WD 03/ 059487 PCT/ US03/ 00563 REMOVABLE BAR FOR BAR SCREEN BACKGROUND OF THE
| NVENTI ON Rel ated Applications 5 This application clainms the benefit of a
provi si orab oajpp4BTat i on having United States Serial No. @®0Trase36ese3 filed
on January 11, 2002, which hereby is incorporated by reference inits
entirety. Technical Field of the Invention [0001] The present invention
relates to rake-type cleaning screens located in water 10 conduits such as
sewers, wastewater treatnment streans, water treatment plants, power

plants, and cooling water streans. Mre particularl this invention
relates to an inproved barREM@gﬁﬂwBé%FmﬁAB$éBE]ﬁ Npe screen system
Background of the Prior Art [0002] Bar screens are used for screening
solids and debris fromflowing liquid 15 streanms. An exanple of such a bar
screen systemcan be found in U S. Pat. No. 5,730,862 issued to Mahr. In
such syst ens, BACYCGROLN ) [ AEE, b ¥ ‘winaraIIeI screen bars, which nmake
up a bar screenfield and renove the debris collected fromthe flomﬁng
stream Cccasionally, large pieces of debris can danage the bar screenfield
by either berRlaigddpphicgidnsng one or nore bars within the bar screenfield.
When this 20 occurs, the screen system nust be repaired by typically
cutting out the affected bars _and wel di eM/bars n their ace._These
repair nethods arel h@ﬁ@P@@ﬁeﬁﬁhﬁgsteﬁﬁpéﬁ%? Pﬁwﬁg?ﬁlﬂﬁﬂ§auﬂh ‘@%%EW%F@e.

The screen systemis typically taken out of 1
States Serial No. 60/347,690, filed on January 11, 2002, which hereby is incorporated

by reference in its entirety.

Technical Field of the Invention

[0001] The present invention relates to rake-type cleaning screens located in water
10 conduits such as sewers, wastewater treatment streams, water treatment plants, power
plants, and cooling water streams. More particularly, this invention relates to an

improved bar screen for use with a rake type screen system.

Background of the Prior Art

[0002] Bar screens are used for screening solids and debris from flowing liquid
15 streams. An example of such a bar screen system can be found in U.S. Pat. No.
5,730,862 issued to Mahr. In such systems, a series of rakes pass éver parallel screen
bars, which make up a bar screenfield and remove the debris collected from the
flowing stream. Occasionally, large pieces of debris can damage the bar screenfield
by either bending or breaking one or more bars within the bar screenfield. When this
20 occurs, the screen system must be repaired by typically cutting out the affected bars
and welding new bars in their place. These repair methods are time consuming,

potentially hazardous, and expensive. The screen system is typically taken out of



WD 03/ 059487 PCT/ US03/ 00563 service for a relatively long period of tine
in order to make these repairs, which also adds significantly to the costs
of the rewpaimssds94BD003] A need exists for a screen system BCThUSbEOES63 hat can
be repaired quickly, safely, and cost effectively. ldeally, such a system
shoul d be capable of being 5 adapted to the specific fluid applications
and al so be able to be used on existing screen system equipnment with

m ni mal nodi fication. SUMVARY OF THE | NVENTI ON [ 0004] The present invention

advant ageousl royi des. a screen system for renovin ebris .froma flow
Channel  The SERGolr &Sl s e e o e My bty g als6
screenfield that is | ocated below a debris plate. The bar screenfield
i ncl udes a pladdapignificantly toothg ceriaef the F@aB%abl e bars. Rakes with a plurality
of fingers fit between the bars of the bar screenfield. The rakes are
novabl e al ong the bar screenfield to clear the bar screenfield of debris.
[ 0005] The bd0803tes iwed rexistmsabh peser sygemi withlibafsethahtcamdgsreparadhguitklyne of
the 15 screenfield. Preferably opposite ends of the bars fit within slots
of a bar hol dafely, A tostpefeeanEint IdRalifiesushod Systémr gloald®e capitle dfMdifi@l ity
of teeth is secured to the holder. The gaps between the teeth are
wedge- shaped i 2 8 oL b o! e i ner
S Fast cned (o ise Bart 3Bl el 1 abRIGLPES BT O e 0 Veped IS, 10h
of the Draw ngs_ 20 %0006#180 %h% t.he nne %n whi ch the features,

opipat ¥t fcd

advant ages and OBj eers © o A as others which will

becone apparent, may be understood in nore detail, nore particul ar

description of the invention brief] sNurmari zed above may be
SUMMARY OF THE INVENTIO

[0004] The present invention advantageously provides a screen system for removing
debris from a flow channel. The screen system includes a screen frame having a bar
10 screenfield that is located below a debris plate. The bar screenfield includes a
plurality of individually removable bars. Rakes with a plurality of fingers fit between
the bars of the bar screenfield. The rakes are movable along the bar screenfield to

clear the bar screenfield of debris.

[0005] The bars may be releasably secured in different ways to the frame of the
15 screenfield. Preferably opposite ends of the bars fit within slots of a bar holder. After
placement in the slots, a retainer with a plurality of teeth is secu‘red to the holder.
The gaps between the teeth are wedge-shaped for wedging the bars in place on the bar

holder. The retainer is fastened to the bar holder with a releasable fastener.

Brief Description of the Drawings

20 [0006] So that the manner in which the features, advantages and objects of the
invention, as well as others which will become apparent, may be understood in more

detail, more particular description of the invention briefly summarized above may be



2 WD 03/ 059487 PCT/ US03/ 00563 had by reference to the enbodi nent thereof
that is illustrated in the appended draw ngs, which forma part of this
speci fi cawD®n/059487i s to be noted, however, that the drawpPegase/bassl rate
only a preferred enbodi nrent of the invention and are therefore not to be
considered imting of the invention's scope as they may admt to other
equally 5 effective enbodi nents. [0007] FIG 1 is a perspective view of a
screen systemdisposed in a liquid now streamwth a singly renovable bar

screenfield, n ted in accor Wi th t ent | qn. 008

is a cross- sé‘@% ﬁr. TR O ﬂ%ﬂﬁﬁ‘&% ﬂt?é?c’fh ﬁ’ﬁ a B n]i‘éfui !FF’%I Il?aﬂpllei’ﬁle
screenfield of FIG 1, taken alon the line 2-2 of FIG 1. 1[10009] FIG 3 is
a partial toplrewigs.ovhichdome apagis éhlaapecsféqaeenf iltelp do be npted; hiowvever,dbatohe FI G
4 is a side view of a renovable bar of FIG 1. [0011] FIG 5 is a front

vi ew of a scrdaewingsliliusrate andy aipreferrddoembriememt dftiee insentsoradrrotherdfdr@nol. 15
[0012] FIG 6 is a front view of the internediate screenfield bar hol der of

