- 1 - Method for constructing codirectionally rotating, nutually

t ouchi ng bodi es The invention relates to a nethod for constructing
bodi es which, while rotating 5codirectionally at the sane rotational
speed about axes arranged in parallel, constantly touch one anot her
at at least one point. Let two circles be considered which are
arranged next to one another on two paraIIeI axes, as |Ilustrated

di agramt |Mﬂ‘ﬂlnd OH\C(]IISH“[CII codigeqtio 4 . IMHELA 1 =- hi g5
codirectional 10 rotatlon the circles brush agalnst one another in
such a way that, during rotation, they constantly touch one anot her

at a poi nt Thai alvehti@s reRtaseen 4 hﬂetﬁ@ﬂtﬁ)BScdﬁEtrﬁ@i@t bodicof whiaR, eiHill estating
It is known, furthernore, that, in addition to circles, there are

f ur t her Sgespdirectienllygat e semenritetipngbaraed mbiopt avescarranged dndardlel, gongtantly
poi nt durin odlr 0 r ot One exanple is shown in Figure

2. These fﬂglrggecdﬁhléﬁ%*maﬁ %%ﬁgn%e anot her at one point when they
are rotating codirectionally at the sane rotational speed. The

t wo- di nensi onal geonetric figures shown in Figures 1 and 2 can be

conti nued iLst b Gelpobsscansiderddnviich e artinger! mmgn@motwrsmrtmoanarallel axes,
possibilit for. exa nea ontlnu on_ of

P the di r Seisi@ FHEREREicaly Tp SLARS brft WerReyRGrPensy Gutigiaftetional
di sc- shapedotafiod, Afle $HRRE hrPdhRsMahe Qnot‘ﬁb'lr iﬂ”' Suchosliwfa@CthhtOating rotation, they
rotation, brush agai nst one another along a |ine between the centres

of rotati ogomttantly touets opaandthes attappaihtewhichdiasfbepvpteat the wentes of motatiphed the
possibility.i for exanple, to continue the geonetric figures along
the axes of™" F%%atlon in a screw shaped nanner, so as to give rise to
screw shaped bodi es which, during codirectional rotation, touch one

anot her along a curve between the bodies. 30 Such bodi es which

constant |y It isulofwonéulahmtdmeer, that, at additien tooiclpsi therevdre rfuntlhfe%epmbaiceﬁgures
codlrectlo e sa rotationa ed about axes arran in
poral Ldp angenesBe ekl SR one Srolbi A RoRR BrdRErodERIEY BUY TnEre ckae s
are used agp&pdlid Bkt hbe 'ﬁ%ﬁféts oDkt RRTRBLLLY B ﬁ’ﬁﬁl’ié{'qgﬁﬁe pbifif when they are
exanpl e for the processing of "viscous nasses or m Xi ng pur poses.

- 2 - Such reymchecamineoisortally-as thafshmanatatiedal ssledf t extruders are known

to a person skilled in the art fromthe patent and specialized
literature. The foll ow ng publication [1] may be nentioned here as an
exanpl e: K P, ; i : cken ek :
" The. syncironase A aupas e e Mt B R R B e e gh fitpntipucd in
screw 9pe vendusudreyss intd Hbe piriap dirhgnsisne e bimpdjpasabilitys o, dos examuslh, the linear
agai nst one another in irs when_they tate codirectionally has the
advant age CABHNUEHRY Ogﬂ}eafa IeSfin ﬂb‘h‘i‘éfﬂ&ﬁe’f‘ Htheé‘ﬁHS pirefadions o 35 t@&h"edﬁe to disc-

one anot hery, F ) i i
COdIFECtIOﬂdFFd &rN§ﬁ§%@%§gx$%%a§?gﬁgFEHH%W%B%S&nﬁ%hﬁagggg %??éﬁéméﬁ one
in parall elanothmslbagtal Mnd betwleennke aﬂﬂtebej’f dtatieh Wikals trumnparpldélnd, the axes of

there are regulations for their construction.
rotation.

25
A further possibility is, for example, to continue the geometric figures along the axes of
rotation in a screw-shaped manner, so as to give rise to screw-shaped bodies which, during

codirectional rotation, touch one another along a curve between the bodies.

30  Such bodies which constantly touch one another at at least one point when they rotate
codirectionally at the same rotational speed about axes arranged in parallel are important
particularly in extruder technology where they are used as codirectionally rotating screw-

type extruders, for example for the processing of viscous masses or for mixing purposes.



Thus, for exanple, it is known fromthe literature for screwtype
extruders (see, for exanple, [1] pages 96 to 98] that a screw el enent
of the "Erdnenger" type with a cross- 15<%ct i onal profile, as in Fig.

2 of the present application, can be assenbled fromarcs of a circle.
It is well SeAdwmchramey &vo-shpfhendritishath extayders ered@opi tpia pesgpn; skilled in the

general so _th t | e -] i ti (o]
arranged iﬁhpgégﬁp%ﬁB%%%%%n%%%g%%%%ﬂgﬁg%%ﬁgtgﬁ?ﬁ%h%?ﬁgoéyﬂﬁéggﬁfgﬁgmylw
point. |t ingenkiogsih (B&e, faer exanmukemple?] : KBoOXohlwaa: r y«Dér f Ubledthidufige
w ped tw n-screw equi pnent”, Polyner Engineering and Sci ence 18

(1978) 12, Ryagelsciopgieneygaer”.t[hike synshiavaus devblemaren extandesl, dfanseroVerlag,
touchi ng bagdhes; about .their fixed axes is kinemati.cally equivalent.t

the 25 St r 200 et RO Hn st R BRste ot RSB Yo P bl heieint O one
body whi ch ahsthbfiarpast Mt ARdYrotatdbsdiRatidratiyhas tHeal iHtga it 16y s @Sk off one
for generating in steps geonetric figures which constantly touch one
anot her at aoei@epidriihergforg plgacoioneendtheral rotation. In the
consideration, the first figure (the "generated" figure) is

stationary and the second figure (the "generating"” figure) is

di spl aced apytlcétb® bbilfes wHich, winsthes kaad! cofREdiRAaIPN afthedameHotatioRH speed
circle. Part of the profile of the second figure can then be

sti pul d0ed ahowt aixes arsanged ¢ phrell¢lpcanstaply tgeh enehnathennt of ldagt dne pordy thbrg are
generated on the firsﬁ.fi ure..The generated figure is as it were

"cut out" Bﬁgﬁﬁﬁmﬁgﬂg A P FF Y e. ~ - 3 - However, no general nethod
is knowmn as to how that part of the second figure which is stipul ated
can itself be generated. In [2], one possible approach is described

as to how flhes,pfoofdxdampie ghestknelvncfromatheblétetanee sfoarsticmgtypoi axtruderd (see, for
fromwhich the remaining profile Is generated n genergted. |
However , t FK&MBIGpkId 2R Igh éﬂ @a %ﬁ%ﬁ%ﬂéﬁr@%}ﬁi#%{?ﬁéwwiw Pith fgross-
and, ahgve i |5l [ PP |

ot i | ae. wirelsrab ol gaHEE 2 8 phont tRlickin, SpF Y aCRIBIG 06 arcs of a
speci fied icircle2] can be generated. The set object, therefore,

proceeding fromthe prior art is to provide a general nethod by neans

of which bodi es can be constructed which, while rotating

codirecti p@?‘ﬂslvyelﬂmcfm h%%@et}gvl{am:ﬁtteﬁﬁ Rale RPGERARMUN é;ﬁ@ﬁaflﬁ(@ﬁlat two bodies
arranged in parallel, ‘constantly touch one another at "at 1east one

poi nt . Sustpting cotiteytionahly abast tovopaxics airgiged invesrellélcound, oneranathice bordsvamtly at
bodi es are based which, when they rotate codirectionally about two

axes arPange§2yLNePPBE t o one another, constantly 15 touch one

anot her at at |east one point. Proceeding fromthese basic

principles, a general nethod for constructing such bodi es can be
derived. Itis known (see, for example, [2]: Booy “Geometry of fully wiped twin-screw equipment”,

Polymer Engineering and Science 18 (1978) 12, pages 973 — 984), that the codirectional
rotation of two touching bodies about their fixed axes is kinematically equivalent to the
25  “translation without rotation” of one body about the other body which is then stationary.
This particular feature can be used for generating in steps geometric figures which
constantly touch one another at one point during codirectional rotation. In the
consideration, the first figure (the “generated” figure) is stationary and the second figure
(the “generating® figure) is displaced about the first in translational motion on an arc of a
30 circle. Part of the profile of the second figure can then be stipulated and it is possible to
investigate which profile is thereby generated on the first figure. The generated figure is as

it were “cut out” by the generating figure.



