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that rotate in the sane direction and are in contact with one anot her
and conputer systemfor carrying out sai-d 4tet hod 5 The i nvention
relates to a nethod for constructing bodi es which, while rotating
codirectionally at the sane rotational speed about axes arranged in
paral lel, constantly touch one another at at |east one point. Let two
circl es be2giefdar &g - lies thap getate, in the sanamdiraetinohand @ne invgontact

G- ~ Bl 24 420U : X il
paral l el axgas ' ' rm’ratfc.all‘}éinFigrfl. It is
general ly K ([)I\l/vﬂﬂ-é[)?ﬁqsd,léllu HPCIROTEr Sus Al ud h rcles
brush agai nst one another in such a way that, during rotation, they
constantly touch one another at a point which |ies between the

cent resSof Thst divestionofrelales & rac|megshods Sfor tconstrigtignbodies twigchpméile rotating

that, in addjdti i hcl here are further geonetrjic figures
whi ch cons;2 gzrillﬁcﬁ B?J{olgrc%'J {cl)l%es'%%ir?o{%%on I?Spa?egcﬁﬁ’ﬂ‘(‘t iarfﬁmg%flji“? g@l%ﬂgl,,,agonstanﬂy
rotation. mhmamtﬁeﬂaiaﬁﬂamﬂaﬁoiﬁtgure 2. These figures constantly

touch one anot her at one point en they are rotating codirectionally
at the same rotational speed. 20 The two-di nensional geonetric

figures sh I n .Fl.gures 1..an .can _be continued in various ways

into the t%%?gbodflﬁ%%s eo?‘?nsﬂe. grﬁzﬂlgh PoLSPIETG 1 yfos?nefaélPt SAbvve Paralisl axes,

l'i near 100Ntk NUALrkRA ddlgrdniBatidadyie Figufe 1N isUen8siy RRoGh tﬁa?f l%'?cfilg?oafrectional
S

rotation, so as to give rise to disc-shaped or rod-shape
whi ch, dur refgtiensdhe eeles hrushragainst ong atwtberhinageh restvayp et adwimerotafian ghey

a line between the centres of rotation whjch runs parallel tq the

axes of 258 Sﬁnitﬂgﬁf)u‘%‘ P Wg?erﬁgélsﬁ%’?tl ‘i"]fuﬁh i(i’§§ %F%‘fee%iléfiﬁl’éﬁes {of rotation of the
continue thpclggonetric figures along the axes of rotation in a

screw- shaped manner, so as to give rise to screw shaped bodi es whi ch,
during codirectional rotation, touch one another along a curve

bet ween th?t bﬂ%f es. .30 Such hodi es which constantly touch one anot her
at at [Bastt Srido5s: ) PRAonC i piFedess thrsa pre, fusther geomefrs figures

rotational wHREESnsBA toﬁ&?@n@éﬂoﬁi&g ﬁfja\ll\hé(;i?g@l{rﬂ'g{/c%gjrrg&ﬁgigl&%]%éi%ﬁ.néne example is

particularly in extruder technol ogy

codi r ect i osladviy i Bigatei h@These figares WY 4OGAH6 REFThEPAGHR/ BB Afkerr thy are
- type extruders, for,ex | e for the, processing of viscous nasses or
for m xi ngT{Rimgoedyect eﬁyng%%??r%@aﬂémmb%%ft and mul tishaft

extruders are known to a person skilled in the art fromthe patent

and specialized literature. The followi ng publication [1] nay be

nenti oked Mhe ewaslimensiorapkanetiic fi@bégstiowein Figdeess Dlagd Ohtdn Bé ica8tiRued in
Doppel schneckenextruder", ['"The synchronous_ doubl e screw extrude"],
Hanser Ver PAPUSOHRYE. Nt thecthisg dignsasiant Ausimple, pessibilify dpefor yexamptes ihe linear

adj acent s j . th i N pai.rs when they rotat .
e IR N T S Rt Ce
and t her ef ghaped | ®arodahbpan®odieotideh, during codirectional rotation, brush against one

1))

another along a line between the centres of rotation which runs parallel to the axes of

25  rotation.

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-



10 For sel e®AE20IHAE9886 whi ch, when they rotate codirectpongpby@bsta
. sane rotational speed about axes arranged in parallel, constantly
touch one another at at |east one point, 4here are regulations for
their construction. Thus, for exanple, it is known fromthe

literature e e, f .15 exampl e 1] . pages

96 to 98] tt%g‘% eﬁ%ﬁ&v&gﬁé‘@%{ fbgﬁﬁ‘?sﬁl(é’%gsé?lén%’d%ﬁp’“s PAAEES fF tf‘LF %‘1 ng PuIposes.
cross- sect i Suehlsypetodidue tweshifd afd ghultZheft ckhedds 8%aHowaRBal SedonQkill&HR the
be assenbled fromarcs of a circle. It is well known, however, what

criteria haVe ffom gke pafent ppd dppeialipedelitaratre. Thatfollpwingoplitdisatd®h [1] may be
rotating caqgl kon y out_two_axes arr.ang in.parallel touch .
one anot he?ﬂé:rgﬁ)gl%%nt ?érleat %gt Iagastexglﬁlgfepoi #? ‘I?{j‘)h#ggut%ﬁovm ?’ee,‘éjlle%ff‘la”ﬁge
exanpl e,5 [ opranoknecapmmider” oAf Thallsinenvneas dodbiB-serie b ade) : ’
Pol ymer Engi neering and Sci eng[g 18 j()1978) 12, pages 973 - QQ{;ﬁahﬁﬁaYeﬂag’
the codi rect¥0dnkl s@swritpeextomlerst thavprapedy: hegehyoulijasentadsoews bhshragainst one

fi xed axes | I pe i | Ly equival ent.to.,the "translation w thout
rotation" o#gglri%eﬂiolg%;s vgrﬁegﬁ(e% r%gat%f R RS the ganct%ﬁﬁgtttﬁl‘%ﬁ hapsoff one
This parti cuber Arebtheictore oRaPEffene andthr, generating in steps geonetric

figures which constantly touch one another at one point during
codirectional rotation. In the consideration, the first figure (the
"generated’- fi gure) .i S. stationar nd the second figure 30 (the .
+Gener 40 ndior PR pofieS ST 2l BBbTRSE GaRTEeralshek s eParPBHanal speed
Mot i on on aBodl dke§brrdhgell if batallfasdns@htldy BficRORE LAGnTat b i
figure can then be stﬁ%ula#ed andr¥t i% pSSS?%F% toiﬁngggiﬁgg?gnﬁﬁﬁgﬁam
profile is reqmdatimy fepcsheir atrstiuctiont he first figure. The generated
figure is as it were "cut out"” by the generating figure. WD
2011/ 069896PCT/ EP2010/ 068794 - 3 - However, no general nethod is
known as t arHagWedrN&tandd, tit Of KnBenSE&ANGe Tt | GhelvSypl |
can itself be generatedflln [2],none pogsﬁgﬁgﬁggﬁ#gggﬁ%Xég32@@%%%3&*’ﬂ”
as to Héw wehanplepfl]rageeimmbvhaich saew diendritef sieafRrilmgnde®? Ripeatith a cross-
fromwhich the r nai@%nggghofile iIs 5 generated can be generated.
However, t§PEIC ISPES’E‘ af 4t figy K QF tae REIsERiAPRHCtion eammassembled tfegmgires of a
and, aboveglle, IS not generally valid, that is to say only those
profiles which can be described by the mathemati cal functions
specified in [2] can be generated. The set object, therefore,
proceeding_fromgthe prior art is to provide a general nethod by 10

%f)glil e

means of whi EHVBLHRWE. hRierw: FhRHHEE Bavasr Ifillsid|in gewaralt donigat two lc)iodies
o . ' ' . t
o par a1 ofoue B RATEnR Bt A maRETHh PRI 1R o Softy by a

Sur pri si nghyleastioae pasmit.c princi pl es were found, on which two bodies
are based which, when 15 they rotate codirectionally about two axes
arranged parallel to one another, constantly touch one another at at