FIG 1. [00%3JbeRofmiddrel Sindtif€oF tiRriaventiofW ebpeiis PP elaySednfef dthéitbgaally
holder with a bar installed in accordance with a first alternate

enbodi meat of e DLEBEN £1|e1 fQvention. [0014] FIG 8 is a sectional view of
an i nternedi ate screen e & bar holder in accordance with the first
al ternat e enbodi nent of the present invention. 3 WO 03/059487

PCT/ US03/ 0056[‘3007] FIG. 1 is a perspective view of a screen system disposed in a liquid flow
stream with a singly removable bar screenfield, constructed in accordance with this

invention.

[0008] FIG. 2 is a cross-sectional view of a removable bar installed in the bar

10 screenfield of FIG. 1, taken along the line 2-2 of FIG. 1.
[0009] FIG. 3 is a partial top view of the removable bar screenfield of FIG. 1.
[0010] FIG. 4 is a side view of a removable bar of FIG. 1.

[0011] FIG. 5 is a front view of a screenfield bar retainer for use in the bar screen of

FIG. 1.
15 [0012] FIG. 6'is a front view of the intermediate screenfield bar holder of FIG. 1.

[0013] FIG. 7 is a sectional view of an upper screenfield bar holder with a bar

installed in accordance with a first alternate embodiment of the present invention.

[0014] FIG. 8 is a sectional view of an intermediate screenfield bar holder in

accordance with the first alternate embodiment of the present invention.



[0015] FIG 9 is a sectional view of a | ower screenfield bar holder in
accordance with the first alternate enbodi nent of the present invention.
[0016] FIv@0 03059487 a sectional view of an upper screenfi el a@Charsosiaiseer wth
a bar installed in accordance with a second alternate enbodi nent of the
present invention. 5 [0017] FIG 11 is a sectional view of a |ower
screenfield bar holder in accordance wth the second alternate enbodi nent
of the present invention. Detailed Description of the Drawi ngs [0018] FIG
1 illustrates _on .0f screen system 10 installed in a channel 12 .
through whi crl0§lﬁiﬁ4§f§ if P SRPUPARY Pdddewer SeTeehECld: o be BB ey sy t he
arrow. 10 This screen system 10 generally conprises a screen frane 14, a
debris pl at e thefifsheltpgmaipembiodynens of the present igpentionng over screen system 10,
a bar screenfield 18 for collecting solid waste in the flow stream and a
series of rakes 20 (only one shown) for renoving solids and debris from
bar screenfi g0a141&1J. 001 & a Sectemnl fiessmef 4 dppsr acrbedwild dao hofder wathda ddge 22
and a trailing or rearward 15 edge 24. Wen screen system 10 is installed
in a channel jAdall&CineRbortihREByilEASHcBEd alstfe 2Abvlimenb6f BB pidientipedntieam si de
and screen frane trailing edge 24 will be on the downstream side. The

di stance between screen frane | eading edge 22 and screen franme trailing

edge 24 defi nggHgciantf éjEéEﬁBlzziquieVQfofsacfo%P sblceiifeld bar Bofder HFA&RRIAnEL d 18
and debris pllate 16 are attached to screen franme trailing edge 24, wth 20

bar screenfi el 8 | ocat i_medi af. el | ow [l | ate 16. [0020] Bar
screenfield 1‘@913%}?‘5%0 sﬁ%n%a&at erg[!fodtblg?%tl qt@?e, prggeglgmy_%%tgoanwd, vertical bars
26. The preferred enbodi nent of the invention uses flat bars that are

trapezoidal in cross- 4. . i
P Detaileg f)escnptlon of the Drawings

[0018] FIG. 1 illustrates one type of screen system 10 installed in a channel 12

through which a liquid flow stream passes in the direction mdicated by the arrow. (
10 This screen system 10 generally comprises a screen frame 14, a debris plate 16 for

preventing debris from spilling over screen system 10, a bar screenfield 18 for

collecting solid waste in the flow stream, and a series of rakes 20 (only one shown)

for removing solids and debris from bar screenfield 18.

[0019] Screen frame 14 has a leading or forward edge 22 and a trailing or rearward
15 edge 24. When screen system 10 is installed in a channel 12, screen frame leading
edge 22 will be on the upstream side and screen frame trailing edge 24 will be on the
downstream side. The distance between screen frame leading edge 22 and screen
frame trailing edge 24 defines the depth dimension of screen frame 14. Bar
screenfield 18 and debris plate 16 are attached to screen frame trailing edge 24, with

20 bar screenfield 18 located immediately below debris plate 16.

[0020] Bar screenfield 18 comprises a set of parallel, evenly-spaced, vertical bars 26.

The preferred embodiment of the invention uses flat bars that are trapezoidal in cross-



WO 03/ 059487 PCT/ US03/ 00563 section. The | eading edge of each bar in the
preferred enbodinent is wider than the trailing edge. The bars are spaced
to al |l ow Wo@alsh48D pass uni npeded, but to block the passage/ush3/ashsis or
solids in the flow stream Bar screenfield 18 contains enough bars 26 to
extend across the entire width of screen franme 14. The solids and debris 5
accunul ate on the front of bar screenfield 18. [0021] In the preferred
enbodi ment of screen system 10, each rake 20 has a series of tines or

fingers 28 to fit in the gaps between each bar _26. kes 20.are attached at
bach end to cnohens o kelRyer mheac b di | ehfelyred ﬁgﬁeﬁmﬁ?wﬂ?ﬁ@%ﬁge
chains 30 carry rakes 20 in an upward direction over the forward surface
of bar scr eerﬁ‘ﬁléﬂlﬁlqui- Tl trgs erg chaged ke abow digaiddp aspimmpedsade by th&lock the
screenfield 18, fingers 28 clean the accunulated solids and debris from
bar screenfi gladsap8.of [debris ol isdsdsamdthd dlowi straane Beakcreadidd 18 ventanp anbuglcr een
system 10 for disposal. [0022] Bars 26 are individually renovable fromthe

bar screenfi edals 28 t0 ERRnBALDsPthe dtivdwidh lof S6/EE Rraf¥sSeNBhAsRiddahdEbis t he
bar screenfield, thus not individually 15 renovable. Bars 26 are long thin

|1
net al 235 S. %%g&ﬁﬁfaf@oﬁ&e@(?%oﬂbarts elﬁgag(glg)n one end of each bar 26 has a

t aper ext endi ng rearwar romthe ing edge toward the trailing
edge. Taper 27 joins a reduced thickness section 29 in the bar 26, that has

