DESCRI PTi ON"PCSI Ti VE DI SPLACEMENT ELOWVETER TECHNI CAL FI ELD [ 0001]
The present invention relates to a positive displacenent flowreter
and, nore particularly, to a positive displacenent flowreter using a
pitch curve ifself of non-circular gears as a rotor tooth profile.
BACKGROUND OF THE | NVENTI ON [ 0002] A locus of a contact point
of external gear tooth profiles maki ng continuous contact generally
forms a |l emmiscate | oop curve and if this loop is flattened toward a
center line between axes and coincides with the center |ine, the
contact point noves on the center ®ESEBLRTgEMrs. Therefore, the tooth
profile has a contour that achieves rolling notion, which corresponds
to a pitch curve of non-uniform speed gear (non-circul ar gear).

[ 0003] POSITIVE DISPLACEMENT FLOWMETER

TECHNICAL FIELD
[0001]

The present invention relates to a positive
displacement flowmeter and, more particularly, to a positive
displacement flowmeter using a pitch curve itself of

& non-circular gears as a rotor tooth profile.

BACKGROUND CF THE INVENTION
[0002]

A locus of a contact point of external gear tooth
profilesmakingcdntinuouscontactgenerallyformsalemniscate
loop curve and if this loop is flattened toward a center line
between axes and coincides with the center line, the contact
point moves on the center of both gears. Theréfore, the tooth
profile has a contour that achieves rolling meotion, which
corresponds‘ to a pitch curve of non-uniform speed gear
(non-circular gear).

(0003]

A contour of a rolling contact wheel which has a constant
center distance and an angular velocity ratic that varies during
rotation is a non-circular curve and a non-circular gear is a
gear provided with teeth using this non~circular‘curve as a
pitch curve to ensure transmission. A transmissible tooth
profile is generally provided on the pitch curve. This tooth

_profile may be involute, cycloidal/ trochoidal, Novikov, or a

combination thereof, each of which has drawback and advantage.
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A contour of a rolling contact wheel which has a constant center

di stance and an angul ar velocity ratio that varies during rotation is
a non-circular curve and a non-circular gear is a gear provided with
teeth using this non-circular curve as a pitch curve to ensure

transm ssion. A transmissible tooth profile is generally provided on
the pitch curve. This tooth profile may be involute, cycloidal/
trochoi dal, Novi kov, or a conbination thereof, each of which has
drawback and advantage. [0004] For exanple, a helical gear
positive di §pPaéknent fl owreter described in Patent Docunent 1 uses a
si ngl e- poi nt- conti nuous coniact tgoih rofile of a, Lnglg.cuive. Tq?
si ngl e- poi nt conti AABUEXEBRt ALt 3t 3Gt f9FRLT £OS4EAVEt B °B 7 oE BT
tooth profike,phefed I%@@i%%dsmqeaﬁaw%cﬁméaacle P ESSUEEnBea bt
strength is expected due to convex/concave contact of tooth surfaces
and no trapponyiphenonenoreoc ctostiwhpebiibe dofadyantrageousitve.a The
fl owreter. However, the single-point continuogsgcontact tqQoth_profile

r epr esent edSb)I e FHeLc GPPELHBANS HRN P HelPOSR BRAPE YU 681 cONE dtt
ratio and t???$f%5@t5%%%&ﬁl@%ﬁ fﬁ%wﬁngL%anQlQQ§g}éﬂrfaé%pré@gﬁke

(m nodul e) ormed“by a single curve. This is sadvant ageous to a
rotor of a bkawhed ertriehgadpestexplectodcduo®rtcotopredicineze 0AQREL of
On the other hand, a pitch curve of a non-circular gear is considered
as an i deal teobR hSprHicee 204 vt RERPRHD| RRCRIRERUht PFRIGFs Worfthacks

and the rol L pa,gotact, Jnstead ofcsldde cORLAGL DOt PeeNncLOOtN pos e

profiles as a gear Sprofi €. I'sassune at "a’t 060 pr

of & fl ownetefitiRidls iconftaEiBtodIh IR e8p¥EséiOdd IYJacont@cturve
curve) of an oval gear that is a type of non-circular gears. In this

‘case, it isgkapWes Rabetheal ghiEpeprotite aloestact wmiiasngd ghartedtite
t oot h file f tainly. .t itt] th tati i t .
Tl uded” PATEIR® BOCIRehe M shhges: BT dt plbr i BT R NBCskT b
DI SCLOSURE £ rrlddE yNYERNTA (N RREBLEMS IR B SO ¥ BYadddud NYENTIGN -

[0006]
of a flowmeter in aspect of function or production.

