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DESCRI PTI ON .EXTRACORPOREAL Cl RCULATI ON TUBE CONNECTCR

"5 TECHNI CAL FI ELD The present invention relates to an

extracorporeal «circulation circuit fornmed by
connecting tubes with connectors, and in particul ar
relates to a 10 preconnecting-type extracorporea
bl ood system BACKCROUNR A1 bR thgcent years,
treatment is carried out using an extracorporea
bl ood systemthat takes a patient's blood 15 outside
the body for processing such as purification and
oxygenation and then return the blood to the patient.
This extracorporeal blood systemwas first applied to
henodi al yzers, and i s nowadays used for

QRiEbES CIRGURATEON TURE CONMRCTORS ma
separators too. 20 For instance, cardiovascul ar
surgery is performed while circulating a patient's
bl ood outside the body using a punp-oxygenator
THCHERACATheE PEIP- oxygenat or system i ncl udes an
artificial heart (blood punp) for punping blood, an

artifitHealptesgnt23 dven pxygeratiiaide $ heobhRodx@rd corporeal
renmovi ng carbon dioxide, 1 and additional equipnent

SUeBu a8 3 JH 09U rEeSE VEbEmed HIPDESH nROVEY. tABAl i th
exchanger, a blood filter, a bl'ood draw canhnula, and

AhREESLA, 1 Dhal QW GanpHh &y 1HNESEe §ARANEDES 5

preconnecting-type extracorporeal blood system.

BACKGROUND ART

In recent years, treatment is carried out using an
extracorporeal blood system that takes a patient’s blood
outside the body for processing such as purification and
oxygenationandtﬁenreturntheblomdtothepatient. This
extracorporeal blood system'was first applied to
hemodialyzers, and is nowadays used for pump-oxygenators,
artificial livers, and plasma separators too.

For instance, cardiovascular surgery is performed
while circulating a patient’s blood outside the body using
a pump-oxygenator system.

The pump-oxygenator system incluaes an artificial
heart (blood pump) for pumping blood, an artificial lung

for oxygenating the blood and removing carbon dioxide,
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of the extracorporeal blood system are connected by
tubes 5 and connectors. Types of connectors used in
the extracorporeal blood systeminclude a straight
connector for connecting two tubes and a T-connector
and Y-connector for connecting three tubes (see

I
BT et e e

re%%%%xa' tmgaﬁog&%m f ahs%@gd aepy panealy ﬁrarb&@é draw

stenﬁare each Separate y pac so that asse

ecess bef ore.use, h a V.
caln ar'eén%s%’?lq%t%ﬁ&% f?ggs?%nnﬁli% sccs)%géefg SpQpents
cont am nat i on conponents occur_durin

ofa*gg@n%xyraclqarmgﬁ,aéf B eS8 Vi 4 4 A R BEFOh DR a5 ubes
been given to a preconnecting-type extracorporea

angl NRSSEGMS I n the preconnecting-type system the
conmponents are preconnected and the tubes are rolled
up i Bypestefitonae¢ciaursiamad langhehexifsieoupprepd blood
housed in a package at the tine of factory shipnent.

syBten hehofjude, onserbligipackageectas: bfen deinnegedngo two
a hospital or the Iike and opened, the extracorporea

tulledph 5y s em-casnhecselr Wndurekbpnedtbouttor connecting
m sconnections and put to use. 25 For the

tﬂ%éﬁxﬁﬁﬁ@ﬁiEgeby@%é%éﬁ@ﬁ@ﬁpmaﬁﬁn@ééoﬁaﬁéﬁ%ﬁﬁpﬁl1aatlon
smal | er package is preferable as it eases delivery

pugislgiéé?iéﬁé 904 . ak $9-h9 7d3e] wom- Pesdsscandath @i beB076) .
. n her words, the extracorporeal bl ood system
needint%eneral, the components of the extracorporeal
blood system are each.separately'packed, so that assembly
is necessary before use. However, such assembly requires
skills and time. Besides, misconnections or
contamination of components may occur during assembly.
In view of these, increasing attention has been given to
a preconnecting-type extracorporeal blood system. In the
preconnecting-type system, the components are
preconnected and the tubes are rolled up in a sterilized
state, and the whole unit is housed in a package at the
time of factory shipment. This being so, once the package
has been delivered to a hospital or the like and opened,
the extracorporeal blood system can be set up quickly

without misconnections and put to use.

For the preconnecting-type extracorporeal blood
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be packed conpactly within a package of a limted

size. 5 However, when rolling up the tubes to nake

t hem conpact, part of a tube near a connecting area

may bend sharply and result in a kink. Wen this

occurs, fluids or air flow ng-through the, tubes may .
Sy&URR, pFRdblriikagbirogg 2B cIRRD LEfS 16 @vpd ek kvery
ggy not be able to be positioned properly at the tine

agid sgoymge msdrelsases, likebgcoaebendésssaided taffter use.
di sconnect the tubes and reassenbl e the conponents.
I8uclthee1t weer d&sé pktheneke rproreyd edaflobdamsd exteidm hyeeds to

.rolling up the tubes carefully with a great deal of

bl R cKed ademphicily Waeahpacki padlegeysttem 1Haveved  size.
it 1s not desirable to spend such tine and effort for

Hb%w@f}(iﬂgenoﬁgiq}ﬂ%‘-uﬂ%k%’eiw& tbl maWORIRM compact,
Unexam ned Japanese Patent Application Publications

| 197238 5- b
P s RO A RO R PR b ol a1y

reven tube kink to a certain extent, the type of
a?ﬁﬁé“? u?Fn%Pe@‘gﬁango conmon tubes cannot be used.
Al so,_these techniques fail .to conpl.etely suppress a
Cube WhAR RBAE G CbhRectingis 63 B34 T iyeRiBRFESeRn the
THE | NVENTI ON_The present i nvention ains to enable an
tghes R poradh e r 2Bl Aok R F cHRE 10¥9 e4f8ei afl§Ca the

components may not be able to be positioned properly at
the time of setup. 1In some cases, 1t becomes necessary
to disconnect the tubes and reassemble the components.

Such a tube kink can be prevented to some extent by
rolling up the tubes carefully with a great deal of time
and effort when packing the system. However, it is not
desirable to spend such time and effort for the packing
operation.

Toovercometmis;uoblem,UneiaminedJapanesePatent
Applicaﬁion Publications Nos. H11-197238 and H05-15585
propose tubes that are less prone to kink. Though these
techniques can prevent a tube kink to a certain extent,
the type of tube is limited and so common tubes cannot
be used. Also, these techniques fail to_completely

suppress a tube kink near an connecting area.
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preconnecting type that uses tubes and connectors, to
be 5 packed conpactly w thout a tube kink near a
connecting area. The stated aimcan be achi eved by an
extracorporeal circulation tube connector including:
afirst fitting . menber having an internal space into

Df’!‘t'&ﬁ@sﬁgﬁ fid Plipa Tkt oyt ube is to be fitted, a

second fitting menber having an internal space into

mmic&g%”%ﬁ%@aﬁ%h%éﬁ%é@?o uba s +hochgydidted, and a

t ubu nhec eing sandw ched between .

nd connected with the first fittin e

S R L S R i e A L

t he connecting nmenber connects with the internal b
PREREBLEE tHRY ?WE% hat H&%W&fe%@ngh%o?ﬁiaéf‘ﬁaﬁs' to be

space of the second fitting nmenber, wherein the ,
pask®eéc compamhbir Vikdwowt t i Auke | kinkafedh § ngonnecting

m ddle, the thin-walled part having a smaller outside
axkaneter and a smaller wall 20 thickness than

remai ni ng parts of the connecting nenber that are

cl osghd etdieediash Gaht begarhifesredrily tare extvagorporeal

fitting nmenber. According to this construction, the

ciebh1bRiigkhessbearditecoutsiidee thdtmiger offthet fitting
connecti ng nenber decrease 25 in the thin-walled

mdfbér ﬁé&ﬁﬂbaﬂnelhﬁ@¥ﬁimr§?hdéTﬁﬂ&@PWﬁmchubae end of a
connector IS nore flexible than a conventi onal tube

f#ﬁ%?e o?é’fgk&gg%?gﬁ§t9854hé%ﬁaéoh@iEiﬂ%ﬁhﬁﬁn@ﬁﬂierIhaving
an internal space into which one end of a second tube is
to be fitted; and a tubular connecting member being
sandwiched between and connected with the first fitting
member and the second fitting member, so that an internal
space of the connecting member connects with the internal
space of the first fitting member and the internal space
of the second fitting member, wvherein the connecting member
has a thin-walled part in the middle, the thin-walled part
having a smaller outside diameter and a smaller wall
thickness than remaining parts of the connecting member
that are closer to the first fitting member and the second
fitting member.

According fo this construction, the wall thickness

and the outside diameter of the connecting member decrease

in the thin-walled part.
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between the first fitting nmenber and the second
fitting 5 nmenber can be nore freely varied. Hence the
effect of a bending force which acts upon the tubes
near the connecting area when rolling the tubes

| essens. By enpl oying this tube connect or
precoﬁH&Qi@&y@%%€a€9ﬁﬁﬂﬁﬁ%%r@éFQH%ﬁElQQSEE%ez??%B@Ctor
10 ki nk near the connecting area can be suppressed
ishmensadliaribhe tyanamcanvantiona bdiuke fPHeeatog which

. spend nmuch time and effort. Unexam ned Japanese

deatentoBpplaiveatd ovoh Pubhiacal ¢ dnpalic. H G:le68ef6tesclausesngle
a technique of providing a rolling 15 nmechanismat a

bewesh Ot he THAUGHT tHi St aghRichite caangupbeesecokdnkitting
of tubes connected with the connector, a conplex

mEBEACLHREI B8 RE9ELTTdS1 Pepded d. PrHwMEe the effect of a
rolling mechanismat the connector. In conparison, the

btelﬁtlﬁ}xgg%% Qrwﬁ?ﬁ%%@g%\foﬁ% FuPd PR eGdRe @Onnecting

gggi actur ed eag; Z, af it Tequitres only a sinple
3SRt Tora b BortnRe sy LA e Tube |
oo R, LTS PA & ke BRPife OBPSRESE 5 Batent

DS IBBE5E LIET £ Pot R L RORIIREF habLoRey e FePred tube

as a ring around a circunference of the connecting .
kighpaear the connecting area canbe suppressed when packing

the system, with there being no need to spend much time
and effort.