20 The subject of the present invention is, therefore, a nethod
according to the independent Claim1 for constructing bodi es which,
while rotating codirectionally at the same rotational speed about

axes arranged parallel to one another, constantly touch one anot her

at at | east Qwréf%dwnsenew S1eERec§ eepBRsHietos Heb Prig whdhs secong figure which is
dependent i

appl i ed t ogt g\lggféd cﬁlg Fté&ﬁb%&&?&ﬁclﬁgﬁg ogg pg%éﬁlg?iP%faxaptsndég rﬁ)%a a@ ?0 how the
anot her on ppsfilalsb@he@xebichican Obahé e@artingydiMdandnfrai wmclatth@rdmaﬁﬁlﬁgc;@oﬁle is
a. The method is expediently described for two bodies K1 and K2 which
rotate at tZRecratefsan be gencsad. Iicpéfé@r abie appropd is mgﬂbé@mph@twm@ammﬁwal
regard é ttg‘gl ehr [ ag%%%rﬂt dr( neraltl rli/cf \f\ﬁ)at F(I)I s%g r?tn 8%9 glio%?es lhlah can be

K2 woul almays e arrange ern on adjac

30r ot at i on.describéd byTﬁyanatﬁémhm@m alncEp@eshetified R[N UADBE g&erdt@l/ Ol Uti ons

of a body about its axis of rotation per unit tinme (Hertz unit). To
construct the correspondlng bodi es Kl and K2, the cross-sectional
profiles of t he are secti

P of 1| es. ardecpbouper dSinpetdf il GHFLRRBHo0p dha PR Etsta deetpad by
and K2 in Qndﬁh@ﬂf«‘wﬁlcﬁ'ﬂ'ioﬁﬁs ciiBe &ﬁfsﬁ@&gdl Gl R {v}iﬂ&"r&tﬁhﬂg‘f‘&)ﬂf‘r@éndngllﬁ B@he same
axes of rotation Al and A2. Surprisingly, it was found that the

cr oss- d8ct irotatdnab spded |abowfftworigehatnged m Ibmalﬁl; q@u’stantésdtoaddoa@artolﬂmr at at least
cross-sectional. profile of the other correspondi ng body can be

deri ved erH?PWPg stipulated profile in a sinple way. In this case,

the profile to be stipulated has to fulfil only a few criteria which
are sinple to inplenent. The profile of the corresponding body is
derived i nSangisyls thapased piveriplgs wet foahcﬂ,yomwhinhtt‘he iradice atel hasedivhech, when
makes it pgssible to .construct,an extrenel unber of d|fferent
cor r esponditify 16HE fodirgciionplly 3B twis axes ?%@%%F“PHFQ?§HB@§§ ecopgpntly
the finst Q&ﬂ§1%@a§&hgqh%;ﬁmﬁkhggaﬁ&y any body and to derive the body
corresponding to it fromthe stipulated body in a sinple way. The

met hod according to the invention is not restricted to

cross-sectional i ch are descri be s of acircle (as

in the cas rwe‘%@g%w %ﬁ%wﬁe%c BHnGpgs, Er%ﬁ?é’ﬁgmﬁ¥}t°§&§f C%r@emftir]g i%egégg% can
to 98). The.peLied according to the invention is also not restricted

to the nathenatlcal functions, 20described in [2], for the definition

of cross-sectional profiles. In order to nane the criteria which the
cross-sectional profjle to be stipulated has to fulfil, the

Cr 05s- SBot IGRIFOIGH 16 PROCBIrEbTH at BAa Sek Pl ATrabRiSior s defepgndent
a mat hemat i \Vi g@$ﬁ

obj ect whi cﬁﬁlﬁlois: gégscgngﬂ%gﬁ%gtﬂﬁtﬁg n’ t&ﬁllh)s: rc@%@t{ Cddﬁegthogﬁg}' rqr{etﬁg?%hgpagnonal
means t hat spdedi sbopomssshirengal pavaliel ombie biotdre calistandy itauch(cne ahbther at at least
opposite directjog) on the curve. In_the present case, the curve lies
in a two- diofeASinbAarienrd aubedigenisire favad ﬂbﬂlﬁ@ﬁm@ﬁmaﬁlwmw th respect

to the axes of rotation Al and A2. 30 The intersection points S1 and

S2 of the axes of rotation Al and A2 with the plane E are al so

desi gnased Tas mahéd escoafing @i el igvertibntche beapprat iovievoaxesoreThelidgsu THa bodies
di stance of the centres of rotation S1 and S2 anpunts to a. - 5 -

The cur vat @recarsmegd eww@on%anﬂm ratrgEdlel Bxepparptativn IMARIAG e pairs at a distance a.

o o SO e AN s AR, Ml o e s

circle witRothfiénal 3pdedSabouhttirl rBsheSarEaE s Wath Ut r&ltt@ﬂ{bearmngsméﬁ, oflboe than
everywhere, because its direction changes to the sane extent

ever ywher e twv\bpqi;leq; dlbeiesoKhland B2hequld always be arranged alternately on adjacent axes of

30 rotation.

The bodies K1 and K2 are also designated here as corresponding bodies for the sake of

simplicity.



5 curves, the curvature usually changes from curve point to curve

point. The curvature of a curve at a point P therefore indicates how
greatly the curve deviates froma straight-line in the i mediate
vicinity of the point P. 10 The reciprocal of the curvature is called

t he radi us Téf rotatioe] spegd sHhe ninmbeihel neadlutisnsodf & hedycalrook és @gisraflretatibn per
curvature) which nstitutes the best approximation in a vicinity of

the cont act™P&im %éln{tgxt books on mathematics, in particular
geonetry). As is known to a person skilled in the art, a curve

can be defined as a function of a 15 paraneter s by a paranetric

r epr esent atlioocunsiruct(thy correspioa)ingXs)didsnKi hind K2 sthe cxdssiseatitnhaly peofilew ef these

the coordinates of .the points of the curve P(s) in the ) ,
t wo- di méns ibeit%léﬁ apg sk g .erateér@e&s?aﬁéemﬂr@ﬁm@@r%é&e prgéles which are obtained

cross-sect 9nalidr Ak bbicOk 100y ROy aﬁ?r[@'@tw it Fns pe ngiggfaﬁg luaxtg%{}gpect to

Criteria so that "a cross-sectional p I1'e of a correspondin
1(2 can be tigenes af edatioha®l hifkA2urve:  The curve nust be cl osed.
The curve nust be continuous. 25- The curve nust be convex.

The curve nust be constantly differentiable segnmentally. The

cur venust . | | C | |

than or -equal e RdY RSl el ¥ Sy oot Bt oo HoR0 chf b bR and
the poilot s tiRl cAaRstseRioad]l plofile Wf e dibdr, corfsspendiig bblly @ benBeriwedt fiéf this
point on the curve, irrespective of where the points P1 and P2 lie on

the curve. stipulpted grafde imp pinpde wey 1 this s theurrgBlertn e stipdated hostonfalfilonly
- t - t . " . - -
booke b ARG U bbie B R ST BHE RS EaBpPRife boay i

di fferenti @bliged th & REnslegrBNEitheb @il e HAthkfatidaltg.oTIsE aMKeY it possible to
differentiable segnentally). Should no kinks be present, the curve is
const ant | y celdtiust ahextapmndy doap nembesof Offsrepb serresppndige bedies dsethpimigrg, as a

ki nks T8t h?&%ftj ﬁ?sl llatyss{ﬁe ﬁ)ir\{ﬁenﬁ;s!t]{i%l%etg) sggllllgtvé"virtually any body and to derive the body
corresponding to it from the stipulated body in a simple way. The method according to the
invention is not restricted to cross-sectional profiles which are described by arcs of a circle
(as in the case of screw elements of the Erdmenger type, see [1] pages 96 to 98). The
method according to the invention is also not restricted to the mathematical functions,

20  described in [2], for the definition of cross-sectional profiles.

In order to name the criteria which the cross-sectional profile to be stipulated has to fulfil,
the cross-sectional profile to be stipulated is expediently described as a mathematical
curve.

25
A (mathematical) curve is a one-dimensional object which possess a curvature. In this
context, one-dimensional means that it is possible to move only in one direction (or the
opposite direction) on the curve. In the present case, the curve lies in a two-dimensional
plane E which runs perpendicularly with respect to the axes of rotation Al and A2.

30  The intersection points S1 and S2 of the axes of rotation Al and A2 with the plane E are
also designated as centres of rotation of the respective axes. The mutual distance of the

centres of rotation S1 and S2 amounts to 4.



10 If the abovenentioned few criteria which are sinple to inplenent

are fulfilled, a curve -4 which describes the cross-sectional profile

of the correspondi ng body K2 can be derived fromthe curve /3 . Sone
vectors nmay al so be introduced for this purpose (see, for exanple,
"BUTTE, dadhesuragenotarcwivesemderftoaddv Tacanihe cirmage imditdetios padunit length. The
edition, |SBN §g54g-2q32 - 7,. 2004 e ABK9 ff %3] . The n@tagion

used cor r eSPORHES ©5 & NLAERtRea5c RIFALY ongEaiheganse dts, Jggegpn jdoes not
charact eri zgghgddy AGAr G AEMRud NBadl BE k&he hRRNAO(1oAROMECIEDA /1) everywhere,
expression is 1n each case here the derivation according to theé

par anet er, bacavetits| diresson rlianges dotthe sameustendfevarywdeteo rWith hragard dotadl other
say the _root of the scalar oduct with itself, i = and the cross

20si gni fi eSUPYEE %95VWEF@§W€@EQEP3ES%F?C?UFEHEFHBWEYCPWHFS assuned in
the first place, for the sake of sinplicity, that the curve is
constantly differentiable conpletely, that is to say has no kinks. In

t hi s case, Theeurahatiadnsciivetacd podltEvtlepgibse indicetes hioot gdhtly the airte tidweates
poi nts of the cross-sectional profile, In the case of cross-sectional
profiles wiltom pazaght s g the 1HR%,d1‘ttﬁ§1°ferQf\XF%©°m‘éﬁ’-at ions apply to the

25 constantly differentiable segnents between the kinks. Let i()-3)

=be a set of standardi zed tangent vectors of length 1. At any point

of the 1our idehetiprocsl af theandandt iedaliedntenidive of olrviddte hhidtis tHeeradius of the

respective pojnt runs tangentially with respect to the curve /3 ..
-7- - Letirele((gircled qurggtprey vhighhpnshigitescliie hesthaprodmation ine YigRgy @f the
1 which in i i i i rne of the
circle of ¢ g@é&tp&@?%%ﬁ%ﬂg?%ﬂg& o{ngﬁ ?tﬁéel{@gctss‘p@gjta%cgi%gﬁ%ﬁagp' t he curve
35.
As is known to a person skilled in the art, a curve can be defined as a function of a

15  parameter s by a parametric representation:

_ (X8
p(s)—[y(SJ

In this case, x(s) and y(s) are the coordinates of the points of the curve p(s) in the two-

dimensional plane E.

The curve which describes the cross-sectional profile of one body K1 must fulfil the
20 following criteria so that a cross-sectional profile of a comresponding body K2 can be

generated from the curve:

- The curve must be closed.
- The curve must be continuous.
25 - The curve must be convex.
- The curve must be constantly differentiable segmentally.

- The curve p must have at any point a radius of curvature p which is smaller than

or equal to the distance a.

