DESCRI PTI ON PCsSI Tl VE DI SPLACEMENT FLOWETER AND HELI CAL GEAR TECHNI CAL FI ELD
[ 0001] The present invention relates to a positive displacenent

fl ommeter and a helical gear and nore specifically to a pair of helical
gears that enploy an oval pitch curve as their reference rack tooth profile,
and a positive displacenent flowneter that includes the pair of helical
gears. BACKGROUND ART [ 0002] Conventionally, a helical-gear
positive displacenment flowreter is characterized in that the flow neter
generates a very small ampbunt of vibrations and noises due to its
non- pul si ng noti on because rotatiom?Qﬁc3¥%T§@£r are uniformvelocity
rotations, its flowis uniform and its torque is uniform conpared with
other gear flow neters. In a gear having relatively a few teeth (the nunber
of teeth Z is 2 tecArTaye bIsgpearevtRe cooWiviruewrs aAnonHact chootRAprofile with
whi ch nmeshing is conducted on the whol e surface of the gear tooth profile
acconpani es no confinenent phenonenon, is proper as a tooth profile for a
gear of a flow nmeter, and is variously used in practice, [0003] For
exanpl e, t hel ¥ H-Mr F15eP of a hel i cal - gear positive displ acement flowneter
descri bed in[5@6fgt Docunment 1 is a one-point continuous contact tooth
profile that enploys an involute curve (cutter pressure angle cx021.3) as
its reference rack topth prakihe, hewaMeliord herd potds hekght F atpdstrive t he
normal case (in the case of a single curve) is h,...-0.665 m("m represents
"modul e") andlsplacefiant d lognpiteedrodiaveshed 1 gsaftroame dolry soeemettdaglt he
vicinity of a pitch point by a_straight line with the cutter pressure angle
ao at the pitRm piidt SBePRLaHL1522r ¢ H o AP IR it OVati BLRACRSCRIRE -5 724

m The maxi num of t hei_gh i f.the straight, line.i.n_this se iS
n0=751 n2a0) 2 e o rRe AR BeBln e LT R oS o TR el
profile is | pwermdfan ther toathudel ohe i 0 & tihati és) hswh g 4=0. 7854 m t hat
isthelimt tooth height ratio for the one-point continuous contact tooth
profiles and, therefore, no tooth height |larger than this can be obtai ned.

[ 0004]

BACKGROUND ART
[0002]

Conventionally, a helical-gear positive displacement
flowmeter is characterized in that the flow meter generates a
very small amount of vibrations and noises due to its
non-pulsing motion because rotations of its gear are
uniform—velocity.rotations, its flow isuniform, and its torque
is uniform, compared with other gear flow meters. In a gear
having relatively a few teeth (the number of teeth Z is 2 to
4) as its gear, the continuous contact tooth profile with which
meshing is conducted on the whole surface of the gear tooth
profile accompanies no confinement phenomenon, is proper as a
tooth profile for a gear of a flow meter, and is variously used
in practice.

[0003]

For example, the tooth profile of a helical-gear

positive displacement flowmeter described in Patent Document

1 is a one-point continuous contact tooth profile that employs
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A cycloid tooth profile is characterized in that its specific sliding is
constant, but the limt of its tooth height ratio his h=0.5 mto cause the
cutter pressure angle at the pitch point to be zero and to forma one- poi nt
continuous contact tooth profile using a single curve. However, although a
straight Iine may be inserted in the vicinity of the pitch point to avoid
the cutter pressure angle at the pitch point frombeing zero, the limt of
the tooth height ratio his h=0.5 mto establish the cycloid tooth profile

as a one-point continuous contact tooth profile. [0005] to an
arc tooth prdfti FBVPhEES SUgeiter BFHYE¢al PEESREVFK Q%%n??xﬁ%ﬁ% a%lﬂ§s

| ar gest tOOtPe%tgct tooﬁd]@t'&f)ttpaérbflb%e Ho%fz‘e@er \‘}% Btﬁnﬁe_@ hPlratio

cont i nuous con profi tal ned en the cen er of the arc

is put at therpihehnoHoyBvRise t(hea t@@tdhshelogha giaigIe h:ulrﬁreh 0s6081. &6 When
the cutter pressure angle ao at the pitch point is a0=14.5 shifting the
center of the (@m¢' bepaasenthe maduler") paeésL@‘eerarf@lreaalomhﬁél%i/?éﬁvﬁotmti n

this case is, zero simlarly to the case of the cycloid tooﬁhdproflle It is

al so possi b|JeStBO¥rﬁ%ﬁiela¥eCPﬁeeFBb{lﬁ EEPgmlcllé}tlFaf By ign S o rRY ot

line in the t c the

hei ght of th%{]g%ﬂ%ﬁghﬁr?él %%s%sg:tq{l&fer ?Qggn@é&tl %El%ilﬁatg( ;5@??}‘? gél (ﬂg
(0/2 and the, it e gﬁarwi@o ,apgke: @Ot metlhjr& ¢a%80l B APRUD .3021n>. £0006]
In the above t he hei ght ho of the straight" line is estinated as h0=0.2678
by assuni ng mdmaimmﬂneaf:u:theemeplgmub eofangle salagfghthd ister anghhiki p@sésis
ao>21. 5, satlsfles ,the maxi mum of the height of the straight line that is
h0=0. 2686, aFAHe ?@g%h height ratio h in this case is h=0.7303 m However,

the gear tooth profihe ineLhls ase Lo, Gophi peds guive,Logth profibe; of an

i nvolute and an arc, ~and ype e arC curve sec n"1s no

continuous cpatiaGie Muth-a TREERLALY S §18€ e HOW acthakatl enh=fHagueEnt 745 4
Japanese Patent Publication No. 3310239 DI SCLOSURE OF THE | NVENTI ON PROBLEMS

TO BE SOLVEDn BYhZHE ilsNVENT| ONnf 00@6pth height f@MEMefprthﬂmst@mmkp@hmboth
height ratio (assunmng that the total tooth height is 2h) for an ordinary
i nvol ute tooff%nfp%ww% f@nnam‘m (P@Fhapmﬁplﬁéoﬁndheﬁé}ﬁr)efaw&, tTHereP o,

when a toothh S usE fqg:9 gear 05|t ve di spl acement flowreter
or of a gear ‘%u%% FeIBhet IE R4 F ovet okfﬁ hakh%]g% "ratio is di sadvant ageous
due to its cppy@et ratio and its discharge ampunt.

A cycloid tooth profile is characterized in that its
specific sliding is constant, but the limit of its tooth height
ratio h is h=0.5 m to cause the cutter pressure angle at the
pitch point to be zero and to form a one-point continuous contact
tooth profile using a single curve. However, although a
straight line may be inserted in the vicinity of the pitch point
to avoid the cutter pressure angle at the pitch point from being
zero, the limit of the tooth height ratio h is h=0.5 m to
establish the cycloid tooth profile as a one-point continuous
contact tooth profile.

[0005]

As to an arc tooth profile that is generally called
Novikov tooth profile, the largest tooth height ratio h that
is h=n m/4=0.7854 m of>one—point continuous contact tooth

profiles may be obtained when the center of the arc is put at
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[ 0008] When a positive displacenent flowreter that incorporates
therein a pair of helical gears enploys an oval pitch curve as its reference
rack tooth profile, the tooth height ratio of 0.7854 mthat is the
theoretical Iimt for one-point continuous contact tooth profiles may be
set. However, no technical idea as above of enploying the oval pitch curve
as the reference rack tooth profile has been present for the conventional
positive displacenent flowreters, and this technical idea has not been
realized so far. [0009] The present invention was conceived in view
of the aboveheipriceist ancesyeandheheoobh eeti ghtereot oils 1 sthr oal &llemarhdrdea
positive displacement flowreter that includes a pair of helical gears

enpl oyi ng armevaltisn gireawure asgilheds atefréucend&chapkinbot h prafi| 158, by s

bl t th the t h t f m4 (0.7854 i
e hear ef%kii#tﬁﬁt BT oo SRt SCErT AR " B8 401 T SR BB TE even
for a few teeth,o &Cﬁgm%nhﬁstl@i)s condd Q%%E&@gﬁqq%@@?véﬁdtﬁe heldcal

gear. MEANS FOR SOLVI NG THE PROBLEM [ 0010] To solve the above

probl ems, aof itisd dyeqnicaborBapsorsla. posiits we sdi ppkaceirentofimymeiss that
includes a pair of helical gears in a casing thereof and nmeasures a flow
usi ng rot atilomstedtihbcheht cahtgeaby, inkersiingt ke spaial abft H@naxﬂngﬁhﬁs

enpl oy an oval |tch urve having two or | ess,|leaves as its refer e rack
Loot h prof.YJeCJarﬁ Vg BHUP G rhe 1By AL SpFtER: cOFvel FESBxpr ested by
p=al (1- bcosp %’2 VEET 8, e 's‘trafl %hﬁfiﬁ%vlnﬂgtr wéfghé‘tcbﬁdi@foﬁ ?ﬂ?@ce from
the center o e rotation to the oval p|tc curv isasimlarity

factor, "b"ois,dMheg degreem theathessr pres{urs2hdie bhemunber coéel paves,
and "9" is the argunent). [0011] A second technical neans is the
first technileaht ne?s \Mferein, when the nunber of leaves n is n=2, the
simlarity factor "a", the degree of flatness "b", and the distance "go" are
det er mi ned §¢¢%°that the tooth height ratio his n m4 (where "m' represents

"tooth profile modubg"}jn g04a0:t ez 1tz drbcRsnOP){NbSIANO0LS0 15ne 55

estimated as hy=0.2678 by assuming that the cutter pressure
angle oy of the straight line is «p221.5°, satisfies the maximum
of the height of the straight line that is hy=0.2686, and the
tooth height ratio h in this case is h=0.7303 m. However, the
gear tooth profile in this case is a combined-curve tooth
profile of an involute and an arc, and the contact type of the
arc curve section is not continuous contact but a momentary
surface contact.

