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
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raising the seawater power recovery efficiency from the
conventional range between 80% and 90% to 90% or greatér.

The pressure transducer disclosed in Patent Document 1 is a
two-chamber pressure transducer composed of c¢ylindrical tube
chambers 53, 54, etc. containing respective pistons 55, 56, and
a switching wvalve 58 provided to a seawater desalination
apparatus in which seawater led in from a high-pressure pump 51
is fed to a reverse osmosis module 52, and water that permeates
a reverse osmosis membrane inside the reverse osmosis module 52
is extracted as a permeate ligquid ({(fresh water), as shown in
FIG. 1. In FIG. 1, the symbol 57 indicates a control and
adjustment unit for appropriately controlling and adjusting the
pistons 55, 56, the switching wvalve 58, and other components,
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



decreased in pressure, is therefore pushed by the piston 56 and di scharged
out via a valve 61. Concentrated seawater that has not perneated the
reverse osnosi s nmenbrane of the reverse osnosis nodul e 52 and that has high
residual pressure is fed to the right side of the piston 55 of the tube
chanber 53 and collected in the tube chanber 53 while pushing on the |eft

si de of the pi ston 55, and the residual pressure of this_ concentrated
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The tube chambers (tube bodies) to which the seawater and
concentrated seawater are led in this pressure transducer are
periodically and repeatedly subjected to high pressure (60 to 70
kg/cn@) and brought in contact with seawater and concentrated
seawater, and these tube chambers therefore require extremely
high pressure resistance and corrosion resistance.

Therefore, 254 SMC or another super stainless steel, or
AB890-5A 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 1is used for the tube
chambers of the pressure transducer, the corrosion resistance is

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



Furthernore, when the material of the tube chanbers is stainless steel, the
material is affected by the tenperature and the elongation in the |ength

di rection when pressure is applied (the tube chanbers cause el ongating
deformati on at the application of pressure when the tenperature is high,
e.g., approximately 50C), and the pressure deformation nmust therefore be
taken into consideration, [Prior Art Docunents] [Patent Docunents] [ Patent
Documenﬁn@] Fbea N@bezo%ﬂm#ﬁf@s I§Ir§CL@9RE THES NERFA O L PROSIHOAS SFHE

| NVENTI % | NTEN SOLVE e R esentt'nventlon was designed in
vi ew of tRHERBESSY 55@ y 8§§8FFQQHR£&§R¥ and e Present i nventi on

ther efor e pf%«%%%ré} NLOPLY PLacthtals! UbEDPBLINIG BY CpRiie bEansgucs

whi ch has excel I'ent éssure resistance, corrosion
greater contalns much chrome, molybdenum, and nickel, not only

is it costly {(the prices of chrome, molybdenum, and nickel are
often unstable because they are market transactions), but the
inside diameter precision of the tube chambers does not improve
beyond 2 mm at a length of 7500 mm and an inside diameter & of
355, for example, because more heat is applied when the
stainless steel 1s extrusion molded or cast. With this low
inside diameter precision, when the seawater collected in the
tube chambers is supplied by the pressure of the concentrated
seawater, gaps are formed between the tube chambers and the
pistons, and the seawater supply efficiency is reduced.

Furthermore, when the material of the tube chambers is
stainless steel, the material is affected by the temperature and
the elongation in the length direction when pressure is applied
{the tube chambers cause elongating deformation at the
application of pressure when the temperature is high, e.g.,
approximately 50°C), and the pressure deformation must therefore
be taken into consideration.
[Prior Art Documents]
[Patent Documents]

{Patent Document 1} JP-A No. 2005-177753

DISCLOSURE OF THE INVENTION

PROBLEMS THE INVENTION IS INTENDED TO SOLVE

The present invention was designed in view of the
circumstances described above, and the ©present invention
therefore provides a highly practical tube body for a pressure