30 A closed convex curve is known to have the following property: any two points P1 and P2

on the curve are considered. If these points P1 and P2 are connected by a straight line, this



At any point of the curve fit there is a standardi zed normal vector
whi ch at the respective point is perpendh§ylar to the tangent to the
curve 35. This normal vector points in the direction of the centre of

that circle (cirele,of curvatyre) .which oxi.mat es the respective
curvature. PapiEhng e SEpUeh ectainle P thBL S LV ou dapover, trovgh no
bel ongi g tQrtRer PRI on Whe &ultfe, GENBNRD MR ISAIB oA Ushd BBe SRR curve.
curvature) as the curve at the respective point. Then, p -S3 1s the

radi us of curvature with h =1/31 . p x Let a be a vector of length a,
the direction of, which | eads fron1tﬂ$ intersection point S1 to the

i nt er sect | Gh BT BRBACS FACAFY QU thafAic e AiR98idive farvature at any point.

Cross-secti il f r I S i :
the our e 300 el ey IBee onk W MO BRRPTIERAD of Mo KnlsCorp e The B i
of the bodyot@tantly diffeasmsiable inhthefsapients rigtwednathiedkinks: (+c@nstantly p)ifférntiable

Fig. 3 shows diagrammatically the execution of the nethod according
to the i nvéﬁ@?ﬁﬁ%bg)- m@n‘akl% BePFRscinthy cageis constantly qiidsrentzabiqgpmpletely.

ints Si OF. Of - ' i) L |
Prr ol os. Tiokt eReiBie) RE (BED B b AhOfadbafy il biYEl RRIELASTR i 4

25 and points fromSl1 to S2. The detail of a curve p is shown above

the intersection points 51 and S2. A _point_on the curve is taken out  _
and i ddft i fif &g ahevemehigned &w eriteria AVl we sbAplerie implemespoadpligled, a curve §

curve-4 can b enerated fromthis, point of the curve |S.. The point. .
on the cor r"\élgﬁbﬁﬁqcﬁ esc[?PF\FéQSE'SF%u {Efoiﬁg‘ﬁofﬂmt ‘I‘Pé"fesﬁortdél’f’éggcf‘ﬂy Rg)o)an jbg derived
drawn to thRnciew@rat pthe point - 8 - of the curve /3, the

st andardi zed normal vector ii(p) to this tangent is fornmed and is

prol onged by the factor a, and finally the vector a is added to this

vector a iiQ8) . The curve /3 can be described continuously by a
si ngl e mat FemE: YecHrs Mpyctlbo e imiedused ver Hisspennsd (skeviios exyaplde SAUITHEM das

segment,al |y, DY NALOYS TRIDFTBL EeRnelMNSt | 9205 edition, ISBN 3-540-20325-7, 2004,
page A 59 ff [3]). The notation used corresponds to the standard mathematical notation: a
vector is characterized by an arrow above the letter, the dot above the expression is in each
case here the derivation according to the parameter, amount lines indicate the amount of a

vector, that is to say the root of the scalar product with itself, 5c'| =4/X-X, and the cross

20  signifies the parallelepiped product.
Furthermore, it is assumed in the first place, for the sake of simplicity, that the curve is
constantly differentiable completely, that is to say has no kinks. In this case, the relations
listed below apply unrestrictedly to all the points of the cross-sectional profile. In the case
of cross-sectional profiles with one or more kinks, the following relations apply to the

25  constantly differentiable segments between the kinks.

Let 7 () =ﬁ be a set of standardized tangent vectors of length 1.

p

At any point of the curve p there is a standardized tangent vector which at the
respective point runs tangentially with respect to the curve 5.

30



The curve 23 nust be constantly differentiable segnentally. At the
segnent limts of a segnentally defined curve /3 , the individual

segnents nust therefore not nerge constantly differentiably one to
the other. 10 If two curve segnents butt one on the other at a kink

poi nt, no tangent vectorsand no nprmal yector are defin for the, .
ki nk poi nt. A‘ccgﬁai’ﬁgﬁ 7.t B 25Ak0 ?tﬁw!iaa%ﬁ? negmal W@%P%P’iegégglfl WHI&h in each
body KI, the correspondng segnent of the curve-4 of the

correspondi ng body K2 is not obtained directly fromthe relation (1).
15However, it w&8sef prinidin hedyertsomef the cemfzg ofihe mirgleodf auredturglbelangingtte the
Ccross-sectional %roftile _K2 corresponds to each kink in

the cross-sectid glecbv

) Oft tfhl:(fae bOdeY

SRSt BF° S B’ody KI. The size of an arc of a
circle is given Ay d.ndd gat | i : I it
radius. The centA? aqnglgﬁ)é#ﬁ;gfo@%adr% ?‘ (%fflérg 1%??; t(tzefnggrl S ge@@ﬁgf g%cnjb%evﬁg;\lflv at the
in briefk as the apattedfoidns ?éﬁ:eﬁ(ﬁicﬁa@@ it Emlant tdHke BASE 13 OThi®@hoRal vector
arc of acircle is given by thé position of its centre and by the
position of itspbits énmdh@dimetiton AN the Celtte df GhdtCtitle (Oir¢le ATORA AGreh Gvhich
a kink in the cross-sectional profile of the body KL , in the )
cross- sect i onal apprekimatestherepevs capstueg fayhke Roinkaf the, curve Bsi The ofcle of
whi ch corresponds,.to 25 the axial distance a. Further‘gﬁg&h an arc of

a circle corresp¥ith biongngtag RRnGeL &g sumygdias hesapeda e same curvature) as
corresponds to yhat,-ahglRe AlspddiivEBoiPe tangents to the curve segnents
nmeet one another at the kink point. Conversely it applies
accordilggly that a corresponding profile segnent of the curve 4 is a

30 "kink" when a profile_jsegment of the curve /3 is an arc of a

circle with the iys as" T . L. dyant ageous to
describe a Kki nk%@’%‘ﬂ‘@" %Q?‘%d%@ﬁxéé%ilﬁétdrréé’i‘@s@alﬁmi ch is equal to

0. At a kink a transitilon"of a first curve segnent into a second

curve segnment - 9 - takes place by rotation through the angle of the
arc of acircle with radius zero. A tangent to the first curve

segnent at the dentd écaf vache @rlengh @ tlid dietctioni dfhiwliible 1dadslifitédn ALY i@tersection
| i kewi se intersects a tangent to the second curve segnent at the

centre of the aPeindfldo Eieripieesegionprigd-e whi ch corresponds to the

angl e the arc of the circle. Taking into account the arc of 5 a
circle, "all adjacent curve segnents (first curve segnent arc of a
circle W tiTheRarvead| whichededcrites IRE Grvds-Satkivhal SR i thdTedr@@ponding body K2 is
tangentially one into the other. An arc of a circle with a radius

zero i s expbtimdtfrgmttheatvd pn deheibsenethewayssasctaomahpofié t@beistiphleted of the
the radius of which is equal to eps, eps being a very small positive
real nunmbembodhKdhby ewess afdhmfadlowing wlptiea, eps 40). An arc of a

circle wwth the sanme angle and with a radius = axial distance

10occurs on the correspondi ng cross-sectional profile.

20 g=p+a-n(p)+a (1)

Fig. 3 shows diagrammatically the execution of the method according to the invention by
means of a point on a curve. The intersection points S1 and S2 of the axes of rotation are
illustrated as small circles. They have a mutual distance a. The vector @ has the length a
25 and points from S1 to S2. The detail of a curve p is shown above the intersection points
S1 and S2. A point on the curve is taken out and identified as a small circle. A point on the

corresponding curve ¢ can be generated from this point of the curve p. The point on the

corresponding curve ¢ is obtained in that a tangent 7(p) is drawn to the curve at the point



Figure 7 illustrates the situation described. Figure 7 shows part of
a cross-sectional profile of the body K1 and part of the
cross-sectional profile of the resulting oody K2. That part of the

cross-sectignal profile of the body K1 which is _shown consists of the
curve segméhttie RMVeaRd thonstandgidized agrel wtret’?) fediis dingennist feamedyand is

The or obs. SEUPRSHAD B BRI &> BT ERIDRa Yo Aaadiel khftls Tt P hot

above, the kink is preferably described by an arc of a circle, the

radi us of which has the size zero. The angle of the arc of the circle
is equal tdahekerangl ean¥adessibihcdnfifuh@BOBNE sihale hathbieti Gl fvRtisR IR éurve
KA1 and the tangent TA2 to the curve segnent butt one on the

ot her at t he chin hkewe bt dédRerib&Dsdgmentadly biyosseseahthematicad fiafctibes. of t he
body K2 corresponding to the body K1 , the segnments KAP and KA2'

bel ongi ng tlhetdyeve ur weuss dgraonsigntkndiffanentidhlz segmeotatlsi Aedthd segmenhdimits of a
relation (1): 4= i5+ a ii(p)+a. Here, in each case the curve

segnent s KASEmeitalkpdelingd curys” p ntherindipndual segmsnts sppst thergipre nop meggp pastantly
so t hat th%. urve, se rretnii IriﬁP and KA2' result as the curve 4. A
gap ari ses SHETHRERD Phe PGP NG curve segments KAP and 25 KA2' whi ch
are indicated in Figure 7 as dashed lines. In the cross-sectional
profile of the corresponding body K2, an arc of a circle with the

radi us 1P =Ilatya curvaxdeginedissnvinoee bettive other hae adenk pemtofo tatgant weetd@land no

and S2) and with the angl results fromthe kink_in the .

o5 ect OHE YSHF Areutkred i Boysasint rataels S e Eikpaintafdgprofile
the gap betywapn, rRSEUTR KAGve aT : :
arc of 30 Tg o} rcofdgﬁlgw%él;%ai ned g%/gssc?léégll]g%ﬁ%g th% qkl n E%Qﬁ%‘?’"@%‘%@?ﬁ”e@ '

di stance anpegtahined directlyfeors eiveRitivagl)l i ne between the points Sl and
S2 in the direction of the body K2. This corresponds to a
di spl acenent of the kink point by the vector a. The end points of the

resul ting c of cirgle,are adjacent. to the segment, limts of the
curve degmeltstRat et frua SEprels hhaut BFa SRR Ihe Pl ol Pliye of
of the resyldidag I Eorfdspéndsitt Shdh 1AIEIICBB SRRLLEE HoNalPb Ml dEthe body K1.
unequi vocal ly fromthe paraneters which describe the kink point as an

arc of acircle with the radius zero. 5 The nethod according to the
[ ti tly .be formul.ated. foll . Th bj ect .of .
the. pr esontTRAVERTRBAT & LeiRls ool §EERePngT o B RRT ah regvs.

whi ch, whi IT@eehtadl laifle ©Pgh ERUaQMld i¥ dadigldi@l 5edeW® i Bt ttaks MBdn oS8 arc of a
about two axes of rotation Al and A2 arranged parallel to one another

at a di28t asteleaThe pagtiampl yn tasueha sirelelid givendphtse pasitiah dfémstentaend by the
poi nt, characgeri din that a cross-sectional profile of the body Kl
is forned PA™ O%Pgﬁséwﬁ’ RS cul ar to the axes of rotation by a
constant, segnentally constantly differentiable, closed convex curve

/3 , and the cross-sectional profile of the body K2 is fornmed from

the curve /A3 acobndimly, tardshending tt 2 bimk in the cross-sectional profile of the body K1, in

the cross-sectional profile of the body K2 always a radius, the size of which corresponds to
25  the axial distance a. Furthermore, an arc of a circle corresponding to a kink always has an
angle which corresponds to that angle at which the tangents to the curve segments meet one

another at the kink point.

