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The present

n relates to grate bars for use in fur-5naces. In particular, the
present amppl2ovaseen relates to i nproved grate bars for acrhBugt/ogpest e and
especially for a reverse feed thrust grate that conprises a grate with a
ing 10 notion. Therein, rows of grate bars are stacked on top of

. FR2599125 describes a grate bar in which interconnection

i ghbouring grate bars is at the distal end. 15 DE3049086,

and DE3610819Al1 descri be arrangenents of interconnected grate
bars in which no relative novenent between nei ghbouring bars is possible.

25 describes an arrangenent of interconnected grate bars
ed at the distal end of thé bars. DE1783200 descri bes

which is
an

t of interconnected grate bars in which the coupling neans is
integrated with ribs dis25 posed on the underside of the grate bars.
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of the grate bars being nodi- 30 fied to form engagi ng hooked |i ps.
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intercogne%gggg. 2 U54239029 descri bes an arrangenent of interconnected
grate bars n which there is one interconnection along the |ongitudinal
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grate bars for a thrust grate and especially for a reverse
feed thrust grate that comprises a grate with a reciprocating
motion. Therein, rows of grate bars are stacked on top of

each other.

FR2599125 describes a grate bar in which interconnection be-

tween neighbouring grate bars is at the distal end.

DE3049086, US4235029 and DE3610819A1 describe arrangements of
interconnected grate bars in which no relative movement be-

tween neighbouring bars is possible.

FR2599125 describes an arrangement of interconnected grate

bars which is only located at the distal end of the bars.

DE1783200 describes an arrangement of interconnected grate
bars in which the coupling means is integrated with ribs dis-

posed on the underside of the grate bars.

DE911317 describes an arrangement of interconnected grate
bars in which neighbouring bars can move longitudinally rela-
tive to one another, the side of the grate bars being modi-
fied to form engaging hooked lips. However, there is only a

relatively small longitudinal area of interconnection.



DE 2805712 descri bes an arrangenent of interconnected grate bars, each
havi ng two coupling nmeans at proxi mal and distal ends of the grate bar,
however ombyos2492 t he coupling neans 10 has an el ongatPea/1gz000089120 al | ow
| ongi tudi nal novenment of one bar with respect to its neighbour. US 4 240
402 descri bes an arrangenent in which an interconnection between

nei ghbouring grate bars allows pivotal nove- 15 nent of one grate bar with
respect to the other, but not |ongitudinal planar novenent. DE 20 2007
018 707 Ul describes a roller grate with stationary grate el enents that
formthe cylindrical surface of the 20roller grate. Anong others, the
present application relates to an ingroved arrangenent of interconnected
grate bars and to inproved grate bar§s 25 The grate bars according to the

application ise a coupling neans with an. el ongated recess on the side
of one gr ab8 BatUHndARE CHGaG G > oF BREHE oAt He FUPPERGES i G2 6! a

nei ghbouri pgrgrat ethah, tnich sl bAkt Sniodrphe¥ent sn tdienki £hé Nprigpp t30 rel ati ve

to nei ghbourin rate_bars. and jltj.ng.and falling down of broken grate
bar "of scesdin e 3 GBI GEaE b LA B R s AP r A8 bar o ace
abl e to noveickl@atd vettoceacittibn padid cuwl ar, otdelwlaongat £tbrreecess and t he

correspgndigg gqg@ggqgagigne %h%f EQ&E %&ghbouring grate bar, which engages
into the eﬁon ated recess, are fornmed such that the engaging el ement can

nove within the el ongated recess along a |ongitudinal direction of the

grate bars T relatiwve venmen f i ghbour | [ b i nproves
m Xi ng andDgo%%Q%ﬁfigﬁg% ﬂ%%ﬂ%ﬁ%??ﬁ %8%%¥§T?£Il%ﬁﬂggﬁggg%g%ﬁﬁé%ﬁides a
bett er gasbsupplspdrohaanng nproovedrtombustingnat Rurd:tigedoeed disgagrate bars
according to,the- appl L,eatl an, comy, brise, an ahLangenent. of, ¢
interconnect?ons, onebat t he ﬁroxrna eﬁ%gan ?ﬂ% ot her %tIﬁﬁgegpgtal end
of thel@rabtes an elongated groove to allow longitudinal movement of one

bar with respect to its neighbour.

US 4 240 402 describes an arrangement in which an intercon-
nection between neighbouring grate bars allows pivotal move-
15 ment of one grate bar with respect to the other, but not lon-

gitudinal planar movement.

DE 20 2007 018 707 Ul describes a roller grate with station-
ary grate elements that form the cylindrical surface of the

20 roller grate.

Among others, the present application relates to an improved
arrangement of interconnected grate bars and to improved
grate bars

25
The grate bars according to the application comprise a cou-
pling means with an elongated recess on the side of one grate
bar and an engaging element on the abutting side of a neigh-
bouring grate bar, which limits or prevents the lifting up

30 relative to neighbouring grate bars and the tilting and fall-

ing down of broken grate bar pieces.



15 bar, to prevent a broken grate bar fromfalling onto the base. It is
advant ageous if the parts of a broken grate bar, that are still noving, do
not prot rwoeot2as24vach froma row of grate bars in order PCO/IBRMOL/053d42TRgE t O
the frame of a grate. 20 It is an object of the application to provide

i nproved grate bars for use in a furnace. The application discloses a grate
bar for a furnace that conprises an elongated recess at a first side of the
grate bar. 25 The el ongated recess can be | ocated at a proxi nal side of the
grate bar. Herein "proximal" refers to the driven side, which is driven
either directly via a noving step franme or indi- rectly via another grate
bar at a first side of the grate bar, 30 4 bar. The el ongated recess nay
have a cl osed shape or may al so be pf’ovi ded by just two | ongitudinal

proj ections w t(g,r%ﬁral -_lel slidi ng surf.a Es that are faci ngdt each other to
forma gro6Ve™ 5 fhé el bngited SPEcERs Iies“?fg1 8YT Hed 95AtE PONYITGdi nal
direction abléhe groakerbastisuchot bath a wopEesponding thei ghhbaitieAdg engagi ng
el ement of a first dng'hghbouri ng Eart i s m)vablﬁ Wi tthig %he eI.oggat ed recess
in the | ongPtudl 1% &f'FeCti SEraraty vé' sty 8 thé"gitate bar.” el ongat ed
recess i s shapedy suehet bat, astcehr esgondi rigtnetighbduwnoageéngagissg el enment of
a firstenelghbourino part.is myable Wihin Lhe. el.ongaled,racess,Ln the
Iongituai nal “diTection refative to the gqratle ar . he distance bet ween

t he paral | elos$atdichgesus$ aciesicok Lhegelwhgatl edirecess ps sthe ghalty | ar ger
than the distance between parallel sliding surfaces of an elongated recess
of a further neighbouring part. 20 The el ongated recess and the parall el

sl i di ng sufhaceslafiveheoedmargatrédne ecessirgan beatsednrsf onpexaspl e, on the
second el o 45 of Fi g. i.nS n e d el ongat ed
Cecosses 43 an AR FS R b G otna ot T e 238 Ko 6 3a e EFAe bar

furt hetOconpieses et tengaas myrellentat at iarseved combustion.

Furthermore, the grate bars according to the application com-
prise an arrangement of two interconnections, one at the
proximal end and the other at the distal end of the grate

15 bar, to prevent a broken grate bar from falling onto the
base. It is advantageous if the parts of a broken grate bar,
that are still moving, do not protrude too much from a row of

grate bars in order to avoid damage to the frame of a grate.

20 It is an object of the application to provide improved grate

bars for use in a furnace.

The application discloses a grate bar for a furnace that com-
prises an elongated recess at a first side of the grate bar.
25 The elongated recess can be located at a proximal side of the
grate bar. Herein "proximal" refers to the driven side, which
is driven either directly via a moving step frame or indi-
rectly via another grate bar at a first side of the grate
bar.
30
The elongated recess comprises two parallel sliding surfaces

which are oriented in longitudinal direction of the grate



cond side of the grate bar which is opposite to the first side. In
particul ar, the engaging elenent may be | ocated at the proximal side of the
gr at e barwOThe/sagagi ng el enent com 30 prises two par alPCeliBRI11/05304p
surfaces which are oriented in longitudinal direction of the grate bar. 5
The two parallel sliding surfaces of the engaging el enent can be seen for
exanple, in Fig. 20, which shows the rectangul ar engagi ng el enents 150,

152, in Fig. 26, which shows an octagonal engaging el enment 150, in Fig. 28,
whi ch shows rectangu- 5 | ar engagi ng elenents, and in Fig. 35 which shows a
bone shaped engagi ng el ement. For the bone shaped engagi ng el enent, an
upper sliding surface is provided by an upper plane surface of the end 202
end of the end 203 and a Iomer slldlﬁg surface is provided by a | ower plane
surface of _the 02 10 | ower pl ane s rfa e _of the end 203 of the
bone shaped? @ndﬁﬁ? OEP%H% fec?ﬁé A&y ghb6ufi hig® Fhﬁﬁﬁ bel'Big “t 6°a

nei ghbouri pg gfdﬁiﬂd@abyojuﬁﬂ)ﬁ&oSUGﬁgiﬁ&ﬁﬂ&alTbﬁojéﬂﬁyohﬁdwtﬁﬂ diraeet i on of

h he |
et ons on. 121 THS T EndS" B ark BhoAGT ng 6T BnEAT 416 el nB by two opposi ng

poi nts mhegeobﬁe.engaglng menber first touches the el ongated 20 recess when
one is rotated relative to the other. According to the application, the
engagi ng el enent can be provided as an exchangeabl e part, for exanple by
machi ni ng &hboskorigsttedaraes 96 b@dyr@vidddai@rateomgmtuﬁuohlt&mﬂeduienengaging
25 ol ement of AP DeseLL ed Ot @, Lbe, batg. banadd) Lian.  Lig hor
conprise a °thréadi provi di ng pred%tePnlne ' ongitu |nen5|ons of
t he engaglgggem@nﬂﬁm@athfhe1éh@hga$éﬂﬂxegess pﬁr@ﬂgrapeabh$vu¢hen30 grate

bar is gui tilgd t ter red Al
g @ﬁg 208 sk k%&lﬁ% {ODE G @,AE gdet &ﬂ@g@?gn 1 Afive &e | oast as

| ongi t udi nal di mension o el ongated recess is can
| arge a8 atpoﬁ@ﬁtqnmtﬁabaﬁlﬁ@ﬁSﬁéﬁn@¢tQﬁlﬁﬁcgﬁboUWi&ﬁym@ﬁg&g@hqﬂﬁér@. To

provide for,a-L&lalding HOVEIRAL; REt YeRN;Rel ghboU ng gr at st neign-
bouring part is movable within the elongated recess in the

longitudinal direction relative to the grate bar.

15 The distance between the parallel sliding surfaces of the
elongated recess is slightly larger than the distance between
parallel sliding surfaces of an elongated recess of a further

neighbouring part.

20 The elongated recess and the parallel sliding surfaces of the
elongated recess can be seen, for example, on the second
elongated recess 45 of Fig. 1, and on the first and second
elongated recesses 43 and 45 of Fig. 6 and of Figs. 28 and
30.

25
The grate bar further comprises an engaging element at a se-
cond side of the grate bar which is opposite to the first
side. In particular, the engaging element may be located at
the proximal side of the grate bar. The engaging element com-

30 prises two parallel sliding surfaces which are oriented in

longitudinal direction of the grate bar.



5 bars it is furthernore advantageous to nmake a | ongitudi nal dinension of
the el ongated recess at least as large as a |large as the sumof a

| ongi t udiweal2ot/ase4¥2i on of a nei ghbouri ng engagi ng part, PamiBi1engpages i nto
the el ongated recess, and a nmaximumrel ative | ongitudi nal displacenent

bet ween 10 nei ghbouring grate bars. Herein, the maxi num | ongitudi nal

di spl acenent is determ ned by a di stance between the actuating surfaces of
the grate bar and by a | ateral dinmension of an engagi ng nenber of a

reci procating grate that engages into the space between the actuating
surfaces. Herein, it is un- 15 derstood, that the engagi ng nenber of the
reci procating grate can be itself fixed or reciprocating and that a

reci procating grate nay conprise a f Pxed sub-grate. Furthernore, the grate
bar conprises two actuatjng surfaces_20 at a bottom side of the grate bar
For taking D 5 broRPIor b R R SO A OEabr g or BB S 0Gne FTRA" & 8 gr at o bar
can be noved back fardekenpie bynarignder,| wihAghr €civy atat rag-gatearThe

proxi mal engagi ng el enent a_Longi tudi nal shape with a 25 first end and
D Cecond oARIHRE: &LETERES Nyt o0r tha 6T okt el "o S0P HG ST SIeAD ar 't he
first end andl atnddwengeedatbrendsos shimht.l gésmetier shhan tdredngught of a
corresppndin roxi.- mal el qngated recess further nei.ghbouring part.
Mor e spgci fliaga T%/afgltnﬁee#%r??%esg ﬁ%ggh%ﬁﬁlr%'nggpgﬁ&céﬁoﬁé <—il)rktg’;ovnleded 30 at
opposi t e sistesedfertdagihprstemmitghBourtiheg bpart shapedAenghatiyeltei-l t angl e
bet ween nej ghpourin rate. bars i er m ned. t.he _hej i.f.ference of
el ongat ed Fﬂggg’ssgr{a#%ptgﬁeggln%} i ﬁé%g Cgmelﬁgt pgﬁ‘él‘?%% bd/egﬁe}”rgﬁpécral lgﬁgpe of the
engagi ng ekbenemte Advant agedids] pndt hie thd £ndngld® arsl suchwehatliaibgoken 5
piece of a.grate bar does,noy, contaet, édl%ngngﬁf%a}’ddgn%fg'&ﬁée JJ ae, for
exanpl e | ess than 45 degrees. "The grat ar according to the application
may futfheendre bowpr Psena dirfteak ef oftfatcad Peédexs tAndbandi Htamedengagi ng
el e- 10 mept . sDstaky hefers to a location close to the opposite side to
the proximal "side of the grate bar where the grate

The neighbouring part may belong to a neighbouring grate bar
or to a step frame. The longitudinal direction of the grate
15 Dbar is the direction in which the grate bar has the longest

extension.

Two "ends"™ of an engaging element are defined by two opposing
points where the engaging member first touches the elongated

20 recess when one is rotated relative to the other.

According to the application, the engaging element can be

provided as an exchangeable part, for example by machining a

bore into a main body of the grate bar such that the engaging
25 element can be inserted into the bore. In addition, the bore

may comprise a threading.

By providing predetermined longitudinal dimensions of the en-
gaging element and the elongated recess of a grate bar, the
30 grate bar is guided against tilting more than a predetermined

relative. A longitudinal dimension of the elongated recess is



bar slides freely on a further grate bar. Preferably, the distal elongated
recess is provided also at the first side of the grate bar and the distal
engagi ng wbenen32498 preferably 15 al so | ocated at the seconB2ai/os9ef the
grate bar. The distal engagi ng el enent can have the sane shape as the

proxi mal engagi ng el enment and the distal elongated recess can have the sane
shape as the proxi mal elongated recess. Preferentially, the engaging

el enents are fixed with respect to grate bar in 20 order to prevent tilting
and uplifting of the grate bar. The el ongated recesses nmay be cast as part
of a side of the grate bar. In a further nodification, at |east one
coupling elenent is 25 adapted to the correspondi ng engagi ng el enent of the
first neighbouring grate part such t Rat the el ongated recess can only tilt
relative to the engaging el enent of the first neighbourin art by atilt
angle t hat CABES HBTCoAEaRH & NAXPAT 11 1 ARGr e FUPEREPAEYS.CTaf | east one
engagi ng ehengfiiodQ nigs eagaptred chatt he correspondi ng coupling el ement of the
second nei ghbouring part such that the engagi ng el enent can only tilt
relative to the elongated recess of the second neigh- 8 bouring part by a
tilt angl eTvhatodoes ftnet a excleed veheovapdntupetvédn arglbgbolniay rEereespeci fic
enbodi ment . a_hei ght (of Lhe, rectangul ar. 3 crosg, section, of Lhe,engagi ng

el enent "i s sflgﬂ%ly shal T8 tHhan“t he ight ~of ?%e corr%spondﬁng el ongat ed
recess of theemeighbdurhag parktaddrecadsdih otatthersr éetangad ar cross
section - or | ongi tudj nal - dj et n . first_end. he second
end - is ggéégzﬁﬁiﬁﬁﬁ ?H@ %%?bﬁ%§§§9$%§E%§§%Q%Q§6H§ﬁgnaiﬁ%”%ﬁ%ﬁéated
recess. Byinmakémgpdime herightwhsichghtdgosaniter the e cengagd nge@lsenent can
move wi thi g.hhe £1.00081 ed Jacess and: by J1king, 1he.wdthgieaf er than the
hei ght of the el ongated recess the engaging el'enment can Tock at a tilting
angl e. 145 paighfentiher geabodiarent Hemid eddt omelofm tlhagehgdigiadg el enent s

has an oct aggpal.ro8s; sestianiand B, heiahtant. tha.ehaganalcepess section

is slightly smaller than the height of the correspondi ng el ongated recess
of the nei ghbotitifRgesart 2O &ivdta WdtdncoPyad| bngitddimasrsicdl i°gned surface

of the engag-.ifg €lerertet hat §e@§ﬂ3ﬁéda%lintgo%;@aﬂé)'%gliattugh%esfa)iir@oOf the
engagi ng el enent 1s greater than the height of the correspondi ng el ongated
r ecess. the space between the actuating surfaces. Herein, it is un-
15 derstood, that the engaging member of the reciprocating grate
can be itself fixed or reciprocating and that a reciprocating

grate may comprise a fixed sub-grate.

Furthermore, the grate bar comprises two actuating surfaces
20 at a bottom side of the grate bar for taking up a protrusion
of a reciprocating grate such that the grate bar can be moved

back and forth by an underlying reciprocating gate.

The proximal engaging element has a longitudinal shape with a
25 first end and a second end, wherein the height of the proxi-
mal engaging element at the first end and at the second end
is slightly smaller than the height of a corresponding proxi-
mal elongated recess of a further neighbouring part. More
specifically, the further neighbouring part can be provided

30 at opposite sides of the first neighbouring part.



25 More generally, the engaging el enment may have two parallel horizontal
faces and at | east one oblique face, that is at an angle to the parall el
faces. \WwODeopa3eisel es are cut by novenent agai nst the ebiriige/Himse€e and t he
paral |l el faces provide alignnment of neighbouring grate bars. 30 9 section
conprising two wi dened ends, wherein a height of the w dened ends is
slightly smaller than the height of the correspondi ng el ongated recess of

t he nei ghbouring part and a naxi num di stance of the wi dened ends is greater
than the 5 height of the corresponding elongated recess. In a further
enbodi ment, the proxi mal engaging elenent is provided next to a proxi nal
end of the grate bar and the distal engaging elenent is placed next to a
distal end of the 10 grate bar. FurtRernore, the proxi mal end of the grate
bar is in contf\ct, with a su po:bti ng el ene t hat may be driven or fixed and
the distal “ehd of Th&igr at® PartySth Cort Rt Wi W ahcubpet ‘Sufface of a
further gratembasd pi5StEspecialt ywiffaoe=mlovenensipned ekoagated rteeesses nmay

be forned out as a gap between.two | ongi.t udi nal ratrusi ons that extend
o ong Tha Bikeaid e R e e B R L o et
as a proxi paknelongatvedtieoess yandha tdilst ahget ongatetd reeess babikeh have an

O-Shapegl Cross sefctai aon_20 .or ‘é\fﬂi ch_have n%arcgc&zlienqlunld%r Cross sec%ti on.

ece ate bar ogsS not, ca i n a .
Ther eby, | 855 Pateri dI °T'S heeded. Feducin he overal Ily\l/ve? it Especi al |y,

t he recessforne ecessesampie Desfsothed €t dagrpeot rusi ons of a mai n body of
the grate. At | east one engaging 25 elenent may conprise a bolt to fix the
engagi ng elenent to the grate bar. Slanted grooves or air ducts nay be
provi ded nékt ¢rtat Peeastcornbngl ongetedrrddessioMmey Spethdimcall y, the

proxi mal e 1A | er Wi oy 1 |stanc t .40 cmfrom
t he di st al @gﬂ%a{g}%ng g?%?r%ln{@v\%%%ﬁggr oé\/%ggsgadg%d%li% s%ﬁ%%grl?%?%rlea typi cal
| engt h18f aegrat@®iparldf rabow t?02- 1@Gtamn c10sTHe &ppl Peredice furt her

di scloses a;grate @Lrangement fiar g:furhnacg which .caupr i 5es;,an ar r angenent
of grate bars that are either fixed or novable relative to a supporting

menber. TheafixkEdeandraplabire agfarehvargasenprt s 1edrgrbldi ridle r ecesses

distal elongated recess is provided also at the first side of
the grate bar and the distal engaging element is preferably
15 also located at the second side of the grate bar. The distal
engaging element can have the same shape as the proximal en-
gaging element and the distal elongated recess can have the
same shape as the proximal elongated recess. Preferentially,
the engaging elements are fixed with respect to grate bar in
20 order to prevent tilting and uplifting of the grate bar. The
elongated recesses may be cast as part of a side of the grate

bar.