[1el | i traidi i des. 023] B tt dtob
er eent i el o ARUPHERRbAR PR bR a1 itn & in 10 PR Bl ALhR iefer B
hol der slots 32 (FIG 3) that are located in two or. nore screenfield_ bar
hol ders. FI GUngsior fingersadtto Bt i the iaRThetwaen 83 Wa2ondrakes 20%¢ plkashsd i2bn

wi th an upper screenfield bar holder 33, a |ower screenfield bar hol der
35, and an i raeh eeditateadless chains 30 that are driven by sprockets 31. The two chains 30

carry rakes 20 in an upward direction over the forward surface of bar screenfield 18.
10 As each rake 20 travels upward along bar screenfield 18, fingers 28 clean the
accumulated solids and debris from bar screenfield 18. The solids and debris are

carried to the top of screen system 10 for disposal.

[0022] Bars 26 are individually removable from the bar screenfield 18. The bars of
prior art screen systems are welded in the bar screenfield, thus not individually
15 removable. Bars 26 are long thin metal bars. Referring to FIG. 4, the edge on one
end of each bar 26 has a taper 27 extending rearward from the leading edge toward
the trailing edge. Taper 27 joins a reduced thickness section 29 in the bar 26, that has

parallel leading and trailing sides.

[0023] Bars 26 are attached to bar screenfield 18 individually by inserting bars 26
20 into a series of holder slots 32 (FIG. 3) that are located in two or more screenfield bar
holders. FIG. 3 illustrates a multi-screenfield bar holder configuration with an upper
screenfield bar holder 33, a lower screenfield bar holder 35, and an intermediate

screenfield bar holder 37. The upper screenfield bar holder 33, as shown in FIG. 1, is



screenfield bar holder 37. The upper screenfield bar holder 33, as shown in
FIG 1, is 5 WO 03/059487 PCT/ US03/ 00563 |ocated at the bottom edge of

t he debriwopBas®sl16. The intermedi ate screenfield bar holpd@rus8ygosas
illustrated in FIG 3, is |located m dway down the bar screenfield 18. The
| ower screenfield bar holder 35 is |ocated at the bottom of the screen
frame 14. Additional intennediate screenfield bar holders 37 can be
install ed between the upper 5 and | ower screenfield bar holders 33, 35, in

addition to the md one il]ustrat LN I Hol ders 33, 35 may
be separate h’%‘??ﬁ?r,ﬂr %tm%%ahoﬁﬁ%e‘i iorf&g? %glg%plgg 1(?9 %\li}%ll’%f?‘ﬁ’b‘?d?%t% S‘?rFeal?i%el‘ﬂ’?r
Alternately, upper holder 33 may be forned by bending a |ower section of
debris plate thfelf S84 waillpsiatedfinritong, & located midyyay ewrotha diar sgeenfgléilBar |y,
| ower hol der 33 may be forned by bending a portion of frane 14 10 downward
and form ng d$hetlewd? s¢rb@rfeichbarSioddes 332 ilocatddeat il bottam df ltavearedmofraine 4433,
35 in this instance are thus closed perineter apertures. Slots 32, however,

in internediad@ihol desmidiatd SomesnEield Ria\WRIRREIT LRRS ingAled Ba&wshOWMR ippef| G
6. [0024] In each holder 33, 35, 37, the holder slots 32 extend over the

entire wdth aﬁa.loxkﬁeséc?{eélﬁ?]{&yl{a? %@eﬁgﬂﬁ, ?3, glez\%dgg)?ﬁ?itﬂe Fi&vaPo eesi![llﬂgﬁatg’@ iy

be tapered in w dt orward si an rearward
side, to mat | gse ith,t rapezoi dal bars 26. Al ternately
Fect angul ar 6t o SHVIPE 30 HLERY 08 SRuraibintRs BrLP dB5E b a
hol der 33 has a forward portion 33a_and a rearward portion 33b. Forward
portion 33a, WHdBE kvfemend. sidtesatady, ypper hollep 34 Haay, be ferasd by bendins 2
pl ane containing bars 26. Rearward portion 33b is inclined at an obtuse
angl e rel at i ‘ewensdctionerfddeddis gdatei dnredBuard Sindi foamfing slotswd? ibdie holddeB335
has a forward portion 35a that is parallel
Similarly, lower holder 33 may be formed by bending a portion of frame 14
10 downward and forming slots 32 therein. Slots 32 in the upper and lower holders 3'3,

35 in this instance are thus closed perimeter apertures. Slots 32, however, in

intermediate holder 37, however, have open upper ends as shown in FIG. 6.

[0024] In each holder 33, 35, 37, the holder slots 32 extend over the entire width of
the screen frame 14, as depicted in FIG. 6. Slots 32 may be tapered in width slightly,
15 having a wider forward side than rearward side, to mate closely with the trapezoidal
bars 26. Alternately, rectangular slots 32 are also feasible. As shown in Figure 2,
upper bar holder 33 has a forward portion 33a and a rearward portion 33b. Forward
portion 33a, which contains slots 32, is in a plane perpendicular to a plane containing
bars 26. Rearward portion 33b is inclined at an obtuse angle relative to forward
20 portion 33a. Similarly, lower bar holder 35 has a forward portion 35a that is parallel
to forward portion 33a and a rearward portion 35b that is inclined relative to forward
portion 35a. Intermediate holder 37 is not shown in Figure 2, and in this embodiment,
lies in a single plane. If desired, intermediate holder 37 could have a similar

configuration to the other holders 33, 35.