transducer which has excellent pressure resistance, corrosion



resi stance, and tensile strength; which can be manufactured at |ow cost i
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 for a pressure transducer provided to_a seawater desalination
appar at J£SiFF 3fifioh PResSFE Hd5pl TR R he WPACE i AR | Bevianafactured at
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surface i s smootduramedrgubst anthial |yreseidor ninnedt aoet eis tdestuobeedni nibody
1 contains the continuous fibers wound at an angle of 505 relative to an
axi al coreEaened itoh Ufe tarcaubR Y ® ®orlyingst he tube body is provided
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desal i nation apparatus in which pressure applied to the interior 1s varied
~ periodi gaidindidel tpbe kody feuba priesayre tsansduceprekanaet ertzedsincthat
t he tube body has a piston in an interior; the tube body has a tube main
body 1|ﬂh&raﬂtgrﬁj¢ﬂﬁimetmabrtbd tube body has a piston in an interior;
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the tube body has a tube main body 1 made of a fiber-reinforced
resin formed by winding continuous fibers into layers by
filament winding and a seal layer 2 made of a fiber-reinforced
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 continucus 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 lid 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 1lid 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 1is 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



resin fornmed by wi nding continuous fibers into |ayers by filament w nding
and a seal layer 2 nmade of a fiber-reinforced resin 0.5 nmor nore in

t hi ckness fornmed by tape winding in the interior of the tube nmain body 1 so
that an internal peripheral surface is snmooth and substantially uniformin
di aneter; the tube main body 1 contains the continuous fibers wound at an

angl e of 50050 relative to the axial core direction of the tube main body
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the fiberi-reinforced resinous tube body characterized in that the
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the tubehody i@l thelOpkG/pHe¥al 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 is

provided with a joining mechanism for Jjoining the tube body and

another member.



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 |engthwi se elongation before and after pressure
application is 0.02 mmin a tube | ength of 7500 nm A ninth aspect of
the inventioR relétlesaspeche aflubehBodyr fBtiPTpr B8 SaEESt ten LR et UBREC R g
to the eighth aspect, characterized in that when a pressure of 6.9 MPa .is
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with cadeyocaft Usiirg X3 aimd elssvihgeh; raddewdiOclatmakes d1td postse i an tloe kieepn
i nside di ameter precision high. BRI EF DESCRI PTI ON OF THE DRAW NGS
the ridge 30 of the cylinder body 31 and the internal peripheral
surface of the tube body 1, a spacer 37 is provided having a top
surface shape conforming along the curved shape of the internal
peripheral surface.

A sixth aspect of the invention relates to the tube body
for a pressure transducer according to the fourth aspect, the
fiber-reinforced resinous tube 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 hole 29 and having a ridge 30 at one end, wherein between
the ridge 30 of the cylinder body 31 and the internal peripheral
surface of the tube body 1, a spacer 37 is provided 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



FIG 1 is a schematic explanatory drawing of a pressure transducer;

FIG 2 is a schematic explanatory side view of the present exanple;

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 Iongitudi nal sectional view of the end part of the present
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A ninth aspect of the invention relates to the tube body
for a pressure transducer according to the eighth aspect,
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 elongation before
and after pressure application 1is 0.02Z mm in a tube length of
7500 mm.

EFFECT OF THE INVENTION

The present invention, due to a configuration such as the
one described above, is a highly practical tube body for a
pressure transducer 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.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic explanatory drawing of a pressure
transducer;

FIG. 2 is a schematic explanatory side view of the present
example;

FIG. 3 is an enlarged schematic explanatory perspective
view of the end part of the present example:

FIG. 4 1is an enlarged schematic explanatory longitudinal
secticnal view of the end part of the present example;

FIG. 5 1is an enlarged schematic explanatory longitudinal
sectional view of the end part of Additional Example 1;

FIG. 6 is an enlarged schematic explanatory longitudinal

sectional view of the end part of Additicnal Example 2;



FIG 7 is an enlarged schematic explanatory cross-sectional view of

Addi ti onal Exanple 3; FIG 8 is a schematic explanatory perspective
vi ew of the spacer of Additional Exanple 3; FIG 9 is an enlarged
schemati c expl anatory cross-sectional view of Additional Exanple 4;

FIG 10 is a schematic explanatory perspective view of the spacer of
Addi ti onal Exanple 4; and FIG 11 is . a graph showing the results of
an internal Ppr&ssur el Hr¥akenyaFedf. SBESTAVEOE SRORCARRENG 1a5F gt 1onal

| NVENTI ON Pr.ef.erred_enbo irr%n_ts of the present invention are briefly
descri b&de"wlth AAgi& enae £5eSdi*igr ans while indicating the effects of

the present %ﬁ%fntéogs a schematic explanatory perspective view of the

spacer of Additional Example 3;

FIG. 9 is an enlarged schematic explanatory cross-sectional
view of Additional Example 4;

FIG. 10 is a schematic explanatory perspective view of the
spacer of Additional Example 4; and

FIG. 11 is a graph showing the results of an internal
pressure breaking test.

