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of .the Invention The present invention relates to fluid VPO -

corduits, utilizing nultilayer conponents, particularly those suitable for
use in fire sprinkler and nozzle systens. ' Background of

the Invention Sprinkler systeminstallers typically use neta
conduit, either copper or nore commonly k@len or steel pipe, as supply
lines in automatic sprinkler systenms. Such netal |ines obviously resist

fire and tenperature damage better than other structural nmaterials that
m ght be used. Each netal has relative cost_ advantages and disadvantages.
Typically, piping is provided i ER c 'J”ﬁéét be cut to size
prior to installation. Ferrous pipe was then typically threaded in the

field and mated with a threadEchoiﬁngf1.hér éﬁifghlthreaded coupl i ngs
in ferrous piping adds significan%%y—frré%ﬂ?—ﬁggﬂor—tosts of installing.such
systems. Copper tubing. mhaSLALLSKEOLSvE il Yrd A4 &Id Qi%aiR PE as the cut

conduits, utilizing multilayer components, particularly

those suitable for use in fire.sprinkler and nozzle

systems.

Background of the Invention

' Sprinkler system installers typicélly_uée metal
conduit, eithe} copper or mére commonly iron or steel
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 advéntages 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 to the
labor costs of installing such systems. Copper tubing.
installs more quickly than ferrous pipe as the cut
lengths of copper can simply be.slip-mated with
appropriate fittings and then soldered. However; copper
is quite expensivé in material cost compared to ferrous
pipe.

Other types of non-threaded mating systems have.

been developed for metal particularly steel pipe. For

LT e
N ]

%,
i‘;ﬁ D G . A F
i @ » . g e,

1, k




| engt hs of copper can sinply be slip-mated with appropriate fittings and

t hen sol dered. However, copper is'quite expensive in material cost
copgpared to ferrous pipe. ' Q her types of non-threaded mating
systens have been devel oped-for netal parﬁlcularly steel pipe. For

-2- exanpl e, crinping systens are known in which crinpable fittings can
be used to join small dianeters of the |ightest Schedule 5 steel piping.
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open end of a parr ol ni Ng_ pi pi n an ext ernal conpression

fitting which 1%1@9@&&9%19&&&1&@ £0061 3pEb1he. | NSGhdr LpdpBY ess the ends

agai nst the insert systens requlire elther the nmechani cal shaping and

di sruption of médRasi®LL N, céighreskici! tPpél st Dftimgs Paid Néhdwhn tWiictaddi ti on
of. grooves, flanges or the | ike and/or the use of unique and typically’

expensi ve conpsesbingly imdteosith the exterisrtends pbiisdrasrddpe paigwed

acceptance for use
Still other types of mechanlcal 301n1ng systems employ a
tubular insert positioned in each open end of a pair of
adjoining piping members and an external compression
fitting which is applied over the ends and the insert to
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 grboves, flanges or the like and/or the use
of unique and typically expensive cbmpression fittings.

Certain plasties have gained acceptance for use

in residential and, to some:extent, light hazard fire
sprinkler systems. Chlorinated polyvinyl ehloride (CPVC)
plastic:piping and fittings have been listed by
Underwriters Laberatories. 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 certain polybutylene sprinkler pipe and
fittings for use in res1dent1al and light hazard fire

sprinkler systems.



in residential and, to some extent, |light hazard fire sprinkler systens.
Chl orinated pol yvinyl chloride (CPVC) plastic piping and fittings have
been listed by Underwiters Laboratories. One |listed CPVC conmpound is
BLAZEMASTER[ err] brand CPVC-of The B.F. Goddrich Co., Ceveland, Chio.
BLAZEMASTER[ err] is a registered trademark of The B.F. Goodrich Co.
Underwiters Laboratories has also |listed Flaneamay brand CPVC pi pe and

fitti d buted in,.the United Stat P as} Lpc. of
Bever |y H 15, GA  UnGARWAS BRECLEEPaPIRRELC BREOFEYErE Borba heod”
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hazard fire
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t han copper while installation osts have be ﬁ conpar abl e to copper.

Simlar steps lamlvewanvg@mangotageﬁhbggsbhar thpeB bfpﬁﬁagﬁléﬂﬂﬁd! ¢ and
copper- pi pe. However, plastic piping is nore flexible than netal piping.

Support must bmp@razvpd@é mMHewekeegUPlhby iv bipphgsiscmprei fekilobewi t h
metal piping and nore frequently wi th polybutylene than with CPVC. This
than metal pipipg. Support must be provided more
frequently with plastic piping than with metal piping and
more frequently with polybutylene than with CPVC. This
‘can add sufficiently to both the material costs and the
labor costs of installed plastic piping systems to
actually raise the total costs of such plastic systems
above the costs of metal systems in some installations.
Plastic piping for sprinkler systems finds use primarily
in residential inétallations where the plastic pipe can
be more easily installed thfough misaligned openings and
" through and/or around rafters and joists thah can metal
piping.

.Abcording 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 mére 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 fér residential,
light and ordinary hazard sprinkler installations.

Hybrid piastic/metal piping and couplings have

been proposed for fluid conduit systems for many yeérs.



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
pl astic systenms above the costs of netal systens in some installations.
Pl astic piping for sprinkler systens fimdst use primarily in residentia
i nstall ati ons where the plastic pipe can be nore easily installed through
m sal i gned openi ngs and through and/ or around rafters and joists than can
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residential sprinkler S acc teen’'per cent of al

sprinkl er heads sald.e GRS é&chzl&%s%fc hgsr%aﬁ& sbagedf wiithi Ng and

nore expensive sprinklers typlcally used 1n7 11 ght an ordi nary hazard

i nstal | ati ons pdiReriagilualnidstilay (ealcye Fefr teesidanhyalinstpdenklieg nar ket
is estimated to be only about ten per cent or less of the total dollar

mar ket for resndediisallosdd ghtvaatidteyr difnabppeaz gidtingsnphetindiyal | ati ons.
Hybrid plastic/metal piping and couplings have been proposed for fluid
condui t syst eweated neimh B35 for the formation of joints between the
For -exanple, U S. Patent 5,143,407 to Cokeh refers to a proposal to use
copper tub|ﬂ9&§§ﬂ”9£\hﬂﬂgths of such multilayer conduit. Cokeh does
not indicate how such composite tubing is or could be
made or if it has been made.. The tubing is joined with
the fittings by suitable plastic adhesive applied to the
plastic outside surface of the conduit, which bonds ﬁo
the PVC sleeve formed aiound the metal tube portion of
the coupling. Compression fit is also described for
securing the pipe ends to the cdupling. However, in each
instance, the use of resilient washers is disclosed to
providé a leak-éroof 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 eiectrostatic deposition of a
light dusting of an epoxy resin upon the surface of a
metal substrafe like the outer surface of a metal pipe,
the electrostatic deposition of PVC resin_particles upon
the surface in a heavier layer and the heating of the
substrate to coalesce the PVC and epoxy resins to form a
pPVC }ayer adhgred to the surface of the substrate.
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



polyvinyl chloride (PVC) for protection against denting and discloses a
variety of copper fittings partially coated with PVC for the fornmation of
joiints between the ends-of |engths of such nmultilayer conduit. Cokeh does
not” i ndi cate how such conposi'te tubing is ®r-could be made or if it has
been made. The tubing is joined with the fittings by suitable plastic
adhesive applied to the plastic outside surface of the conduit, which
bonds to the PVC. sl eeve fornmed around_the netal. tube [ 0

Coupl i ng. ComIPU T8 (@2 MOLH SFRELIATBY FoPinto e SEEARad, cee e

the pipe ends to
t he coupli ng. Y | Ny : I W =CU hgks IS
di scl osed to *provi erfglc{%iﬁﬁ%}(}ég%&%ﬁ%ﬁ%fg%@p% gzol ﬁ?gg&??gd%ge?%use
PVC does not Rhongeip Oﬁa‘émgéam%r applied to the M¥ateeeRited aubseraeat ed
pi pe have been proposed 1or otth pur poses. For exanple, U S. Patent No.
3,502,492 di seHsas dlterel186id10St dtirictepes Uortef pipd ioghtthddst i ng of an
epoxy -resin upon the surface of a netal substrate |ike the outer surface
of a netal pippintdeard et Giisfussedepositi on of PVC resin particles upon
the surface in a heavier layer and the heating of the substrate to

coal esce the PVC and epdk)s. dsitentt dof.o2m646,B22 Idpmlosdisctde uset o
surface of the substrate. Physical structure of the pipes or their joints
are not di scomxlatethylene (PE) QrSpoRyssireRe. af £3ELOryPsgogicresastant
process

external coating for metal pipes. In the only examples
shown in that patent, the PE coated metal pipes were
provided with plastic-free, conventionally threaded ends.
The ends are shown being received in plastic-coated,
metal couplings with plastic-free, internal metal threads
to pré&ide continuous lengths of plastid-coated metal
pipe. Coupling at the joint is provided by mechanical
engagement of threads on the outside end of the pipe with
the threads inside the metal tubing of the coupling.
There is no indicatién whether the blastic layer is

adhered to the pipe.

In one aspect, the invention is a multilayer
fluid conduit comprising: a length of hollow ferrous
metal pipe having a completely closed, tubular outer
surface; a uniformly thick CPVC layer at least
essentially compleﬁely covering the closed, tubular outer
surface of the metal pipe from end to end of the pipe;
and a heat activated adhesive layer around and along the
completely closed tubular outer surface of the length of

metal pipe between the metal pipe and the'CPVC layer



for'-coating metallic substrates such as iron pipe in

-5- . which one or nore crosslinking resins are applied to the pipe
surface and heated sufficiently to crosslink and an olefin polymer is
applled to the heated, coated substrate -a® an outer layer. Structures of
the pipe or their joints are not discussed. U S. Patent No.
2,646, 822 di scl oses the use of _pol yethyl ene (PE) or polystyrene as a
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pl astic-free, Eﬂ@VﬁQEépqﬁ%#g.threaded ends The ends are shown being
received in plastic-coate nmetal couplings with plastic-free, internal

netal threads to provi dﬁz%ﬁﬁwl&%ﬂéﬂiﬂt heOfi iifedtiilcir GentedritRiedls pi pe.
Coupling at the joeint is provided by nmechanical engagenment of threads on-

t he outsi de enfloofmalkindgidemyl tilayidic flhrichdordibitd edmprinshg thebi ng of
the coupling. There is no indication whether the plastic |layer is adhered
to the pipe. steps of: applying a layer of a heat activated adhesive
along and completely around a completely closed tubular
outer surface of a length of ferrous metal pipe;
activating the layer by heating; and extruding a tubular
layer of CPVC completely around and completely along the
tubular outer surface of the length of ferrous metal pipe
at least essentially completely covering the closed,
tubular outer surface of the metal pipe frém end to end

such that the CPVC is bonded to the tubular outer surface

by the activated adhesive  layer.

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 are préséntly preferred. It
should be understood, however, that the invention is not
limited to the specific embodiments, instrumentalities,
elements and methods disclosed in the drawings which are

.diagrammatic:
Fig. 1 is a partially broken awéy length of

multilayer conduit according to the present invention;



Surrmary of the Invention In one aspect, the invention is a
multilayer fluid conduit conprising: a |length of hollow ferrous netal

pi pe having a conpletely closed, tubular outer surface; a uniformy thick
CPVC | ayer at least essentially conpletely covering the closed, tubular
outer surface of the nmetal pipe fromend to end of the pipe; and a heat
activated adhesive | ayer around and along the conpletely closed tubular

outer surface of the length of - . netal i pe between ' and t he
CPVC | ayer fig. % 185 %rds -secigion ?§J§§:€¥%H%¥%§¥;SI ayer

wi th the tubul s ar f . the nmetal pipe. I n anot her
aspect, the iné%ﬁ??%ﬁ Zﬂé %fg%gﬁ ' for making a multilayer fluid conduit

conprising the steps of igpp3yidk didy &1Hfatideddt gty ¥e@mdhesi ve

al ong and conpletely around a conpletely closed tubular outer surface of a
| ength of ferratigon@tat pepPring aspriklier sherdmyetihlzirepmuisilayer ,
extruding a tubular layer of CPVC conpletely around and conpletely along
the tubul ar oobrduitsfand Dittimgd efjifigd. feramdis2netal pipe at |east
essentially conpletely covering the closed, tubular outer surface of the
metal pipe fromend to eRlig. 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 present invention for mating a
conventional threaded fire sprinkler or nozzle in a
multilayer conduit system like that of Fig. 3;

Fig. 7 depicts in quarter-section side
elevation.view, another éxempléry fitting of the present
invention with an alternate form of securement to the
forms depicted in Fig. 6;

Fig. 8 depicﬁs in énd 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

. manufacturing multilayer pipe according to the present .
invention; .

