TUBE BODY FOR PRESSURE TRANSDUCER TECHNI CAL FI ELD , The present
invention relates to a tube body for a pressure transducer. BACKGROUND ART
As di sclosed in Patent Document 1, for exanple, there is known a pressure
transducer in which the residual pressure of concentrated seawater (brine)
flow ng out froma seawater desalination apparatus equipped with a reverse
osnosi s nenbrane is recoVirER BT URER] BEESSURE OfRANGDEUER! Yy pressure,

t hereby raising the seawater power recovery efficiency fromthe
conventional range between 80% andfEIHNYGRIORARED gr eat er . The
pressure transducer disclosed in Patent Document 1 is a two-chanber
pressure tran AT osEW IRt | FatRESF fabé dndehdodwFoma pressure
cont ai ni ng. esdoecti ve pistons 55, 56, and a switching valve 58 provided to

"
a seawat écr 24&sal S at i on apparatus in which seawater led in froma

hi gh-pressure punp 51 is fed to a Eﬁ&ﬁéﬁeﬁiﬁéﬁﬁifs nodul e 52, and water that

pernmeates a reverse osnosis nenbra everse osnosi s nodule 52

is extracted as adperiBaE® liingub ey Malsyo , 1as i G 1) n
FIG 1, the synbol 57 indicates ﬂt%ﬁoﬁt?g and t)adjlﬁst%ﬁ;/@ﬁ%[??f%br thekel s
appropri &nely canprelsisung anrkhrsfusét nd ot heh pest ams: Sbesbuat heprewstichi ngr
val ve 58, and ot'her conponents, and 60 indicates a non-return val ve.

Speci f i caongentyagied seawrtsrawdbteings f Edowdhgonbytt o firdven r everseawater
osnosi s nodul.e 52 but also to the left side of the piston 56 of the tube
chanber 5%£S3AdTGAC0c 1A PATA NS BUBEPBRENEILIS42 WEPVELEEs NSRS tirmbpFaypie

si de of .ge ]p%'(fs]cg‘;)an(?, ) d concentrat ed sef er on the ri%ht side of the
pi ston 56°0f" The tube chanber 5425hafy ] %&fy TYRRsH PIEF ShréEss e aehy
decreased ;14 S o ref or he pi nd di_scharged
out via ga\igll@geﬁ%%on%%ﬁhggtegd s%%ﬁg?erqf’%%tvleﬁis n%%fg%?%%g}’ed%tr%%l che
reverse eshiensidRalr akegef HAdRYHEE A0S tHBYE 52 tdat has high
residual pressure is fed to the right side of the piston 55 of the tube
chanber 53 anf@heolprestsedd rttdres dwiber clibsbbos63 whi Patepunshimvguarthe 1iaf tg
side of the piston 55, and the residual pressure of this concentrated
seawat er tFe-GE8HPES phsRSEHESs ehnaneAuEEK| e€PBHOSARTL hefl efYlShdreioflt Haube

pi ston 5% an fee%Bt hi$ seawater tog the reverse osnosis, nodul e 52 together -
Wi th t heCBERRALS: Ted THonFEhe FOGNAHreesl e UL SIS vPaS oBBoSber JunpEh

(when thg piggheRs a2 er te their respective end, edges, the
swi tchi ng val ve 58 ?vm S%hles aﬁ?th%r{)gﬁgggf t%ﬁe taubgsegah‘"}fr%eerrs %%S,éggwatlon
swi t chesppp@rhenssyst e @i PEossHEe LEANSHUCLFSmi BChyde -Lhese i

the difference in osnotic pressure between the concent (r%glt tgd seélwat ghnﬁgl

t he seawaserfeto tpr essueeefsedoshesisamsddrlav 5hpubngi sta@ks. that piteedtde
chanmbers (tube bodies) to which the seawater and concentrated seawater are
| ed in thi FEFEESSUSNOIHFH NeBPrane pasicd ddie yrandreepeatediy swjudet &P

to high gress re (60,to 70 kg/crre) and, brought in contact with seawater and
concent r af e FETRELTT | 28nc t RELTSATFe thARbEr o tHRiter BREerequia® &kpRENEily

hi gh pre re yesistanc nd -cor ion reskstance. . Therefore, 254 S
or anot hg?s:ééupfe'r stglﬁnlgls(g' stidel I,:t%o%r i\é'@%?gp\ %? alnnoqlh%at?%ﬁphggﬁg@ii rﬂrk‘gg
steel , fagjexenphe. Waw A RBEN %Ei'tattie'l Resd St aNEendrayhya! er
(PREN = er+ 3.3 x M + 16 x NB 040 )lof 337 or greater (lfs uésﬂeg%?télrslytiﬁg ttulbee
chanber spbétohe [Fgssbbe turmansdutechihbhe wOIVOSHEN rasd Sbanee i Songiiaased
wi th stainless steel having a PREN of 38 or greater,

and 60 indicates a non-return valve.

Specifically, in FIG. 1, the seawater is fed not only to
the reverse osmosis module 52 but also to the left side of the
piston 56 of the tube chamber 54 and collected in the tube
chamber 54 while pushing on the right side of the piston 56, and
concentrated seawater on the right side of the piston 56 of the

tube chamber 54, having already transmitted pressure and



and the tube chanbers are designed and made with greater thickness, thereby
ensuring pressure resistance. - However, since stainless steel having a
PREN of 38 or greater contains nuch chronme, nolybdenum and nickel, not
only is it costly (the prices of chrome, nolybdenum and nickel are often
unst abl e because they are market transactions), but the inside dianeter

pr eci si opeefretiRedt Ube hatlprs, dogs t Rk iFBREOR RPN 2e HI 8 s@ohengt i f
7500 nm and an inside dianeter es of 355, for exanple, because nore heat is
appl i ed dhephtlrgest aiull essa shealaliwe eglrusiGundmitdetad sastat¥¥t BRhbhi hdow
i nside di anmeter precision, when the seawater collected in the tube chanbers
i s suppl hedt bperrheapedsstibe ofretvies seoncemasdtsed rsadwatrar , gfaps-ter e faoraredc:

bet ween the tube chanbers and the pistons, and the seawater supply
ef fi ci enByTPsifediedede 92 angyibfér bete Nienrehdvmt ePrapseret he these to

hanb t ai nl teel, the material _is affected hy the t
and the EPBngBtoh BIoEheoT orih BLFRE Ofwitn BRESSHIN® | SPATHARadop! i

‘tube Chaa@&&a&a&sqne'tg{%g%ggeegm@t oY o @BRAS ALhORRE! RIS

when the tenperature i ., approxina € pressure

def or mat hen tMeS o IHefaY e LRy LakenrbBE QueoNpirdgkako s [ OcdMdent rated
Docunents] [Patent Docunents] [Patent Docunent 1] JP-A No. 2005-177753
DI SCLOSUREatkt &HE ilsNVEND @Y RREBLEMS F&iwh NYENELONelbSeNBRNBRHR TQ f50akie

The present invention was designed in view of the circunstances described -

above, anfl tthe pisem dbhvend deedetbior egawariedest@a hhghingveraet icaogibe

body for a pressure transducer which has excellent pressure resistance,

corrosi offodule 52 together with the seawater fed from the high-pressure
pump 51 via é booster pump 59 (when the pistons 55, 56
thereafter reach their respective end edges, the switching valve
58 switches and the role of the tube chambers 53, 54 switches).
Other systems of pressure transducers include those which use
the difference in osmotic pressure between the concentrated
seawater and the seawater to pressure-feed the seawater without
pistons.