Patent Document 1: Japanese Patent Publication No. 3310239

DISCLOSURE OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
[0007]

However, the standard tooth height ratio (assuming
that the total tooth height is 2h) for an ordinary involute tooth
profile is 1.0 m (for a full tooth height) and, therefore, when
a tooth profile is used for a gear of a positive displacement

flowmeter or of a gear pump, the one with a low tooth height
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azSO(l-bCosnOO)/sineO'gOzacosQO/(1-bcosne0) h=a/ (1-b)-go where the cutter
pressure angle at the pitch point is "alp", the argunent at the pitch point
is "(90", the 1/4 reference pitch is "So", the distance between the pole of
the oval pitch curve and a pitch line is "go", and the tooth height ratio is
"h". [0012] A third technical nmeans is the first technical neans
wherei n, when the nunber of leaves n is 2 and the di stance go between the
pol e of the oval pitch curve and the pitch line is zero; in [0013] [Eq. 1]
0O0+ao-tan-11-(1- bcosne 0)/nbsi nn001=0 a= (1-bcosn00)+ (So - ho tan ao )2

h=a/ (1-b) where tbedevbbetnphessuke cargl® attéheopitbel peicib ismd alX's the
argunent at the pitch point is "Go", the 1/4 reference pitch is "So", the
hei ght of tdeschaagghmmdime. fromthe pitch line is "ho", and the tooth

hei ght ratiP i$ "h"; [0014] the simlarity factor "a" and the degree of
flatness "b!O%®! det er mi ned such that the tooth height ratio his n m4

(where "nt represen%§e£tog}h ngﬁkkgenn%wégfacement flowmeter that

incorporates therein a pair of helical gears employs an oval
pitch curve as its reference rack tooth profile, the tooth
height ratio of 0.7854 m that is the theoretical limit for
one-point continuous contact tooth profiles may be set.
However, no technical idea as above of employing the oval pitch
curve as the reference‘rack tooth profile has been present for
the conventional positive displacement flowmeters, and this
technical idea has not been realized so far.

[0009]

The present invention was conceived in view of the above
circumstances, and the object thereof is to provide an ideal
positive displacement flowmeter that includes a pair of helical
gears employing an oval pitch curve as their reference rack
tooth profile, is possible to set therein the tooth height ratio
of mm/4 (0.7854 m) that is the theoretical limit for one-point
continuous contact tooth profiles even for a few teeth, and

accompanies no confinement phenomenon and a helical gear.

MEANS FOR SOLVING THE PROBLEM
-[0010]

To solve the above problems, a first technical means
is a positive displacement flowmeter that includes a pair of
helical gears in a casing thereof and measures a flow using
rotations of the helical gears, wherein the pair of helical
gears employ an oval pitch curve having two or less leaves as

its reference rack tooth profile and a moving radius of the oval
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[ 0015] A fourth technical nmeans is the first technical neans
wherei n, when the nunber of leaves nis 1; in [0016] [Eg. 2] 00+0, (O-tan
1- (1-bcose0)/ bsi n001=0 a= (1-bcos00) Vg02+802 g0=S0/tan80 h=a/(1l-b)-go where
the cutter pressure angle at the pitch point is "a0", the argunment at the
pitch point is "Go", the 1/4 reference pitch is "So", the distance between
the pole of the oval pitch curve and the pitch line is "go", and the tooth
height ratio is "h"; [0017] the simlarity factor "a", the degree of

flatness "b", and the distance go are determ ned such that the tooth height
ratio h is midh (wiere 'meympmsssehtay "tooth profile nodule"). [0018]

A fifth technical neans is the first tecg i cal neans, wherein, when the
nunber of |leaves nis 1 and Pﬁ%/&gé?%ﬂ%% 80 bet ween the pol e of the oval

pitch curve &ngﬁg],e "%i"t ¢b ‘&lllé]qndv%_nzge&gdlhg that is the distance from the

center of the rotation to the oval pitch curve, "a" is a
similarity factor, "b" is the degree of flatness, "n" (n<2) is
the number of leaves, and "6" is the argument).

[0011]

A second technical means is the first technical means
wherein, when the number of leaves n is n=2, the similarity
factor "a", the degree of flatness "b", and the distance "gg"
are determined such that the tooth height ratioh is nm/4 (where
"m" represents "tooth profile module™)in

Bgtog-tan™' |~ (1-bcosn6,) /nbsinnbg | =0

a=Sg(1-bcosnBg) /sinbg

go=acosBy/ (1-bcosnbyg)

h=a/ (1-b)-go
where the cutter pressure angle at the pitch point is "ag", the
argument at the pitch point is "6¢", the 1/4 reference pitch
is "Sp", the distance between the pole of the oval pitch curve
and a pitch line is "g¢", and the tooth height ratio is "h".
[0012]

A third technical means is the first technical means
wherein, when the number of leaves n is 2 and the distance gg
between the pole of the oval pitch curve and the pitch line is
zero; in
[0013]

[Eq. 1]

90+a0—tan_ll—(1-bcosn60)/nbsinn90|=0

a=(1-bcosn8y) \/ho2 +(S, — hy tan )’



[0019] [Eq. 3] 0O+ao-tan-11-(1-bcosedi bsineol =0 a= (1-bcoseo)+ (So
-hotana0) 2 h=a/ (1-b) where the cutter pressure angle at the pitch point is
"a0", the argunent at the pitch point is "Go", the 1/4 reference pitch is
"So", the height of the straight line fromthe pitch Iine is "ho", and the
tooth height ratiois "h"; [0020] the simlarity factor "a" and the degree
of flatness "b" are determ ned such that the tooth height ratio his n nm4
(where "m' represents "tooth profile nodule"). [0021] A sixth
technical neans is the third or fifth technical nmeans, wherein, when the

di stance go is zero, the p@F@/dﬁ'PHe oval pitch curve is on the pitch line

and t he hej 0) ' ' fro . i Lhne_ i,

O tho. <21 24 RS0 (ARG S PECEREr RUTE® oF Fastn oF Ehd ol ol geirs.

[ 0022] arqumeft SEYEhE HEEPRi & nreaN s d ¥, aRneong40kckhecfeeopdttn the

si xth techni cal neans, wherein the cutter pressure angle ao is 10 or |arger.
[ 0023] is "So'An tEightidhgchifi cdle mears.ghs dnypeodeoonf thhepfiteht 1inet he
seventh techni cal neans, wherein at | east a_porthgg‘of the tooth surface of

each of thésSpale” ofaél et ed ¢ght Fadsp 1s
[0014]

the similarity factor "a" and the degree of flatness "b" are
determined such that the tooth height ratio h is m m/4 (wheré
"m" represents "tooth profile module").
[0015]

A fourth technical means is the first technical means
wherein, when the number of leaves n is 1; in
[0016]
[(Eq. 2]

Oo+ap-tant |~ (1-bcosBy) /bsindy|=0

a=(1-bcosBq) /gt + S,

go=Sg/tanb

h=a/ (1-b)-go
where the cutter pressure angle at the pitch point is "op", the
argument at‘the pitch point is "6y", the 1/4 reference pitch
is "Sp", the distance between the pole of the oval pitch curve
and the pitch line is "g¢", and the tooth height ratio is "h";
[0017]
the similarity factor "a", the degree of flatness "b", and the
distance go are determined such that the tooth height ratio h
is m m/4 (where "m" represents "tooth profile module").
[0018]

A fifth technical means is the first technical means,

wherein, when the number of leaves n is 1 and the distance g
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wi th each other of a protrusion and a recess. [0024] A ninth
technical nmeans is helical gears configured as a pair, wherein the pair of
hel ical gears enploy an oval pitch curve having two or | ess |eaves as a
curve for their reference rack tooth profile and a noving radius of the oval
pitch curve is expressed by p=a/(l-bcosnO (where "p" is the noving radius
that is the distance fromthe center of the rotation to the oval pitch
curve, "a" is a simlarity factor, "b" is the degree of flatness, "n" (n2)
is the nunber of |eaves, and "9" is the argunent). EFFECTS OF THE | NYENTI ON
[ 0025] betweepcte e 10F the Prasentt Thvditicoandi t0¢ PHGILIBIE £§ set
the tooth h%g gt E%tio of nmM4 (0.7854 nm) that is the theoretical |limt for
one- poi nt continuous contact tooth profiles by incorporating a pair of
hel i cal gearngohlat enploy an oval pitch curve (elliptic curve) as their
reference rack tooth profile. It is also possible to realize a
tooth profill@qt.hdt] is resistant to abrasion because the tooth surfaces are
in mesh of a protrusion and a recess, and therefore, the tooth surface
strength of the gear tooth prdPitEabedoresbrirgRobfdsim@olspeci fic sliding
between the tooth profiles is small. The helical gears according

to the invention are advantageous for eﬁ%ggﬁﬂg—rﬁbTéjbr gear cutting
processes because it is posé%%ﬁ%ﬁT%Ps ?Tﬁé?gﬁ%)tooth profile strength
for a fewteeth and to set the cutter pressure angle at the pitch point.
Especi al |y, when the helicalh-gearis-@re used as gears of a positive

di spl acenent flowneter, it is possible to provide ideal gears that acconpany
no confi nemehie rghthemridrebhpreesuiragan ke tadothehel ghit pattito iso" ®e' .nthk4 t hat

> Lhe Lheoretical | L Lonor 0" OLRL £ONL)MOYS, Sq7t,act Looth protiles.

is "Sg", the height of the straight line from the pitch line
is "hy", and the tooth height ratio is "h";

[0020]

the similarity factor "a" and the degree of flatness "b" are
determined such that the tooth height ratio h is m m/4 (where
"m" represents "tooth profile module").

[0021]

A sixth technical means is the third or fifth technical
means, wherein, when the distance gy is zero, the pole of the
oval pitch curve is on the pitch line and the height hy of the
straight line from the pitch line is OShOSZ/ZSin?ao (where 7 is
the number of teeth of the helical gear).

[0022] |

A seventh technical means is any one of the second to
the sixth technical means, wherein the cutter pressure angle
g is 10° or larger.

