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1 FLEXrBLEaPIPE CONNECTOR BACKGROUND OF THE | NVENTI ON 5 1. FIELD OF
THE | NVENTI ON The present invention relates to a flexible pipe connector,
and hore.'particularly to a pipe connector including a first cylindﬁfﬁgﬁ
menber ‘and a second 10 cylindrical nenber inserted into the first
cylindrical menber, the first cylindricalymenber defining, in an inner
peri-pheral face thereof, an annular restricting groove, the second
eylindrical nenber defining, in an outer peripheral face thereof, an
annul ar attaching 15 groove faMird, @@ piber teknasirak | ength than the
annul ar restricting groove of the first cylindrical nenber, the attaching
groove being detachably attached with a radially deformabl e retaining
menber for comng into contact with an axial end face of the restricting 20
groove for restri CBACKGRGUNE oF T aNwesiTapihNal novenment between the two.
cylindrical nenbers, the outer peripheral face of the second cylindrical
menber _ -

1. FIELD OF THE INVENTION

[34]

The present invention relates to a flexible pipe
connectof, and more particularly to a pipe connector
ipcluding a first cylindrical member and a second

10 cylindrical nember inserted into the first cylindrical
member, the first cylindrical member defining, in ;n
inner peripheral face thereof, an annular restricting
groove, the second cylindrical member defining, in an
outer peripheral face thereof, an annular attaching

15 ‘ groove having a shorter axial length than the annular
restricting groove of the first c¢ylindrical member,
the attaching groove being detéchably attached with a
rédially deformable retaining member for coming into
contact with an axial end face of the restricting

20 groove for restrigting range of relative axial

movement between thg two. cylindrical members} the
outer peripheral faéé;of the second cylindrical member

f: and the inner peripheral face of the first cylindrical

member being provided with a radiai opposing distance

23 therebetween determined so as to allow insertion and




and thétinner peri pheral face of the first cylindrical nenber being

prgvided with a radial opposing di stance 25 t her ebet ween determ ned so
as to allow insertion and 2 withdrawal of the retaining nmenber. 2.
DESCRI PTI ON OF THE RELATED ART 5 In assenbling an flexible pipe

connector of the above-noted type, first,_the second cylindrical nenber is
inserted into the first cylindrical menbef, when a | eadi ng end of the
second cylindrical nenber is placed at an axially intermnediate portion of

the restricting 1QtndraGh30¥e dREI pedainihBCnlROEF. peripheral face of the
first cylindrical nenber. Then, through the annul ar gap fornmed between

thé outer peripheral face of the second cylindrical nmenber and the inner
peri pheral face of the first cylindrical nmenber, the retaining 15
menber which is bei.ng DEstRAPIryOSXpANURE RELATERI ART

5 In assembling an flexible pipe connector éfhihe

above-noted type, first, the.second cylindrical member

is inseréed into the first cylindrical member, when a

leading end of the second cyiindrical member is placed

at an axially intermediate portion of the restricting

10 groove defined in the inner peripheral face of the

first cylindrical member. Then, through the annular

gap formed between the outer peripheral face of the

second cylindrical member and the inner peripheral

face of the first cylindrical member, the retaining

15 member which is being radially expanded is inserted

from the leading end of the seqond cylindrical member

to the attaching groove of the same. In this

céhdition, the radially expanded condition of the

retaining member is released to allow this retaining

20 ‘member to be reduced radially to elastically fit the
attaching groove.

As described above, with this type of flexible

pipe coﬁnector, the annular gap for

insertion/withdraw#l of the retaining member is formed

25 between the outer peripheral face of the second
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fron1tﬁe | eadi ng end of the second cylindrical nenber to the attaching
graﬁve of the sane. In this condition, the radially expanded condition
of the retaining nmenber is released to al low this retaining 20 menber
to be reduced radially to elastically fit the attaching groove. As
described above, with this type of flexilje pipe connector, t he
annul ar gap for insertion/wthdrawal of the retaining nmenber is
formed 25 "between the outer peripheral face of the second 3

cyl i ndri cal menberc AhdMediNEnRSt | BRA" And AEEOf LR ibheshicHddulrbgal

menber. Therefore, an external torce in the withdraw ng direction
generated in assoair@d i O tdy 1BhEAdNURgL . di fTREFENéE@] &n external

settlenment affects both of the two cylindrical nenbers which are

un-wi t hdrawabl y arfth expandabl yecannged edwtimg direction generated in
association with an earthquake or differential
5 settlement affects both of the two cylindrical members
which are un-withdrawably and expandably connected to
each other within the movable range determined by the
length of the restricting groove. In this, the
retaining member fitted to the attaching groove of the
10 second cylindrical member is strongly pressed in the
axial direction against one end face of the
restricting groove located on the side of the entrance
opening of the first cylindrical member, when the
retaining member is urged to elastically deform or
15 expand radially, so that this retaining member may be
inadvertently detached or withdrawn from the attaching

groove of the second cylindrical member.
. For this reason, a conventional flexible pipe
connector has a construction.shown in Fig. 12. In
- 20 this construction, a contact face 50a of the
restricting groove 50 and a contact face 5la of the
retaining member 51 are formed respectively as a
tapered face having a decreasing diameter toward the

entrance opening (a)} of the first cylindrical member

25 A, so that these tapered contact faces 50a, 51la come



each other within the novabl e range determ ned by the length of the
restricting groove. In this, the retaining nenber fitted to the
attachi ng groove of the 10 second cylindrical nmenber is strongly
pressed in the axial direction against one end face of the
restricting groove | ocated on the side cq the entrance opening of the first
cylindrical nenber, when the retaining nenber is urged to elastically
deformor 15 expand radially, so that this retaining menber may be

| nadvertently detagf grotnht.actth%r %‘Qﬂsireacﬁhgt?t%ac £le Ih 2P P &l L 0e; ggcond

cylindrical nenber. i's T 6&Son, a conventtonal e piI pe connector

has a constructi Omrﬁélp"‘gubﬂ Bi%hdrkbring ldifdction t@k%u%%&“fu%' eON;
contact face 50a of the restricting groove 50 and a contact face 5la of

the retaining nenbgiplakdane kaemdor espeadt-veLY @AémBetaPR! ed. f aged havhag a
decreasing dianeter toward the entrance opening (a) of the first

cylindrical nenberidfered cohtasa tfhale tshhese it aper etk Lontacing acesovdas051a

some 5 has a minimum diameter which is same as or smaller

than a minimum outside diameter of the tapered contact

face 5la of the retaining member 51 (see Japanese un-

examined utility quel gazette No. 4-136392 for
example). '

10 'In the case of the conventional flexible pipe

- connector having the above-described construction,

when the withdrawing-direction external force 1is

applied to the two cylindrical members A, B to cause

the tapered face 5la of the retaining member 51 fitted

15 to the attaching groove 52 of the second cylindrical

| member B and the tapered face 50a of the first

cylindrical member A to come into contact against each

oéher, the fetaining member 51 is strongly pressed

against the inner peripheral face of the attaching

20 groove 52 of the second cylindrical member B. Thus,

there occurs mutual sliding movement between the

tapered face 5la of the retaining mémber 51 and the

tapered face 50a of the first cylindrical member A.

In association with this mutual sliding movement, the

25 portion of the first cylindrical member A on the side



4 into‘%ontact agai nst each other in the axial direction when such
wi t.Adrawi ng-direction external force is applied to the two cylindrical
menbers A, B. And, the tapered contact face 50[err] of the restricting

groove 50 5 has a minimum di aneter which is sanme as or snmaller than a
m ni nrum out si de di aneter of the tapered cgntact face 5la of the retaining
menber 51 (see Japanese un- examned util Pty nodel gazette No. 4-136392 for
exanple). 10 In the case of the conventional flexible.pipe

connector having the @b@vencte&cﬁbbe%f&m%guqtal)onuhw}%rbﬁ h€lastically
wi t hdrawi ng-direction external force is applied to the two cylindrical

menbers A, B to caeserdiie impehed rhacenla fcbhedr et ik deBgonEried Bhe
fitted 15 to the attaching groove 52 of the second cylindrical nenber
B and the taperedpba¢é050§értbeoéethedf¢vsinanGakkmqmﬁennaﬂmu’theteldene

i nto cont act agalnst each
of its inserted end side elastically deforms in the

radially inward direction. And, if the sum of the

54}

amounts of these elaétic radial deformations of the

two cylindrical members exceeds  a radial engagement

width L between the tapered face 5la of the retaining

member 51 and the tapered face 50a of the first

lQ cylindrical member A, the retained condition between
the two cylindrical members A, B is forcibly released.
Therefore, in order to improve the retention

condition between the cylindrical members A, B, it is
necessary to increase the radial engagement width L

15 -' between the tapered face 5la of the retaining member
51 and the tapered face 50a of the first cylindrical
member A. But, such enlargement of this width tends
t& result in radial enlargement of the entire pipe
connector.

29 The present invention #ttends to the above-
described state of the art, and its primary objgct is
to provide a flexible pipe connector which-hay be

 formed compact in the radial direction and which ret
is capable of preventing inadvertentlwithdrawal of the

25 two cylindrical members more effectively.



other,>the retaining menber 51 is strongly pressed agai nst the inner

pefi pheral face of the attaching 20 - groove 52 of the second
cylindrical nenber B. Thus, there occurs mnmutual sliding novenent ‘between
the tapered face 5la of the retaining nmenber 51 and the tapered face 50a of
the first cylindrical nenber A In association with this nutual sliding
novenent, the 25 portion of the fir6st cylindrical menber A on the side
5 of the entrance opening (a) thereof elastically deforns in the radially
outward direction and the portion of the second cylindrical nmenber B on the
side of its inserted end side elastically deforns in the 5 radially

i nward direction. gydMchy of 1iie wmEngholhe anounts of these elastic radial

deformati ons of the two cylindrical nenbers exceeds a radial engagenent
width L between the tapered face 51a of the retaining
| For accomplishing the above~noted object, a
5 flexible pipe connector, according fo the present
inveution, comprises:

a first c¥lindrical member;

a second cvlindrical member to be inserted ihto
the first cylindrical member;

10 an annular restiicting groove defined in an inner
peripheral face of the first cylindrical member;

an annular attaching groove defined in an outer
peripherai face of the second cylindrical member and
having a shorter length than the restricting groove in

15 a direction of cylinder axis;

a retaining member radially expandably and
detachably fitted to the attaching groqve for coming
iﬁto contact with an end face of the restricting
groove in the cylinder axis direction so as to

20 restrict range of relative movement between the first
and second cylindrical members in the cylinder axis.
direction;

the outer peripheral face of the second
cvlindrical member and the inner peripheral face of

25 the first cylindrical member being provided with a



nenbeﬁ 51 and the tapered face 50a of the first 10 cylindrical nenber
A the retained condition between the two cylindrical nenbers A Bis

forcibly rel eased. Therefore,

between the cylindrical nenbers A B, it is necessary to increase the
radi al engagenent width L 15 bet n the tapered face 5l1la of the
retaining menber 51 and the tapered face 50a of the first cylindrical

menber A. But,

such enlargenent of this width tends to. result in radial

enl ar gement Of th&éﬂMﬂ'a%pB%H%cC@”Q%QEQE tR@rebetween ddPErRILSENdo as

i nvention attends to the above- described state of the art, and its primry

in order to inprove the retention condition

object is to prowdae@ad« exmbéetpbaea%nmﬁ&lmra\hamhomayub@ f eitEaG cogpact

in the radi al

di rection and which yet

wi t hdrawal of theezber; two cylindrical menbers nore effectively.

10

15

20

P

a radial-expansion restricting portion for
preventing, through contact, a radially outward
withdrawiﬁg movement of the retaining member from the
attaching groove when the retaining member comes into
contact, along the directign of the cylinder axis,
against an end face of the restricting groove located
on the side of an entrance opening of the first
cylindrical menber;

wherein, at least mutually contacting portions
respectively of the end face of the restricting'groove
and an end face of the retaining member are formed as
faces extending substantially normal to the cylinder
axis or tapefed faces extending radially outward as
approaching the entrance opening of the firét
célindrical member.

