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SIMPLIFIED LOW INSERTION FORCE SEALING DEVICE CAPABLE OF SELF
RESTRAINT AND JOINT DEFLECTION

10
Background
1. Field of the Invention
The invention is directed to couplings and methods of coupling. particularly to bell and
spigot couplings andl methods. The couplings can be between pipes, fittings, and/or other piping
15 components. The couplings allow for greater pipe deflection and stronger joint retention, with

less force needed on insertion.

2. Background of the Invention
Members of the flow control industry, such as producers of pipeline components for the
20 transmission of water, gas, oil, or other fwds have focused substantial attention on the problem
of creating and maintaining connections between adjacent lenigths of pipe. or pipes and fittings,
or pipes and valves. Tn applications where the fluid, such as water for fire mains or water
distribution in municipalitics, is under high pressure, various means are used to prevent
sepatation of the joints between piping contponents.  Pipig components are joined (o prevent
25 separation caused by thrust forces, carth movement, and external mechanical forces exerted on
piping components. These components inciude, for example, pipes, couplings, fittings, valves,
and fire hydrants. The majority of the solutions can be categorized imo either “push-on joints,”
“mechanical joints,” or “flanged jomts.”
Iron pipe has traditionally been used to withstand the large pressures that are necessary for
30 municipal water systems and other systems. Those pressures are needed to carry fluids over fong

distances, to carvy large amounts of Thads, and (0 prevent contamination of the systems in the
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event of a hole or other breach of the system. There are two related problems in the history ot

using pipes of any sort, inciuding iron p;ipﬂs;- ~ {1} creating a secure seal {o join the pipes and to
withstand large pressure, and (2) bending or deflecting the joints of the pipes to meet the
intended use of the pipes.

The first substantial use of cast iron pipe was in Burope in the 7" century. The piping
systems of the 177 and 18" centuries pusndnly had flaneed ends that bolted together with lead or
;.’.am'-‘hida:.;giiskem--f();‘.Seaim a. Flan aed j oings continue o be used for some :;_i-ppli('}:iifiﬂl’l s fod ay. but
with rubber gaskets. Flanged ;mni systems are costly to install and require considerable

Mainienance,

Company in England in 1785, The joint was cau l.ked with } ute rope i:i}]p regnated with pi ne --:r;:_:s;.in_

or taltow and sealed in place with molten iead. The bell and Spig ot jumi remained the

predominant pipe joint until the advent of the push-on joint, for exam ple the TYTON® Joint, in

1956.
There are numerous methods of securing piping components in series 1o make up a
pipeline, roughly divisible into three main categories: (1) rigid, as with bolted Hange

connections; (2) flexible, as with numerous designs such as TYTON® push-on joints and

gaskets, or TYTON® combined with self-restraining gaskets bearing toothed inserts, such as

FIFID [LOK 350 Gaskets -:p'r{wi? ding both sealing and astonomaous s"fr;s-tsi’ai; it andd -{'3;3}. others with

ﬂﬂxib-if’l it;y T po&;si'blc due 1o thf: "p-jiﬁaa'sﬁti;r:::i'iy. of thze gasket md pipe materials and 1o ot

lolerancing.

Push-on solutions are exemplified by U.S. Patent No. 2953398, and account Tor the.

majority of straight-run pipe connections. Iu a typical configuration, a spigot of a pipe slides mto

a bell of another pipe past a tightly fitted gasket. A variation of the push-on joint is evidenced by

U.S. Patent No. 2.201.372, which employs a compression snap-ring fitted within a special lip of

the bell, in order to exest pressure onto logking segments and thus drive them into the spigot,

restraining the joint against thrust forces. U.S. Patent No. 3,443,120, hikewise employs a gasket

with toothed, tocking segments encased therein that are generally disposed such that they and the

gasket may roll between a locked and a free position. Ay the gasket bulb rotates under extraction

forces, 1 1:3 11111,,;‘1\&.& o ev ::,nu_mli e [ Ouﬁtu a pmim‘m m which the segments must compress

Tt
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the gasket Lo allow further rotation of the scgment and engagement of the {eeth with the mating

5 5 .;29533,-69?5 ‘?464”38 and 3 ﬁ-(j(i?_,?SL In those references, the connection is effected by either
locking segments or wedges within the gasket thal CNgage the s prgot. The locking segments
POSSESS A groove that mates with an anoular rib on the bell, such that the rib acts ag a rocker, or
CEITY, or-i’dfurifngjsa'me. movements, as a xwdgu Dmin_g; insertion of 'tl'it:t-sp'i got into the beli, the:
Segments rotite on the ilh but arg preven ted from i;zlip'pl_‘fi‘cifablﬂ axial movement by the mating of

10 therib and groove. Upon experiencing counter-forces tending to effect removal of the spigot,.
the rib acts as a cam, both causing the segments (0 pivot on the rib as an axis, and exerting a
radially mward pressure as the segment attempts o slide past the rib. These Lypes of joints
depend on compressive force on the rubber gasket to maintam the connection of the PIPES.

