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BACKGROUNWOC¥S/3363 | NVENTI ON This invention rel at es t oPCRASPINZONg Of

t hernopl astic tubular parts. Mre particularly, it relates to a nethod of
vel di ng pai weLDINGUATPARATUS ARD!MBPROD FORUWELSEIRGN¥UBURARIERD PbRTYONS.
The nmethod is particularly suitable for weld nelt processable

fl uoropol yners such as perfl uoroal koxy (PFA). Vari ous neans have
been known for wel ding together the ends of thernoplastic pipes, see for
exanple U S. Patent No. 4,929,293 to Oscar which utilizes the placenent of
an infrared heating plate in between and confronting the tubul ar end pieces
to be joined. The infrared hBAEKEGRBOUNBt @F  BHE cIMVENTEQN t he tube joints are

then engaged 9mesnEhviee £6£aEE141es el Cehd! fd1ai %F*tlﬁr&[o%%‘}?i%éuch a
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phar maceupreaessallet £1esrepel grersiasush ¢fs tgexr flludrdaddexyl (BEl.ati ons, 7
C.F.R 58.128 require a conduit be snooth, permt |lamnar flow of fluids
and be free of discontinuities that could trap particular matter. _
Tradi tional | y, VaTaPRPeB82RE a2 Ve Ubeery kieivpifnr Haldliue tagesheam theniendisy
syst ens. bb\é@uefmogygsts;%q@igm Ofee ef@@n%@ar@]i% Y.er et . Rl 399,993
pi pe and s bggagrghggﬁlugifgzggeghérbf%ggmé;€;é¥n%n infrared heating
plate in between and confronting the tubular end pieces to be
joined. The infrared héating plate is removed and the tube
joints are then engaged together to create the weld. Although
such a procedure provides a high integrity weld on melt
processable fluoropolymers, such a weld may leave a deformation
or a bead on the inner and/or outer surfaces of the joined

tubular end portions.

In many applications it is unacceptable to have any
deformations in the joined tube particularly on the interior
surface. 1In sanitary systems used in the food processing and
pharmaceutical industries the standards of the U.S. Code of
Regulations, 7 C.F.R. §58.128 require a conduit be smooth, permit
laminar flow of fluids and be free of discontinuities that could
trap particular matter.

Traditionally, stainless steel tubing and pipe have been
used in sanitary systems. However, due to corrosion, expense and
other problems, plastic pipe and tubing are now being used in
such systems. '
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- 2- Vel di ng appar atuses have been devel oped to acconplish wel di ng
thernnplaﬁ; aE¥oP€ Or tubing without any internal beads. ¥egudssipzzanpl e
Pat ent No. 5,484,506 to DuPont et al. and Patent No. 5,037,500 to Hil pert
bot h of which disclose the use of radially expandable i nter nal mandrels to
al | ow engagenent of the interior surfac& of the tubular end portions to be
joined and then allow the mandrel to be radially retracted and renoved from
the tubing. This type of renovable mandrel has a difficulty in that it

requires a fﬁsgdhha aBEheRELE0s RO Bedip SRR BRcoHPIAGH Where | ong
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provi de radlant hea eeve to It and th usgtg ?iutte
t ubul ar No. 2,963,394 to Wll enson. However, these types o ev1ces ave

unacceptable residue and can damage the internal surface of the
tubing when such devices are broken for removal.

Moreover, these welding methods utilize heating of the
tubular end portions exclusively by way of conduction. In such
heating means it is difficult to focus the heat at the tubular
end portion abutting faces. Additionally, such heating by
exclusively conduction generates a substantial amount of heat in
the welding tool which must be dissipated and which delays the
tool from being removed from the tubes joined to perform the next
weld. This causes extended cycle time.

SUMMARY OF THE INVENTION
An apparatus for joining a first and second components
utilizes a sleeve'substantially transparent to infrared
radiation, extending around the outer surface of abutted tubular
end portions of the components and a mandrel positioned interior
of the tubular end portions. An infrared heater provides radiant
heat through the sleeve to melt and thus join the abutted tubular
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-3- + end portions. The abutted tubular ends may be rotated with respect
to the i WOBEheater to provide uniformmelting and bon&CAFPSEONME: | oi nt .

" The device may be configured as a portable unit with a separable wel d head

connected to a control unit by way of -a Xable containing electric lines for
the heater elenent, sensor lines for thernocouples in the weld head, and a
cooling nedia line to cool the weld head. Thus, a. .Separate air conpressor
or fluid punmp may be placed ’in the separate control-“unit renote fron1the
wel d hegmd postionist.e The ebutied subudarnendsheay badreeated wikhing
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oove dRain et R e m Ui e 1 Tdeier o tEARGE; s mies SF°
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fittings.

Means may be provided to provided axial compression to the
abutted tubular end portions. One aspect of the invention
includes compression means comprising a rod extending through the
abutted tubular end portions with two engagement portions, one
engaging each component and providing a compression force to
same. This facilitates rotation of the components for even
heating by the infrared source.

An advantage and feature of the invention is that the use of
the transparent sleeve allows focused radiant enerQy at the
abutted end portions to accomplish the weld with minimal melt of
the thermoplastic material. Additionally, the focus of the
radiant heat minimizes the heating of the weld head thus
minimizing cycle times. Concave mirrors or lenses can focus the
infrared radiation for optimal welding performance.

The sleeve endaging the exterior surface of the tubing may
in alternate embodiments be formed of various quartz materials,
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-4- gl ass, ceramc materials, or even sapphire. These non-netalli.c

mat eri al s b ehHsgd di stinctive characteristics fromthe traﬂbﬁbgﬂ?b(ﬁetalllc
sl eeves, for exanple, in allow ng expedited cool down periods after the
wel di ng operation. The transparena sl eeve may be split

l ongitudinally for insertion and renoval *of the tubular end portions or nay
be a single integral piece which is assenbled onto the two tubular end
portions to join before they are abutted. After melding the sl eeve may be

enoved, Jbpshay cEEARELRSe PLARS Cool] AV Sarflifel S RS BonLARKHITICEN,
of knommmdéerghésthapvhﬂe dbat et e eharasteriséd csof renaktpee U. S. Patent
No. 5,03 réegttenﬂutﬂ@tﬂip@rglems bef&e'@{a%?l)é rijgi d1386iR neﬁpeameaagg

formed o PTE fhér, i nert matéria

tetrafl yoroet hyl en :
one aspeGPoef ?HE PRYERES ot %%5 ER?fWﬁ BHPPLIFLIOM-vabl e material such as

sodiumchloride. A fluid such as water nay be added to the interior of the
t ubul ar end p@ﬁtigns to dis 0I¥e and renve t.h gg’sol qs grel after
the wel d. © ThangPaiohbabh %er%trfB?Bél nglLyotar ly
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joined components.

The mandrel may be of known designs that are radially
expandable, see for example U.S. Patent No. 5,037,500 to Bruno
Hilbert, may be generally rigid and non-expandable formed of
polytetrafluoroethylene (PTFE)}, or other inert materials, or in
one aspect of the invention may be formed of a dissolvable
material such as sodium chloride. A fluid such as water may be
added to the interior of the tubular end portions to dissolve and
remove the dissolvable mandrel after the weld.

The dissolvable mandrel may be partially or totally
dissolvable. Additional components or additives that are not
dissolvable may be added to alter its heat transfer
characteristics, such as its infrared absorption and ieflectivity
characteristics. Additives may include solid metal, ceramic or
plastic components or materials such as carbon. The core may, to
a significant extent, be heated by the radiant infrared heat and
then further heat the tubing end portions to be joined by
conduction.
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-5- 7 * An addi tional advantage and feature of the invention is that the
mandrel nWPBB3@Pssol ved into a solution and thus may be rREHVEB2IS
particular installations which would preclude the Use of a nechanically

I nfl atabl e mandrel . An addi ti onal sadvantage and feature of the
I nvention is that the dissolvable mandrel is food safe and does not create
unaccept abl e containnents within the sanitary system An addi ti onal

advantage and feature of the invention is the use of radiant energy is nore
ef ficient thahntaddiseonsl hadvamgage i and i featyrerayf dthecdmesttiiom iBhéhat

I nfrared Iad | f r . I e and/ or
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conpact ol g mesligniagllyt BAFIGNO1S aldRdrdIoN- bench top applications.
Particularly in the portable configuration, the weld head is lighter in

weight facilitating the portability feature. Additionally, the |l ess nass in
the wel d headAnl addstionatjuadkantage amd efedtfums e tolimntion is that

BRI EF | RT n) Fl 1 erspective view of one
enbodi nen 051%%%\&%9%1‘5‘5‘@%#%%&%% g F?cﬂ‘fzf&% \Béfcdiqﬁ?a;ﬁpar at us.
FI G 2 isnaceepbaklevaonbathments withimerieh say teanyf ispstami.on of the

i nventi on. FIG 3 is a cross-sectional view of a weld head

Il lustrating the invention.
An additional advantage and feature of the invention is the

use of radiant energy is more efficient than the use of heating
primarily by way of conduction. The infrared radiation may be
focused thru lenses or may be reflected and/or focused by
mirrors.

An additional advantage and feature of the invention is that
the use of the radiant heat allows lighter and more compact weld
heads facilitating portable, non-bench top applications.
Particularly in the portable configuration, the weld head is
lighter in weight facilitating the portability feature.
Additionally, the less mass in the weld head allows for quicker
and more efficient cooling.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a perspective view of one embodiment of the
invention configured as a portable welding apparatus.