According to the above-described construction,
when the two cylindrical members flexibly and un-
withdrawably connected to each other via the retaining
member are subjected to an external force in the
withdrawing direction due to an earthquake or
differential settlement, these cylindrical members

move relative to each other within the movable range

i s capabl e of preventing inadvertent



6 SUMVARY OF THE | NVENTI ON For acconp]lshing the above-noted object, a 5
fl exi bl e pi pe connector, according to the present inveintion, conprises: a
first cylindrical menber; a second cylindrical nmenber to be inserted into
the first cylindrical nenber; 10 an annul ar restricting groove
defined in an inner peripheral face of theg first cylindrical nmenber; an
annul ar attachi ng groove defined in.an ouler peripheral face of the second
cylindrical nenber and having a shorter length than the restricting groove

in 15 a direcggﬁgngé yl i %eq K% éyr@gglggggrgggﬁﬁg 52db3kLY and

expandabl y and detachably |tte e attachi ng groove comng into

contact with an engdnhtagec@inihe ﬁ@ﬁ&éicfifmbéﬂﬂﬂﬂ%hé'h@ﬂ&%ﬁ%ﬂgf%?ﬂ o@Xick
direction so as to 20 restrict range of relative novenent t ween t he

first and second cyhkndkickald neyberdriBallhenetythé AdRomdXd Sinto contact,

along the direction of cylinder axis, against the one

[33]

end face of the restricting groove located on the side
of the entrance opening of the first cylinder member.
In the course of this, the portion of the retaining

~ member contacting égdinst thé one end face of the
restricting groove of the first cylindrical mehber and
‘10 the further portion of the retainihg member contacting
against the attaching groove of the second cylindrical

member are radially displaced relative to each other.
-Further, at least those portion of the mutuallf
cohtacting respective end.faces of the restricting

15 groove and the retaining member are formed as faces
extending substantially normal to the cylinder axis or

as tapered faces extending radially outward as
agbroaching the entrance opening of the first
cylindrical member. Thus, the retaining member is

20 twisted and pivoted in a direction where a diagonal
direction of a cross section of this retaining member
is aligned with the cylinder radiai direction, with
using the portion of the retaining member contacting
the end face of the restricting groove of the first

25 cylindrical member and the further portion of the



direct?on; the outer peripheral face of the second cylindrical nenber and

thé i nner peripheral face of 25 the first cylindrical nenber being
provided with a 7 radi al opposing distance therebetween determ ned so as
to allow insertion and w thdrawal of the retaining nmenber; a

radi al -exparnsion restricting portion forg5 preventing, through

contact, a radially outward w thdrawi ng novenent of the retaining nenber
fromthe attaching groove when the retaining nenber cones into contact,
along the directi ertafinihe aydmbedercaxtsct agal nhe aateanchiraregobovhe of
restricting groove |ocated 10 on the side of an entrance openi ng of.
the first cylindrittal seswver cwihaweiisalatmdmdest @it vakFgiconradnitsg for
portions .
the pivotal movement. In the course of this twisting
pivotal movement, the retaining member comes into
5 contact with the radial-expansion restricting portion,
whereby the retaining member may be reliably prevented
from being withdrawn from the attaching groove.
Further, even if subjected to such withdrawing
external force of a significant magnitude under the
10 above condition, as long as the sum of the amount of
the radially outward elastic deformation of the
portion of the first cylindrical member on the side of
the entrance opening thereof and the radially inward
elastic'deformation of the inserted portion of the
15 second cylindrical member doces not exceed the 1length
of the diégonal line of the cfoss section of the
retaining member, the retention condition between the
tﬁo cylindrical members is not released.
Accordingly, since the radial length 6? the
20 ‘retaining member (consequently, the diagonal length of
the cross section of this retaining member) functions
effectively for preventing inadvertent withdrawal, the
flexible pipe connector, according to the present

invention, may be formed compact in the radial

25 direction, yet may achieve superior withdrawal



respectively of .the end face of the restricting groove and an end face of

t he’retaini ng menber are formed as 15 faces extending substantially
normal to the cylinder axis or tapered faces extending radially outward as
approachi ng the entrance opening of the first cylindrical nenber. According
to the above-described construction, 20 39 Wwhen the two cylindrical
menbers flexibly and un- w thdrawably connected to each other via the
retaining menber are subjected to an external force in the w thdraw ng
direction due to apreasihiuaker tictdi fifrerRmipaali sset Wiekerhe thasentional
cylindrical nmenbers 25 nove rel ative to each other within the novable
range defined hyohserhenigit ddsdhibeadedtemednbedogiecove, and the retaining
menber fitted to the attaching groove of the second cylindrical. nenber
cones into contact, al okecetding reet rofuotheyl iasdectaxd s, thgaingenthenone

the radial-expansion restricting portion comprises a

radial~expansion restricting face formed at an end of

(31}

an inner peripheral face of the restricting groove in

such a m;nner as to come into contac; with or come

closer to the outer peripheral face of phe retaining

member.contacting against the end face of the
10 restricting groove.

With the above construction, when a significant
withdrawing force is applied to the two cylindrical
‘members to bring the retaining member into contact
against the one end face of the restricting groove,

15 the radial—exéansion restricting face of the radial-
expansion restricting portion comes into contact with
or comes closer to fhe outef peripheral face of the
rétaining member fitted to the attaching groove of the
second cylindrical member. Therefore, a radial

20 engagement width between this retaining member and the
attaching groové of the sécond cylindrical member may
be maintained at or near a predetermined engagement
width.

Therefore, the withdrawing external force applied

25 to the two cyvlindrical members may be received in a



5 Yend face of the restricting groove |ocated on the side of the
ent¥ance opening of the first cylinder nenber. In the course of this, the
portion of the retaining nenber contacting agai nst the one end face of the
restricting groove of the first cylindrical nmenber and 10 the further
portion of the retaining nmenber contactinggagainst the attaching groove of
the second cylindrical nenber are radially displaced relative to each
other. Further, at |east those portion of the nutually contacting
respective end facessetibli@etesitate vl thie larggl et ANHyt BEnitlcA MM HJ

menber are fornmed as faces extending substantially normal to the cylinder
axi s or as taperedpdacosnexsendhagenddifakky ocquties drasa apiid atémge t HRd
entrance opening of the first cylindrical menber. Thus, the retaining
menber is 20 the séeel entl fosotodd tihe atdiacddhigog rebeeeocd thageseadnd
direction of a cross section of this retaining menber is aligned with the
cylinder radial di¢ekirdnical thenpsimg nels@egéritiedd -of the retaini ng nember
contacting the end face of the restricting groove of the first
5 As a result, it is "pdssible to reliably restrict
damage due to decrease in the engagement width between
the retaining member and the attaching groove of the
second cylindrical member.
According to a still further aspect of the
10 present invention, the radial-expansion EEStricting
portion comprises a radial-expansion restricting face
of a restricting member engaged and retained at one
end of the innef peripheral face of the restricting
groove in such a manner as to come into contact with
15 or come closer to the outer peripheral face of the
retaining member contacting against the end face of
the restricting groove.
With the above-described construction, a
conventional flexible pipe connector in which a radial
20 mutual opposing distance between the outer peripheral
face of the second cylindrical member and the inner
peripheral face of the restricting groove of the first
cylindrical member is set so as to allow

insertion/withdrawal of the restricting member over

25 the entire axial length of the restricting groove, may



25 '$ cylindrical member and the further portion of the 9 retaining
mepber contacting the attaching groove of the second cylindrical nenber as
reaction points for the pivotal novenment. |In the course of this tw sting
pi votal novenment, the retaining nenber comes into 5 contact with the
radi al - expansion restricting portion, wiereby the retaining menber may be
reliably prevented frombeing withdrawn fromthe attaching groove. Further,
even if subjected to such withdrawi ng external force of a significant
magni't ude under the M»difiedbowveachhdivei ahe b dvagdes citic sdine §ff etcte,
amount of the radially outward elastic deformation of the portion of the
first cylindrical “idilbesuoh tshiapdiadeanfl taroremigrde ®peaifig athiee roff amnd
the radially inward elastic deformation of the inserted portion of the 15
second cyl i ndri caCansritg Hbes redtt rhleere t e Mgt ffo be engaged and

retained at the one end of tLhe inner peripheral face
5 of the restricting groove of this pipe connector.
According to a still further aspect of the
present invention, the outer peripheral face and the
radial-expansion restricting face of the retaining
member are formed respectively as a tapered face
10 gradually reduced in the radial direction as
approaching the entrance opening of tﬁe first
cylindrical member.
With the above-described construction, in
comparison with e.g. a further construction where the
15 outer peripheral‘face and the radial-expansion
restricting face of the retaining hember'are
respectively formed parallel with the cylinder axis,
tﬁe two cylindrical members may move more smoothly
relatively to each other within the range defined by
20 the length of the restricting groove, while the
radial-expansion restricting face of the radial-
expansion restricting portion is brought into contact
with the outer peripheral face of the retaining member
fitted to.the attaching groove of the second

25 cylindrical member when the retaining member comes



of the’diagonal line of the cross section of the retaining menber, the
rerention condition between the two cylindrical nenbers is not rel eased.
Accordingly, since the radial |ength of the 20 ret ai ni ng nmenber
(consequently, the diagonal length of. the cross section of this retaining
menber) functions effectively for preveﬁg ng i nadvertent w thdrawal, the
fl exi bl e pi pe connector, according to t present invention, may be forned
conpact in the radial 25 direction, yet nmay achieve superior

wi t hdr awal 10 pmebencioret @€ tecdgaimsdonpdrd somen emd hd aconverft | Grinad
construction described hereinbefore. According to a further aspect of the
i nvention, the radiegtrégpangi snopest Lhceisggcpoticdn Wotprangdsicpatgon of
radi al - expansion restricting face fornmed at an end of an inner peripheral
face of the restrMitPAGayLpdyvexigrnal force. |

According to a still further aspect of the

5 present invention, the restricting member is capable
of radially inward Bending defofmation and this
restricting member is engaged and retained, under a
radially reduced condition, at the one end of the
inner peripheral face of the restricting groove. .

10 With this construction, the restricting member
may be caused to be engaged and retaiﬂed at the one
end of the inner peripheral face of the restricting

"groove, by utilizing the radially inward elastic
resilience of this restricting member per se.

15 Accordingly, this construction provides the.adVantage
of facilitating the process needed for causing the
restricting member to be engaged and retained at a
péedetermined position within the restricting groove.

According to a still further aspect of the

20 present invention, an intermediate portion of the
restricting groove of the first cylindrical member
relative to the cylinder axis is formed as a radially
bulging portion.

.With this construction, in assembling this

25 flexible pipe connector, when the second cylindrical



such & manner as to come into contact with or cone closer to the outer

peri pheral face of the retaining nmenber contacting against the end face
of the 10 . restricting groove. Wth the above construction, when a
significant withdrawing force is applied to the two cylindrical nenbers to
bring the retaining nenber into contact against the one end face of the
restricting groove, 15 t he radial-g pansion restricting face of the
radi al - expansion restricting portion cones into contact with or cones
closer to the outmembeer i pheim$erftadk bhte htheetfdinsitnF WHefsiricelt tRMRRr t he

attaching groove of the second cylindrical nmenber. Therefore, .a radjal 20
engagenent wi dt h tsetbieiere t e kepdiAEng dedbert ihds eRe et tSEhi RE FdiGole of
the second cylindrical nmenber may be nmaintained_at, or_ne ef erm ned

engagenent w dt h.mefhsfefter éhet Ry ﬁ?PﬁdP&ﬁFh@?e&fthﬁlfgﬁgéeg%géﬁ Bt%s

to the two cylindrical nenbers ma r [ [
y portion, there %émzrgg?égxnga%ge annular space

5. between the end side of the outer peripheral face of
the second cylindrical member and the axially
intermediate portion of the inner peripheral face of
the restricting groove. Accordingly, through this
large annular space, the radially expanded retaining

10 member may be readily inserted from the leading end to
the attaching groove of the second cylindrical member.
In this manner, .the efficiency of the connector
assembly operation may be improved.

Further and other objects, features and effects of

15 the invention will become more apparent from the
following more detailed description of the embodiments
of the invention with reference to the‘accompanying

dﬁawings.
20 BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a vertical section view showing an
entire flexible pipe connector according to a first
preferred embodiment of the present invention,

25 Fig. 2 is an exploded perspective view showing



11 distributed state by the large nutually contacting portions of the end
face of the retaining nenber and the one end face of the attaching groove
of the second cylindrical nenber, respectively. 5 As a result,
it is possible to reliably restrict damage due to decrease in the
engagenent w dth between the retaining mggber and the attaching groove of
the second cylindrical nenber. According to a still further aspect of the
10 present invention, the radial-expansion restricting portion
conprises a radiabréxpanslonorESQmécting face of a restricting nenber
engaged and retained at one end of the inner peripheral face of the
restricting groove in Bugh al#hnhera sseqloloiid evnishogdngathewpringsral oy
conme closer to the outer erupheral face of the retalnlng menber contacting
agai nst the end fHRECdPnEhdeyr %l%ﬁ?%@F@?bﬁOetheret° of an eXternal

force in a withdrawing direction,

Fig. 3(b) is a section view showing the principal

(4}

portions during application thereto of an external
force in a withdrawing direction,
Fié. 4 is a vertical section view showing an
entire flexible pipe connector according to a second
10 preferred.embodiment of the-presént invention,

Fig. 5(a) 1s a section view showing the principal
portions before application thereto of an external
force in a withdrawing direction, | .

