METHOD OF AND APPARATUS FOR CONVEYI NG MATERI AL The present ié&ébtf@ﬁﬁ<1q_
relates to a nethod of and an apparatus for conveying material. In this
specification, the term"material" is to be construed in a broad sensé,
enconpassed articles, goods or conponerts i honbgeneous or het erogeneous ...
m xtures, e.g. bulk material, and not only honogeneous goods but al so «{“

mat eri al which ing¢ludes conponents _of varying size. densit elasticity, -
nmoi sture etc. Ex 0 .n%?%@R%TU§f§°§QSDNVEXEHG gﬁ&ﬁglﬁﬁﬁlme, wpod
chips etc. A need exists in many connections for the conveying of such
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i npor t ant dpparatusoferycopveyingkmatexialsubst antially vertically or on a
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abovenenti oned connegtion_are scraper conveyors, SCrew conveyors _or
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ends. The unl padi ng, erefore, except re-very short screws of max.

l ength 2- F934r ecegﬁtegﬁééprh&?ftu&etra%mﬂ &8Rsh®RRh . an opening in the
sides of the casing. ngeavertis®ealins watly CUHMRUA For OpdEeghe ébnieying
mechani cal_shaft. which are used for vertical .ar strongly inclined conveyors ..,
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and fave tto openvey materdhlsfeet andower 3 300 a fmigher one. For
reasons of space it is frequently important for the conveying
to take place substantially vertically or on a steeply
inclined path. '

The type of conveyors appropriate in the abovementioned connection
are scraper conveyors, screw conveyors or belt conveyors etc. Such
conveyors are then arranged inclined and lift up the material to the
desired higher level, '

In applications where-screw conveyors are used a spiral-form thread

_ (screw) provided with a centre shaft is present which is enclosed in

o/ a casing wherein the thread (screw) rotates. The arrangement
represents a rigid and a heavy construction which even for relatively
short conveying distances is supported at least at both its ends. The
unloading, therefore, except where very short screws of max. lengih
2-3 m are concerned, has to take place through an opening in the
sides of the casing.

Conventional screw conveyors provided with a mechanical shaft which
are used for vertical or strongly inclined conveyors have a series of
well-known disadvantages, e.g.:

They have low efficiency and have to operate at high speed,
normally 300-500 rpm,




PCT/ SE88/ 00264 WD 88109301 2 The hi gh speed causes high energ\éa_consu tion
and as vatggﬁ,gb@ﬁds to rapi d'wear. Unloading is rendered dif UPE88
requires a large space, since 5 it has to be done sideways. The
rigid construction in fixed supports apd the linited space between threads,
shaft\wnd casing wal |l neans that the néteri al easily janms. 10 The rotating
. shaf t "render's |rrp055| ble the transport of material which can tw st itself

round the shaft. t _.snmear tends to cake ontp the N vvaII
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screw and casi ng.tolhasid wears, wel | - known for the rotation of the screw to be
rendered difficult or hindered by this phenonenon. The aforesaid

di sadvant ages of vertical screw conveyors have the 20 ef fect that

conveyors for thdnloadingeds ofendared idaFf trtlheand diegibresns largel spamee biricet
with a re atively; ﬁsm 'toaﬂgloeongfsidk%g?at ion (normally [err]) which

naturally nmeans a | arger space requiréenent. The consequence are | arge
buildings with the high investment and operating costs associ ated

therewith. 25 An 'ﬁﬁpPV%F@t b@ﬁ‘s%t@’lerQHefﬁJeHYs&Hb%%§ dnd the 'l%l:t)é’dj'sggcé 0
transport contai ners en have tqQ be db | east

te
i nclined conveyor betyeen ﬁ@'@ﬁ %f*a@é Q?ét‘"%lé”a&]r'ﬁﬁaé'sl arFal?@S mategiat cuI t
to fill a contai ngsitpnjame; el y, since the conveyor has a 30 limted
unl oadi ng,grea. For bulk material the containers often have base di nensions .
2 Xx 6 m LFkewise, it will be appreciated that the problemis accentuated
when e.g. at a trEwesrotatiing stafti rendeey eimplossibiteathertsapsmomadofidjatienialy one

another are to befih! &% twist itself round the shaft.
/

Moist smearing material tends to cake onto the inner wall of the

15 casing and continuously reduce the "clearance" between screw and
casing. Thus it is well-known for the rotation of the screw to be
rendered difficult or hindered by this phenomenon.

The aforesaid disadvantages of vertical screw conveyors have the
20 effect that conveyors for the transfer of material between different
 levels are built with a relatively small angle of inclination
(normally 15-459) which naturally means a larger space requirement.
The consequence are large buildings with the high investment and
operating costs associated therewith:

An application which generally occurs is the unloading tb transport
containers when the goods have to be lifted by at least 2 m. An
inclined conveyor has the disadvantage that as a rule it makes it
difficult to fill a container completely, since the conveyor has a
30 limited unloading area. For bulk material the containers often have
base dimensions 2 x 6 m. Likewise, it will be appreciated that the
problem is accentuated when e.g. at a transloading station several
containers placed adjoining one another are to be filled.

35
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PCT/ SWI3B809¥ 3 Generally it is so, that in a sérew conveDEN/SRE8/003641 with
nmechani cal shaft - or in a spiral conveyor w thout mechanical shaft - the *
conveying takes place in that the terial transported rests agai nst-. a@d
slides along, a driving surface of screw (or of an endless 5 s,crapgg)
whi ch forns an obllque angle with the direction of con- veying. If thig"
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and t hel asPRRP ing. other words. n order that the materia d be |
conveyed in the direction towards the discharge end, the sum of the '
friction forces between the goods transported. and the rotating screw

must be less than between the goods and the stationary casing.

-

20 It is evident that on a_vertical or strongly inclined conveyor, which
comprises a casing enclosing a screw provided with shaft, as a rule
the forces with which the material is pressed against the casing will
be less than the forces with which the material adheres to the screw,
"If no special measures are adqpted to compensate this relationship, -
25 the result will be that the friction forces between the goods o/
transported and the vertical casing will be smaller than the friction
‘forces between the goods and the rotating means. To establish the
preconditions for the transport of the material towards the discharge .
end, consequently, the friction between the material and the casing -
30 has to be increased. In accordance with prior art this is accomp-
lished by choosing a high speed for the rotation of the screw and,
throwing, with the help of centrifugal force the material against the
casing of the conveyor. Vertical screw conveyor operate therefore, as
already mentioned, at a high speed with the associated disadvantages
35 in the form of high power consumption, rapid wear and low filling
ration and/or efficiency,



30 has to be increased. In accordance with prior art this is acconp-

| i:shed by choosing a high speed for the rotation of the screw and,
throwing, with the help of centrifugal force the material against the
casjng of the conveyor. Vertical screw conveyor operate therefore, as
aIreadxﬂnentloned at a high speed with the associ ated di sadvant ages 35
in the formof high power consunption, rapid wear and low filling ration
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towards the discharge end is taking place. In addition to hindering
the filling of the feed section of the screw conveyor and the
increase of the friction forces between material and screw which the
centre shaft of the rotating screw brings about, it also renders
impossible the conveying of material which can be twisted round the
‘shaft and limits, moreover, greatly the conveying of material in
large pieces.

