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1. FLMRGRGNDUI T SYSTEMS AND METHODS FOR MAKI NG~ Fiel d of the Invention

The- present invention relates to fluid condui systens, partg gyl -lhose
sl tgbl e for use in fire sprinkl egmmmwmmmlmsyst ens. Backgi%ﬂ_rllgmt;g_ %e
| nventi on_Sprinki er systeminstall _ use et al CO!’lstIFtOLg _ippher

copper or nore commonly-iron or steel. *pPp¥, -as -supply lines in automatilc
sprinkler s metal |ines obviously resist fire and tenperature
damage bettgm”mmm"mm structural matedials that mght be used. Each
~nmetal has rel at i*a/gooc*os advant ages and di sadvantages. Typically, piping i s
provided in fixed ?I-engt hs and rrurs]t bg gu_t t?h5|fze lo(rjl ordto IthI:Ialm! ?Ll gn.
Ferrous pi pe was theg pically threaded in e field and ma
threadedpcgupling. '“'&' —8 Setes S-%”%_ﬁuﬁfo‘- T e pi ng adds
significantly to the |abor costs of installing such systens. Copper tubing

installs nore quickly than fer pLpe he cut | engths of copper can
sinply be sli p?mat ed with appﬁggfd. o 1ot then sol dered. However,
copper is quite expenghéepirBsBBECEhfentoSh £ €64 ?1“ 'd %gidflﬁltpe'
O her types of non-threaded mati ng systens have een devel ope or netal
particul arlysyseehspi partkonlaexgnhoge’ sPitable Cfoi NHNGAS YIRS -are
.kn""own- in.. which crinpable 2 fittings can be-used to join snall

di anet ers of spiténkler and nozzle systems.

Background of the Invention

Sprinkler éystem installers typically use metal
conduit, either copper or more commonly iron or sﬁeel
pipe, as supply lines in automatic sprinkler systems.
Such metal lines obviously resist fire and temperature -
damage better than other structural materials that might
be used. Each metal has relative cost édvantages and
disadvantages. Typically, piping is provided in fixed
lengths and must be cut to size prior to installation.
Ferrous pipe was then typically threaded in the field and
mated with a threaded coupling. The use of threaded
couplings in ferrous piping adds significantly ﬁo the
labor costs of installing such systems. Copper tubing’
installs more quickly than ferrous pipe as the Eut
lengths of copper can simply be slip-mated with
appropriate fittings and then soldered. However, copper
is quite expensive in material cost compared to ferrous
pipe.

Other types of non-threaded mating systems have
been developed for metal particularly steel pipe. For

. . w R27 AL !l'\j. .
exampleﬁ%gnlmplng_systeps-ageiknowni1nhﬁh1ch crimpable

,’5 ¥ £y e T R
a S i

. Y
[ kA v



l'i ght eg#e~Schedul e 5 steel piping. Qher types of nechanical, conpression
type fittings are known which sealingly mate with the exterior ends of
grooved piping. Still other types of nechanical joining systens enploy a

t wbul ar insert positioned in each open_e?d_of a pair of adjoining piping
menbers and an external conpression fitfing which is applied over the ends
and the insert to conpress the ends against the insert. Such systens
require either -the mechani cal shaping and di sruption of the snooth,

cylindrical eadsiagst banpbpi Agedyrd hfoipdehdi PrupindbOvess teanges or the
li ke and/or the use of unique and typically expensive conpression _
fittings. CeitghhepkaStheduhave gadelkd aroept armehdwreyss dm residenti al
and, to sone extent, light hazard fire sprinkler systens. ChLorlnated
pol yvi nyl chmeeh@eicabyvCromptessien piyierd drtdidgs tameg scrivawe wihdeh | i sted by
Underwiters Laboratories. One |isted CPVC conpound is BLAZEVASTER(r)
brand CPVC ofSFhin8l¥. EabarvEh: die exjeiamndOn b IBONEEVRSPERSIs a

ich Co., Underwiters Laboratories has

“ [ f_The B.F. Goqd
Al 90| fsted FFAbanayehr SHRE A %%Cﬁéwlrﬂ;%w ASETGTEdMn e he
[ ' d.nc, Bever id s :
led:a(ra\(/jw |SE Zi gt%‘lig%%)%%?g}?%@ €+§%Mﬁ%§ % lcrg(r:etaé']%n oﬁ)(ﬁrﬁ/ﬁf%/ %6n& ErEnREer pi pe

and fittingsai®inis® pipifsiHieidA éﬁ@zﬁjgﬂ%gﬂ%éﬁ{ggé&&%ssigﬁinkler

systens: Piping nmade from plastic has proved | _

expensi ve- i nfbet g akhtestid hagplcieppevashidie idisialdmt kel 3nsep8t sohave

been conparable to copper. Simlar steps are
compress the ends against the insert. Such systems
require either the mechanical shaping and disruption of
the smooth, cylindrical ends of the piping by the
addition of grooves, flanges or the like and/or the use
of unique and typically expensive compression fittings.

Certain plastics have gained acceptance for use
in residential and, to some extent, light hazard fire
sprinkler systems. Chlorinated polyvinyl chloride (CPVC)
plastic pipihg and fittings have been listed by
Underwriters Laboratories. One listed CPVC compound is
BLAZEMASTER® brand CPVC of The B.F.Goodrich Co.,
Cleveland, Ohio. BLAZEMASTER® is a registered trademark
of The B.F.Goodrich Co. Underwriters Laboratories has
also listed Flameaway brand CPVC pipe and fittings
distributed in the United States by Flameaway Plastics,
Inc. of Beverly Hills, CA. Underwriters Laboratories
also lists certaiq polybutylene sprinkler pipe and
fittings for use in residential and light hazard fire
sprinkler systems.
Piping made from plastic has proved to be less

expensive:in'material cost than copper while installation



involved in joining together both types of plastic and copper pipe.
However, plastic piping is nore flexible than netal piping. Support nust
be provided nore frequently with plastic piping than with netal piping and
mere frequently with polybutylene than wifh CPVC. This can add
sufficiently to both the material costs and the |abor costs of 'installed
.plastic piping systens to actually raise the total costs of such plastic
systens above the costs of nmetal systens in sone installations. Plastic
pi pi ng for spciste daveybeenscbupdsabie poi Bppky. | Binebadestémd are
installations where the plastic pipe can be nore easily installed through
m sal i gned op@Ycdyedada jphrdnghtesdtberabothdtypéseos mhalst it sirsdthan can
metal piping. According to recent industry figures, residential sprinkler
heads accoung PBFTaBoRE - | HP¥eYeperPlaghicobPining spe i mirerflesidslesol d.
However, bec f, the.greater_size of piping and ppre expensive
sprinklers ?&%ﬁc%FF?EUEéglP%‘Ii%%?p%ﬁﬁ %Vﬁ?hﬁgypﬁ%&%ﬁ%ﬁ T} al | ati ons, the
actual dolla hey resi [ .sprinkler.market js estimated to be
only about tgﬁggggﬁtggn%bg? §£§%€£% ?%%l?gt%PaﬁoY+%. Tﬁﬁﬁiﬂp¥Qﬁng and
residentia|,mokéQEEe@ﬁén@Igiﬁﬁgy'ﬁ@@?ﬁ&k?f@ﬁ@k&ﬁgni&%%ﬁﬂéﬁgéOﬂ%rjEybrid

pl astic/ nmetal piping and couplings have ~ been proposed for 1uiélconduit

systens for manyaydasaffiEDEnEMANS Goth ShéahfidrH:11434Q%7 ama Cekeh refers

to a proposal to use copper tubing coated with .polyvinyl chloride (PVC
for protectidabapafastsdentimgtalled plast 1k seiwines Sytadmietos of copper
fittings paréé?ﬁéYly raise the total costs of such pl i
uch plastic systems

above the costs of metal systems in somé installations.

Plastic piping for sprinkler systems finds use primarily

in residential installations where the plastic pipe can

be more easily installed through misaligned openings and

through and/or around rafters and joists than car metal

piping.

According to recent industry figures,
residential sprinkler heads account for about fifteen per
cent of all sprinkler heads sold. However, because of
the greater size of piping and more expensive sprinklers
typically used in light and ordinary hazard
installations, the actual dollar value of the residential
sprinkler market is estimated to be only about ten per
cent.or less of the total dollar market for residential,
light and ordinary hazard sprinkler installations.

Hybrid plastic/metal piping and couplings have
been proposed for fluid conduit systems for many years.

For example, U.S. Patent 5,143,407 to Cokeh

refers to a proposal to use copper tubing coated with

~polyvinyl chloride (PVC) for protection against denting



i the formation of joints between the ends of |engths of
gﬁg'}]e?rumitraigs E:g:]dui-t. Cokeh does Jnot i ndi cate how such conposite tubing
is or could be nade or if it has been made. The tubing is joined with the
frttings by suitable plastic adhesive applied to the plastic outside
surface of the conduit, which bonds to the PVC sleeve formed around the
nmetal tube portion of the coupling. Conpression fit is also descri beﬂ for
securing the pipe ends to the coupling. However, in each instance, the use
of resilientandsfésslpsedi scvasietyt wf prappeie fittehigprmoft 41l seal . This
is required because PVC does not bond to the copper. O her types of
pl astic coat €82prPevhhbePBeefor d?fbi)o‘fsvdnh aftdforotdiérjltqﬁtrfqmds}w.wq%f[)? Oté»ean O][rpge,

di scl oses the electrostatic deposi _
IU| Sht PSLE? ;[ n‘ay‘g? 355%83’3%%"% ?1'5 Fite s consiu i ; %?‘s@?@ts; a}-D \e/CI i ke
| pipe, the.electrostatic deposition o
esi n parti o6 it RehEn ML s HEs g o st VEhER (g of the
substrate t | gsceet \/ residns a forma . ayer adhere
to the surfgg%@%f&t?hgfsggs%%%ﬁéq] %%;%ycal S rﬁltcbtlﬁlrge BF AHE ﬁ’éé or their

joints are noke £iseussedoy S tPaleph a4 Ab232 U3aliQses A RLoCeSS
{‘or coating netallic s%bstifat es such@;as iron pipe in V\p/r?flch one or nore
crosslinki ngplast s antesapplswedadee dfe thel ponsiftdcahdet MR to . .
sufficiently to crosslink and an olefin polynmer is applied to the heated,
coat ed substhg eP6C sbeawe didmred ayeundSthecmeted afubeh@opitpenobrt heir

the coupling. Compression fit is.also described for
securing the pipe ends to the coupling. Howe&er, in each
instance, the use of resilient washers is disclosed to
provide a leak-proof fluid seal. This is required
because PVC does not bond to the copper.
Other types of plastic coated pipe have been

'proposed for other purposes. For example, U.S. Patent
No. 3,502,492 discloses the electrostatic deposition of a
light dusting of an epoxy resin upon the surface of a
metal gubstrate like the outer surface of a metal pipe,
the electrostatic deposition of PVC resin particles upon
the surféce in a heavier layer and the heating of the
substrate to coalesce the PVC and epoxy resins to form a
PVC layer adhered to the surface of the subétrate.

- Physical structure of'the pipes or their joints are not
discussed. |

‘U.S. Patent No. 4,481,239 discloses a process

for coating metallic substrates such as iron pipe in
which one or more crosslinking resins are applied to the
pipe surface and heated sufficiently to crosslink and an

olefin polymer is applied to the heated, coated substrate



joints are not discussed. U S. Patent No. 2, 646 822 di scl oses the use of
polyethylene (PE) or polystyrene as a corrosien resistant external coating
for netal pipes. In the only exanples shown in that patent, the PE coated
metal pipes were provided with plastic-£ree, conventionally threaded ends.
The ends are shown being received in plastic-coated, netal couplings with
plastic-free, internal netal threads to provide continuous |engths of

pl astic-coated nmetal pipe. Coupling at the joint is provided by mechani cal
engagenent oéstameadseonléaper outsixle-tantk Ofoft hepigipenich thkhe t hreads
inside the netal tubing of the coupling. There is no indication whether
the plastic ]%&%Fsl%reaﬂﬁéréﬁsquﬁadﬁa pi pe. Summary of lnvention In one

aspect, the invention |s a nult|I3¥ fluid conduit system conprising: a
hol | ow conduit formed Yb§- M oWq gttt bof 2Reddiscipgeshahienysa péir of

- opposi ng op a conpletely closed tubular outer surface,

t he open en§§36¥égké¥%§l 8§£¥}9ﬁrﬁéﬂ§ reRRdSSof FRETESAQDI Fesastayer of

t her nopl ast i gqug t v e tubular face of _the pipe
and an adhé%T 5§é$£ é%ﬁi%%tﬁgt B5Ppe gﬁdggﬁe ﬁﬁe?ﬁﬁﬁPégflc | ayer

di St 11 but ed el O et ;saaeqlttnf ool el ﬁé?gi BegLsPGLygen Lhe metal

pi pe and the thernoplastic Iayer at least at the ope t he
condui t; angmviiddd nei 1 plteA ien feRe Oaéﬁvéﬁgleﬁaiﬂﬁ @hr@Q?g&'éndéhe

fitting including at | east one open end recei ving and overlapprng the open
end of the drmdginds are shown being received in plastic- coated
metal couplings with plastic-free, internal metal threads
to provide continuous lengths of plastic-coated metal
pipe. Coupling at the joint is provided by mechanical
engagement of threads on the outsiae end of the pipe with
the threads inside the metal tubing of the coupling.

