15 October 2003 1 SCREEN WITH HIGH PRESSURE NOZZLES 5 The invention lies in the technical
field of raking devices for separating solids from liquids, for sewage-treatment plants, gl)qrexample,
with cleaning elements circulating in a rake frame, basically extending over frate ﬁe?—%%e,
which are connected to at least one lateral endless chain that is driven by a motor. 10 Such types of
raking devices are used in the intakes of sewage-treatndent plants, but also in industrial operations, in
order to clean liquids containing solids and solid particles of those solids. Usually, these raking
devices have rods arranged like a grid in a frame, which basically fill in the cross section of 15 the
intake and are laid out at a steep incline, see for example CH 382 670 A, US 2 106 851 A or US 5 730
862 A. In these known raking devicgs REENAAKE 9| eATRY EIERSNURE Q\@hRZngusto lateral endless
chains some distance apart in order to push solids left hanging on the rods onto the rake head, near
the rake head, there is a discharge for the raked materials where the solids 20 collected are
discharged and ru ] Side. f 1 [ ICES, '

separating §ut thei@gd@%}rﬁ@ﬁg 'ﬁﬁ'ﬁ%@ﬂr%gﬁﬁﬂgﬁ t%%;i%%(légsﬁﬁ O%Qﬁagé gmtg)rg,.@rﬁefscarried
out by various corfroomehicgitiss |¢adssevhgestreatardriiroplemspf kerepengrirpke thevith acteabétgeen
the rods that perform the separating or screening function. In particulay, the comtg-like eaning
elomonts can get SSTRENSUGCAIE B oA (AHETEEms pORSIFPLRE Xt ADANRS LTI fkthe
endless chain. In thignronDRIIPArdNQIRRIMEANEA b alaskanis SRR GRsRVE RlEpRdY
been proposed to free these types of clogs on the raking rods with multiple 30 comb-like cleaning

elements that moveybaoraE@H forth. Apart from the 15 October 2003 2 structural expense necessary
for them, t% known raking devices still operate

Such types of raking devices are used in the intakes of sewage-treatment
plants, but also in industrial operations, in order to clean liquids containing
solids and solid particles of those solids. Usually, these raking devices have
rods arranged like a grid in a frame, which basically fill in the cross section of
15 the intake and are laid out at a steep incline, see for example CH 382 670 A,
US 2 106 851 A or US 5 730 862 A. In these known raking devices, comb-
like cleaning elements are attached to lateral endless chains some distance
apart in order to push solids left hanging on the rods onto the rake head, near
the rake head, there is a discharge for the raked materials where the solids

20 collected are discharged and run off to the side, for example.

In these known raking devices, the functions of separating out the solids, on
one hand, and carrying off the separated solids, on the other, are carried out by
various components; this leads to the constant problem of keeping free the
25 area between the rods that perform the separating or screening function. In
particular, the comb-like cleaning elements can get stuck at clogging points,
which can put an excess load on the drive motor for the endless chain. In this
connection, therefore mechanical and electronic safety devices have already
been proposed to free these types of clogs on the raking rods with multiple

30 comb-like cleaning elements that move back and forth. Apart from the



with only limited reliability. Now it is the goal of the invention to create a raking device of the type 5
mentioned at the beginning that has a simple structure that reliably prevents clogging or dislocation
and makes efficient cleaning possible during operation. The invention is thel%%%s 8o L3dea
that when the above-mentioned separating and carrying off functions are carried out by one and the
same component, a new type of cleaning can be provided, which reliably prevents 10 the raking
device from beconsiigotisghexpendeynacasserys thatlerarihie knesvmaaling Tieyileetestid| expeatial,
since otherwise a clo i&ﬂﬂe liquid jin front .of the raking device could lead to an overflow of the liquid
in the intake area. VYH% %g@&ﬁgéqﬁqﬁg@%ntion, which is the type mentioned at the 15 beginning,
is therefore characterized by the fact that screening elements are provided that are perforated and
arranged like steps on an escalator and by the fact that on the top of the rake frame, there is a

screening elementhtf¥dnihds dBi@omkthdagIdB\Eniieanth& Ralforatéekiige dR\dRETRh ISRy go
by. 20 In thig rak'“ﬂw@'ﬁéf&?e@”é}f%ﬁ kt)% fggg@ ﬂwé‘iaﬁ%]g; §ﬂ§¢']f§%§§‘ﬁ8’twgg g@'@ﬁ%’?&% t for

which the name "raking device” wi ecause een in in‘general for a
wide variety of typekogfjiagiog dilsloica$o e speantivas efivige-tleanimgnp pdaiiik) dindrgeoiogsaton.

screening elements perform both the function of separating out the solids apd carrying 25 off these
Solits 10 he raking HECIVEEQbad AP Lalin Rl G (RPHAER B A ADR S PR Cer A Eement

where the size of the)hplads swPhiRiNe JHUidfabRISHENMERANSRCHEBRlemRNBeD e

solids are held back from a certain siZe on. Solids separated out in this way are transported upward

with the help of theostgienantha semdiypecdhctieanifigecapshe o videdhuidaakieliablyderaentsnd at
the top revegse point of the raking.devjce, at the head of the. rake, where th r element changes
5 postion o0, 1nis R0 B UL TEE BB TREL S KRR e DA ARAS. S e ey
that, the step-like serersalgliemEhts|inttradassmdalisinie b érvassionchsg dearrelduidtia herrles, so

of the raking device could lead to an overflow of the liquid in the intake area.