Unexamined Japanese Patent Application Publication
No. H10-263076 discloses a technigue of providinga rolling
mechanism at a connector. Though this technique can
suppress a kink of tubes connected with the connector,
a complex manufacturing process is needed to provide the
rolling mechanism at the connector. In comparison, the
tube connector of the above construction can be
manufactured easily, as it requires only a simple design
change of constricting a connecting membef of a
conventional tube connector.

Also, the tube connector of the above construction
can be applied to common tubes, unlike Unexamined Japanese

Patent Application Publications Nos. H11-197238 and
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According to this construction, the connecting nenber
5is flexible in all directions, which enhances the
tube Kkink suppression effect. Mire preferably, the
tube connector may have the follow ng constructions.
A ratio in outside diameter of the thin-walled part

no3Qqtxxdkhe first tube and the second tube may be in a

ngge ogao 7 fo 1. 2 Wien the fhrst fitting nE?be[ ]

rrenbhger*% e CH SRt ?féeﬁeé%r? figy Be mﬁ%dé%a?tglng
B I, L A

thi rBGiapFe e %g/ssr@n%%g? Y FPedifiaers 1§ member

outside dianmeter_of the first tube in one end facjng
ist fd epriief iim | al ndds@ct kows 20 Wi ish aﬁflbém%ﬁ%q%? tube
to an outside dianeter of the second tube in another
kiekd Suppngstseoseeddiectitti ng menber. An inside
di anmeter of the connecting nenber nay be substantially
equaliore gureéfsirddldianeher tube heohhesttont ubayi hagiee the
end facing the first fitting nenber, and 25
fosuksiamyi aldnsefuakionsan inside dianmeter of the
second 6 tube in another end facing the second fitting

Menbgrra tAeC ehdiond d 0aé i Sasensly uat itoie Hien+twallded part
di anmeter of the connecting nenber is substantially
tot@Rl £Orkhetube and the second tube may be in a range
of 0.7 to 1.3.

When the first fitting member has a greater inside
diameter than the second fitting member, the outside
diameter of the thin-walled part may gradually decrease
from one end facing the first fitting member to another
end facing the second fitting member. |

The outside diameter of the thin-walled.part:may be
substantialiy equal to an outside diameter of the first
tube in one end facing the first fitting member, and
substantially equal to an outside diameter of the second
tube in another end facing the second fitting member.

An inside diameter of the connecting member may be
substantially equal to an inside diameter of the first

tube in one end facing the first fitting member, and

substantially equal to an inside diameter of the second



10

15

20

25

inside dianmeters of the first and second tubes. Since
there 5 is no sudden change in dianeter of the path
of flow, turbul ence, blood accunul ation, and air
accumul ati on can be prevented. At |east one of the
first fitting nenber and the second fitting penber
thhe g t%@f-gﬁ,r AR hEzeiagndite t AEcRRcs L LYl pHafemPer.
greater in one end facing the connecting nmenber than
i n arfotherdémyy o tihHiss coasd,rudbiaal | the trAdse dlageter
| east one of the first fitting nmenber and the second
ofi thiengcomnbert ing membker lien dlestdge itahlaky | @gtithd to the
base facing the connecting 15 nmenber, around the whol e
i8EREEd ehRRGR 0§ oiffteh & iftitrigtda ndEsdes ndhilse skesihbe there
edge of the fitting menber nore flexible while

1980y al (b Bgnt ke, LopBechi en aMdhebhe ff Whige pathhodt .£1ow,
bei ng possible to enhance the tube kink suppression

tﬁ&%%‘ﬁ%el%%%, "?{LSodt ?%d@ﬁddli@ﬁﬁéﬁqeéﬁgogitlhﬁc%turduelaac'it_ion can

one o rst fitting nenber and the second

fittin er may gradually increase fromthe other
bgnglfﬂg%ﬂgggﬁd facing the connecting nenber.

Accor dj to this construction, .the entire fittj 25
menbeh SHE B bhe £ Wi L iddnt P pfiiket gyl Blle $8cona
greater 7 tube kink suppression effect. Here,

. at
FOEVART SEOPR MR Do LOGTESAT of affle Dagie Poierl lotdi kness

the first fitting menber and the second . )
that is greater in one end facing the connecting member

than in another end.

In this case, the wall thickness of at least one of
the first fitting member and the second fitting member
issmaller in the edge than in the base facing the connecting
member, around the whole circumference of the fitting
member. This makes the edge of the fitting member more
flexible while maintaining the connection with the tube,
with it being possible to enhance the tube kink suppression
effect. |

Here, the wall thickness of the at least one of the
first fitting member and the second fitting member may
gradually increase from the other end to the end facing
the connecting member.

According to this construction, the entire fitting

member becomes flexible, which contributes to a greater
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fitting menber with respect to a length of the
connector 5 in a tubular direction my be in a range
of 0.1 to 6.0% Here, aratio in wall thickness of
the other end of the at |east one of the first
fitting nmenber and the second fitting nmenber to a

£hye i1 ket BeoRt draasitone of the first

fitting nmenber and the second fitting nmenber 10 nay

be 'gxiiéféa”%e P10 %?he‘}%l -Sa sEeng, n&zbflo‘c Erkgfr%gfof the

t he éast one of fitting

d f
a?.eé%%%'%é{a%fﬂ?ﬂ@%ﬁé%ﬁ%m £ ol FAIRET By e secona
RIS St U G B RS U S8R e

tubular direction may be in a range of 0.5 to
1RcBotdiniylas Ehre okl kY| bR, ifthé trm%d?ﬁe%t%rto 6.0%.
can be made shorter and nore flexible while
mai ntBerenga 2@ tie oretli bhiskiresneot ubke, ohegh end of
further enhances the tube kink suppression effect.
theraf ldasltenagehodfthaef toshett b imgymember andatge second
of 20 to 50nm Al so, when the connecting nenber, the

flittsind uhembe25 tand thebsefbbtdedulimtes ecleacht f beaedt efne of
a resin, the connecting 8 nenber nay have a

tﬁébﬁi&fﬁtaﬁi}vtmh%emémsénaotﬂéﬁ déeshd truhe 2§ member
t he second tube. t he connecti ng nenber, the
mby’ Ye tHRes AHhdbBeor 0.15 to 0.6.

Here, the other end of the at least one of the first
fitting member and the second fitting member may be in
a range of 0.5 to 2.0mm in wall thickness.

Also, a ratio of a sum of lengths of the first £fitting
member and the second fitting member to a length of the
conneqtor in a tubular direction may be in a range of 0.5
to 0.9.

According to this construction, the tube connector
can be made shorter and more flexible while maintaining
the connection with the tubes, which further enhances the
tube kink suppression effect.

Here, the length of the connector may be in a range
of 20 to 50mm.

Also, when the connecting member, the first tube,

andthe secondtubeareeach formedofaresin, theconnecting
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second tube may each have a duroneter hardness of type

5 A according to JIS K7215 in a range of 60 to 98.

BRI EF DESCRI PTI ON OF DRAWNGS FIG 1 is a perspective

vi ew showi ng tubes connected by an extracorporea

circul ation tube connector to which_ 10 the first _
nerbhsd Reit hevetheuhrssent ipdvehegor Ir BRadaes¢ikg thej first

a vertical sectional view taken along the lines A-A
tubeFlaad 1thEl Gedsthotvaban overal | construction of a

preconnecti ng-type punp-oxygenator system 15 FIG 4

showspéeewhthedeghoestbeanibaect elebfiastt thbe, and the
connector are bent in a bend test, for an actua

sERIAY eryBar MRSPUEERInEe d he dhbshetodharaheard & type

conparative eXanple. FIG 5 is a perspective view and

A%‘H&ééf‘&‘%g%h% Qflszﬁg%ﬁ Cﬂﬁ‘”sc_tc%i‘h%éé Yhi 6B tt:aﬁ 98 .

second e i ment of e present ntion rel ates.

FIG 6 is a perspective view and sectional view of a
Y-connector to which the second enbodi nent of the

I i ntio I FIG 7 is a graph
B%ﬂ%@fHgE?SEéﬁgp&Hgg&gegﬁﬁﬁﬁgéés9 connected by a tube
connector are bent in a bend test, _for, actu

exanpF &§ -cor 8RN HYCEH 1ivife VLSS £ RoVH 2% s connected
enbodi nents and conparative exanples. 5 BEST MODE FOR
byARRYERGCI@ICTPErERVERR I lation tube connector to which

the first embodiment of the present invention relates.

FIG. é is a vertical sectional view taken along the
lines A-A in FIG. 1.

FIG. 3 shows an overall counstruction of a
preconnecting-type pump-oxygenator system.

FIG. 4 shows to what degrees tubes connected by a
tube connector are bent in a bend test, for an actual example
corresponding to the first embodiment and a comparative
example.

FIG. 5 is a perspective view and sectional view of
a T-connector to which the second embodiment of the present
invention relates.

FIG. 6 is a perspective view and sectional view of
a 'Y-connector to which the second embodiment of the present
invention relates.

FIG. 7 is a graph showing to what degrees tubes
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Enbodi nents of an extracorporeal circulation tube
connector of the present invention are described
below, by referring to the drawings. FIG 3 shows an
overal |' construction of a 10 preconnecting-type
punp- oxygenator system This preconnecting-type

@H%c"&%@eﬂ?t gr ?.?E‘é e&‘bn‘g‘% Hillles, AR %re?llbtf'fﬂla!a I!b??ﬂi lrest,

or oxygena |ng ood renoving carbon di ox

% OOdtglat Lo glmprTGF% r?o:iget hefé?:ar??qio 31 9od L ESEINOLL o ong

er1ovenous circurt

annul a connection circuit) 5a, d bypass circuits
eégog&P?RFSTﬂ€%%§ﬁ§§%a€? i %%amgqﬁﬁcwlded f or

operations such as primng and in-circuit reinfusion.