Conversely it applies accordingly that a corresponding profile segment of the curve g is a
30  “kink” when a profile segment of the curve p is an arc of a circle with the radius a.

To that extent, it 1s advantageous to describe a kink by an arc of a circle the radius of which

is equal to 0. At a kink a transition of a first curve segment into a second curve segment



=+ a ii(fi) +(1), 15- the curve 13 having at any point a radius of
curvature p which is smaller than or equal to the distance a, for

any point of the curve 13 within a constéhtly differentiabl e segnent,
t here bein st andardi zed nornal vector rl(p) of length | which at

the res pecgﬂk@épbéﬁ Ry rotgticp?etﬁmhith%Me ¢ighe e q atrcgr@lﬂwﬂa)rqdn@ zgts- vietangent to
and points 1B ﬁ%stt]%ulq}ers ﬁ{rnﬁ totfhetcg tré §F ttl‘{eear % cﬁe h\,lé‘% rgdlus zgro likewise

curvature belonging to € respective poin
being a ve@ﬁt@frsecytbhqﬁngeﬁadﬂhbrse&&)ﬂ dirtesdd t@f t}fek&ntreb@&ﬁ@ﬁklm ARNOht an
S1 of the axis of rotation Al with the plane E to the intersection

poi nt 52 ofnglhevhish eprespensis 4o terrngle wﬁthmam@ﬂpﬂ cirede. Fakimg 1@'@9@@@@@@6 arc of
the length a Cross- ectlo r.ofi.

the body. Kk rcleh Bl BeSR3End shuhB L it pfive SBe o Bha0 kP HE il g adius
arc of a cigel-e setdi@ dupd éégm@lflt) ‘ﬁ’[&@%aﬁ@nﬁ@ﬁﬁ&@ﬁtd ﬂ&ebhﬁ‘ar %ﬁ &lc of a circle with

di stance a and the angle of which corresponds to that angle at which
t he t angentagadiys ch@ tsmmpedngm‘@namtsd o thdreanpeimag asianbart tof aneiraey theeadius of

Syrmetry, | O BB P oiPs it ¢ FSR st roa s aieistepdiowards O
cl osed curyg,s221 has Sby. A9 aré }szWEitr&M WIflﬂﬁe bﬁﬁ@é@@ﬁﬂ@ﬂltﬂg'rﬁﬁm@' axial distance

preferably I'ies on the axis of symmetry. In so as the closed
curve /18 hasmnmomﬂmhantqnmdngmnwssedusmhpmﬁky, the intersection point

Si preferably IiLes on the |nters cti int of at least two 5 ax

of symmet r? %Jr '[7 Hﬁu‘%‘i&re\?é he gituajign dgs P dyrRd S&IP%@art&?ra\FéOS/Ss%H&gﬂafproﬁle
oint s |

p Y Mgk i, botd &1l eﬂ‘%d?a?te&ftth em@ ’sé&hgrﬂcl &ft\gltglg%ﬁ"ﬂ@%sdlﬁﬁ%sl?égﬁra@.efhat part of

symetry pol nt. as t ose as rota
symetry, t@cms&mﬂawﬂ ipowtilp @if mlhe SmdypKéfvﬁridbisyshbmsconsisﬂs fd the cirve segments
rotation of the(Profl

'll“ﬁese curve segments meet one another at a kink point KP (represented by

15 a small circle), that is to say the cross-sectional profile of the body K1 has a kink. As
explained above, the kink is preferably described by an arc of a circle, the radius of which
has the size zero. The angle of the arc of the circle is equal to the angle W at which the
tangent TAl to the curve segment KA1 and the tangent TA2 to the curve segment KA2
butt one on the other at the kink point KP.

20 In the cross-sectional profile of the body K2 corresponding to the body K1, the segments
KA1’ and KA2’ belonging to the curve segments KAl and KA2 are obtained from the
relation (1): ¢ = p+a-#(p)+d. Here, in each case the curve segments KA1 and KA2

must be inserted in equation (1) for the curve p, so that the curve segments KA1’ and
KAZ2’ result as the curve §. A gap arises between the resulting curve segments KA1’ and

25  KAZ2’ which are indicated in Figure 7 as dashed lines.
In the cross-sectional profile of the corresponding body K2, an arc of a circle with the
radius r = g (g = axial distance between the centres of rotation S1 and S2) and with the
angle W results from the kink in the cross-sectional profile of the body K1. This arc of a
circle closes the gap between the curve segments KA1’ and KA2’. The centre of the arc of

30 a circle is obtained by displacing the kink point over the distance a parallel to the
connecting line between the points S1 and S2 in the direction of the body K2. This
corresponds to a displacement of the kink point by the vector 4. The end points of the

resulting arc of a circle are adjacent to the segment limits of the curve segments KA1’ and



10l f the intersection point Sl lies inside or on the curve |I) all the
points on the curve 13 have a naxi mum di stance a and a m ni num

di stance of O fromthe intersection poi nt0Si. The curve /5 can, for
exanpl e, be described continuously by a single nmathenmatical

function. Euktt Betls theoixm a(nd the FP@E@QIQ @kﬂiblr@wlﬁmg ateeofiptcirckuate comsequently

circular fu ns. or. functions bol,i ¢.f.unct | ons or
hyper bol i ¢ Efﬂfi‘g‘? guwﬂ%z@ ?P%rﬁglﬁ&éssw ab Jihﬁfiﬁ“%k B‘PIE as an arc of a
~ possi bl e, fcgae%mb@adlﬁg)zé@present functions in the form = (ro
sin(s))y as a result of which a gap of freely sel ectable

configurations is obtained, in the design of 20 screw el enents,

bet ween _a usi adjus ro.and t rotating. screw eI

AV L RERE NS R MR CCRE Rt MR T

be a Iinear function or quadratic function of s, a hyperbol iC

function or an exponential function. Furthernore, functions, the

val ues of debcstubﬁcboﬂﬁteepmtemedn\twtimhdmkpmmmck forsgrmlaratiag tivorbodtes K1 and K2
exanpl e, I i ne functions, Bezier_ functions, rational Bez

funcri ons. AEthoRt IﬁmF‘?tB‘i“Fﬁ cadiresignally. apfhensamg (pjeiiayal speed ﬁjé?ﬂtl Gtredres of
Bezi er T UNcibagte a1l il A0 Hra Rl Ballol RO bhORR A b MR

because theél a(?}z of%en ug{eTa }Iﬁﬁ% cconstructll%gn ugfﬁ %A‘%ceﬁ&grﬁh{;t%gc}l one
(CAD = 1Conmanbther aiatidstmsipginy, cﬂlathcteheecblnsthat\mcroﬁmv&omﬂ broﬁﬂ@djf the body K1is

defining an forrrs in a geonetrjc ¢l ear by the di spl acenen
of checkpoif d in_ a pjane %em@?ndﬂ t%oﬂi@ %CPIO%@tWeW Aesoastaat, éﬁgmentaﬂy

exanpl e. éﬁs@z{nﬂf {]l‘ﬁfefeﬂﬂﬁb gr aol‘éao“éﬁhv[e% c'im}ée A Nl @k r@r&%tségt%ng %0 fr:] jog the

,"(t)P1 Pi bern e coor |nates e che Kp0| nts an

(1- tr bei 'BGd}aKB% Fotin@H FroRPihé ReFIeas ac%}{ﬂnfgrtalthe%?aheﬁ functions of
degree n, which are described, for exanple, in M S. Floater

“Derivatives of rati @rapmzﬁ(gt) +@urves", Conp. Aid. Geom Dg$),gn 9,
1992, 161-174 [4], are known to have t he form;'0B11, (t)w P
15 - the curve p having at any point a radius of curvature p which is smaller than or

equal to the distance a,

- for any point of the curve p within a constantly differentiable segment, there being
a standardized normal vector 7(p)of length 1 which at the respective point is
perpendicular to the tangent to the curve p and points in the direction of the centre

20 of the circle of curvature belonging to the respective point of the curve p,

- a being a vector which leads in the direction of the intersection point S1 of the axis
of rotation Al with the plane E to the intersection point S2 of the axis of rotation
A2 with the plane E and possesses the length «,
- in the case of a kink in a cross-sectional profile of the body K1, the cross-sectional
25 profile of the body K2 having an arc of a circle, the radius of which corresponds to
the axial distance a and the angle of which corresponds to that angle at which the

tangents to the curve segments of the curve p butt one on the other at the kink

point.

30  The intersection point SI may lie inside the closed curve p or outside it. The intersection

point S1 preferably lies inside the closed curve p .