The tube chambers (tube bodies) to which the seawater and
concentrated .seawafer are led in this pressure transducer are
periodically and repeatedly subjected to high pressure (60 to 70
kg/cnﬁ) and brought in contact with seawater and concentrated
seawater, and these tube chambers therefore require extremely
high pressure resistance and corrosion resistance.

Therefore, 254 SMO or another super stainless steel, or
A890-5A or another two-phase stainless steel, for example,
having a PREN (Pitting Resistance Equivalent Number (PREN = Cr +
3.3 x Mo + 16 x N [%])) of 38 or greater is used for the tube

chambers of the pressure transducer, the corrosion resistance is

increased with stainless steel having a PREN of 38 or greater,



resi stance, and tensile strength; which can be manufactured at |ow cost in
conpari son with cases of using stainless steel; and which nakes it possible
to keep inside diameter precision high. MEANS FOR SOLVI NG PROBLEMS A
summary of the present invention is described with reference to the
acconpanyi ng draw ngs. A first aspect of the invention relates to a
tube body,fory g Pressur Gl AISUICeL 0T 0YLEEGnba daR@ANAREE dg3Rhi NgLhaRer
apparatus, in ich pressure applied to the interior is varied

peri odi cghd yundbe, tenerbodyed Ohr BnPressyserer apsdycanceharacteri zed in that
t he tube body has a piston in an interior; the tube body has a tube main

body 1 made dfiowet¥ébger -gigiad orsted mesian fstorersd hypvingdi ag BRAN I nubus3sf | ber s
into layers by filanment wi nding and a seal |ayer 2 nade of a
fi ber-r ejrémreecdcoatsipnng. Junh ochnome, i maly f apded igkelapen @k nenAy
inthe interior of the tube main body 1 so that an internal peripheral
surface 1% dhoSstdid Gkt BALFEPI W IUNFRBPRT nmﬁiéfﬁé{{aé’l"lf“'t 4 ubechat n 36dy
1 containg_the con%%ﬂyo s fibers und_at an q? Ietgf %05 E%%% ivqmgo %ﬂe
axial cELH r EASTERIST RREAtUBe TS Body BriFe FUBESEGHY RS pr oVt de
wih a closede! hiafopllcR 2 RO dfd PREUERLY (oAb QUL ans: Ofinkhigve
Y, ich™c of ft

t ube bo oses up the end e tube body, and which has a
openi ng;b@%@n@h@z heh Bube h 1df COROUNIEALRM Wi hiddEdepanbngtes pOidted
by a bolt 10 to the closed lid 7. A second aspect of the invention

rel ates 35 tobe begympde,a peessisee tu@rsduesat provi degplided seawat erthe
desal i nation apparatus in which pressure applied to the interior is varied
peri odi catdinlehs taitrelbody fertoupiessmaeldshnoducerSthar a¥iéhi Zei$ n lickat
t he tube body has a piston in an interior,; %he t ube body h a %ﬁﬁe,nain
body | nbRieldt &iEMsel cPRESHELAT r SEIN f GPTed> B I AL ﬁ@ﬁ&‘ﬁ’% ot® the

fibers into layers by filanent .w ndi y 2 d f
fiber-re?%?%ré%ﬁﬂ%§§¥% bﬁSsRﬁ$ijﬁgr§9i%ﬂ%%?gﬁﬁgégk§ogﬁ%dt§§ ?gﬁgéﬁﬁﬁﬁqﬁf
in the inlerd L, of éé{}fet%}% MBS PrBAdYhdt §8et hatndn tiubeer BRkmBELkPNEA@! the
surface Ts snmooth anhd substantially uniformin diameter; the tube main body

1 cont ai pstbescoahiintpYSs&abet srweupp 13t @ ianigheyofi SG@aider].ative to the
axial core direction of the tube main body 1; the tube body is provided
with a cl osedrhirth@rmhireh iwh¢mi ndde bynatdmilal 20k other etubai nghambprr4 is
‘placed in a concavity 26 provided to the internal peripheral surface of the
t ube bodytaimiesscPE8es  ubhen "ate R Y ks t 3bESHBEY, béfngl"\ﬁhit(ﬂ?‘pr%?%e and
opening; a flange_ 12 of .anather.tube, mepher .11 co [ ith the ..
obent ng 18e pPREREAEaLHedn (HE cFoURENI T B o™t Hevnt B ReRaYF g S Liss
the flan 2 i [ r LaLhed b nt i Ay retai ni
ring 24 gghtéhe ta]okﬁ ?f?{ah@b% A? '%i\gﬁ as%?e‘%rfd%? the ?ﬁ\?/fenti (;:tr-}%r%el a%gs tﬂg&
the tube;Betycheion PEESPHESSURNSHIRAT ACROr dengetratifie fibsthagpecte.g.,
characterized in that a peripheral surface of the tube body is provided
with an appevkombtelyf 60°Ceadiangl itherpreadiing detfofrmaitd ofy emstthetherefore
peri pheral surface, and the inlet/outlet is provided with a joining

mechani shefoakedi Anhg chBsidB&aga@p-and anot her nenber. A fourth
aspect of _the invention relates to the tube body for a pressure transducer
accor di nfF¥6°ther5eb8ht™g8h8¢t, characterized in that a peripheral surface
of the tupe Yl iLded with an inlet/outlet for leading in or |eading
out flui EP?F%%Q,[ Rgébnglrglg%lﬁgral surface, and the inlet/outlet is provided

wi th a joiningpgeehanbspPufehti @iniseg & he t um hody; sl anot her nenber .

A fifth aspect of the invention relates to the tube body for a pressure
transducer accordi ng to thepirBCLdsaRiecs THE FNUENTEI®I nf or ced resi nous

t ube body characterized in that the inlet/outlet has an in/out hole 29
drilled into the pePREBREEMP SFHEf 4 ENT e TSN THME NP aS@WWE nder body 31
provided to the in/out hole 29 and having a ridge 30 at one end, wherein
bet ween the rTBfe Frseitthe tHVPRBEPHoNASB1 Qﬁglﬁﬁgdi nt¥ét naV1p¥ri fer afhe
surface of the tube body,1l, a. spacer . 37 is provid avin top surface
shape coﬁ’fﬁ?ﬂﬁ“ﬁgaﬁ%ﬁg t%eeé%ﬂjr?/%% SRS Gt t REY ntetg}gnal pﬁ%rsi%f)]ﬁera TEUT T AR,

therefore provides a highly practical tube body for a pressure

transducer which has excellent pressure resistance, corrosion



A sixth aspect of the invention relates to the tube body for a pressure
transducer according to the fourth aspect, the fiber-reinforced resinous

t ube body characterized in that the inlet/outlet has an in/out hole 29
drilled into the peripheral surface of the tube body and a cylinder body 31
provided to the in/out hol e 29 and having a ridge 30 at one end, wherein

between f §litgﬂs agﬁ‘élyt%ﬂié nge&eﬁgqyt ;3% 1ch t Bgn '}‘Jeerrﬁléﬁu9§ét@9§ﬁa|at