The bl ood reservoir 3 is connected with a vent circuit

20 6a and suction circuits 6b and 6¢c. The vent circuit
BBET MGDB VeRt CARRLING DV TrEHE ILOVENTIHMNp 8a. The

suction circuits 6b and 6¢c have suction catheters 7b

and 7Embodimedteropuaps eBhteamdo8porespectivelylation tube

Circuits such as the arteriovenous circuit 5a, the 25

coypResc & r6fi tEeShrasybibe, ihtenteidn Areudesexilsed below,
the 10 suction circuits 6b and 6¢c are fornmed using

byUReSFerSthal bt a0aNgebihdH!r connecting two tubes
and T connecCtors and Y-connectors for connecting three

tubespyar e 3usathy g a&acfb@efaﬂora&péwscttm of a
punp- oxygenator 5 system In FIG 3, straight

pf@ygﬁﬁégﬁlﬁﬁeﬂyﬁégﬁéEﬁgd&&genator system.

This preconnecting;type pump-oxygenator system
includes an artificial lung 1 for oxygenating blood and
removing carbon dioxide, a blood pump 2 for pumping the
blood, a blood reservoir 3, an arterial filter 4, an
arteriovenous circuit (cannula connection circuit) 5a,
and bypass circuits 5b and 5¢. The bypass circuit 5b is
provided for operations such as priming and in-circuit
reinfusion.

The blood reservoir 3 is connected with a vent circuit
6a and suction circuits 6b and 6c. The vent circuit 6a
has a vent catheter 7a and a roller pump 8a. The suction
circuits 6b and 6c have suction catheters 7b and 7c¢ and
roller pumps 8b and 8c respectively.

Circuits such as the arteriovenous circuit 5a, the

bypass circuits 5b and 5c, the vent circuit 6a, and the

10
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a, b, c, ., m and n, T-connectors are designated
by P, Q R and S, and Y-connectors are designated by
T and U The tubes used in the circuits have vari ous
di aneters. Accordingly, sone of the straight
connectors are 10 reducer-type connectors for
sQeftiesh | ogrtoubigss ofbdahflerfentardi fiestesd. usiREntsELES .
some of the T-connectors and Y-connectors are.
reducgty €uhectetsrtorf osorranieagingubes thibes and -
different dianmeters. To use this preconnecting-type

cBWHEé%%Q%nﬁéﬁ §5C§M§E@ﬂo££ef6kr@bﬁﬁdctﬁngutﬁﬁeéheubes

X position shown in FIG 3 and is connected to
i nstrunen B t fpClds&genator
aEg%Hé ng ﬁ%%e @% gfrhe 13%%&2 gfpéflen ; gglr

g ”e”-’taigaﬁhe&?%%%%“%Q%td%%‘f{ﬂ@%ﬁ 4oL i gnatea by

tor oreal "circu I on

connector (hereaft simply referred to "
. agoﬁvec‘for“) dF/t‘ﬁ%SfPrs? %?ﬁ.&:ﬁ S &G ﬁd}sf@%%ﬁed by P,

i nvention. FIGS. 1 and 2 show tubes gconpect

e GovdeSt ornd2E - COMGREPTST ahe ?%%%nggegﬁ T and U.

circulation circuit such 11 as the_aforedescri

pr ecofihect ithgst ypedpunphexghEratidrs ey ot 1RIE, giaf“?ters
a perspective view, whereas FIG 2 is a vertica
azesdFanalgly ensomkenfaltdng shedigies AOANGPLITE axe 5

The tube connector 1 is a straight connector for

reanpestri-ny pavednbest fasf fostconbe i mpdubeeosndifferent

;igﬁeters. Likewise, some of the T—connectors and
Y-connectors are reducer-type connectors for connecting
tubes of different diameters.

To use this preconnecting-type pump-oxygenator
system, the circuitry is cut at the X position shown in

FIG.3andiscmnnectedtoinstrumentssuchasaventcatheter

and a suction catheter inserted in the body of a patient.

First Embodiment

The following describes a straight connector as an
extracorporeal circulation tube connector (hereafter
simply referred to as “tube connector”) of the first
embodiment of the present invention.

FIGS. 1 and 2 show tubes connected by a tube connector

1 in part of an extracorporeal circulation circuit such

11
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30). Though FIG 2 shows the first tube 20 as having a
greater dianeter than the second tube 30, the first
tube 10 20 and the second tube 30 may have the sane
diameter. (Construction of the Tube Connector 1) The
tube connector 1 is roughly nmade up of a first

as”:%%' Qgg et %ng@?r%@o%@&@l jd 31 O ékﬂr?enator

a secon fitting
t o whi 15.one end 31 of seco t [
STSEFRL {efiCind 4° GoRRiPRg ebar o (IReEehe F1E- 2 is
bet ween the first fittipn and econd
a N%H&aﬁerﬁﬁ?tmnaﬁé@?vsitaﬁ%q.fﬁ Rt LSRe i 1o
second fitting menber 11 are both tubular. Inside
FIG ankters of the first 20 fitting menber 10 and
second fitting nenber 11 are substantially equal to an
out slhe diwbet epnoBodTt Ae ¥s rat stradgivd epangetor for
out si de dianeter OD3 of the second tube 30
corgspettingeltwo subbat (ehef ends 2uben® Blamdnabgecond tube
inserted deeply and connected securely. The
3pgonnecting nmenber 12 25 is tubular, too . An internal
space of the connecting menber 12 12 connects with

i nt erhusapes . 0f2 tdeofrkr $thd rsi fitt a2 d0agnthdheng a
second fitting nmenber 11. This bei ng so, when the

gxfééf‘ﬁért Hee el &nde h hg éﬁ%o%ccsﬂéetéﬁeag@ CORREEH 86s+ tube

he tube connector 1, the end 5 ad10|ns to

20025%8”%@ é%@oﬁﬁ”%‘?ﬁ?é ngg fh&@ea%‘i&é r}:edlﬁédd%%.meter
ad] 0

Ins to t ot her "'end of the connecting nenb
(Construction of the Tube Connector 1)

The tube connector 1 is roughly made up of a first
fitting member 10 into which one end 21 of the first tube
20 is to be fitted, a second fitting member 11 into which
one end 31 of the second fube 30 is to be fitted, and a
connecting member 12 connected between the first fitting
member 10 and the second fitting member 11.

The first fitting member 10 and the second fitting
member 11 are both tubular. Inside diameters of the first
fitting member 10 and second fitting member 11 are
substantially equal to an outside diameter OD2 of the first
tube 20 and an outside diameter OD3 of the second tube
30 respectively, so that the ends 21 and 31 can be inserted
deeply and connected securely. The connecting member 12

istubular, too. Aninternal spaceof theconnectingmember

12
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12, as shown in FIG 2. As a result, the inside of the
first tube 20 and the inside of the second tube 30

connect with each other through the internal space of

the connecting 10 nenber 12. An inside dianeter of

t he connecting nmenber 12 is substantially equal to an
12redieeditamet £h ilmD2ephafllepicestof thsef PoShtf kHelrgdqnember
adjoining to the end 21, and substantially equal to
1an damsi teedsanetrad £ D4tdind heeskbeond lt.ube 30 at 15 the

end adjoining to the end 31. Therefore, if the inside

di anetBh sl BRin%y e@lakHeh tiiee ifist ste tdilaee? @rand4sheheacond
it is preferable for the inside dianeter of the

t?&)@"% % MERReLtEY Lo Pe uRkfenpef boMndecdiral the end
Itting nenber 10 end to the second fitting nenber 11

Ndydi 408 4 N31 86 FapRLetohRR dis: M G Rbethan LB the
2?‘ngidd’§ld‘§%?rce¢ g?ﬁ?ﬁggsgt?\gﬁt heocase t:)af %I G 2, on the

other, hand,.thep it .is pref_erabl NS

: b
BT B b el 1406 LARalls o menver
ecrease, fromithe first fitting._ne 10. end 0-1h

1oc G FhOtPng e 41 ol AT SPYEEai £05 HALIGE BE the

no sudden change_in dianeter of theﬁgath f féow &
filpa e ubg 3 @ndidde dietdsrol e %?Pﬁa EhBes pPsponnec
tube 20 and the second tube 30, with it being ,
widdspBlcd @ bherdzh BougdnbbER N §eBRAN IPREE AluFBIeRBECting
bl ood accunul ation, and air accurul ation. 5

meteravhi L@,. an outside di aneter of the connecting

menber 12 is smaller in a mddle part 12A than in the
otheran inside diameter of the connecting member 12 is
substantially equal to an inside diameter ID2 of the first
tube 20 at the end adjoining to the end 21, and substantially
equal to an inside diameter ID4 of the second tube 30 at
the end adjoining to the end 31. Therefore, if the inside
diameter ID2 is equal to the inside diameter ID4, then
it is preferable for the inside diameter of the connecting
member 12 to be uniform from the first fitting member 10
end to the second fitting member 11 end. If the inside
diameter ID2 is greater than the inside diameter ID4 as
in the case of FIG. 2, on theother hand, thenit ispreferable
for the inside diameter of the connecting member 12 to
gradually decrease from the first fitting member 10 end

to the second fitting member 11 end. As a result, there

is no sudden change in diameter of the path of flow inside

13
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parts, nanely, adjoining parts 12B and 12C. Here, the

m ddl e part 12A is a mddle part of the connecting

menber 12 in a tubular direction. The adjoining part

12B is a 10 part of the connecting nenber 12 that

adjoins to the first fitting nenber 10. The adj oi ni ng
th@&hﬂ@%dﬁnﬁcwf 1030 i CPRg echb g1 FBRDeL bE2 2ohaing the