FIG. 2 is a side elevational view of a bench top
configuration of the invention.

FIG. 3 is a cross-sectional view of a weld head illustrating
the invention.
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- 6- FIG 4 is a perspective view of a portable weld head apparatus.
FIG 5 is+io94shes9d €vational view of the portable wel d headp 1

FIG 6 is a cross-sectional view of the portable weld head apparatus t aken
at line 6-6 of FIG 5. FIG 7 is giperspectlve view of a ceramc
wel d head insert applicable to the device’shown in FIGS. 4, 5, and 6.

FIG 8 is a end view of a sleeve half. FIG 9 is a top plan view of
the sl eeve half shown in FIG 8. FIG 10 is a block diagran1of t he

ol evat | onal v oft & % SR B WendRSl OF A PREGHPle Meld Moy ¥ 1)

an el evatarpafiatisew of operation of one aspect the invention. FI G
13 is an el evational view of operation of one aspect :

FIG. 5 is a end elevational view of the portable weld head
of FIG. 4.

FIG. 6 is a cross-sectional view of the portable weld head
apparatus taken at line 6-6 of FIG. 5.

FIG. 7 is a perspective view of a ceramic weld head insert
applicable to the device shown in FIGS. 4, 5, and 6.

FIG. 8 is a end view of a sleeve half.-:

FIG. 9 is a top plan view of the sleeve half shown in FIG.
FIG. 10 is a block diagram of the illustrating portions of
the control unit.

FIG. 11 is a side elevational view of a dissolvable mandrel
with inserts.

FIG. 12 is an elevational view of operation of one aspect
the invention.

FIG. 13 is an elevational view of operation of one aspect
the invention.

FIG. 14 is an elevational view of operation of one aspect
the invention.



the invention. FIG 14 is an elevational view of operation of one

aspect the-invention. WO 98/ 33639
PCT/ US98/ WO P8/33639 - -7- PCE/BI8HZ108s an
el evational view of operation of one aspect the invention. FIG 16

I's an el evational view of operation of -one-aspect the invention.

FIG 17 is an el evational view of operation of one aspect the invention.
FIG 18 is an elevational view of operation of one aspect the invention.
FIG 19 is a perspective view of a bench-top enbodi nent of the invention.
FIG 20 is a EL6ssldedisi anaklevatiohal heiewbofli opetatofor-id® o aspect FI G
21 is a S i ew of a further enbodi nent of the invention.

FIG 22 Eﬁéaggﬁ%ggggéctlonal vi ew of the embodinent of FIG 21.

FIG. 16 is an elevational view of operation of one aspect
the invention.

FIG. 17 is an elevational view of operation of one aspect
the invention.

FIG. 18 is an elevational view of operation of one aspect
the invention.

FIG. 19 is a perspective view of -a bench-top embodiment of
the invention.

FIG. 20 is a cross-sectional view of the embodiment of FIG.

19.

FIG. 21 is a perspective view of a further embodiment of the
invention.

FIG. 22 is a cross-sectional view of the embodiment of FIG.
21.

FIG. 23 is a perspective view of a rod assembly according to
the invention with a section of tubing, a sanitary fitting, and a
sleeve on the rod assembly.

FIG. 24 is a cross-sectional view thru the rod assembly of
FIG. 23.

FIG. 25 is a cross-sectional view of an embodiment of the
invention at the tubular end portions utilizing a lens.



FIG 23 is a perspective view of a rod assenbly according to the invention
wth a section of tubing, a sanitary fitting, and a sleeve on the rqd
assenbly. woosmseag-! G 24 is a cross-sectional view thru thgciaSesai@ ! Y “of

FIG 23. FIG 25 is a cross-sectional view of an enbodi nent of t he

i nvention at the tubular end portions ut@ I.zing a | ens. WD 98/ 33639
PCT/ US98/ 02108 - 8- FIG 26 is a
cross-sectional view of an enbodi ment at the tubular end portions utilizing
a | ens. FIG. 27 is a cross-sectional view of an enbodinent of the

I nvention. . l6G; 28 | C [ ey, t 8 of -
FIG 22. EGG%S ?sbzogrsoggégééﬁﬁ%ng él‘%/leé’?/v égll m | ar KH (réq: %@‘e\iﬁ th a

drive whé@buﬂérrépgtPOFﬁéOPﬁfPﬁﬂéazhéﬁt?nbe%%urces
DETAI LED SPECI FI CATI ON Referring to FIG 1 a portable thernoplastic

tubi ng wel din p ratus S de icted,and.is ene aIIy nat ed h the
nuneral 20. S I%P %rt&ﬁl@ weP§ nﬁeﬁgbﬁpaiugl %ﬁh?*#h gﬁﬁqu
hand-heldnwehilbaad 22, a control unit 24, and a connectlng cabl e 26.
Referring to FIG 2 an alternate bench top
FIG. 28 is a cross-sectional view taken at line 28-28 of
FIG. 22.

FIG. 29 is a cross-sectional view similar to FIG. 28 with a
drive wheel to rotate the infrared heating sources.

DETAILED SPECIFICATION
Referring to FIG. 1 a portable thermoplastic tubing welding
apparatus is depicted and is generally designated with the

numeral 20. Said portable welding apparatus is comprised
principally of a hand-held weld head 22, a control unit 24, and a
connecting cable 26. Referring to FIG. 2 an alternate bench top
thermoplastic tubing welding apparatus is shown and is designated
with the numeral 30. The bench top welding apparatus 30 has a
base portion 32 which may contain the control unit. The bench
top configuration may be utilized for larger tube sizes and where
it is not necessary to perform the weld in remote locations. The
bench top unit of FIG. 2 shows a pair of tubular end portions 38,
40 which are to be welded together. The tubular end portions may
be part of a piece of tubing or pipe or may be part of a fitting,
reducer, valve or other piece of equipment to be connected. Both
the portable welding apparatus 20 and the bench top configuration
30 utilize an exterior sleeve which encompasses the outer
circumferential surface 44 of the tubular end portions. Both
have separable portions 48 and 50 which allow access to the
receiving portion 52 of the weld heads. The separable portions
48, 50 .may be suitably foldable together by way of a hinge or may
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Ref i i f.i ly to FI t he bengh t
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to the bmgspqrired by Busilppayt sipport membershdb, slppeithdrbgpackiveaty
SUPPOTt SRIRSIS el o, €2 SRIGINGR 1 SHAPRLLSMBRBELENE0 82 At tached

to the base portion e sections o u i'pe 36 to be joined
are further supported away fromthe weld head by way of support nenbers 83,

84. These sSuppos tsd@HHS N A ukhhd WiAbeIBigDRONBeMBhAES 8¢e $8rhkeh
extend around and clanp_to thboute surface 44 of the tube sggtlong 36 by
way of (PHPRRIYRS HAY STty W t WA¥nBEr SUBBOTSgmERRe ] Adr abl e
axi al |y 8d1h Tesgecdupgorth endmbutsari rrilcideotubalarogribeihgs epbets08632 by
way Of 4 W 2K e:ond "Er SHRP Yo TR 0% Ine®BulllP shIFabUP G458 ERDS 30
tube sections 36 by way of the adjustment screws 90. The support
members 96, 98 are adjustable axially with respect to the tubular
end portions on the base portion 32 by way of the cranks 94. The
support members 83, 84 grip the tube sections 36 only at the
gripping members 86, 88 and utilize a bias means 102 configured
as coiled springs to provide an axially compressive force to the

tubular end portions 38, 40.

Referring to FIG. 3 a cross-sectional view of a weld head
similar to what may be utilized in the bench top apparatus of
FIG. 2 is shown. This weld head is comprised of a pair of
separable weld head housing portions 110, 112 which extend around
the tubular end portions 38 and 40. The weld head housing may be
made of aluminum or other suitable material. The configuration
of FIG. 3 utilities a tubular end portion engagement sleeve
comprised of a pair of quartz sleeve halves 116 which are
illustrated in isolation in the views of FIGS. 8 and 9.
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The wel d head housi ng may be made of al um num or other suitable material.

The configuration of FIG 3 utilities a tubular end portion engagenent

sl eeve conprig fr &l z v I 1 ' e :

illustrated in |sﬁf Iﬁ%I(C)]%’al[]'nrpt euﬂsj'lrc’t > %Fl%gg.a éggﬁdig.m{ﬁadé%/\lf%%}%%%

PCT/ USOPa3sages or openings 122 Wthh may be utilpzed for cirm@tingﬁga

agai n t cdd Q3 ng mditi yvedukbheas a7lQ' 'a'IQ:'eltdQSwéQél' h8Y PEERAPESLOFmEPENifgS 122
whi ch be, u |I|zed for rcul atin cool |9¥ ne ia such as air, after a
el o ettt me i hne i T sy Srerh SR Pige 3 19achanare.an NS e 3
each havsortiomrkdé paid iz olﬁfé:alpibrétlionu%QB pectired tagetiketiriey sogaidier by
Screws 0. of suid eac ave an

i nterne Exﬁ{h %#icﬁﬁgﬁgﬁ p&@Fe ggaggﬁb§8%F£%§S %a%_ YT bl e
ceranic imtearmexllamy tpqmczmdliiZhgiwllngs pzefevreddembediment Tie a

i nternme t 5t n r h in
o5 e pard Ce i SRR 3 enthe' E0012AY) Bl AT 22 SolilET |
porti on. h‘PﬂéelfIbces@lel?Mm%rW#aélﬂ PESAPNgalea EBPPPEYS dan abnEFarefp

bet ween Kéer BifENdmatd 136 wiieey dadal, 03dhée§é iBEeanééaéesaﬁ&diﬁéﬁt heat :

Wit Tt e shdiey S eEReoaa Y e, | he, 262544 cbgh ¢ he

guart z si=exeltablo wwat figuared emi)rpamvrlglet ha aibugap betlwqamttMselement

The tUbUAr‘?cE ‘Lerfgj Médé)%cfa&p ﬂar\é%tth%nanﬁﬁfeaélgad% nt heat from the
element 136 towards the tubular end portions. The radiant heat
will, to varying degrees depending on the quartz material, pass
through the quartz sleeve surrounding and embracing the tubular
end portions.