It has been known previously that for the conveying of, among other
W/ things, the typg of materials mentioned earlier in a horizontal plane
or at a relatively small angle to it (maximum 30-40°) a spiral-form
thread without mechanical centre shaft may be used, the thread
rotating in a casing. The spiral thread is supported then only at one
end of the spiral., The use of the shaftless spiral thread eliminates
a number of the disadvantages of the conventional screw conveyor. A
conveyor with shaftless spiral thread makes possible extremely light
and compact constructions and, moreover, is appreciably more
capacious than the "'screw conveyor”, as it lacks the obstacles which
the centre shaft and bearing constitute. This makes it possible to
make use of appreciably higher filling ratios during transport and to
operate with the same dimensions and transport capacity as a screw
conveyor with shaft but at considerably lower speed. It may be used

trouble-free for entangling or smearing materials or for materials of
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things, the type of materials nentioned earlier in a horizontal plane or at
arelatively small angle to it (maximum[err]) a spiral-formthread w thout
mechani cal centre shaft nay be used, the thread rotating in a casing. The
spiral thread is supported then only at one end of the spiral. The use-of.
the shaftless spiral thread elim nates & nunber of the di sadvantages af the?
conventional screw conveyor. A conveyor with shaftless spiral thread nekes -
possi bl e extrenely Ilght and conpact constructions and, noreover, is = =
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on conveying material froma |ower er Tevel. The present invention
provi des” a met hdd&®P %ﬁﬁf&ylwm’é?ﬁaﬂ’r?'ﬂﬁ?% 2 ekhedyef eenyeyigger
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arranged t ther_at_ an_an th_a,second conbination of.

I t
a casi n&mgﬁ%r ?qr‘}otcagtﬁtﬁesg: s“f%’tréas*sl%’bl?glaa??%?’@%da’?‘ﬂe?e?ﬂlr?ﬁe first
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arranged therein, the firetfcombination having a feed
opening through which the material isﬁSﬁpplied to the
arrangement, the discharge section of the_firSt'combination
be*ides having a dischafge opehing located in an axial
dlrectlon of the sp1ra1 through which the material leaves
the first combination, the second combination hav1ng a feed _
section into which opens the dlscharge opening of the first
combination, the discharge opening of the first combination
facing a side of the shaftless spiral of the second
combination, and a dlscharge section w1th a discharge _
opening, the second combination being adapted so that after \;)
receiving the material it conveys the same to the hlgher
level and delivers the material through its discharge
opening, and the spiral of the first combination being
directed, at least in the discharge section, towards the
centre of the cav1ty formed by the second spiral, and
wherein the magnltude of the material flow through the



besi des having a discharge opening |ocated in an axial direction of the
spiral, through which the ' material |eaves the first conbination, the second
conbi nati.on having a feed section into which opens the discharge openi ng of
the.first conbination, the discharge opening of the first comnbination

faci ng, asi de, of the shaftless spiral of jhe second conbination, and a

di scharge section with a di scharge openig, the second conbi nati on being
adapted soc that after receiving the material it conveys the sane to the

hi gher 1evel_,and delivers the material through its djscharge opening,_ and
the spiral GAschande SPeid f itde Facapdiidankinntian |ismsubstankially
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I nvention also provides an apparatus for conveying material 1 n accordance
with the metRoF8Ve¥hre invention, the apparatus conprising a first
conbi nation conpri sith@ Prea3vnty iNvéntivm adlslproicibs Glmtappardtes efor

conpr | st ng. SoRYaRIEY AT ekl . FEc BN, i B HPE R 7T ess

spiral in tAaveathonf, &hepiapparadusecomprbwibiade firsthganbigtattidny in the

caskng, the easig ity Eheaddinyf T i WAy UABIHAS therein,
the first combination being coupled together with a second
combination, comprising a casing of an inclined or vertical
orientation and a shaftless spiral in the form of a
spiral-formed screw-blade arranged rotatably in the casing,
the casing of the first combination having a discharge
opening located in the axial direction of the casing which
is coupled to, or constitutes, the feed opening of the
second casing provided in the longitudinal boundary wall of
the second casing whereby the feed opening of the second
casing is non-intersecting with the geometric axis of the
shaftless spiral and a region of the screw-blade is located

K;/ between the said geometric axis and the feed opening of the

second casing at least when the spiral rotates, and the
casing of the second combination having a discharge opening
remote from the first coﬁbination, the spiral of the first
combination terminating closely adjoining the said region of
the screw-blade of the second combination also when the
spiral rotates, the first combination being adapted to
regulate the material flow into the feed section of the
second combination thereby substantially initially to
control the magnitude of the material flow through the



opening located in the axial direction of the casing which is coupled to,
or constitutes, the feed opening of the second casing provided in the

| ongi tudi nal boundary wal | of the second casing whereby the f eed openi ng of .
- the second casing is non-intersecting with the geonetric axis of the: _
shaftl ess spiral and a region of the screwblade is |ocated between t he 5

said geonetric axis and the feed opentpg of the second casing at Ieast‘ﬁ#enr

the spiral rotates, and the casing of fthe second conbination having a
di scharge opening-renote fromthe first conbination, the spiral of t-he
first combination term nating closely adjoining the said region of the
screw bl age of the secqond combination al so when the spi.ral rotates, the
first cotbPRBRFER BPRRGNGILS &8e second sonhimatdmrerand thevspixralt he. f eed

section of the seeond combinatiion badh by R dd 3&:6 dﬁé&"éﬂ io |
control the de _of the material, flow hrough t he |scharge openi ng
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first co IS reguiaced Tt a éWﬁ?&lnent of the invention
a third upper coﬁneyarepbgdbmsatloﬁ bheshaWBm¢s9n5ﬂ rtli v capgeest ng) i s

ar r angede i eoeoebisenatishabl! 488 rtaal splrbie oHoARE fing) sl Tal -formed

screw bl ade the spiral is ocatesglns casm%l!n
cross- se%??%ﬂg? VF%CPOEBPPE&FFslg ghaftdessnepiral dn dheasharpeofith a
d|aneteras$pgmalyfexmeddsagewhblddaUEWEéréfthbesﬁﬁ&hw i®0 1>edted! | ow the

oundar vt RS G8sHES SRBLEEPRRHSheRELBR, dPoith bt panh iRy |
ConblnaI$QbSV@nhlahlErcarcﬁlan1shape with a dlameter sllghtly \/
exceeding the diameter of the sp1ra1 so as to allow the -
spiral to rqtate_ln the casing whilst belng in contact with
the inner boundary of the casing. The'third'upper'conveyor
is fed by the second combination'with material from
underneath through'an opening in the casing. By rotating
the third comblnatlon around the geometric axis of the |
dlscharge part of the second comblnatlon the discharge part
of the third combination is adjusted to the desired
direction. |