While the push-on type joint has obtamed wide acceptance fm"'pipe. joilnis,. acceptance for

{5 fittings, valves, and hydrants is much lower. The contours of bell sockets of the push-on joint
joint is necessary, which also requires a high degree of precision to manufacture. It of ten takes a
high degree of skill and alignment precision, as well as substantial force (t.e. m the range of 600
to 800 pounds of force for an eight inch size pipe}. to assemble joints using the above described

h

20 push-on type joints, The insertion force with present push-ov designs mereases proportionatly
with conduit diameter. Moreover, insertion forces increase substantially i low-temperature
Cﬁﬂdliﬂ}ﬂ‘a

A current trend in the indusiry is to manufacture pipe with walls much thinner than the

current designs. Whether the pipe end is produced in a manufacturing plant-or is the result ot

1
4

field cuts regquired to adjust the length of the pipe. such pipes cannot realistically be beveled or
have rounded ends.  Damage to the gaskets or displacernent of the gaskets is a likely outcome
when inserting a spigot end of a pipe not properly aligned or without a beveled or rounded end
into the bell of another push-on joint pipeline component. A further consequence of the high
assembly forces ii'fi?:ql;lii"i?;d is that installers favor mechanical joint connections for fittings, valves,

303 and hydrant shoes becagse they require lower assembly forces.
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Attempts to design low insertion resistance-joints have been made in the past but these
designs were not completely satisfactory because normal conical inner sarfaces do not atlow for
sufficient deflection of the bell and socket joint. For example, U.S. Patent No. 3,815,940 and

ES. Patent Application Publication No. 20090060035 both show bells with comeat inner
surfaces. Cast iron pipe is rigid and does not permit deflection. Creating ductile iron pipe

~

permits slightly greater deflection at the joint. However, that deflection carries an increased risk

of oss of pressure. If the joint is a straight connection, no deflection s possible. It the joint 18

connected Into a cone-shaped anmilus, deflecnion of more than a few degrees would degrade the

connection opposite the angle of deflection, ultimately leading to a greater potential for a Joss of
pressure, Small movements in the earth could, over time, cause leaks in underground piping
SYSterns,

Thus there s a need for a connection that is less sensitive to misalignmentand temperature
extremes, has reduced frictional resistance to the insertion of the spigot until the desired
connection 1s achieved and the coupling 1s maintained, vet maintains a seal under high pressures,

even when the joint is deflected.

Sunumary of the Invention
5;1'.;.'&11:2@?{25- and des i'gnsm}d pmv;isdea-.nﬁw devices and methods for connecting betl and splgc:-i
].}ipiﬂi.;l.‘;';(}-i{(‘:{}m‘p{}I‘ii’mt;‘-}, Specifically, one embodiment of the invention solves the pmbhzl;n created
by cone-shaped ;jmfn.ts 1{3}? unng a parabolic-shaped joint. The joint is less Tikely o lose restraint
and pressure as the jont iS"-de't’:leciedi,,pm“'mi'u'ing-;i.h:tfﬂ?eﬁtiﬁﬂs up to 10 degrees, *prﬁffé:ra?hly between
9 and 5 degrees of deflection, and more preferably of 7 degrees of deflection or fess. A 90-
'dt‘:’:gre& tur can thus be made usin £ %appi*ﬁxi mited ¥ 15 -f(;f20}-'ﬁ.‘.n ot) pipes- over a distance of
approximately’ 300 circular feet with deflections of 6 degrees, as opposed to 30 pipes over a
distance of 600 circular feet us;ira:_g- 3 degree ~<;ii£tt-‘lmf-:t-i£:nl,jm‘iﬁn ts. That gr-emr,e'r-':?*le“lf’i.ectziml reduces the
number of bend fiit NS and the amount of trench diggi'ng- reguired, aid conserves land space.

An embodiment of the invention is directed to a conduit that comprises al least one bell
with an end face, an internal portion, and & concave wmner surface between the end face and the
internal portion. The diameter of the inner surface u.cij.;mu (1o the internal portion is are ater than

the diameter of the mner surface adjacent to the end tace.
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In preferred embodiments, the inner surface is a truncated elliptic paraboloid. In preferred
embodiments, the conduit hasa belt at a first end and a spigot at a second end.  Preferubly, the
conduit is eylindrical and is made of at least one of ferrous metals (e.g. steel and cast iron}, non-

ferrous metals (e.g. copper-based alloys). or plastic (¢.g. PVC or HDPE}.

1.5

Another embodiment of the invention 13 also directed to a conduit that comprises multiple
openings and at least one opening has a bell that couples to another piping component haviug a
spigot. In preferred embodiments, the inner sasface of the bell of the invention is concave. The
inner suiface is preferably a truncated elliptic 'pzilﬂ"aﬂjt}l{ﬁd.- in p-r:s:t:f‘é:‘md embodiments, the conduit
has a bell at a fivst end and a spigot at a second end.  Prelerably, the cond it is cylindrical and is
10 made of at least one of ferrous metals (¢,g. steel and cast iron), non-ferrous metals (e.g. copper-

based alloys), or plasuc {e.g. PVC or HDPE).

Another embodiment of the invention is directed to a sealing device, The seating device
comprises at least one segment having a convex outer surface, and a K-type gasket coupled to
the segment. In the preferred embodiments, the segment 1s a locking segment. The locking

{5 segment functions as a restraining device and an anti-extrasion device to prevent the joint from
separating and the elastomeric seal from being extruded out of the joint when subjected to high

internal hydraulic forces. In other embodiments, a guide segment without teeth is substituted tor

J

the locking segment and serves ag an anti-extrusion device for the polymeric material of the
sealing porton.

20 In prﬂfermd.:t;:rnrb.t}dirntn ts, the segment is of a first material and the K-type gasket 1s ot a
second material. In preferred embodiments the K-fype gasket is comprised of a coupling section
and a sealing section. The sealing section is preferably comprised of an upper section and a
fower section, cach extending from the coupling section.  The coupling section, in preferred
embaodiments, has one or nmre;expzlmimij, or contraction -grcug-ves;irl.il};’;,(}:lﬁie-’r or inner periphery.

25 The locking s@g:nmu.;i-ﬂprr:fé:m&d embodiments, has at least one engagement devige. Preferably,

the engagement device is annular.