151=0 ra 13e,,,(t)Pi Ithe coordinates of the checkpoints of the
function and wi representing their weighting. 20 Quadratic and cubi c,
(that is to say, with n=2 and n=3) Beziedlfunctions and cubic

rational Bezier functions are especially preferred. The derivations
necessary flbe chsed ounvagp ey haet hodocsmrbetry pbait spdmbiry ar peatiomal symmetry. In
skilled in the art, using the generally known rul es of nathematics. )
Vari ous nettéssdhecioprf eaved haominpg ssmuamgitye thejiptefsgptigropoinial § prgarably lies
Bezi er functions. . The use of conput er al gebra systemfor the )
cal cul at | ORNGRCCHNY PhSVBRSYs 1158 o b d Abi &%é?f[@?wﬁmet hey mess dhas ppg gnirror

Is to approxinmate the derivatio fro I sting.,nunerical dat f.Qr
exampl o by SHREYelie TuEREHD et bR BT Pe® R gtk b2 pepfor atJeast two
ski |l edsi nakéeofdyinméte) of @eiclivesph! &l &ffar hothead®R!Brvd B h%ﬁRg_&ﬁt symmetry, the
Teukol sky, Vetterling, Flannery: "Numerical Recipes in F RAN™, 2ncriy
edition, | SitsEetidlpokd@adprafrablphgeonlBe sihmlet) point. h3o-farldsahe tlovel dve p
can |ikew se be described segnentally by various mathenmati cal
f unct i ons, haheotategab sraetryribe irgerseghosfrsingf lyprefarabdy tion di g ¢entrt lod rotation
functions tion in the previous paragraph. 5 A special case of

FE ot

I

segnent al HB¥ on by mathematical functions is description by

arcs of a circle. It is possible to describe part or all of the curve
/1, and therefore part or all of the cross-sectional profile of the
body K10by Ifthe sntefsectioni potites] lidsensiéd @t arothe 4urve > llahe poifi)s on the curve p have
i ndicates that, in this case, the curve 4 and consequently the

cr oss- sect RdrEiimprgistrecegt andremirgmpaadistrocecd iy feerp dhelintrysaction heinbBy

K1 are al so conposed of arcs of a circle.

The curve pcan, for example, be described continuously by a single mathematical

function. Functions known to a person skilled in the art, such as circular functions or
15 elliptical functions, parabolic functions or hyperbolic functions, may be mentioned as
examples. It is also possible, for example, to represent functions in the form

=~ 1) [""S(‘”] ' ["J

sin(s) y

as a result of which a gap of freely selectable configurations is obtained, in the design of
20 screw elements, between a housing with a radius rp and the rotating screw element,

depending on the form of the function f(s). For example, f(s} may be a linear function

or quadratic function of's, a hyperbolic function or an exponential function.

Furthermore, functions, the values of which are determined by checkpoints, such as, for

25  example, B-spline functions, Bézier functions, rational Bézier functions and non-uniform
rational B-splines (NURBS), are mentioned. Bézier functions, rational Bézier functions and
NURBS are preferred because they are often used in the construction using CAD systems
(CAD = Computer Aided Design) and there serve, above all, for defining any forms in a
geometrically clear way by the displacement of checkpoints.

30



If profiles are generated segnentally by the nmethod according to the
i nvention, the corresponding profile segnents of the bodies Kl and K2
may al so change from segment to segment -lA-this case, after a segment
of " is stipulated and the correspondi ng segnment of 154" is
det er m ned Béaicc fimetiosegitbbe givves hepudsanentamplec Béner fpastiosraye khowh koyhave the
into 4" ang, according to the relation (1), wth interchanged Si and
S2 (that is°™ say, replacement of a by- a), gives a curve segment
4" .0 which nmerges tangentially into the previous curve segnment p". 20
The net hod according to the invention can surprisingly be executed on
paper mer el L S gy l e ruler and conpasses. It is therefore even
possi bl e, ﬁﬂjﬁtgné?gﬂgﬁgto generate the cross-sectional profile of
one body sinply by hand and to derive the cross-sectional profile of
t he correspondi ng body graphically fromthe profile stipul ated
graphi cal | y5 némghs Céd}ﬂﬁaﬁ%p&%%e&?gﬁﬁ% snptly, first the centres of
one p

rotation Si "and S2 are drawn 1 nto ane. The di stance between the
centres of rotatign anounts to a. The cross-sectional profile of the
body K1 is.ﬂ;é&ﬁ[t "{ly-tpT" conpletely into the plane of the points S
and S2. In this e, the criteria listed above apply to generating
the profile of the body KI. - 14 - The cross-sectional profiles of
correspondi ng bodi es can be continued in various ways into the third
di mensi on iyp; QQQﬁn&ﬂnQ%gﬂbﬂﬁﬁ.bOdies whi ch, when rotating
codirectiona? y at the sanme rotational speed about axes arranged
paral l @b to one anot her, constantly touch one another at at |east one

poi nt. This may he expl ai nhed, .for exanple, by means of screw 5

el ement s f &valeRH &Rgziey Bncdiens qfidegree 8i awhiae derctihed facexnelngndd. $rndoater
i nvention k »Q atyi e 161
Hovever -t hE ooy o8 L R o e A i e 2L M 174 14
screw el emandlmosmamhabethedorment | y cust omary nodul ar type of

construction of a screw fromthe screw elenents 10 and core shafts,

but can also be applied to screws of a solid type of construction.

The term "screwe) enents"-nust therefore be understood as al so

neaninq SCQﬁfﬁ: h@Bﬁ@@Vﬁetype of construction. Screw el enents may be
designea, f'or’ ex u?’ﬁﬁﬁ conveyi ng, kneading or mxing elenments. 15

j=0 " R

E representing the coordinates of the checkpoints of the function and w, representing their

weighting,

20 Quadratic and cubic, (that is to say, with n=2 and n=3) Bézier functions and cubic rational

Bézier functions are especially preferred,

The denivations necessary for executing the method can be obtained by a person skilled in

the art, using the generally known rules of mathematics. Various methods are indicated, for
25 example, in [4] for rational Bézier functions. The use of a computer algebra system for the

calculation of derivations is also advantageous. Another possibility is to approximate the

derivations from existing numerical data, for example by differentiation. Such methods are

known to a person skilled in the art and are illustrated, for example, in Press, Teukolsky,

Vetterling, Flannery: “Numerical Recipes in FORTRAN?, 2nd edition, ISBN 0 521 43064
30 X, page 180 ff[5].



A conveying elenent is distinguished (see, for exanple, [1], pages
227 - 248) in that the screw profile is continued by being
continuously rotated helically in the axitdt direction. In this case,
t he conveying el enent may be right-handed or |eft-handed. The pitch
of the conveying elenent is preferably in the range of 0.1 times to

10 tines t axi al _di stance, .the 20 pitch j under st qod as ani n
the axi ol - [ORGLR SR aR TRE e DB LEser el st I B ORD RO o TrRions, the
screw profi i c vi ng. el enent ef erabl y.
ving ot Rea o lenb B e fladng R ARG SRHonRL B Bieigevions
direction, patagfdphand axial length are identical in adjacent screw

el ements (correspondi ng bodies). 25 A kneading elenent is

di sting@ished (see, for exanple [1], pages 227 - 248) in that the

screw profile is,conti.nued i teps. in the axial,directi.on in the

Form ot knénghest! SRgel P BeRlion Ry Hiindi ey Bhbia 6 RetBrliot) yros of
ri ght - hand@d;jRre. sk &Joékﬂflg‘?@débfcriﬁ@ﬁ&ﬁ 3l all ThgnePotirdd 7l eMOiRrFbreldaf or all of the
kneadi ng discs is preferably in the range of 0.05 times to 10 tines

the axi al drsbaeg@nallfrefiRxifahe Hod KNty det sfeetirdsvrhedihtent; K peadi @) + a
discs preferably lies in the 30 range of 0.002 tines to 0.1 tinmes the
axi al di st ambeatesTthet, di thistdsothardrvaxd aind lcensgithendly thé erdssreentiiongl woSlesf the
are identical in adjacent screw el ements (correspondi ng bodies). -

15 - MIQi n§ody Baenirespandingde thedbody &e, arp glso emppsed of ajcs ofagislep27 -

248) in that conveying elements are designed with perforations in the
screw ridges. The m xing el enents may be right-handed or |eft-handed.
Their pitch prefley ald pehdrgsd i e h@tanﬁngetm‘ nfdthbdt hemedih® td0thi MPentidAg the
axial distance, and the _axial length of the elenments preferably lies

in the rangerregpopding &Bf(tﬁlﬁ'ém@tﬂ@fg thi pedics Kd aadiked may gg‘awb@@gefrmn segment to

perforations_ar referably in the formof a u-shaped or v-shaped

b oove. and SR BB Ry sl srgtint of & CounelieLREs S spnaRs srament of
par al | manner .  The direction itch and axjal, length are identjcal _
PR 2] denthobr il i BerBob dna o BblaRgsy i e e ERtialy oo 7,
make transifio vak | 2W n LBl shins_ ar

ke AN WA BRI Y RN U P IO S PARF S8 Bt 51 T Afpegmen
as they ar@flgnpyn g )adifeseARUroy Séhnvdhk G | FhicAW GOa taRdUBILY 136 Biel fr&fous curve
between two screw profiles with a different nunber of starts, a
self-cleangagn@ﬁ¥a'of screw profiles being present at each point at

the transition. Transition el enents nmay be right-handed or

| eft - handed. Their pitch preferably lies in the 15 range of 0.1 tines
to 10 tinmes the axial distance, and their axial |ength preferably )
li es i ROt hdhe apgiodoaccording fonis invention camayprisiaglybieaxeated ampaper pagsely with
di rection, _pi n i gth are identical in adjacent screw

el enment s (8@9#@?6@%@?ﬁékﬁgﬁ%%§). The present invention nmakes it

possi bl e t g ig&ieefatecevioh @biditas, i8fpriaeiple; SPaMRiAMgthe @eiseSedtionl BOfild i one body
outset. In contrast to the prior art, the nethod according to the

i nventi on d@eEynst hprd caddiof derye diss crasgrsentionall profiley @f tha seoseegparglicess body

it possible to.generate an rofi.l.es in steps by observing sinple

rul es. The$¥$ﬁﬁgﬁy§€85$8PH§“€8“@H%3?ﬁ%@%f?%ﬁ is generally valid, that

is to 28y iFbr ks @afpols@,sabedabﬁg/ tRstSAE Cehtrds dH/ReFioAfSIDAH 83 akd @Fawn into one
exanpl e screw el enents of the Erdnenger type). 25 As already stated,

t he met hod phweol e gstanset brsweeny Eist Cantres and totatior eonauads tn apdpercrossrsettional

wi th an angl e..,ruler .and_conpasses... It is vant ageous to.execute _the

et hod acoBFITRGT 115 1HE K DUGRET RIbhorLouRp D arioayS Pt o rcwiitps ! ad S2.
coor di nat e, AL RO&HRAS 1i8kd Taﬁ'@veoip%f}‘ §Rn@hng the drdfAE OF Waitely &N be
processed further by a conputer. 30 ThHe subject™ of "the present

invention is therefore also a conputer system for executing the
met hod _acc ing.tqQ the .invention on a c uter.. - 16 - The c ter
30 %Iagh 119d1v1(81ual point ofe ‘H'le cross-sectlona?rlg?oillle of a correspond-gng bogy can be

derived from the individual points of the stipulated cross-sectional profile of a body K1.