There is no indication whether the plastic layer is

adhered to the pipe.

Summary of Invention

-In one aspect, the ihvention is a multilayer
fluid conduit system comprising: a hollow conduit formed
by a hollow length of metal pipe having a pair of
opposing open ends defined by a completely closed tubular
outer surface, the open ends of the pipe defining open
ends of the conduit, a layer of thermoélastic completely
covering the tubular outer surface of the pipe and an
adhesive layer between the metal pipe and the
thermoplastic layer distributed to prévide a
circumferential leakjproof seal between the metal pipe
and the thermoplastic layer at least at the open ;nds of

the conduit; and a fitting mounted on one open end of the



the one open end of the fitting having an exposed, innernost tubular
surface of thernoplastic directly facing and bonded to the thernopl astic
| ayer on the one open end of the conduit. In yet another aspect, the
imvention is a nethod of making the atogesaid fluid conduit system
conprising the steps of: applying an anbient tenperature acting bonding
agent to at |least one of the thernoplastic |ayer exposed on the one open
end of the conduit and the exposed, innernpbst tubular surface of the
fitting, andcomduit aithengf tthtei repnidid tuding tdre fdddti et egehhenawith the
open end of the fitting receiving and covering the one end of the conduit
until the boFeFedyemnd oy taprinedhorqen s ef toentoddneet|y between
the conduit and the fitting. Detail ed Description of the Draw ngs The

f or egoi ng subPRISPLLCRR Ie"isiéJ dhéheolfiigtiimy heeriaid et dwposepti on of

ferred enbodinents wi.ll. bhe better derstood when nmade in conjunction
\?\A’r? h?t he appehded Ur AWy I—Sé‘lr%:aﬁ? ﬁtg' laEtdst fAreRELY he

invention, t e | lagrammatical |y ion the _draw ngs,. enbodi ments
which are pr%%elﬁﬁ %rﬁ%ﬁéﬂgggq ?L:rﬂ%sht tﬁrgyor?&aﬁﬁfd& %?385_, oﬂog\;é%e??elth?_t t he
invention i % dd 9 fGhd @ igpeci fic embodi ments, instrumentaliti es,
el enrents and ;sngg% r?ods di scl osed i r% the drawi ngs which are diagrammtic: 7

Fig. 1is a partially T gken aaeeycrenaace!, thl thbanesogonduit according

to the present invention; Fig. 2 is a cross-section of an exenplary
method of making the aforesaid fluid conduit system
comprising the steps of: applying an ambiént temperature
acting bonding agent to at least one of the thermoplastic
layer exposed on the one open end of the conduit and the
exposed, innermost tubulér surface of the fitting; and
maintaining the conduit and the fitting together with the
open end of the fitting receiving and covering the one
end of the conduit until thelbonding agent forms the
leak-proof sealed joint directly between the conduit and

the fitting.

Detailed Description of the Drawings

The foregoing summary as well as the following
detailed description of preferred embodiments will be
better understood when made in conjunction with the
appended drawings. For the purpose of illustrating the
invention, there is shown diagrammatically in the
drawings, embodiments which ére presently preferred. It
should be understood, hbwever, that the invention is not
limited to the specific embodiments, instrumentalities,
elements and methods disclosed in the drawings which are

diagrammatic:



plastic pipe fitting; Fig. 3 is a side elevation of part of an automatic
ceiling sprinkler systemutilizing nultilayer conduits and fittings of
Figs. 1 and 2; Fig. 4 is a cross-sectional view taken along the lines of
4-4 of Fig. 3; Fig. 5is a cross-sectional viewtaken along the lines 5-5
of Fig. 4, Fig. 6 is a quarter-section side elevation view of a multilayer
netal / plastic, tee-shaped threaded adaptor fitting of the present .
invention for mating a conventional threaded fire sprinkler or nozzle in a

mul tilayer conduit sysem Like ghpgreﬁaEilghb%kEhgavéy;ifg{lﬁﬁ Af

quarter-section side elevation view, another exenp ing of the

present i nwentiigaywirt koaluakt 8ER3LE1HE" FHOL heepYEEERAL i fPektifon f OF B
depicted in Fig. 6; Fig. 8 depicts in end view yet another exenplary

fitting of the presenFignventisoa wrbbsaBecalibar B8t enf exempiasgcur ement to
those depicted in Figs. 6 and 7; Fig. 9 is a schematic view of a process
for manuf aptlastag pabei fageingi pe according to the present invention;
‘Fig. 10 depicts schematically, in cross- section, an extrusion head for
applying a | ayer of CP¥E-83 p&sfnsidetféeudhasnvefcpartedf caner surface of
a ferrous ghggﬁaﬁgg'cé%lgggigé%igﬁyggaé;ggg%yugglfggngi£ﬁ%é§layer
conduits and fittings of Figs. 1 and 2;
Fig. 4 is a cross-sectional view taken along
the lines of 4-4 of Fig. 3;
Fig. 5 is a cross-sectional view taken along
the lines 5-5 of Fig. 4;
Fig. 6 is a quarter-section side elevation view
of a multilayer metal/plastic, tee-shaped threaded
adaptor fitting of the présent invention for mating a
conventional threaded fire sprinkler or nozzle in a
multilayer conduit system liké that of Fig. 3;
| Fig. 7 depicts in quarter-section side
elevation view, another exemplary fitting of the present
invention with an alternate férm of securement to the
forms depicted in Fig. 6;
Fig. 8 depicts in end view yet another
exemplary fitting of the present invention with an
alternate form of securement to those depicted in Figs. 6
and 7;
Fig. 9 is a schematic view of a process for
manufacturinglmultilayef pipe according to the present
invention;

Fig. 10 depicts schematically, in cross-

section, an extrusion head for applying a layer of CPVC



the extrusion pin of the extrusion head of Fig. 10. Fig. 12 depicts _
schematically the interior of an air sizing collar on the extrusion head.
Det ai | ed Description of Preferred Enbodi mnents Certain term nology is used
im the foll ow ng description for convepi§nce only and is not intended to

be limting. The words "right", "left", "lower"” and "upper" designate
directions in the drawings to which reference is nade. The words "radial"
and "axial" refer to directions perpendicular to and along the central axis
of an objectresienenttlos sdHaiCiwg edveired edtke etrdhber ordgeskgpabed axi s.
The words "inwardly" and "outwardly" refer to directions towards and away
from respe®irely, the geonetric center of the object, elenent or
structure. The term nology includes the words above specifically

menti oned, derivativesFiherldofdepig¢trosehenhtdicaillar ani epdr viewbofover,
throughout t dramnn s, like nunerals are used to indicate |ike el enents.
Fig. 1 depicdt iR 1O &Rcegehprgion hardi PAyBigf| 4Pd conduit of

't he present |nvent|on i ndi ated g%nera duit 10 is forned by a

| engt h of hoIIom1netaFﬁ§|o 1? Ra ﬁgsShSéﬁﬁFS?giy tg?o%@ﬂerf?ﬁnﬂ%r out er

surface 13 apd a1 QPROS lLase u rface 14. The nultilayer
fluid conduit 10 furthépgpgéggdgg EHQ g?éFggF§£uﬁg?orn1y thick -9-
t hernopl astic | ayer 20 which preferably at |east -essentially conpletely

covers the closed, tubular outer surface 13 of the ferrous netal pipe 12

fromone end 15 tletwni Dexb Tsdgu-iend ohb o¥f PrEepirpd Eabaadmegrguit 10. An

Certain terminology is used in the following

description for convenience only and is not intended to
be limiting. The words "right", "left", "lower" and
"upper" designate directions in the drawings to which
reference is made. The words "radial" and "axial" refer
to directions perpendicular to and along the central axis
of an object, element or structure referred to or other
designated axis. The words "inwardly" and "outwardly"
refer to directions towards and away from, respectively,
the geometric center of the object, element or structure.
The terminology includes the words above specifically
mentioned, derivatives thereof and words of similar
import. Moreover, throughout the drawings, like numerals
are used to indicate like elements.

Fig. 1 depicts diagrammatically an exemplary
multilayer fluid conduit of the present invention
indicated generally at 10. Conduit 10 is formed by a
length of hollow metal pipe 12 having a completely -
closed, tubular outer surface 13 and an opposing closed
tubular inner surface 14. The multilayer fluid conduit

10 further includes a preferably uniformly thick



adhesive |ayer 22 is provided between the netal pipe 12 and the

t her nopl astic |ayer 20, bonding the thernoplastic |layer with the outer
tubul ar surface 13 of the netal pipe 12. The tubular inner and outer
surfaces 14 and 13 of the netal pipe 12gare, in this enbodinent, uniformy
snmooth ( within manufacturing tolerances) fromend 15 to end 16 and
provide uniforminner and uniformouter dianeters to the ferrous netal
pipe 12 fromone end of the pipe 15 to the other end 16. Fig. 2 depicts

di agr ammat i céhleymompd afsittiti Agy80 20fwhivarpeefepbdblyt st nsasthi ch may be used
with the nmultilayer fluid conduit 10 to assenble nmultilayer fluid conduit
systens of tg&sgnédedtlyi eeapniebalyi kevene spst@mseddit@bw?@@ | yt at 40
in Fig. 3. Returning_back to Fig. 2, fitting 30 is a_conventional, "tee"
shapeg spri nREFaREad 3a@4ptbe. TERIPLs MieBal i RePadEd B¥Pm magyrend 15

! d%a8api _ ;
35 The tubiPar yGEROHEE 535 25 f CCRORER i b SO T updPar

‘branch secti ?)g}h%%iggvgggeg EQi {gvlgeygﬁ]%é?ogggwg d & S&éétaa }prai!%’leisg‘}zi i nsert

36, internal read to recei hi éadéed eh nkl er or

nozzl e or othen t&EMRherRBbaEYLidHr IEMOBERA] Sg PERL anaiing 's@ﬁg into
the fitting body to formthe internally threaded opening of the third open

end 35. The &spesedithnoRensstet Unuhdlar J@rr&ek fesest afhd M chubplige open
ends 32 and 33 are thernoplastic and again preferably uniformy snooth and
of a constani2i.nn®hedtaheler. ithaer Shdlepittés shafpessrald cald w3aogorti on of
a the metal pipe 12 are, in this embodiment, uniformly

smooth ( within manufacturing tolerances) from end 15 to

end 16 and provide uniform inner and uniform outer

diameters to the ferrous metal pipe 12 from one end of

the pipe 15 to the other end 16. |

Fig. 2 depicts diagrammatically one fitting 30

of a variety of fittings which may be used with the

multilayer fiuid conduit 10 to assemble multilayer fluid

conduit systems of the present invention like the system

indicated generally at 40 in Fig. 3.

Returning back to Fig. 2, fitting 30 is a

conventional, "tee" shaped sprinkler head adaptor.

Fitting 30 includes an integral, thermoplastic body with

first and second opposing tubular open ends 32 and 33.

The tubular open ends 32, 33 are connected by a central

tubular branch section 34 having a third tubular open end

35. A metallic insert 36, internally threaded to reéeive

the threaded end of a fire sprinkler or nozzle or other

complementary threaded member, is preferably molded into

the fitting body to form the internélly threaded opening

of the third open end 35. The exposed, innermost tubular



fire protection system40 utilizing nultilayer fluid conduits 10 of the
present invention.. The portion of the nultilayer fluid conduit system
depicted in Fig. 3 is provided by a plurality of the nultilayer fluid
conduits 10, connected together, end taq end, by a plurality of the tee
fittings 30. Hollow ends of adjoining | éngths of the nultilayer conduits
10 are received in each of the opposing first and second open ends 32 and
33 of each tee fitting 30. The tubul ar opening 35 of each tee fitting 30
recei ves thestibFaadedoenthef tu v espdronalad ig2 asprinkder 38 or nozzle.
39. Afite sprinkler 38 would have a plug and triggering nmechani sm hol di ng
the plug in theaveplastic ratdasedn Arefferalnizy | enifmontrd ybemonhl andto a
sprinkler but would lack a plug and triggering nmechanism It nay even | ack
a defl ector @hdaaecpnevanty inpardig@ngtehuti on pattern by special shaping of
its orifice. As is best seen in Figs. 4 and 5, the outer thernoplastic

| ayer 20 of each conduft910® iSRG fiRgrammatsl el Yo dp #o&8 ipAnef ndst

tubul ar surface of one of the .tubular open ends 32 qr 33 t he
t her mopl ast i €2 ¥ T tRTAGTCBPR Y ShFst %é)r u}lﬁ%t’fo‘lrig Y4 eFo(%;HHjn a seal ed

oL Pt veEmAlE £ 0 B0 L L0030 ST §ofe Rk pat he

o ned by 1 norrserat G R e T R s e flige 7

appr eci at ed pherideEasy ¢ M da1like Breser! rulvantdyd riliganubhih aysr
10, connected together, end to end, by a plurality of the
tee fittings 30. Hollow ends of adjoining lengths of the
multilayer conduits 10 are received in each of the
opposing first and second open ends 32 and 33 of each tee
fitting 30. The tubular opening 35 of each tee fitting
30 receives the threaded end of a conventional fire
sprinkler 38 or nozzle 39. A fire sprinkler 38 would
have a plug and triggering mechanism holdiné the plug in
place until released. A fire nozzle would be similar to
a spriﬁkler but would lack a plug and triggering
mechanism. It may even lack é deflector and achieve a
water distribution pattern by special shaping of its
orifice.

