-1- Mxing and Kneadi ng Machi ne M xi ng and kneadi ng nmachi nes of the kind
presently involved are enployed particularly for conpoundi ng

bul k-fl owabl e, plastic and/or pasty masses. For 5 exanple, they serve
processing viscous-plastic nasses, honongeni zing and pl asticizing plastics,
adm xing filler and strengthner additives as well as the production of
starting materials for the food, chem cal/pharpmaceutical and al um num

i ndustry. The worki ng menilixing anddKneading Maghii®eadi ng nachine is usually
configured as a so-called screw which forewards the material for 10
processing axially. In conventional m xi ng and kneadi ng machi nes the

wor ki ng memiringrand! kneguling uashines af athicokiald presently involeettiiare cemployeidng
and kneadi ng nmachines are al so kgoiig in vYni ch the rk:ﬂnﬁ% nmenber rqtates
whi | st at tRsticiady foreomporpging bulkifiawableo Piastic. and{ar Rasht MARSss: IFET of
the working, € ey sEARS gir';ﬁceersb' vl%%hé—ﬁ)éﬂs@ib' thal¥ed NBofBhBefiiid and

executing a sinusol not | overlying t rotation. This notion profile
perm ts caglasficimngtplasticsy cdrixingetiller andssteendiheerdeddiives as welleagdhe
teeth. For this purpqse the screw s flighted to, for i screte.. r
Vanes. The ReevaG [ansiarting eatadals; fheafe od charGR e B
and the Cagl iRy mcﬁg,_trfw. trhedvdrkRIBmERILRIrasT ithé FikiRg enelieRiddiy iriaehirdeisi 1 ed
shear/ m xi ng an neadi ng functions in the various processing zones. Such
ni xi ng and uUswalyli canfiguced nass ®fso-pallada screw nwhishe forewvasds rtbek makgrialofor
personi skilled in the Iart under the tradename Buss KO KNEADER(r) 25

Hi t her 8, tHRCHRA!Y §§W§'ces of the kneader vanes and pins are produced by

conventional machining nethods as turning, mlling, electrical discharge
‘machining, etc. In the present context, a main surface js the shell surface

of a kneadercanuentipasi mixingkarcddaeaging sachipgs e a"q{hi&'ﬂdﬁf’%b@f F&‘_&?ng_ a
e oSl PSR Moo BER 5 4 Sl fePhiRsigr o

met hods of gdies Hinowtg ih swhithatheowoyking! aleinvisdry retatasl ehilst Badbegsamet times can
be generated, resulting i characteristic shear_anpd extﬁaﬁi onal LI oW,

fi el dsl@hi dROYINGdUERN iﬂlﬂ%m shear mtianycPrafile Bkt e nWPREN S MSPPRNelSder
vanes and the 5i@lir&q KOSaEqanY' BF Rk fhain shaft executing a sinusoidal motion

overlying the rotation. This motion profile permits casing-mounting such fitted

items as kneader pins or kneader teeth. For this purpose the screw is flighted to

form discrete kneader vanes. The screw flights — kneader vanes — disposed on

20 the main shaft and the casing-mounted fitted items interact in thus creating the

desired shear/mixing and kneading functions in the various processing zones.

- Such mixing and kneading machines of the last-mentioned kind are known to
persons skilled in the art under the tradename Buss KO-KNEADER®

25  Hitherto, thermain surfaces of the kneader vanes and pins are produced by
conventional machining methods as turning, miling, electrical discharge
machining, etc. In the present context, a main surface is the shell surface of a
kneader vane facing a kneader pin or that of a kneader pin facing a kneader
vane. The geometry of these elements materializes from an in-line arrangement

30 of flats, radii and curves. One drawback basic to such methods of machining is
that only relatively simple surface geometries can be generated, resulting in
characteristic shear and extensional flow fields which produce maximum shear

velocities between the moving kneader vanes and the static kneader pins at a



-2- point or line only and thus a correspondi ng dispersive infeed of energy
into the sheared product. In other words, due to the sinusoidal axial

noti on of each kneader vane it is only at a line that for each shear cycle
a maxi mum proximty of the kneader vane and kneader pin and thus a maxi num
shear velocity with 5 correspondi ng shear defornati on/energy dissipation in
t he product bei nq_ processed. Although the objects of conpoundi ng
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‘kneader pi gswaFeng ¢REhbeH fita dhixbeant RrivdeRrl tvane dfrthel kind eiséntionédcts,
totally new neans of influencing, for instance, the gap remai ni ng between

