DESCRI PTI ON TI TLE OF THE | NVENTI ON:  AXI AL FLOW PGSI Tl VE DI SPLACEMENT

FLOAWWETER TECHNI CAL FI ELD [ 0001] The present invention
relates to an axial flow positive displacenent flowneter and nore
particularly to an axial flow positive displacenent flowreter

equi pped with a pair of spiral gears having different torsional
directions in a casing. BACKGROUND ART [0002]

Conventionally, axial flow positive displacenent flowreters are
classified into two types dependi nPESCRIBET Igesence of a pil ot gear
and, if a pilot gear is included, it is not necessary to give
consideration to friction resistance of a tooth surface while cost of

manuf act uri i hpCr eghd e e t
difficultyfﬁﬁrgisggbﬁﬁﬁg €%¥€S%$ﬂgfe§%;§? 6ﬂgﬂ£rg ?%?Pgﬁpﬁﬁg?géggﬁEyg
not added, RI®@WMHTER uct an inexpensive flowreter. However, if no
pilot gear is included, it is difficult to inexpensively construct an
accurate flowreter with a conventional technology since friction

resi st ance -Qf t.or h surface has a consi derable effect on
accuracy. fgﬁ: TChL FIl.LJEL(HFor exanpl e, Patent Document 1 describes a

‘typi cal exigiong axial flow positive displacenment flowreters.

Al t hough a pair of rotors having different tooth profiles is
The present invention relates to an axial flow positive

displacement flowmeter and more particularly to an axial flow
positive displacement flowmeter equipped with a pair of spiral

gears having different torsional directions in a casing.

BACKGROUND ART
[0002]

Conventionally, axial flow positive displacement
flowmeters are classified into two types depending on the
presence of a pilot gear and, if a pilot gear.is included, it
is not necessary to give consideration to friction resistance
of a tooth surface while cost of manufacturing is increased in
terms of the number .of parts and the difficulty of assembling
work. Therefore, preferably, a pilot gear is not added to
construct an inexpensive flowmeter. However, if no pilot gear
is included, it is difficult to inexpensively construct an
accurate flowmeter with a conventional technology since
friction resistance of a rotor tooth suzface has a considerable
effect on accuracy.

{0003]

For example, Patent Document 1 describes a typical

existing axial flow positive displacement flowmeters.

Although a pair of rotors having different tooth profiles is
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used as depicted in Figs. 19(A) and 19(B), if rotor tooth profiles
are different, it is problematic that a lot of effort is required for
the manufacturing such as fabricating tools corresponding to their
respective tooth profiles and it is difficult to keep bal ance,
resulting in a disadvantage, i.e., unsuitability for usage at high
speed. An instrunental error characteristically nmoves to the negative
direction in an instrunental error curve as a flow rate increases.

[ 0004] used dhedepdreedi tni Figeporitam) tandupp(Ess | eakagerokcoth

measured liquid froma constant volume portion formed between a rotor
and a casi ﬁ&o&llﬁ& fEendbbterent orid i6 praplomahigiihptagcletted effort

measur enent;.. Si i gs on _a _size ang i dt h_of a _gap
between a rot ?ref&;%ﬁéle'aﬁ csfgé:?ﬁtgl%ggn&glgﬁ%:& &réft A pPas 8&5158&}@% oLs
bef ore and cafrtress preaN e RNt Hie Ssalge A 0 of o gt | 9WIBL £1) . a/8q "B hod
for reali zi n% hi gher accuracy is conceivabl e such as reducing a gap
bet ween a F3tdicidd Bockesmdrancagapebalniey Imtammamadgetng.éhe
ressure drop,. .but .the reduction of the fornmer gap is limte ecause
the parts mitual ra;i?lﬁr&gé’, FQhd 9395 ?tbblligé‘v%e?ﬂat P{)ﬂqénﬁlté”éfnieééﬁll ERT®T
| evel has @hb@é@%eQ@%%iE@@@QEQMngﬁgOB:A%BqugH%EN§65A5§¥gcQgggwﬁﬁy an
[ 0005] Pat ent Docufrent 1. German Pat ent pl rcatron
Lai d- Open PRabkiroaenoslNerrbE18613283AlaDESCHOBWRE Orc TEEsd NVENTI ON
PROBLEMS T?b%%4?CLVED BY THE | NVENTI ON [ 0006]
Therefore, it is important to suppress leakage of
 measured liquid from a constant volume portion formed between
& rotor and a casing or between both rotors to realize highly
accurate measurement. Since this leakage depends on a size and
width of a gap between a rotor and a casing and a differential
pressure between before and after measurement (pressure drop
of a flowmeter), a method for realizing higher accuracy is
conceivable such as reducing a gap between a rotor and a casing
Oor a gap between rotors and reducing the pressure drop, but the
reduction of the former gap is limited because the parts

mutuallynwve,and:H:isbelievedthatthepracticallimitlevel

has already been reached.