The tubular end portions each have an end face 142, 144
which abut against each other and at which point the end portions
will be joined. Placed within the end portions is a mandrel 150
comprised of a soluble food safe material such as sodium chloride
and potassium chloride. The mandrel 150 engages the inner
surface 154 of the tubular end portions and is formed with a
smooth finish of 10 micron or better. An ideal formulation for
the mandrel is a 50% mixture of potassium chlorlde and sodium
chloride compacted together '

The mandrel 150 has an aperture 160 configured as a bore
extending axially through the mandrel. The mandrel with the
above formulation is stable at temperatures exceeding 900°F but
is water soluble such that it may be removed after the weld is
formed.
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of the twomvantéwhajometadd ini shieeveheeddlidghepgardbassupport section 72 of
the wel d head contains a cooling nedia hose 172 which can carry a nedia

such as air into the weld head to pass through the cooling passages 122 to
exit and exhad$te hpusing peridens Add,wiliRi alshehauppOrrisgrgrooves 7266s a

pover || orl Saphitaslyl e 0-rlifgl Hb196871889LLNGr8Y FHEN e dtfi A o f SRDSOT
td%u ar eﬁ% portions within the weld head. The support section
72 of the weld head contains a cooling media hose 172 which can
carry a media such as_air into the weld head to pass through the
cooling passages 122 to exit and exhaust 174. Also contained
within the support structure 72 is a power line 176 connecting to
the infrared heating element 136 and a sensor line 178 connecting

to a thermocouple 180 to monitor the temperature of desired
locations in the weld head.

Referring to FIGS. 4, 5, 6 and 7 features of the portable
weld head are shown. The portable weld head generally has
separable portions 48, 50 connected at the hinge 56 and which may
be secured with the latch 60. A hand-grip 186 connects to the
lower separable portion 50 and has a bore 188 through which the
connecting cable, not shown in this view,'will extend to the
pertinent elements of the weld head.

Referring particular to FIG. 4, this figure does not include
the sleeve halves nor the infrared heating element and thus



to a thernocouple 180 to nonitor the tenperature of desired |ocations in
t he wel d head. Referring to FIGS. 4, 5, 6 and 7 features of the ,
port abl e welgdsbezad are shown. The portabl e wel d head genensdtnysobozios
separabl e portions 48, 50 connected at the hinge 56 and which may be
secured with the latch 60. A hand-grip 6_connects to the | ower separable
portion 50 and has a bore 188 through whi'ch the connecting cable, not shown
inthis view, will extend to the pertinent elenents of the weld head.
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engagi ngFlBe #ublibar sbowspOrringshalves 20Ref24 ifar temgalgélg Ghaendubular
further @ﬁhakbreg ggSui table intermediary portion 192 is shown. FIG 6
shows the In rare8 ﬁeating el ement 136 in place and nounted on the
I ntermedi ary portions 190, 192. Note that the infrared heating el enent 136
'tﬁ Sﬁpa[ at ed F?@(f@r?:tiﬁgqiﬁér Fgesl.esvgnaa’&yfgrﬂﬂ&- 5&31%1010%716@ 'Sl CHDIRS for

e heati,ng elenents are_no wn i : : or 7. ] ef erring
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such as Beatgtiayt 2lgmedeé #364inNplece and mounted on the intermediary
portions 190, 192. Note that the infrared heating element 136 is
separated from the quartz sleeve halves 116. The connecting
wires for the heating elements are not shown in FIGS. 4, 5, 6 or
7. '

Referring to FIGS. 8 and 9, the sleeve 116 is shown. The
sleeve may a suitable quartz such as GE quartz grade #214. Note
that alternatives to quartz include sapphire and ceramic
materials, glass, particularly tempered glass such Pyrex®(Pyrex
is a trademark of the Corning Corporation of first use), and
other rigid transparent materials which are resistant to the
temperatures encountered. The utilization of a less transparent
non-metallic sleeve than the GE quartz #214 allows heating of the
sleeve and provides additional conductive heating of the tubular
end portions. The materials substantially transparent to
“infrared radiation still allowing a quick cool down after the
weld due to the generally lower heat capacity of these materials
compared to conventional stainless steel.

Referring to FIG. 10 a block schematic diagram of the
control unit 24 is shown with its principal portions. Generally
the control unit has a control processor 210 which is connected
to sensors in the weld head 70 by way of an input/output portion
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processorl%%Qn%r%%HQﬁatchlng of the weld head, electronic latching
mechanisms at the weld head and the heating element at the weld
head. The control unit through the control processor can provide
visual or audio indication at the control unit or at the weld
head when the weld head has cooled to permit removal of the weld
head from the welded tubular end portions. Moreover, the control
unit may control electronic locking of the weld head on the

tubing such that it is not inadvertently removed before it has
reached the proper temperature.

Referring to FIGS. 12-18 the operation of the invention is
illustrated. A conventional mechanical tubing expander No.
15071, model S, manufactured by Rigid, 400 Clark Street, Elyria,
OH, designated 260 and shown in FIG. 12 may be utilized as
necessary on the tubular end portions 38,40 as shown in FIG. 12
to diametrically expand the tubular end faces 142, 144 for
insertion of a mandrel 150 as shown in FIG. 13. The tubular end



visual or audio indication at the control unit or at the weld head when the
wel d head has cooled to permit renoval of the weld head fromthe wel.ded
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cycle tine excessi ve ular end portion wel d head
may be re@dded be@@mar%%lwwx%llfmﬁfyc%a%dqs*mat@m Bi| $hef arpews

labeled 242, 246 may be utilized to facilitate the weld.
Significantly, the heating of the juncture should be limited to
only accomplish the weld thereby minimizing cycle time and
excessive melting of the tubular end portions. The weld head may
be removed before the weld is fully cooled particularly if the
sleeve assembly 270 is left thereon as shown in FIG. 17.
‘Utilization of the separable sleeve may facilitate shorter cycle
times per weld. When the weld is sufficiently cooled the sleeve
may then be removed. '

As illustrated in FIG. 18, fluid as represented by the arrow
250 may then be flushed into the welded tubular end portions to
dissolve and flush out the mandrel 150. Where an expandable
mandrel, or otherwise is utilized it is removed at this point in
the process.

The apparatus and process disclosed is particularly suited
to tubing such as PFA, althoﬁgh the invention is applicable
generally to welding thermoplastics.
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col |l ar ,344 t endi
drive portion 329. The %1rst tubular end portion and second tubular

end portion meet at an abutment 334. The second component 330 is
connected to the second tubing support and second bearing by way
of the adéptor 338 configured as a drive hub and through a gasket
340. The drive hub 338 rotates in the second bearing 316. The
drive hub 338 is engaged with a drive collar 344. Extending
through the first component and second compénent is a rod
assembly 348, including a drive shaft portion 350 which connects
to the drive motor 303. The rod assembly has a first engagement

- portion 354 which is comprised of an end piece 356, a spring 358,
and a spring nut 360 which is threadably engaged with a threaded
portion 362 of the rod 364. A gasket 366 is positioned
intermediate the end piece 368 and the first component 326. The
rod assembly also includes spherical centering members 370 which
may be made of a rigid plastic. These centering members 370
prevent the rod from marring or scratching the smooth inner
surface 372 of the first component 326.



through the first conponent and second conponent is a rod assenbly 348,
including a drive shaft portion 350 which connects to the drive notor 303.
The rod agggRicgehas a first engagement portion 354 which gk ﬁ&' psed of
an end piece 356, a spring 358, and a spring nut 360 mhlch I's threadably
engaged with a threaded portion 362 of t rod 364. A gasket 366 is
positioned internedi ate the end piece 3 and the first conponent 326. The
rod assenbly al so includes spherical centering nenbers 370 which may be
made of a rigid plastic. These centering nmenbers 370 prevent the rod from
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randr el MAth rfsggcko Phe first component and second component by way of
tightening the spring nut 360. This type of embodiment is ideal
for welding sections of three quarter inch to two inch PFA tubing

and fittings.

A drive insert 392 supports a mandrel 394 and extends to
engage with the drive hub 338. The mandrel thus engages the
interior surface of both the first tubular end portion and the
second tubular end portion. Opposite the mandrel with respect to
the tubular end portions is a transparent cylindrical one piece
sleeve 396. Such a sleeve may be made of tempered glass such as
Pyrex®, quartz or other material which is rigid and substantially
transparent to infrared radiation.