Fig. 10 depicts schematically, in cross-
.section, an extrusion head for applying a layer of CPVC
resin to the adhesive covered outer surface of a ferrous

pipe;



such that the CPVC is bonded to the tubular outer surface by the activated

adhesi ve | ayer. Detail ed Description of the Draw ngs

The foregoing sumary as well as the following detailed description of

preferred enbodi nents wiil be. better undeBstood when nmade in conjunction

with the appended drawi ngs: For the purpose of illustrating the

invention, there is shown diagrammatically in the draw ngs, enbodi nents

which are presently preferred,_| shoul d be under od, Hoyey at the
i mit b0 The SRLcHei e %‘B%%%%ﬁ’g,gn Ry 4

i nvention is not |nstrunenté%|ties,
el enents and ho | S I Ot dr . gin | I agggnmat i c:
Fig. 1is a pSE% ag%§93§%é§hsgﬂé§flgﬁat%Q%%&g%%¥??§%32§§c%%%uit accordi ng

to the present inventiongig 12 depicts schematically the intlerior of
Fig. 2 is a cross-section % an ek%np?ary plastic pipe fitting; .

Fig. 3 is a sigg 8ievalbPAgOobolBst &h BRHe éxtpuBidn keading sprinkler
s¥§tqn]utilizing multilayer conduits and fittings of Figs. 1 and 2;

Detailed Description of Prefetred Embodiments

Certain terminology is used in the following
description for convenience only and is not intended to
be limiting. The words "right", "left", "lower" and
nypper" designate directions in the drawings to which
reference is ﬁade. The words "radial" and "axial" refer
to directions perpendicular t; 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 aﬁd away from('respectively,
the géometxic center of the object, element or structure.
The terminology.includes the words above specifically
mentioned, derivatives thereof and words of similar
impqrt. 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
closgd, tubular outer surface 13 and an opposing closed
tubular inner surface 14. The multilayer f£luid conduit
10 further includes a preferably uniformly thick
thermoplastic layer 20 which preferably at least

essentially completely covers the closed, tubular outer



Fig-4 is a cross-sectional viewtaken along the lines of 4-4 of Fig. 3;
Fig. 51s a cross-sectional view taken along the lines 5-5 of Fig. 4;

Fig. 6 is a quarter-section side elevation view of a nultilayer
met*al-/ pl astic, tee-shaped threaded adapto? fitting of the present
invention for mating a conventional threaded fire sprinkler or nozzle in a
mul tilayer conduit systemlike that of Fig. 3; Fig. 7 depicts in

guarter-sectiaon. .side evat.i.on yiew another .qur r | L] e
present i nverﬁlluf)fna%ﬁ tﬁ a aﬁlfeer%éirg’“\‘soﬂﬁtoafﬁ spgzci’ur enzgrﬁéﬁmoto%eg%rﬁ)rﬁr?g
depicted in Fi : : 4G qdepl &:Sd g iMNE aet hen
exenpl ary fi ttt%ngaﬁ%fo}‘)t%%Slpr% s%%dt: ll%n\?gfnt | Onﬁwﬁirﬁ.ﬁ zﬂ/t ernate form of

securenent to fdisoiwenHfed 3 i $rovided bekiween the metdl pipe 12 a |

schematic view of a process for manufacturing nultilayer pipe according to
the present isneriie®thermoplastic Aiadrerl @oleBoridiime s ttheairopl astier 0Ss-
secti.,on, an extrusion head for applying a layer of CPVC resin to the
adhesi ve coverlayeutweitls wiaomter aubuleousunfiges 13 of the metal pipe
12. The tubular inner and outer surfaces 14 and 13 of
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 fluid 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 spriﬁkler 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 receive
the threaded epd'of a fire sprinkler or nozzle or other
' complementary threaded member, is preferably moided into
the fitting body to forﬁ the internally threaded opening
of the third open end 35. The exposed, innermost tubular

surfaces of the tubular open ends 32 and 33 are



-8- ~ Fi.g. 11 depicts schematically an end view of the

extrusion pin of the extrusion head of Fig. 10. : Fig. 12 depicts
schematically the interior of an air sizing coIIar on the extrusion head.
Detai | ed Description of Preferred Enbodiméift s Lo Certain
termnology is used in the follow ng descrrptron for convenrence onIy and
is not intended to be limting. The words rrght "Ieft" "l oner" and
"upper"” desrgn e directions | t he, draw %@$ g, gmade.
The words "radf ai%ﬁ TR IRSLLG a"} A L?% %‘%ﬁ%o‘ﬁ%l perp uI glr %6 and
al ong the cent ol eg. nt or structure referred to or
ot her designate 2&%5& alquoéryds ‘{r nwar d] y" and "outwardly" refer to

directions towards and agy 3 QRpiSsPediddinmat il 1Geemporitiopeife of
t he object, elenent or structure.” The term nol ogy |ncludes t he words .above

specifically g ignahctdil \Bidtas 4daiteDlianty walisilefyesi filhdd i nport.
Mar eover, throughout the drawi ngs, like numerals are used to indicate |ike

el enent s. conduitdixp dif deps Qhiseskmiyramvatt et | y The @cergiloar p£ the

mul tilayer fluid conduit of the present invention indicated generally at

10. Conduit 10nuktilayesed Hhuid conduit system depicted in Fig. 3 is
provided by a plurality of the multilayer fluid conduits
10, connected together, end to end, by a plurality of the
tee fittings 30. Hollow ends of adjoining lengths of the
multilayer conduitsllo are received in each of the
oppesing first and second open ends 32 and 33 of each tee
fitting 30. The tubﬁlar opening 35lof each tee fitting
30 receives the threaded end of a conventional fire
sprinkler 38 or nozzle 39. A fire sprinkler 38 would
have a plué'and triggering mechanism holding the plug in
ﬁlace until released. A fire nozzle would be similar to
a.sprinkler but would lack a plug and triggering
mechaeism. It may even lack a 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 exposed innermest tubular surface of one of the
tubular open ends 32 or 33 of the thermoplastic fitting
50 (pr another suitable fitting) to form a sealed joint
between the conduit 10 and fitting 30. It should be
noted that.tﬁe central branch section 34 defines an
exposed, thermoplastie inner tubular surface section of

the conduit system 40.



| ength of hollow netal pipe 12 having a conpletely closed, tubular outer
surface 13 and an opposing closed tubular inner surface 14. The nultil ayer
fluid conduit 10 further includes a preferably uniformy thick
thernnplastlc | ayer 20 which preferably- a@lléast “essentially conpletely
covers the cl osed, tubular outer - . - 9-
surface 13 of the ferrous met-al pipe 12 fromone end 15 to an opposing end
16 of the pipe 12 and ¢ dhesi : ef... 221 ' bet ween
the netal pipe 12 and t 4%§£ g?t 81P§y§81§§§ %gnéPé§mBthbggg
thermopl asti ¢ ¢ sk @ieigaitiid I?:?lemf&@i:]g.hgbgbar 18U42gepd3a %rEBEaEEHaEhEtpe

12. The tubul ar 1 nn outer sur eS 147an e netal pipe 12

are, in this %muﬁi%,tdﬂﬁhfeo YentMRakBnE i whi hiReMAiUE 28 hyeirng

tol erances) from end to end 16 and provide uniforminner and uniform
outer di anet elondudt! 1 i ®és corhabtpdperldtheewissecenbined tubéngi pe 15
to the other end 16. "Fig. 2 depicts diagrammatically one fitting

30 of a vari etheaf fiittttinegs ofhisthndaydbeonfédumathonhwhighl airkayer fluid

conduit 10 to assenble nultilayer fluid conduit systems of the present

i nvention |ikeurrendist aymed with all-CPVC piping for fire protection
systems and with other plastic conduit systems for other
uses. These include but are not limited to other forms
of sprlnkler adapters, straight coupllngs, elbows,
bushings, crosses, caps, plugs, flanges, grooved coupling
.adapters, and unipns, each with slip, spigot or slip and
spigot style ends and reduction or uniform internal |
diameters.

In the preferred embbdimgnt of system 40
configured for fire protection, metal pipe 12 of conduit
is of ferrous material, preferably steel. The
thermoplaétic layer 20 is preferably of a fire protection
rated chlorinated polyvinylchloride (éPVC) 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 diffefent coefficients of
thermal expansion of the steel and the CPVC to maintain
the bond. The fittings 30 and like fittings for fire
protgction systeﬁs are preferably of a fire protection
rated CPVC such as BLAZEMASTER® brand CPVC with brass
threaded inserts 36 and are currently avéilable today
from various commercial sources including Central

Sprinkler Co. of Lansdale, PA.



I ndi-cat ed 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, thernoplastic body with first and second
opposi ng tubul ar open ends 32 and 33. Theé*% ubul ar open ends 32, 33 are
connected by a central tubular branch section 34 having a third tubul ar
open end 35. A netallic insert 36, internally threaded to receive the

threaded end of a fire | nkler_or z| 18101 20N FERRbY-thhteaded
(oPR eI CRICE, £ e ennstomy e gt

menber, is preferably Into ody to formthe internally

threaded openi fgpe®f dHechdiprbRNEEESdindde X REednvientdondhn t ubul ar
surfaces of the tubular open ends 32 and 33 are

- 10 - t her sopepsl | respectapal Mprsdmiaoy finrd grdtecnion Bystemsof a
constant inner dianeter. : Fig. 3 depicts diagranmatically a
portion of a ¢nly GPEEeand @rlymitgierte thave pagsed | industay standards
condui-ts 10 of the present invention. The portion of the nultilayer fluid
condui t syst erferepfiredafety @nd thus Rygithel oRly plagtdiae Fhet cRa
multilayer flL%g Sggghgéé}ently for fire protectien conduit systems in
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 proven to be
prone to failure after extended thermal cycling. CPVC
can be bonded directly to CPVC to form leakproof jointe
at ambient temperatures of from about 0°F toc 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 polybutylene. Among plastics
commonly molded or extruded, CPVC is one of the most
difficult to work with. Extrusion temperatures for CPVC
polymers range geﬁerally from between about 400° to about
450°F. However, extrusion temperature ranges for
particular extrusion equipment and CPVC formulations 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

about 415° to 430°F. in the extrusion layout to be

described.