7, S ey B Ry o IBSE SO P P B985 pens
Polymer Engineering and Science 18 (1978) 12, pages 973 ~ 984), that the codirectional

25  rotation of two touching bodies about their fixed axes is kinematically equivalent to the
“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 “gencrated” figure) is stationary and the second figure

30 (the “gencrating™ figure) is displaced about the first in translational motion on an arc of a

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 subjWex2aifl/a4989¢r esent invention is, therefore, pomeirhoth/o68794

. according to the independent aim1l for constructing bodi es which,
while rotating codirectionally at the samp_rotational speed about

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

at at |least one point. Preferred enbodinments are found in the

dependent clains. 25 The nethod according to the invention can be

appl i ed to Howewet, mDgshchdd@Bod EN@oh@tise® 1Rive 1k paR $eThd6¢bnd AeBRCwhich is
anot her on parallel axes of rotation running in pairs at a distance

a. The net FgRWRtedsrp dlgplé he ggnareied ind@H ohe possile bpptivech i Hesmmibed G2 to how the

whi ch t : i | d.about .t heiyr, tiv .
i o w h orede ssBRsRRECh T s IR e AR O i e h S E it pre i
bodi es K1 gwflerdfcd cud bk Geddrived TTRGvRf rtﬁﬁgg oadH ﬁr}%'%lﬂf l:%m?l‘ib_laﬁégﬂ igg'xgﬁ?r%%matical

axes of rotation. WD 2011/069896PCT/ EP2010/ 0687
KI and K2 dft@isgingloabpssiadin i e ghesrallavalih thas sptonmiy mglibihdseesrofiles wiltieh can be

sake of si |Gl The_rotational .speed .i.s.the nunber of revolutions
of a body ar%%)dlﬂ%eﬁég &é?xtfl%t%gflg?%gﬁﬁcgw%ps@fzmgﬁﬁlfnﬁﬂﬁ@ HeRtathi t) . 5 To
construct the correspondi ng bodies KL and K2, the cross-sectional

profiles of these bodies are first generated. The cross-sectional
profiles arldetsabopiees eedomhprohesding Hbmathe edobyrt duitc progide hesdnet astict by
and 1(2,in_a plape, E whi.ch runs perpendicular|y with respect to the
axes oleor of%‘atag%ﬂpﬂpmg\%%.c %%ﬁ‘?ﬁ?@&’f&‘%‘;w He ppiing sqAweqtinpslily #fdhe same
Cr oss- sect irgaabnapkedel! f R eTeTaAVA i

cross-sectional pr%gfi Iagogfmtgﬁge ot heg e(gglr eas%?)’nogli‘gntgﬁtﬁgtggag%&ﬁm@gther at at least
derived fronephing 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 15
derived in i | Lo i : . I This
makes | poc L HEYack, MRpIEt ROR PR e Y BT IAS AR s phsca VB, yhon
corr esgéndithey tetate esdirétionkidy aboe, twesaxesr @sinped phiallelStdesS aibtRer Ponstantly
the first ttlnﬁ to stt"]gul ate virtually any body and to derive the body
cor r espond 5 O8° AROtATIAAL I5ast ope Beihi ed body in a sinple way. The

nmet hod according to the invention is not restricted to

cross-sectional profiles which are described by arcs of a circle 20

(as in thePcasediog ﬁ@mﬂmsaebaamapﬁmipiés,Tafgenﬁﬁﬂﬁiem@arfoﬂm%u&iﬁg shi¢H bodies can
pages 96 tg 98).. The nethod according to the invention is also not
restricted?¢8°HYFE: mat hemati cal funct i ons, described in [2], for the
defini phon of cross-sectional profiles. In order to nane the

criteria which the cross-sectional profile to be stipulated has to
fulfil, 25Thasugeass-theptdsemtahvatiohiis, @hérefde Skl at&fding to the independent
expedi ently described as a mat hematical curve. A (mathenmatical) cu‘?ve
is a one- dh@éwsl B spngpicEag bogiecwhishswhidesrosatingropdirestionallyret tid sime rotational

gg.gt §|X£ éc'?l E}aﬁi g?ﬁ'ttsdﬁcgg %a&%ﬁrﬁ%raﬁlgﬁ{o bde drde ecr),sésoinls)ttaﬁﬂ}} fouch one gr?c!tﬁeri at at least
one point. Preferred embodiments are found in the dependent claims.
25
The method according to the invention can be applied to two or more bodies. The bodies
are arranged next to one another on parallel axes of rotation running in pairs at a distance a.
The method is expediently described for two bodies K1 and K2 which rotate at the same
rotational speed about their respective axis. With regard to the arrangement of more than
30 two bodies, the bodies K1 and K2 would always be arranged alternately on adjacent axes of

rotation.



. lies in a two-di nensional plane E which runs perpendicularly wt
respect to the axes of rotation Al and A% _ WO
2011/ 069896PCT/ EP2010/ 068794 - 5 - The intersection points SI and 52

of the axespmpf ' Lth the plane E are also.

desi gnat edslgfs% %c{acﬁ%s?igg %g(fl 'ﬂrzo%%?é}lﬁdgoyfg}aﬁg%eég YRR Oﬁ‘ﬁﬂg Fbo%ﬁ% 3R thgapke of
di st ance ofsithpigcigentres of rotation S 1 and 52 anpbunts to a. 5 The
curvature of a curve is understood to nean the change in direction

per unit | eigtmtationd spaed/tthe aumberofsrerelutpns ¢f nbodwsatmue ity wkisraf retatiah per
to zero be ' i tion does not change. A circle with the

radi us r h%ﬂﬁﬁ%éé%nr%%ﬁivature (to be precise, 1/r) everywhere,
becausesits direction changes to the sane extent everywhere. Wth
regard to all other curves, the curvature usually changes from curve

poi nt to curyeonsEieft the xorresnending\badiaseKbfand Krthe catssaegtiminal pifiles of these
t herefore indj e w gr.e the curve, deviates fro st r.ai ght .
line in thg%ﬁkn%%{éﬁ (,ﬁsg%%egqtﬁcﬁrf{}'}éoqros[srfgctbqﬂahproﬁles arghe Prglb"ﬁaﬁr%‘g} aggt obtained
the curvat byeuttingCtab lbeeiet ke &k Sn QTpAe! ¥ L runk Betbehdichiny LA

of the 15 t:blfyrcl e gci rcle of curvaturep) whi ch const ?’t%’teesct Elgybestllé§p60t fo
appr oxi nat itlfhaxes oarafationdt gndbA2t he contact point (see textbooks on

mat he bi cs, in particular geonetry). As is known to a person
skilled”in the art, a curve can be defined as a function of a

par anet er SulisthdPALERES fdufid FEPHRISM: bRl B8 fTe ol ik 1S '

In this caseaﬂ}((s and y(s) are the coor i%aﬁ%si%? %308%?%f])§3%t¥@#%dand
curve p(s) the crdse-sectiondi pmfisi ofidhe wittem ecditespontiigy bodyw eatbieClierived from this
descri bes the ss-secti onal g{rofile_ of one body 1(1 nust fulfil the

fol I ovi ng SHPYIEFT BRRIC i Pmble, PaLdD doe Frisnile R e sipufated has to fulfil only
cor r espondiaNgwb@et¥ri KM ark i legt%rﬁﬁ{gg%lﬁgﬁ.f Tﬂé%}#ﬁe S e eorre E«?ncﬁ%é Y&dy is

must be closed. The curve nust be ¢ nuous. e curve nmi

convex.1530 havasuinve simige vioy dithes peaphicyllgiof hestiesmhdtrblie BegMRREA Yossible to
The curve fs, must have at_ an ojnt a radius of curvature p which is
smal | er t h&ﬂﬁsgplc‘bah%treﬁpq}r ﬂ?ég%pgtp‘ggdg different corresponding bodies. l137urthermore, as a

result, it is possible for the first time to stipulate virtually any body and to derive the body

30 opposi t eV 2d10608%6 on the curve. In the present caspgT/EPOLHONEI94
h

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
20 (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,

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,
25  the cross-sectional profile to be stipulated is expediently described as a mathematical

curve.