[0023]

An eighth technical means is any one of the first to

the seventh technical means, wherein at least a portion of the

tooth surface of each of the pair of helical gears is in mesh
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[0026] [Fig. 1] Fig. 1 is a diagramof an exenplary configuration of a
positive displacenent flowreter according to an enbodi nent of the present
invention. [Fig. 2] Fig. 2 is a diagramof an exanple of a reference rack
tooth profile that is configured by an oval pitch curve for the nunber of

| eaves nis 2. [Fig. 3] Fig. 3 is a diagramof an exanple of a reference
rack tooth profile obtained by converting XY coordinates taking a pitch
point Po as the origin. [Fig. 4 Fig. 4 is a diagramof an exanple of a
reference rac% t oot grgfile and_a gear.tooth profilg that are used in a
posi tive di ¥pi-BcERSHt OFPSonSter REQSFUPAG ™ 878 fi FSES8Rbodi ment. [Fig. 5]
Fig. 5 is ardpagramof an exanple of the nmeshing state of gear tooth
profiles that aré used in the positive displacenent flownreter according to
the first enbodi mrenta rfikit®. t@khhigalbmeang disageamcafl gpaexanphéigfiradl ocus
of a contact point of a pair of gear tooth profiles that are used in the
posi tive di 8plapersntviersiretee retoedi il 1@t Hearisretpkathadioient P1tERi g. 7]
Fig. 7is a diagr m of anot her exanPIe of the reference rack togth Rrofile
that is configUiFed®By an"6var pPEEn CuFve 25 6r CPﬁ?éerH{}‘?ﬁbetPedfr F&aves fiis 2.

[Fig. 8 Figsc§ jcgof'i‘h | AgF an %fnoﬁg Jén L& of %ES &?&t)ﬁéﬁ% £AGket 0Ot h

profile obtained by converting t oordi nates taking t pitch point Po
as the origiR. ekbrgss8h Biyg. 9 is a diagram of another exanple of the
reference rack tooth profile and the gear tooth profile that are used in a
positive displacenent flowrst=ey/ dcdorain®y to a second enbodi nent. [Fig. 10]
Fig. 10 is a diagram of another exanple of the |ocus of, the contactEBoint of

the pair of (YB&FSt 0Bt hiHridtd MY i Watr 28resusBati #5 tHee [UsiHANAE dirop hénent
f1owret er a%%?lq:glrn. £ Otﬁé]erﬁﬁgQEgne%odd ncBVa# Fgg‘ﬁg?irllc&'f:'v% Ll.ds; 2 diagram

of exenplary transition of € nmeshing State o hél i cal gears for
the nunber @fingeariteetlicdots b ikl the lddgidd orl21b8nasgl agiamef)ans
exanple of a reference rack tooth profile that is configured by an oval

pi tch curvether nuhbenuntiel cafrebeawres foi'sis. thEi grgtBfnE)lg. 13 is a di agram
of another exanple of the reference rack tooth profile that is configured by
an oval pitch curve for the nunber of |eaves nis 1.

EFFECTS OF THE INVENTION
[0025]

According to the present invention, it is possiblé to
set the tooth height ratio of m m/4 (0.7854 m) that is the
theoretical 1limit for one-point continuous contact tooth
profiles by incorporating a pair of helical gears that employ
an oval pitch curve (elliptic curve) as their reference rack
tooth profile.

It is also possible to realize a tooth profile that
is resistant to abrasion because the tooth surfaces are in mesh
of a protrusion and a recess, and therefore, the tooth surface
strength of the gear tooth profile becomes high and the specific
sliding between the tooth profiles is small.

The helical gears according to the invention are
advantageous for designing tools or gear cutting processes
because it is possible to obtain sufficient tooth profile

strength for a few teeth and to set the cutter pressure angle
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EXPLANATI ONS OF REFERENCE NUMERALS [0027] 1, 2.. .helical gear, 3.. .casing,
4, 5.. .shaft center, 6, 9...virtual pitch circle, 7, 10...addendumcircle,
8, 11...deddendum circle PREFERRED EMBODI MENTS OF THE | NVENTI ON [ 0028]

The main characteristic parts of a positive displacenent flowreter according
to the present invention are as follows. (1) It is possible to realize the
tooth height ratio h=n n4 (where "ni represents "tooth profile nodul e").
(2) It has a cutter pressure angle at the pitch point that is advantageous
for manufacturing tools ar .their lifetinme, .etc (3), .1t -enpl gys a one-point
cont i nuous 85&?5%?1?8%§ﬁ”ﬁ¥6fiFﬁpFﬁéﬁaggcdﬁﬁﬁthg}ﬁ%Jéﬁ%hgg%ﬁ%ﬁ?*%ﬂ%%%nenon
as flow nmetgr gears.or (Ahoht th§asi & PRELLOR: of 1 difige ot N+SyLf 368sfnte
meshing is In resh of a protrusion and a recess to increase the contact
pressure sttengidvide ideal gediretkat et cenmpediyiratco rdfi reenfeosi pheeomenon

di spl acenent flowreter according to the present invention will be descri bed
with referehresestihe &bcormaiyi e rtawi hysio[ Do2bp n m/4 thatFiys thes a

di agr am of exenppl ary configurati on of .a positjve displacenent flo ter
accor ding t BRGAZGRDEAT ANt df {RE SPESEIRLTVERTFORICHR FOJLoEt » 1005Rg » o
denote a paggq Elgglical gears that are helically shaped (referred to as
"helical ge r'?; " denotes a casing, "4" and "5" denote the shaft centers
of the helical gears 1 and 2; "6" denotes a pitch circle of the helical gear
1; "7" denotes an addendumcircle of the helical gear 1; "8" denotes a
deddendum cBREEE DBESCRéPHePNcal geawINGS" 9" denotes a pitch circle of the

hel i cal gear 22 "10" denotes an addendumcircle of the helical gear 2; and
"11" denot e$9828éddendum circl e of the heli cal gear 2. Helical gears that

oLe S TieTeTkykn LT seiion glaous on J1 gl ot g SOl (he

exenpl i fiedaagobheipaidi®flacement flowmeter according to an embodiment
of the present invention.
[Fig. 2] Fig. 2 is a diagram of an example of a reference rack
tooth profile that is configured by an oval pitch curve for the
number of leaves n is 2.
[Fig. 3] Fig. 3 is a diagram of an example of a reference rack
tooth profile obtained by converting XY coordinates taking a
pitch point Py as the origin.
[Fig. 4] Fig. 4 is a diagram of an example of a reference rack
toothprofile and a gear tooth profile that areused in a positive
displacement flowmeter according to a first embodiment.
[Fig. 5] Fig. 5 is a diagram of an example of the meshing state
of gear tooth profiles that are used 1in the positive
displacement flowmeter according to the first embodiment.
[Fig. 6] Fig. 6 is a diagram of an example of a locus of a contact
point of a pair of gear tooth profiles that are used in the
positive displacement flowmeter according to the first
embodiment.
[Fig. 7] Fig. 7 is a diagram of another example of the reference

rack tooth profile that is configured by an oval pitch curve
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helical gears 1, 2. These helical gears 1, 2 are provided in the casing 3 of
the flow neter main body, being rotatable in a direction indicated by arrows
in Fig. 1 around the shaft centers 4, 5 while nmeshing with each other in a
fluid F. [0030] (First Enbodi nent) The helical gears 1, 2
according to this enbodinent are helical gears that enploy an oval pitch
curve having two or |less leaves as a curve for their reference rack tooth
profile. The noving radi us of the oval pitch curve is expressed by Equation

(1) below p=a/(l1-bcosn0)E I n Equat on (1), "p" is the noving radius
that is thegﬂfs{%%c%9$¢%%1$% cehter” o? %e rotation to the oval pitch
curve, "a" 814 kharidysfachanrano 'ﬁé&%ﬂ@géﬁélefoﬁf kaknesseremcei s the
nunber of | eaves, and "0" is the argunent (the angle of the noving). [0031]
A | ocus of thekrtﬁ&ﬂhnpmbﬂxﬂﬁ<dhnﬂﬂmqﬂwmy e nwielrit ihgr ehnakY ecobed ivpresent ed

by (X, Yi), and the case where a two-leaf oval pitch curve (n=2) is used as
t he curve fb@k%hgsth%f@¢%%%ep¢h%k ?mxﬁ%1ﬁhQﬁqn¥93MIl be described as a

oot of LhetgBar B16° & T6ct FIBRBAN & OIS RASC 1P 47 BTG CHEE BT L2 * Sor

are given b T Ity i h r teet e gear
Z=4 The too*[(?%u(c’)%lrto?‘c%.\gh % ggllg %ﬁg%}%@%} T e%%/%ﬁzirg%:g?g%%et%% g%sgsﬁaéﬁ nR/ 2Z

[0032] OmM,a positive displacement flowmeter according to a second
embodiment.
[Fig. 10] Fig. 10 is a diagram of another example of the locus
of the contact point of the pair df gear tooth profiles that
are used in the positive displacement flowmeter according to
the second embodiment.
[Fig. 11] Fig. 11 is a diagram of exemplary transition of the
meshing state of a pair of helical gears for the number of gear
teeth Z is 4.
[Fig. 12] Fig. 12 is a diagram of an example of a reference rack
tooth profile that is configured by an oval pitch curve for the
number of leaves n is 1.
[Fig. 13] Fig. 13 is adiagramof another example of the reference
rack tooth profile that is configured by an oval pitch curve

for the number of leaves n is 1.

EXPLANATIONS OF REFERENCE NUMERALS

[0027]

1, 2...helical gear, 3...casing, 4, 5...shaft center, 6,
9...virtual pitch circle, 7, 10...addendum circle, 8,

11...deddendum circle

PREFERRED EMBODIMENTS OF THE INVENTION
[0028]
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Pol ar coordi nates (p, 8) of the two-leaf (n=2) oval pitch curve that is
expressed by Equation (1) above are given as the reference rack tooth

profile. It is assunmed that the noving radius p starts at a nmajor axis.
A tangential angle i (that is assuned to be an acute angle) of the oval

pitch curve may be obtained using the follow ng equations. I=tan-IIp/(dp/d0)
... Eq. (2) dp/d8=-nabsinne/(1-bcosne)2 ... Egq. (3) From Equations (1) to
(3) above, T=tan-11-(1-bcosne)/nbsinnel ... Eq. (4) [0033]

B
o sent 0, = Cut i B e ANOLECAL e, 60,80 PO g5 Bl an

amount of nove of a curve as "go", a oot h

hei ght ratig@jagizhemehierf Qlhove PG N tdpral trauatd onvs: holvdntlike appunt of
novenent of a polar go refers to the di stance between the polar of the oval
pitch curveaandoalpiwsch |ine. 00+ao-tan-/1-(1-bcosn00)/nbsinnaol =0 ...