10 conmputer system preferably has a graphical output, by nmeans of

whi ch the cal cul ated profiles can be displayed on a graphical output
devi ce, such as, for exanple, a video sciten and/or printer. The
conput er system preferably has the possibility of exporting

cal cul at ed The ofdsk-sestionhlgprofites od cemgsponding odies pandfe emtinadl @ daibas ways into

records, i ch.conprise the geonetric dimensi.ons of t cal cul ate

bodi es. " el LIS RFIRIR e o aet: die Bheh griopyplaE Cadrochoare the
uses or tranat ebtalitihl tsBé‘éH' dduf aﬁ&nﬁ%{g‘é&' p‘élPaYl'ePﬁ) oH@@n&H&P%&s‘iarﬁer%ﬁéH one
is preferably contigured such that 1t can cal cul ate both

cross-sect anothbr prr gif lehst sorenpbitito dihes ngerier etdainéd, dior thanple, by means of screw

cross-sectipnal profiles and can output the cal cul. ated geonetries in

2 formas wRICEIDESAT BRCTEEp By Crseithidibe ﬁl@ﬁé%ﬁ%d&fhedﬁ‘f%#wga%ﬁnployed
bodi es, for, 8X3R S SrtBGRL RS Jior exanple a mlling machine, in
order to p?ggucgwfea nbo@?gs.eéﬁgﬁn?ofnats 20 are known to a person
skilled in the art. After the three-dinensional profiles have been

generated in the way descri bed, the bodies can be qenerated, for
exanpl e, bylowsaRls i methed|aceordingdehe anventipn ispot gestyctedto, sergy elements from

machi ne.  Phef S, LE5LA) Sobfly GR0SEALAURAILES sBou! fird hy B fements

. C
steels, in particu nitri steels, chromums

st eel s 1and ahd ghreghafie bat eml dso beimilicll co ecrowo st & eolithtyde iod konspholdi Gthe term
by powder netallurgy and based on iron, nickel or cobalt, )

engi neer i ngSERY SHMentaBYSt sheyefosg by understped as alappreaning sersmisuth o3aligdype of
or siliconc&%%gkgﬁi if the bodies are extruder screws. 30 Screw

el enents for doubl'é-screw or nmulti-shaft extruders are usually
introduced into a housing. In this case, the screw el enents and

housi ngs are designed such that, as a result of the rotating of the
screw el emSfrey clergents iay bgdesigagda éarrpxampleedy enygEng kngeding emafing glgments.
- 17 - ,pairs, but also the housing inner walls are cleaned off due to
the rotation of the screw elenents. As stated, for exanple, in the
publication {didvegingRE@Rmt 2/ dikOngdished [ Ee2 &R NIXBIPleS mpmﬁw 2017 5248)1iR\hat the
el enents and the housing always have, in practice, what are known as

pl ays. As serewrvamletis cantpwed b bsing ¢oatinveushhistaied helicaldy pi thyexisd diveetion. In

screw and housin nd bet ween _screw and scr.ew b i ffere or
dent cal - Chaer 160 bRl e e el WoAEH Y allorbhneBh The Bliengf e
the play bebNeR§meStdRmit e&@mw@@lesfan%mﬂ 0Pl fiSs R0 @hn8Pthe xfaP BRtaAbd, the
or, within the limts indicated, variable. It is also possible to

di spl aéé apyeh éeingrwiderséoosi ahmganiog Hhe pkiay dengtn wdhido inbecgssanh &rps gymplete

whi ch exist, therefore, the.screw.ele ts used in practice do po .
otri oty havaione RE s DRARePEDI SR ot oh R aB PR B Ce il ving
the same 1t eirBipal of DPERRAROUS tiA&Fhe AkTaRIYRAC. ThRAB LR pitd @M dxpil Sdheth
one another at at |east one point. 15 Nevertheless, in practice, the
starting peieiderftizal gerdgacantisnrpvsel ewonte Keomespaending heslics).l y t he exact!ly
scrapi ng-off contours (profiles), and then plays are introduced.
According to the invention, first, bodies (screw elenents) are

theref gre gepslAlRdBheies AN natishdd ek Yior \éﬁbrﬁgle (Ml daged O3 ALINB) in that the
codirectionally at the sane rotational speed about "axeés arranged 1 n
paral | el , 2@ewquefileaneorinwtdh e steps iattht exist dioswtopd the. fofn of kediding discenThe

t hese preferably virtua eonetries, plays ar rovi,ded ich preyent .
he_screw Sramenest bR nfinaresaaey PorthangrdiehduperbopeaRi Bg e
in the art knensr ARUNEH NS lscd R IRBIR IS HeGWh Y &' .06 kel fo Rb #Ses th Tkial

a
distance. The axial distance between two adjacent kneading discs preferably lies in the

30  range of 0.002 times to 0.1 times the axial distance. The direction and axial length of the

kneading discs are identical in adjacent screw elements {corresponding bodies).



25 stipul ated exactly scraping-off screw profile. Known nethods for
this purpose are, for exanple, the possibility described in [1] on
pages 28 if, of the axial distance i ncr edse, | ongi tudi nal section
equi di stants, and spatial equidistants. Wth the axial distance

i ncrease, Mixingedcensare fommednges, dpr exampledd ], ipngevAs ruddlddndhat qogveying

shifted ap h . Of L bet n.the.scr ctn. th

ongi tud naleslih 18 3 BBRREN LR pefoMoRE R E e RHERD b i mt lak B mspts gy be
profile cukight-h@riealor Bft-hamdederlk Stchpreforablyi 18 i@ thelrifsd FIPEicY B 10 times
el ements) is displaced by half the screw screw play perpendicularly

to the protfhd exigldisten¢anwad dee ali lhegtbiof dbe elementswaefdmblnkesaini the odnge of 0.1
rotation. lL.n the tially equi.dista nethod, starti fromth

b oe- o meriging L GbE s i ifnorS e Fetioond s Ranl Ui Brmeef = v
of f, the serfyderamE@ibed srdoRdUe8 drdyreferaP arrahgdds inté'@mﬁﬂt&)boﬁ%ﬂﬁ?ﬂr axially
screw and screw in the direction perpendicular to the surfaces of the
exact | y scpapilplgmehhenpridii digectionEpideniand axpddengtbraragdefticsk imewdjacent screw
el enents in,a housin il reserving the housing scrape-5 off and

t he scrapepﬁpﬁnﬁﬁiﬁ5%$§¥gpg%gﬁgg'knomn to a person skilled in

extruder technol ogy (see for exanple [1l] pages 108, 246 and 249). The
use of housings, plays and/or eccentric positioning can be applied

accor dilfgl yn pulea tc orake spasiddmigetivech emionkisciew slbreents possibleghims are often used
codirectionall¥ aboPt t axes arran ed.in 10 Barallel, by ush agai nst
one anot hef$ APETWER ea"%\ﬁﬁ SPHaR Ctaﬁ‘_’egytr BHéemAemy tlsoﬁ?cﬂile?.’)ﬁée BthéfC gpployed
at | east oR@iRCAINw contfittoh BhnSil B&vel tldSciBty Sﬁﬁs 'vﬂngfﬂgg?é?edt%umber of

therefore a nethoavfor generating screw el enents. The
accordi ng starts,he selfirelating pafrorf geave paifilegbaing evesedteatesatls pomt Abthe transition.

characterized in that, in a_ first step, the cross-sectional profiles

of bodi es W}?ﬁ%%@ﬂ?%ﬂf? &aé(therfg,glﬁ@aﬁ%c% Isfinged, Thetiepish peeforably lies in the
rotatiqgal ra%%g%‘#oﬁbﬁﬁ&s RN4PSifds th@}af?ital &@taﬁ&é %H@ﬂféir%ﬁﬁaﬁ"léng{h a}%rg‘feﬁ)eﬁ) lies in the
anot her at a y t

i stance a, constant touch dne another a east one
poi nt are gegercdtOedtilngs td&0 miatck ot abdsicdistanct. dhe\d@ection, pitele amhakisht lepgth are
pl ays are i ntroduced, for exanple, according to the nethods of axial
di st ance i MEESE AN afigergtt SHTRY SEIMECCPBRPongEPafdistlant s and/ or spati al
equi di stants. The play between the screw elenents preferably lies in
the range of 0.002-tinmes to 0.1 tinmes the axial distance, and the
pl ay bet wed@he pedsent ianehtivaunikey ippebidiaddl genbiagsprofiles € conagendihg Bolie2 from
times to 0.1 tines the axial distance. 25 The invention is explained

in nor 80dethy PUtBY| bvopyirare dhdhopriek arpihesmelipd Hserrdinguie\ibe ipeintgn does not
restricted 3@%%&;%%& existifl bREILOLLOWAg qﬁﬁ@'i??gs)sﬁ)% W' bLR AL GnY PeHites in

but i nstea I mensi ess vari nunbe ar e
| engt hs. | Btepebhobsaling KphssRtleatTHRMethb® a€cordin &F theGanendion 39 generally valid,

transferred to a technical enbodi ment on any desired scale. Exanple

1: - 19 - thatis to say it is not restricted to specific types of bodies (for example screw elements of
the Erdmenger type).