BEST MODE FOR CARRYING OUT THE INVENTION

Preferred embodiments of the present invention are briefly
described.pwith reference to the diagrams while indicating the
effects of the present invention.

The present invention 1is a tube body made of a fiber-
reinforced resin composed of fibers wound in layers and is
configured with a seal layer 2 provided to the inside surface,
and therefore has excellent pressure resistance, corrosion
resistance, and tensile strength, and can be manufactured at low
cost compared with stainless steel.

Therefore, the present invention 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, due to the tube body being formed, for
example, by filament winding or tape winding, the strain during
cured molding of the resin is much less than the strain during
molding of a stainless steel tube body (during extrusion molding

or casting of stainless steel), the inside diameter precision is



The present invention is a tube body made of a fiber-reinforced resin
conposed of fibers wound in layers and is configured with a seal |ayer 2
provided to the inside surface, and therefore has excellent pressure

resi stance, corrosion resistance, and tensile strength, and can be

manuf actured at | ow cost conpared with stainless steel. Ther ef or e,
the present invention can be used in a stable manner for a |ong period of
ti me andhbasfexeelimntowsastopeopdredes iv@rewhehansedhiat aobr dsfifradnless
transducer requiring extrenely high pressure resistance, corrqsiagn
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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 layer 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 is a tube Dbody <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



EXAMPLES Speci fic exanples of the present invention are described
based on the draw ngs. The present exanple is a tube body for a
pressure transducer provided to a seawater desalination apparatus such as
is showmn in FIG 1, wherein the pressure applied to the interior is
periodically varied, the tube body being conposed of a cylindrical tube
main body 1 and seal |ayer 2 nade of a fiber-reinforced resin conposed of
cont i nuewd ifidgdice lwoutke i mainybpdyby fandneatlwiladiery asmadewati @ FAiiken:
The pressure transducer according to the present e le is n t,qu&%ed to
: r

a seamaF@FW§%£%QQEE¢%ﬁPaEBQPQFS Hndce3h1EPEHSp i h°3N appart{st®
whi ch u%es f%_rl(gmr]et%}rt rweivnec{isneg 02O S iTE | Lgﬁﬁyt 9..eXLIrhaeCtp%eoééﬁﬂeoncg%aggsciL}cer

differe concenttrations. peci , Iin the tube main

gl ass fiag%ro%dirag eghatgd ‘#!,Eé_‘sér?éi BSalBeLUdi NInBROXNY: 8 IStENY tdehkater

curing agents are wound (helically) continuously in the necessary anount on
a cyli ndidseali mmndie! appadaphisdetaidi pag andte e ehativeird oahheappd pdtor e
direction of the mandrel (the axial core direction of the tube main body 1)
by conveitiichnalsdd |ansritemi nevagset hemepasy megbinasicarte axethdly sebithogs
the mandrel is then renoved, thereby formng a cylinder, and the resulting
cyl i nderfi slifderaad tapnaaideadi@ffer (the tube body) of the pressure

t d d i .bed . .Th i t limtedt j d
pol yest er 1 eSHRSL WG st oht r eSis, CHHR offGH r S5 ray 56l Ted; SRR he
fib t limted | f.i . I - f
oy bo QOBEC OGN i Wy FAPADE -6 RBCrom TAA L o T AeoRl oo Tl g, CaRers

tape W ndiag Or sheet, Wi nﬁjé@j}’cab_LQ)}é'}se%ontinuoﬁé‘l%heilﬁ”?‘@1@@" 8X88PLEry
the aforenentioned angle a is set to 500 (+50 and -50 nmeani ng that the

| engt h dimceGit ovs Ok toelihbefsal nchaseraut uat | ya optrkegarainidiesdectngie, dout
since they have the sane angles relative to the core, they are included in
a si ngl eedrdlierd nte hehpr esdetl exenpl ) rentdrdgerof otkasmeadyedr eddter akhed
tensile strength, and the tube main body 1 js fornmed by w nding. the