to forward portion 33a and a rearward portion 35b that is inclined relative
to forward portion 35a. Internediate holder 37 is not shown in Figure 2,
and in thweoankasi ment, lies in a single plane. If desir@dr/usay/erssedi at e
hol der 37 could have a simlar configuration to the other hol ders 33, 35.
6 WO 03/059487 PCT/ US03/ 00563 [0025] The reduced thickness section 29 on
the upper end of each bar 26 is inserted in slots 32, which are | ocated at
the bottom edge of the debris plate 16. A portion of reduced thickness

section 29 sl f debri te 16, as sho F 2. The
wi dt h of eachf(’g?%ltf eﬁg"%tﬁﬁh{‘?sﬁ S?i@g@? éﬁqul‘Fé il g ﬁacg\%agggﬁs Igsrtedgns o
that bar 26 5 inserts freely into slots 32. Tapered edge 27 6prevent_s bars
26 from bei ng q{;@@@eafhgq;bareflg@atgbattqhg betpm @igﬂloefttbe debriy plotzs] 6. AAsearties off
hol es 39 exist rearward fromslots 32. Holes 39 are used to attach
screenfi el d haducedtthickeess sédtidno2%® slodes atartvhrl bfOdablris Qriste ibpaesimmat &1 BIEG. 2.
reside. Screenfield bar retainers 41 are thin rectangular netal plates

with tines orThegidh 48c2R sldﬂngi@ﬂi{%f@ 1 QeraHaiethe fwitiheo fea61eB 6o dhfdar 26
retainer 41, as shown in FIG 5. e gap between each tine 43 is tapered

o o AL A g fm(??@%sr?aﬁ SRR L7 SRR Aol PEepg Y™ ©

depi ct ed |nfgIG h2 gcre Id bar retainers 41 thus stabilize and

rei nforce bar@ ¥thegepr ers 41 are located on both the upper hol der
33 as well as the |ower hol der 35. 15 Qotionally, bar retainers 41 could be
utilized for the internedjate holder 37 if bars 26  are sufficiently | ong

to require ad@pmdﬁ &PTies A1ales A% st reqrepizfrom siie ARy Elodesigare e ‘ﬁeﬁ“@chll

contain at |east two attachnent holes for attaching
screenfield bar retainers 41 to each of the locations where slots 32 reside. Screenfield

bar retainers 41 are thin rectangular metal plates with tines or teeth 43 on the forward
10 edge of the screenfield bar retainer 41, as shown in FIG. 5. The gap between each
tine 43 is tapered and slightly smaller at the narrow portion than each bar 26. Tines
43 are wedged between bars 26 after bars 26 are inserted in holder slots 32 as depicted
in FIG. 2. Screenfield bar retainers 41 thus stabilize and reinforce bars 26. Bar
retainers 41 are located on both the upper holder 33 as well as the lower holder 35.
15 Optionally, bar retainers 41 could be utilized for the intermediate holder 37 if bars 26

are sufficiently long to require additional stabilization.

[0027] Screenfield bar retainers 41 contain at least two attachment holes for attaching
the screenfield bar retainers 41 to the holder holes 39 by fasteners or bolts. As shown
in FIGS. 2 and 5, the plane containing retainer teeth 43 is at an obtuse angle relative
20 to a central portion 4la. Also retainer 41 has a rearward portion 41b that is at an
obtuse angle relative to central portion 41b. The angle of rearward portion 41b
matches that of holder rearward portion 33b. Screenfield bar retainers 41 are bolted

to holes 39 located rearward of holder slots 32, as shown in FIG.2, by aligning the



the screenfield bar retainers 41 to the holder holes 39 by fasteners or
bolts. As shown in FIGS. 2 and 5, the plane containing retainer teeth 43
is at an wbtogss48ngl e relative 20 to a central portion 41&CTAIS8®005e3 ai ner
41 has a rearward portion 41b that is at an obtuse angle relative to
central portion 41b. The angle of rearward portion 41b matches that of

hol der rearward portion 33b. Screenfield bar retainers 41 are bolted to
hol es 39 | ocated rearward of holder slots 32, as shown in FIG 2, by
aligning the 7 03/ 059487 PCT/ US03/ 00563 . screenfi el d bar_ retainer_ holes
and hol es 39 SSHEHASAF Feiging: 155;% andhleryty BMbinseriEg erolt thrugh ey grtthhed,
the taper of |ower Eorti ons 33b draws retainer 41 central portion 4la into
abut ti ng engdpdine tightened thotager offlowwapatipes 13bokraggeetainen 41 eentrehpmtion 4lses
retainer teeth 43 to wedge bars 26 between them The angle of the inclined
pl ane 5 cont dito atonttige biigad8mpntowith dwldeo fdwiaad pertfonr33al | Thik Inyovdnfche caues

di rensions of bars 26. Screenfield bar retainers 41 are installed one

af t er anot herrefa@ier ttét8h @nttorPedbedadts 96 vehReen ShEMEMTH ABe bf thd BERMd Fiagd

side end tine 43 of each screenfield bar retainers 41 1s only about one-
hal f of the wdth. i . ' [ e
a1 ous the totkil potEes SERIASIBuRD 47 g0 PRaE i drhidfe 3P pRNARE
abutment and still ve the end tine align with th ol der sl.ots 32.
vt -t ho. scceesie bt pees ot pengsaiedneher widiner e o sitne S ot

wi dth of the screen frame 14 allows for nore versatility since individual
screenfiel d arecpdtagionkhs 41 can be added or renpved to replace individual

bars 26. Alternately, a single bar retainer 41 for the entire width of bar

15 hol der 33 or 37 could be utilized.
- [0028] Each side end tine 43 of each screenfield bar retainers 41 is only about one-

half of the width of the remaining tines 43. The side end tine 43 shape allows the
10 screenfield bar retainers 41 to be placed in side-by-side abutment and still have the
end tine 43 align with the holder slots 32. Having the screenfield bar retainers 41 so
narrow in comparison to the width of the screen frame 14 allows for more versatility
since individual screenfield bar retainers 41 can be added or removed to replélce
individual bars 26. Alternately, a single bar retainer 41 for the entire width of bar

15 holder 33 or 37 could be utilized.

[0029] A stop member 45 is secured to the lower side of each bar retainer 41 on lower
holder 35. Stop member 45 has the same width as each bar retainer 41 and is used to
prevent bars 26 from sliding downward relative to lower holder 35. Stop member 45
has a forward portion 45a that is offset at a lower elevation from the rearward portion

20 45b. The lower ends of bars 26 abut forward portion 45a.