Fig. 5(b) is a section view showing the principal

15 portions during application thereto of an external
force in a withdrawing direction,

Fig. 6 is a vertical section view showing a
flexible pipe connector according to a third
preferred embodiment of the present invention, in

20 which,

(a) is a section view showing the principal
portions before application thereto of an external
force in a withdrawing direction,

(b} is a section view showing the principal

25 portions during application thereto of an external



Wth -the above-described construction, a conventional flexible pipe
cennector in which a radial 20 mut-ual opposi ng di stance between the
outer peripheral face of the second cylindrical nmenber and the inner

peri pheral face of the restricting groove of the first cylindrical nenber
IS set so as to aIIOM/insertion/mﬁthdra$%l of the restricting nmenber over
25 the entire axial length of the“Festricting groove, may 12 be
nodi fied to achi eve the above-described effect, with such sinple and
econoni cal nodi ficatdonid of Wsaksida@ ilnlge diestkiohi,ng nenber to be engaged
and retained at the one end of Lhe inner peripheral face 5 of the
restricting groove of rigs pipe comectbcal Asecrtdiony wvdex st ihgrtdrer
aspect of the present invention, the outer peripheral face and the

radi al - expansi on flekdikck¢ n@ ifce cofnnpetpat apicrding to a fourth

preferred embodiment of the presenti invention, 1in

5 which,

(a) is a section view showing the principal
portions before application thereto of an external
force in a withdrawing direction,

(b) is a section view showing the.principal

10 portions during application thereto of an external
force in a withdrawing direction,

Fig. 8 is an exploded perspecti&e view showing

. principal portions,

Fig. 9 is a vertical section view showing an

15 entire flexible pipe connector according to a fifth
preferred embodiment of the present invention,

Fig. 10 shows a flexible pipe connectof according
té a sixth preferred embodiment of the present
invention, in which,

20 (a) is a section view showing the principal
portions before application thereto of an exterhal
force in a withdrawing direction,

(b) is a section view showing the principal
portions during application thereto of an external

25 force in a withdrawing direction,



menber* are forned respectively as a tapered face 10 gradual ly reduced
in the radial direction as approaching the entrance opening of the first
cylindrical nenber. Wth the above-described construction, in conparison
with e.g. a further construction where the 15 out er perlpheral face
and t he radi al -expansion restricting fadd of the retalnlng menber are
respectively fornmed parallel with the cylinder axis, the two cylindrical.

neMmrsrmyrmvermre noot yreIM|vm to each o 13 hpo:the ge
defined by 20 t he T%hg?ﬁ 15t Re 73 ??%tlngubr%gge]w%%'kgﬂﬁgaggf

radi al - expansi on ,t;g‘?{{a&é, '5' ié‘cf’l ;} ﬁ;%g b Ao ar’:onr?é@@r?§'9@cc§ﬁﬁr(% ciéng

portion is brought 1nto con act wt out er peripheral face t he

retaining member ;é&% d e Ald GG ndh@0%e Qhet BRes@B@NENEENtion,
cylindrical nenmber en t e retal ning nmenber comes

[$)]

Fig. 12 is a section view showing principal

portions of a conventional flexible pipe joint.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

10 Preferred embodiments of an flexible pipe Jjoint
relating to the-present invention will now be
described in details with reference to the

accompanying drawings.
15 " [first embodiment]

Figs. 1 through 3 show a flexible pipe connector
lafor use in transport of fluid (e.g. tap water).
.Into each of opposed ends of a first connector
20 pipe made of cast iron as a first cylindrical member
A, there is slidably inserted a second connector pipe
2 made of cast iron and ‘forming, on the side of one
end thereof, a partially spherical outer peripheral
féce 2a along a direction of cylinder axis X (cylinder

25 axis direction). Further, on each of the outer



13 intlo contact against the one end face of the restricting groove in
associ.ation with application of w thdrawi ng external force. According to a
still further aspect of the 5 present invention, the restricting
nmenber is capable of radially inward bending defornation and this
restricting menber is engaged and retaindd, under a radially reduced

condi ti on, at the one end of the inner peripheral face of the restricting
groove. 10 With this construction, the restricting nenber nmay be
caused to be engagedinherabt fpned2at ofhe chRhemEa¥ Phee| RAEF1PRr Aph&fal

face of the restricting groove, by utilizing the radially .inward elastjc
resilience of thi §heeSeFPrei AGPRBABRF PéPesé: there 15&‘&%’“@& f,lttatrﬁds

construction provides the_ ad R '
p vant age OL faC|I|tathgF%P§e ggceég Qng%gifor

causing the restrPcPPRy ARIBerPRET bE2ENYRYRY BRE'F
predeterm ned posi igﬂQMéJerEhg LESEAT GLhAEOh20 R p A CEORGEDTok0 B T ]

further aspect of ®th

5 iron and provided as a third cylindrical member C.
An annular attaching groove 5 is defined in the
outer peripheral face of a straight pipe portion 2B of
the second connector pipe 2. This attaching groove 5
has an axial léngth along the cylinder axis X shorter
10 than an axial length of aﬁ annular restricting groove
4 defined at an intermediate portion in the cylinder
‘axis direction X in the inner peripheral face of the
first connector pipe i. To each of these attaching
grooves 5, there is detachably atfached a retaining
15 member 6 which is made of stainless steel and which is
radially flexible. This restricting member 6 1is
brought into face contact with an end face 4a of the
réstricting groove 4 in the cylinder axis direction X,
so as to restrict range of relative movement between
20 . the first connector pipe 1 and the second connector
pipe 2 in the direction of cylinder axis X. And, a
mutually opposing radial distance between the outer
peripheral face of the straight.pipe portion 2B of the

second connector pipe 2 and the inner peripheral face

25 of the first .connector pipe 1 is designed so as to



20 : present invention, an intermediate portion of the restricting
groove of the first cylindrical nenber relative to the cylinder axis is

formed as a radially bulging portion. Wth this construction, in
assenbling this 25 fl exi bl e pi pe conpector, when the second
cylindrical 14 menber is inserted intot?he first cylindrical nmenber to

bring the | eading end of the second cylindrical nenber to the bul ging
portion of the fir lindrical portio here i reated _a l.arge apnul ar
space 5 betm§£%8¥h5nﬁﬁﬁgé?ﬁea%é Yi&?%ﬁj%ﬁi 6§}i€ﬁef§ﬁaf368goPeFE$f
second cylindrical germey Ayl L o a¥LAl by ILAITRH 868 JPTEENaGh dien g Nner
peripheral face of the restricting groove. Accordingly, through this Targe
‘annul ar space, the;padicglilon Axranded. s tarnicR@ e tainiM@MLEmpBY: BE is
readily inserted fromthe | eading end to

formed between the opposing faces, i.e. between the

outer peripheral face of the straight pipe portion 2B

[$1]

of the second connector pipe 2 and the inner

peripheral face 4b of the restricting groove 4.

As shown in Figs. 3(a), 3(b), there is formed a
radial-expansion restricting portion 7. When an
10 external force in the withdrawing direction generated

in association with an earthquake or differential
settlement is applied to the'flexible pPipe connector
to cause the respective retaining membér 6 fitted to
the attaching groove 5 of the second connector pipe 2
15 to come into contact, along the cylinder axis X,
against the end face 4a of the restricting groove 4
located on the side of the entrance opening (a) of the
first connector pipe 1 {(i1.e. the side for allowing
insertion of the second connector pipe 2), the radial-
20 expansion restricting portion 7 functions to prevent,
through contact, withdrawal of this restricting member
6 from the attaching groove 5 in the difection of
cylinder axis X. Further, as shown in Fig. 1, the
outer peripheral face of the straight pipe portion 2B

25 of the second connector pipe 2 includes, as an



the attaching groove of the second cylindrical nenber. In this manner, the
ef fsi ci ency of the connector assenbly operation may be inproved. Further and
ot her objects, features and effects of 15 the invention will becone

nore apparent fromthe follow ng nore detail ed description of the
enbodi nents of the invention with refere®® to the acconpanyi ng draw ngs.

20 BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. 1 is a vertical section
showi ng an entire. erXIbIﬁ e connector accorplng to a f£rst preferre
enbodi nent of the16¥é%%ﬁ? M FEh 15 thereo P 1523 SSpPBA&d
per spective view h £l nci &.Qns,. ( ti
vi ew show ng the r?nC|paF por??ons %Paia 9% t %E?%fgﬁbf ld%
ext er nal face contact with the d face la of the first

10

15

20

25

connector pipe 1 in the direction of cylinder axis X
when the first connector pipe 1 and the second
connector pipe 2 are moved relative to each other
beyond a predeterminea movement range.'

Each of the radial-expansion restricting portion
7 is constructed from a radial-expansion restricting
face T7a formed adjacent one end of £hé inner
peripheral face 4b of the restricting groove 4 in the
vicinity of the outer peripheral face 6a of the
retaining member 6 when contacting the end face 4a of
the restricting groove 4. The outer.peripheral face
6a of the retaining member 6 and the radial-expansion
restricting face T7a are respectively formed parallel
with or substantially parallei with the cylinder axis
X.

Further, each of the end face 6¢c of thé retaining
member 6 in the direction of cylinder axis X and the
opposed end faces 4a of the restricting groove 4 in
the direction of cylinder axis X is formed as a flat
face extending normal or substantially normal to the
cylinder axis-X. Of the inner peripheral face 4b of

the restricting groove 4, a border portion 4c

Vi ew

d

on



force Tn a withdrawing direction, 5 Fig. 3(b) is a section view
showi ng the principal portions during application thereto of an external
force in a withdrawing direction, Fig. 4 is a vertical section view show ng
an entire fl.exible pipe connector according to a second 10 preferred
enbodi ment of the- present invention, ghig. 5(a) is a section view show ng
the principal portions before application thereto of an external force in a
wi t hdrawi ng direction, Fig. 5(b) is a section view show ng the rinci pal 15
portions during aﬁp‘%‘?%’a‘ﬂ%ﬁ Gratiet e ors b S ndih g orré‘é“i‘h S WPERF AR ng
direction, Fig. 6 is a vertlcgl se thn V|ew ahowl ng | e pi pe

connect or accor di i St & Wi érrléd ferigdi Aent bf‘l’?ﬁgé F%%%nt

i nvention, in 20 V){]I ch T&g | S.2;56Gt . olr}”vr{é}a hgwengl(; hesprfoqueoéll
portions before appllcalon tet 3°8f AN éxternal“force in a wt rawm ng

direction, adjacent each of opposed ends, in the direction of the

5 cylinder axis X, in the inner peripheral face of the

first connector pipe 1. This seal retaining groove 10

retains a first elastic sealing material 9 made of
synthetic rubber material (e.g. styrene-butadiene
rubber) for sealing between the inner peripheral face
10 of the first connector pipe 1 and the outer peripheral
face of the straight pipe portion 2B of the second
connectof pipe 2. The inner peripheral face 3a of the
spherical pipe portion 3A of the third connector pipe
3 defines an annular seal retaining groove 12. This
15 seal retaining groove 12 retains a second elastic
sealing material 11 made of synthetic rubber material
(e.g. styrene-butadiene rubber) for sealing between
the inner peripheral face of the third connector pipe
3 and the outer peripheral face 2a of the spherical
20 pipe portion 2A of the second connector pipe 2.
Further, a connector flange 3C is formed infegrally
with the end of the straight pipe portion 3B of the
third connector pipe-3. This connector flange 3C
includes a pluraiity of cennecting through holes 3b

25 . coaxially arranged for fixedly connecting a certain



(b) is’a section view showing the principal 25 portions during

application thereto of an external

Fig. 7 is a vertical section view showi ng an flexi bl e pipe connector

according to a fourth preferred enbodi nent of the present invention, in 5

which, (a) is a section view showi ng the pgjncipal portions before

appllcatlon thereto of an external force in a wthdrawi ng direction, (b)
a section view showi ng the principal 10 portions during appllcatlon
thereto of an ext een&le rgrica iming vﬁlqhdqaamfngwuhre%me)nflpulgl tgregspart

expl oded perspective view show ng prlnC|paI portjons,
section vi ew showi RgP&n'e-8:

10

15

20

25

water pipe) a sluice va?ve by means of
bolts and nuts.

On the inner peripheral face, in the vicinity of
the entrance opening, of the spherical pipe portion 3A
of the third connector pipe 3, there are attached a
sliding guilde member 13 made of cast iron and a
stopper member 14 made of stainless steel. The
sliding guide member 13 includes a partially spherical
sliding face 13a for coming into sliding contact with
the outer peripheral face 2a of the spherical pipe
portion 2A of the second conﬁector pipe 2. The
stopper member 14 is constructed as a C-shaped member
rédially flexible for preventing inadvertent
withdrawal of the sliding guide member 13.

The straight pipe portion 2B of the second
connector pipe 2, defines, at the'leading end thereof,
a@tapered face 2b adapted for guiding the retaining
member 6 while radially expanding it. The retaining
member 6 is constructed as a C-shaped ring member
having one pefipheral éortion thereof cutaway, and at
opposed free ends of this C—shaped member, there are
formed radial-expansion operating holes 6b for
allowing elastic radial expansion of the retaining

member 6 by some appropriate tool.

16 force in a wthdrawi ng direction,

'S

is a vertical



15 entire flexible pi pe connector according to a fifth preferred
enbodi nent of the present invention, Fig. 10 shows a flexible pipe
connector according to a sixth preferred enbodi ment: of the present
~invention, in which, 20 - (a) is a section view showi ng the

princi pal portions before application therzZxo of an external force in a

w thdrawi ng direction, (b) is a section view show ng the principal portions

during application theﬁt 8§8I~a€ XLADR! ¢ rirse TOUESS éé‘orﬁd Vﬂ&rlhdécat""' ng

direction, 17 Fig a“sect!on Vi ew Show ng principal portions of an
flexible pipe CO”BQBEQr1aC§Oﬁg'@9tﬂ@r§w§§F}¢rEJhr%@Léﬁ res eppdidnt . gf the
present invention, is a section view show ng
princi pal the retaining member.S are subjected to an external

force in the withdrawing direction due to an

earthquake or differential settlement, these first and

(4]

second connector pipes 1, 2 move relative to each
other to the movable limit within the movable range
defined by the length of the.restricting groove 4, and
the retaining member 6 fitted to the attaching groove

10 5 of the second connector pipe 2 comes into contact,
along the direction of cylinder axis, against the one
end face 4a of the restricting groove 4 located on the
side of the entrance opening (a) of the first
connector pipe 1.

15 In the course of . the above, the portion of the
retaining member 6 contacting against the one end face
4a of the restricting groove 4 of the first connector
pfpe 1 and the further portion of the retaining member
6 contacting against the end face of the attaching

20 ’ groove 5 of the second connector pipe 2 are radially
displaced relative to each other. Further, the
respective end faces 4a, 6c of the restricting groove
4 and the retaining meﬁber 6 are formed as flat faces
extending substantially normal to the cylinder axis X.