PRIOR ART DOCUMENT
PATENT DOCUMENT
[0005]
Patent Dccument 1: German Patent Application Laid-Open

Publication No. DE19513781A1

DISCLOSURE OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
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Al t hough various structures are under study such as elimnating the
presence of a curved portion to reduce the pressure drop in a
conventional axial flow positive displacenent flownreter, in the case
of the conventional axial flow positive displacenent flowreter
described in Patent Docunent 1, since a pair of rotors is configured
as two-bl ade and three-blade rotors and have different sizes, the
rotors are difficult to be balanced with each other and used at high
speed and it00G&5problematic that a lot of efforts are required for

t he manuf acturi ng. $0007& _ The present invention was

concei ved in view 0f "RABIR; V5L PBASSRRUCTUreS pKer 8pdps shadybpueh 6
t he present.qi:n\v i t r.ovi i pexpensi ve highly-accurate axial
f|OMlpOSit%ﬁgaﬁsgﬁ#gg%&gﬁ$1$¥%%ﬁ% eréga%ag?gv% P%ggé¥%g%8 6F8§§ﬁr5%e
drop. MEANDHe@3.5@ VIdNGITHE PROBLEMLOORBlonal  axialO $0bve bBSitive
problem a first technical neans conprises a pair of spiral gears of
the same skd®lanenand Sapemstes, havitiy diabkerénth¢ arsivemedional axial

di rections;..a_casing_that houses the paj of the spiral gears the

axes of whiidR™ ST Shbled ARENG A P bw L FREEon SBECHARSty ot 1 Parant
an inflow sicdemdd thatiseal s amr iohf L d; of qqgsg ; infLaow
port fornmed in a pipe éonnec#%ﬂﬁrport?%%ggflgﬁghpﬁf omfggﬁb%PPdgigﬁe
out fl ow si dad thireqablsealtanrsoahfllleweadf 0éréhe Gasd)gthan-aiddd ave

port forneg_in,a i pe connecting portion of the outflow side lid; a
magnet  di &fétlf:éﬂﬁﬁeaoth? PréapsER wheh sRcingtbas agid uredpal high sheed

spi ral g S ak i rtion that.d cts rotation.of the
. magnet disé?%1 grggnﬁgggégﬁékggrgﬁ%%sat & qﬁb@%&%ﬁﬁf EUFpoPEYEREApEPF
of the spitak geanFaateranganged on the sane plane and partially
opening lid portions are provided on the inflow end and the outfl ow
end of thel€887hg to form spaces capable of ensuring flow channels

bet ween bot h axi al_,,.ends_of the,gair of the spiral gears and the
respective |id portiomnteSfHbt bVt Poft CaREeLiedodty oWt ehe

arranged op;ayugtkanhghtadd ng- akan flow.djr i of. the neasured
fluid, [0009] T8 ohiond toShAToLP #ehgénsg}?ieigﬁeoffi (€t present

techni cal #emestionhsr eroviibe amgnetkpdinskvhas: ghDyabhtarOhxaial YEN
holes forned in a disk and around its attachnent portion. [0010]
positive displacement flowmeter capable of reducing a pressure

drop.

MEANS FOR SOLVING THE PROBLEM
[0008]

To solve the problem, a firxst technical means comprises

a pair of spiral gears of the same shape and the same size having

different torsional directions; a casing that houses the pair

of the spiral gears the axes of which is disposed along a flow

direction of measured fluid; anr inflow side lid that seals an

inflow end of the casing; an inflow port formed in a pipe

connecting portion of the inflow side 1id; an cutflow side lid

that seals an outflow end of the casing; an outflow port formed

in a pipe connecting portion of the outflow side lid; a magnet

disk attached to the back end of any one of the pair of the spiral
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A third technical neans is the first or second technical neans,
wherein a counter weight having the same inertia noment as the
magnet disk is attached to the back end of the other spiral gear
wi t hout the magnetic disk attached. [0011] A fourth
techni cal neans is anyone of the first to third technical neans,
wherein the detecting portion is nmade up of an anorphous sensor and
I's disposed in t er ent ial direction of sk
near an out¥iS =T D ot ot '
the casing.5
the first ; _
openi ng ar ezhd bati ri Sf equakptieadr ggseatare thaanad ohlve 382 plade and
measuring chanber formed by the spiral gears and the casing. [0U0I3]
[0014] [Oo@EHLigdy epenfiog 71 dEPFFCTON EX2 IHP AINVENT ON Ebe18hflow end

and the outflow end of the casing to form spaces capable of

ensuring flow channels between both axial ends of the pair of

the spiral gears and the respective lid portions, andthe inflow

port and the outflow port are arranged on a straight line along

the flow direction of the measured fluid.
[0009]

A second technical means is the first technical means,

wherein the magnet disk has a plurality of air vent holes formed

in_a disk and around its attachment portion.

[0C10]

A third technical means is the first or second technical

means, wherein a counter weight having the same inertia moment

as the magnet disk is attached to the back end of the other spiral

gear without the magnetic disk attached.

(00111}

A fourth technical means is any one of the first to third

technical means, wherein the detecting portion is made up of

an amorphous sensor and is disposed in the circumferential

direction of the magnetic disk near an outflow side of the lid
portion formed at the outflow end of the casing.

[0012]

A fifth technical means is any one of the first to fourth

technical means, wherein the lid portion has an opening area

that is equal to or greater than an inflow area of a measuring

chamber formed by the spiral gears and the casing.

[0013]
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According to the present invention, since a pair of spiral gears of

t he sanme shape having different torsional directions is equipped in a
casing and an inflow port and an outflow port are arranged on.a
straight line in the sane direction as a flow direction of mneasured
fluid to elimnate the presence of a curved portion, it is possible
to realize higher accuracy inexpensively and reduce a pressure drop
at the sane time. BRI EF DESCRI PTI ON OF DRAW NGS [ 0019] [ Fig.
1] Fig. 1 i[9044di agram of an exenplary configuration of an axial flow

positive d%%%lacenent fl ommeter according to a first enbodi nent of

t he presenL_L&ééntion. [Fig. 2] Fig. 2 shows cross-sectiona
vi ews take lines X-X and Y-Y of the axial flow positive

O%P 9 ; L p .
displacemaQ i ter depicted in Fig. 1. [Fig. 3] Fig. 3

is a diagraopoeffja side view of the axial flow positive displacenent
flometer depicted in Fig. 1 when it is turned by 90 degrees.
[Fig. 4 Fig. 4 shows the axial flow positive displacenent flowneter

depicted ip_Eig. 3 it js viewed fromthe inflowside Iid and
from the oBFFFaRrsPhe ear iR dlS] (Fg 6 o Fig. 7

Fig. 7 is apdhggramof an exenplary configuration of a bearing
portion equipped in the axial flow positive displacenment flowreter of
the present inventiammrding to the present invention, since a pair of

spiral gears of the same shape having different torsional
directions is equipped in a casing and an inflow port and an
outflow port are arranged on a straight line in the same
direction as a flow direction éf neasured fluid to eliminate
the presence of a curved portion, it is possible to realize
higher accuracy inexpensively and reduce a pressure drop at the

same time.