Another embodiment of the thvention is directed to a conduit couphing system. The system

comprises at least two piping components and a sealing device. A first component has a belt and

a second component has a spigot, the spigot is -ﬂdapmd:-t.-f:}ai.‘;mm with the bell. The bell includes a

30 first end and a second end. wherein the first end coupled to the first COMpONEnt. The bell socket

has a concave annular inner swrface and a diameter of the annular inner surface adjacent to the

AT
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device engages the onter surface of the spigot as the spigot 1s partially removed from the bell.

the coupling section of the gasket, This movement allows the Tockiny
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first end of the bell socket is g.s-‘t‘:ﬂt.{?:-r than a diameter of the annular inner surface adjacent to the
second end of the bell socket. The seal ing de vice with a segment comprising a convex outer
surface and a K-type gasket coupled {o the segment. The sealing device is adapted to fif between
:In‘;_prefer:r-f:.d embodiments, the se gmen Lis a lockin g segment. Each locking segment is
ada‘pt*&d} to engage an outer surface of the spigot. The ner surface of the bell socket is
enid and a \pigm or bell at asecond end and each component 150 :‘,.f'tli"_11d.::‘._i£a]_f Each com ponent can
be made of ferrous metals (e.g. steel and cast iron), non-ferrous metals {e.g. copper-based
alloys), or plastic {e.g. PVC -‘i}z‘..“l.'*.ifiI}'PEfj..,
In preferred .t%:':fmbﬂdim-efﬂ-lfs, the locking segment is of a first material and the K.-.t}f’pe gasket
is of & second material. Preferably, the first material is harder than the material of the spigot. In

’,

preferred embodiments, the K-type gasket has a couipiing, section and a sealing

section. The

AL

sealing section 18 preferably c-:nfnp'ris&d'-ﬁf*-ﬁn upper section and a lower secti O, cHeh exte n.-d:i.hgf
front the coupling section.  Preferably the locking segment bas at least one engagemen ¢ device.
In preferred embodiments, the sealing device is annular.

Another embodiment of the invention is a method of coupling af least two conduits of the

invention. The methed includes the steps of positioning a sealing device inside a bell coupled to

one end of a first conduit, inserting a spigot of a second conduit throngh the sealing device inside

the bell, and partially removing the spigot from the bell. A locking segment of the sealing

The sealine device s adapted to move axially within the bell in the direction of the insertion of

segment to be displaced

§ po

LW

from the path of the incoming spigot with fittle increase in iasertion force.  The axial movement

may be confined o one segment of the scaling device 1o accommodate angular and radial

the partially removed spigot from the bell in response to internal hydraulic pressure to effect a
sead to the spigot that rests in an angular and radial misaligned position.
In prefesred embodiments, the bell has a first end and a second end, the first end s coupled

to the first conduit. The bell has a concave ammulay inper surface, and a diameler of the annular

0
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mner surface adjacent to the second end of the bell socket,

In certain embodiments, radial loading of the focking segment increases as the spigotis

remmoved from the bell, The radial loading of the locking segment can mcrease exponentially as

the segment moves toward the front of the bell following the parabolic curve toward the vertex.
Preferably, the sealing device includes at least one locking segment comprising a convex outer
surface, and a K-type gasket coupled o the locking segment. Preferably the K-type gasket 1s

compressed upon insertion of the spigot. The withdrawal of the spigot end can be due to external
forces or internal hydraulic forces.

Other embodiments and advan tages of the invention are set forth in -p::-,l.rit in the descr pito .
which follows, and in part, may he obvious from this description, or may be learned from the

practice of the invention,

Description of the Drawings

The invention is described in ane ater detail by way of example only and with reference o
the attached CI.,t‘aéaxsirlgs;,_ in which:

Figurﬂ 115 a._:l?szlri‘i?a{c-r{)sr‘;erfr:s:‘:(;ti.c}'nai view of an embodiment of the system of the invention.

Figure 215 a partial cross-sectional view of an embodiment of the bel} of the invention.

F'igu-r& 3 is a partial cross-sectional view of an embodiment of the gasket of the invention.

Figure 4a is a partial cross-sectional view of an embodiment of the locking segment of the
mvention,

Figure db s a ,_pm‘tial cross-sectional view of an embodiment of ilw;l'c)ic-'ki.ni_v{; segment of the
invention as it interacts with the inner surface of the belf socket..

Figure 5is a partial cross-sectional view of an embodiment of the anti-extrusion segment of
the mventon.

Figure 6 13 a partial cross-sectionat view of an embodiment of the system with the Spigot
prior to insertion 1nto the hell,

Figure 7 is a partial cross-sectional view of an embodiment of the system with the splgot
inserted to the beli.

Figure 8 is a partial eross-sectional view of an embodiment of the system with the gasket

compressed more on the upper side due to deflection of the spigot.
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Figure 9 is a partial cross-sectional view of an embodiment of the system with i:h(t.}luck_'ing
segment engaged,
Figure 10 is a crogs-sectional view of an embodiment of the system with the spiget
detlected within the bell.

Figures 11-13 are pictures of expﬁumtnul epgagemeant patterns.

Description of the 'IrtWenﬁﬁn

embodiments of the in faﬁemio‘rs-. However, the disclosed embodiments are m»::'rcl ¥ EX ;E.‘-.I‘lll?-*j] ary of
the invention that mav be embodied in vartous and alternative forms. Therefore, there 18 no intent
that Specﬁifl’fifc structural and functional details should he limitin g, but rather the mtention is that
they provide a basis for the claims and as a representative basis for teaching one skilled 1 the art
to v u‘muah empi m-' the present invention.