surface o e tu , a spacer IS provided having a top surface
shape copb@r rbag @'rprtg)rﬁﬂlﬁrl%rye@lﬁhaﬁéséﬁ e ddief netaperéphesakesyr aace.
A seventh aspect of the invention relates to the tube body for a pressure
transducefiiancoaliengitopasyibiet he kieept itbideghlismetkragpectision high.
characterized in that the burstlng strength of the t ube body is 60 to 105
kg/ cnR. An ei ght h aspégs (¢ orrYlelbifes to the tube body
for a pressure transducer accordln to any Qf the first, throu

et Batharg e

aspects, char%ctéPW@éaylnofhaF fhe rﬁsSPESS&P¥38F1@n9 NMBa 19§

lied 100,000 ti t th end | osed up, th
T er entStFROCRE HRoGHE BF CPRROTKINE T 8 3g8: on bef ore and after

pressure appl hcatiQn 15042 yim e alw@ﬁtteagtﬁa%fte@% "N tube boAyNifdh
aspect of the invention relates to the tube body for a pressure transducer
accordi ng t grbheueghtaspReler Char@et@sd Zetoi Nat hakawherra RIeRSSlTe tafon
6.9 MPa is repeatedly applied 100,000 tines to the interior while both ends
are closaﬁpupatube(ﬁﬁfwmfmmepkeseheeammmﬁied tengthen et et bogatiisorvaisfant e
and after pressure application is 0.02 nmin a tube length of 7500 nm
EFFECT QPeTHEJLMRENY)ON the  tufe pké@bht if@¥ent fon, PEeRSY¥F a transducer

configuration such as the one descrihed a is a h hly .practic t.ube
e
body forc%a6F€§§EF§eFréﬁs&%E%& %e??@n? Bhgggﬂré“r§§i§fh OL?
corrosi op e\C% B o gy A t§”§h£8 ?nf%l%”%c!hy W'ﬁ?dgagfb% %gﬂcfvﬁr?ﬁo
0 0

|OMICOSt nparls T h® cadés usi ng stainless steel’; and
it pOSS|pgglhO %%%&eHDS%@E di anet RESSE 5h08uBI U4 HBREF i %OHﬂ%Qé?chﬁy
THE DRAW N is a schematic explanatory drawi ng of a pressure

tl’anSdUCﬁilament vEJrﬁlrﬂg |§n@ schenslt | tapepl @nataoty sfde Viidveofrdheforced
present exanple;
resin 0.5 mm or more in thickness formed by tape winding in the
interior of the tube main body 1 so that an internal peripheral
surface is smooth and substantially uniform in diameter; the
tube main body 1 contains the continuous fibers wound at an
angle of 50°%#5° relative to an axial core direction of the tube
main body 1; the tube body is provided with a closed 1lid 7 which
is provided securely to an end surface of the tube body, which
closes up the end of the tube body, and which has an opening;
and another tube member 11 communicated with the opening is
joined by a bolt 10 to the closed lid 7.
A second aspect of the invention relates to a tube body for
a pressure transducer provided to a seawater desalination
apparatus in which pressure applied to the interior is varied
periodically, the tube body for a pressure transducer

characterized in that the tube body has a piston in an interior;

the tube body has a tube main body 1 made of a fiber-reinforced



FIG 3 is an enlarged schematic expl anatory perspective view of the end
part of the present exanple; FIG 4 is an enlarged schematic

expl anat ory | ongi tudi nal sectional view of the end part of the present
exanpl e; FIG 5 is an enlarged schematic explanatory | ongitudina
sectional view of the end part of Additional Exanple 1, FIG 6 is an

enl ar ged, schamalle xp! ajat ornd 9ol tadioghusest i eaak.yi ewneb therad pajy

of Additional Exanple 2; G 7 1s an enlarged schematic

expl anat gt YagEAsSwEetliinnainyi gWfa1Adth ¢&onal raxRMbE 3, fiber-fiGrddey a
schemati c expl anatory perspective view of the spacer of Additional Exanple
3; r&EEn 9.5 man @nlms gedischadekne sex fleametdriyy ctoss- seotliionalinvitdw
of Additional Exanple 4; FIG 10 is a schematic explanatory

per spect inteview of tihe spieermainAbedyi dnaio Exaapl andingsgnal perfipgerpl
Is a graph showing the results of an internal pressure breaking test. BEST
MODE FORSEARRYENG UBpath neefT gpstantially uniform in diameter; the

tube main body 1 contains the continuous fibers wound at an
angle of 50°%5° relative to the axial core direction of the tube
main body 1; the tube body is provided with a closed 1id 7 which
is Jjoined by a bolt 21 to a retaining ring 24 placed in a
concavity 26 provided td the internal peripheral surface of the
tube body, which closes up an end of the tube body, and which
has an opening; a flange 12 of another tube member 11°
.communicated with the opening is placed between the closed 1lid 7
and the retaining ring 24; and the flange 12 is firmly joined
between the closed 1lid 7 and the retaining ring 24 by the bolt
21. | |

A third aspect of the invention relates te the tube body
for a pressure transducer according to the first aspect,
characterized in that a peripheral surface of the tube body is
provided with an inlet/outlet for Ileading in or Ileading out
fluid from the peripheral surface, and the inlet/outlet is
provided with a joining mechanism for joining the tube body and
another member.

A fourth aspect of the invention relates to the tube body
for a pressure transducer according to the second aspect,
characterized in that a peripheral surface of the tube body is
provided with an inlet/outlet for leading in or leading out
fluid from the peripheral surface, and the inlet/outlet 1is
provided with a joining mechanism for Jjoining the tube body and

another member.



Preferred enbodi nents of the present invention are briefly described wth
reference to the diagrans while indicating the effects of the present

i nvention. The present invention is a tube body nade of a
fiber-reinforced resin conposed of fibers wound in layers and is configured
with a seal layer 2 provided to the inside surface, and therefore has

excel l ent pregsyte gesi €orCAUHOSE AP HESLA! 3Rt AN S CRBle! 6 8id epghl).

and can be manufactured at [ ow cost conpared with stainless steel.

Theref orgyrt e pressitei MMEHdQIELAN abeotsigdgl Nt@ shabl enranelsgart,a kaag
period of tinme and has excellent cost properties even when used in a
pressur efipansteiteforesdi mMaxg rexdis eneby hhgly probssacd aresiest ance, tiedr r seon
resistance, and tensile strength. Furthernore, due to the tube bod
bei ng foimbﬂm/¢0tle&ahpﬁeﬁﬂbyihfbaﬁe@phﬁrﬁﬁnéréﬂlﬁépénMQKﬁh@,Pﬁﬁépﬁﬁﬁéﬁn
during cured nolding of the resin is nmuch lLess than the strain, durin

nol di ng dErEaseaPhl g@@ dbs Rembe Bdy2( Gﬁﬂilﬁ&eéxs}q?s\f ont iBF Ay H e‘artgaﬁhieng

of stain|ess steel), .the_i.nside di anete recision is herefore i pproy
over (naﬂ%?‘ﬁlilghﬁ?i%hah) APfafayrng s%atflh({%és)sﬁgt%%él “Pub&"body, efﬁ%ngg)%t%e%g‘
between {1 PisLansandst ied el logly Lhe Lubechadingannie gRdGpRR al
smal | as possibre en a piston is provided in the tube body, for exanple,
and noresgffiet et PhESTULR WoARSN S OfpdSeBB® POSHirbkeded havihbea top
configuration elongates |ess readily under the applied pressure than in a
st ai nl essusfeeé thheebady,fddie dengt bng sehel eugatidorshapaotfr ehdi lipternal
affected by tenperature, the configuration has even better dinension

