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DESCRIFTION

IO00LY The presant invention concerns & wnethod for the

inner ring and
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ganeration of
also the outer ring of an annular gear wmachine {also
dasigrnated a8 a gorotor), in particulsy of an annulay gear
pumg. The invention moreovear concérns an annnlar geay of an

? X

annular gesr machine, which has such toothing

(00021 ammulay gear machines {gerotor machines! possess an
inner ring and an outer ring, each of which isg pr@viﬁed
with teeth and spaces betwesn testh regulavrly distributed
around the periphery. The rotation axes of the inney xing
and the cuter ring ave eccentrically displaced relative to
orig another. The inner ring usually possesses exacbly one
tooth less than the spaces between teeth providad on the
internal toothing of the guter ring. Today anmilar geay
nachines are often used as annular gear pumps, for examgle

AT
LR

f)»

in wvehicles, as the main punp for the ianternal combust

ernging. The displacement wolume formad hy the spaces
» with the rotation of

m

between teeth and housing walls alts

the geavs, thareby sffecting the deiivery of the hydraulic
fluid, Hers ths wvolume delivared per wevolution i8
constant. The testh of the azternally woosthed loner ring

>

arys  thersby usually formed in accovdance with wvarious

]

formation rules for the rolling behaviour of thes outer
ring. Such a formation rule of known art is, for swample,
the movement of the generating contour in avcordance with

the laws of coyoleidal rolling curves on an established

{00031 The geomstries selested have a significant influens

Qﬁ:‘ the  delivery charactevistics, af ficiency, amooth
r'nmwnu( and wear of an annulsr gesy wmachine. In the design
{xgceﬁs the tooth shapes, the sccentricity of the rotation
azes of the two smoular gearsg, and the clearvance remaining

between individual toeoth sections can, in particular. be



configured without any direct dJdependence on the external

2

conditions that are prascyibed by the connected drive uanln.

Q41 From US 3,709,055 tooth profiles for gears arve of

s

known art that have circular tip profiles and civoulsy root

&

¥

profiles, which are connectad with one another via straight

)
b

”

flanks. From this patent specification s methed is also of
known art for the generation of such tooth profiles, which
can, for exsmple, be used in annular gesy machinss. Using

the method that is revommended there, howaver, it ig not

possible o achieve a significant objesotive of an amnulay
gear machine, or at best in a very limited mannsr, namely

s
that of forning & gsom tric&l_y olosad delivery cell at all
times in the wmovement pattern betwesn the two annular

N
P

rs. The latter is of particelar dmportance for the

isf')
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lotenny of the annulay gear pungy and the prassurss that

an be achloves,

r

{QQ@S} Likewise annular gear wmachines and aopticuns for
determination of the tooth geometry ars daescribed in US

3

L960,$84, The tooth generation wmethod specified is
primarily sultable for achisving a movemant pattemn aimilay
to that of an invelubte between functionaily coupled tooth
gésmetri@s. The above-cited main obhjective of an somulse
gear machine, namely maintenance of the sesaled nature of
the delivery cell over the whole angls of rotation, <an
crnly be achieved to a limited extent using this method.

TO0081 In JF 10-205458 4 a wmethod is specified for the

detvarmination of the tooth ggesometry of an annular gsay

¥

23

pumy. For this purpose the tooth of an outer ring is
n terms of coupled circular arcg, asg & result of

P

degsoribed
which the immer ving toothing can be generated. The

foular geometriss of the toovhings with
undercuts ar, for axsmple, for purposss of rveducing the

Hartzian press is not poessible, as 3 result of the

32 &

Timitation to

desoription of the tooth shape in terms



of a defined number of ciroulsry ares, or ig only possibls

o a very limited sxtent.

TO007] ®vom BR 1 340 913 BRI and DE 102 08 408 Al an annular

gear nachine is of known art that finds application as av

%
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annulay gear pung. Here the primary obisctive is that

optimising the geomebry of the gsars so as Lo reduce the

A ”my

noise when the punp is in operation. To this end the tooth

X

tips: and tooth roots that are ussad

i

sess geometriss that

k9!

are Jdeacoyiped in terns of cur of & second or highsy

A
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order, wherein the tooth roots or the flanks of the tooth
ooty are formed from circular arcs. For the determination
of the profile contours of the tocthings 1t is propesed
that the internal toothing of the outer rotor is specified
as the mastesr toothing. Ths tooth root profile contour of

the innsr roteor is kinematically derived from the tooth tip

prafile contour of the internal teothing in ascordancs with
the toothing law, while the tooth tip profils contour is
obtained from the snvelope sections of the tooth root

profile contour of the internal toothing. The grid points

of the polyvgonal lines repressnting the tooth roots «f the
external toothing arve determined using the toothing law,

while the grid points of the spline functions raprasenting

-

the tooth tips of the sxternal tocthing are determined

2 saction method. Studies have, however,
shﬁwn that the tooth shapes that can be generated in this
manner lesad to limitations with regsrd o efficiesncy and
flqw conditions in the annular gear nachine., Likewise the
‘ﬁflexihle Jefinition of the root fillet hag a

Hisadvantageous congeguence, which acts, for exanple, s8¢ as

3

o limit the formation of & dire accommodastion chanber.