A problem in the art capabie of being solved by the embodiments of the present invention

is coupling piping components and majntaining the assembly. It has surprisingly been

discovered that certain configurations of the interior suslace of a bell socket increase ease of

assembly and allow for deflection hetween components. Fusthermore, it has surprisingly been

discovered that certain configurations of the outer surface of a gasket increase the gasket’s ability

lo maintain assembly during use of the components im::ﬁiﬁuding under high pressure applications.

Figure | depicts a cut away view of the components of the upper segment of systen | ),

System 100 includes a spigot 105, a bell 110, and a sealing device 115, Bach of spigot 103, bell

|1, and sealing device 115 is shown in partial cross-section. In the preterred embodiment, each

fﬁf-.ﬂpigi}t 105, bell 110, and sealing device 115 is annular in shape having a commaon axis helow

Figure 1. Each of spigot 103, bell 110, and sealing device 115 can have any diameter that may

be ¢o mmim&,l}’ found in piping systems. Preferably the diameter of each of spigot 105, bell HU

and- am]mg device 115 1s between one-half inch and one hundred and twenty mches, more

In a'jpmji}‘:..t-‘.tml. r:n"iltt;ufli'nmmg;, -s}fsmm 10 és;ﬁ used to join lengths of pipes. The pipes can be'of

any length. Additionally, one pipe can have one spigot end and one beli end, two spigot ends,

twe bell ends, or a combination thereofl. fo other embodiments, there can be at feast one spigot

and/or befl located along the length of the pipe positioned perpendicularly or at an angle to the
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»

axis of the pipe. In other embodimients, system 100 can be used to join two or move pipes {0
other components (e.g. fire hydrants, valves, and/or fittings}, or can be used (o joinr componenis
together. System 100 can be used for any fluid, for example gas, water, or oit. In the preferred

embodiment, sealing device 115 has a gasket end 120 and a locking segment 125, However, in

1.5

certain embodiments, segment 125 can be an anti-extrusion element (described herein).

plastic and segments 123 are made of a substantially rigid material such as ductile won, steel. or

hardened plastic however other material may be used, preterably but not timited to ferrons

metals (e.g. steel and cast iron), non-ferrous metals (¢.g. copper-based alioys), or plastic {e.8.

10 PVCor HDPE). Pipes can bave walls of any thickness, preferably, but not hmited o, between
18 inch and 1 3% inches. Fittings can have walls of any thickness, preferably, but not himited 1o,
between Y4 inch and 2 inches.

o the preferred embodiment, sealing device 115 is of a diameter larger thas spigot 105 and
has an annuius at the back with a diameter shightly smalier than the diameter of spigot 1035, The

15 sealing device 1135 is preferably dimensioned such that spigot 185 can be inserted into sealing
device 113 without encountering intentional resistance until such time as i reacheas the wnner end
of beli 110.  Insertion forces are reduced by several orders of magnitude compared o
compression type seals. If resistance is encountered during insertion of the spigot into the
l(}.c:.la:i:ng seament, due to tl-m_-plaati.t:ii.t.}-f'of the casket and assisted by the compression groove 330,

20 the segment is-able to reduce the resistance by mo wing up and away from contact with the spigot,

Figure .2.7(1@@%-&::1:‘.«;{1-1 cul away view of a section of a bell | 1{}. The center line of the bell 110
is illustrated by a dashed 1 ine 12. The outer shape of bell 110 is best described by the relative
external diameters of the 'D*ii}f*ﬁi’l s different points. Beli 1 10 has an external diameter at the point
203 and a smaller external diameter at point 206 some tength along the beil 110. The transition

75 of the external suiface of bell 110 from pont 205 1o ‘psoi' nt 206 is a gi‘él.dl;_l_ﬂ] CUrve pro vidi ne that

section of the betl 110 with the appearance of 4 bell. Preferably a constant external diameter is

maintained between *p‘ﬁ‘imﬁ 205 and 207 with a gradual change of external diameter from point

207 to 206. The internal section of the bell 110 {from point 205 to point 268) is referred to as the

bell socket 220. Bell 110 is usually integrally formed but for the purpose of this disclosure can

) be divided inte a sumber of sections.

G
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The first section exiends from pomt 205 to pomnt 230, The internal radius of bell 110

between center line 12 and point 205 (R1) is greater than the internal radius of bell 110 between

center fine 12 and pomnt 234 (R2). The transition of the inner surface from internal radius R1 to
R2 is a smooth curve and is referred to as bell throat 225, An example of 4 smooth curve is a
depends on the distance trony point 205 to point 230, internal radius R1 and internal radius R2,
Preferably, radius 232 is adapted to facilitate insertion of spigot 103 mto beli 110

The second section of bell 110 extends from point 230 to point 231, The second section
includes a retainer portion 233 extending from point 230 to point 234, The internal radius at
point 230 is R2 and immediately transitions to an internal radius R3 between center line 12 and
point 234. R3 is greater than R2. The portion of the second section from reference p(}i'rit.il?.ﬁéi to
reference point 231 is provided with an inner surface 235 that is concave with reference to the

center line 12. The concave inner surface 235 may have a variety of shapes, including but not

Himited fo a truncated cone, a truncated elliptic paraboloid, a truncaled sphere, or a combination

thereof, Preferably, the curve of inner surface 235 has a pose ov “vertex™ of a paraboloid aligned

in an axial direction opening away from the “directrix.” As explatned heremn, concaye mner
of deflection by spigot 103 inserted into the bell 110.