In a further modification, at least one coupling element is
25 adapted to the corresponding engaging element of the first
neighbouring grate part such that the elongated recess can
only tilt relative to the engaging element of the first
neighbouring part by a tilt angle that does not exceed a max-
imum tilt angle. Furthermore, at least one engaging element
30 is adapted to the corresponding coupling element of the se-
cond neighbouring part such that the engaging element can on-

ly tilt relative to the elongated recess of the second neigh-



5 and engagi ng el enents and the engaging el ements of a grate bar engage
into the longitudinal recesses of a neighbouring part. Mre specifically,

t he arraryoreereto3efo2f i xed and novabl e grate bars conpri sesTnBrE1/033942 xed and
novabl e grate bars, wherein the fixed and novable grate bars are
alternated. The 10 rows of fixed and novabl e grate bars are provided on
either fixed or novable step franes. In a further devel opnent according to
the application, the grate bars according to the application conprise
engagi ng el - 15 enents which engage with coupling nmeans of horizontally
adj acent grate bars to provide a relative novenent of the grate bars for
the inproved transport of waste nmaterial and for the comm nution of
material that has fallen between the8grate bars. The engagi ng el enments may

conprise sharp, edges for an 20 i oved comm nution of terial that has
been trapp 8ugéﬂgt &nbﬁdﬁdﬁéﬁtaggéfégﬁﬁfQpe?u??%é?ﬁﬁ?g??W%f%VﬁWuﬁeration
grooves of ttihe gidAlee bars may have opposing inclinations between

hori zontal ly adjacent grate bars to provide a scissor effect for the

comm nution of trapped material. 25 In a further aspect, the sides of the

grate bar aneaatapt egewifr latedahegt oavesighbhatt may bectacdilned for
cuttingSang ggsggg%hoofogot ust ed nateﬁkgkh agg &ﬂfh%§|f§£§1%ﬂjng of the

| at er al grafe bar” surface. 5569927 descri bes® an rraﬁgenen 30 of two or
nore grat etbanstiravienghsi des-radaptedsiadiagect estdtedndetont wispaces for
Conm nut ! 0ROl Ak Ak, ELi NG, BR.L0G URRET L SULLAGE 0 L, giale bars as

one grate noves 11 tudr na in relation to the neighbouring
grate bar. tHere ard ai aotnhet ydbinadwilhgtartdse beerasrt cornifaust ontd reflers to

mechani cal . ghr edding .Qk Puié’ga{rjeé BY of.Magkenc As,d o examplgdn solid and
5 DE63481

wast e water treatnent. describes an arrangenent of stationary
and novébl ergrding lsarsgsueh tdvassgaps retineenhsidesghsf shedithlbour i ng

stationary anth apvable.gral & Pans VAl Yod (6001 BUl:8! kD as.ifie povabl e
grate bar noves relative to the stationary grate bar, 10 thereby effecting

cutting of rAREE®Yiald Wi BRI Itdei i dth Heegaps. thee g hgteo- @1 GReher
aspect, th%l@ﬁ@h&Qﬂ&%@@sgiéﬂé %%%ggﬁng element can lock at a tilting
angle.
15
In a further embodiment, at least one of the engaging ele-
ments has an octagonal cross section and a height of the oc-
tagonal cross section is slightly smaller than the height of
the corresponding elongated recess of the neighbouring part
20 and a width of a longitudinally aligned surface of the engag-
ing element that is parallel to a longitudinal axis of the
engaging element is greater than the height of the corre-

sponding elongated recess.

25 More generally, the engaging element may have two parallel
horizontal faces and at least one oblique face, that is at an
angle to the parallel faces. Waste particles are cut by move-
ment against the oblique face and the parallel faces provide
alignment of neighbouring grate bars.

30
In a further modification, at least one of the engaging ele-

ments has a bone shaped cross section, the bone shaped cross



grate bar having a nodification to inprove air flowin the 15 region
beneat h and between nei ghbouring grate bars, (see especially Figs. 1, 6, 7
and Fi gs.w0 20121082492Ai r channel s or air ducts or |ateral PGTOBUESITIOE

provi ded al ong the whole |l ength of the grate bar. DE2806974 describes a
grate bar with internal channels for circulating air. 20 DE102004034322
descri bes an arrangenent, which allows for air flow between grate bars.
DE19648128 and EP1315936B1 descri be a grate bar having inter-25 nal
channels within the grate bar for circulation of a coolant |iquid.
W06117478, DE9309198 and DE102004032291 describe a grate bar with fins

i ntegrated underneath the upper side to define one 30 or nore paths for air
flowwithin the grate bar. 12 In a furt her aspect, the distal end of a
grate bar is fitted with a renovahl e end-cap to elimnpate the need for
9rate bar PEPI HECIEAE WAL (HE 4 ATE bar Bnd" WeaTs 5 CS812071, "CHE63266A5,
FR2694376 anhdefiR2%30319satliqgdeser shel sy angeneind shadighrespviabd eograt e bar
end caps. In a further nodifjcation, frame conprises _engagi ng el ements
wht ch i e “Re SR b eae B vt ecee ! gre BB SN e B8 B acent co

t he franme. mhrimnotdieranodidi catl endetdre ehames corgatiesesheh aiigat ed recesses
whi ch ngteh\évi.t}pt eonfg%ggn Ogrleesrr%rr]lt(ﬁnofe Od' %%%?tr rate bars. The application
further”di Scldses a waste incineration pql ant Wi th the abovenentioned

arrangenment of fixed and novable grate bars. A cutting effect 15 in |lateral

air ducts of th rate . SUPPO |.f.- cl eani n ces, | ateral
forces on ? eggf%rtg%l%tﬁa?lggé%ur?eﬁgér r%(%greot%éﬂggp%ﬁ? %gthnl%o%l%iS%% olzses a use of a
plurality efogrdtce neakstem aroxnophesmat iodn tpkaptatfeobarhendsdisstiing the 20
burni ng of Rt &fA; HUELOGAN JNGH DELRLION. -4 £ SEiRLICENG: grale Ts used
to nove a grate bar of the plurality of grate bars relative to a

nei ghbdbiri agage atae -barrofetnrerepl thal p1oxioplgeat eotbahs. gThee i ag of the

grate bar ¢onpriSes @iPRVEMENLQL AR SNGAYENGL el eIENL WD I paral | el

sliding surfaces of 25 the grate bar in a longitudinal recess with to
paral | el sEildeh@surfacessto!l he néi ghbeorritAgPYr atse IBaFonTamd paical | el

surfaces apg figfe Juidicpge the JBVierRD: Asicweblras for preventing a tilting
of the grate bar by nore than a predetermned tilting angle. 30

15 Especially, the abovementioned elongated recesses may be
formed out as a gap between two longitudinal protrusions that
extend along the grate bar. Alternatively, the elongated re-
cesses are formed out as a proximal elongated recess and a
distal elongated recess which have an O-shaped cross section

20 or which have a rectangular cross section. Thereby, less ma-

terial is needed, reducing the overall weight.

Especially, the recess or recesses may be formed out as pro-
trusions of a main body of the grate. At least one engaging
25 element may comprise a bolt to fix the engaging element to
the grate bar. Slanted grooves or air ducts may be provided
next to at least one elongated recess. More specifically, the
proximal engaging element may be provided at a distance of
about 40 cm from the distal engaging element which provides a
30 good support for a typical length of a grate bar of about 70

- 80 cm.



13 first side of the grate bar, the first air duct that is pro- vided at an
angl e other than 90 degrees with respect to a |ongitudinal axis of the

gr at e barwowhi2oi3249¢ approxi mately the direction of rel aPcraBmvessesst of

nei ghbouring grate 5 bars. The inclination of at |east one nei ghbouring
groove agai nst the vertical is made such that an edge of the first air duct
together with an edge of a correspondi ng nei ghbouring air duct of a

nei ghbouring part fornms a cutting arrangenent for particles that are caught
in the area of the first 10 air duct and the neighbouring air duct. In a
specific enbodinment, an inclination relative to the vertical is about 30.
In a further nodification, the grate bar conprises further air ducts at the
first side of the grate bar which haVe sub- 15 stantially the sane

i nclination as}%gg first air duct . and which extend over the entire | ength
of the firstesTiE PRI FUFITHE" EhbotiTent, Jthe® GrdrE8IB4r al’$d Conpri ses a
second air fducicatwhd checontl isicde anf atheng@ghahe bargnsltiechats wopposkte to the
first side..gye second air d%ﬁ; ha; an i@plinationtﬁhich %9 is N
subst ant i aPFy o Ferent 1POM T e TFnett HatCof B RHE 1FPr 8™ d46t. In an
al ternati veieabodidrert abideyiatel baas i ampafi st heogricovesadnrddesseecond si de
may al sg be, supstantially, the same as theinglination of the first air
duct. A3 for the’¥irst side, the secondméﬁaegnay al'so conpﬁfse further air
25 duct s whibchethznoe subst @ ilainbyttfenslamecepsds et imoneaghitherisgecond air

duct and i ten er. entjre f t : o] | 0 achi eve
a good cur?F%g'2??%%??8¥h%“%ﬂﬁydu%%éo?&gﬁg%§%§¥ %%%gaogg%%gggF%lducts may
be provi dedrak¢ tharsr ectangidarogposs Siectd endonroalde arste digght or a

rounded saw,Lpofh shaped. 7988 $65E1 O ratldndhe AppLhcation fl §¢.di scl oses
a grate arrangenent for a fur-
10 rows of fixed and movable grate bars are provided on either

fixed or movable step frames.

In a further development according to the application, the
grate bars according to the application comprise engaging el-
15 ements which engage with coupling means of horizontally adja-
cent grate bars to provide a relative movement of the grate
bars for the improved transport of waste material and for the
comminution of material that has fallen between the grate
bars. The engaging elements may comprise sharp edges for an
20 improved comminution of material that has been trapped be-
tween adjacent grate bars. Furthermore, lateral aeration
grooves of the grate bars may have opposing inclinations be-
tween horizontally adjacent grate bars to provide a scissor
effect for the comminution of trapped material.
25
In a further aspect, the sides of the grate bar are adapted
with lateral grooves, that may be inclined for cutting and
disposal of combusted material, and for self-cleaning of the
lateral grate bar surface. US4520792 describes an arrangement
30 of two or more grate bars having sides adapted to have teeth
and tooth spaces for comminution of material resting on the

upper surface of the grate bars as one grate bar moves longi-



nace with an arrangenent of fixed and novabl e grate bars which conprise the
abovenenti oned air ducts, especially one 5 in which the fixed and novabl e
grat e barwoane/mb49%ernated within horizontal rows and whecgiRaibessver i zont al
rows of fixed and novable grate bars are provided on fixed and novabl e step
frames. 10 In a nore specific enbodi ment of a grate according to the ap-
plication, at |east two neighbouring grate bars of the ar- rangenent
conprise lateral air ducts such that there is a cutting angle between the
air ducts of one of the neighbour- ing grate bars and the air ducts of the
ot her one of the 15 nei ghbouring grate bars. Especially, the air ducts may
be provided at an inclination of about 60 against the horizontal, which

gi ves a good conprom se between cutt¥hg action and air transport. The
surfaces in which the ai{ ducts are pro- _vided may be snpot hed such that
the gr at es AN e IEcot 2061 386 TG RBPoARINY eb& RaBte: IS Tt APfed.
Furt her noren the mapbivead) cdhalkesondr sgirdsesianf urarace wbthedHigical
abovenenti oned %rate. Thf f ur nace ggy e fuelked mﬁthlcoal, qyg]ogic
material, SPEGTHEN SSnBUSYTorf ‘At 8F i K15 Wit A°a 25 KR Real ity Val ue and the
heat may bendsedsttco whoer powertngener ati on and/ or tel eheating. Furthernore,
the application dis- closes a waste incineration plant wth the

abovenenti oned grate. 30 A grate according to the application is used in

t he fol | owDAG3 &M, dasnpViadd exrskepahgamntand atdtixedrst epd fmeamdlar e

provided. BuLihermre, An A % 0t nal f&hnathng §4 xed apd, rpyvaklkg- 15
tionary and movable grate bars vary in configuration as the
movable grate bar moves relative to the stationary grate bar,

10 thereby effecting cutting of material which falls into the
gaps.

According to a further aspect, the application discloses a
grate bar having a modification to improve air flow in the

15 region beneath and between neighbouring grate bars, (see es-
pecially Figs. 1, 6, 7 and Figs. 9 - 11). Air channels or air
ducts or lateral grooves are provided along the whole length
of the grate bar. DE2806974 describes a grate bar with inter-
nal channels for circulating air.

20
DE102004034322 describes an arrangement, which allows for air

flow between grate bars.

DE19648128 and EP1315936B1 describe a grate bar having inter-
25 nal channels within the grate bar for circulation of a cool-

ant liquid.

WO006117478, DES9309198 and DE102004032291 describe a grate bar
with fins integrated underneath the upper side to define one

30 or more paths for air flow within the grate bar.



grate bars is provided on the novable step franme and the fixed step frane,
wherein horizontally adjacent grate bars are novably connected via engagi ng
menber s twatoemgage i nto el ongated recesses and. The gr ate/1banyospe al so
provided with 5 |ateral air ducts that are slanted differently between
adj acent sides of horizontally adjacent grate bars. An alternating novenent
bet ween nei ghboring grate bars is generated and the novenent is used to
nove supporting nmenbers 10 of the novable step frame. Fixed grate bars are
noved with the supporting nenbers of the novable step frame. A supporting
menber engages into a space between a downwardly extendi ng hook and a
proxi mal nodified region of a fixed grate bar 15 Movable grate bars are
noved relative to supporting marrberslgzof t he novabl e step frame, wherein a
supporti ng_nenber engages into _a space between a downward|y extendi ng
portion and"a®no&e 8% gﬁ?%v&@?eag?%ﬁ]e Bar 9§I\)ﬁt%rraitgl %gﬁri%/cﬁl§§egn a region
bet ween t heinei ghlxaiolagl grate char so a¢ einCuitbytedgesdofoeosre=e 2@rspondi ng
air ducts. In a furthe¥1 aspect he application discloses a grate bar for a
T SR okt Gt

furnace, tRECHFAE Bar "Ednpl "oRe°but preferentially a
plurality of air ducts which extends along 25 at | east one | ongitudi nal

side of _.th b its rfac i upper,_sur.face such that
conbust?onﬁag{sﬁﬁzgld ;%E{ P fgg%g%%gdm%%%%ié;taﬁl%t Efé%g)?%@ g? T @bove it .

D fferent Broamgdiernpisi of merigvaphie aratduwetrseadecqusovi ded in a side face of
the grate bar which is facing towards a side face of a 30 nei ghbouring
grate bar. Mreover, the air ducts may be fornmed straight to enable a good

ai rfl ow andor enbyaihegf mpdabiped ivat erlalfLrant6cAueordisngnsasamaredefi cat i on
the air duﬁéﬁtérvﬁu%%sﬁgfc%%i'% QYEAL Y Y Sk Hégdo@'g(}!aget@%@tt\}&'{?%a“ one

side. The air ducts may form groups of equidistant -air ducts ich are
essent iL @l - aBe| §dmoenlty tdi Sty ifrared ot ompthhe aedifdastione Widddrama one

enbodi nent .t he; arate hal - LOMILSESs alnl§anh &1 ghtn ahhagugt s100 one side of
the grate bar. Ventilation is also possible wth less air ducts but with

ei ght air d8ets or avorec1d Thar Phat; Tor 2erahplieldm fehree” gheups of three
arr dUCtS1cﬁB@é@ei%@%@e'ﬂ%ﬁfﬁ@?@tygﬂtéiéﬁﬂ @Rth the abovementioned ar-

rangement of fixed and movable grate bars. A cutting effect
15 in lateral air ducts of the grate bars supports self-cleaning

and reduces lateral forces on the grate bars.

Furthermore, the application discloses a use of a plurality
of grate bars in an incineration plant for the assisting the

20 burning of material during an incineration. A reciprocating
grate is used to move a grate bar of the plurality of grate
bars relative to a neighbouring grate bar of the plurality of
grate bars. The moving of the grate bar comprises a movement
of an engaging element with two parallel sliding surfaces of

25 the grate bar in a longitudinal recess with to parallel slid-
ing surfaces of the neighbouring grate bar. The parallel sur-
faces are for guiding the movement as well as for preventing
a tilting of the grate bar by more than a predetermined tilt-
ing angle.

30
In a further aspect, the application provides a grate bar for

a furnace that comprises a first air duct or groove at a



The air ducts may extend from bel ow t he upper surface of the grate bar to
an upper surface of the grate bar. The upper 15 |l ayer of the grate bar is
rel ati velwot2hizm324bhi s provi des short air ducts that arePCgdgB2ii/kEshy2 t o be
choked by conbustion material. In one enbodi ment, the air ducts are al so
inclined agai nst the longitudinal axis of the grate bar to generate a
cutting effect between neighboring grate bars. 20 The applicati on noreover
di scl oses a grate of several grate bars which conprise the aforenentioned
grooves wherein at |east two nei ghboring surfaces of neighboring grate bars
conprise air ducts with differing inclination. Air or conbustion 25 gas is
injected into a conbustion material aon top of a grate of a furnace by

bl owi ng the air or conbustion gas i nto a space bel ow the grate and
conducting _the air to_the upper side aof grate bars along side faces of
grate barsTtofStneGr &fe i Pr t&egafhaﬁleogéff‘ﬁcﬂ%ﬁjélcitntgﬁﬁ @béVE t he ducts
are 30 substandi=a layy equad dtheraichafi| oW eatcbe @djnustedesticto tshat there is
a substantially equal airflo hrough air ducts of a grate bar. 17 In a
Further astabr  FRERAoRH St GHoaPEa DIAE o GH ek o HEPTF ¥ U Flnace.

conpri si ngtaa exchangeabt erdieadvat navahesttab fendi gfocuhengrata-cbar, the

exchangsab!ogrgggﬂlebei ng.fi xed tQ 5.t le grate bar \%’th.at | east two bolts.

The bol s conpri si nglnﬁofrtla%leoe{ldé) WAl ¢ enggag I|1enjt%h afirst?and a second

T- shaped skptitdatthar eeprovdlded madé hewdxchahgeabideheadthdhe rexchangeabl e
head is prqyid bet first_ s a 0 : . g.receiving area
glr (%gct %?V\Eggey];a v%lﬁzeh n &?&ﬁg) a c&@%e%g)n%tlggsg%% bo%%

of the grate bar. I'rs and seco ste e up thrust
forces anditbeabolduistapé subjiebbedring Iregs Svrmé e CTheisdidrmmgeal so t ake

on a slightly, nbdifjed;fo h.as a Yighape xampLe, h
exchangeabf"% Rea% r?lgygll)é %Sr?not?/}%gea %?Efﬁ\énstan i%%éega{raet%i gn bhe N8
10 air duct and the neighbouring air duct. In a specific embodi-

ment, an inclination relative to the vertical is about 30°.

In a further modification, the grate bar comprises further
air ducts at the first side of the grate bar which have sub-

15 stantially the same inclination as the first air duct and
which extend over the entire length of the first side. In a
further embodiment, the grate bar also comprises a second air
duct at a second side of the grate bar which is opposite to
the first side. The second air duct has an inclination which

20 is substantially different from the inclination of the first
air duct. In an alternative embodiment, the inclination of
the grooves on the second side may also be substantially the
same as the inclination of the first air duct. As for the
first side, the second side may also comprise further air

25 ducts which have substantially the same inclination as the
second air duct and which extend over the entire length of

the second side.

To achieve a good cutting effect, the air duct or at least
30 one of the air ducts may be provided with a rectangular cross
section or also a straight or a rounded saw tooth shaped

cross section.