10,"connected together, end to end, by a plurality of the tee fittings 30.
Hol I ow ends of adjoining lengths of the mnultilayer 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 openi ngt35-of each tee fitting 30

recei ves the threaded end of a conventional fire sprinkler 38 or nozzle
39. Afire sprinkler 38 mnuld have a plug and triggering mechani sm hol di ng

the plug in place untilmrel g,r&féryedefQQZékﬁrwg%ﬂ bg Eh&‘ L8hah¥t @

sprinkler but would | acka Ism It may even | ack
a defl ector ang,achigufeR szserrrh@ 8L, @%aemcaat:berﬁmzmns@mb Rbapi ng of

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

t her nopl asti c depus &Shpﬁu:ﬁach reyedall 8d sheendedchhrdbtetrdsthbesesposed

i nnernost tubul ar surface of one of the tubular open ends 32 or 33 of the
t her nopl ast i ¢ tfhadtt iCRYC Ibrpeundnatreeass fioldbive:fitting) to forma seal ed
joint, - between the conduit 10 and fitting 30. It should be noted that the
central branch section 34 defines an exposBﬂAZEMbSWEBPastlc i nner_tubul ar
surface section of Prgpentyhduit system 40. Brand CPVC ASTM

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

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

73°F, psi g 4.23 x 10° D638
Compressive Strength, :

psi uow - 9,600 D695
Poisson’s Ratio . "o .35-.38 --
Working Stress @ 73°F . :

psi ngw 2,000 D1598
Hazen Williams

Factor nee 150 --
Coefficient of Linear

Expansion in/(in °F) ven 3.4 x 1073 D696
Thermal Conductivity

BTU/hr/£ft?/°F/in wkn 0.95 D177
Flash Ignition

Temperature nopu 200 D1929
Limiting Oxygen ' '

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

Temperature topu 217°F. -

Further information about CPVC resiﬁs used in
BLAZEMASTER® No. 88745 CPVC comﬁound 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
preéent invention as it offers cost benefits not found in
other metals. Other ferrous metals that might Be used

include galvanized stéel, stainless steel or a steel with



“In-addition to being joined by thernoplastic fittings like the fitting 30,
it will be appreciated that according tothe present invention, the
multilayer conduit 10 can be connected or otherw se combi ned using other
flt”tlngS of standard conflguratlon which J#re currently used with all-CPVC
piping for fire protection systens and with other plastic conduit systens
for other uses. These include but are not limted to other forns of

sprinkler ad str.ai ou bo [ rosses, caps,
pl ugs, flangg'glelb‘?% “??ge’p'ﬂ'tébtgrél %Wﬁszgggfgéﬁwth sl'ip,
spigot or sli %BQ | on or uni formi nternal

di anet ers. thi eéﬁ’éﬁ%qé? erreJQQH%géﬁﬁﬁg of system 40 configured
for fire protection, fred i hiitedialnetien al ,

preferably steel. The ernnd}feastlc?ayer 20 1s preferably of a fire

protection rtﬁie_edfé‘a.k%&.iécg%.é%i 1| e i ek &b DR das (CERMCWwidc hots :
BLAZENASTER[ err] brand of The B.F. Goodrich.: The adhesive layer 22 is

one whi ch perdirertly bsidled etV evémwtier? esttarides] dm er meldtedce 13 of
the ferrous netal pipe 12 and can adapt to the different coefficients of °
t her mal expanfomm axitd Hehes tmestialand AdieeslRWC Xayemi2® disn provddedngo The
fittings 30 and like fittings for fire protection systens are preferably
of a fire pr@eeventh the likelihood of water wicking between the metal
pipe 12 and the CPVC outer layer 20 covering the pipe 12
whén the conduits 10 aré 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°5/F°) and CPVC outer layergzo (about 3.4x10°5/F°) to
prevent failure of the bond beéween the CPVC and the
ferrous pipe in use. If the cénduit-lo is to be capable
of being cut to anyllength for use, the adhesive layer
must extend entirely around and entirely along the pipe
12 from end to end. A series of separate, individual
adhesive rings might be provided'along the pipe but a
continuous:adhesive layef 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
adheéive layer around either end of the pipe 12 extending
away from the pipe end a distance éuffidient to create an
enduring waterproof seal between the pipe 12 and CPVC
layer 20 around each of the ends of the pipe 12.

Preferred bonding materials for the aforesaid

steel pipe and BLAZEMASTER® brand CPVC compound are The



rated CPVC such as BLAZEMASTER[ err] brand CPVC with brass threaded inserts
36 and are currently available today fromvarious comrercial sources

i ncluding Central Sprinkler Co. of Lansdale, PA. ~

- k2 - The use. of CPVC, in-pdPtfcular, -is an inportant aspect
of the preferred enbodi nent of the invention in several respects. In terns
of fire protection systens, only CPVC and pol ybutyl ene have  passed

e uaed cor oAU Ey FRPOAFE Beor BARFERVEoRAn, Pi2ePorRe EBOTBRLED (I oo

be used curre Git-systens in vir ly al

| ocal s whi ch BSeWel, ! PR %k@f48Ea§hacChgaﬁ%98h4§¥55§n§heFba@aer’

pol ybutyl ene systeng have 1 ower —naxi mum anbi ent oOperating tenperatures

(120[err] F verguporhdqlsy," 1 abebnERVbrodakesnere et exi bbansPeiaki¥C and
require the provision of heat bonded nechanically crinped ]oints.

Pol ybut yl ene heat bondeehieoiBNts Baverkerncpr.oreni8B be ceoneddetredfail ure
af.ter extended thermal cycling. CPVC can be bonded directly to CPVC to
f or m'| eakpr ookojleients bazedaprtiser .t empedat ar iqoiidf whichbbuclofesraF to
100[err]F or nore with known, solvent based bondi ng agents. CPVC can be
instal | ed witpropwdetaappovix béingetbyinethyl| besphenstoluene, butyl
alcohol, ethanol and isopropyl alcohol, and propylene
oxide. The Chémlok® 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
dipheﬁylmethane 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 to nominal piping
or tubing éuter dimensions, e;g. Schedules 40 and/or 80
(ASTM F438) to be used with nominally éized fittings.
All ghicknesses of the metal pipe 12, thermoplastic layer
20 and adhesive layer 22 of the multilayer conduit iO

would be only sufficiently thick to provide the strength

and rigidity needed for a safe, leAk-proof conduit system



wi t'R hi gher anbient tenperatures and with |l ess structural protection than
- can pol ybutyl ene. Anong plastics comonly nol ded or extruded, CPVC is one
of the nost difficult to work with. Extrwmsion tenperatures for CPVC
polyners range general |y from between abd#t -400[err] to about 450[err]F.
However, extrusion tenperature ranges for particular extrusion equi prent
and CPVC formul ati ons may have nuch narrower ranges, i. . onIy about

10[err]-20[erg] F._,For _exanple, the EVASTE conpound
has a pref er#%& B8 RS oFF (ISR tR LYEIE“%E ]:’ogogm{u]l vveen Qbout
415[err] to %@%fqééF in the extrusion Iayout to be descrlbed

- 13 - The CPVC preferred for extrusion is the conduit outer

| ayer 22 is The B.F. Gooslii&h £oamdilAEMSHHY @l iNeyerS@ttawiemand.
Physi cal and thermal characteristics of that CPVC conpound are as foll ows:

BLAZEMASTER] %f&ferably?rﬁ’.ﬁ[ the conventional corr¥spohdidCto the ASTM

Specific Gavity "Sp. 1.55 D792 1 ZOD | npact
Strength (féuté:bSdiarﬂ@ttErm(ﬁEh&dﬂlnal pipe sikeb (NPS) pipin@%8A Modul us
of Elasticity, @ 73[err]F, psi "E" 4.23 x 10[err]

D638 Conpr esstweigy s engy h, frompdihree-quarters of an ingh to at desm:

D695 four inches in diameter, for use with corresponding,
nominally sized fittings. ASTM Schedule 40 and Schedule
80 fittings are standard sizes for plastic used in fire
protection conduit systems. Plastic fittings for use
with plastic piping or tubing having nominai sizes of
about two inches or less can be used in fire protection
systems with Schedule 40 dimensions (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 inches must conform to Schedule 80 dimensions for
fire ﬁ?otection 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_rahge 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
thicgnesé 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.



- Poirsson's Ratio "o . 35-.38 -- Wrking Stress @

73F  psi " s 2, 000 D1598 Hazen
WIIlianms Fact or "C 150 - -

Coef ficient of Linear Expansion in/(in Lérr]F) "e" 3.4 x 10[err]
D696 Thermal Conductivity BTU hr/ftlerr]/[err]F/in "K" 0.95
D177 Flash Ignition Tenper at ure : - "[err]F" . 900

D1929 Limti Ox | ndex, . . "LO " 9 ;
D2863 E{thLPgal %gﬁgucfpnigére Sprlnh&ﬁngoﬁgﬁkFgﬁ'E%P?ug?gﬁgggﬁ%%g%Iure
(approx.) gigfgﬁigghblﬁultilaygy fwﬁénggth&EL??Lg?@fergﬁﬂyeiélﬁﬁf&

st I nformati on about

CPVC resins uggdni o1BLASEVBRTERERL " hat¥ngB87¢a1 tPYhi eRABBENEE | Beds OVi ded
in US Patents 4,412,898 which is incorporated herein inits entirety.

Very thin, cotHahobl.edistiel subgescuany 2eSAEth&h00008WeNEY gadgeveatieel , is
presently preferred for the ferrous netal pipe 12 of the nultilayer :
conduit 10 of othé ipchsant pmeferablyaappromimatelyoenlipeabbiuts0ndt found
in other nmetals. OQther ferrous netals that m ght be used include
gal vani zed st @sth deagnl 8s948t énthdy althewphwthhcknesses of between
- 14 -, hi gher carbon values than CL1010 to mnim ze wall _.thickness
t hrough i ncr eabeutsPr8A8t Rnd 0.065 inches are being contemplated for
use with nominal pipe sizes ("NPS") of up to at least
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 thfee-quarter inch nominal pipe
size. For nominal pipe sizes of one inch or more, CPVC
wall thickness must be moie than 0.100 indhes.
Piping and tubing are normally sized by
specified outer diameters. ' The fittings wifh which they
are used are internally sized in relation to the standard
. outér 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 diémeters than would all plastic
pipe and even standard steel pipe. For example, one-inch
(NPS) Schedule 10 stegl pipe, which is widely used for
fire:sprinkier systems, has an actual innéf'diameter of
1.097 inches and a wall thickness of 6.109 inches.
Although this pipe is designed for .roll grooving,'it is

sufficiently thick to be threaded. The thinnest steel

pipe used in fire protection systems is Schedule 5. It



Adhesion of the preferred CPVC material with the ferrous pipe 12 is
necessary as CPVC will not directly bond to netal even when extruded in a
melted formonto the netal .. Adhesive layer 22 is provided to prevent the
| i Kel i hood of water wicking. between t he Tmefal pi pe 12 and the CPVC outer

| ayer 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 Sd.d i)g'rg), Sjagf | Tl i i zeX RENSI oNn

coefficients g‘#ét%%‘ﬁmrr%?%?g% e 1 %a%%ﬁt%r{o?ﬁ%%lyﬁgr]/lg[ err]). and CPVC
outer layer 20,4@hosh SnédXdRdetwd /fildidd) A1 Maemonlididluk@lQf the bond
between the CPVC and the ferrous pipe in use. If the conduit 10 is to be

capabl e of betilycknéssesadf 6 o8B Niddhedlse sudie tidesiald ddayrdpe msst
extend entirely around and entirely along the pipe 12 fromend to end. A
series of sepatehethreadableal ASTN BesdgraEtrigsn :m @N9SE@3pr S\dtdadlaaidong t he
pi-pe .but a continuous adhesive | ayer running the entire I ength of the

pi pe conpl et elSpeebfihdatien pfere i s. nuddtgaleRipeeforoFingePrabaatapn | the
conduit 10 is to be used without further cutting, it is gonly necessary to
provide an adieRiVesehyforkl srhaduing o Norinade Bibse SLEESt é‘rﬁ‘ﬁ“ﬁa anay

fromthe pipe end a ¢jstance sufficient to ¢greate an enduri M/aterpfoof
seal between t%%p&i‘ﬁe‘aﬁﬁs nqminal g 5@%‘?‘@&&?3&' lffﬁ]’g ends of the

pi pe 12. threada%fé eécr:l?gdub.lf)enqicrl gan“&atfor Is‘f"ll:leself %riptehe vﬁfcighe%@ed as
follows: |
TABLE