adjoins to the secon Itting “menber 11. In other

: n n r : r

ST 8 SRR e BRI o SR RRTERLFFEE SR, SBotn

121 hayving.a wal t hi ckn Ni. s a .
EIG RRECOUHD BRTPRACHAR o Ring o ibpe i Ehy aix

formed in the mddle part 12A of the connecting
aGEetatiOnThis thin-wall ed part 121 i s conti nuously

formed 20 around the whol e circunference of the ,

conn¥eginyh kbabern 1QutgEfeeiangtere ofupeheofRBaESFTLINT

1) As described above, the thin-walled part 121 has a
meguipet 6k 2 Wedl Ismahi béness and.ddbegtd et Joid dikRen dimfieother

than 25 the adjoining parts 12B and 12C. In general,
partspuhamelly, bady diavimg pasies 1E2Bwabid tldCkneédsrand the

a smaller outside dianeter is nore flexible.
nild@refpser 1ha tebe A9AGEE partl ohhitdie hasnhbeting member

thin-wall ed part 121 in the connecting nenber 12 is

1d01€ 41 exbhlie# hanra cttukeh Ponﬂ‘?ét_éﬂg\ﬁ_ﬁirﬁihé faes N@B is a
have the thin-walled part 121. which is to say, an

pa?f‘@lﬁfd%é"%hﬂQStﬁHgsheﬁﬂéf NG weher b end td&he first

secon
fitting member 10. The adjoining part 12C is a part of

the connecting member 12 that adjoins to the second fitting
member 11. In other words, the connecting member 12 is
constricted in the-middle part 12A.

As a result, a thin-walled part 121 having a wall
thickness N1 smaller than a wall thickness N2 of the
adjoining parts 12B and 12C is formed in the middle part
122 of the connecting member 12..

This thin-walled part 121 is continuously formed
around the whole circumference of the connecting member

12.

.(Effects of the Tube Connector 1)

As described above, the thin-walled part 121 has a
smaller wall thickness and a smaller outside diameter than

the adjoining parts 12B and 12C. In general, a tubular

14
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fitting nmenber 11 can be nore freely varied.

Generally, to pack a punp-oxygenator circuit in a

package of a limted size, tubes which formthe

circuit 10 need to be rolled up. Wen rolling two

tubes connected by a tube connector, a bending force
badyshaviinkeatames ]l emewn lilhshd ke s @gldaﬁeamagé-esmmhtmde

in FIG 4. Here, if the connected tube ends are fixed
dsamaitght by, motrkef ebikedil ©f theebedfding ftdvectude tlanector

tubes is large. 15 If the connected tube ends can be

1mphe A eely anal ethi®nwhhe < hedarbandl tie Ehéecbnofecting
the bending force lessens. By using the tube

mERBRECTOS ﬂsé%o%ﬁ??@ég&%@éiﬂﬁéntHbQuﬁg)éﬁ@néﬂ%or which

second tube e ends 21 and 31 can be nore freely

d?%%leﬁgg %&J%[ Wb DI, p?%%'é@fg p%&’&‘qk% thegii £81180t0 say,

hée second romKi nki ng near the
connecti.ng,_area. JThu through .t h h
2B AnELe S E R A E e S T il piiBed 10M&ntiPhe second
W thout a tube kink. |If a tube kink Qecur . | ood may
£ 55 RBEBRBTT dnni 7285 e BRLSkEmee oy Wi gat her
in the kink. By using the 15 tube connector 1, such, a,
t ube &ERRTRS ISuppEesBafiafl RBIPIREYERIATPY GREHLLE 1n 2
circuit during use is inproved. A tube kink that ) .
package whiere phiRilfedre baer adomsst sahichi femmatilyn circult
circuit may be avoided by rolling up tubes 5 less -
neepact |lhe arobileld aimr edfhedealrodfl iag etwontabamli¢epnected
however, the size of a package is limted.. Also, it
bysa tube connector, a bending force acts on the tubes
near the connecting area, as shown in FIG. 4.

Here, if the connected tube ends are fixed straightly,
the effect of the bending force on the tubes is large.
If the connected tube ends can be more freely angled, on
the other hand, the effect of the bending force lessens.
By using the tube connector 1 to connect the first tube
20 and the second tube 30, the ends 21 and 31 can be more
freely angled, with it being possible to keep the first
tube 20 and the second tube 30 from kinking near the
connecting area.

Thus, through the use of the tube connector 1, the
tubes can be rolled up compactly without a tube kink.

If a tube kink occurs, blobd may coagulate and remain

in the kink, or air may gather in the kink. By using the
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not desirable to spend nuch tinme and effort for
rolling the tubes. Therefore, it is necessary to rol
up the tubes conpactly without a tube kink in wthin
a short tine. For 10 these reasons, the tube connector
1 has a high practical value. (Preferable Features of

tule Tuben€otoectior dich(d) thengtii ®k EackufwrtedBed and so
possibility of a tube kink can further be reduced 15

thy dekipgtiheft ubgescennesti Pt 4uasS dd exsll @ @Simproved.
possi bl e, as described above; and maki ng a total

| engt R &fbé’f{iﬁﬁkeﬁlﬁg:ogeﬂ%%b fgéniplaélgigxﬁgaﬁ %%lglaa{corporeal

direction as snm 0SSi nce
i Lk f..a tupe_kink is_hi r.i.f_the-tatal
cRERERR LY, EgRuli B me o arR T ) BRIINEY gp tubes
the first fittin er 10 and length L2 of the .
LERERETHATY 1Y oMb 219788 Gea el HeTeast 3 actuality,
ngcified | ength that corresponds to_an 25 overl ap o
hEWEET sotRe gé%ﬁﬁ%ﬁeﬁypéﬁhﬁﬁﬁ WPt himddedrstAlge, it is
tube 20 and_the second tube 30. Therefore, to reduce
npfe degtrablengen Sprppd mHeh dvene camdcedfort ther rolling
connecting nmenber 12 needs to be nade as short as
thesthbes whilhemmEarengitt he repeesbhey tongdhd up tHne tubes
L2 of the first fitting nenber 5 10 and second
cohmpa atgl yenbiehott. a Reghedkhgk(ih, withis preherabként®. For
make the thin-walled
these reasons, the tube connector 1 has a high practical

value.
(Preferable Features of the Tube Connector 1)
(1) Length of Each Part

The possibility of a tube kink can further be reduced
by:

C)nmkingthetubeconnectorlasflexibleaspossible,
as described above; and

@ making a total length L4 of the tube conneétor 1
in the tubular direction‘as small as possible, since the
possibility of a tube kink is higher if the total length
L4 is greater.

Regarding @, a length L1 of the first fitting member
10 and a length L2 of the second fitting member 11 need
to be at least a specified length that corresponds to an

overlap width, so as to securely comnnect with the first
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part 121 as long as possible for greater elasticity.

To achieve both (1) and (1), it is preferable to set

the ratio L3/L4 in a range of 0.5 to 0.9, where L3 is

a 10 sumof the length L1 of the first fitting nenber

10 and the length L2 of the_second fitting nenber 11
tdHe 120 jand e tarapndebybr 8P -t nd iR @BRneEPoFeduce the
By doing so, the tube connector 1 can be nmade shorter
taoide hot enpitdxildl efvhihe habet sioningcthe donrtd iamnnecting
with 15 the first tube 20 and the second tube 30.

mdnise f W2 heedsarhbecesdé e shbetkisnkosuisrswhdie ensuring
effect. Here, the total length L4 of the tube

t000REE @1 f ledi SeRgeher abl ynd . Aoranbe Pirdd £0t59MR member
Al so, the tube connector 1 is nore flexible if the 20

gmian&agb%rﬁfrfi%%igigﬂ hdgpeenngct ing menber 12 is

onger, as nentioned above. Accordingly, it is

pr ef erabl 0 sitjian, one end t,he I pzwall.ed

art oA Lpall bt U BRR e e Bl o RS Py et Lea
pOsSsi and the other_ end,. as se_t second. .

EE Rgemodtond ae Rstar bPEE 5% Syt Bardi it ctty
Inside Dianmeters of the.Thin-walled Part 17 121 An

out si 38 dicietee bofhahd iemdd 4¢/dildnet &r PESEgfabigeto set
thin-walled part 121 at the first fitting menber 10 .
R BRELRr 5 bl insabieads £Ty0equic th T he"BEESi d8 1s 2
5 dianeter OD2 and inside dianeter 1D2 of the first

sumeof 2bhecheaaih }biofDbhe |fiedfséitdnipgtBegber 10 and

di aneter OD1
the length L2 of the second fitting member 11 and L4 is

the total length of the tube connector 1.

By doing so, the tube connector 1 can be made shorter
and more flexible while maintaining the connection with
the first tube 20 and the second tube 30. This further
enhances the tube kink suppression effect.

Here, the total length L4 of the tube connector 1-
is preferably in a range of 20 to 50mm.

Also, the tube connector 1 is more flexible if the
thin-walled part 121 in the connecting member 12 is longer,
as mentioned above. Accordingly, it is preferable to
position one end of the thin-walled part 121 as close to
the first fitting member 10 as‘possible and the other end
as close to the second fitting member 11 as possible.