15 formed out of a main body of the grate bar which has an H shaped profile
at its distal end. The at |least two bolts may be provided in the formof at
| east onewbroro3bpkt and at | east one rear bolt wherei nPCHABIMoONI3940It is
shorter than the rear bolt and the front bolt engages into the first T- 20
shaped slit and the rear bolt engages into the second T-shaped slit. The
bolts may be spot welded to the grate bar for fast manufacture and durable
connection. The exchangeabl e head may further be provided with a thrust 25
el enent at a sloping surface of the exchangeabl e head, especially a thrust
element with a triangular cross section. Furthernore, the exchangeabl e head
may be provided with a clearing elenment at a horizontal surface of the
exchangeabl e head, especially a cledﬁﬁng el enent has a triangul ar cross
section. 30 18 of the grate bar such that a clearance is |left between the
bolts and the bores. In the follow ng description, details are provided to
de- 5 scri beetheolembadbnents afi sthesapp igeate omrrdrigeshat | fde aagparent to

one skilled in t] art, however, that.the enbodi nts be practised
e hent | sogRtaat i 85 e R P B A B LR P o e T an of

an 1O0arr angenemtcaforgsat endarlsvamtht ameeX ehangeald e cepdccaply feing.
2i11ustrates an, emoodi gent, of, 2 ondh cap having. a thryst, element and a
clearing elenent, Fig. 3iTTustrates a further enbodi nent of an end cap hay-
within horizontal rows and wherein the horizontal rows of
fixed and movable grate bars are provided on fixed and mova-

ble step frames.

10 In a more specific embodiment of a grate according to the ap-
plication, at least two neighbouring grate bars of the ar-
rangement comprise lateral air ducts such that there is a
cutting angle between the air ducts of one of the neighbour-
ing grate bars and the air ducts of the other one of the

15 neighbouring grate bars. Especially, the air ducts may be
provided at an inclination of about 60° against the horizon-
tal, which gives a good compromise between cutting action and
air transport. The surfaces in which the air ducts are pro-
vided may be smoothed such that the grates can be placed

20 close together and less waste is trapped.

Furthermore, the application also discloses a furnace with
the abovementioned grate. The furnace may be fuelled with
coal, biologic material, or other combustion material with a
25 high heating value and the heat may be used to for power gen-
eration and/or teleheating. Furthermore, the application dis-
closes a waste incineration plant with the abovementioned

grate.

30 A grate according to the application is used in the following
way. A movable step frame and a fixed step frame are provid-

ed. Furthermore, an array of alternating fixed and movable



15ing a thrust elenent, Fig. 4illustrates a further enbodi nent of an end
cap hav- ing a clearing elenent, Fig. Sillustrates a bottomview of the end
cap of Fiwo02812/BR492 6illustrates a further enbodi nent ofPCa/IBBMEbI3e4gr at e
20bar in front perspective, Fig. 7illustrates a rear perspective view of
the grate bar of Fig. 6, Fig. 8illustrates a cross-sectional view through
the dis- tal end of a further enbodi nent of a grate bar, 25 Fig.
9illustrates a side view of a fixed grate bar, Fig. 10illustrates a side
view of a further enbodi mnent of a novable grate bar in a first position,
Fig. 1lillustrates a side view of the further novable grate bar of Fig. 10
in a second position, 30 Fig. 12illustrates a cross section of a first
enbodi ment of grate bar grooves, >

grate bars is provided on the movable step frame and the
fixed step frame, wherein horizontally adjacent grate bars
are movably connected via engaging members that engage into
elongated recesses and. The grate bars are also provided with
5 lateral air ducts that are slanted differently between adja-

cent sides of horizontally adjacent grate bars.

An alternating movement between neighboring grate bars is
generated and the movement is used to move supporting members
10 of the movable step frame. Fixed grate bars are moved with
the supporting members of the movable step frame. A support-
ing member engages into a space between a downwardly extend-

ing hook and a proximal modified region of a fixed grate bar

15 Movable grate bars are moved relative to supporting members
of the movable step frame, wherein a supporting member engag-
es into a space between a downwardly extending portion and a
nose of the movable grate bar. Material particles in a region
between the neighboring grate bars are cut by edges of corre-

20 sponding air ducts.

In a further aspect, the application discloses a grate bar
for a furnace, the grate bar comprising at least one but
preferentially a plurality of air ducts which extends along

25 at least one longitudinal side of the grate bar from its low-
er surface to its upper surface such that combustion gas can
stream from underneath the grate bar to above it. Different
from the prior art, the air ducts are provided in a side face
of the grate bar which is facing towards a side face of a

30 neighbouring grate bar. Moreover, the air ducts may be formed
straight to enable a good airflow and removal of trapped ma-

terial.



19 Fig. Fig. 13 14 illustrates a cross section of a second enbodi nent of
grate bar grooves, illustrates a cross section of a third enbodi nent of
grat e barwg@rovs4925 Fig. 15 illustrates a side view of pam/IBzmangpesent of

grate bar grooves of two neighbouring grate bars of Figs. Fig.

10

15

20

25

30

16

According to a modification the air ducts are essentially
evenly distributed along the at least one side. The air ducts
may form groups of equidistant air ducts which are essential-

ly evenly distributed along the at least one side.

In one embodiment, the grate bar comprises at least eight air
ducts on one side of the grate bar. Ventilation is also pos-
sible with less air ducts but with eight air ducts or more
than that, for example in three groups of three air ducts,

there is an improved ventilation.

The air ducts may extend from below the upper surface of the
grate bar to an upper surface of the grate bar. The upper
layer of the grate bar is relatively thin. This provides
short air ducts that are less likely to be choked by combus-
tion material. In one embodiment, the air ducts are also in-
clined against the longitudinal axis of the grate bar to gen-

erate a cutting effect between neighboring grate bars.

The application moreover discloses a grate of several grate
bars which comprise the aforementioned grooves wherein at
least two neighboring surfaces of neighboring grate bars com-
prise air ducts with differing inclination. Air or combustion
gas is injected into a combustion material on top of a grate
of a furnace by blowing the air or combustion gas into a
space below the grate and conducting the air to the upper
side of grate bars along side faces of grate bars of the
grate. Provided that obstructions in and above the ducts are
substantially equal the air flow can be adjusted such that
there is a substantially equal airflow through air ducts of a

grate bar.



16 9 and 10 in a first relative position, illustrates a side view of an
arrangenent of the grate bars of Fig.15 in a second relative posi- 10 15
Fig. Fig.wli2gi2/iBe492 Fig. 17 18 19 20 21 tion, illustrat@esTaByildessview of an
arrangenment of the grate bars of Fig.15 in a third relative position,

Il lustrates a cross section through a reciprocating grate of a waste

I ncineration plant, illustrates a side view on a row of novable grate bars
of the grate of Fig.18, illustrates a side view of a further enbodi nent of
a grate bar having a coupling neans,

17

In a further aspect, the application discloses a grate bar
for a furnace, comprising an exchangeable head at a distal
end of the grate bar, the exchangeable head being fixed to

5 the grate bar with at least two bolts. The bolts comprising
bolt heads which engage into a first and a second T-shaped
slit that are provided in the exchangeable head. The ex-
changeable head is provided between a first step and a second
step of a receiving area of the grate bar. Thereby, the first

10 and second steps take up thrust forces and the bolts are sub-
jected to less strain. The slit may also take on a slightly

modified form such as a Y-shape, for example.

The exchangeable head may be provided within an indentation
15 formed out of a main body of the grate bar which has an H-
shaped profile at its distal end. The at least two bolts may
be provided in the form of at least one front bolt and at
least one rear bolt wherein the front bolt is shorter than
the rear bolt and the front bolt engages into the first T-
20 shaped slit and the rear bolt engages into the second T-
shaped slit. The bolts may be spot welded to the grate bar

for fast manufacture and durable connection.

The exchangeable head may further be provided with a thrust
25 element at a sloping surface of the exchangeable head, espe-

cially a thrust element with a triangular cross section. Fur-

thermore, the exchangeable head may be provided with a clear-

ing element at a horizontal surface of the exchangeable head,

especially a clearing element has a triangular cross section.
30

Alternatively or in addition, the exchangeable head may also

comprise a pyramidal portion. The bolts are provided in bores



il lustrates a cross-sectional view of one of the 20 25 Fig. Fig. Fig. 22 23

24 two coupling neans of the grate bar of Fig. 20, illustrates a
cr oss- secwpanelo3zisew of the ot her coupling neans of thePgraB®ibes3ef
Fig.20, illustrates shear forces which lead to the braking of a grate bar,

Il lustrates a broken grate bar of the grate of 30 Fig. Fig. 25 26

18

of the grate bar such that a clearance is left between the

bolts and the bores.

In the following description, details are provided to de-
5 scribe the embodiments of the application. It shall be appar-
ent to one skilled in the art, however, that the embodiments

may be practised without such details.

Fig. 1 illustrates a perspective view of a portion of an
10 arrangement of grate bars with an exchangeable end
cap,
Fig. 2 illustrates an embodiment of an end cap having a

thrust element and a clearing element,

Fig. 3 illustrates a further embodiment of an end cap hav-
15 ing a thrust element,
Fig. 4 illustrates a further embodiment of an end cap hav-

ing a clearing element,

Fig. 5 illustrates a bottom view of the end cap of Fig. 2,

Fig. 6 illustrates a further embodiment of a movable grate
20 bar in front perspective,

Fig. 7 illustrates a rear perspective view of the grate

bar of Fig. 6,
Fig. 8 illustrates a cross-sectional view through the dis-
tal end of a further embodiment of a grate bar,
25 Fig. 9 illustrates a side view of a fixed grate bar,
Fig. 10 illustrates a side view of a further embodiment of
a movable grate bar in a first position,
Fig. 11 illustrates a side view of the further movable
grate bar of Fig. 10 in a second position,
30 Fig. 12 illustrates a cross section of a first embodiment

of grate bar grooves,



Figs.18 and 19 that is supported by neighbouring grate bars, illustrates a
frontal view of an arrangenent of the grate bars of the grate of Figs. 18
and 19, iwbustwveee2 a side view of an enbodi nent of an eqT/1BZayDI3gIxE| enent
of the grate bars of Fig. 24, 20 Fig. Fig. 27 28 illustrates a
cross-sectional view along Iine A-A of the distal end of a further

enbodi nent of a grate bar, illustrates a side view of the grate bar of Fig.
5
19
Fig. 13 illustrates a cross section of a second embodiment

of grate bar grooves,
Fig. 14 illustrates a cross section of a third embodiment
of grate bar grooves,
5 Fig. 15 illustrates a side view of an arrangement of grate
bar grooves of two neighbouring grate bars of Figs.
9 and 10 in a first relative position,
Fig. 16 illustrates a side view of an arrangement of the
grate bars of Fig. 15 in a second relative posi-
10 tion,
Fig. 17 illustrates a side view of an arrangement of the
grate bars of Fig. 15 in a third relative position,
Fig. 18 illustrates a cross section through a reciprocating
grate of a waste incineration plant,
15 Fig. 19 illustrates a side view on a row of movable grate
bars of the grate of Fig. 18,
Fig. 20 illustrates a side view of a further embodiment of

a grate bar having a coupling means,

Fig. 21 illustrates a cross-sectional view of one of the
20 two coupling means of the grate bar of Fig. 20,
Fig. 22 illustrates a cross-sectional view of the other

coupling means of the grate bar of Fig. 20,
Fig. 23 illustrates shear forces which lead to the braking
of a grate bar,

25 Fig. 24 illustrates a broken grate bar of the grate of
Figs. 18 and 19 that is supported by neighbouring
grate bars,

Fig. 25 illustrates a frontal view of an arrangement of the
grate bars of the grate of Figs. 18 and 19,
30 Fig. 26 illustrates a side view of an embodiment of an en-

gaging element of the grate bars of Fig. 24,



27, 10 Fig. Fig. Fig. 29 30 31 illustrates a cross-sectional view of the

grate bar of Fig.27, illustrates a front perspective view of the grate bar
of Fi g. 2Avoi2ni2use49at es a cross-sectional view al ong | i neCBABf/0ib€ second
coupling means of the grate bar of Fig. 32 Fig.27, illustrates a

cross-sectional view along line CC of the first coupling neans of the
grate bar of

20

Fig. 27 illustrates a cross-sectional view along line A-A
of the distal end of a further embodiment of a
grate bar,
Fig. 28 illustrates a side view of the grate bar of Fig.
5 27,
Fig. 29 illustrates a cross-sectional view of the grate bar
of Fig. 27,
Fig. 30 illustrates a front perspective view of the grate
bar of Fig. 27,
10 Fig. 31 illustrates a cross-sectional view along line B-B
of the second coupling means of the grate bar of
Fig. 27,
Fig. 32 illustrates a cross-sectional view along line C-C
of the first coupling means of the grate bar of
15 Fig. 27,
Fig. 33 illustrates a cross-sectional view along line D-D
of the first and second protrusions of the grate

bar of Fig. 27,

Fig. 34 illustrates a mounting of a row of grate bars into
20 a step frame,
Fig. 35 illustrates a further embodiment of an engaging el-

ement and a coupling element,

Fig. 36 illustrates a cross section of Fig. 35, and
Fig. 37 illustrates a further embodiment of engaging and
25 coupling elements.

Figures in the figure descriptions below have similar parts.
The similar parts have the same names or similar part num-
bers. For the sake of brevity, the description of the similar

30 parts is not repeated every time.



15 Fig.27, Fig. Fig. 33 34 illustrates a cross-sectional view along |ine
D-D of the first and second protrusions of the grate bar of Fig. 27,
i1l ustratwe 212meu2i ng of a row of grate bars into 20 PraTdBEpl/HF3ase, Fig.

21

Fig. 1 shows an arrangement 60 of grate bars 62, 63. The ar-
rangement 60 shows two adjacent grate bars 62, 63. Each grate
bar 62, 63 has a front face 65 and a plurality of lateral

grooves 66.

5
The front face 65 comprises a lower vertical part 67 and an
upper oblique part 68. An end cap 70 comprises two upwards-
facing portions, one horizontal portion 71 and one parallel
portion 72 to the oblique part 68 of the front face 65.

10

The end cap 70 is secured to the grate bar 62 or 63 by bolts
74, 75 inserted from the underside of the upper part 16, as
illustrated in Figs. 2 to 4 and Fig. 28. The securing is such
that the horizontal portion 71 abuts the upper part 16 and

15 the parallel portion 72 abuts the obligque part 68.
As can be best seen in Fig. 1, the lateral grooves 66 are
placed on both longitudinal sides of each grate bar 62, 63.
The lateral grooves extend from the upper part 16 to a verti-
cal part of the longitudinal projection 17. The lateral

20 grooves 46 have an angle of inclination to the wvertical such
that the lateral grooves on one longitudinal side are in-
clined towards one end of the grate bar 62 or 63 while the
lateral grooves in the opposite longitudinal side are in-

clined towards the other end of the grate bar 62 or 63.

25
In use, the end cap 70 is removable from grate bar 62 or 63
by removing bolts 74 and 75. Further embodiments of the end
cap 70 are provided by the end caps 70', 70'"'" or 70"'"'' of
Fig. 2, 3 and 4.

30

The lateral grooves 66 serve to remove jammed material be-

tween the grate bars 62, 63 to beneath the grate bars 62, 63.



Fig. 35 36 illustrates a further enbodi mrent of an engagi ng el enent and a
coupling elenent, illustrates a cross section of Fig.35 and Fig. 37

i 11 ustratwe 2a12fa3e49ner enbodi ment of engagi ng and 25coupCirnp20el/essest s.
Figures in the figure descriptions below have simlar parts. The simlar
parts have the sanme nanes or simlar part nunbers. For the sake of brevity,
the description of the simlar 30 parts is not repeated every tine. 21
Fig. 1 shows an arrangenent 60 of grate bars 62, 63. The arrangenent 60
shows two adj acent grate bars 62, 63. Each grate bar 62, 63 has a front
face 65 and a plurality of lateral grooves 66.

22

This removal is achieved by the lateral grooves 66 of neigh-
bouring grate bars 62, 63 moving in opposing directions. The
relative movement cooperates to transport and comminute the
waste material. The lateral grooves 46, 47 then channel the

5 comminuted material below the grate bars 10. In addition, the
lateral grooves 66 also allow air flow from underneath the
grate bar 62, 63 to above the upper part 16 for providing

combustion gas to the material to be combusted.

10 The distance between grooves 66 and the width of the grooves
66 are adapted such that any material received by the grooves
66 would be cut into pieces as the grate bars 62, 63 move
relative to each other. The lateral grooves are provided
along the whole length of the grate bars 62, 63 for providing

15 combustion gas to the whole area of the grate 60.

Fig. 2 illustrates a further embodiment of an end cap 70 with
a thrust element 174 and a clearing element 175. The thrust
element 174 and the clearing element 175 are longitudinal

20 protrusions with triangular shaped cross sections that are
aligned perpendicular to the longitudinal axis of a grate bar
80, 120. Advantageously, the thrust and clearing elements are
provided for non-stationary grate bars. For example the
clearing elements can be provided on movable grate bars 120

25 and/or on fixed grate bars 80 which are attached to a movable
step frame 170, as can be best seen in Figs. 9 - 11 or Fig.
18 and 19. The thrust element assists the backward movement
and the circulation of the waste on the grate 60. The clear-
ing element, on the other hand, assists the forward motion

30 and the downward movement of the waste on the grate 60.



5 The front face 65 conprises a |ower vertical part 67 and an upper oblique
part 68. An end cap 70 conprises two upwards-facing portions, one

hori zont avoporza3e271 and one parallel portion 72 to thecohBguesspext 68 of
the front face 65. 10 The end cap 70 is secured to the grate bar 62 or 63
by bolts 74, 75 inserted fromthe underside of the upper part 16, as
illustrated in Figs. 2 to 4 and Fig. 28. The securing is such that the

hori zontal portion 71 abuts the upper part 16 and 15 the parallel portion
72 abuts the oblique part 68. As can be best seen in Fig. 1, the lateral
grooves 66 are placed on both |ongitudinal sides of each grate bar 62, 63.
The | ateral grooves extend fromthe upper part 16 to a vertical part of the
| ongi tudi nal projection 17. The | at etal 20 grooves 46 have an angl e of
inclination to the vertical_such_that the lateral groov on one

| ong! £ nAP . SFUCPEeT et 1A - Gt (¥ brle. Srah ot THA g 3 SKar 62 or 63
whil e the hateriedltgrneovesth nrdshecopposidie heags tudi,nab1site @oeribdAcl | ned
towards the other end of the grate_bar 62 or_63,, 25 In use,. the end cap 70
i s renovabfé tPoigrafe® %ﬁx%b7§( 63 by rerovi ng bort "9 ald 75. Furt her
enbodi ment §19f 3t heheedlecapl 7) aveé provixeddby ither-emdpeapsliA® 17%0" or 70"

of Fig..2, an ... 30 22 This,remyval -i.s,achj.eved by the | ateral
groove55661§€ %gﬂ%ﬁbSBgi%393?3té%bar@Pez,7 3 an#ﬁb%PHe%dﬁggfhﬁfdirections.
The rel ati veendbvemert cbdperatcesotroed rrangpor L simabecopmphut €l driive 1RASt

material. The | ater. oV 46, 4 C nel .t comm nut,ed mat eri al
bel ow t he épgt% g?%hfgégﬁﬁgiﬁg?%?%%,f$fgflgﬁgr%%jég'o?%éﬂgglgﬁso’allow air
fl ow from UAder néxtrth stthhelicity, parts of the end caps 70' and 70'""!

that are similar to parts of the end cap 70'' are not sepa-

10 rately provided with reference numbers.

As shown in Fig. 4, washers are provided on the bolts 176,
180 and the respective nuts 183, 184 are screwed onto bolt
threadings and later spot welded to the bolts 176, 180. In

15 Fig. 4 the width of a receiving area 188 for the end cap 70,
70", 70'', 70'''", which is formed out of the upper part 16,
is indicated by a length 1. On the side of the long bolt 180,
the receiving area comprises a step 184. Gaps are provided
between the L-shaped protrusions 178, 183 of the end cap 70

20 and the upper part 16. Furthermore, bores in the upper part
16 are made wider than the diameter of the bolts 176, 180. In
this way, exact alignment of the protrusions 178, 183 and of
the bolts 176, 180 is not required, alignment is provided by

the steps 184 and 187 of the receiving area.

25
In a further embodiment of an end cap 70, which is not shown
in Figs. 2 to 4 but which can be seen in Fig. 1, the end cap
70 is not provided with a thrust element 174 or with a clear-
ing element 175.