stabi | i tyerapderhé gonfagarati on can be used satisfactorily even in high
tenperatures, _such as in warm seawat er near .t he eqguat or. Ip cases jn
whi ch, for exBnil&th neSkebe & ntBody"YSPEPEr ed-dye Wi H8i Ed’@coEPPﬁug?@é’fy
fiber at_an angle of 505.relatjve to Lal .cor ir i t

mai n bodgoﬁ, ao?p:f?lgs%ﬁ%e tr]ﬁfinﬁs uocéayLI 1a%§85§§b§gut?oedg?gonfogiﬁtggeggﬁégg' b;@l@e
W ndi ng f?ﬂ%kﬂﬂgyﬁfékgé& ate MhANM| & Bfe 4B8ayel@td M torihes axinal tKQF € the
- direction of the tube nmain body 1 and a |ayer nmade by wi nding the fiber at
~an angl eipleBBbutibe tenside shrengt thdlise | ppr avdd levenidius t hae, pend pheeral
t ube body can be used satisfactorily without the risk of rupturing or the
| i ke ovesuafhoagoferthed tofbe | pedevendwierrwldpstte dbgdnf Becpeavbyedontr it
stress. Specific exanples of the present inyention are

EXAMPLES
descri beénpadbdhehet Re @rawingsing & riqye B?e@EnPnéx%?ﬁi'e.“i rein, he Bissp
o O BgELEE ALeadcer B At .47t g otenl Lo e

such as F8shd F pf essufe applied to or i s

periodicgl Ly uar hbedenkhe g RRAY: bel ngr£08P05¢d1af LRovided having a top
surface shape conforming along the curved shape of the internal
peripheral surface.

A seventh aspect of the invention relates to the tube body
for a pressure transducer according to any of the first through
sixth aspects, characterized in that the bursting strength of
the tube body is 60 to 105 kg/cm®.

An eighth aspect of the invention relates to the tube body
for a pressure transducer according to any of the first through
sixth aspects, characterized in that when a pressure of 6.9 MPa
is repeatedly applied 100,000 times to the interior while both

ends are closed up, the difference in the amount of lengthwise



cylindrical tube main body 1 and seal |ayer 2 nmade of a fiber-reinforced
resin .conposed of continuous fibers wound in |ayers by filanment w nding as
shown in FIG 2. The pressure transducer according to the present exanple
is not limted to a seawater desalination apparatus, and can al so be used
in an apparatus which uses another reverse osnosis nenbrane to extract

sol uti ons Qhqat {687 BBECFONSRA! ERLINDressure WA TdLaldY . id o LdE Awben g N
body 1, glass fibers inpregnated with resins including epoxy resins and
their curihig dgegts arfe7nounem(helically) continuously in the necessary
anount on a cylindrical mandrel at a predeterm ned angle a relative to the
axi al core dikectingh cfspdet mafidridgie (fheenkieh owlatdis etoi dheoftiylhe bobg
mai n body 1) by conventional filament w nding, the epoxy resins are cured
by heati%@{f the phposerei straeadrenbyedCccPREiBly F6rnithg acdghthdersrard.

t he resultin% c%lindﬁr,is sed %ﬁ t he tube chanber %t%ebiube.body of the
pr essur SR ERASHGELFEdedlr | ABBGR. STHFGIULR QF e ondt Mi%i 12dFEBeapsLyY
resins, an y e esi: i_n est £s] . e S

used: R heS! BbEbaDCE RS s e iR A PO bELECLaRED A0S, BRESHE
other fiberscABYR¢rusece The WHMI figh Bt NOd 18nHehwh 581 b8EnbALi bhaBRRbre
wi ndi ng, and tape w nding or sheet w nding may be used. In the
present gxanplfeert herafaneneapponedtansl i 0s08eimt 0idO0a( tafbeaanlenddh of
meani ng that the length directions of the fibers include nutually

ort hogonab0dimmecti ons, but since they have the sane angles relative to the
core, they are included in a single angle in the present exanple) in order
to ensure a predeterm ned tenBFFeCEt PEndHE THNBNTRONt ube main body 1 is

- formed by winging the contjnuous. fibers at a single.angle,of 50 relatiye
to the axial LBFePAEFERE o oIt HE t uBBSmeich Body 10Ut ation, SRR ppasdhe

exanpl e, e JAl 1 h a_si | a 1 UGt U N LGh &

af orenen Lfl%ne& a‘%%llrggé&]a i%gs})%\s(feet’ tg‘gSOi—:l blﬁjgﬁm ?%C?ln(}aéyl bqe:%%%i t%#ig a%{}ﬁstaed
W thin g rangersf t+BAPSPucand diech ubgs dmidkdadienkt Myrdanaaa Rdstiisthayer,ed
structure conposed of an inside |layer fornmed by w nding the continuous

fi bers atoAarsshghe apghietahced5+mu@l ateueifle t sk rangh;corwhidch ectann ok
the tube main body 1 and an outside |ayer formed by w nding the continuous
fibers anamuiiqgheedngile dowe55asd] atlinveCOBPERASARI alViEbr ecaiseectdfon Usfinghe

tube main body 1. The confiquratjon has excellent tensile strength i.n thjs
case as %E?+?¥ess SieSeal 9 ewhicﬁavTﬁﬁeﬁ EH?C%ﬁEE@iﬁﬁ Ogg Hﬁ%ﬁ? gré,

(preferao#x?%%é¥HE%Q%%%ésgaﬁééPis provided to the internal peripheral

surface hi ckness of the seal layer 2 is set to
approxi mately 3 mmin thgrpteseptcexamon ofirsirsemawiangy 2 is fornmed by
tape winding. The intern peripheral surface o € tube body is snpoth

wi t h substantFaély I héssarre sdihaemattdrc degplanthosysedtahayer of, &hergapure
bet ween the external periphery of the piston and the internal peripheral
surface ofarpducabe body is as small as possible when a piston is
installed, and gressure can be transmtted satisfactorily when the seal
layer 2 is usBlCinZaifr esstreererhnsSdGeolantlonyr et eVdfvWt RE $85 ArgRsnty
al so inproves. the internal peripheral surface strength and suppresses

abr asi on° ¥R The sliding of the piston as much as possible. In the present

exanpl e, a caggzof 2 Fl;sftgﬂ bghN9rbBg! abERn YRS dESEs] Dede 8PPV §re Ml diG/e

present invention can so of courSe be applied to a tube body type which
does notyhaweof Phetend part ofBehl eidseeft themipiks body are provided with
a sealing nechanismfor sealing the tube body, as shown in FIGS. 3 and 4.
Specifical ly,FItie sealisnpmeardrirgnd s schefiagicedekp banstadybadldrgyif whichal
nuts 6 threaded into screw holes 4 drilled into the thick parts fornmed at
bot h endscotionaltubewbefytha endsiagt iof rhghirtesenseeia®yeiconnected to
the end surface of the tube body b he stud holts 5 and nuts 6 and iC
is made of mefaf: PRPLISPEEK @ﬁg@fé%ﬁtrSggﬁ@?t%gtdﬁ%?}aE%%PFSOFV§F¥@¥J ina
sul f one) r. i ber =rej nf e er IﬁgéLc i i these resins
are rein%%?%%%ﬁgg g%%gséFigégsgﬁgn%aa% Gﬁfghg Jﬁ§%9ig%%ﬂﬁgﬁﬁé%n t he
closing lid 7ppgd the;end, surthacs ffq t Benkhbe jRodyxpfanBtal vyl ddihal
is used in the present exanple. The present exanple is also configured so
as to besa@bt oh®1 Wribst andtpeessdr esiref 50 Adit0Dricgl Edanigl d e t ube body
during operation of the pressure transducer, due to the above-descri bed

wi nding direction of the fibers in the tube body as well as the sealing
mechani sm This sealing mechanismis provided with a joining

mechani smfor joining the closing lid 7 and anot her nenber. Specifically,

t he j oi ni ng mechani smincludes stud bolts 10 threaded into screw holes 9
drilled into the external surface of the closing Iid 7, and is configured

