DESCRI PTION TITLE OF THE | NVENTI ONggAXEAERT6KOW PCSI TI VE DI SPLACEMENT
FLOWETER TECHNI CAL FI ELD [0001] The present invention relates to an axi al
flow positive displacenent flowreter and nore particularly to an axial flow
positive displacenent flowreter equipped with a pair of spiral ears having
di fferent TOEEFora EHEediﬁﬂﬁﬁQN%i%&%RthLQW¥§&$&IﬂEEAﬁisﬁ@%§ ENT
Conventi onal | axial flow positive displacenent flowneters are classified
into two t?&@gMggﬁgnding on the presence of a pilot gear and, if a pilot
gear is included, it 1is not necessary to give consideration to friction
resistance of a tooth surface while cost of manufacturing is increased in
terns of thecawteer efrgparts and the difficulty of assenbling work.
Therefore, preferably, a pilot gear is not added to construct an

i nexpensi vd oftlcadwnet er. However, if no pilot gear is included, it is
difficult to inexpensively construct an accurate flownﬁter with a.
conventional techrOlog¥eseRtelnYeReipd ¥ eladiost ARG 6#181r bt oV RS YEur f ace

has a consi der b%g%gfﬁjg;tgggﬁ§%g§$§ﬁ%?ﬁ%%%g%hcﬁﬁ%rﬁx_qglgn ;?géﬁﬁﬁﬂggpunent

1 descri beS &P positive di spl acenen OWnEet ers.

Al though a paiik 0 59k i§c&ﬂ<¥ﬁegf1dmeea@meqm%@dp&péhIaegaiis of Hsiedhias
depicted in Figs. 19(A) and 19(B), if rotor tooth profiles are different,

it is probleematsi battaly alilfderehteftfoarstional 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 i1s included, it
is not necessary tc 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 conventicnal technelogy since
friction resistance of a rotor tooth surface has a considerable
effect on accuracy.

[0003]

For example, Patent Document 1 describes a typical

existing axial flow pesitive displacement flowmeters.

Although a pair of rotors having different tooth profiles is
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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 noves to the negative direction in
an instrunental error curve as a flow rate increases. [0004] Therefore, it
is inportant to suppress | eakage of neasured liquid froma constant vol une
portion fornmed between a rotor and a casing or between both rotors to
realize highly accurate neasurenent. Since this | eakage depends on a size

and  wi dihgle? QAROBINEER Bn7 RLGE. 04 @)CaRI0L Adh A df TEBEER! kaben

pressure between before and after "neasurenent (pressure drop o

f1 owret er) prafietkodrbodi f eatézt Ng thigherolTets 8Ly tittat aohceiofbklfEosiich as
reducing a gap between a rotor and a casing or a gap between rotors and
reduci ng t e pressdues! doop theumarvg aateddog emcdf ashd aberimert iggp tice lsi mi t ed

because the parts nuytually nove, and it js believed that the practi.cal
limt | evelSOESPANEAGy Wedm§-dacHetPe PR IR i’A‘?ﬂ’C}bcEUR/E SPﬁx*FEN%%DééUNENT

No. DE1061578FAT THSCr CEURE "G THE | MV DRPE ENES FO e WAVED BV THE

| NVENTI ON 22 QQG8]i 1Atvhgughuyags aus rSighuepbdeas ane underunsdritdy! suelras

elimnating the presence of a curved portion to reduce the
characteristically moves toc the negative direction in an
instrumental error curve as a flow rate increases.
[0004]

Therefore, 1t is important to suppress leakage of

measured liquid from a constant volume portion formed between
a 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
oY a gap between rotors and reducing the pressure drop, but the
reduction of the former gap 1s limited because the parts
mutually move, and it is believed that the practical 1limit level

has already been reached.

PRICR ART DOCUMENT
PATENT DOCUMENT
[0C05]
Patent Document 1: German Patent Application Laid-Open

Publicaticn No. DE19513781A1

DISCLOSURE OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION
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pressure drop in a conventional axial flow positive displacenent flowreter,
in the case of the conventional axial flow positive displacenent flowneter
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 it is
problematic that a |ot of efforts are required for the manufacturing.

[ 0007] The present invention was conceived in view of the situations and it
is therefore the object of the present invention to provide an inexpensive
highly-accqb%b% axial flow positive displacenent flowreter capabl e of
reduci ng a presgure drop. MEANS FOR SOLVI NG THE PROBLEM [0008] To sol ve
the problem a firstticchni eatiseanst copiisesara paderoftsegiyr aucheass of

t he same shape having different torsional directions; a casing that houses
the pair ofliménagpingalthgearzesened i ow srEeed i Borhaenskal §edHCPniéw end
of the casin%; an inflow port fornmed in a pipe connecti portion. of the

i nfl ow si dBTSSEYTEn SR ow’si d |?ﬁnY%%El%£% s af'd thE&V eRA=3f e

casi ng; and. I d: i i td rdd0n 29f; stihe
outhOM/sig%%ﬁﬁgg%%ﬁ§%%Egg%ﬁ%F%g?pﬁé?j§%§a$%e8929? f%ggﬁiﬁﬁlégég grﬁgnged on
a straight fiicke @bong: v f awpldiceeehicont Dfwheastr eesidribdd 3if 00@%kns second

technical neans is the first technical neans conprising bearing portions
t hat rot at Adlopremipdy t sthee spipadlr of rotors is configured as two-blade
and three-blade rotors and have different sizes, the rotors are
difficult to be balanced with each other and used at high speed
and it is problematic that a lot of efforts are required for
the manufacturing.
[0007]
The present invention was conceived in view of the
situations and it is therefore the cobject of the present
invention to provide an inexpensive highly-accurate axial flow

positive displacement flowmeter capable of reducing a pressure

drop.

MEANS FOR SCLVING THE PROBLEM
(0008}

To solve the problem, a first technical means comprises
a pair of spiral gears of the same shape having different
torsional directions; a casing that houses the pair of the
spiral gears; an inflow side 1lid that seals an inflow end cof
the casing; an inflow port formed in a pipe connecting portion
of the infiow side 1id; an outflow side 1lid that seals an ocutflow
end of the casing; andanocutflowport formed in a pipe connecting
portion of the outflow side 1lid, and the inflow port and the
outflow port are arranged on a straight line along a flow

direction of measured fluid.



gears in the casing, wherein the bearing portions are radial boll bearings
on the inflow side and the outflow side. [0010] A third technical neans is

t he second techni cal neans, wherein the bearing portions on the outfl ow
side are angular ball bearings. [0011] A fourth technical neans is any one
of the first to third technical means, wherein the casing has partially
opening lid portions on the inflow end and the outflow end, and the lid
portion has an opening area equal to or greater than an inflow area of a
measuri ng chanber fornmed by the spiral gears and the casing. [0012] Afifth
techni cal ngagpsjis the fourth technical neans, wherein the casing is
provided with a space between at | east one axial end of the spiral gear and
the lid portion. [0GE3onA sexhhitedthmesnts nearts ifs raiy tesbndfcathwefnpst to
fifth technical neans conprising a magnet disk attached to the back. end of

any one of CORBIPEILPIOPER HENG R Yea e aknaC 5 HEP ¥t T HRPOPortiSRPE Rat

detects rotation,of the magnet di sk.. 14] A seventh.t. ni_cal is the
sixth techAFEAF MBah8® © %1r§%?ﬁ$ E%hﬁiqﬁfﬁiﬂQJ gﬁtﬁg%Wa %%uﬁggiggn

amor phous §8AS0Le 23Rl gksS 0B HEISH FNSRT s8Re0UhEl eWeSbderSHLf 8¢ae0f the 1id
portion formed at thg outflow end of the casing. 4 [0015] An eighth
techni cal rmeang]is the sixth technical neans,

A third technical means is the second technical means,
wherein the bearing portions on the outflow side are angular
ball bearings.

[0C11]

A fourth technical means is any one of the first to third
technical means, wherein the casing has partially opening lid
portions on the inflow end and the outflow end, and the 1lid
portion has an opening area egual to or greater than an inflow
area of a measuring chamber formed by the spiral gears and the
casing.

[0012]

A fifth technical means is the fourth technical means,
wherein the casing is provided with a space between at least
one axial end c¢f the spiral gear and the lid portion.

[0013]

A sixth technical means is any one of the first to fifth
technical means comprising a magnet disk attached to the back
end of any one of the pair of the spiral gears and a detecting
portion that detects rotation of the magnet disk.

[0014]

A seventh technical means is the sixth technical means,
wherein the detecting pertion is made up of an amorphous sensor
and is provided near an outflow side surface of the lid portion

formed at the outflow end of the casing.
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wherein the magnet disk has a plurality of air vent holes formed in a disk
around an attachnent portion. [0016] A ninth technical nmeans is the sixth
techni cal neans, wherein a counter weight having the sane inertia nonent as
that of the magnet disk is attached to the back end of the other spiral
gear without the magnetic disk attached. [0017] A tenth technical nmeans is
any one of the first to ninth technical neans, wherein the pair of the
spiral gears has a first tooth surface forned by a trochoid tooth profile
fromone point on aroot circle to a tooth tip point near an addendum
circle in ggefpendicular cross-section of each spiral gear and a second
tooth surface that has at |east a portion of a tooth tip portion connected
to the tooth tip pahriidghatredchAsiaal twentroiid-flos mimg hcteven anall esirss,
si ngl e-point continuous contact tooth profile connected to a tooth profile
consi st i ng whefrerimethe aetmsiat fo6 i wp éL@E‘é‘;aJahW Wied BY Y e 9% K 195 Dor ti on
of the second tooth surface included in one of, the gears is configured to
ke Aarishs; Hord

engage with1 e i‘?‘(ﬁodmtdg(f?trh A5G 1% rst tooth surface included
in the otheﬁnﬂgﬁr. EFFECTS OF THE | NVENTI ON [0018] According to the present
invention, since a pair of spiral gears of the sane shape having different
torsional directif@nsinth efdnpedl hedntGasknghangi anh i tddiow ol tmeards ,an
outflow port are arranged on a straight line in the same 5 direction as a
f1 ow di r ectwhmresin seesurteelr tWedioltt bz el haitiet samehapresenemest as dirated
ortion, it is possible to realize :
P ofthgn@gnetdiskisattachedtx;thebackend«ﬁftheothersplral

gear without the magnetic disk attached.