30

Fig. 5 shows a bottom view of Figs. 2 and 3. The bolts 176

and 180 with respective bolt heads 177, 181 are provided in



grate bar 62, 63 to above the upper part 16 for providing conbustion gas to
the material to be conbusted. 10 The di stance between grooves 66 and the

wi dt h of wbeogrisoiwes 66 are adapted such that any nateripall/iBEaedises by t he
grooves 66 would be cut into pieces as the grate bars 62, 63 nove relative
to each other. The lateral grooves are provided along the whole | ength of
the grate bars 62, 63 for providing 15 conbustion gas to the whol e area of
the grate 60. Fig. 2 illustrates a further enbodi ment of an end cap 70 with
a thrust elenent 174 and a clearing elenment 175. The thrust elenent 174 and
the clearing element 175 are |ongitudinal 20 protrusions with triangul ar
shaped cross sections that are aligned perpendicular to the I ongitudinal
axis of a grate bar 80, 120. Advantéﬁ%ously, the thrust and clearing

el ements are provided for non-statjonar rate bars. For exanple the
clearing ef ﬁe%ﬁ%?%?&% Bglb?dcvﬁezg%ﬁ“hﬁzégﬁéiﬁ?éFgmﬁér§Srﬁﬁ“§§nand/or on
fixed grataobassi8G whirchi@reaatt achethd,0 agdemoyableel syepnét anei170, as can
be best seen jn Figs. 9 - 11 ar Fig.. 18 and 19. e thrust el t assists
Phe backear A" hob ARF=BhdT HaSGE R iSSP et he WBs PAF bR R ToPare. 60 - The
cl earing ekementl7%n 18hebotihen haadl- g@sgiest srotenfionwar d8 notdonad® and t he
downward nmovenent of .t ste.aon . the grat 0. .23 .ca seen in Figs.
2, 3 and 40 3'% 5FiW68P$ %%glgﬁ gl %ﬁ%ﬂbggt@H%Omﬁﬁfﬁ%%%%g%%%ive bolt heads
177, 181 aheapsoMdlded’i’nsi de the end cap 70, 70", 70", 70"'. As shown in
Fig.3, the bolts 176, 180 are provided in T-shaped slits 179, 5182 of the
end cap 70, 70", 70", 70'". The lower parts of the T-shaped slits are
formed by fwoslL shaped prot rausioonsld 78 adrdbbwnol L- skkaped, ptrotvalpdens 183 of
the end ca egngQ¥ia7RHVGZ %;IeEQEi§ WRJ%C%Egp Péﬁ&§o?ft$h§:§ﬂg caps 70

and 70" that are simTar to parts of the end cap 70" are not sepa- 10

rat el y1pr ovpdethaintsiibesf eflencerranbers . neadbeshowmdtn shpgn 40 Rigshérs are
provided on,the hol s 176.,18Q.and, the I espect{ye,Nuks 183, 184,are screwed
onto bolt threadings and | ater spot welded to the bolts 176, 180. In 15
Fig. 4 thelar di¥Riot Parr eEs VIOTGPAP edr AB8 Phor 1§ erersd ledp Fole 70+, 270",

70", which;is: forqedoout ofcdhe Uppes, Rart <16 45 hndigated by a length 1.
On the side of the long bolt 180, the receiving area conprises a step 184.
Gaps are pWé%iﬁ%ﬁ]5étﬂg%ﬂmﬁﬁ%ﬂ@-§H%E%dxﬁTéprh%$dﬁsU£P8F RS df° BRE end cap

70 15 a surmounting longitudinal projection 17. The proximal end 15
has two projecting noses 18, 19 downwardly projecting from
the upper part 16. The upper part 16 of the movable grate bar
10 is downwardly disposed in the region of the projecting
noses 18, 19.

20
At the distal end 14 of the movable grate bar 10, the upper
part 16 and the longitudinal projection 17 extend to the
front face 13 disposed at an angle to the upper part 16. The
front face 13 has a retaining hole 20. The underside of the
25 front end, not shown, has a flat, step-like groove 21. A
first end cap 22 or a second end cap 23 may be removably af-

fixed to front face 13 by means of an affixing means 24.

The first end cap 22 is approximately L-shaped in side eleva-
30 tion, having a left side comprising a lower face 48 and an
upper face 49 and a lower side, not shown. The lower side has

an upwardly projecting engaging lip 26 at the end of the low-



20 and the upper part 16. Furthernore, bores in the upper part 16 are nade
w der than the dianeter of the bolts 176, 180. In this way, exact alignnent
of the prwonopioe®2178, 183 and of the bolts 176, 180 i #CmaB20eaisv42ed,
alignnment is provided by the steps 184 and 187 of the receiving area. 25 In
a further enbodi nent of an end cap 70, which is not shown in Figs. 2 to 4
but which can be seen in Fig. 1, the end cap 70 is not provided with a
thrust elenent 174 or with a clearing elenent 175. 30 24 the T-shaped slits
179, 182 in a simlar manner as curtain hooks in a curtain track and they
are secured agai nst horizontal novenment by frictional engagenent. The
portions of the slits 179, 182 between the L-shaped protrusions 178, 183
have 5 a smaller width than the di ameter of the respective bolt heads 181,

177. Figs. 6 and 7 show a novabl rate bar 10. Herein, "novable" refers to
2 movement SFef A1 V& LG ST Stop Fr ARESRr AT A%subR® 10 por B TerBer | The
supporti nghaenderattschnénshome N Ekgend nandrdm bits hippeantde Ioenoci n Fi gs.

10 - 11 which show a sini.lar grate bar. e vabl rate ., 10 has a left
sDue 11, "RERE RS Ot A FERLE DR, TR AR A G P A S
end 15. Thensovabl® gradbeidaredlPechpsn@irulppeto pard ubpeandidsd 1& stdir nount i ng

| gngi tudi nal,_prol6atl gp, A7 The pr.ox] Ml end 15, has.{ pR. PO gCting noses
18, 19 downwardly profecting from he upper par 6. € upper part 16 of
t he novabl é3gréite Waerlfais dovinwds sthasedi sposedangiet he tegilgnvesf the
projecting.noses; 18, 19. 20 At the distal end 14 of the novable grate bar
10, the upper part 16 and the |ongitudinal projection 17 extend to the
front face 13 di sposed at an angle to the upper part 16. The front face 13

has a ret aiLng. gle 0. Zhe inde sf de, Pl e 25, ok oo,k shown, has
a flat, step-l1Tke groove 21.” A first end cap 22 or “a second en cap 23 may
be rembVabltyeafirst vad tar fiontisf ager &3 rigyehgahssioicedniaf $idd mgemeans 24.

The first ¢nd; Gap122:h§ aPRIAxisTaLeby Lishapsdes ns Siedensl evfsn .
The lower side has an upwardly projecting engaging lip 26 at
the end of the lower side, not shown, proximal to the left
side 25. Second end cap 23 has an attachment hole 27 extend-

15 ing from its left side 25 to the underside of its front end.
The left side 25 of the second end cap 23 is flat and is per-
pendicular to the upper side 16 of the movable grate bar 10

when mounted on the front face 13.

20 The longitudinal projection 17 has six modified regions, a
left proximal modified region 28, a left central modified re-
gion 29, a left distal modified region 30, a right proximal
modified region 31, a right central modified region 32, and a
right distal modified region 33. The left proximal modified

25 region 28, the left central modified region 29, the left dis-
tal modified region 30, the right proximal modified region
31, the right central modified region 32 and the right distal
modified region 33 are shaped as rips whose cross-sectional
thickness is lower than the thickness of the other parts of

30 the longitudinal projection 17. The surfaces of the regions
28, 29, 30, 31, 33, which serve to enhance the stability and

which counteract bending under load, are unmachined. In con-



30 tion, having a left side conprising a |lower face 48 and an upper face 49
and a | ower side, not shown. The | ower side has an upwardly projecting
engagi ng wopo2@3ato2t he end of the |ow 25 er side proxi rar/BW11/hES9420wner
face 48. The first end cap 22 has an attachnent hole 27 extending fromits
upper face 49 to the underside of its upper face. The |lower face 48 of
first end cap 22 is oriented perpendicular to the upper side 16 of 5 the
novabl e grate bar 10 when it is nounted on the front face 13. The upper
face 49 is disposed at an angle to the |ower face 48. The second end cap
23, which can be used as an alternative to 10 the first end cap 22, is
approxi mately L-shaped in side elevation, having a left side 25 and a | ower
side, not shown. The |ower side has %h upwardly projecting engaging lip 26
at the end _of the | ower _side, not shown, .proximal to.the |eft side 25.
Second endtéﬁﬁt2§jﬁh§uéﬁa%ﬁﬁé?hﬁ%ﬁtﬂﬁ%?élﬁ? éitéﬁﬁirig Fnﬁ“&?& ‘its left

si de 25 toahbhetundemsiidedofal tssdkr onta@ndmodheeteft side 25 of the second
end cap 23 is flat and is perpendicular to the upper side 16 of the novable
grate bar 10 when nounted on the front face 13. 20 The | ongitudi nal

proj ecti onThé hast sind nbghi ipecdxiegl ansiifdebetégpsroxizgnl 3nodi fihed regi on 28,
aleft gentral modified reaion 29, aleft distal mdified regon 30, a

ri ght proxina nodi fi ed r%glon 31, a F?dht genttal s |P|ed1reg|on 32, and
a right distatcomtlicfricedusegi b 88th Tetdreffingpdoxiwraldlgodidn eche25 regi on 28,
the left central_.nmdified ion.2 t l.eft..distal . i fi regi.on 30,
the right gP%é?ﬁ%QRhn X i%é)rég?gng%ifngﬁé%P?bﬂ%§ gﬁ gggl%%ggkiggeregion 32
and t he ri ghtsdimstairugndi f3edndegromBPrarteushapetd asvei pgevhosé
Cross-secti i ss,.is - e | ckness ot her parts of
30 the IonS??ﬁ%f%g1%gggj2%%?%ﬁqxggdéﬁgpéﬁgfg%£% OQE?hggﬁeg?gﬁg g, 29, 30,
31, 3310whiteh seftventorenhance=thel stebifiety rantbwhi28h éburither deftbendi ng
under |oad,,arg; cRLAg Jhi¢00a &P dnlsask, ihesYnLaces,ofithe 1eft
side 11, the right Side 12, and the longitudinal side 17 are snoot hened.
The left apd #igHthipdoRphals hediterednd égiconshesled rapxihe!l 5199%ngi t udi nal
proj ectioneldycampriinsesacd 13 PEAL LS :0ma34,800 & Seegndn P10t rugi on 35
bot h extendi ng downwardly fromthe ['ower side, not shown, of the

| ongi t udi n&FOPF oj L icoAt IR LITHESS F+ 53T protrusi oh 34 2aAdssetBh@rprot rusi on
35 havesi deptscal shapeqaskhdor pet-pend @il a8 dec 3G randppask sitdes not shown,
of 10 the left and right proximal nodified regions 28, 31. The left and
right proxPhafPsotiEPes FEfione 280 3 fiGreRet OWoTT IT68 aFPTHt ttAERI ng hol e
37 extending.fromthe left proximal nodified region 28 to the right
proxi mal nodified region 31. The front end 36 of both the first protrusion
34 and second pro- 15 trusion 35 is disposed perpendicularly to the upper
part 16 of at hersvablkeigsaterear 10 andiifspeesdateowamds 1khe §rdantiif ace 13.

20 of the longitudinal projection 17 situated longitudinally be-
tween the left proximal modified region 28 and left central
modified region 29. The first engaging element 38 has a hole
39 extending in an axis between the distal end 14 and the
proximal end 15 of the movable grate bar 10.

25
A second engaging element 40 is disposed on the left side 11
of the longitudinal projection 17 situated longitudinally be-
tween the left central modified region 29 and the left distal
modified region 30. The second engaging element 40 has a hole

30 41 extending in an axis from the distal end 14 to the proxi-

mal end 15 of the movable grate bar 10.



A first engaging element 38 is disposed on the left side 11 20 of the

| ongi tudi nal projection 17 situated longitudinally between the |eft

proxi mal wodbfamesoregi on 28 and left central nodified regran2290s3¥xe first
engagi ng el enent 38 has a hole 39 extending in an axis between the distal
end 14 and the proximal end 15 of the novable grate bar 10. 25 A second
engagi ng el enent 40 is disposed on the left side 11 of the |ongitudinal
projection 17 situated longitudinally between the |left central nodified
region 29 and the left distal nodified region 30. The second engagi ng

el ement 40 has a hole 30 41 extending in an axis fromthe distal end 14 to
the proximal end 15 of the novable grate bar 10. 27 A first grate bar
coupling nmeans 42 is disposed on th '}ight side 12 of the |ongitudina
projection_17.situated Jongitudi- nally between, the right distal nodified
oo on 31 &nk tHe Sreht PRe A THBATHEY Webt ot SPPThent Fisr gt o bar
cou- 5 pliBgdageansA42nbasoryiftuishael ongaicedonecess t4d3dtwatit ortdievaxis of

el ongation fromthe distal end 14.to the proximal .end_ 15 o he novabl e
or ot o bar PBLTR KELKSRA b e LS IRG Aeaho TS 24 A0S on 1 ha 11 ght
10 side 12rofht heerdtengi hodi Nald peojectianThé situateedtbobgt tasdi-nal |y
between_the. right distal, nodifi.ed region.33 and the . right central nodified
regi on %2.p+h%§§g¥%ﬁd%gr%?% gkrggu% fﬁﬁtﬁéaﬁgciﬁs%gswgpgégghéxéfongated
recess 45 wift Alédmtdwnsfofm elhendgattah drdoiét he thestradoxéndl lha @5t he

proxi nal end %gai%wgglgh§r¥$y§gkelgrate bar 10. A first set of three

| at eral grooves exten omthe [eft side 11 of the upper part 16 to the
| eft central nodified region 29. The first set of |ateral grooves 46 has an

xtonds from the ] ofe i 4 T2 61 [Re GFber ‘par (18 16t he 161 ¢ proxi Al
nmodi fi éd regilonl B The sSerordidsesl afrdigcarnah Yt covest4d hawitthdisanme angl e
nally between the right distal modified region 33 and the
right central modified region 32. The second grate bar cou-
pling means 44 has a second elongated recess 45 with the axis

of elongation from the distal end 14 to the proximal end 15
15 of the movable grate bar 10.

A first set of three lateral grooves 46 extend from the left
side 11 of the upper part 16 to the left central modified re-
gion 29. The first set of lateral grooves 46 has an angle of

20 inclination to the wvertical.

A second set of lateral grooves 47 extends from the left side

11 of the upper part 16 to the left proximal modified region

30. The second set of lateral grooves 47 has the same angle
25 of inclination to the vertical as the first set of lateral

grooves 46.

The lateral grooves 46 and 47 of Fig. 7 are similar to the
grooves 66 shown in Fig. 1 and to the grooves 95 shown in
30 Fig. 9. The grooves of the grate bars can be seen best in
Figs. 15, 16. 17. In Fig. 10 an angle of about 60° of the

grooves against the vertical is indicated for this embodi-



25 of inclination to the vertical as the first set of |ateral grooves 46.
The | ateral grooves 46 and 47 of Fig. 7 are simlar to the grooves 66 shown
in Fig. Iwendizw24%e grooves 95 shown in 30 Fig. 9. TheprgmapuasoiP42% he
grate bars can be seen best in Figs. 15, 16. 17. In Fig. 10 an angle of
about 60 of the grooves against the vertical is indicated for this enbodi-
28 nment. The novable grate bar 10 further has a renovabl e pyram dal el enent
50 that is attached to the distal end of the up- per part 16. The pyram dal
el ement 50 has four faces, inclined towards the front face 13, left side
11, right side 12 5 and proximal end 15 of the novable grate bar 10. The
pyram dal elenent 50 can be attached to the upper part 16 by a nut and bolt
arrangenment 160 as illustrated in FFﬁ% 8. In use, several novable grate
bars 10 are used_.in an # ci ner - k% at or foh conbusting_na%erial. In an

ar r angement"®BF - gF'it &°BaPsS E4dh rovabl & grate bar “6eevariymddith a

hori zont al iyaadi aeent b0 xeadcitgriat etbachsueh thatdidwsil eht sf dmellp-17 abuts

the right side 1 7 t he nei.ghbouring fixed ate bar. There is

ol at | ve. mBbnENEE P onk® VAT, S RE “hotas Aatkn P et bect o t he

adj acent ficxedeqgrtatwarbarshe Heforitnfaldd ixd@edleref er& tlo, armgvensenk tel ative to
a step Lrang,of supnarilng srenber. which means.that ,g fixed grate bar moves
t oget her mnPﬁ Fhe suppor?ing menber " when t e suppor ti ng menber noves. 20
The pyram dal element 560cis hgsedthoned npr avkngedre pairki hg of o hetmat eri al
to be conb nd _i spont _vel ocity. | signed such that it can
be rep|ace§§§f$%%h%IF%§F%%%ﬁgH%ﬁea%n%ﬁgﬁ&%%6% I%§5g'fegbar 10. 25 The first
engagi ng el enent 38 engages the first elongated recess 43 and the second
engagi ng ehgmenl 4Q.e00ages b second.elongaled fecess 45 Mneaver, the
first and second engaging el ements 38, 40 can nove W thin the first and
secondl@l ongar-f@0 cedbrecessent431a b Iregpeetriyrdaneany phegzadiss of

el ongationyof st he, &l apgat ed J,.66esEes A3:1 4211 4fd Biss nakr ANGEMRRE Of
interconnected grate bars, relative novenent of nei ghbouring grate
ly adjacent fixed grate bar such that its left side 11, 17
abuts the right side 12, 17 of the neighbouring fixed grate
bar. There is relative movement of one movable grate bar 10
15 with respect to the adjacent fixed grate bars. Herein,
"fixed" refers to a movement relative to a step frame or sup-

porting member, which means that a fixed grate bar moves to-

gether with the supporting member when the supporting member

moves.

20
The pyramidal element 50 is used for improving the mixing of
the material to be combusted and its transport velocity. It
is designed such that it can be replaced without replacing
the entire movable grate bar 10.

25

The first engaging element 38 engages the first elongated re-
cess 43 and the second engaging element 40 engages the second
elongated recess 45. Moreover, the first and second engaging
elements 38, 40 can move within the first and second elongat-
30 ed recesses 43, 45 respectively in the axis of elongation of
the elongated recesses 43, 45. In this arrangement of inter-

connected grate bars, relative movement of neighbouring grate



29 bars in a longitudinal axis is possible. In the event that a novable
grate bar 10 suffers a breakage, the engagenent between the engagi ng

el enent s woaotdms2490upl i ng means enabl es the broken grat @ChaB20100%304% | nue t o
nove relative to its 5 neighbour and, therefore, prevent janmm ng of the
system The upper part 16 is used for receiving material to be com busted
and for aggravating the material to be conbusted. 10 The left and right
central nodified regions 29, 32 allow conbustion gas such as air from bel ow
the grate bar to access the upper part 16. Furthernore, the left and right
central nodified regions 29, 32 act as cooling fins for the upper part 16
via transferring heat fromthe upper_part 16 to the 15 left and right
central nodified regions 29, 32. The’d eft and right central nodified

regions 29, 32 enabl e the mpvin rare bar . to benefit frao as

CFPoul at i BT R The PEBROR DEOWIERE G ALESBEFS 105 TS SHFovI eS8 f ci ent
heat 20 transfers draws bacreasifAgetfes ldrdeaspas, ofhd kaggyatentbar-10. The

| at eral grooves 46, 47 serve .to let th tonbusti'.on air asslyia the grate
bars 10 to t'he” fuel "HPhe feureﬁ“SEESa%‘b“et °t FalRport “rater i > at is j ammed
bet ween t hehgriatedhagsate 12 heneatbhiddwe tgr abee harlutife Theidsat eral grooves
46, 47 grOV|dehQ§ﬂ§%jgs Eﬁeéggf-cleanln ggmkanneqfQ%terlgﬁefron1the upper

ore reve

part 16" an “of providihg gas to the upper par%n% of Fh%ygrgPe bar 10. The
| ateral 30 grooves 46, 47 are advantageously provided at the left central

modi fi ed r%ﬁéoﬁbﬁé% p%%ta?g fg Jégg 9£§tfgceq99£5i£§¥é}§gﬁogo be com-

busted and for aggravating the material to be combusted.