(2) Outside and Inside Diameters of the Thin-walled Part
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and inside diameter ID3 of the thin-walled part 121 at
the second fitting nmenber 11 end are preferably
substantially equal to the outside dianeter OD3 and
inside 10 dianeter ID4 of the second tube 30
(OD1=0D3, ID3=ID4). In this way, there is no sudden
1ehange in dianmeter of the path of flow inside the
tube connector 1 which connects the first tube 20 and

the Sﬁﬁoggt%li%? 3%%%%“8%gfgbﬂere|§% POST R LYK EALLhy of

a smooth flow o He expression

»subst.antia ual " | ndi cat t hat L. fference af
R RO m Qv S b2 T of e P TRE Lhit iagpRaser 10
h reafter%. Also,_aratio in outside dianmeter of the
epﬁb@srﬁtop BE SIGHNEYt BYbsd aprtetat 4B $AUR A Fangdeoowtside
7 to 1. 3. Further, 20 a ratio in outside dianeter of
dipaatfn-QBR e datnside Gdameteyghdd2 obhetbenddaizd tube
is preferably in arange of 0. 7 to 1. 3. This. ,
28ppdhésONGt, dlly=ID2a .st Lakeghisonreactoartsbde ddsmeter OD1
a T-connector and a Y-connector. Considering a
addarnetsidef dd ammen CDBeoft hchouthiide w2blddapater 121 at
ODL of the thin-walled part 121 is preferably 18 in a

thangedind. §ittd Ii8§TheAdbeshavh éAdFaGRe prafiérdbithe
wall thickness Ni of the thin-walled part 121 in, the

sibedae P8 11 $28ghs 1 BRI IgRE 1 oUWt hREMed BDAL AL inside
words, the inside surface 5 and the outside surface

o358 00t0h] S 4D E3El Mol B! NepPabia, 103200
In this way, there is no sudden change in diameter of the
path of flow inside the tube connector 1 which connects
the firstvtube 20 and the second tube 30, with it being
possible to create a smooth flow of blood.

Here, the expression *substantiallyequal” indicates
that a difference of about several mm can be tolerated
(the same applies hereafter).

Also, a ratio in outside diameter of the tubes to
be connected is preferablyinarangeof 0.7tol.3. Further,
a ratio in outside diameter of the thin-walled part 121
to the tubes to be connected is preferably in a range of
0.7to 1.3. This applies not only to a straight connector
but also to a T-connector and a Y-connector.

Considering a diameter of a common tube, the outside

diameter OD1 of the thin-walled part 121 is preferably
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but al so the outside diameter of the thin-walled part
121 gradually decreases fromthe first fitting nenber
10 end to the second fitting nmenber 11 end. 10 Such
an approximately uniformwall thickness N1 of the

i n-wal | ed r 21 hel ps increase the flexibility
J?ﬁ ?h%gélgrﬁqe‘gfi %’ig%néﬁﬁ;ég : (3) Wall Thicknesses of
the First Fittipg Menber 10 and the Second Fitting
MenbefS1 B E el FEGE -f iLt By 2reif® WDl hrichigbness N1 of
second fittin menber 11 respectively have wal
’%hﬁ&hé@g@@kﬁeén@m B21lt hei thedgesdd0a gprdtl1¥RA is
smal l er than wall thicknesses N5 and N6 at their

drisecx 108 tanky 118 fean . t hen edtinee icxd s peitet nsd.de surface
around the whol e circunference (N3<N5, N4 <N6). 20 As

and eshie t outtleel dslgesrEQAeant-cl 1 cgarbe 1kENtyith each other
elastically to some extent while nmaintaining the

igt reanod of thedds@indiyli - 0
fittinghﬁ%ﬁber 11, mhe%écgnpg?gg%ﬁﬁﬁﬁii eq@g%£§§ﬁgggmeter

' tivel I
B A T (RERI8R Mg i PREE AT LB 121
f ' 20 fitted. . jn the first
P e UL o BRS¢ e kLol et 20 ena
O fitted | he. d fitti nb 11 b
2 o1 Eadhd (FAREITE mepbard 1T Rt hout L osi ng t he
5 conpection with the tube connector 1. This bein

when SEGH iy 3BT PRESA G BBLEAGT e SecohickuBes N1 of

%P, the effect
the thin-walled part 121 helps increase the flexibility

of the connecting member 12.
(3) Wall Thicknesses of the First Fitting Member 10 and
the Second Fitting Member 11

The first fitting member 10 and the second fitting
member 11 respectively have wall thicknesses N3 and N4
at their edges 10A and 11A smaller than wall thicknesses
N5 and N6 at their bases 10B and 11B near the connecting
member 12, around'the'wholek:ircumference (N3<N5, N4<N6).

As a result, the edges 10A and 11A can be bent
elastically1x>someextentwhilehmintainingthestrengths
of the first fitting member 10 and second fitting member
11, when compared with the case where the wall thicknesses
N3 and N4 are respéctively equal to the wall thicknesses

N5 and N6.
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of the bending force acting on the tubes near the
connecting area lessens, with it being possible to
prevent a tube Kkink near the connecting area. 10

Here, if the wall thicknesses of the first fitting

menber 10 and second fitting menber 11 gradual ly

i ncr epgereffiana | h@h 1@| GRdr hEA A 0r sheriBee90L0B: tted

and 11B respectlve exibility of the entire
168 LB g 5 S G e e
cRBETIPn b BB RO A Fpe"RrEeR Finn g slffbar B P00 nore
f h@ﬁﬂ-@%af’qeoﬁgﬁgalthé 2%%5%%5?11 04 .f %%Qﬁéﬁ@éfvtfl%%?‘—oﬁﬂwg the
edges | 0A and 11A to the bases 10B and 11B 20 with

cpagsiien wheh dhgttibe aarneabercénnedbds befiag so, when
preferably in a range of 0.1 to 6.0% Also, a ratio

rofding the fhé%tﬂh&w&@l@m@ih@ sefcondd: ey @ 010hhece f fect

the wall thickness N7 of the first tube 20 and a
ofdthe bWl N8y fofr tba aaihgtdn threesabld neatrheh@segecting
11A to the wall thickness N8 of the second tube 30 20

agee haidsensfenablly if ddiangepobsdblie tRolpfevAmt a tube

expl ai ned above, it is desirable for both the first

khinkt ifih Feaher déhpadttihey secead fitting menber 11 to
have the wall thicknesses N3 and N4 at their edges

N aRgrdlAiE TR LRL1LNER UGBS s! BIECkRR YA I AREting

N6 at their bases 10B and 11B respectively. However,
mg}ﬁ%réfl\’ﬁ%na%@ %e%c?fflttlng member 11 gradually increase
from the edges 10A and 11A to the bases 10B and 11B
respectively, the flexibility of the entire first fitting
member 10 and second fitting member 11 increases.
Accordingly, the first tube 20 and the second tube 30 are
more effectively kept from kinking near the connecting
area. In this case, a rate of increase in wall thickness
of the first fitting member 10 and the second fitting member
11 from the edges 10A and 11A to the bases 10B and 11B
with respect to the length of the tube connector 1 is
preferably in a range of 0.1 to 6.0%.

Also, a ratio (N3/N7) of the wall thickness N3 of

the edge 10A to the wall thickness N7 of the first tube

20 and a ratio (N4/N8) of the wall thickness N4 of the

edge 11A to the wall thickness N8 of the second tube 30
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the first fitting nmenber 10 and the second fitting

menber 11 has a smaller wall thickness at its edge

than at its base, the effect of suppressing a tube

ki nk near the 10 connecting area can be achieved to a
certain extent. Al so, the wall thicknesses N3 and N4

?f et ﬁ’@t&jgé‘éef@GAkdrﬁd inAaarengefefabl-yii rita Pafge of

0.5 to 2.0mm (4) Construction Material of the Tube
Connedtpexpla igoadtaotreont tated ¢ ali rafb tdvé drubeth the first
connector 1 is 15 nottparticularly limted, as a

faténing memedf Q10 & reD AN selddiRl Cdeth§rmésber 11 to have
appl i cabl e. Rather, the hardness of the construction

PRkefhal @ﬁ&%‘k‘rﬁéé%ebnNQhSnﬁhN@ ¥al {'_ﬁ@l&aréd%églld) a%d 11A
inmportant. If the material hardness of the thin-walle

%éilé%lthagi the %Q.ﬁhla[&tﬂlaé]iﬂeggggl I%%oaﬁﬁai% O&Lt WMfeir bases

first tube 20 and e selcond tu ¢ |
| n o) n
e g e L) oﬁdH?ﬁv 0 Ve I%ﬂ Krms?ne of
20 h t b ffectivel, e
Rkl ehos B gt ok ﬁé&aﬁ%eééadn%%tgxfg member
I 21 PVO th one used for the first

el St et B Rna e et Bt e 10
construction material of the tube connector 1. Here,

hagey ubdecshnkeedr of $hEPHGSRingbe Zobarkink pear the

second tube 30 preferably have a duroneter hardness
%@nwﬁémga@mau SR obg| 8ckizMednte parmeroaisl extent.

Also, the wall thicknesses N3 and N4 of the edges
10A and 11A are preferably in a range of 0.5 to 2.0mm.
.(4) Const:uction Material of the Tube Connector 1

A construction material of the tube connector 1 is
rot particularly limited, as a material used for a common
tube connector is applicabie . Rather, the hardness of the
construction material especially in the thin-walled part
121 is important.

If the material hardness of the thin-walled part 121
is substantially equal to that of the first tube 20 and
the secona tube 30, the tube connector 1 can be flexibly
bent when rolling the first tube 20 and the second tube
30. Hence the first tube 20 and the second tube 30 are
effectively kept from kinking.

Accordingly, the same resin (e.g. polypropylen or
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The above preferable features of the tube connector 1
internms of (1) the length of each part, (2) the
outside and inside dianeters of the thin-walled part
121, (3) the 10 wall thicknesses of the first fitting
menber 10 and second fitting nenber 11, and (4) the

PVRONSLd yalid %aaﬁsébakﬁsﬁ +hidhe itrube €@paegbosind €88 Becond

conbi ned to enhance the tube Kkink suppression effect.
' i en escrjb a j :
e S S
0 this. -The present invention is equally applicable
tu&gaaco%ggﬁﬁﬁﬁ%t r or Y-connector for connecting three
tubes, as described bel ow. 20 Secqnd odinment T :
ol | By ddser FRBS SOMRRSHAE: or SIP & LNEboRRBet g and
as the second enbodi nent of the present. inventiopn.
the gespnds tahrrxhaereferatay orayeTac dyfaRereyohaysiness
to which the second enbodinent relates. FIG 5B is a
of2x vy tA omabovidein @fto hel $- Bdddrtor acoramge of 60 to 98.
T-connector 40 is roughly made up of a tubular first
fittThe mboves pllefarabile deadneresdodf theftube cobmector
is to be fitted, a tubular second fitting nenber 42
1 int eermdhich (ane tanel 1efn gt Besondathbpairt t @ 2he thid bt side
a tubular connecting nenber 43 connected between the

anfd ils fdétd DEmeRIbe L AL ANd H e - §eaansh fidd#t N PRy the
42, and a tubul ar

wall thicknesses of the first fitting member 10 and second

fitting member 11, and (4) the construction material of

the tube connector 1 can be combined to enhance the tube

kink suppression effect.