<

0008 UB 5,030,072 shows a method for the development of
of an annular gear machine, in which s

the tooth shaps
radial lobe spacing is firstly established, in order to

veratively until a single point

hen nmodify s loks

i
spacing and a double point spacing are egual to  the



aestablished lohe gpacing.

{SOGQ] DR O30 26 222 a1l shows an annular gesar punmp in which
the theoretical tooth shape of the pinion is determined by
rolling the pinidn plteh cirvcle along the ving gear pitch
girele. Here the starting point for purposes of developing
the tooth shape of the pinlon is a particular ghape of the
sothing. The method is only applicable for this particulax
tooth shape.

(0107 U8 2,866,326 shows a nmethod for the development of
raothings of roteids, which in  contrast to  gerotors
{annular gear machines) have other toothing ratios. Ths
starting point is an outer circle with the diameter & and a
pinien wcircle with the diameter B, from which ensues the

eceentricity E.

[0011) In the article *Design of deviation-function based
gerotors®, Shih~Hsi Tong =t, al., Mechanigm and Machine

Theory 44 (2009} 1595-1606, a new type of method is
o

described for the generation of gerotor profiles. This

method iz bazed on the use of deviation ﬁinutlﬁnsg bur
reguires complex calculations and design steps and can lead
to  dimensioning problems, particularly in the case of

unssrcuts.

ron12) BR 1 462 633 al shows an internal gear pump with an
inneyr rotor and an vubter rotor. The innsr rotor has a tooth
profils with @ root section formed in terms of a
hypocyveloid. The inner rotor and the outer rotor have an
soecentricit e relative o ons  another, wherein the
intermediate rotor spacing assumes the maximum valus t. The
outer rotor has a tooth profile that 1s determined using
the tooth profile of the inner rotor as & starting point.

To this end the imner rotor 1ig ryotared about the centre
(&

poi f the outer rotor. Here the imner rotor rotates

(&

zbout its axis Il/n-times (n = mumber of teeth), while the



o
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centrs point of the outer rotor exscutes one revolution

i

its  orbit. With this movenent an envelops curve 1
described by the tooth profile of the innsy rotor, which i1

s

usad ag the tooth profile of the ocuter rotor.

FO013] anm object of the pressnt  invention consists,
stgrﬁing from the pricy art, in specifying a method for the
generation of the tooth shapes of the inner and outer rings
of an annular gear machineg, in particuisar an annulay gsayr
pump, which is easy to exesute, dogs not assume any dSseper
knowladge CONCerning mathamatical raelationships and
provides the designer with a large degree of dAlwensioning
fresdom, SO ag to be able to fulfil s wvery wide variety of
reguirements on the annular gear nachine that is to he
generated. Here the alm iz toe ke able to avold what has
besn for a long time the usual ﬁescxigticn of the toouh
contours  in  terms  of  oveleids,  ellipses, involutes,
civeular arcs, or similar ourve segmants  that  are

mathematically easy to describe, st ince these limit the

3

possible qeem@*x‘ﬁs of the rtooth shages. At the same time
iy should be possible toe desoy ihe with sufficient 300Uracy

Y,

e generated with technical sids that

& tooth shapes to

7

%

are currently availakle, such ss CAD and CAM systsng, 50 48
te enable an automated production of ﬁsrrasg@n&ing E il te
and ocuter vings with axigting machine tools.

001 41 The above-cited object is achisved by mesns of a
sethod in ascordance with the accompanying Claim 1.

] The invention is based on the fundamental knowledge
¢ the tooth shapes of the ilmmer and cuter riungs can be
generated in terms of the description, or exesution, of &

&

ve movemsnt between the two rings, if & few simple to

23
defins parvameters, or starting conditions, are padintainsd,
For the gensration of the tooth shape & rslative movenent

is  therefore sxegubead. i.e. mathematically wmodellied,

hetwesn the inner and outer rings. with the ald of the
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angular lavionship of this relative novament aud &
prad@terminad socentricity between the rotstion ames of the

vings and & provisicnally defined draft pitch circle on the

outer ving.