[0CG17]

A tenth technical means is any one of the first to ninth
technical means, wherein the pair of the spiral gears has a first
tooth surface formed by a trochoid tooth profile from one point
on a root circle to a tooth tip point near an addendum circle
in a perpendicular cross-section of each spiral gear and a
second tooth surface that has at least a portion of a tooth tip
portion connected to the tooth tip point formed as a
trochoid-forming curve and has a single-point continuous
contact tooth profile connected to a tooth precfile consisting
of the trochoid-forming curve, and wherein the tooth tip portion
of the second tooth surface included in one of the gears is

configured to engage with the trochoid tooth profile of the

first tooth surface included in the other gear.

EFFECTS OF THE INVENTION
[0018]

According 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
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hi gher accuracy inexpensively and reduce a pressure drop at the sane tine.
BRI EF DESCRI PTI ON OF DRAWNGS [0019] [Fig. 1] Fig. 1 is a diagramof an
exenplary configuration of an axial flow positive displacenent flowreter
according to a first enbodi nent of the present invention. [Fig. 2] Fig. 2
shows cross-sectional views taken along lines X-X and Y-Y of the axial flow
positive displacenent flowreter depicted in Fig. 1. [Fig. 3] Fig. 3is a

di agram of a side view of the axial flow positive displacenent flowreter
depicted in Fig. 1 when it is turned by 90 degrees. [Fig. 4] Fig. 4 shows

the ?Xiag %E?@o%ﬁ%%tngﬁoﬁiég'&Ef%Eﬁﬁoﬁ'6@“ﬁ35§ﬁf&ﬂ“f¥d¥éit% EhGmidawaen it

is viewe rom the In wside [id and fromthe outflow side lid. [Fig. 5]
Fig. 5 is andi ada@net af exeuRkadypoe@ibingurat ienpeksabiet ab eqailpped in
the axial flow positive displacenent flowreter depicted in Fig. 1. [Fig. 6]
Fig. 6 is aidhagramvofaay singepenewvefl vt dred rmstdirce dapieasrd ATPP@Et Shel Fig.

7] Fig. 7 is a diagramof an exenplary configuration of a bearing portion
equi pped i #3M%e taki®al flow positive displacenent flowreter of the present
invention. [Fig. 8 Fig. 8 is a diagramof an exenplary configuration of an
axial flow positive displacenment flowreter according to a second enbodi nent

of the presgier PESHRT®TONO OFFDBAWINGE 9. 9 shows cross-sectional views
taken along lines X-X and Y-Y of the axial flow positive displacenent
[0019]

[Fig. 1] Fig. 1 1is a diagram of an exemplary
configuration of an axial flow positive displacement filiowmeter
according to a first embodiment of the present invention.

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

[Fig. 3] Pig. 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. 3 when it is viewed from
the inflow side lid and from the cutflow side 1lid.

[Fig. 5] Fig. 5 1is a diagram of an exemplary
configuration of a rotor equipped in the axial flew positive
displacement flowmeter depicted in Fig. 1.

[Fig. €] Fig. 6 is a diagram of a side view of the rotor
depicted in Fig. 5.

[Fig. 7] Fig. 7 1is a diagram of an exemplary
configuraticn of a bearing portion equipped in the axial fiow
positive displacement flowmeter of the present inventiocn.

[Fig. 8] Fig. 8 1is a diagram of an exemplary
configuration of an axial flow positive displacement flowmeter

according to a second embcdiment of the present invention.
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flowreter depicted in Fig. 8. [Fig. 10] 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] Fig. 11 shows the axial flow positive
di spl acenent flowreter depicted in Fig. 10 when it is viewed fromthe
inflowside lid and fromthe outflowside Iid. [Fig. 12] Fig. 12 is a

di agram of an exenplary configuration of a pickup disk. [Fig. 13] Fig. 13
is a diagram of an exenplary configuration of a rotor equipped in the axial
flow positive displacenment flowreter depicted in Fig. 8. [Fig. 14] Fig. 14
is a diagram of another sgxenp] ar yhowerddgiy-atdan wfalaviewert &gin ppedygi n t he
axial flow positive displacenment flowneter of the present invention. [Fig.
15] Fig. 13islkeows(-di agrdn¥-foprfcomeardigplantloexpbainifg aiisglacenent
cross-sectigns of the rotors of the %nbodinents of the present invention.
[Fig. 16] EilgWnesedhoR®i&heExaRplédof Sspecifications of the rotors depicted

n Fig. 15 [Fig. A7) Figy) 17 ohawe an Lxampleplod ARG Laty CAMRRL NG

pressure drop of t ter” of the prese I nvention and a conventiona

flowreter. JHizd. £18) Fbgit ¥ shiows Aerexagliewel 2 rgdaphcted iganpar isng
instrunmental error test results of the flowreter of the present invention
and a converteinoddl ifsl awreteer by BiOgdet3keki.g. 19 is a diagramof a

configuration of a conventional axial flow pgsitive ?isp{acenent f.l owret er.
7 PREFERRED EMBODI MENTS @f JTHELY NVENT| 8Rews the axia ow positive

displacement flowmeter depicted in Fig. 10 when it is viewed
from the inflow side 1id and from the outflcw side 1lid.

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

[Fig. 13] Fig. 13 1is a diagram of an exemplary
configuration of a rotor equipped in the axial flow positive
displacement flowmeter depicted in Fig. 8.

[Fig. 14]) Fig. 14 is a diagram of another exemplary
configuration of a rotor equipped in the axial flow positive
displacement flowmeter of the present inventiocn.

[Fig. 151 Fig. 15 shows diagrams for comparing and
explaining axial cross-sections of the rotors of the
embodiments of the present invention.

[Fig. 16] Fig. 16 shows an example of specifications
of the rotors depicted in Fig. 15.

[Fig. 171 Fig. 17 shows an example of a graph for
comparing pressure drop of the flowmeter of the present
invention and a conventicnal flowmeter.

(Fig. 18] Fig. 18 shows an example cof a graph for
comparing instrumental error test results of the flowmeter of
the present invention and a conventional flowmeter.

[Fig. 19] Fig. 189 is a diagram of a configuration of

a conventional axial flow positive displacement flowmeter.
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[0020] Preferred enbodi nents of an axial flow positive displacenent

fl owmreter of the present invention will now be described with reference to
t he acconpanying drawi ngs. [0021] (First Enbodinment) Fig. 1 is a diagram of
an exenplary configuration of an axial flow positive displacenent flowreter
according to a first enbodi nent of the present invention. Fig. 2(A) depicts
a cross-sectional view taken along line X-X of the axial flow positive

di spl acenent flowreter and Fig. 2(B) depicts a cross-sectional view taken
along line Y-Y of the axial flow positive displacenent flowmeter. Fig. 3 is
a diagramof a side view of the axial flow positive displacenent flowreter
depicted in Fig. 1 when it is turned by 90 degrees. Fig. 4 (A depicts the
axi al fl owppesiERR¥e® EMEeDIdEETENOH ITOwraNENtemcted in Fig. 3 when it is
viewed from the inflowside lid and Fig. 4 (B) depicts the axial flow
positive dib9gl0dcement flowreter depicted in Fig. 3 when it is viewed from

the outflowside lid. In Figs. 1 to 4, 1 denotes an, axi flow positive
di spl acenent f | ownetrehRF t RELLA T SowP os??iV%XL%fsg#é@anﬁFlEPBWheter 1

iDC!UdeS a%i%%ﬁ%%@ﬁ%hqefh%@m%te?nofpgkglgWeggq% LB@eiti%ncaih@g B B%aring

fixing portions 5, 6, bearing portions 7, 8, and spiral gears Fherelnafter,

rotors) 1@es0Q22 kAthi gefeleh@edtot F&ﬁeCé&haglgéngr%@eartah@nfg@tors 10 and
Wi

rotatably supports rotor shafts of the rotors 1 th the 8 bearing
portions 7,[0823rovi ded on both ends. A pair of the
(First Embodiment)

Fig. 1 is a diagram of an exemplary configuration of
an axial flow positive displacement flowmeter according to a
first embodiment of the present invention. Fig. 2(A) depicts
a cross-sectional view taken along line X-X of the axial flow
positive displacement fiowmeter and Fig. 2(B) depicts a
cross—-sectional view taken along line Y-Y of the axial 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
the inflow side lid and Fig. 4 {B) depicts the axial flow positive
displacement flowmeter depicted in Fig. 3 when it is viewed from
the cutflow side 1id. 1In Figs. 1 to 4, 1 denotes an axial flow
positive displacement flowmeter and the axial flow positive
displacement flowmeter 1 includes an inflow side 1lid 2, an
outflow side 1id 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