BRIEF DESCRIPTION OF DRAWINGS
[0019]

(Fig. 1] Fig. 1 is a diagram of an exemplary
configuration of an axial flow positive displacement flowmeter
according to a first embodiment of the presént invention.

[Fig. 2] Fig. 2 shows cross-sectional views taken along
lines X-X and Y~Y of the axial flow positive displaéement
flowmeter depicted in Fig. 1.

[Fig. 3] Fig. 3 is a diagram of a side view of the axial
flow positive displacement flowmeter depicted in Fig. 1 when
it is turned by 90 degrees.

[Fig. 4] Fig. 4 shows the axial flow positive
displacement flowmeter depicted in Fig. 3when it is viewed from

the inflow side lid and from the outflow side 1lid.
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[Fig. 8 Fig. 8 is a diagramof an exenplary configuration of an

axial flow positive displacement flowreter according to a second

enbodi ment of the present invention. [Fig. 9] [Fig. 10]
Fig. 10 is a diagramof a side view of the axial flow positive

di spl acenent flowreter depicted in Fig. 8 when it is turned by 90

degr ees. [Fig. 11] Fig. 11 shows the axial flow positive
di spl acenment flowreter depicted in Fig. 10 when it is viewed fromthe
inflow side lid andrigongfhe outflow side I|id. [Fig. 12]

Fig. 12 is a diagramof an exenplary configuration of a pickup disk.
[Fig. 13] [Fig. 18Fig[Feh. 15] [Fig. 16] [Fig. 17]

[Fig. 7] Fig. 7 is a diagram of an exemplary
configuration of a bearing portion equipped in the axial flow
positive displacement flowmeter of the present invention.

[Fig. 8] Fig. 8 dis a diagram of an exemplary
configuration of an axial flow positive displacement flowmeter
according to a second embodiment of the present invention.

[Fig. 9]

[Fig. 10] Fig. 10 is a diagram of a side view of the
axial flow positive displacement flowmeter depicted in Fig. 8
when it is turned by 90 degrees.

[Fig. 111 Fig. 11 shows the axial flow positive
displacement flowmeter depicted in Fig. 10 when it is viewed
from the inflow side 1id and from the outflow side lid.

[Fig. 121 Fig. 12 is a diagram of an exemplary
configuration of a pickup disk.

[Fig. 131

[Fig. 14]

[Fig. 15]

[Fig. 16]

[Fig. 17]

[Fig. 18]

[Fig. 18] Fig. 19 is a diagram of a configuration of

a conventional axial flow positive displacement flowmeter.

PREFERRED EMBODIMENTS OF THE INVENTION
[0020]
Preferred embodiments of an axial flow positive

displacement flowmeter of the present invention will now be
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[ Fig. 18] [Fig. 19] Fig. 19 is a diagramof a configuration
of a conventional axial flow positive displacenent flowreter.

PREFERRED EMBODI MENTS OF THE | NVENTI ON [ 0020] Preferred
enbodi ments of an axial flow positive displacenent flowreter of the
present invention will now be described with reference to the _
acconpanyi ng drawi ngs. [0021] (First Enbodi nent) Fig. 1is a

di agram of an exenplary configuration of an axial flow positive

di spl acemenie Sdrawer! ari tac GRIdiReGckotd theShceshpdhyent abalhggpr esent
invention. Fig. 2(A) depicts a cross-sectional view taken along line
X- X of the [@d2dl] fl ow positive di spl acenent flomneterfanﬂ Fig. E(F?
depicts a crass-sectional view taken along line Y-Y of the axia ow
positive di' dﬁgéeﬁgﬁpdﬁpﬁﬁﬁéter. Fig. 3is a diagramof a

side view of the axjal {I; [ i=spl.a yo ke iclede
in Fig. 1 when ita$g?tJ%ﬁ%%%ﬁggﬁ%hﬁgbggégg %?g?ﬂgﬁk _ggg!c?gggﬁe

axi al fl owaposiktieve fdbsppaserend dispumicierdemichedtddr Begordingenfol 4
is viewed fromthe inflow side Iid and Fig. 4(B) depicts the axial

f1 ow posi t ifv&sSdi spPadénent 91 dhrerepsdepi treent homi g.Fid .wAdA) i depscts

{1 ow posi ¢ Ve 7 Spr SR EREE 1T S CaP aA P P aF ¥ 1w EGe L0 Tlom
di spl acenepbshikaweet @f sg1daghdiles raBuhBELOW Side figd 2 @n autfibew
side lid 3, a casing 4, bearing fixing portions 5, "6, bearing
portions 7cr@ssamsgéctponal géawstéheneahahgelineoYeYsdsf lbhe [HO22] flow
positive displacement flowmeter.