10 The left and right central modified regions 29, 32 allow com-
bustion gas such as air from below the grate bar to access
the upper part 16. Furthermore, the left and right central
modified regions 29, 32 act as cooling fins for the upper
part 16 via transferring heat from the upper part 16 to the

15 left and right central modified regions 29, 32.

The left and right central modified regions 29, 32 enable the
moving grate bar 10 to benefit from gas circulation in the
region below the grate bar 10. This provides efficient heat

20 transfer, thus increasing the lifespan of the grate bar 10.

The lateral grooves 46, 47 serve to let the combustion air
pass via the grate bars 10 to the fuel in the furnace and to
transport material that is jammed between the grate bars to

25 Dbeneath the grate bars 10.

The lateral grooves 46, 47 provide benefits of self-cleaning
of jammed material from the upper part 16 and of providing
gas to the upper part 16 of the grate bar 10. The lateral

30 grooves 46, 47 are advantageously provided at the left cen-

tral modified region 11, 17 and at the distal modified region



30 12, 17 respectively. This enables flow of air between the upper part 16
and beneath the grate bar 10. The first end cap 22 or second end cap 23 is
used to uwgeots282recei ved material for conbusting forwardB20Tivesspix st end
cap 22 or second end cap 23 are al so designed for renmoval fromthe front
face 13 of the grate bar 10 for easy nmi ntenance. According to Fig. 1, a
renovable top 70, 71, 72 can be fitted 10 to the grate bar 10 instead. The
renovable top 70, 71, 72 can be nounted and renoved easily, conpared to the
first end second end caps 22, 23. The renovability of the end cap 22, 23
has the advantage that 15 the whole grate bar need not be replaced when
only the front face is worn out. This reduces material cost and system
downtinme. The front end of the gratéﬂbar 10 often suffers wear. The
renovabi | i of _the end.c 22, .23 also allows to use end caps of different
Lypes. 20 Fo' | hbrigvE Cetl b T8H5r PoRt aind | Mp° 27 Gt PEGETRHY Rd "Bap 23, ¢ he
engagi ng | bpr26aengagesdthengitoovee 2drateupther). af fi xi ng nmeans 24 is
inserted through attachnment hole 27 of either the first end cap 22 or
second end cap 23 and engages retaining 25hole 20. Fig. 8 shows an

arr angenmentrhé ofifdtxieng aampyrzamirdakceb@nernt c50 1D ishesdistalurerdtbt a grate

bar. The_orale. bar comeises, a min. body £90.uhi oh,J 3 shaned, sigilar to an
| - beam ~Thé“nmat n 3066 y conmprises two rips that protrude déwnwar ds. As
seen in Fi g2 34,s88%nd38ndtdm @Pperei adentdationedffdrheehoghapeorns provi ded

to take up eI enmovahl e, he d hi t Va- 1 ble ad, such as
t he pyranié%? %(ﬁﬁgﬁggetkgC%gfﬁgbgg§uig%1iEgsﬁﬁggﬁggémglgﬁ%Fggg'fron1which
two or nore rips protrude downwards.

According to Fig. 1, a removable top 70, 71, 72 can be fitted
10 to the grate bar 10 instead. The removable top 70, 71, 72 can
be mounted and removed easily, compared to the first end se-

cond end caps 22, 23.

The removability of the end cap 22, 23 has the advantage that
15 the whole grate bar need not be replaced when only the front
face is worn out. This reduces material cost and system down-
time. The front end of the grate bar 10 often suffers wear.
The removability of the end cap 22, 23 also allows to use end
caps of different types.
20
To improve securing of first end cap 22 or second end cap 23,
the engaging lip 26 engages the groove 21. Further, affixing
means 24 is inserted through attachment hole 27 of either the
first end cap 22 or second end cap 23 and engages retaining

25 hole 20.

Fig. 8 shows an arrangement for fixing a pyramidal element 50
to the distal end of a grate bar. The grate bar comprises a
main body 190 which is shaped similar to an I-beam. The main
30 body 190 comprises two rips that protrude downwards. As seen
in Fig. 31, 32, 33, the upper indentation of the I-shape is

provided to take up the removable head and behind the remova-



5 A bore 194 is provided in the main body 190 for taking up a bolt 191. At
the bottom side of the pyramdal elenent 50, a slit 192 is provided. The
slit 192 wazomvn3eskar ged upper portion 193. A head of tRreThB2011/0:3%42 S
provided in the enlarged upper portion 193 of the slit 192 and a nut 160 is
provi ded 10 at the bottom of the main body 190. A bolt 191 is provided in
the bore 194 of the main body 190 and in the slit 192 of the pyram dal

el enent 50 such that the bolt 191 passes through the nut 160. The nut 160
is spot welded to the bolt 191. 15 Fig. 9 illustrates a side view of a
fixed grate bar 80 having an upper part 81 and 96, a front face 82, a
surnounting | ongitudi nal projection 83, 93, 94 and a supporting nenber 84.
The supporting nenber conprises theiﬁbrtions 90, 91, 92. 20 At its proxinal
end, the upper. part 81 is dified to forma downwardly extending hook 85.
The' I ongi & DUErArr GLBE T b 183 Y64 G RUSTORC ordt of st BogiPudPnal 51 des
t hr ee nodi theged egi ansukfasvdhifclamt hei d¢higknessmofe thiesl pagt twh nal

proj ection 83 is({educed. These are a proxinmal nodified region 86, a 25
central modrTTé&d T%gi on 87 and a distal nodified region 88. These regions
86, 87 and 88 of reduced thickness extend fromthe | ower side 89 of the

| ongi tudi nal ., projecti.on_83,. 93, .94 10 a .point b n the. | ower side of the
Iongituginglbg?%fg%tﬁgnpﬁ'vﬁﬁﬁifﬁetﬂ%ﬁg?ﬂp%?gyéﬁhgﬁgﬁ %%g?“{ﬁ? f'hi ckness of
t he 30 uppérlparil 8Lti shadtotrtedueéde oB3ZhEheysappbylt ehgneeniddy, 84 has a
hori zont al LLy. ex di_n rtion d erticall di rtion 91

One end ofsghe %%?ffo%%ng%&ngggd?ghtgéﬁt%%% %%eﬁgggh§§1#%%ﬁ?§o%iddle part
of the verticall38.ext endilngt pdwet boht 991 A ppperdgartn 9Re ofnltahrgel
vertically i orti o i 0.S ety t i.mal end of
the fixed Sgg%gq%g?ggg.E%%é“é%%ﬁo?%?ﬂgﬂﬁggﬁgraéﬂﬂﬁgfhbggg$%%ﬁ'ggaby t he
cross séct pontiod kpteanr pertiireaminAbo@&f t1%)i.dé 93lofl Hthesf pxed dgpdate bar 80
has a | eft  gxternal; g40 surface ;94y uhi ey extends. fo amithesproxipel end to
the distal end of the fixed grate bar 80. The left external surface 94 has
a pluralitpvernidlecdrnentl ithedcyr BoviestgsPoThel $latreparsi AEidused grooves 95
extend fropnthe,wprer. sHLface 196 of {ha firedyoratecbar; 80,410 the |ower
surface 98 of the fixed grate 15 bar 80. The |left external surface 94 has a
first engaging el ement 100 di sposed between the proximal nodified region 86

and thescentgal o modikiked££ai @na87vand econrdxengagi-agnHet enentav1@d di sposed
between the central nodified region 87 and the distal nodified region 88.

20 an upper part 81 and 96, a front face 82, a surmounting lon-
gitudinal projection 83, 93, 94 and a supporting member 84.

The supporting member comprises the portions 90, 91, 92.

20 At its proximal end, the upper part 81 is modified to form a
downwardly extending hook 85. The longitudinal projection 83,
93, 94 has on one of its longitudinal sides three modified
regions in which the thickness of the longitudinal projection
83 is reduced. These are a proximal modified region 86, a

25 central modified region 87 and a distal modified region 88.
These regions 86, 87 and 88 of reduced thickness extend from
the lower side 89 of the longitudinal projection 83, 93, 94
to a point between the lower side of the longitudinal projec-
tion 89 and the upper part 81 such that the thickness of the

30 upper part 81 is not reduced.



Simlarly, a right side, which is not shown, of the fixed grate bar 80 has
a right external surface which extends fromthe proximl end to the distal
end of thwof2nad2geat e bar 80. The right external surfa®eThB®izovarality
of lateral in- 25 clined grooves 126 which have an opposite inclination to
the grooves 95. These lateral inclined grooves 126 extend fromthe upper
surface 96 of the fixed grate bar 80 to the | ower surface 98 of the fixed
grate bar 80. 30 The right external surface, not shown, has a first
coupl i ng means, not shown, disposed between the proximal nodified region 86
and the central nodified region 87 and second cou- 33 pling neans, not
shown, di sposed between the central nodified region 87 and the distal

nodi fied regi on 88. On the side of° the grate bar, which is not shown in
Fig. 9, 5 first and second coupli neans .are provided, simlar to the
Counl i ng BRSSO AN EHBE e i B2° 6° 1 SRES Db EEAE L HaIg4o%0, 10,
11, left and sh@ht vleatecal 1y redtenedngraovaesnase. igiel enedoattanhangl e to t he
vertical. 10 Furthernore,.the inclination of all groov of one type of
orat e bar s PR R nE RFPLET G “BAPT e 18 HEREE LR G TOR St P GraB0en of t he
ot her typetbt gatieabaysekiseridingheoopposidtie dhregtdroparHeht eyt tthe
inclination_of.t rooves. i s the.sa f.or _hot h si.des_ of rate bar of a
i ven typer=i5 g P HORRT I 158 S el BN st it Rer embodi ment
of a novabbeogiredle ear o12the rfixefli gsdtamdrségonthposivbponiregspectirvel y. The
grate bar 0] rts.simlar.to s. of .the fix 1 r 80 of Fig.
9. 20 The é%p%$?§§$%r%?l%%£3¥ggggb%$%%%§eg§l%% f%f%%gégl?%gx%%Bxinal end to
forma downwardly extending portion 122. Further, a protrusion 124 is

domnmardIyAdﬁgpgs %eab3tgf'ﬁﬁpﬁﬁ§?& ﬁﬂgfp%akh§OQE§;% ngt%%ge @nding
of the

downwardly froma lower side 25 ongi tudi nal projection 83. The
downwat @l ysexfeerlidtg pbith axtE22sahdera ther Pirealnplarcndofot tee phistrlsi on 124

define a spgge,sysh that tdie uppeL partr@210k: the Mephi calty. exyending
portion 91 of the supporting nem 30 ber 84 can nove within the space. The

movenent 19853 wugh 1t hat ot Hetgpper paritieg29eany sbut -ef thefr2 ™ eh t he
protrusion;ledinds drbbyst réd edrbAaFkfom ke Oppdd tdhtiiecdopnyandly ex-

fixed grate bar 80 to the lower surface 98 of the fixed grate

15 Dbar 80. The left external surface 94 has a first engaging el-
ement 100 disposed between the proximal modified region 86
and the central modified region 87 and second engaging ele-
ment 101 disposed between the central modified region 87 and
the distal modified region 88§.

20
Similarly, a right side, which is not shown, of the fixed
grate bar 80 has a right external surface which extends from
the proximal end to the distal end of the fixed grate bar 80.
The right external surface has a plurality of lateral in-

25 clined grooves 126 which have an opposite inclination to the
grooves 95. These lateral inclined grooves 126 extend from
the upper surface 96 of the fixed grate bar 80 to the lower
surface 98 of the fixed grate bar 8§0.

30 The right external surface, not shown, has a first coupling
means, not shown, disposed between the proximal modified re-

gion 86 and the central modified region 87 and second cou-



34 tending portion 122, as illustrated in Fig. 11. In contrast, the fixed
grate bars 80 according to Fig. 9 are fixed relative to the supporting
menber 84wOThevwsteee, if a fixed grate bar 80 is pl aced Ph@nBAaNdE0I2y
adj acent to a novable grate bar 5 120, a rel ative novenent between the
grate bars 80 and 120 is created during operation. According to the
application and as shown in Figs. 9 to 11, a proximl actuating surface is
provi ded for contact with the 10 grate protrusion in a first position and
for novenent of the grate bar by the grate in a first direction. A distal
actuating surface is provided for contact with the grate protrusion in a
second position. The proximl and the distal actuating surfaces are | ocated
at the proxinmal end of the grate bar>3 15 For a fi xed grate bar, the
di stance of _the actuatin urfaces is h t hat menber o ving grate
s 11 Lt1 oot RELERT PTG T TaoRagh Tt R Bt vidih CERE P nd Ei AP g
surfaces, asgshovay andFtige @istkar madimvsablreggsatds . bar, the di stance be- 20
tween the actuating surfaces is such that the nmenber of the novable grate
bar, which is provided by the supporting nmenber 84 in Figs. 9 to 11, has
enough | eevayth® smeeobacke andtkobah, MﬂﬁhhnlﬁhﬁNSﬁﬁﬁﬁnbEﬁWEﬁﬁ the sliding
surfaceﬁ, as i@di t%d b the double LI T .Ows Eng A 10, aP 11 In
particular, the actua |ng sur?aces of “the grate & haF CaH BE
paral |l el , asushownnmieanki 3, 4H0 sandn 1in Hig.Feg. 9, the domnmardly ext endi ng
hook 85 provides a proxi- mal actuating surface and the proxi mal nodified
region 86 30 provides a distal actuating surface while in Fig. 10 and 11
t he domnmaﬁdlyh@xnéwdﬁmgnboﬂiﬁb9812?,pﬂbvﬂﬂesl@fmﬁUWinﬁghECFUa@hhg surface
and the pr ovi d St o t.yati ng e. In the
enbodinentgh .%F%2g¥§ég%% X&Vgifﬁ gﬁoﬁﬁgaﬁn38§$e‘§?§?g %§$% qé proj ecting
nose 180anduthespryjeectingirdseatfoprovide arprosd Wﬁloa@ttﬁﬂq g surface and
Left proxi gal.omdifd 6d §ealan 8.anf 4 hinkobhe poxixak; gpdif ied S regi on
31 provide a distal actuating surface. Furthernore, the actuating surfaces
are al so sHEMVEH athéhei Kegreare %ér@6ﬁEFPQISZUSJéh@hﬁnowméﬂﬁﬁvable grate
bar of Fi 98, rd8yiA0: n3fce Therdmvab: 82 GIRL @ rbaks Ry vEUr § herymreconpri se a
pushing 10 nose, which is provided by the protrusion 124 at the | ower side
of the gra?@rﬂ%ﬂjiﬁlﬁ?@sOfIEGEﬁGelﬁarFﬁfﬁhéléﬁ%d@EWEnt of Figs. 6 and 7,
t he pushing nose is provided by the left proximl nodified region 28 and
the right %rOX|naI nndlfled reglon 31.
and Fig. 11 show a side view of a further embodiment

of a movable grate bar 120 in a first and second position re-

spectively. The grate bar 120 has parts similar to parts of

the fixed grate bar 80 of Fig. 9.

20
The upper part 81 of grate bar 120 is modified at its proxi-
mal end to form a downwardly extending portion 122. Further,
a protrusion 124 is downwardly disposed at the proximal end
of the grate bar 120 extending downwardly from a lower side

25 of the longitudinal projection 83.

The downwardly extending portion 122 and a vertical part of
the protrusion 124 define a space such that the upper part 92
of the vertically extending portion 91 of the supporting mem-
30 ber 84 can move within the space. The movement 196 is such
that the upper part 92 can abut either with the protrusion
124, as illustrated in Fig. 10, or with the downwardly ex-



15 The distal actuating surface is provided at proxi mal side of the pushing
nose. The pushing nose further conprises a grate pushing surface which is
provi ded wpposyweseo the distal actuation surface. The pPaINHBHJU/NBISEL i S
provi ded for pushing an 20 adj acent novable grate bar. The adjacent grate
bar is a nenber of an adjacent row of grate bars and is not shown in Figs.
10 and 11 but which can be seen in Fig. 19. As can be seen best in Fig. 19,
t he novabl e grate bars are stacked on top of each other such that the
novabl e grate bar with the 25 pushing nose is |ying on top of the adjacent
novabl e grate bar. Simlar to the fixed grate bar 80 of Fig. 9, the left
external surface 94 of the novable grate bar 120 has a plurality 30 of

| ateral inclined grooves 126. The | %eral inclined grooves 126 extend from
t he upper surface 96 of t nmovab rate bar 120 to the | ower surface 98
o the movEBIETGE 4te Char 150 2538l rHA S8 Th Tl lsi 4B, STt Shown of the
grate bar 126 hﬂﬁxﬂgﬁaghtbami@mnabcsﬂihapep nod. shewa, fike€hreaxtends from

t he proxingl end t 1: t he dlggal end_of ratg bar 20 ThqiS r%ght
external sUrface HAS §UBruraln% §eBreT at' rg *FretiTed g?o%ﬁ%a $26, not

shown. Theserlalekablaneﬁnnﬁdz@moayeﬁeﬁﬁ@centeﬂdeimmwnbhe apper bsur f ace 96
of the % rate bar 120 to e Iomer surface .98 o the able grate
bar 120gD139§$ e |one %ﬁ%ﬂ%?t E gPSI |%% ﬁﬁé 8900ve99§5 or 126 are
i nclined atramt@hgh51hg ®M@muemhlcal such that the lateral inclined grooves
95 at both sides of the grate bar 80 or of the grate bar 120 are inclined
in the sane direction, respectively. The lateral inclined grooves 126 of
the grate Ba¢om@hmﬂwoothghggﬂitetaﬂm(ﬂliaﬁeSbwwbghngﬁySin%Hknéd te |ateral

i nclined gg?Q%ﬁ%ﬂgéch f&ﬁ%gcgrﬁé JQ@Ed?Q 9&:Ekgtagt %ﬂjg%ﬂ%ral the
novabl e grate bar can have two |d ntical protrusions 124 for Iateral

st abi | Py, gast¢ |pupstrigied im aFifgrsRor@B.titheafd Xt graeceebarst 8beand

movabl e grat:st@agasf 120 gan; have ;di £fﬁhf‘§%t aSUBPOI4I NG, BRODES &, fdocln USE,
each supporting nmenbér 84 is intended for supporting a plurality of the
grate barsi80 afar20isTheopldecalpt ycottazs vheh gt §rbae sP 80 asdo120 are

arranged sughythato @NeoEi X8, The proximal and the distal actuating

surfaces are located at the proximal end of the grate bar.

15
For a fixed grate bar, the distance of the actuating surfaces
is such that a member of a moving grate has little or essen-
tially no leeway to move between the two sliding surfaces, as
shown in Fig. 9. For a movable grate bar, the distance be-

20 tween the actuating surfaces is such that the member of the
movable grate bar, which is provided by the supporting member
84 in Figs. 9 to 11, has enough leeway to move back and forth
within the space between the sliding surfaces, as indicated
by the double arrows in Figs. 10 and 11. In particular, the

25 actuating surfaces of the grate bar can be made parallel, as

shown in Figs. 10 and 11.