a kneader tbmeutsesfarmed byandejion@rapgementof figts, radiband GUBMRSi | abl e. I n

particular, the size and profile of this gap can now be varied practically

at random whil st taking into account 30 also the axial notion overlying

the rotati dmel objeict @f. thEhénvemiient isothud Itd suphidticatietairhixiedy wintdhkneddingnce

to the drawings 1n which: -3- FIG 1.is a Iongiﬁudi nal section thr%u h a

mi xi ngland g ¢ the kind as set forth in the preamble such that it satisfies theSe
additional requirements in that the geometry of the kneader vanes of the screw
and/or of the kneader pins can be adapted to desired properties so that, for
example, an enhanced mechanical energy input and/or varying the shear and
extensional flow zones generated in the working space and working the product

20  being processed is now achievable.

For this purpose, a mixing and kneading machine in accordance with the

invention as it reads from claim 1 is provided.

25 Since the main surfaces of the kneader vanes andfor kneader pins are
configured at least in part as freely formed surfaces, totally new means of
influencing, for instance, the gap remaining between a kneader vane and the
corresponding kneader pin are now available. In particular, the size and profile
of this gap can now be varied practically at random whilst taking into account

30 also the axial motion overlying the rotational motion.

The invention will now be detailled with reference to the drawings in which:



machi ne as shown diagrammatically; FIG 2 is a cross-section through the
m xi ng and kneadi ng machine 5 as shown diagrammtically in FIG 1; FIG 3

is an illustration showi ng the characteristic shear and extensional flow
zones in the product mass as caused by az_kneader vane passing a kneader
pin, 10 FIG 4 is a diagrammtic illustration showi ng the rotational notion

bet ween a kneader pin and_a conventjonal kneader vane; FIG 5 (s a

di agr anmat ildG:- 1 ust r at i on iSRRG tudinal spdionoHupughta dJrixing Bad,.kaeading
kneader pin and a kneader f i : nce with the invention
: RiAHing 88 hBUrSabRmAEAOHRA

in a first enbodi ment; FlI tration show ng the
rotational notion between a kneader pin and a kneader vane configured in

20 accorda ith the invention in .a secon nbodi ment:; FIG, 7 is ,a
di agr ammat n{i& | ustration '%ﬂ&ﬁ??ﬁjs?ﬂ@nr@‘f%g Mg 8Rd kpspdingmachifgader

pi n andsa kneader vane CO%@Wdi‘aQrarﬁﬁ%leﬁﬂﬁﬂﬂ@ﬁ? the invention in a
third embodiment; 25 FIGs. 8 to 11 are each a sectionw se first

| ongi tudi nal section through the m xing and kneadi ng machi ne shown
diagrammatigal Ly with differingly confiqured kpeader vanes. 3Q FIG 12 is
2 Uew i gaPsphctve of it <t cltgtiin. Sikite | 6" e RAS(e, deay and
configured in accordance wiidhsidifal floWv2sHidsOim theNstoddct Nkss aslchdsedlsy are
each a cross-section through a m xi ng and kneadi ng machi ne 1 shown

di agrammati cal |y i n whi chkpgademnvang passing a kneetge pi; of t he kneader vanes
are co?éi gured differingly. 5 Referring nowto FIG 1 and FIG 2 there is
illustrated a | ongitudi nal section and cross-section respectively through

&, nixing arfiGkaeadi ng nachd aedidgrsnmadsilustration showing the rotational motion
o between a kneader pin and a conventional kneader vane;

FIG. 5 is a diagrammatic illustration showing the rotational motion
15 between a kneader pin and a kneader vane configured in
accordance with the invention in a first embodiment;

FIG. 6 is a diagrammatic illustration showing the rotational motion
between a kneader pin and a kneader vane configured in

20 accordance with the invention in a second embodiment;

e FIG. 7 is a diagrammatic illustration showing the rotational motion
| between a kneader pin and a kneader vane configured in

accordance with the invention in a third embodiment;

25 :

FIGs. 8to 11 are each a sectionwise first longitudinal section through the
mixing and kneading machine shown diagrammatically with
differingly configured kneader vanes;

30 FIG.12 is a view in perspective of a screw module featuring

kneader vanes 4 configured in accordance with the
invention, and



diagrammatically as an aid in explaining the type of m xing and kneadi ng
machi nes i nvol ved presently. The m xi ng and kneadi ng machi ne 1 conprises a
wor ki ng space 9 encl osed by a casing 2, the working space 9 acconmodating a
10 rotating and translational noving warking menber 3. The working nmenber 3
Is provided wth kneader vanes 4 configured as screw flights
circunferentially to create axial passage openings 5 for the kneader pins