The raking device in the invention, which is the type mentioned at the
15 beginning, is therefore characterized by the fact that screening elements are
provided that are perforated and arranged like steps on an escalator and by the
fact that on the top of the rake frame, there is a screening element/cleaning

device with nozzles to clean the perforated screen elements as they go by.

20 In this raking device (which is no longer a “rake” in the literal sense, with rake
prongs, but for which the name *“raking device” will be used because this
name has been introduced in general for a wide variety of types of raking
devices, especially in sewage-treatment plants), the perforated screening
elements perform both the function of separating out the solids and carrying

25 off these solids to the raking head. The solids are separated on the basis of
perforations in the screen element, where the size of the holes is such that the
liquid can pass through the screen elements, but the solids are held back from
a certain size on. Solids separated out in this way are transported upward with
the help of the steps in the screen element on the upstream side of the raking

30 device, and at the top reverse point of the raking device, at the head of the

rake, where the screen element changes its position 180°, these solids are



that the holes in the screen element, if any solids have become attached there, are freed again; in this
way, after passing the reverse point on the bottom, the 5 perforated screen elements can in_turn
separate the solids from the liquid in the upstream segment during upward movERd %Q%ort
them up, with no fear of clogging the screen element and thus the raking device as a whole. The
nozzles can thereby by connected to a pump via pipe lides and hose lines that pump in the cleaning
liquid, especially weamiedoaffaitit therrlescalovipathehsidsd.peAdtetethstrébe stembikis sdtkahe

' ided. Th les th I .be placed ide th | raking device, i.e.,
outsice the cecalaEIPED G aN e AN HEH P e HBAT S OHEBF D LT R Jehratiec

screen elements fropt e Peleisitn B Hisdecdsiseie if afgctdhidt slids sadeeintihe rrpaaiaside

between the circulatin%screen ‘elements, which must be taken out of the inside space at least
periodically, whicttEaH erdesturbj s yensitar RASSIRBrEIereepessR RAToHRNENR DRI, te

nozzles areplaced.j insi i i i A .
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precipitating steps in the liquid flow afterward. However, this design with the nozzle-cleaning device
on the rake head ghMpd gy esming laing, espeelalishwaiprise thatdbe razalentiadzisantiethe

advantage of offering the ssiEiIit f 30 collectin oIi% rinsed off by the screen elements along with
the cleanin%ziliquidoé)ﬂqg’}tr%%gs% eeerﬁ @ﬁ%@ﬁ%ﬁ’%@h@é@w fﬁcr) é;t%tqﬁ%'g;egiquid behind the 15 October
2003 4 raking device. One preferred form of embodiment of the raking device is the invention is

characterized by the fact that the outside of the downstream ] o
The nozzles themselves can be placed outside the actual raking device, i.e.,

outside the escalator-like screen element that moves up and down, in order to
spray the perforated screen elements from the outside. But this leads to the
15 fact that solids collect in the space inside between the circulating screen
elements, which must be taken out of the inside space at least periodically,
which can be structurally expensive. It has therefore proven worthwhile,
when the nozzles are placed in the space inside the raking device defined
between the upstream and downstream screen elements and are pointed
20 generally to the downstream back of the raking device in order to clean the
perforated screen elements from the inside or the back. In this way, the solids
are rinsed off by the screen elements on the outside toward the downstream

side, so that the space inside the raking device is not loaded with solids.

25 Solids can be rinsed directly in the liquid behind the raking device, which can
then by reliable when there are still other cleaning and precipitating steps in
the liquid flow afterward. However, this design with the nozzle-cleaning
device on the rake head and the design of the raking device with step-like
screen elements does have the advantage of offering the possibility of

30 collecting solids rinsed off by the screen elements along with the cleaning

liquid containing them efficiently so they do not get into the liquid behind the



segment of the screen element has a collecting wall or cup to catch cleaning liquid sprayed by the
nozzles on the rake frame. In this design, the solids 5 rinsed off the step-like screen elements with the
cleaning liquid are collected and carried off, and they can also be fed back té%@ﬁ&ﬁﬁﬁ&@@%ng
device so that there, with the help of the screen element, they can be separated off finally and then
can be discharged at the rake head. In this connection,4 simple structural design has proven
worthwhile, in whidakifgedihack. litenekedeiradtfoine apsmdzodisieatodthibaakidggideidedsiedheected

to the collecting wall or cup. .The feedback line can have an inclipe from.the b of the raking device
o the from, 50 thal THE LB TARH R GHeNIEE SHELOS DG soB R ol AOHISY FEaking
device. 15 The nozglgn@aubt brcastragiedlienfedinBiR ineaRiesAghrdirestiQipab mavaneeimhihe

screen element to make the cleaning very effective; however, the nozzles can also be connected one

after another in thdiEHELERYEMBY o MOzZine 8brdBe EImArEAd, 1or this AesigBode thelitlszzles
are placed gn two %@Wﬁgﬁg'@é@@gﬁgéﬁ%@gg ﬂ%@ﬁ?ﬁﬁﬁfh%%@ﬁﬂg&ﬁﬁﬁ&%ﬁg%heﬁé seen

crosswise, and/or they can a nozzles producing s jets; but Iin"order to be

able to clean the saeneecaalmuaifs aatiathigywatn alsddie ¢ty Ibacktoupbdromf of e nagingudvideas

proven very worthwhiIEto rovide r Ia%ve [ew 65 nozzles, byt to place them s the%/%gan ove to
R& &