25

As already stated, the method according to the invention can be executed on paper merely
with an angle ruler and compasses. It is advantageous to execute the method according to
the invention on a computer system, since the coordinates and dimensions of the profiles
are in a form which can be processed further by a computer.

30 The subject of the present invention is therefore also a computer system for executing the

method according to the invention on a computer.



Let an elliptical profile be given by paranetric representation p-

(s)= (29 cos(s) 19 sin(s) 5Let the axial _distance anount to 48, the
centre of rotation of the elliptical proﬁﬁre lie at the 481

coordinate origin and the centre of rotation of the second profile be

0 ). The cUbe¢sopmyiogsystem preferaBlydhasja grapocad pser igtesfgege (GBH which erefhées a user

e M 2 Rl ) R AR Rl g
perm ssi bl Qevites stieh 8B Ifov@Gile, Smbli®Nand/or1Q§B6Ed. Phe computer system especially
preferably has a possibility for indicating contours of profiles with the aid of checkpoints

5 and, where appropriate, weightings in the case of functions, the values of which are defined

by checkpoints, functions, the values of which are determined by checkpoints, such as, for

example, B-spline functions, Bézier functions, rational Bézier functions and non-uniform

rational B-splines (NURBS), and this can take place in the form of numbers {coordinates),

graphically or by a combination of graphical and numerical input. Furthermore, the

10 computer system preferably has a graphical output, by means of which the calculated

profiles can be displayed on a graphical output device, such as, for example, a video screen

and/or printer. The computer system preferably has the possibility of exporting calculated

profiles, that is to say in the form of storable data records, which comprise the geometric

dimensions of the calculated bodies, either storing them on a data carrier for further

15 intended uses or fransferring them to a connected device. The computer system is
preferably configured such that it can calculate both cross-sectional profiles and bodies

generated from the cross-sectional profiles and can output the calculated geometries in a

format which can be used by a machine for the production of such bodies, for example a

machine tool, for example a milling machine, in order to produce real bodies. Such formats

20  are known to a person skilled in the art,

After the three-dimensional profiles have been generated in the way described, the bodies
can be generated, for example, by means of a milling machine, a lathe or a spinning
machine. Preferred materials for generating bodies of this type are steels, in particular
25  nitrided steels, chromium steels, tool steels and high-grade steels, metallic composite
materials produced by powder metallurgy and based on iron, nickel or cobalt, engineering-
ceramic materials, such as, for example zirconium oxide or silicon carbide, if the bodies

are extruder screws.

30  Screw elements for double-screw or muiti-shaft extruders are usually introduced into a
housing. In this case, the screw elements and housings are designed such that, as a result of

the rotating of the screw elements, not only are adjacent screw elements scraped off in



[/ 841- 480co0s2s 29 sins
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pairs, but also the housing inner walls are cleaned off due to the rotation of the screw

elements.

As stated, for example, in the publication [1] on pages 27 to 30, arrangements composed of
screw elements and the housing always have, in practice, what are known as plays. As is
known to a person skilled in the art, the plays between screw and housing and between
screw and screw may be different or identical. The play between screw and housing is
designated as 0 and the play between screw and screw as s. The plays may also be constant
or, within the limits indicated, variable. It is also possible to displace a screw profile within

the plays.

On account of the plays which exist, therefore, the screw elements used in practice do not
strictly have the property whereby, during codirectional rotation at the same rotational

speed about axes arranged in parallel, they touch one another at at least one point.

Nevertheless, in practice, the starting point for generating screw elements is usually the
exactly scraping-off contours (profiles), and then plays are introduced. According to the
invention, first, bodies (screw elements) are therefore generated preferably virtually, which,
while rotating codirectionally at the same rotational speed about axes arranged in parallel,
touch one another at at least one point. Proceeding from these preferably virtual
geometries, plays are provided which prevent the screw elements used in practice from

“seizing”.

A person skilled in the art knows methods for deriving a screw profile with plays from a
stipulated exactly scraping-off screw profile. Known methods for this purpose are, for
example, the possibility described in [1] on pages 28 ff, of the axial distance increase,
longitudinal section equidistants and spatial equidistants. With the axial distance increase,
a screw profile of smaller diameter is constructed and is shifted apart by the amount of play
between the screws. In the longitudinal section equidistant method, the longitudinal section
profile curve (parallel to the axis of rotation of the respective elements) is displaced by half
the screw/screw play perpendicularly to the profile curve inwards in the direction towards
the axis of rotation. In the spatially equidistant method, starting from the three-dimensional

curve on which the screw elements clean themselves off, the screw element is reduced by



? V841- 480cos2 s The contour of the generated screw profile is then
cos s (-912+ 2911841- 480 cos2 s)+ 48\ V841- 480 cos2 s sins(-1392
+19/841- 480cos2s) 1841 - 480 cos2 S 15( §‘:

10
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half the play between screw and screw in the direction perpendicular to the surfaces of the

exactly scraping-off profile.

Eccentric positioning of screw elements in a housing, while preserving the housing scrape-
off and the scrape-off in pairs, is also known to a person skilled in extruder technology (see

for example [1] pages 108, 246 and 249).

The use of housings, plays and/or eccentric positioning can be applied accordingly to a
corresponding bodies which, when rotating codirectionally about two axes arranged in
parallel, brush against one another in such a way that they constantly touch one another at

at least one point.

A further subject of the present invention is therefore a method for generating screw
elements. The method according to the invention for generating screw elements is
characterized in that, in a first step, the cross-sectional profiles of bodies which, while
rotating codirectionally at the same rotational speed about axes of rotation arranged parallel
to one another at a distance ¢, constantly touch one another at at least one point are
generated by the method described above. In a second step, plays are introduced, for
example, according to the methods of axial distance increase, longitudinal section
equidistants and/or spatial equidistants.

The play between the screw elements preferably lies in the range of 0.002-times to 0.1
times the axial distance, and the play between screw and housing preferably lies in the

range of 0.002 times to 0.1 times the axial distance.

The invention is explained in more detail below by means of examples, without however

being restricted to these.
In the following examples, no units are used, but instead only dimensionless variables

(numbers) are used for lengths. In technical implementation, these numbers can be

transferred to a technical embodiment on any desired scale.

Example 1:



Figure 4 shows the two contours, the generating ellipse on the |eft
and the generated contour on the right. 20 Exanple 2: - 20 - po.r 1
1, 4 3 2.10. p2 [3.1p33.6). 3.6)6 Let the-axial distance be 10, the
centre of rotation of the generating profile be at the coordinate
origin and the centre of rotation of the generated profile be at
[10). The e . I e i 1+5.4s-2.4s2 -S3r
Lae) =s 3. oA e o] ol RELRER L b RN 2 i of
about 3.87 for ¥z0.44%)) this being less than the axial distance of
10, and thdﬂé)eL? t hi qus&%ﬁlahxﬂrﬁssible. Fig. 5 shows the curve
according to th PRERYI on. The points SI and 52, indicated by
circles, are the centres of rotation of the cross-sectional profiles
of the correspondi ng bodi es. The checkpoints POto P4 are |ikew se

depi ct ed DY efihkGkes disttct BRIGIRY 18,48t IR dehBH LE rtRSo1 thE APRLAYrofile IRNA the
the contour 4' corresponding to it. Exanple 3: Let part of an

elliptical praofile as a égenerati nfg Pr_ofi |l e be gi venﬂb% tﬂmjpar anetric
ofro ile’be
0

r epr esent afPYHnate ongin and the centre ation of the second pro

The curve radius is

p= L(— 480cos® 5 + 841)%
551

The maximum value of the curve radius amounts to about 44.26, that is to say is smaller

10 than the axial distance. The profile is therefore permissible.

The normal vector is then

19coss

\/841 —480cos’ s
29 sins

/841 —480cos? s

ii(s) =

The contour of the generated screw profile is then

coss(—912+29J841—480um2s)+4

/841 -480cos’ s
ﬁns(—1392+19J841—4800082s)
\/841 —480cos’ s

15 g(s)=

Figure 4 shows the two contours, the generating ellipse on the left and the generated

contour on the right.

20 Example 2:

Let a segment of a generating screw contour p be illustrated by a cubic Bézier curve with

the checkpoints



(29 cos(s) fs) =S E[0. 19sin(s)2 This profile corresponds to part
of the profile from Exanple 1. The axi al éji stance is likewise as in
the Exanple |I. The foll ow ng I's then app? ctabl e accordingly: ( cos s
912 + 29A/ 841- 480 cos 48 841- 480 _cos2 s sins(-1392 +19-1841-
480co0s2s) 1 41 §’r28 Afterd. @) /31 is defined as parts
of an elli ||2(' 113195 0_ )437110%ern- r 29 cos(s) ),L 2
-711 (48) 5 t e centr rottation off thé generating profileand of

the gener atied iy atinl ﬂlshﬁbél%eol(), the centre of rotation of the generating profile be at the

10
coordinate origin and the centre of rotation of the generated profile be at ( 0 J The curve

has the parametric representation

5

_ 1+545—-245 -5
Pe) :(3.6—1.85—5.4s2 +2.853J sefo]
The radius of curvature has a maximum of about 3.87 for t=0.445, this being less than the
axial distance of 10, and therefore this curve is permissible.

10
Fig. 5 shows the curve according to the invention. The points S; and Sj, indicated by
circles, are the centres of rotation of the cross-sectional profiles of the corresponding
bodies. The checkpoints PO to P4 are likewise depicted by circles. Furthermore, the figure
shows the contour p and the contour § corresponding to it.