6 fitted t FlEgel1esR1Bg 2. are eashi Actrossseation thropighha midnthg@nd kneadingbl y
conprises two parts 2a, 2 ' ' r ral Edp i 7.
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circul ates, serving to coeglrfacst of thedaicddee vanss age oonfigured idifferighce. The
basi c configuration of one such m xing and kneadi ng nachine is known, for

exanple, from CH 278,575. The m xi ng and kneadi ng machine 1 may in addition
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ext ensi onal ow zones I n the product maSs P as they occur in a mxing and
kneadi ng matdrking spacki Yaneldsed byer casing 2, the watking spack Acacgeommedaiingia

' knead in_6., The di i f ' f the .knead '
50" naf R SRS L PaBsiateia medao st werier Y. e hePdrg ReTPeh3ds he-
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rotational notion of the kneader vane 4 the tip thereof distributes the
product naskeategxial passage epepingstefogithe kveader pips tBdtabntherasingddds pin

vane 4 1 ac ek EeRRERER 15 rédfo rahe SRR N Btes Bl ot 26 2B BB o
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In this gap 8 a shear action is produced in the product mass P as is
i ndi cated WHquigrerogasaays medium wifculales oseIvingWieseedandier heat the casing or

working space. The basic configuration of one such mixing and kneading
machine is known, for example, from CH 278,575.

The mixing and kneading machine 1 may in addition feature one or more baffle
20 rings 10 by means of which the product being processed is baffled defined
axial. Providing baffle rings is known, for example, from DE-A-2014693. In
@ conclusion, the casing may be lined with wear shells (not shown) designed for
facilitated replacement. Providing wear shells is known, for example, from EP-
A-548,022.
25
Referring now to FIG. 3 there is illustrated diagrammatically the characteristic
shear and extensional flow zones in the product mass P as they occur in a
mixing and kneading machine configured as per prior arf due to a kneader vane
4 passing a kneader pin 6. The direction of rotation of the kneader vane 4 is
30 indicated by an arrowed ellipse 25 whilst the translatory motion of the kneader
vane 4 is indicated by a double arrow 26. As a result of the rotational motion of
the kneader vane 4 the tip thereof distributes the product mass P as indicated
by the arrows 11, 12. Between the kneader pin 6 and the main surface 23 of the



5 the kneader pin 6 the product mass P is relayed and reorientated as is
I ndicated by the rotational arrows 14, 15. As already commented at the
out set, maxi num approxi mati ons of kneader vane 4 and kneader pin 6 and

t hus maxi mum shear velocity in the pradgict mass P materializes only on a
| i ne because of the sinusoidal axial notion 10 of the correspondi ng

kneader vane 4 per shear cycle. .10 Referring ngw.to FIG 4 there js
i || ust r at eNEAHBY Vane d anckthepRassing kaed & YA fdECiG the rpeaderjn 9 there

transl at or 1,0 t ' F o i ce of
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of the kneé&iusoidal@xial mationtletihgt cureshonding lrepder yape vheeisheaar cycle.

di spl afﬁrrent of the rotating working nenber 3. Since the geonetrical shape
of 25 e main surfaces 23, 24 with a kneader vane 4 designed as per prior
,alri] t coml)E3 iRHl;errml rOW ttkyllall&aA tiastel iSjﬂdstgé’rﬁwﬁrﬁpiliﬂ@dﬂthimﬂmé ptdfide glﬁahe gf
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certai n degneaddén vhere tdillustratede Fappimpliciy thet kneadee ping 1€ amchdepicted as

def ormat i ons/ epe di ssi patjons i t product s P being -6-
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the vanes 4 designed as per prior art relative to the adjoining kneader pin 6. For a

better overview, however, the motion profile is depicted kinematically reversed,
i.e. it being assumed that the kneader vane 4 is stationary whilst the kneader
pin 6 is moving on a sinusoidal path, resulting from the rotational motion of the
20  working member 3 overlying the translatory motion. As evident from this FIG.
there remains between the two main surfaces 23, 24 of the kneader vane 4 and
S the passing kneader pin 6 a gap 16, the width and profile of which is dictated by
the geometry of the kneader vane 4, the associated kneader pin 6 and the axial
displacement of the rotating working member 3. Since the geometrical shape of
25 the main surfaces 23, 24 with a kneader vane 4 designed as per prior art
comprises solely flats, radii and simple linear curves, the shape of the gap 16
between a kneader vane 4 and the passing kneader pin 6 can be influenced
only o a limited extent, resulting in, for example, a maximum shear effect being
achievable only along a line.
30
These shear velocities at a maximum only on a line per shear cycle were
sufficient only to a certain degree hitherto in some applications to enter the
shear deformations/energy dissipations into the product mass P being