25 Thus, the retaining member 6 is twisted and pivoted in



portions of a conventional flexible pipe joint.. DETAILED DESCRIPTICN.CF

THE PREFERRED EMBCODI MENTS 10 Preferred enbodi nents of an flexible
pipe joint relating to the present invention will now be described in '
details wth reference to the acconpanying draw ngs. 15 [first

enbodi ment] Figs. 1 through 3 show a flesable pipe connector 1 for use in
transport -of fluid (e.g. tap water). Into each of opposed ends of a first
connector 20 pi pe made of cast iron-as a first cylindrical nmenber A
there is slidably & ndkfeeliansebsng cortherEorapi ﬁ’e‘?eﬁﬁdénof°€a§t ST and
form ng, on the side of one end thereof, a F‘%r | al éy.sphfri cal outer

[

peripheral face 28R £ dithdst F6423PLRGI PROBF T aRi $5)E T L§PFRLE tbsthe

axis direction). c:_\_'Fng.rntcpeerr’rag{]aleaé:prggtfohr?, 0‘9{1% usi.;]ié the portion of
the retaining member 6 contacting the end face 4a of

5 the restricting groove 4 of the first connector pipe 1
and the further portion of the retaining member 6
contacting the end face of the attaching groove 5 of
- the second connector pipe 2 as reaction points for the
pivotal movement. In the course of this twisting

10 piyotal movement, the retaining member 6 comes into
contact with the radial—expaﬂsion restricting face 7a,
whereby the retaining member 6 may Ee reliably
prevented from being withdrawh from the attaching
groove 5.

15 Further, . even if subjected to such withdrawing
‘external force of a significant magnitude under the
above condition, as long as the sum of the amount of
the radially outward elastic deformation of the
portion of the first connector pipe on the side of thé

20 entrance opening (a) thereof and the radially inward:
elastic deformation of the inserted portion of 'the
second connector pipe 2 does not exceed the lenéth of
the diagonal line of the cross section of the

retaining member 6, the retention condition between

™
(8,

the first and second connector pipes 1, 2 is not



peri pheral face 2a of a spherical pipe portion 2A of the second connector
pipe 2, there is slidably fitted a partially spherical inner .peripheral
face 3a formed at one end of a third connector pipe 3 nade of cast 5

iron and provided as a third cylindrical nenber C. An annul ar attaching
groove 5 is defined in the outer peripheRdl face of a straight pipe portion
2B of the second connector pipe 2. This attaching groove 5 has an axi al

| ength along the gyhipdegy.axis X shorter 10 than an axial |ength of an
annul ar restricting groove 4 defined at an internediate portion in-the
cylinder axis directi opgh&ni Bnt 82tt PREL PELH PRE! Rdmd R 0 OfsHdiar ifg Force
connector pipe 1. To each of these attaching grooves 5, there is
detachably attached apggel @ied Rud5to an NeabehGuakiech i sd irfide rafn siailnl ess
steel and which is radially flexible. This restricting menber 6 is
brought into faceseoniaotnwitim aa ehddcddendat vinshersiest r thei vy lgmdeve 4
in the cylinder axis direction X, so as to restrict range of relative
novenent Between 28is X, Whe frekattvansdidi ng proeBAd tt e torppdthe

connect or _ _ ]
outer peripheral face 2a of the spherical pipe portion

2A of the second connector pipe 2 and the inner
beripheral face 3a of the spherical pipe portion 3A of
the thifd connector pipe 3 along their spherical
10 configurations, the second connector pipe 2 and the
third connector pipe 3 may be flexed relative to each
other, thereby to restrict damage to the flexible pipe
connector.
Further, when the.second connector pipe 2 and the
15 third connector pipe 3 have flexed to the maximum
angle along the sphefical configurations, the stopper
portion 8 formed as a projection from the outer
péripheral face of the straight pipe portion 2B of the
second connector pipe 2 is designed so as to remain
20 outside the flexion pivoting range of the opened end
face of the spherical pipe portion 3A of the third
connector pipe 3.
For this reason, even when an external force in
the direction transversing the cylinder axis X 1is

25 applied after application of the external force in the



pi pe 2%in the direction of cylinder axis X. .And, a nutually opposing
radi al di stance between the outer peripheral face of the straight pipe
portion 2B of the second connector pipe 2 and the inner peripheral face 25
of the first connector pipe | is designed so as to ~ 19 allow insertion
and wi thdrawal of the retaining nmenber 6. 2& ot her words, an annul ar space
for allowng insertion/wthdrawal of the retaining nenber 6 is forned

bet ween the opposing.faces, i..e. between the E outer peripheral face
of the straignt piBe BRI SE JETSFEERE: oLROna CBRRECYE LHTRES 2 Kir e

i nner peripheral f of restriGtin r o 4. o] | NeFi

3(a), 3(b), there tﬁg[e?é?rtr‘edcén?&ﬁ t:l - é’)%péanglngin. ?é?ﬁi %:télsnoapp\gr%t(% ort;lf.gsst?
Wen an 10 xRl oOpGBel B tRSabLE PAraM: 01 ¢i FeCtLon; SN Bed d N

association with an earthquake or differenti al
to the straight pipe portion 2B of the second
5 connector pipe 2 from coming into the flexion pivotal
range of the opened end of the spherical pipe poftion
3A of the third connector pipe 3, so that the second
connector pipe 2 and the third connector pipe 3 may
always flex relative to each other to the maximum
10 angle in a reliable manner.

[ second embodiment]

Figs. 4 and 5 show a flexible pipe connector for

15 use in tpansport of fluid {(e.g. tap water). Eéch of
opposed ends of a second connector pipe 16 in the form

of a straight pipe made of cast iron as a second
cﬁlindrical member B is slidably inserted, in the
direction of cylinder axis X, into a first spherical

20 - ring membér 15 ﬁade of cast iron as a first
cylindrical member A having a partially spherical
configuration. And, on an outer peripheral face 15a

of éach spherical ring member 15, there is slidably

fitted a partially spherical inner peripheral face 17a

25 formed at one end of a third connector pipe 3.



settlenent is applied to the flexible pipe connector to cause the.
respective retaining nenber 6 fitted to the attaching groove 5 of the
second connect.or pipe 2 15 to come into-contact, along the cylinder
axis X, against the end face 4a of the restricting groove 4 |ocated on the"
side of the entrance opening (a) of the f27st connector pipe | (i.e. the
side for allowing insertion of the second connector pipe 2), the radial- 20

expansion restricting portion,7 functions to , sth !
o S T L O S

withdrawal of this restPi &''H the attaching. groove

direction of cyli reaxie§ o Xy rther., 1S N Fig. id chhe r
peri pheral face oggghéﬂsfigigﬁfeﬁﬁggkpgftfgﬁl%B%g2<1 oflthé segg%%%

connector pipe 2 LochkPAESa1 ASc@Nor 1D ddURH dloneitRGt iilpet h@r.eofrhian
annul ar st opper portion 8. Thi s annul ar st opper portion 8 cones int.o.
attaching groove 5 has an axial length along the

5 cylinder axis X shorter than an axial length of an
annular restricting groove 4 defined at an
intermediate portion in the cylinder axis direction X

of the inner peripheral face of the spherical ring

member 15. To each of these attaching grobves 5,

10 there is detachably attached a retaining member 6
which is made of staiﬁless steel and which is radially
flexible. This retaining member 6 is brought into

" face contact with an end face 4a, 4d of the
restricting groove 4 in the cylinder'axis direction X,

15 so as to restrict range of relative movement between
the spherical ring memSer 15 and the second connector

pipe 16 in the direction of cylinder axis X. And, a
mﬁtually opposing radial distance between the outer
peripheral face of the sécond connector pipe 16 and

20 the inner peripheral face 4b of the restricting groove
4 is designed so as to allow insertion and withdrawal

of the retaining member 6. In other words, an annular

space for allowing insertion/withdrawal of the

retaining member 6 is formed between the opposing

[+
(3]

faces, i.e. between the outer peripheral face of the



face contact with the end face-la of the first connector pipe 1 in the

di rection of cylinder axis X 5 when the first connector- pipe 1 and

t he second connector pipe 2 are noved relative to each other beyond a
predet erm ned novenent range. Each of the .radial -expansion restricting
portion 7 is constructed froma radial -ex®&nsion restricting 10 face
7a formed adjacent one end of the inner peripheral face.4b of the
restricting groove 4 in the vicinity of the outer peripheral. face 6a of the
retaining nenber SR RRIEHY RiRe ehPThckhgaloret hReFéBherat fgce

groove 4. The outgr §r€¢*m”6“-f9ﬁﬁ 15 6? of the retaining nmenber 6
and the radi al - expans? ontt%est5S tiGtd "Pad& °?¥are respectively formed

parallel with or SUbStq@Iiéﬂl#np9ﬁakkgg-m§BQ)Eh%(ﬁﬁliQﬂﬁ?e@xifhg%Eﬁyﬁther’
inthe di

each of the end face 6¢ of the retain ng rther rection

of cylinder axis X., hg. f ;43 resyrictiypg. ove
4 inythe directioé‘%?g%glghggggzggsqgg%% g?néﬁ géogbgfgk ¥ Win SR

5 external force in the withdrawing direction generated
in association with an earthquake or differential
settlement is applied to the flexible pipe connector
to cause the retaining member 6 fitted to the
attaching grobve 5 of the second connector pipe 16 to

10 come into contact{ along the cylinder axis X, against
the end face 4a of the restricting groove 4 located on
the side of the entrance opening (a) of thé spherical
ring member 15 (i.e. the sidé for allowing insertion
of the second connector pipe 16), the radial-expansion

15 restricting portion 7 functions to prevent, through
contact, withdrawal of this restricting member 6 from
the attaching groove 5 in the direction of cylinder
afis X. When the external force due -to an earthquake
or differential settlement is applied to the flexible

20 pPipe connéctor to cause the spherical ring member 15

and the second connector pipe 16 to move relative to

' egch other beyond a predetermined movement fange, the

retaining member 6 fitted to the attaching groove 5 of .
the second connector pipe 16 comes into face contact

25 with the other end face 4d of the restricting groove 4



face ex}ending normal or substantially normal to the cylinder axis X O
the i nner peripheral face 4b of 25 the restricting groove 4, a border
portion 4c 21 extending continuously fromthe radi al -expansi on
restricting face 7a is forned as a tapered face. An annular seal retaining
groove 10 is fornmed adjacent each of oppo2ed ends, in the direction of the
5 cylinder axis X, in the inner peripheral face of the first
connector pipe 1. Jhighsedbhd LidH N NthImRAerl Qs alidnds thef Hisbceisat b
sealing material 9 nmade of synthetic rubber material (e.gqg.
styrene-but adi ene thbbey)idddr s8ald.Ng between the inner peripheral face 10
of the first connector pipe 1 and the outer peripheral face of the straight
pi pe portion 2B of the Becondf coheeehdiap+pepnsidhereaneiching pperaiohfhace
3a of the spherical pipe portion 3A of the third connector pipe

-

7 is constructed from a radial-expansion restricting

(9]

face 7a formed adjacent one end of the inner
peripheral face 4b of the restricting groove'4 inlthe
vicinity of the outer peripheral face 6a of the
retaining member 6 when contacting the end face 4a of
the restricting groove 4. The outer peripheral face
10 6a of the retaining member 6 and the radial-expansion
restricting’ face T7a are respectively formed parallel
w;th or substantially parallel with the cylinder axis
X.

Further, each of the end face 6c of the retaining
i5 member 6 in the direction of cylinder axis X and the
opposed end faces 4a, 4d of the restricting.groove 4
in the-direction of cylinder axis X is formed as a
flat face e#tendiﬁg normal or substantially normal to
the cylinder axis X. Of the inner peripheral face 4b
20 of the restricting groove 4, a border portion 4c
extending continuously from thé each_radial—expansion

restricting face 7a is formed as a tapered face.
An annular seal retaining groove 19 is formed
adjacent each of opposed ends, in the direction of the

25 cylinder axis X, in the inner peripheral face of the



3 defines an annul ar seal retaining groove 12. This 15 seal retaining
groove 12 retains a second elastic sealing material 11 nade of synthetic
rubber material (e.g. styrene-butadi ene rubber) for sealing between the

i nner peripheral face of -the third connector pi pe 3 and the outer

peri pheral face 2a of the spherical pi pe portion 2A of the second
connector pipe 2. Further, a connector'ﬁ ange 3C is fornmed integrally
with the end of .the stralght plpe portion 3B of the third conpector e 3.
Thi s connect or fIaﬁﬁ%°%t??thUHesm%F?ﬁ{n%ﬁ1tyT%¥Sc6ﬁﬁ chﬁ@lPh?ﬁu§ﬁ°E8

3b 25 coaxi al arran er edly connectin certa

ext ernal - pi pi ng de ?ce % Paﬁgﬁgﬁfgpgﬁge (é: % &ga ade ?B e)

or a sluice valve Qyn{fﬁ@re%cofnhalé[s ﬁ@@'e@‘ffai Q. 1N® J DL RRGAIR Alnbace,

in the vicinity o
rubber) for sealing between the inner peripheral face

5 of the spherical ring member and the outer beripheral

- face of the second connector pipe 16. The inner

peripheral face 1Ta of the spherical pipe por;ion 17A

of the third connector pipe 17 defines an annular seal

retaining groove 21. This seal retaining groove 21

10 . retains a fourth elastic sealing material 20 made of

synthetic rubber material (e.g. styrene-butadiene

rubber) for sealing between the inner peripheral face

of the third connector pipe and the outer peripheral

face 15a of the spherical ring member 15. Further, a

15 connector flange 17C is formed integrally with an end

of the straight pipe portion 17B of the third

connector pipe 17. This connector flange 17C includes

aiplurality of connecting.through holes 17b coaxially

arranged for fixedly connecting a certain external

20 piping device P such as a fluid transport pipe (e.g.

water pipe) or a sluice valQe by means of bolts and
nuts.