T T " o o, I A~ o v o — v - o o o




The exanple shown in FIGS. 3 and 4 shows a case in which a sealing

mechani smreferred to as a so-called external coupler is used, but a

seal ing nechanismreferred to as a so-called internal coupler as in

Addi tional Exanple 1 nmay al so be used as shown in FIG 5. In this case, the
closing lid 7 substantially equal in dianmeter to the internal peripheral
surface of thedube podyni Snthosed WRRhASINGIOINEL MY b AL0le 2l 40,
retainer ring 24 placed in a concavity 26 provi in thHe Intern ?

peri pheralevws Wif agriiafidig tRikendiady3; as shown in FI G 5. In the

drawi ng, the synbol 22 is a nut threaded over the bolt 21, 23 is an inner
ring which i ¥ig.acédisn ;a scneaytiy Zixdreomtded |petdmedcintes naleperafphietial
surface of the tube body and which supports the retainer ring 24, and 25 is
an 0 ri mpaasr Hodide tiprnate Bpamel ©etiveen the closing lid 7 and the

i nternal peri heral surface (the seal of _ the tube bod In FIG 5,
the tube ne 117 i 55 pPRcEH §69?ﬁaﬁqﬂﬁﬁ%q%ﬁuﬁ¥ PLANFEQHE € meedetonal s

cl anped _het we retainer 24 and the closing lid 7, and the
confrgurétroﬁ%?gkgﬁgﬁé)e Qﬁa ﬁe flange 12 of the tube menber 11 and

the closing lg 7 §6e;boLh éc@ie’ﬂ%q: {0 éﬁﬁltﬁt@beyrprﬁtege%l% wt%ébqt(fa g&t .

The inner ring 23 Is not a necessary nenb and Inner ring
concavr@§é5@rrﬁm/Aualgﬁdnémugggﬁgﬁgh@g omgthe extent to which the retainer
ring 24 and the concavity 26 are engaged (the support strength). The

configuratiorflfhy dallsoibawe @raph etshoutinet phevixesuliost ke pen phetatnal
surface of the tube body for leading in or leading out fluid fromthis

perrphe@%e%ﬁﬂﬁQuhie%hkﬁQ1qQﬁﬁnng nechanrsntprovrded to this inlet/outlet
for joining the tube -ody*gnd h i n Aoortronal Exampl e 2

shown in FIG 6. In E ﬁole 29 drilled

T Tl gl SIS S e

ari at one en
the ridge3Q-19fed NRicH! indeirdindy 3% iend NtanlQGkRd Whilhean dditerd q&jﬂ E‘Se
groove 32 provided in the internal peripheral "surface of the tube body. In
t he dr awfifgctidheSWHlp IS dret arsnapcfomg for interl ocking the cylinder
body 31 with the external peripheral surface of the tube body, 34 is an O
ring, 35 is &Hd aprpackitngifvenséahi ngst e d$pdce betWeanadde dbt ronfoberhe
i nterl ockin groove 32 and the top surface of the ridge 30, and 36 is a
joiningd néeﬁﬂﬁovéomﬁoﬁﬁﬁchog vf&?ﬁﬁﬁrcw?%Wﬁt ot tHfy95%eand is
|nterlocks 1§ |n| ne%pa s,/ hrs case.qa.l- %h%ped vq%%e &rf
br eeches’ prpé3 can be provré% |nsYﬁe théntdﬁee%ody, mhrch i's guttace,
practicalng therd#r&ONhi gur atkian 165Nty dd 8 ded tRed e £ydi nde&oleeggléﬁ
interlocking with the interlocking groove 32 as in Additional Exanple
shown | rddiGtemcelheandit eshoLké ngt geaged , 32meethmdie headhwf s@tur &adas low
spacer 37 made of FRP may be provi ded between the ridge 30 of the cylinder
body 31 casd tdvpanest nelltipertiphekeds sskeéate of the tube body, the spacer 37
having a top surface shape conform ng along the curved shape of this
i nternal per i O%rfgﬁﬁ REL SN AddDViES, élonB@ﬁir%l be3 %‘?ﬁﬁmlpn F| gbabye

and 8 and Additi naI le 4 showg in_Fl GS. ang g 37 h
2o o o Bar v V4 LR R T P tw&etoan o Page %rse?ﬁ Rbof CREE a
CONVeX GUALIE.S0c38x! LER! AUJDR! 990 BNGAOERIE SUENANR.OT LHEi ring

i nterna eral surface of e t ube t he center
lnSEftl%&t&@h@ﬂ%?bh&@houﬁheﬁghﬁé thest stakcef té&kﬁa@iéﬁkﬂré§¥§téﬁké S and
inserted. Additional Exanple 3 shown in FIGS. 7 and 8 i s an exanple in

whi ch f lcanspdekistgerdft,h41 are used as seal ing nenbers provided between the
spacer 37 and both the internal peripheral surface of the tube body and
the ridge 30 FotrfthﬁequrndeiU%odSrOBlth@nthmﬁ tiordy Byxaipde foshedn i for
FIGS. 9 and 10 is an_exanple in which O rings 42, 43 are used as,the

seal i ng e, 19 ABYEETBRAI VERSHIE 24X tﬁ@ebatleeﬁqnend Yens b2 ber ApRERd

dge 37c _of th hal e 37b of. th 3 nf er ed. whil
"ing pl GedhehiTal 5T 870 oM Frftin ket obeen, Fael FE oftrawtopubaf? °

37, andm%lrdl @J]Ieap:ls’@gﬁqlégsbgtcgetlh%lﬁj@rg )‘?d(cﬁj@fﬂt eQ£rEQ§oHOMﬂH}LﬁHd

openi ng peri pheral edge 37c and the 0 ring placenment gfoove

Addi ti ogal R ESSB anglidlebbeseplkiinderceodn Sillacadi hectest pakhediby the
ridge 30 without the need to forman interlocking groove 32 in the internal
peri pheral surface of the tube body, and the tube body can be thinned
accordingly. The wi nding angle (a helical angle) of the continuous
fibers of the tube body according to theBpresent exanple is set to 50 as
descri bed above, but upon closing up both ends of a tube body 7500 nmin
Iength mnth t he sane structure ‘as descrrbed above repeatedly applyrng a

o Y ~ N R A~ Vs o o o o " o T |




properly relative to the pressure exerted in the length direction of the

tube. It was confirned that the sane effects where achi eved when the tube

body had a nmulti-layered structure conposed of an inside |ayer formed by

wi ndi ng the continuous fibers at an angle of 455 relative to the axial core

direction of the tube body and an outside |ayer fornmed by w nding the

continuous fipers at an_angle of 855.relative t e Lal r L I
ierataye ThofSviilichdte IRe colitl: NGB P i VSRS

of the t ane s Ure as ‘descri

ends of &g#etgggybggg{) gﬁgi &ég%&%‘@ﬁetﬁ@)%%@t% agﬂcertﬁgoidggiﬂféeag@&ed

pressure appli cations e applied pressure was gradually

Increaseds 8RE tRBebuosly RIBSHE enads HRasuzad, apabtikte thigepr aspiseonas
45.7 MPa, exceeding the reference value 41.4 MPa which was six tines 6.9