[0005]
| On the other hand, a pitch curve of a non-circular gear
is considered as an ideal tooth profile curve that enables the
continuous contact and the rolling contact insteéd of slide
contact between tooth profiles as a gear tooth profile. It is
assumed that a tooth profile of a flowmeter rotor is formed by
a pitch curve (rolling-contact curve) of an oval gear that is
| a type of non-circular gears. In this case, it is known that
the tooth profile does not act as a gear since a tooth profile
for certainly transmitting the rotation is not included.
Patent Document 1: Japanese Patent Publication No.

3310239

DISCLOSURE OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
[0006]



However, in the case of rotors of a positive displacenent flowreter
housed as a pair in a neasuring chanber of the flowreter to transmt
rotation through energy of fluid, although the torque transmssion is
switched at a position of the equal dianeters where the torques are
theoretically equalized and a tooth surface on the opposite side
cones into contact, if an appropriate gap consi dered as an apparent
backl ash may be forned, abnormal engagenents may be reduced and the
tooth profiles nmaking the rolling contact may. be realized. However,
in a conventional psivieve dlsplbm@newweflQﬁnetetorﬁhexﬁe@hnm@éﬂtiﬁ@a

d bed b f he tooth fil t h
ol T na- concheP aaPUerae ek BEI Tt BRet bafretn At rasring chasher

realized. [QQ0¢e £1owmeteN& e&»sﬁ@mtIﬂb\e%rﬁtlbantmgqpegewgd;ﬂ AR
of the above situations and it is therefore the object of "The present

i nvention t @alphougbetlee poshtieveraisplsdemens $wicwheidert hapasy taopadf
of non- C|rcular gears nmaking rolling contact without slip on a pitch

line. MEANSTPER B} NS aTE: PHROBYERES [ G06g) tordues afg we@éeFﬁglaifY
problem a i ghaﬁlks& %' tggﬁﬁsstﬁffa% 8Hfﬁ%§%§pb@xeet i i Ss i to

posi tive di spl acenent ownet er provi pair non-circu
gears in a ecastagt, WAEr e&im dgie-qyadifatef gépa¢mnsiddﬂadEHsgearSPbaSeaﬂ
oval pitch curve itself having a | ocus of a contact point on a pitch

line as a t &8CKlppbmaveLe dovBedn RRIRITSH. FRIZIAMANTSORRY &F reduced and
rl+r2= Kconskhe'@Qﬂj{brgﬁirégxﬁ¥§ing the rolling contact may be realized.

However, in a conventional positive displacement flowmeter, the
technical idea as described above for using the tooth profile
with the relling-contact curve as the rotor does noct exist and
has not been realized.

[0007]

The present invention was conceived in view of the above
situations and it is therefore the object of the present
invention to provide a positive displacement flowmeter having
apairofnon—circulargearsnmkingrollingcontactwithoutslip

on a pitch line.

MEANS FOR SOLVING THE PROBLEMS
[0008]

To solve the problem, a first technical means ¢f the
present invention is a positive displacement flowmeter provided
with a pair of non-circular gears in a casing, wherein the pair
of the non-circular gears has an oval pitch curve itself having
a locus of a contact point on a pitch line as a tooth profile
curve and satisfies conditions cf

ri+re=K=const., and

rl-d81=r2' d62



EERRRLE

PR P T O

CAnd AoV ng Fadius of the. “oval pltch curve s represented by
ri=al (1-bcosn8l) (i =1, 2) (where r1(i=1, 2) denotes a noving
radius that is a distance fromthe rotation center to the oval pitch
curve, and a, b, n and 8i(i=1, 2) denote simlarity coefficient,
flattening, nunber of |obes, and noving angle, respectively). [0009]
A second technical neans is the first technical means wherein the
pair of the non-circular gears has a spur shape. [0010] A
‘third technical nmeans is the first or second technical nmeans wherein
when the pairandl a ewiog chdéubart geer ovied Phten @hgiydd yearesaptad
.equi val ent adlus tion i.5 provided between tooth shapes on
long radi us ¥|He qohﬁoépethg' nziircular gears and short radius
side of the other qgneggrgup@rl ,9ear .ad@RLL] 2 moving AafiPUstPhat is a
techni cal neans is anyone of the first to thlrd techni cal neans

wher ei n t hedpatancé firhe hiva-itratlibar cgee s tiostimderalppotch hmasr&rreand

shaped non-circul ar gears [0012] Afifth %gch ni cal _neans
anyone of tfe ¥iR&Pdt% Fcérﬁﬂ ?%%WFﬁééWlﬁééh%Yﬁﬁé ?ﬁl?%E'ﬁﬁﬁEE?nb?g'

| obes n and EH? }€§t§cosﬁ0 n@rﬁoigh%tgnépéuukéﬁﬁg %§@§gt|vely, in

the equationr (r= presentl ng t'he hovi ng radi us
of the oval [poosh curve. [0013]