wor ki ng space 9 and thus al so the working nmenber 3 or the wanted result not
bei ng attai ned or remai ni ng unattai nable. Wth conventionally forned
kneader vanes 4 / kneader pins 6 there is no way of adapting the gap 16
and thus the 5 free volune in the working-space. The sum of the free

vol umes substantially influence the dwell tines which accordingly also
remain static. It is in_ any case .so,, that due to the restricte
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kneader pins 6 so that between each kneader vane 4 and the passing kneader

pins 6 a free space 16a remains in the form of a uniform gap. In this case an

optimized shear effect is now achieved by the gap-type free space 16a,

20  between the main surfaces 23a, 24a of the kneader vane 4a and the passing
kneader pins 6, now featuring a relatively constant width and is relatively narrow

Y practically along each main surfaces 23a, 24a of the kneader vane 4a. The
dimension of the gap of this free space corresponds preferably to 0.005 to 0.03
times the nominal diameter of the working member of the corresponding mixing

25 and kneading machine.

Referring now to FIG. 6 there is illustrated diagrammatically the motion of the
kneader pins 6 relative to a further kneader vane 4b designed in accordance
with the invention. Here too, the two main surfaces 23b, 24b of the kneader

30 vane 4b are again mainly configured as free formed surfaces so that a uniform
narrow gap 16b is followed by an flared free space 17b. The uniform narrow
gap 16b forms in this case an intensive shear zone, whilst the flared free space
17b results in a defined relaxation of the mass being processed.



Referring nowto FIG 7 there is illustrated again diagranmatically the
notion of the kneader pins 6 relative to a further kneader vane 4c
designed in accordance wth the invention. In this exanple too, the two
mai n surfaces 23c, 24c of the 5 kneader.wane 4c are again nainly configured
as free forned surfaces, the kneader vane 4c in |l ongitudinal section
havi ng the shape of a propeller. The shape of the kneader vanes can be

- designed specifically - up to a "fan blade" - to satisfy a wide variety of
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t he - 8- influencing the folding characteristic in that larger roundings tend to result more
in forewards pressures, smaller more in a cutting and/or folding action of the
product. Both variants and their intermediates can be made use of technically in
20 processing: forewards pressures -> energy dissipation, cutting -> surface

renewal for wetting and/or removing gas/air from the product being processed.

Referring now to FiGs. 8, 9, 10, and 11 there is illustrated in each case a
sectionwise longitudinal section through the mixing and kneading machine
25 shown diagrammatically, each depicting a kneader vane and a kneader pin in

cross-section.

Referring now to to FIG. 8 there is illustrated a conventional kneader pin 6 and
a conventional kneader vane 4. As evident from this illustration there remains
30 between the main surface 23 of the kneader vane 4 and the passing kneader
pin 6 a gap-type free space 16, the width and contour of which is dictated by the
geometry of the kneader vane 4, the corresponding kneader pin 6 and the axial
displacement of the rotating working member. Since the geometric shape of the



main surface 23, 24 with a kneader vane 4 designed as per prior art
conprises solely flats, radii and sinple linear curves, the shape of the
gap-type free space 16 between a kneader vane 4 and the passing kneader
pins 6 - as already comented - can be gnfluenced only to a limted
extent. 5 Referring nowto FIG 9 there is illustrated a conventiona
kneader pin 6d designed as ger prior art with a kneader vane 4d designed

in a first BABORNIAGH 23, 4 WHBG kagreenyane 4 HESIORGERS BRI PTIOTAT REMPEISA
f 2 fobieng ke - sechi on,
surtaces %lel?éﬁt&? £%§" ?Pg %ﬁgﬁﬁ%glfnl?‘é? Rk, Fr'ﬁ?%“%@? %f Pga“grgé fﬁé’ﬁée %%%{:1% on

resulting in a’gap pwar ds. rtl alning t

shear def ortbetweari at keeglerdearte Ueamd) the passimgeknaaest ping Gewas tatreaty f ul |
depth in notion o he screw nodul,e; .the .radial  increasing peripheral

vel ocities %‘?W&"{%#m%ﬁ? '%ﬂ&ﬁ?ﬂ?&@&@mﬁaﬂm r to the outer dianeter
by adapting the free space 16d, as a result of which the shear gap is