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
30 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 A1 and A2.
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. to have the follow ng property: any two points P1 and P2 on the curve
are considered. |f these points Pl and P% are connected by a straight
line, this straight line |leads through the points P1 and P2 of the

CUr . ot TSt AL AL PR WOE (S0P i

| i kewi se apijdol @signated as aeniges SlurotRichNelt tht RespestiveeaxRaSTie PRfal dBance of the
curvature at any point. The curve nmay have one or nore kinks. If one

or nore ki fR&TeHA rofpienit and RdaworRteta @ constantly differentiable in
the segnents between the kinks (=constantly differentiable 10
segnental ly). Should no kinks be present, the curve is constantly

di f f er et i dihkeeunarpt ef £ kirve Aendeastsddb lnidav thOEhaA8S &1 diRicHOn ekt length. The
mat hematically is %i ven further below If the abovenentioned few
&

criteria wireRHEe @I pightt bng Hpeeermnieraequdl upf 2erd ddsauae digrdimction does not

whi ch descrj h - ti-onal profile of the, correspondi bod

K2 can be- Gbigen ¢ PER R B Ches® sred civo bl 4F Berighien i) pectwhere,
i nt roduced beeiusé hisSdiritipP Bad @€ o the sa¥ AXRINE evelfFhdE. WS reé\lard to all other
| ngeni eurvvi ssen”, ["BUTTE, n%neerl ng"], 32nd édition, IS

3- 540- 20325uwes, ApparvgsigaspalboctfanedsFiom cifitve pint &t duove peisd cor r esponds
to the,standard mat henmatical notation: a 20 vector is characterized
by an arrow above the letter, the dot above the expression is in each

case here tihe dlefbmaldfAncaes af ﬁ“pBﬁlttfot}fefh%IQQBQH?cEﬁhowaﬁ%]gtthlsicﬂ?\% deviates
i ndicate the anmount of a vector, that is to say the root of the

scal ar pr odiigst a giraightiling éh thelimrepidfaBEcinityred theimtrioss si gnifi es the
paral | el epi ped product. Furthernore, it is assuned in the first
pl ace, for the sake of sinplicity, that the curve is

The reciprocal of the curvature is called the radius of curvature; this is the radius of the
15 circle (circle of curvature) which constitutes the best approximation in a vicinity of the

contact point (see textbooks on mathematics, in particular geometry).

As is known to a person skilled in the art, a curve can be defined as a function of a
parameter s by a parametric representation:
20 5(s) =["(S)]
¥(s)
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

following criteria so that a cross-sectional profile of a corresponding body K2 can be

25  generated from the curve:

- The curve must be closed.
- The curve must be continuous.
- The curve must be convex.
30 - 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.



25 const antW ilif06P8%d i abl e conpletely, that is to saydBspPpolFOiGES4
. In.this case, the relations |isted below apply unrestrictedly to al
the points of the cross-sectional profileg._In the case of
cross-sectional profiles with one or nore kinks, the follow ng -
relations apply to the constantly differentiable segments between the
ki nks. 30- Let (1) =14 be a set of standardized tangent vectors of

length 1. Wl }lbsedOn26d 06 RERERETOERRO 1R BA8%8E proferty: My @fﬁ’}t)dlﬂisrl‘l Ma p2
the curve p there is a standardi zed tangent vector which at the

respect i ve OBShhEuVeAE coapigeisdi Hithese wpinks PlapkRl aresonhested byestt@ght linet this

i .be a : | A€ veotoy s, f length 1 which jn

ea((: E) 5case S%o Hﬁ(’fuﬁle@ﬁ% ﬂg&%@ c@f’l g) ?fﬁl{g? h)tl haéllﬁc}g]?]; @eo(:l’lr‘feg bu'é YRV thtough no
curvat use Hellen gbing of thel dugvd, @BREEdIVE O RAERLhOHoThREP 1Y 1 on thAluRRY
point of the curve ji there is a standardi zed nornmal vector which at

the respective point is perpendicular to the tangent to the curve p.

Thi . ' ' direction of the centre of that )
T, 00F ol S a BRI vl Sk 8 et DB AR L8 el o
curvature fhe dube pay MavObné BE nfdte Yenks. ThenChr floge Rinks afl P! ARILNG. is
to a point of the curve has the same radius (the sanme curvature) as

the curve &ensidlyr difisewatipble ipdhmssegmqntﬁ etween tha ldilﬂ(fst chon?ﬁnﬂgs dfffherenﬁable
t ] =1 1+.1/ 3, X -. let a a vector o a e

Gi'r oot 11Dn SRR S 45 RS heienherCe B om Rt reblc completey.

i ntersect i OmepobdbiliZtor I&k@ﬂﬁhﬁ%\l&mln@iihaﬁa?tﬁmlpfssgi%éﬁ%ﬁﬁ&%%lo%ﬁct I onal

profile of the correspondi ng body K2 is

If the abovementioned few criteria which are simple to implement are fulfilled, a curve g

which describes the cross-sectional profile of the corresponding body K2 can be derived

15  from the curve p.

Some vectors may also be introduced for this purpose (see, for example, “HUTTE, das
Ingenieurwissen”, [“HUTTE, Engineering”], 32nd edition, ISBN 3-540-20325-7, 2004,
page A 59 ff [3]). The notation used corresponds to the standard mathematical notation: a
20 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, ]JT:I =+/X-X, and the cross

signifies the parallelepiped product.

Furthermore, it is assumed in the first place, for the sake of simplicity, that the curve is
25  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

constantly differentiable segments between the kinks.

30 - Let1(p) =ﬁ be a set of standardized tangent vectors of length 1.
P
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- profile to be stipulated of the body K1 , by nmeans of the follow ng
relation: ¢g=19-1-aii(j3)+Ei (1) 25 Fig. 3 shows diagrammatically the
execution of the nmethod according to the invention by neans of a

point on a curvey I 1N =poi i S2,0f the axes of
rotation are ill us%&:%déxgt[ (ggsélgcr?al ; glp ?{%:e?éegs §‘Fﬁ%§gﬁg\% A Yiior which at the

di stance a. The e il nd cifuch 809} BichrABE ROIRIGA/ pm S1 0 S2.

The detail of a curve /'5 is shownh above the I ntersecti poi nts Si

and S2. A point on the curve is taken out and identified as a small
circle. A point on the W) 2011/069896PCT/ EP2010/ 068794 - 8 -
correspondi ng cyrve 4 can be generated fromthis point of the curve

13 . The poi nt det 18 Taxr s p SpldPhgardardizedinpranad yeetpiseaf lengthHawhigh in each
tangent (fi) is drawn td¢f|the curve at the point of the curve I) ,

the standardi zed normal vector ii(fi) to this tangent is forned and _
i s prol 8nged by cassepdinicinghe direciiva dfi thakéntret dfcthe eatlerofauivanae deldnging to the
this vector a fi 15[3 ) 5tTE§1 curve_.l) can be described continuously

by a single mat RERETTCACHAEEIBR® #he curve 15 can |ikew se be

descri bed segne Y, I t Lj cal functions. -The curve p
nust be constan?{tya/éngipf ér%%%%gfvgn?eg%g%gsa?l%@d 12pf| QOB eGtor Wiich @t the
of a segnentabbtivdghif e p&HENRefldr ¢ baiey | %%V 9

t heref ore not msrge 1coﬁjfgt ant Pf/rﬂlo %Ii frf (e)rt%%?flgﬂﬁ)}e{g%e oesﬁhg%g%%%%ﬁ?cwr
two curve segmepbinthid thedze@idnt BE (it b&treabs ddki dieldP Wiftle oP QubARYE N twhich
vector and no normal_ vector are defined for the kink point.