The third section of bell 110 extends from point 231 o point 240, The portion of the third

section froni point 231 to point 239 defines the heel seat for the gasket 120 and the portion of the

third section of bell 110 from pol 239 10 _p{ﬂilﬁ 240 defines the socket shoulder where the gasket

120 is held in place.

point 242 (R4) is larger than the external radius of the spigot 105 in Figure 1. The second

portion of the fourth section includes a relatively flat surface in the lower portion from pomnt 242
{o point 249 that is referred to as the land. The third portion of the fourth section extends from

point 249 to point 260. Point 260 is referred fo as the land stop and has an internal radins RS that

18 -Sﬂ'h-.stm‘ttizﬂl'}-‘ cqual to the internal radius of spigot | (5. Typically. spigot 105 is the end of the

:;pip-e;;()pp@site'; o |p¢, b'ﬁil’} 110,

10
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Hlustrated in Figure 3 §s a cat away view of the upper segment of a gasket 120 ased with
the pipe bell 110 illustrated in Figure 1. Gasket 120 is preferably made of an elastomer.

However, other materials that are flexible, appropriate for the fluid, and provide a tight seal can

be used. For example, gasket 120 can be made of SBR (Styrene butadiene subber), EPDM

(ethylene propylene diene monomer rubber), Nitirife, NBR (Nitrile butadiene rubber), and/or
other synthetic and natural rubbers. In the preferred embodiment, gasket 12015 of asingle
Gasket 120 is preferably a K-type, lip, or wiper seal design, conforming to and fitting within the
bell 110, Gasket heel 305 and gasket shoulder 310 mate with gasket heel seat 239 of bell 110
gasket heel 305 is slightly Targer than gasket heel seat 239, thereby compressing gasket heel 303
so that it is firmly anchored in bell socket 220 with gasket shoulder 3 10 agamst socket shouider
240,

Gasket 120 has a front edge portion 315 {also referred to as the front edge slope or segment

edge) adapted 1o be disposed facing towards the open end of belt 110 that is tHusirated m Figure

1. Gasket 120 also bas a sebstantially cylindrical portion 320 that, when inserted into bell 110,

forms a gasket oritice.  Gasket 120 mcludes a primary travslation slope 325, 'The prumary

translation slope 325 allows for compression and transiation of the rest of the gasket 120

whenever force is exerted on the front edge portion 315, Gasket 120 has an expansion and

contraction groove 330 formed on the upper surface. In the preferred embodiment, expansion

and contraction groove 330 is an annular cutout along the onter surface of gasket 120. However,

in other embodiments, expansion and contraction groove 330 can be located on the inner surface

focated at various locations about gasket 120, Furthermore, expansion and contraction groove
330 can have any cross-sectional shape, inclading but not Hmited to trianguiar, rectangular,

frapezoidal, and semicircular. The back edge of gasket 128 is formed as a concave pressure

4

sealing pressure of lip seal 335 against the mating spigot 105. While annulus pocket 340 is

shown as a single carved ndestation, annulus pocket 340 can have multiple indentations and can
have 'a}.lzhﬂ;r-sifia{ms-.; Additionally, annulus pocket 340 can be of another material more

compressible than the material of gasket 120.
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Guasket heel seat 239 and socket shoulder 240 mate with and retains sealing device 115, In

a p-_refm'edf-ejrnii’lji,}diznft_ﬂ:'ﬁ;t‘, adjacent to socket shoulder 240 1s clearance stope 250. Clearance slope

250 permits ﬁP_as:sage;mf the water or other fluid into the pressure annulus groove of sealing device
115 {describﬂd. hm‘cin), In a preferred embodiment, the inner portion of belt socket 220 s land
249, which extends from clearance S]f,)p;:*:' 230 to land stop 260, Land 249 provides clearance for
Spigot 105 and fimits over-defiection of the joint. Land stop 260 limits the insertion depth of
spigol 103, while fand radius 263 assists in casting by eliminating a sharp inner corner between
land 249 and land siop 260.

_-Ir"f'zj."fjl.flt edgal S'I.Orpﬁ 315 is the surface to which the fli}eking gmem 1253. o apti-extrasion
segment 1 25b is muplc d. In the event that the edge of spigot 105 contacts the segment 125, in
the-’fpffiferfml em-.bf()'d:-i.mem, front ed Lre S?lfﬂ_[?it‘:' 31518 'z%lm}glf:disas;ci‘r. that s&gmmﬂ i;'Z’;ﬁfl' and gd\kd 120
will be deflected outward and away from spigm 1 lU‘i ailo w:ij;;;zg {the passage ﬁ;f:f;;}i oot 105 through
gasket orifice 320. Coniraction groove 330 facilitates the bend g or buckl ing of the gasket 1 20}
and the g mk:.l orifice 320, In opu.;ltmn the primary transiation slope: assists stabilizing the
front portion of gasket 120 and transferring forces (o the ¢ mp.m*«.mn and contraction groove: 330,
which will bend and/or buckle to assist in the movement out of the path of an inserted spigot 105
until spigot 105 comes into contact with the front edge o f 1ip seal 335, The effect of moving a
portion of the gasket 120 out of the path of an inserted spigot 105 1s to substantially reduce the
friction thereby reducing the amount of force necessary to insert the spigot 105 into the bell 110,

Figure 4a depicts a cut away view of the apper segment of segment 125, where segment

1254 s a locking segment. Locking segment 125418 prﬁemhl} made of AISTtype 4140 steel

(chromiwm steel). However other hard and durable materials can be used, Tor example AlSE {ype

431 stainless steel. In prelerred embodiments, segment 125 may be coated with an anticorrosion

coating. The outer surtace 403 of locking segment 125a is preferably a curved sorface that

'~|,¢"-

makes contact with the concave inner surface 233 of bell socket 220, The curvature of outer

surface 405, as shown in Figure 4a, is merely for illustration purposes. The curvature can be

greater or smailer than shown in Figure 4a. In the preferred embodiment outer surface 403 18

convex, more preferably a truncated paraboloid. However, in other embodiments, outer surface

4085 can be another convex surface, a linear surface, or a concave surface. Preferably outer
surface 405 opens away from bell throat 225, When the outer surface 4035 of locking segment