In the embodiment of FIGS. 19 and 20, the rod assembly
provides a desired axial compression to the abutted first and
second tubular end portions 329, 332, which are constrained in
the annular space between the mandrel 394 and the outer sleeve
396. The rod assembly also provides the additional function of
rotating the first component and second component and
correspondingly the abutted tubular end portions such that the



the tubul ar end portions is a transparent cylindrical one piece sleeve 396.
Such a sl eeve nmay be made of tenpered glass such as Pyrex[err], quartz or
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radi ation. In the enbodinent of FIGS. 19 and 20, the rod assenbly
provi des a desired axial conpression t-01lt7the abutted first and second
tubul ar end portions 329, 332, which are constrained in the annul ar space
bet ween the mandrel 394 and the outer sleeve 396. The rod assenbly al so
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1/2 to TR =1t ]9%2é£§ﬁf KOPYEPYEOR BQEPELSEESHr i ng
conpressmmmtrsl54ft-lbs. The spring may be conflgured to provide increasing
axi al conpression with axial deformation. In welding PFA tubular end

portions an el ongation of the conponents occurs when heated and nelted of a
f ew t housandthge odxbal | emprevidmataly s uwiand: e edhégn walyt aifnetewseringe

axi al CORpE €360 Ve ART £Qed NFAARS A WRIY1 B rALsiR% b £he! QRIFhLORas
been found to be 20-24ft-lbs. for 1/2 to 1" PFA tubing. For 1-
1/2" and 2" PFA tubing a suitable spring compression is 54ft-1lbs.
The spring may be configured to provide increasing axial
compression with axial deformation. In welding PFA tubular end
portions an elongation of the cdmponents occurs when heated and
melted of a few thousandths of an inch. Good weld results have
been obtained when the axial compressive force increases 10% or
more during this elongation.

The embodiment of FIGS. 19 and 20 are ideally suited for
welding tubing sections to fittings or to components with
fittings. As is apparent in the figure, this embodiment utilizes
the end of the first and second components that are opposite the
tubular end portions for providing the axial compréséive force.
In an extended length of tubing or in a smaller size tﬁbing which
is not rigid enough to support the axial compression, without
significant deformation, an additional configuration as discussed
below may be used. An appropriate procedure to weld a PFA tubing



The enbodi nent of FIGS. 19 and 20 are ideally suited for wel ding tubing
sections to fittings or to conponents with fittings. As is apparent ,in the
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t he PTFE dri t}er hugﬁ\‘??gf Jhhedde sur %%Ce’sﬁpglaﬁsﬁ‘éff?gef nalb‘l'lag%c%e?

fitting and hub. fittihg widhedrsdpepyilaadceholy t hintebhed ebehrntaom of f
with air, f egt.j,on 4 . Jnstall
PTFE mandr el |nto%lciﬂt}§ﬁdgﬁ§urt1{ll Wi Lm@.?gngfgg[l SHI éompresiﬁq__r:aldé“ ve hub.
5. Push t h& stalﬁﬂﬂissllﬁaémfl@rﬁm ionger thenPEEEhdpive hub 338, majeandr el
and drive hub Unt'éux@'da‘éj@terlts SHARA alcht Between flttﬂﬂ Oxfeq | Bupgll 1 ve

el 3l R e deeéh%ﬁPaea GPhpLL EpAghLon OE. withimkibughl y
bl ow-of f fitting alndgpe;m; Fxemdar \Wnidh imperfectiofls. Lay fitting/hub
ceseTbLyY M o0 Ot e S hee . g, REFRCEHEROIE SO LRl £,
and face)nMHTFEaldmlw hud.oth and bl owoff with air.

5. - Push the stainless steel drive insert through PTFE
mandrel and drive hub until ball-detent snaps into
groove in drive insert.

6. Carefully guide clean Pyrex® sleeve over fitting until
it bottoms out on shoulder of fitting.

7. Thoroughly blow-off fitting and rod assembly with air.

8. Lay fitting/hub assembly into groove in the second
tubing support on right side of welding tool.

9. Clean PFA tubing inside surface, outside surface and
face with alcohol, cloth and blow-~off with air.

10. Lay tubing into first and third tubing supports on left
"side of welding tool and carefully slide tube end into
Pyrex® sleeve until face to face with fitting.

11. Insert aluminum drive collar into holes in back of PTFE
drive hub, rotate and align drive pin hole with hole in
stainless steel drive insert.

12. Close and latch all tubing supports over fitting/rod
assembly and PFA tubing.

n



10. Lay tubing into first and third tubing supports on left si de
of welding:tool and carefully slide tube end into rexf[err]
| nsert aﬁ"iﬁ%%ﬂ&

sl eeve urWO98/B38® to face with fitting. 11. Wi ve
collar into holes in back of PTFE drive hub, rotate and align
drive pin hole with hole in_ stja nl ess steel drive insert.

12. Cose and latch all tubing supports over fitting/rod

assenbly and PFA tubi ng. WO 98/ 33639

PCT/ US98/ 02108 ' - 19 - 13. Slowy

instal |l approp3i at@léowehygtinsitalk approprti;tEpdrength driveembdofintobiopgn
t hrough stai nl ess e ' L n . i drqy .
éféclﬁ déf A dYEnd | ﬁ%?vgzﬂ?nstalnle s ef%l dr‘é,f‘%regg %[elfg;lc%_a

must be taken to av g I'nside surface

14. Install drive prlotRrbigHRREINe, Care grustsihg aken to avoid st eel
insert and drive rggratchiﬁé.iﬁggaéﬂéuﬁgg@gnofnﬁggfﬂuﬁyngqf end pi ece.

Install end | ece over threaded portion of raqd and intqQ open end
of F*ﬂvtuﬁ?ﬁﬁ?f ndFive RRi qqéh)42&ﬂ§m;qq4 k SHald4@ss
pi ece. Install spribgebatheert ndnd edpbeedradd of spring and run

spring nut up,to spri shey . 16, _Tighten spri.ng nut until, .back, of
spring vvasher1$s f?ﬂ?ﬂgﬂ\agas&tvx?“\ob%’&??‘gfo“grqu i %e‘ ﬂ??ta]étftntd
rotation of drive pbeoe awervehiréydédiporigiamdf rod and tiutiongpsEre eng mifng
freely. Carefully b@ﬂeﬁuuﬁﬂgry Nghitall sprind@fidiGad oty gjirptkﬂacﬁ?%f i

18. Set vari abl e power sup at _appropriate power settin
product si ze. -pbeceur nIpatabht spring i vashet dntimienesediand infs
penet r at ed thr0U9hsﬁ@hhgoénauﬁhﬁgsﬁiinéh@uﬂwﬁbtﬁbtiﬁ%inq washer,TFE mandrel ,

then turn of f_heatef. 20. ,Continue to rotate assen whi |l e the wel ded
1071 Shghten SPEHER BEERTRFL 4k RF Seind.

end Spirhreshey is flush
lift upper half ofwhehtbackead epdapileceil of the way. 21. Loosen spring
nut and pul | t dgl pL.n . 2 ow vy renmpve rod an ug.numdrjve
collar. Care lfét StaFt kOtBEl?gkéﬁ é%lgédW%F r%ﬁéﬂ%ﬁ?*#&fﬁéﬁgﬁ?QS ce of
PFA : tubing are turning freely. Carefully lower upper half

_ of head down, into position.

18. Set variable power supply at appropriate power setting
for product size.

19. Turn-on heater until molten material area has
penetrated through wall of tubing all the way to the
PTFE mandrel, then turn off heater.

20. Continue to rotate assembly while the welded end
portions cool, then stop drive motor, and carefully
lift upper half of heater head up and out of the way.

21. Loosen spring nut and pull out drive pin.

22. Slowly remove rod and aluminum drive collar. Care must
be taken to avoid scratches in inside surface of PFA
tubing. _

23. Unlatch all tubing supports and remove welded
tubing/fitting assembly, place assembly into core pull-
out fixture.



t ubi ng. 23. Unlatch all tubing supports and renove wel ded

;ubing/fitting assenbly, place assenbly into core pull- out

i Xxture 98/ 33639

pcT] Usen e - 20 - P "fhen wel ded
assenbly has cool ed, pull out drive hub mandr el and stai nl ess
steel drive insert assenbly from =20 - el d joint with suitable
mechani cal fixture (for exanpl e, a push-pull clanp available from
De- St a- Co, No. TC-640). 25. I nspect PTFE mandrel for

I i
and re-pol i sitt- ien blejded aanemplGCRARCERo1EA TR dut SRELAE M, SO0

26. Renobve Pyrex[ @ardrgleand st@indgsscsteel drwﬁlfnéggt agsembly from

necessary, clean Q\E@L& P A Y tsfﬂu‘i'aﬁigsﬁéchanlca27f1kf‘|§f)@c§fd@' d j oi nt
agai nst . Reterri’ng to n addi tion

enmbodi ment is d|sxﬁ%ﬁﬂﬂiq"1ﬂMﬂqég%ﬂﬂélaﬁiémpcBﬁﬁFgégfﬁnfﬁﬁmtPﬁ?%?ﬁ) %r end
portions is agalnNB(nmckﬁhdn/the rod assenbly 348, however, the first

engagenent p i on._354 Wi t [ ace,3 e first
conponent . %i gﬁ—f}ﬁ g‘ag‘%g%ﬁ J}&l io ﬁeﬂgi%\ég%% S,S% %%%P JFé:onent 330
to ?'CO:I 412b05 tnéneqpary;sm&ﬂﬁnom1¢he1snpmopxkdaboohoktamd vg-ipolitshs
particul ar enbodi | r r appr ¥ 2" PFA
tubing in that suc n%ub"?lnrg?llfsf%ued% :ﬁé gl% EQP%QES {%9{:?%]@ ﬁg%%{errent poi nt
needs to be rZf at iRengve|Rigrex’osigevabard etnerREh ks sHeadnsss | dfger

di ameter tubing. Suctedddyy umlr&rﬁla&ﬁsr@apomssﬁowhﬁhwﬁw&ng@@ very
difficult or |np055|ble to Referring to FIGS. 23 and 24,

details of the rodlRERGHINE 299%n$ A9WASEN conjunction with the first
conponent 326 and the