This embodiment describes a straight connector as
one example, but the present invention is not limited to
this. The present invention is equally applicable to a
T-connector or Y-connector for connecting three tubes,

as described below.

Second Embodiment

The following describes a T-connector and a
Y-connector as the second embodiment of the present
invention.

FIG. 5A is a perspective view of a T-connector 40

to which the second embodiment relates. FIG. 5B is a
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third fitting nmenber 44 connected vertically with the
connecti ng nenber 43 and into which one end of a third

10 tube is to be fitted. Internal spaces of the first
fitting nmenber 41, the second fitting nmenber 42, and

the third fitting nmenber 44 each connect with an
FACEdediaspatevwofof tiee cBneentiegtasnidr. 43. The

connecting nmenber 43 is constricted in a mddle 15

part 43#%¢ Theramediosn 40 ast miowglal ¥ edager ip43f shatubular
has a smaller wall thickness than an adjoining part
#3Bstadjiaitiimy anbde {1rsitdiwhing srebendddfadd@fst tube
adjoining part 43C adjoining to the second fitting

1Eeer bd2s i Thiey | M neywhh 8¢ RdoA@1r i Lokt h@h&lﬂ}& Y42 into

formed 20 around the whole circunference o6f the

fﬁﬁ]@ﬁcbin%q efﬁ‘%iﬂ%% a ;é%cc?&(& e@u%lé%hﬁgﬁﬁﬁ-_%ab@“?&%t@?ﬁ vt uiar

Itt1ng nenber connec us, the T-connector
he thin-wall ed rt .43 hat has spal ler . .
el e R e e A T e R
t he. adj qi.ni_.n rts 43B and, 43C in the 23 nnectin
ReRe” 34 o8l Petndcibitagd samper {fodith e Fubular
tﬂan a T-connector which does not have the, .
TR L By MeFeT | A4oORANABERS, VAT BhgRélBetiiddn the
the first fitting menber 41 and the second fittin% _
¢erBecHiny BaRbes bt eaRfedinlteavhddh MroUgRdt P& wsethird
of this T-connector 40, the first tube and the second
tybe tarrwbeképttadm Kimkéngadeapaces of the first fitting
member 41, the second fitting member 42, and the third
fitting member 44 each connect with an internal space of
the connecting member 43.
The connecting member 43 is constricted in a middle
part 43A, thereby forming a thin-walled part 431 that has
a smaller wall thickness than an adjoining part 43B

adjoining to the first fitting member 41 and an adjoining

-part 43C adjoining to the second fitting member 42.

This thin-walled part 431 is continuously formed
around the whole circumference of Ehe connecting member
43, except the area where the third fitting member 44 is
connected.

Thus, the T-connector 40 has the thin-walled part
431 that has ‘a smaller wall thickness and a smaller outside

diameter than the adjoining parts 43B and 43C in the
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the connecting area, as in the first enbodinent. As a
result, the tubes can be rolled up conpactly 10

wi thout a tube kink. FIG 6A is a perspective view of
a Y-connector 50 to which the second enbodi nent
relates. FIG 6B is a sectional view of the

- conkepreHPmMERHe e Y- cannest 9r TSGdnsQUER Y oTe0e HBre

of a tubular 15 first fitting nmenber 51 into which
' First Lot e ’
fﬁgflﬁg% Hhh ér§m§§H§Ec£8r FEch i §bed ﬁbﬂg?&g@rthe

~second fitting ne rnto I ch one end
ond .t is fo fitte u r. thir Pt

ALY R fnt T -ond e Bet SRk lbefnodl, Pilyeen
fitted, a_tybular first caonnecti nmenber .53, 20,

R P B bSO MO r] {i7g Srres 54 €hiag member
second. fitting nenmber 52, and a tubul ar second

4 Z ofRBc i oEPbEressy coaheeded bet ween the first
fitting menber 51 and the third fitting nmenber 54. o
| nt efdarospacebeofugeeofi £bis ] qunge@g@a%r‘l@a &hg first
the second fitting nmenber 52 each 25 connect with an

tube eand tdpaceeobnrthadbestacomeckepy fZOmenbakisgr near
Internal spaces of the first fitting nmenber 51 and

thdnecthivebfingi agenenes b4 ¢dch fhnsécembddimant .
i nternal space of the second connecting nenber 55. The

firsasannessing ,mer thBeandtdhebseeond exdnapcongpactly
menber 5 55 are joined together on the first fitting

wirender 2l suse. xifhke first connecting nmenber 53 is
constricted in a mddle part 53A, thereby formng a
thinpwed | eglaPRLt 53 erspective view of a Y-connector 50
to which the second embodiment relates. FIG. 6B is a
sectional view of the Y-connector 50.

The Y-connector 50 is roughly made up of a tubular
first fitting member 51 into which one end of a first tube
is to be fitted, a tubular second fitting member 52 into
which one end of a second tube is to be fitted, a tubular
third fitting member 54 into which one end of a third tube
is to be fitted, a tubular first connecting member 53
connected between the first fittingmember 51 and the second
fitting member 52, and a tubular second connecting member
55 connected between the first fitting member 51 and the
third fitting member 54. Internal spaces of the first

fitting member 51 and the second fitting member 52 each

connect with an intermnal space of the first connecting
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that has a smaller wall thickness than an adj oi ni ng

part 53B adjoining to the first f itting nenber 51

and an adjoining 10 part 53C adjoining to the second
fitting nmenber 52. This thin-walled part 531 is

conti nuously forned around the whole gircugﬁ rence of
meRo e T r 83 . cohRberingd rapwerssel @R ehi T Eheldtdd HhpEmMbET
t he second connecting nenber 55 is connected. 15 .

50i leevd sehet hbisec dric thngenemize redbeeash connect with an
constricted in a mddle part 55A, thereby formng a
intiernal| epapasr to55Ihé hae deasd acsmakkér ngalienihéckhéss The
than an adjoining part 55B adjoining to the first

it d+ 0P n AEFDEh g He@PEraB adidt Renge pahd &oithadidiny ngmber
to the third 20°fitting nenber 54. This thin-walled

PRLL 3L 1% g ‘EBE;%EEE@P%M e e Ar ourd fhemehdler 51 side.

circunference o second connecti ng nenber 55,

except,.t he. . fi 1 d :

'S co#r%lézctef elﬁgﬁh%\gﬁﬁgﬁg}&%ofﬁéé%te %?%g%%héa%ﬁﬁgbt& e
thin-wal | e t 5 531 that a_smal.l er
qﬁ@%ﬁe??%n%&*’sréﬁ’é? gu&??%ggg%adi%glr%e% eﬁg\t@%éﬁ part 231
adj oining parts_53B and 53C.in the first _con i.n
Chhberagsa SHER L8N VedrhdobbERBE A% TR 7| 9y Bl by part
than a Y-connector which does not have tgfb A
53BAAiml 1 bag f&r ERe FETRF S0l TR RBINGRRE A R REFThad Joining
the 5 thin-walled part 551 that.has a smaller wall

nan £ kheE sadandnd nshid she@eseRddf hkbled PfRPYHhe 2. This

adjoining parts 55B and 55C in the second- connecting
theihewadd e®uyshirs 531 is continuously formed around the

whole circumference of the first connecting member 53,
except the area where the second connecting member 55 is
connected.

Likewise, the second connecting member 55 is
constricted in a middle part 55A, thereby forming a
thin-walled part 551 that has a smaller wall thickness
than an adjoining part 55B adjoining to the first fitting
member 51 and an adjoining part 55C adjoining to the third
fitting member 54. This thin-walled part 551 is
continuously formed around the whole circumference of the
second connecting member 55, except the area where the
first connecting member 53 1s connected.

Thus, the Y-connector 50 has the thin-walled part

531 that has a smaller wall thickness and a smaller outside
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Y-connector 50 is nore flexible than a Y-connector
whi ch does not have the thin-walled part 551. 10 In
ot her words, an angle between the first fitting
menber 51 and the second fitting nmenber 52 and an
angle between the first fitting nmenber 51 and the

third fittin menber .54 can _h f I i ed. .
T hmnﬁslaeo"ga RiB L ey o B (R i Tl B Fzst

tube, the second tube, and th hird tub be kept
CHGH KR ATIGTREEr Sone Sorfect i Rg SSHEEECGeF| O e Rore

first enmbodinment. As a result, the tubes can be
flegtikbeushechpactrgonpadbor ¥hife RPRR. N8F feve the

preferable features of the tube connector 1 expl ained

thim thelikedstpanbobld rent Ailsa eripiseo¥ - copneRtPENgPh hags the

each part, (2) the outside and inside dianeters of the
thih rwadllleed mart 31, i3 ttheswa |shaltkrestesks] ot htilkness

first fitting nmenber 10 and the second fitting nmenber
ankl.a &gk 2% eldodthei gengtikueiton thker ithle afdidentinke parts

connector 1 also 26 apply to the T-connector 40 and

591 NG C9BReGPre B0 SEcbiR SegpBetampdigRber 55. Such a
Experiment on the Tube Kink Suppression Effect 5 (1) A

Y—féljcgfgﬁééli:io\ie SR B éxci%?qé‘q{k%jn t0 vheskneldt®dr which

I nk §uppreSS|onfe ect for an actual exanple
correspo t Al ' d
dqﬁﬁmﬁ?gtﬁ%g@eﬁgﬁpﬁglﬂI%Elﬁ@%KEQFEtS@ﬁ” d

In other words, an angle between i;he first fitting

-member 51 and the second fitting member 52 and an angle

between the first fitting member 51 and the third fitting
member 54 can be more freely varied. |

Through the use of this Y-connector 50, the first
tube, the second tube, and the third tube can be kept from
kinking near the connecting area, as in the first
embodiment. |

As a result, the tubes can be rolled up compactly
without a tube kink.