8



rotors 10 is configured with the same shape and the sane size, has
different torsional directions, and rotates in a mutually engagi ng nmanner.
The casing 4 is provided with a neasuring chanber M which conmunicates with
an outflow port 31 and an inflow port 21 and the inflowside Iid 2 and the
outflow side lid 3 are attached to seal the both opening ends of the
measuring chanmber M The inflow side lid 2 is provided with the inflow
port 21 allowi ng inflow of neasured fluid and a flange 22 for connecting

wi th external pipe arrangenent (not shown). The outflow side lid 3 is

provi ded wih Lhe ?H)trftli%‘ﬂqur,t 83b ek Gn M amef. t heparasuredntl uid
and a flange 32 for connecting wth the external pipe arrangenent. The

fl anges 22,rc32rscoorespantd fqurpideitanneetsane porideonsdanie fsamm sheei,nf | ow
port 21 and the outflow port 31, respectively, and the axial flow_ _positive
di spl acenemasf Hofferent1t9ss tommbctiaratd Ao excterRRRTEPI b AFMANGS RNt

t hrough the flanges 22, 32. gHe measureg fluid fl O\Qts i.n.a_di re%%hircirﬁ of an
arrow of FiegI2gi Q0PI K -magREt CaFRIpF ovPdBd Wi £ % Mamdndt {17G radiFet s
(not  shouny,dig.Jinbeqaldy ahiaghed g Lhey ahobuthakly gorther aber anl0 and
t hi s magnet di'sk Totates | n accordance with the rotation of the rotor
shaft. A nagifaiows @aser 2( nehd sttowwin filpwlisipesedd Rnaed oges wiuk flidwy stialet hi s
magnet di sk. The magnet sensors nmay be, for exanple, those that utilize

Bar khausen Yighp serepk byaalged doha¢dl ghenferlt) cwemdguetode Sifsth@ easigmdst , or

an anorphous netal fiber. Thjs magneti.c sensor detects the rotatiqn of the
magneti ¢ di<d@mbeeM. e hihhewnpiare ELHéi zoﬁﬁrp]i ‘,’l‘g%én‘”é]a e &“ffﬂéw rate

oo eI U oS L P NS kBl B8
connecting with external pipe arrangement (not shown). The
outflow side 1id 3 is provided with the outflow port 31 allcowing
outflo-w of the measured fluid and a flange 32 for connecting
with the external pipe arrangement. The flanges 22, 32
correspond to pipe connecting portions and form the inflow port
21 and the outflow port 31, respectively, and the axial flow
positive displacement flowmeter 1 is connected tc the external
pipe arrangement through the flanges 22, 32. Themeasured fluid
flows in a direction of an arrow of Fig. 1.

[0023]

A magnet disk provided with transmitting magnets (not
shown) is integrally attached to the rotor shaft of the rotor
10 and this magnet disk rotates in accordance with the rotation
of the rotor shaft. A magnet senscr {not shown) is disposed
in close vicinity to this magnet disk. The magnet sensors may
be, for example, those that utilize Barkhausen jump employing
a hall element, a magnetoresistance element, or an amorphous
metal fiber. This magnetic 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
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to Figs. 8 to 12. [0024] The axial flow positive displacenent flowreterlof
this enbodinment is configured wwth the inflow port 21 and the outflow port
31 that are arranged on a straight line along the flow direction of the
measured fluid to elimnate the presence of a curved portion fromthe
inflow port 21 to the outflow port 31. This reduces the pressure drop due
to a curved portion. A pair of the rotors 10 is configured with the sane
shape and size and therefore inexpensively produced by constraining the
cost of manufacturing as conpared to rotors having different shapes. [0025]
The bearing pefitisong ¢, §orotatably support the rotor shafts of the rotors
10. The bearing portions 7, 8 are made up of radial ball bearings
(descri bed [loatcan 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 beari ithpertdnt BvoRroshelvatdl W aiahentst hpenetapllyohddd Sup of
an angul ar baII_bearing whi_ ch has excel | ent %fad resi st ance char§ﬁyeristics

in radial BERCHIGINGS CORTe WA B HENE DAt L9V S Tihe! PR BRF SiPdd 1o
general | y %lithfil&ef%tle%ta% a %'}%c;%gu\%tﬁg Wat a ls@ads gThi § 5is Racaysenwhen dhe

measured fI l'ows in the er, the rotors 10 are pressed agai nst

the outfl owisiede i Buert eha pegssvee fihierencel amthdthe gHy yste depadt iof
increased on the outflow side and reduced on the inflow side. Therefore,

t he beari ng pontvieghpdronorhéronf the hftovwagonot 2 heredgwr idutfliser & rangul ar
pal I bearing. 19020) ZaUiLd! 1Y Pl Of e &89 didMS & YD che 'l ow

A pair of the rotors 10 is configured with the same shape and
size and therefore inexpensively produced by ceonstraining the
cost of manufacturing as compared to rotors having different
shapes.
(00251

The bearing portions 7, 8 rotatably support the rotor
shafts of the rotors 10. The bearing portions 7, 8 are made
up of radial ball bearings (described later in Fig. 7}, etc.,
on the inflow side (the bearing portion 7) and the cutflow side
(the bearing portion 8) and, if a thrust load is heavy, the
bearing porticon 8 on the outflow side is preferably made up of
an angular ball bearing which has excellent load resistance
characteristics in radial ball bearings. The bearing portion
7 on the inflow side is generally subjected to a lighter thrust
load. This is because when the measured fluid flows in the
flowmeter, the rotors 10 are pressed against the outflow side
due to a pressure difference and the thrust lcad 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.

[002¢8]

Partially cpening 1lid portions are formed at the inflow

10



10 end and the output end of the casing 4. The lid portions correspond to
the bearing fixing portions 5, 6 (hereinafter, often, lid portions 5, 6)
and an opening area of the Iid portion 5, i.e., an area of through-holes 51
formed in the lid portion 5 depicted in Fig. 2(A), is set equal to or
greater than the inflow area of the rotors 10. This inflow area corresponds
to an area of white portions S depicted in Fig. 2 (B) , i. e. , an inflow
area of the neasuring chanber Mfornmed by the rotors 10 and the casing 4.
This makes it possible to elimnate a pressure difference in the neasuring

chanber M apg; redycend hg,PEESSHRE o Ohe Téﬁgsaijfgj;-bol eshar e ;aspred ohe be

formed in the |1d portion "6 on the outfl ow in the sanme manner as in
the |id porddrarsgond @02Fhel Beki ging 1f i & heg gast thigpds |5, [ dieded nwifttlera space
g between the axial inflowend of the rotor 10 and the lid portion 5 and
bet ween t hefeinal 1 b6t 0w & Sof 6t Bacr @t ePergd randrened fhepbrd PeFtion This

makes it pqssible to further duce the pre e drop. .Jhe ljid r.tions 5,
6 are prov%ﬁe&'ﬁrtha?HFﬁﬁbﬁﬁhgﬁEngg_gPigﬁ/§€§%§3§%P6P F%%QHE%§6$§&OPIuid.
I f no spac ' - n.th id;portio [ for
inflom1and%%g%?ﬁ%%egggﬁﬁgéﬁ'tEéAFfdlgo%%?dﬁgu%%q%géﬁag?ﬁ%“%%ggﬁ%?ﬁg%%Lanber
of the rotigisicllarkt &8 thowghbrkhat .t e iy essuoe drep daefeasasds hecause
the fl ow channel is narrowed down. Providing the space g as above enabl es
further reducéienodfwhiiee pressane Sddepictad tindligh. £HB) space gansndrleow ded at
both ends in the direction of axial of the rotor 10 in the exanple of Fig.
1, the spac¥edqyClay"d&GH VA idedChEmBREWM éﬁéﬂ@ﬁdbvnﬂf%é%%ﬁp dithExi al  of

the rotor 1coa'sing 4, This makes it possible to eliminate a pressure

difference in the measuring chamber M and reduce the pressure
drop. Through-holes are assumed to be formed in the 1id portion
6 on the outflow side in the same manner as in the lid portion
5.

[0027]

In Fig. 1, the casing 4 is provided with a space g between
the axial inflow end cf the rotor 10 and the lid portion 5 and
between the axial ocutflow end of the rotor 10 and the 1id portion
6. This makes it possible to further reduce the pressure drop.
The 1lid portions 5, 6 are provided with through-~holes to allow
passage of the measured fluid. TIf no space exists between the
lid portions 5 and 6 in a flow channel for inflow and outflow
between the lid portions 5, 6 and the 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 reducticn 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.

[0C28]
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[0028] 11 Fig. 5 is a diagramof an exenplary configuration of a rotor

equi pped in the axial flow positive displacenent flowreter depicted in Fig.
1. Fig. 5(A) depictsa perpendicular cross-section of the rotor and Fig.
5(B) depicts a portion of an axial cross section of the rotor. In Fig.
5(A), 11 denotes a root circle of radius rl; 12 denotes a pitch circle of
radius r2; 13 denotes an addendumcircle of radius r3; and 14 denotes the
rotation center. Fig. 6 is a diagramof a side view of the rotor depicted
in Fig. 5 and L denotes a pitch length in Fig. 5. [0029] A pair of the

rotors 10 has a1”§§§.U?%E?g§%§%%?§nf%E”%BQex%mbﬁ%& 0i-d(FaQtR aR% 8hi be from

one point on the ro circ a tooth tip polnt near 'the addendum

circle 13 un tdieyr PesREPPEGUIY KHHSSxSECET IFAMWOfpeachi vot adspndcansacond
tooth surface that has at |east a portion of a tooth tip portion _connected
to the toothowmptpoidipfarakdndsga 1rodha .d5 Bl derg cteuk peranddpaslar

si ngl e-poi nt continuous caontact tooth profile_connected to a tqoth %rofile

consi st i ng<EPSENECLLSERoPE- Flof mitP™ @u“ro\/gﬁgana(?hed?ff)b?%s t3 _F?Oﬁ&rltolnoﬁ of the
second (o8 surfaces | el et brone, o 10E T ook ot gt craagg

with the profile of tl iTst tooth sur ’emc!u in the
other rotor. »dhe denatd & rhRAeusrachebdidotds pr P&ltbﬁ tdrcibef raghukoot h