)



underneath through an opening in the casing. By rotating the third

conbi nati on around the gebnetric axis of the discharge part of the second
conbi nati.on the discharge part of the third conbination is adjusted to the
desired direction. Enbodi nents of the @ar\clent ion will now be described by
way- of yexanple only with reference to the “acconpanyi ng draw ngs, in which:-
Fig. la, I b show a section in the vertical plane through an arrangenent in

sections A A Bp CDSHkS W D MR I A P Ho 58 laeddr Boag il
Fig. 3a, 3bwowf wxanpke ionky onltds neferencs it theaseempanyird| ower,

subst anti al Ia@kmrﬂ%@,ntﬁ{ wHdhaf the arrangenent in accordance with Fig. la
and | b, respectively,, Fig. 4 shows a section in the vertical plane of an

embodi ment of the arfiyg (1R SHPW & FRGEHAT A1 Ehe Yeodmeat PiRRect ed
upper convewhm®uiingh aYrdngemdrtt b sdvvirdanee ith e siferitibon in

arr angenent ill accqr.dance vw411fﬁé% 4 seen fromabove. Fig. la and Ib
illustrate t% ehso 'vrﬁarﬁl%boo 19813 vent i on whi ch shows t he mai n
construction and furiig.orgaofe tshow reegttions A-RA gt BB @Er@s DiDland EeBnina
first conbi | 0 f1r t S 10 and a first shaftless
spiral 11, Tr‘*g'rgm nri"ga'laaq'rsdc?ft'a:L bﬁgde%%%%@%u_ndary (edge) 54 facing
towards the centre Fi¥-a Fourdurshqwedde dstrihud ¥ maeerthtr e,
located in tavedRddGin e Casidl), Aurstantedlasy hoirdidl pave hof i gnat al

N th one. or SHTARIIETS Hoh AREO TR OF b TSR COThCER (P SRATEe Ty
directed feed drum @id.cer shywera Epctiomtior the dremeicalhepkind tdLsan
spi kgt 11 Vighbddiment of the ‘arrangement with a substantially
horizontally directed upper conveying means and
Fig. 5a, 5b show two embodiments of the arrangement
in accordance with Fig. 4 seen from above.

Fig. la and 1b illustrate two embodiments of the invention which shows
the main construction and function of the invention. In the Figures
will be found a first combination 1 of a first tubular casing 10 and
a first shaftless spiral 11, forming a screw-blade 57 with a boundary
(edge) 54 facing towards the centre and a boundary (edge) 64 facing
away from the centre, located in the casing. The casing as a rule has
a substantially horizontal orientation. At its one end the casing
forms a feed section 19 provided with one or more feed openings 12
which as a rule connect to an upwardly directed feed drum or feed
hopper 13. A motor 14 drives the shaftless spiral 11 via a
change-gear and bearing unit. The other end of the casing consti-
tutes the discharge section 16 of the combination with its discharge
opening 17, The spiral is solely supported in conjunction with the
change-gear and bearing unit whilst the end 51 of the spiral
which is located in the discharge section is entirely free. As a
consequence of the elasticity of the spiral in radial direction, the



change-gear and bearing unit. The ot her end of the casing consti- tut es
the di scharge section 16 of the combination with:its di schar ge opem ng 17.
The spiral is solely supported in conjunction with the change-gear’ and
bearing wunit whil st the end 51 of the spiral. which is located in the

di scharge section is entirely free. As aionsequence of the elasticity of
the spiral in radial direction, the ndary 64 of the spiral facn@”: 3
away fromthe centre rests against the casing in the base area of the .

| atter except nearest the change-gear and bearing unit 15. In the discharge
section the casing always has a substantially circular cross-section and
surrounds thoundaey tldcof the spiral tfactig gway pfram. the cenérentesdsnageinshown in
Fig. Ib a Y. iR I gdi scharge
section 16 andtc?‘mda?kh T"ﬁé/tbﬁggrée&?oﬁpo tﬁgtéez.orgré %&gﬂggh reteq'gm s of the
spiral . Thechragg-9ean éeét@""ﬂgthaltelmral passage of the spiral and is

surrounded by the spiral. In this enbodi nent too the splral term nates with
a free end 51 .in %he di schar ge seci_Gl on 16. In Fig g and - It? can be
found al so I S8ECHIPGEBRBS RACHIAN Xher castngnalvaks: hoh & aubesantial 1y
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51 in the d1scharge section 16.



be found a feed section 29 with a feed opening 22 which passes over into
the di scharge opening 17 of the first casing. The spiral is driven by a
not'or 24 ,via a change-gear and bearing unit 25 15 | ocated in the | ower
section-of "the combi nation bel ow t he region of the feed opening 22. The
speed QL%LOtatIOH of the spiral is adjus{e, able to the desired value by
changing the gear ratio and/or the nmotor speed. At the other end of the
casing can be found the dis- charge section 26 of the casing with a

di scharge openi Ag Eig.whecand Ab2grn be hisuadbwlsionerrecondvaembina bitant 8dof re t he

axi al direction ghs{hRtsdisupst s a$W rcakresmﬁdxﬁ%t{ms dape#medt%wen%.es

in the discharge section with a fr first conbination in
the region of tﬁéedf’é'éﬁa?‘?:ﬁ‘lbﬁga?éﬁ’t-l ?FEGCQ@ coppnaddemretiuscComAI SRS A isgcesid
the spiral and/ Ql’asﬁngﬂiotiﬁd aa§é§orﬂf shd®16sS Gharge zse%cta:trédatleer@meﬁmﬂng a
t owar ds the geontric Ptrﬁ% ai s of the |ralbﬁ 1’-3 i)hhe second _
conbi nati on. Thé Epeblare 130 of s 38 R FUARY GHPF RN HRLLL FRERBH Y 17 of
the first casi ngrﬁﬂsmcawmIaedcmrhoeamydéedgdjsﬁarﬁacahb ytawardfiether eentofe aindk
Cross- secti on. Ot Bundak0%JART! 88 THCEAP a08y Hrondtnd EFfkrd "THEANGILANNCR)

the feed section |V|ng casl two casi ng
tightly joined tamsrnaf éh@tmﬂnglw §bﬁesesmcnombm%twpne1sjlos%nawx;tep'eﬁlﬂg 17

is smaller. The vfeFEf‘caqngr'ﬁénthh&h%rf Férals awerﬁlueayaww@ eantﬁwmt €Re
cl osely ad10|n|ng

of the spi rdid 21‘°5Fz‘?'ﬁé?s‘|éf?g‘ﬁtd th]ltéﬁ a@iéﬁg’f%egis re'\él\?’glﬁ |°Siyo7f0%t he

keI 30 by g n dslogietiions op, 0 cumonanad,
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18b t her ebet weenntbntH% g1sﬂt‘&rae @ge&na@o\moéxﬂmplfessmfcatheg .cTassssieal i tns of

conveyi ng zone o PRE ! Bpetbrind i3, CheBERaP 8 Bealing, T 28C % n i Lo

di schar ge zdre 11&cated RENR-1C dowen_r esacrcn@ruloeirtheﬂcembmtngn below the region of
the feed opening 22, The speed of rotation of the spiral is adjust-
able to the desired value by changing the gear ratio and/or the
motor speed. At the other end of the casing can be found the dis-
charge section 26 of the casing.with a discharge opening 27 which in

20 the embodiment shown is located in the axial direction of the shaft~

less spiral, The shaftless spiral terminates in the discharge section
with a free end 52.

