedaidsd. The
process set, forth in C%a|n1 fhereln i he Stﬁf of. wel ding the first and
second tubSRanpsd,edIPRE a longitudinal seam thereon;

annealing said first and second tubes while applying

radially directed pressure to a surface of each of said
tubes for a time sufficient to substantially relieve
stresses 'in said tubes; and then

circumferentially welding an end of said first tube to
an end of said second tube. '

9. The process set forth in Claim 8 wherein the step of
annealing said tubes comprises the steps of:

mounting a tube on a mandrel having a cross-section
that is smaller than, and a coefficient of thermal expansion
that is greater than that of the titanium or titanium alloy'
used to form said tube, whereby a tube/mandrel combination
is formed; heating the tube/mandrel combination to an
elevated temperature sufficient to cause the mandrel to
expand to a cross-sectional size that corresponds to a
desired inside cross-sectional size for said tube;

maintaining the tube/mandrel combination at said
elevated temperature for a time sufficient to substantially
relieve the residual stresses in said tube; and then cooling
said tube/mandrel combination to a temperature at which said
tube and said mandrel can be readily separated.

10. The process according to Claim 9 wherein the step of
heating the tube/mandrel combination comprises the steps of:
placing the tube/mandrel combination in a pressure

vessel and then closing and sealing the pressure vessel;
evacuating the pressure vessel to remove atmospheric
gases; and then
placing the pressure vessel in a heat treating furnace.

11. The process set forth in Claim 10 further comprising
the step of backfilling the pressure vessel with an inert
gas after it has been evacuated.




20‘: st eps of: allgnln“*rhe end of said first tube wth the=erd)| of said

second tubi’"mﬂ herebet ween; and stElEETrumc erenti al

wel d aroun m MWZJOJom themtogeh@ . % 5@@ fgPcels set forth
/ PEd.. 10

in aim9 wherfeih the fu mandr el conbi natilon |s éb a- {lenperature
of about 1400- 1450F. 16. The process setllfort I O s e g=wherei n the 30
channel has a circular cross-section:

12. The process set forth in any one of Claims 8 to 11’
wherein the step of welding the first and second tubes
comprises the steps of:
. aligning the end of said first tube with the end of
gaid second tube to form a seam therebetween; and then
forming a circumferential weld around the tubes to join
them together.

13. The process set forth in Claim 9, 10, or 11 wherein the
tube/mandrel. combination is heated to a temperature of about
1400-1450°F (760-790°C).

14. The process set forth in any one of Claims 8 to 13
wherein the channel has a circular cross-section.