Accor dilfligl y, f oPPRIREINiFsKthe gesiectbfe qureatpreoor the priintt ¢fethb odsgvel p1 Thehsrcle of

correspondi ng segnent .of .the curve 4 of the corresponding body 1(2 is
15 not obt ai nedngg‘?sgﬁ‘?%g“?gr@rﬂ RO ¢fdhe,eyrgm hpsithe sppoveadays, (gqe[samg:urvamre) as

found, surprisi B Yiryd PAte @B 9din@ Circle in the cross-sectional
profile of the body K2 coerr spéneag&?@é each kink in the
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Then, p= Iﬁi ﬁl is the radius of curvature with § = l ji’ .

15

- Let a be a vector of length a, the direction of which leads from the intersection

point S1 to the intersection point S2.

The curve g, which describes the cross-sectional profile of the corresponding body K2 is
20  obtained from the curve p, describing the cross-sectional profile to be stipulated of the

body K1, by means of the following relation:

g=p+a-w(p)+a (1)

25  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

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
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curve p, so that the curve segnments KAP and KA2' result as the
curve-4 . A gap arises between the resulting curve segnents KAlI' and

P2, 81 Shagkol DGR Ak ELN: 8 o ARSNRT LISt B vy 1, i

cross-sectional pr

circle w t thetchesstsections! profilecof(the BodyX 2 blvikiys b aaMi6s, es sMeest WHIh S6REshBSds to
of rotation Sl and S2) and with the 30 angle Wresults fromthe kink

in the crof8-2X& disHse apFuithamorst anp pEe Hougirake correpppngding to akink always has an
angle which corresponds to that angle at which the tangents to the curve segments meet one
another at the kink point.
30

Conversely it applies accordingly that a corresponding profile segment of the curve 7 is a

“kink” when a profile segment of the curve 7 is an arc of a circle with the radius a.
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points S1 and S2 in the direction of the body 1{2. This
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than or equal to the stance a, for any point of the curve
within a c@ﬁ@lrantlﬂ;ﬁ@nﬂmémgwaﬂslsﬁcczt@gaﬂmmﬁlet here being 20 a

di P th 1 ich at the respective
;Z?ﬂ? e ;Z)Ed RS rilh@g?%H b Sigte 7 eVt Ogﬁg(’ééﬁ?ﬁ@nzhpmﬁle
he direct
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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
20 tangent TAI to the curve segment KA1 and the tangent TA2 to the curve segment KA2
butt one on the other at the kink point KP.
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-A(p)+a. Here, in each case the curve segments KAl and KA2
25  must be inserted in equation (1) for the curve 5, so that the curve segments KA1’ and

KAZ2’ result as the curve §. A gap arises between the resulting curve segments KA1® and

KA2’ 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 = a (a = axial distance between the centres of rotation S1 and $2) and with the
30 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

a circle is obtained by displacing the kink point over the distance @ parallel to the

connecting line between the points S1 and S2 in the direction of the body K2. This
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_ T (S)fr'2)1'rn<=,(dC (d Blgne %ngrpéndlcular to the axes of rotation by a constant, segmentally
constantly differentiable, closed convex curve 7, and the cross-sectional profile of the
15 body K2 is formed from the curve p according to the relation
g=p+a-a(p)+a (1),

- 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 7 within a constantly differentiable segment, there being

20 a standardized normal vector 7(p)of length 1 which at the respective point is
perpendicular to the tangent to the curve 7 and points in the direction of the centre
of the circle of curvature belonging to the respective point of the curve D,

- & 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
25 A2 with the plane E and possesses the length a,

- inthe case of a kink in a cross-sectional profile of the body K1, the cross-sectional
profile of the body K2 having an aic of a circle, the radivs 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 7 butt one on the other at the kink

30 point.
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- configurations is obtained, in the design of screw el ements, between

a housing with a radius ro and the rotatihpg screw el ement, dependi ng

on the formof the function f (s) . For exanple f (s)bnay bfe a Con

l'i near func per C. nct |
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non-uni form rati onal B-splines (NURBS), are nentioned. Bezier

functions, rational Bezier functions and 30 NURBS are preferred

because t heyleHScoEUwA & eay haye nHaorsmunetes Pomhsmnﬁw @ADtasipsdlesymman®. In

2011/ 069896PCT/ EP2010/ 068794 - 12 - (CAD = nput er Ai ded Design) and
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n, which ara&eﬂjm‘éx;mnm@:qroﬂthe canvanpl & sd far b th9.cldst@ LR j;tﬁa 'é/r@ﬁthe
of rational Bezier curves", Conp. Aid. Geom Design 9, 19

[4], are kmg@rseetionnin Stlrmfeﬁembim B orrthe DBAmMEDY A0IAL. In so far as the closed curve p

10 has rotational symmetry, the interscction point S1 preferably lies on the centre of rotation

of the profile.

If the intersection point S1 lies inside or on the curve 5 all the points on the curve p have
a maximum distance a and a minimum distance of 0 from the intersection point S1.

15
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
elliptical functions, parabolic functions or hyperbolic functions, may be mentioned as

examples. It is also possible, for example, to represent functions in the form
- cos(s) X
20 p=lr-s@){ U1+,
sin{s) y

as a result of which a gap of fieely selectable configurations is obtained, in the design of
screw elements, between a housing with a radius ») and the rotating screw element,

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

25  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
example, B-spline functions, Bézier functions, rational Bézier functions and non-uniform
rational B-splines (NURBS), are mentioned. Bézier functions, rational Bézier functions and

30 NURBS are preferred because they are often used in the construction using CAD systems



i,"(t)Pf 20WR 201dfice8eht i ng t he coordi nates of the checkppiapbe: ®@bsstoa
- function and W representing their weighting. Quadratic and cubic,
(that is to say, with n=2 and n=3) Beziefsfunctions and cubic
rational Bezier functions are especially preferred. 25 The

derivation d_,can o by. a
per son ski | 5(1 g in ?I% %fﬁl&ﬁglﬁ%ﬁgé“pq‘él&ggeﬁg;g%?yaﬁ?%ﬁﬁ Fﬁ m&E anY forms in a
mat hemat i csgeoviatrically cleet kiglsy te disphdemaiited chékboiaianpl e, in [4] for

rational Bezier functions. The use of a conputer al gebra systemfor
the calculation of derivations is al so advantageous. Another

o | cal AT PRt AR BE LR A B Snple, ABPe AT E SRl o e the

2011/ 069%89aGegH/ EP2010/ 068794 - 13 - known to a person skilled in the

art and are illustrated, for exanple, in Press, Teukol sky,
Vetterling, Flannery “"Nunerical Recipes in FORTRAN', 2nd edition,

| SBN 0 521 430 X pa e 180 ff [5]. 5 The curve Ty can |i kew se be
descri bed sedhE ad:y vari ous nmat hematical functions, the
segnental functions preferably corresponding to the functions
mentioned in the previous paragraph. A speci al case of segnental

descripti omg) mat hemat j cal functions is description by arcs of 10a
circle. It Hidepedss ppsdingtegettheicheckpaints and al | of the curve /3 and
therefore part or, all of t he cross-sectional profile of the body Kl
by arcs, of_g. Q § hrelation 4 = 1) + a -ii(p)+ei indicates
that, in thi's he curve 4 and consequently the cross-sectional
profl | e of the body K2 corresponding to the body Kl are al so conposed
of arcs of a circle. 15 If profiles are generated segnentally by the
met hod acc rdln%Bto the invention, the corresponding profile segnments
of the bodite¥gRBaRseRPoh@mPmials o change from segnent to segnent In
this case, after a segnent of f, is stipulated and the corresponding
segnent of

Rational Bézier functions of degree n, which are described, for example, in M. S. Floater
15 “Derivatives of rational Bézier curves”, Comp. Aid. Geom. Design 9, 1992, 161-174 (4],

are known to have the form

Do B OwWP

B(t)=
> B OF

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

weighting.

Quadratic and cubic, (that is to say, with n=2 and n=3) Bézier functions and cubic rational
Bézier functions are especially preferred.