The ocuter peripheral face of the second connector

pipe 16 includes,'adjacent the leadiﬁg end thereof, a

25 tapered face 16a adapted for guiding the retaining



5 * the entrance opening, of.the spherical pipe portion 3A of the third-
connector pipe 3, there are attached a sliding guide nenber 13 made of cast
iron and a stopper nenber 14 made of stainless steel. The sliding guide
nmenber 13 includes a partially spherical 10 sliding face 13a for

comng into sliding contact with the out er3peri pheral face 2a of the
spherical pipe portion 2A of the second connector pipe 2. The st opper

menber 14 is construgted,.as,a,C shape ialdy fl Lbla.f.qr, -
preventing inadve??gﬁ?rlg whllemﬁf%@fgdg?q%§£¥ﬁ§q§$i%?hg Sﬁ%dé%égﬁgépg13.

The straight pipenaaillon 2R, ofohErAgeaad £ONICELAMNOE 2indelhiRbe Al
the | eading end thereof, a' tapered face 2b adapted for guiding the

retaining member @ WRAhkeohadpakkynexRangbhgibh. thdbheoretaiaivag, 2and at
nmenber 6 is constructed as a C—sﬁaped ring menber having one peri pheral
portion thereof cybpwayd FndealerRpPosedrhree Cerdmpeld ttherds- shapded rmenrber
there are fornmed radi al - expansi on operating holes 6b for allow ng elastic
radi al expansi on ebdtihg-erpansicwy operating holes for allowing elastic
radial expansion of.the retaining member 6 by some
appropriate tool.
In operation, when the spherical ring members 15
and the seeond connector pipe 16 which are un-
10 withdrawably connected to each other via the retaining
members 6 are subjected to an external force in the
withdrawing direction due to an earthquake or
differential sett;ement, these spherical ring wmembers
15 and the second connectof pipe 16 respectively move
15 relative to each other to the limit within the movable
range defined by the length of the restricting groov;
4, and the retaining member 6 fitted to the attaching
gﬁoove 5 of the second connector pipe 16 comes into
contact, along the direction of cylinder axis,
20 ~against the one end face 4a of the restricting groove
4 located on the side of the entrance opening (a) of
the spherical ring member 15.
In the course of the above, the portion of the

retaining member 6 contacting against the one end face

25 4a of the restricting groove 4 of the spherical ring



25 * nenber 6 by sone appropriate tool. 23 In operation, when the
first and second connector pipes 1, 2 un-w thdrawably connected to each
other via. the retaining nenber 6 are subjected to an external force in the
wi t hdrawi ng direction due to an 5 eart hquake or differenti al
settlenent, these first and second connect®2 pipes 1, 2 nove relative to
each other to the novable limt within the novabl e range defined by the

pength of the reshbhebing ;0L Srt ANAADL SELRLUING MERET (& dd {4 £hg! O

the attaching groove _ of the second connector pipe 2 cones into
contact, along thgedbe@Ctd OBoRlaCYlingdesgAxhSL 2ORENEnd NG end fAee 4a

of the restricting groove 4 | ocated agn the side of the entrance openi ng (a)
of the first conngetaéhph@Pegdoodd 5 of the secbhdt kenaedise gfipthecaheve,
the portion of the
et 7 radially displaced relative to each other. Further,
5 the respeétive end faces 4a, 6c of the restricting
groove 4 and the retaining member 6 are formed as flat
faces extending substantially normal to the cylinder
axis X. Thus, the retaining member 6 is twisted and
pivoted in a direction where a diagonal direction of a
10 cross section of this retaining member 6 is aligned
with the cylinder radial direction, with using the
portion of the retaining member 6 contacting the end
face 4a of the ¥estrictipg groove 4 of the spherical
ring member 15 and the further portion of the
15 retaining member 6 contacting the end face of the
attaching groove 5 of the second connector pipe 16 as
reaction points for the pivotal movement. In the
course of this twisting pivotal movement, the
retaining member 6 comes into contact with the radialj
20 expansion restricting face 7a, whereby the retaining
member 6 may be reliably prevented from being
withdrawn from the attaching groove 5.
Further, even 1if subjeéted to such withdrawing

external force of a sigﬁificant magnitude under the

25 above condition, as long as the sum of the amount of



retaihﬁng mernber 6 contacting against the one end face 4a of the
restricting groove 4 of the first connector pipe 1 and the further portion
of the retaining nmenber 6 contacting against the end face of the attaching
20 groove 5 of the second connector pipe 2 are radially displaced
relative to each other. Further, the respessive end faces 4a, 6¢c of the
restricting groove 4 and the retaining nenber 6 are fornmed as flat faces
ext endi ng substantial | ormal to the cylinder axi .25 . Thus, the
retaining menber &1% ¥9\E§tdg§l3én?iu[5iw\?0‘f de?ﬁsufﬂ §>§d’|'f"é%tti13nn \A%grshé’

di agonal direction of .a crgss,,section of_ {hj et al mi 1S ald gned
with the cylinderpfg&fgp dﬁfe% ?oﬁ? %ff??%sf%ﬁét %mggpgfgﬁnggét%éhgefg:ning
menber 6 contacting.the, enth{@C6pdRi0k Ja) thekBO M €84A1 €hicNO- L 09§ 44 Of
the first connector pipe 1 and the further portion of the retaining nénber

6 inward elastic deformation of the inserted portion of

the second connector pipe 16 does not exceed the

(o1}

length of the diagonai line of the cross section of
the retaining member 6, the retention condition
between the spherical ring members 15 and the second
connector pipe 16 is not released.

10 When an e#ternal bending moment or shearing force
is applied due to an earthquake or differential
settlement in a direction transversing the cylinder
axis X, by a relative sliding movement between the
outer peripﬁeral face 15a of the spherical ring member

15 15 ang.phe inner peripheral face 17a of the spherical
pipe portion 17A qf the third conngctor pipe 17 along
their spherical configurations, the spherical ring
mémber 15 and the third connector pipe 17 may be
flexed relative to each other, thereby to restrict

20 damage to the flexible pipe connector.
[third embodiment]

In the first embodiment described hereinbefore,

25 each of the outer peripheral face 6a of the retaining



contééting the end face of the attaching groove 5 of the second connector

pipe 2 as reaction points for the pivotal novenent. In the course of this

tw sting 10

pi votal novenent, the retaining nmenber 6 conmes into

contact with the radial -expansion restricting face 7a, whereby the

retaining menber 6 nmay be reliably prevenfged frombeing wthdrawn fromthe

attachi ng groove 5. 15 Further, even if subjected to such

i t hd i t Loni ficant. it ;t ove.
Wi t hdrawi ng ex erm@mﬁﬁc& o ARl gméigmk%oenuggedwﬁ%l \ thaPccfe 2 c

condi tion,

as long as _ \
def ormati on of the PopsiRedohst he FidSt r£0ONBCLORdPLLE pRRal N8 1SiAG 0T, L he

e sum of the anopunt lal'ly o

20 entrance opening (a) thereof and the radially inward el astic

def ormati on of theuwseshedapokt in-201dhewsetondheoneci pdepi Rex 2sdogs not

exceed the length of the diagonal |ine of the cross section of the

retaining menber Gnsgtead.etent sbowcondi Fign.bét{iwderamb (b),
second connect or

5

10

20

[\&)
(S

pipes 1, 2 is not

least a portion of the outer peripheral face 6a of the

retaining member 6 and the radial—expanéion
restrict;ng face T7a may be formed as a tapered face
gradually reduced in diameter toward the entrance
opening (a) of the first connector pipe 1 (i.e. the
side for allow;ng insertion of the second connector
Pipe 2) to come into contact with or come close to the
outer peripheral face 6a of the retaining mémber 6
when contacting the end face 4a of the restricting
groove 4.

The rest of the construction is the same as the
first embodiment and identical components are denoted
with identical reference marks or numerals and will
nét be described.

Incidentally, each of at least a portion of the

outer péripheral face 6a of the retaining member 6 and

.the radial—expansion restricting face Ta described in

the second embodiment may be formed as a tapered face
gradually reduced in diameter toward the entrance
opening of the spherical ring member 15 (i.e. the side

for allowing insertion of the second connector pipe

thenf iorrsta@nd



25 rel®evased. Wen an external bendi ng nonent or shearing force is applied
due to an earthquake or differential settlenent in a direction transversing
the cylinder 5 axis X, by a relative sliding novenent between the
outer peripheral face 2a of the spherical pipe portion 2A of the second
connector pipe 2 and the inner peripheraI3Face 3a of the spherical pipe
portion 3A of the third connector pipe 3 along their spherical 10

conf qurations,  10e second, CoMEEt or, e 2 A bhe blibr ¢icaanet ogppi pe 3
\

may be flexed rel e o Bach*H ereby to restrict damage to the

flexible pipe conpgelor pefyr thqaetral wheh. the secepd GUWELSHhgPimanide ANG t he
15 third connector plpe have f exed to the maxi mum angl e al ong the

fﬁgeghtcglr conflgumm&@@mé henst @RRErT RN td0No B tREMREsaZiatphp| gebbos from

4.
[ fourth embodimentj

In the first embodiment described above, the
radial-expansion restricting portion 7 is constructed

10 from the radial-expansion restricting face 7a formed
at one end of the inner peripheral face 4b of the
restricting groove 4 in the vicinity of the outer
peripheral face 6a of the retaining member 6
contacting the one end face 4a of the restricting

15 groove 4. Instead, as shown in Figs. 7(a), (b) and
Fig. 8, the radial-expansion restricting portion 7 may

be constructed from a radial-expansion restricting

face 7a of the inner'peripheral face of the
restricting member 7A formed of stainless steel

20 engaged and retained at one end of the inner
peripheral face 4b of the restricting groove 4 for

coming into contact with or coming closer to the outer
peripheral face 6a of the retaining member 6 when

contacting the one end face 4a of the restricting

N
[$]]

groove 4.



periph%ral face of the straight pipe portion 2B of the second connector
pipe 2 is designed so as to remain 20 outside the flexion pivoting
range of the opened end face of t he spherical pipe portion 3A of the third
connector pipe 3. For this reason, even when an external force in the
direction transversing the cylinder axis3zg is 25 applied after
application of the external force in the 26 wi thdrawi ng direction, the

st opper portion 8 preve %s,éﬂyé%ggkg n&g@BErtqQTe@g fantpl 808 the Linr st

connector pipe | slidably r'adi a y retracting relative to the straight pipe

portion 2B of the,346404. Sing meﬁggpe@ﬁa%ncghp@nz fJeam SRETAY gy Priba
fl exi on pivotal range of the opened end of the spherical pipe portion 3A of

t h_e third connect @k cReRS 3cubfwhipabndher I5REO0RE mbANECROri i papdbdred blife

third connector pipe 3 may :
elastic deformation {(bending deformation) radially

5 inwards (radially reducing direction) and is engaged
and retained, under the radially reduced condition,
at the one end of the inner peripheral face 4b of the
restricting groove 4.

At each free peripheral. end of the restricting

10 member 7A, there is defined a radial-reduction
operating Hole 7b for allowing this restricting member
7A to effect the radially reducing elastic deformation
(bending deformation) by means of some appropriate
tool.

15 The rest of the construction is the same as the
first embodiment and identical components are denoted
with identical reference marks or numerals and will
nét be described.

Incidentally, the radial-expansion restricting

20 face T7a described in the second embodiment, like the
above-described arrangement, may be constructed from a
radial-expansion restricting face 7a of the inner
peripheral face of the restricting member 7A formed of
stainless steel engaged and retained at one end of the

25 inner peripheral face 4b of the restricting groove 4



al ways* flex relative to each other to the nmaximm 10 angle in a
reliable manner. [second enbodinment] Figs. 4 and 5 'show a flexible pibe
connector for 15 use in transport of fluid (e.g. tap water). Each of
opposed ends of a second connector pipe 16 in the formof a straight pipe
made of cast iron as a second cylindricalggenber B is slidably inserted, in

thﬁbdlrectlon of cylinder axis X, into a first spherical 20 ring
menber . 15 nmade of cast iron first, cylindric er (A hgwing a
partially spheric£° (ﬁﬁWtﬂﬁeﬁ?%ﬂ1°°"t?ﬁﬁi tﬁﬁa% ol 3%“8 cq% eral fggé 1ga

of each spheri cal rlg%%r%ﬁ *h rﬁ%a@gg% 6 %H‘QQRier£EH¢QJﬁ;HﬁéRb@EI%

spherical inner pé't rmed at one end of a third
connector pipe 3. ypef CditRUUkAERBE bAENLRY g&@@vﬁa%fsuﬁl@fﬂ"é‘:ﬁ@*ﬂtﬁr{g

groove 4.

[$]]

[fifth embodiment]

Fig. 9 shows a construction in which a portion of
the first connector pipe 1 described in the first

10 embodiment is modified }or improvement. Namely, in
this first connector pipe 1, a portion 1A thereof
located at an intermediate position of the restricting
groove 4 in the direction of cylinder axis X is formed

~as a radially bulging portion.