125a moves against the inmerswface 235 of bell socket 224, the locking element 123 acls as a

12
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cam follower and the inner sarface 2350f the bell socket 220 acis as a cam. That cam action

facilitates Jocking segment 1234 in w utim ne between bell socket 220 and spigot 103, forcing the

teeth 410 of locking segment 123a into. the outer surface of s pigot 105 and ptow_hnﬂ resirait

against extraction of spigot 105, Due to the e‘izxﬁtijc’i,tyaa,-.i‘?_gaﬁkﬁ:t 115 locking segments 125a have

freedom to move to maintain contact between outer su rface 403 and the inner surface 235 of hell

ocket 220, Thus, segmient 405 can accommodate misalignments between the two surfaces
caused by, for example, casting variability in the bell | m; as well as a differential caused by the
cliiptical path of the locking segments 1254 during deflection not mate hmﬂ :xactly to inner
surface 233,

The interaction between the outer surface 405 of locking element 125 and the inner surface

235 of the bell socket 220 is better iltustrated in Figure 4b. As stated m‘m-*itrl;m!w', inner surlace
235 of the bell socket 220 is concave and in a preferred embodiment follows the shape of a
truncated paraboloid. Therefore, for every horizontal displacement X of Jocking element 123 the
action of the outer surface 405 of the locking element 125 against the inner surface 235 the bell

ocket 220 there will be a vertical displacement Y of the locking element 123 commensarate
with the function defining the shape of inner surface 235 of the bell socket 220. While tocking

seament [25a is shown with two tecth 410, one or more teeth can be used. For thin watled

spigots or PVC spigots, there will be more teeth 410 located closer together than in embodiments

llHIHU thick wall iron kpwolx

Another function of locking segments 125a is to assist in moving gasket 120 away from

spigot 105 as spigot 105 is fuserted into bell 110, Segment mounting slope 413 is angled such

that the LOI‘]L‘»I’?DIldII}&I mating front end sfope 313 of gasket 120 will help deflect gasket 120 up

and away from the path of spigot 105 so that passage 1s not impeded. Locking segment 1254 18
aided by primary transiation siope 325 of gasket 120, which supports the portion of gasket 12

forward of expansion and contraction groove 330,

In the preferred embodiment, segments 125 are egually spaced and mounted to front end

: iopu 315 of gasket 120. chmcma 125 reinforce the elastic gasket material against extrusion

between throat 223 and %]31001 103, In order for segment teeth 410 to penctrate spigot 103, itis
preferable for | ocki ng segment | 23a to be made of a material harder than spigot 108,
qum “depicts a cut away view Qii’*:i'he.upper.s:agmam of seament 125, where segment

1 25b is an anti-extrusion segment for non-restraining 10mt g,mkus lu embodiments where
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restraint between a mating bell 110 and »-,pi gol 105 15 nol desived or needed, segment 125b can be
made without teeth as shown in Figure 5. The toothless segment 1250 functions similarly to the
locking segment 125a in helping. g:a_:ékeiil 20 to facilitate deflection and preventing extrusion of

oasket 120 between throat 225 of bell socket 220 and spigot 120, but has no teeth to penetrate
spéigm 105 and -p-'rm-.*itje restraint. In some smbodiments, both locking se gments 125a and
toothiess se segments 1250 can he ased in the same restraining device | {5.

Figm'es -9 clr;ip;ic-t cut away views of the steps of :i'ns;erlmw socket 103 through sealmg
device 115 and into bell 110. In}lg’mcﬁ spig-oti 105 is aligned with bell 110. In the preferred
ernbodiment, the centertine of spigot 105 *“-dh%_'ﬂt“d with the center line of bell 110. However, in
other embodiments, -Si‘J’i?E‘m{i 105 can be inserted into belt 110 at an angle. The élllgl@tﬂﬁlﬁf.}i‘*ﬁ-.lﬁ%
than 157, preferably, the angle 1s between 5° and 9°, and more preferably the angle is 7% or less.

Upon contact and continued insertion of spigot 103 (as shown in Figure Ti 1113 seal 335 will bend

and stretch over spigot 105 imparting axial and circumferential tensile forces to fn;v-.kt.l 120. The

tensile forces cause the secondary transiation S-.l{}p. e 345 (o force segments 125 into contact with

spigot 103,

Insertion of spigot 105 through sealing device 115 will resalt i \pwm 105 contacting
tocking segment 125, Ordinarily this would increase the friction exerted i.ﬂ-:ipjigt‘ﬁ: 105.

However, in the preferred embodiment, as spigot 103 contacts locking segment 1235, the forces

exerted on the gasket 120 cause the gasket 120 to bend at contraction groove 330 and allow for
the longitudinal and axial displacement of segment 125 along concave inner surface 235, The
displacement of the gasket altow and guide the translation of segment 125 out of the way ol

incoming spigot 105 with a minimum force

The displacement of segment §23 is c-ziu.geﬁ;l by a combimation of axial and radial movement

inresponse o ijh::t 0.1‘-irf;nmtif¢::rn t:)f j_i‘_h;t;% t.iim.:-o;mi ng .;spi;gm 1‘(‘]5__:;1{11{1.-¢;ii melmi-nmil af'.éufi.mi.(}nﬁ' of I’imfj'ofini

Fesponse 'lf:s-:f;-p-igoi mﬁ}.being -dcflj{(f‘:cte.df(}r (}ffﬁﬂlg ,"I‘im.ﬁ nergy stored 1 gasket 120 as a result of

the displacement keeps segment 125 in contact with spigot 105, Insertion of spigot H)5 through

s«:e:;i'“l.in,g;-dm ice | '1 3 induces axial tensile forces in sealing device 115, or at least posstions

{as shown in Figure 8). The circumferential tensile forces exerted on Iip seal 335 1o lorm a seal

between Hp seal 335 and spigot 105, The seal is amplified when the joint is pressurized and the

14
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material of gasket 120 causes the seal to be pressed more tightly aganst spigot 100 and the inner

surface of beli 110 (as shown in Figure 8). Gasket 120 can move independently of segment 123

once segment 125 is seated. Spigot 105 does not have to be fully mserted into bell 110 to seal.

in the preferred embodiment, spigot 105 will be sealed once the nserted end of spigot 10518

inserted past Tip seal 335, at which point, system 100 s water tight.