25
The derivations 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
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 appfoximate the

30  derivations from existing numerical data, for example by differentiation. Such methods are
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conpasses. Aitetling, Flahhayefoitertoa RepipssSinFGRTRAN, DAE E@LiBn, TBBN 0 521 43064
generate the cross-sectional profile of one body sinply by hand and

to derive thd2gs b8&tfdektional profile of the corresponding body
graphically fromthe profile stipulated graphically. For this

pur pose, expediently, first the centres of rotation Si and S2 are

drawn i 6t o Theeupleafiecan Tikewiie bt ABREILEE tobRMA Al Abd %!3&‘5
anounts to a. The }zr oss-sectional 30 profil elgg)?g?he sg%%teén&:éﬂi!az ra\S\)nI%S’ the
fully or coeeghetdl fn¢tiine préferaplyacreresportdirg; woiketfandionanentidned i i fFevious
case, the criteria |isted above apply to generating the profile of

t he body KP2E#B2011/069896PCT/ EP2010/ 068794 - 14 - Each i ndi vi dual

poi nt of the cross-sectional profile of a correspondi ng body K2 can

be derived fromthe individual points of the stipulated

cross- sect ifospeciaprast ioff econiensal destyiptibn b¥ hexlenesisalseadtioanal dReitdesy 8ts of
corresggndi 299 E:ogi.es Cﬁ} be continued in various ways into 5 the

third dPmed6H (s gpitale fdegenks parkonglipbdevineny addherebrapamgr all of the

codi recti onal i the rofati | speed about axes arranged _ _  _
paral ol ¢ rsdedioatEe R b 5T Bl B o theraiorn 3 Bast Ak 7
poi nt. Thi j , b ans of screw el enent
For "scr ow Tyt Fat HELS BEEod lneE PR SopBuBHAMR: Sos™ErESHaT perii on e
is enpl oye@og}fﬁh%bﬁsdpﬁnaiﬁgtcgﬁle%a;rKﬁ%réﬁs@%rﬁ GIBBE Sros 3P, HoMever, the
met hod according to the invention is not restricted to screw el enents
fromthe currently customary nodul ar type of construction of a screw
fromt s¢rew el enents and. core shafts, but can also be applied to
scr evvsqgf ;{ Bﬁqfﬁ?f‘ Pﬁ?pseft?rﬁ%ﬁew%{ﬁ%bﬁw thgemethipf, acsending & dhadmeention, the
nmust t her etgh&nbidil ﬁj’ﬁé%ﬁj ' Ld type
of 15construct |Pon. %grew el eﬁgﬁt@tﬁﬁﬁggf%%%%%o éhfgl%hgfn %e@mentto
conveyi ng, ségmezndiInghiorcase] afiang sepmemrifss, A sipalaiang (e @RBondhg segment of
di stingui shed (see, for exanple, [1], pages 227 - 248) in that the

q, is determined, a curve segment p,,, is stipulated which merges tangentially into g,

4" i's det erWORa1 /069896 ve segmentfin+lis stipul ated whimhT/BBDGRFOC8794
h

and, according to the relation (1), with interchanged S1 and S2 (that is to say, replacement

20 of g by—a), gives a curve segment 7,,, which merges tangentially into the previous curve

segment P, .

The method according to the invention can surprisingly be executed on paper merely with
an angle ruler and compasses.

25 It is therefore even possible, in principle, to generate the cross-sectional profile of one body
simply by hand and to derive the cross-sectional profile of the corresponding body
graphically from the profile stipulated graphically.

For this purpose, expediently, first the centres of rotation S1 and S$2 are drawn into one
plane. The distance between the centres of rotation amounts to @. The cross-sectional

30  profile of the body K1 is drawn fully or completely into the plane of the p;)ints S1 and S2.
In this case, the criteria listed above apply to generating the profile of the body K1.
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0.05 tines rz]i%l&[l(ulnoaf L{T?eﬁst&% 190)&%1 d| st arhce%@-{?lﬂefﬁﬁlgr e)g@lp ceneglelg \/é)/%esgrew

two adj ace neadl ng di SCs

2011/ 06989 GRGTMEPRO IQLR trudér§ sndeaﬂeﬁleﬁi dQcfd 't&ﬁ'ﬁ B

the axial distance. The direction and axi al 0I eﬁgt hmg rrllegt%lgélﬁﬁ%yed
di scs are md@ﬁﬁabbfafprgqnemm@enw odaments. el ement s (corr espondi ng

bodi es)m M xing elements are fornmed (see, for exanple [1l], pages 227

- 248) I'n that conveying 5 elements are designed with perforatl ons in
the screw HuE@RSr, tldmetiodi 48or8lr28RhS iR} ME s 1@ M and

| ef t - handed. Thei'r pitch preferngbl y |1es |1n ;[s he rasnge oﬁp%&éw element% from
10 tinmes t it evrreatly ¢hstomarsemoduler tyhe 0ﬁmrastrubimngd>1ha sdrew Heone tlen®nds elements

preferably |ies i f imes to 10 tjnes the axial

di stance. A Cﬁrgrsﬂﬁiﬁsa?’?‘l{)?@gai?‘)ob p@#@ﬁa éﬂ)?“ﬁe‘i"%o% elidohs ef constiudisapdde torm
or V- shapeds@éw Q¥enchie @68 R BOLYdANLS !

or axially 10 parallel mannerr The di rect({”ad(;%'eﬂm5 @Cﬁmﬁgg axi a?%{‘b\éz&ttﬁ& of
are i dént i eemstiugtierdj acent screw el enents (cor respondl ng bodi es). I n
order to make transition between various screw el enents possible,

shinms are often used as a spacer sleeve In special cases, transition

el enents, &sreb@YmaktE iSO con i_nuoys
transition between fwo gcr TR T Ee% g %%Oﬁo%ﬁ%%%a% 1 lxg}geemems

starts, a self-cleaning pa| r of screw prof| | es bei ng present at each
point at the transitjon nsition_ el enents may be right-handed or

| ef t - hande@: “°PEY'PE ﬁ’emﬁl?t &@F@}%&ﬁh (seesfor gxampley Higrages 227 + 248)nirs thab the
10 timpg t Q&e@#ﬁr@i‘ileqé sbAR%Ed bgggltnk Qghﬁqlﬁ)ﬁhlgm 2 eﬁg}eﬁgﬁhﬁ $ha0l; 1 éhrec%on In

in the range o 1 times to

directi on, tips rede, drdcanieging eergih age be Qighdamnidedadr fofi- lﬁﬂﬁeﬁpqﬂe 1§1€dhe¥\f the
el enent s (correspondl bodi es The present invention nmakes it

possi bl e t 6°NEHOELIESHE by reiesablt indhe rangp oh Bl inesddileiniesdhe axial distance, the

pitch being understood as meaning the axial length which is necessary for a complete

rotation of the screw profile, and the axial length of a conveying element preferably lying
25  inthe range of 0.1 times to 10 times the axial distance. The direction, pitch and axial length

are identical in adjacent screw elements (corresponding bodies).