In the first combination in the region of the discharging section 16
the geometric centre axis of the spiral and/or a central axis of the
discharge section are directed towards the geomtric centre axis of
the spiral 21 of the second combination. The area of the
cross-section of the discharie opening 17 of the first.casing 10 as a
rule corresponds substantially to the area of the cross-section of
30 the receiving casing 20, at least in the region of the feed section
of the receiving casing, the two casings as a rule being tightly
joined to one another. In some embodiments the discharge opening 17
is smaller. The free end 51 of the first spiral as a rule terminates
closely adjoining the region through which passes the screw-blade 58
35 of the spiral 21 of the second combination.,

Seen in axial direction of the first casing 10 the first combination

1 of shaftless spiral and casing is divided into a charging zone 18a,



encl oses the spiral with sllght play in the dlscharge zone. In applications
wher e | arge pieces are included in the material 10 which is to
be conveyed , the play is chosen to be relatively large so as to avoid any -
danger of jamming. In certain applications the casing has a substantidlly
circular cross-section in the chargiipg zone as well as in the dischat /.

zone, the size of cross-section of Jﬂe respective zones as a rul e’being’in
agreenent. 15 Fig. 2d shows:-an enbodi nent of the casing 20 of the second

conbi na- taoaxsve’ﬂﬁ@é Qohbewzam& 3c|e?|99ndtte§ PO hR 04 Na ¥ g8 WrkAGhg 119

provided wth | east one ribli means 23 which extends substa |aIIy in
| ongi t udi nand dl“r 808 @Hbﬁﬂ"'lerﬂ‘ésc‘&b‘img conyeying izageehd @659?9@’3%1 ral 20

31 with relatlvely slight .play. Fig. 2e shows -an alternative enbodi nent of
the casing secon conblna on € Cr.oss-s .on of the
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adj oi ni ng t I scharge opening 17 of the casing fil stantlally al
the avail aBPR! igaddeny where 35  di s@ﬁ&?d@%éét?"dh ing ‘éﬁe‘jt (] tenPrbeiadn.
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a certain extent, hind secC
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the respect1ve zones as 2 rule being in agreement,

L

15
Fig. 2d shows an embodiment of the casing 20 of the second combina- _
tion wherein the Casing7along its ihner=boundary surface is provided.
with at least one riblike means 23 which extends substantially in
longitudinal direction of the caéing. The casing encloses the spiral

20 31 with relatively slight play.

Fig. 2e shows an alternative embodiment of'the casing 21 of the

second combination 2 where the cross-section of the casing is of an -

irregular shape and as a rule has one or several relatively sharp g‘a )
25 corners 28, as indicated in the figure. _

The riblike means fn Fig. 2d and the 1rregu1ar shape or corners

respectively in Fig.'Ze have the purpose to increase the friction

between the respective cas1ng and the mater1a1 which abuts against o 5
30 the same. - : - E

Fig. 3a and 3b show how during the conveying the material 40 in the
first combination in the Eegion adjoining the discharge opening 17 of
the casing fills up substantially all the available space in the

35 discharge section 16 of the combination. The cylindrically shaped
body 50 according to the embodiment in Fig. 1b to a certain extent
hinders material in the feed section of the second combination from

falling back into the discharging section of the first combination.



shaftless spiral 31 forming a screwblade of as a rule substantially 5
rectangul ar cross-sectior and'with a boundary (edge) 56 facing towards the
centre and a boundary (edge) 66 facing away fromthe centre. The spiral is
-driven via change-gear and bearing unit 35 by a nmotor 34 placed as a rule

I n COﬂhuDCthﬂ with the feed end 39 of f e casing. The speed of rotation of
the spiral i$ adjustable by control f the speed of the notor and/or
alteration of the gear ratio in the change gear and bearing unit 35.
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constituting a s facing openin hird casing.” In the reglon
near est the f&&Mtbpe h?gsPEHQAté% Héeﬂl”éé Ehﬂ?gﬁzgiﬁ’ 2hd Qﬁééb?ﬁ149bFr§§ bys2a
rule closely aﬂit@rnxmnhb@d tarsasknnie iMeongumdtibhagizhothd Heet héndd 39|Od>f ahe As
boundary 66 ofSasB9s pinearpesl pf sakh 28, F6s ooes T scnefustFEld BV, biforay
t he casi nd0 n afhehbospenih o'ég:hanmaﬁort bred Joxt & tteratieptofntize @edrtdetio in the
change-gear a t The e cqQpveyed
t hrough t he d|§1052‘§ %&%pgﬁélj nbégi/"gof U'?]ﬁe%econdﬁgsﬁﬁld éﬁgﬂsbqnat.ﬁo oﬁgh t he
j oi R’/ 33 and famnnea@leweamjvnuchnw whish tiher dischairag smftowgri’ﬁu of ﬂ@eaecond

openi ng. 30 Th&uﬁbﬁﬁhf‘ﬂ:rpfanéhﬁ EB‘M&tE&’“@ Qﬁ&'%vhé ZUQ‘F'Qf‘edst‘oM Zombina-

di scharge section one orwgp di schar ge 08en|ngs are | ocat ed
one after the tat%mm ICSHE;"’t'\SdP orgbgardngown df 69 ref @aswgv %5°56§‘|58F'@%‘ne

di schar ge 1@penA npid€ 33 |1@Eé\h%‘é of cﬁ*t@hrdhf'@ﬁ-'s@ﬁtfﬁn.tE‘@c'l%%%knﬁhe d9scharg-
whi | st one or pore d#sch g eni ngs ,38 forn1qﬁ28 ggg i,n the cgslnq facing
downwar ds. Thel%hSPEFIRN p?f e 35ecPaf §asdn8s2nd, thehird (spabpiaa dn of
the casing w t Fotathabdy Ijdsbablehighrelatiscitbotiedasetrarghty section of the
second casing, The joint in its section located adjoining the third
casing forms a feed opening 32 to the third casing, this feed opening
20 constituting a downwards facing opening in the third casing. In the
region nearest the feed opening rotates the free end 52 of the second
spiral as a rule closely adjoining the track of the screw-blade of
the third spiral. As a consequence of the elasticity of the spiral in