In Fig. 9, the downwardly extending hook 85 provides a proxi-
mal actuating surface and the proximal modified region 86

30 provides a distal actuating surface while in Fig. 10 and 11
the downwardly extending portion 122 provides a proximal ac-

tuating surface and the protrusion 124 provides a distal ac-



grate bar 80 is placed horizontally adjacent to a novable grate bar 120, as
illustrated in Fig. 25. The supporting nenber 84 serves to nove the grate
bars 80 ow020121@29ack and forth in a | ongitudi nal direeCiran2ai/oiswe grate
bar 80 or 120, respectively. The back and forth novenent is 37 used for
stirring material that is placed on the upper part 96 of the grate bar 80,
120 for conbustion. In a forward novenent step, the supporting nenber 84
noves 5 froma first end to a second end. The upper part 92 of the
vertically extending portion 91 of the supporting nmenber 84 then abuts the
| ongi tudi nal projection 83 of the novable grate bar 120 to nove the novabl e
grate bar 120 in the sane direction as the supporting nenber 84. The upper
part 92 also 10 abuts the protrusioh*124 of the fixed grate bar 80 to nove
in the sane directiog, as ill stra%e .in Fi%. 10. In a bgg@&ard novemnent
step, the SUPPOHYiTG tAETDer™ 84 n6VR 10 Phe™ §&torfd *Bfid’ t'6tHe first end.
The upper past O2nofablb Ghe-ev et cahd yorexkteadhqhqrer tsoan®@laf pirhe
supporting.nmepber 84 abuts the downwardly extendi ng hook 85 of -t fixed
orabe bar 4BEE ThatEs R TS A P 88 R HY SURESeF vl GACas 1+ e
suppor ti ngprerbesrl &4diThed uppelnpadtad? tales oigbtutsrdxheat owniariddy ext endi ng
port i onzof Lhe, mowable, grate far .120.10,.20 myecld) the. sarp direction at a
later tPme; “as”iiustrated 9n Eig. 159" 78" because 6f the ti me needed
for the uppee partat@2gt eunaeeswatrhi al s¢hehspacen beteavderetl herggreotrusi on 124
and the downuardl v, extending RorLlom 425,25 Lp 0t harwords,yd nshhe

th e F120 wi Pl

backward novenent step, e novabl e gr a start to ndve after
the fixed grate bar 80. Simlarly, in the subsequent forward novenent step

(ne rovall SR 10 Le S5t L e lgr e, g g e bar 0.
commi ndfi oncand thrighsperprofidekllebrathe nmeteppadn 123gat the lower
side of the grate bar in Figs. 10 and 11. In the embodiment
of Figs. 6 and 7, the pushing nose is provided by the left
proximal modified region 28 and the right proximal modified
region 31.
15
The distal actuating surface is provided at proximal side of
the pushing nose. The pushing nose further comprises a grate
pushing surface which is provided opposite to the distal ac-
tuation surface. The pushing nose is provided for pushing an
20 adjacent movable grate bar. The adjacent grate bar is a mem-
ber of an adjacent row of grate bars and is not shown in
Figs. 10 and 11 but which can be seen in Fig. 19. As can be
seen best in Fig. 19, the movable grate bars are stacked on
top of each other such that the movable grate bar with the
25 pushing nose is lying on top of the adjacent movable grate

bar.

Similar to the fixed grate bar 80 of Fig. 9, the left exter-

nal surface 94 of the movable grate bar 120 has a plurality
30 of lateral inclined grooves 126. The lateral inclined grooves

126 extend from the upper surface 96 of the movable grate bar

120 to the lower surface 98 of the movable grate bar 120.



The left lateral inclined grooves 95 of the fixed grate bar 80 are intended
to cooperate with the right lateral inclined grooves 126 of the grate bar
120 to reweizop/@ad2t 0 conmi nute conbustion material, asPChaBymabdsBdopars 80
and 120 nove rela- 5 tive to each in the manner described above. Receiving
of the conmbusted material can occur in a first po- sition, when the upper
end of the right lateral inclined grooves 126 and the upper end of the left
| ateral inclined 10 grooves 95 align or coincide with each other, as
illustrated in Fig. 15. This creates a receiving volune 128 defined by the
abutting sides of the neighbouring grate bars 80 and 120 and their
respective lateral inclined grooves 95 and 126. 15 As shown in Figs. 15,

16, 17, a conveying volune 130 that i% defined by an intersection of the

i nclined grooves noves up- wards and downwards during operation. Big waste
particles that are trapped in the grooves 95, 126 nove upwards and

downwar ds iLakédheseconrveyying ddoleymaold 3éhdwit, i bt hiey araeenbyedi 200 2@ the top or
bottom of the gragg bar s orfuntil thé are ﬁheare a ar% ingglsnaller
particles. “SARF IS SFAPET SHEL Wi ERT ar e T apped” i R AR gF b3V al | t hr ough
t he groovesrObimdRRE@ntotbetieatdisthe gratet haesgand! amrated shear ed apart as
well. 25 The cutting of material which is.caught Jin th rooves, 95, 126
occurs aheﬁlgﬁ%‘§?:%n8gg%%r%(xﬁ Ssa%féégﬁ%lg d%%é§ﬁﬁg??1%§9%6§§'tomards
each ot her grdbtress €l2&t | vet nbvemenThe$e twaecadj acentimgrdogvesv®ds, 12826 provi des
an increas h uttin Q h ngul ar, rel ati hi.p,bet ween

t he cuttingxg%n#dgﬁﬁékg%d&¥%gy%ﬁ%F?ﬁ%f%gﬁ%o?hgﬁgnﬁgggv EQ%%?Q%QéQOA

cor r esponditpgtieaittoweg angface %8sof ndic atoedbila Fiare ber Whlch is about 90 in
this enbodinment. It may be made smaller than 90 39 to facilitate air
transport. The thrust force of the novable step frane is converted into a
nor nmal 1eut Bsngetloraredwhiethrd s ther perdliciuliaclieed erogreeves ©5,12926 and into

an advanci ng.fprce whi gh is panal Lel o Jheigrpoues, 98ac 126 1This inproves

eral inclined grooves 95 at both sides of the grate bar 80 or
of the grate bar 120 are inclined in the same direction, re-
spectively. The lateral inclined grooves 126 of the grate bar

15 120 of Figs. 10 and 11 are opposingly inclined to lateral in-
clined grooves 95 of the fixed grate bar 80 of Fig. 9.

In general, the movable grate bar 120 can have two identical
protrusions 124 for lateral stability, as illustrated in Fig.
20 33. The fixed grate bars 80 and movable grate bars 120 can

have different supporting members 84.

In use, each supporting member 84 is intended for supporting

a plurality of the grate bars 80 and 120. The plurality of
25 the grate bars 80 and 120 are arranged such that one fixed

grate bar 80 is placed horizontally adjacent to a movable

grate bar 120, as illustrated in Fig. 25.

The supporting member 84 serves to move the grate bars 80 or
30 120 back and forth in a longitudinal direction of the grate

bar 80 or 120, respectively. The back and forth movement is



5 the cleansing of the grooves 95, 126. Figs. 12, 13 and 14 show cross
sections of several enbodinents of grate bar grooves 95, 126. The cross
sect i ons wavelrmsetsangul ar, saw tooth and rounded saw t o®@Ch/IBIapes942The 10
grate bar grooves 95, 126 with rectangular cross section shown in Fig. 12
are especi ally advant ageous. They provide a good throughput of air, cutting
edges on both sides and are easy to machine. To achi eve a good throughput
of air it is furthernore advantageous to provide air ducts in the form of
15 grate bar grooves 95, 126 in the surface that abuts to the adjacent
grate bar along at |least the larger part of the surface's |ongitudinal

di nensi on, as shown in Figs. 9 and 10. The cross section of one groove is
cal cul ated according to a 20 formul & as fol l ows. A gas flow nodel is used
to conpute thg um of, all cross,sictions of gr ooves gf a grate bar such
that the t8P&f tHodS8EEET dI75°¢ 1 Par i ertSughts” Foviide "Brdudii “Conbust i on
ai r accordivagotf occhergas ddowonodebd . frdheocsbngt £orcr 0Ss section i s obtai ned
by division of the total cross sec- 25 tion by the nunber of grooves and
multiplication times a correction factor of 1/0.6 - 1/0.85 or of 1/0.7 -

1/ 0. 85 t hatint ak&srwantiomacenirt sthe, resi stuapoet 0ig trieebgr 0894 enoMeisch depends
on the shape of_ the groove. 30 _Fig. .18 sh a Ccross segtio f a
recipro%at?ﬁﬁmj%gggs%Ginofuﬁéhﬁg gn?ﬁ%F%eﬁgsigﬁpﬁﬁaﬁ%?. %%V%ﬂé%?s of the

gr at e bar svarei¢aidiycakedndinamoonsoasd welfl ths shmomsvepemnemiafr &4 ever 173.
40 In the S ction own, all te I e fixed grate bars 80.
Fbrizontal%§8§d?%§€nF98rgIg%qgﬁg?ah%%%Hggggoﬁo%%fggt§§ %g%%%gé section in
front of theashdwar dR6sso sextd gheandval e ggate oxsr Jebt iiontiberdang t he shown
Cross secti I signe r.a st seen
in Fig. 19égg?%?V%E%%sE?ngggﬁiggxggggggﬁégg'ggﬁ$ﬁ%%gég§%$?2£§%éggry second
fixed ¢Pat ebbhs 8C® ipsosupport édbyt athrmviabke gtaye foeantl 179.moXendn- dri ven
set of fixed.orate hars: B0, that ;¢onpprises, exery, 10y nternedi ate fixed grate
bar is supported by a fixed step frane 171. The novable step frame 170 and
the fixed step frame 171 conprise T-shaped supporting nenbers. The franes

170, 171 may be farned Lo sich %t@By-&Q@%ubbgrgiﬁﬁ%Eﬁ@eguﬁﬁg%kkgg menber s

84 are provided by the cross section of the 15franes 170, )
from the second end to the first end. The upper part 92 of

15 the vertically extending portion 91 of the supporting member
84 abuts the downwardly extending hook 85 of the fixed grate
bar 80 to move the fixed grate bar 80 in the same direction
as the supporting member 84. The upper part 92 also abuts the
downwardly extending portion of the movable grate bar 120 to

20 move in the same direction at a later time, as illustrated in
Fig. 11. This is because of the time needed for the upper
part 92 to move within the space between the protrusion 124

and the downwardly extending portion 122.

25 In other words, in the backward movement step, the movable
grate bar 120 will start to move after the fixed grate bar
80. Similarly, in the subsequent forward movement step the
movable grate bar 120 will start to move after the fixed
grate bar 80. The forward and backward steps are repeated.

30 This arrangement achieves comminution and transport of the

waste material.



In operation, the driven set of fixed grate bars is noved forwards and
backwards by the T-shaped supporting nenbers 84 of the novable step franes
170 whi | swotzhe/asesv2dri ven set of 20 fixed grate bars i sPkegB201no3o&i ti on by
t he T-shaped supporting nenbers 84 of the fixed step frames 171. Likew se,
the horizontally adjacent grate bars, three of which can be seen in Fig.

19, conprise a driven set of nova- 25 ble grate bars and a non driven set

of novabl e grate bars which conprise every second novabl e grate bar 120 and
every internedi ate novabl e grate bar 120, respectively. The driven set of
novabl e grate bars is supported by the novable step frane 170 and the
non-driven set of novable grate bars_ is 30 supported by the fixed step
frame 171. 41 In operation, the dritfen set of novable grate bars 120 is
nmoved forwards. and backwards hy the T-shaped supporting nmenbers 84 whil st
the non-dri 8nl%'3]8Feﬁ%€aﬁFﬁi'th%r%ﬁﬁ? %goofSB%bJﬁéeaa%?ﬂﬁhﬁaForth by the
nose shapedops ot riisieansd 124 @fopbrbihe wrdhveneseigiof 1ameabl eigratedbars 120
and by the weight .of the _grate bars . . The novabl e grate bars 120 of the
on- 07 i venIEBr ot T hb bTrRE 2R S Tah i £ eV BB L Ve a Spper and a
| ower end posbtstaiont hatetrsaldetaer mhaeghrdne thesspacardebdeesvd heldewnwar dl y
extendigg Qggéiqyeéé% gndughea%gego§§y§h%%%dag&%§rusion 124 in which the

T- shape suppor%lng e ereﬁflengages.1$he supporting nmenbers 84 of the
driven sets of grate bars are connected to a driving beam 172 which is
connect ed £0.2,45,push, f.od. 62 ThenpUsh nod. 46218 ik Lurn gonpected to a
notor (not s omhﬁ i"ch generates a reciprocating notion via the |ever 173.
Fig. 19 shewsi¢hr edesutteedinty podabf ehgr attehbakarel20. iTheiZ novabl e grate
bars 120 a t-{.0 esti fi L step frame 171
and the nnéé% éﬁggékegkgrg¥g%m%%?t%ggﬁ?agﬁé ?éfgggﬁgﬁglo%§ggﬁ%$able step
frame 170. grpoves shhownighatr tdee napvabliiéhgeate ddrs 120 at ltHeatep rest on
the nose shapeg; pratregi on.. 124 .Qf ot he.Jmvabl 6, oLt & shape 4204 Ry25 the

m ddl e.
the abutting sides of the neighbouring grate bars 80 and 120

and their respective lateral inclined grooves 95 and 126.

15 As shown in Figs. 15, 16, 17, a conveying volume 130 that is
defined by an intersection of the inclined grooves moves up-
wards and downwards during operation. Big waste particles
that are trapped in the grooves 95, 126 move upwards and
downwards in the conveying volume 130 until they are moved to

20 the top or bottom of the grate bars or until they are sheared
apart into smaller particles. Smaller particles which are
trapped in the grooves fall through the grooves 95, 126 to

beneath the grate bars and/or are sheared apart as well.

25 The cutting of material which is caught in the grooves 95,
126 occurs when the side edges of the adjacent grooves 95,
126 move towards each other. The relative movement of two ad-
jacent grooves 95, 126 provides an increase of the cutting
forces due to the angular relationship between the cutting

30 forces and the inclination of the grooves 95, 126. A corre-
sponding cutting angle B is indicated in Fig. 16, which is

about 90° in this embodiment. It may be made smaller than 90°



Fig. 20 shows a side view of a further enbodi nent of the grate bar of Fig.
9. Fig. 20 shows a grate bar 140 that has simlar parts to the fixed grate
bar 80 ofwbi2g12/@249The grate 30 bar 140 incl udes coupli ngCraBrg1/038942 144
that have el ongated recesses 146, 148 respectively. The el ongated recesses
146, 42 148 are engaged to engagi ng el ements 150, 152 respectively, as
illustrated in Figs. 21 and 22. Fig. 21 shows a first cross section through
a grate bar 140 5 close to the engagi ng el enent 152 at the proximal side
whilst Fig. 22 shows a second cross section through the grate bar 140 cl ose
to the engaging el enent 150 at the distal side. According to Fig. 22, the
cross section at the distal side is wider than the cross section at the
proxi mal side shown in 10 Fig. 21. Holever, the cross sections of Fig. 21
and 22 may be_made equal, In use, the en%%ging | ement.s 150, 1%% can nove
Wi thin t he 8l bigatdd Tetts e tAB " 148 D T HES cotpplS g Meard®VE42° 144. 15
Fig. 23 shewspartop Vsewoferacl Xxeto gf atcembar c86; iy movablwenigmatie bar 120
and a fixed grate bar 80'. The fixed a bar .80 is novably supported at a
fixed step FPAGE £71°31 B SHngRG oF cnnte® ehar dre ot COHGWA n Fig. 23.
A wast e chtinkc20/HiQ2 is paegped bet weenyrocbecbi XBd Igrat ehbaringGoand t he
nnvabIeSQr%Ee Qﬁ%xéﬁgj g %j$QSE%O$QUQ§51q 6is w der than the small gap

bet ween™t he ?ixedigrage ar 80 and t he ‘novabl e grate bar 120 and bends the
novabl e grate bar 120 and the adjacent fixed grate bar 80" to the right

al ong the bendi | i.ne 103’ .. Ther hendi ng mpment is exerted
onto the 9?252'8%?51%23?&gg¢fﬁﬁfcg§?%5§%%8ﬁgé§ﬁ%fﬁ%?%éa?eg|6ﬁﬂof t he
bendi ng |i nentThel lyendienge monmeoterays eviertt. udht yetaasd seot bereakiang of t he
novabl e gr 0. I e | ey e e 0 he grate bars
120, 80 mg%gﬁgg%géﬁéugg 5&%g:e§ ?o%?gggﬁ'g Qiggﬁﬁléggﬁéfigﬁkis relatively
brittl é0andrdoestarourbends rdadilky underregéfognbai crrofser eestioM3 Fig. 24
shows a braken, of,at:g jbai , 120 \M@ngiaﬁm@@%%g%ews.e&géglﬁ&ﬁld%ngnt_s 150,
152 that engage into the elongated recesses 146, 148 of " a nei ghbouring
grate bar 8ocandhinpotRet enhaditng Cet eREhtesioes0on IBtropidepneighldéari ng grate

bar 80’ th@%sy to machine. To achieve a good throughput of air it is
furthermore advantageous to provide air ducts in the form of

15 grate bar grooves 95, 126 in the surface that abuts to the
adjacent grate bar along at least the larger part of the sur-

face's longitudinal dimension, as shown in Figs. 9 and 10.

The cross section of one groove is calculated according to a
20 formula as follows. A gas flow model is used to compute the
sum of all cross sections of grooves of a grate bar such that
the total cross section is large enough to provide enough
combustion air according to the gas flow model. The single
cross section is obtained by division of the total cross sec-
25 tion by the number of grooves and multiplication times a cor-
rection factor of 1/0.6 - 1/0.85 or of 1/0.7 - 1/0.85 that
takes into account the resistance of the groove which depends

on the shape of the groove.

30 Fig. 18 shows a cross section of a reciprocating grate 161 of
a waste incineration plant. Movements of the grate bars are

indicated by arrows as well as the movement of a lever 173.



5 engage into the elongated recesses 146, 148 of the broken grate bar. The
rupture line of the broken grate bar runs between the engaging el enents of
t he br okewogoets24var, which is indicated by a zigzag |i meT/1Bta1/H33pet broken
piece is held in place by the engagenent el enments 152 on both sides of the
10 first broken piece and the second broken piece is held in place by the
engagenent el enents 150 on both sides of the se- cond broken piece.
Ther eby, both of the broken pieces are prevented fromfalling down and the
waste plant can continue to operate. As |long as the broken pieces are not
damaged too 15 nuch, they stay together, such that waste is prevented from
falling through between the broken pieces. For the first and the |ast grate
bar of a horizontal row, engaging el €rent s and/ or coupl i ng means can be
provi ded at side walls of the grate. 20 Fig. 25 shows a frontal view onto a
horizontal row of grate bars. Fixed grate bars 80 alternate with novabl e
grat e bars1t2bhe Theski xedt grmatseobay sa B0 eagageawnd tdret hexadvuakite grate bars
120 througg eng i%% eleng t.s 1%0 andtcouglig% means 142 25Lmhicg are
i ndi cat ed BY"dashed ITARS 2 Fivg 2928 Showk “a s ae’ vi'ew of “&n &€Béd nent t he
grate bar 80 eofchisgp. s2btidi gin ZGodepd Citheanhengagiasy eketent abbl0ithat
conpri ses an_octagaonal. pr.ot.r.usi 157. An el ongated recess, 146 3Q of a
br oken: g1 aebare of g FE TS SRown By GASRed I nes The Wotagena
pr ot r usi onatSvoerigagesatatioetshe 26| angatredber beessscAb iof Fidie Ior.oken grate
bar. The two. ts . of .the oken e 0 ti.lt _u their ;own
wei ght unt??l?%ésétoﬁéa?%X<% é§§§4§ﬁ%£%@ngggﬁsg?ﬂﬁthSOQQ%é/g §8§dF of the
oct agonal pratduriade 187 &hd « beyrarie=d far ef neealpreevenretrdrcom7Oi-1 ti ng
further. IR Fig. 326t Q%tté@ ﬁ%@ha%a@eo'b%% b etﬂapcd'c%ﬁ[;?gséf’sy e@&y ows F.
The sane effect occurs for the octagonal protrusion 157 on the other side
of thelbrokeneyretiatibalf 1860 tdrattcehgnges suproraed élvongateed recess 142 of a
nei ghbouri pg.grai-n bah 120, and kR.g sidd anoway, far. fixed grate bars 80 as
for novable grate bars 120. 10 According to Fig. 27, the coupling neans
142, 146 ofrehe Prlaremparsedmeripsesd $WPoFaiap| Bmassdi Afe strfeces which are
arranged OR;70ppPoPsI e yShdes, Ofed he soupld ngymeans 42 r-146andfhe engagi ng
el ements 150, 152 of the grate bar conprise two .

porting members 84 are provided by the cross section of the

15 frames 170, 171.

In operation, the driven set of fixed grate bars is moved

forwards and backwards by the T-shaped supporting members 84

of the movable step frames 170 whilst the non-driven set of
20 fixed grate bars is kept in position by the T-shaped support-

ing members 84 of the fixed step frames 171.

Likewise, the horizontally adjacent grate bars, three of
which can be seen in Fig. 19, comprise a driven set of mova-
25 Dble grate bars and a non driven set of movable grate bars
which comprise every second movable grate bar 120 and every
intermediate movable grate bar 120, respectively. The driven
set of movable grate bars is supported by the movable step
frame 170 and the non-driven set of movable grate bars is

30 supported by the fixed step frame 171.