MPa as stewprorriBe@ ik, thad tubenabodugcexsf ubkgmpbdaf i emed nde¢e efdicient
pressure resistance was sufficient. _ Because the present exanple is
~confi gurepessudestrabsuiapbor, 1 s heageepeacibtgapl e has very excel | ent
pressure resistance, corrosion resistance,_and tensj.le Sﬂ%ﬁ? and _gan be

th
manuf act ur ed BRe| 6RBE 1HHEE LEREN THATHRS %?@%IFeﬂﬂﬁ%ﬂ(ﬂ : hEhEr€§8 ed
2?22?:2ﬁ§?€%§$r%$§g5%?iggsggg%%ﬁggﬁggg f%%e%l'QﬂﬁxpeEbagrOftﬁ ”ﬁe%Qthﬁ%e

_sed I'n a pressure ansdaducer equl ri ng

extr el y) B QR PLASSULL T RSS! BHELy; £OM T O AN IRS! ShANCoomfih-dlSe| © the

strengt h rthernore, the 1nsi i ameter precCision’is inproved over

(made hi gheribhagtibhatnek acsbai nbessest ealinknba dpodytallia igan beingeertiehe
piston and thé inside wall of the tube body can be nade as snall as

possi bl ecoh fagsPRESbAN i CamBddepossisklde. sandsfieceoefifiiyci eavepr essur e Hilgd
configuration elongates less readily than a stainless steel tube body, the
| engt hwi sempetrahyaeFonsiishnas iBadRE] SERYELEd BPaTeher AWE % he
configuration_has even bette['ﬂine sion stability, nqathe configu&ataon
can be used shbi SESESori’t ywBVER i THi gR¥RBRPEr atiifestyPe main  body L1 is

formed by winding continuous fiber at an angle of 50°+5°
relative to the axial core direction of the tube main body 1, or
the tube main body 1 is configured from a layer made by.winding
continuous fiber at an angle of 45°+5° relative to the axial
core direction of the tube main body 1 and a 1layer made by
winding the fiber at an angle of 85°%5°, the tensile strength is
improved even further, and the +tube body can be used
satisfactorily without the risk of rupturing or the like over a

long period of time even when repeatedly affected by continual

stress.

EXAMPLES
Specific examples of the present invention are described
based on the drawings.
The present example 1is a tube body for a pressure
transducer provided to a seawater desalination apparatus such as
is shown in FIG. 1, wherein the pressure applied to the interior

is periodically varied, the tube body being composed of a




Consequently, the present exanple is an extrenely practical exanple which
has excel |l ent pressure resistance, corrosion resistance, and tensile
strength; which can be nmanufactured at | ow cost in conparison with cases of
usi ng stainless steel; and which nakes it possible to keep inside dianeter
preci sion high. CLAI M 1. A tube body for a pressure transducer,

brovi dad, &gy seavat epe daal RaK,O™ dakiceeain MYl ancbprernally agolied

pressure changes perio e tube body for "a pressure transducer

bei ng chaiped eFdd edekint RAmMpdR) t ¥be LY idst An: 119é £ NAbuRLStAN; 1ayers

t he tube body conprises a tube main body nade froma fiber-reinforced
resi n, gyefildeemai wihatygbesnghbanngd BaM Ml ngrleadprassoasi tgafsducer
continuous fiber using a filanent-w ndi ng nethod; and a seal I|ayer
made framaerdimer tpeitiforpedsenti exampleaviag rett hl tkhesd &qual teawater
greater than 0.5 mm the seal l|ayer fornmed_using a tape-w nding nmethod on
an i nt 91 PIat e t @PPaFRitH Shod§Ndo Gat 2AR0i rfer Us&Y pher AR sAPPaEatis
snmoot h gnd of substanﬁgall uni f orm di anet er; the c ntiQuoui LLber is
wound it He PepR ARP 86d¥e§Fr§ﬁ SFGCE 1ot BT % FUeS¥br ANt aRPAPTLBPE
directi f b i ; the tube body is provided with a
plo;inf%ﬁé?%é%g%%géggg%ﬁkgﬁg %%?face of the tube body in a state of
intimate cond@cdi anch poppt ednt orghoseupe endisectbgly of 11 hegiy

! \ b8 bedyerkhe

closing lid having an opening part; and anot her tube nmenber

communi xadtdgnatdédl whehoperiing pardludin®i apdxyusiesd nd bold |, theitheuelagi ng

lid. 2. A tube body for a pressure transducer, provided to a

seawat exgelesal i e | onowleyi ceéhelhcableh aponhivnpubly appl i Hepr assaseary

changes periodically; the tube body faor a pressure transducer being

char act®ERWEd iGh t Bat €ylindrical mandrel at a predetermined angle «

' relative to the axial core direction of the mandrel {(the axial
core direction of the tube main body 1) by conventional filament
winding, the epoxy resins are cured by heating, the mandrel is
then removed, thereby forming a c¢ylinder, and the resulting
cylinder is ‘used as the tube chamber {the tube body) of the
pressure transducer described above. The resins are not limited
to epoxy resins, and polyester resins, vinyl ester resins, and
other resins may be used; and the fibers are not limited to
glass fibers, and carbon fibers and other fibers may be used.
The winding method is not limited to filament winding, and tape
winding or sheet winding may be used.

In the present example, the aforementioned angle o is set
to #50° (+50° and -50° meaning that the length directions of the
fibers include mutually orthogonal directions, but since they
have the same angles relative to the core, they are included in
a single angle in the present example) in order to ensure a

predetermined tensile strength, and the tube main body 1 is

formed by winding the continuous fibers at a single angle of

10



t he tube body has an internal piston; t he tube body conprises a tube
mai n body made froma fiber-reinforced resin, the tube main body being
formed by winding and | am nating a continuous fiber using a
filament-w ndi ng net hod; and a seal layer made froma
fiber-reinforced resin and having a thickness equal to or greater than 0.5

mm  the £§g*’ laysk i ber wed el Nk fal apery BdireatiRihesk ofh@nthbé enboh dodyhe
tube mai n body so that an inner peripheral surface is snmooth and of
substantial Iy uniform di aneter; t he continuous fiber is wound in the
tube main body at an angle of 505 relative to an axial core direction of
the tube mai nIbodhe preserthesstaneldodyhestpbeovitgdd: Wwady al chasi ag sliingle-
adapted to close an end section of the tube body and joined, using a bolt,
to a rethaver mStigdtvsical fedwindch r"eté%s§f|9|r6@ie@€&°@@dana‘il%%r ek pfigFalto

f f the tube body, the closing |id having. i.ng part; |
Fl'ange of *Bnot R (o Fember mEdmH: it 1AL BROEHS SopaHt Htt e ¢ Frege oF