.As is best seen in Figs. 4 and 5, the outer

thermoplastic layer 20 of each conduit 10 is bonded at 46
to the exposéd innermost tubular surface of one of the
tubular open ends 32 or 33 of the thermoplastic fitting
30 (or another suitable fitting) to form a sealed joint
between the conduit 10 and fitting 30. It should be

noted that the central branch section 34 defines an



conduit 10 can be connected or otherw se conbined using other fittings of
standard configuration which are currently used with all-CPVC piping for
fire protection systenms and with other plastic conduit systens for other
uses. These include but are not limted,yo_other fornms of sprinkler
adapters, straight couplings, elbows, %ushings, crosses, caps, plugs,

fl anges, grooved. coupling adapters, and unions, each with slip, spigot or
slip and spigot style ends and reduction or uniforminternal diameters.

I n the pref expesdeehbatierenpleistiystiame40tubabfirguuedater sétt Eoprét ecti on,
nmetal pipe 12 of conduit 1is of ferrous material, preferably steel. The

t her nopl ast tdel padudd isyspesf d0ably of a fire protection rated

chl ori nat ed ponV|nyIchIor|de (CPVC) such as BLAZEMASTER(r) brand CPVC of
The B.F. Goodrich. The Ina@Reditden| &pePeingi sobnedvhy chhperemirsiiiy bonds the

cPVC | 20.to th t 1 f.th t al 12 d
can adag¥6{8 gﬁéggFfﬁé%%n?gﬁogﬁgggﬁgn?goo$t ?h fgégu%Rggﬁgi%ﬁﬁéﬁ¥%%ﬁa 2?ee|
dth CPV th The fitt ke fitt f
?Pre Srotecflon gteﬁstgFegﬁggngFaﬁpge%¢l%ﬁ???% pT@f%%il £ :atggggixég
such as BLA@EN&§IER§L6) chrapd 98}{1%&&8 OF aSene il £2 f&&ﬂ?&i tii3Q and are

currently avail able today 12 from various commerclal sources |néﬁud|ng

Central ~ SpotnkkeFiCRingh banseahGar®icodhywise: fin GRYGH iqyparticular, is
an inportant aspect of the preferred enbodi nent of the Invention in
several respectently tieedswOEhf Al - ©Pw¢e§ipiﬁgfﬁﬁi€fﬁﬁe protection

systems and with other plastic conduit systems for other

uses. These include but are not limitéd to other forms

of sprinkler adapters, straight couplings, elbo&s,

bushings, crosses, caps, plugs, flanges, grooved. coupling

adapters, and unions, each with slip, spigot or slip and

spigot style ends and reduction or uniform internal

diameters.

In the preferred embodiment of system 40
configured for fire protection, metal pipe 12 of conduit
is of ferrous material, preferably steel. The
thermoplastic layer 20 is preferably of a fire protection
rated chlorinated polyvinylchloride (CPVC) such as
BLAZEMASTER® brand CPVC of The B.F.Goodrich. The
adhesive layer 22 is one which permanently bonds the CPVC
layer 20 to the outer surface 13 of the ferrous metal
pipe 12 and can adapt to the different coefficients of
thermal expansion of the steel and the CPVC to maintain
the bond. The fittings 30 and like fittings for fire
protection systems are preferably of a fire protection
rated CPVC such as BLAZEMASTER® brand CPVC with brass

threaded inserts 36 and are currently available today



only CPVC and pol ybutyl ene have passed industry standards for fire safety
and thus are the only plastics that can be used currently for fire
protection conduit systems in virtually all locals which permt the use of
pkastic in such systens. However, polybyfyl ene systens have | ower maxi num
anbi ent operating tenperatures (120F versus 150F for CPVC), are nore

flexi ble than CPVC and require the provision of heat bonded nechanically
crinped joints. Polybutyl ene heat bonded joints have been proven to be
prone to faifingre vafrtierusexicemdad itdiler sl roy<| 1 mgl uddNC Cetrtiralle bonded
directly to CPVC to form | eakproof joints at anbient tenperatures of from
about OF to Sroomkder fsr-e of tla 2, SR vent based bondi ng agents. CPVC
can be installed with fewer support hangers and in |ocations wth higher
ambi ent tenperatures &t Wiseh AteSE & r vt RATEIPHA%B S0t RAROEEANE

pol ybut yl ene.__Anpn lL.astics . co nl | ded or_extruded, CPVC.is one of
the nost di%TS |eg:3| %f{)&?\ﬁopﬁe\ﬂefﬁ%mgﬁﬁequr&fertj}eurlé’é’%rm@‘b@ pol yner s
range gener alJy.fro n ahou t t _450F. .Howeve extrusion
tenperature rea)r%jg% Sgite%ggﬁ cgﬁaﬁ:eﬁs’r UO(Sli g"‘ln%%eéq |r|5)§n%er?ttl§)ﬁds %Ems'

fOFWU|ati0”%n&§ycpb@V%nGU§BIQBhE nd 3NERS pdsed AN sRRQUL 103208 For
exanpl e, the BLAZEMASTER brand VC corrpouné) has a prefefrred extrusion

t enper at ur e foangéref safikyybahdeehul3 ardbaiie 4 v $143@Fcsi BhhBecgxt rusi on
| ayout to be described. The CPVC preferred for extrusion is the conduit

outer | ayer bg2ussdTherBeRtBgofoiclf i®e pRIAZMASHERONdUNG. sy88445 cAanpound.
- Physical and thermal characteristics of :

virtually all locals which permit the use of plastic in
such systems. However, polybutylene systems have lower
maximum ambient operating temperatures (120°F versus
150°F for CPVC), are more flexible than CPVC and require
the provision of heat bonded mechanically crimped joints.
Polybutylene heat bonded joints have been.préven to be
prone to failure after extended thermal cycling. CPVC
can be bonded directly to CPVC to form leakproof joints
at ambient temperatureé of from about 0°F to 100°F or
more with known, solvent based bonding agents. CPVC can
be installed with fewer support hangers and in locations
with higher ambient temperatures and with less structural
protection than can pdlybutylene. Among plastics |
commonly molded or extruded, CPVC is one of the most
difficult to work with. Extrusion temperatures for CPVC
polymers range generaliy from between about 400° to about
450°F. However, extrusion temperature ranges for
particular extrusion equipment and CPVC forﬁulations may
have much narrower ranges, i.e. only about 10°-20°F. For

example, the BLAZEMASTER® brand CPVC compound has a

preferred extrusion temperature range of only between



that CPVC conpound are as follows: BLAZEMASTER(c) Property Brand CPVC ASTM
Specific Gravity "Sp. G." 1.55 D792 1ZOD Inpact Strength (ft. Ibs./inch,
notched) 1.5 D256A Mdulus of Elasticity, @73F, psi "E' 4.23 x 105 D638
Cenpressive Strength, psi "o" 9,600 D695, Poisson's Ratio "0" .35-.38 --
Wrking Stress @73F psi "S" 2,000 D159 Hazen WIllians Factor "C' 150 --
Coefficient of Linear Expansion in/(in F) "e" 3.4 x 10-5 D696 Ther nal
Conductivity BTU hr/ft2/OF/in "k" 0.95 D177 Flash Ignition Tenperature
"OF" 900 D1928outiité ng Qeygen lindend et r480D2863ucEkechEi cal
Conductivity Non Conductor Extrusion Tenperature (approx.) 414-425F. N A
Heat Di stortdescifepgdrature "OF" 217F. -- Further information about CPVC
resins used in BLAZEMASTER(r) No. 88745 CPVC conpound is provided in U S.
Patents 4,412, 898 whi cthd LAVt predeatred Horeiextimisiion is the conduit

outer layer 22 is The B.F.Goodrich Co. BLAZEMASTER® No.
88745 compound. Physical and thermal characteristics of

that CPVC compound are as follows:

- BLAZEMASTER®
Property Brand CPVC ASTM

Specific Gravity "Sp. Gr." 1.55 - D792
IZOD Impact Strength

(ft. lbs./inch, notched) 1.5 ~ D256A
Modulus of Elasticity, @

73°F, psi nEw 4.23 x 105 D638
Compressive Strength,

psi "ou S,600 D695
Poisson’s Ratio "on .35-.38 --
Working Stress @ 73°F '

psi ngw 2,000 D1598
Hazen Williams

Factor nen 150 --
Coefficient of Linear

Expansion in/(in °F) ‘ve" 3.4 x 10°° D696
Thermal Conductivity

BTU/hr/ft?/°F/in nkw 0.95 D177
Flash Ignition '

Temperature wopm 900 D1929%
Limiting Oxygen

Index "LOI" %60 D2863
Electrical Conductivity Non Conductor
Extrusion Temperature (approx.) 414-425°F. N/A
Heat Distortion

Temperature nopn 217°F. --

Further information about CPVC resins used in
BLAZEMASTER® No. 88745 CPVC compound is provided in U.S.
Patents 4,412,898 which is incorporated herein in its
entirety.

Very thin, cold rolled steel, for example SAE
C1010 twenty gauge steel, is presently preferred for the
ferrous metal pipe 12 of the multilayer conduit 10 of the
present invention as it offers cost benefits not found in

other metals. Other ferrous metals that might be used



entirety. Very thin, cold rolled steel, for exanple SAE Cl010 twenty gauge
steel, is presently preferred for the ferrous netal pipe 12 of
the.nultilayer conduit 10 of the present invention as it offers cost
benefits not found in other netals. Qher ferrous netals that mght be
used 14 include gal vani zed steel, stai %ess steel or a steel with hi gher
carbon val ues than C1010 to mnimze wall thickness through increased
strength. Adhesion of the preferred CPVC material with the ferrous pipe 12

i's necessaryinsl GRYCouitanigéd shdert lsthond 40 Jmial fvenMen gxtruded in
a nmelted formonto the netal. Adhesive layer 22 is provided to prevent

t he |i kel i hobdgbérwatebomi eklues hieare et dive g8 indilnindizee whd 1and t he CPVC
outer layer 20 covering the pipe 12 when the conduits 10 are connected
t oget her i nt Bhackness thorwuh tinypsiaand Hreeadhtdsi ve | ayer 22 further is
also sufficiently elastic to accommpdate the different thermal expansion
coefficients of the mAdtepign ab thepprefsrmed BPMT GrEprand €RYVE out er

1 ayer 20 (abggt ?.4x10-5/F to prevent failure of the_bond between the
CPVC and t he""'f et FOLDiPs e NECeSR@reoRduiE Vo Wid 1t Boke capable of

being cut to n -t he adhesive |ayer . nust extend entirely
around and e%??%(%t}@, gé%lr%.q{%ﬁe%a&e CVED f’"?‘gﬁﬁ gﬁf&r}r/@egn&.n A WELEEE of
separate, i nghM ' ri i ght rgyi ded_al on he pipe but a
cont i nuous adﬁggﬁggh?é§g$q§%%ﬁrng%%%§gg%?i%§§F%ngéhq§fpr?ﬁégﬁépgoconpletely

around the phpevdmc Bieh INEIEHRS LI watESHibkihy phiwbBE £ARINLLLL0 is to

be used w t hout
pipe 12 and the CPVC outer layer 20 covering the pipe 12

when the conduits 10 are connected together into a fluid
conduit system. The_adhesive layer 22 further is also
sufficiently elastic to accommodate the different thermal
expansion coefficients of the metal pipe 12 (about 6 to
7x10°°/F°) and CPVC outer layer 20 (about 3.4x10°%/F°) to
prevent failure of the bond between the CPVC and the
ferrous pipe in use. If the conduit 10 is to be capable
of being cut to any length for use, the adhesive layer
must extend entirely around and entirely along.thé pipe
12 from end to end. A series of separate, individual
adhesive rings might be provided along the pipe but a
continuous adhesive layer running the entire length of
the pipe completely around the pipe is much preferred for
versatility. If the conduit 10 is to be used without
further cutting, it is only necessary to provide an
adhesive layer around either end of the pipe 12 extending
away from the pipe end a distance sufficient to create an
enduring waterproof seal between the pipe 12 and CPVC

layer 20 around each of the ends of the pipe 12.