100167 The method can fundamentally be ewscuted starting
from the starting geometry of the cuter ring. Insofar as
nothing 1 otherwise specified in  what follows, the
descripticns relate bo an szample in which the outsr ring
ig conzidersd to be a fivst annular gear, whesse starting

By

gé@m&trr iz selented. The number of testh of the outer ring
is likewiss nesessarily to be defined as a componsnt of the

starting geometyy. This necessary definition ig influenced
by“tha choice of the eccentricity and the build size of the
pgmp {pitch circlel. Here the number of teeth for the outer
ring (the munber of teeth of the inner ring + 1} can also
he determined from the dJdesired number of testh for the
inner ring. Another component of the starting geomenry to
he westabilished is the pitch circle radius {of the outsr

i

ringl, which is usually understood te be the average valus

%

hetwesn the radiuvg at the

¢

Y
(

oth tip and that at the tooth

reot {circulay pitch = spacing from tooth centyre Lo toot

il

c‘}"

centre on the piteh circle). The sezecution of the movemsnt

gensrating the tooth ghape contour is preferably undertaken

= &

%,

on a8 computer using a CAD wmodel. Here the provisigagl

generating gsometyry 1s rotated in a stepwi&& MATNSY ax aAn
enyelape curve, whilst malntaining the novement condition,
which is described further below, for the ganexation and
assessment of the cpposing tooth {on the second annular

gw&x),
{00171 PFurthermore it is an essentizl component ¢f the

¢

pregent invention that by the multigie rapetition of the
g~gited movenent pattsrn, with sterting conditiong that

ars nedified in each case, a stepwise optimisation «f the

3

rooth shapes san be achisved. This ocours, for sxampls,

within the framework of an iterative processs to fuliil one



or a plurality of previously detesrmined guality oriteria by
means of the tooth shape generated in sach cass, ¥ Lo
approach these gualiby oriteria as far as pessibls. All

conceivaple requirements for the amwlaer gear machine tha

1% to be generated come into consideration as gquality
sriteria, for examgple the effiniency, the delivery volume,

the maximum pressure to be achieved, 3§ residual nminimum
clearance dinension betwsen inner rving and outer ring, or
aven @ apecified shaping in particular sections of the

tooth geometry, as & yvesult of which, for sxawmple, the

T =5 : Y e N R PN e O A - s
neise characteristics of the amulay geay npaching can o2

00181 Yo execute the invantive method, in a flvst steg &
starting geometry of the outer ring is specifisd, which
geometry fully degoribes the lattsr. In addition te the
cooth wideh srd the munber of testh, alse includes a
provisienal pitoh circle and pitch radiug on the

guter ving. In the case in whigh the d i impliemented

by means of software this speciflcati mads utllising
the functionsg that are available in the usual CAD programg.
Inn the specificaticon of the shtarting geometry the person

skilled in the art can start with annular gesy shapes from

the known pricr art, or can freely select an ammulay ring

Cb

shape within wide limitg, with which he anticipates goo

%

regults for the achievement of one or a gplurality o
parametaers {guality criterial that are particelarly aimed
at for the annular geay machine that is to be dimensioned.
The starting geomebry must thersby simply susure that an
annular gear machine can in principle be constructad with
this geomstry.

(00191 Purthermors for the optimisation of the ammlar geax
shapes that is to be ewecuted it is necessary for abt least
Qﬁ@ gquality oriteriz of the amular gesar machine to be
defined, whose fulfilment repregentz an objective in the

configuration of the annular SATS, i.e. in  the



configuration of the tooth shapes that are to be usaed in
the latter. A possible guality criterion, but noet one that
is necessary in every case, would be, for example, the
general conglstency of the tooth tip clearance over the
angle of rotation. Primarily 1t is the tip clearance

lour in the region of closest approach of the tip
cle on the inner ring, and the root clrele on the outer

r
ring. that is to be taken into account.

{00301 It is to be noted that the Sp cification »of the
starting geometry tan be undertaken either in terms of
géﬁex&tian, of a gecwetry matched to the target toothing
that 1is to bs achieved, which includss both the tooth tip
and tooth reot regions, or preferably in terms of a
mathematical description of a complete outer ring., For &
specificati of he  starting  geometry the cmpleta
description of st least a half-tooth @eried of the external
toothing is sufficient. The toothing on the outer ring in

questlion is repstitive alonyg the peviphery of the ring,

wherein a tooth period congists in each case of 3 tooth and
& tooth space. Both the tooth and also the tooth space arve
intrinsically symmetrical so that the complets annuliar gesy
geomatry is described by the specification of a curve
profile over a half-tooth period. By forming the mirror
image of this curve profile the tooth period ocan be
céﬁplet@ﬁ, and this is subseguently repeated multiple times
over the periphery of the annular gear.