Eq. (5) a=S0(1-bcosn00)/sine0... Eq. (6) gO=acos00/(1-bcosne0)... Eq. %7)
h=a/ (1-b) - g01). IEqis(Bysshete t@Oredkizhehy fansm hel Hite tHition DHi A 4Po.

(where "m" represents "tooth profile module").

(2) It has a cutter pressure angle at the pitch point that is
advantageous for manufacturing tools or their lifetime, etc.
(3) It employs a one-point continuous contact tooth profile that
accompanies no confinement phenomenon as flow meter gears.
(4) At least a portion of the tooth surface for meshing is in
mesh of a protrusion and a recess to increase the contact
pressure strength.

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

[0029]

Fig. 1 is a diagram of an exemplary configuration of
a positive displacement flowmeter according to an embodiment
of the present invention. In Fig. 1: "1" and "2" denote a pair
of helical gears that are helically shaped (referred to as
"helical gear"); "3" denotes a casing, "4" and "5" denote the
shaft centers of the helical gears 1 and 2; "6" denotes a pitch
circle of the helical gear 1; "7" denotes an addendum circle
of the helical gear 1; "8" denotes a deddendum circle of the
helical gear 1; "9" denotes a pitch circle of the helical gear
2; "10" denotes an addendum circle of the helical gear 2; and
"11" denotes a deddendum circle of the helical gear 2. Helical
gears that are different in the direction of torsion from each
other, are formed in the same shape and the same size, and the

number of teeth is four (Z=4) are exemplified as the pair of
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[ 0034] As the result of a sinulation executed setting the cutter
pressure angle ceo to be 14.5 and using the degree of flatness b as a
parameter in Equation (5) above, the tooth height ratio h=n nf4=0.7854 m
that is the theoretical limt value for single-pint continuous contact tooth
profiles maybe obtained fronEquations (6) to (8) when the degree of flatness
b is 0.2850 and the argunent 00 is 46.1033. The simlarity factor a is
obtained from Equation (6) to be 1.1019 and the anpunt of nobve go of the
pole is obtained to be 0.7557 from Equation (7). [0035] ~ Fig. 2
shows an exzepleabfgadrs fef érenteesadieiivorh qnests [le £hareiRrevriedured by

the oval pitch curve t ai ned above for n=2, gO# and h0=0. .In Fig. 2,
"20"_denoPe_ THE“?EF%?gﬁ%%tﬁ&cgipgopﬁgﬁfof?nggﬂthﬁ?%l?%fﬁﬁEﬁﬁﬁyiéi t oot h
profile 20 §5qepli i efndplatle LOOLD-DELODN Fall0 N20o(Af dhe ity el er
pressure angle cx0=14 . 5, and the anobunt of novenent of the pole (distance)

go=0. 7557. centers 4, |9 WHiid.e Zneshiolly U6l tH2R drepsgsantisn an fAddenhdum t oot h
profile of the reference rack and a curve P3P2 represents a deddendum t oot h
profile of th@3@kference rack, and these two curves P1P0 and POP2 are
symmetric with respect to the pitch point Po. A straight line 41Q2
represents therprtePPPIHEE N Points Ki, K2 represent poles of the oval pitch

curve and the pointg,l<f,; Kz, ar %;?P%fiedzfé@é%fé‘& L8 el s { he

di stance go. [0036] shows an exanpl rence rack
tooth profideeobdaed Jua GORKRR ehg1XY e80bedhnapeschakihfge they Pid chvgoi nt
Po on the right side as the origin wwth the consideration that the side that
i ncl udes t her pelse bfatdmwasvaatupre dorcuneer lredatred cent a dle toenharra ki tdhe
substantial side of a toal. [0037] o . In Fig. 3, when a point at
which a | i nEM®oPREING 0T HAgeht iA1e 19! a1 BCPoFREVR3 16n SR SS818r dite rack
tooth profi h i ine (21Q2 cross each other is represented as an
angl e "95" %g%égg%&t epg%ggght of the origin Po-the point (] and the

segment of the point G _thespgi/nt_BLokgepbtained as fol |l owgqg pjen-e... Eq.
(9) A distance rj Pron1the point Pj to the point " is obtained as
foll ows. rjIn (Bpos8-ag0)(Lsi, nhp" .is Ee ©d0O)ing radius that is the distance
from the center of the rotation to the oval pitch curve, "a"
is a similarity factor, "b" is the degree of flatness, "n" is
the number of leaves, and "0" is the argument (the angle of the
moving) .
[0031]
A locus of the reference rack tooth profile will
hereinafter be represented by (Xy, Y3), and the case where a
two-leaf oval pitch curve (n=2) is used as the curve for this
reference rack tooth profile will be described as a
representative example. Here, the pitchcircle radius "R", the
number of teeth of the gear "Z", a tooth profile module "m",
and a 1/4 reference pitch "S¢" are given below.
The pitch circle radius R=2
The number of teeth of the gear Z=4
The tooth profile module m=2R/Z=1
The 1/4 reference pitch Se=m m/4=nR/2Z
[0032]

12



A distance Si fromthe origin Po to the point ¢ is obtained as follows.

Sj =rjcoscpj +So-psin0... Eq. (11) From t hese, the coordinates (X,
Yj) of the reference rack tooth profile 20 may as follows [0038] [Eq. 4]

Xj =pcoseTgo. .. Eq. (12) Yffpsin8TSO... Eg. (13) [0039] be obtai ned. [0040]
Fig. 4 is a diagramof an exanple of the reference rack tooth profile and
the gear tooth profile that are used in the positive displacenent flowreter
according to the first enbodinment. In Fig. 4, "21" denotes a gear tooth
profile. In the exanple, a substantially r 988%S et nal _viewis
depi cted of the refggeﬁﬁecpgf PSGER PPof i) 050%$%at Fﬁe tbo ?too %
profile and E@%hggﬁfv%o@ﬁgkFyejg&b%e%%edAByeﬁﬁﬁégPon gﬂﬁﬁﬂ% %Te@@ﬂvgﬁ t hat
is fornmed mﬁen the reference rack tooth profile 20 is roIIed along a pitch
circle is the cbat edredéntbergernrtéooh hppsofide 2k ilsnaaguaddentdam the
coordi nate systemof the helical gear, a |ocus of the gear tooth profile is
representedmoaan(XHleB)b Sthetﬁnatng madpusakiém t he shaft center "0" of
the helical gear to point on_th ear Looth rofile 2 represen ed as

"rk", and its rotatfbﬁépggﬁﬁPél §n9 Breés E@%H 3 dBJUme §ﬁHhFh 4FHECnoVi ng
radius rk a@&lg&@? S Al ongla2nglie ik AL PR NEE T i f@émgv' Re

equat i ons. Her
following equations.

t=tan™t|p/ (dp/de) | ... Eq. (2)
dp/d6=-nabsinné/(l-bcosnb)® ... Eqg. (3)
From Equations (1) to (3) ebove,
t=tan™?|-(1l-bcosn®) /nbsinnd| ... Eq. (4)
[0033]

By representing a cutter pressure angle at the pitch
point Py as "op", an amount of move of a polar of the oval pitch
curve as "go", and the tooth height ratio as "h", the following
conditional equations hold. The amount of movement of a polar
go refers to the distance between the polar of the oval pitch

curve and a pitch line.

Oot+og-tan™ | - (1-bcosnBg) /nbsinnd, | =0
Eg. (3)
a=S, (1-bcosn®y) /sindy ... Eq. (6)
go=acos8y/ (1-bcosnby) ... Eg. (7)
h=a/ (1-b) -go ... Eq. (8)

where "6p" is the argument at the pitch point Py.

[0034]

As the result of a simulation executed setting the
cutter pressure angle op to be 14.5° and using the degree of
flatness b as a parameter in Equation (5) above, the tooth height
ratio h=n m/4=0.7854 m that is the theoretical limit value for

single-pint continuous contact tooth profiles may be obtained
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radius of the pitch circle of the helical gear. [0041] [0042] From
rk2=R2+ri 2-2Rricos (n/2+91 ) , [ Eq. 5]

from Equations (6) to (8) when the degree of flatness b is 0.2850
and the argument 6y is 46.1033°. The similarity factor a is
obtained from Equation (6) to be 1.1019 and the amount of move
go of the pole is obtained to be 0.7557 from Equation (7).
[0035]

Fig. 2 shows an example of the reference rack tooth
profile that is configured by the oval pitch curve obtained as
above for n=2, gey#0, and he=0. In Fig. 2, "20" denotes the
reference rack tooth profile and this reference rack tooth
profile 20 is configured for the tooth height ratio h=0.7854
m, the cutter pressure angle op=14.5°, and the amount of movement
of the pole (distance) ge=0.7557.