spray the screen el@ntddNFERadWiitRe 18 thfh SSERSAGEHRATY i REY &R S Hlthe
screen element. Fodfis RA IHYANAGRHH ISR RIRMAcEE SRk B rHingIs ieRniscelmiagterized

by the fact that the nozZle beams are arranged so they can swivel back and forth, for example in a
direction transverse mpliestitstue ideSI0RhiEs theoyer shasiambie difcuviehTaifeadbastoides an

efficient way, of 15 ,Qctober 2003 5 driving them. in that th Zzle beams ar nnect n
another or?l § jointtl-:'c?(rs(')n Er?d 5a %%teoarn\ﬁ 'ggc?ééﬁéd@&éf‘% dedfCE Kedimected 101t 88| f&%n%
wall or cup. The feedback line can have an incline from the back of the raking
device to the front, so that the cleaning liquid with the rinsed off solids flows

by itself to the front of the raking device.

15 The nozzles could be arranged in a single line across the direction of
movement of the screen element to make the cleaning very effective; however,
the nozzles can also be connected one after another in the direction of
movement of the screen element and, for this it is good if the nozzles are

placed on two or more nozzle beams.

20
The nozzles can be arranged close together, when seen crosswise, and/or they
can also be designed as flat nozzles producing separate jets; but in order to be
able to clean the screen elements reliably with a relatively low throughput of
cleaning liquid, it has proven very worthwhile to provide relatively few
25 nozzles, but to place them so they can move to spray the screen elements

reliably with relatively thin, strong beams directed over one area of the screen
element. For this one advantageous form of embodiment of this raking device
Is characterized by the fact that the nozzle beams are arranged so they can
swivel back and forth, for example in a direction transverse to the direction in

30 which the screen elements circulate. This also provides an efficient way of



As already mentioned, one special goal is to clean the screen element with few 5 jets, and in this
connection, it has proven advantageous when the nozzles are designed as high-pressure nozzles, for
example designed for a pressure from 15 to 20 bars. In this way, the cleanirfé-li @Hép%rf%@@%nit of
the screen element can be kept extremely short, and reliable cleaning of the screen elements and
their holes can be guaranteed nonetheless. 10 To help 2arry off the solids in the area near the rake
head and do a kind¥ne-toemaning tfahéhecreezr kedomants hefoconhegtade tspanyedndthehenczzles, it
has also proven WO[‘(E%\éV ileé'f th‘$ screen element/cle@%%q device in the solid discharge area next to

the point where thdYOPPEFRE A e%@ﬁpggé%éélﬂg E,[I%aning brush for the screen element. That

way, the cleaning brush can be designed as a stationary brush extending over the width of the raking
device against which the screen element brushes as it does by. But for reliable pre- cleaning in the

area of the correspdhaliRpedReatigiedcraersBrsiib goat Wén Clead dhgprramalemesiavitthtedleaning
brush is a t°f'd|Lb‘_f§”a(r?a?HP el SH%@@P&Bﬁ @ﬁﬁtﬁ@’é‘fﬁ&ﬂﬂ}@; éilﬁgzafbﬁ(e??‘fereact

element and nozzle- cleaning device also advantageously of 0SSl

to a fluctuating loadesfdiseddagithgivintesgurekhoanldsutomatmaliye aledighstdses prssvery diomle

measures. It is aIso@good if %control cjreuit 25 connected to liquid-level sensors arrFaéFn?ed upstream
[

and downstream of thi® ZHkiRg tteviBeliUS Y@y ndBe S IFRMNEAINRIRRG THE 2c8 dM b RINTBR Ve the
endless chain, so 1gRfecaAnNRe Rel S@@rmwgﬁﬁﬁﬁ?rﬁﬁath@"ﬁﬁ% HIESHRRGCIPQIRASRTedhin this

raking device, it happens that the level of liquid in front of it rises because of the high load of solids
compared to the |eRleMsATao digditheisHatesearderguaeantesdrionsitielessed by the sensors, and the
motor for tt{be endless chains is made to run at higher rpm by the control circuit. 15 October 2003 6
Then the step-like screen elements accordingly circulate faster, so that there is

To help carry off the solids in the area near the rake head and do a kind of pre-
cleaning of the screen elements before they are sprayed with the nozzles, it has
also proven worthwhile if the screen element/cleaning device in the solid
discharge area next to the point where the top screen element reverses has a
15 cleaning brush for the screen element. That way, the cleaning brush can be
designed as a stationary brush extending over the width of the raking device
against which the screen element brushes as it does by. But for reliable pre-
cleaning in the area of the corresponding angle of the screen element as well,
it is a special advantage if the cleaning brush is a motor-driven rotating brush.
20
This design of the raking device with step-like screen element and nozzle-
cleaning device also advantageously offers the possibility of being able to
react to a fluctuating load of liquid with solids quickly and automatically, and
this takes only very simple measures. It is also good if a control circuit
25 connected to liquid-level sensors arranged upstream and downstream of the
raking device is assigned to the motor driving the screen element over the
endless chain, so the motor can be adjusted to a higher rpm if the level
difference increases. If in this raking device, it happens that the level of liquid
in front of it rises because of the high load of solids compared to the level of
30 liquid behind the raking device, this is detected by the sensors, and the motor

for the endless chains is made to run at higher rpm by the control circuit.