A second technical means is the first technical means
wherein the pair of the non-circular gears has a spur shape.
o [0010]

A third technical means is the first or second technical
means wherein when the pair of the non-circular gears is in an
engaged state at an equivalent radius position, a gap is
provided between tooth shapes on long radius side of one of the
non-circular gears and short radius side of the other
non-circular gear.

(0011}

A fourth technical means is any one of the first to fhird
technical means wherein the pair of the non-circular gears is
made up of the same shaped non-circular gears.

o [0012]
A fifth technical means is any one of the first to fourth
technical means wherein the number of lobes n and the flattening

b are set to 6 and 0.5, respectively, in the equation

ri=a/ (l-bcosnb;i) (i=1, 2) representing the moving radius of the

oval pitch curve.

[0013]

A sixth technical means is any one of the first to fourth
technical means wherein the number of lobes n and the flattening

b are set to 8 and 0.34, respectively, in the equation
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A sixth technical neans is any one of the first to fourth technical
means wherein the nunber of |Iobes n and the flattening b are set to
.8 and 0.39, respectively, in the equation ri=a/(1l-bcosn0Oi) (i=1, 2)
representing the noving radius of the oval pitch curve. EFFECTS OF
THE |1 NVENTI ON [ 0014] - According to the present invention,
excel I ent abrasion resistance is achieved since a pair of
non-circul ar gears of a positive displacenent flowreter makes rolling
contact without slip on a pitch line; a higher torque efficiency is
achi eved siraeaé(larerandsaliislcahn bergeyent e hecr i HergRLUF A §he
and it is possible tg formthe gears in spur shape instead of helical
shape whi | e AVdi Bh§ abho¥fal engagenent since apparent backl ash is
provi ded. BRI EF DESCRI PTI ON OF DRAW NGS [ 0015] [Fig. 1] Fig.
1 is a diagramof an exenplary configuration of a positive

di spl acenentEHHIECRAeOEr TREE CONEBNTEGN one enbodi nent of the present

i nventi on. [Fig. 2] Fig. 2 is a diagramof an exanple of an
engagenent %818 at " an equi val ent radius position in the case of the

nunber of |obes N=6y.cording to the present invention, excellent abrasion
resistance 1s achieved since a pair ¢f non-circular gearé cf
apositive displacement flowmeter makes rolling contact without
slip on a pitch line; a higher torgque efficiency 1s achieved

since a larger value can be given to a tooth height ratio; and

A,
)

it is possible to form the gears in spur shape instead of helical
shape while avoiding abnormal engagement since apparent

backlash is provided.

BRIEF DESCRIPTION OF DRAWINGS

[0015]

[Fig. 1] Fig. 1 1is a diagram of an exemplary
configuration of a positive displacement flowmeter according
to one embodiment of the present invention,

[Fig. 2] Fig. 2 is a diagram of an example of an

e engagement state at an equivalent radius position in the case
of the number of lobes n=6.

[Fig. 3] Fig. 3 1is a diagram of a transition example
of an engagement state of a pair of rotors in the case of the
number of lobes n=6.

[Fig. 4] Fig. 4 1s a diagram of a transition example

of an engagement state of a pair of rotors in the case of the

number of lobes n=8.

EXPLANATICNS OF LETTERS OR NUMERALS
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[Fig. 3] Fig. 3is a diagramof a transition exanple of an engagenent
state of a pair of rotors in the case of the nunber of |obes n=6.
[Fig. 4 Fig. 4 is a diagramof a transition exanple of an engagenent
state of a pair of rotors in the case of the nunber of | obes n=8.
EXPLANATI ONS OF LETTERS OR NUMERALS [0016] 1, 2...rotor;
3...casing; 4, 5...axial center; 6, 7...virtual pitch circle; and 8,
9...addendum circl e BEST MODES FOR CARRYI NG OQUT THE | NVENTI ON [ 0017]
Preferred enbodi nents of a positive displacenent flowreter of the
present invéd®loh will now be described with reference to the
acconpanyi ng dramnT952mié¥%%§]3mcasing; 4, 5..axial center; 6, 7.virtual

pitch circle; and 8, 9..addendum circle

| BEST MODES FOR CARRYING CUT THE INVENTION
[0017]

Preferred embodiments of a positive displacement
flowmeter of the present invention will now ke described with
reference to the accompanying drawings.