Fig. 3 is a diagram of a side view of the axial flow
positive displacement flowmeter depicted in Fig. 1 when it is
turned by 90 degrees. Fig. 4(A) depicts the axial flowpositive
displacement flowmeter depicted in Fig. 3 when it is viewed from
theinflowsidelidandEﬁg.4(B)depictstheaxialflowpositive
displacement flowmeter depicted in Fig. 3 when it is viewed from
the outflow side lid. In Figs. 1 to 4, 1 denotes an axial flow
positive displacement flowmeter and the axial flow positive
displacement flowmeter 1 includes an inflow side 1id 2, an
outflow side lid 3, a casing 4, bearing fixing portions 5, 6,
bearing portions 7, 8, and spiral gears (hereinafter, rotors)
10.

[0022]

In Figs. 1 to 4, the casing 4 houses the rotors 10 and
rotatably supports rotor shafts of the rotors 10 with the
bearing portions 7, 8 provided on both ends. A pair of the
rotors 10 is configured with the same shape and the same size,
has different torsional directions, and rotates in a mutually

engaging manner. The casing 4 is provided with a measuring

chamber M which communicates with an outflow port 31 and an

7
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In Figs. 1 to 4, the casing 4 houses the rotors 10 and rotatably
supports rotor shafts of the rotors 10 with the bearing portions 7, 8
provi ded on both ends. A pair of the rotors 10 is configured with the
same shape and the sane size, has different torsional directions, and
rotates in a nmutually engagi ng manner. The casing 4 is provided with
a measuring chanber M which conmmuni cates wi'th an outflow port 31 and
an inflow port 21 and the inflow side lid 2 and the outfl ow side
lid 3 are dttfdchegord 2tadnd Htheddtiflopesiidg &hds? ofnd ReaTeaslbigside
chanber M _The_inflow side |lid 2 is provided with the inflow port-21
al | owi ng i NfiwWasE HeRThed trItRa- Bhe et aRER1Rg 9wis edritecneaguning
ext ernal pi L, e (.hot . . The, outflow side _lid 3 1s
provi ded mo?l%@ﬁeraggtf owlﬁit}ﬁto‘“grflga I %\:/L\ndng Butt 1 T Y d 'E"Tﬁéalhngggujr’éﬁlow
fluid and @oitapgeaBRowdig ciormest bFgmekbirbherext @' 0ad PifGnge 22 for
arrangenment. The flanges 22, 32 correspond to pi pe connecting _
portions af@UP&FH e vitihl ewtponal2pipndarhengemthow(pott sBawn) . The
respecti vel nd the axial .fl ow positive displacenent flowreter 1 is
connect ed t(%l’ttfﬁgwe?( Cger géfjaépilﬁé”é?‘%a Weht J?}F1$8ﬁ’§ﬁlt°Wep‘?1F%§ée%112%lng
32. The neasuyredwl boi ghé | WSS NE i 0 r i 1..

[ 0023] A magnet di skd%%v}ﬂ(%lgp\tfﬁnt@h aLt r%éggﬁi@t ? ?\r&gg%agé]e esc?ln%q
shown) is Watbgrtdld yeateachkd pipet herratgemetiaf t afhd herseses 20 ,anth
this magnet disk rotates_ in accordance with the rotation of the rotor
shaft. A nﬁaﬁﬁ?sggﬂgcﬁo PhBE CHBWOL IR BPspésed and épomctha dhfiloy part

t hi di, 5k rs be, . f le, those that
Ui i 26 Bar EhAUSen | o ol Gyt J4 nAFPPBCEAERLY " AcTRGWAE GPogt bt ittt

el enent, opoant amerdigls deealt flbﬁxﬁet@hiﬁi@%&%éété&&%%h?eé)ﬁ&éﬁal
the rotation of the magnetic disk, i . e . , the rotation of the
rotor 10, PaPfeddarngeaenldrraish bhetilengeasin e32f.| ullte mAasured finid

confi guratjfi)gwé)f.rtlhe rralgneéi C dcibfsk will be described later in detail
with referends to’ A g& U 1f B q00u)of Fig. 1. The axial flow
positive digppacenent flowreter 1 of this enbodinment is configured

with the inflow port 21 and the outflow port 31 that are arranged on

a straight |ine ahonggtée digwprodiideet w@Rhof rdhemieasyy eghdddid L+
el imnate thevéﬁ)re,ser_lce of a curved portion fromthe infTow port 21.to
the outf| oW PHt P infrpgaddyuebsached predde sotoopstatt taf aeumeadr

portion. A gati: of e 0os. Qs contl aured wLh Lhe same shape

and si ze and there'-fore i ‘nexpensi Vi ) :
cost of mesmiaed Wdtke: ana¥enPas afhdfet WX SoPaNINY HidS8r 9t 5hares,

[0023] in close vicinity to this magnet disk. The magnet sensors may
be, for example, those that utilize Barkhausen jump employing
a2 hall element, a magnetoresistance element, or an amorphous
metal fiber. This mégnetic sensor detects the rotation of the
magnetic disk, i.e., the rotation of the rotor 10, to measure
a flow rate of the measured fluid. A configuration of the
magnetic disk will be described later in detail with reference

to Figs. 8, 10 to 12.
[0024]