surface is determ ned depending on the length of the tooth profile
consi sti ngref 1heldraashoiat- Eddahdgmeui vele iof trhelisecond drodtld senbaes.
[0030] In Figs. 5 (A and 5 (B) , a curve ab is a trochoid curve;
the rotation center.
Fig. 6 is a diagram of a side view of the rotor depicted
in Fig. 5 and L denotes a pitch length in Fig. 5.
[0029]
Apair of the rotors 10 has a first tooth surface forming
a trochoid tooth profile from one point on the root circle 11
to a tooth tip point near the addendum circle 13 in the
perpendicular cross-section of each rotor and a second teoth
surface that has at least a porticn of a tooth tip portion
connected to the tooth tip peint formed as a treochoid-forming
curve and has a single-point continuous contact tcoth profile
connected to a tooth profile consisting of the trochoid-forming
curve, and the tooth tip portion of the second tocth surface
included in one of the rotors is configured to engage with the
trochoid tooth profile of the first tooth surface included in
the other rotor. The length of the trochoid tooth profile in
the first tooth surface is determined depending on the length
of the tooth profile consisting of the trochoid-forming curve
in the second tooth surface.
[0030]
In Figs. 5{(A) and 5(B), a curve ab is a trochoid curve;

a curve bc is a circular arc curve; a curve cd is a circular

arc curve of radius r; inscribed in the addendum circle 13; a

12



a curve be is a circular arc curve; a curve cd is a circular arc curve of
radius r3 inscribed in the addendumcircle 13; a 12 curve def is a
conposite curve conbining a circular arc and cycloid; a curve fgis a
circular arc curve of radius r, circunscribed on the root circle 11; a
curve ghi is a conposite curve conbining a circular arc and cycloid; a
curve ij is a circular arc curve of radius r3 inscribed in the addendum
circle 13; a curve jkl is a conmposite curve conbining a circular arc and
cycloid; and a curve la is a circular arc curve of radius r, circunscribed
on the root circle 11. The trochoid-form ng curve may be, for exanple, a

circular argrvah@ld iRl 0 Rposa teSRUTde RmPlife ngUhYed rauhkRernkel aadcur ve,
an involute curve, and a conposite curve thereof. The configurations of
these curveslariei;t e sanmeeortat hes o hedrrofler afrd heupes r of[ G@8WHs| it hi s
exanpl e, the configuration of the rotor_has advantages that the rqotors are
usabl e at WidgEuspeaddsscansdroroothel sxtelllent BATEHEE lakd 1 KRPSSeEEal i zed
t ool s necessar t.he tinme aof processin re easily fabri.cated.
% D g s qted

t
[0032] In e %@m§ﬂnﬁﬁﬁ%ae§&ﬁﬁl frtﬁ§CS|H§{§y§ Pﬁﬁ;cgntiﬁﬁguéj confact
tooth profidie enpl,0ys- & hQt B profid £ Mde cYRLaE A thXCiQiddbug U ienst ead

of a logix tooth profile described later. Although the friction of the

tooth surfage aneteaseskvhien 4 hempoydhe dakveutyrbisinged citdiEldrs arc

acceptable for practical use since a pilot function is included in the sane

way as in tamel cymlolidiean®he ®irigt dapdisne ebachhabusreomut afodgelipeofil e

portion may be, a | ogi cl oi dal , chcEIa arc_.tooth rotfle descri bed
ep{% ~formin

i X, ¢ or
above, i.er! I FPBRALERENSA typE Fobt fi|ge trochol 1ng

curve may be, for example, a circular arc, an elliptic arc, a
spiral, a sine curve, a hyperbolic curve, an involute curve,
and a composite curve thereof. The configurations of these
curves are the same on the other rotor of the pair.

[0031]

In this example, the configuration of the rotor has
advantages that the rotors are usable at high speed because of
the excellent balance and that specialized tools necessary at
the time of processing are more easily fabricated.

(0032]

In the case of this example, the single-point continucus
contact tooth profile employs a tooth profile made up of a
cycloidal curve instead of a logix tooth profile described later.
Although the friction of the tooth surface increases when the
cycloidal curve is used, this is acceptable for practical use
since a pilot function is included in the same way as in the
involute. The single-point continuous contact tooth profile
portionmay be a logix, cycleoidal, or circular arc tooth profile
described above, i.e., a Wildhaver—-Novikov type tooth profile.
[0033]

Fig. 7 is a diagram of an exemplary configuration of

a bearing portion equipped in the axial flow positive

13



[0033] Fig. 7 is a diagramof an exenplary configuration of a bearing
portion equipped in the axial flow positive 13 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 outflow side; 81
denotes an outer ring; 82 denotes an inner ring; 83 denotes a cage; and 84
denotes a ball. [0034] In the case of this exanple, the bearing portion 7

depi cted i @;iELdacliAhtl $10RMR R Of ardeen JLf0eva Maldcikeari mag.andaphe
bearing portion 8 depicted in Fig. 7(B) is nade up of an angular bal

beari ng. Therpfietrses caefi grodviobalil theadsdanging poartnust 7t gpitdad indlllowng
bearing and has a wide range of application and a groove of a raceway track
provi ded omidee iLnngkg. r7irn317Q¢tlﬁée§u@Iér0Wﬁeﬁg rindar gza‘%ﬁ‘?@?%ﬁ F& sibffécted to

the radial .| oad _qf cross-section of a_circular arc. of .a radius-slightly
gr eat er th§ﬁn9He7ga&%m§§ﬁst?mf??ﬁ1i%@dbégld?ﬁ?gﬁﬁdaiHé&&dip'&ﬁ' Fﬁé)thrust
 oad (alsoealled axlalel A doh BRAIERLE HA DOLDodid 86 RNSuc FILS
bearing has Tow friction torque and is suitable for portions rotating at

hi gh speed saidegpphi gahbeBs ahegut&tNgih@W SWi Sendxngk | 0w ivinyratdien;; @3 the
ot her hand, the latter angular ball bearing is able to be subjected to the
radi al | oadleamwdeshe chgest andad 4i denonesdiar &etlilon. For exanple, the ball 84
and the inner ring 82/the outer ring 81 have a contact angle of 15, 25, 30,
or 40 degﬂ@@§4dnd the larger contact angle is, the bigger |oad

In the case of this example, the bearing portion 7
depicted in Fig. 7(A) is made up of a deep groove ball bearing
and the bearing pertion 8 depicted in Fig. 7(B) is made up cof
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 relling boll 74, and in addition
the thrust load (also called axial load) is applicable in both
directions. This bearing has low friction torque and 1is
suitable for portions rotating at high speed or applications
requiring low noise and low vibratiocn.

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 lcad
resistance to the thrust load becomes and the smaller contact
angle is, the more advantageous to high-speed rotation becomes.
Two bearings are normally faced to each other and used by

adjusting an internal gap.
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resistance to the thrust |oad becones and the smaller contact angle is,
nor e advant ageous to hi gh-speed rotati on becones.

faced to each other and used by adjusting an internal gap. 14 [0035]

(Second Enbodinent) Fig. 8 is a diagram of an exenplary configuration of
fl ow positive di splacenent flowreter according to a
of the present invention. Fig. 9(A) depicts a cross-section taken al ong

axi al

t he

Two bearings are nornmally

an

second enbodi ment

line X-X of the axial flow positive displacenent flowreter and Fig. 9(B)

depicts a cross-section taken along line Y-Y of the axial flow positive

di spl acenenpsEhowreter. Fig. 10 is a diagramof a side view of the axial
flow positive displacenent floweter depicted in Fig. 8 when it is turned

by 90 degr egscohigEmbblAkedepi cts the axi al

flow positive displacenent

flowreter depicted in Fig. 10 when it is viewed fromthe inflowside lid
and Fig. 11(B) defids & He axiddlagrBrowipasi exe@rdpsy eekeAt AL oRRePér

depicted in Fig. 10 en it is viewed fromt outfl ow side J.id. .The axi al
fIOM/posit??eagaﬁipfigﬁn%%?l?¥% %gi%F?Wﬁﬂ§;£19WWﬁ§?%ﬁQQ§ﬁ§§%¥§ FPdSZ, t he

outflow si g?F'S?@ %nbéé@fm&ﬁéidptﬂe gﬁ&%g@&h@gnftiiéhng Pogtions depibisthe

beari ng por as is the case with the first

and the rotors

enmbodi ment 5 Jhes§l oyweien tefkdhhSongnhiot Reftohasd hei sankl wopssitient
el enents as those of the flowneter of the first enbodi ment except the

di fferent shapéacehentieflovoesetOanf00Bs] 9 BIFidppid s @ trossheec€adrng 4

houses the rotors_10 and

taken along line Y-Y of the axial flow positive displacement
flowmeter.