[0018]

Fig. 1 is a diagram of an exemplary configuration of
a positive displacement flowmeter according to one embodiment
of the present invention. In Fig. 1, 1 and 2 denote a pair of
rotors; 3 denotes a casing; 4 an 5 denote axial centers of the
rotors 1 and 2, respectively; 6 denotes a virtual pitch circle
of the rotor 1; 7 denotes a virtual pitch circle of the rotor
2; B denotes an addendum circle of the rotor 1; and 9 denotes
an addendum circle of the rotor 2. A pair of the rotors 1, 2
is housed in the casing 3 of the positive displacement flowmeter
rotatably around the axial centers 4, 5. The rotors 1, 2 are
formed in spur shape and use a tooth profile curve that is an
oval pitch curve itself having a locus of a contact point P on
a pitch line that links the axial centers 4 and 5 and satisfy
the following rolling contact condition:

ri+r=K=const., and

r1'dB1=r,-do,
where r;, r; denote moving radii that are distances from the
rotation center to the oval pitch curve and 6;, 8; denote moving
angles.

[0019]



Fig. 1 is a diagramof an exenplary configuration of a positive

di spl acenent flowreter according to one enbodi nent of the present
invention. In Fig. 1, 1 and 2 denote a pair of rotors; 3 denotes a
casing; 4 an 5 denote axial centers of the rotors 1 and 2,
respectively; 6 denotes a virtual pitch circle of the rotor 1; 7
denotes a virtual pitch circle of the rotor 2; 8 denotes an addendum
circle of the rotor 1; and 9 denotes an addendumcircle of the rotor
2. Apair of the rotors 1, 2 is housed in the casing 3 of the
positive d|spIacéﬁmﬂmoVimmﬂeﬁensnmﬂEﬁnﬁﬁ%ﬁﬂﬂe@detbhékdﬂpaﬂnééhtéﬂé 4,

5. The rot re ned i n.spur shape and use a tooth rof i
curve that éﬁ O(Y\?’j'l p’p'?‘f ﬁuﬁt’i?{}‘@ ' %%Pf“ﬁ@m?gca f%%‘hg U561 cléjnstegct
point P Onc&t@tcmhlakgeat hat ol bakso,t benaxd &l neRBLEES:d adwk 6 cinght,
satisfy the follomnng rol I'i'ng contact condition: rl+r2=K=const., and
rl' del=r2'ai8ZXlalicering, r dembee mnv|dgbead||amhaw.ameVdm@taﬂmé§,

fromthe rotation center to the oval pitch curve and 81, 92 denote
nmovi ng angfePeqaaEdY - The. noving radius is represented by

the foll ow ng Eq. rg%w ﬁogcgggeqvqllplhgh curve that E ? pyolling.
contact curve (closed curve a, b, nand 9, deno

honot heti ¢ coef fixileny radihatieahdg shorinbediof tobes, rea;mbarme\di ng

angl e, respectlvelé ri =al/ (1-bcosn9i) (|—1 2) Eq. (1) A | ong
radi us rL hdhe deelevingi BS- F2) A8 Espriddented by the fol | owi ng Eg.

(2) and Eq. (3). L=a9/1£% b)Eq (2) Eq. (2)
t rs=a/ (1+b) - Ed. (3)
[0020]

Since a larger discharge amount per rotation is required
in the case of the positive displacement flowmeter, it is
desirable to reduce the number of teeth as much as possible and
it is desirable to increase a long/short radius ratio {(ri/rg)
to increase the torque efficiency. However, since a fewer
number of teeth problematically causes abnormal engagement due
to second interference and a larger long/short radius ratio
problematically causes the deterioration of strength of the
gears, a balance must be achieved between the number of teeth
and the long/short radius ratio. The second interference is
interference generated by sqbstantial.portions of tooth shapes
with each other at an irrelevant positicn other than the contact
point P in the course of movement of the contact point P along
a given locus.
fC021]