In Fig. 2, a curve PPy represents an addendum tooth
profile of the reference rack and a curve PyP, represents a
deddendum tooth profile of the reference rack, and these two
curves P1Py and PoP,; are symmetric with respect to the pitch point
Pp. A straight line QiQ, represents the pitch line. Points K,
K, represent poles of the oval pitch curve and the points K,
K, are shifted from the pitch line Q;Q, by the distance gp.
[0036]

Fig. 3 shows an example of the reference rack tooth
profile obtaineclby'converting'XY coordinates taking the pitch
point Py on the right side as the origin with the consideration
that the side that includes the pole of the oval pitch curve
located in the center is the substantial side of a tool.
[0037]

In Fig. 3, when a point at which a line normal to a
tangential line at a point P; on the reference rack tooth profile
and the pitch line Q:10, cross each other is represented as "Cy",

an angle "¢;" between the segment of the origin Po-the point
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r k= VR2 +ri2 2Rrj sin G... Eq. (14) [0043] [ 0044] From 6k=-{Si/ R-cos
-1((3.24,rk2-r)/ 2Rrk) I, [Eq. 6] ek=-TS] /R-cos-1 ( (R2+rk2-r .2) /2Rrk) 1

Cy and the segment of the point Cj-the point Py is obtained as
follows.
®3=1-6 ... Egq. (9)
A distance rjy from the point Py to the point Cj is
obtained as follows. |
ry=(pcosB-gp) /sing; ... Eg. (10)
A distance S; from the origin Py to the point Cj is
obtained as follows.
Sy=r3;COos@;+Spo—psin® ... Eq. (11)
From these, the coordinates (X5, Y;) of the reference

rack tooth profile 20 may as follows

[0038]
[Eq. 4] |
X5=tpcosB¥ g ... Eq. (12)
Y;=tpsinB¥ 3, ... Eq. (13)
[0039]
be obtained.
[0040]

Fig. 4 is a diagram of an example of the reference rack
tooth profile and the gear tooth profile that are used in the
positive displacement flowmeter according to the first
embodiment. In Fig. 4, "21" denotes a gear tooth profile. 1In
the example, a substantially right-angle cross-sectional view
is depicted of the reference rack tooth profile 20 that is the
tool tooth profile and the gear tooth profile 21. An envelop
of a group of curves that is formed when the reference rack tooth
profile 20 is rolled along a pitch circle is the contour of the
gear tooth profile 21. 1In an addendum coordinate system of the

helical gear, a locus of the gear tooth profile is represented

15



: Egq. (15) [0045] It is assuned that "S2P0" forns the
addendum si de of the gear tooth profile and "P3S2" forns the deddendum si de
of the gear tooth profile. [0046] Therefore, the coordi nates (Xk,
Yk) of the contour of the gear tooth profile are expressed by the foll ow ng
equations. Xk=rkcosOk-R .. Eg. (16)

as "(Xx, Yx)", the moving radius from the shaft center "O" of
the helical gear to a point on the gear tooth profile 21 is
represented as "ry", and its rotational angle is represented
as "6y", and then, the moving radius ry and the rotational angle
Ox are obtained from the following equations. Here, "R" is the

radius of the pitch circle of the helical gear.

[0041]
From r,°=R*t+r;?-2Rrjcos (11/2+¢;),
[0042]
[Eq. 3]
rk=JR2+ﬁfi2R@ﬁn¢/ ... Eq. (14)
[0043]
From.ek=—{Sj/R—cos'l((R2+rk2—rj2)/2Rrk)},
[0044]
[Eqg. 6]
0x=TF {S3/R-cos™ ( (R*+ry*~r;s?) /2Rry) }
Eg. (15)
[0045]

It is assumed that "S;Py" forms the addendum side of
the gear tooth profile and "PyS," forms the deddendum side of
the gear tooth profile.

[0046]
Therefore, the coordinates (Xix, Yx) of the contour of
the gear tooth profile are expressed by the following equations.
Xx=r,cos6y—-R | ... Eg. (16)
Y =ryxsinby ... Eg. (17)
[0047]
Fig. 5 is a diagram of an example of a meshing state

- of gear tooth profiles that are wused in the positive
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Yk-rksinek... Eq. (17) [0047] Fig. 5is a diagramof an exanple of
a neshing state of gear tooth profiles that are used in the positive

di spl acenent flowreter according to the first enbodi ment. The gear tooth
profile 21 represents a tooth profile of the helical gear that has a shaft
center 01 and a gear tooth profile 22 represents a tooth profile of the
hel i cal gear that has a shaft center 02 A pair of helical gear tooth
profil es that enploy the reference rack tooth profile 20 as their tool tooth

profile are,con ured i.th _the tooth height ti dt cutter
pressure an%T%P ?ﬂ?%F [%ﬁ%ﬂﬁter accordln%q; @ fﬁrSt'e%%gél%) pd the

a diragram of "an exanpl e

of a |ocus (? af t%ﬂkﬁﬁ&o@@l@@Pfre%rl%%bhtgfa %@tﬁ g%hlméqﬁ kes tdpicare used
in the positive displacenment flowreter according to the first enbodinment. It

is assuned ¢bat thetexasphesteptctsentetocusarod a gent achotpoi prodfle he2 pair
of helical gears is drawn in polar coordinates (r, 9) whose originis a

pitch poi ntremlé@swésm F@ﬁtbcﬁmfﬁtﬁ o bhedrqlgxwla@@atrh‘éh@héféts eettef’s of
the pair of heli 2" det er 1P002". be a
base || ne. GHELEORTact SRR TE 5 Y P 19887 £OO50s PPN ByeF ki HIRE Bng i ts
ocus s delgg it hAsPdaon {5l elaldion @@ta\@eﬂelg"t@mto@th 56 £0) E.

(18) [0049] In Fig. 6, |oci , 12 of contact points of the pair
of helical gﬁ@rcdmmﬁ¢u¢ﬁdﬂwlhestabetdeﬁhcméibhﬂTmaﬂ1nnh#0 78X dameanbt ehaed
fromthe foll ow ng equations. XI—FISIHE% (19) Yi=ricospi Eq. (20)

It is seen ¢haterher¢dsure, anglefouthed St act points are in conplete

| ermi scat e Eg ggﬁ and the pair of gear tooth profiles 21, 22 configure

conpl ete on -@ t continuous contact

Fig. 6 is a diagram of an example of a locus of a contact
point of a pair of gear tooth profiles that are used in the
positive displacement flowmeter according to the first
embodiment. It is assumed that the example depicts a locus of
a contact point of the pair of helical gears is drawn in pol’ar
coordinates (r, 6) whose origin is a pitch point. Let the pitch
point Py be an origin and the shaft centers of the pair of helical
gears be "0O1" and "0O,", and determine "0;P70," be a base line.
The contact point (r, 6) varies its position every minute and
its locus is determined based on the relation between "r" and
"er.

r=r(8) ... Eq. (18)
[0049]

In Fig. 6, loci I, I, of contact points of the pair
of helical gear tooth profiles are depicted. The loci I;, I,
are obtained from the following equations. |

Xi=rysing; ... Eg. (19)
Yi=r;Cose; ... Eg. (20)

It is seen that the loci I;, I, of the contact points

are in complete lemniscate shapes and the pair of gear tooth

profiles 21, 22 configure complete one-point continuous contact
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tooth profiles that constitutes a nmesh in which convex is on the addendum
side and concave is on the deddendum side. [0050] -(Second Enbodi nent)

A reference rack tooth profile of this enbodi nent has the anmount of novenent
of the pole 90=0, and therefore, it is different fromthe reference rack
tooth profile of the first enbodinent, the pole of the oval pitch curve is
on the pitch line and is configured by providing a straight line section in
the vicinity of the pitch point of the reference rack tooth profile. [0051]

Representing the | ocus of the reference rack tooth profile as (X, 1'), the
case where &obwh-peafidwal thatctonsiteu{as=2 nestenpl oyddhasonvexcasvenf or
the reference rack tooth profile will be descrlbed as a representative

exanpl e. Slﬁh?aﬁﬂ?eﬂéuﬂhélﬁPr§Pdeﬁ688PH€nﬂs PRetprt ERIEPREPE Fadfus "R', the
nunber of t %@EO?f the gear "Z", a tooth profile nodule "n', and a 1/4
reference pit So" are given be|OM/ The pitch circle radius R=2 The nunber
of teeth of gggog@agmgcélmggtgooth profile nmodule nF2R/ Z=1 The 1/4 reference
pitch So=n n14 nR/ 2Z | The pol ar coordinates (p, 9) of the
two- | eaf (n=2) ovaIApréﬁbreuceeraapﬁﬁxﬂﬂdphpfuhe &fjueit i Drenobd iadeovehes gi ven
as the reference rack tooth profile. It is assuned that the noving radius p
starts at atﬁﬁjémoéﬂFSOf movement<mhéh@aﬁ@éﬁtgafoaﬁﬁF%*%‘%%ﬁ%ﬁ*%sléséﬁned to

be an acute angi el of (L% P¥a! 2L ol SUTYE LS, SIS0 I oFgyaLfons
embodiment, the pole of the oval pitch curve is on the pitch
line and is configured by providing a straight line section in
the vicinity of the pitch point of the reference rack tooth
profile.
[0051]

Representing the locus of the reference rack tooth
profile as (X3, Yy), the case where a two-leaf oval pitch curve
(n=2) is employed as the curve for the reference rack tooth
profile will be described as a representative example.
Similarly to the first embodiment, the pitch circle radius "R",
the number of teeth of the gear "Z", a tooth profile module "m",
and a 1/4 reference pitch "Sy" are given below.

The pitch circle radius R=2

The number of teeth of the gear Zz=4

The tooth profile module m=2R/Z=1

The 1/4 reference pitch Sp=n m/4=nR/2Z
[0052]

The polar coordinates (p, ©) of the two-leaf (n=2) oval
pitch curve expressed by the Equation (1) above is given as the
reference rack tooth profile. It is assumed that the moving
radius p starts at a major axis.

| The tangential angle 1 (that is assumed to be an acute

angle) of the oval pitch curve may be obtained from Equations
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[ 0053] Assum ng that the tooth height ratio his n m4 that is the
limt for one-point continuous contact tooth profiles and the cutter
pressure angle at the pitch point Po is "a0", the range of the cutter
pressure angle ao is as follows. 0(021.4 Representing the height of the
straight line fromthe pitch Iine as "ho", the range of the height ho is as
foll ows. 01-10Z/ 2sin2a0 Here, h0=Z/2sin2a0 that is the maxi numis used.