further cutting, it is only necessary to provide an adhesive |ayer around
either end of the pipe 12 extending away fromthe pipe end a distance
sufficient to create an enduring waterproof seal between the pipe 12 and
CPVC layer 20 around each of the ends qf; the pipe 12. 15 Preferred
bonding materials for the aforesaid stéel pipe and BLAZEMASTER(r) brand
CPVC conpound are The B.F. Goodrich Co. Adhesive No. Al718B and a two part
system Cheml ok 485 and Curative 44, of the Lord Corporation, Elastoner
Products of Erie, Pennkyéfenied Hdredihd ma@eedrdich 6o tAb718Bresagansi der ed
a solvent based priner:. It is a liquid which includes a proprietary mx
of methyl etdfigekaripre, and|BIFEEMARRER® balanch PV idompoundnedries Theopy|

al cohol , and propyl ene oxide. The Chenl ok(c) 485/ Curative 44 ingredients
constitute & tfwo tCe| Adhafdrviec NedheginEB Bimd aChenl pker) 485

i ncl udes xyl en met hyl ethyl ketone and ,ethyl benzene in a proprietary
‘conbi nati on siyhsgje@'(er#%w]ﬂkwdﬁ'saﬁ% HFativeudés o &he, Lerémati c :

pol yi socyan ' - dighenyl net hane di i sogcyanate, ethyl benzene and

di phenyl net H%té%g od‘:ﬁtgié)cnyar#aal%egﬁoﬁneér E%(S%ulcéfap %E&f?bi REPPEY1VERLat wo are

m xed i n suggested pr td ans L rt i;gh gk(r) 485 with
6-10 parts by meightq%§{§¥?cquggré%c %?é %%gggﬁgﬁgyggggggéﬁeéngthe out er
surface 13soflvidit PapRdldindiout 1 Lyt Eoﬂﬁhﬂ\%ﬁnwﬁ%}ln&nci ggjsg%ent to

yield a thickness of about two to three mls en dry. Preferably,

mul tilayer eooguiittbdy mixplodvindetylneekyer kdtafet eEs16eRE Pr Bhpgr to noni nal

PIRINg alcohol, ethanol and isopropyl alcohol, and propylene
oxide. The Chemlok® 485/Curative 44 ingredients
constitute a two component elastomeric adhesive. The
Chemlok® 485 includes xylene, methyl ethyl ketone and
ethyl benzene in a proprietary combination the Chemlok®
Curative 44 includes xylene, aromatic polyisocyanate,
4,4’ - diphenylmethane diisocyanate, ethyl benzene and
diphenylmethane diisocyanate in a proprietary
combination. ' The two are mixed in suggested proportions
of 100 parts by weight Chemlok® 485 with 6-10 parts by
weight Curative 44. | |

Each is preferably sprayed on the outer surface

13 of the pipe 12 without dilution in an amount
sufficient to yield a thickness of about two to three
mils when dry. Preferably, multilayer conduit 10 is
provided in outer diameters conforming tolnominal piping
or tubing outer dimensions, e.g. Schedules 40 and/or 80
(ASTM F438) to be used with nominally sized fittings.
All thicknesses of the metal pipe 12, thermoplastic layer

20 and adhesive layer 22 of the multilayer conduit 10

would be only sufficiently thick to provide the strength



or tubing outer dinensions, e.g. Schedules 40 and/or 80 (ASTM F438) to be
used with nominally sized fittings. Al thicknesses of the netal pipe 12,
thernoplastic layer 20 and adhesive |ayer 22 of the nmultilayer conduit 10
weul d be only sufficiently thick to provide the strength 16 and rigidity
needed for a safe, |eak-proof conduit $pfstem for the use or uses to which
such conduit systemis applied. Quter dianmeters of the nmulti'layer conduits
10 preferably will be conventional corresponding to the outer dianeters

f i nal pLRe..si (NP i pi tbi ng,..e f thr.ee- rters of
o fnon ro SpRrzbflupiiileded B U cdty Maitpods WnalieCshitEhe S O

nom nal |y sigedchétti5808r ASIMfRadue AraRdneenedwherB0ikittings are

standard sizes for plastic used in fire protection conduit systens.

Plastic fitappysefior use wth plastic piping or tubing having nom nal

sizes of about two inches or less can be used in fire protection systens
wi th Schedul e 40 di nebstensdiakiebMisd 8f) thal udidh ayBecheduldai8e aonensi ons
(ASTM F439) with heavier walls may also be used. A plastic fitting for use
wi th pl ast iRreferrply ovillie gamientd oaadosoralespopdisigzdoothgore than two
i nches nust confq$n1to Schedul e 80 dinensions for. fire protection system

use. O her ST TR UnSOPERpPIES Shder i(NFPAgRIRAGHL OBe used for
Fitting SoHathiid ERBe 11 ReaGrE 5SS BEnaRur8Tob® A LPBEE A | east
for fire prfB&%*iﬁEhéé"Eﬂ"&iéﬂ@ﬁé%qsfor use with corresponding,
nominally sized fittings. ASTM Schedule 40 and Schedule
80 fittings are standard sizes for plastic used in fire
protectibn conduit systems. Plastic fittings for use
with plastic piping or tubing haviﬁg nominal sizes of
about two inches or less can be used in fire protection
systems with Schedule 40 dimenéions (ASTM F438), although
Schedule 80 dimensions (ASTM F439) with heavier walls may
also be used. A plastic fitting for use with plastic
piping or tubing having a nominal pipe size of more than
two iﬁches must conform to Schedule 80 dimensions for
fire protection system use. Other standard dimensions
for pipes and fittings might be used for other uses of
the conduit system. For example, standard ASTM pipe and
fitting schedules range from Schedule 5 to Schedule 100
in size. -

At least for fire protection conduit systems,
the preferred CPVC layer 20 is provided in a wall
thickness of less than 0.1 inch, suggestedly less than
0.08 and preferably of only about 0.04 inches although
thicknesses as thin as about 0.020 inch and as much as

0.075 inch are also being contemplated for this use.



the preferred CPVC layer 20 is provided in a wall thickness of |ess than
0.1 inch, suggestedly |l ess than 0.08 and preferably of only about 0.04

i nches al though thicknesses as thin as about 0.020 inch and as nuch as
0:075 inch are also being contenplated fqr, this use. 17 For fire
sprinkling systens, the ferrous pipe 12 of the nmultilayer fluid conduit 10
preferably is very thin cold rolled steel having a wall thickness of |ess,
than .0.1 inch, suggestedly |less than 0.08 inch and even 0.06 inch and

preferably approxi mat el Joont yrabgiiti lk10hg iReh o, 9t He 342 b0eh)ipal t hough
t hi cknesses of between about 0.035 and 0. 065 inches are being cohtenpl ated
for use withlAoafnehe phypke Siapes (FINRS' Lontiudp @ girdfeasblyt Ase@eipches.
The thinnest threaded steel pipe wall thickness permtted by standard ASTM
schedul es forth%Feco%%rFQ%ﬂQé)%ﬁﬁ@ﬂeﬂ@vﬁggbélM@ﬁddtdehee@sosf lashes. The

t hi nnest CPVC wal | thickness permtted for fire sprinkler wuse is 0.085
inches for thtB22qlat tB¥IChncIssAtRaLYpilGES §haa OF8 Aoshnahdpepensi zes of
one inch or [&s {gﬁﬁ;an 1t i%ggess nust . be re than 0. 100 inches.

Pi pi ng and tubing are not &y &fPed BYPTOpelAtted Gut¥r 2BPYRePePs. The
fittings wthiyche they @Le ; a ' nal [, ized in.relation to the
st andard outé?ﬂgigze eﬁé‘gﬁﬁéﬁ?ﬁgd %thgﬁgﬁp?%ﬁﬁéagﬁae?uﬁfngeg%e%%

recei ved by téﬁbdﬂtdjdESianEQb.%%énﬁﬁEHeEiEE%SEth 80nt88§f§£é§ 9.of the

“present systemwill have at |east marginal r gr I'nner ~draneters than
woul d al | pl aste ovitiii pordmdleyepeskandar dvgbge) BEPgp £8'a£XPUPLE, one-inch
(NPS) Schedul e 10 steel pipe, which is widely used for

three inches. The thinnest threaded steel pipe wall

thickness permitted by standard ASTM schedules for fire

sprinkler systems is believed to be 0.087 inches. The

thinnest CPVC wall thickness permitted for fire sprinkler

use is 0.085 inches for three-quarter inch nominal pipe

size. For nominal pipe sizes of one inch or more, CPVC

wall thickness must be more than 0.100 inches.

Piping and tubing are normally sized by
specified outer diameters. The fittings with which they
are used are internally sized in relation to the standard
outer diameters specified for the piping and tubing to be
received by the fittings. For standard fitting sizes,
conduits 10 of the present system will have at least
marginally larger inner diameters than would all piastic
pipe and even standard steel pipe. For example, one-inch
(NPS) Schedule 10 steel pipe, which is widely used for
fire sprinkler systems, has an actual.inner diameter of

. 1.097 inches and a wall thickness of 0.109 inches.
Although this pipe is designed for roll grooving, it is
sufficiently thick to be threaded. The thinnest steel

pPipe used in fire protection systems is Schedule 5. It



fire sprinkler systens, has an actual inner dianeter of 1.097 inches and a
wal I thickness .of 0.109 inches. Although this pipe is designed for rol
grooving, it is sufficiently thick to be threaded. The thinnest steel
pispe used in fire protection systens is hedule 5. It 18 is comercially
avai l abl e in nom nal pipe sizes of between one and two inches. Al have
nom nal wall thicknesses of 0.065 inches. Such thin-walled pipe is
non-t hr eadabl e. ASTM Desi gnation: A795-93, "Standard Specification for
Steel Pi pe forcdminerdr=at6cvan1akse, in sabﬁlﬁgmt{al?@hggyégs off Nom nal
Pi pe Sizes, actual outer dianeters- and nom nal walT thicknesses, for
t hr eadabl e Sdiestngden hearmhdd@wst éabhpspe, AWDI Rhvar fomsnaf obdDws: TABLE
Schedul e 10 Schedul e 40 NPS Qutside Nom nal Wall Nom nal Wall Designator
Di amet er Thi dkHeIhepsask s 9 - 06bnéhebes( | nghek) thinehas)ed Ipdod. 840 - - -
0.109 3/4 1.050 .Q.083 113 1 1.315 0.109 0.133 1-1/4 1.660 0.109 0. 140
1-1/2 1.900 GOfud-Fepsipble .o 33EMoDepbonatEan: 2-A79529375" Sraktr 203 . 3

3.500 0.120 gﬁ%&%ﬁication for . . . Steel Pipe for Fire Protection
Use," sets forth schedules of Nominal Pipe Sizes, actual

outer diameters and nominal wall thicknesses, for

threadable Schedule 10 and 40 steel pipe, which are as

follows:
TABLE

40 Schedule 10 Schedule
NPS Outside Nominal Wall Nominal
Wall :
Designator Diameter Thickness Thickness

(Inches) (Inches) (Inches)
1/2 0.840 -—- 0.109
3/4 1.050 0.083 0.113
1 1.315 0.109 0.133
1-1/4 -1.660 0.109 0.140
1-1/2 1.900 0.109 0.145
2 2.375 0.109 0.154
2-1/2 2.875 0.120 0.203
.3 3.500 0.120 0.216
3-1/2 4.000 0.120 0.226
4 4.500 0.120 0.237
5 5.563 0.134 0.258
6 6.625 0.134 0.280

The wall thicknesses for CPVC pipe are similar
to threadable steel pipe at the smallest nominal pipe
sizes, e.g. 0.087 inch versus 0.085 inch for 1/2 inch
(NPS) steel pipe and CPVC tubing, respectively.- In all
cases, the ferrous metal pipe of the multilayer conduit
of the present invention will be thinner than the

thinnest nominal wall thickness prescribed for the



3-1/2 4.000 0.120 0.226 4 4.500 0.120 0.237 5 5.563 0.134 0.258 6 6.625
0.134 0.280 The wall thicknesses for CPVC pipe are simlar to threadable
steel pipe at the smallest nom nal pipe sizes, e.g. 0.087 inch versus
0.-085 inch for 1/2 inch (NPS) steel pipggand CPVC tubing, respectively. In
all cases, the ferrous netal pipe of the nmultilayer conduit of the
present invention will be thinner than the thinnest nom nal wall thickness
prescribed for'the 19 thinnest pipe of the sane nom nal dianeter

previously usdabinesith pfiipee off @hecthfR ayatiads. dYahktbhi pkaessuspgui renments
i ncrease nore quickly for CPVC ranging from 0. 107 inch for one-inch

di amet er (NPSsabdlei ng Eire0prohehtacthualskemer. di aneter) to 0.300 inches
for three inch dianeter &NPS£.tubing. It is expected that the increased

i nsi de diameter that cH¥allb&hpekvpdedrpguirengntieinareasaymereonduit 10 of

the present invintion w th standard CPVC fittings would provide
appr oxi mat el FHG<HYr &ORaCBVCr FBRILRINEEEBN0eAPT ohBF Rt BPR-9RE T B2CRt eel pi pe

’ t I .th S I 0 0 t I thap, tradit.i | -
S hedure 10 Statabex; dNPSY Eublar Lis 20 h ThEhr BvENal chynet i At
: A : ) d ' . ! t
D P e syt B0 BB EARACERRRE! Lt LnchealuRR-SLOTHER) | LuGRIpar 1 fon (0

effective ingueagpebBelNehde dhaMBhefedbbl, 1h0189M8: 2G2SES c1REY M, @

contractor to reduce pipe size for a

be provided by using the multilayer conduit 10 of the
present invention with standard CPVC fittings would
provide approximately 4% more water fiow than
conventional thin-walled steel pipe systems (less than
Schedule 10) and 8% more water flow than traditional
Schedule 10 and 40 steel pipe systems for approximately
the same nominal pipe sizes. The increased capacity will
be even greéter in comparison to all-CPVC systems,
particularly in sizes greater than one inch. This
effective increase in inside diameter will, in some
cases, permit a contractor to reduce pipe size for a
sprinkling systenm, thereby saving additional labor and
material for the contractor.