U radial direction the boundary 66 of the spiral facing away from the
25 centre rests against the casing in the bottom region of the latter
except nearest the change-gear and bearing unit 35. The material

which is conveyed through the discharge opening 27 of the second
casing passes through the joint 33 and from underneath into the third
casing through its feed opening.
30
The casing of the third combination is provided in its discharge
section 36 with one or more discharge openings which are located one
after the other in longitudinal direction of the casing. As a rule
one discharge opening 37 is located in axial direction of the casing,
35 whilst one or more discharge openings 38 form openings in the casing
facing downwards. The shaftless spiral 31 terminates in the discharge
section of the casing with a free end 53 which is facing towards the



13 di scharge opening 37 located in axial direction of the casing. Fig. 4
shows an enbodi nent wherein the first conbination’is provided with a
cylindrical body 50. In certain applications the first combination 1 has
the construction shown in Fig. la, thgt is to'say the conbination 5

| acks the cylindrical body 50. As sh in the Figures 5a. 5b the dlSQhﬂ ge,
section 36 of the third conbination is novable al ong the periphery of a”
circle when the third casing-is turned in the bearing 60. As a result, t he
conbi nat i o isgharge openimst 3b| locased eifuiakédl direetiopepf iheecraing.oFig. 4
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Material which is supp11ed to the f1rst combination 1 through-the
feed opening 12 in the casing 10 is conveyed by méans of rotation of
the spiral 11 in the direction towérds_the discharge opening 17 of
20 the first casing. As is evident from Figures 32 and 3b a certain
accumu]atioﬁ of material is taking place in the region adjoining the
discharge opening 17 of the first casing. As a result the material
after it has passed out through the_disbharge opening of the first
combination and into the casing 20 of the second combination 2, will
25  substantially fill the space of the receiving casing in the region of o/
the feed opening of the casing, since the re]atiye]y thin screw-blade
58 of the shaftless spiral 21 in the second casing in reality does
not constitute an obstacle to the conveying of the material. The
material passes into the second casing underneath as well as above
30 the screw-blade 58 of the rotating spiral 21. Material supplied in
the region of the feed opening 22 of the second casing forms material .
bridges with material passing in as well as with material already
present in the second casing. As a result action of forces arise
between the sérew-b\ade 58 of the shaftlesszspira] and the materia]-'
35 which is present in - the casing and between material acted on by the
screw-blade and material which surrounds the material acted on by the
screw-blade, which also refers to material adjoining the inner

boundary of the casing. The surrounding material, and to a certain



present in the second casing. As a result action of forces arise between

t he screw bl ade 58 of the shaftless spiral and the material 35 which is
present in the casing and between naterial acted on by the screw bl ade and
mat eri al ~'whi ch surrounds the material acted on by the screw bl ade, which .
also refers to material adjoining the iTqFr boundary of the casing. The
surrounding material, and to a certain degree also the material directly
acted on by the spiral, abut against the inner boundary of the casing and

are hindered byepfit GiLEidhanneldrast diraBt AP GRERABH BY {HaCsSPHIN! abdt | LS
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from the first combination, the whole space in the casing of the
second combination is thus gradually filled with material.

One precondition for the material to be lifted up is that the

20  capacity of the material to accompany the spiral in its rotation has
to be reduced, and this can be achieved provided the distribution of
friction forces indicated in the foregoing passage exists. It thus
has been found surprisingly that the §upp1y of material provided by

&V/ means of the first spiral, and which in the first instance goes into

25 the cavities formed underneath the rotating thread of the second
spiral, establishes friction forces between material bodies and
between the material and its environment (including the inner boundary
of the casing) of a magnitude and direction which bring about
that the material in the cdsing of the second combination moves at a

30 slower speed in the direction of rotation of the spiral than the
spiral itself and, at least in certain parts, is completely slowed
down, As a result a substantially coherent material body is formed
from the bottom of the casing, and this material body is moved '
towards the discharge end of the casing. It has been found sur-

35 prisingly that when supply of material through the discharge opening
17 of the first casing ceases, the movement of material in vertical
direction also stops, since on rotafion of the second spiral



between the material and its environnment (including the i ES0eear y of
t he wo38fa®B0bf a magni tude and direction which ' bring about at 't he
material in the casing of the second conbination noves at a 30 sl oyer
speed in the direction of rotation (@ the spiral than the spiral itself
and, at least in certain parts, is conpletely slowed down. As a resipmfa ¢
substantially coherent material body is formed fromthe bottomof the

casing, apd1yhi $egﬁﬁ{gbﬁéntb9¢>’tﬂe3m39é’ﬁﬁuOm;dﬁﬁtm dhpgdlangevétdcef the
casing. It has been_found sur- 35 . £r|3|ngry.t:at when supply of materi al
t hrough t KENYBXPRPGEh8peaNengT L A2king R 8ffr st casing ceases, the novenent
of material in vertical direction also stops, sinhce on rotation of the
second spi al 88/ 09301 PCT/ SE88/ 00264 .\\O 88/ Q9301 .only a
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of the second spiral. =

As an example of suitable data for the second combination the spiral
may be rotated at a speed of approx. 30-80 rpm, preferably 40-50 rpm,

20 the spiral may have a diameter of approx. 150-400 mm, preferably
approx. 200-300 mm, the ratio between the pitch of the spiral and its
diameter may be greater than approx. 0.30, as a rule greater than
aprox. 0.50 and preferably greater than approx. 0.75, and the width
of the screw=blade hay'constitute-appfox. 20-40 7, pfgferab]y approx,

25 25-35 Z of the spiral diameter. The width of the scréw-blade here o/
refers to the extension of the screw-blade in a direction corre-
sponding substantially to a radial direction from the geometric
‘centre axis of the spiral. For certain materials extremely large
£hread pitches may be used, for example, a thread pitéh of the order

30 of magnitude of the outer diameter of the spiral. By using a large
thread pitch the spiral is stiffened. '