The preferable features of the tube connector 1
explained in the first embodiment in terms of (1) the length
of each part, (2) the outside and inside diameters of the
thin-walled part 121, (3) the wall thicknesses of the first
fitting member 10 and the second fitting member 11, and

(4) the construction material of the tube connector 1 also
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Two short tubes were prepared as the first tube 20 10
and the second tube 30. The first tube 20 and the
second tube 30 were connected with the tube connector
1 in the actual exanple, and connected with a tube
connector 101 wthout the thin-walled part 121 in the
apeiparte ithe Tocomhectos £k advhidd or §%Iaef3’&@és Sy &f the
in the actual exanple and the conparative exanple are
stgromed enbPd@meRime. di aneter of the tubes-is ¢9.5mm
The di nensi ons of each part of the straight connectors
in the actual exanple and the conparative exanple are
shown 20 in Table 1. 25 27 (Table 1) STRAI GHT
EEfONEERER o GANNECTER  XOMNEGTOR &A1 o ACEALe SOMP.

ACTUACCOVP.—ACTUALC EX. EX. EXT EX. EX. EX TOTAL

LENGTHl céﬁg%%@vé%}@pé@*ﬁn@ﬁt QreflS. ébncﬂ-@&'@ggdm%:o check

16.0 19.0 0 19.4 CONNECTI NG MEMBER

t%ﬂ%ﬁm%'jﬁ'}@%ﬁrws%%% ERecd 4O -attalrudt %Xample

corresponding to the first embodiment and a comparative
example.

Two short tubes were prepared as the first tube 20
and the second tube 30. The first tube 20 and the second
tube 30 were connected with the tube connector 1 in the
actual example, and connected with a tube connector 101
without Athe thin-walled part 121 in the comparative
example.

The coﬁnectors and tubes used in the actual example
and the comparative example are formedof PVC. Thediameter
of the tubes is ®9.5mm.

The dimensions of each part of thestraight connectors
in the actual example and the comparative example are shown

in Table 1.
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| LENGTH OF THI N-WALLED PA

RT - 8.0 - 16.0 - 13.0 (
WALL THI CKNESS OF 2.0 1.0 2.0 1.0 2.0 1.0 EDGE (
WALL THI CKNESS OF 2.0 1.6 2.0 1.6 2.0 1.6 BASE (

LENGTH OF FITTING 14.5 14.3 14.5 14.3 14.5 14. 3
MEMBER (). RATE OF CHANGE | N WALL THI CKNESS OF 0.
8 0.0 3.8 FITTING MEMBER (9% This being so,

(a1 01 3.

MM

mm)

).
0

the parts of the first tube 20 and 5 the second tube
of ‘the tube
connector were grasped and gradual |l y brought

30 at an equal

di stance from both ends

cl oser

to each other so as torxxidat he [t ;besNNEOTORt h YREONNECTOR

R Al s o WAL SO GO

ves 1 arger but 8 NGTREe LB TEALARGHE hA s AU | SOMR wh§CTunT

decreased. Here, 4n #xtefvagx W atE}M/hl ch e .Ki nk BEX. EX.

T, A Tt moadi &R -4 ki AE-BedufFell [nithG | ©4-0 | 48.0

conparative exanplie. 5 Wiich isito say: when W<WW

tIRNGTH QF t ube 20 |ahé- Ot he Setondlbube| 307 wer ¢ ABLO 19.4
Al %@Mﬁ%ﬁhde?ﬁhicoﬁi e e B
(mm)

OUTSIDE DIAMETER

OF THIN-WALLED - 14.0 - 14.0 - 14.0
PART (mm)

LENGTH OF

THIN-WALLED PART - 8.0 - 16.0 - 13.0
(mm) ’ ,

WALL THICKNESS OF| 2.0 1.0 2.0 1.0 2.0 1.0
EDGE (mm) |

WALL THICKNESS OF| 2.0 1.6 2.0 1.6 2.0 1.6

BASE (mm) -

LENGTH OF FITTING| 14.5 | 14.3 | 14.5 14.3 14.5 14.3

MEMBER (mm) '

RATE OF CHANGE IN

WALL THICKNESS OF| 0.0 3.8 0.0 3.8 0.0 3.8

FITTING MEMBER (%)

This being so,

the parts of the first tube 20 and

the second tube 30 at an equal distance from both ends
of the tube connector were grasped énd gradually brought
éloser to each other so as to roll the tubes.

In both the actual example and the comparative example,

no kink occurred when an interval W between the tube parts
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tube 30 were kinked at points Al and A2 near the

connecting area in the conparative exanple as shown

in FIG 4B. 10 In the conparative exanple, the first

tube 20 and the second tube 30 were fixed straightly

for a length corresponding to the length L of the ‘
wasbd amogmecbot B0k inksositowmréed When Agie ThRsegygsed? was

a significant effect of the bending force on the
dbiorsiadede 20eand hheineeondh Gk als vwdt.ch m ke lhcteeirred

exanpl e, on the other hand, the tube connector 1 is

1 QUERA 38 SOV & Rph G\ siidl L Bat thhe aef fiecteofalhw2 at
bendi ng force lessens. FIG 7 shows a result of

WwIBRAHHTA NP3 hRe M BE X8l \'iVnI ﬁ{he\éﬂg&%ﬁp%ﬂ@@iﬁv@%btram@s

an eval uation indicator. thé draw ng, the

i nteryal, LS | ndicated | at V. ef 4

sane égﬁgﬁ/ rEn O\Aﬁgydoﬁ’gu% g@%ﬁf‘yﬁé ﬂ#g%ﬁ%é?ﬁ gp%fozo and
nd the Y:connectqar 5Q of the s d;._e dijnent 5 s

t lﬁﬁc%&%ﬁ5$g§ gﬁdwglfiggﬂh§&%§$8§n&na -gbnné%?d?xample

that do not have a thjn- | ed .part .as 2 0] raiiv

2 ARG LI Gorbbet BRE B AL Jalef; 20 SR8, fhb'Becona
actual exanpl es_and the conparative exangles ﬁre .

tudrendd werrepEnkaH athpodindrb Pdr 280 PR AP Connecting

09.5nm The dinmensions of each part are shown in

atas ein. tEeGoomphvas ite exauPl ofas hFBOWRperd nehE, 4B-

too. 5 As shown in FIG 7, the interval Wat which a

ki nk Imcdive exbmpa rsrelver ekampie acthel fdagiplesbenad and

in the conparative exanples for both the T-connector
el §86ond tube 30 were fixed straightly for a length

corresponding to the length L of the tube connector 101,
as shown in FIG. 4B. This caused a significant effect of
the bending force on the first tube 20 and the second tube
30. In the actual example, on the other hand, the tube
connector 1 is curved as shown in FIG. 4A, so that the
effect of the bending forcé lessens.

FIG. 7 shows a result of measuring the interval W
at which a kink occurred as an evaluation indicator. In
the drawing, the interval Wis indicated by relative value.

(2) The same experiment was conducted on the
T-connector 40 and the Y-connector 50 of the second
embodiment as actual examples and a T-cqnnector and a
Y-connector that do not have a thin-walled part as

comparative examples. The connectors and tubes used in
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Y-connector. These results denonstrate that the use of
the tube connectors of the above enbodi nents nmaekes it
10 possible to roll up the tubes conpactly w thout
causing a tube kink. | NDUSTRI AL APPLI CABI LI TY The
present invention can be used for an 15 extracorporea

th%hér)rcggugxsé}?%?{%;ﬂfé@ gﬁd?}??%ﬁ%‘é@iveaexamples are formed

-~ OXygen an - a i Cl Iver, and a plasnma
S [ at or ticular, the present i nventi,o n
of o BRALT1 05ty HRE SR Sy cbnrbe: LOby pe oy er oty (ine
.enabl es conpact packing%mﬁthouﬁ causingaagiub ki nk.
dipensl @Rl M5 SRChNPRELr &30F pdirBYR Jift cuf3t o t ube
connector conprising: a first fitting nmenber, havj ng :
an | FT6rnd| spaee theo ToPReR Offc hHS of KRS IRER Fubdo0 -
is to be fitted; a second fitting nenber having, an .
i nt eksabhepace.n iFTG. whi c Fhena et BR LaWs édo it i ghedj §ink
to be fitted; and a tubular connecting nmenber being.
oceanthéd hwdsbemstdrer abd thenecttooe Wi ekampd € rshan in the
fitting nmenber and the second fitting nenber, so that

cotpdréeival espanslel ther sethedhiendr necheecmmesnd the
with the internal space of the first fitting nmenber

y-d¥hiberbpt er adle sbacssafl dhasrensdraftd tilgt nehlbense of

characterized in that
the tube connectors of the above embodiments makes it

possible to roll up the tubes compactly without causing

a tube kink.