Schedule 10 Schedule
40 :
NPS Outside Nominal Wall Nominal
Wall _ : :
Designator Diametexr _Thickness = _Thickness

(Inchesg) (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 0.1098 0.140 -
1-1/2 1.500 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. 1In 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



steel pipe and BLAZEMASTER[ err] brand CPVC conpound are The

- 15- B.F. Goodrich Co. Adhesive No. Al718B and a two part system

Chem ok[err] 485 and Curative 44, of the &grq Cor por ati on, El astomner
Products of Erie, Pennsylvania. ~ =“The B.F. -Goodrich Co. Al1718B is
considered a - solvent based priner. It is a liquid which includes a
proprietary m x of nethyl ethyl ketone, toluene, butyl alcohol, ethanol

and isopropyl-8{Golls Bk REORME ameD HAi nalln B iRk 1o6@34Cur ati ve

44 ingredients constitute a two conponent el astoneric adhesive. The

Chenl ok[ err] SapIe!inlesi »y/ | prstediiidly Isyaitends ket one and ethyl benzene in
a proprietary conbination the Chem ok[err] Curative 44 includes xyl ene,

aromati ¢ pol yi socyanat e,Wall, 4£hickesen eptinarentis socyeagec mogehyl benzene
and di phenyl net hane dii socyanate in a proprietary conbination. The two

are mxed i n curjgdeleEqr CPRVC ixanging M Parki0d Gpoheifgi oBseAnSH err] 485
Wth 6-10 parts by weight Curative 44. . Each i1 s preferabl
sprayed on t FEaRehes uifRRk tubing (Ihd 03 jdacky %Wuﬁ“@ﬁ‘ﬂpiléﬂ‘% n

amount, - suf fti::g eOn.tB()tOO Jé./rilc%eds : cgzh it%lgz‘%eeassingh 1%%éée"‘rﬂ (h%st)hq:%%ing. It
i= expected that the increased inside diameter that can
be= provided by using the multilayer conduit 10 of the -
prresent invention with standard CPVC fittings. would
pr-ovide approximétely 4% more water flow than
conventional thin-walled steel pipe‘systems (less.than

- S—hedule 10) and 8% more water flow than traditional

S—hedule 10 and 40 steel pipe systems for approximately
tfme same nominal pipe sizes. The increased capacity will
be= even greater in comparison to all-CPVC systems,
pa=rticularly in sizes greater than one inch. This
e=fective increase in inside diameter will, in some
c=ses, pert_nit a contractor to reduce pipe size for a
sporinkling system, thereby saving additional labor and
m=terial for the contractor.

If the outer diameter of the multilayer conduit
1® is fixed by the inner diameter of the conventional
_fi:ttings with which.it is used, the outer diametérs of
tkre metal pipe 12 will depend upon the thicknesses of the
tExermoplastic and adhesive layers 20 and 22. As a
re=sult, the metal pipe of the present'invention generally
w= 1l be of non-standard outer and inner diameters.

The multilayer conduit 10 of the present

ir—vention has all of the fabrication advantages of all



m I*'s when dry. Preferably, multilayer conduit 10 is provided in outer

di aneters conformng to nom nal piping or tubing outer dinensions, e.qg.
Schedul es 40 and/or 80 (ASTM F438) to be used with nomnally sized
fittings. Al thicknesses of -the netal -pi2fe-12, thernoplastic layer 20
and adhesive layer 22 of the nultilayer conduit 10 would be only
sufficiently thick to provide the strength and rigidity needed for a safe,
| eak-'proof conduit .syst.em : for the

use or uses t& §U§Hm§6ndgwgt§%§¥5ﬁiQ?nQﬂﬁﬁi%gjpf-the br&geﬁ%ﬂfer
di aneters of t:{ﬁ%{?#fdrl QLS b%o%%‘éi ) J:;91{3! &reﬁiqﬁfqa*ﬂny t¥el le1B€aCQBYRGL T onal
0 0 a

correspondi ng € outer diameters nom pl pe size (NPS) piping or

tubing, e g fdpRdIPMfRAVMIRETL! hd REE dhPlid PReerhBUY G8BGELSeAN
di anmeter, for use wth corresponding, nomnally sized fittings. ASTM

Schedul e 40 anghSahrddmc §Qykirt WaRdbed ichawiftidd ol zasel OF pksemblyused
ip fire protection conduit systens. Plastic fittings for use wth plastic

pi pi ng or tubiNtg thmeadingo v atrosiviesy or cdimyt diwouptdibesobr thess can be
used in fire protection systens with Schedule 40 di nensions (ASTM F438),
al t hough conduit ends or of the metal pipe in particular 1is -
required for joint formation. An aﬁbient temperature
acting bonding agent is simply applied around the end of
the conduit 10 on the exposed the:moplastic layer 20
and/or on the exposed innermost surface 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'indicéted preferred bonding agents.
The thermoplastic outer layer 20 has ﬁhe‘further
advantage of protecting thé.outside of the metal pipe 12
from corrosion.
One step solvent cements produced by the IPS
Corp. of Gardena, CA, and the Oatey Company, Cleveland,
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
1eak:pr§of 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



Schedul e 80 di nensions (ASTM F439) with heavier walls may also be used. A
plastic fitting for use wwth plastic piping or tubing having a nom nal

pi pé size of nore than two inches nmust conformto Schedul e 80 di nmensions
foF fire protection systemuse. O her “sdndard di iensi ons for pipes and
fittings mght be used for other uses-of the conduit system "For exanple,
st andard ASTM pi pe and flttlng schedul es range from Schedule 5 to Schedul e

100 in size. fir qte t he
preferred CP %‘?/%%S egc}% r{"ow ”C#H %%esggﬂg hpeéé%tnhan 0.1 .
i nch, suggest f 4 o g@]gr@b@utthQ@ I nches

al though thic nes esfgé gﬁa§§%¥Rﬁﬁ:§%§$%ch aﬁd as nuchlas . 075

inch are al S%@ﬁlﬁ@ecwt&ma@cté@eﬁalﬁ&é&el e. at some
- 17 .- For fire sprinkling systems, the ferrous pipe 12 of

the nul til ayetefperatwea(s) thdtwgurefaical 0o andenRo°r.hi Bachl dsrol | ed st eel
having a wall thickness of |ess than 0.1 inch, suggestedly less than 0.08
i nch and evendes@rilfed nadn ammercﬂ)l@mmﬂmm prgaini calsodvedtE]
inch (e.g. 0.042 inch), although thicknesses of between

including tetrahydrofuran, methyl ethyl ketone,

cyclohexanane and acetone. Each is applied without

dilution and cures at room temperature (e.g. about 0 -

about 120° F). .

Fig. 6 depicts diagrammatically in a quarter-
section view a multi-layer metal/plastic threaded
sprinkler 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, pféferably éPVC fitting 30,
such as fitting 30 of Fig. 2, and a surrounding metal
shell indicated generally at 132. Metal shell 132 can be
stamped, shapéd and folded around.the'tee—shaped fitting
30 and secured about the fitting 30 by any of a varietf
of ways including, but not limited to, brazing indicated
generally at 134 or banding indicated by band 136. Other
forms of secu:emenﬁ are shown in Figs. 7 and 8. 1In 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



about 0.035 and 0. 065 i nches are being contenpl ated for use wi th nom nal
pi pe sizes ("NPS') of up to at |east three inches. The thinnest threaded
steel pipe wall t hi ckness permtted by standard ASTM schedules for fire
spii nkl er systens is believed to be 0.0872%nthes. The thinnest CPVC wal l
thi ckness pernitted for fire sprinkler use is 0.085 inches for

three-quarter inch nomnal pipe size. For nom nal pipe sizes of one inch

, CPVC_.wall thickness. ! th 0. 100.4 )
Pi ping and ¢ oBHRGLE0 COHGTRERTS STARC 6pY VEHER: PRERER RS B e
fitti it hswhi | ¢ Si ' | to th
Standard  out BReRL frmed olortnd B AREL TTsY T LR ety 10 T

received by tBReiiti3fg6. o¥eF1 ) bl shdthéi-nandi 168k ardigigluidess 10 of the
present systemw || have at |east margi nally | arger inner dianeters than

woul d al | pl agiteingpP3Pe amdkieVeh SHEITQrI33] eed2pifed I3’ ‘exanphicles
one-inch (NPS) Schedule 10 steel pipe, which is widely used for fire
sprinkl er sysaemstahakayer cat Ubdastnneubal amelallyfent irdly7 dowsheEngand a
wal I thickness of 0.109 inches. Al though this pipe is designed for-roll -
grooving, it the othéfwiseuter Hukface bef t fithika . 30rmuifioienilkiteel
Prpe used In Bl SuPidly “Lnprove *the ability of the fitting 30 to
withstand heat. |
" Fig. 9 deﬁicts in block diagram form, suggested
steps for fabricating the multilayer conduit 10. _
Preferably, the thin-walled steel pipe 12 is provided
prefqrmed 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 anf suitable means‘in an adhesive applying stép 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 adhesives, drying is
preferably accomplished by heating at a temperature below
the gctivation temperature, for example, about 150°F., to
sufficiently eliminaﬁe 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



- 18 - Is comrercially available in nom nal pipe sizes of between one

and two inches. Al have nom nal wall thicknesses of 0.065 inches. Such
thin-wall ed pipe is non-threadable. ASTM Desi gnation: A795-93, "Standard
Specification for . . . Steel Pipe for Fffe~Protection Use," sets forth

schedul es of Nominal Pipe Sizes, actual outer dianeters and nonminal wall
t hi cknesses, for threadable Schedule 10 and 40 steel pipe, which are as
fol | ows: . i TABILE. vied by h .

Schedul e 10 2BSREYG T467RpS 1aver 12+Fcan e dpied by heqging to 8
Nom nal Vel | Q%ﬁk@&%%ﬁ&e as ho@'ggeEﬁE adhes1vghh§$PQ§érmlt wﬂﬁh&&@ess

(I nches) (I'nches) (I'nches)

--- a@tl@%t&hg This is abouﬁ-@56°-350°F. for Ori}83 0.113
1 1.315 . 0.109 0.133 1-1/4

1. 660 B.F.QGobd%ich adhesiVelBitlofhly about 250°F. lfE&O0Cthe Lord
0..109 . 0.145 2 . 2. 375 0.109

0.154 2-1/2° Co. system.2. 875 0.120 0.203 3

3. 500 0.120 0.216 3-1/2 4.000

0.120 0. 226 4 The pipe with adheggge coating 12 i passed

0.237 5 5.563 0.134 0.258 6

6. 625 throggb33n extrusiop hgpd 88 as shownyim Figy 1% ckFR&ses for
COVC pipe are siPb gty L9nbi6atabt e, heeh aPhpoaf! 14 B &8 ppopt e

set of preheateré 85a, 85b, 85¢ and by the tooling of the
head 88 to an activation temperature above the drying
temperature, desirably above 350°F., in a heat activating
step 68 just priorito application of the melted CPVC.