Referring to FIGS. 21, 22, 23, and 24, an additional
embodiment is disclosed in which the axial compression of the
tubular end portions is again provided by the rod assembly 348,

however, the first engagement portion 354 engages with the
interior surface 372 of the first component. This permits
attachment of a fitting as the second component 330 to a coil 410
of tubing as shown on the motorized coil stand 411. This
particular embodiment is particularly appropriate for 1/4" and
1/2" PFA tubing in that such tubing is flexible such that the
first engagement point needs to be relatively close to the
abutted end portions than in larger diameter tubing. Such PFA
tubing sizes can be coils which are very difficult or impossible
to weld with. '

Referring to FIGS. 23 and 24, details of the rod assembly
348 are shown in conjunction with the first component 326 and the
second component 330 and well as the sleeve 396. This embodiment
has a first engagement portion 354 comprising a rubber or
elastomeric expander 412, a drive nut 414 to compress the rubber
expander, a pair of locked nuts 416 and a thrust washer 418.
Adjustment of the first engégement portion is accomplished by



second conmponent 330 and well as the sleeve 396. This enbodi nent has a
first-engagenent portlon 354 conprising a rubber or elastoneric expander
412, a drVP2[382414 to conpress the rubber expander, a paP¢T/HF%@HBed nuts
416 and a thrust washer 418. Adjustnment of the first engagenent portion is
acconpl i shed by WD 98/ 33639 - 21 -

PCT/ US98/ 02108 - 21 - rotation of the rod
364, such as by a suitable tool engaging the end 422 such as conventi onal
knob nuts. This causes the drive nut 414 to nove axially along with rod 364
whi | e t h&otaiken et §he1sodedfidn shghdasnbyhe $@utabtmpkmblet§gaqnmgexq1mﬁder

whi ch cagg@s 422r adial by ezsﬁ@aﬁtﬂa QfL khéneh ééo g@g«gwf
The rod 364 zitends t hr ou P 26 I n t e nan andtrfeéi'tzcje%ld%e

through GH& éa?j@sm\?nv?hagﬁéi‘%@cﬁ Bngnﬁébgrrﬁﬂ@ %64t‘1’16h1%3‘§1%h1%¢1k%rmﬁ%es
an end pidéerépaiandizedr bnethubroa cueﬁpﬁesgm@nﬂhare ﬂwezga&kﬁh 438, a

spring 4 thr er. 444 readed bore
428 wﬁ|c%%8ﬁ%aggs¥§ﬁég§§9 eﬁﬁ?@§a88 Bg Eﬁ eﬁ%%tomerlc e&ﬂ? e el expander
412 is engaged with the inside surface 372 of the flrst conponent 326, and
wi th the mand o n i t 438
and end pleceﬁ§%6r%P3%%?hg§%Qnﬁ§ 9&%888§2§h§§£ i? % Wﬁﬁgﬁﬁgafif
assenbl e@ngneFtendsy shropgh ?ﬁ@ ﬁpﬂggﬂﬁtWibhrbb%tédcwmdc@mgﬁgﬂmenme spring

446 whi c o&t@bndqszaaha.&hal: fPEPEBSShANch bPEc@bYEE
332 whi c% are restrai. ngdpr adi a{(# :rgéeltr)rrecl at e ?&F\e&rrr%ndgpf‘féqg%and t he

sl eeve 358° +ﬁ@l§9e89 OriPRENG| 9AS r b2 SPFRRY t Al andshistavasher
greater #4dp thd autdindendicaddbewith ahehteddtdrberd H08 timpish tendagdd itate

assenbl y gad _to_ 28 t ol,grances of the outside dianeters of a
partlculaﬁgtgg I ng %ﬁ%@g&gﬁ P&Pﬁ ﬁ #E fing to FIGS. 21 and 22, the rod

assenbly with the first and second conponents 326, 330 assenble into the

first, After the expander 412 is engaged with the inside surface
372 of the first component 326, and with the mandrel, sleeve, and
second component 330 in place, the gasket 438 and end piece 436
with the spring 442, washer 444 and wing nut 446, are assembled
onto the rod 364. The wing nut is rotated to compress the spring
446 which provides an axial compression to the abutted end
portions 329, 332 which are both restrained radially intermediate
the mandrel 394 and the sleeve 396. The sleeve inside diameter
may be a few thousands of an inch greater than the outside
diameter of the tubular end portions to facilitate assembly and
to accommodate the tolerances of the outside diameters of a
particular tubing.

Still referring to FIGS. 21 and 22, the rod assembly with
the first and second components 326, 330 assemble into the first,
second and third tubing supports 308, 314, 320 and is rotatable
therein. The rotation of the rod assembly with the attached
first and second components is accomplished by a drive linkage
460 comprising drive rods 462, a plate 464 which is fixed
relative to the drive rods, a spring 468 and a floating link



second and third tubing supports 308, 314, 320 and is rotatable therein.
The rotation of the rod assenbly with the attached first and second.

conponentyyoio/ssgdsonpl i shed by a drive |inkage 460 conpri sipggyhssaes 0ds
462, a plate 464 which is fixed relative to the drive rods, a spring 468

and a floating |ink WO 98/ 33639 _ 29 -

PCT/ US98/ 02108 - 22 - pl ate 472 which
floats on the drive rods 462 and is biased into coupling with the notor
303. Referring to FIGS. 21, 22, 23, and 24, suitable steps for

accorrpl 'graea mmmawmé&ﬁé PRTLH S Wl e FoRd mt affes 8Spi9kt@ento

. t coiled PFA tubing (flrst conponent), centered ar ound
COI| staﬁ%@P%}QﬂnW&ﬁﬁttkﬁamﬂ@? H&h end of PFA t ubi ng down to end
of al um num tube on coil stand and ' in to the clanps on the

wel di ng t ool ap_tube ( PFA t. n t he
aIun1nun1tubeR%$ Pring“to FIG%1 2% h ?%95240n58 g?ﬁﬁ?nﬁﬁ??ﬁb or

al t er nat aogomplishing @pmeﬂdmnnth1thﬂxapaﬁuimuiar embodimen€] aaa 8§A t ubi ng
i nsi de sEgi?§§ out si de surface, and face with al cohol, cloth and
bl-ow of f air. 3. Bl ow of f rod assenbly and insert into PFA

t ubi ng, rubber expander first. 4, Screw on (2) tenporary

nuts (not shoyn) anéuheclﬁo@neaOPFA tubing (fA%bst! R¥mp 'éﬁtW,n%eﬂHErSHOCkW' se
to expand rubber | nside PFA tube, turn un uhber 1s caonpressed

and expaﬁH@Hngu??+%|%§ﬁ¢§st%}Qﬂ¥Q¥“PﬁNbﬁuﬁlﬁg "Fish snd oReREDe
tenmporary knob nutsubing déwn t&l @md ®fitlive i frade, olnn%bd.Q stehacandand

1800 21 e o canr oobb B ERGSEE RS, CEPEP it dbr 0B Leglo!

conpressed air. holders P3khom| Rk tuhalak]and<mfPtﬁE dduménibmb tubakefsur e

- coil stand 481, slide onto aluminum tube alternating
openings on tube holders.

2. Clean PFA tubing inside surface, out51de surface, and
face with alcohol, cloth and blow-off with air.

3. Blow off rod assembly and insert into PFA tubing,
rubber expander first.

4. Screw on (2) temporary nuts (not shown) and lock on to
rod, then turn wing nut clockwise to expand rubber
inside PFA tube, turn until rubber is compressed and
expanded sufficiently to grip PFA tubing.

5. Remove temporary knob nuts.

6. Clean outside surface, inside surface, and face of
fitting (second component) with isopropyl alcohol,
lint-free cleanroom cloth and blow-off with clean, dry,
compressed air. _

7. Push clean fitting onto PTFE drive hub, make sure
gasket is in place between fitting and hub.

8. Clean PTFE mandrel with alcohol and blow off with air,
inspect for wear and imperfections. '

9. Install PTFE mandrel into flttlng until it bottoms out
on PTFE drive hub.



gasket is in place between fitting and hub. 8. Cl ean PTFE nmandr el

with al cohol and bl ow off with air, i nspect for wear and

i nper f ect WOP8/3363%9 o Instal | PTFE mandrel into f| tti ngP@HUS!PWlO!!bottonB
out on PTFE drive hub. WO 98/ 33639 -

PCT/ US98/ 02108 - 23 - - 23 - 10. Carefully
gui de clean Pyrex[err] sleeve over fitting and hub assenbly,
preferably with air to maintain cl eanl i ness. 11. - Thoroughly
bl owof f fitting and hub assenbly and end of PFA tubing with air.

12. Careful | $0gui GarefivliydguhdeugheahePynexhbsdeeveanderh€itting and
rex[err] sl eeve r t. t one for dirt,
Pyrex[err] \ﬁB aIE;E,@mBJFﬁ‘ ﬁpéfgrab%ﬁ( wfth %ﬁfp@cf ﬁ%%ﬁ’l

redo steps if any Spri ng/ washer
assenbly into back§l&énéﬁnﬁ§§ . assenbly followed by a knob nut.