{Qﬁ?l} The sgtarting geomstry to be  establiished alsco
iﬁclud@& the dats necessary for purposes of determining the

l

radius o©f the amnular gear, wherein the gesowmetr
relationships are sufficiently of known art to the person
skilled in the art and therefore do no nead to be
described in detail. Aftsr the above-gited initial values
are established, a wmovément is executed with the starting

geometry of the first ring in sccordance with the following

basic movement conditicorn: the fdirst arnular geay {outex



ringd, i.&. an  envelops Curve section dsseribing th

%

starting geonetry, sxecutes a rotational movement aboubt it

0

cwn  {first) rotation axig:y at the same time a revolving
moverent ig emacuted about the rotation axis of the ssoond
annular gear {inner ring). not yvet defined, the location »of
which relative to the firgt rotation awis is detsrmined by
the above-defined eccentricity {(the distance between ths
Lwd rotatién axes A, B}, During this double movement the
following angular relaticunship 1ig to be  continuously

maintained:
hsax 2
wherain

a = angle of rotation of the first ammular gear {outer
ring}

b= angle of rotation of the eccentricity

% = number of teeth on the first annulay geavr {(onter ring)

1002271 If the starting geoonmetry of the intermal toothing of
the outer ring has besn sstablished, a rotational movement
of the outer ring takes place through a certain angls of
rotation relative to  the inner ring, whose toothing
Qeave*“y inn the first instances is not yet known. To case

unmexmtmaaa 1g it should be noted that in the sinplsst cass

a complete vevelving movement of the outer ring ig sxecubed
about the inner ring, while at the sawme time the paofils
exaaut&d.by the starting geowmetry is plotted out, Here the
path of the envelope curve sections of the starting
geomatyy represants  the opposing  btooth shape of the
crtarnal too:&;ng af the inner ring. The envelope curve of
the starting geometry thergbhy represents the sum of 311 the
snvelope curve sections in a prescribed minimum movemant
region.

&

FO0231 Howsver, a closer examination reveals that it is nob



~ 10 =~

nacesgary for the revolving movement to be exscubtad over 3
conplete revolution, since for the detemnination of the
resulting tooth shape contour of the second annular geay
(hare the inner rimg) it is likewise sufficient if at least
£ peried ¢f the tooth-tooth sapac ssguence  ig
described. The revolving movement of the first annular gear
must thersfore at least be completed through an angle of
x@tatioﬂ n, which corresponds to a half-tooth period of the

-

second annular gear located opposite to the first annular
gear. This angle of rotation b, whilst maintalning the
Farmation rule as described, automatlically gensrates the
number of teeth for the imner ring, which fundamentally is
one less than the number of teeth of the outer ring, S0
that the minimum angle of reotation to be spplied can easily
pe determined.

{00241 After the sexecution of the double movement as
deﬁcxibed the starting geomstry initially specified for the
first annular gear axists, together with a first tooth
shape contour generated, and at the same tims plotted, for

;..(-
k3
¢

the second annular gear, and thus & geomstry that is
principle a possible optionm. As a rule the guality
writ@rioﬁ that hag also been specified is not yet achlsved
“;:ef the first step. In accordance with the invent ian thsa
sta*tlng gecmetry of the first annular ygear ig therefore

modified in terms of at least one parameter in what is in
the first instance a random direction. Boundary conditions

can preferably be prescribed for the medification, and/or
relationships can  be used as & bhasis for loglcal

modifications. For example, the width of t

fivst smmalar gear can be modified by 10% g0 as to adapt
the starting gesometry for the next step in the method.
Alternatively or asditionally., for purposss of modifying
the starting geometry of the first annular gear the
gocentricity betwsen the rotation axes of the two annular
gears can alse be modified; this also has repercusq oneg on

the ensuing tooth shape contour, Howsver, ind ially a fized



value is advantageously maintained for the sccosmtricity.
Here the target that is being aimgd at is & funotionally
cptinissd tooth shape, with at the same time & mindmum