[ 0054] The simlarity factor "a" nmay be obtained fromthe
foll owi ng equatiaon., ,[0055] [Eq. 7] a= (1l-bcosneo)+ (So - ho tana0)2 ... Eq.
(21) [0056]qg? £o(4) ﬂgogeresult of cal cul ati on executed using Equation (5)

above assumpgsthat the amount of novenent of the pole of the oval pitch
curve 1;0=0 and using the cutter pressure angle ao as a paraneter, the tooth
hei ght ratio h=n m 4=Gut854 mhihathestbbehl hei¢hvataeid dr ioner pgidnthat
continuous contact _tooth profiles can be obtained using Equation (8) above,
that is, h=ap(tbp)liméh fhe MRTRY1Dr WO UM €At 26°3boprothécdegr ee
of flatness i 4_ The ,ar gunment

_ 00,0712, .and_the sinilar&ty actor_a_i 0.7%@ e
Goat t hepi ¢ oG ALy BEBEaPABAPTGM FHE Fof o g bELAL POMAT OBrdn 26
(SO'hOtanaOkh@hQEnge B% th22kutter pressure angle op is as follows.
og221.4°
Representing the height of the straight line from the
pitch line as "hg", the range of the height hy is as follows.
0<ho<Z/2sin%ay
Here, he=Z/2sin®0g that is the maximum is used.
[0054]
The similarity factor "a" may be obtained from the
following equation.

[0055]

[(Eq. 7]

a= (1-bcosndo) I +(S, —htana,)* ... Eq. (21)

[0056]

As a result of calculation executed using Equation (5)
above assuming that the émount of movement of the pole of the
oval pitch curve go=0 and using the cutter pressure angle ap
as a parameter, the tooth height ratio h=m m/4=0.7854 m that
is the limit wvalue for one-point continuous contact tooth
profiles can be obtained using Equation (8) above, that is,
h=a/(1-b) when the cutter pressure angle op is 26.3000°, the
degree of flatness is 0.0712, and the similarity factor a is
0.7294. The argument 6y at the pitch point may be obtained from
the following equation.

Bo=tan™* ( (Sg=hotanay) /hg) ... Eq. (22)
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[ 0057] - Fig. 7 shows an exanple of the reference rack tooth profile
that is configured by the oval pitch curve obtai ned as above for n=2, g0=0,
and NOO. The reference rack tooth profile 20 is configured for the tooth

hei ght ratio h=0.7854 m the cutter pressure angle a0=26.3000, and the
anount of novenent of the pole g0=0. In Fig. 7, the curve P1PO
represents an addendumtooth profile of the reference rack and the curve
POP2 represents a deddendumtooth profile of the reference rack, and these
two curves ﬁbb%72nd POP2 are symmetric with respect to the pitch point Po.
The straight T'ine 421D2 represents the pitch line. The points Ki, 1<2

represent poles of tiiey ovalsHwsChRinC Wdghpard dfhe hpoirirs rikhcel ¥4 c&r € cafthanged
on the pitch line 1D242. [0058] Fig. 8 shows an exanpl e of the

ref erence racloftidet hhpt of $ lcendhitgainesdbyt o mrerlt pagcKYceoeve diitatissed aki ng
the pitch point Po on the right side as the origin with %he consi der.ati on
that the si @@OVRatof Acludes $herfdiedlor The AT FITREG WP HHOZCEd 1PN t he

center is {he SUbSLARLIAl Bl 48013 taaly HO9RAL ravio noo hBS &, Enevhen a
ormal to al” Fine at t

poi nt at which™a I né a tangenti a poin ion’the

reference ragktkQophReBEQE! @n%[‘éi dhe aRiztoe ol i Baa423 2% k085S TGl veker i S
represented as an angle "Tj" between the segnent of the origin Po-the point

g and the sdgmbet poflet yg=Poi nt C -the point Pj may be obtai ned using
Equation (9) above. g A distance rj fromthe point Pj to the %pint
G is .obtained as foill 6Wg- ¥i1gros0rgienBjbo repgesepsy an addendum togt

di stance Si f;r%gé‘&f;ggfo%gi Pe?gr%e:r?%%]hf%g}?ian&q céhecarﬁr%% 95%;2‘%%%%&”5%11?:%

Equation (1 ese, the coordina of' t he

reference raglde@eiih P8k Brd@ieXCepttRe Std Al Mt cd iNg18eEI LR IRAR MRy as
follows [0060] [Eq. 8]

curves P1Pg and PoP; are symmetric with respect to the pitch point
Pg. The‘straight line Q1Q; represents the pitch line. The
points Ki;, K, represent poles of the oval pitch curve and the
points Ki;, K; are arranged on the pitch line Qle.'

[0058]

Fig. 8 shows an example of the reference rack tooth
profile obtained by converting XY coordinates taking the pitch
point Py on the right side as the origin with the consideration
that the side that includes the pole of the oval pitch curve
located in the center is the substantial side of a tool.
[0059]

In Fig. 8, when a point at which a line normal to a
tangential line at a point Pj on the reference rack tooth profile
and the pitch line Q:Q0, cross each other is represented as "C5",
an angle "¢@;" between the segment of the origin Py-the point
Cy and the Segment of the point Cy-the point Py may be obtained
using Equation (9) above.

A distance rj from the point Py to the point Cj is
obtained as follows.

ry=pcos6/sing; ... Eg. (23)
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Xj =pcosO. .. Egq. (24) Yj-psineSO... Eq. (25) [0061] be obtained. [0062]
As to the straight line section 20a to be inserted into the vicinity of the
pitch point Po, the straight |ine section 20a is divided using the height

110 of the straight line as a paraneter as follows. Z/ 2sin2a0al 00... Eq.
(26) pi=a0=const.... Egq. (27) ri=h0/sina0... Eq. (28) si=ri/cosac... Eq.
(29) [0063] Fig. 9 shows another exanple of the reference rack

tooth profile and the gear tooth profile that are used in the positive

di spl acenent fl owreter .accordi 0 the, second.embodi ment . Thi anpl e
shows a substanti al I5-Figiti%ng jetfé%lsg?geg gARI “Uiew o et%(glr?te%r gr%(lr:le rack
tooth profile 20thalked $istihg EeRlattieet hianohid.eeand the gear tooth profile
21. A locus of the gear tooth profile is represented as "(Xk, Yk)" in an
addendum coor di nat e Bysi emeafe,t hecheboedingeas; (¥nd Y heohmhhiengerfadiensef r om
the shaft center "0" of the_helical gear to a point  on the gear tooth
profile 21 irckepoesénpsafade PR"exanrtia sstipd honalinam e i ré5r 8$¢nt ed
as "Ok". The Vi radius rk and the rotational angle Ok are obtai ned using
Equati ons (f4), (@%}wsabove. Here, "R' is the radius of the pitch circle of

the helical @rao;

[Eq. 8]
Xy=tpcos6 ... Eqg. (24)
Yj=ipsin6¢so ... Eg. (25)
[0061]
be obtained.
[0062]

As to the straight line section 20a to be inserted into
the vicinity of the pitch point Py, the straight line section
20a is divided using the height hy of the straight line as a

parameter as follows.

7/2sin%op2he20 ... Eq. (26)
ps=cp=const. ... Eg. (27)
ry=ho/sinog ... Eg. (28)
S3=r4/cos0g ... Eqg. (29)

[0063]

Fig. 9 shows another example of the reference rack tooth
profile and the gear tooth profile that are used in the positive
displacement flowmeter according to the second embodiment.
This example shows a substantially-right-angle
cross—-sectional view of the reference rack tooth profile 20 that
is the tool tooth profile and the gear tooth profile 21. A locus
of the gear tooth profile is represented as " (Xx, Yx)" in an
addendum coordinate system of the helical gear; and the moving

radius from the shaft center "O" of the helical gear to a point
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[ 0064] Therefore, the coordinates (Xk, Yk) of the contour of the
gear tooth profile are expressed by Equations (16), (17) above, that is,
Xk=r kcosek- R, Yk=rksinOk. However, it is assunmed that "S2P0" fornms the
addendum si de of the gear tooth profile and "P0S2" forns the deddendum side
of the gear tooth profile. In Fig. 9, an involute curve 2la
created using straight lines and a curve 21b created using an oval pitch
curve of the gear tooth profile 21 are depicted, and the vicinity of the

pitch point Po is confiqgur usi t he .involute curye 21la.,[ 0065 .

Fig. 10 is & W9y &Yt gtébr?g:rdth@rrog IezéL o CRETFSENS S5t atshekéo’nt%a% ol nt of
the pair of geal: {Qoth HIAl sy dﬂ?@éséﬁ,@e&s@éj nignt herRoOSidy qla@ﬁb@cg;{ent
fl ommeter according to the second enbodinent. It is assunmed that Fig. 10
depicts a | cous tofe aocantanhlpoidile &, dhe Peiairefd helingabqgeaisnss{ng pol ar
coordinates (r, 0) whose origin is the pitch point. The pitch point Po is
det ermi ned t ol be abieeeor i Gene, t'HE' shvathecerdiars odf thae Wil cafrcHel pEathqyears
are represented. as. "01" and "02", and "01P002" is determ ned to be the base
line. The coMui2hbdAI (r, e) varies its position every moment and the

| ocus of its[@@?hti on is determ ned based on the relation between "r" and
"0". n Fig. 10, loci |, 12 of contact points of the pair of
helical gear tooth preéiéesray ertepicdetinaliiss [(Gg] Y)), o¥2thar eonbbdat nefl

usi ng Equations (19), (20) above. [0066] As above, according to the
above enbodinentasar ttdtpessifille agesexprhesedobh henghionat (b6bf hl ni 4
(0.7854 m that is hhe thegretical |imt for, K ope-point contjnyous contact

|
tooth profil LWy FREG O &tTHE B Parr of ThefPal JOHFYSEhatt Rt B oval
o eh L0t s hoi ! . |
P\ Fo al'so ptiat prethe telf 2%, Plind sl SBRCe s RS, L8RL LB P asi on

because the i@ottp surfRces ahe HBdABEAURS s 8dPrOt el gBaandoathesessiland
therefore, the tooth surface strength of the gear tooth profile becones high

and the specific sli@nigdedweenitheltbetdupreofiihesrastegimbling straight The

hel i cal gears, according to the invention are advant%gequs for designing
tool s or geaklRRd Ay 3pFBEER sed KEEAISE LE1ng PV bt @itteToptars ShfFhTi ent
tooth profile strength for. a few teeth.and tq set, the cutter pressure .angle
atthe pitord#l e temiet iy o P et Pi e Ral Pt B e e T R BRI o %o
a positive disphacgmanrt ddn@weRtely ulstngs PSSkl ure RLeVedelixdeal gears

t hat acconpany no confi nenent phenonenon by setting the tooth height ratio
to benn4 [ha§5js the theoretical Iimt for one-point continuous contact
tooth profiles. [0067] . Fig. 11 is a diagramof exenplary transition
of a meshing state ofl@- phd ripfa Keldaam gdapsother espmphe Aatinbee BiCWrear
teeth that is_Z=4. The transi.tion of the neshing state of the_helical gears
1552 s depi S 3 St Hdy FEOPHT @f FBR 80 FooRsIPar Free L1 I Tt RPOLGIF g,
éﬁfm":% 'an?;?ffe‘l ey hel el p8eaksve: 425 8caRkARIEI AL AL ADL ¥ro Al LY & e

the second embodiment. It is assumed that Fig. 10 depicts a
locus of a contact point of the pair of helical gears using polar
coordinates (r, ©) whose origin is the pitch point. The pitch
point Py is determined to be the origin, the shaft centers of
the pair of helical gears are represented as "0;" and "0;", and
"01Pp02" is determined to be the base line. The contact point
(r, ©) varies its position every moment and the locus of its
position is determined based on the relation between "r" and
"e".