conti NUGELE | ngﬁoqi%fnﬁh% EHBFeméﬂn body 1) by conventional filament

winding, the epoxy resins are cured by heating, the mandrel is
then removed, thereby forming a cylinder, 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
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+50 relative to the axial core direction of the tube main body 1. In
the present exanple, the tube main body 1 has a single-layer structure in
whi ch the aforenentioned angle a is set to 50, but the angle nay be
suitably adjusted within a range of 505, and the tube main body 1 may have
a nmulti-layered structure conposed of an inside |layer fornmed by w nding the
continuous fibers at a si ngl e angl.e of 455 relative %ot%lhe axi al c.or§?
directi &®%f Gt Wi AlBodF iR larPin SLSTHCT afbr EREr iy Sy e ThdP AgY
t he continuous fibers at a single angle of 855 relative to the axial core
direction of the tube main body 1. The configuration has excellent tensile
strength in thi I A I 2, hgyk0g1a i cknessqf—
0.5 mMmor gr eﬂe?l{t :trkpé(afﬁ&:e‘?ée?r\ggl %X?{ngl?ﬁn 5%%53&%?@%% %§g8| éeélta{yo(%t(heﬁﬁg
i nt er naly RN pherattoref age whidhe thubes hodymeThiondd ckngds af ibe swaal to
| ayer 2 is set to approximately 3 mmin the present exanple. This seal
| ayer 2 459 °%,orimed bhet apgrlwi miingbe Thaiitmibdynad pestigphevathsar acemrgfe t b
tube body is smooth with substantially the same dianeter due to this seal
| ayer 2+5%heSgap Batwebhet Hetekt @aidl ~ pefivphér Y& e 8t JALAhétRgered
i nternal peripheral surface of the tube e?diﬁi s_as_snal ossi bl e

r

, as p 2 V\gﬁn a
pi ston SEHUGHHIY eFORRGSFr eQSurd cdR YAt t EATREE T Fact'SfAry InhsHe
the seal layer 2 is in,a _pr d r hec pr f e al
| ayer 2 ST HRILVEESTHE Rt b rar oL PGS Lot ASetely Enamh Lyny Lo ecRe
SUppr essgs Abr asken §1am ¢ e, Skirdi peeofcde RbEhOTbLEEy MiChads RESSHBESidbN
the present exanple, a case of a piston being installed was descri bed
above, hutydherprRsenbyi Riadingn e edbsoivioesuribebe appld esingla anbée
body type which does not have a piston. Bot h ends of the tube body
are provifilemith’ arsbating trechhei emitdr ovasl idigradiel arubel boly, take shawn
in FIGS. 3 and 4. Specifically, the sealing nechanismis configured from
stud bolkeslys dnd nihe 6CPRFEREALEAPO AT eR¥AEIESTE dFPRPEHS| Mt AWt hiBk
parts fornmed at both e of the tube body; a closing lid 7 which is
secur el YPchidtted &G he” end surface of the tube body by the stud bolts 5
and nuts 6 a i.eh de o |, FRB, (pokyet her gt ,
PES (pol yet her}grj gl%ﬁﬁonie%g%r %FRﬁ‘ﬁg%%?bear- rlggﬁﬁ?grggesd ?ﬁe?no%gl rglgt %)?Egaﬁi}ch
these regifscar¥ &1 @i Nf.oy cagh byrgl gesatiber sisanskanidedi g 8 thleoviededrnal
between the closing lid 7 and the end surface of the tube body. A netal
cl osi ng gdrlipheésalsedriacéhefpridésentuiexarpiie. TR&epridgsiertnencanpf eths gksd
configured so as to be able to withstand pressures of 60 to 105 kg/cnR _in
the tubeldwsly durishgsepert® | BRPEPXERE LELYs sYr B rHhs dh€erRTRRRIE o SERBPLE -

above-descri bed winding direction of the fihers in.the tube dy as wel | -as
the seallthg® mS&Rani gﬂ,ygr 2 Iy formsr ﬁ@y i %’ﬁﬂg%nﬁrovi witegRal

the seal g mefiani Siy™s - BEF iy e _ _
Speci 11 a1 S RBL | SFRE R e en ShEs i R Fte 51 ol Bal T 107 Reeayen iard”

screw holies 9, 4ei Lk gflekBLO die @xtenngl seunf aegedf 4 herwd o%apgbbitdean ame

is configured so that these stud bolts 10 and nuts 17 can be used to
secur el yescoest theifdrange 2 ofha tpibedrenbhed lthehiictidasal hiperfiphegeall?
to the external surface of the closing lid 7. In the drawing, the synbol 13
is an 0 sumfpqge ovidétebetuiemnbotig dlsosisgshall 7 agndasfellflangren 2aoP itsien
tube nenber 11, 14 is a washer, 15 is insertion holes through which sty