15. Screw wi ng. nuwh@@ougha}; BROWREEFRENEihG dhdhutiddsembly and *1%{5

16. Lay flttlng/hFB ai g y Bo roove in the second I ng
support on right sFA& &SPOHRP dWﬁg t BOF 17. Cose and latch aII t ubi ng
supports over1gitt Cagefulhy guide thessedbthrﬁmghF%Hbt¢deuhents affd the

Conpress drive |inkage. oV, ert drive hub and
drive notor, uare§s§afts£§%ﬁ?$§g§£rEhé pEd éﬂ% dr I nsert the three
drive rods inﬂ -t héngpBclowesd zone forfdlst. medo steps dif vany idiketgel Dy
hand until the sengguare shaft drops into notor. 19. Carefully
| ower top hal f of eater head , down into position. 20. Set
vari abl e powet4supphy é@laEBFéBB/H?§h9§mé$S@@blyr&PtO backsiderofprivthict
Slze_ assembly followed by a knob nut.

15. Screw wing nut on until spring washer is flush with

hub. '

lé. Lay fitting/hub assembly into groove in the second
tubing support on right side of welding tool.

17. Close and latch all tubing supports over fitting, hub
assembly and PFA tubing.

18. Compress drive linkage by hand and insert it between
drive hub and drive motor, square shaft side facing
motor. Insert the three drive rods into the hub holes
first. Then turn drive linkage by hand until the
square shaft drops into motor.

19. Carefully lower top half of heater head down into
position.

20. Set variable power supply at appropriate power setting
for product size.



WO 98/ 33639 PCT/ US98/ 02108

- 24 - 21. Start the two drive notors (one on the coil stand and .
one on thggwisdéw) at the sane tine and watch the PEHOSRILRE t he
wel der drive nmotor is turning and if the coil stand drive notor is
turning in the opposite direcligﬁﬁ_force It to reverse by stopping
It by hand, it wll reverse aut tically. 22. Turn-on heater.
23. Wien nolten material area has penetrated through wall : of
tubing all the way to the PTFE insert and is formng a flat up

agai nst the PHRE ”%QgEﬁltﬁgoﬂﬁ 1?%3v$‘ﬂ 6P§nE?Pe on thélgalfﬁgkaagﬁEﬁf

24. Continue to rotate assenb coo
notors, and caref uPnRg prﬁhﬁoﬁeﬁéﬁF)héﬁt%hekﬁﬁmﬁ tine and warandheut of the

way . t 25OI Conpr @i&eélﬁioﬁeﬁ‘ﬁélewtélﬂéﬁ &t{‘#ﬁ%ﬁﬁ%@'?ﬁrnﬁl g 4hd 'i%mt“:;ﬁ% g
Wi ng nu an Spl‘l n . Nni, at C upli pOI‘ an rerrqve we e
t ube assgf'?ﬁllyStand 51VR.MOTRTr ¢t § v%“’%l?d’“g €end of

fih tting. ) §9 SdﬁQWCQIillo(lZ) fkpob muts?Ofewb@mbb ij ﬁtfb[il@ﬁj( it byl @g@d,
then turn knobs couynt e rel ease. rubber expander

30. Push the rod i Fo ﬁ&; ?§§£%§8 %gFg?%gﬁ%g} Yy grip. 31. Place wel ded
end into a puBQoutTﬂmntanehandeEXtract PTFE nmandrel and rod
assenbly. Set y50d ﬁﬁéﬁ”ﬁbi gﬁ' %ﬁtgnal ar ?ﬁé‘%é&%@éﬂed“)& ° gllPTFE

mandrel to anythin eeve to SI and

i nspect wel d oF tuPéPHtall the Wﬁﬁf%@r# R?Fﬁqx§§e¥P1an§51széorm;ngand

28, various embodi aemlataup ebhifiktatRe PﬁFElgnariﬂfeﬂ[ efbdadijgt4domilde then
acconplish the wel r FIG 24 is cross-section through a nandrel
MIg,BERoPERLR

394, abutted tubul §-329, 332 and sl eeve WO 98/ 33639
PCT/ US98/ 021024. Contlnue to rotate assembly for cooling, then stop

drive motors, and carefully 1lift top half heater head
up and out of the way.

25. Compress and remove drive linkage assembly.

26. Remove wing nut and spring.

27. Unlatch all tubing support and remove welded tube
assembly. '

28. Remove drive hub and gasket from end of fitting.

29. Screw on (2) knob nuts on load rod and lock in place,
then turn knobs counter clockwise to release rubber
expander.

30. Push the rod into PFA tubing to release it's grip.

31. Place welded end into a pullout fixture and extract
PTFE mandrel and rod assembly. Set rod assembly aside
being careful not to touch PTFE mandrel to anything.

32. Slide Pyrex® sleeve to side of weld and inspect weld
joint.

Referring to FIGS. 24, 25, 26, 27, and 28, various
embodiments are illustrated using infrared radiation to
accomplish the welding process. FIG. 24 is cross-section through
a mandrel 394, abutted tubular end portions 329, 332 and sleeve



- 25 - 396. Thi s enbodi nent adds | enses 470 to the bﬁSiﬁ configuration as
shown-in EIGS. 20, 21, and 22. The l|enses, although shown in
cross-sec?‘i"?)’ﬁ":i3 be hal f nooned, extend circunferential | y BEE/USSHMIZ108 | v
around the sl eeve 396. The | enses operate to focus the infrared energy
provided by the infrared source 472 whi€l23 s- shown conprised of a pair of
ni ckel cadm um heating wres 476 nounted within a glass incasing 480 which
utilizes gold plating 482 on the exterior surface. The | ens formed of gl ass

or the like may be suitably shaped and configured to have a focal poi nt at
various dé2fr eﬁhb%a?%ﬁ@lwmhladﬁﬁelmtﬂfﬂ Un)rtfwahﬂslm: cmtnfa.gmarmwBS

at the exsgrsRowef ﬁhEI@@utIr@ntz@34zpf #d @Poi "Ithe4§§éd g> {home
t hi ckness, of the tubu] ar wall E}?ﬁl@f ‘at a point 490 at é |nS| e °sur

of the tublil GFORATFYEEORI QPG iTRPS %ﬁﬂdelmmmfere_ntlaﬂéﬁ@lamng
speci fi cad:bgtxfaﬂyzsmamda’dhietsbém&e 39edi e I@usﬁ@%ér&ﬁ@'i‘.@“ fdts the

Ref or r1 ng 150 28 “ShoEey VLA R hhe a it el alies {1 A e
i nfrared feewingospuised4gP aspaxlrlmf rrakadce ]l acssiminint fhdaJte.nlqeam:@‘s 'f4|'766 | aser
expanded £8uRE S| #ELALA N1 8L alﬁéégmdl e SXRANYSH 199119 RN

g
infrared | asers hese enses &\91 de a

ropria
heat i ng ré%%eoilhﬁlilee%‘*éﬁﬁéoél $‘é¥1§#‘é¢ entThe [eng dinmletdl@falgharmtor Nhlet i pl e
lasers 472ik@ym@¢ Béi buiably HRAYEE Cartd R RNHAEL RPN 4 f%éafl ?)to‘?t nEven

melting and fusion of the abytted, tubul ar end portions. ng to
FI GS. g? a d"§§1°‘é§o§§3%§%‘$ ACATLPRIANI TR thhe apseabdval Fogeexampileyhe
i nvent i onat Fa G@o2Bthd85t at thnér@x’eélrheﬁtd)ﬂ’lg:t@lamﬂ:n{é?& e34erd 3¢ a point

substanti ys Ar S, S shovvn the e di men of FIGS. 19,
20, 21, LRobYLR" PO I 8818 S8V EnE S ch PRl of ol R AL, ééawéésné’} BE a
ni ckel cadnPeimti 480wat chhexirside aswoface hef sﬂhrewmﬂmrt wall 488 4@

98/ 33639 slightly into the mandrel 394. PCT/ US98/ 02108

Referring specifically FIG. 25, an additional embodiment is
shown in which the focusing lens is either adjacent to or
integral with the sleeve 396. Referring to FIG. 26, an
additional embodiment is shown in which the infrared heating
source 472 is an infrared laser with the beam of the laser
expanded to provide heating at a slightly expanded region over
typical infrared lasers. These lasers appropriately have lenses
492 which provide a heating range that extends circumferentially
around the abutment. Multiple lasers 472 may be utilized to
provide complete coverage and facilitate even melting and fusion
of the abutted tubular end portions.