15 parallel sliding surfaces which are arranged on opposite sides of the
engagi ng el enent 150, 152 The engagi ng el enents 150, 152 are forned as
protrusi one 20f2/3k®2gr at e bar. The engagi ng el enent s canPb@/Ipraviiteds as
sepa- 20 rate parts which can be exchanged in the case of wear and tear.
Moreover, the casting of the grate bar can be sinpli- fied by providing the
engagi ng el enents as separate parts. The sliding surfaces of the
engagi ng el enent 150, 152 fit in-25 to a gap between the sliding surfaces
of the coupling neans. By designing the sliding surfaces of the coupling
means 142, 146 as well as the sliding surfaces of the engaging el enents
150, 152 as surfaces which are parallel to each other, a nmax- 30 i nmum
tilting angle as well as a nininun1t%%ting angl e can be adjusted by

providing a predeterm ned height difference between the p llel sliding
surf aces oF“t?@F?ﬁﬁhSPYnbh?mé%ﬁgeﬁnaet4% Pﬁ@aﬁg?aﬁﬁﬁﬁe %FFﬁfﬁgg§ﬁrfaces of the
engagi ng eheneatsrwiids st@ndskivAr&OMy aste restdiepruppoatinkmewn from US
4,240, 402, whergj n_round bars are,.provi ded which do no ave ral |l el

Sbut ment B ScEs W5 B e anrtr FELRYT e oBv e g R i e Phe. ol i di ng
surfaces asspaseadd @lacguafidaces;tht he tExinuse angpdsd nimwrutiddd ngdangl es are
essentiall y,independent of the.distance.bet nej ghbouring grate bars.
This st andS P n Contr S8E To TRETHR or G Eokroure rr Shioe 50 16 F6075 018 707,
i n whi ch suhtagestecobaowet?@ppihrgmel @nentosagdeebamot 124r alf| ehe buin-are tapered
or diverging._ Thereb Xi d m.ni tglLi | es i_ncreases
with the d?g%%%ﬁé*%é¥&eéﬁ$ﬁg?bﬁggg%ﬁ%ﬁxbggpggmgﬁgﬁ%'ggAggeﬁﬁihagf t he
coupl i ng neansrisdcad] Usted sul @9stbipr dviadelguidtianpiokdt he @regagi ng

el ements froma fdrst,abyt ment, ROSHL1 QN £,0;845650nd abys nent pasition of
the grate Sgr relative to a neﬁbago%fgﬁf g%agégﬁar.nTEe Ienggﬁ of the
coupl i Ag neaps strered ongirwdional 2di recthiioh ohetheshgicatestwortsngt | east as
20 long as the.mexi mimrel ative displacenment in the longitudinal direction
of a grate bar relative to a neighbouring grate bar. Thereby, the engagi ng
element is guided in the coupling neans during a relative notion of the

grate bar rglatiye.t9ng AehghRoynui g YAale:bak s&3 bR Ys&re e sengagi ng
el ement 155 experiences shear forces as it engages with a correspondi ng
coupl i ng MBARASCOTIREt6EL Bgohalripieer kb 7E57hprlovidesnac et Yer éont act area

with the c@Ush rod 162. The push rod 162 is in turn connected to a mo-
tor (not shown) which generates a reciprocating motion via

the lever 173.

Fig. 19 shows three succeeding movable grate bars 120. The

20 movable grate bars 120 at the bottom and at the top are rest-
ing on a fixed step frame 171 and the movable grate bar 120
in the middle is resting on a movable step frame 170. It is
shown that the movable grate bars 120 at the top rest on the
nose shaped protrusion 124 of the movable grate bar 120 in

25 the middle.

Fig. 20 shows a side view of a further embodiment of the

grate bar of Fig. 9. Fig. 20 shows a grate bar 140 that has

similar parts to the fixed grate bar 80 of Fig. 9. The grate
30 bar 140 includes coupling means 142, 144 that have elongated

recesses 146, 148 respectively. The elongated recesses 146,



pl i ng nmeans such that wear due to the shear forces is re- 30duced. 46 As
nei ghbouring grate bars nove relative to each other, material which is
trapped beOweer3Ldye grate bars is noved agai nst the oct 2g0nB201pPIIY42uSi ON
157. The edges of the octagon provide a cutting effect. Furthernore, the
four sides of the oc- 5 tagonal protrusion 157 that are sl anted agai nst the
hori zontal deflect the material towards the top and towards the bottom as
it noves against the octagonal protrusion 157. This provides an inproved
self-cleaning of the elongated recess 146. 10 Figs. 27 to 29 illustrate
different views of the grate bar of Fig. 1. Parts that are simlar in Figs.
27 and 33 and the aforegoing figures do not conprises separate reference
nunerals. Fig. 30 shows a cross- sectional view along line A-A of 15 the

di stal end the grate bar of Fig. 28. Fig. shows a cross-secti onal

7 ow al ong 1EF it B BUGHERRE SRR IR rbalhs TOF TREST e Bar of B g.
28. Fig. 32sshowsstaateasss Seicfsi.onal avd ew.al ong line G C of the first
coupling nmeans of the grate bar of Fig. 28. Fig. 33 shows a cross-sectional

20 view along line D-D of the first and second protrusions of the grate bar
of Fig. 28rifigsl s3bwand 82rsshewoes ossctsSeat kbnabghvicewsatbrioughsbhe grate

bar at points_along.the bar. where coupldn ns are located. .25l n Figs. 31
and 32 Che &1dngal sicr ceased 3y Enge o Ry A T2 ERenn ui I%5e Tt he
correspondiFng. exlyagiong el smenids c838ss 4k afioki ghr@udr e hkeftatoutbafror clarity.

The engagi ng, el SIRNLS, aLe LNkl € . A%,ShPN. [ N 989, A 10,
cording to Fig. 22, the cross section at the distal side is
wider than the cross section at the proximal side shown in

10 Fig. 21. However, the cross sections of Fig. 21 and 22 may be

made equal.

In use, the engaging elements 150, 152 can move within the
elongated recesses 146, 148 of the coupling means 142, 144.
15
Fig. 23 shows a top view of a fixed grate bar 80, a movable
grate bar 120 and a fixed grate bar 80'. The fixed grate bar
80 is movably supported at a fixed step frame 171 via engag-
ing elements, that are not shown in Fig. 23. A waste chunk
20 102 is trapped between the fixed grate bar 80 and the movable
grate bar 120. The waste chunk 102 is wider than the small
gap between the fixed grate bar 80 and the movable grate bar
120 and bends the movable grate bar 120 and the adjacent
fixed grate bar 80' to the right along the bending lines 103,
25 103'. Thereby, a bending moment is exerted onto the grate
bars 120, 80' which is strongest in the region of the bending
line. The bending moment may eventually lead to breaking of
the movable grate bar 120. Thermal stress increases the wear
on the grate bars 120, 80' which are usually made from cast
30 iron. Cast iron is relatively brittle and does not bend read-

ily under deformation forces.



47 frame and the upper part 92 of a T-shaped profile of the step franme are
shown from above. The nounting process is essentially the sanme for novable
step 5 fraoes2aseuobor fixed step franes. For nounting, @0e/1Bi011/hB94 de bars
105, 106 is bend outwards with a lever that is not shown here. In the
exanple of Fig. 34, the right side bar 106 is bend outwards. Then, the
grate bars of a row of alternating fixed and novabl e grate bars 80, 120 are
inserted, one 10 after another. During insertion, the engagi ng el enents
150, 152 of a grate bar is inserted into the respective el ongate recesses
42, 45 of the left neighbouring grate bar or of the left side bar 105.

After insertion of the |ast grate bar. of a row, the pressure of the | ever
is lowered such that the right 15 sitle bar 106 bends back inwards. In a
nodi fication of t of Fi 3 e pl acement of the engaging

el enents 1509° %é zﬁﬂstﬂe Gl ggfgﬁeqﬁﬁéiggsw?%ghéVbFEBBOIT%}§Wother
nndlflcatlenga@ing|ﬁlameﬁ99t1mm tthe Emhﬁiem@dganﬂmﬂnwablelgm@ﬁuédbaés in a row
is reversed. The alt n t| | ac gent of fi rate bars can
al so be made®sut %E re i's lgﬁ WaYs T P gﬁqﬁi extto a side
bar 105, 1@6glﬂ®eﬂ@mbhesgIﬂLe1bar5f89r&a@hbeufim3dﬂbmethergudetbats 105,
106. In this case, .i ef erahl e to use d n er. of grate bars
in a rom1 Thé* %edfgobgbg %%vm% sg' e §ser é ?ﬁﬂgr%upg n35 shows a
further enpodieerr.offhanrengag Agnel efrente b50kewmfgratgr ate iwns bEhe engagi ng
el ement 15 S n r 7 t ddlLe. This
form may bgwg %§3%3?§ g b§9ﬁ£f§%ntg g%w%xab%?pg§Kﬁ%$hebgﬁb8§1g%n? of Fig.
35, the cowpﬁlﬁqxei@neat21qxdqmiwea dﬂﬁeﬁyrbmob{wkﬂnwmsegﬁSlﬂSHﬂ@Bln199 t hat
extend alo t [ r T r.otrusions
198, 199 f§?%$£q?¥§%% E %%%ﬁgﬁhgggg Hkpqﬁgsgﬁgﬁgﬁ{ﬁ?gﬁﬁ €§§?h1|ar to the
oct agondl élepemrokso shown dml Fhg. s@ghd bﬁék%gﬁ@cﬁglél J@@@htlﬂlSO'

conpri ses gﬁg&g {AGes gQQ %é&%n%' anted,fages 39%&#%&@9%% Lement 150'
conprises two en s 202 whi ch are defined by the maxi numvertica

ext ensi on ﬁop@ﬂﬁéﬁﬁmcﬁﬂa¢etd“@ﬁébVoﬂgﬂﬂu@ﬁnéheaQﬁ%%%ﬁF%ﬁ@e%ﬁﬁ%glng el e- 10
ment 150" . The.dist ancg beimeenabhe £nds nieswhodi cated Qx%auh&naha 1 and the

verti cal extenS|on at the ends is indicated by a height
to operate. As long as the broken piecés are not damaged too

15 much, they stay together, such that waste is prevented from
falling through between the broken pieces. For the first and
the last grate bar of a horizontal row, engaging elements
and/or coupling means can be provided at side walls of the
grate.

20
Fig. 25 shows a frontal view onto a horizontal row of grate
bars. Fixed grate bars 80 alternate with movable grate bars
120. The fixed grate bars 80 engage with the movable grate
bars 120 through engaging elements 150 and coupling means 142

25 which are indicated by dashed lines.

Fig. 26 shows a side view of an embodiment the grate bar 80
of Fig. 25. Fig. 26 depicts an engaging element 150 that com-
prises an octagonal protrusion 157. An elongated recess 146
30 of a broken grate bar of Fig. 25 is shown by dashed lines.
The octagonal protrusion 157 engages into the elongated re-

cess 146 of the broken grate bar. The two parts of the broken



It can be shown through geonetrical considerations that for a 15

rect angul ar shape of an engagi ng el enent, the maxi mum angle of inclination
a i s apprwi2oetesk4p2gi ven by the relation H=1 si n( apC¥FIR2011/0338422) ,
wherein 1 is the wwdth of the rectangle and h is the height of the
rectangle. It is desirable, to have a small angle of maxi muminclination.
This can be 20 achieved by making 1 greater than H A simlar consideration
applies for the octagonal shape of Fig. 26, the shape of Fig. 35 or other
shapes of the engaging elenent. Fig. 36 shows a cross section through the
two nei ghbouring 25 grate bars 80, 120 which conprise the coupling nmeans
142' and the engagi ng el enent 150'. Ay way of exanple, the grate bar with

t he engagi ng el ement 150" is shown as’ a novabl e grate bar and the grate bar

with the coupli ns. 42' s shown as a f| te bar. 80. 3 49 150"
on the oppOSrts e lor e grutd RS BE Ear i ner o oP e iy GrF e bar 120,

t he engaglmgce$£nnn1c&50'"t33mﬂln§p5$ﬁme@dbeggenniha@ bheagoupl i ng means
142"' to natcg mnth E Rﬁ{ ) 1 an %‘%ngagnﬁﬁ_ Ienent 150",
re- 5 spectiVef VS A t eyaSS%e St?%ﬁyen At ai h cr*8fecificity,
this shouldunﬂmebe1m0E$@ruBﬁ aﬁeltﬂmtdm@ﬁkhepSQGQEaﬁb thei ensediogent s but
nerely grOV|d|n gll stratlo%fto thqu%gp%%r the $ﬁpts The qpove st ated

advant ages 25F°The "embodi fents shoul & ot Be cons ggn |ﬁf?ﬁﬁg t he scope

of the enb@dﬁn@mt@ebutthmsrﬁlqﬁ tod ekplaiakepogsatr éaaacﬁoevleaﬂterﬁr&algésthe
descri bed put t ract] th e of
gﬂgﬁ rpe %g§£ d ﬁjecesg 4? cﬂtg %%l%}-é-}g' nghgrggg%ar 12

enbodi nent erm ne cl ai urv- 5 alents
r at her thaﬁnbylmh@fexah@regngﬁVenfl£¢ﬁthaﬁeaSQEEﬁg)aﬁdfobjmqna?l@f t he
present apgk%gqugg arg disclosed in the below nmentioned itemlist. 20
1.Gate ba furnace conprising -a first air duct at a first side of
the grafe bar

According to Fig. 27, the coupling means 142, 146 of the

grate bar comprises two parallel sliding surfaces which are

arranged on opposite sides of the coupling means 142, 146 and

the engaging elements 150, 152 of the grate bar comprise two
15 parallel sliding surfaces which are arranged on opposite

sides of the engaging element 150, 152

The engaging elements 150, 152 are formed as protrusions of

the grate bar. The engaging elements can be provided as sepa-
20 rate parts which can be exchanged in the case of wear and

tear. Moreover, the casting of the grate bar can be simpli-

fied by providing the engaging elements as separate parts.

The sliding surfaces of the engaging element 150, 152 fit in-

25 to a gap between the sliding surfaces of the coupling means.

By designing the sliding surfaces of the coupling means 142,
146 as well as the sliding surfaces of the engaging elements
150, 152 as surfaces which are parallel to each other, a max-
30 imum tilting angle as well as a minimum tilting angle can be
adjusted by providing a predetermined height difference be-

tween the parallel sliding surfaces of the coupling means and



the first air duct being provided at an angle other than 90 degrees with
respect to a longitudinal axis of the grate bar. 25 2. G ate bar according
to item Iwocormpseeeng further air ducts at the first si@eTaB2uiivessgszat e bar,
the further air ducts having substantially the sane inclination as the
first air duct and the further air ducts extending 30over the entire | ength
of the first side. 50 3. Grate bar according to one of the itens 1 to 2,
conprising a second air duct at a second side of the grate bar, the second
si de being opposite to the first side and the second air duct having an
inclination which is substan- 5tially different fromthe inclination of the
first air duct. 4. Gate bar according to one of the itens 1 to 3,
conprising a second air duct at a sectond side of the grate bar, 10the
second side bei%ﬁﬁgpqosit . to thg first s%de and the iecond air duct having
an inclinatfén® i §16UbEt SMETAFTy The"SafRIaE Th& PAT T hatof of the
first air duehds lim hotkater bar taecpribnNgritokomen ofromt 88412409 442, conpri si ng
further airhducts at %he second_si de q% %he grateip%r t he H_r her air
ducts havi A§SSUHS AR aP Ty (He Sams TR Al on B PRECsREGHd %di r duct and
t he furtherbatmerduciusfextend ngeovet tileientire | ength of the second
20side. .6. G ate bar according to one of the itens 1 to 5 wherein at | east
one air duct is provided with a rectangul ar cross section.

Moreover, by providing the sliding surfaces as parallel sur-

faces, the maximum and minimum tilting angles are essentially
independent of the distance between neighbouring grate bars.
This stands in contrast to the prior art known from DE 20

10 2007 018 707, in which surfaces of overlapping elements are
not parallel but are tapered or diverging. Thereby, the maxi-
mum and minimum tilting angles increases with the distance

between neighbouring grate bars.

15 A length of the coupling means is adjusted so as to provide
guiding of the engaging elements from a first abutment posi-
tion to a second abutment position of the grate bar relative
to a neighbouring grate bar. The length of the coupling means
in a longitudinal direction of the grate bar is at least as

20 long as the maximum relative displacement in the longitudinal
direction of a grate bar relative to a neighbouring grate
bar. Thereby, the engaging element is guided in the coupling
means during a relative motion of the grate bar relative to a
neighbouring grate bar.

25
In use, the engaging element 155 experiences shear forces as
it engages with a corresponding coupling means. The octagonal
protrusion 157 provides a larger contact area with the cou-
pling means such that wear due to the shear forces is re-

30 duced.



25 7. GGate bar according to one of the itens 1 to 6 wherein at |east one
air duct is provided with a saw tooth shaped cross section. 30 8. G ate

ar r angenmew0 2bvo3au9 ur nace, the grate arrangenent conpri CmgBzN1/633pE8Ngenent
of fixed and novable grate 51 bars according to one of the itenms 1 to 7,
the fixed and novabl e grate bars conprising air ducts. 9. G ate arrangenent
for a furnace, the grate arrangenent 5conprising an arrangenent of fixed
and novabl e grate bars, in which arrangenent at |east two nei ghbouring
grate bars of the arrangenent conprise lateral air ducts such that there is
a cutting angle between the air ducts of one of the neighbouring grate bars
and the air ducts 10of the other one of the neighbouring grate bars. 10.
Grate arrangenment according to item® wherein an angle of the lateral air

ducts against the |ongitudinal axes of th Qeighbouri g g}gate bars is about
60, result g I PR EOYtTRf afgre BTV adGdft66° 11 226 at B Err 4hgEnent
accordi ng teadbnenhiath tibettrd@iml Detoedd tihemekte SsthfadesmoiedMigeinkhe air

ducts are @Egvigtead are snoot hse%. %97.1231@':””809 trh% a_grate arrangement
accor di ng t9°ohe" Tt elE®'9 1 °11: £39 %%%M i“nél g%?a i"6f plant with
a grate arrangersnittacg2s5cordi.ngutohaneref, chento® tsaddd. ofddheMethod for
operatipg a grate of .a Lurnace of an inchneration plant, comriging
tal deflect the material towards the top and towards the bot-
tom as it moves against the octagonal protrusion 157. This
provides an improved self-cleaning of the elongated recess
l46.
10
Figs. 27 to 29 illustrate different views of the grate bar of
Fig. 1. Parts that are similar in Figs. 27 and 33 and the
aforegoing figures do not comprises separate reference numer-
als. Fig. 30 shows a cross-sectional view along line A-A of
15 the distal end of the grate bar of Fig. 28. Fig. 31 shows a
cross-sectional view along line B-B of the second coupling
means of the grate bar of Fig. 28. Fig. 32 shows a cross-
sectional view along line C-C of the first coupling means of
the grate bar of Fig. 28. Fig. 33 shows a cross-sectional
20 view along line D-D of the first and second protrusions of

the grate bar of Fig. 28.

Figs. 31 and 32 show cross sectional views through the grate
bar at points along the bar where coupling means are located.
25 In Figs. 31 and 32 the elongated recesses 43, 45 of Fig. 6
are shown whilst the corresponding engaging elements 38, 40
of Fig. 6 are left out for clarity. The engaging elements are

removable, as shown in Figs. 9 and 10.

30 Fig. 34 shows a top view of the mounting of a row of grate

bars 80, 120 into a step frame. Side bars 105, 106 of a step



-providing an array of alternating grate bars where- 30in the grate bars
are provided with air ducts that are facing each other; 52 generating an
al t er nat iwgQ 20892t bet ween nei ghbouring grate bars; moviIBzireisgstbouri ng
grate bars relative to each other, wherein material particles in a region
be- 5tween nei ghbouring grate bars are cut by edges of corresponding air
ducts. 15. Grate bar for a furnace, the grate bar conprising at |east one
air duct which extends along at |east one side 10of the grate bar fromits
| ower surface to its upper surface. 16. Grate bar according to item 15,
wherein the air ducts are essentially evenly distributed along the at | east
150ne side. 17. Gate bar according to item 15, wherein groups of

equi distant air ducts are essentiall@7evenly distributed al ong the at |east

one side. 20 18. ate bar accordi o0 one. of it
SomDr 1 o1 g PRl HEgRebe Fodtars Toh SonaSeRue! dr Ahecer Brdinar b

frame are shown from above.

The mounting process is essentially the same for movable step

5 frames and for fixed step frames. For mounting, one of the
side bars 105, 106 is bend outwards with a lever that is not
shown here. In the example of Fig. 34, the right side bar 106
is bend outwards. Then, the grate bars of a row of alternat-
ing fixed and movable grate bars 80, 120 are inserted, one

10 after another. During insertion, the engaging elements 150,
152 of a grate bar is inserted into the respective elongate
recesses 42, 45 of the left neighbouring grate bar or of the
left side bar 105. After insertion of the last grate bar of a
row, the pressure of the lever is lowered such that the right

15 side bar 106 bends back inwards.