bol ts 5 &¥ e infdarltlaf, 167 PHEEFHIEN FdlesPt hr%ﬁﬁ%‘@@t%@%&% Y10

are 1 nse&ﬁ&?’ t%gd sle8ai slg?ze?:erft Iign uhsoelc?' 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.
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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 diameter to the internal peripheral
surface of the tube body is closed up by being joined with a bolt 21 to a

retainer ringoZh prrfedatn BhEorddR® t POSE prbYi P TIA%he itdter AalSeaL1ng

eri pher al r.face of the tube bod a own in ElIG_5, Int
gr a:/\npngf“ef:ﬁggéﬁ%glorzf‘?a?Jaflu%u?h‘? h¥88828% ér altSheS ol't 21, Fﬁgsi'sgaﬁ%l%nnéér

ring whi,ch i.s.pl di C LLY Lded: in i al i I
surfacelSBFctl%éL%taégg’bogi}gangg\%lﬂc}h sﬁ%ﬁgéﬁggghel%et%ﬁfe%&%?%g 25@%%%@ S
an 0 ripgrkar I8 nGuty Ehenspacedbatweensd g choseag4l indil1aad ithe the

i nternal peripheral surface (the seal |ayer 2) of the tube body. In FIG 5,
t he tubenremberarkk ifompiatest spothatenidse 41 arige d@vef bbHe;t abe brenityar 1id i s
cl anped between the retainer ring 24 and the closing lid 7, and the

conf i gufatwinich s idesiemerekp chaneched | aagéhe2 otdt karifgse nefbéhel TWRR
the closing Iid 7 are both joined to the re ainr%i,n 24 b heoztbolt .
The i nn&edy Ry 23§ sSht laoﬁfééeés&rng‘/’i fBHer® &g YR&CPniér dﬁ?g 3 Bttt he

concavi ty 27) e left. out endi on th Xt i ¢h, At et al per
Fing 24 7K8d (HER oRRRLTES S5 & BoEnguged (ther Sappart et Engrrytrond s HES
conf i guration Jx | V. ' ovi.ded s t ridheral
surface E%:I‘Pt E(e ueblzl %&5{% or@e%kg%%éﬁgﬁé%ﬁlfgzid}ﬂr%g%g&ﬁf Iﬁuli%dégrﬁoén%%q{?sare
peri phenal; n$HARGe b ANl £ d OFf Nh&Es reghanhamopravigded drndidesd ivdeidaut ties
for joining the tubée body and anot her nenber, as in Additional Exanple 2
shown i r1bls@ndb.1id Fl Gnd, thhe dml eshinfiatet dfastlae itmbeutbddy e 2% metdl ed
into the peripheral surface of the tube body and a cylinder body 31

provi de¢liosimige Ladout HEl euggdanth hdlichgPacFraie B EPIBne eddl® WRHEPEBPRE

the ridge 30 of the cylinder body 31 is interlocked with.an jnterlockjn
groove ZXFFA de | ﬁ¥L13I9e CRDERRE S5r She Pl gﬁrfgce,e BEthek?ub‘@lB%%l ‘f"gﬁin

the drawi_ng, the s 3 i S Tl i rl j cyd )

body 31%61%1?%3%8 e(zfgfe!r)lalgéopéﬁ%hke(?g_ suf a%fe?éo? ﬂ%ﬁe%%&@qué%{}?gS%ﬂ)%gggﬁo%

ring, 3%4 S gef %%Tesl%%' ng-4.0£4 868k ngukhe spage hejorrendde sd omipdihge

i nterl ocking groove 32 and the top surface of the ridge 30, and 36 is a

j 0i ni ng diMteerdieaKid® gheo¥eberswiirchlee Vigbaubbdyj aisntwedrl tdwe th&esealing

interlocks as a joining mechanism In this case, a T-shaped valve (a

br eechesegilpe)isran be provi ded inside the tube body, which is nore

practical . ~ The configuration is not limted tq the, cylinder b‘gl)dr\{.Sl

i nt er | ocki ng T $9RLind REERRNAFgLSoPEOTEARS i AU t I SR NExERERa"2s™

shown in FIG 6., The i nterl ocking.groove 32 d or

spacer sffl?réﬂ%lrb]fnq:da“?ra‘ﬁiﬁg_lﬂgogilge ﬁé}dsmeaerﬂoeﬁq’heep%%g%eéo SEQFHE?% hder