The indicated adhesives are heated to about 360°F. or
mare for activétion. 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 throﬁgh the preheaters énd the head.
?reheating the pipe 127 helps to maintain the temperature
of the extruded plastic. CPVC 21 or other ektrudable
thermoplastic is applied iﬁ a tubular layer 20 in an
extrgding step 70.

| The multilayer conduit 10'cah be moved through
the extrusion head 88 in a variety.of.ways including

pushing, pulling or, preferably, a combination of



sizes, e.g. 0.087 inch versus 0.085 inch for 1/2 inch (NPS) steel pipe and
CPVC tubing, respectively. 1In all cases, the ferrous netal pipe of the
mul tilayer conduit of the present. invention will be thinner than the

t hi nnest nominal wall thickness prescribettfor the

- 19 - t hi nnest pi pe of the sanme nominal dianeter previously ussable in
fire protection systens. : Wal | thickness requirenents increase

nor e ui ckly .far .CRVYC rangi,ng frgm0, 107 inch far.ene-in ' r (NPS)
t ubi ngq(l. 101 W&-‘ra&l{é’ua“%&n%ra ﬁaﬁ&?ﬁ??“e?ggyo%&ggﬁﬂchggrf%Jr‘gﬁ.'h[ﬁ%’e i nch
di amet er (NPS), f.uhi ol 1S .e t : he increased inside dianeter
t hat can (be %ﬁ%%?% nﬁ?’&?FﬁgStﬁgggu?gPﬁggégséonduit.10 of the present
invention with standardgRVechighitnds ey Be Bre¥tda aAPKOXiFRhG! ytépo nore
water flow than conventional thin-walled steel pipe systens (less than
Schedul e 10) zrd i$Pwich Gakebutkodet Bapfatadibi Ghakish8dheduaehiévanad 40
steel pipe systens for approximately the same nom nal pipe sizes. The

i ncreased capacirey enadt and endfiogmeatieingnofotrper pubert diameteP\VeEsyst ens,

particularly in sizes greater than one inch. This )
the CPVC layer 20 and conduit 10. The outer diameter of

the conduit 10 is believed to bé sizable in a number of
ways which are standard for sizing plastic tubing
including but not limited to mechanical rolling, vacuum
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
reduction in pipeidiameter at the pipe ends is winhin
normal manufacturing tolerances for sugh pipe. Although
slight, the variation in dimension .should be detectable
by a proximity detector or the like with the pipes 12
butted end to end. Aléo, it would be possibie 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
whicn 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"
or more could be developed between adjoining ends of

adjoining lengths of pipe, depending upon the method of



effective increase in inside dianeter will, in some cases, permt a
contractor to reduce pipe size for a sprinkling system thereby saving
additional |abor and material for the contractor. : I f the outer
dianeter of the nultilayer eonduit 100"i343ffxed by the inner dianeter of
the conventional fittings with which it is used, the outer dianeters of
the netal pipe 12 will depend upon the thicknesses of the thernoplastic

d adhesi I d 22. A |t .t | f t
venti on gendiSdy e PEpEesMidnbe: BRAaPRdoHTcR SRt raRgyS Fae gEcten
The mul tilayer, condud ﬁ%&éﬁ'éihewﬂﬁgﬁeQhouiﬁvéaiiﬁﬁsgaﬁeﬁhéeﬁfth@e
fabrication ad@antages of a _ - 20 -

pl astic pi pi n%irgé&tf'éﬁnearcl&%dlihke%ﬂagf s&EﬁoEEeﬁénﬁdehﬁifyt the pipebe cut
to any lengthinthe field using comon eel cutters. The cut end is

preferably detunded suithd heGBVohhayes woulbebehawtrer paohouneedetbén
assenbly. No threading or grooving or other disruption of the conduit
ends or of thechetrdlpdoipe eadsi,cdtaisi belieyedr &hatoptherat formation.
An anbi ent tenperature acting bonding agent is sinply applied around the
end of the colidiferdamt mensorsexXgogeduilbzrgopigst Megngyde ., 29lectric

and/or optical means of detection) also can be used to
locate the pipe ends.exiting the extrusion head 88. The
precut lengths of metal pipe 12 can thus be identified,
separated from one another and the ends of the resulting
multilayer coﬁduits 10 cleaned of éxcess CPVC in é
finishing step 74. |
Fig._lO'depicts diagrammatically the major
tooling components of a preferred extrusion head 88 for
applying CPVC material to adhesive coated metal pipe 12°’.
A conventional extruder 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 throﬁgh 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 ?0 has a central bore 91 (in phantom) to receive and
pass the adhesive coated metal pipe 12’ and a feed
channel 92 on iﬁs outer surface to receive CPVC from the
feed conduit 86. The extrusion head 88 further includes

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



andklor on the exposed i nnernost surface of the fitting, which is forned by
t he exposed thernoplastic |ayer, receiving the end of the conduit. The
pieces are joined by inserting the condupt end in the fitting open end and
twisting to distribute the bonding agent.“The resulting bonded joint wll
cure and be pressure supportive within mnutes using the indicated
preferred bonding agents. The thernoplastic outer |ayer 20 has the further
advant age of pioheetiirad,! RHcOUbihde Bbm BadTeFatnei penld0 &awm corrosion.
One step solvent cenents produced by the IPS Corp. of Gardena, CA and the
Cat ey Conpany sugbevreednhy aOkniZecedde ppibierr edtentiednbeteaperherpincting
bondi ng agents to join the above descri bed CPVC coated conduits 10 and
CPVC fittings980aaddtheobugding B87s omhbetweemiandifeedf- ptbache@dte nklgr al

at pressures of at least 875 psi ~or nore.- The IPS fornulation iis known as
Central  Spri quISbﬁ-nGS@%@@dS@B@enﬁ-nO@ﬁent The; bushang o8k n8WRradnda\rtre ON 723

Modi f41 ed for BLAZEMASTER[ err] .  CPVC Pipe). The tey formulati,on i s, called
gcntey Vedi unPResfimal englof he pin 9% énd the S?e_gglsgrroundgng Ehe
BLAZENASTER[e%ELthn%g% ggvgh%ogi%pgn. These bondi ng agents

Feed channel 92 has two symmetric halves, one
of which is indicated at 92a and is seen in Fig. 10. The
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, aﬁ 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 the pin 90 away
from the opening 87a. Preferably, the feed axis of the
extruder 80 and the central axes of the 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 smbothly and
progtessively diminishes in cross-sectional area from an
essentially true semi-éircle 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 ig'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. 1If desired a



are-applied directly, wthout dilution and are suitable for use at anbient
tenperatures, i.e. at sone tenperature(s) between about O[err] and
120[err]F. Each is described as a m xture of CPVC resin and organic
sotvents including tetrahydrofuran, nmeth$¥ 2thyl ketone, cycl ohexanane
and acetone. Each is applied without dilution and cures at room
tenperature (e.g. about 0 - about 120[err] F). Fig. 6 depicts

hr caded  spr PAEFBLNASEor P pb T cabdint R pRol Y bbipahal By 0T p) 2ot €

spr shape ting of the present

invention, i n%%cﬁt@hﬁﬂn%eﬂgxﬁgrlal Yagbsld0n bRAbrePIdRa WseHin! OhelBoIESE

thermal prote on rn-hi enge | ocati ons. The inproved

fitting 130 i?ﬁ.ug%st@nhlerﬂﬁekeepceﬁé_eﬁabenab'teeh&eaéasabcitpfeé@s ably CPVC

fitting 30, uch as fitting 30 of Fig. 2, and a surrounding netal shel

i ndi cat ed general ¥hat ehd20fMpial sehel fhé32naer Béametempedl, thdaped and

f ol ded around the tee-shaped fitting 30 and secured about the fitting 30
by any of a vhushiyng 67 beyswi hheudhagnebu®2nds kboutel.Boinghegi ng
indicated generally at 134 or banding indicated by band 136. Other. forns
of securenent greatehowhannthegdiametad of therpdn 99 ipmediapely Jelow

fl anges (one being depicted at 138 are provided on, Led netal shel

132" of yet &het fBanpedt PRg eﬁbéﬁ?ﬁéﬁﬁeISGcewFFﬁeﬁﬁé%Fgg?é%£iﬂﬁstEPe

receive a CO”%%%&L n%ﬁﬁ;%g&ggegfléﬁé ggh% agi%g%pggs%ion chamber 96.
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.
The uniform inner diameter bdre 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 t6 60 mils in order to apply about a forty mil
thickness of CPVC or other thermoplastic to pipe 12’.
The pipe 12’ is passed through-the extrusion head at a
speéd 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 .

compgund, 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, and the bushing 87



rivet, screw or bolt portion of a nut and bolt conbination. Fig. 8 is an
end view of yet another . , . - 22 - fitting
enbodi ment 130"" in which outwardly turned and inwardly turned opposing
flanges 138", 139" of netal - "shell 132" -ogerlap one- another and | ock
around the fitting 30. Each of shells 132, 132' and 132" provides a netal
| ayer at | east substantially entirely covering the otherw se outer surface
of fitting 30 sufficiently to neasurably inprove the abilit% o% t he
fitting 30 to itfalibelevhdped conduit 35-FF8? gdddpiehs $ACH| BEKERPagr am

form suggested _steps for fabrjcating,the | ti er conduit 10.
Preferably, tH¥F kS 185@ s B2 ﬁﬁﬁelePFg¥5F5¥' c8ePRFRFSH¥ed in

oSl dual el SORRFOAG SERGHOAN TR bR anatBd, b3 BRBAREE, SheBRn ( hen

cl eaned of doWiea8e okl aRAATHCL 2ol ol GECREaRIbGCYAPPRALAOL Gy SLED 62

Next, an appropria adhési ve mater applFied to the conpletely

cl osed tubul a&)ﬁ‘&rertos&Uafs%‘i?xg%%hx%ﬁgﬁnfhéuE&ﬁ%@i%aﬁéa&n89[‘ aghesi ve
applying step™64. Spraying the entire outer surface of the nmetal pipe 12

'S extrusion head heat zones are preferably maintained at

about 365°F. to permit some shear heating of the CPVC
compound as it passes from the extruder 80 and through
the head 88.

The orientation and progressive reduction in
cross-sectional area of the channel por?ions 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 halves
92a, Séb lie in a common plane with the centerline of the
feed conduit 86 and bushing opening 87a. The depth of
each channel half 92a, 92b is reduced linearly as each
channel half extends from the bushiné opening 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
of the pin 90-(i.e. the 180° position), again generally
linearly beginning at about each halfway position (i.e.

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



preferred but the adhesive material 24 may be brushed or rolled onto the
pi pe 12 or the pipe 12 may be di pped. The adhesive material 24 is then
dried in a drying step 66. For the disclosed preferred adhesives, drying
i s° preferably acconplished by heating at2& tenperature bel ow the
activation tenperature, for ‘exanple, about 150[err]F., to sufficiently
elimnate solvent carriers fromthe adhesive to permt the pipe with

dhesi i I o.be . d.ed. ,Th =Y ' i1
her ci naf ter be Y C08 BPBPEFERoRbandreral (H0 EORACAPRD GF e

© 23 - 20N TRt Sl eh@Y 8l 1 21n 28R AL beNeRE! A1 ESdACPVC

tenperature a ot. as the esive'w permt wthout activating. This is
about 340[ er r 133348/ lilMporkahe THE iB. prEvedeisckhadiFesueibiit ognhy about
250[err]F. for the Lord™ Co. system The pi pe with adhesive
coating 12' i sidtassRdblel kieQdgBraRnekt Lifeobrhaathid®h atrebswn in Fig. 10.
The preferred adhesive material |layer 24 is preheated by a set of
preheaters 85aorffEmtr@idoandhbyet bachodlinagmighthaorimeddysbet doaated
activation tenperature above the drying tenperature, desirably above

350[ err] F., irom theatsidet ofathegpin 90 opposite opening 88a.