[0030] To install bars 26, each bar 26 is placed in holder slots 32 in holders 33, 35
and 37. The upper reduced thickness end 29 of each bar 26 inserts behind the edge of

debris plate 16. The lower end of each bar 26 locates below a lower portion of frame



[0029] A stop nenber 45 is secured to the | ower side of each bar retainer
41 on lower holder 35. Stop nenber 45 has the sane width as each bar
retai ner Wb oansh48s used to prevent bars 26 from slidi ng aomrusas/ehssel ative
to | ower holder 35. Stop nmenber 45 has a forward portion 45a that is
offset at a |lower elevation fromthe rearward portion 20 45b. The | ower
ends of bars 26 abut forward portion 45a. [0030] To install bars 26, each
bar 26 is placed in holder slots 32 in holders 33, 35 and 37. The upper

reduced thi ckness end 29 of eﬁch bar 26 igéfrts_behind t he_edge of debris

plate 16. ThelfoRetrmssgtbiredaliad tpfoldsss Bdand & With Bt deqtivde egeingibstivesn
frame 8 WO 03/059487 PCT/ US03/ 00563 14. Retainers 41 are bolted to hol ders

33 and 35, wi tichtdfethe base2h D3 the dgpergerisle theeamtace af Melris plate Kawsth2aeduded t he
upper end, the contact of debris plate 16 with reduced thickness section

29 prevents f efiviaiess SE0HGMEH pravbes foeekdmdIeménttwigenpgr 3 roftled Wgses retdihedr e
bei ng wedged between bars 26. On the | ower end, the | ower edge of each bar

5 26 fits undg{ ,@ Rk WRAQS bdiwvadEbaté 26.0 O BY Etberf RUVRE o WRVRIBB BE eh BRI 26
when teeth 43 of the |lower retainers 41 are bei ng wedged between bars 26.

Stop nenmers r t i he
bar ot ainer s 23 0y ByoeF ER4HH g Gt ol gt B o PG ety
screen system 10_.is installed in a channel . Bar scr ield 18

bl ocks the paéiaé@G&ngbmt%}n%f*érareabﬂ%% Ve e e fm‘fae SRR 49 P ng
the fluid to pass through. A notor (not shown) turns both sprockets 31,
movi ng chai nss@0redrig lower balferd 5 adithe sapre Upadhad tag b getemersyblr 1os doverrifoldard

18. As each rake 20 travels along the bar screenfield 18, rake fingers 28
carry solid ngferdiastaldetd debris toward the top

[0031] In operation, screen system 10 is installed in a channel 12. Bar screenfield 18
10 blocks the passage of solid material or debris in the fluid, while allowing the fluid to
pass through. A motor (not shown) turns both sprockets 31, moving chains 30 and
attached rakes 20 upward along the bar screenfield 18. As each rake 20 trgvels along
the bar screenfield 18, rake fingers 28 carry solid material and debris toward the top
of the screen system 10 for disposal. When a rake 20 reaches the upper sprockets 31,
15 chains 30 carry it over the upper sprockets 31 and down toward the bottom of screen

frame 14 to begin another cleaning cycle as fingers 28 reengage bars 26.

[0032] Debris and solids can sometimes damage bars 26 as a result of filtering a fluid
channel. When this occurs, the damaged bar 26 is removed by detaching the
screenfield bar retainer 41 that secures the damaged bar 26 and then sliding the bar 26
20 out of the bar screenfield 18. A new bar 26 can be inserted and the screenfield bar

retainer 41 re-attached.

[0033] In addition to the first embodiment, other devices can be used to secure bars

26 individually in place. Two alternate embodiments are shown, with FIGS. 7, §, and



of the screen system 10 for disposal. Wen a rake 20 reaches the upper
sprockets 31, 15 chains 30 carry it over the upper sprockets 31 and down

t owar d t hwolwoewswsr of screen franme 14 to begin anot her cl @amiusg3/aped e as
fingers 28 reengage bars 26. [0032] Debris and solids can sonetines danage
bars 26 as a result of filtering a fluid channel. Wen this occurs, the
damaged bar 26 is renoved by detaching the screenfield bar retainer 41
that secures the danaged bar 26 and then sliding the bar 26 20 out of the

bar screenfield 18. A new. bar 26 can_ be inse nd the. screenfield par
retainer 41 r%-llél%sfrété]%a".ev%ﬂr oRltsrmate, 6@88&9685 ]%]gs%h@uﬁr?tgsc the SPBRATHEREDS B her
devi ces can be used to secure bars 26 individually ing(gl ace. Two alternate

enbodi ment s athe uppenvadge wf streqniichl 18, Debrisaiefe 19” gy adspending yumrery web4p 00563
9 illustrating the first alternate enbodinment. FIG 7 illustrates the

support neansitd ofwer elige. upar retdiger 47 issecieedfo ekll 468 Babetininsr #7 hgearl 6ffsdias a
dependi ng support wall 46 on its |ower edge. A bar retainer 47 is secured

to wall 46. Baiwh@tsrass tith! chaaindRecth 56 Gbr I‘JC@iRJ“%”_ﬂH&pQB’t. | OTeeth$0 e£l@fd & BS
teeth 50 for receiving bars 26'. Teeth 50 extend in a 5 forward direction

2 51, -2 5L 03RO RN S it s

48a that abuts and is also sec eg portion I'ns a

central portion 48p that. extends downward fr ortion.48a. Teeth.52
Gopend i "o POHPhAR T Pl POR S IS CBRE Aol | e BEHOT dB60hs & SN e
direction of teeth 50. Teeth 52 and teeth 50 are in parallel planes, and
abut and overpafordsh ehertendhdewngagy Epmalssi PRytien fRgedeeih Wepprid W 2

cl osed perineter aperture for receiving the tapered end 27" of bar 26. A
bolt is used tearveard ulieedtior timiomeentd]! ponttbrhé8kerppo8ite & theel fdirebdion of teeth 50.

Teeth 52 and teeth 50 are in parallel planes and abut and overlap each other. This

10 overlapping engagement defines a closed perimeter aperture for receiving the tapered
end 27’ of bar 26. A bolt is used to secured retainer 47 and holder 48 to wall 46.

Teeth 50 wedge between tapered ends 27° of bars 26. The closed perimeter aperture
_defined by the overlapping gaps between teeth 52 and 50 prevent forward and

rearward movement of bars 26.

15 [0034] FIG. 8 illustrates the central portions of bars 26’ located within slots 56 of an
intermediate screenfield bar holder 54. A retainer 58 may optionally be used to
wedge the central portions of bars 26’ tightly within slots 56. Retainer 58 is a plate
that has wedge shaped teeth 60 on its forward end for wedging bars 26’ between

them. Retainer 58 is secured to holder 54 by bolts.