15 With this construction of the fifth embodiment,
in assembling this flexible pipe coﬁnector, when the
straight pipe portion 2B of the second connector pibe
2 'is inserted into the first connector pipe 1 to bring
the leading end of the straight pipe portion 2B of the

20 second connector pipe 2 to the bulging portion 1A of
the first connector pipe 1, there is created a large
annular space between the end side of the outer
peripheral face of the straight pipe bortion ZB;of the
second connector pipe 2 and the axially intermediate

25 portion of the inner peripheral face 4b of the



end in"the direction of cylinder axis X in the outer peripheral face of the
second connector pipe 16. This attaching groove 5 has an axial |ength
aLong the 5 cylinder axis X shorter than an axial |ength of an
annular restricting groove 4 defined at an internediate portion in
the cylinder axis direction X of the inne38peripheral face of the spherical
ring menber 15. To each of these attaching grooves 5, 10 there is
detachably attached a retaining menber 6 which is nade of stainless stee
and which'is radi KPPy AELAPEI 8700V 1 1 AETH Jg"gn’g‘rrb_grq”‘é’ﬂg} %F‘oﬁfg_ 21t o
face contact with g, 80 368c33rdd Qla;bl1G o SREGELNS ILIRY R rlcfhele]e
cylinder axis di r &Ct'oR X, so as to'resStrict range o elative

nmovement between he 9pRer i6alyiniyng fRBHREl FRoANdnkNgc885ABdRANBECLY Pi PE
16 in the direction of cylinder axis X. And, a nutually opposing radi al

di stance between thea.9uher pReki PRekabnf age raf thle aseaeRgdngoBRBEL R 5PiIRE 16
and 20 the i nner peripheral face 4b of the restricting groove 4 is
desi gned 50 as totakl eecbhrgeebhpscead pipddz anal
The rest of the construction is the same as the
first embodiment and identical components are denoted
with identical reference marks or numerals and will
not be described.

10

[sixth embodiment]

Figs. 10{a) and (b) show improvement of the
flexible pipe connector described in the second
15 embodiment. In this, the radial—expansion'restricting

~

portion 7 is provided. This portion 7 prevents the
restricting member 6 from being withdrawn from the
aﬁtaching groové 5 when an external force in the
withdrawing direction is applied_to the flexiblé pipe
20 - cdnnector due to an earthgquake or differential
settlement to cause the restricting mehber 6 fitted to
the attaching groove 5 of the second connector pipe 16
to come into contact, along the direction of cylinder

axis X, with the one end face 4a of the restricting

25 groove 4 located on the side of the entrance opening



of the*retaining menber 6. In other words, an annular space for allow ng

I ngsertion/w thdrawal of the retaining nenber 6 is fornmed between the
opposi ng 25 faces, i.e. between the outer peripheral face of the 28
second connector pipe 2 and the inner peripheral face 4b of the restricting
groove 4. As shown in Figs. 5(a), 5(b), tB#re is forned a radi al - expansi on
restricting portion 7. When an 5 external force in the w thdraw ng

direction generat ef,h N ASERC ﬁﬂx@{'jb%"é‘f he &} GRIHUAKE. Orp ichfe®, RhbRher

settlenment is applied to the exl bl e pl pe connector to cause the retaining

nmenber 6 fitted torffga BLEREHAS00H POYEr Pc Oind N0 SELONA7CQBNGELOE dBEPR16
to 10 cone into contact, along the cylinder axis X, against the end

face 4a of the resthécbthgrgenaveadel acatead Ok t hes 6t fet Dig t Heoend r ance
opening (a) of the spheri cal _
the spherical ring mgmber 15. This restricting

5 portion 7 prevents the retaining member 6 from being
withdrawn from the attaching groove 5 when an external
force in the withdrawing direction is applied to the
flexible pipe connector due to an earthquake or
differential settlement to cauée the restricting

10 member 6 fitted to the attaching groove 5 of the
second connector pipe 16 to come into face contact,
along the direction of cylinder axis X, with the other
end face 4d of the restricting groove 4 of the
spherical ring member 15.

15 The radial—exbansion restricting portions 7
constructed respectively from the radial-expansion
restrictiné faces 7a formed at the 6pposed ends of the
iﬁner beripheral.face 4b of the restricting groove 4
in the vicinity of the outer peripheral face 6a of the

20 retaining member 6 contacting the end faces 4a, 4d of
the restricting groove 4.

The rest of the construction is the same as the
second embodiment and identical components are denoted

with identical reference marks or numerals and will

25 not be described.



ring nenber 15 (i.e. the side for allowi ng insertion of the second
coannector pipe 16), the radial -expansion 15 restricting portion 7
functions to prevent, through contact, withdrawal of this restricting
menber 6 fromthe attaching groove 5 in the direction of cylinder axis X
Wien the external force due to an earthggake or differential settlenent is
applied to the flexible 20 pi pe connector to cause the spherical ring
menber 15 and the second connector pipe 16 to nove relative to each other
beyond a predeternined novenent range, the retaining nmenber 6 fitted to the
attachi ng groove g ] e copnect or pi pe 16 cones into face contact
25 with the of eké’ﬁdg gggg Q? the restricting groove 4 29 of the
spherical ring nenber 15 along the direction of the cylinder axis. Each of
t he radi al - expansion restricting portion

In the foregoing respective embodlments, each of

the end face 4a of the restricting groove 4 and the

o

end face 6c of the retaining member 6 is formed as a

face extending normal or substantially normal to the

cylinder axis X. £ Instead, as shown in Fig. 11, at

least a portion of the contacting faces, i.e..of the

10 end face 4a of the restricting groove 4 of the first

cylindrical member A (i.e. the first connector pipe 1

or the spherical ring membef 15) and the end face 6c

of the retaining member 6 fitted to the attaching

groove 5 of the second cylindrical member B (i.e. the

15 second connector pipe 2 or 16) may be formed as a

tapered face extending radially outwards as

approaching the entrance opening {a) of the first
cylindrical member A.

The rest of the construction is the same as the

20 foregoing resbective embodiments and identical

components are denoted with identical reference marks

or numerals and will not be described.

[other embodiments]



7 is constructed froma radial -expansion restricting 5 . face 7a
formed adjacent one end of the inner peripheral face 4b of the
restricting groove 4 in the vicinity of the outer peripheral face 6a of the
retai ning nmenber 6 when contacting the end face 4a of the restricting
groove 4. The outer peripheral face 10 41 6a of the retaining nenber 6
and the radi al -expansion restricting face 7a are respectively forned

parallel with or subst@p}ia%#ytggr@LLg%%yﬁ%hrggse%%%%gggébgﬁg?ﬁétaFuEBQer,

each of the end face 6¢ of e retarlni e irection

of cylinder axis X adfaihe, 0RR0seH & [0 AdoAdid 1 hesr eshkkeliReq

groove 4 in the direction of cylinder axis Xi1s forned as a flat face
extendi ng normal of r&Hbat 2pkiiahl- pRMElod Ord Siereitinger f axes et dXdt he

i nner peripheral face 4b 20 ~of the restricting groove 4, a border

portion 4c extendi agncomiduriousiy fthem pdei gacka) adiiakc@dipansi Oinstead,
restricting face 7a is fornmed as a tapered face. An annul ar seal retaining

groove 19 s fornethis portion 7 may be constructed from a plurality of

discrete projections spaced apart from each other in

the peripheral direction.

In short, the specific shape of the radial-

expansion restricting portion 7 is not_limited to

10 those described above as long as this portion can

prevent the restricting member 6 from being withdrawn

from the attaching groove 5 when this restricting

member 6 fitted to the attaching groove 5 of the

second cylindrical member B comes into contact, along

15 the direction of cylinder axis X, with the one ené

facg 4a of the restricting groove 4 located on the

side of the entrance opening (a) of the first

cylindrical member A.

20 (2) In the fourth embodiment described
hereinbefore, the restricting member 7A is engaged and
retained at the one end of the inner peripheral face
4b of the restricting groove 4 by wutilizing the
elastic resilience in the radially expanding direction

25 ' of the restricting member 7A per se which is being



adj aceht each of opposed ends, in the direction of the 25 ~cylinde
axis X, in the inner peripheral face of the 30 spherical ring nenber
This seal retaining groove 19 retains a third elastic sealing materi al
made of synthetic rubber material (e.g. styrene-butadiene rubber) for
sealing between the inner peripheral fagg 5 of the spherical ring
menber and the outer peripheral face of the second connector pipe 16.

The i nner periphe@%huf% d%AQHthe S eglcg the g%gtgqgkéégéof %efh

88a “réfaitmitn

third connector- pi pe 18 “dn ann
seal retaining grquﬁaglbéoflwed [gt@ Qsoﬁefé“ﬁty %@%ti9u§eal r
20 made of synthetic rubber naterial styrene- I'ene TUb e

r
15.
18

IS
|aI

seal i ng between thacknaer OI?GH.Qh%@{ri@P?anDM@véN "l QRIIRC 0T JPRY o a”d
the outer peripheral face 15a of the spherical ring nenber fB. Further

(3]

10

20

25

appropriate fixing means.

In case the restricting mewber 7A is fixed by
means of such appropriate fixing means as bolts or
welding, this restricting member 7A may be comprised
of an.annular ring member or of a plurality of
discrete restricting elements slit apart from each

other in the peripheral direction.

(3) In the foregoing respective embodiments, the
flexible pipe connector is provided as an asseﬁbly of
three components,li.e. the first cylindrical member A,
the second cylindrical member B and the third
cylindrical member C. However, the spirit of:fhe
present invention may be applied also to a different
tjpe of flexible pipe connector comprised of an
assembly of two EOmponents, i.e. the first cylindrical

member A and the second cylindrical member B.

(4) In the foregoing first through sixth
embodiments, each of the end face 4a of the
restricting groove 4 and the end face 6¢ of the

retaining member 6 is formed as a face extending

a



15 . "* connector flange 17Cis fornmed integrally with an end of the

st:rai ght pipe portion 17B of the third connector pipe 17. This connector
flange 17C includes a plurality of connecting through holes 17b coaxially
arranged for fixedly connecting a certain external 20 pi pi ng device P
such as a fluid transport pipe (e.g. wada8r pipe) or a sluice valve by neans
of bolts and nuts. The outer-peripheral face of the second connector pipe

16 includes, adjacent the Ieaﬁin end t hereof, a 25 tapered face 16a
adapted for guidi R§TPAS PEaYRFIEPtIakly el & wih%e PAdi"daTy 2% Fandi ng

L pane retalning IRIRE" 8els SRISLOUCLERLAS, Al SREREALL! NG MERDCL AV no
ion th oppose is

one peri pheral por eréof 5ﬁiamay, and at” ¢ ree ends of t
C-shaped there arg,fQrggdo? the res@didkif¥PHIRLAT WPELA | Phe NELES Qe
al l owi ng el astic

6c of the retaining member 6 may be formed

5 respectively as such face extending normal or

substantially normal to the cylinder axis X.

The invention may be embodied in other speéific

forms without departing from the spirit or essential

10 characteristics thereof. The present embodiments are
therefore to be considered in all respects as
illustrative and not restrictive, the scope of the
invention being indicated by the appended claims

rather than the foregoing description and all changes

15 which come within the meaning and range of equivalency
of the claims are therefore intended to be embraced

therein.

20



radi al *expansi on of the retaining nenber 6 by sone appropriate tool. In
operation, when the spherical ring nenbers 15 and.the second connector pipe
16 which are un- 10 wi t hdrawably connected to each other via the
retaining nenbers 6 are subjected to an external force in the w thdraw ng
direction due to an earthquake or differgptial settlement, these spherical
ring nenbers 15 and the second connector pipe 16 respectively nove 15
relative to each q{her,to the |jmt within the novable range defined by the
length of the redftattisiflf £ and the retaining menber 6 fitted to
the attaching groove 5 of the second connector pipe 16 cones into contact,
along the direction of cylinder axis, 20 agai nst the one end face 4a

of the restrictinp_groqyﬁirg£§ﬁ¥g6¥&é%1égg%égég;(ﬁanH%.entrance openi ng (a)

of the spherical Ting menber I'"n "t he course of the above, the portion of
the retaining nenber 6, contactdng REaINSE ddbang end face 25 4a of

the restricting groove 1 of the spherical ring
5 a second cylindrical member (B) to be inserted
into the first cylindrical mémbér (A);
characterized by
an annular réstricting groove {(4) defined in an
inner peripheral face of ﬁhe first cylindrical member

10 (A);

an annular attaching groove (5) defined in an
outer peripheral face of the second cylindrical member
(B) and having a shorter length than the restricting
groove (4)'in a direction of cylinder axis (X};

15 a retaining member (6) radially expandably and
detachably fitted to the aﬁtaching groove (5) for
coming into contact with an end face of the
restricting groove (4) in the cylinder axis (X)
direction so as to restrict range of relative movement

20 between the first and second cylindrical members (A,
B) in the cylinder axis (X) direction;

the outer peripheral face of the second
cylindrical member (B) and the inner peripheral face
of the first cylindrical member (A) being provided

25 with a radial opposing distance therebetween

* [ L N S *



32 mentfer 15 and the further portion of the retaining menber 6 contacting
against the end face of the attaching groove 5 of the second connector
pipe 16 are radially displaced relative to each ot her. Further, 5

the respective end faces 4a, 6¢c of the restricting groove 4 and the
retaining nmenber 6 are forned as flat fages extending substantially nornmal
to the cylinder axis X. Thus, the retaining nenber 6 is tw sted and
pivoted in a direc |on where a dia onal direction o . cros? £
section of this r StAGHHYFerFerrSs 12 %%#%e’a"ﬁ‘f%l?'hea‘&‘glT’hﬁ%ﬁjr?"éﬁ af
direction, with u t rtion of t retai ni ng menber 6 contacting the
end face 4a of thz*?%éfgﬁﬁgﬁn gFgofg 2%&f'the spherical ring nenber 15 and

the further portion of th?a&?al ~ex ?igggggiqg STBITREN 6 cpg;ggghnq7qhefggd
o n as

face of the attaching groove 5 e second connector pipe 1
preventing, through contact, a radlally outward

withdrawing movement of the retaining member (6} from

(3]

the attaching groove (5) when the retaining member (6)
comes into contact, along the direction of the
cylinder gxis (X), against an end face (4a) of the
restricting groove (4) located on the side of an

10 entrance opening of the first cylindrical member (A);
at least mutually contacting portions
respectively of the end face (4a) of the restricting
"groove (4) and an end face (6c) of the retaining
member (6) being formed as faces extending
15 substantially normal to the cylinder axis (X) or
tapered faces extending radially outward as
approaching the entrance opening of the first

cylindrical member (A).