A kneading element is distinguished (see, for example [1], pages 227 ~ 248) in that the
screw profile is continued in steps in the axial direction in the form of kneading discs. The
30  arrangement of the kneading discs may be right-handed or left-handed or neutral. The axial
length of the kneading discs is preferably in the range of 0.05 times to 10 times the axial
distance. The axial distance between two adjacent kneading discs preferably lies in the



t he outset WOR2dAi08%% to the prior art, the nethod acmoTMPngld/ossioa
. invention does not proceed fromexisting profiles, but instead nmakes
it possible to generate any profiles in_25_steps by observing sinple
rul es. The nethod according to the invention is generally valid, that

ist i ' , i . bodi f.
exanpl o sor St angyd ERE ED TN BREEL! b e U R TR biflgnething the
met hod accdmdading thsc dre identie tih adjacansd2@w leaferisqBoBRpORALE bomEs! ¥ 30

with an angle ruler and conpasses. It is advantageous to execufe the
met hod according to the invention on a conputer system since the

coordi nate |, di i t file in a r I.C an be.,
processed %?ﬁ%rglegﬁﬁa %gﬁ%ﬁ{eg r @%’W%ﬁﬁlﬁggg é’@%ﬂ%‘giw G837 fFonveyng
16 - The sidand areidebigedwih @bifotaliv@Nin 88 stewl el THeemBligPelBments may be
conmput er system for executi ng t he net hod according to the invention

Y

on a conputht-haned s igftthanded yEheimiish oteferablyylich i the rapgeptiioclatimester 10 times
interface . i e ) ser.. 5N si npl e t.o i.nput the

freely sel (eﬂ(g:étJ é’gfll\é\&\%%??ea%ﬁ @lstﬁ %’rgalg%?%}lé’tf iﬂﬁegglﬁ]f“@?gig Ipé%ilé\%?glé’ Ii“ﬁdﬁﬁﬁe range of 0.1
devi ces, suizdesas, 10f finceanmlial, distafiteu The PREAGAkIKEVRIRERrabhE: FRMBULEIE a u-

system especially preferably has a possibility for ‘indicdting
cont our s ofhnedfqr|eshappd Braove apd @reoprefieldk pukmged iardgounteercenveying or axially

appr opr,i,at j ' in.the case.,of functions, the, values of which
are deflpnegaﬁy%fc%{eychb%gi e dir ﬁﬂ’&’t P@ﬂ’s,‘m ﬁ‘ém&/al? at% dgmiieH &y adjacent screw
det er m ned elmenbekReIpBhding Bb@Bs)as, for 10 exanple, B-spline

functions, Bezier functions, rational Bezier functions and
non-uni formrational B-splines (NURBS), and this can take place in

the formof_n rs _(coordinates raphically or by a _conpjnation of

gr aphi cal %ayﬁﬁ%ﬂa&%&a‘?ﬁk‘bﬂf‘?eﬁ%ﬁ %?é?oﬁﬁrs‘ér?wt ROTEHBRSBY S, shigisae often used
pref er abl y abaspaced kRN, G lspQidiRibes, R¥ndiRAN | ulat

profil es can_bep di Spl ayed S(%n a gregbhi%al oﬁ?%&%tg\gﬁg&?%%%s@?ﬁ%aéé %gl?loyed
exanpl d7 awhidedlaye certmudss trambitoon pativeeretwo Jdrew qoofiled edthsydifferent number of
preferably s th ssibility of ex ting cal culated profiles, that
is to say Fﬁaf’hae S‘Tﬁggﬁf‘?}flg @P&@fiﬁrz@“ﬁa{) 1eschoedng Broseiy 8¢ IsacoPgint atethe Heansition.
geonet ri ¢ diARAThMNE&s LS veak sl X i ' 9

a data carrier folr furt%er ?i nt e%ggﬁ%geﬁqgﬁ%tﬁ?%ﬁs?‘g%' ﬁ%ﬁpﬁg%a@gq{a& ) the
connect ed thnge o 0.1Theesctorifuinees thy stielndistengel efdthei lyiat RAfih@ufe@bBUER in the

that it can caloﬁ(#l at.e bot E%C.ross-secti onal profi]es and bodi es 20

generated FASMARE Emgso L& timesfha axiplahistpnss. Bhvl dizegtionupigal andipial length are
cal cul aped; GeARRLK L& ScdnPsGed Q | d by a nachine for
the pr oduc%i on of sﬁc% bsécg?es¥eﬁ?%$sv(g§<rgér‘%'8§12d}régﬁ%dégsﬁ'ne tool, for

exanple a mlling machine, in order to produce real bodies. Such
formats arﬁgknown t.o a person skilled in the art. 25 After the

t hr ee- di mens¥ BFFéFnthmqﬁBéén%w nosthlege geneieiedrofiles pEcamppetsting bodies from
mchi ne, a T ahe of Souarni A TaErnene sated BERR of i ihvelion does no

machi ne, a he or spl nni n rerred ST
gener at i ngphedidfonf etiftig pryfitsaber Bbeed SakeditARiskibRUoAEenBiatd argﬁ?mmes in
steels, chromum steels, tool steels and high-grade steels, netallic

conpos Pie PEPSPY abssrying sienlel s JhaaesthorbacePiding)ip thndnvsatietiseneraiy valid,
kel o Bl YL SELATLE T LGy S B e o

exanpl e zirconi um e or silicon
extruder stedMmendtAR].1/ 069896PCT/ EP2010/ 068794 - 17 -

As already stated, the method according to the invention can be executed on paper merely
30 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.



Screw el enBW(s2G13/06888M| e- screw or mnul ti-shaft extruderpCpmEe2080/8587304
- introduced into a housing. In this case, the screw el enents and

housi ngs are designed such that, as a reggylt of the rotating of the
screw el enments, not only are adjacent screw el enents scraped off in

irs, b i i . I d off d t he .
P21, L Pl O A0S e SLFOS T w8 Bng e

publ i cat i onméthdd amopthget (BT irtventdéh orbd EpgReENt S conposed of screw
el enents and the housi ng al ways have, in practice, what are known as
plays. As is known to a person skilled in the art, the plays between

screw and j rew and,screw i fferent. or
denti oal . e eaPut® xReh ISRt PR B ROl D it SBbR vser
the plag béhwedmphcwewt@iths cheWeds sslecthbR RIA¥Rs rf@ﬁ'géfﬂeﬁa@inggar&m@%@hpm
or, within the limts indicated, variable. It is also possible to

di spl ace a dg¥icetw spetons: (fer saptile a meusst angdéor kegbaand.dBwoomputdr sybtempésayially
strictly e bRBLS o BiR EhEHIRABRE RloutS BF pictilbl SRS il @ Drelgpints
the sane rahdlwisebpspeedeabaphting %tlﬁrcﬁm&i@)n&%ﬁ@{dlﬁész of{v&lﬁ%’kh%%%ﬁned

one another at at |east one point. Nevertheless, in practice,
starting p&yrhegkppinge dencionsdhevaloe of winelnars degeromned| Hyychietlgpofs, such as, for

t i na- af f..cont rof il es, dt pl . ,
Pher odifeq SRLRS: B RySE BhEHERs. HEefk i Hons g tonap s Mestipyand non-uniform
el enents) adttorhhBlsplindsenueRES Rhad thi efehfdhMcd i T O%Mhﬁé?s gég&diﬁates),

rotating codirectionally at the same rotattonal speed about ax

arranged i graparcally edr, by cuchmbinetiom stf hgmplitalaind eastricseinpet. rRurthermore, the
Proceeding fromthese preferab virtual geonetries, plays are

b ovi ded wRPERUSH ST IRy S & Gricd “GBt. bH Rpabg Bk ghe calculated
25" sei zi ngprofleP@hHRMispdyet o o fafical ifouk AOME: gﬂ r{ Vi

screw pr of |pl e with pl a?sf ){‘eromaag%sq%i pul a gd exaé%mggﬁéég{nm- g’fa*‘%gg(?se@veen
profil 3 Kandar mentynddicfeapmpubir sygem posferabtyehasfthe pessibilyenf experting calculated
possibilit scribed in [.1].0 ages 28 ff, of the axial distance ]
i ncr ease, éf?qﬁ%%&”?%fon%ﬂy[@&? ?%ﬁ" prabletdgin woerds whigh camprise the geometric
equi di st anyfnenNdnd dMGeasl@atd €ailaCT, , screw.profile of

smal | er di aneft:ner is construct Se%%gﬁlgg’i %lms% isf‘otq@g %%’% ?ﬁ%ydgéegagljlﬁ%uﬁcir fypther
pl ay bet vwednended wws ews irabsferring themgitd udicoalecwadcidvive. €The dbap@et system is

met hod, the l.ongitudinal section profile curve (parallel to the axis
of rotati oﬁfeé?fg‘?lﬁecofllégﬁéét%‘% it et ggleylate hogiy (crpsegeasipnalaprofilepend bodies

2011/ 0§@89§8§-ﬁt§? %%ﬁp{lﬁ%gs%éﬁectional 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

are known to a person skilled in the art.