<

circular pitch and potentially a maximun nusber of teeth.
(00351 In the next step of the methed the double novenant
of the first annular gear about the second annular gear and
about its own rotation azis is executed once again, using
the modified starting conditions as a basis, whilst
maintaining the movemsnt condition, 1.e. angle conditian,
as has beesn described previously. A sscond tooth shaps
contour is generated, which deviates from the first tooth
shape contour obtained from the previous steps, so that a
check can then he undertaken as to which of the two tooth
shape contours determined better fulfils the defined
guality coriterion. Finally the above-gited steps oan be
repeated iteratively, in crder for the toeoth shape contours
to approach an optimum that is being aimed at with regard
to the guality criterion,
[UU26)1 As & result of the previously describhed gensration
and aptimisation of tooth shapes on the inner ving and
outer ring of an annuluz gear machine the tooth shaps
contours or geometries that have been crsated as a rule can
only be representad in terms of higher order splines {(for
axanple 399 order). While it is true that in the simples

that can be gengrated using the
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Jesoribed method can alsa approximate to that which can be
achieved by means of conventional methods, in 3 deviation
from the prior art togth shapes can now also be generated
that are eesy to optimise for wvarlous applicatlons,
alth\wgh, they <an no  longey  be  represented  using
conventional wmethods. With the aid of the splines as citad
the contours can also be mathematically described such thab
chey can be used in available data processing PYOGravmes.

particular for purposes of further optimisation, and for

the activation of maching tools.



i3
[0027] One advantags of the inventive method thus consists
in - the fact that in contrast bto the classical use of
rilling curves {oveioids) for purposes of describing ths
tocth shapes, which for purpeses of generating the cyclolds
yoll along the piveh circle of the toothing, and which form
one side of & toothing contour, no mandatory coupling to
the pilteh circle az & shape gensrating condipion is

pres sumed.

(0038 Since by means of the inventive mathod the complete
tooth shape contour of the innsy ring and the vuteyr ring is
gensrated in each pass, starting from a prascribed starting
gsometyry for the first ammular gear, the tooth shape
contours or geomebries that are created on the one hang,
and the rolling and/or sliding characteristics of the
toothing of both annular gears on the other hand can be
ubdected to an assessment, i.e. to a comparison with =
quality sriterion. With a suitable choige of the gualicy
criveria even gerxctor toothings with relatively large
eccentricities can be generated in this wanney. Here the
méintamance» of the movement pattern as deseribed above
angures A harmonicus Movement pattern between the imner and
exﬁerﬂal toothings, hogether with kinematically harmonious

running with a high efficiency.

(00291 In pavtisular. whan the annular gear machine iz used
ag  an amular gear pump the inventive wmethod enables
v

153
'4 g
3
0
&
>

ot

Qimengioning with large eccentricibties, as
which 1t i possikble to design flow-optimised dsliivery
chambers, which effect an inprovenent of the delivery

srvformance at higher rotationsl speeds. The nmethod can
fundamentally b deplioved for a very wide wariety of tooth

a

apes, togth numbers, seccentricitisg and pilteh circle

Jﬂ

8¢

radii. It iz furtherore adv&at&g@ous that no  special

&
35

need to be met in order to adapt the ends of

b

Qagure

i

r
irglividual curve sections, which are usually deploved inm
the description of the tooth shape, in thelr transiticonal



characteristics to any mathematical presuppositions of the

e

(‘D
i3]

desoription that is being used. Instead the curve profil
are completely created on the hasis of the seguence a8
Qescribed during the optimisation of the tooth shaps. The
mathematical description of the resulting geometry is
undertaken in terms of higher order splinss, wherein it is
usually possible to use just 3% order splines to achisve
sufficient acourasy to megl the gractisal raguirements.

FO030] In accordance with a preferred form ¢f embodimsnt it

o~

is possidble to define a plurality of guality criteria, th

©

o]

fulfilment of which is checked in payall during ths
assessment of a plurality of gensrated tooth shape
contours. For exawple, in addition to the minimam volums

<

that 1is to be delivered, a specification can also be
defined for the forece conditicns that must e maint

atned
natween the tooth flanks of the oppoesing teeth. In thi

nanner the option exigts of reducing the Hertzian presgsure,

xF

H~
O

2T axamgl& by increasing the size of the local contact
IR I
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{00317 It iz alsy advantageous if, as early on as in the
de‘iritigm of the starting geometry of the first annular
gear, rhe desecription of the tooth contouwur is not

/

unﬁer aken, ag in the prior art, in terms of circular arcs,
ei ipses, or segments of angle functions and involutes

1

rather ths starting geonetyry is detsrmined in Lerms <

".f,
LR
o
s

3

m@ﬁifiabla syline, preferably Of Fod ardsy. with

eatablished softwars {e.g. Inventor, Catis, Pro-8 and UG
it is possibls te describe such types of splinegsg, and to