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. 11(A) depicts the axial flow
positive displacement flowmeter depicted in Fig. 10 when it is
viewed from the inflow side 1lid and Fig. 11 (B) depicts the axial
flow positive displacement flowmeter depicted in Fig. 10 when
it is viewed from the outflow side 1id. The axial fiow positive
displacement flowmeter 1 includes the inflow side 1lid 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 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
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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 sane shape and the sanme size, has different torsional directions,
and rotates in a nmutually engaging nmanner. The casing 4 is provided with

t he measuring 15 chanber M which conmuni cates with the outfl ow port 31 and
the inflow port 21 and the inflow side lid 2 and the outflow side |id 3
are attached to seal the both opening ends of the nmeasuring chanber M The
inflowside lid 2 is provided with the inflow port 21 allow ng inflow of

measur ed fHﬁdﬁ?@%ﬁﬂ@ﬁléﬁ%%%%ﬁ%ﬁééﬁesQQﬂﬂPQ%bnguWEEBwt Srexteramal thispe
arrangenent. The outflow side |lid 3 is provided with the outflow port 31

al l owi ng outfilew pof-tt be arastiied.ffiliwl sdngk the Pl angeci82 durtflconmect on
with the external pipe arrangenent. [0037] In Fig. 8, the flowreter is
equi pped wiltitg &armgﬁ’éta@h%@ to(ﬁ%@bltrﬁ@fl‘@@‘?h %e@ll@l@u%n@lﬁ%t@%ﬂﬁatséﬂéﬁé’@ to the

back d of th t 0 d
cor r eapondiHg TS ot BEF1 HY: BOF C6IF (gt 2dbr et v RET Bt At B f 1ERe
pi ckup di slo 3. o ey ATPHANAUS 136n50 b e Prouidegsd nnd Beakbei zi tap,0f the

outfl ow si portion 6 forned at the outflow end of the

casing 4. THundcakuy dalaih Qthe iexisdzed gk thataridwendriow ahet hetfdasur ed
fluid flowing out fromthe lid portion 6 is not prevented and is desirably

made of a diidghideiPhs preaerded wibhashamentidoadep et Bt at 1 onang logdd Lavo t he

rotor 10. The anorphous sensar i rqvi ded_on the back,side, of rib of
the lid porth SRegraRs BEe Rt ﬁ?év‘é‘rﬁp Rﬁﬁaef%%ﬁ% CPRacheASHraH A Ity

flow ng out, framtingldd ALl hert,
[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 BSb
corresponding to a detecting portion that detects the rotation
of the pickup disk 9a. The amorphous senscr 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 1id portion & 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 fiow of the measured fluid flowing out from the 1id portion
6.

[0038]

A counter welght 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 cf the rotors 10 well.

[0033]
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[ 0038] A counter weight 9c having the sane inertia nonent as that of the

pi ckup 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 bal ance of
the rotors 10 well. [0039] 16 Fig. 12 is a diagramof an exenpl ary
configuration of the pickup disk 9a. Fig. 12(A) is a side view of the

pi ckup disk 9a; Fig. 12(B) is a front view of the pickup disk 9a; and Fig.
12(C) is an enlarged view of an X portion of the pickup disk 9a.
Transmitting magnets are arranged al ong an outer circunference portion of

the pickup di sk 9 Jhed gty Qrdiyelgraﬂe@f’té‘r? ST Pl fafglhe ilgraggm tting
magnets and S denotes a south pole of the transmtting magnets. A plurality
of air vemhechpliexubl diekh28.areid orred) nid ke ghidkud edi i Theapdchkopund an
attachnment portion thereof (i.e., around a portion projecting to the right
in Fig. 12@Apk 9%hehighd Zathadinenfroperiiem off theeP prkkBFl e KI0gaang

attached to .the_bhack end of he rotor 10,_the wvent holes hl .to hl
facilitate®d¢&nt ilgéf:i)oﬁ.s aT[lO‘BI&%Tr% Btk oq%l?yé%?,rttlﬁél & Fﬁﬁoﬁ’écgélﬁsor 9b,

and the coyuter, el gt 36,ane ASSUIBA. Lo be, arr Anasdsi 1508 81 Bhickhow

positive displacenment owneter depicted in Fig. me way as
described ahovemfll@htk Aegerdnngrt ehkhpscrapodi senda. agHdesestitked n the

first enbodinment, since a pair of spiral gears of the same shape having
di fferent densicesab mhirigepicdrs off stleguinspedhiitt imcasongtangnart demoitew port
and an outflow port are arranged on a straight |ine _ ,
a south pole of the Transmitting magnets. A plurality of air
vent holes hl to hl0 are formed in the pickup disk 9a and around
an attachment portion thereof {i.e., around a portion
projecting to the right in Fig. 12(A)). When the attachment
portion of the pickup disk 9a is attached to the back end of
the rotor 10, the vent holes hl to hl¢ facilitate ventilation.
[0040]

The pickup disk 9%9a, the amorphous senscr Sb, and the
counter weight 9c are assumed to be arranged in the axial flow
positive displacement flcwmeter depicted in Fig. 1 in the same
way as described above.

[0041]

Bccording 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]

Fig. 13 is a diagram of an exemplary configuration of

a rotor eguipped in the axial flow positive displacement
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in the sane direction as a flow direction of nmeasured fluid and no curved
portion exists, it is possible to realize the higher accuracy inexpensively
and reduce the pressure drop at the sanme tinme. [0042] Fig. 13 is a diagram
of an exenplary configuration of a rotor equipped in the axial flow
positive displacenent 17 flowreter depicted in Fig. 8. Fig. 13(A) depicts a
side view of the rotor and Fig. 13(B) depicts a perpendicul ar

cross-section of rotation of the rotor. In Fig. 13(B), 10 denotes a rotor;
11 denotes a root circle of radius rl1; 12 denotes a pitch circle of radius

rz; 13 de”§&§§m 2.20degdun.g! Lg! e of 8 ragiys 13(apndddendiasid herot ati on

center. I'n the totor 10 of 13, "a curve ab is a trochoid curve;
a curve beoqork@%pomdhﬁg t@nﬁhthqothlBHB)pOﬁbp@ﬂtBS an pempehdtieuéarve; a
curve cd is a circular arc curve of radius r3 inscribed in the addendum
circle 13; caossreectébn ©fa momgdsint eof ctitwerebadi ni iy BigirédllB rald® and a
curvature wavy fluctuatin curve; a curve f is g cir.cul ar fé%gcurve of

radius rl dEPOEGFsRFPbed’ ohl ARBOFESE EPPEIGHE &GOS S N5 5osi t e
curve ppnblnln -\ C|rgflar dfﬂgj ggvg&H e$@gg’{)¢?g&ﬁgléylcl e, a

curve ij i & &'Circularare curve of us r I NsScCri t he addendum

circle 13; @g@Wve,fkhnks1a Q@ﬂ@@ébt@héUEM@atQ@ﬁthhﬂQra circular arc and a
curvature wavy fluctuatlng curve; and a curve lais a circular arc curve of

radius rl dioodwiscri bed on the root circle 11. The configurations of these
curves are the sanme on the other rotor of the pair. [0044]

In the rotor 10 of Fig. 13, a curve ab 1s a trochoid
curve; a curve bc corresponding to the tooth tip portion is an
involute curve; a curve cd is a circular arc curve of radius
r; inscribed in the addendum circle 13; a curve def is a composite
curve combining a circular arc and a curvature wavy fluctuating
curve; a curve fg is a circular arc curve of radius r:
circumscribed on the root circle 11; a curve ghi is a composite
curve combining a circular arc and a curvature wavy fluctuating
curve; a curve ij is a circular arc curve of radius r3 inscribed
in the addendum circle 13; a curve jkl is a composite curve
combining a circular arc and a curvature wavy fluctuating curve;
and a curve 1la is a circular arc curve of radius r; circumscribed
on the root circle 11. The configurations of these curves are
the same on the other rotor of the pair.

[0044)]

In this embodiment, a curve leading to a termination
point (point ¢) of the involute curve of the curve bc forms a
single-point continucus contact tooth profile such as a
circular arc curve or a curvature wavy fluctuating curve. The
curvature wavy fluctuating curve is called a logix gear (see,
e.g., Japanese Examined Patent Publication No. 2-15743), is a

continuous and differentiable function in which a curvature of

a tooth profile curve periodically increases and decreases in
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In this enbodinment, a curve leading to a termnation point (point c) of the
i nvolute curve of the curve be forns a single-point continuous contact
tooth profile such as a <circular arc curve or a curvature wavy fluctuating
curve. The curvature wavy fluctuating curve is called a | ogix gear (see,
e.g., Japanese Exam ned Patent Publication No. 2-15743), is a continuous
and differentiable function in which a curvature of a tooth profile curve
periodically increases and decreases in 18 the tooth height direction, and
is configured so that a relative curvature at the contact point may be

subst ant i aLC%}g ttz??geg% gg?ﬁh@ éj'ff'ef)c{féﬂ'Oa%)’ié‘%_%ﬁfqggfzcéﬁpso L8945 Meeive

speci ficall profiTe curve of this g in the portion

contacti ngcwirbAthhe eeupherpantageasoint wonfigunedtsiah d1hat zshe audvat ure
t hereof periodically changes while repeatedly increasing and decreasing. At
t he poi nt ef sltipe raicnionmaycadvat beezetthe centers of both curvatures of the

| ogi x gear and the counterpart gear are on the sanme point on the pitch
line. [00468PCASthough it is not necessary to give much consideration to the

rotor friction inJdie egag,; ¢l c31RYMP. 2l RERAHOPOR 8L G did BEtdyi 4 gkaked, it

is inmportant in the cas to reduce the pressure drop and

i nprove theaceHEaqrchs! ebeheacting Sigh e1PRI NkoGABELPHOYS F@iMt agls tooth
profile is used for the engagenent between the rotors to reduce the rotor
friction amtftigudied nichthhe fressuretdrefmheSicndept heodedatly ohaofetshe
rotor friction enables to reduce the anount of abrasion of the rotors, it

i s possi bl @hidc FppeeEcOhd dOFABRPiRY ehdtHecFeedtry. At the point of

the minimum curvature, the centers of both curvatures of the
logix gear and the counterpart gear are on the same pcint on
the pitch line.

[0046]

Although it is not necessary to give much consideration
te the rotor friction in the case of a pump since rotors are
directly rotated, it is important in the case of a flowmeter
to reduce the pressure drop and improve the accuracy. Therefore,
the single-peint continuous contact tooth profile is used for
the engagement between the roters to reduce the rotor friction
and to diminish the pressure drop. Since the reduction of the
rotor friction enables to reduce the amount of abrasion of the
rotors, it is possible to improve the durability of the rotors.
[0047]

Although the logix tooth profile 1is exemplarily
illustrated as the single-point continuous contact tooth
profile in this embodiment, an involute curve may be used. When
an involute curve 1is used, it is advantageous that the
processing is easier than the logix tooth profile.