faster separation of solids from the liquid, and more liquid can in turn flow through the raking device,
so that in turn an adjustment in the level takes place upstream and downstream from the rakin
device. The control circuit can be 5 designed so that at the same level upstre’h';n(aﬁ& %&Fﬁﬁl of
the raking device, the rpm of the motor are set back far enough until a slight level difference is
detected again. The rake device can be made and usedin industry, in particular at sewage treatment
plants, and is therdfbes thpatdp-dikénstrsaiae pptictsiaccardimplyicientate fatiter siedbabtwiseiow

using the drawings and especially preferred examples of embodiment, byt it.is not limited tq them.
Figure 1. shows o Ol RERPUR LR AtRol i, LM AR EE= I OH A T ERre 2
shows an accompgipjngrsie vikimgidélsdaldpariviceudpanhriinreatdn wrlliehdhekéaksaed
adjacent side part of the raking frame are left out; Figure 3 shows a schematic side view of the rake

head on an enlargEBSEEAIR 86 HAMKISIEERIYHEOD Withal RgeCdierntliR@ioRIIER baNEUIkEaRDcreen
elements ang rmaﬁ@@g&@‘ﬁﬁ“é&'ﬂ‘r&&%‘t %H@"%%r%é@é\'ré’l‘%&?%ﬁeﬁg‘%o@\ﬂ?sﬁ%ﬁ?ﬁ”b’?%ﬁé?P&Eﬂﬁé"f this

raking device; Figure ows an 20 accompanying side vie cleaning and screening elément,
along arrow V in Flguiee4;theyupert shahes mview afgadtobacke fal emsociginuntihis rslkghg dereice, to
display the bolts used to attach the screen element in Figure 45{%‘S/d 5 to the chain sections; Fii’ire 7

shows schematicafl{f LIRSS LGIGAIEH LI z1e unite BRFSIARAGH (39 H8 r4REhAd:
Figure 8 shows a GHRRR ity SACHAREURY X YW AGE 2R atierManis et 1Y Hhindrite Bapabit Bf an

enlarged scale compared to Figure 7; and Figure 9 shows a block diagram of a control circuit for the
electric motor drivilitltusé ieh@lpRGEIA. of the raking device, along with a schematic drawing of the
raking dev'ﬁ?. 30 Figures 1 and 2 show a raking device, marked 1 in general, also called a filter step
rake below, which is used in an intake or gutter 2 for example for a liquid 15 October 2003 7

The invention will be described below using the drawings and especially
preferred examples of embodiment, but it is not limited to them. Figure 1
shows a front view of a raking device, shown schematically in an intake or
gutter; Figure 2 shows an accompanying side view of this raking device,
15 where one side wall of the intake and adjacent side part of the raking frame are
left out; Figure 3 shows a schematic side view of the rake head on an enlarged
scale compared to Figure 2, without the different individual parts like the
screen elements and rotating brush; Figure 4 shows a front view of a cleaning
and screening element for this raking device; Figure 5 shows an
20 accompanying side view of this cleaning and screening element, along arrow
V in Figure 4; Figure 6 shows a view of part of an endless chain in this raking
device, to display the bolts used to attach the screen element in Figure 4 and 5
to the chain sections; Figure 7 shows schematically a partial section of a
nozzle unit to be placed in the area near the rake head; Figure 8 shows a cross
25 section through this nozzle unit, along line VIII-VIII in Figure 7, but on an
enlarged scale compared to Figure 7; and Figure 9 shows a block diagram of a
control circuit for the electric motor driving the endless chain of the raking

device, along with a schematic drawing of the raking device.

30 Figures 1 and 2 show a raking device, marked 1 in general, also called a filter

step rake below, which is used in an intake or gutter 2 for example for a liquid



containing solids to be cleaned by the latter in a generally uprights position; however, as can be seen
from Figure 2, the raking device 1 is arranged in the flow direction, see arrow 3 in Figure 2. risin

under 60 to the horizontal. For example, intake 2 can be an intake to a sewég%-@&i@&%f @Qﬁgr to5
equipment for cleaning liquids in industrial plants. The raking device 1 has a frame 4, which consists of
two side parts 5, 6, which are connected to one anothef on the front and back by several cross struts
7. These cross streagtziaregiizalidatéel be@lehpdiehtiof tadteaking wendraldynagrigtistpositianay from
one another, see (?as&eciall‘y Figure 2. On thf inside of th Iléame side parts 5, 6, there ara chain rails,

: E '

not shown in grea WEVET: o CRh Ienae&rfa M) ehALELe g, DA YéCSn?y'ér?JW%% éth ?Cally in
Figure 2, and fronpy(i¢firactidrObindRBwiI SWHSFTHaMDIN Fiayrarkicf a6 tRkeRs ricbatas Sem. in a

way that is known, over a top chain wheel 9 and a bottom 15 chain wheel 10, and these chain wheels
9, 10 are mountedes@nhghe cantadtate ircanelicarae Antake tdp chasewagseli@agnaeiverplanheor to

conventiongl way by a motqr.11, especially an electric motor, agﬂ of course, there can also be a
corresponding geaer}%gl))(n}%ﬁg%\%ﬁ?é) INHe Plé‘gl.lj%% Waw%}ﬂﬁggi s(o the endless chains 8 as
rake-cleaning elements are perforated screen elements 12, also "hook elements”, and these screen
elements 12 are set at an angle like steps arranged like an escalator on the endless chains 8, as can

be seen especially-ﬁhqjiglﬁmzdel"ﬂ@%é Mé(fréféménW@QﬂWQ@Q&&@Téﬂ’Y@rﬁiﬁedﬁﬁﬁaﬁ{&N‘é’fﬁj@h ie.,
the upstream frontgide 9f 1Be KIS HEILA AT G Ee ?ﬁ)mea@t 54%) Hggc\?gﬁaé%wg it reen

surface, as can be seen also in Figure 1; the screen elements 12 are t esigne regular
holes both on the Tipegghtrnssasieudhd aleo disttiritentipyetalhs de gihfaethisrakimbeuséeh soone

learly in Fj 4 and 5, the indjvidual I ts 30.1 f d hy trjpl I
Cheet metA0h3, wlRE TG UL o0 AR EF B AUNGF S v Gl 26 it an