20 2. A flexible pipe connector as defined in claim 1,
characterized in that

said radial—expansion.restricting portion (7)

comprises a radial-expansion restricting face (7a)

formed at an end of an inner peripheral face (4b) of

25 the restricting groove (4) in such a manner as to come

* c L N S *



reacti dn points for the pivotal novenent. In the course of this tw sting
pi votal novenent, the retaining nmenber 6 conmes into contact with the
radi al - 20 expansion restricting face 7a, whereby the retaining nenber
6 may be reliably prevented frombeing withdrawmm fromthe attaching groove
5. fFurther, even if subjected to such wggdraw ng external force of a
significant magnitude under the 25 above condition, as long as the sum

of the amount of .35 L5, £ 00] 2l ¥ RUNET § §laSLi SELOTIR! kA, oL uihe

portion of the spﬁerlca rin n the side of the entrance opening
(a) thereof and the.hagialdy o ) ASHT G aflef QLT D0n@! dfnd ROATE PO

portion of 5 hé second connector pipe 16 does not exceed the |ength

of the diagonal |b|8‘?1@etc£|i%gcr(&%3a§§§ftl oRhef tehed r et ek Bi ng4eebers 6.t Hde
retenti on condition

restricting groove (4).

(S]]

3. A flexible pipe connector as defined in claim 1,
characterized in that

said radial-expansion restricting portion (7)

comprises a.radial-expansion restricting face (7a) of

10 a restrictiﬁg menmber (7A) engaged and retained at one
end of the inner peripherél face (4b) of the
restricting groove (4) in such a manner as to come

into contact with or come closer to the outer
peripheral face (6a) of the retaining member (6)

15 contacting against the end face (4a) of the

restricting groove (4).

4: A flexiblé pipe connector as defined in claim 2
or 3,
20 characterized in that
said outer peripheral face (6a) of the retaining
member (6) and the radial-expansion restricting face
(7a) are formed respectively as a tapered face
gradually reduced in the radial direction as

25 approaching the entrance opening of the first

TR O AR A



bet weeh the spherical ring nenbers 15 and the second connector pipe 16 is
not released. 10
force is applied due to an earthquake or differential settlement in a
direction transversing the cylinder axis X, by a relative sliding novenent
bet ween the outer peripheral face 15a of4%he spherical ring nenber 15

15 and the i nner
the third connect
ring me

spheri cal

When an external bending nonent or shearing

peripheral face 17a of the spherical pipe portion 17A of
%%19“§§iéz al, nghhegg_spherical configurations, the
er ané t he

third connector pipe 17 may be fl exed

relative to each other, thereby to restrict 20 damage to the flexible

pi pe connector.
her ei nbef or e,

34

[ 3]

10

15

20

25 5,

[third enbodi nment] In the first enbodi nent descri bed

eaclriekibhe pubercornépher ads fderited ofn tdleaimetdj ni ng
characterized in that

said restricting member (7A) is capable of

radially inward bending deformation and this
restricting member (7A) is engaged and retained, under
a radially reduced condition, at the one end of the
inner peripheral face (4d) of the restricting groove

(4).

6.

A flexible pipe connector as defined in any one

of claims 1 through 5,

characterized in that

an intermediate portion (lA) of the restricting

groove {(4)of the first cylindrical member (A) relative

to the cylinder axis (X) is formed as a radially

bulging portion.

7.

1,

A flexible pipe connector as defined in claim

characterized in that

the first cylindrical member (A) comprises a

spherical ring member made (15) of case iron, the

second cylindrical member (B) comprises a second

* € L M S @ %



menber “6 and the radial -expansion restricting face 7a is forned as a fl at
face extending parallel with or substantially parallel with the cylinder
axis X Instead, as shown in Figs. 6(a) and (b), each of at 5 | east
a portion of the outer peripheral face 6a of the retaining nenber 6 and the
radi al -expansion restricting face 7a maygbe forned as a tapered face
gradual ly reduced in dianeter toward the entrance opening (a) of the first

connector pipe 1 tbnRecktB® Hipe (1651 48 ftHe akbomw nir | ASetidaanaf Hhge
second connector pipe 2) to cone into contact with or conme close to the

outer peripheral hage @x adadtheirshdi AhRy MEFrder colnharicant akimbeg t () end
face 4a of the restricting groove 4. 15 The rest of the

construction is thbheiggngldslablg finsir tewbdditrentdacindoif demwpiosald comjzonefit s
are denoted wth identical reference marks or nunerals and will not be
descri bed. |nci detbheal Ispcoedchkonheatolreaibea (érti on wArtiwl 20 spherieut er
peri pheral face 6a of the retaining nenber 6 and :

5 inner face (17a) formed at one end of a third
connector pipe (17) as a third cylindrical member (C}
being fitted on.an outer peribheral face.(lSa) of the
spherical ring member (15) to be slidable relative
thereto along the partial spherical shape thereof.

10
8. A flexible pipe connector as defined in claim
1,

characterized in that
the radial expansiqn restricting portion (7)

15 comprises a radial expahsion restricting face (7a)
formed adjacent one end of the inner peripheral face
(4b) of the restricting groove (4) in the vicinity of
the outer peripheral face (6a) of ﬁhe retaining member
(6) when contacting the end faces (4a, 4d) of the

ZO restricting groove (4), the outer outer peripheral
face (6a) of the retaining member (6) and the rgdial-
expansion restricting face (7a) beigg respectively

formed parallel with or substantially parallel with

the cylinder axis (X).

) LT



the radial - expansion restricting face 7a described in the second enbodinent

may be formed as a tapered face gradually reduced in dh
entrance openi ng of the spherical ring nmenber 15 (i.
for allowing insertion of the second connector pipe into

contact with or come close to the outer geripheral face 6a of the retaining
menber 6 contacting the end face 4a of the restricting groove 4. 5 [fourth
enbodi ment] In the.first anfgodikient gaper idmthezhove ad hie fiatidl 1o X@BaShON
restricting portion 7 is constructed 10 from the radial -expansion
restricting face 73 formed at one end of the inner peripheral face 4b of
the restricting groove 4 in the vicinity of the outer

characterized in that

at least mutually contacting portions

5 respectively of the end face (4a) of the restricting
groove (4) of the first eylindrical member {A) ana the
end . face (6c) of the retaining member (6) fitted to

the attaching groove (5) of the second cylindrical

member (B) are formed as tapered faces extending

10 radially. outward as approaching the entrance opening

of the first cylindrical member (A).

10. A flexible pipe connector as defined in claim
1,
15 characterized in that
a partial spherical face (2a) formed at one end
of the second cylindrical member (B} is inserted into
each of opposed ends of the first cylindrical member
(A) to be slidable relative thereto in a direction of
'20' cylinder axis (X), a partially spherical inner face
(éa) formed at one end of a third cylindrical member
(C) being fitted on an outer peripheral face (2a) of a
spherical pipe portion (2A) of the second cylindrical

member (B).

-
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periphéral face 6a of the retaining menber 6 contacting the one end face 4a
of cithe restricting 15 groove 4. Instead, as shown.in Figs. 7(a), (b)
and Fig. 8, the radial -expansion restricting portion 7 may be constructed
froma radial -expansion restricting face 7a of the inner peripheral face of
the restricting member 7A formed of st aid® ess steel 20 engaged and
retained at one end of the inner peripheral face 4b of the restricting
groove 4 for con rR}LEXREL.Ec AEEEC CONNESTOR coning cl oser to the outer .

peri pheral face 6a of the retaining nenber 6 when contacting the one end
face 4a of _the I e NBSTHACTY 035 DISCLOSUREVE 4. 36 The restricting nenber
7A is conprised of an annular ring nmenber having one peripheral portion

t hereof cutaway and thias fiieakeb 1@\ p speapabimeoftor including a first

cylindrical member, a second cylindrical member to be

inserted into the first cylindrical member, an annular

[3)]

restricting groove defined in an inner peripheral face
of the first cylindrical member, an annular attaching
grbove defined in an outer peripheral face of the
second cylindrical member and having a shorter length
10 than the restricﬁing groove in a direction of cylinder
axis, a retaining member radially expandably and
detachably fitted to the attaching groove for coming
into contact with an end face of the restricting
groove in the cylinder axis direction so as to
15 restrict range of relative movement between the first
and second cylindrical members in the cylinder axis
direction. The outer peripheral face of the second
cylindrical member and the inner peripheral face of
the first cylin&rical member are provided with a
20 radial opposing diﬁtance therebeﬁween determined so as
to allow insertion and withdrawal of the retaihing
member. The connector also includes a radial-
expansion restricting portion for preventing, through
contact, a radially outward withdrawing movement of

25 the retaining member from the attaching groove when



el asti'c deformation (bending deformation) radially 5 i nwar ds
(radially reducing direction) and i s engaged and retained, under the
radially reduced condition, at the one end of the inner peripheral face 4b
of the restricting groove 4. At each free peripheral. end of the
restricting 10 menber 7A, there i ®ldefined a radial-reduction
operating hole 7b for allowing this restricting nenber 7A to effect the
radi al Iy reduci ngtéleagte te idef mg naebea r( bemgisng: nied or rattiacrd) » byl eeang: kod

sone appropriate tool. 15 The rest of the construction is the
sane as the first ddrB6dimene fakliei aehindar ébhﬁ@n%ﬁ%é"ﬁFeaHe%kﬁe%?%ﬁt?f

i denti cal reference mar Ks or nuneral s and w not be descri hed.

| ncidental Iy, the f“&dl’é‘l’sE’kbﬁﬁéf‘én FERAYS cthﬁé"tZ‘Ui on ‘theesidejeeEriaed in
the second enbodiment, |ike the above-described arrangenment,

Constructed Trom AULAANGE: SRSRIgRore S T TR PRASRIETERL,: membaRe, A
perlphera% face Oﬁe% % Rg itlngngﬁ 1ng pogeiggg Qéspectlvely of the

end face of the restricting groove and an end face of
the retaining member are formed as faces extending
substantially normal to the cylinder axis or tapered
faces extending radially outward as approaching the

10 entrance opening of the first cylindrical member.
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stai ni éss steel engaged and retained at one end of the 25 i nner

peri pheral face 4b of the restricting groove 4 37 for comng into
contact with or com ng closer to the outer peripheral face 6a of the

retai ning nmenber 6 when contacting the one end face 4a of the restricting
groove 4. 5 [fifth enbodinent] Fig. 9 shows a construction in which a
portion of the first connector pipe | deggtbbed in the first 10

enbodi ment is nodified for inprovenent. Nanely, in this first connector
pipe 1, a portion 1A thereof |ocated at an internediate position of the

restricting groove 4 in tpﬁﬂdLLecPLen—e#—ey++ﬂde#—axis-xgﬁ?aforned as a
=

radi al | y bul gi ng porttomry Wth this construgtfdan of the fifth
enbodi nent o . =f
a
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in assénbling this flexible pipe connector, when the straight pipe portion
2B~of the second connector pipe 2 is inserted into the first connector pipe
1 to bring the | eading end of the straight pipe portion 2B of the 20

second connector pipe 2 to the bulging portion 1A of the first connector
pipe 1, there is created a | arge annul ar space between the end side of the
outer peripheral face of the straight p2p&portion 2B of the second
connector pipe 2 and the axially internedi ate 25 portion of the inner
peri pheral face 4b of the 38 restricting groove 4. Accordingly, through
this | arge annul ar space, the radially expanded retaining nenber 6 nmay be
readily inserted fromthe | eading end of the straight pipe portion 2B to
the attaching groove 5 of 5 FhF‘G?cgzd connector pipe 2. The rest of
the construction is the sane as the .