If the outer diameter of the multilayer conduit
10 is fixed by the inner diameter of the conventional
fittings with which it is used, the outer diameters of.
the metal pipe 12 will depend upon the thicknesses of the
thermoplastic and adhesive layers 20 and 22. As a
result, thg metal pipe of the present invention generally
will be of non-standard outer and inner diameters.

The multilayer conduit 10 of the present

invention has all of the fabrication advantages of all



sprinkling system thereby saving additional |abor and nmaterial for the
confractor. If the outer dianeter of the multilayer conduit 10 is fixed by
the inner dianeter of the conventional fittings with which it is used, the
outer dianmeters of the netal pipe 12 wi depend upon the thicknesses of
the thernoplastic and adhesive layers 20 and 22. As a result, the netal
pi pe of the present invention generally w1l be of non-standard outer and
inner dianmeters. The nultilayer conduit 10 of the present invention has
all of the fabrasaitd qnipdant ayas idfayeld c3fdupkasl ofpicpengredbhti | ayer
conduit 10 of the-present invention can be cut to any length in the field
using commorinyRitiiquiaeer e This ¢t aoyd lesgphefier &bley fdebdr neiingand t he
CPVC | ayer may be chanfered for ease of assenbly. No threading or grooving
or ot her d|sﬁﬁﬁW?Qﬂ1Wﬂeq;h§Uté6ﬁ§U|tT@ﬁd§u§re§ﬂ freprefarablpedélupuedi cul ar
is required ient tenperature acting bonding

fo formati on.
agent is simf %ﬁzﬂﬂﬂ Y CarGyGd FRY ﬁdngﬁmfFﬁé dcSRgurRSE0CEn2 e sk osed
t her nopl ast i and/ or_an.the ex nnermpst _surface of the
Ihttlng, f tz:?QXﬁﬁfbrngggg gfﬁgvé?ﬁoggd8£ﬁ8Fn8bF§§g?&°Pa9£ Ehie receEV|Pg |
e end o RAQUI e 0 e conduit en
inthe fitting open gﬁgsang BFMFE%IQEE?% gggtrl pe ?EEE%%%d%%g agent. The

resul ting bewrded ded ForwjbineUreraRHiBA. prﬁﬁsaﬁsléﬂepeé&bafa%fé“ n
m nutes using the indicated preferred bondi ng agents. The thernoplastic

outer |ayer 2ethiay bbedﬁngtthntadnaaingyoéppLQéaChraﬂnah@héﬂéﬁdd@fOf the

netal pipe 12
the conduit 10 on the exposed thermoplastic layer 20
and/or on the exposed innerﬁost su;face of the fitting,
which is formed by the exposed thermoplastic layer,
receiving the end of the conduit. The pieces are joined
by inserting the conduit end in the fitting open end and
twisting to distribute the bonding agent. The resulting
bonded joint will cure and be pressure supportive within
minutes using the indicated preferred bonding agents.
The thermoplastic outer layer 20 has the further
advantage of protecting the outside of the metal pipe 12
from corrosion.

One step solvent cements produced by the IPS

Corp. of Gardena, CA, and the Oatey Company, Clevelénd,
OH, are the preferred ambient temperature acting bonding
agents to join the above described CPVC coated conduits
10 and CPVC fittings 30 and provide joints which remain
leak-proof and integral .at pressures of at least 875 psi
or more. The IPS formulation is known as Central
Sprinkler CSC-300 Solvent Cement. It is also known as

WELD-ON 723 (Modified for BLAZEMASTER® CPVC Pipe). The

Oatey formulation is called "Oatey Medium Red



fromcorrosion. One step solvent cenents produced by the IPS Corp. of
Gardena, CA, and the Catey Conpany, Cleveland, OH are the preferred

anbi ent tenperature acting bonding agents to join the above descri bed CPVC
coated conduits 10 and CPVC fittings 30_and provide joints which remain

| eak- proof and integral.at pressures of 4t Teast 875 psi or nore. The IPS
formulation is known as Central Sprinkler CSC- 300 Sol vent Cenent. It is

al so known as  WELD-ON 723 (Modified for BLAZEMASTER(r) CPVC Pipe). . The

Cat ey fornul afjromMrSTERD edmefBl BpvEHLY &Ry 21rH BLAZEMMEHER(Ge degrent
CPVC- Low VOC. " These bonding agents are applied directly, wthout dilution

and are suit aleeaph@hedsaiabclPi eRitheiPea Al UE €6n &n@. ad Sififable
tenperature(s) between about 00 and 120F. Each is described as a mxture

of CPVC resi ficandser ganambsehvenésperachuels ngit et ratyswmd ur an, met hyl et hyl
ketone, cycl ohexanane and acetone. Each is applied without dilution and
cures at roofrempgpeturarle) (kegweanhoabodt -0aband 120°F). Biqh i% depicts
diagrammatically in a quarter- section viewa nmulti-layer nmetal/plastic
threaded sp@eskirébeddapt armiypere cef sERPE¢rini apd oPrIafel pressaiants
i nvention, indiﬁated genera#l% a% 130, thq%y an ge sqg for increased
thermal prot é8FTBRAIPR hEhhRPYARat teie Feiyl| oYt ofsto®he i nproved
fitting 130 i in , nventi g% t her | ast |. ref erably CPVC
fitting 30, coceiiER=Roe RE0ne8rouFy. R0t MEBRI T athirec &l el
indicated gepgnghtl¥nahnd3urdbtat SO6k!tdmsef20uPE (e.g. about o -

about 120° F).

Fig. 6 depicts diagrammatically in a quarter-

section view a multi-layer metal/plastic threaded

sprinkier adaptor type tee shaped fitting of the present

invention, indicated generally at 130, that can be used

for increased thermal protection in higher challenge fire

locations. The improved fitting 130 includes an inner,

conventional thermoplastic, preferably CPVC fitting 30,

such as fitting 30 of Fig. 2, and a surrounding metal

shell indicated generally at 132. Metal shell 132 can be

stamped, shaped and folded around the tee-shaped fitting

30 and secured about the fitting 30 by any of a variety

of ways including,‘but not limited to, brazing indicated

generally at 134 or banding indicated by band 136. Other

forms of securement are shown in Figs. 7 and 8. -In Fig.

7, pairs of facing flanges (one being depicted at 138)

are provided on a modified metal shell 132’ of yet

another fitting embodiment 130’ with opening(s) 140 to

receive a conventional fastener 142, which might be a

rivet, screw or bolt portion of a nut and bolt

combination. Fig. 8 is an end view of yet another



starrped shaped and fol ded around the tee-shaped fitting 30 and secured
about the fitting 30 by any of a variety of ways including, but not
limted to, brazing indicated generally at 134 or banding indicated by
band 136. O her fornms of securenent are _shown in Figs. 7 and 8. -In Fig.
7, pairs of facing flanges (one being 'd@&i Cted at 138) are provided on a
~nodi fied nmetal shell 132" of yet another fitting enbodi ment 130" with
openi ng(s) 140 to receive a conventional fastener 142, which m ght be a

rivet, screws9ftbgdtedbdifehiof1 s Mut; A loutGFR L ,PReaFLEg 8 1S an
end V|em10f yet gﬁ%ther 22" fitting éhbo ]%g%tUESO ?ﬁ Mhlgh outwardly

turned and inwardly turmed epRosing £l 1838, 13897 cef maehal shell
132" " overlap one another and | ock around the fitting 30. Each of shells
132, 132' anghdBPR'133rowdeslam aret @ndtdyer aald lleakt asbhatianheal |y entirely

covering the otherw se outer surface of fitting 30 sufficiently to
measur abl y |¥T%)‘F%Wt3rfb atfagh phfshedd f i1832,nd 320 eod WBRhStandvhéaes. Fig. 9

‘depicts in bIock gh{an1forn1 suggested steps for fabricating the
mul tilayer cdAfRFI! rRYepad deanty Subssanhiialia e8gisedk| cpveEing | s

0l caned of ey raaraimd L St Rrsthe %tfa%m%éﬁﬁgiﬁﬁﬁE?fsff%fa%éfxag@p' S

cl eaned of any resi scat d at

step 60 and ﬁéﬁghf%. %n§gmﬁgﬁr %gfe%&ﬁﬁit fe%% Eﬁttéxﬁa€60€9 air

evaporation at step pprop i 2t e AGhESTV erral 24 is
applied to t¢EtH§H§Hdﬂﬁgdk closed tubular outer surface 13 by any suitable
nmeans i n an adhesive applying step 64.

Fig. 9 depicts in block diagram form, suggested

steps for fabricating the multilayer conduit 10.
Preferably, the thin-walled steel pipe 12 is provided
preformed in individual, cut standard lengths:. The steel
pipe is cleaned of any residual scale and other
contaminant (s) and degreased at step 60 and then cleaned
of degreaser, for example, by forced air evaporation at
step 62. Next, an appropriate adhesive material 24 is
applied to the completely closed tubular outer surface 13
by any suitable means in an adhesive applying step 64.
Spraying the entire outer surface of the metal pipe 12 is
preferred but the adhesive material 24 may be brushed or
rolled onto ‘the pipe 12 or the pipe 12 may be dipped.

The adhesive material 24 is then dried in a.drying step
66. For the disclosed preferred adhesiveé, drying is
breferably accomplished by heating at a temperature below
the activation temperature, for example, about 150°F., to
sufficiently eliminate solvent carriers from the adhesive
to.permit the pipe with adhesive coating or layer to be
handled. The adhesive coated pipe will hereinafter be

identified by reference numeral 12’. The pipe with



Spraying the entire outer surface of the netal pipe 12 is preferred but

t he adhesive material 24 may be brushed or rolled onto the pipe 12 or the
pi pe 12 may be di pped. The adhesive material 24 is then dried in a drying
step 66. For the disclosed preferred_adhesives, drying is preferably
acconplished by heating at a tenperaturé below the activation tenperature,
for exanple, about 150F., to sufficiently elimnate solvent carriers from
" the adhesive to permit the pipe with adhesive coating or |ayer to be

handl ed. Theddheasieemateatied pagerwikl benebbati-eéedbBy hdgpindies dy
reference nuneral 12'. The pipe with - 23 adhesive material Tayer 12' can
be dried by teamenarune &s thepesathee adhebdveavwiflhepadinesi wethdbd permt

w thout activating. This is about 340-350F. for The B.F. Goodrich adhesive
but only ab&RtMSERNS.or e Her @bous. 3498tehP °FhefpipEhei t h adhesi ve
coating 12' is passed .through an extrusion head 88 as shown in Fig. 10.
The pref er Bed -5OREEIFE REDEFINP PhalePn2y pBoBEeRBAPBd £9T athedio
‘preheaters gﬁa, 85h, 85c and by the tooling of the head 88 to an
activation t€ipEFEtalfe above the drying tenperature, desirably above

350F., in a heat aCti%%Eig9§8ﬁ2§9h6§dhg§£ﬁ§;%§ét%ggagfjif g%%ﬁﬁg' t he

mel ted CPVC. The indicate sives are apout “nore for

activation. thigubdr dnCexcs¥sti el Ralabeshgat snaghi YAt f%.at tefperature
bel ow 350F., if ggsi?éd? The adhesive 24 ig preferéﬁ Hggi activated

before physiredklrye@naanesgvehraexiiasi Dayseasls 88sbptekautah by, Aeat
activated within the head as well. By preheating
set of preheaters 85a, 85b, 85c and by the tooling of the
head 88 to an activation temperaturé above the drying
temperature, desirably above 350°F., in a heat activating
step 68 just prior to application of the melted CPVC.
The indicated adhesives are heated to about 360°F. or
more for activation. The Lord Co. system can be heat
activated at a temperature below 350°F., if desired. The
adhesive 24 is preferably heat activated before
physically entering the extrusion head 88 but could be
heat activated within the head as well. By preheating
the surface of the pipe 12’ at the entrance to the head
88, the pipe 12’ can still be handled from outside the
~head to advance it through the preheaters and the head.
Preheating the pipe 12’ helps to maintain the temperature
of the extruded plastic. CPVC 21 or other extrudable
thermoplastic is applied in a tubular layer 20 in an
extruding step 70.
The multiléyer conduit 10 can be moved through

the extrusion head 88 in a variety of ways including

pushing, pulling or, pfeferably, a combination of



the surface of the pipe 12' at the entrance to the head 88, the pipe 12
can still be handled fromoutside the head to advance it through the
preheaters and the head. Preheating the pipe 12' helps to maintain the
tenperature of the extruded plastic. CRYC 21 or other extrudable
thernoplastic is applied in a tubular layer 20 in an extruding step 70.
The multilayer conduit 10 can ‘be noved through the extrusion head 88 in a
variety. of ways including pushing, pulling or, preferably, a conbination
of 24 initiabliyipldhi pgshidg sas esuiesddyeRtlyi pal1ing, esh@mplesi ng

pi nch wheels (not depicted). The conduit 10 nmay be treated in a sizing step
72 in whi ch tséngupindk sheébse(nst fdepisdtesd} o achi eve a nore exact and
uni form si zing of the outer dianeter of the CPVC | ayer 20 and conduit 10.
The outer di ameter of Th@ecerdtit t100ndy el treated oiher siizdge sitlepa nunber
of ways mhhéh are standard for sizingzgéastjc tubi ng _including but not
limted to nééhaRi ¥BIChoFRe Mt SARRUTHT 5398 kS of 1l elpmbitmatdcdies® such
processes, I s, b positive air, pressure as will_be described with
respect to Pé@ %’égc?fg?%c%’n%%%?@lﬁﬁgl%ﬁg?lh% Fitext ebiamstse 25 are fed
sequenti al | yij,pt | e t e of.._.such pipe uld be
slightly i 'nvvté:a}rlgl gpﬁgﬂ%ﬁé%% O%?%pe%gjcfﬁﬁftr olﬁt hgﬁ?:%t 1iltnegr 'béfiggggg; hi s

slight redughiOBohdui PE di AMBY Brevld tthe i RS (£ W ofierNQEMR]
manuf acturi ng tol erances for such pipe. Athough slight, the variation in
di mensi on shwayd wieicletexd allehdard for sizing plastic tubing

including but not limited to mechanical rolling, wvacuum

sizing or a combination of such processes, as well as by

positive air pressure as will be described with respect

to Fig. 12.