=

:

vayy these in a tavgeted manner by means of the above-
rimisation loop. Further advantageg, farme of

amhodiment, and details  ensue from  the nllowing
degcription of a preferred procedure for the exedution of

the inventive wethod, with reference to the figures. Hera:

vig. 1 shows a flow diagram of the essential gtsps in the
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executricn of the inventive wmethed in agcordance with a
Fform of sabodiment;

Fig. 2 shows a schematis representation of an annulay gear
machine, with an inner ring with externsl toothing, and an
puter ring with internal toothing, togethesy with identified
geomatric parametars;

Pig. 3 shows a detailed representation of a ftooth of the

5

inner ring, during 3 movement segnent through a tooth space

vic represantation of the movement
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pattern for purposes of genmerating the tooth shape contour
at & first point in time at the start of the movemsnt;

ig. 5% shows & schematic repressntation of the movemsnt
pattern for purposes of gsnerating the tooth shape contour

3

at a secend point in time at the end of the wmovement.

{00321 The following description of sssential and preferred

gteps of the inventive method iz underbaben with reference
o Plg. 1, in which the method seguenve is sumnarised,
rogether with sinultansous referernce to Figs., 2 and 3, in

which dmportant gﬁometxic details of the testh of an

anmalar gesay machine ave platted ocut.

(0033] Fundamentally, the aim is to generate tooth shape

o

> <

s
means o e anvenuive

e

of  an annular gear maching by

methad, wherein the annular gesy machine has an lmer ring

1 with ternal toothing, togsther with an outer wving 2
vith internal toothing, as the main slements. I a typical
application ths inner ring can be fitted onto s cubput

drive ghaft of & drive undt., while the oubsy ring 2 is

mounted such  that it can  rotate in & Dhousing  {(not
repragented) . In operation the ioner ring I votates sbout a

first rotation axig A, while ths outer ring 2 can be



rotated aboulb & second rotabtion awis B. The rotation axaes
A, B are displaced rslative fo, i.e. spaced apart from, one
another by the amount of an eccentrigity . Moreover, in
eﬁafatimn, of the annular gear nachine the outer ring
moves in a revolving movement abour the firsy rotation axis
A, “i.8. the eccantricity e rotabtes about the point of
rotation through which the first rotation axis A runs. In
Figo 3 the typlcal tooth shape contour of an dndividual

oth of the inner ring 1 can ke discerned in an enlargsed
detail, as can a vomplementary tooth space of the outer
ring 2. Thers the geometvrical ~~~ﬁ~t10ms that are veguired
for the definition of the starting geometry avre also
plotted out. Fig. 3 records the highest elevation of ths
tooth &t Ratre, together with the lowegt depth of the tooth
gpage at Fa-e. Finally, both the mazimum tooth tip width,
vogether with a tooth tip width that may be walsted in the
case of necked teeth, wvan be of inportance for  the
definiticen  of the stagrting geometry. The Individual
gaometris features of the tooth shape contour are enteved
intoe furthsr below.

{00341 The pitch circie of the imner ring iz aubtomatically
genarated by the funetional relationships, which derive
from the pitch circle of the outer ving in asccordance with

wherein

Ra = pitch cirele of the outery ring:

Ry = plteh ¢irvcle of the inney ©ing

som aoeentricity between the rotation axes

[003%] For purposes of describing the starting gsometry the
following relationships ave also gignificant:
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wherein
Zew = tooth piltch angle on the outer ring

wherein

>

Kew = Looth root pi

g = tooth pitch/root width ratic,

Wer = 0.5%u
wharein
Wer » flank generation angls

By = Wag/Faw = h

wharein

flank
iy width/root width ratio,

generation angle ratic
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377 Figs., 4 and 5 show in an exanplary manner two
ctions in the generation of & tooth shapes. For the
execution of the inventive method a starting geometry of a
first ammmlar gear iz sstablighed in the first step. The
outer ring can be defined as the first annular gear, The
starting geometry can ke fully defined by the descri ption
of a half-teooth pesried. In Fig. 4 a ssction of the outer
ring 2, consisting of a half-tooth and a half-tcoth space
ig repressnted az an outer ring contour § {full line). This
secticn of the starting geometry is preferably defined in
rarmg of a third ordesr spline 4 with, for exanple, eight
grid points. The splins 4 ﬁascribing the starting geomstry
i ennlosed by two radial angle lines {ov pitch demarcation
linas), which are spaced apart from one another by 3 half-
tooth period. The angle Wee enclosed Dbetwean the angle
lines {(¥Fig. 2) ig designated as a flank generation angle,

ds of the spline 4 run at yight angles to the angls
lines. In the radial dirsection, ths $p1ine 4 is boundsd by

the relationship bstween the pluch circle of the outer ving

ifl

Bx and the sccosntricity & {(Fig. 3}. On the opposing inteyr
73

ying an inner ring contour is to be gensrated by virtue

.

of the movemsnt, the shape of which, yvet to be crsated, 18
rapresanted by a dashed line.