1(A)

2B(2)

——

- This Sheet Has Been R
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firsteehbodi nent - and identical conponents are denoted with identical
reference marks or nunerals and will not be described. 10 [sixth

enbodi ment] Figs. 10(a) and (b) show inprovenment of the. flexible pipe
connector described in the second 15 enbodinent. In this, the

radi al - expansion restricting portion 7 is provided. This portion 7
prevents the restricting menber 6 from b3/ % w thdrawn fromthe attaching
groove 5 when an external force in the withdrawing direction is applied to
the flexible pipe 20 connector due to an earthquake or differential
settlenment to cause the restricting nenber 6 fitted to the attaching groove
5 of the second connector pipe 164&0'q§£€5§nt0 contact, along the direction
of cylinder axis X, with the one flaace™~a of the restricting 25

groove 4 |ocated on the side of the en%rgp?e openi ng

1(A)

Zib G\a 6 \ 4b 42 ZO 18\
\\\\“\L\\\\\\?\\\\ A N/

i
S /)l(//AT///?// ////K////

6¢ ‘ 6c 4 4C 95(7) 25(2) 9 X
5

FlG.3
(D)

4b  4e 1(A)6a 7a(7) 10 1a
6¢

2B(2)

| f \ 2
{ . /IK/////‘V /S )

67 .\4a 9 #

This Sheet Has Been Re;
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39 (g)rof the spherical ring nenber 15. Further, another radial -expansion
restricting portion 7 is provided to the other end face 4d of the
restricting groove 4 of the spherical ring nmenber 15. This restricting 5
portion 7 prevents the retaining nenber 6 frombeing withdrawmn fromthe
attaching groove 5 when an external force in the withdrawing direction is
applied to the flexible pipe connector gyggto an earthquake or differential
settlenment to cause the restricting 10 menber 6 fitted to the

attaching groove 5 of the secoqﬁhpmﬂﬁee%ﬁr'ﬁrp- 6 tiftiome into face
contact, along the direction—ef Cylinder axis X wjh the other end face 4d
of the restricting grogye 4 of NKke 21 1 63 | '1%5? .5

The radial-expansion Testricti-H st lct o respectively
fromthe radi al - expansi on restri cty d_at_ t & opposed ends
of the inner peripheral faceggb of 9947'
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in thervicinity of the outer peripheral face 6a of the 20 r et ai ni ng

nenber 6 contacting the end faces 4a, 4d of the restricting groove 4. The
rest of the construction is the sane as the second enbodi ment and identi cal
conponents are denoted with identical reference marks or nunerals and wll

25 not be described. = 40 [seventh enbodinent] In the foregoing
respective enbodi nents, each of 5 Sih% end face 4a of the restricting
groove 4 and the end face 6c¢ of t?g |ng menber 6 is fornmed as a face
ext endi ng normal or substantiallyln b o t he cylinder axis X | nst ead,
as shown in Fig. 11, at least a portgf of the contacting faces, i.e. of
the 10 end face 4a of the restni Bng groove 4 of the first
cylindrical nenber A (i.e. the first connectOé(K)pe 1
Lb  6a 4Le
15a
4d |

\J/ 162 \\\\«vs }r\ _ /\ /

R
4\ 5[ 77 gy 19 /
6c  6c 16(B) -

FI G.5
(b) _
4Lb 4LC ba 15(A)

Sheet Has Been Re laced

TR




or the*spherical ring nenber 15) and the end face 6¢c of the retaining
megber 6 fitted to the attaching groove 5 of the second cylindrical menber
B (i.e. the 15 second connector pipe 2 or 16) may be forned as a
tapered face extending radially outwards as approaching the entrance
opening (a) of the first cylindrical nenber A. The rest of the construction

Is the sane as the 20 fore90|n dfct i ve enbodi nents and identical
conponents are denoted with |dent| (éfefhd@éﬂ rks or nunerals and w |
not be described. [other enbodlnents] 41 (1) In the foregoing

respective enbodi ments, the radial-expansion restrlctln portion 7 is
constructed froma radlal expansi ricting aié?kb& ndi ng
Q:f%k a

Sy N
///V//

5674 7a(7) 28(2)

FIG.6 (b)
63 4a

1(A)

2b , A 2B(2)
7a(7)\6
FIG.7(a)
4b LIA(T)
6a
6 ~ 4 ///\

2. N\ N\ 4 L/za;(:
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5 14 7a 4a
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* %
contintiously in the peripheral direction. . Instead, 5 this portion
7 may be constructed froma plurality of discrete projections spaced apart
from each other in the peripheral direction. In short, the specific shape
of the radial- expansion restricting portion 7 is not limted to 10
t hose descri bed above as long as this portion can prevent the restricting
menber 6 from being withdrawn fromthe attaghi ng groove 5 when this
restricting nenber 6 fitted to the attaching groove 5 of the second
cylindrical nmenmber B conmes into contact, along 15 the direction of
cylinder axis X, with the one end face 4a of the restricting groove 4
| ocated on the side of the entrance opening (a) of the first cylindrical
menber A. 20 (2) In gfpii fggrth enbodi nent described
her ei nbefore, the restricting nmenber ‘i S engaged and retained at the one
end of the inner peripheral face 4b of the restricting groove 4 by '
utilizing the elastic resilience in the radially expanding direction

This.Sheet Has Been Replaced -
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25" & Yof the restricting menber 7A per se which is being 42 reduced

radi~al | y. Instead, this restricting nenber 7A may be fixed to the one
end of the inner peripheral face 4b of the restricting groove 4 by using a
certain appropriate fixing nmeans. 5 In case the restricting

menber 7A is fixed by neans of such appropriate fixing neans as bolts or
wel ding, this restricting nmenber 7A may Bél8onprised of an annul ar ring
menber or of a plurality of discrete restricting elenments slit apart from
each 10 other in the peripheral direction. (3) |In the foregoing
respecti ve enbodi nents, the flexible pipe connector is provided as an
assenbly of three conponeqrs——1 -e—thefryst—cyrindricatrygrber A 15

t he second cylindrigal er—B-and—t-h t-hird—ocylindihcal nmenber C
However, the splrﬂt ? =
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pieséﬁf i nvention may be applied also to a different type of flexible pipe

connector conprised of an assenbly of two conponents, i.e. the first
cylindrical 20 menber A and the second cylindrical nmenber B. (4) In
the foregoing first through sixth enbodi mants, each of the end face 4a of
the restricting groove 4 and the endfac9 of the 25 r et ai ni ng

menber 6 is forned as a face extending 43 normal or substantially nornal
to the cylinder axis X Instead, only mutual contacting portions of the end
face 4a of the restricting nmenber 4y t ace 6¢c of the re
taining nenber 6 nmay be fornﬁl?@gpeﬂg 32%5 as such face extending
normal or substantially normal to the cylinder axis X. The invention nmay be
enbodied in other specific forns without departing fromthe spirit or

essenti al Lb 6a 4cC 15(A) 5a
7a(7)
a
/&\\\\\‘36 }r\ Wj%‘j
RN ALK
6C 7a(7) 19 | 18
td | 4 g SR 45 16(B) /
~
FI G.10 (b)
| c (A)
4o 4c b 156c 15a

7a(7)

16a 7 1 \
4d
6¢c’ 5 / ) 19 16(8) 18 /

I
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10 '»» " characteristics thereof. The present enbodiments are therefgre to
be~considered in all respects as illustrative and not restrictive, the
scope of the invention being indicated by the appended cl ai ns rather than

t he foregoing description and all changes 15 whi ch come within the
meani ng and range of equivalency of the clains are therefore intended to be
enbraced therein. 20 25 44 \Wat is cl ﬁl{)dfl Is: 1. A flexible pipe
connector having: a first cylindrical ne r(A; 5 a second
cylindrical nmenmber (B) to be inserted into the first cylindrical nenber

(A); characterized by
FIG. 11

6a.7a(7) 4 /A
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L. : . : : Thsst x5
an annukar restricting groove (4) defined in an inner peripheral face of

the first:cylindrical nenber 10 (A); an apnular” attachlng groove «(:5) -
defined in an outer peripheral face of the second cyllndrlcal ‘menber (B)f
and having a shorter length than the restrlctlng groove (4) in a dlrecttﬂn
of cylinder axis (X); 15 a retalnlngsnpnber ('6) radlally f~~m
expandably and detachably fitted to the attach!ng groove’ (5)- fo# Con1ng ;
into contact with an end face of the restrlctlng groove (4)in thé: cyllnder
axis (X) direction so as to restrict ranéé Bf relative novenment 20

between the first and second cylindrical nenbers:{A; ‘B) in the cyliander

axis (X) direction; the outer peripheral face of the s nd_cylindrical -

nenber (B) and the i#¥dr peripheral ce of the flrst- | i ndT3 cal nenber
(A) being provided ZE wih a radrar opp03|ng tangs
t her ebet ween » i
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45 determ ned so as to allow insertion and wi thdrawal of the retaining
menber .(6); a radial -expansion restricting portion (7) for preventing,

t hrough contact, a radially outward 5 wi t hdrawi ng novenent of the
retai ning nmenber (6) fromthe attaching groove (5) when the retaining
menber (6) cones into contact, along the direction of the cylinder axis
(X), against an end face (4a) of the restricting groove (4) |located on the
side of an 10 entrance opening of the first cylindrical nmenber (A); at
| east nutually contacting portions respejigely of the end face (4a) of the
restricting groove (4) and an end face (6¢) of the retaining nenber (6)
being formed as faces extending 15 . substantially normal to the
cylinder axis (X) or tapered faces extending radially outward as
approachi ng the entrance opening ofF&quﬁjr t cylindrical nmenber (A).

This is the replacement sheet
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20 - 2. A flexible pipe connector as defined in claim1,
characteri-zed in that said radi al -expansion restricting portion (7)
conprises a radial -expansion restricting face (7a) forned at an end of an

i nner peripheral face (4b) of 25 the restricting -groove (4) in such a
manner as to cone 46 into contact with or cone closer to the outer

peri pheral face (6a) of the retaining nmenber (6) contacting against the end
face (4a) of the restricting groove (4). 5 3. A flexible pipe connector
as defined in claim1l, characterized in 8/a0 said radial - expansi on
restricting portion (7) conprises a radial-expansion restricting face (7a)

of 10 a restricting nenber (l_z_,&') énggged and retained at one
a’
| 1A
6 o a0 '8

/ a
m‘\\\\a\\\\T\X\\\ \"/
/)I(/A\///gf/ o4 <// f)//,
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end of the inner peripheral face (4b) of the restricting groove (4) in such
a manner as to cone into contact wwth or cone closer to the outer

peri pheral face (6a) of the retaining nenber (6) 15 contacting

against the end face (4a) of the restricting groove (4). 4 A

fl exi bl e pipe connector as defined in claim2 or 3, 20

characterized in that said outer peripheral face (6a) of the retaining
menber (6) and the radial -expansion rest#di/d0i ng face (7a) are forned

respectively as a tapered face ually reduced in the radial direction as
25 approaching the entraj opening of the fir 47 cylindri cal
menber (A). 5. A flextble p —edHn clai m 3,
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characterized in that 5 said restricting nenber (7A) is capable
of radially inward bending deformation and this restricting nmenber
(7A) is engaged and retained, under a radially reduced condition, at the
one end of the inner peripheral face (4d) of the restricting groove 10
(4). 6. A fl exible pipe connector as defined in any one of clains 1
through 5, characterized in that 15 an internedi ate portion (1A
of the restricting groove (4)of the firSgieylindrical nenber (A) relative
to the cylinder axis (X) is for laiagéﬁadially bul gi ng portion. 20

7. A fl exible pipe connectdr *as ined in claim1, characterized in
that the first cylindrical nenber (Aoeponprises a spherical ring nenber
made (15) of case iron, the 25 Second cylindrical nenber (B)

conprises a second
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48 connector pipe (16) in the formof a straight pipe nade of cast iron,
the first «cylindrical nmenber (A) being slidably inserted into each of
opposed ends of the second connector pipe (16), a partially spherical 5
inner face (17a) fornmed at one end of a third connector pipe (17) as a
third cylindrical nenmber (C) being fitted on an outer peripheral face (15a)
of the spherical ring nenber (15) to be &fl@able relative thereto along the
- partial spherical shape thereof. ED’SG Aal exi bl e pi pe connector as
defined in claim1 , characterized fn™Hhat the radi al expansion restricting

portion (7) 15 conprises a radial expansion restricting face (7a)
formed adj acent one end of the Gmer4feripheragdacg A
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(4b) of the restricting groove (4) in the vicinity of the outer peripheral
face (6a) dof the retaining nenber (6) when contacting the end faces (4a,

4d) of the 20 restricting groove (4), the outer outer peripheral face
(6a) of the retaining nmenber (6) and the radial- expansion restricting face
(7a) being respectively forned parallel with or substantially parallel wth
the cylinder axis (X). 25 49 9. A flexible pipe connector as
defined in claiml1 , characterized in that at |least nutually contacting
portions respectively of the end face (4ajysepb the restricting groove (4) of
the first cylindrical nenber (A). and the end face (6c¢c) of the retaining

menber (6) fitted to )
FIG. 8
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thé attaching groove (5) of the second cylindrical nenber (B) are forned as
tapered-faces extending radially outward as approaching the entrance
opening of the first cylindrical nenber (A). 10. A flexible pipe
connector as defined in claim1, characterized in that said second
cylindrical nmenber (B) inserted into each of opposed ends of the first
cylindrical nenber (A) has a partial spherical face (2a), and a partially
spherical inner face (3a). forned at one end of a third cylindrical nenber
(C being fitted on said spherical face (28y10f the second cylindrical
menber (B). '
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9. A flexible pipe connector as defined in claim

characterized in that

at least mutually cohtacting portions
respectively of the end face {(4a) of the restricting
groove {(4) of the first cylindrical member (A) and the
end face (6c¢) of the.retaining member (6) fitted to
the attaching groove (5) of the second cylindrical
member (B) are formed as tapered faces extending
radially outward as approaching the entrance opening

of the first cylindrical member (A).

10. A flexible pipe connector as defined in claim

1,
characterized in that
said second cylindrical member (B) inserted into each of
opposed ends of the first cylindrical member (A) has a partial
spherical face (2a), and a partially spherical inner face (3a) formed
at one end of a third cylindrical member (C) being fitted on said

spherical face (2a) of the second cylindrical member (B).
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