[0048]
Tt is possible to reduce a relative curvature and

suppress leakage from a gap or blowhole between the tooth
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[0047] Al though the logix tooth profile is exenplarily illustrated as the
si ngl e-poi nt continuous contact tooth profile in this enbodinent, an
involute curve may be used. When an involute curve is used, it is

advant ageous that the processing is easier than the |ogix tooth profile.
[0048] It is possible to reduce a relative curvature and suppress |eakage
froma gap-or blowhol e between the tooth 19 surfaces by using an involute
curve for the tooth tip portion and enploying trochoid drawn by the
involute curve. [0049] In Fig. 13, the rotor 10 is configured to have a

rotor 1enghheuctl Hyo,plAEes 0k IR A0dvEOrdk M Sbddie cliepsuteondr op by

maki ng the too tip area torresponding to the curve cd and the curve i
smal | er andneednpilpgihgeckoabiandbainer thbeinobautéOcardet he casing 4.
For exanple, it 1s configured so that a length of the tooth profile portion
that contid€491fromthe tooth tip portion and contacts with the casing 4

(the <curves cd and ij) is.ranging from0.001 tines éincl di_ng) to, under
0.170 tines as Ioﬁ@?éggbné3pi? f ‘@Hﬁﬁﬁh%FStHEHFbgHF ﬂo?oqﬁﬁmgasﬁggpfic
exanpl e, mqutge%enlt%g%ggg{&gé 0L And Qo It SHMenkhBrbenatl of the

curve cd is trnes ong as one pit I'ength”of the rotor
10). The l@&@bhbgfmakmg?Cﬂﬁaet¢¢thtﬂpEaﬁga(dbﬂ£5ﬁ§ddaxhgntd ®hg asreee pitch

|l ength of the rotor 10). The pitch l'ength corresponds to a length L

depi cted i mdFagd 12¢ Aur{d050krAlikoughdareéxaipd elof fitigtignobel@eint h two

bl ades s the rotor 10 and the casing 4. For example, it is configured
so that a length of the tooth profile portion that continues
from the tooth tip portion and contacts with the casing 4 (the
curves cd and ij) is ranging from 0.001 times (including) to
under 0.170 times as long as one pitch length of the rotor 10.
IAs a specific example, when the pitch length of the rotor 10
is 100 mm, the length of the curve cd is 12.5 mm (0.125 times
as long as one pitch length of the rotor 10). The length of
the curve ij is 1.3 mm (0.013 times as long as one pitch length
of the rotor 1i0). The pitch length corresponds te a length L
depicted in Fig. 12 (A).
[0050]

Although an example of the rotor 10 with two blades is
described in this embodiment, two blades make it possible to
prevent the rotor 10 from occurrence of vibration at high
rotation speed, and thereby it is possible to expand a
measurement flow rate range.

[0051]

Although a circular arc curve is used for the rotor 10,
a pilot gear is not necessary since a portion made up of the
circular arc curve is used as a pilot portion. Consequently,

it is possible to reduce costs due to assembly and adjustment

of a pilot gear and reduction of the number of parts.
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described in this enbodinent, two bl ades nake it possible to prevent the
rotor 10 from occurrence of vibration at high rotation speed, and thereby
it is possible to expand a neasurenent flow rate range. [0051] Although a
circular arc curve is used for the rotor 10, a pilot gear is not necessary
since a portion nmade up of the <circular arc curve is used as a pil ot
portion. Consequently, it is possible to reduce costs due to assenbly and
adjustnment of a pilot gear and reduction of the nunber of parts. 20 [0052]
By increasing a ratio of the root (short dianeter) to the tip (long

di anet er) %ﬁhgzﬁespect to the rotor shape, the torque given by fluid

i ncr eases, 8 thereby, it is possible to inprove the neasurenent

sensitivity when flow ale dis,saBLhtioFOF eXam&s (the dtengbheatrhheol ong
di anmeter of the rotor 10 is set 2.5 tines or nore |longer than the | ength of

t he short tdban&penloﬁgtﬁbmmatéhjs&ishiré&g&ﬂ&ﬂuniUhaln@t@aseh@Pea pbep
which requires strength, it is possible to increase the ratio of long to
short di amsperuenoiienchgef biid INemRIes, sAHeeharadhgtif i1$ REESLEGE red as

dt . ) 053] Fig. 14 i qi, f th
con 1 gur at FomAGT O POt Rur SRt (T HE A AP ROLEET ool HELa Acement
{1 owret er gu! g pasentnbVeRLLANe il TA(MdBRGS g Sile atawiof the

rotor and Fig. depi ct s a”per pendi cross-section of the rotor. In
the rotor 1@ depi ctedtineki §r mdde (B)nged tHHvectad liehgH ro0c idied stivrre; a

curve be corresponding to the tooth tip portion is an involute curve; a
curve cd i sliameter. Although this is infeasible in the case of a pump
which requires strength, it is possible to increase the ratic
of long to short diameter in the case of a flowmeter since
strength is not reguired as compared to a pump.
[0053]

Fig. 14 is a diagram of another exemplary configuration
of a rotor equipped in the axial flow positive displacement
flowmeter of the present invention. Fig. 14{A) depicts a side
view of the rotor and Fig. 14(B) depicts a perpendicular
cross—-secticn of the rotor. In the rotor 10 depicted in Fig.
14 (B), a curve ab is a trochoid curve; a curve bc corresponding
to the tooth tip portion is an involute curve; a curve cd is
a circular arc curve of radius rs3 inscribed in the addendum
circle 13; a curve def is a compoesite curve combining a circular
arc and an involute curve; a curve fg is a circular arc curve
of radius r; circumscribed on the root circle 11; a curve ghi
is a composite curve combining a circular arc and an involute
curve; a curve ij is a circuiar arc curve of radius r; inscribed
in the addendum circle 13; a curve jkl is a composite curve
combining a circular arc and an involute curve; and a curve la
is a circular arc curve of radius ri circumscribed on the root

circle 11.

[0054]
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a circular arc curve of radius r3 inscribed in the addendum circle 13; a
curve def is a conposite curve conbining a circular arc and an involute
curve; a curve fgis a circular arc curve of radius r, circunscribed on the
root circle 11; a curve ghi is a conposite curve conbining a circular arc
and an involute curve; a curve ij is a circular arc curve of radius r3
inscribed in the addendumcircle 13; a curve jkl is a conposite curve
conbining a circular arc and an involute curve; and a curve la is a
circular arc curve of radius r, circunscribed on the root circle 11. [0054]

2 h f .t hi I ' I j :
ci gl e- poi ni_cont iHILGIE FRREGEt Tact RBrbrer o Rt BLaEgind! 355

oot R pr e ‘instea e loglx tooth
profile. Wagp afy i oM@l Wig LW NRiinE &58€inkdus S cadkartagassn t pabrihe
processing is easier than the  logix tooth profile. [0055] In the case of
the rotor éxempharofythd llugtizatedthrpfofiie 14 Whtheahottholutpe aveare 1s
corresponding to the curve cd and the curve ij is further nade smaller than
that of thesedroit isxedPrAERTGONF UL Ahed FPCes YT 6 SaRds 18T 4hen hee
friction Between the rotaqr 10 and the casing 4 is reduced to dimnish the
pressure d SHFXAtPQEgtHrB ‘{fe tooth profile portion that continues from
the tooth tiyp @Srtion and contacts with the casing 4 (the curves cd and ij)
is also co Pigu ed to be ranging from0.001 times (including) to under

0.170 tines as | onth ase @: pirtiale rengiheaimgher 110§ on 118 rAsed ixpe€dighi ¢
exanpl e, when the pitch length of the rotor 10 is 100 nm the Iength of the
curve cd i $40. 5hent(0tb0osipi aesa asotmarpasdone i tdre |@hgteh cf and the

curve 17 1s further made smaller than that cf the rotor
exemplarily illustrated in Figs. 6 and 13 and the friction
between the rotor 10 and the casing 4 is reduced to diminish
the pressure drop. A length of the teooth profile portion that
continues from the tooth tip portion and contacts with the
casing 4 {the curves cd and 1j) is also configured to be ranging
from 0.001 times (including) to under 0.170 times as long as
one pitch length of the roter 10. As a specific example, when
the pitch length of the rotor 10 is 100 mm, the length of the
curve cd is 0.5 mm (0.005 times as long as one pitch length of
the rotor 10). The length of the curve ij is 0.5 mm (0.005 times
as long as one pitch length of the rotor 10}). The pitch length
corresponds to a length L depicted in Fig. 14 (A).