Elgig%ir?r?m of 15tRptange@ Qs hoksthdris ﬁ@%ﬂﬂ@trﬁﬂiﬁm@%wwi@@ﬁir“@@'ﬁ%ﬁs can
running a lateral endless chain 8, which is only shown schematically in Figure
2, and from which a cut-out in top view is shown in Figure 6. These endless
chains 8 run, in a way that is known, over a top chain wheel 9 and a bottom
15 chain wheel 10, and these chain wheels 9, 10 are mounted so they can rotate in
the frame 4. The top chain wheel 9 is driven in the conventional way by a
motor 11, especially an electric motor, and, of course, there can also be a

corresponding gear box, not shown, in the usual way.

20 Attached to the endless chains 8 as rake-cleaning elements are perforated
screen elements 12, also “hook elements”, and these screen elements 12 are set
at an angle like steps arranged like an escalator on the endless chains 8, as can
be seen especially in Figure 2. These screen elements 12 thus together form,
on the flow side - i.e., the upstream front side of the raking unit 1 (in Figure 2

25 the left side) — a practically uniform screen surface, as can be seen also in
Figure 1; the screen elements 12 are therefore designed with regular holes both

on the upright surface and also on the horizontal step surface.

As can be seen more clearly in Figures 4 and 5, the individual screen elements
30 12 are formed by triple angles screen sheet metal 13, whose rows of holes are

staggered to one another by a half-hole division, so that an arrangement of



Figure 5. The holes 14 can have a diameter, for example, on the magnitude of several millimetres, for
example 4 millimetres. The screen metal sheets 13 are firmly attached to side plates 15 on_both front
sides, for example by welding. 5 These side plates 15 have boreholes 16, 171 itAGIRIBILHED R
attached to bolts 18, 19 on the individual chain elements 20 of the respective endless chains 8, see
also Figure 6. The screen elements 12 extend over the&hole width of the raking device 1, i.e., over
practically the widthodéshkdinsakeade thiat winlttegpahdsliéagetwfatesadcieangdésmantan beasebe into
1.5m, 1.2m for 10 e m which the solids are to

xample. In operatign, the liquid fr e separated flows in
the cinecton of arfOULSRrP £ QU D EartAnd kA IR RS B Sdce Peaer .o
particle size predetetarapehiyitherRizeref tamprie; aIRIkhaaRaraRe seideimbglipspeits peHpiated
screen elements 12, whereupon the Ii%;id can flow thro&%h the raking device 1. The separated solids

collect on the horiti6itbl 3ty BeerdR IS PlalesdalA0DAth SeabAldrsmiGiSXaming BeWpiHsgorted
by the CO”t'$“a"y ?@%‘%ﬂ%ﬁg@gﬁgﬂ% Sobred % 148 fﬁg? w@ﬁ%ﬁcﬁ Qﬁ%‘;“rf c{a!??hb{&&a’iéﬁ‘?ﬂ”

wheels 9 define a pol e 20 endless chairis 8, and accordingly for the screen

elements 12 and theks|tB, @@ dschargetivddal(chany-ehertesiat dXodrgeg bydbectiveandlessents
12 on the basis o:ﬁi?eir 180 turn. ther_that, the sglids are removed laterall wa;ch is Cﬁ)nv ntional
and is not shown SRS draRfigais Y feldiedBraill B% 5ERG2 SlEMENS e BHERL MY REENHEA near

the rake head 21, wiigte OpehePaleSs el ANLONBUEAsHENBHNIYRIRE \RiatR BiEaenpiMkin slots

and dashes. The rake-material discharge 22 is also shown, and oné of two symmetrically arranged
rear, lateral mountthis prdtib 28 tah Ibagiberf, thRicaraes ekssteimicliaan betdtity bhish R8séerFigure
2) driven by.a motqr 24 and 30 arranged on the back of the rake head 21. For this purpose, the
mounting plates 23"Nave d mounting hole 26. The mounting plates 23 are also connected 15 October
2003 9 to a polygon-type angles, back hood cover 27, which along with the mounting

In operation, the liquid from which the solids are to be separated flows in the
direction of arrow 3 in Figure 2 against the raking devicel, whereby the solids
from a certain particle size predetermined by the size of the whole, are
15 separated with the help of the perforated screen elements 12, whereupon the
liquid can flow through the raking device 1. The separated solids collect on
the horizontal step surfaces of the escalator-like screen elements 12 and are
transported by the continually circulating screen elements 12 up to the rake
head 21. There, the upper chain wheels 9 define a point of reversal for the
20 endless chains 8, and accordingly for the screen elements 12 and the solids are
discharged at 22 (raking-material discharge) by the screen elements 12 on the
basis of their 180° turn. After that, the solids are removed laterally, which is

conventional and is not shown on the drawing in greater detail.