i ncreased radially. 15 Referring nowto FIG 10 there is illustrated a
kneader pi rReferrirgsingmedo dGe® thpre de iustrated o rasinventionalwkneaders pint 6¢r

enbodi ment pf .a kneader vane.4 designed in grdance W l;nvention.
The two. maidpeidhehes 085aHs S s Kiraig e RE G8HERGE T ATk dmBod el
Cr oss- sect ij@nacdordahde WitH thé Nhbeditsit TRE A inikih heurBadesboBdy Zddabedhe
upwar ds between the nmain surface 23e of the kneader vane 4e and the

kneader pi rkngademnpee st faaiireva opnMgX chessssrationd desiiting in@ aap 26Adlasedduct

rah i FO°F PR TRisRortile, dibiiaiR) the SnER: UgRrfaubh orbh Hed R kifio or e
di amet er t probessadt esnstamnadwn totheiall deptpr mationl ofy tredsgreivnmodote; fthee 25

‘'space 16e by jncreasing the shear gap .radially down to deeper and thus |ess
arduous shdadishgingeqasiis  petipharal nglodiies Peing, campengated; dram | the (red a

kneader pi ny; | ' | ecl Vﬁ;éfc' o4l 4 ' leON
with a kneg@i‘l e&zﬁgqﬁg d%t*tgg d@ﬁ&%gg:{%ﬁ%#t?@ g”(%cgtraga cebwﬁqir%igrﬁéhg@trﬂfi on.
The two f aevhich tiee shesardaciein@éhsedvhdiafly.t he kneader pin 6f and kneader

vane 4f are adapted to each other such that the radial gap 26f between the
kneadet®pi n 6f and the kneader vane 4f is

Referring now to FIG. 10 there is illustrated a kneader pin 6e designed as per
prior art in combination with a further embodiment of a kneader vane 4e
designed in accordance with the invention. The two main surfaces 23e, 24e of
the kneader vane 4e feature a concave cross-section, resulting in this case too
20 in the gap being flared upwards between the main surface 23e of the kneader
vane 4e and the kneader pin 6e. This permits varying the shear deformation of
the product being processed down to the full depth in motion of the screw
module; the radially increasing peripheral velocities being compensated from
the core diameter to the outer diameter by over-proportionally adapting the free
25 space 16e by increasing the shear gap radially down to deeper and thus less

arduous shearing actions.

Referring now to FIG. 11 there is illustrated a kneader pin 6f designed in
accordance with the invention in combination with a kneader vane 4f also
30 designed in accordance with the invention. The two facing main surfaces 24f,
25f of the kneader pin 6f and kneader vane 4f are adapted to each other such
that the radial gap 26f between the kneader pin 6f and the kneader vane 4f is

more or less uniformly narrow, resulting in an intensive shear effect in the mass



nmore or less uniformy narrow, resulting in an intensive shear effect in
the mass -9- being processed. This permts varying the shear deformation of
t he product being processed down to the depth in notion of the screw
nmodul e; the radial increasing peripherag_velocities fromthe core dianeter
to the outer diameter being adapted by tapering of the free space 16f -
reduction in size of the shear 5 gap radially - up to higher shear

def or mat i oeingdreeessesoridis mesmis aryingathe ghead rigt%n@élﬁna@ft thengroduct
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actual working nenber is formed bKethe drive shaft and a pl uraglty of such

modul es 27 PeirgAdaptesiby fapegisaiafne drae epageal 6f < eadycligndl sizsolheiNegrand
drive ngnbg?ﬁ Ba% Ppaﬁléft@ﬂ@%" %ﬂ%af“fdfe% njoolﬁlé thu%cﬁﬁ% W‘?t@ﬂéﬁé chedrS
ced singly

that they nation. 1 n accordance wth
i ndi vi dual arelcntlspenmntai:tlmﬁst he m)dul es can be differingly designed by, for
instance, differingly designing the main surfaces of the kneader vanes.