In the embodiments where the discharge section of the second casing
20 is connected to a subsequent combination of casing 30 and spiral
35 31 it has been found surprisingly to be possibTe to allow the second
casing as des'cribed above to open from underneath into the casing of

the third combination (see Fig. 4), that is to say to allow the



approx. 200-300 mm the ratio between the pitch of the spiral and its

di-anet er vyeygdgoapieat er than approx. 0.30, as a rule greater @l@qqsggngﬂ
0.50 and pre?sgrably greater than approx 0.75, and the wi dth of /

screw- bl~ade nmay constitute approx. 20-40 % preferably approx. 25 25 35 %
of they,spiral diameter. The width of tH& screw blade here refers to the
extensi on of the screwblade in a direction corre- spondi ng substantially
to aradial direction fromthe geonetric centre axis of the spiral. For
certain nateri aasisxtofetid \thiiad gembimatadn piot dhels arbyuddaryssaurfaterirexhepl e,

h d h of .th d f f
ol ral ey usi 18oAST 2ol 0y ekt ar (BN e G, B, SHEeRY sy A4 CTRE [Feathn ' 1
enbodi nent s wheshet{ heerdrisiingl ge idebas (baemffOtUhé thadoon noastiap 20 the third
connected to a ?sqp??‘%]‘r“o’@ﬁd %Ebd{@t 'ﬁ&e% Fe%%‘nﬁ%o%%@f@ﬁﬁ”{@o £he 3.111{-6 has

been found surprisin the second casi ng
descri bed ébovecatsmnq);ténow%m fﬁﬂ!’e??ﬁé'&t"ﬁ annepged ascdesenjbed abewe; thed

combi nation (seRthkfk, ﬂ}esetnli!afn 'tﬁetﬁc%ﬁ?l édﬂlb%&@i\ﬁntbﬁd 1n MQ §84 RO Hhders
PCT/ SE88/ 00264 | b casi ng qu H conbination to ouncLaﬁrj)é
surface in the trhég'P%?r?-"M t"ﬁ'é'" uced sty B‘E)%rﬁhﬁﬁdcﬁast‘ﬁ% §8@0 dag 49n0
rﬁasgn IS tlhat .ingur gHel §éd§‘tﬂ1|d3/ca$'itngh8§s heegsdleuatl whiah om robétaionoof (tfhet‘t‘rﬁrd
third spiral aroun

. on f.eedi ng of nm i al e th|
casi ng through se?‘f'glec; 8 %11 eﬁbag&ggnﬂ'}sdsa%mdggﬁ i‘d‘eéﬁé &rsép{%et‘ﬁﬁ r‘éi,s
present in1bhe dsecbar@ecem)lorﬁatﬁa)mham casingie joint hinders the materi al
I ntroduced into the third casing fromfalling back down into the second
casing, as a result of which on rotation of the third spiral the material
fed\n i s convdyefiig.n Sahits ghewr thowntheoanrangempet xo-orenadenariddé twal of the

third casing. IaacEmnng@aﬂk% ahcwa19@%@%@%&@%%@%9&%@&% 4k in J wo
receiving tanks 4, whi'lst Fig shows E'rv]\gt e arrangenent %uall y sinply
co-operates Wi tsI"TmEEWé:I"aPPe’T”GFS é’i@éhp’r%’efs oEUR¥AMPAR efQHrngSuch receiving

15 tanks. Because the combinations 3 is turnable, and as a rule is
provided with a number of unloading openings, it will be evident that
it is easy to achieve good filling up even with material which has
steep drop surfaces., Owing to the combination 3 being provided with a
spiral capable of pushing and a spiral end free at the discharge end

20 with axial discharge facilities, it is also evident that in certain
applications the tanks are filled by the material being pressed out
into the tanks. The arrows A in Fig. 5a, 5b mark the path of movement
of the material. “ '

25 The cross~section in the third combination is preferably chosen to be
U-shaped. In applications where the material is to be pressed out
into the tanks a substantially circular cross-section is chosen as a
rule, at least in the discharge section of the arrangement.

30 In the above description it is specified that the first combination 1
comprises a spiral thread 11 lacking a mechanical central shaft. it
is the task of the first combination to constitute the feeding means
for the supply of material into the casing 20 of the second combina-
tion 2 through the feed opening 22 of the latter. It will be obvious

35 to those skilled in the art that the invention embraces the possi-
bility; especially when the first combination is short, to allow the
first spiral thread to be a conveyor screw proyided with shaft. The

essential point for the effect aimed at is that the first spiral



15 WARE09Mdcause the combinations 3 is turnable, and asPET/SES8/00264
provi ded with a nunber of unloadi ng openings, it 'will:be evident that it is
easy to achieve good filling up even with material which has steep drop
surfaces. Oning to the conbination bei ng provi.ded with a spiral capque
of pushing and a spiral end free at the discharge end 20 wth axial 4

di scharge facilities, it i.s.also evident that in certain applicatifons t
tanks are fhhkbadiﬂeymtd&ieaa¢knseay &danmg1qg'eheemtgonn thﬂmaghfuhwthnﬁasse?be o
arrows A i i a r al -The
Ccross-sect :}"cr)‘E ?cnre?’hg]#% rgrg Jéronﬁl_n ?‘g'}lotf‘gggr ?’Id %E@gﬁkﬁéhbe U—shaped
In applications where the material is to be pressed out into the tanks a

subst ant i al{hg EBJ\/%UH@EM%QS&S%?‘F&H%H h&&h@?&%neﬁ anwubcs a QlimiE&pt in the
dlschagge section of the arran%enen Int bgve description it is

speci fPed twEpet o emhadimentip a?'leoﬁ"‘ie’lfdﬁﬁn@é'-s 5 widi'r Be nedddly 11 1 acking
a mechani calpppegatali hahbse Iskil bed e thskroftHatethd rmbeﬁ@mw BfbraeRst »

constitute the, feedin or, the rlal 0.t he .casi ng 20
0 he Sec St SHBPHE b RS nBhH, BRI ANE epPRobE t1e. 561 lviPRE 1edtar. 1
will be obvious 35 to those skilled in the art ‘that the i nvention
enbraces the possi- bility, especially when the first conbination is short,
to allow the first spiral thread to be a conveyor  screw provided with
shaft. The essential point for the effect ained at is that the first spiral
WO 88/ 09301

PCT/ SE88/ 00264 t hread termi nat es cl osely ad10|n|ng t he reglon t hrough whi ch
passes the screwblade 58-of the spiral 21 of the second conbination. The
above detailed description- nade reference only to alimted 5 nunber
embodi ments of the invention, but it will be readily appreciated by those’
skilled in the art that the invention enbraces. a great nunber of

enbodi ments within the scope .of the follow ng clalns



CLAI M5. 1. A met hod of conveying material froma lower level to
hi gher |evel, the nethod enploying a first conbination of a

spi ral arranged therein coupled together at an angle with a secon
conbi nation of a casing and a rotatable shaftless sp “mﬂ%‘ “g“a
the:fingt: conbi nation having a feed openi t hr ough MA

supplied to t he arrangenent, the dlscharggqgectlon of the ?lrst conblnatlon

besi des haviggafmsli scharge opening |ocated in an axial direction of the
spiral, throoghwhfch the naterial | eayes the first _conbination, .the_second

conbi nati on havi ng aAfE@EP%%c??oﬁ°Pﬁ?%lﬂﬁlEﬁtﬁﬁéﬁ§ frem e sLAYPE 18¥ER &8 of
the first conrnigtiépnevér, dtlsel'naé'gno@penpngynﬁgthefirsstcombﬂmaatibnnof