The axial flow positive displacement flowmeter 1 of this
embodiment is configured with the inflow port 21 and the outflow

port 31 that are arranged on a straight line along the flow
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The bearing portions 7, 8 rotatably support the rotor shafts of the
rotors 10. The bearing portions 7, 8 are nmade up of radial bal
bearings (described later in Fig. 7), etc., on the inflow side (the
bearing portion 7) and the outflow side (the bearing portion 8) and,
if a thrust load is heavy, the bearing portion 8 on the outfl ow side
is preferably nmade up of an angul ar ball bearing which has excellent
| oad resistance characteristics in radial ball bearings. The bearing
portion 7 @urdAhe idH Lewssi i e j : | i
P use | oag R g A Reb DRI RS S B il bR Ehce or
fl ownet er, a lgeinveopsriQ@oar Erpmesisediafpdmsiotthe owd kow sudeldueps et
"a pressure gjffegence and the thrust load is increased on the outflow
side and réduceddf FRELFHT | hE Hichssupife i due fe Besririgdppertdany

the inf i.d i Lar_bal | bearing.
Co0zg] | B e et 6¥poreibnd G o g SPRBY and

i nfl ow endsané khe ﬂL&Moﬂ\dp@fprﬂ@i@*@i&ngréduggg By SoRPQEE9RSng the
correspond to the bearing fixing portions 5, 6 (hereinafter, oftén,

lid portiof€s%, of) mandfantepend s arewpaofed e Idodoper hevnng, di fBeremn
area of thqsﬁggg-hol es 51 fornmed in the lid portion 5 depicted in Fig.
2(A), is se qﬁal to or greater than the inflow area of the rotors
10. This inpbbowjarea corresponds to an area of white portions S
depicted in Fig. 2 (B) , i.e., an inflow area of the measuring

chanber M forned Bhe beardhar sotfiand 1hes casiatgmy Ehpbporekeseitotor
possible to elimnate a pressure difference in the neasuring chanber
M and redutB2thE BFf eBREr e HD. 10rhr lighbRorésgaperasonaed, t & dee made

f di i ti.on .6 h flow.side in th

o The | ItBoot| SRt 131105801 G Ohls Y Sadladhd 1R BETE TR 2

provi ded wbhh:lee SpEcewds Des Waer b@grﬁﬁégaéoﬂﬂﬁdrp\%emdcﬁéuet PGFEQBQrsi@e
(0]

and the lid porti on}5 and between the axial outflow en e rotor
10 and the(thd poaries pertitm s8makes, i1f posshbhe: tiofdirihaiedwduate

the pressure drog. Tt]%'lig gortions 5, 6 are provided with

t hr ough- hgli)%érf?) FIT Pass AP W Lewagiifed § Innefenablnomagacer of
exi sts betyge [ r d ' channel . for .infl ow
and outflo%vﬁb%tl%gg#tkﬂaep})i%é%g???ons 5 ﬂégga%dz%%ge%a&ﬂq%greﬁmce

of the rotamsrd@teristscd HoughtibhapalhoLnasgye FhePLeLEI LR tion
because the fl ow channel is narrowed down. Providing the spacé g as

above enabf && £hetHerlovegdeei bn asnetted Ly esbieetddom aAl 1 giotigh thest

space g is Cg)r(?civi dl(%o__lLsati bot h _ends ihn the direction of axjal of the
rotor 10 i1 the exanpl® SFFHYS FRhESHAGE sy Tdetisr dviowsd 1ar the

only one embimetdie, diHLebigRs010 %é’ilpr%fsster&eaﬁgﬁﬂgtlghe[oq‘lqc,z@ow side
( due to a pressure difference and the thrust load is increased
on the outflow side and reduced on the inflow side. Therefore,
the bearing portion 7 on the inflow side may not necessarily
be an angular ball bearing.
[0026]

Partially opening lid portions are formed at the inflow
end and the output end of the casing 4. The 1id portions
correspond to the bearing fixing portions 5, 6 (hereinafter,
often, lid portions 5, 6) and an opening area of the 1id portion
5, i.e., an area of through-holes 51 formed in the 1lid portion

5> depicted in Fig. 2(A), is set equal to or greater than the

9



[0029] [0030] [0031] [0032] [0033] Fig. 7is a

di agram of an exenplary configuration of a bearing portion equipped
in the axial flow positive displacenent flowreter of the present
invention. Fig. 7(A) depicts a configuration of the bearing portion 7
on the inflow side; in Fig. 7, 71 denotes an outer ring; 72 denotes
an inner ring; 73 denotes a cage; and 74 denotes a ball. Fig. 7(B)
depicts a configuration of the bearing portion 8 on the outfl ow side;

81 denot es iarflewt efreti 6F;tH2 rd@B@EEs0 an THINER Nkl BY: 2 Ba VUL Aids to
cage; and 84 denotes 'a ball. [0034] . In the case of this
exanpl e, tI7é BERR PAgIpoFe Pent¥ode deriicted Engiigr( AXBi s inede ampioflaw
deep groov | | -bearing and _t he beari ortion 8 depicted jn Fi

7(B) is ma é%%pggfi%a% mae%gslﬂralﬁlgb‘é??m%@é&?ﬁ%@?ﬂeb¥d¥}?e ogeep i Gavethe
bal | beariR@singd 4OSITA YD fakes Ok Li @%s@%%ﬁ'eng:oa@lﬂgﬁndfté’“ ?e £8096 e
of application and a groove of a raceway track provided on he T RRer
ring 72/t heidfegencengn7ihame ablimeitp dembeh] Bcied taiddie thadpabskoad

of a cross-section of a circular arc of a radius slightly greater
than the r &8s of PFRRIRGIPIRY 561 dsyamedte hofagmedi onthhd ichpastion

| oad (al so I ' [ icable in both directions. This
beari ng hagclagw% ?c%&olnd“f%gé&e%%?}%g% & ﬁgﬁlfqgrf or Jpl?)rt%eor]régrg?ﬁﬁﬂﬁ
at high sp&ed or applications requiring | ow noise and | ow vibration.
On the other hand, the latter angular ball bearing is able to be
subj ected t{8CFHé radial |oad and the thrust load in one direction.