(@)

Preheating the.adhesive coated pipe 12’ to near
the temperature of the extruded CPVC (e.g. within at
.least about 50°F. and préferably to within less than 50°F
of the temperature of the applied CPVC) assists in |
maintaining temperature of the CPVC cémpound 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 ébout 430°F). The preferred
CPVC compound is resistive to being pulled to the
preferred thinness due ta its viscousness from
chlorination. 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
quickiy through the tooling, the CPVC can be overheated
by the friction and burn. The iaeal 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.



step 68 just prior to application of the nmelted CPVC. The indicated

adhesi ves are heated to about 360[err]F. or nore for activation. The Lord
Co. systemcan be heat activated at a tenperature below 350[err]F., if
desired. The adhesive 24 is preferably hé&at "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 stiid | gemehbBefopead to
Ty S :15 stﬁ%vé“ae{‘ﬁleﬁ%eéaécﬁana&‘ﬁa%b@ ehBefo

advance it through the pr aters and t Preheating the pipe 12

hel ps to mai ntaiidde t2erRAAlEY &ifing olwdy ubed ipl asuneingPif heor
ot her extrudable thernoplastic is applied in a tubular layer 20 in an

‘extruding stepxfdsed end of diEh@suwl tTHeayeslleondmidlutiéscan banavved
through the extrusion head 88 in a variety of ways including pushing,
pul ling or, prefsyadEway 40 tiimatgowhifch the plastic coated conduit 3

P neh wheel s (blpaRRsR: MR exiting the Hie hduln sBoMpIoBaRigaldd T a

Sizing step 72 N g oh i ShSe e T84S Pl sk gohegye @
conduiﬁ 106 through which a pressurized source of air
indicated by arrow 108 or other appropriate gas can be
fed. A plurality of individual bores 110 extend radia;ly
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 parametefs including feed rate of the pipe
10/, feed rate and temperature of the CPVC compound or
other extruded therﬁoplastic and pressure of the air or
other gas bloWn_throuéh the bores 110.

The multilayer conduit and conduit systems of
the present invention offer significant benefits in costs
ané ease of use over other known metal, plastic or
composite metal/plastic conduit systems, particularly in
fire protection systems. The preferred multilayer
conduit of the present invention provides greater
strength and greater rigidity at reduced wall thickness J
than:can be provided by all plastic piping. The
multilayer conduit of the pfesent system invention can be

. coupled together into systems as easily as all plastid

systems without the fire danger or cost associated with

installing brazed copper systems or the expense of



nore exact and uniformsizing of the outer diameter of the CPVC | ayer 20
and conduit 10. The outer dianeter of the conduit 10 is believed to be
sizable in a nunber of ways which are standard for sizing plastic tubing

i ntluding but not linmted to mechanical -r8kl rng, vacuum sizing or a

conbi nati on of such processes, as well as by positive air pressure as wll
be described with respect to Fig. 12. I f mechanically cut

I ths of steel pipe 12 re f tial i ntQ.t t LKonhgad 88,
the ends o SRAEH PO S AURCES udis o aacE, URRES 8E U
the ends bt et yrarTeor _
ends 15 w thi i o rerele il e o, (RpAT A BRTbE cBhghRe  P°

slight, the Vaéex}%%(ngé‘ Mt\%win{gs&simﬁwlﬂb% @eleiithoat Breaeppeniai ty
| W

detector or th e pipes 12 butted end to end. Also, it would
be possibl e t @t raekead ity | Qfdigdentof f1ke-iRigd@Riifmeny , proyctiesg an encoder

or. encoders on one or nore servos controlling wheels feeding pipe through
t he extrusi on tleathal thordensy cringdmeoesuintent oanotibezcexphashbegi nni ng
and end of the pipe. Alternatively the pipes could be fed into the
extrusi on heateahani gl sf stinge coawdling systemspace of about 1/32" or
nore coul d be devel oped between adjoi ning ends of _adjoining |engths, of

pi pe, dependi ng upon t h&eRaufs] tde present system does not require the

- provision of thréads or other disruptions in the inner
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 biping 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 Asséciation (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 fhe hanger
requ}rements for the preférred composite conduit 10 of
the present invention will be at least as favorable as
steel (maximum spacing of fifteen feet between supborts).
Because of its greatly reduced weight, conduit of the

present invention should be able to be safely spaced at



- 25¢ feed. The space wi |l be spanned by a continuous tube of the CPVC
mat eri al, which should coll apse between the pipes for |lack of internal
support to identify the pipe ‘ends. Since these changes woul d be nore
pronounced than the rolled pipe ends, tt3Rs-believed that other,
different sensors (e.g. ultrasonic, nmagnetic, electric and/or optical
means of detection) -also can be used to |ocate the pipe ends exiting the
extrusion head 88. The_ , precut |engths of netal pi

|pe 12 .can thus Ee
i dentified, é%ﬁ%ﬁ%ﬂ%xﬂ#ﬁﬁﬁHQSﬁeb&ﬁU?ﬁBrS&RB°FH§ §'0FlﬁﬁgePe§ﬁF i 1§
nul ti'l ayer co U|ts L Clﬁfsgﬁwp%ﬁﬁ %P ?PSF 2ed |éy $RieNg step 74.
y |

Fig. 10 deplct ng conponents of a

preferred extr ]Eﬁﬁ§>8%os%rwh§? EQ&;Q@Y ?nggawt%géﬁgs%gﬁqgtggncoated

met al pipe 12' convent i onal 'S part pi cted and
i ndi cated genefyqd ). The extruder 80 includes a reservoir of CPVC
which .is heateJ'and fed under pressure in a conventional manner through a

coupl'ing 82 into a feedHeor@ait18¢eef chhauicadranthe presehe davension head
. 88 itself. The CPVC passes through.an opening 87a in a bushing 87 of the
head 88 and i Mas aleomdvestiage olfabbéhg able to be used with a host of
existing CPVC fittings and, through those fittings, being
coupled to other copper, steel and traditional plastic
(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 for the conduits for sprinkler
systems, other polymers might be used. Other extrudable,
adherable, ambient temperature bondable polymers which
might bé used include, in addition to CPVC, polyvinyl
chloride (PVC), acrylonitrile-butédiene-styrene (ABS),
polyurethanes (both polyesters and polyethers), and
blends thereof with one another and with CPVC. All are
extrudable, adherable to metal and solvent bondable. In
distinguishing between PVC and.CPVC, any PVC polymer mdre
than 57% by weight chlorine is considered a chlorinated
l?VC.= .

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



96. def i ned 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 netal pipe 12' and a feed
channel 92 on its outer surface to recef v CPVC fromthe feed conduit 86.
The extrusion head 88 further includes a nmandrel 94 supporting the pin 90
fromits upstream end. ' - 26- I f desired,

he d d of the_pin 90 . - i
extended bet vERFEPREORr n Shole AeeReriBRE LS S5 of SR SRl
attached to tgﬁonpfighfﬂgg7gﬁgg¥hgﬁﬁ?%ng%@iv&@@dpufftﬁgbSﬂhééﬁﬂélJnds t he

proxi mal end the pin surrounding the distal end of

the pin 90. corrosion E§8HcEIBRNSEcEZshPs s4Eh SyyBEénsC MEHuess evwre  of
which is indicated at 92a and is seen in Fig. 10. The hidden half is a

mrror image gRihherobbeel SwaEl ofahhbe @b8d%or Bbite hototesctdizn tIin are
seen i-n phantomin Fig. 11, an end view of the pin 90. Each feed channel
portion 92a,f82botheral mohel acitvy ffbduidpEhowingyacondwit sygiwemsg si de
of the pin 90, 180[err] around the pin 90 away fromthe opening 87a.
Preferably, t@Gehéregohynersfmiglet be used with ferrous metal or with
other metal pipes previously_threaded for uses other than
fire protection.
The invention is not limited to the specific
preferred embodiments and alternate embodiments
disclosed, but is intended to cover all embodiments set

forth in the appended claims.



ext+uder 80 and the central axes of the coupling 82 and feed conduit 86

are coplanar with one anether and with feed channels 92a, 92b to mnim ze
stagnatlon .feed channel portion 92a, 92b snoothly and
progr essi anﬁm ﬁm} cross-sectiondk area froman essentially true
sem -circl agj oi*ni ng 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 fromopening 87a.. The pin 90 includes a generally cylindrical
portion 90a supporting the channel 92. Pin 90 is thereafter inwardly

tapered down in qll%qgg-shaped portion 90b to a second, snuller dianeter

cylindrical c, having a wall thickness of Iess than 0.1 1inch

and an inner diameter only aaouhﬁql@,)e% lFaLger cbiafitt asmﬁﬂsingmneter of
the steel pipe 12. If desired 27

plurality of radially |nmardby1 thordE hednead Frrreusendtad phpée edges
can be provided within the bore o pin 90 to help keep the pipe 12

centered as i thaveeds a focuplietel9ndlaised,n tabuldrecubaer surfaceer of the
bushi ng 87 bel ow the channel 92 is about 0.3 inches greater than the
di ameter of the, pin 90 i med andifprimdlyowhick CPVC layer at least
essentially completely covering the closed, tubular outer
surface of the metal pipe from end to end of the pipe;
. and
- a heat aétivated adhesive layer around and
along the completely closed tubular outer surface of the
length of pipe between the metal pipe and the CPVC layer,
bonding the CPVC layer with the tubular outer surface of
the metal pipe. | |

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

3. The conduit of.c;aim 1 wherein the
material of the ferrous metal pipe is steel.

4. The conduit of claiﬁ 1 wherein the ferrous
metal pipe has a wall thickness insufficient to support
threads. '

5. The conduit of claim 1 wherein the ferrous
metal pipe has a wall thickness less than 0.08 inches.

6. The conduit of claim 5 wherein the ferrous

metal pipe.has a wall thickness of about 0.06 inches or

less.
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t he~channet—92—TFhisdifference essentially defines the radial dinension

of the. annul ' ' amber 96. The die 98 has This kg Been Beplaceh
98a facing t'wmemmﬁr"mﬂ on 90b of pin 90 and a unif ore
98b ‘receivinmg tche Lunmf ok Yaneter distal®end 90c. of pil form

i nner di aneter bore 98b in die 98 m ght be, for exanple; about 0.09 to
about 0.12 inches greater than the outer dianeter of the extrene distal

90c of the pin 90 to extrudeg,a é&ﬁ?ufé SEV&L '&hgawﬂ@*éiﬁhfﬁgngéﬁrgﬁs

about 45 to 60 mils in order to apply about a forty m t hi ckness of CPVC

or other thergephdspisetBadi Rewd?] - thildendiPeot 2abbliit pasesdihbhesgh t he
extrusion head at a speed greater than the speed at which the CPVC
conpound is being extrgded. Ths eé¢etidlty . of h€lspael whereinhrthéeflertrous
stretch the CPVC conpound to approximately 40 mls, which is slightly |ess
than the ori gnethl epipedeals ahvakheslsickness of leFs tbanr©l 08 hiénches

t enper-ature of the CPVC conpound, heating zones are maintained in or on
the extrusi obnheeminabl pipe asitkzes sefitthe condnbtapPytosthreat énches.

i ndependent|y control |l ed heating zones are majintained op the coupling 82,
the feed conduit 86, th®- héﬁhﬁH@ﬂ%@*@FSqf365V§“tﬁeWBﬁ§ﬁ+ﬂgt%9,cgﬁg t he
bushi ng .87

layer has a wall thickness of less than 0.08 inch.

10. The conduit of claim 1 wherein the CPVC
layer has a wall thickness of about 0.04 inch.

11. The conduit of claim 1 wherein the CPVC
layer has a wall thickness of between about 0.02 inch and
0.075 inch.

12. The conduit of claim 11 wherein the-
ferrous metal pipe has a wall thickness less than 0.08
inch. |

13. The conduit of claim 12 wherein the
ferrous metal pipe has a wall thickness of about 0.06
inches or less.

14. The conduit of claim 13 wherein the
ferrous metal pipe has a wall thiékness less of about
0.04 inch.

15. The conduit of claim 12 wherein the
ferrous metal pipe has a wall thickness of between about
0.035 and about 0.065 inch.