In the following examples, the number of locbes n is an
even number and results of simuiations will be described with
a representative example of n=6. When a center distanceX, i.e.,

a_diétance between the axial centers 4 and 5 is set to 10 mm
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rs=al/ (1+b) Eq. (3) [0020] Since a |larger discharge amount per
rotation is required in the case of the positive displacenent
flowmeter, it is desirable to reduce the nunber of teeth as nuch as
possible and it is desirable to increase a |long/short radius ratio
(rL/rs) to increase the torque efficiency. However, since a fewer
nunber of teeth problematically causes abnormal engagenent due to
second interference and a |larger long/short radius ratio

probl ematically causes the deterioration of strength of the gears, a
bal ance nustndehachi avieeh bet webn sefiet aiiidor thé hmﬂh@&n@ chefficient

| ong/ short radius ratio. The second erence, i ence
gener ated by @u%‘f%&ﬂ?%ﬁspgrﬁséﬁgmdthec 6%8 Loghl?ﬁ)gjsq v€/i4t) ]gfbﬁ ot het™ St
an irrelev t a q nt P in the course
of rmvenen?{'ﬁ? wgt/csg%trgc?ggéflﬁtPa{iz;l@o%g%?g%vje)n | ocus. [0021]

In the foll owi ng exawpl€s’) /£he nunber of Ehobés n is an even nunber

and results of sinulations will be described with a representative
exanpl e of h&®22Mhen a center distance K, i.e., a distance between

the axial centers 4 m&l%el%n aftmlmeaagtéﬁfbééaf&e%gg?gséSo

set to 0.5, the hono i c coe |C|enta|so al ned as romthe
foll ow ng Ethe (dhtekndibtsncasess1ot e dmgh&hpafam@ﬂem dfakEqo(ls, the
11/rs=3.0. a=K(1- bﬁ)/ZEq (4) [0022 simulation result wll
be descri beermkar © el@%%% 576 «t hBe clelittdrendingt §n€e5K-af£¢ e anemeHetic

parameters of Eﬁlc( x ’t W%QE %ff?gggg? g{p%g hg Lljl bt enir?%h% s %’

and the honoth ¢ “Coef f| cle rence o Figs
2. 4n the cesefs EhbfpeXandt 6is iassuficasghaedt idaiottdi® 1ot or §rd madie

are*rade up of the sane shaped non-circul ar gears.
up of the same shaped non-circular gears.
[0023]

Fig. 1 ezemplarily illﬁstrates a state of engagement
at a long/short radius position in the case of the number of
lobes n=6. Inthis case, if apair of the rotors 1, 2 is disposed
within fluid F, rotation torques are generated in both of the
rotors 1, 2. 1In general, the engagement (contact) generates
more torques from the short radius rs to the long radius ry and
the switching point is at the equivalent radius position
depicted in Fig. 2(A), i.e., a position having equivalent radii
(ri=r;)} where the torgques are equivalent to each other
Therefore, if the fluid F flows in the direction of an arrow
(upwardly), ‘the torgue is greater in the right rotor 2 than the
left rotor 1 in the state of Fig. 1 and, therefore, the right
rotor 2 acts as the driving side to rotate the left rotor 1 in
the direction of arrows in Fig. 1.

[(0024]

Fig. 2(A) is a diagram of an example of the engagement

state at the equivalent radius position in the case of the number

of lobes n=6. Fig. 2(B) is an enlarged diagram of an X portion
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[ 0023] Fig. 1 exenplarily illustrates a state of engagenent
at a long/short radius position in the case of the nunber of |obes
n=6. In this case, if a pair of the rotors 1, 2 is disposed within
fluid F, rotation torques are generated in both of the rotors 1, 2.
In general, the engagenent (contact) generates nore torques fromthe
'short radius rs to the long radius rt and the switching point is at
the equival ent radius position depicted in Fig. 2(A), i.e., a
position having equivalent radii (rl=r2) where the torques are

equi val ent afo FegehZérher . Therefore, i f the fluid F flows in the

direction of an arr vardly)., t or | [ t
rotor 2 than the ﬁ?f&éb&ﬁd F)nlgt hgﬁé{ t}i'—eg 8%% %J,{‘ grﬁgé g
the right e 2086£5129 dhRedltb\¢hag: ldateatrﬁcatte pdes defd (Fptgy, 1
in the direction of arrows in Fig. 1. [0024] Fi g. 2(A) is a

di agram of tae txzapte off thhereryzgénedtbsiene Al ivhéeaguindltén Lleft

radi us position in, the case of the nunper S n=6. (
an enIarge&oﬁpag#ahﬁcﬁnﬁﬁ?niaBSPPfﬁh S%ﬁtQQ%ﬁ tf(gﬁe dr1V1ng(%&§? 2hoh®
depi cted i RpfisGs e A . LYRENHNE eAYaNeRREL JCORLatinhf ok MoBaY aLs, 1,