instal | ?ngglﬁgfggréelggs%oesi Al dmgﬂgp%‘@ )ge.tlai A8y Mhade, A0 muiti-1di¥red

flange IS o'as to be grippingly joined, by the bolt

closing Lid.apd bhe.sRiQL08T J4 Ndn  inside3. 1dfer t thaRRAYbEOry Bndi €§SuiR:
transducer according to Caim1l or 2, characterized in that a peri pheral

surface gbnthaubube fiodrd Sapr avisdedyw tdn@be i biEr adiictd Oh/ ext aatteoopaite
for introducing or extracting a fluid to or fromthe peripheral surface,
and the ariadbdustienbéxecadononoparthea stpbevintedh wocklva 1 oiatichgame chird isia
for joining the tube body and anot her nenber. .. 4. The tube hody for a
pressurel@YQHSé@é@ﬁdhéﬁbrﬁﬂﬁﬁl$% thgj gontinuous fibers at a single "angle

of #85°#5° relative to the axial core direction of the tube main
body 1. The configuration has excellent tensile strength in
this case as well. |

.A seal layer 2 having a thickness of 0.5 mm or greater
(preferably 1.5 mm or greater) is provided to the internal
peripheral surface of the tube body. The thickness of the seal
layer 2 1is set to approximately 3 mm in the present example.
This seal layef 2 is formed by tape winding. The internal
peripheral surface of the tube body is smooth with substantially
the same diameter due to this seal layer 2, the gap between the
external periphery of the piston and the internal peripheral
surface of the tube body is as small as possible when a piston
is installed, and pressure can be transmitted satisfactorily
when the seal layer 2 1s used in a pressure transducer. The
presence of the seal layer 2 also improves the internal
peripheral surface strength and suppresses abrasion from the
sliding of the piston as much as possible. In the present
example, a case of a piston being installed was described above,
but the present invention can also of course be applied to a

tube body type which does not have a piston.

11



3, characterized in that the introduction/extraction part conprises an

I ntroduction/extraction hole and a cylindrical body, t he

i ntroduction/extraction hole being drilled on the peripheral surface of the
tube body, the cylindrical body being provided to the _

I ntroduction/extraction hole, and the cylindrical body having a flange

section on ong,@andcsigde; o AN 1 SPaBRr bhedpr amidegdrbetwean dhenfl-angeaiing
section of the cylindrical body and the inner peripheral surface of the

t ube bodyschdiei spacer bawinggarhepparbsusdédge shapiowhatinf Afl@ws 3 hendurnved
shape of the inner peripheral surface. 5. The tube body for a
pr essur eSpeansSicekly ac diradi repalorany mefch@raiisms Lt hicoudh apreshafaoter Fzed
in that the internal -pressureresi stance strength_of the tube body is 60 to
105 kg/ dwelts S5 andgnutfe & UHEreRARA T bRtA FFESYUNE 1SParfs ditet L et coPBP nghEo
ony of Sele Lihcoush 2, charasterized L Lhat uien 400,999 evelesool 1o
100 Dot PyBRh e, KRR hffgienes o e dad stuptoclonening g
mm for a,dubeylepgdbh s@hia7dA tims ddd nft& 6land which is made of metal,
FRP, PEEK (polyether ether ketone), PES (polyether sulfone), or
FRTP (fiber-reinforced thermoplastics) in which these resins are
reinforced by glass fibers; and an O ring 8 provided between the
closing 1id 7 and the end surface of the tube body. A metal
closing 1lid 7 is wused in the pfeéent example. The present
example 1is also configured so as to be able to withstand
pressures of 60 to 105 kg/cm2 in the tube body during operation
of the pressure transducer, due to the abovemdescribed winding
direction of the fibers in the tﬁbe body as well as the sealing
mechanism.

This sealing mechanism is provided with a joining mechanism
for joining the closing 1lid 7 and another member. Specifically,
the joining mechanism includes stud bolts 10 threaded into screw
holes 9 drilled into the external surface of the closing lid 7,
and is configured so that these stud bolts 10 and nuts 17 can be
used to securely connect the flange 12 of a tube member 11 which
has this flange 12 to the external surface of the closing 1lid 7.
In the drawing, the symbol 13 is an O ring provided between the
closing lid 7 and the flange 12 of the tube member 11, 14 is a
washer, 15 is insertion holes through which stud bolts 5 are

inserted, 16 is insertion holes through which the stud bolts 10

are inserted, and 18 is an aeration hole.

12
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The example shown in FIGS. 3 and 4 shows a case in which a
sealing mechanism referred to as a so-called external coupler is
used, but a sealing mechanism referred to as a so-called
internal coupler as in Additional Example 1 may also be used as
shown in FIG. 5. 1In this case, the closing 1lid 7 substantially
equal in diameter to the internal peripheral surface of the tube
body is closed up by being Jjoined with a bolt 21 to a retainer
ring 24 placed in a concavity 26 provided in the internal
peripheral surface of the tube body, as shown in FIG. 5.

In the drawing, the symbol 22 is a nut threaded over the

" bolt 21, 23 is an inner ring which is placed in a concavity 27

provided in the internal peripheral surface of the tube body and
which supports the retainer ring 24, and 25 is an O ring for
closing up the space between the closing lid 7 and the internal
peripheral surface (the seal iayer 2) of the tube body. In FIG.
5, the tube member 11 is placed so that the flange 12 of the
tube member 11 is clamped between the retainer ring 24 and the
closing 1lid 7, and the configuration is designed so that the
flange 12 of the tube member 11 and the closing lid 7 are both
joined to the retainer ring 24 by the bolt 21. The inner ring
23 is not a necessary member, and the inner ring 23 (and the
concavity 27) may be left out depending on the extent to which
the retainer ring 24 and the concavity 26 are engaged (the
support strength).

The configuration may also have an inlet/outlet provided to
the peripheral surface of the tube body for leading .in or
leading out fluid from this peripheral surface, and a joining
mechanism provided to this inlet/outlet for Jjoining the tube
body and another member, as in Additional Example 2 shown in

FIG. 6. In FIG. 6, the inlet/outlet has an in/cut hole 29

13
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drilled, into the peripheral surface of the tube body and a
cylinder body 31 provided to the in/out hole 29 and having a
ridge 30 at one end, wherein the ridge 30 of the cylinder body
31 is interlocked with an interlocking groove 32 provided in the
internal peripheral surface of the tube body. In the drawing,
the'symbol 33 is a snap ring for interlocking the cylinder body
31 with the external peripheral surface of the tube body, 34 is
an O ring, 35 is a flat packing for sealing the space between
the bottom of the interlocking groove 32 and the top surface of
the ridge 30, and 36 is a joining interlocking groove in which a
Victaulic joint or the like interlocks as a joining mechanism.
In this case, a T-shaped valve (a breeches pipe) can be provided
inside the tube body, which is more practical.'