16. The conduit of claim 1 wherein the
adhesive layer activates only at temperatures above
300°F.

17. The conduit of claim 1 wherein the tubular

~outer and inner surfaces of the pipe at the ends of the

THIS SHEET & AS BEEN
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- 28 - _itself -belowfeed conduit 86. In addition, each of the preheaters
85a, 85b ' 'y separately controlled upstreamfromthe head
88 to pr ﬂm“mﬁmﬂﬂﬂtﬂm ' and activate the adhesive coating 22

i mredi,at ey cprrorst ¢ passing through t fe3&xTrusi on head 88. The extrusion
head heat zones are preferably maintained at about 365[err]F. to permt
sonme shear heating of the CPVC. conpound as it passes fromthe extruder 80

and through —ta%dRaRd 188 eurrace varteiBhbeRhabholoald eagetessive

reduction in cross-sectional area o channel portions 92b, 92a are
very inportanypit@rifeeetidet ehgadfenicdh® SEVEnRXpipd eadst @pth Komatng92a and
its mrror image counterpart 9Z2b nove resin nore quickly to the opposite
side of the pidite@ngt.han the resin would have arrived there w thout the
channel 92 to prevent uneven cooling of the resin circunferentially around
the pin 90. The channel 18al v&@he @@mdudholfi elarimalcwhevaipl the with the
centerline of the feed conduit 86 and bushing opening 87a. The depth of
each ¢hannel ndbesiye leysri sompdetedyl encirrcyesstigchubuharnenrface
extends fromthe bushing opening_87a (O[err 0 itign on I he Bin 90) to

the opposite Sfd&hss terrovs metsd] Hirp BBQI?FBEP.SIH QBgi thenPirfe

cylindrical portign;obtNg.Bin e dunsiream side ol fig,arpaye IS

annular waterproof seal between the pipe and the CPVC
layer.

19. The multilayer fluid conduit of claim 1 in
a fluid conduit system further comprising:

a tubular fitting mounted on the conduit,
at least one end of the fitting receiving and overlapping
one tubular open end of the conduit, the tubular fitting
including an exposed CPVC innermost tubular surface
facing the conduit} and |

a layer of an ambient temperature acting
bonding agent directly contacting the CPVC'méterial layer.
of the conduit and the CPVC innermost tubulaf surface of
the fitting to form a sealed joint directly between the
conduit and'the fitting. |

20. The system of claim 19 whereih,the.tubular
open end of the conduit and the -one end of the fitting
each 1ack-structure which provide interference engagement
between the conduit with‘the fitting. |

21. The system of claim 19 wherein the fitting
further includes a metal layer at least substantially

entirely covering an outer surface of the tubular

fitting.

REPLACED
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cut back from about hal y al ong each channel half 92a, 92b (i.e. about
d—2¥6ferrT"6§TfT6im? to the far side of the pin 90 (i.e. the

180[err &m “‘\tw n generally [i nearl y begi nning at about each

hal f way E ““ about- 90[err] and 370[err] positions) to a depth of

about 0.0690¢ * 29 - i nches at the

opposite side (i.e. 180[err] p05|t|on) of the pin 90. The generally

uni form cooling of the te r OF 5ARhe 281k ¢+ B& CFERE Enghe
formation of a notlceag% %ngggsﬁﬁﬁt |%éhg§ g@ Whe#ei né

hi gh stress
concentrati on ferlees Usltlhides Ehohhtinedekhy hRatkesaliedutep lageside of the
pi n 90 opposite openi ng 88a. : Preheating the adhesive coated pipe"

12' to near the tenpera@3ureThe bpstent bfdedafhVCo( €ugthert bompaisihgast
about 50[err]F. and preferably to within less than 50[err]F of the

t enper at ure ofan heutampitiied f@PeCppasakies fAuiddynceupled wihbetbeure of the
CPVC.conpound in the extrusion head 88, in a preferred t enperature
processing rdigtingy the extrusion head 88, that range is only about
15[err] F (about 415[err] to about 430[ err]Fi .The prefegred CPVC conpound
is resistive to being p#d-edThe EKHELSPr efcrladm APnAETENRLCPBPTIEINg

vi scousness fraf)rglre_nozzle fluidly coupled with the fitting.

25. The system of claim 19 wherein the wall
thickness of the metai pipe and the wall thickness of the
.CPVC layer of the conduit is each less than 0.08 inches.

26. The_system of claim 23 wherein the.
combined wall thickness of the metal pipe and the CPVC
layer of the conduit is about 0.10 inches or less.

27. A process for making a multilayer fluid
conduit comprising the steps of:

_ applying a layer of a heat activated.
adhesive along and completely around a compietely closed
tubular outer surface of a length of ferrous metal pipe;

activating the layer by heating; and

extruding a tubular layer of cpvVC
completely around and completely along the tubular outer
surface of the length_of ferrous metal pipe at least
essentially completely covering the closed, tubular outer
surface of the metal pipe from end to end such that the
CPVCsis bonded té the tubular outer surface by the

activated adhesive layer.
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chlerination. The preferred conmpound tends to tear if permtted to cool
to 410[err]F. or below and tends te burn or. gall if permtted to exceed
about 450[err]F. If pulled too quickly through the tooling, the CPVC can
be overheated by the friction and burn’ ¥he~i deal tenperature for

di schargi ng the CPVC woul d be just under or about 450[err]F. It is
"bel i eved the above-described -arrangenent delivers CPVC conpound to the pin
90 (or pipe 12') at about 430&%@& cr ORCTHRCHIHEAEE: pipe is currently
bei ng passed at a rate of abOut -11ve feet per mnute

t hrough the described tooling ywadsrideen daiitd icohogidg conpound, steel
pi pe and heat activated adhesi Ves. : - 30 -
Fig. 12 shows a proposed arrangenent for sizing. A tubular sizing collar
100 is nmounting in the mapddegeendlafiddicondfitEhareofbamednblyudes an i nner
passageway 102 through which the plastic coated conduit 10 passes when
exiting the diadhegingn tanmultabuiam buter s0tfaseppfvadmgtadt biinetha col | ar
coupled with a feed conduit 106 through which a pressurized source of air
i ndi cated by &heswordasticoberappyesr-i afhegaytesnlpyerf pGXmMALE| @REEi ty of

i ndi vi dual bores 110 extend radially . . )
of the multilayer conduit to be joined together in leak-

proof fluid conduit systems simply by adhering the
conduit ends with compatible thermoplastic fittiggs. For
fire protection systems, the preferred metal is steel,
the preferred thermoplastic is CPVC and'thé preferred
adhesive is heat activated. The adhesive coated metal
pipe is preheated and the CPVC is extruded onto the outer
surface.of the heated metal pipe. Through the use of
fire resistive CPVC, the multilayer conduit systems of
the present invention can be instalied in more severe
fire threat areas than can ekisting,'all piastic piping,
including all CPVC piping systems. The conduit is
assembled into systems on site simply by cutting and
direct bonding with ordinary, all plaStic fittings using
appropriate bonding agents such aé solvent based
adhesives. CPVC fiﬁtingé are preferred for fire

protection systems.
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inwardly fromthe 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 thernoplastic layer 22 is controlled by a

conbi nation of operating paraneters including feed rate of the pipe 10",
feed rate and tenperature of the CPVC conpound or other extruded

t hernopl astic and pressure of the air 1gs other gas bl own.through the bores
110. The multilayer conduit and conduit systens of the present

i nvention offer significant benefits injQosts and ease of use over other
known nmetal, plastic or gbonposite nmet al / pl astigscondui t systens,
particularly in fire‘B( ection systens. The &?gferred mul til ayer cd'duit
of the present inventi®n provides greater strerjgth and greater

reduced wal |22 i i

mul til ayer condui ' : R | on can be
i nto systens|§s\gasTTy as art—prastrT —SYSf e t hout t
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the-present systempermts the installation of conduit systens with |ess
skilled | abor and without the expense of threading equipnment, flaring

equi prent, torches, thernal bending or crinping equipnment or other
expensive, nechanical fitting coupling systens. - Because the
present system does not require the provision of threads or other
disruptions in the inner and outer tub{®ar surfaces of the ferrous netal
pipe 12 or the nultild ~peogui t 10 or the conpression of t ends of
the -pi pe or conduit, st plplng thi nner than steel known to
have been preV|o' such systenms can now be I ght wei ght
and cost savings rovi din of M« "““W"-" ul |
integrity to pres;ﬂi ST
i nvention is exp-'-,~
which is designe'
‘National Fire Pr

t hat . t he advantags preferred SRt VR OIS WIS DA ch
greater acceptance fSe in light T ‘ Sten [1eT € Fer—i pi ng
presently predon1nates ininstalled fire protectlon systens. In

particul ar, i's exp-

t he hanger for the preferred
conposite condU|t pr esent |nvent| Esgt | east as
favorable as ste ' spaci ng of flfteen feet bet ween supports).

136 .
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Because of its greatly reduced weight, conduit of the present invention
shoul d be able to be safely spaced at

-32-
greater distances between supports (e.g. sixteen feet up to possibly
twenty feet) to further reduce the installation cost. while pernmitting
greater installation flexibility. The nmultilayer conduit of the
present invention has the advantage oélgei ng able to be used with a host
of existing CPVC fittings and, throug hose fittings, being coupled-to
ot her copper, steel and traditional plastic (e.g. PVC, ABS, etc.) conduit
systens and pi pi ng. Ve ferred e s of the invention
have been di scl osed and certain poeifix ggested, still

ot her nodifications.and changes MT,II gc rdinary skill in
the art. For exanple, while CPVE Z€ane ta"m?i.tti ngs and

adhered CPVC is preferred for thp Rdidlils fuq’apriakdz.’e'a:' st ens, ot her

pol ynmers m ght be used. O her ex rgda?é\ adﬁ'grahlo_q, amji ent tenperature
bondabl e pol ynmers which night bg @sed ijnéude, ir additijon to CPVC,

pol yvinyl chloride (PVQ), acryl mgrite- 5Bt adi ene-siyfene (ABS),
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pol-yur et hanes (both pol yesters and pol yethers), and blends thereof with
one another and with CPVC. Al are extrudable, adherable to netal and
sol'vent bondable. In distinguishing between PVC and CPVC, any PVC pol yner
more than 57% by wei ght” chlorine is considered a chlorinated PVC.

The preferred CPVC thernopl astic |ayer conplenents the preferred steel
pi pe in other ways. The preferred CPVCis quite strong itself. The CPVC
outer |ayer 22 protects the steel pipealys from external

- 33 - corrosion. Since such piping is dry opagontains standing
(non-flow ng) water until_activated, little inté corrosion typically
occurs in such systens. ,| even thinner s¥eel can be used for fire
protection than for ot¥e#=—Hore active (flpgid flow ng) conduit systens.

O her polymers might b gEgtwith ferrous or witilh other netal pipes
previously threaded fon gé@s ot her than (fire protectifon. The

I nvention is not |imteddtia.lhe specific
alternate enbodi ments |d88¢ dsed, but is i
set _

o cdver all enbodi nents
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farth in the appended cl ai ns. 34

We-claim = 1. A multilayer fluid conduit conprising: a length of
Wet | ow ferrous netal pipe having a conpletely cl osed, tubul ar outer
sur f ace; _ a uniformy thick CPVC | ayer at |east essentially

conpl etely covering the closed, tubular outer surface of the netal

pi pe- fromend to end of the pipe: and a heat activated
adhesi ve | ayer around and al ong the coRfpbPetel y - closed tubul ar outer
surface of the length of pipe between the netal pipe and the CPVC

| ayer, bonding the CPVC |layer wth t he tubul ar outer surface of the

met al pi pe. 2. The 'conduit of claim 1\Muye§ the pi pe has a tubul ar
-inner surface and wherein the tubular outer anf@ i nner surfaces of the

~ferrous netal pipe are uniform'y snooth frome to end of the pipe. 3.
The conduit of claim1l wh | T8 t he netal pipe is
st eel . J
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o ' _ _ o : 02y -2
4. - The conduit of claiml wherein the ferrous netal pi peqr%’as a” wall

thickness insufficientto support threads. 5. The conduit of claim1l

vvheym n _pipe has a wall thickness less than 2.03 mm
: lgmﬂtlmﬂlln 5 wherein the ferrous netal pipe has a wall
th| ckne ¢ dL M¥STs

: The conduit of claim®6 V\/nerel n thesgferrous met al pipe has a wall

'th| ckness of about 1.016 nm 8. The conduit of claiml1 wherein the
ferrous mgjal.iRiAe has a wall thickness of |ess than 2.03 mmin nom nal
pi pe sizes of the conduit. up to 76.2 nm 9. The conduit of claim1l

wherein the CPVC | ayer has a wall thickness of |less than 2. 03 nm 10.