Referring to FIGS. 27 and 28, cross-sectional views
illustrated several aspects of the invention. FIG. 28 has the
infrared heating source 472 extending substantially around the
sleeve as is shown in the embodiments of FIGS. 19, 20, 21, and
22. Relative to these embodiments the infrared source may be a
nickel cadmium wire which extends around the sleeve and two



- 26 - sections. The.sections open at a hinge point 510. In order to
acconplish the even uniform heating of the abutnent of the tubular end .
portions, wedshsgset he rod assenbly, including the conponentyeringsobgaiog! ded,
is rotated as illustrated by the arrow 514 or the infrared source 472 may
be rotated as illustrated by the arrOM/S%g The rotati-on of the tubular end
portions with respect to the infrared so ce may be further acconplished as
shown in FIG 28 with a sinple gear drive rotating a frane 520 onto which
the infrared sources 472 are attached. The infrared sources in this figure

i1 ust [ AR RALAE" ' a‘rpféo%bﬁ%ﬁk' egsnoattgrﬁfn%@fﬁﬁr?@ dzf ap.er S Md eqefease

beans 52 errin signiticant additi onal
advant ag@csrmedishz the FW&HSH&%EﬁFmsFGQVE%g|%ft¢hﬁ apurmeptriafddhess50 may be

p][ ovi dEdtltuhu\MégcanOpwlﬂhbﬁé , L BetREPOtRE Sr&d éé‘@emﬁ, aldQwdishgaghest ment
0 araneters uritn suc n rar ener

bei g oeroRgepgtenSonbE el st ol TrbiteRad gttt tated WY Sne”aredhn,
i nvent i osldaprbehentodiradednsotuhbee ébécmaycbécmonaugdfunﬂlkhuaﬂﬁat@@ bryom
the spi ”the%r?%%egg'sa' %hU EBELEthhSEGQEI'néS}ﬂfiér'&)& 'rbs xf‘tfl%r dq$hyr ed

that the preséent e e considere respec as | ustrative
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Referring to FIGS. 19 and 28, a significant additional
advantage of utilizing transparent sleeves is that a view window
550 may be provided in which to monitor the progress of the weld
allowing ‘adjustment of parameters during the welding such as the
amount of infrared energy belng generated, the weld time, and the
cooling time.

The present invention may be embodied in other specific
forms without departing from the spirit or essential attributes
thereof, and it is therefore desired that the present embodiment
be considered in all respects as illustrative and not
‘restrictive, reference being made to the appended claims rather
than to the foregoing description to indicate the scope of the
invention. |



I nner surface, an outer. surface, and an end surface, the nethod conprising
t he steps :of: placing the tubular end portions together in an
abutti ngWO98/33639 el ation with each other; - enbr adiIGTTSSMRI08 o\
cylindrical sleeve substantially transparent to infrared

radi ation arouiﬂm“ﬂuﬂmmml l““l - el portions; engagi ng the
I nsi de surface end portions with a mandrel; and
provi di ng i nfrared heatlng *enérgy to the abutted end " portions

sufficient to nelt and fuse said abutted end portions into a
joint. IN THETRBAAMEBKod of claim 1, further conprising the step of
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- 28 compglslnghg fethE850PLé aim 1, wherein the infrared heating energy
is provided by an infrared heating source positioned circunferentially

around the sl eque ;300 ¢ifae (FRLAAY EHE BBtions together in an abutting

relation with each other;

embracing a hollow cylindrical sleeve substantially
transparent to infrared radiation around the tubular
end portions;

engaging the inside surfaces of the tubular end portions
with a mandrel; and

providing infrared heating energy to the abutted end
portions sufficient to melt and fuse said abutted end
portions into a joint.

2. The method of claim 1, further comprising the step of
providing axial compression to the two end portions as the
heating energy is provided.

3. The method of claim 1 wherein the sleeve is a split
longitudinally into a plurality of portions and displacing
at least one sleeve portion for embracing the tubular end
portions.



provi des rotational novenent of at |east one of the abutted t ubul ar

end portions and infrared heating source whereby uni form heating is,
provi ded s dgmdeadbutted tubul ar end portions. 5.  Theriosdsieems of
claim1l, mhereln—fhe~hﬁ++ﬁm#ey++ﬂdp4cal sl eeve is frangi ble and
wherein the jOInt and the frangi ble sleeve is then
br oken wher eby th ,"Hm\ﬁﬂmlg"m emoved® fom the abutted and J oi ned
tubul ar end portions hod of claim1, wherein the joint is

al l onwed to cool and the sleeve is Ieft on the joined abutted t ubul ar
sl eeve pof 18 t 'y hgL riSi t he
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PCT/ US98/ 02108 met hod_of claim 8, wherein the

first conponenthe gngghod OﬁﬂQﬁﬁkmelﬁtﬁh3ﬁ§l§eGbﬁohoéﬁGWmﬁﬁlénﬁr%ﬁ@lf$l%@ve
engagement 1§0ffaﬁ@lpiet5mr»ﬂsie@ﬁﬁrmievi mruaeamwé&l 8b! ¥o&Xpam@abl e

cylindrical orippl g BTN & s Fhlbd s el
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r&ﬁen wkereby the sleeve is

6. The method of claim 1, wherein the joint is allowed to cool
and the sleeve is left on the joined abutted tubular sleeve
portions.

7. The method of claim 1, further comprising the step of

providing axial compression to the two end portions as the
heating energy is provided and further increasing the level
of axial compression as the heating energy is provided.

8. The method of claim 1, wherein the first end portion is part
of a first component and the second end portion is part of a
second component, and the method further comprises the step
of providing axial compression by way of a rod assembly
extending axially through both end portions, the rod
assembly having a first engagement portion for engagement
with the first component and a second engagement portion for
engagement with the second component.



conprises the step of engaging the gripping portion with the I nsi de
surface of- the flrst end portion for acconplishing t he axi al
conpressi WQ98/33638  The nFThOd of claim8 wherein the firstPEEHEWM@HB has an

end opp03|t t end ortion and the netifod conprises the
step of p05|t|on rfg i m portipa of the rod assenbl y agai nst

. said end for pro ve force at the two abutted end

_ portions. 11. The nethod clai m 10, wherein the rod assenbl y i ncl udes
a rod extending axially through the end portions the rod engaged
with one%:f tAbet wetbogagénedaipmoByi wherehnothé first ceampoment tie aret hod
further CO”prbibﬂ%a%@etﬁbgﬂﬁogectloncgﬂarﬁﬁék??nteﬁesf{fgg eng&é#mgyF

met hod of claim 1l wherein eve I's visu fans and t he
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PCT/ Uso8/ 021037 2xial C%‘E‘ﬁrgég?gn 15. The method of claim1 further
provi ding the step of providing infrared heating energy to the

mandrel. 10, The method of claim 8 wherein the first component has an end

opposite the first end portion and the method comprises the
step of positioning the engagement portion of the rod
assembly against said end for providing a compressive force
at the two abutted end portions.

11. The method of claim 10, wherein the rod assembly includes a
rod extending axially through the end portions the rod
engaged with one of the two engagement portions through a
spring, the method further comprising the step of
compressing the spring.

12. The method of claim 1 wherein the sleeve is visually
transparent, and the method further comprises the step of
visually monitoring the process of the melting of the end
portions through the sleeve.

13. The method of claim 1, further comprising the step of

focusing the infrared energy emitted by the infrared heating
source.,

14. The method of claim 13 wherein the focusing of the infrared
energy is at the abutted tubular end portions to be joined.



16. A method of nonitoring the welding of a pair of tubular end

portions conprising the steps of: pl aci ng the tubul ar end portions,
toget her iywp ggbaghutting relation with each ot herperusesnzies
enbraci ng a hol l-ew—cytimdrical slTeeve substantially transpar ent
around the tubular prOV|d|ng I nfrared heating energy to
the abutted end. H“ﬂ“ﬂ“ “Hﬂmuuw and 30 = ronitori ng the progress of the
wel di ng by visual | y*obserwi he abutted end portions through

t he transparent sleeve 17. A met hod of joining a first

component shavird RthESt orBYARL 1 crfRS AL OR AP A Sasad gormonen:

havi ng a“Séco Pon | sed of
mel t proceSS|DE@VlleQfnu@rapeﬁyheatlneaemerqytﬁQathﬁjmandmedns havi ng an

I nner . surface, an outer surface, and an end surface, the nethod
conprisin the st eps pl aci ng the tubul ar end portlons t oget her
in an abd®ting met od’ °f Penitrsang; the cieldingat a pair gfsitubydasgead
hol'l ow cyl i ndpb&etllonlseempaﬁemﬁd the subpsasf: end portions;
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11111121171 1121111 1111211711711122112121 - 31 - engagi ng the inside surfaces

of the tubul aplaecdngotheotsbular end pertioms cydgethdrcdin randbatting
relation with each other;

embracing a hollow cylindrical sleeve substantially
transparent around the tubular end portions;

pioviding infrared heating energy to the abutted end
portions; and

mbnitoring the progress of the welding by visually observing
the abutted end portions through the transparent
sleeve.

17. A method of joining a first component having a first tubular
end portion to a second component having a second tubular
end portion, the end portions comprised of melt processible
fluoropdlymers, each of the end portions having an inner
surface, an outer surface, and an end surface, the method
comprising the steps of: '

placing the tubular end portions together in an abuttlng
relation with each other;

positioning a hollow cylindrical sleeve around the tubular
end portions;

T



i nsertion of a rod assenbly axially through the two end portions
and through the nmandrel, the rod assenbly conprising a first
engagenenVO P82 for engaging the first--conpon®FF/USMAZHEsecond
engagenent porti-on ﬂgaging t he second conponent;

conpressing the abmﬂmmmmwuj d per3ions with a conpressi ve
force provided by L ., and provi ding heating energy to

the abutted end portions through ) the sl eeve sufficient to nelt
and fuse said abutted end &= ortions. 18. The nmethod of claim 17
further conprfBgagipfetBeepnside sur $ ref tthe ambhulet tansuiportdons
portions by infrargdth a E9€iAlL9BaPYmanqtef;ared source positioned
exterior the sl eeve and radiating said infrared radiation through the
sl eeve. 19. The nethod of claim 18 further providing the step of

rotatably novingeettonfofhe fted assambby SOLHLEy AhrdugH he two i ted
t ubul ar end portioBs ﬁuchsthgt gFe athﬁgd end ortieﬂs are _evenly
heated.  20. ThePREFASESoANE| ERRPYIR s T HERNdRdyr i e Fah @ sssmpiy
varyi ng the axi al comprésingeafbirstpengagenemy pdrtiad for ermprRgmy Ythe
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compressing the abutting tubular end portions with a
compressive force provided by the rod assembly; and

providing heating energy to the abutted end portions through
the sleeve sufficient to melt and fuse said abutted end
portions.