Here in the present exanple the two side main surfaces 23a, 24a of each

kneader vargemaiiy RoWOrl FI! £8 tRrel Tseiﬂustfré’lbﬂeél sgktrvt EIuIBY2H B¥INRdisY a

natural starting point at any point. 20 Such ules 27 can be al so put to
use for zomlurglithef kmeddey mr@skttmaﬂmengscremafmmdea% il pravideddwithean iger

. Thus, dul di ff f d
o ol r HGBING Ai oIS MRy oho driie SeAtt el St B adel MRbaig .
.cor r espondipfgmBeRNS Sdrikd Bgrthexaﬂvé eshdfiind_&r smrémy n@f sUEh anedulesi DY
'conflgured differingly. ferring nowto FIGs 16 there is

i || ustrat ednuntedcdn ctia@@eatralr deive shefti sarvinghas dleg: Q&"dﬂﬂguﬂl@ drive Kermbehg

provi ded w it BPParvATTape. aftpidi Y SulBoroP®, mRBURE 2745 dad Vgl el b
enbodi nent sepiaced Mgl drf iBr cadbinatibhain Yaceyrddmeer with andisidell réduiraméntees of
t he kneader vanes as may be fornmed by free formsurfaces, In this

ar r angbbrenthe&nodules gapvke dlifieringly designieds uplor drstang@edifferinglyresioniRgwni ch
the main surfaces of the kneader vanes. Here in the present example the two

side main surfaces 23a, 24a of each kneader vane 4a are configured as free

formed surfaces by having no natural starting point at any point.

20  Such modules 27 can be also put to use for zoning the mixing and kneading
machine axial into differing process zones. Thus, modules having differingly
configured kneader vanes can be arranged in-line, whereby, of course, also the
kneader pins can be corresponding adapted by, for example, their free form
surfaces being configured differingly.

25
Referring now to FIGs. 13 to 16 there is illustrated in each case a cross-section
through a mixing and kneading machine 1 shown diagrammatically, the working
member 3 of which is provided with differingly configured kneader vanes 4.
These four example embodiments as shown differ particularly by the radial shell

30 surfaces of the kneader vanes as may be formed by free form surfaces. In this
arrangement FIG. 13 shows a conventional shape of a kneader vane 4 in which
a uniform radial gap 19 exists between the radial shell surface of each kneader
vane 4 and the inner side of the casing 2 enclosing the working space 9. In the



a uniformradial gap 19 exists between the radial shell surface of each
kneader vane 4 and the inner side of the casing 2 enclosing the working
space 9. In the -10- exanple enbodi nent as shown in FIG 14 the radi al

shel |l surface of the kneader vane 4g [gpnodified by protuberance 20 in the
formof a canel's hunp so that a radial gap 199 varying in width is
formed, this protuberance 20 significantly reducing the radially gﬁﬁgrated

she?r pegk@.x?mpie hembadiownteas shoven dmoe-i 4 Hhe, radial ghelt fuplagesA )
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radi al gap Ihu fea . configurin al shear ‘and
ext ensi onalsof teatsa Wadiz deg vandegihnaidtionis feirtied; Hhisepfatobsramse 20

descri bed above. In conclusjon, FIG 16 shows an ex‘? I e od'.man{ i n
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but _the, T adalyrIff&'1 s/ ARRAN S shigN Shiite P dMelch knBRARE vaRY MY dfured” ©
used to set the mxing efficiency and the [ong-termresponse of the screw

nmodul e 27; & luhaggingetadias sémtaat rthe medigl gepufl 8h nepritinoouslyr daeathaséaforbei ng
enmul ated in thus achi E,ang a si Bgul arl%/ dei ned Rro ertx ﬁr.ofi | e regai ni ng
constant o¥@nfigudng gadial, shear andrextensiopal RWs WRRE NREYRALAFHMORANEN 4 g
kneader pi Qsh ﬂ%f@frdctéf%g, J¥QaibaHdodTR. I OREABRRS FIG. 4 BosHRARNali@ffile vane
and the nmain surfaces of each kneader pin, particularly the shear velocity
di st ri but i embedimeat adwpichdheadadingyandrand pedionsmefieach l{nqm iviene, 4i gigg

ther thi , I t aj dinf tion. as. Iy: it
andt hed b 2o 3t R darolPt (Pror e SERrhis B heRE TOuHNGR S e
vanes arr apgeq,selenesst the SRl Bffickendgyaid eheTRiry-Rwinl RepBNSE ofahd dcraader
pi'n and/ or kneader vane being “configured at least in part as free form

sur f aces pmcmdtga 2T, 4bie geommeiric ishapes ormedly desilting frsm Ehsagup WRANRRIAG each
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shear/ m xi genagzht koeeik gl dashgltliifens. I n addition to configuring the main
surfaces of the kneader pins and/or kneader 30 vanes also other elenents

of thelwi xi ng and kneadi ng machi ne, of course, such
By designing the kneader vanes and kneader pins, namely the two-side main

surfaces of the each kneader vane and the main surfaces of each kneader pin,
particularly the shear velocity distribution can be adapted radially. This now
makes it possible, amng other things, to use elements tfailored in function as to
20  mass viscosity and the absolute peripheral velocity of the working member and

the kneader vanes arranged thereon respectively.