20 [0035] FIG. 9 illustrates the lower screenfield bar holder support means, which is
constructed the same as the upper bar holder support means. Frame 14’ has a
depending wall 62 that supports a retainer 64 with forward facing wedge-shaped teeth

66. A holder 68 with rearward facing teeth 70 is also supported by wall 62. Teeth 66,

10



Teeth 50 wedge between tapered ends 27" of bars 26. The cl osed perineter
aperture defined by the overl appi ng gaps between teeth 52 and 50 prevent
forward awo o3ogmsward novenent of bars 26. 15 [0034] FI G P8TiUshaietssat es t he
central portions of bars 26' |located within slots 56 of an internediate
screenfield bar holder 54. A retainer 58 may optionally be used to wedge
the central portions of bars 26' tightly within slots 56. Retainer 58 is a
pl ate that has wedge shaped teeth 60 on its formard end for medging bar s
26" between em Reta 58 is s cured to der 5 0 035
PG o 11T ust IO EBE P oRbp Ot SEERAT BB JRPac o P He BTG | s
constructed the sanme as the upper bar hol der support nmeans. Frane 14' has a
dependi ng wal teceizingrtads e{pBEeLes a retainer 64 with forward facing

wedge- shaped teeth 66. A holder 68 with rearward facing teeth 70 is al so
supported by wall 62. Teeth 66, 10 WO 03/059487 PCT/ US03/ 00563 70 engage
each ot her i n[003pRFHEES 1) andekl Hllpstrase arsecandodtethapeeemipastimenta gd G 4P aBudteates
receiving ends of bars 26'. [0036] FIGS. 10 and 11 illustrate a second

al ternate enmbgdivppat scrdeheldHar hbldesiuppoe sneahd) AL pPRiguRCT, elebifis pllatk I&irhabal der
support neans. As in Figure 7, debris plate 16" has a 5 depending rearward

ext endi ng wval !16(3{)%311111? R aHP Ieﬁll% 1d13§ wail MU 68 hQquedd 157310{?13{‘[9,@% Leall PRy

hol der 74 has ality of s apertures 76 on its forward portion,

each for rec t he ta d en 27" t.h h t

has a cl osedef’?)l}ésr ?%@’iﬁ?ld?p%{ ﬁ?‘ﬁ gp LH%M?' o&v\éo%%a rear ﬁaro g%%‘o@g‘gn%ﬁt&rﬁ %
d 27". A

Slnur ality 01[ eé@glagg{ gqq%g{gstpggjgr%}reggynh%gp %lf e bars 26’r e]%ghna%grture % Valsr;t closed

perimeter to limit the forward and rearward movement of bar end 27”. A retainer 78

is mounted to holder 74, retainer 78 having éplurality of wedge-shaped teeth 80 that
10 face in a forward direction. Teeth 80 wedge bars 26” between them. Apertures 76
prevent forward movement of bars 26” while teeth 80 are being wedged between the

bars.

[0037] FIG. 11 illustrates the lower screenfield bar holder support means. Frame
14” has a rearward depending wall 82 that supports a bar holder 84. Holder 84 has a
15 plurality of apertures 86, each having a closed perimeter for receiving one of the
lower ends of one of the bars 26”. A retainer 88 is mounted to holder 84 and wall 82
by bolts. Retainer 88 has forward extending wedge-shaped teeth 90 that wedge bars
26” between them. As in the other embodiments, a plurality of side-by-side retainers
78, 88 could be used for holders 74, 84, or the retainers 78, 88 could extend the full

20 width of each holder 74, 84.

[0038] The present invention has many advantages when compared to prior art
systems. The first advantage is that the bars do not have to be welded when they are

installed. This decreases the costs of manufacturing the screen systems since the

11



10 face in a forward direction. Teeth 80 wedge bars 26" between them
Apertures 76 prevent forward novenent of bars 26" while teeth 80 are being
wedged bewassns4Be bars. [0037] FIG 11 illustrates the pamarsoyerseenfi el d
bar hol der support means. Frane 14" has a rearward depending wall 82 that
supports a bar holder 84. Holder 84 has a 15 plurality of apertures 86,
each having a closed perineter for receiving one of the |ower ends of one
of the bars 26". A retainer 88 is nounted to holder 84 and wall 82 by
bolts. Retainer 88 has _forwar xtendi n e- shaped eth 9Q that wedge
bars 26" bet RBeHFAkEL ISAE’P}CﬁHX fFéS DA ee%sl\‘ﬁg SRERE }Veat’fglﬁﬁt%aq advagptage is

si de-by-side retainers 78, 88 could be used for holders 74, 84, or the
retainers 78, if8gedeubrbakxtibern qanidy bair¢placed withophhofing tocent oyl aed weld a gaw

[ 0038] The present invention has nmany advant ages when conpared to prior art
systens. The barrigtitsada@ntSige: ths bulsaire hbewblded this protidézaarcadditidial wétategewhen
they are installed. This decreases the costs of manufacturing the screen

systens sincejd gt itlaholtld WaHRRIMAS HaRCHNPOSORRES as habant bnweldwadheSoars.

typically | ess extensive and I'ess expensive. The second advantage is if

one bar ? r eakgddf-tit()nglagd\%ﬁﬁlig!ésy e)ggt rsﬁﬂ{ %éé ?rgstéﬂlﬁé;?féﬁ ﬁ%f}é(d\}\%g élieg b&lis Qfer aclﬂg

weld a new bar in its place. Since ars thrs provides

an additional advantage in that.it avoids pi ng the bars ich c

occur as a r e’%’t‘}g’i‘ %ﬁfﬁfv\%’fl‘&ﬁ Wﬁfdﬂlﬁ’e1%%9t§pv%lvifbme&9gqen£§§t§m 8dd]eé\é]é‘§?F’§’te,gqguch
as installing and replacing the bars is safer and nuch faster since

wel di ng i s noteryvige slughdasteribanswitle previops rensiranetheds. r et urned to  service nuch
faster than with previous repair nethods.