For exanple, the Q?|%-84 an%%the i.nner ring 82/the outer ring 81 have
_a contact angle of 151925 B Cring {dGrusyidrs vhEh saFRare gobe teeen

angl e is, the bkogeridoad; sl skance Lo d.he ot bryst; L q.%.d%g%%%r{%% snadnd
th gh-'spee

the small er contact angle is, e nore advantageous to

rotati on beebwesn the axial outflow end of the rotor 10 and the 1id portion
6. This makes it possible to further reduce the pressure drop.
The lid portions 5, 6 are provided with through-holes to allow
passage of the measured fluid. If no space exists between the
lid portions 5 and 6 in a flow channel for inflow and outflow
between the 1id portions 5, 6 and thé measuring chamber of the
rotors 10, it is thought that the pressure drop increases
because the flow channel is narrowed down. Providing the space
g as above enables further reduction of the pressure drop.
Although the space g is provided at both ends in the direction
of axial of the rotor 10 in the example of Fig. 1, the space

g may be provided at only one end in the direction of axial of

the rotor 10.
£0028]
10029]
10030]
100311
10032]
[0033]
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Two bearings are nornmally faced to each other and used by adjusting
an internal gap. [0035] (Second Enbodi nment) Fig. 8is a

di agram of an exenplary configuration of an axial flow positive

di spl acenent fl owreter according to a second enbodi nent of the
present invention. Fig. 10 is a diagramof a side view of
the axial flow positive displacenent flowreter depicted in Fig. 8
when it is turned by 90 degrees. Fig. 11(A) depicts the axial flow

positive displace f vgn;?t Qﬁ% t in _Fi n .t is,viewe

fromthe inflow sinpdie]%l iti%an I%[lg. T%éﬁ%déenpiec esptl%%y\g%ggFllgFg\?vtlon ©

posi tive diaspbaaetmgt bHbovhet erefleppd®d ihn FhE. 0 aherFlidy | poXi eved
fromthe outflow side lid. The axial flow positive displacenent

fl ownet er EisRRGEESTEhE Liowfiedwrs icde thied pZestehd dmviengwosi.deFigd B(A)
the casing 4, .the beari fixing partions 5,. 6, the bearing portions

7, 8, and th lrcéctso?sccirb%]%mf%“tcﬁkogaﬁée S 11 PP OTe ASSHItRENE R AE
flowreter efidehi snembodiment hasotbe SR eANSEHLUEH %E?LI a

t hose of the flowneter of the fi?st enbodi nment eécept Qﬁ?e |f?re1rjg%xfler
shape of thénget dds dEMote@036]cage; and Th Fegsted, alPald. 11Fighe7 (B)
casing 4 hguses the rotgrs 10 and rotatably supports the rotor shafts
of the rot GFELEE5F P EHEBEAAORECH M BRIT NI PYPrtghAd 8P Nisop it £1low

ends. A paikgaf ghe i d gur i th the same shape and
the same size, hgg1 alég%g‘%:één%g)t%l?%elc%n@érg% %%cﬁe&?%:,esaﬁa FBESE & PH/ &83
mutual | y edgagtag mapnaee; Iha asHeGodetSappevided with the neasuring

-chanber M which communi cates with the outflow port 31 and the inflow

port 21 and0PBA&linflow side lid 2 and the outflowside 1lid 3 are

attached to seal e t}toth openi gta‘{lds of the measuring chanber M
The inflow side |i'd 1% Frovi 9ed & hoERBPLAT | bR HER ARG BRI IRG: 7

| nfl ow of ggsueed A uiid.andal nes HANDG24:" Olacanneell,AGL U | L1
external pipe arrangenent. The outfl ow Side ‘?i & gﬁlgs prov]ij%% rbvﬁ%lﬁmg
the outf| osn@orie 3eatidronipeg tdutnf Bodepictée ieasiuy.ed (B)uid andeths of
flange 32 for connectiaon with the external pipe arrangenent.
an angular ball bearing. The former deep groove ball bearing
is a most typical rolling bearing and has a wide range of
application and a groove of a raceway track provided on the inner
ring 72/the outer ring 71 are able to be subjected to the radial
load of a cross-section of a circular arc of a radius slightly

greater than the radius of the rollihg'boll 74, and in addition

( - the thrust load (also called axial load) is applicable in both.

directions. This bearing has low friction torgue and is
suitable for portions rotating at high speed or applications
requiring low noise and low vibration.

On the other hand, the latter angular ball bearing is
able to be subjected to the radial load and the thrust load in
one direction. For example, the ball 84 and the inner ring
82/the outer ring 81 have a contact angle of 15, 25, 30, or 40
degrees and the larger contact angle is, the bigger load
resistance to the thrust load becomes and the smaller contact

angle is, the more advantageous to high-speed rotation becomes.

11



[ 0037] In Fig. 8, the floweter is equipped wth a mgnet

di sk (hereinafter, a pickup disk) 9a attached to the back end of one
of a pair of the rotors 10 and an anor phous sensor 9b correspondi ng
to a detecting portion that detects the rotation of the pickup disk
9a. The anor phous sensor 9b is provided in the vicinity of the
outflow side surface of the lid portion 6 forned at the outfl ow end
of the casing 4. The pickup disk 9a is sized such that the flow of .
the neasureg,d | g {4 QW BGe OUbFEOMt Be ciid ROTEI D Seidr "hd used by
prevented and is desitably nade of a Iightweight material so as not

to add a rctdiisrialg lagadirttedted meicar 10. The anor phous sensor 9b is
provi ded on the back side of a rib of the lid portion 6 so as not to
pr event t het 49 of the measured fluid flowing out fromthe lid

portion 6. {NQ38]4 rubodi counter weight 9c having the sanme
inertia nnnént as Ehaf)5¥m¥ﬁ3 pi ckup disk 9a is attached to the back

end of the other rpigr 9.0i§QaMﬂﬁtiﬁ%ﬂ)iﬁk@&eﬂiﬁ%r%ﬂcbﬁfﬁ%hration of
attached. This keeps the rotational balance of the rotors 10 well.