{0056]

Although not depicted, the axial flow positive
displacement flowmeter of the present invention is applicable
to a rotor with one blade (configured with one or more pitches)
as well as to a rotor with two blades in the same way, however
it becomes possible to prevent the rotor from occurrence of
vibration at high rotation speed of the rotor employing two
blades, and thereby, it is possible to expand a measurement flow

rate range.
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the rotor 10) . The length of the curve ij is 0.5 nm (0.005 tinmes as |ong
as one pitch length of the rotor 10) . The pitch length corresponds to a

|l ength L depicted in Fig. 14(A). [0056] Although not depicted, the axial
flow positive displacenent flowneter of the present invention is applicable
to a rotor wwth one blade (configured with one or nore pitches) as well as
to arotor with two blades in the sanme way, however it becones possible to
prevent the rotor fromoccurrence of vibration at high rotation speed of
the rotor enmploying two blades, and thereby, it is possible to expand a
measur ement ahlsew rate range. 22 [0057] Fig. 15 is a diagramfor conparing
and explaining axial cross-sections of the rotors of the enbodi nents of the
present inventiorridi g5 15EAHidepamntSon cpaiplirdmgobntexp@dialingrasdslsection
of the rotor of the present invention depicted in Fig. 6, Fig. 15(B)

depi cts a pocsisonectivhe akitdle retess- gbdthormepdinentst of Wic PRESBResent

i nvention depicted in Fig. 1g' and Fig. 15(%% depicts a portion_of the
axial  cros§VEEELP8n of Ffle ri tt’é?‘pofcl{:%ﬁ]ecﬁe nPOrhvEeRt i %ﬁ &5 cf"é{&a&i n Fig.
14 1N FlOcrhae bedenohes - phl eh b 2Nk Nind & ANLAD 5 iRRHGbro kb1 eRaths: Tl
denotes a radius of a root circle (short dirameter) ; r2 denotes a radius of
a pitch cirglepignd ¢3 darotess (B)raghpisctd an padendum of r altee (bangl
dianmeter). [0058] Fig. 16 is a diagramof an exanple of specifications of
t he rot or s caepisctsed tilenFid. ths. rdher speditfé qatdsmrg iinvlendd ocradgptichiedl rcl e
dianeter (2r2), a lead (pitch) Ien%th (L) ., an _ ,

in ‘Fig. 13; and Fig. 157C) depicts a portion of the axial

cross—section of the rotor of the present invention depicted

in Fig. 14. In Fig. 15, L denotes a pitch length; ta and tb

depict seal lengths; r; denotes a radius of a root circle (short

diameter); r; denctes a radius of a pitch circle; and r3 denotes

a radius of an addendum circle (long diameter).

[0058)

Fig. 16 is a diagram of an example of specifications

of the rotors depicted in Fig. 15. The specifications include

a pitch circle diameter (2r;), a lead (pitch) length (L), an

axial cross-section seal length (ta), an axial cross-section

seal length (tb), a long diameter (2r;3), a short diameter (2rq),

a long/short diameter ratio, an entire length, and a tooth

profile curve configuration. (A), (B}, and {C) correspond to

the rotor of the present invention depicted in Fig. 15(A), the

rotor of the present invention depicted in Fig. 15(B), and the

rotor of the present invention depicted in Fig. 15(C),

respectively.

[0059]

In the case of the rotors exemplarily illustrated in
Figs. 15(B) and 15(C), as described above, a length of the tooth

profile portion that continues from the tooth tip portion and

contacts with the casing (the seal length ta of the curve cd
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axi al cross-section seal length (ta), an axial cross-section seal |ength
(tb) , along dianeter (2r3) , a short dianmeter (2rl) , a long/short
dianeter ratio, an entire length, and a tooth profile curve configuration.
(A , (B), and (C) correspond to the rotor of the present invention
depicted in Fig. 15 (A) , the rotor of the present invention depicted in
Fig. 15 (B) , and the rotor of the present invention depicted in Fig.
15(C), respectively. [0059] In the case of the rotors exenplarily
illustrated in Figs. 15 (B) and 15 (C) , as described above, a | ength of

the tooth r.ofil e Kt at,copt inue -t:Re ;10 q I t-iopeand
contacts mf%ﬁ %ﬁg g%%ﬁnégﬂgﬁg gga?@lgﬁgt%u%g%gFE?hé%cgkeglggrgg3 and the
seal |engthanlyiely rhemcorvelitimés contlgires) tto hendemrgilip friors0 2801
times (including) to under 0.170 tinmes as |long as one pitch length of the
rotors. [0080k ks the easehaBewgthwednthke rpitegls -l ength of the rotor is 100
mm the seal has various lengths is ranging fromO.1 mm (including) to 17.0
nm (excl udil®@e0lin the exanpie of Fig. 15(B), when the pitch length of the
rotor is 100 mm t

as long as one pi rghéfeeglncgat Iee%gtopﬁtéoygggﬁ ?E?C#L%g%g%ﬁ%%éﬁ t{HbQ %f%t%)%g E:Iu;rsz
ij is 1.3 nm 000k3, tineseas haBdyasiOne Ridddhd argkhnginghero @ or yun I n the
exanple of Fig. 15(C), when the pitch length of the rotor is 100 mm the
seal | engt hitrelafditche dwr V& .@d nins (&xs 1 uriin@)..003nt itires easmpdrg ods Fage pitch
| ength of the rotor) . The seal length tb of the curve ij is 0.5 nm_(0.005
times of oné (B), when the pitch length of the rotor is 100 mm, the seal
length ta of the curve cd is 12.5 mm (0.125 times as long as
one pitch length of the rotor). The seal length tb of the curve
if is 1.3 mm (0.013 times as long as one pitch length of the
rotor).
In the example of Fig. 15(C), when the pitch length of
the rotor is 100 mm, the seal length ta of the curve cd is 0.5
mm (0.005 times as long as one pitch length of the rotor). The
seal length tb of the curve ij is 0.5 mm (0.005 times of one
pitch length of the rotor).
[0061]
By configuring the rotor length of the rotor with a
length equal to cor greater than two pitches as above and making
the tooth tip area corresponding to the curve cd and the curve
ij smaller, i.e., making the seal length ta ¢f the curve cd and
the seal length tb of the curve ij smaller as above, the friction
between the rotor and the casing is reduced to diminish the
pressure drop.
[0062]
As depicted in Fig. 16, in the case of the rotors of
(B) and (C), the ratio of the long to the short diameter is set
to 3:1, which is greater than the ratio of the long to the short

diameter, 2:1, of the rotor of (A). By increasing the ratic
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pitch length of the rotor). [0061] By configuring the rotor |length of the
rotor wwth a length equal to or greater than two pitches as above and
making the tooth tip area corresponding to the curve cd and the curve ]
smal ler, i.e., making the seal length to of the curve cd and the seal

| ength tb of the curve ij snaller as above, the friction between the rotor
and the casing is reduced to dimnish the pressure drop. [0062] As depicted
in Fig. 16, in the case of the rotors of (B) and (C) , the ratio of the
long to the short dianeter is set to 3:1, which is greater than the ratio

of the '0”%&%@%“%%@%Eho?icaa?éﬁétegs 1to§%hé hei g ot inPfailile By iMekeasi ng

the ratio the root (short dianeter) to the tip (long dianmeter) (the
rati o of thediengrtohd hershebttish ameter fii kneequal td @qualgteatenyreshan
(2.5:1), preferably ranging from(2.5:1) to (4:1), the tor%ueégiven from
fluid i ncredses, (Zarfid Whemepfeanably pessiisice fnom i (@priovie thite (Feddur &fent
sensitivity at smaller flowrate, . Although this |s infeasible in.the case
of a punp, WHIFIE ﬁé&ﬁprégoms%}%ﬁﬁt%ﬂchﬂ?%%Jn PQhBh?raggnéfeysﬁﬁﬁﬁﬁgb an be

noreased 1), UNgrciRse 8l 8. LLOUBLE! - ShooE: SLEONGE hus1 NOL M1GAICA as

conpared to a punp. iS a dragra an exanpl e of a graph

for conpard NchdULSEHI 8 id PREOd s ibE: inovwetasedf hifund eGROEL Hetjantd=on t o
that of a conventional flowreter. In Fig. 17, al to a3 denote pressure drop

curves in tdtereyaseh,of ha oonytaitdmndl ametewnstitero depi kot dddneakieg. 113 hend bl
to b3 denote pressure drop i , )

case of a flowmeter since strength is not required as compared

tc a pump.

[0063]

Fig. 17 is a diagram of an example of a graph for
comparing pressure drop of the flowmeter cf the present
invention to that of a conventional flowmeter. 1In Fig. 17, al
to a3 dencte pressure drop curves in the case of a conventional
flowmeter depicted in Fig. 19 and bl to b3 denote pressure drop
curves in the case of the flowmeter of the present invention
depicted in Fig. 15(B}. The signs, al and bl, represent the
case that the fluid to be measured is gasoline; a2 and b2
represent the case that the fluid to be measured is kerosene;
and a3 and b3 represent the case that the fluid to be measured
is fuel oil. The vertical axis indicates the pressure drop
(kPa) and the horizontal axis indicates the flow rate
(percentage (%) of the flow rate to the maximum flow rate).
[0064]

Bs depicted in Fig. 17, comparing the pressure drop
curve al of the flowmeter of the present invention with the
pressure drop curve bl of the conventional flowmeter when the
fluid to be measured is gasoline, it is seen that the £flow meter

of the present invention is improved since the pressure drop

is smaller than that of the conventional flowmeter. The same
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curves in the case of the flowreter of the present invention depicted in
Fig. 15(B). The signs, al and bl, represent the case that the fluid to be
nmeasured is gasoline; a2 and b2 represent the case that the fluid to be
measured i s kerosene; and a3 and b3 represent the case that the fluid to be
measured is fuel oil. The vertical axis indicates the pressure drop (kPa)
and the horizontal axis indicates the flowrate (percentage (% of the flow
rate to the maximumflow rate). [0064] As depicted in Fig. 17, conparing
the pressure drop <curve al of the flowneter of the present invention with

the pressupeidiaproUike Olsofeddie enlongl ol | AUEBIAL] WiekeifiBerd Ul d to

be neasure s gasoli ne, I's seen that the flow neter of the present
invention oy ifRarovad ,sidice tihhke Mrces sdte rdid@p thies pyrmldner itlvemttilbat ief t he
conventional flowreter. The same 25 applies to the case that the fluid to
be neasur edmprovedosemee dhef pekseiike dndpthe dmall eetidramfthate Oir &dent
invention is inproved since the pressure drop is smaller than that of the
convent i on&CTMESHYERL i e t8me IndiFe S 2RE @n§&35ﬁi%@? P65 Fi g. 18
is a diagrq?kﬁ%]an exanple of a graph for conparing instrunmental error test
results of the flowreter of the present invention to that of the

conventional flowneter. 1l 0sFigd. di8yran denotas Amnigisd refreat ghaghr @orcur ve
of the conventional flowreter depicted in Fig. 19. The signs, al to b2,
denot e i nstaampentialg énsarucenved efrohecawot orsofl ttshe fptlegentowrigivahtdfon
depicted in Fig. 15(B); bl represents the case that the fluid to be
neasur ed i $hfaPskiseatan@vE2tiepr E8ehbat 1k T Conyaitt 1 ¥ IHdicwmed e

measur ed I%x#egﬂggn?B,TQF(ygggéggjagxﬁistrumental error curve of the

conventional flowmeter depicted in Fig. 19. The signs, al to
b2, denote instrumental error curves of the rotor of the present
invention depicted in Fig. 15(B); bl represents the case that
the filuid to be measured is gasoline and b2 represents the case
that the fluid to be measured is kerosene. The vertical axis
indicates the instrumental error (%) and the horizontal axis
indicates the flow rate (percentage (%) of the flow rate to the
maximum flow rate). As used herein, an instrumental error is
a value obtained by subtracting an actual amount passing through
a flowmeter from an indicated amount of the flowmeter cor is
represented by percentage of the value to the actual amount.
[0066]