18. The method of claim 17 further comprising the step of
heating the abutted tubular end portions by infrared
radiation by an infrared source positioned exterior the
sleeve and radiating said infrared radiation through the
sleeve.

19. The method of claim 18 further providing the step of
rotatably moving one of the (a) infrared source or (b) the
abutted tubular end portions such that the abutted end
portions are evenly heated.

20. The method of claim 17 further comprising the step of

varying the axial compressive force provided by the rod
assembly.



conponent, the end portions abutted together in axial al i gnnment, the
appar atus conpri si ng: a support structure; a hol | ow

cyl i ndri ceMo ggj3gedge supported by the support strqqnmmgumgm§
extendi ng circunferenti al ty around—t he abutted end portions, the

e I 5

supported by said stippbr structure and positioned radially
outward of the cyllndrlcal sl eeve for allowing infrared radiation

to 21. RAs pRESEES S8t dusleByS d crlrﬁtt t%%@ll%‘i‘s%nﬁhﬁoﬁ@%hegf
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assenbly conpr|5|ng a rod configured and positioned to extend axially
wi thin and thgo ggg éfﬁkéubular end portions and t hrough t he
mandrel, the ro senbly aV|ng a first engagenent portion on said
rod for engaging the flrst conponent and a second engagenent portion
on said rod farholloweegmu@ﬁlé&@ SEEARY %at byafthlee§ﬁb gftsaid
engagenent EIOH v able to d the ot g 9 ? ﬁortlon
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abutted end portions, the sleeve comprised of a
material substantially transparent to infrared
radiation; and

an infrared radiation source supported by said support
structure and positionéd radially outward of the
cylindrical sleeve for allowing infrared radiation to
pass through said sleeve to melt and fuse the abutted
end portions.

22. The apparatus of claim 21, further comprising a mandrel
insertable within the abutted tubular end portions to
prevent the formation of an internal bead when heating and
fusing the tubular end portions.



24. The apparatus of claim 23 further conprising a spring engagi ng one
of sai d engagenent portions to provide the axi al conpression to the

t ubul ar WQI98A36I% ons. 25. The apparatus of clai 21, whECEUNRRAE| ceve
is split +ongitudinal [y for placement and renoval of the sleeve on

t he tubul ar end I ned- 3326. The apparatus of claim?21
wherein the sl eﬁmm“lmmmlﬂ“'m“r) t ransparent . 27. The apparat us of

cl ai m 26 wherein *thé appalatls "and infrared source are configured such
that there is a line of sight fromexterior the apparatus through the
sl eeve t23+h&he appanatusd afuliadm @dd fpsithepsnsoRrpEisbpIt Aerod| asARPLY be

visual ly nonidgididising a 7 E¥ntdG3Fed and p031tloned to extend axially
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conponent, eaghrogytpdtentmdralrely a:he rod aBseablgntapantyi anfigetd end
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first engagenmmponent prord |a)rsec;mnde@m9agemnsap@rlte@nanu pasflt rodefioro
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engagenent mgerel PVErd st @eih Ot portidnkemRy bl puitdifAdagxhal
conpression to the ajr of abutted tubul ar "end porti ons.

compression.

24. The apparatus of claim 23 further comprising a spring
engaging one of said engagement portions to provide the
axial compression to the tubular end portions.

25. The apparatus of claim 21, wherein the sleeve is split
longitudinally for placement and removal of the sleeve on
the tubular end portions to be joined.

26. The apparatus of claim 21 wherein the sleeve is visually
transparent.

27. The apparatus of claim 26 wherein the apparatus and infrared
source are configured such that there is a line of sight
from exterior the apparatus through the sleeve to the
abutted tubular end portions whereby the welding may be
visually monitored.



29. The rod assenbly—ef—etatm-28—wherein the first engagement portion
conprises a radially I g nmenber . 30. The rod assenbly . of
claim 25 {vwmgconprnmﬂm nﬂﬁmﬁﬂl[: for radially s dob/0flod NE
abutted tubular end portionsunm s *4heir interior, the rod extending
through the nmandrel, the mandr el paggi tioned intermediate the first
engagenent portion and the second gagement portion. 31. A sleeve
for transferring heat for fusing a pair of t ubul ar end portions in an
abutting and axial alignnent relation, said sleeve sized for the

exteriorpgi angt €6d°$s§éhﬂl§%a§rov1d1r@"%>ﬁ%ﬁt cRipre3di asteey eeybstial y

transparent and substanti al y transparen rare radi at1on
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said abutted tubular emi p@fﬁmﬂ,s sachZand Poetibasvenohxehdi 1 BgnmbeE £i n
sai d sl eeve 'E conpri se one of set conpri Si ng if ered gl ass,
he %pﬂ§§%ﬁbly ha%&gq%g %or extending axia throu

quartz, and
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frangi bl e ere t he sl eeve broken for renoval the' sl eeve
afte? t he wel Bt tenlgé member andrgias member adjustably connected to
said rod for moving the engagement member towards each other

thereby providing axial compression to the pair of abutted

“tubular end portions.

29. The rod assembly of claim 28 wherein the first engagement
portion comprises a radially expandable gripping member.

30. The rod assembly of claim 25 further comprising a mandrel
for radially supporting the abutted tubular end portions in
their interior, the rod extending through the mandrel, the
mandrel positioned intermediate the first engagement'portion
and the second engagement pqrtion.

31. A sleeve for transferring heat for fusing a pair of tubular
end portions in an abutting and axial alignment relation,
said sleeve sized for the exterior diameter of said tubular
end portions, said sleeve visually transparent and
substantially transparent to infrared radiation whereby
infrared radiation can be transferred through the sleeve to
said abutted tubular end portions.

32. The sleeve of claim 31 wherein said sleeve is comprised of
one of the set comprising: tempered glass, quartz, and
sapphire.



36. A welding systemfor joining a paif of nmelt processible t ubul ar

end portions, the tubular end portions conprising, . an end face, an
out er suM¥@B8¥3363hd an i nner surface, the wel - di n(LsystP@ﬂ’f‘lsBWm%l ng:
a wel d head conpri sing: a housi ng openable for insertron and
removal of the tubul ar erd3poktions to be ljlmlmm,uutjuur_[“"
sl eeve supported in the housing, the sleeve for

outer surfaces of the tubular end portions;

heating el enent positioned exterior the sleeve for ~ prOV|d|ng

heat to 3&l d Tﬁ&asl&nﬂeuoﬁﬁuiqut3lmwnereln theaspeswe dsppplitor powering

the healing e Seifuaff¥lly into aigﬁcoreqﬁgg%% sB2eiball eoknbe1bligabubul ar

end portions, ing an outer _sur
conforns to Pplacement (¢ tum&a%@rfctl@rc‘;ﬂomew@bultée 8RE8eH6r BNBns.
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- 36 - 37. A welding systemaccording to claim1, wherein the soluble
core is conprised of sodium chloride.
34. The sleeve of claim 31, wherein the sleeve is integral.

35. The sleeve of claim 34 wherein the sleeve is frangible
whereby the sleeve may be broken for removal of the sleeve
after the welding.

36. A welding system for joining a pair of melt processible
tubular end portions, the tubular end portions comprising,
an end face, an outer surface, and an inner surface, the
welding system comprising:

a weld head comprising:

a housing openable for insertion and removal of the
tubular end portions to be joined;

sleeve supported in the housing, the sleeve for
engaging the outer surfaces of the tubular end
portions;

a heating element positioned exterior the sleeve for
providing heat to weld the tubular end portions;

a power supply for powering the heating element; and
a soluble core insertable into the tubular end portions, the

soluble core having an outer surface which conforms to
the inner surface of the tubular end portions.



38. A welding systemaccording to claim1 wherein the sleeve is

substantially transparent to infrared radiation and the heati ng )

el ement prgslogsesd Nfrared radiation to pass through SPEFUSIsRBINR- 39.
A mandrel for use in welding systens in which abutted t ubul ar end
portions are positioned between said ngngéel and a sl eeve engaging the
exterior of the abutted end portions wherei n heat passes through the
sleeve to nelt and fuse the end portions, the nmandrel soluble in fluid
for renoval from t he wel ded end portions. 40. The mandrel of claim

39 whereizy the RNdi%ly isystefPhceBddehg to cBRh UM GiH&¥didP the soluble
core is comprised of sodium chloride.

38. A welding system according to claim 1 wherein the sleeve is
substantially transparent to infrared radiation and the
heating element produces infrared radiation to pass through
said sleeve.

39. A mandrel for use in welding systems in which abutted
tubular end portions are positioned between said mandrel and
a sleeve engaging the exterior of the abutted end portions
wherein heat passes through the sleeve to melt and fuse the
end portions, the mandrel soluble in fluid for removal from
the welded end portions.

40. The mandrel of claim 39 wherein the mandrel is comprised of

) O

sodium chloride.
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