By the main surfaces of each kneader pin and/or kneader vane being
configured at least in part as free form surfaces both the radial and the axial
25  contour of the gap between each kneader pin and each kneader vane can now
be influenced practically in any way needed in adapting to the wanted
requirements, namely as regards the shear/mixing and kneading functions.

In addition to configuring the main surfaces of the kneader pins and/or kneader
30 vanes also other elements of the mixing and kneading machine, of course, such
as for instance the shell surface of the working member, the main surfaces of
the baffle rings as well as the shell surfaces of wear shells can now be

configured as free form surfaces at least in part. It is also, of course, just as



as for instance the shell surface of the working nenber, the main surfaces
of the baffle rings as well as the shell surfaces of wear shells can now
be configured as free formsurfaces at least in part. It is also, of
course, just as -11 possible to conbipgqconventional surface shapes such
as flat, round, spherical and sinple curved surfaces with free form
surfaces. The exanpl e enbodi nents as descri bed denonstrate that the_ present

i nvention POSEBIP Harembine perRvaMional sudacs RBAPeS AUCTHAS fladufouadeSPiatiqale
kneader vang siﬁ{b?é eﬁwﬁélsﬁﬁ?%SEQWﬁ%@@ﬁ]g ééé%h processi ng actions as

conveyi ng, shearr ng, neadi ng, degassing, cooling etc. in
precisely configuring, designing and fabricating themto neet the
particul arl.y object, in processing., 10 This is the ipverse of the approach
hither to i M PEAMBle/embedmaninge deserives demansiate ther foe Persebb DVGDHen
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requirenents 1 n each case and the conventional mechanical engineering
possi bi | i t iapsl/aref thedsiaadiee pins talsuchy pregessing adtions as conveyng cshearinggy .
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and the reality in converting themw th the |atest” nethods (both "as to
design and in production technol ogy). The invention expands in this sense

new 20 Bopish o8 HRerE o5 hELaRbGath, ingfe 1a Bbichy o Mot uSERt o
Al exi bi I'i t preédrivedesurace Bhapgss darenavaladle. WY Bohibifindetegd. badie shiapesg and

‘kneadi ng machi ne as described presently is particularly suitable for
conpoundi ngh®uPrecesswigahaicad| eauiteragnfsoin peaely easeseaNd piek -consgatinal 25
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geometric design minimizes the discrepency between theoretical, process-

technical action and the reality in converting them with the latest methods (both

as to design and in production technology). The invention expands in this sense

the operation window of existing fields of application in thus opening up new

20 applications hitherto not available or accessible by the full flexibility afforded by

three-dimensional geometric design.

The mixing and kneading machine as described presently is particularly suitable
for compounding bulk-flowable, plastic and/or pasty masses, bulk-flowable
25 masses being understood to be, for example, powders, granulates, flakes etc,

whereby this listing is not intended to be conclusive in any way.



5 encl osed by a casing (2), and a working nmenber (3) noving rotatingly and
translationally in the casing (2) and provided with kneader vanes (4) and
kneader pins (6) secured to the casing (2) and protruding into the working
space (9), characterized in that the naiqp surfaces of the kneader vanes
(4) and/or of the kneader pins (6) are configured at least 10 in part as
free forned surfaces (23a - 23f). 2. The . m xing and kneadi ng machi ne (1) as
set forth in claima1l, characteri zed iG1aiM&t the t hree- di mensi onal geonetry
of the main surfaces (23a - 23f) of the kneader vanes (4) and/or kneader
pins (6) 15 is/are configured at least in part such that they have in no
poi nt a natlural A stiging agd ﬂmielatianBma'Elhmer(k) p@tlantarlynimcﬁampomdilhg\bu{lé) as

set forth in clgl I2 acterlzed in that at |east l’ghe nai @grface
(23a - 23f) of %\’-’i’é%rei’ as% pasty Mapses, GOMPrLINgE&Working FRass, i
configueed as aérfc?c%efdobﬂ‘a &aélhgg(é?]génd EnGoRtintd Hember (B AVINY F@cﬁﬂhﬁl? (1)

as set forth in any of the prec clalns, CTharacterized in tha
| east the mai n and erslatdwllydn the loasinge(2) 81’51 momd(e@b\)wﬂnémeageravm@ér

vane (4c) is confl red as _.a free for face.. n nd adi n

rachi o (1) s e keSSt w6 Seofted T M ERnind @) adlbrafiRiRE fhs 58S '
that the main suidRirgs sPécéF@)kwséteV%%:ﬁ%ataw phainf sifcdenendae pins
(6) are adapted to the transl atory notion of 30 the working nenber (3) such

that the shear dingager Hanes (taard/or of the kneaderapingrl) are conliguigd At deast

par ti chlar |y optT hegats e RIAr SwiPe ol R0, T "and kneadi ng.