[0039] While the invention has been shown or described in only some of its forms, it
should be apparent to those skilled in the art that it is not so limited, but is susceptible

10 to various changes without departing from the scope of the invention.
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[0039] While the invention has been shown or described in only some of its
forms, it should be apparent to those skilled in the art that it is not so
limted, WoOtosjosv48uscepti ble 10 to various changes w t houtrCaasas/oissy from
the scope of the invention. 12 WO 03/059487 PCT/ US03/ 00563 CLAIMS: 1. A
screen systemfor renoving debris froma flow channel, the system
conprising: a screen franme; a plurality of bars; 5 a plurality of supports
for holding the bars on the frame parallel to and spaced apart from each
ot her, the bari Esigg rel easably secured to the supports; and a rake having
a plurality o *that fit between bars of the bar screenfield, the
rakes bei ng novable along the bars to clear the bar screenfield of debris.
2. The screen systemof claim1, wherein the supports enabl e individual
bars to be 10. resaeedsysteantdrhembviagdehmistihont floanthaahelpthetsheterntchapribimps. 3.
The screen systemof claim1l, wherein the supports conprise: an upper

hol der having a plurality of slots, each of the slots receiving an upper
end of one of the Ragsen ARslea | Ower holder having a plurality of slots,
each of the slots of the |ower holder 15 receiving a | ower end of one of
the bars. 4. The screen systemof claim 3, wherein the supports further

conprise an inter i r | ocated between the upper and | ower
hol ders, the interggg#QFEO?ﬁ%ﬁger having a plurality of slots, each of the

slots of the internedi ate hol der receiving
5 a plurality of supports for holding the bars on the frame parallel to and spaced

apart from each other, the bars being releasably secured to the supports; and

a rake having a plurality of tines that fit between bars of the bar screenfield,

the rakes being movable along the bars to clear the bar screenfield of debris.

2. The screen system of claim 1, wherein the supports enable individual bars to be

10 removed from the frame without removal of the other bars.
3. The screen system of claim 1, wherein the supports comprise:

an upper holder having a plurality of slots, each of the slots receiving an

upper end of one of the bars; and

a lower holder having a plurality of slots, each of the slots of the lower holder

15 receiving a lower end of one of the bars.

4. The screen system of claim 3, wherein the supports further comprise an
intermediate holder located between the upper and lower holders, the intermediate
holder having a plurality of slots, each of the slots of the intermediate holder receiving

an intermediate portion of one of the bars.

13



an internedi ate portion of one of the bars. 13 WO 03/059487 PCT/ US03/ 00563
5. The screen systemof claim1l, wherein at |east one of the supports
conpri seswOasfos48er having a plurality of slots, each of Poe/Usha06563

recei ving one of the ends of each of the bars; a retainer having a
plurality of teeth that are wedged shaped, the bars being 5 wedged between
the teeth; and a fastener that secures the retainer to the holder. 6. The
screen systemof claim1l, wherein the supports conprise: an upper hol der

having a plurali of slots h of the. slots receiving an upper end of
one of the babs: BkeCeeen peudh of ftn JpmheFiea s e e e it pfiitpe o
wedge-shaped teeth, the bars having upper ends wedged between the teeth; a
plurality of releasable fasteners securjng the upper retainer to the upper
hol der; a | ower hot géfdeh W%aalwwglf i510§sa 8?chsq’fotg§ slogseperpmeong of sy endst
the |l ower holder 15 receiving a |lower end of one of the bars; at |east one
| oner r et ai neof daalrohthedapd;ural ity of wedge-shaped teeth, the bars having

| ower ends that are wedged between the teeth of the | ower retainer; and a
plurality of releasable fasteners securing the |lower retainer to the | ower
hol der. 14 a retainer having a plurality of teeth that are wedged shaped, the bars being

5 wedged between the teeth; and
a fastener that secures the retainer to the holder.

6. The screen system of claim 1, wherein the supports comprise:

an upper holder having a plurality of slots, each of the slots receiving an

upper end of one of the bars;

10 at least one upper retainer having a plurality of wedge-shaped teeth, the bars

having upper ends wedged between the teeth;

a plurality of releasable fasteners securing the upper retainer to the upper

holder;

a lower holder having a plurality of slots, each of the slots of the lower holder

15 receiving a lower end of one of the bars;

at least one lower retainer having a plurality of wedge-shaped teeth, the bars

having lower ends that are wedged between the teeth of the lower retainer; and

a plurality of releasable fasteners securing the lower retainer to the lower

holder.

14



WO 03/ 059487 PCT/ US03/ 00563 7. The screen systemof claim1l, wherein each
bar has a tapered edge on one end that extends froma forward side of the
bar towarwoa3nsasard side of the bar, the tapered edge Perrgozmgayed by
one of the supports. 8. The screen systemof claiml1, wherein at |east one
of the supports conprises: 5 a holder secured to the frane and having a
forward portion containing a plurality of slots, each of the slots

recei ving one of the ends of each of the bars, the forward portion being

[ I tiall di cul t t aini t h b h
ol der havi ng ! a TERATES 5BeE bofh b Ghreih Gk Ao Dt HESoBaeard it |

portion being inclined relative to the central portion; 10 a retainer
havi ng a f or wetendsdrem grfoewared side ¢ighe b toward @ yeasyandesidonok the ban e tapgigged
shaped, the bars being wedged between the teeth, the retainer having a
central port edge Hehat erigagquihyadiesif thoswppdrtabut s t he central portion of the
hol der and a rearward portion that is parallel to and abuts the rearward
portion of the holder; and a rel easabl e fastener extending between the

central porti@nsThefscidag sitlerf cafid 1, Whertheat l@isbormeasf thosuppeasicdumgridele
retainer to the holder, the inclination of the rearward portions forcing
the teeth forward into wedgi ng engagenent with the bars. 9. The screen

system of claim 1, ;uhgd®i Redbdt§ame Rife @hd HROINEURFBFEd i $6§taintnd far St
menber nounted to the frame having a plurality of forward extending slots;

d 20 ' I MEYR [ th
aots of thebbriey Oonla E hdPoPul ol Freckibild of O WElGHAH BN P hitene’ "€

the slots of o?\?va;dl 1:[;031"%101?1 Bgmg }1? a plane substantially perpendicular to a plane containing the

bars, the holder having a central portion and a rearward portion, the rearward portion

being inclined relative to the central portion;

10 a retainer having a forward portion containing a plurality of teeth that are
wedged shaped, the bars being wedged between the teeth, the retainer having a central
portion that is parallel to and abuts the central portion of the holder and a rearward

portion that is parallel to and abuts the rearward portion of the holder; and

a releasable fastener extending between the central portions of the holder and
15 the retainer for securing the retainer to the holder, the inclination of the rearward

portions forcing the teeth forward into wedging engagement with the bars.
9. The screen system of claim 1, wherein at least one of the supports comprises:

a first member mounted to the frame having a plurality of forward extending

slots; and

20 a second member having a plurality of rearward extending slots, the slots of

the first and second members being located in parallel planes, the slots of the first and