f d f d
i schar ge s TN TN, & SEhefl A Braftbed CpRE R CohPREATLLORENAN AR
adapt ed so tanuanglerwxﬁneavsqgon@ecnmbenabiontotonv9981DGeaadna to the

i gher | evelotikalslé iehsetleagrepiial abranghal theFLoRNoERE PREBRNO. and

t he spiral rst co nat 1'on e|n feast in
di schar ge sé%? nination Raving acheed BPth%gc5§¥?9g$th%ﬁhbthhEa§8€éﬂé

spiral, and Meé ;suiéua wgméuslﬁr@ﬁ éﬁénﬁﬁteneaaléd:mgbrsue’albheof the

dlscharge op of the seco ubst anti al L. nst

controlled n °Tﬁl?%bh?%2?%ﬁl 5t %Vﬁﬁge?l ??%ﬁ?%foPéglercha¥ed
comnbi nati on 1nnantéﬁnabewlsect1@m of the spivall, ctihvboughi whiahi thet he

spiral of t 2 secondgga%%aéﬁgnfiéiéOé?%ggnéélanSDEEQ whighgcauses the

capacity of I nation for e conve of naterlal to exceed
the materi alconipation havingmi feed orertiengin ?éﬂh%%h06398§ the A

met hod i n acgpsctanege ebdnohg! OF Lenaheigkt Shibinkeibn) eRECAiStnhigesp I al

of the second é:oanl na |€rr11 |Ei§etecé§glsota g b nI ow en ugc’f g cause the

casing of tPening o e st c nation facing a
shaftless spiral of the second combination, and a discharge
section with a discharge opening, the second combination
being adapted so that after receiving the material it
conveys the same to the higher level and delivers the
material through its discharge opening, and the spiral of
the first combination being directed, at least in the
discharge section, towards the centre of the cavity formed
by the second spiral, and wherein the magnitude of the
material flow through the discharge opening of the second
combination is substantially instantly controlled by means

\vf of regulation of the material flow of the first combination

into the feed section of the second combination while the
spiral of the second combination is rotated at a speed which
causes the capacity of the second combination for the
conveying of material to exceed the material flow the first

combination is regulated to convey.

2. A method in accordance with claim 1, wherein the
rotation speed of the spiral of the second combination is
selected so as to be low enough to cause the casing of the



* C L M S * second conbination to becone substantially conpletely
filledwth material before material starts to di'scharge through the .
di schar mﬂmwm casing. 3. A nethod in accordance with claim,
1 or m@m | ess spiral of the second conbination in the- _
dlscharge*sebtﬁon i sSditected fron1uggﬁﬁneath towards a casing of aM,;:J
third.-conbinati on and towards the g tric centre axis of the axi al
cavity fornmed by a shaftless-.spiral in the casing, the material is fed by

the shaf £Les8qS8bhBEnkE i bRE t30 HRMbnieO B M AN 4114 1ﬁé§édﬁg f1idg third
d to't I'sc

conblnatlon and the material theregfter is conveye ar ge
section Bt PhEaFﬁFiﬁchﬁﬁPﬁ&t matexidlo fitamhso hgh i sphanias JhepRFRng of t he

dlschargehaeaisanarée openlﬁgwamh@&g @aaggﬂfdance with claim3, wherein the
casing of the second conbination is oriented substantially vertically and

t he di scharge openi ng of thE'third conbi nation is-adjusted to the desired
positi on3by rot ahAi mgthhd uhia¢coa§hmgeamd¢mdc@;mﬂxﬂunnizuIqhemaimcal axi s
through @théﬁéEQ%éQfe. Q%Eg‘it 63 tHel *&e‘:%‘idt rc%'ilﬁ:l#a‘%’léhet d he second

conmbi natron an combi nat1-on ara or conveyi ng

mat er i al dinchargedanctiant As; Adrestedd fépmcmdﬂmeamhem@ W’ conpri-sing

a first gggbhgabon QHEBHI&bﬁﬁl%aQQ%MNﬁn@ﬂQd&dﬁﬂd*ﬁhéﬂgéﬁﬂﬁiki@tatab'y
t her ei n, the i st co%bkgatlon eln%&%Puﬁ%fd t:0 eIher W -a. second

conbi nat FEREFEoABLESP e A&l é’r 3, shatthess i girat on and
a shaft| tasthei caismg,thhef meitneotiad i|5| rfel&hgr he shaftldsdespirahged

L2 20! ol PyLEoERRA BoghiRab ISk dnklo HAB (i B L e N @

di schar g€ opéni ng oca axi a ec i on “o hécasi'ng which is .
coupl ed cgmbanaggqgtapgtgge mn&er@gd thereafter is conveyed to the . \*)

discharge section of the third combination and out through a

discharge opening of the discharge section.

4. A method'iﬁ accordance.with ciaim 3, wherein the
casing of the second combination is oriehted substantially
vertically and the dlscharge openlng of the third
combination is adjusted to the desired p051tlon by rotatlng
the third casing. around_a substantially vert1ca1.ax1s
through a bearing in conjunction'with the transition between
the second combination and the third combination.

5. An apparatus for conveying material in accordance

with the method of claim 1, the apparaiﬁs'comprising a first N
combination comprising a casing and a sp1ra1 arranged '
rotatably thereln, the first comblnatlon belng coupled

together with a second comblnatlon, comprlslng a casxng of

an inclined or vertical orlentatlon and a shaftless spiral

in the form of a spiral-formed screw-blade arranged

rotatably in the casing, the casing of the first combination
having a discharge opening located in the axial direction of
the casing which is coupled to, or constitntes, the feed
opening of the second casing provided in the longitudinal



openi ng of the second casing provided in the |ongitudinal boundary wal |
of* the second casing whereby the feed opening of the seeend—easing—is

non-intersecting with the geonetric axis of the shaftlgﬂguﬁmﬂral and
»> Ml

a
region of the screwblade is | ocated between the said H'"wﬂu!uﬂlF
¥ and

the- f e’d - openi ng of the second casing at 4 east when th

the casing of the second conbi nation havt a di scharge opening renpte from

the first «conbination, the spiral of the first conbination term nating

closely adjoining the said region of the screw blade of the second

conbi nation al so when the spiral rotates, the first conbination being

adapted to begndary vadlmafethel sétondi sasingewherdbyetheoficefl bpeniagond

combinati ofot Nehe¥ecula! BRLIAY! Ys' AbhLEhtErLACEONL! Rich ndPdRbhilie o/ the

material flow.t rougb the disc arge.openlng of the”second conbi nation and

the spiral ¥*ignhefs Gnﬁhéﬁﬁbﬁﬁﬁtﬁbhrﬁéiﬁg a reggon| of Nh? screw-blade

21 adapted {9 DScaebatBétwben tRECHa B §8ofaHLEE hREsCanacCth¥ ebelihe second

conbi nation for,the go veylng o% mat eri al tf exgeeﬁ th naterlah flow t he

first combi FREMRG] QF rEREI SPEARECRBI0E, ateledst Whgn Fng SPhEaL,

accor dance motétesai and, thbecasinghefspheakeobnéiheohbinationbhawstingnai s a

shaftl ess spi | S} I e i i rranged

al ong the dg*%ééﬁgggeéé%éﬁféeggﬂg%%[g?gsngﬁeEE??%sfgﬁgﬁggﬁ%§?bn%ggiacent a

free end ofspheakppfathenfinstscombinatieni herpinating alesddyge opening of

% he w];] ;[Zit ncﬁ%{‘ﬁ‘ihé’“thz -said ré§i8RPEEatHE LBraGcpidascerhd sbebiad Of

’ combination also when the spiral rotates, the first
— - combination being adapted to regulate the material flow into