The configuration is not limited to the cylinder body 31
interlocking with the interlocking groove 32 as in Additional
Example 2 shown in FIG. 6. The interlocking groove 32 need not
be formed, and a spacer 37 made of FRP may be provided between
the ridge 30 of the cylinder body 31 and the internal peripheral
surface of the tube body, the spacer 37 having a top surface
shape conforming along the curved shape of this internal
peripheral surface, as in Additional Example 3 shown in FIGS. 7
and 8 and Additional Example 4 shown in FIGS. 9 and 10. This
spacer 37 has a so-called barrel-vaulted shape in which the.top
surface 37a thereof has a convex curvature so as to conform
along the concave curvature of the internal peripheral surface
of the tube body, and the center has an insertion hole 37b
through which the trunk of the cylinder body 31 is inserted.
Additional Example 3 shown in FIGS. 7 and 8 is an example in
which flat packings 40, 41 are used as sealing members provided

between the spacer 37 and both the internal peripheral surface
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of the tube body and the ridge 30 of the cylinder body 31, and
Additional Example 4 shown in FIGS. 9 and 10 is an example in
which O rings 42, 43 are used as the sealing member. In
Additional Example 4, the bottom end opening peripheral edge 37c
of the insertion hole 37b of the spacer 37 is chamfered while an
0 ring placement groove 37d is formed in the top surface 37a of
the spacer 37, and O rings are placed in both the chamfered
portion of the bottom end opening peripheral edge 37c and the O
ring placement groove 37d. In Additional Examples 3 and 4, the
cylinder body 31 can be restrained by the ridge 30 without the
need to form an interlocking groove 32 in the internal
peripheral surface of the tube body, and the tube body can be
thinned accordingly.

The winding angle (a helical angle) of the continuous
fibers of the tube body according to the present example is set
to +50° as described above, but upon closing up both ends of a
tube body 7500 mm in length with the same structure as deécribed
above, repeatedly applying a pressure of 6.9 MPa (the same
pressure as the pressure exerted when the structure is used as a
tube body of a pressure transducer) 100,000 times, and measuring
the émount of elongation in the length direction of the tube
body before and after this pressure application, the amount of
elongation was 0.96 mm before the pressure application and 0.98
mm after the pressure applicatidn. Therefore, it was
successfully confirmed that the amount of elongation hardly
changed even after 100,000 repeated pressure applications, the
structure was extremely resistant to elongation, and even areas
subjected to repeated pressure could be used stably for a long
period of time. The reason for this is believed to be that due

to optimizing the helical angle, the fibers are arranged
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properly relative to the pressure exerted in the length
direction of the tube. It was confirmed that the same effects
where achieved when the tube body had a multi-layered structure
composed of an inside layer formed by winding the continuous
fibers at an angle of 45°%5° relative to the axiai core
direction of the tube body and an outside layer formed by
winding the continuous fibers at an angle of #85°+5° relative to
the axial core directioﬁ of the tube body.

With the same strﬁcture.as described above, both ends of a
tube body 7500 mm in length were closed up after 100,000
repeated pressure applications at 6.9 MPa, the applied pressure
was gradually increased, and the burst pressure was measured,
upon which the pressure was 45.7 MPa, exceeding the reference
value 41.4 MPa which was six times 6.9 MPa as shown in FIG. 11,
and it was successfully confirmed that the pressure resistance
was sufficient.

Because the present example 1is configured as described
above, the present example has very excellent pressure
resistance, corrosion resistance, and tensile strength, and can
be manufactured at lower cost than stainless steel. Theréfore,
the present example can be used in a stable manner for a long
period of time and has excellent cost properties even when used
in a  pressure transducer requiring extremely high pressure
resistance, corrosion resistance, and tensile strength.

Furthermore, the inside diameter precision is improved over
(made higher than) that of a stainless steel tube body, the gap
between the piston and the inside wall of the tube body can be
made as small as éossible, and more efficient pressure
transmission is made possible. The configuration elongates less

readily than a stainless steel tube body, the lengthwise
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elongation is not readily affected by temperature, the
configuration has even better dimension stability, and the
configuration <can be used satisfactorily even in high
temperatures.

Consequently, the present example is an extremely practical
example which has excellent pressure resistance, corrosion
resistance, and tensile strength; which can be manufactured at
low cost in comparison with cases of using stainless steel; and

which makes it possible to keep inside diameter precision high.
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CLATMS
1. A tube body for a pressure transducer, provided to a
seawater desalination device, in which an internally applied pressure
changes'periodically; the tube body for a pressure transducer being
characterized in that:
the tube body hés an internal piston;
the tube body comprises a tube main body made from a fiber-
reinforced resin, the tube méin. body being formed by winding and
laminating a continuous fiber using a filament-winding method; and
a seal layer made from a fiber-reinforced resin and having a
- thickness equal to or greater than 0.5 mm, the seal layer formed usinj
a tape-winding method on an interior of the tube main body so that an
inner peripheral surface lis smoéth and of substantially uniform
“diameter;
~the continuous fiber is wound in the tube main body at an angle
of 50°+5° relative to an axial core direction of the tube main body;
the tube body is provided with a closing 1lid pfovided on an end
"surface of the tube body in a state of intimate contact and adapted to
close an end section of the tube body, the closing 1id having an
opening part; and
another tube member communicating with the opening part is
Jjoined, using a bolt, to the closing 1lid.
| 2. A tube body for a pressure transducer, provided to a
seawater desalination device, in which an internally applied pressure
changes periodically; the tube body for a pressure transducer being
characterized in that:

the tube body has an intermal piston;

18
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the tube body comprises a tube main body made from a fiber-
reinforced resin, the tube main body being formed by winding and
laminating a continuous fiber using a filament-winding method; and |

a seal layer made from a fiber-reinforced reéin and having a
thickness equal to or greater than 0.5 mm, the seal layer formed using
a tape-winding method on an interior of the tube main body so that an
inner peripheral surface is smooth and of substantially uniform
diameter;

the continuous fiber is wound in the tube main body at an angle
of 50°15° relative to an axial core direction of the tube main body;.

the tube body is provided with a c¢losing 1id adapted to close an

"end section of the tube body and joined, using a bolt, to a retainer

ring installed in a recess provided to an inner peripheral surface of
the tube body, the closing 1id having an opening part;
Ca flange.of another tube member communicating with the opening

part is_installed between the closing 1lid and the retainer ring; and

the flange is configured so as to be grippingly joined, by the
bolt, to the closing lid and the retainer ring.

3. The tube body for a pressure transducer according to Claim
1 or 2, characterized in that a peripheral surface of the tube body is
provided with an introduction/extraction part for introducing or
extracting a fluid to or from the peripheral surface, and the
introduction/extraction part is provided with a joining mechanism for
joining the tube hody and another member.

4. The tube body for a pressure transducer according to Claim
3, characterized in that the introduction/extraction part comprises an
introduction/extraction hole and a cylindrical body, the
introduction/extraction hole being drilled on the peripheral surface
of the tube body, the cylindrical body being provided to the

introduction/extraction hole, and the cylindrical body having a flange
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section on one end side; and a spacer is provided between the flange
section of the cylindrical body and the inner peripheral surface of
‘the tube body, the spacer having an upper-surface shape that follows
the curved shape of the inner peripheral surface.

5. The tube body for a pressure transducer according to any of
Claims 1 through 4, characterized in that the iﬁternal—pressure-
resistance strength of the tube body is 60 to 105 kg/cn’.

6. The tube body for a pressure transducer according to any of
Claims 1 through 5, characterized in that when 100,000 cycles of
pressure are repeatedly applied at 6.9 MPa to the interior in a state
in which both ends are .closed, a difference in the degree of
elongation in a length direction between before ana after the pressure

is applied is 0.02 mm for a tube length of 7500 mm.
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