25  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
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-

30  ceramic materials, such as, for example zirconium oxide or silicon carbide, if the bodies

are extruder screws.



- 18 - the WlrAi1460896 pl ay perpendicularly to the profpdEEPUIMP068794
.inwards in the direction towards the axis of rotation. In the

spatial ly equidistant nmethod, starting fgemthe three-di nmensional
curve on which the screw el enents clean thensel ves off, the screw

el enent is I e n. screw and screw.in the, .

di rection p%?%g%ﬁ%ﬁsa?ﬁt%wt%ﬁéscgéﬁ %’5312&51&%5&? ﬁg&‘é‘gg{%@ﬁ 95@@?’&16?‘?1‘%‘-08@ finto a

profile. Edwmesihgila thioshdel theiso@wosleentewn@hQNRIY: Srd dbsnb®MshnFat, 144 fult of
I's

preserving %‘he housi ngl scrape-off and the scrape-off 1n pairs,
al so known o rfatng ebfesiersw slementse ot gulrare adhnuitogyew slemehitsrseraped off in

I 1 8 9) .10 T f. _housi .. pl
and or - eodsE e AP ReRl it e e S s 5 reh i St gtioR e sorew
correspandichgndmedi es whi ch, 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 |east one point. 15 A

goner at i ng e ot OGBS SEMe B o ST o eaeis 27 b b P eerannt oorRRgsed of
gener at i Ng seRWeMeRbRIRA $hd Boudiha! AFhAY hA80in fadtRal whhtar@ khbws bs TSR As is

the cross-sectional profiles of bodies which, while rotating

codi rect i okaPWY tata paieonssliilled by ticiashdhe plope Hetatsen scrawemmddtiousinzadridobetween
arrang p 20 tao on t her at, a.djst.ance a, constantly touch
one angtﬂ her%%%‘J %‘{d fcé%‘gtm??’nge gﬁ?ﬂ?nta‘?:eldﬁgtﬁ’@l' ﬁ@& B&%Ph’@%%emand housing is
descri bed @bBg¥@ute i f e
according to ?ﬁde dn%t%gg‘gg%;m %i?ﬁ?e%gg'ﬁi%@ %ﬁ%@%%ggﬂl%ﬁ)gaﬁai@%’aa?%gt{’g%onmm
section equrdivigtintheslimisiindicasdavdrmbleefius aliss bogsitse to didpleccn Ryew BiOMRE Within
the screw ﬁl{leeegents preferably lies in the range of 0.002-tines to 0.1
25 tines t &Bal distance, and the play between screw and housi ng
preferably lies in the range of 0.002 tines to 0.1 tines the axial

di stance. The invention is explained in nore detail bel ow by neans of
exanpl €§, Wint éootnthudeypiaybwhicl existthérefors thosdréve $Rmed® Us8d ifBractice do not

follow ng exanpl.es, no units are used, but instead only dinmensionless
vari abl es @%%é}%’? ﬂg‘? BIOPSEY Whirehye slgtiRg coflifeationsiniogation at the same rotational

crbodi men; Be AnGaE: PLARELS SR ANR BB RGO beR s -
19 - Exanple 1: 5 Let an elliptical profile be given by paranetric

representatjon ii(s), = (29 cos(s)), SE ]
Nevertheless, in practice, the starting point for generating screw elements is usually the

20 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

25 “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,
30 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



19 sin(s) WO 20id/60B26 di stance anmount to 48, the centpEr/sb200l/068709
. of the elliptical profile lie at the 48) coordinate origin and the

centre of rotation of the second profilejpe O ) . 10 The curve radius
is '3 p= 1 (-480cos2 s +84W 551 The maxi num val ue of the curve radius

51 i of the curve r
st ance. Theoarufiieg il BRpelfahe b Bt sl kb fediteftion gpvarcs

is then iithsyss oViAdtiondBOBO SpAiallheqEiaRtatmetod! é%ﬁ-tiﬁ% ROFAHE thre & Ifensional
profile is then cos, s(-912+ 29-1841- 480cos2s)+ 48\ 11841- 480 cos2 s

q(s) = sins %%WM@.@%M@W&@@mﬁsz@ym@f?selwfﬁdbﬁ S@TQ](?:ldﬁlgua df}ﬁuced by

shows the t r eneratin i pse on the. n e

gener at ed é“éﬁf@ﬁ ?fag'#eﬁ)ﬂeg}l E?r& t‘&l%l':sfg:%ﬁ‘et%% :dlrgcﬁmn perpengwuﬁr %o 816 surfaces of the
5  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).

10
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.

15

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
20  to one another at a distance g, 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
25  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.

30
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.



WO 2011/ 0698O6RUT/@PRYA 0/ 068794 - 20 - Let a segnment OfPGET/RPEIAOEIT®D4
. screw contour 23 be illustrated by a cubic Bezier curve with the
checkpoints po 3.6 = (3.6)3 )- 0.8) 5 Lefjgthe axial distance be 10,
the centre of rotation of the generating proflle be at the coordinate
origin and the centre of rotation of the generated profile be at [J.
The curve 0 has the paranetric representation p(s) 1+5.4s- 2.4s2 -s3
= 3.6-1.8s -5.4s2 + 2.853SE 10 The radius of curvature has a maxi num
of about 3.87 far t =0. 445, this being less than the axial distance of
10, and t hdP@mplelthis curve is perm ssible. Fig. 5 shows the curve
according to the invention. The points S1 and S2, indicated by 15
circles, are the centres of rotation of the cross-sectional profiles

of the cor respoealiiptical pestilede gilbebs paakpeiotepreR@tdtRnP4 are |ikew se
depi cted by C|r%les :Fthernnre the figure shows the contour 13 and

t he contour=¢ €9§{6h |n% @gw; . Exanple 3: Let part of an
el liptical 2)1’" Ilgsﬁ&) e.[ ng profile be given by the paranetric

represent at ion

Let the axial distance amount to 48, the centre of rotation of the elliptical profile lie at the

coordinate origin and the centre of rotation of the second profile be (28] .

10  The curve radius is

p= —1--( 480cos’ S+841)%
551

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

than the axial distance. The profile is therefore permissible.

15  The normal vector is then

19coss

|/841—480cos’ s
29 sins

\/841—480cos? s

n{s) =

The contour of the generated screw profile is then

cos s [-912 +29,/841 - 480cos” 5)
|/841—480c0s s

~ sins(—1392+19-\/841—4800032s)
\/841-480cos” s

+48

g(s)=

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

contour on the right.

Example 2:



(29 cos(s) VO2@)1/e6989 [0..111- 19 sn(s)2 L WO PCT/EP2010/068794
. 2011/ 069896PCT/ EP2010/ 068794 i(s) = -21 - ? cos s k- 912+ 291/841-
480cos2s) + 48 1841- 480 cos2 s sins (-139g.+191/841- 480cos2 V841-
480cos2s , se After 41, p, is defined as parts of an ellipse as

f tatl
5p2(s) —119Le?'a|”5%%1}161ﬁ0 %eanglrgﬁ% g([% \g%gﬁt%?n' 2 é qul.ﬁ%? e E?%&ﬁpﬂg Bérz?er%urve with

of the generat profi gener
the checkpoints

1 2.8 3.8 3.6
R=l, b= bR ba=] 0L
3.6 3 0.6 -0.8
5 - Let the axial distance be 10, 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

1+5.45-2.45> 5"
p(s) = sei0..1
Ps) [3.6—1.8.9-5.4s2+2.8s3] 0.1]

10
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.

Fig. 5 shows the curve according to the invention. The points S; and S,, indicated by
15  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.