25 Figure 3 shows the rake frame 4 in the area near the rake head 21, where one
endless chain 8 and one upper chain wheel 9 are also shown in dots and
dashes. The rake-material discharge 22 is also shown, and one of two
symmetrically arranged rear, lateral mounting plates 23 can be seen, which are
used to mount a rotating brush 25 (see Figure 2) driven by a motor 24 and

30 arranged on the back of the rake head 21. For this purpose, the mounting

plates 23 have a mounting hole 26. The mounting plates 23 are also connected



plates 23, as a unit, is hinged by a hinged joint 28 on the top cover 29 of the rake head 21. In this
way, the unit with the mounting plates 23 and the hood cover 27 can be folded back or away after a
tension closure 30 is opened, if 5 this is necessary for maintenance or repair%@ﬂf@\ B/, 3
shows the top part of a collection cup or wall 31, see also Figure 2, whose purpose is to collect the
cleaning liquid, especially water, given off by a nozzle 8nit 32 (see Figure 2 and Figures 7 and 9)
rinsed off the 10 biwla piotygoakiypedavides] backiisambievio2 ¢uybicall 31y witethieatioontitig: side,

which feeds the cleaning liquid and the. rinsed off solids back to.the, front of the rakin it1. The
Totating brush 25 AR o218 U (DR EHE T LGP 08 e ER VB g, G,
which is shown in ggaerrliday 34 imFiBigrovdy afitk whithaia N eesLinGAg trfeking hegdndlhdogrder to
effectively clean the cleaning elements provided with this filter-step rake 1, namely the screen

elements 12, whicEQiot etbe EeldechibaCiAEtdManaftass dansiipsloTurecBOniSaeRESRE akfove
the level of the liqui 10 Ei nit 32 is preferably in the space 35
B nd oY (R RS Maliaded W A e

inside between the wor and screen elements 12, shown at
36 in Figure 2, and the back feedback segment 37. Finally, Figure 2 shows an inspection hole 38,
through which the nﬁ@&unit 25 %Zé%rﬂl’d the collection cup 31 (ﬁnd of course other component like the
endless chains 8 EHiFING SIAHER 2SR 125 2 BEYIrieb acHaN SRTIEN, SHP7OR A 3 broE disee 20
extending over thepyicia of thehisee farabiachieddodiRetidmeasie Ating fiame, 2pelamyamas by
means of bolts 406,1:\3% to which crossp%iece 39 three nozzle beams 4glgre atta’chg% SO ﬁ]giey can swivel

by means of mourgitvgh oIt ay amaaz lef Whéisdh(ead-ifiime anthaiowes1t et aimpoRofbthzzles
43, one on,each e ng these nozzles are co e istributor pipes 44 wia hose lj not shown
in greater ch tail, w%%&? g&eEQ a[éhgéptge%%gcrfcisnfﬁii@g é(éﬁggi@ﬁla%fé) vﬁ%ﬁﬁa \%ﬁmagﬁeﬁésg@(éﬁ be
seen especially inthe side, which feeds the cleaning liquid and the rinsed off solids back to the

front of the raking unit 1.

The rotating brush 25 and the nozzle unit 32 thus together form a screen

15 element/cleaning device, which is shown in general by 34 in Figure 2, and
which is arranged near the raking head 21, in order to effectively clean the
cleaning elements provided with this filter-step rake 1, namely the screen
elements 12, which perform both a screening function and also a transport
function, at a site above the level of the liquid. As can be seen in Figure 2, the

20 nozzle unit 32 is preferably in the space 35 inside between the front working
segment of the endless chains 8 and screen elements 12, shown at 36 in Figure
2, and the back feedback segment 37.

Finally, Figure 2 shows an inspection hole 38, through which the nozzle unit
25 32 and the collection cup 31 (and of course other component like the endless

chains 8 and that screen element 12) can be inspected.

In Figure 7 and 8, a cross piece 29 extending over the width of the rake is
attached to the side parts of the frame 5, 6, for example by means of bolts 40,
30 to which cross piece 39 three nozzle beams 42 are attached so they can swivel

by means of mounting bolts 41. Each of these nozzle beams 42 has two



Figure S. 5 The three nozzle beams 42 are connected to one another via a rod 47 connected to them
with bolts 46 and jointed, and on one of the nozzle beams 42, the right one 42 in Fi?u e 7, a crank
gear shown schematically at 48 engages, which is driven by a motor 49, in HAPH th@él 0% zz1e
beams 10 42 together around their respective jointed points (mounting bolts 41), see also double
arrow 50 in Figure 7. Figures 7 and 8 also show bushirlds welded into the nozzle beams 42; of
course, these bustiozzead Beamsednochokd erghasate theselaekzesrascheeimgdiBd doy distalbutoizle

holes, which is not shown in greater detail in the drawing. In pperation, the motor 49 drives the crank
goar 47 with the ARIBCTOASY oSG s Wb AL A 521 Eh b AL OERABHED o Hing
bolts 41, thereby viggedhietelrd®sgheaerdisy W Nsipelripgags4bL awivaHing brek argeqdmtinin this
way, the nozzles 43 are moved back and forth in a circle, as shown by arrow 49 in Figure 7, so that
they reach the wh&iEJHFBSB of the filter step rake 1 between the side frame parts 5, 6 on two levels and
SO can clea% approximately one-third of the rake width i.e., a third of the length of the screen element
12. 25 The nozzles 43 are high-pressure nozzles, whose water is fed at a pressure of 15 to 20 bar

(especially 18 bar)Tfw ekegeplezplerdeantsspraydite sorerectazieoenisel 2ruttidhelidhodesddt wrfree

them of any solids. First, the screen elements 12 and hence their holes 14 as well are cleaned with
teotatng 30 broCHE AR, TR AUTB BOLS- A8 oA AR B 1 o e, BREAIE, REAS with

the rotating brush 25 afgcfadoier tapdake-iaiagateischargri [aingh dwP stpRAnARGRI} larrgoval.