2 conmes to the equi val ent radi Us position (rl=r2), the torques of the
rotors 1, thesdmmquha’altéret sandnd hel‘deeﬁtefrem:erdQes siotngtant amebdhs| y
switched to the driving side fromthis state. Like this, in the case

of the nunﬁeIPSBF“Fb%JesSlﬁEGm|etlt|h§rkh]6‘\”7\n’?°Ph3FttWeaJ%"e€5n1ah‘? 887 EP8hte
does not 0GeWt QML ddE PRLL f}traclefsl' %%d'fneE' gtlcggghgoga@gctstﬁ@teeat

t he Iong/shor I'us "posi eplc
contact St attethé équiuamﬂntakaﬂiusephaﬁtq@m5|tr@& (dégtaﬁedemtdh@d Bn
Frg 2. [00 As shown in Fig. 2(B), when a pair of the

rotors 1, Op%5ﬂn the engagenent state at the equi val ent radi us

iti 1=r2 . d d
POSILon (11712128 SRB L0 CataelYRAD 4 BsLong sl s i o

referred t Qsamnamearee@tagieaehtcashawenﬂtmf Ee}mvap@xat erddihacibashibn.
The apparent backlash t is about 0.12 nm when neasured in the
engagenent §ta¥@ raf 93 leqnrovided hedwegs positansnrathisceifeet the

di stance K I n%la%Ee c;'rQ: ng]d,l[lgoglﬁ e of th réatsoraqov heg(gr%gwl fgt

abr asi on I’ESI S ance 1S ac Ieved Ssince parr or non-circu

a positive rdirspkager@nt afl @@patrehtrmﬂsaecsklra:gﬂ | NgeeOMh@Ete Ny t Ia@ptarehtp
on a pitch line; a higher torque efficiency is achieved since a

| ar ger vaI@éCkéaghv%h t §he eppehehbi ghekkaah & Ehdbout §.g8sHinbeeno
fromthe gears in.,s nst ead | e_avoi,di ng

boor mt ofiBaSuntns R B RRa=aRhelt, Stabe  pha kRl B e " YahSEHT

position. The center distance K in this case is 10 mm.
{0026]

As above, excellent abrasion resistance is achieved
since a pair cof non-~circular gears of a positive displacement
flowmeter makes rolling contact witheout slip on a pitch line;
a higher torque efficiency is achieved since a larger value is
given to a tooth height ratio; and it is possible to from the
gears in spur shape instead of helical shape while avoiding
abnormal engagement since the apparent backlash is provided.
[0027]

Fig. 3'is a diagram of a transition example of the

engagement state of a pair of the rotoxrs 1, 2 in the case of
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Fig. 3is a diagramof a transition exanple of the engagenent state
of a pair of the rotors 1, 2 in the case of the nunber of | obes n=6.
The transition of the engagenent state is depicted when the rotors 1,
2 rotate from00 to 300 in the order of Fig. 3(A to Fig. 3(F). In
Fig. 3, P denotes the contact point of the rotors 1, 2 and t denotes
t he apparent backl ash between the rotors 1, 2. Although the rotors 1
and 2 are housed in the casing 3 rotatably around the axial centers 4
and 5, the casing 3 is not illustrated. [0028] Fig. 3(A) shows the
case when thiee angber®f bfbasha=fot dheltrangitHrd eh&haryiaaGRegt JtaLte

115" 10,00 ShATHEEHGHES02 D TR ol ork F3°€ F0r08 Und FPE RS

shows the casg mherriighes anots EQé.Oj(Et)he £019h . 13 i B abhol@sand édreract

angle 02 of the rotor 2 1s 23.86. [0029] Fig. 3(D) shows the case

when the angdint9bfoftheheototsrl, 2 and t denotes the apparent backlash
between the rotors 1, 2. Although the rotors 1 and 2 are housed
in the casing 3 rotatably around the axial centers 4 and 5, the
casing 3 is not illustrated.

- [0028]

Fig. 3(A) shows the case when the angle 61 of the rotor
1 is 0° and the angle 82 of the rotor 2 is 0°; Fig. 3(B) shows
the case when the angle 01 of the rotor 1 is 10.00° and the angle
82 of the rotor 2 is 20.00°; and Fig. 3{(C) shows the case when
the angle 61 of the rotor 1 is 15.00° and the angle 82 of the
rotor 2 is 23.86°.