srachine (1) as set forth in any of the preceding clains, characterized in
that the main surface (23a) of each kneader vane (4a) is adapted to the

associ at ed «neaddle gnixing) ardickneading paraging (e agnaslefor An( laimnd .t he
k d
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| ng
correspondi ng misxifagean@3&neas) raf thBclmemie(rl\)anes (4) and/or kneader pins (6)
15 is/fare configured at least in part such that they have in no point a natural

starting point.

3. The mixing and kneading machine (1) as set forth in claim 1 or 2,
characterized in that at least the main surface (23a - 23f) of a kneader
20 vane (4b, 4c) facing a kneader pin (6b, 6¢) is configured as a free form

surface.

4. The mixing and kneading machine (1) as set forth in any of the preceding
claims, characterized in that at least the main surface (25¢) of a kneader

25 pin (6¢) facing a kneader vane (4c) is configured as a free form surface.

5. The mixing and kneading machine (1) as set forth in any of the preceding
claims, characterized in that the main surfaces of the kneader vanes (4)
and/or of the kneader pins (6) are adapted to the translatory motion of

30 the working member (3) such that the shear andf/or mixing and/or
extensional and/or folding and/or kneading actions working the mass’
being processed can be influenced, particularly optimized or maximized.



7. The m xi ng and kneadi ng machine (1) as set forth in any of the preceding
clains, characterized in that the m xing and kneadi ng machine (1) 10
conprises axially differing process zones and that the main surfaces of

the kneader vanes (4) and/or of the kneader pins (6) are differingly
configured in the various process zones. 8. The m xing and kneadi ng nmachi ne
(1) as set forth in any of the preceding 15 clains, characterized in that
the main s@-f aceEhg mprng 208 kreadinpmachise (19 e sehfrtvin anhekthenreceding

and/ or of the k o] . fdqur . [ [ h

defi ned extensi o%ﬁ%ﬂ%f’l(’g{ﬁr@gﬁégeﬁﬁeﬂp ?gltiﬁge'ﬂlt‘"r? % ﬁ@ééaﬂégggﬁg r%%gr%@é;a?éeéd. 20

9. The mi xi ng angne@ajlisngdapteditt ¢hd dpseciateekrfeardeh pim(6sychithatietweenedi ng
clains, characterized In that the radial shell ggrfaces (8f t he kneader

vanes (4g, 4h) dhe Kmadegaird6handdhe: passing kneader vage (4ahAsURifelFgapP1 0.
The nixikng and ' ' - ' ' ' 5 fend

25 cl ai IFr)ns char g??éﬂ%ﬁ?ﬁ%@%%he@a@ﬁéggﬁgrg%%tsma(2 a,lrﬁézlél(gl)aﬁ]oe?éat Igast
part of the knesowking/meeterddthacerrespdndjng enixing andkeddiag machirec@ls, 11.
The m xi ng and kneadi ng machine (1) as set forth in any of the preceding
clainms, characterized in that the main surfaces of at |east part of the 30

kneader ping ar ergOpikidy afel Idadiny TRicAfe @Yasa®® forth in any of the preceding
claims, characterized in that the mixing and kneading machine (1)

10 comprises axially differing process zones and that the main surfaces of

the kneader vanes (4) and/or of the kneader pins (6) are differingly

configured in the various process zones.

8. The mixing and kneading machine (1) as set forth in any of the preceding

15 claims, characterized in that the main surfaces (23b, 24b, 23c, 24c) of
the kneader vanes (4b, 4c) and/or of the kneader pins are configured at

least in part such that defined extensional flow zones materialize in the

mass being processed.

20 9. The mixing and kneading machine (1) as set forth in any of the preceding
claims, characterized in that the radial shell surfaces of the kneader

vanes (4g, 4h) are configured at least in part as free form surfaces.

10. The mixing and kneading machine (1) as set forth in any of the preceding
25 claims, characterized in that the main surfaces (23a, 24a) of at least part
of the kneader vanes (4a) are configured as sinusoidal surfaces.

11.  The mixing and kneading machine (1) as set forth in any of the preceding
claims, characterized in that the main surfaces of at least part of the

30 kneader pins are configured as sinusoidal surfaces.