The conduit of cI rain .t C a wall thickness of
about 1. 01]6' nm m%%?l}ﬁ'%&ec%ﬁl &i ?g%@a\él <o (’Eimﬁel n.the CPVC | ayer has a

wal |

35

a length of hollow ferrous metal pipe having a completely

closed, tubular outer surface;

a uﬁiformly thick CPVC layer at least essentially completely
covering the closed, tubular outer surface of the metal pipe

from end to end of the pipe: and

a heat activated adhesive layer around and along the completely
closed tubular outer surface of the length of pipe between the
metal pipe and the CPVC layer, bonding the CPVC layer with
the tubular outer surface of the metal pipe.
2. The conduit 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 of claim 1 wherein the material of the ferrous
\w( metal pipe is steel.

4. The conduit of claim 1 wherein the ferrous metal pipe has a

wall thickness insufficient to support threads.

5. The conduit of claim 1 wherein the ferrous metal pipe has a

wall thickness less than 2.03 mm.

6. The conduit of claim 5 wherein the ferrous metal pipe has a

wall thickness of at most 1.52 mm.
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t hi ckness of between about 0.508 nm and 1.905 mm 12. The conduit of
claim 1l wherein the ferrous netal pipe has a wall thickness |ess than
2.03 mm .__The —t— claim12 wherein the ferrous netal & pipe has
a wall thlﬁmﬂﬂ,’ﬂmm i 1.52 mm 14. The conduit of claim 13 wherein
the ferrous''¥ A mm wal | thickness | ess of about 1.016 mm 15.
The conduit of cl & m"125wheérein the fergpus nmetal pipe has a wall thickness
of between about 0.889 mm and about as 1.651 mm 16. The conduit of claim
1 wherein the adhesive |ayer activates only at tenperatures above
300[err]F. . . . 36 17. The conduit
of claim 7 wher&n CPHS"%Ebﬁ? a?lablﬁ‘{ eq' wzi‘r?(fefﬁngrle E lfxfoé“cseéne(‘);f"zt ﬁ:ép%i%%s at the
ends of tR@1206HUEkNndsAICHESHBOREEL . O8I il | ons whi ch woul d enabl e

i nterference engagenent of the pipe ends with a mating fitting. 18. The
conduit of claim1l1 wherein the adhesive |ayer conpletely encircles the

tubul ar sy facenf cbhgui€rédOus aikt 8l wRtPSiANGheC XL 8PE$s metal pipe has a

wall thickness of less than 2.03 mm in nominal pipe sizes of the

conduit up to 76.2 mm.

9. The conduit of claim 1 wherein the CPVC-layer has a wall

thickness of less than 2.03 mm.

10. The conduit of claim 1 wherein the CPVC layer has a wall

thickness of about 1.016 mm.

11. The conduit of claim 1 wherein the CPVC layer has a wall

thickness of between about 0.508 mm and 1.905 mm.

12. The conduit of claim 11 wherein the ferrous metal pipe has a

wall thickness less than 2.03 mm.

13. The conduit of claim 12 wherein the ferrous metal & pipe has a
U wall thickness of at most 1.52 mm.

14. The conduit of claim 13 wherein the ferrous metal pipe has a

wall thickness less of about 1.016 mm.

15. The conduit of claim 12 wherein the ferrous metal pipe has a

wall thickness of between about 0.889 mm and about as 1.651 mm.

16. The conduit of claim 1 wherein the adhesive layer activates

only at temperatures above 300°F.
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al ong t he pi pe sufficiently fromends of the pipe to forman unbroken

annul ar waterptoof—seal—bet ween the pipe and the CPVC | ayer. 19. The

mul til ayﬂ"’" ni f claiml in a fluid conduit systemfurther

corrprl Si , ’I lﬂﬂ 'I"'mrar fitting mounted on the conduit, at |east one
the fMtts ng receiving and overl appi ng one tubul ar open end of

the condw t, the tubular fitting includgng an exposed CPVC I nner nost
tubul ar surface faci ng the conduit: and a layer of an anbient
t enper ature acti ng bondi ng agent directl y contacting the CPVC

terial d
sur f ace 'he fﬁ? t&%&[%l ok clpgp Foid ed ] gl r?tubﬂmgl recﬁxt L#Ell& aeeT

surface of I ng orma sea tween the
condui t anshifsres of thétipdpge at2CchelhendssbEmtbe (d@dmﬂ,Qlwhkreaurfahe

tubul ar open end of t t the_one end of the fitti ach.l ack
structure Wﬁ’(?rFl°ﬁFoVFH‘éhl‘ﬁ?‘§r4 «?ﬂ?ﬁgg SRE% cen EPFRIF T He < ggﬂ: i £8Pt h
the fittinghds wdth dheatSitst eaceing) ai m 19 wherein the fitting further

includes a netal |ayer at |east substantially entirely covering an outer

surface of the tubular fitting.
18. The conduit of claim 1 wherein the adhesive layer completely

encircles the tubular surface of the ferrous metal pipe and extends
albng the pipe sufficiently from ends of the pipe to form an unbroken

annular waterproof seal between the pipe and the CPVC layer.

19. The multilayer fluid conduit of claim 1 in a fluid conduit

system further comprising:

a tubular fitting mounted on the conduit, at least one end of
the fitting receiving and overlapping one tubular open end of
the conduit, the tubular fitting including an exposed CPVC

innermost tubular surface facing the conduit: and

a layer of an ambient temperature acting bonding agent
directly contacting the CPVC material layer of the conduit
and the CPVC innermost tubular surface of the fitting to
form a sealed joint directly between the conduit and the

fitting.

20. The system of claim 19 wherein the tubular open end of the
conduit and the one end of the fitting each lack structuré which

provide interference engagement between the conduit with the fitting.

21. The system of claim 19 wherein the fitting further includes a

metal layer at least substantially entirely covering an outer surface

of the tubular fitting. S
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37 22. The systemof claim 19 wherein the fitting further includes an

i ntumescent material outer |ayer. 23. The systemof claim 19 further

conprising an automatic fire sprinkler fluidly coupled with the fining.
Thesystem.,of claim 19 further conprising a fire nozzle fluidly

fﬁt’?LﬁSUﬂlﬂﬂHlWﬂlﬂMﬂl M i e 20 The vat T ekeas o tho GV | ayer-of

the condtit®is edch® [ess than 2.03 mm 26. The system of claim 23
wherein the conbined wail thickness of the netal pipe and the CPVC | ayer
of the conduit is at nost 2.54 mm 27. A process for naking a

mul tilayer fluid conduit conprising the steps of:
| ayer of a2ZweatThectsiveserdfadgiesnykd athexginnkhe flttln%oﬁvmtéﬁéwynt'alrmﬁdaa

conpl etel y, 5%&ﬁ%%@$59qﬁgégfﬁ%ﬁtSﬁtéf”fﬁ?@% of a length of ferrous netal

pi pe; I'va ayer by heating: and extruding a
tubul ar | ayer of CPVC conpletely around and conpletely along t he
t ubul ar outer rface of t l.en ferrous netal L

essenti al 14° St TR |‘:r]r§l :129 further, compE iSLAY P, 2Y ?n%% :?'ggzt of

er sur
t he net al %ﬁ&;kflwntﬁﬁlﬁh]t;p Rbfled with thehfifiigthe CPVC is bonded " to the

tubul ar outer surface by the activated adhesive | ayer.
24. The systenm of claim 19 further comprising a fire nozzle fluidly

coupled with the fitting.

25. The system of claim 19 wherein the wall thickness of the metal
pipe and the wall thickness of the CPVC layer of the conduit is each
less than 2.03 mm.

26. The system of claim 23 wherein the combined wail thickness of

the metal pipe and the CPVC layer of the conduit is at most 2.54 mm,

27. A process for making a multilayer fluid conduit comprising the

steps of:

applying a layer of a heat activated adhesive along and
completely around a completely closed tubular outer surface of

a length of ferrous metal pipe;
activating the layer by heating: and

extruding a tubular layer of CPVC completely around and
completely along the tubular outer surface of the length of
ferrous metal pipe at least essentially completely covering the
closed, tubular outer surface of the metal pipe from end to end

such that the CPVC is bonded to the tubular outer surface by

the activated adhesive layer. REPLACEMENT SHEET
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38 .'28. A nethod for naki ng' a system of net él / pl astic conposite
condui ts—tonprising the steps of: providing (1) a conduit formed by

a hol | ow umum““ﬁmmmpe havi ng a pair of opposing open ends
defined b | ' closed tubular outer surface, the open ends
of the netat pipé " defining open ends of the conduit, a |layer of

t hernopl astic mat eri al conpl et ey covering the tubular outer surface
of the nmetal pipe, and an adhesive |ayer between the netal pipe and
the thernoplastic |ayer distributed so as to define a | eak proof seal
ext endi ng &Bound thethnet afopi pekbegweensystemeodl metal/ppapei@ndompesite

t hernopl astic .| ayer at l.east proximal tp each of t he open ends of the
condui t ané”(‘f)’l Sf‘fmrﬁalﬂ%v gsﬁepfe% t one.open end with an
exposed, innernost tubular surface of t hernopl astic materi al ;

appl yi ng an anbi ent  tenperature-acting bondi ng agent to at ~ |l east one
of . the thermopl 2EPVEdIRG dii oF QWQP-te&Iﬂ?Q‘derﬁ bRdlow lengdBepf dietadsPing
condui t and thepgypaged. phPPESFOSIpdd4RY! Bpen ends S&éfaR & bh@ompletely

t her nopl astic of the fItFI ng; i nserting one open end of the holl'ow
conduit into the&lomaedopenlar outencswifackhe thetoprp sodshef theemebal apipe end

and the | nSeEiRbECERYE TRl O Enelieabllfe 8, RRRE MK FeshPRAdfe

material completely covering the tubular outer surface of the

metal pipe, and an adhesive layer between the metal pipe and
N\ the thermoplastic layer distributed so as to define a leak
proof seal extending around the metal pipe between the metal
pipe and the thermoplastic layer at least proximal to each of
the open ends of the conduit aﬁd (2) a fitting having at least
one open end with an exposed, innermost tubular surface of-

thermoplastic material;

applying an ambient temperature-acting bonding agent to at
least one of the thermoplastic material layer exposed on one
open end of the conduit and the exposed, innermost tubular

_surface of the thermoplastic of the fitting;

inserting one open end of the hollow conduit into the one open
end of the fitting so that the one open end of the fitting
receives and overlaps the one open end of the conduit and the
bonding agent is located directly between the tubular outer
surface of the one end of the conduit and the exposed,
innermost tubular surface of the fitting, and

maintaining the one open end of the conduit in the one open end
fitting sufficiently long for the bonding agent to form a
waterproof joint directly between the one open end of the
fitting and the one open end of the conduit in the fitting, the
one end of the conduit and the fitting being held together by

only the bonding agent joint. REPLACEMENT SHEET
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surface of the one end of the conduit and the exposed, i nner nost
tubul.ar surface of the fitting, and " maintaining the one open end of
the conduit in the one open end fitting sufficiently long for the
bondi ng agent to forma wat er proof joint directly between the one
open end of the fitting and the one open end of the conduit in the

flttlng of the conduit and the fitting being held

t oget heer mmll "ll" I“ﬂﬂ!!" bondi ng agfént joint. 39 29.
The method of ctai'™m 28 further conprP3ing the step of fluidly coupling an
automatic opening, fire sprinkler with the conduit through the fitting.

29. The method of claim 28 further comprising the step of
fluidly coupling an automatic opening, fire sprinkler with the

conduit through the fitting.
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