[0029]

Fig. 3{D) shows the case when the angle 81 of the rotor
1 is 18.00° and the angle 82 of the rotor 2 is 25.46°; Fig. 3(E)
shows the case when the angle 81 of the rotor 1 is 24.00° and
the angle 62 of the rotor 2 is 27.94°; and Fig. 3(F) shows the
case when the angle 61 of the rotor 1 is 30.00° and the angle
82 of the rotor 2 is 30.00°. 1In Fig. 3{D), the apparent backlash
t is minimized and the measured value thereof is about ¢.07 mm.
[0030]

Although the embodiment has been described as a
representative example when the number of lobes n is 6, the
present invention may be implemented by appropriately setting
the flattening b even when the number of lobes n is 8. For
example, in the case of the number of lobes n=8, the flattening
b is set to 0.34. The measured value of the apparent backlash

t in this case is about 0.02 mm {minimum value).
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1 is 18.00 and the angle 02 of the rotor 2 is 25.46'; Fig. 3(E) shows
t he case when the angle 01 of the rotor 1 is 24.00 and the angle 02
of the rotor 2 is 27.94'; and Fig. 3(F) shows the case when the angle
01 of the rotor 1 is 30.00 and the angle 02 of the rotor 2 is 30.00.
In Fig. 3(D), the apparent backlash t is mnimzed and the neasured
val ue thereof is about 0.07 nm [0030] Al t hough the

enbodi nent has been described as a representative exanple when the
nunber of lobes nis 6, the present invention naybe inplenented by
appropriate{@3ldtting the flattening b even when the nunber of | obes
nis 8 For exanple, in the case of the_nunper of | obes n=8§, t
flattening b is sef*9o 6.%%.%%@%%{%@%&\/ ??fésb?lqrheewgferﬁr}e the
backl ash t éxgbég}an%n%a§%até Pyt 0,02 s £ -G Jrun vabue),. the 003 of
Fig. 4 is a diagramof a transition exanple of the engagenent state
of a pair ofhd hembet oifsldhe 2n+. t Tkecasngift itdmeo Hiohbemgefyeebe ss et
The transitjon of the engagenent state is depic%ed when the rotors 1,

2 rotate frome68icEed M e RhenPtRixdert  of TEtgtestmg™ 0o ¥ f2-2(F™ 4

Fig. 4, Pd int, f th . denat.e
he R R e B e R it o

r
t he apparen between the rotors 1, Al t houg
and 2 are hsiised dfnthbBersastnd 3 2r ahdt abian@raundet hppaxeat lesritlersh 4
and 5, the casing 3 is not iIIustrated.qﬁ%OSZ] Fig. 4(A

shows the cilerafiehne Hotangle 81 JHlilmadrotiee retegsol anrd 4 RECRPED2

f th t is_ 0:. Fig. I i
The rotor. 27 Enkediidd & il alOuRob s (HRSEARER I8 SR  The
Fig4(0 shiwind e icasetwhemiéhestannl e 91 of the rotor 1 is 13.97

and“the angle 02 of the rotor 2 is 9.00. [0033] Fig. 4(D)
shows the cH¥B34dhen the angle 01 of the rotor 1 is 18.53 and the

angle 82 of the rotor L 5.00;,Fig. 4 shows t he ) en_ the
Tnole 01 of the r s 2 SptaR et Ehe aN S atS SR M
18.00; and Fij@. 04(dna ¥hevanihe xase vhen-dthe angbe S raf.thesy airdwsl
is 22.50 and the angle 82 of the rotor 2 is 22.50. In Fig. 4(0), the

appar ent badid ashe tvhiey thaianozedland threraeas dreel 1Pabdé antbkbofarigde
about 0. 02 3£ the rotor 2 is 6.00°; and Fig. 4(C) shows the case when

the angle 81 of the rotor 1 is 13.97° and the angle B2 of the
rotor 2 is 9.00°.
[0033]