On the other hand, the solids rinsed out of the holes 14 in the sCreen element 12 with thé spray jets
are collected in the&@gagesiowioh 33 dausmybyithriesanat8r inaAtiRIdiG Sk ¥e kiibefropz e thearke.

10 42 together around their respective jointed points (mounting bolts 41), see also

double arrow 50 in Figure 7.

Figures 7 and 8 also show bushings welded into the nozzle beams 42; of
course, these bushings can be used to hold separate nozzle elements having

15 very small nozzle holes, which is not shown in greater detail in the drawing.

In operation, the motor 49 drives the crank gear 47 with the drive rod 51, and
the first nozzle beam 42, which thus is swivelled on its mounting bolts 41,
thereby via rod 48 drives the other two nozzle beams 41 swivelling back and
20 forth. In this way, the nozzles 43 are moved back and forth in a circle, as
shown by arrow 49 in Figure 7, so that they reach the whole area of the filter
step rake 1 between the side frame parts 5, 6 on two levels and so can clean
approximately one-third of the rake width i.e., a third of the length of the

screen element 12.

25
The nozzles 43 are high-pressure nozzles, whose water is fed at a pressure of
15 to 20 bar (especially 18 bar), for example, in order to spray the screen
elements 12 and their holes 14 to free them of any solids. First, the screen
elements 12 and hence their holes 14 as well are cleaned with the rotating
30 brush 25 shown inn Figure 2, and the solids brushed off the screen elements

12 with the rotating brush 25 are fed to the rake-material discharge 22 for final



5 Although now shown in greater detail in the drawing in Figure 2, in the area of the bottom point of
reversal of the filter step rake 1, i.e.. radially outside the bottom chain wheel 10, there are statignary
brush elements to brush off and clean both lateral endless chains 8, on one Jaérﬁféﬁdp% 40@en
elements 12, on the other. 10 Figure 2 also shows schematically two liquid-level sensors 52, 53,
where the one, 52, is arranged upstream from the filted &tep rake 1, and the other, 53, downstream
from it. These liquitkieoebbeoths01I%ES Hersstttteesa e tithse diout (adf theehinjer IdpBirtenscradn

downstream from the raki evice 1, and 15 they are connected to a coptral circuit fqr the chain drive
motor 1. 50 if heflo R LR e B A AT SEE el RS O AR Has ST foad
of solids, and the ligtigl iineiRatcp-the difet siak ke d FoasSefititakgse the motor 11 run at a higher
rpm. The corresponding control circuit 54 is described in greater detail below using Figure 9. 20 As

can be seen from Figure 9, the control circuit 54 is connected to the upstream level sensor 52, on one

hand, and t@ the d tl: indicati irection |
which the iuid. s T or oot el O e A U e el e
fed to a measuringhieabstiocepshnt-of exzergdk ofehecidtdl step aakd ¢, pressadéatineatsidettioh

detect the hydrostatic pressure based on the liquid above them, and in the measuying transducer 55,
the signats gven GIPBP IS GUnJAEEL LBo DEHE AT A RTAD oA P ISy on PO AR
digital form for thig YRS T4terdIfeianReg BRANRED, (BR BIRARMIRY YAl esePseriereelshéniound,

which can be done either in the measuring transducer 55 or for this purpose in a processor 56
connected after themiBafthag transducer 55, which 15 October 2003 12 in the latter case contains
both measured signals fed back from the two sensors 52, 53 in the form processed. The processor 56
contains in"a storage area, not

Figure 2 also shows schematically two liquid-level sensors 52, 53, where the
one, 52, is arranged upstream from the filter step rake 1, and the other, 53,
downstream from it. These liquid-level sensors 52, 53 detect the respective
level of the liquid upstream and downstream from the raking device 1, and
15 they are connected to a control circuit for the chain drive motor 11, so if there
is a difference in the level that occurs when the liquid flowing in has a high
load of solids, and the liquid in front of the filter-step rake 1 clogs, it makes
the motor 11 run at a higher rpm. The corresponding control circuit 54 is
described in greater detail below using Figure 9.
20
As can be seen from Figure 9, the control circuit 54 is connected to the
upstream level sensor 52, on one hand, and to the downstream level sensor 53,
on the other (see also arrow 3 indicating the direction in which the liquid
flows), so the output signals of the two sensors or measuring elements 52, 53
25 are fed to a measuring transducer 55. For example, sensors 52, 53 can be
pressure sensors, which detect the hydrostatic pressure based on the liquid
above them, and in the measuring transducer 55, the signals given off by the
sensors 52, 53 transformed in the conventional way, are amplified in digital
form for this purpose. The difference between the measured values produced
30 is found, which can be done either in the measuring transducer 55 or for this

purpose in a processor 56 connected after the measuring transducer 55, which



shown in greater detail, predetermined set values for the rake speed, i.e., the rpm of the motor 11,
and depending on the difference found in the measured 5 values, it gives a contral signal to_control the
motor speed, which is fed to a frequency transformer 57 in this example. Accl,ér(ﬁﬁgt RIS 0GR
signal, the frequency transformer 57 applies a voltage with a changing frequency to the drive motor
11. The drive motor 11 can be a conventional three-ph&d8e motor, for example, which is set for a
nominal frequencyiedherddtiBocase tconjams bathbueasnned sibglshtedrbgok ivynrdinsfovmeerspia steps