If mechanically cut lengths of steel pipe 12
are fed sequentially into the extrusion head 88, the ends
of such pipe would be slightly inwardly rolled or
"dimpled" from the cutting process. This-slight
?eduction in pipe diameter at the pipe ends is within
normal manufacturing tolerances for such pipe. Althoﬁgh
slight, the variation in dimension should be detectable
by a proximity detector or the like with the pipes 12
butted end to end. Also, it would be possible to track
the location of the pipe ends by providing an encoder or
encoders on one or more servos controlling wheels feeding
pipe through the extrusion head with a sensor or sensors
which can detect the beginning and end of the pipe.
Alternatively the pipes could be fed into the extrusion
head with gaps between each pipe. A space of about 1/32"

Oor more could be developed between adjoining ends of

adjoining lengths of pipe, depending upon the method of



by a proximty detector or the like with the pipes 12 butted end to end.
Also, it would be possible to track the location of the pipe ends by
provi di ng an encoder or encoders on one or nore servos controlling wheels
feeding pipe through the extrusion head wth a sensor or sensors which
can detect the beginning and end of the %'pé. Al ternatively the pipes
could be fed into the extrusion head with gaps between each pipe. A space
of about 1/32" or nore could be devel oped between adjoi ni ng-ends of

adj oi ni ng | ergths ofhBi BgacdeRendi BE y]fegﬂné@eb 1 haghofndous fefisk Jihe space
wi || be spanned by a continuous tube of the CPVC material, which should
col | apse bet wrencriie mptpesalorwhaeck shouhdecoblapspostiwden itdentify the
pi pe ends. Since these changes woul d be nore pronounced than the rolled
pi pe ends, ipipgsbébreladkt hétintéenal supperento stdmwrisfy eclp pilger asonic,
magnetic, electric and/or optical nmeans of detection) also can be used to
| ocat e the peP@sendSiegpt thgsehehanges svonlddae B3re Treongiemg tHhamgt hs of

‘metal pipe 12 can iﬂu be identified,, separated from one another and the
ends of the FREUFPThGS RUPEi FAYSr . thnifi Pl a9ved derfd Uthedcess CPVC ina

finishing st PfgéfeF£QSelO depkcts dipagrammatically the nahor Iﬁgﬁling

conponents of  a pre?errgﬂsg§frugl%h W o ™ q%ﬁ%Q. gterial to
Gepi ot od ang o SF GpEERE déans O AERESAN T8 (QHIETRd heftiline®,

depi cted and ndi general Ty at ruder i ncludes a _
reservoir of1&&EMe Wihé hpise Nerd & de A de d W ASEL RILSHMad B C@pent i onal

manner through a coupling 82 into a
precut lengths of metal pipe 12 can thus be identified,
separated from one another and the ends of the resulting
multilayer,conduits 10 cleaned of excess CPVC in a
finishing step 74.

Fig. 10 depicts diagrammatically the major
tooling components of a preferred extrusion head 88 for
applying CPVC material to adhesive coated metal pipe 12°.
A conventional extrﬁder is partially depicted and
indicated generally at 80. The extruder 80 includes a
reservoir of CPVC which is heated and fed under pressure
in a conventional manner through a coupling 82 into a
feed conduit 86 of the head and into the extrusion head
88 itself. The CPVC passes through an opening 87a in a
bushing 87 of the head 88 and into a compression chamber
96 defined between an inner tubular surface of bushing 87
and an outer surface of an extrusion pin 90. Extrusion
pin 90 has a central bore 91 (in phantom) to receive and
pass the adhesive coated metal pipe 12’ and a feed
channel 92 on its outer surface to receive CPVC from the
feed conduit 86. The extfusion head 88 further includes

a mandrel 94 supporting the pin 90 from its upstream end.



feed conduit 86 of the head and into the extrusion head 88 itself. The
CPVC passes through an opening 87a in a bushing 87 of the head 88 and into
a conpression chanber 96 defined between an inner tubular surface of
bushing 87 and an outer surface of an %r_usi on pin 90. Extrusion pin 90
has a central bore 91 (in phantom to réceive and pass the adhesive coated
netal pipe 12' and a feed channel 92 on its outer surface to receive CPVC
fromthe feed conduit 86. The extrusion head 88 further includes a
mandrel . 94 sfippesiidg, tiree pidwritt fdodds P HHLeyIend. 38 | f desired,
t he downstream end of the pin 90 can supported by a knife edge spider
ext ended betswgmrotted ghn a Hhidfed ddue hsidary St eordedebeeenea dhe P8n
attached to the bushing 87 and the pin 90. The bushing 87 surrounds the
proxi mal end®®bfandethe rowhing 8heniketd&esurr ciiedidsg athaechddstal tkad of
the pin 90. Feed channel 92 has two symmetric halves, one of whichis
i ndi cat ed atPWBH BT sngedha pim $0 10 Thphdushiigge87harrrpyndsntheor i mage
‘on the other_side aof th in 90., Bath hal ves 92a, 92b are seen in phantom
in Fig. 11,Pra‘??"éﬁ*F’81 sy “Pbr‘?epdifh %.ar’%lac‘}ﬁlef Z‘é& 3§aﬁH€F°BB§%P%nth‘92a, 92b
spirals helidg f iNng .87+ 0 an opposing side-of the pin 90, 180
around t he pél:ira]éé% a‘cir/\r/gé;oq’fpﬁ:gln% 121 %p?e’ni ng 87a. Preferably, the feed axis of
the extruder 80 and t e Rle i@ f [ 8 f condui t
86 are coplanar with oﬂr%%dgmot nglfla??sv%%tshtt%e%%@%%gﬁgl éa%gg?’ 9 éjt o]
minimze stagnaitieh angd isi@aktedEaeh saednahagngeenothi PRg928y . 92psnoot hly
and progressively dimnishes in cross-sectional area from an

hidden half is a mirror image on the other side of the

pin 90. Both halves 92a, 92b are seen in phantom in Fig.
11, an end view of the pin 90. Each feed channel portion
92a, 92b spirals helically from opening 87a to an
opposing side of the pin 90, 180° around thé pin 90 away
from the opening 87a. Preferably, the feed axis of the
extruder 80 and the central axes of thé coupling 82 and
feed conduit 86 are coplanar with one another and with
feed channels 92a, 92b to minimize stagnation and shear.
Each feed channel portion 92a, 92b smoothly and
progressively diminishes in cross-sectional area from an
essentially true semi-circle directly adjoining opening
87a to no cross-sectional area, where the feed channel
92a and its mirror 92b meet on the opposite side of the
pin 90 from opening 87a. The pin 90 includes a generally
cylindrical portion 90a supporting the channel 92. Pin
90 is thereafter inwardly tapered down in a cone-shaped
portion 90b to a second, smaller diameter cylindrical
portion 90c, having a wall thickness of less than 0.1
inch and an inner‘diameter only about 60 mils larger than

the outer diameter of the steel pipe 12. If desired a



essentially true sem-circle directly adjoining opening 87a to no
cross-sectional area, where the feed channel 92a and its mrror 92b neet
on the opposite side of the pin 90 from opening 87a. The pin 90 includes a
generally cylindrical portion 90a suppaorting the channel 92. Pin 90 is
thereafter inwardly tapered down in a’caﬁe:shaped portion 90b to a second,
smal | er dianeter cylindrical portion 90c, having a wall thickness of |ess
than 0.1 inch and an inner dianeter only about 60 mls larger than the
outer di anetanzafl ithe ol ¢8laialNg Ipwakbndeshiedofadluabhighi ty of radially
inwardly and longitudinally exfending kihife e geg can be provided within
the bore of expiemdifigt @nigepekgep tha BePpréideanietBdnashttndpedss from
the end of pin 90. The inner diameter of the bushing 87 bel ow the channel
92 i s about Pdn390nthebelgr katpr thhapipbeldi’ aneheerefl theipi fedfsi nmedi ately
bel ow the channel 92. This difference essentially defines the radial

di mensi on of PRe t&RngREr o€ oRpRe88i- onThRakbBerodiamgher dp ©i8 has a t aper ed
‘portion 98a faghng %Ee tigered portion 90b of pin 90 and a uniform

di aneter boPE584B cBRYPHgthRechARRBL nPdi AFerBPUAi 8t 3l iRARE®OC of pin 90.

Th i f L dj t b 98b_in_.die 98.m ght be, . f | e, about
850 S AR e Fal b e BT e R O
G, tal S0c Shel Biaphy 99, {o1At Hisa-LiRe b SHVE 4 Nygergll Ll ckress

of about 45 to 60 m or 0 apply abou

CPVC or otherather avpbAsibs &P PhPCatRuiafh on! &hd hrough the
extrusion head at a speed greater ?han ?%eggﬁ%ggs%%oﬁﬁé%%ﬁgﬁgq; C

conmpound The die 98 has a tapered portion 98a facing the tapered

portion 90b of pin 90 and a uniform diameter bore 98b
receiving the uniform diameter distal end 90c of pin 90.
Thé uniform inner diameter bore 98b in die 98 might be,
for example, about 0.09 to about 0.12 inches greater than
the outer diameter of the extreme distal 90c of the pin
90 to extrude a tube of CPVC with a wall thickness of
about 45 to 60 mils in order to apply about a forty mil
thickness of CPVC or other thermoplastic to pipe 127,
The pipe 12’ is passed through the extrusion head at a
speed greater than the speed at which the CPVC compound
is being extruded. Preferably, the speed is controlled
to stretch the CPVC compound to approximately 40 mils,
which is slightly less than the original extruded
thickness. |

To control the temperature of the CPVC
compound, heating zones are maintained in or on the
extrusion head tooling and elsewhere. Preferably
separate, independently controlled heating zones are
maintained on the coupling 82, the feed conduit 86, the

head housing 84 above the bushing 87, aﬁd the bushing 87



is being extruded. Preferably, the speed is controlled to stretch the CPVC
conpound to approximately 40 mls, which is slightly less than the

original extruded thickness. To control the tenperature of the CPVC
conpound, heating zones are nmaintained iJ, or on the extrusion head tooling
and el sewhere. Preferably separate, independently controlled heating zones
are nmaintained on the coupling 82, the feed conduit 86, the head housing
84 above the bushing 87, and the bushing 87 - 28 itself below feed conduit

86. In additiiesel€abblol thea poehent &5, 85 LRPit 8%F, isidH efenafl v
separately controlled upstreamfromthe head 88 to preheat the pipe 12

and acti vat eprebeateesi 88aco8sbngs2 isnmedifaieilyly g rdt@1gassi ng t hrough
the extrusion head 88. The extrusion head heat zones are preferably

mai nt ai ned afongkedtedoBPstreapefrdn tHonthesite &8 Heatpreheaft tthe GRYE
conpound as i%,pasaes fromthe extruder 80 and through the head 88. The
orientation dAd pPBgRESsVIEerBRIAdRAFIe coaddns @R ilomediatedyof the
‘channel portjions _92b, 92a.are . very inportant to the success of the CPVC
extrudi ng stBpr°Fp ?tPﬁﬁséﬁ%.%ﬁﬁquﬁ;95%w%§tqqﬁﬁﬁ9(ﬁﬂﬁﬂéﬁbarﬂ592b nove

have arri ved Ehere it hout TRES Ahel Ge0 e S5 AR PR IOR B0 B ng of the
[Te in & commpa ol ane by 70 i R ehlar AR LN Be SRR VG and
bushi ng opent¢tgpduid ddeitlepds from the extruder 80 and through

the head 88.