In Fig. 10, loci I;, I, of contact points of the pair

of helical gear tooth profiles are depicted. The loci I, I,
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5 in the casing 3. However the description of the casing 3 is omtted.

[ 0068] Fig. 11(A) depicts the case where the angle G of the
helical gear 1 is 00, Fig. 11(B) depicts the case where the angle 0 of the
helical gear 1 is 10, and Fig. 11(C) depicts the case where the angle G of
the helical gear 1 is 20. Further, Fig. 11(D) depicts the case
where the angle O of the helical gear 1 is 30, Fig. 11(E) depicts the case
where the angle 0 of the helical gear 1 is 40, and Fig. 11(F) depicts the

case where 1he 200.8:20LSRG Bellbeabnaean o) | 5205, ab30R)] In the

above, descri pti on h een exerrp ying the case where a two-| eaf
(n=2) oval pgitodwicurve i s enpl oyed as the reference rack tooth profile.
However, a one- Ieaf (n=1) oval pitch curve (that is, an elliptic curve) may
al so be applied to thAe atsfws,ercEaracha dot Fhsr Ghiove embod iment syhér a@al ysis

is al so executed for the case of the one-|eaf oval pitch cu th oth
hei ght rati @SRl tASPtae hhetR I}W}btutrlaerlop?&rg éﬁg?ég}lsm o be

of 0=14. 5) % gﬁe 16,289 d %Sfﬂn ftOI} ?01 eﬂ; Ova{'%oﬁ‘%’l 'utolu%n@en@%ﬁtt}o o om

the first where eof itch curve is

the pitch Ii f(lg.%ob h%@&rp&@e@‘@%g[f—%aﬁﬂ o@eheﬁ?@ala@ears that employ
1- (1-cos00)/bsi n00, =0 h a/l (1-b) -go a= (1-bcoseo )... Eq. (30)
g0=80/t an00.an oEgl 3trh curve (elliptic curve) as their reference rack

tooth profile.

It is also possible to realize a tooth profile that
is resistant to abrasion because the tooth surfaces are in mesh
of a protrusion and a recess, and therefore, the tooth surface
strength of the gear tooth profile becomes high and the specific
sliding between the tooth profiles is small.

The helical gears according to the invention are
advantageous for designing tools or gear cutting processes
because it is possible to obtain sufficient tooth profile
strength for a few teeth and to set the cutter pressure angle
at the pitchpoint. Especially, when the helical gears are used
as gears of a positive displacement flowmeter, it is possible
to provide ideal gears that accompany no confinement phenomenon
by setting the tooth height ratio to be mw m/4 that is the
theoretical limit for one-point continuous contact tooth
profiles.

[0067]

Fig. 11 is a diagram of exemplary transition of a
meshing state of a pair of helical gears 1, 2 for the number
of gear teeth that is Z=4. The transition of the meshing state
of the helical gears 1, 2 is depicted when they rotate from 0°
to 45° in Fig. 11(A) through Fig. 11(F) in order. The helical

gears 1, 2 are arranged rotatably, around the shaft centers 4,
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[ 0071] An exanpl e of the reference rack tooth profile is depicted
in Fig. 12 that is configured by an oval pitch curve obtained as above with
n=1, gO0#0, and h0=0. The reference rack tooth profile 20 is configured with
the tooth height ratio h=0.7854 m the cutter pressure angle a3=14.5, and

t he amount of novenent of the pole g3=1.4223. In Fig. 12, the
curve P1PO represents an addendumtooth profile of the reference rack and
the curve PoP2 represents a deddendumtooth profile of the reference rack,

and these 1o C%@éﬁghﬁyga@&%%ra&ﬁesaggs}gibe gh1de eRPegkihg §he, pi tch

poi nt Po. e straig represents t ine. The points Kl,

K2 represengmpetes. of the oval pitch curve and the points K, 1<2 are
shifted fromthe pitch line (2142 by the distance go. [0072] The
paranmeters [00&Hh] s case may be obtai ned as follows: the simlarity factor a
is 0.5690, the degree of _flatness b is 7422, and the argunpen Og IS
28.90680. [0073] Fig. 11l(h Ci%l%%%&rﬂ? &ﬁi?dlwr?&ﬁe Whér 8REHE é Yt he

Ova! pi tChn}? ygai %egl % o %\Aﬁelr’)iefﬁ (?ch:% TQé cggeo&hef%]%hgoéjﬁ?lgel ght

rati o h=n fealized tter pressure an
assuned to @%ﬁ%hé)h@%@gll%atm foldiow @9@295 |t1pr@>l d%@i@tlsoﬂﬁe £8944]

[ Eg. 10] eo+ao-tan-11-(1- bcoseO)/bS|ne01 0 h=al (1- b) = (1-bcose0) Aih,; +
(So .-ha tameifiyPe the &ygl¢ 32)of the helical gear 1 is 20°

Further, Fig. 11(D) depicts the case where the angle
0 of the helical gear 1 is 30°, Fig. 11(E) depicts the case where
the angle 6 of the helical gear 1 is 40°, and Fig. 11(F) depicts
the case where the angle 6 of the helical gear 1 is 45°.
[0069]

In the above, description has been made exemplifying
the case where a two-leaf (n=2) oval pitch curve is employed
as the reference rack tooth profile. However, a one-leaf (n=1)
oval pitch curve (that is, anelliptic curve) may also be applied
to the reference rack tooth profile.

When analysis is also executed for the case of the
one—leaf oval pitch curve, the tooth height ratio that is h=n
m/4 (where the cutter pressure angle is set to be ®=14.5°) may
be realized based on the following conditional equations in the
first embodiment where the pole of the oval pitch curve is
shifted from the pitch line (ge#0, he¢=0).

[0070]
[Eq. 9]
Botop-tan |- (1-cosBg) /bsindy|=0

h=a/(1-b)-gg

= (1-bcosBy) /g2 + 82 ... Eq. (30)

go=So/tanbg ... Eq. (31)
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However, 01-10Z/2sin2a0 (where Z is the nunber of teeth of the helical

gear). [0075] An exanple of the reference rack tooth profile is
depicted in Fig. 13 that is configured by an oval pitch curve obtained as
above with n=1, g3=0, and h3*0. The reference rack tooth profile 20 is
configured by the tooth height ratio h=0.7854 m the cutter pressure angle
a2=29.1, and the anount of novenent of the pole 90=0. In Fig. 13,
the curve PIP represents an addendumtooth profile of the reference rack and
t he curve ﬂaggrfepresents a deddendumtooth profile of the reference rack,
and these t chves P1PO and P3P2 are symmetric with respect to the pitch

point Po. The straightcking1 QLGR representsthe phtehtbber. plbeipei nts K |
K2 represent poles of the oval pitch curve and the points Ki, K2 are

provi ded onldgiet@d dn Fige #24thaf GG76jonfigured byThe peaanetierls dqurvehi s
case may be obtained as follows: the simlarity factor a is 0.5820; the

degree of fakitaiewd Bsjabevesdd:h and % lar gifebe=0 TEes7eBIDANCE GFREA

In the above, .the cases re the helical gears.,according.to the present
i nvention atrdeOtahppl?riog%ﬁteng&pjo%i ??Q/glﬁ?gﬁ?agéﬁenfcﬁﬁ %\?/r%cgerheﬁg&fet brg—ﬂetnJLO

described as-¢ hyyLpr eepdtald e PHRRNES 2 HgVeve-1needl 888 {19 SAbuithese
helical gears may be applied to a cog-wheel "punp, etc. CLAIMS 1. A

posi tive displaocenentt fdfowret eroltchaj,=¢orpeidses a pair of helical gears in a
casing thereof and neasures a flow using rotations of the helical gears,

wher ei n tHe Fpgi-r Lof the Fealvedediosr «ngd 930 tan agvatidpnden tantve

a1 19 0 o5 SRS BRLDLE FELPrEnEe Lack Lonl proli) a0 5
deddendum tooth profile of the reference rack, and these two
curves P;Pp and PyP; are symmetric with respect to the pitch point
Po. The straight line QiQ, represents the pitch line. The
points K;, K; represent poles of the oval pitch curve and the
points K;, K; are shifted from the pitch line Q;1Q; by the distance
do-
[0072]

The parameters in this case may be obtained as follows:
the similarity factor a is 0.5690, the degree of flatness b is
0.7422, and the argument 69 is 28.9068°.

[0073]

In the second embodiment where the pole of the oval
pitch curve is placed on the pitch line (gp=0, he#0), the tooth
height ratio h=n m/4 may be realized (where the cutter pressure
angle o is assumed to be 29.1°) based on the following
conditional equations.