Example 3:
20
Let part of an elliptical profile as a generating profile be given by the parametric
representation
() oa[o]
25

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:



0 drawn to Whe2(da®oa89@mte origin. This results in sinpeil/B92010/068794
. +19.1841- 480cos2 4\ 1841- 480cos2s cos s (_ 912 + 291/841- 480 cos2
s ) 7841- 480 cos2 s Accordingly, wth_sgpeated change of the
generating and the generat ed profile, the foI I OWI ng i s obtained:

fr,(,) (29 cos(s)) s y;—y—n{—sé-z—L (( cos s 912 + 29.1841-
480 coS2 s)+ 48 1@4@- 282)#:6@ §415Tﬁ8§)cps21s3)9 19/ 841- 480co0s2 s) V841-

480 cos2 s
profile [ 1R(si=i(s) +

10

15

and,| by rep f €0,g60ange of the nera[l nfg and gener at ed
E) 0 -
sinsi—-l%392+19-\f841—48()cos s) 2[

\/841—-480cos’ s

After g,, p, is defined as parts of an ellipse as

sy o [195in0) +48 e[-”i {
P23 = 29 cos(s) | ST

48
the centre of rotation of the generating profile ( OJ and of the generated profile being

drawn to the coordinate origin. This results in

sin s (-1392+19 /841 480c0s” )
|/841-480cos s [% {
se T
cos s (—912+29\/841—4800082 s)
\/841—480c0s’ s

g,(s) =

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

following is obtained:

~ . [29cos(s) [ 3
P3(s)= 19sin(s) / Se ”"275[

~ 912 +29,/841— 480 cos’
COSS( J cos S)+48
; \/841—480c0s’ s [ 3 [
g,(s)= , SE|m.—7
sms(—1392+19J841—480coszs) 2
.\/841— 480cos” s

and, by repeated change of the generating and generated profile

- _ [19sin(s)+48 3
P4(S)—[ 29 cos(s) J, s€ I:zjz'..Zx[



(S) =S E [ 3WO 2011/0698%96 - g..24 29 cos(s)2 - 22 PCHEP010/068794
. (-1392+19/841- 480 cos2 /841- 480 cos2 s cos s 912 + 29Vv841- 480cos2
V841- 480 cos 2 S The overall screw contegur thereby occurring is
illustrated in Figure 6. WD 2011/ 069896PCT/ EP2010/ 068794 - 23 -
Patent clainms 1. /Method for g g bodi es K1 and 1(2 which,
while rotating cpéitsact¥Bnalhp4atr 48heossape rotati onal speed about two
axes of rotation| Al and .ﬁﬁéﬁﬁgﬁg paral | el E to ope another at a
di stance a,gdgonst ant | ouch t ﬁg.iaagﬁrone poi nt,
characterized in G¢%ﬂ‘191@H§§#3§éeﬂB@ﬂEFS% ofile2of the body K1 is
formed in a plang E perg dropar, to the pxes of rotation by a
constant, segnentally c % 'éﬁﬁyysdﬁffere i abl e, closed convex curve

p , and the.,crossssectional profile of, the_ bod i.s formed fromthe
curve /3 ag@groa' FRY 5% ?Pél?quél POy PO RILNg 1 11](1?@%%‘!;12”(@%‘}“ % he curve p
havi ng at any point a radius of. curvature p which is smaller than or
equal to the distance a, for each point of the curve p within a
constantly differentiable segnent there being a standardi zed nor nal
vector i.i(fi) of length 1 which at the respective 15 point is

per pendi‘cul ar to the tangent to the curve p and points in the
direction of the centre of the circle of curvature belonging to the
respective point of the curve /3, ei being a vector which |eads in
the direction fromthe intersection point SI of the axis of rotation
Al with the plane E to the intersection point S2 of the axis



200f rot ati®i®) 201 1¥AB96 he pl ane E and possesses the | enpCliyEp20a0d68792

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

the cross- sectional profile of the body;K2 having an arc of a

circle, the radius of which corresponds to the a&%alhdiﬁtance a ?ndt

t he angle i orresponds to that angle at ich the tangents to

t he cu?ve %ﬁ%@ﬂ% thepcurve p butt one on 25the other at the kink
point. 2. Method according to Caiml1, characterized in that the

point 51 lies outsjde the curve 25 . W?2011/069896PCT/ EP2010/ 068794
P4 4. Methbd Metsd domgpneigting syorbadies KA and (e whish, while tefatingteodirectionally

i ntersecti on poi o]l . i ctjon i.nt a east two
axes of sym"relto r yEﬁ'ltctjl?(%taf':#é3 r?%;uggal% g&g rdﬁ%’ﬁﬂ(’a&%nat g%’ggfée%tga f%%f"ﬁ{ Ag!anfi?%e.éi Dggaliel
the centsre of syootrapotkr bhe distnée up cOistdly tbidhesREAIINN P MastShne point,
lies on the centre of rotation of the curve /5. 5 5. Mthod

accordi ng to onéharcierigedin thatiacrass-septionsd peafile efithe bodn Xt is fiemedrive manc E

according to ondeaetafie s, WECHLS B {obtlh: PPt comsteptarSemERELY vionganty
i s 10described skfferentifld,\1ddyd anveRUuarvRiNemithe Blosi-SREbhANRofiIb: of the body
Met hod according to either one of Clainms 5 and 6, characterized In

that at |east or& isffotnvel Semitiescurds Fphdeorlifigmodhé matioRozi er functi on,

rational Bezier function, nonuniformrational B-spline function, is

sel ectel® as a mat hemati cal fun@t#@rka-fﬁﬁ%&'l\/bt h;)g ﬁccor ding to or@),of
ims 1 to 7, characterized in that the curve as one or nore

%ﬁks. 9. Method albEsrBEng hayingahpmy BOnEHEadistod chvetire A vithelt istshraller than or

curve p is described @é)tk’lhﬁ égki nk points by an arc of a circle with

radi us eps which néPge? Pafil§ERE %l 1y into the

- for each point of the curve 5 within a constantly differentiable segment there
being a standardized normal vector 7(p)of length 1 which at the respective
15 point is perpendicular to the tangent to the curve p and points in the direction
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 a, 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 5 butt one on

25 the other at the kink point.

2. Method according to Claim 1, characterized in that the point S1 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.



two adj aceWOANVE698¥ps being a very small positive raalT/BRODRI/068794
- which tends towards 0 (eps<<1l, eps 40). 10. Met hod according
to one of Clainms 1 to 9, characterized Lggthat the bodies Kl and

251C2 are screw elenments. 11. Method according to one of Clains 1 to

9, characterizedyi : S I i Les_are conti.nugd..
helically in %‘hy%@?%&ﬁfre@fgﬁ?ﬁ?he %Cﬁé}?sd%ﬁeﬁéi Q}%ﬂf%.fssctm ROy Lies on
bei ng ri ght - handed irderstatfon- pramdefiat fast twe apdst hsywhmaepoditBeduive Bher the
axi al 30di stance lying the range of 0.1 to 10, and the |engths,

st andar di zed t o mtxeetidnapoit Stlatice at ghe tdestre | fneymirsetty iofighé ncutvee 5 or the
range of 0.1 to.,10. WO 2011/069896PCT/ EP2010/ 068794 -25- 12. Method
accordi ng to ondhtgyseeiionneant S1iligs pp thecseairg of entationcpfithe euree Pt.he
cross-sgctional profiles are segnentally continued linearly in the

axi al direction, and the |ength, standardi zed to the axial distance,

of the el emenss NidtBsd bfokdiBg tGREE oPiCIM 5% ?t]@ 419har§c1t€ﬁzeﬁ’qh%% tilgrecgrve D is

generating screw el enents, characterize that, inafirs

t he cross-secti daakibpd bf blsigledhathodies! Mrceén. Whil e rotating
codirectionally at the sane rotational speed about axes of rotation

arranged parallel to one another at a distance a, constantly touch
o one of O a8 3es g RSB oF GuBRGT o5 op el ifed e i o e s
Gaims 1 13, e el R 147 2sc0ci at ed
with a machine tool for generating the cal cul ated bodies. 15
7. Method according to either one of Claims 5 and 6, characterized in that at least one
of the series: B-spline function, Bézier function, rational Bézier function, non-
uniform rational B-spline function, is selected as a mathematical function.
15
8. Method according to one of Claims 1 to 7, characterized in that the curve P has

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.
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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.

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 paraliel 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.
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.