15
Example 3:
Let part of an elliptical profile as a generating profile be given by the parametric
representation

20
-3} <4
This profile corresponds to part of the profile from Example 1. The axial distance is
likewise as in the Example 1. The following is then applicable accordingly:

25

cos s [-912+29/841 - 480cos’ 5 )

\/841-480cos” 5 [
_ 5 , se!i0..—
sins(-1392-+19,/841~ 480cos s) 2

|/841-480cos s

+ 48

g,(s) =




drawn to the coordinate origin. This results in -42(s)= sinsH392
+19/ 841- 480co0s24" 7841 - 480 cos2 s coOS f(' 912 + 2911841- 480co0s2
7841- 480cos2s , s [- . 2 10 Accordingrﬁ,'mﬁth repeat ed change of
the generating and the generated profile, the follow ng is obtained:
fr3 (s)29 cos(s)), s ern... 3 nt 19 sin(s)L 2 15-43(s) =1( cos s r

912 + 29/8 480 -cos V841 - 0s2 sins (-1392 +19-1841-
480co0s2s) %ﬁ_ql agg?%%e;%]%l%g ag patts (ﬁBag efhpse ad

., . [19sin(s)+48 |:7L' [
P2(8) = 29 cos(s) / o P

48
5  the centre of rotation of the generating profile (0) and of the generated profile being

drawn to the coordinate origin. This results in

sins(~1302.+19,/841— 480cos’ s
|/841—480cos s [ﬁ {
, Se|l—.«&
cos s (—912+29J841—48()cosz s) 2
\/§4I —480cos’ s

g,(s) =

10 Accordingly, with repeated change of the generating and the generated profile, the

following is obtained:

~ (29 cos(s) |: 3 {
P = odines) ) SE| 2"

cos s (912 +29,/841— 480cos’ s
+48
_ |/841—480cos s 3
15 g4(5) = , Se|nm.—7x
sins(~1392+19J841—480cos2s) 2
/841—480c0s s

and, by repeated change of the generating and generated profile

_ . (19sin(s)+48 FL ) [
Py(8)= 29 cos(s) | s €| 5721

sins (—1392 + 19J841 —480cos® S)

|/841-480cos’ s [ {
, Se€|—m2r
cos s (—912 +294/841 - 480 cos” s) 2

|/841—480cos s

g,(s)=




and, by repeated change of the generating and generated profile
i14(s)= (19 sin(s) + 48) ,s 29 cos(s) [3.2 [ 44(s)= sins -.1392
+19/ 841 -480cos2 s 7841- 480 cos2 s cos'%%3912+ 297841- 480cos2 7841-

480 cos2 s 2 - 22 - The overall screw contour thereby occurring is
i |1 ustrat ed be@veialgeigwecontour thereby occurring is illustrated in Figare 6.



-23 - Patent clainms 1. Method for generating two bodies K1 and K2

which, while rotating codirectionally at the sane rotational speed

about two axes of rotation Al and A2 arr&ﬁged parallel 5 to one

another at a distance a, constantly touch one another at at |east one
poi nt, chakatemdclainy jn that a cross-sectional profile of the body Kl
is formed in a plane E perpendicular to the axes of rotation by a
constant, segnentally constantly differentiable, closed convex curve

j, » and the trog&ahse&dri Riahting 8fd bedied Kl had kedyhidh, whilé RitaBe dod@BRtionally
the curve /3 according to the relation 10= + a n(fi)+ a(l), the

curve /3 havi ng ahthegamegoiationa speedi absuicivocarey af totaion AvhpethAL srrangdd| parallel
than or _equal tq the distance .,a for each int of the curve. /3 .
within & constant P ANPREr e (BEne® dogRErRMY teie Bis 9T &t Ah It redpint

normal vector iichiphctefizddidhat o crdfildeBtidial bRfils Qﬁﬂ%%.ﬂ%/ K1 i@%rﬁf@driﬁ alplane E

perpendi cular to the tangent to the curve /3 and points in the

direction of theegendicelapftot e ekescloé wilationr Yt areenienty reggmgntally t dvastantly
respective point,.af the curve /3 a bei.n ector which | eads

The i reoti on 1 AfERcis gt eprins Sore endhe EioesSoRgprpBiat G body
Al with the pla t | Bt e ] ' .t he axis 20of
rotation A2 wit p%g&g?egﬁmﬁ%n(gﬁg%?s%éslgga‘s?ﬁéji?etﬁ%%e%t%% a, and in the

case ofjpa kink in the cross-se ;?qa&,@gziij e of the body KI1, ther
cross- sectional profile of thé body K2 having an arc of a circle,”

the radi us of whi ciiceOREES IAREE 4t Gnd ?&nﬁ%fa@ﬁusdif%h%ﬁﬁe?vﬂﬁéh {shenaflethen or
of which corresponds to that angle at which the tangents to the curve

segnents of the cugguel foithe Bigtahcome on 25t he ot her at the kink point.
2. Method according to Caiml, characterized in that the point S
lies outside the cigFgach point of thegurvesp withisog constantlyi differeptiahle pegmment there

charcter) 2e0 L LSty LIS ABEICEIERD RO Lol 2P Sy i e

Curve P2 or the. i RSB EbRhohiER e WelPR B cBtve R it iy Btipeion

of the curve /3 . of the centre of the circle of curvature belonging to the respective point of the
curve p,

- a being a vector which leads in the direction from the intersection point S1 of

the axis of rotation Al with the plane E to the intersection point S2 of the axis

20 of rotation A2 with the plane E and possesses the length 4, and

- in the case of a kink in the cross-sectional profile of the body K1, the cross-

sectional profile of the body K2 having an arc of a circle, the radius of which

corresponds to the axial distance @ and the angle of which corresponds to that

angle at which the tangents to the curve segments of the curve p butt one on

25 the other at the kink point.

2. Method according to Claim 1, characterized in that the point St lies outside the

curve p.

30 3. Method according to Claim 1, characterized in that the point S1 lies on or inside the

curve p .



5 5. Method according to one of Clains 1 to 4, characterized in that

the curve /3 is described by a single mathematical function.

6. Method according to one of Cains 1 té%5, characterized in that

the curve /3 is 10described segnental |y by various mat hemati cal_ )
functions. 7.4MMethed accorhng iyClaimg) ehaspcteniveddn that heyptessegien point S1 lies on
characterized in th . | eas f .t ries. B-spli functian,

Bezi er functi on?her gﬁ%rg%cg OnBéozn}ltegp tugeé1 t| gﬁ? n%sngﬁls%rpﬁq&}' é)tr%?tgﬁaclug}e por the

B-spline functi Qﬁterslec?tio%ehﬁiﬁ{ & &8s ot %&h@eﬂg | gk PeY idﬁintrlllelﬁg?c t%eor the

Met hod according to one Claims 1 to 7, aracteri ze t
curve 3 has one igerstBod foint's1. 1ie8 onVkd E@kedF SRRGIINEF thO chvai g 8,
characterized in that the curveis described at the 20ki nk points by
an arc of a circle with radius eps which nerges tangentially into the
two adj acent curves, eps being a veké smal | positive real nunber

)

whi ch tends towaefBod ageopding 0 opoifgpims 1 to 4, chargcteripadnimgthat ther girvry 7 is
to one of d ai 1 10.9, characterized i.n t.hat the bodies K1 and 25K2
are screw el ene%%qnlbﬂ.%y%mgiﬁfnﬁt&@m‘?aﬁ&qc %%Bne of Cains 1 to 9,
characterized in that the cross-sectional profiles are continued
helically in the axial direction, the bodies generated in this way

bei ng ri ght - handéchad atmidinpanaded,of dfldinishé tpist charsttanzkar o thedtiteocuriee p is
axi al 30distance lying the range of 0.1 to 10, and the |engths,

st andarl@i zed t o desraibas pegmentallyrycarions melematieatdwadionyi ng in t he

range of 0.1 to 10. - 25 - 12. Method according to one of Cains 1

to 10, characterized in that the cross-sectional profiles are

segnent al |y cpnivahedladdoftRig toyeither bi€ofRiaghs Hiah@ 6] etARactaddd ihhat at least one
| engt h, standardi zed to the axial distance, of the elenents lies in

t he range of 0. 0% the sgwes: Prgplingefmetion, dBezgnBingtion gatierab Beziesnfanetson, non-
characterized in that, .in first.step,.th r,0Ss-sectiqn rofiles

of - bodi o5 whi ch iR teBecR R R i e B it AL e

rotati ggal speed about axes of rotation arranged parallel to one
another at a distance a, constantly touch one another at at |east one
poi nt are gendr Methodygcearding hodna o€ dlalinag too7.0therasterigedimthat theocutge p has

and, in a second step, plays are introduced. 10
one or more kinks.

9. Method according to Claim 8, characterized in that the curve p is described at the

20 kink points by an arc of a circle with radius eps which merges tangentially into the
two adjacent curves, eps being a very small positive real number which tends

towards 0 (eps<<1, eps 20).

10. Method according to one of Claims 1 to 9, characterized in that the bodies K1 and

25 K2 are screw elements.

11. Method according to one of Claims 1 to 9, characterized in that the cross-sectional
profiles are continued helically in the axial direction, the bodies generated in this
way being right-handed or left-handed, and the pitch standardized to the axial

30 distance lying the range of 0.1 to 10, and the lengths, standardized to the axial

distance, of the elements lying in the range of 0.1 to 10.



14. Computer systemfor executing a nethod according to one of d ai
1 to 13. 15. Conputer system according tg Claim 14, associated with
machi ne tool for generating the cal cul af U bodi es. 15

ns
a

12. Method according to one of Claims 1 to 10, characterized in that the cross-sectional
profiles are segmentally continued linearly in the axial direction, and the length,

standardized to the axial distance, of the elements lies in the range of 0.05 to 10.

5 13. Method for generating screw elements, characterized in that, in a first step, the
cross-sectional profiles of bodies which, while rotating codirectionally at the same
rotational speed about axes of rotation arranged parallel to one another at a distance
a, constantly touch one another at at least one point are generated by a method
according to one of Claims 1 to 12 and, in a second step, plays are introduced.

10

14, Computer system for executing a method according to one of Claims 1 to 13.

15. Computer system according to Claim 14, associated with a machine tool for
generating the calculated bodies.

15