[0074]
[Eg. 10]
Bo+ap-tan™t | - (1-bcos8) /bsindg|=0

h=a/ (1-b)
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p=a/ (1-bcosne) (where "p" is the noving radius that is a distance fromthe
center of rotation to the oval pitch curve, "a" is a simlarity factor, "b"
is a degree of flatness, "n" (n.2) is nunber of |eaves, and "0" is an
argunent) . 2. The positive displacenent flowreter as defined in claim1l,
wherein when the nunber of leaves nis n=2, a simlarity factor

"a", the degree of flatness "b", and the distance "go" are determ ned such
that the tooth height ratio his n m4 (where "n' represents "tooth profile
nmodul e") in eo+ao-tah-11-(1-bcosn00)/nbsi nn001=0 a=S0( 1- bcosn00)/ si ne0

g0=aco0s00/ (1- bcosn00) h=a/(1l-b)-go mhergffﬁmrTIWTﬁggygessure angl t the
pitch point is "ao", the ardir %£%ﬂs%ﬂ ’Sﬁﬁéh—&b o1 s “Gb"Fthé%f/4

reference pitch is "So", the distance between the pole of the oval pitch

curve and a pitch |imgder,90n,anh § heol, 00kt heizght t1al hambsr 'd¥ teet8. The
positive displacenent flowreter as defined in claim1, wherein

when the nunmiferthef hleddwed meiag)2 and the di stance go between the pole of the
oval pitch curve and the pitch line is zero, the simlarity factor "a" and
the degree dP%Pdt ness "b" are deternined such that the tooth height ratio h

s n w4 (where "ni frepresents (Eoph RILYUIG I8!t oy [ Bouetl L0QEA0- tan

1-(1-bcosn00)/nbsinﬁgbfgg
depicted in Fig. 13 that is configured by an oval pitch curve
obtained as above with n=1, go=0, and ho#0. The reference rack
tooth profile 20 is configured by the tooth height ratio
h=0.7854 m, the cutter pressure angle o;=29.1°, and the amount
of movement of the pole gop=0.

In Fig. 13, the curve P;Py represents an addendum tooth
profile of the reference rack and the curve PyP, represents a
deddendum tooth profile of the reference rack, and these two
curves P;Py and PyP, are symmetric with respect to the pitch point
Pp. The straight line Q;Q, represents the pitch line. The
points Kj;, K, represent poles of the oval pitch curve and the
points K;, K; are provided on the pitch line ©:1Q,.

[0076]

The parameters in this case may be obtained as follows:
the similarity factor a is 0.5820; the degree of flatness b is
0.2590; and the argument 69 is 47.8224°.

[0077]

In the above, the cases where the helical gears
according to the present invention are applied to a positive
displacement flowmeter have been described as the
representative examples. However, needless to say, these

helical gears may be applied to a cog-wheel pump, etc.
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a=(1- bcosne0) 1N+(. 50- 110t ana02 h=a/ (1-b) where the cutter pressure angle at
the pitch point is "a0", the argunent at the pitch point is "00", the 1/4
reference pitch is "So", the height of the straight line fromthe pitch line
is "ho", and the tooth height ratiois "h". 4. The positive displacenent
flowmeter as defined in claim1l, wherein when the nunber of | eaves

nis 1l the simlarity factor "a", the degree of flatness "b", and the

di stance go are determ ned such that the tooth height ratio his n nl4
(where "m' represents "tooth profile ngg&ﬁ"); in [Eg. 2] eo+ao-tan 1 - (

1- bcos Bo) /bsineo 1=0 a= (1-bcoseo) Vg +§02 go=So/ taneo h=a/ (1-b)-go
where the cutter pressure angle at the pitch point is "a0", the argunent at
the pitch point is "00", the 1/4 reference pitch is "So", the distance

bet ween t he Jpol e of Aheosiaivei titbptacemenndffibempicbch thiate dosnprgeses and t he
tooth height ratio is "h". 5. The positive displacenent flowreter as
defined in Qa&immof, hfférailngears in a Ggiema hechGRbernEf MPREVESS P s OF and

t he di stance_ga bet n the l.e of t-he oval pitch.curve and the pitch line
is zero, the'Si'M I'ar |afecyl nasctogf(r) t%ae. haer%&%a?oiLe qfeag]‘lrse‘emo e){ﬁlg} ness "b" are

determ ned such thatyided0otdr hengbhir gkb@shehg1Bymhd WRENSitd dBRFesents
"tooth profile nodule"); in [Eqg. 3]

having two or less leaves as their reference rack tooth profile,

and

a moving radius of the oval pitch curve is expressed
by
p=a/ (1-bcosn®é)
(where "p" is the moving radius that is a distance from the center
of rotation to the oval pitch curve, "a" is a similarity factor,

"b" is a degree of flatness, "n" (n<2) is number of leaves, and

"O" is an argument).

2. The positive displacement flowmeter as defined in
claim 1, wherein
when the number of leaves n is n=2, a similarity factor

"a", the degree of flatness "b", and the distance "ggo" are
determined such that the tooth height ratio h is nm m/4 (where
"m" represents "tooth profile module") in

Bo+0g-tan™t| - (1-bcosnby) /nbsinndg | =0

a=Sg (1l-bcosnby) /s1inby

go=acos8y/ (1-bcosn8y)

h=a/(1-b)-gp
where the cutter pressure angle at the pitch point is "og", the
argument at the pitch point is "6p", the 1/4 reference pitch

is "Sp", the distance between the pole of the oval pitch curve

and a pitch line is "g¢", and the tooth height ratio is "h".
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Q0- haO-tan-11 - (1-bcos 00 ) /bsin00 I =0 a= (1-bcose0) AN +(So -ho tanao)?2
h=a/ (1-b) where the cutter pressure angle at the pitch point is "a071, the
argunent at the pitch point is "00", the 1/4 reference pitch is "So", the
hei ght of the straight line fromthe pitch line is "hp", and the tooth
height ratio is "h". 6. The positive displacenent floweter as defined in
claim3 or 5, wherein when the distance g0 is g0=0, the pole of
the oval pitch curve is on the pitch |ine, and wherein when t he
di stance go is g0=0, the height ho of the straight Iine fromthe pitch line
is 0.1-10Z/2sin2a0 (where Z is nunber of teeth of the helical gear). 7.
The positives di spl acem@npokl ewret efi sa9 sdehicned frowitoneaof delfanesl 2t o 6,
wherein the cutter pressure angle ao is 100 or larger. 8. The positive

di spl acenentcdigwiet ethezeidefi ned in any one of clains 1 to 7, wherein

at least a portion of a tooth surface of each of the ggl of hellcal ears
isin mesh with eachw%?%e?h?ﬁn%?QﬁﬁnQQﬁ%%ﬁY%%uT 4 5r éc88¢, the FEFFESF kar s

conti gur ed 5.8, IeHNBLEal o WK 811 oirch curdDe it 0D behi £alo gear s

enpl oy an oval ch curve having two o 6ss Teaves as erence rack
tooth prof'|£ér@W@ﬁM@§ﬂﬁhmarlty factor "a" and the degree of flatness "p"

are determined such that the tooth height ratioh isnm/4 (where
"m" represents "tooth profile module"); in

[Eq. 1]

Bo+ap-tan™t| - (1-bcosnby) /nbsinndy| =0

a=(1l-bcosn®g) \[h(f +(S, — Iy tan )

h=a/ (1-b)
where the cutter pressure angle at the pitch point is "og", the
argument at the pitch point is "6,", the 1/4 reference pitch
is "Sp", the height of the straight line from the pitch line

is "he", and the tooth height ratio is "h".

4. The positive displacement flowmeter as defined in
claim 1, wherein

when the number of leaves n is 1, the similarity factor
"a", the degree of flatness "b", and the distance gy are
determined such that the tooth height ratio h is m m/4 (where
"m" represents "tooth profile module"):; in
[Eq. 2]

Bo+ap~tan™'| - (1-bcosBg) /bsinfy|=0

a=(1-bcos8y) g2 + 8,

go=So/tanbg
h=a/(1-b)-go
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a noving radius of the oval pitch curve is expressed by p=a/ (1-bcosnQO

(where "p"

is the noving radius that is a distance fromthe center of

rotation to the oval pitch curve, "a" is a simlarity factor, "b" is a

degree of flatness, "n" (ri2) is nunber of |eaves, and "6" is an argunent)

where the cutter pressure angle at the pitch point is "op", the
argument at the pitch point is "8¢", the 1/4 reference pitch
is "Sy", the distance between the pole of the oval pitch curve

and the pitch line is "g¢", and the tooth height ratio is "h".

5. The positive displacement flowmeter as defined in
claim 1, wherein

when the number of leaves n-is 1 and the distance gp
between the pole of the oval pitch curve and the pitch line is
zero, the similarity factor "a" and the degree of flatness "b"

are determined such that the tooth height ratioh is nm/4 (where

"m" represents "tooth profile module"); in
[Eq. 3]

Bo+ag-tan™ | - (1-bcosBy) /bsindg|=0

a=(1l-bcos8y) \/hg +(S, = by tan @, )?

h=a/(1-b)
where the cutter pressure angle at the pitch point is "og", the
argument at the pitch point is "6p", the 1/4 reference pitch
is "Sg", the height of the stréight line from the pitch line

is "he", and the tooth height ratio is "h".

6. The positive displacement flowmeter as defined in
claim 3 or 5, wherein

when the distance gg is go=0, the pole of the oval pitch
curve is on the pitch line, and wherein

when the distance gp is go=0, the height hy of the
straight line from the pitch line is 0<he<Z/2sin’ag (where 7 is

number of teeth of the helical gear).
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7. The positive displacement flowmeter as defined in any
one of claims 2 to 6, wherein

the cutter pressure angle op is 10° or larger.

8. The positive displacement flowmeter as defined in any
one of claims 1 to 7, wherein

at least a portion of a tooth surface of each of the
pair of helical gears is in mesh with each other of a protrusion

and a recess.

9. Helical gears configured as a pair thereof, wherein

the pair of helical gears employ an oval pitch curve
having two or less leaves as their reference rack tooth profile,
and wherein

a moving radius of the oval pitch curve 1s expressed
by

p=a/ (1l-bcosnb)

(where "p" is themoving radius that is a distance from the center
of rotation to the oval pitch curve, "a" is a similarity factor,
"b" is a degree of flatness, "n" (n<2) is number of leaves, and

"6" is an argument) .
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