15



WO 03/ 059487 PCT/ US03/ 00563 second nenbers overl appi ng one another to
define closed perineter apertures for receiving the bars between them 10.
The screewodpmsast of claim 1, wherein at | east one of thePSEI[$03/00563
conprises: a holder secured to the franme, the holder having a plurality of
cl osed perinmeter 5 apertures therein through which the bars extend; and a
retainer secured to the holder, the retainer having a plurality of wedge-
shaped sl ots through which the bars extend the sl ots wedgi ng the bars

agai nst novenent. 11. A scr een system f HD gl debris froma f|0¥v
channel , the 9pendmeadivht | SYeRgpping @ng age % éﬁe osedRpsimeden, pRfrgres,tor
plurality of parallel bars extending dowward fromthe debris plate; a

hol der nount edcéivingtibe barabretwesad theavi ng a plurality of slots into which the
bars |ocate; 15 a retainer having a plurality of wedge-shaped teeth; a
fastener that secures the retainer to the holder with the bars being

| ocated bet wegn Thbecreeetstenanficlaini fkehdreivianteast opk wf el suppats domeses:hat fit
bet ween bars, the rakes being novable along the bars to clear the bars of
debris. 16 WD 03/059487 PCT/ US03/ 00563 12. The screen system of claim 11,

wherein the slots apgldkO&RtRE 16 thedrdhd, Wad b1 Hav g a plurality of closed perimeter

5 apertures therein through which the bars extend; and

a retainer secured to the holder, the retainer having a plurality of wedge-
shaped slots through which the bars extend, the slots wedging the bars against

movement.
11. A screen system for removing debris from a flow channel, the system comprising:
10 a screen frame;
a debris plate;
a plurality of parallel bars extending downward from the debris plate;

a holder mounted to the frame and having a plurality of slots into which the

bars locate;
15 a retainer having a plurality of wedge-shaped teeth;

a fastener that secures the retainer to the holder with the bars being located

between the teeth; and

a rake having a plurality of tines that fit between bars, the rakes being movable

along the bars to clear the bars of debris.
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of the holder, the teeth are located on a forward portion of the retainer,
and the fastener is |located rearward of the bars. 13. The screen system of
claim 11, wateesd487 t he sl ots are |ocated in a plane that | ®CTAISp®og3endi cul ar
to a plane containing the bars, and the teeth are |ocated in a plane that
is inclined relative to the plane containing the bars. 14. The screen
system of claim 1ll, wherein: the holder has a forward portion containing
the slots, a central portion, and a rearward portion, the rearward portion
being located at _an inclined angle relative to, 10 the central portion; the
retainer has d2f J?‘ﬁé?’@%éﬁfsﬁf’&ﬁf e AT araeie ae e e IOSAEL AR A APTGEA PR and
a rearward portion that abuts and is located in a plane parallel to the
rearwar d port potheoholdetdhdrdtetteare fnvatedhan f aorveardrpasaorpof dbs refainet, tandhie
joins the central portions to each other, and 15 while tightening, the
rearward por t faoiegerfio ileatddhearivaed bf thé bike ret ai ner between the bars. 15.
The screen systemof claim1l, wherein the slots of the holder extend in a
rearward direction and the teeth of the retainer extend in a forward

direction, thg3sl ghs scrBfl sydién loE@ldmbgi Rgheto BRMUIGS ardMokhtednsl a HIfHe! BRPIsNY
one another to define closed 20 perineter apertures through which the bars

extend. 17 W&%ﬁéﬂ;&i 7t8 %%41‘1&12% {a%ﬁgﬁle%%s Iﬁ@@%@éﬁ?&raﬁ%@&é‘d@n@ }%lﬁﬁea{hgf il

wherein the h I conprise close peri meter apertures.

inclined relative to the plane containing the bars.
14. The screen system of claim 11, wherein:

the holder has a forward portion containing the slots, a central portion, and a
rearward portion, the rearward portion being located at an inclined angle relative to

10 the central portion;

the retainer has a forward portion containing the teeth, a central portion, and a
rearward portion that abuts and is located in a plane paralle] to the rearward portion of

the holder; and

the fastener comprises a bolt that joins the central portions to each other, and
15 while tightening, the rearward portions force the teeth of the retainer between the

bars.

15. The screen system of claim 11, wherein the slots of the holder extend in a
rearward direction and the teeth of the retainer extend in a forward direction, the slots
and the teeth being in contact with and overlapping one another to define closed

20 perimeter apertures through which the bars extend.

17



17. The screen systemof claim 11, wherein one of the ends of each of the
bars has a tapered edge extending froma forward side of the bar toward a
rearwar d woda/osfs8t he 5 bar; and wherein the tapered edgePCoUs0&60563 t hi n
one of the slots of the holder and between two of the teeth of the
retainer. 18. A nethod of filtering a fluid channel conprising: (a)
providing a screen systemwith a screen frane and a plurality of bars
nounted parallel to each other on supports; 10 (b) flowing fluid through

h h I h b he .b , ' K I
he bars to rHroshe aderr SRREDERCES REre Bl doniR RSP elite wiedng

of the bars occurs, releasing the damaged bar fromthe supports and
removi ng and PEPPLE FGTWHE danaged bar while |eaving the other bars in
pl ace. 15 19. The nethod according to claim 18 wherein step (a) conprises
placing the bars within slots provided in the supports, then wedging the
bars tightly betheesrreaesystest obclained biwarciamge 98 ther éndg of hechraftthé hars iapaone
of the supports. 18

tapered edge extending from a forward side of the bar toward a rearward side of the

5 bar; and wherein the tapered edge locates within one of the slots of the holder and

between two of the teeth of the retainer.
18. A method of filtering a fluid channel comprising:

(a) providing a screen system with a screen frame and a plurality of bars

mounted parallel to each other on supports;
10 (b) flowing fluid through the channel and through spaces between the bars;
(c) moving a rake along the bars to remove debris that collets thereon; then

(d) if damage to one of the bars occurs, releasing the damaged bar from the
supports and removing and replacing the damaged bar while leaving the other bars in

place.

15 19. The method according to claim 18 wherein step (a) comprises placing the bars
within slots provided in the supports, then wedging the bars tightly between teeth of a

retainer and securing the retainer to one of the supports.
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