between two freq limi minimum frequepgcy of 30Hz, far example, and g maximum frequency
of 60K, for exampte: Batl ARG COHAAGRE o) MRt PRI g S SHF b8 A e of
two-point control viHy @mMiVreRRISHIRIP PR RIS RAHESRENUIANES toe tlimkensiesyeney theHz, for
15 example) and the other the maximum frequency (60Hz, for example). Besides supplying voltage

with adjustable frea@r@n@t/,tmenn@@meﬂriloyarﬂfhﬁgraﬁﬂbﬂéra;5p@éh%@ﬂ@@ﬂ@@é&@ﬂ@darmsdw&u&dsince
depending gn the \'/%iﬂr?%%r_‘iﬁgei\%é"s H}‘HRBF%iﬂ‘fréﬂr‘?&tdﬁrﬂfﬁw&g%t{brv@ﬂgﬁﬂlﬁ&dﬁt%be%"?:120 the

frequency transforme r example, current values in the range from are concelvable,
and when, presumfxbtyygheydtraasfartoed b haa dhisoexaapterrehtodiddng tbathicegoatroy signaleeded
by 10%, for examp'E]a, gn alarm signal_can beﬁ%iven nd/or an eme\z?en'%yﬁhut-off can take place. The
alarm signal can a6 BEEGHRITWHERTFE MR Lﬁ‘HQEPﬁ ZryolagRe adMBIdregHERhdGpm

control correspondgdofiABIR IEAUPREYIPHEQhtslorl 2 OEkAPBE 2DB8rkRtidNA Shte fRade 20

motor, for example, which is set for a nominal frequency control. So, the
10 rpms can be controlled by the frequency transformer 57 in steps between two
frequency limits, a minimum frequency of 30Hz, for example, and a maximum
frequency of 60Hz, for example, but it is also conceivable to switch the
frequency in stages or to have a type of two-point control with only two
possible rpms, one corresponding to the minimum frequency (10Hz, for

15 example) and the other the maximum frequency (60Hz, for example).

Besides supplying voltage with adjustable frequency, the frequency
transformer 57 can also be used for overload control, since depending on the
load on the drive motor 11, current is drawn from it, which can be detected in

20 the frequency transformer 57. For example, current values in the range from
2A to 7A are conceivable, and when, presumably, the drive motor 11 has a
nominal current of 3A, if that frequency is exceeded by 10%, for example, an
alarm signal can be given and/or an emergency shut-off can take place. The
alarm signal can also be given when the maximum rpm are reached (for

25 example, when the rpm control corresponds to a maximum frequency of
60Hz).



2. 25 3. A raking device for separating solids from liquids, for example for sewage-treatment plants,
with cleaning screen elements (12) with holes (14) arranged in steps like an escalator circulating in a
rake space extending basically over the width of a frame (4), the screen elerhentdCERRE ted to
at least one lateral endless chain (8), which is driven by a motor (11), the chain extending over an
upper chain wheel (9) and a lower chain wheel (10), déBning an upstream section of screen elements
and a downstream section of screen elements as the chain rotates around the chain wheels, and
nozzles (43) Iocategl b ﬂ(\ﬁn the upstream and downstream sections of screen elements and facing
downstream to cle ﬁ'é wnstream section of screen elements as they go by, characterized by a
collection housing (31) located on a downstream side of the downstream section of screen elements
for collecting water discharged from the nozzles and debris dislodged from the screen elements by

the nozzles, and akeedbatkiakHuLiteyige ciineepatrtinmesetfsciiemdiasiifs aheriexample fis

upstream sigde of the up el e I ' \Qﬁ%e i from the
collection hogusing to thesgu%)str gsnﬁr(‘éstégc'qgi%ﬁ]g@??ﬁg’sg\mgr? @?ﬁmﬁgﬁg %%(re@:lga?ng e(%}aq%ﬂggﬁlgéfo
characterized by the fact (4} therarmpeden (4@pardikesignescakatoghenadatirgnirzzesaker spaceple
designed for a pressure from 15 to 20 par. The raking d_evh:e an chalm 1, c?aractenzed b?/ the
collection housing (31) beXi§ bag Gy QVEh fayvidth of a Trame (4), the screen efements

being connected to at least one lateral endless chain (8), which is driven
by a motor (11), the chain extending over an upper chain wheel (9) and
10 a lower chain wheel (10), defining an upstream section of screen
elements and a downstream section of screen elements as the chain
rotates around the chain wheels, and nozzles (43) located between the
upstream and downstream sections of screen elements and facing
downstream to clean the downstream section of screen elements as they
15 go by, characterized by a collection housing (31) located on a
downstream side of the downstream section of screen elements for
collecting water discharged from the nozzles and debris dislodged from
the screen elements by the nozzles, and a feedback conduit (33)
connected to the collection housing and leading to the upstream side of
20 the upstream section of the screen elements for returning water and
debris from the collection housing to the upstream section of the screen

elements.

2. The raking device in claim 1, characterized by the fact that the nozzles
25 (43) are designed as high-pressure nozzles, for example designed for a

pressure from 15 to 20 bar.

3. The raking device in claim 1, characterized by the collection housing
(31) being mounted to the frame (4).