the feed section of the second combination thereby
substantially initially to control the magnitude of the
material flow through the discharge opening of the second

combination and the spiral of the second combination being



the spiral - forned scr de of the second conbination has a width
consti tut| m&i 20 to 40% of the spirdl diameter. 8. An

appar at us. th claim?7 ,/\/nerel n-the spiral-forned ° , %
screw bl ade of the second corbi natlon as a width constituting —
approxi mately 25 to 35% of -the spi raI di ameter. "9. An appar at us |

accordan one ST ectloﬁ of

casi ng o% Pqﬁ\ggeéesde (ﬁﬁ(ﬁ % a%%%@#h%a h§$ EB‘&‘F%SX Ft t he
conbinatmme|seqnnﬁncpmhxna§aqnrfnte#hejﬁbnveylum Qppmaheusalntaccordance
W th any oed Gldifreridl %1 dh ¥ Neifee CEOmILRREIbANLS] r&éﬁ%‘é@%‘dﬂg of

t he second conbi nati on has. at. east al ong one part. t he

casi ng attq &onvVedhe corner. 11. An appar at-us in accordance with any one
of claimse 5 to 10 wherein:-the casing of the second combi nation is provided
internally with qne or nore riplike ne;ns whi ¢ rf locgted mai nly }hn

| ongi t udi€ital di r &t iARPALYR PLATRPTIancs, Wi l3im 5), whegeim
apparatuspmraﬂxnf(hhuxfiw3ﬁ1enmbxn&timﬂ isearuhiftbeéé &pitradr andnpri si ng

athird §HQ§i I I ent ed
casing an H%af%hé’ss sqﬁ Cﬁq{mén ‘?ﬁa@%aﬁ %igﬁlﬁtl %%ﬁgéas%rxe%dbl ade
encl osed tthﬁer&;ﬂrs Qﬂ]éhﬁnsmiﬁ@rﬁﬁ?naﬁpm evhgtheupleat t gomhénatdonar ge

section @fg taﬂ:“en%ecé)’ﬂ'éé‘sér{lﬂ d@'ﬁﬁb%&?ﬁﬁwﬂlé ié Slﬂ'ﬁﬁéa{rﬁlélﬂﬁﬁﬁ}' o¢ from
under neath to .2 feed opening in the casjng of the third conbination in a

regi on oftheh&AiSEhangs QPeIHE Qn%ﬁlYFFcﬁl¥ %RFP%@aF%°Bassed through by the

screw bl ade of the shaftless splral of the th|rd conblnatlon

An

7. . An apparatus in accordance w1th clalm 5 or 6, whereln
the spiral-formed screw-blade of the second comblnatlon has a
width constltutlng approx1mate1y 20 to 40% of the spiral
dlameter. ' -

8. An apparatus’ in accordance with claim 7, wherein the
spiral-formed screw-blade of the second combination has a
width constituting approximately 25 to 35% of the spiral
diameter. '

9. An apparatus in accordance with any one of claims 5

to 8 wherein the cross-section of the casing of the second
combination, at least 'in the discharge section of the

combination is substantially circular.- : o/

10. An apparatus in accordance with any one of claims 5

to 9, wherein the cross-section of the casing of the second

combination has at least along one part of the length of the
casing at least one corner.

11. An apparatus in accordance with any one of claims 5
to 10 wherein the casing of the second combination is
provided internally with one or more riblike means’ which -are
located mainly in longitudinal direction of the casing.



and the third conbinat{on being arranged with a di scharge section which is
provi ded wi.th one or nore opénings, to which section, and throughwhicth

opening, the material is conveyed on rotation of th gl - 13.
An apparatus in accordance with claim Q urt her coﬁm“mﬂmﬂﬂﬂmnml ty of
t anks._i/nto phich the material is conveyed fromthe ome ©r nome epeni ngs of
the third conbination. 14. An apparatus in accordance with claim 12 or

13 wheretnzhe cagimthpiatdieus endsbsordined i pPRngnfy Nenéaseng12inkhe third
conblnatl n ;{g oqgscted in A coupllqgiand/or bearing unjt wherein.,the

third contfihath FEENERSRURF 510 A L B4 RPERE R 19ty eVRIER| CGRPTiBRBouUgh
t he di scha gmlssantoia Xy thersaemtdl Dasorentiéd casirgn®hdlod Shafedeseyi ng

material f I e o [ evel b i a i_.nbef ore
descr i bed T it Siftpdof, L SHEFa Lt Stas S Atk Blade En0Eb8RE7) 01
2c, 2d andh@iredm Fithe cthird combpinatiom heimg FecouplbedStooth&bdigeharge An
appar at us : i Lt al 5§%§§ | | | f descri bed
with referiﬁ%%@g%_gﬁéﬁga? 2D, %Hié% %%@%?g%?dés p,g{:ga, 2c, 2d and
3b or Figﬂ&?qbQWQQxﬂﬂﬁﬂkﬂgc#FQWtWP¢$EHﬁ%Eb5@PO? feed opening in the

casing of the third combination in a region of the same which
on rotation of the spiral is passed through by the
screw~blade of the shaftless spiral of the third combination,
and the third combination being arranged with a discharge
section which is provided with one or more openings, to which
section, and through which opening, the material is conveyed
on rotation of the shaftless spiral.

13. An apparatus in accordance with claim 12 further
comprising a plurality of tanks into which the material is
conveyed from the one or more openings of the third
conbination.

14. An apparatus in accordance with claim 12 or 13
wherein the casing of the second combination and the casing
of the third combination are connected in a coupling and/or
bearing unit wherein the third combination is rotatable

W around a substantially vertical axis through the discharge
section of the second casing.

15. A method for conveying material from a lower level to
a higher level substantially as hereinbefore described with
reference to Figures ia, 2a, 2b, 2é and 3a, Figures 1b, 2a,
2c, 2d and 3b or Figure 4 in conjunction with Figures 5a or
5b.

16. An apparatus for conveying material substantially as
hereinbefore described with reference to Figures 1la, 2a, 2b,
22 and 3a, Figures 1b, 2a, 2c, 2d and 3b or Figure 4 in
conjunction with Figures 5a or 5b.