The orientation and progressive reduction in
cross-sectional area of the channel pbrtions 92b, 92a are
very important to the success of the CPVC extruding step.
Portion 92a and its mirror image counterpart 92b move
resin more quickly to the opposite side of the pin 90
than the resin would have arrived there without the
channel 92 to prevent uneven cooling of the resin
circumferentially around the pin 90. The channel haives
92a, 92b lie in a common plane with the centerline of the
feed cénduit 86 and bushing opening 87a. The depth of

- each channel half 92a, 92b is reduced linearly as each
channel half extends from the bushing opéning 87a (0°
position on the pin 90) to the opposite side of pin 90
(180° position). 1In éddition, the cylindrical portion of
the pin on the downstream side of the groove is further
cut back from about halfway along each channel half 92a,
92b (i.e. about 90° and 270° positions) to the far side
bf the pin 90 (i.e. the 180° position), again generally
linearly beginning at about each halfway position (i.é.

about 90° and 270° positions) to a depth of about 0.090



each channel half 92a, 92b is reduced linearly as each channel half
extends fromthe bushing opening 87a (0 position on the pin 90) to the
opposite side of pin 90 (180 position). In addition, the cylindrical
portion of the pin on the downstream side of the groove is further cut
back from about hal fway al ong each chanrfel hal f 92a,. 92b (i.e.-about 90
and 270 positions) to the far side of.the pin 90 (i.e. the 180 position),
again generally linearly beginning at about each hal fway position (i.e.

about 900 angndi{&s Pesi thONsPpdi i deRid of  abaufy 0229 i geheg. at the
opposite side (i.e. 1800 g%??tion) of thg' pi n 90. Thetggﬁérgflgﬁ%niform

cool i ng of thEnned t edrEP\Eendra6f Yar it ABolahd lofPk@eRtStthech@rmat i on
of a noticeable weld or knit line or a high stress concentration where
such |ine m ghtvery nelpor tieent] @catied prerverttes dilde folrmaltéopi 8£98 opposite
openi ng 88a. Preheating the adhesive coated pipe 12' to near the
t enper at ur e RPti¢rRakbe Madel cgPWB ite 1gneniarhian hdigh Is¢axsssabout 50F. and
“preferably to within | ess than 50F of the tenperature of the applied CPVC)
assists in TRETRHTRTIPR ehseicatitcd dfineh@ighyCnesmaddndbenledatedxt r usi on
head 88, in red t erature processing range. _In the extrusion
head 88, tha‘?h P‘;’ﬁé Ssrllasae &ﬁa %eag&&t §f5|91° D5 E?@nllggaﬁgﬂt 430F). The
f d CPVC o gq% [ i st bei | l,ed.t f d

preferre conpo I.S.esistiv Q _hel n ed.to gp referre
thinness due to its viscgﬁ%ﬁé§§ ?%8n§d%ﬁﬁ&yﬁn§9§gﬁd ?ﬁ@epi fé??éﬂﬁﬁﬁnpound
tends to {eamd feenpr@ichirad oo chaok kO cpdt hel g aoghigngls to burn or
gall if permtted to exceed about 450F. If pulled too

least about 50°F. and preferably to within less than 50°F

of the temperature of the applied CPVC) assists in

maintaining temperature of the CPVC compound in the

extrusion head 88, in a preferred temperature processing

range. In the extrusion head 88, that range is only

about 15°F (about 415° to about 430°F). The preferred

CPVC compound is resistive to being pulled to the

preferred thinness due to its viscousness from

chlorinationi The preferred compound tends to tear if

permitted to cool to 410°F. or below and tends to burn or

gall if permitted to exceed about 450°F. If pulled too

quickly through the tooling, the CPVC can be overheated

by the friction and burn. The ideal temperature for

discharging the CPVC would be just under or about 450°F.

It is believed the above-described arrangement delivers

CPVC compound to the pin 90 (or pipe 12’) at about 430°F.

One inch diameter pipe is currently being passed at a

rate of about thirty to thirty-five feet per minute

through the described tooling with. the identified CPVC

compound, steel pipe and heat activated adhesives.



qui ckly thfough the tooling, the CPVC can be overheated by .the friction
and burn. The ideal tenperature for discharging the CPVC woul d be just
under or about 450F. It is believed the above-described arrangenent

delivers CPVC conpound to the pin 90—(95 pi pe 12') at about 430F. One

inch dianmeter pipe is currently being passed at a rate of about-thirty to
thirty-five feet per mnute through the described tooling with the
identified CPVC compound, steel pipe and heat. activated adhesives. 30

Fig. 12 shows a proposquammﬁ@g@ﬂgﬁ@,%ggpoggéiggraﬁggHQHLaEO§izing col | ar
100 is nmounting in the exposed end of die 98. The collar includes an inner
passageway X¥0Zimg.ough twibiudlart lz6 zingsicot 1aeatted eenfluhhtid§ passies when
exiting the die 98. An annular manifold 104 is provided within the collar
coupl ed wi t [eXPosesd ensoeduidiel 08 -t hTbegholhrchiacpndssuanzinhsource of air
i ndi cated by arrow 108 or other appropriate gas can be fed. A plurality of
i ndi vi dual BGCESIEYEYedVenGhrayph MhrichnihedP}astdem eprtedntdmdutiti04 into

‘the inner passagewa nd def.ine a ring,of air jets which surround any
condui t 10a§a§%5ﬁg tW%SGgﬁxﬁﬁénngﬁﬁsgbﬁ RBad %%.a#ﬂP%%fm%%P%ﬁ°14he

th | ti | N 3 | b i i . of i
e rere 104 24CProf 8 ARkhTh! Pe Yo fa SOTRLOBILAN I E) SORLA LN e
of the CPVCoeaapaund o' thebligh @ﬁ&&ﬂdsdggéﬁgpf&rggt%@g PEegsure of the

air or other gas blown throtgh the bor ayer conduit and
~conduit systefscatedt bg pE@SRNLOBNYENbERAr OhpSrostomid isantohensfits in

costs and ease of use over other known netal, plastic or
fed. A plurality of individual bores 110 extend radially
inwardly from the manifold 104 into the inner passageway
and define a ring of air jets which surround any conduit
10 passing through the extrusion head 88. Thickness of
the thermoplastic layer 22 is controlled by a combination
of operating parameters including feed rate of the pipe
107, feed rate and temperature of the CPVC compound or
other extruded thermoplastic and pressure of the air or
other gas blown through the bores 110.

The multilayer conduit and conduit systems of
the present invention offer'significant benefits in costs
and ease of use over other known metal, plastic or
composite metal/plastic conduit systems, particularly in
fire protection systems. The prefefred multilayer
conduit of the present invention provides greater
strength and greater rigidity at reduced wall thickness
than can be provided by all plastic piping. The
multilayer conduit of the present system invention can be
coupled together into systems as easily as all plastic
systems without the fire danger or cost associated with

installing brazed copper systems or the expense of



conposite netal/plastic conduit systens, particularly in fire protection
systens. The preferred nultilayer conduit of the present invention

provi des greater strength and greater rigidity at reduced wall thickness
than can be provided by all plastic piping. The multilayer conduit of the
present systeminvention can be coupl“ed?']t ogether into systens as.easily as
all plastic systens without the fire danger or cost associated with
installing brazed copper systens or the expense of 31 installing all steel

systens. The;ipudkhihaygra£onguid; o present system permts .the
installati onlof co_ndu?ta fsysteérrls év&(%%}fse'ss s_?lq“é Jrjg% ré’r?d“ﬁﬁltth(?&t t he
expense  of theepdesgnesy NN ipeddild NhE AR ac 1 ieSardgTal
bondi ng or crinping equi prent or other expensive, nechani cal fitti ng

coupl i ng systpatenBeeitisclddie JNiAIRN INEMADEH tHlut SHY & phge
provi sion of threads or other disruptions in the inner and outer tubular

surfaces of Phethreading merulpmeinie ¥2amimd henmpriddtgy ejoredeayit 10 or the
‘conpression of the ends of the pipe or conduit, steel piping thinner than
steel pi pi ngtRSERk RRRAINT gy €iewming egudmmiantused dthers expeagivens can
now be used r]%gr Ii%\t VF'it%lht and cqost savings while still providing the
rigidity of BT Th Tihng OGRS Sy ShedSsures of 875 psi and nore.
The conduit of the prgs nt i nyention i eyecte to be the first conduit
syst em enpl oyi ng pl asticoomm CRS BTEEEPEnEY StEdY PRtoF8RHAEG Rhear d

PG ok M R B TR e R
and outer tubular surfaces of the ferrous metal pipe 12
or the multilayer conduit 10 or the compression of the
ends of the pipe or conduit, steel piping thinner than
steel piping ever known to have been previously used in
such systems can now be used for light weight and cost
savings while still providing the rigidity of metal with
full integrity to pressures of 875 psi and more. The
conduit of the present invention is expected to be the
first conduit system employing plastic, which is designed
for use in ordinary hazard occupancies as defined by
National Fire Protection Association (NFPA) 13. However,
it is believed that the advantages of the preferred
composite system will lead to much greater acceptance and
use in light hazard Systems where all metal piping
presently predominates in installed fire protection
systems. In particular, it is expected that the hanger
requirements for the preferred composite conduit 10 of
the present invention wiil be at least as favorable as
steel (maximum spacing of fifteen feet between supports) .
Because of its greatly reduced weight, conduit of the

present invention should be able to be safely spaced at



conposite systemw |l lead to nuch greater acceptance and wuse in |ight
hazard systens where all netal piping presently predom nates in installed
fire protection systens. In particular, it is expected that the hanger
requi rements for the preferred conposite conduit 10 of the present
invention will be at |east as favorable 3% - steel (maxi mum spaci ng of
fifteen feet between supports) Because of its greatly reduced wei ght,
conduit of the present invention should be able to be safely spaced at 32
greater distgpeesePeinaeth . ixteen feet .u t o _possi bly
twenty feet)gto further re%%g%iie&?n%%%‘ﬁﬁslo ¥ costs Wi 8 6%??11 ¥Ri ng
greater instad|mbssibly ey iteet)Thes r@ﬁfﬂﬂ@y%ag%d%g of the present
invention has the advantage of being able to be used wth a host of

exi sting CPMRtiatliatgeomntstt hrolgh ddaser didd iqesteingratoypigg to ot her
copper, steel_and traditional plastic (e.g. PVC, ABS, etc.) conduit
systens and H%%ll\}w-l e preferred enbodi nents of the invention have been

‘di sclosed and certain nodifications thereto suggested, still other
modi fi cations and charfd@s "Wt layeeucansiuitosd dheopderany skiéhtiont he
whiJl e \VC i referred for the fittings and adhered

art. For exgnpl e, whiJ < _ A
CPVC is pre ST 4% 6f 285n&di S Hel & usgdt eibh athest pof ymer s
G i ke i S s o EUR
((: hl or ggl )(/ PYQup1aer gbgg?:?g%LglggggEggg%@%l' 3hY 2984681 PRIy Shanes
: (e.g. PVC, ABS, etc.) conduit systems and piping.
While preferred embodiments of the invention
have been disclosed and certain modifications thereto
suggested, still other modifications and changes will
occur to those of ordinary skill in the art. For
example, while CPVC is preferred for the fittings and
adhered CPVC is preferred_fdr the conduits for sprinkler
Ssystems, other polymers might be used. Other extrudable,
adherable, ambient temperature bondable polymers which
might be used include, in addition to CPVC, polyvinyl'
chloride (PvVC), acrylonitrile-butadiene-styrene (ABS) ,
polyurethanes (both polyesters and polyethers), and
blends thereof with one another aﬁd with CPVC. All are
extrudable, adherable to metal and solvent bondable. 1In
distinguishing between PVC and CPVC, any PVC polymer more
than 57% by weight chlorine is considered a chlorinated
PVC.
The preferred CpvC thermoplastic layer
complements the preferred steel pipe in other ways. The
preferred CPVC is quite strong itself. The CPVC outer

layer 22 protects the steel pipe 12 from external



bl ends thereof wth one another and with CPVC. All are extrudable,

adherabl e to netal and sol vent bondable. In distinguishing between PVC and
CPVC, any PVC polyner nore than 570 by weight chlorine is considered a
chlorinated PVC. The preferred CPVC t_h%r3mpl astic layer conplenents the
preferred steel pipe in other ways. The~"preferred CPVC is quite strong
itself. The CPVC outer |ayer 22 protects the steel pipe 12 from external
33 corrosion. Since such piping is dry or contains standing (non-flow ng)
water until astiyaied. |sikde éﬁ@rﬁa&mgcqrsr@}%rtmn%' hy QEGWES High such
systens. Thus, even thinner steel can be -used for fire pr ot ecti on
than for ot keon-fibowime) | wetdf Iumﬂlf Ia@m%)tetaqn(ililtttl%yah%&nalot her

pol ymers mght be used with ferrous netal or with other netal pipes .