Fig. 4(D} shows the case when the angle 81 ¢f the rotor
1is 18.53° and the angle 82 of the rotor 2 is 15.00°; Fig. 4 (E)
shows the case when the angle €1 of the rotor 1 is 20.23° and
the angle 82 of the rotor 2 is 18.00°; and Fig. 4 (F) shows the
case when the angle 81 of the rotor 1 is 22.50° and the angle
82 of the rotor 2 is22.50%, 1InFig. 4(D), the apparent backlash

t is minimized and the measured value thereof is about 0.02 mm.
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CLAIMS 1. A positive displacenent flowreter provided with a pair of
wherein the pair of the

non-circul ar gears in a casing,
pitch curve itself having a | ocus of a

non-circul ar gears has an oval
contact point on a pitch line as a tooth profile curve and satisfies

conditions of ri-Fr2=K=const., and ri clei=r2- c1.02 , and a noving

radius of the oval pitch curve is represented by

ri=al (1-bcosnOi) (i=1, 2) (where ri(i-=-1, 2) denotes a
noving radius that is a distance fro tation center to the oval
pitch curve, and a, b, n and G (i=1, 2) denote simlarity

coefficient, flattening, nunber of |obes, and noving angl e,
is 6 and flattening, b, is 0.5.

respectivel y), and nynber.of | abes, n, € . (
2. A positi v)éll' di spl aéerﬁﬂsrft“fef o‘%ﬁgll%@?mﬁPBvﬂ%ﬁleﬁﬁ Pravisledr with a pair of

non- i r cul apoARAcEldr rdhrs 33 aNGsitl §FiklBin

the pair of the non-circular gears has an oval pitch curve itself
having a locus of a contact point on a pitch line as a tooth profile curve and
satisfies conditions of

ri+rs=K=const., and

r1-d61=rz-db2
, and a moving radius. of the oval pitch curve is represented by
r=a/(1-bcosnBy(i=1, 2)

(where ri(i=1, 2) denotes a moving radius that is a distance from
the rotation center to the oval pitch curve, and a, b, n and 8;(i=1, 2) denote
similarity coefficient, flattening, number of lobes, and moving angle,

respectively),and number of lobes, n, is 6 and flattening, b, is 0.5.

2. A positive displacement flowmeter provided with a pair of

non-circular gears in a casing, wherein

the pair of the non-circular Bears has an oval pitch curve itself
having a locus of a contact point on a pitch line as a tooth profile curve and
satisfies conditions of

ri1+re=K=const., and

r1*dO1=rs-d0;
, and a moving radius of the oval pitch curve is represented by
ri=a/(1-beosn8)(i=1, 2)

(where z;(i=1, 2) denotes a moving radius that is a distance from
the rotation center to the gval pitch curve, and a, b, n and 0i(i=1, 2) denote
similarity coefficient, flattening, number of lobes, and moving angle,

respectively),and number of lobes, n, is 8 and flattening, b, is 0.34..
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the pair of the non-circular gears has an oval pitch curve itself
having a | ocus of "a contact .point on a pitch line as a tooth profile
curve and satisfies conditions of ri-Fr2=--7K=const., and rj, de/
i=r2 d02 , and a noving radius of the oval pitch curve is represented

by ri=al/(1l-bcosnEWi =1, 2) (where ri(i=1., 2) dgnotes a
nmoving radius that is a distance fromthe rotation center to the oval
pitch curve, and a, b, pi and 01(i=1., 2) denote simlarity

coefficient,sflattenry poé‘i‘ﬂfmedlsﬁlfacélﬂgﬁﬁ ﬂo?&e%?v4sn%m fn c]t‘;;lim g or 2,

respectlvely) and nunber of | obes, n, eni ng,

0. 34. 3. wmezpusthe peairgif $he acemirtldd gemﬁlae aapudehbped in claiml
or 2, mherein the pair of the non-circular gears has a spur shape..

4. The positive displ acenent rovvrreter as defined in any one of
clainms 1 tog3, wheregyR £ circ ars is in
an engaged state at an gﬁﬁﬁgahg ?ég%%ﬁgF?ﬁa gﬁ d%§'6P8V?H%&ﬁ

bet ween t ootlaimhapds &nwher@nrﬁﬁeuStIﬁ:l g8ir0bf Ehe rﬁafn éljft%lého%eﬁi-é ‘iéﬂl_ﬁ
gears and short radi us side of the other non-circular gear. e

positive di %‘}ﬁ%ﬁ?@ Ate ﬁmwa@@td@muﬁeaomoany gapeinprotidednbetwée

4, wherein t I s _made of the_sane
sh aped n:)n %P?}: Eﬁg es Bn 1&?3 B8 S! 188 ofond %2 elnon-cnfculgﬁ gears and S%ort

radius side of the other non-circular gear.

5. The positive displacement flowmeter as defined in any one of

claims 1 to 4, wherein the pair of the non- cirqular gears is made up of the

same shaped non-circular gears.

13