In Fig. 18, comparing characteristics of the
instrumental error curve bl of the rotor of the present
invention to that of the instrumental error curve a of the
conventional rotor, it is seen that the flowmeter of the present
invention is improved such that the instrumental error
maintains the linearity without being reduced as a flow rate
increases as compared to the conventional flowmeter. The
similar tendency is seen in the case that the fluid to be measured

is kerosene. Therefore, the flowmeter of the present invention
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indicates the instrunental error (% and the horizontal axis indicates the
flowrate (percentage (% of the flowrate to the maxinmnumflow rate). As
used herein, an instrunental error is a value obtained by subtracting an
actual anmount passing through a flowreter from an indicated anount of the
flowmeter or is represented by percentage of the value to the actual
anopunt. [0066] In Fig. 18, conparing characteristics of the instrunental
error curve bl of the rotor of the present invention to that of the
instrumental error curve a of the conventional rotor, it is seen that the
flowreter afg tﬂ?%@éﬂf%ucﬂl NYERLT ORel § b IRLAKEE 53UEh Ahalyihe JiRS! ruEent al
error maintain e linearity w thout being reduced as a flow rate

i ncreases asi redpaled itthduie beanvertidogald EEownElen . rdte irstiad s tandency
is seen in the case that the fluid to be neasured is kerosene. Therefore,

t he flownetespein plieipsesenentalentien cR6 biescpnpiovédeduchthhatl the %
instrunmental error maintains the linearity w thout being reduced as a flow
rate |ncred§b§h§h3eaéu§ﬁﬁﬁn5f %ﬂ%t?%ﬁ%ﬁ?ﬁ%ﬁ%FPo?CEéﬁvﬁeh%%F%¥r%ﬁ?ﬁﬁ?%ﬁth|n
0.05 % in HE%bqﬁ%gu flow rate range to achi eve higher accuracy in a
wi de range. yy OF REFERENCE NUMERALS [0067] 1...axial flow
positive displacenent flowreter; 2...inflow side lid; 3...outflow side lid,;
4...casing; 5, 6-bearing fixing portion (lid portion); 7, 8...bearing
portion; 9&XEIANKUONE sk REDDERENODrPHOLBAEENsor; 9c...counter weight;
10...spiral gear. (rotor) ; 11...root circle; 12...pitch circle;
13...addendUf&ikcle; 14...rotation center; 21...inflow port; 22,

23...flange; and l.axial flow positive displacement flowmeter; 2..inflow

side lid; 3..outflow side lid; 4..casing; 5, 6.bearing fixing
portion (lid portion); 7, 8.bearing portion; 9%a..pickup disk;
Sb..amorphous sensor; Yc..cocunter weight; 10.spiral gear
(rotor); ll.root circle; 12.pitch circle; 13..addendum circle;
l4.rotaticn center; 21l.inflow port; 22, 23..flange; and

31l..cutflow port.
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31...outflow port. 27 CLAIM5S 1. An axial flow positive displacenent
flowreter conprising: a pair of spiral gears of the sanme shape having
different torsional directions; a casing that houses the pair of the spiral
gears; an inflow side lid that seals an inflow end of the casing; an inflow
port fornmed in a pipe connecting portion of the inflow side lid; an outfl ow
side lid that seals an outflow end of the casing; and an outfl ow port
formed in a pipe connecting portion of the outflow side lid, the inflow
port and the outflow port being arranged on a straight line along a flow
direction of neasured fluid. 2. The axial flow positive displacenent
flowreter of claim 1, conprising bearing portions that rotatably support
the spiral gears in the casing, wher@Eixinde bearing portions are radia

bol|l bearings on the inflow side and the outflow side. 3. The axial flow
posi tive displacenment flowreter of claim 2, wherein the bearing portions on

the outfl ow side are angular ball bearings. 4. The axi al fl%& gositkve
di spl acenedt fl owfst er 28Lahny flgie dtoTiE e 191 8P32CHREREI n 1L RE™EAS g has

partially opening.lid porti.on L igflgw %nqh%ng the o g?@lqgvgg , and
the lid porc_tolmgﬁl%é?gan aoﬁéaﬁirn%fg% ar}%&ugl %5 6F greater tﬁa an i nf %ow ar ea
of a neasurying Gharber -EorARY Byribeishis al ca28ngeanstancuide wasipagdr 5. The
axi al flow positive displacenment flowreter of claim

of the spiral gears; 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 outflow side 1lid that seals

an outflow end of the casing; and an outflow port formed in a

pipe connecting portion of the outflow side 1lid,

the inflow port and the cutflow port being arranged on

a straight line along a flow direction of measured fluid.

Z. The axial flow positive displacement flowmeter of claim
1, comprising bearing portions that rotatably support the
spiral gears in the casing, wherein

the bearing portions are radial boll bearings on the

inflow side and the outflow side.

3. The axial flow positive displacement flowmeter of claim
2, wherein the bearing portions on the outflow side are angular

ball bearings.

4, The axial flow positive displacement flowmeter of any
cne of claims 1 to 3, wherein

the casing has partizlly opening lid portions on the
inflow end and the outflow end, and

the lid portion has an opening area equal to or greater

than an inflow area of a measuring chamber formed by the spiral
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4, wherein the casing is provided with a space between at | east one axi al
end of the spiral gear and the |id portion. 6. The axial flow positive

di spl acenent flowreter of any one of clains 1 to 5, conprising a magnet

di sk attached to the back end of any one of the pair of the spiral gears
and a detecting portion that detects rotation of the magnet disk. 7. The
axial flow positive displacenent floweter of claim 6, wherein the
detecting portion is nade up of an anorphous sensor and is provided near an
outflow side surface of the lid portion fornmed at the outflow end of the
casing. 8. The axial ., flo itive displacenent flowreter of claim 6,

wher ei n thgeﬁﬁangpngé ﬁ%gggbplurality of air vent holes formed in a disk
around an attachnent portion. 9. The axial flow positive displacenent
flowmreter of claim 6, wherein a counter weight having the same inertia
nmonent as S5that ofTheheximfnEtodpskiits vatdiaahet-dmenthé lbanktendoft1eRd ot her
spiral gear wi thout the magnetic disk attached. 10. The axi al W positive

. . . fl
di spl acenedt Vheurtl dheofaghpd bheror ides Wit & é%,C%%F%?ﬁnt%RSé‘? of the
spiral gears has. first tooth surface for atr.o i ooth profile
from one BBFn?x&ﬁ?aePgoncgﬁgl3p95a QSSthﬁgpQ%gi%Pdnéggkgﬁkéddendum
circle in a perpendicul ar cross-section of each spiral gear and 29 a second
tooth surface that has at |east a portion of a tooth tip portion connected
to the tooth tip pidtafiernnedcaspasittoeehdl dpfacemagt ciirorenastret kefs aay
singl e-poi nt continuous contact tooth profile connected to a tooth profile
consi st ngonef of hela e Hoite- borevmigr tave,a aadnaierlést AtHea €A FQ ©H®porti on
T nne or CRAGKSRd Oe %ty 858 of e $IST 4P eRE% "G 85210d £ RULH IS 1O

portion that detects rotation of the magnet disk.

7. The axial flow positive displacement flowmeter of claim
6, wherein the detecting portion is made up of an amorphous
sensor and is provided near an outflow side surface of the 1id

portion formed at the outflow end of the casing.

8. The axial flow positive displacement flowmeter of claim
6, wherein the magnet disk has a plurality of alr vent holes

formed in a disk around an attachment portion.

9. The axial flow positive displacement flowmeter of claim
6, wherein a counter weight having the same inertia moment as
that of the magnet disk is attached to the back end of the other

spiral gear without the magnetic disk attached.

10. The axial flow positive displacement flowmeter of any
cne of claims 1 to 9, wherein the pair of the spiral gears has
a first tooth surface formed by a trochoid tooth profile from
one point on a root circle to a tooth tip peoint near an addendum

circle in a perpendicular cross-section of each spiral gear and
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trochoid tooth profile of the first tooth surface included in the other
gear. 30

a second tooth surface that has at least a portion of a tooth
tip portion connected to the tooth tip point formed as a
trochoid-forming curve and has a single-point continuous
contact tooth profile connected to a tooth profile consisting
of the trochoid-forming curve, and wherein

the tooth tip portion of the second tooth surface
included in one of the gears is configured tc engage with the
trochoid tooth profile of the first tooth surface included in

the other gear.
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