{QD383 In  additiom fo the starting geomsetry  the
sccentricity e betwsen the rotation axis & of the inner
ring 1 and the rotation axis B of the oubter rinyg 2 mast
éiso be eatablished at the start of the wethod. togethex
with at least one guality oriterion as & boundsry

condition, which the annular geay machine that is to be
generated 1s to fulfil.

(00397 Az has already been described above In general
tarns, in the next step of the method a rotational movement
of the predefined starting gsometry § of the outer ring 2
in executed about its own rotation axis B, at the same time

rogether with a revolving movement about the rotation axis
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5. of the inner ring 1 thst is to be shaped. In accovdance
with the invention the following general movemsnt condition

mast be maintained during this double movemant:
h=ax 2
wherein, in the example here dascribed

a = angle of rotation of ths outer
b o= angle of yrotation of the sgcentricity
7z = number of veeth on the outer viny

(00407 Por the conplete deseripuion of the tooth contour on
the secomd annular gear it is fundamentally sufficient if
the relative rotational movement is executeﬁ over at lsast

2

& half~tooth period of the second annular gear, so that the
starting geonetyy previously sestablished, i.e. the anvelope

curve, which deseribes at least a half-tooth perio
pradefined first annular gear, is moved along a path that
o

ibes the tooth sontour of the opposing sscond annular

[0041] Fig. & shows the situation at a later point in time

41

£

after the exscution of the doubls movemsnt. Here, compared
n

{.){

with the §Q$itign shown in Fig., 4, the scceentxiciny @, ang

o

with it the outer ring contour §, have bssn further turnad

¥
Cb

through an angle of rotation b = 7079 about the rotation
axis A. At the same time the angle ¢f rotation a has

alterad from £8° {with b = 4789} to 101°. wWith & number of

ey

teath on the outesr ring of & = 7, the movemeant condlition

153

S
sited has thus been maintained. In the state shown in Fig.
5 rhe imer ring contour 7 is almost completely described,

i.e. the gsneration movemsnt is almost complste.

After the tooth shaps contour of the second annular

ay has bsen gsnerated and platt cut by the exscution of

a
the double movement, a first check can be undertaken ss to
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whather the tooth shape contours of both annular gsars that
thus exist alrveady fulfil the ypraviously established
quality oriterion, or whether ths tooth shapss must be
furtheyr adapted. If the guality oriterion iz oot yen
fulfilled, which after the first pass will usually be the
DESE, the starbimy geomstyy  and/i/or thie iritially
satablished eccentricity is modifiad by & predetermined
value, preferably in & presoribed direction that allows an
1?@“**emant of the geometry to be anticipated. The saild
modificatio of waluss can be undsrisken sutonmatioally
undar pradetermined boundary conditions, or ¢an bhe manually
prascoribaed by the user, who may be asked at this point to
aﬁter data. Ths user vcan allow his experience in
dimensioning to influence the modification te the starting
gsometry, although this is not necessary in the antomatic

¢

aequ%ncing of the method. With the modified initial values

the rotational movemant is then carried oul once again 80

o~
X

4]

I §ih out a second tooth shape contour for the second
annular gear. This repstitive loop can be exscuted 3 number
of times, preferably with the sewecution of itervative gteps.
Az soon as the specifisd quality criveria are fulfilisd ths
method can be terminated, and the final established and

3

iotred tooth shape contours for the two annular geays thus

reprasent the result of the generstion method.

{$0431 By the application of rthe above-cited povemsnt
condition & very simple reproduction of the novement
pa*t ern and thus & sinple gensration methed for the tooth
ge@matries ig provided, in cowparison to  the movemant
équatians ysed in the pricy art. Here a closed envelope
cgrve iz genevated in each casge to describe the tooth shape
on the second annular gesr; this curve represents the
contour of the tooth geometry for the teeth to be arrangsd
on the latter, with mandstory naintenance of the novement
condition on the outer ving. By including the piltch circle
Aiameter Ry of the outsr ring in the possible waria

that can be modified during a plurality of passes through

X2



the method, and by the computerised simulation/modelling of
the movenment wcondition of the outey ring contour, it is
sesikle in a few itervation ateps o find an  ophimum
geametry for the imer ring tooth contour, which gan then

be regresented in rerms of splines.