INDUSTRIAL APPLICABILITY

The present invention can be used for an
extracorporeal blood system such as a hemodialyzer, a
pump-oxygenator, an artificial liver, and a plasma
separator. In particular, the present invention can be
effectively used for a preconnecting-type system as it

enables compact packing without causing a tube kink.
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t he connecting nenber has a thin-walled part in the
mddl e, the thin-walled part having a smaller outside
di aneter and a snaller wall thickness than remaining
parts of the connecting nenber that are closer to the
first fitting nmenber and the second fitting nenber,
the thin-walled part is forned as a ring around a

ci rcunference of the conneé?#ﬂa“henber, the first
fitting nenber has a greater inside dianeter than the
second fitting nenber, and the outside dianeter of the
fLhi n- dal | ecexparacoxpakal | y détreasesofir omtode endconnector
facing the first fitting nenber to another end facing
Fﬁ@pgggﬁﬁg'fitting nmember. 2. An extracor porea

ci rcul at Egrstube teanaealc@ibe rC BV ISy N Intdfsdl space into
fitting menber having an internal space into _which
whécengner eadf pfse faksti $ubg BE ot PedL1&tee¢ond

fittin h & - al i hch
fitting Tendstg hading 4 hBhSEa!n2pase A AL HhChspace
inbol ahichnoeet end wEnbesekhendg tsdvediisc lted beethikded; and

and connected with the first fitti nmenber and th
Soconde ERPUIAE ORSBCLICY MEROSH Hond narrQpaehes  petueen

the coPPReGHING ireiele CONRACTSi v £hy thEnbdE €4R@l the second
space of the first fitting nmenber and the interna

Epstengf tmmbmscondsofi thiafg rabeintehapict ePiaged i9f the
%Eg%ekggngo%E%ﬁéfmkéﬁﬁgg%sh%%tﬁ Eﬁgnfﬁﬂéfﬁgﬂngéaé@ of the
first fitting member and the internal space of the second
fitting member, characterized in that

the connecting member has a thin-walled part in the
middle, the thin-walled part having a smaller outside
diameter and a smaller wall thickness than remaining parts
of the connecting member that are closer to the first
fitting member and the second fitting member,

the thin-walled part is formed as a ring around a
circumference of the connecting member,

the first fitting member has a greater inside
diameter than the second fitting member, and

the outside diameter of the thin-walled part
gradually decreases from one end facing the first fitting

member to another end facing the second fitting member.

2. An extracorporeal circulation tube connector
comprising:

a first fitting member having an internal space into
which one end of a first tube is to be fitted;

a second fitting member having an internal space
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m ddle, the thin-walled part having a smaller outside

di aneter and a snmaller wall thickness than remnaining
parts of the connecting nmenber that are closer to the
first fitting nmenber and the second fitting nenber,

the thin-walled part is formed as a ring around a
circunference of the connecting nmenber, and the

a0te ybighapeeeengf ofhe eRicRNRaltieg gar to e fitted; and

subst angt i q i : e
pubstag! LALLISOUAIo G O USHIE: SO Shoflyle pecneer
aedh eonnad eds whistrantheal § yrsguid €t n@mentber dend the second

i,aneter of the second ube in another end faci th
L S it S g LR £ SRS =l AL GO

WoehRlR 13 inksile dianmd & s ofithe taennefld it IMyiitie of the
i s substantially equal to an inside dianeter of the
filrst fidtarion erebendandcihg théerinedt snaad ryf the second

er, and. substantial |y I n inside dianmeter
ggggﬁggégggﬁﬁr’tﬁ%glﬁﬁ%gﬁéfﬁgfﬁghg gbing t he second
fitti nghaeenectinthenenberechas af tHiai-mal le@d @attn in the
2, wherein at |east one of the first fitting nmenber ,
aiddlene sBeonbBhinrvRhgSHedRYti FAUHRT ard FAGIHEL qoutside

Wahhetkh ckRess §$§§¥éf WL BRL R LN 088 @ggng?@#ﬁgniﬂﬁ parts

connecting nenber than in another end.

odnnebe orcainet @img 4 mewberei bhahe ase | cllliseknese dfhe first
tgg.g&:ﬁéglf F’%ﬁ\%ﬁ%n%&% é:&lbae sefclornsc’ilt ff :thtttlln%g mneemrgoeerr, and the

the thin-walled part is formed as a ring around a
circumference of the connecting member, and

the outside diameter of the thin-walled part is
substantially equal to an outside diameter of the first
tube in one end facing the first fitting member, and
substantially equal to an outside diameter of the second

tube in another end facing the second fitting member.

3. The connector of Claim 2,

wherein an inside diameter of the connecting member
is substantially equal to an inside diameter of the first
tube in one end facing the first fitting member, and
substantially equal to an inside diameter of the second

tube in another end facing the second fitting member.

4. The connector of Claim 1 or Claim 2,

wherein at least one of the first fitting member and
the second fitting member is tubular, and has a wall
thickness that is greater in one end facing the connecting

member than in another end.
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gradual ly increases fromthe other end to the end
facing the connecting nenber. 6. The connector of
Caimb5, wherein a rate of increase in wall thickness
of the at |east one of the first fitting nmenber and
the second fitting nmenber with respect to a | ength of
the connector in a tubular directionis in a range of
0.1 to 6.0e. 7. The connector of Claim4, wherein a

Fatl orhA g@#‘he%gb?kg@s§ gf nthe other end of the at

east one 0 i rst |tt| ng nember and the second
fitti ngererhecheowalflulthickinesd ioft (Il'tehea‘tatldaesiston&)r@f the

of the flrst fitti ng nenber .a th d fi
hikBer fE5HTG r of 0?19 tnghﬁ. g.%%.%o e Joth orMember

8§a§h§& 7.1 nehIRidE theoRt BRe tthedf de 86 Eﬁ@ﬂeﬂﬂﬁfacing
of the irst fitting nenber and the second fitting

tbebepnnsciang mempge-of 0.5 to 2.0mmin wall

t hi ckness. 9. The connector of Cdaim1l or daim2,

wherein a ratio of a sumof |engths of the first

gi.tti mgenmesheecand vifeciedandg, fitting menber to a

l ength of 'the connector in a tubular direction is i

a ranyBegeing & ¥ate. 9f AGCrARSolmelRdt &%‘@kﬁeﬁsg of the

%? VY‘ZE%{S?&O n%%%‘?n Jeengid ef rhhe e OfetiSet Nadl &M second

fitting member with respect to a length of the connector

in a tubular direction is in a range of 0.1 to 6.0%.

7. The connector of Claim 4,

wherein a ratio in wall thickness of the other end of
the at least one of the first fitting member and the
second fitting member to a tube fitted into the at least
one of the first fitting member and the second fitting

member is in a range of 0.15 to 0.6.

8. The connector of Claim 7,
wherein the other end of the at least one of the
first fitting member and the second fitting member is in a

range of 0.5 to 2.0mm in wall thickness.

9. The connector of Claim 1 or Claim 2,

wherein a ratio of a sum of lengths of the first
fitting member and the second fitting member to a length
of the connector in a tubular direction is in a range of

0.5 to 0.9.

10. The connector of Claim 9,
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11. The connector of Caiml or Claim?2, wherein the
connecting nenber, the first tube, and the second
tube are each forned of a resin, and the connecting
menber has a substantially equal hardness to the
first tube and the second tube. 12. The connector of
d alnt wher n the conn cting nmenber, the flrst
t ube, cjo%ﬁ‘ifbb% ’ébﬁ FRPEe5 tQr drfetidt @ range of
Q@r@ge%@ngt type A according to JI'S K7215 in a range
of 60 to 98. 13. The connector of claiml1l or Claim?2
further conprising: a third fitting nenber having an
ter space i,nto e en% of. athird tube is

tl | tte&i1 S & Wlalgln edte Jt“h “'he connect i ng

WEHbEMIL%Q‘etlhlat thée doHmeIdiiing spasBeof tdiee cenpeet im@gpe, and
menber connects with the internal space of the third

FP@tﬁﬁﬁoﬁﬁnﬁébe Bxe FﬁeﬂbdeQQQQNoﬂﬁa(ﬂ%ﬁ%ﬂ:l%ﬂd-CIa|m
2 further dt%ﬁl_;g | a5 addi ti Qﬂﬁlstﬁ_geggﬁﬂzngequal
from

nmenber ranchln e connecting nenber at
e dmiech Sf ao m@alﬂaﬁSU1nubdlandrupanﬂﬂuundznubaithlrd
fitting nmenber having an internal space into which
one end of a third tube is to be fitted, and being

qenneatRd dWnin dilde adidiionaliiconnecting menber so
that an internal space of the additional connecting

menbewhegedmectBe wiadnngwe ing emgabespacdof fipett niwle, and
Eﬁglég%ond tube each have a durometer hardness of type A

according to JIS K7215 in a range of 60 to 98.

13. The connector of Claim 1 or Claim 2 further
comprising:

a third fitting member having an internal space into
which one end of a third tube is to be fitted, and being
connected with the connecting member so that the internal
space of the connecting member connects with the internal

space of the third fitting member.

14. The connector of Claim 1 or Claim 2 further
comprising:

a tubular additional connecting member branching off
from the connecting member at one end facing the first
fitting member; and

a third fitting member having an internal space into
which one end of a third tube is to be fitted, and being
connected with the additional connecting member so that an
internal space of the additional <connecting member

connects with the internal space of the third fitting
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34 menber. 15. The connector of Caim 14, wherein the
addi tional connecting nenber has a thin- walled part
in the mddle, the thin-walled part having a snaller
out si de dianeter and a smaller wall thickness than
remai ning parts of the additional connecting nmenber
th%B Aare closer to the first fitting nenber and the
thlra ‘fitting menber. 16. An extracor poreal
circulation circuit conprising a circuit portion in
which the end of the first tube and the end of the
$8cohBet GRBNGFECEORAeEL8d My 4t he connector of Caim1

 cirounpreshy S, AR, R P TR ey i
aaldllelde ppxt ofn the secmiict,t ullee atbinewadteddpaytt heeving a
282 ?ggogu%gi emdyskeégf(gﬁglgzgmé%aer wall thickness than
remaining parts of the additional connecting member that
are closer to the first fitting member and the third

fitting member.

16. An extracorporeal circulation circuit comprising a
circuit portion in which the end of the first tube and the
end of the second tube are connected by the connector of

Claim 1 or Claim 2.

17. A preconnecting-type system comprising a circuit
portion in which the end of the first tube and the end of
the second tube are connected by the connector of Claim 1

or Claim 2.
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