previ ously t¢ewaeeibl drynisssl ot kercursanin fsucd pyeteaisi.onThlBe epwantion is
not limted to the specific preferred enbodi nents and alternate

enbodi ment s I&IJrré%fF’bs?é'cFelbd'fa]ﬂs qam é?‘i‘dé‘@esiof@@véliral pretBotimentbaset forth
in the appended cl.ains. - A nul tilayer fluid conduit

system co %l‘?ﬁf‘e% WB?rIeO\ﬁchdr‘(@w(tflPéfirré&OWn@hé‘-PFléWlFeﬁg'ﬁhemaf et al
Pubul ar out &7k PR Wi R fBUGT WP RE PEbeotbr PRERY BReRibHds of
the-condui t ,otther metal pipes prev1ously threaded for uses other than
fire protection.
The invention is not limited to the specific
preferred embddiments and alternate embodiments
disclosed, but is intended to cover all embodiments set

forth in the appended claims.



| ayer of thernoplastic conpletely covering the tubular outer surface of

t he pi pe, and an adhesive | ayer between the netal pipe and the
thernoplastic layer distributed to provide a circunferential |eak-proof
seal between the netal pipe and the Lh%ﬁnqplastic | ayer at |east at the
open ends of the conduit; a fitting nounted on one open end of the
conduit, the fitting including at | east one open end receiving and
over |l appi ng the one open end of the conduit, the one open end of the
fitting having an exposed, innernost tubular surface of thernoplastic
directly facing and bonded to the thernoplastic |layer on the one open end
of the condu¥e Gkaim:to forma | eak- proof sealed joint at the one end of
the conduit directly between the conduit and the fitting. 2. The conduit
system of claim1 wherkein ¢#héulfiidavess 4 uwigh gomduitnsyssemnf ace and wherein
the tubular _outer and inner surfaces of the ferrous netal pipe are
uniformy snootHr ¥589 end to end of the pi pe. 3. The conduit system of

SHEET HAS BEEN  REPLACED 5710 ECRinT E Ry e hVoR. BPLLAVLIRHEFRI n t he
5 The condu tSyet S ol e AP e S CERe=irE PREd eBHEPSEEASRZITY
wal | phiCkndgsai&&ﬂmﬂh&@l@:Q&osbﬂchﬁbular outer surface, the open

ends of the pipe defining open ends of the -conduit, a

layer of thermoplastic completely covering the tubular

outer surface of the pipe, and an adhesive layer between

the metal p;pe and the thermoplastic layer distributed to

provide a circumferential leak-proof seal between the

metal pipe and the thermoplastic layer at least at the

open ends of the.conduit;

a fitting mounted on one open end of the
conduit, the fitting including at least one open end
receiving and overlapping the one open end of the
conduit, the one open end of the fitting having an
exposed, innermost tubular surface of thermoplastic
directly facing and bonded to the thermoplastic layer on
the one open end of the conduit so as to form a leak-
proof sealed joint at the one end of the conduit directly
between the conduit and the fitting.

2. The conduit system of claim 1 wherein the
pipe has a tubular inner surface and wherein the tubular
outer and inner surfaces of the ferrous metal'pipe are
uniformly smooth from end to end of the pipe.

3. The conduit system of claim 1 wherein the

material of the ferrous metal pipe is steel.

1 THIS SHEET HAS BLEN |
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6. The conduit systemof claim5 wherein the ferrous netal pipe has a wall
t hitkness of about 0.06 inches or less. 7. The conduit systemof claimé®6
wherein the ferrous netal pipe has a wall thickness of about 0.04 inches.
8. The conduit systemof claim1l wherein the ferrous netal pipe has a wall
t hi ckness of less than 0.08 inches in A6ntnal pipe sizes up to three
dnches. 9. The conduit systemof claim1 wherein the conduit thernoplastic
| ayer has a wall thickness of less .than 0.08 inch. 10. The conduit system

of claim1l wherein thi copduit thernoplastic |ayer has a wall thickness of
about 0.04 inch. 11. “The cOfdTCPP8ySt EFbemcPhi Al aimherdieraire theondui t

t her nopl ast ire h-3%8r mBasja I i gk . _petween about 0.02 inch and
0.075 inch. 12. ThemconduPE@%yg%gngosz?a?%%ignﬁfﬁw%ﬁﬁPé%%?l?ﬁﬁr%ms net al .
pi pe has a wabbotbi ekpesgsl ess than 0.08 inch. TH S SHEET HAS BEEN F

REPLACED 36 13. The conduit systemof claim 11 wherein the ferrous netal
pi pe has a wall thickbBess mﬁeae@ﬂaugtogyslgé}gr@ @Ia:ihr?slsw A]E.eli‘;{]q:hcondui t
' i as a wal

'system of claim 1l wherein the ferrous netal pipe i Ckness  of
about 0.04 fenraus metal’pipe_has a wall thickness less than 0.08
inches.
6. The conduit system of claim 5 wherein ﬁhe
ferrous metal pipe has a wall thickness of about 0.06
inches or less.
7. The conduit system of claim 6 wherein the
ferrous metal pipe has a wall thickness of about 0.04
inches.
8. The conduit system of claim 1 wherein the
ferrous metal pipe has a wall thickness of less than 0.08
inches in nominal pipe sizes up to three inches.
9. The conduit system of claim 1 wherein the
conduit thermoplastic layer has a wall thickness of less

than 0.08 inch.

1of The conduit system of claim 1 wherein the
conduit thermoplastic layer has a wall thickness of about

0.04 inch.

11. The conduit system of claim 1 wherein the
conduit thermoplastic layer has a wall thickness of

between about 0.02 inch and 0.075 inch.

12. The conduit system of claim 11 wherein the

ferrous metal pipe has a wall thickness less than 0.08

inch.

THIS SHEET HAS BREN
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15. The conduit systemof claim 1l wherein the ferrous netal pipe has a
wal | thickness of between about 0.035 and about 0.065 inch. 16. The
conduit systemof claim 15 wherein the tubular outer and inner surfaces of
the pipe at the ends of the conduit |ack surface variations which would
enable interference engagenent with a Bating fitting. 17. The conduit
systemof claim1l wherein the adhesive |ayer bonds the thernoplastic |ayer
with the nmnetal pipe only after being heated to a tenperature above 300F.
18. The conduit system.of claim 1l wherein the adhesive |layer conpletely
encircles the tubul ar Sur f d0¢ SOPGHE F¥FEBUsOfecaRipi pd whereént ehds al ong

t he pi pe suffli ci I r.om.ends _of _the.pipe.to forman unbroken annul ar
wat er pr oof gfeeaxfng‘{e% V!\%eee;]alt IPelpﬁz’ saﬁdwtafllg Eﬁﬁ@k%ﬁ?a@?i 8bPuyeP.069. The
sprinkl er of neh@idn.l- Wherein the thernopl astic layer of the conduit
conprises CPVC. 20 e system of claim 19 wherein the thernoplastic |ayer

of the conduit consisug,esqg@tbghgﬁitog Vi of BEE
REPLACED 37 21. The system of clain119y ere?nk%§%§kF§%e§ﬁ%%?lgﬁkéﬁce of

the fittingfeompuiss eet@?VBipe2RasThewsyst €A1 Okn&sai HF 2dp8ber §i Hat he
| nner nost sgrfgce of the fitting consists essentially of CPVC
inca. :

15. The conduit system of claim 11 wherein the
ferrous metal pipe has a wall thiékness of between about
0.035 and about 0.065 inch.

16. The conduit system of claim 15 wherein the
tubular outer and inner surfaces of the pipe at the ends
of the conduit lack surface variations which would enable
interference engagement with a mating fitting. o

17. The conduit.system of claim 1 wherein the
adhesive layer bonds the thermoplastic layer with the
metal pipe only after being heated to a temperature above
300°F.

18. The conduit system of claim 1 wherein the
adhesive layer completely encircles the tubular surface
of the ferrous metal pipe and extends along the pipe
sufficiently from ends of the pipe to form an unbroken
annular waterproof seal between the pipe and the
thermoplastic layer. |

19. The sprinkler of claim 1 wherein the
thermoplastic layer of the conduit comprises CPVC.

20. The system of claim 19 wherein the

thermoplastic layer of the conduit consists essentially

of CPVC.

THIS SHEET HAS BEEN |
REPLACED




23. The systemof claim20 wherein the innernost surface of the fitting

consists essentially of CPVC. 24. The system of claim20 wherein the

i nnernost surface of the fitting conprises CPVC. 25. The system of claim 23

wherein the one open end of the conduit,_and the one end of the fitting

each lack structure which provides i nt'erference engagenent to couple the

~conduit with the fitting. 26. The systemof claim1 wherein the fitting
further includes an outer netal |ayer at |east substantially entirely

covering the fitting. 27, T Sypdiam ofr 1aim 1 d Ul comRrising an
automatic fire sprinkler fluidly coupled mjfh t he fitfﬁhg$828. The system

of claim1 finhbenosonpuiSidy &f thd & iNAAHPE ddmpimiseLcewriced with the
fitting. 29. The systemof claim1 wherein the wall thickness of the netal
pi pe and the wall thickhessThed dywrent lue mipiastdic Wwhaerinothkhe conduit is
each less than 0.08 inches. 30. The system of claim 29 wherein the

conbi ned wal FRETERFe st faqeheohdthel fiitfd nandonss 38 efslsentopllagt be | ayer
‘of the condu%% és about 0.10 inches or less. 31. The conduit system of
claim1 furthef “conprising: an anbient tenperature acting bonding agent

between the thernopl a%ﬂ C rE%teersiy‘fj'}:."ltelma\‘c/&r c?.ra]‘titmh%o wherein the
innermost surface of the fitting consists essentially of
CPVC.

24. The system of claim 20 wherein the
innermost surface of the fitting comprises CPVC.

25. The system of claim 23 wherein the one
open end of the conduit and the one end of the fitting
each lack structure which provides interference
engagement to couple the conduit with the fitting.

26. The system of claim 1 wherein the fitting
further includes an outer metal layer at least
substantially entirely covering the fitting.

27. The system of claim 1 further comprising
an automatic fire sprinkler fluidly coupled with the
fitting.

| 28. The system of claim 1 further comprising a
fire nozzle fluidly coupléd with the fitting.

29. The system of claim 1 wherein the wall
thickness of the metal pipe and the wall thickness of the
thermoplastic layer of the conduit is each less than 0.08
inches. |

30. The system of claim 29 wherein the

combined wall thickness of the metal pipe and the



~conduit and the exposed, innernost tubular surface of the fitting effective
to fTorma | eak-proof sealed joint encircling the one end of the conduit
directly between the conduit and the fitting. 32. A nethod for naking the
fluid conduit systemof claiml fron1§h§ fitting and the hollow conduit,
conprising the steps of: applying an anbf ent tenperature acting bonding
.agent to at |east one of the thernoplastic material |ayer exposed on the
one open end of the conduit and the exposed, innernost tubular surface of

the fitti ngthamdgsaia@ttaicnila?ekh@fcenéu&énaa;dttbs Abbhtng. 16 ogeiher with

t he tubul ar open end of the fitting receiving and covering the one end of
the conduit omtilkesst.he bondi ng agent fornms the | eak-proof seal ed joint
directly between the conduit and the fitting encircling the one end of the
conduit. 33. A method Baér nEkengondeif|systenndiii claim t|&uml8dr system from
the fitting and the hollow conduit, conprising the steps of: applying an
anbi ent tenpEPAPULELREFi ng bonding agent to at | east one of the
thernmoplastic 39 material |ayer, exposed on the one open end_of the conduit

and the exposed, innernost R Gr P ERETA T EHR 3¢ 1R RPHRY mai nt ai ni ng
ot S e R e
conduit and the exposed, innermost tubular surface of the
fitting effective to form a leak-proof sealed joint
encircling the one end of the conduit directly between
the conduit and the fitting.
32. A method for making the fluid conduit
system of claim 1 from the fitting and the hollow
conduit, comprising the steps of?
applying an ambient temperature acting
bonding agent to at least one of the thermoplastic
material layer exposed on the one open end of the conduit
and the exposed, innermost tubular surface of the
fitﬁing; and
maintaining the conduit and the fitting
together with the tubular open end of the fitting
receiving and covering the one end of the conduit until
the bonding agent forms the leak-proof sealed joint
directly between the conduit and the fitting.enCircling
the one end of the conduit.
33. A method for making the fluid conduit of
claim 31 system from the fitting and the hollow conduit

’

comprising the steps of:

applying an ambient temperature acting

bonding agent to at least one of the thermoplastic



the bonding agent forns the |eak-proof sealed joint directly between the
conduit and the fitting encircling the one end of the conduit.

_39_

material layer exposed on the one open end of the condﬁit
and the exposed, innermost tubular surface of the
fitting; and

maintaining the conduit and the fitting
together with the tubular open end of the'fitting
receiving and covering the one end of the conduit until
the bonding agent forms the leak-proof sealed joint
directly between the conduit and the fitting encircling

the one end of the conduit.