[ 0039] an axiplgfleow pesativegdbsw biceamerx ehiphvarat eoo midogundainigon cof
the pickup disk 9a. .Fig. 12(A). is a side view of the pickup di sk
9a; Fig. 1ff§fn9§?§q%' en%i@% 5%etﬁ&eS?BQUbPH?EElQE;_and Fig. 12(C
is an enlarged viewof @n % BOBLEEERARS kN DI SKUR LI e 9B axial fiow
Transmitting magnets are arranged along an outer circunference
portion of poseétpivekdpsgilakefant Thiowmd ter dddicderbiasFrag na ihapplie of
‘the transmtting magnets and S denotes a south pole of the
transmitti ﬁglrﬁﬁgné%.%l\ Fegraesty di i rliEht Hepésthl the reOlak eflow

formed in i ckup. di round an attachnment . portjon thereof
(i.e., aro%%%lglggr?%%%f%?%ﬁ%@??ﬁg) 5ﬂiré8FPbﬁEe HJ#&§9°1 @A???lﬁﬁehs
t he attachmeewepof tdmihef it heowise kel fi Ska98i & S 1attached: Losthe b

end of the rotor 10, the vent holes hl to hlﬁgfacﬁFﬁtgfglve%ti at?g%%

[ 0040] flow panét pyelkdisrliatergat tfhevartephdeasiseadam $.g.and then
count er meLghI 9¢ argzgssu d to be arranged in the axial flow
posi tive di-sptadafERt 1t et eddei b g The dplahd lownponhyive

described abeyeackR@Ai] flowmeter 1 includes the inflow side 1id 2, the
outflow side 1lid 3, the casing 4, the bearing fixing portions
5, 6, the bearing portions 7, 8, and the rotors 10 as is the
case with the first embodiment. The flowmeter of this
embodiment has the same constituent elements as those of the
flowmeter of the first embodiment except the different shape
of the rotors 10.

[0036]

In Figs. 8, 10 to 11, the casing 4 houses the rotors

10 and rotatably supports the rotor shafts of the rotors 10 with
the bearing portions 7, 8 provided on both ends. A pair of the
rotors 10 is configured with the same shape and the same size,
has different torsional directions, and rotates in a mutually
engaging manner. The casing 4 is provided with the measuring
chamber M which communicates with the outflow port 31 and the

inflow port 21 and the inflow side 1id 2 and the outflow side

12



According to this enbodiment, as described in the first enbodinent,
since a pair of spiral gears of the sane shape having different
torsional directions is equipped in a casing and an inflow port and
an outflow port are arranged on a straight line in the same direction
as a flow direction of neasured fluid and no curved portion exists,

it is possible to realize the higher accuracy i nexpensi vel y and
reduce the pressure drop at the sane tine. [0042] [0043] [0044]

45] [0 ar 4
00500885 Q0008 (9150, 4010 0D 8581
[0061] [ 0@62jnbex0863]Thé GO ow [sAGE5].1.d[ DOBS]p r FHRIANNELENShEFi nflow

REFERENCE NUVMERALS [ 0067] 1...axial flow positive
di spl aceneRPI i@ ing infher f srasured: f3uid and tbw Blatwd 2@; for

4. caS|ng oﬁne@tlngegakﬁgt%%ﬁgxgg é&l 8%!§5§§%é%@%gksen§%? outflow

8...bearing porti

9c. .. count ef.dwel ghG; 1é@rov§meﬁa&1m%he(é@ﬁﬁiaw - 3:[%t1%k&%gc&%ﬂow
21...inf|om/port; 22, 23...flange; and 31...outflow port

of the measured fluid and the flange 32 for connection.with the
external pipe arrangement.

[0037]

In Fig. 8, the flowmeter is equipped with a magnet disk
(hereinafter, a pickup disk} 9a attached to the back end of one
of a pair of the rotors 10 and an amorphous sensor 9b
corresponding to a detecting portion that detects the rotation
of the pickup disk %a. The amorphous sensor 9b is provided in
the vicinity of the outflow side surface of the 1lid portion 6
formed at the outflow end of the casing 4. The pickup disk %a
is sized such that the flow of the measured fluid flowing out
from the lid portion 6 is not prevented and is desirably made
of a lightweight material so as not to add a rotational load
to the rotor 10. The amorphous sensor 9b is provided on the
back side of a rib of the lid portion 6 so as not to prevent
the flow of the measured fluid flowing out from the 1id portion
6.

[0038]

A counter weight 9c having the same inertia moment as
that of the pickup disk 9a is attached to the back end of the
other rotor 10 to which the pickup disk 9a is not attached. This
keeps the rotational balance of the rotors 10 well.