body 31 ;nd p}é&% 4 $h08haRELhPRERLGRY! 368 Glolldhe 16iDenboskeqt BRrEPaEREWST
0 a is

havi ng a sur e shape conform ng along the curved shape o

i nt er naly perd pheqal 1sUARf ageo asd NeAddihadnalirExaaplg X ishowosing | G&d 7,
and 8 and Additional Exanple 4 shown in FIGS. 9 and 10. This spacer 37 has
a so- caldretl harcehfvqutéedsshapati mhetsiec ks thute tap- sukd aged 37atshér eofnhks a
convex curvature so as to conform along the concave curvature of the _

i nt er nalugset i phesetusely a@@naﬁcthéhteutfgam@}?armf theteept BEMRgE 44 which

i nsertiaon hole 37b throu% which the trunk of the cyl

. %nggr ggdé.Bl LS 7
i nsert ed@ndedi 13 of PN ERakpl £°3 tifo ik i RIS U 3Fd 8T i 5P 8nCEREMBPe IR 7
whi ch flat packi,ngs.40, 41 are. used ali.n ] rs oL oyLded.bgtugenthe
spacer a bgf: “ihei ﬁ%‘eer nséfrrﬁjpoglri% e?gl al'gur%f ?(-:alreﬂjée Br ©
closing 1id 7 and the flange 12 of the tube member 11, 14 1s a
washer, 15 is insertion holes through which stud bolts 5 are
inserted, 16 is insertion hocles through which the stud bolts 10

are inserted, and 18 is an aeration hole.
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of the tube body and the ridge 30 of the cylinder body 31, and Additi onal
Exanple 4 shown in FIGS. 9 and 10 is an exanple in which O rings 42, 43 are
used as the sealing nenber. In Additional Exanple 4, the bottom end opening
peri pheral edge 37c of the insertion hole 37b of the spacer 37 is chanfered
while an 0 ring placenent groove 37d is forned in the top surface 37a of
the spacer 37, and O rings are placed in_both the chanfered portio t he

.Of

bott om end oPd¥i IRFFE DA™ etfyeF378 - artd AHE D TR pFatefient Tyrdovd Fd.
I n Addi tional Examles 3 and-4 e, cylinder, b es
the ri dg&330 W Hout® Hrd" nreeefae]f%é$oF§n an gntsgr %%%%%%%&%@5 Z&?L?fﬂtqi%cej by
i nternal, peyipheral Surdags f HheHuPeshodye raibd hecd ubes bogly £ancdeleqd
t hi nned accordi ngly. The wi nding angle (a helical angle) of the
cont i nuawt ddrar c@fpidie dsbenbodyiiadee=di rRxdnplidel pregenl sexdnmplesds set
to 50 as described above, but upon closing up both ends of a tube body 7500
mmin | ehgin it hFIhe Sane Ist riictaureass, deber chediagovd d repsabetdytially
applying a pressure of 6.9 MPa (the sane _pressure as the pressure exerted
when t he@a®ludiurdidretgedtasthet dpEerpay @Ierépﬁteésaslurséqur%eﬂ?so?ﬁe'?l}e 1982900
times, and measuring the annqu of eLongation i n tqg ieng&h di rection, of

1% 3%t on

the tub®BBayrdefbPecdntiPaitler e Hid pPERsHr ¥145p L ¢ dhotRt S0Pt
| ti 0. b t i N 0
The Dredand” 2doi BLaFPEn: hes oAV RS 2E0 SRRy P08 D8 TIRBLLR

on. y confirmed t

amount geoﬁlsps}nﬂg@éli e b ehanoed sy ene@l | e5s 1909001 £ epeat eg. pressure

applica n he structure was extrenely resistant to el ongation, and even
areas subj ectm tRer epeatied,pressusemdoll 2beissed wsitabkrrbaded |lorey: peheod
of tinme. The reason for this is believed to be that due to optimzing the
hel i cal kbarigl €21t ha3f iilserasn atenar r anged whirdpers ypietadi va8 too ¢IRCPTELBUF &
exerted in the length direction of the tube. It was confirned tha% %he same
ef f ect s PaRsHgl e hiviERe whehe ERa Lt BBE 1B5EY aRad E Tans ol e ebiae rbietyr &n