1
4

ST OF REFERENCE SYMBOLS
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10044d)

§

Inner ring

fot

Guter ring

a2
3

“ _
e

4 ~ Spline
g -

?

Quteyr ring contour

)

Inney ring ocontoury

~3

§

Rotation axis of the inner ring

3
i

e}
¥

Rotation axis of the outer ring

@ . - EBEccentricicy

Was ~ Plank generation angle
& ~ Angle of rotation of the first asnular gear {outer

ring)

82
t

angle of rotatlon of the eccentricity &

§

e number of teeth on the first annular gear {outer
ring}
Ra - Pitch cirsle of the outer ring

" <

Ui -~ Fitch circle of the innmey ring

)

Zee =~ Tooth pitch angle on the outer xing
By - Flank gensration anwle ratio

¥ewe -~ Tooth root pitch angle on the oubter ring

Tooth pitch/roct width ratio

L]
H

el - Tip width/roct width ratio
g -~ Lobe angle
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1. Eljaras fogasgylirts készUlék elsd és masodik fogasgyrijén lévd fogak
alakjanak letrehozasars, amely eligras a kivetkezd 1épéseket foglalia magaban

a) meghatdrozzuk sz elsd fogasgylnd kindulasi geometrigidl, amsly ekd
fogasgylrd s fogasgylris keészilek kilsd gylrlis (2). a fogasgyiris készihisk
fegalabb egy mindségl kriteriumal, valamint a Kvant excentricitast (e} a k&t
fogasgylnd forgastengelyel (&, B} k&zdll, amely kiinduldsi geometridt magasabb
rendy seplainok imak le;

(b} mozgast hajtunk végre 8 meghatdrozoft kiindulds! geometridval, amely
kiindulasi geomstia a sajat forgastengsly (B) k&rdl forgdmozgdst s sezel
sgyidejileg & masodik fogasgylrll forgdstengelye {(A) karll karforgd mozgdst hajt
vegre, amely forgdmozgds &8 kdrforgd mozgas sgymassal dgy van dsszecsaiola,
hogy az excentricitas (o) elfordulasi sedge (b} folyamatosan egyenld az clsd
fogasgyiid elfforduiasi szdgének (8) és az elsd fogasgylri fogszamanak () a
srorzataval th = a x 2

o} iélrehozzuk a masodik fogasgyirl fogalakisnak kdrvonaldt s kiinduldsl
geomatia burkoldgiibgje altal 8 b} i8pés szerintl mozgas vegrehaiiasanal leitt palya
regiszirdlasaval, amely regiszirdit fogalak-kdrvonalat magasabb renddl szpliinok
imak le;

d} vizegdluk, hogy a kiinduwlasi gesomelriaval fs a regiszirall fogalsk-
kirvonsiial tellesii-e 2 meghatdrozott mindségl keitérium;

e} amennyiban a mindségl kritdérium még nem feljestil, médositiuk az slibzdley
alkalmazott Kindulas! geometriat ésfvagy a meghatdrozol sxcentricitast {a);

f) Herativ mddon megismétellik a bie) Epésekst, és iérshozunk eqy
mbdasitott fogalak-kirvonalal, amig a mindségi kritérium nem teljestl.

2. Az 1L igenypont szerintl eljdras, amelynél kiinduldsi geometrisként 8 kilsd
fogazasnak legalabb sgy & fogperiddusat hatdrozeuk meg.

3. Az 1. vagy & 2. igenypont szerindl eljaras, amelynél a relatlv forgdmosgés
végrehajlasal a belsd és kst gylrd kOzStt szamitdgsppel amaogatolt mddon, a
belad s kilsd gylrl matamatikal modeliigénsk slkalmazassval kivitelezziik,



4. Az 1-3. igénypontok sgyike szerintl sliards, amelynél a b)-e) lépéssk ieratly
megismatiéset a mindségl kitérium eljesiilésétd! figgetienll megszakifjuk, ha egy
slfzdleg meghatarozott megarakitdsi kritdrium teljestl,

5. Az 14 igénypontok egyike szerint eljards, amelynél a kdrforgd mozgas a
by bpeshen az excentricitas (8} egy olvan sifordulast szdge (b} kirdl megy végbs,
amely lefedi 3 masodik fogasgylirinek legalabb a 8 fogperniddusét.

8. Fogasgylrls készliek fogasgyirlile, azzal jellemesve, hogy fogazdsanak
fogalakia az 1-5. igenyponiok agyike szerintl elldrdssal ol sldaiiiiva.

{A meghsataimazot)
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