[00351
Fig. 12 is a diagram of an exemplary configuration of

the pickup disk 9a. Fig. 12(2&) is a side view of the pickup

13



CLAIM5S 1. (Amended) An axial flow positive displacenent flowreter
conprising: a pair of spiral gears of the sane shape and the sane
size having different torsional directions; a casing that houses the
pair of the spiral gears the axes of which is disposed along a flow
direction of neasured fluid; an inflow side lid that seals an inflow
end of the casing; an inflow port fornmed in a pipe connecting
portion of the inflowside lid; an outflow side |lid that seals an

out fl ow endiiefk bhe eaglnm (@ i OUt ELewt PRIdy T BB bcRuPIPSK 9a; and
connecting portion of the outflow side lid; a nmagnet disk attached

to the bacKigndl@f(Canysome ehlatrbedpuaiewoff tdre X piarmalicgearts thangiakup

detecting partiaon th det.ects rotation of the magnet dj sk, wherein
beari ng pordtji%ns&a['hat%trrad’tséct%ﬁllfgsd‘mqtst FEFHAFTHHIhe2 LpF ran gehes

are arranged .onihe S alane,and pALtLally,opening. |i g portiens ape

provided on the inflow end and the outflow e casing form

spaces capakhetefs ensuriingold oW ehantehsrbetwaenmbehbt axdrad sepdsopts
the pair of the spiral fgears and the respective lid portions, and
t he infl owdpdPttBnBCtfer bt swapsri taiaganranged- ot @ lugeddicghtf] ane

2 ong Lhe gy ghigotionedld e Easy et f ity 2 (Apnged e

magnet di sknhastaaphueati tyopfighr Medtedyol q%ﬂEQn”egrbﬂn? dESkggpgion

around its attachnment portion. 3. (Amended) The axial tlow positive

di spl acenenrofieohBgeroothel night On Bgwier(@)n .a Whunt ehe et ghthment
( hay|ng theportion of the pickup disk 9a is attached to the back end of
the rotor 10, the vent holes hl to h1l0 facilitate ventilation.
[0040]

The pickup disk 9a, the amorphous sensor 9b, and the
counter weight 9¢ are assumed to be arranged in the axial flow
positive displacement flowmeter depicted in Fig. 1 in the same
way as described above.

[0041]

According to this embodiment, as described in the first
embodiment, since a pair of spiral gears of the same shape having
different torsional directions is equipped in a casing and an
inflow port and an outflow port are arranged on a straight line
in the same direction as a flow direction of measured fluid and
no curved portion exists, it is possible to realize the higher
accuracy inexpensively and reduce the pressure drop at the same
time.

{0042]
[0043]
[0044]
[0045]

[0046]

14



16 sanme inertia nmonment as the magnet disk is attached to the back
end of the other spiral gear w thout the nmagnetic disk attached. 4.
(Anmended) The axial flow positive displacenent flowreter of any one of
claims 1 to 3, wherein the detecting portion is made up of .an

anor phous sensor and is disposed in the circunferential direction of
t he magnetic disk near an outflow side of the lid portion formed at
the outflow end of the casing. 5. (Anended) The axial flow positive

di spl acenentodfid7gwret er of any one of clains 1 to 4, wherein the lid
portion has an opening area that is equal to or greater than an
inflow ard®0d8]a neasuring chanber formed by the spiral gears and

the casing. . (cancelled) 7. (cancelled)
%0049

[0050]
[0051]
[0052]
[0053]
[0054]
[0055]
[0056]
[0057]
[0058]
[0059]
[0060]
[0061]
[0062]
[0063]
[0064]
[0065]
[0066]

EXPLANATIONS OF REFERENCE NUMERALS
[0067]

l..axial flow positive displacement flowmeter;
2.inflow side lid; 3..outflow side 1lid; 4.casing; 5, 6mbeéring
fixing portion (lid portion); 7, 8..bearing portion; %a..pickup
disk; Sb..amorphous sensor; 9c..counter weight; 10..spiral gear
(rotor); 1ld.rotation center; 21.inflow port; 22, 23.flange;

and 3l..cutflow port.
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8.

(cancelled) -- 9. (cancelled) 10. (cancell ed)

CLAIMS

1. (Amended) An axial flow positive displacement

flowmeter comprising: a pair of spiral gears of the same shape

and the same size having different torsional directions; a

casing that houses the pair of the spiral gears the axes of which

is disposed along a flow direction of measured fluid; an inflow

side 1id that seals an inflow end of the casing; an inflow port

formed in a pipe connecting portion of the inflow side 1id; an

cutflow side 1lid that seals an outflow end of the casing; an

outflow port formed in a pipe connecting portion of the outflow

side 1id; a magnet disk attached to the back end of any one of

the pair of the spiral gears; and a detécting portion that

detects rotation of the magnet disk, wherein

bearing portions that rotatably support the pair of the

spiral gears are arranged on the same plane and partially

ocpening lid portions are provided on the inflow end and the

outflow end of the casing to form spaces capable of ensuring

flow channels between both axial ends of the pair of the spiral

gears and the respective lid portions, and

the inflow port and the outflow port are arranged on a

straight line along the flow direction of the measured fluid.

2. {Amended) The axial flow positive displacement

flowmeter of claim 1, wherein the magnét disk has a plurality

of air vent holes formed in a disk and around its attachment

portion. -

3. (Amended) The axial flow positive displacement

flowmeter of claim I or 2, wherein a counter weight having the

16
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same inertia moment as the magnet disk is attached to the back

end of the other spiral gear without the magnetic disk attached.

4. (BAmended) The axial flow positive displacement

flowmeter of any one of claims 1 to 3, wherein the detecting

portion is made up of an amorphous sensor and is disposed in

the circumferential direction of the magnetic disk near an

cutflow side of the lid portion formed at the outflow end of

the casing.

5. (Amended) The axial flow positive displacement

flowmeter of any one of claims 1 to 4, wherein the 1id portion

has an opening area that is equal to or greater than an inflow

area of a measuring chamber formed by the spiral gears and the

casing.

6. {cancelled)
1. (cancelled)
B. (cancelled)
9. (cancelled)
10. (cancelled)
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