conposed .of .an _inside |ayer fornmed by w ndi t he continyous fib t

angl e oﬁ”ﬁ%%lrﬁPBPngstng%er ?é?eﬁoﬁajﬁqrggfiSﬁmgfgéhé%%u & Eo§§ﬁg£df§g
out si de [ y Wi ndi e in -fLber a e;
reIativéh%%%fﬁ£qé§?gPchp%agi?g%tloﬁgo %hgggﬁﬁébbgéé.@téﬁﬂj €§%hlﬁﬁggggﬁe
Struct unfs B HIBsET | bedr abovernbotBagndsyelr @)t Wre tadyt thd0vsayin [engly.
were cl osed up after 100,000 repeated pressure applications at 6.9 MPa, the
appl i ed For esbar eeuls merloeal 1y | her pdseed aswl thetbuhst piesgerd2wast the
measur ed, upon which the pressure was 45.7 MPa, exceeding the reference

val ue 4tubevPaembethldasisiclanped begwpra diehb@heinerl 6ingl 24nPdt thas

successful ly confirnmed that, the pressure resistance s, sufficient,.
Because ‘%Jffégljpﬁ%séﬁfi ekanpPg i %oﬁﬂrﬁrgé’cfa;slodbs&ﬁ P above, SPhg%}b?’%SEHF
exanpl e has very,excell ent s esist e o] Is rresjy sta ,
Fonsl | o b b2 AR o g A e e oL T ar e pRe

steel . Theredore, Lhe RrASEHeLXAIRGE2aabPenseroin a1st abtige mepner fahga
| ong period of tinme and has excellent cost properties even when used in a

pressuredragsduser ar efddd sy exherbelry hirgh phessumenr esisgarice, (zodr adieon
resi stance, and tensile strength.
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 Jjoining
mechanism provided to this inlet/cutlet 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/out hole 29
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Furthernore, the inside dianmeter precision is inproved 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 nmade as small| as possible, and nore
efficient pressure transm ssion is nmade possible. The configuration

el ongates less readily than a stainless steel tube body, the |engthw se

el ongation_is not readily affected hy tenperature, the configuration h
even beffédl8Cnens8ion St&biRSHpPD tﬁ@ggéﬁﬁigﬁfaﬁﬁﬁﬁ gﬁﬁm%ggﬁggd nd %

sat St agloniby SRy n i o LEMer A &y i o CONREANRY! and N B EeTY

C3 rov
exanpl e“¥ y prac?lca exanple h "has excelTent pressur

resi st a?ggggccgd 0${ 08nEesindt angee r MY LRASIiQGRE rRNGEH; tWBI &R 163 body

manuf act'ur at | ow cost 1 n'conparison with cases of using stainless steel;

and whi gh nekesidriRessidleitw keepntosidexdhgmetrenver 8¢ sirvikiegh.in Gl VS

1. A tube body for a pressure transducer, provided to a seawater

desal i nahitemrnddvimeyiphe vl chuafatat eathy sppei ébdy-essiline tdivandezwing,

periodical ly;, the tube body for a pressure transducer being characterized

in that 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 1s 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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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 nding nethod; and a seal layer made froma
fiber-reinforced resin and having a thickness equal to or greater than 0.5

mm the seal |ayer fornmed using a tape-w ndi thod on an in ' f th
tube mabh BbGy Ba h%‘?d.‘éna}’lﬁné%eperr}r ral § ?f‘i&r‘iee FE UL PG grégr’ Fnd "°

substantially unifaqrmdianeser,; Lt ontg n s, i ' L.h it he
Eﬁbe rr?*ﬂ%ﬁé?nﬁb %aé[}%ee %)f SBGH50 T2 E??%e tglo éjargr)léja%lbalq%(r:oér% gggg tllbonlr{c:f
e tube, main hody; thextu b kS oyided Wit C ' lid
providethﬁhanQen S ?fé%% o?3thgg?uggg%%dj£%n%ggitggglgpain%?ﬁg?g'conﬁgét
and adapghgq+ttenahos&aap1@nd seatd apoetohhentiubpebady, oehie phleesiingdged 37¢