Once the spigot 105 is in place, the spigot 1035 or the bell 110 may be subjected o
separation forces that tend (o separate the spigot 105 from the bell 110. The separation forces
may arise either from external forces or as a result of the internal pressure in the pipe. As shown

in Figure 9, separation forces cause the teeth 410 to engage spigot 105, The teeth 410 are

-

%

Enga gaeci cdie to radial jioad?ing,-.w.:tja.used by the outside surface of the segments 125 bearing against
the PrOgressiy e-ﬁl.y decreasin g Cu rved inner surface 235 of bell 110, Since, in the preferred
enﬂjc;sdi%-mﬁ:z'}.lt',, bell 110 is sifmpfz{jl such that the diameter decreases at an imereasing rate from
gasket heel seat 239 to bell throat 225, withdrawai af .t"l.fis.:‘r..fipigﬂl‘. is mel with increasing resistance

as the simifarly formed outer surface 405 of segments 123 is wedged between the bell 110 and

the mating spigot 105, The flexibility that allows segment 125 to translate out of the path of the

e

incoming spigot 103 also allows segment 125 {o rotate into an off-axis posiion to maximize the

k|

engagement of teeth 410 with a misaligned or radialty offset spigot 110 and to reduce the

possibility of point-loading conditious.

When the joint is extended (pulled apart), the outer surlace 405 of segment {25 mates with

the inner surface 235 of bell socket 220 and forces teeth 410 into the outer surface of spigot 105

due to the parabolic wedging action of the cuter sur ace of locking segment 123 being drawn in
the direction of its vertex. Withdrawal of spigot | DS,.@ ither due to external forces or the internal
hydraulic action caused by pressurizin g-ifhﬁjif}'i:m_.',j causes teeth 410 to engage spigot 1 05 and the
convex outer surface 403 of locking segment 125 to engage the --cm*l*::gp@:udiﬂ g conca ve inner
surface 235 of bell socket 220. As the withdrawal motion is continued, the enga gmneﬁ-‘[ihﬁi‘ WOEH

the outer sarface 405 of locking seament {235 and oner surface 235 4s intensified by the

teeth 410, forcing them to further engage spigot 103, Extension of the joint is minimized due to

the outer surface of locking segment 125 encountering an exponentially decreasing diameter of

the inner surface 235 during pufl-back, which exponentially increases the rate of radial foading

of teeth 410 engaging spigot 105, In embodiments where there are multiple locking segments.
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the engagement pressure on the outer surface of locking segments 125 would be relatively equal
since beli 110 and spigot 103 are-in the form of concentric circles when axially aligned.
Figure 10 depicts a cross-sectional view of a spiget 1005 coupled to a belt 1010 deflected

at an angle 8. The outer surface of segment 1025 facititates a deflection, or bending, of the joint

between spigot 1005 and bell 1010 by moving along inner surface 1020 of bell 1010, T8 1s

defined as the angle of deflection as measured front the centerline CL of the beil 110 and spigot
1005 components, then in the direction of deflection, segment 1025 will move along curve [020
in the divection of the vertex, or smaller end of curve 1020, At the other end ot the couphng.
lhﬁ}a}pposite direction away from deflection. the opposing segment 1035 will move along the
curve 1020 away from the vertex. Segments mounted around the gasket 1015 at intermedhate

locasions between segment 1025 and segment 1030 wili follow an elliptical path. The outer

susfaces of these intermediate segments will moaintain conlact with the concave inner surface

of the elliptical path can be defined by h = tangent (8) times the effective diameter as measured
across the outside surface of opposing segments. in the preferced embodiment. € is less than or

equal 1o 5°. more pf'czfét'zl'b'ij3r # is less than or equal 1o 10°, however, 8 can be another angle.

In the preferred embodiment, when the joint is deflected, the outer surface of locking

segment 125 follows a curve described by an ellipse in a plane inclined to the axis of the spigot.

Each half of the ellipse on either side of the minor axis is a curve close encugh in shape (o a

parahola so that the ellipse conforms closely to the paraboloid of bell 116 as the joint is

deflecied.

In the preferred embodiment, the inner surface 235 of bell 110 and the outer surface 405 of
ment 125 follow the shape of truncated paraboloids, one positioned inside the other, The two
paraboloids are axially al igned when the joint is in the undeflected position. Paraboloids ase
surfaces generated by rolating a parabola aboul its central axis.

In the preferred embodiment, no lubrication between spigot 105 and sealing device 11518

required. However, in other embodiments, lubricants can be wsed, for éxample dry film

lubricants, The tubricant can ease jn assembly and provide corrosion protection to sealing device

115,

16
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In § inch pipe. for example, the fosce used to insert the spigot 103 mnto the betl 110, is

between 25 to i 00 pounds, With that level of force the msertion can be .c.ofn'lpl cted manually,

without the use of mechanical devices other than o Lift the piping component.

The following examples itlustrate embodiments of the invention, but shoald not be viewed

as Himiting the scope of the invention.