having an opening part; and anot her tube nmenber conmmunicating with
t he opesifnghpariindegtji@imethlais3hy af bohe, specehe 30| dsi mhpamifered whilep arm
tube body for a pressure transducer, provided to a seawater desalination
devi ce, O wiwl qhlarenianterguddye apptli é8 fraasmad elehbhgesopesiasdecsl 1342 tHe
tube bog‘efnggbgée%%%reagéaQ§d%§ggsb?;Pg %H%&%E eggzﬁgnhp %Egt: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 described
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 amount 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 0.938
mm after the pressure application. 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 ewven 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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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 seal |ayer forned using a tape-w nding nethod on an interior of the
t ube MAPFBEELs0 EHALETE I nher (EE pHEIRISWIR f agdeFEeSnodfh it oflength

substantj.ally unifo | anet er; th Nt | [ [ in th
Cube maiti i Ol Gh BAGH EUOE -505TF elAR VPTAL PR AR cOTE (Pt T nrs
the tub in V. t t ' [ it | |

adapt ed ThY GRedeves vhen f SR aTherEaey aRG e R E Rt re
to a retfRisdd ngri nst akhedden BayepeSH iRy 89d dihd@ihd NREk PeshPHelGhs

surface of the tube body, the closing Iid having an opening part; a
fl ange afianet hert t uhe megher edgnmudiCatingreilbhitke apenthg pakials core
install ed between the closing lid and the retainer ring; and
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 direction of the tube body.
With the same structure 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. Therefore,
the present example can be used in a stable manner for a 1long
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 possible, 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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the flange is configured so as to be grippingly joined, by the bolt, to the
closing Ilid and the retainer ring. 3. The tube body for a pressure
transducer according to aim1l 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 fromthe peripheral surface,

and the introduction/extraction 8@“@ is %%gvide mﬁ}h at'oining nechaq%sm
for joi RLR§IGHE Tubel Body*Hnd ARBEAEY ne cte Y 4. tSHBSTabB  Body 6 a
pressure transducer accaordin 0 im3, ¢ teri i t ot

i nt r odué&t ﬁﬂélftar%é&ni o%aﬁar teg]cetélrrp%egcetselgn C}Cl%?ér 0 uogi on; eiﬂ%%’i ortHo! & hd

a cylindrigalyhadydrhe Lahrodyet i qiext r agd i haldr-ihg) ngediehl | ednon Kien
peri pheral surface of the tube body, the cylindrical body being provided to
the i nt redpelizemred.raction hole, and the cylindrical body having a flange

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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section on one end side; and a spacer is provided between the fl ange
section of the cylindrical body and the inner peripheral surface of the

t ube body, the spacer having an upper-surface shape that foll ows the curved
shape of the inner peripheral surface. 5. The tube body for a
pressure transducer according to any ofgLfisg ns 1 through 4, characterized
In that the internal -pressureresi stance strength of the tube body is 60 to

105 kg/cnR2. 1.  A6.tubee bode bwdy &orpwegessuteansdnsdycepraetdudi g t9
any of Caims 1 through 5 characterized in that when 100,000 cycles of

pr essur SR teEpdaradiyating i davige. 610 MRachoanhénkeareaily appliest gresbure
whi ch both ends are ¢l osed, a difference_in the degree of elongation in a

| engt h dFHEESS PIFEPREERAL b8 oFBe ahPaT POAY( KOTp e SFRSEUTE 4F5MSEHces bedng
m fo-r Tl o299ty A 4230 ™

the tube body has an internal piston;

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 resin 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 wuniform
diameter;

the continuous fiber is wound in the tube main body at an angle
of 50°4+5° relative to an axial core direction of the tube main body;

the tube body is provided with a closing 1id provided 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
joined, using a bolt, to the closing 1id.

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 internal piston;
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the tube body comprises a tube main body made from a fiber-
reinforced zresin, 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 resin 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 maiq body so that an
inner peripheral surface 1is smooth and of substantially uniform
diameter;

the continuous fiber is wound in the tube main body at an angle
of 50°45° relative to an axial core direction of the tube main body;

the tube body is provided with a closing lid 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 1lid having an opening part;

a flange of another tube member communicating with the opening
part is installed between the closing 1id and the retainer ring; and

the flange is configured so as to be grippingly joined, by the
bolt, tco the closing 1lid 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 body 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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gsection 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 cgrvéd 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 internal-pressure-
resistance strength of the tube body is 60 to 105 kg/cm’.

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 and after the pressure

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