EXAMPLE

Ap experiment using two fengths of 8 inch pipe was conducted. One pipe had a bell as
described herein while the other had a spigot as described herein. The two lengths were joined

using a sealing device as described herein. The pipes were sealed at their respective open ends

and the internsl cavity was pressurized. The experiment was conducted first with the pipes
having no deflection and then with the pipes having 5.7° and 7.0° of deflechion. Fhe results are

compiled in Table 1.

Foint
- Detlection, v

Maximuam
Pressure, psi

Minimauin
Pressure, psi

NG . ()f’

Fest

e Test Kesult
Number

Leak: Gasket Tear |
Leak: Gasket Tear §

9282

Leak from prior

{ damage to gasket

Table |

I 07 is defined as the angle of deflection between the axis of the bell socket and the

spigot, through moderate angles of deflection, the locking segments following the major axis of
an ellipse projected onto a plang inclived at 0° perpendicular to the axis will, on the side of the
complementary angle (180 © - ) be positioned nearer the vertex of the parabeloid of the bell
socket, and those on the corresponding angle of defiection, 0, corresponding to the longer side of
the major axis of the ellipse will follow the curve of the paraboleid and be positioned further out
on the magor axis, but stilf in close proximity to the bell socket. Thus the ethiptical path of the

deflected segments rotating within the parabotoid helps maintan proximsty between the

17
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paraboloid outside surfaces of the locking seaments and the parabolod surface of the bell socket
through moderate angles of deflection within the limits of the joint. At the cemter of rotation
(during deflection). the segments are not displaced much beyond that of their original position on
the circle perpendicular o the axis of the spigot.  The displacement or translation of the
segments includes the ability to rotate into an off-axis position to improve the engagement with a
misaligned spigot and (o provide equalization of pressure between the bell curve and the spigot
end through the scgments. Thus, the eagagement pattern of the segments is approximatefy
balanced around (he spigot whether deflected or not through moderate angles of deflection of the
jomt. The advantage of this embodiment is that the joint less likely to lose engagement or
restramt as the joint 1s deflected, permitting defiection angles up to 10 degrees, preferably
between 5 and 2 degrees, and more preferably 7 degrees or fess. A 90-degree tam can thus be
made using approxsmately 13 (20-foot) pipes over a distance of approximately 300 circular feet
with deflections of 6 degrees, as opposed to 30 pipes over a distance of 600 circular feet using 3
degree deflection joints. That greater deflection reduces the number of bend fitungs and the

g reguired, and conserves land space.

-

amount ol trench diggin

The validity of this assertion can be seen by the engagement pattern of segment teeth of a
gasket on a pipe spigot as shown 1o Figures 11-13 for a joint that was deflected 5.7°, and
pressurized (o 328.2-ps1 before the gasket body ruptured. 1t can be seen that the engagement
pattera follows an elliptical puth about the pipe spigot, and the depth of penetration of the teeth
arc approximately equal, mdicating refatively equal pressures between the bell socket, segments
and spigot, even though the joint is deflected. The joint in the photographs withstood a pressure
of §28.2-psi before failure of the prototype gasket made of a catalyst-activated polyurcthane.
Even thought the gasket rubber failed, the joint maintained engagement and did not separate.
The joints did not separate in any of the tests; all failures were due to leaks caused by tearin gof
the rubber when the tensile strength was exceeded dac 1o internal pressure.,

Other embodiments and uses of the invention will be apparent to those skilied in the art

from consideration of the specification and practice of the invention disclosed herein.

Furthermore, the term “comprising” inchudes the

I8
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terms “consisting of” and “consisting essentially of,” and the terms comprising, including, and

conlatng are not imtended o bel 'i;i'l‘siii'ir-l'g,

19



Claims

1. A conduit coupling system comprising:
a first piping component;
a second piping component;

a bell having a first end coupled to the first piping component, a second end

and a concave annular inner surface;

a spigot adapted to mate with the bell and coupled to the second piping

component; and
a sealing device,
wherein

a diameter of the annular inner surface adjacent to the first end of the bell is
greater than a diameter of the annular inner surface adjacent to the second
end of the bell;

the sealing device has: a segment including a convex outer surface adapted
to engage the concave annular inner surface; and a K-type gasket coupled to

the segment; and

the sealing device is adapted to fit between the bell and the spigot.

20
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2. The conduit coupling system of claim 1, wherein the segment is a locking

segment.

3. The conduit coupling system of claim 2, wherein the locking segment is

adapted to engage an outer surface of the spigot.

4. The conduit coupling system of claim 2, wherein the locking segment has at

least one engagement device.

5. The conduit coupling system of claim 1, wherein the annular inner surface is

a truncated elliptic paraboloid.

6. The conduit coupling system of claim 1 wherein each of the first piping

component and the second piping component has a bell at a first end and a

spigot at a second end.

7. The conduit coupling system of claim 1, wherein the first piping component is

cylindrical and the second piping component is cylindrical.

8. The conduit coupling system of claim 1, wherein the first piping component is

made of at least one of ferrous metals, non-ferrous metals and plastic and

the second piping component is made of at least one of ferrous metals, non-

ferrous metals and plastic.

9. The conduit coupling system of claim 1, wherein the segment is made of a

first material and the K-type gasket is made of a second material.

10. The conduit coupling system of claim 9, wherein the first material is harder

than the material of the second component

21
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11. The conduit coupling system of claim 1, wherein the K-type gasket is

comprised of a coupling section and a sealing section.

12. The conduit coupling system of claim 11, wherein the sealing section is

comprised of an upper section and a lower section, each extending from the

coupling section.

13. The conduit coupling system of claim 1, wherein the sealing device is

annular.

14. The conduit coupling system of claim 11, wherein the coupling section has

one or more expansion or contraction grooves.

22
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