In a modification of the embodiment of Fig. 34, the placement
of the engaging elements 150, 152 and the elongated recesses
is reversed. In another modification, the placement of the

20 fixed and movable grate bars in a row is reversed. The alter-
nating placement of fixed and movable grate bars can also be
made such that there is always a fixed grate bar 80 next to a
side bar 105, 106. Then, the grate bars 80 can be fixed to
the side bars 105, 106. In this case, it is preferable to use

25 an odd number of grate bars in a row. The grate bars may also

be inserted in groups.

Fig. 35 shows a further embodiment of an engaging element
150" of a grate bar. The engaging element 150' has a bone-

30 like form with a neck 197 in the middle. This form may be
chosen to save weight, for example. In the embodiment of Fig.

35, the coupling element is formed out by two protrusions



25 19. G ate bar according to one of the itens 15 to 18, wherein the air
ducts extend from bel ow the upper surface of the grate bar to an upper
surface ovothe/ges#te bar. 53 21. Grate bar accordi ng t @ConB20fi/0ibe it ens
15 to 20, wherein the air ducts are inclined agai nst the |ongitudinal axis
of the grate bar to generate a cutting effect between nei ghbouring grate
bars. 5 22. Grate arrangenent with several grate bars, the grate bars
conpri sing grooves according to one of itenms 15 to 20, wherein at |east two
nei ghbouring surfaces of neighbouring grate bars conprise air ducts with
differing in- 10clination. 23. Method for injecting air to a conbustion
material on top of a grate of a furnace, conprising - bl ow ng
conbustion gas into a space beIOM/thgggrate, 15- conducting the air to the

upper side grate_bars alo si de_faces o ate hars of.the grate
oot o bat Por & TP aacsie hasere: HE deresErangbalt d St S Hoifstal end
of the graberbar, Thaepexthadigeableshesd Z20bei ag: fdketdetocdhetgmat e bar with
at least t bolts IH; conprising bolt heads which engage into a

. i ha t e'b@ . . .
first and 4 $83difd T- SRaped Elit that are provided in the exchangeabl e
head, wherein the exchangeabl e head is provided between a 25first step and

a second step, pf. 4 fegel ying area ol Lhe ghalg Dar., rig 261, tne
engaging element 150' comprises front faces 200 and slanted
faces 201. The engaging element 150' comprises two ends 202,
203 which are defined by the maximum vertical extension h
perpendicular to the longitudinal axis of the engaging ele-
10 ment 150'. The distance between the ends is indicated by a
length 1 and the vertical extension at the ends is indicated

by a height h.

It can be shown through geometrical considerations that for a

15 rectangular shape of an engaging element, the maximum angle
of inclination o is approximately given by the relation H =1
* sin(a) + h * cos(a), wherein 1 is the width of the rectan-
gle and h is the height of the rectangle. It is desirable, to
have a small angle of maximum inclination. This can be

20 achieved by making 1 greater than H. A similar consideration
applies for the octagonal shape of Fig. 26, the shape of Fig.

35 or other shapes of the engaging element.

Fig. 36 shows a cross section through the two neighbouring

25 grate bars 80, 120 which comprise the coupling means 142' and
the engaging element 150'. By way of example, the grate bar
with the engaging element 150' is shown as a movable grate
bar and the grate bar with the coupling means 142' is shown
as a fixed grate bar 80.

30
Fig. 37 shows a further modification in which a coupling

means 142'' is dimensioned bigger than an engaging element



25. Grate bar according to item 24, wherein the exchangeable head is
provided within an indentation forned out of a 30nmain body of the grate
bar, the waizni2nse4p2havi ng an H shaped profile at its diP€TAB28N0539454 26.
Grate bar according to item24 or item 25, wherein at |east one front bolt
and at | east one rear bolt are provided, the at |east one front bolt being
shorter than the at | east one rear bolt, the at |east one front bolt
5engaging into the first T-shaped slit and the at | east one rear bolt
engaging into the second T-shaped slit. 27. G ate bar according to one of
the itens 24 to 26, wherein the bolts are spot welded to the grate bar. 10
28. Grate bar according of the itens 24 to 27, wherein the exchangeabl e
head conprises a thrust el enent at sﬂ9opi ng surface of the exchangeabl e

head. 15 23 G ate bar accordi ng.to item 28, wherejin the thrust el enent has
a triangul aP%cr o¥s EcPPBE 36" d%‘r%%ea KEATECRDT dithg PO dE S the itens 24

to 29, whebeiniitderrexehangedl, e theachgonpi sesmentclicsar i ngi €l&@ment at 20a

hori zontal surface of the exchangeabl e head. . Grate bar according to
e 90, WAL BTH G E| BLFT o or ERem hAS SR P Angultér "ergsa St i on. | 5
32. Grate bar asgdridigngesms ane 'of athetlid emgagdng e 13henvwhes®@in trke
exchangsablse Q@lag conprises a pyramdal portion. 33. Grate bar according to
one of the°ftens eZlﬁ"to 32, wherein the bolts are provided in bores of the
grate bar such 30that a clearance is |left between the bolts and the

Although the above description contains much specificity,
this should not be construed as limiting the scope of the em-
bodiments but merely providing illustration to the embodi-

10 ments. The above stated advantages of the embodiments should
not be construed as limiting the scope of the embodiments but
merely to explain possible achievements if the described em-
bodiments are put into practise. Thus, the scope of the em-
bodiments should be determined by the claims and their equiv-

15 alents, rather than by the examples given.

Further aspects and objects of the present application are

disclosed in the below mentioned item list.

20 1. Grate bar for a furnace comprising
- a first air duct at a first side of the grate bar
the first air duct being provided at an angle other than
90 degrees with respect to a longitudinal axis of the
grate bar.

25

2. Grate bar according to item 1, comprising further air

ducts at the first side of the grate bar, the further
air ducts having substantially the same inclination as
the first air duct and the further air ducts extending

30 over the entire length of the first side.



bores. References 10novable grate bar 11lleft side 512right side 13front
face l4distal end 15proxi mal end 16upper part 10171 ongitudi nal pro- jection
18pr oj ectwogornase4929pr oj ect i ng nose 20ret ai ni ng hol e 15PCHABLM 053942

50

3. Grate bar according to one of the items 1 to 2, compris-
ing a second air duct at a second side of the grate bar,
the second side being opposite to the first side and the

second air duct having an inclination which is substan-

5 tially different from the inclination of the first air
duct.
4. Grate bar according to one of the items 1 to 3, compris-

ing a second air duct at a second side of the grate bar,
10 the second side being opposite to the first side and the

second air duct having an inclination which is substan-

tially the same as the inclination of the first air

duct.

15 5. Grate bar according to one of items 1 to 4, comprising
further air ducts at the second side of the grate bar,
the further air ducts having substantially the same in-
clination as the second air duct and the further air
ducts extending over the entire length of the second

20 side.

6. Grate bar according to one of the items 1 to 5 wherein
at least one air duct is provided with a rectangular

cross section.

25
7. Grate bar according to one of the items 1 to 6 wherein
at least one air duct is provided with a saw tooth
shaped cross section.
30 8. Grate arrangement for a furnace, the grate arrangement

comprising an arrangement of fixed and movable grate



22first end cap 23second end cap 24affi xing nmeans 25l eft side 2026engagi ng
lip 27attachnent hole 28l eft proximl nod- ified region 29 eft central

nodi - 25fwedorxgeen 30l eft distal nodi- fied regi on 31riPgmtiBm osi3ned

nodi fied region 3032right central nod- ified region

51

bars according to one of the items 1 to 7, the fixed and

movable grate bars comprising air ducts.

9. Grate arrangement for a furnace, the grate arrangement
5 comprising an arrangement of fixed and movable grate
bars, in which arrangement at least two neighbouring
grate bars of the arrangement comprise lateral air ducts
such that there is a cutting angle between the air ducts
of one of the neighbouring grate bars and the air ducts

10 of the other one of the neighbouring grate bars.

10. Grate arrangement according to item 9, wherein an angle
of the lateral air ducts against the longitudinal axes
of the neighbouring grate bars is about 60°, resulting

15 in a cutting angle of about 60°.

11. Grate arrangement according to one of the items 9 to 10
wherein surfaces in which the air ducts are provided are
smoothed.

20
12. Furnace with a grate arrangement according to one of

items 9 to 11.

13. Waste incineration plant with a grate arrangement ac-

25 cording to one of items 9 to 11.

14. Method for operating a grate of a furnace of an incin-
eration plant, comprising
- providing an array of alternating grate bars where-
30 in the grate bars are provided with air ducts that

are facing each other;



33right distal nodi- fied region 34first protrusion 3535second protrusion
37attachi ng hole 38first engaging el - enent 39hol e 4040second engagi ng
el enent Mbabe/d2f0r st grate bar coupl i RGTAB2NS03B843f i r St
el ongat ed recess 44second grate bar coupling neans 45second el ongat ed

52

- generating an alternating movement between neigh-
bouring grate bars;
- moving neighbouring grate bars relative to each
other, wherein material particles in a region be-
5 tween neighbouring grate bars are cut by edges of

corresponding air ducts.

15. Grate bar for a furnace, the grate bar comprising at
least one air duct which extends along at least one side
10 of the grate bar from its lower surface to its upper

surface.

16. Grate bar according to item 15, wherein the air ducts
are essentially evenly distributed along the at least

15 one side.

17. Grate bar according to item 15, wherein groups of equi-
distant air ducts are essentially evenly distributed

along the at least one side.

20
18. Grate bar according to one of the items 15 to 17, com-
prising at least eight air ducts on one side of the
grate bar.
25 19. Grate bar according to one of the items 15 to 18, where-

in the air ducts extend from below the upper surface of

the grate bar to an upper surface of the grate bar.

20. Grate bar according to one of the items 15 to 19, where-

30 in the air ducts are provided as straight channels.



50recess 46l ateral grooves 47l ateral grooves 48l ower face 49upper face
5550pyram dal el enent 60arrangenent or grate 62grate bars 63grate bars
6065f r ontwbaer/B84vat eral grooves 56 671 ower vertical pariB2011/053942

53

21. Grate bar according to one of the items 15 to 20, where-
in the air ducts are inclined against the longitudinal
axis of the grate bar to generate a cutting effect be-

tween neighbouring grate bars.

22. Grate arrangement with several grate bars, the grate
bars comprising grooves according to one of items 15 to
20, wherein at least two neighbouring surfaces of neigh-
bouring grate bars comprise air ducts with differing in-

10 clination.

23. Method for injecting air to a combustion material on top
of a grate of a furnace, comprising
- blowing combustion gas into a space below the grate,
15 - conducting the air to the upper side of grate bars

along side faces of grate bars of the grate

24. Grate bar for a furnace, comprising an exchangeable head

at a distal end of the grate bar, the exchangeable head

20 being fixed to the grate bar with at least two bolts,
the bolts comprising bolt heads which engage into a
first and a second T-shaped slit that are provided in
the exchangeable head,
wherein the exchangeable head is provided between a

25 first step and a second step of a receiving area of the

grate bar.

25. Grate bar according to item 24, wherein the exchangeable
head is provided within an indentation formed out of a
30 main body of the grate bar, the main body having an H-
shaped profile at its distal end.



68upper oblique part 70end cap 571lhorizontal portion 72parallel portion
74renovi ng bolt 75renoving bolt 80fixed grate bar 108lupper part 82front

face 83l omgi2zoiedise@k pro- jection 84supporting nenber

15@baanroaanisby2 ext end-

i ng hook 86proxi mal nodified region 87central nodified

54

26. Grate bar according to item 24 or item 25,

wherein at

least one front bolt and at least one rear bolt are pro-

vided, the at least one front bolt being shorter than

the at least one rear bolt, the at least one front bolt

5 engaging into the first T-shaped slit and the at least

one rear bolt engaging into the second T-shaped slit.

27. Grate bar according to one of the items 24 to 26, where-

in the bolts are spot welded to the grate bar.

10

28. Grate bar according of the items 24 to 27,

wherein the

exchangeable head comprises a thrust element at sloping

surface of the exchangeable head.

15 29. Grate bar according to item 28, wherein the thrust ele-

ment has a triangular cross section.

30. Grate bar according to one of the items 24 to 29, where-

in the exchangeable head comprises a clearing element at

20 a horizontal surface of the exchangeable head.

31. Grate bar according to item 30, wherein the clearing el-

ement has a triangular cross section.

25 32. Grate bar according to one of the items 24 to 31, where-

in the exchangeable head comprises a pyramidal portion.

33. Grate bar according to one of the items 24 to 32, where-

in the bolts are provided in bores of the grate bar such

30 that a clearance is left between the bolts and the

bores.
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20si ons201 sl anted face 179 T-shaped slit45202 end 180 | ong bolt203 end 181
bolt head 182 T-shaped slit 58 Patent clains 1. Gate bar for a thrust
grat e of woforymes®? the grate bar conprising 5-an el ongaCedBroaresss4at a
first side of the grate bar, the elongated recess conprising two parall el
sliding surfaces which are oriented in longitudinal direction of the grate
bar, -an engaging elenent at a second side of the grate 10bar, the second
si de being opposite to the first side, the engaging el ement conprising two
parall el sliding surfaces which are oriented in |ongitudinal direction of
the grate bar, wherein the elongated recess is shaped such that a
correspondi ng nei ghbouring engagi ng el enent 150f a first nei ghbouring part
is novable within the el on- gated retess in the | ongi tudi nal direction
relative to the grate bar, wherein the grate bar further conprises - -two
actuating SGrfacesaf'>a bottom side of the

1. Grate bar for a thrust grate of a furnace, the grate bar
comprising
5 - an elongated recess at a first side of the grate

bar, the elongated recess comprising two parallel slid-
ing surfaces which are oriented in longitudinal direc-
tion of the grate bar,
- an engaging element at a second side of the grate

10 bar, the second side being opposite to the first side,
the engaging element comprising two parallel sliding
surfaces which are oriented in longitudinal direction of
the grate bar, wherein the elongated recess is shaped
such that a corresponding neighbouring engaging element

15 of a first neighbouring part is movable within the elon-
gated recess in the longitudinal direction relative to
the grate bar, wherein the grate bar further comprises -
- two actuating surfaces at a bottom side of the
grate bar for taking up a protrusion of a grate.

20

2. Grate bar according to claim 1, wherein the engaging el-

ement is provided as an exchangeable part.

3. Grate bar according to claim 1 or claim 2, wherein a
25 longitudinal dimension of the elongated recess is at
least as large as a longitudinal dimension of a neigh-

bouring engaging part.

4., Grate bar according to one of claims 1 to 3, wherein a
30 longitudinal dimension of the elongated recess is at
least as large as a large as the sum of a longitudinal

dimension of a neighbouring engaging part and a maximum



grate bar for taking up a protrusion of a grate.
to claim1, wherein the engagi ng el enent
part. 3. v@abe/dar2according to claiml or claim2, whePeTrnBz11/053942

251 ongi t udi nal

| ongi tudi nal di mensi on of a nei ghbouring engagi ng part.
according to one of clains 1 to 3, wherein a 30l ongi t udi nal
the el ongated recess is at

20 2. Grate bar according
is provided as an exchangeabl e

di rension of the elongated recess is at least as large as a

4. Gate bar
di mensi on of
| east as large as a large as the sumof a

| ongi tudi nal di nensi on of a nei ghbouring engagi ng part and a nmaxi mum 59
relative | ongitudi nal displacenent between nei ghbouring grate bars,
t he maxi mum | ongi t udi nal di splacenent is determ ned by a distance between

the actuating surfaces of the grate bar. 5 5. Grate bar according to claim

1, conprising a roxinak elong@te recess according t
el ongat ed recess dccordi

e AR P O p el Sl o

wher ei n

im1l, a distal

according to clatanelband, avidirstial teagag ingnel eneitudifaccor €hingeto cl ai m 1.

6. Grate bar accordi.ng . to one of the preceding clai wherein -
one coupling el® thfsogeY?ﬁ§ﬁﬂ%§tgyb%ré%%%afgeag%&ﬁﬁﬁfnggea?%%ﬁ%%é?ﬁonding

at

| east

engagi ng el emrendurdfacasf of sthenejirghbobking grate part such that the el ongated
recess can only tilt relative to the engaging elenent of the first
nei ghbouring part by a tilt angle that does not exceed a predeterm ned
maxi mum ti bt angta,e dad ahermiimg to claim 1, comprising a proximal

10

6.
15
20
25

7.
30

elongated recess according to claim 1, a distal elongat-
ed recess according to claim 1, a proximal engaging ele-
ment according to claim 1 and a distal engaging element

according to claim 1.

Grate bar according to one of the preceding claims,
wherein

- at least one coupling element of the grate bar is
adapted to a corresponding engaging element of a first
neighbouring grate part such that the elongated recess
can only tilt relative to the engaging element of the
first neighbouring part by a tilt angle that does not
exceed a predetermined maximum tilt angle, and wherein
- at least one engaging element of the grate bar is
adapted to a corresponding coupling element of a second
neighbouring part such that the engaging element can on-
ly tilt relative to the elongated recess of the second
neighbouring part by a tilt angle that does not exceed

the predetermined maximum tilt angle.

Grate bar according to one of the previous claims,
wherein the engaging element has a rectangular cross
section, (wherein a height of the rectangular cross sec-
tion is slightly smaller than the height of an elongated
recess 0of a neighbouring grate bar) and wherein a longi-

tudinal dimension of the rectangular cross section is



20- at | east one engaging el enent of the grate bar is adapted to a
correspondi ng coupling el enent of a second nei ghbouring part such that the
engagi ng wbener324an only tilt relative to the el ongat e#CraBBas053h42% he
second nei ghbouring part by a tilt angle that does not exceed 25t he
predeterm ned maxinumtilt angle. 7. Grate bar according to one of the
previous cl ains, wherein the engagi ng el enent has a rectangul ar cross
section, (wherein a height of the rectangular cross sec- 30 tion is
slightly smaller than the height of an el ongated recess of a nei ghbouring
grate bar) and wherein a |ongitudinal dinmension of the rectangul ar cross
section is 60 slightly greater than the height of a correspondi ng el ongated
recess of a neighbouring grate bar. Y Gate bar according to one of clains
1 to 6, wherein at 5l east one of the engaging el enents has_ _an octagonal
cross Section, HECGH 6T (e WBEtagEnal OFose Soeti R BaIHg S i ghtly

smal | er than theldigjaghtl odcascofr espongigrehongattedbbecess of a

nei ghbouring grate bar and a width of a longitudinally aligned surface of

t he engag- 10i ng el enent being greater than the height of the corre-
spondi ng eBongatette eeessccdiGyate dar caccoathnd tto onewiodrecinabns 1 to 6,

wher ei n_at Ieas{ one of tPe enga inglel nment qgs a _bone_ shaped 15cross
cas one ,0 the nga elements.nas ,an oc

section, the bone shaped cross section conprirsing to w ehed ends, a hei ght
of the w dened ends berhigors| igghtliyhsned [tée bhamgdyd khebght saftihe

corresponding &l g atgcﬁ?gﬂ& $$0a30d, 2 gl S %@Cﬁef%htf% W ggrgfe?s epds bei ng

greater than the hei 0 he corresponding elon Oga cess. 10G ate
bar accordi ng toorécobattdinese2st of B weobbautirey grate bar and a

width of a longitudinally aligned surface of the engag-
10 ing element being greater than the height of the corre-

sponding elongated recess.

9. Grate bar according to one of claims 1 to 6, wherein at
least one of the engaging elements has a bone shaped
15 cross section, the bone shaped cross section comprising
to widened ends, a height of the widened ends being
slightly smaller than the height of the corresponding
elongated recess and a distance of the widened ends be-
ing greater than the height of the corresponding elon-

20 gated recess.

10. Grate bar according to one of claims 2 to 9 wherein the
proximal engaging element is provided next to a proximal
end of the grate bar and the distal engaging element is

25 placed next to a distal end of the grate bar and wherein
the proximal end of the grate bar is in contact with a
supporting element and the distal end of the grate bar
is in contact with an upper surface of a further grate
bar.

30

11. Grate bar according to one of the preceding claims,

wherein the elongated recesses are formed out as a gap



proxi mal engaging elenent is provided next to a proxinmal end of the grate
bar and the distal engaging elenent is 25placed next to a distal end of the
grate barwearndiziiessei n the proximal end of the grate bar PCI/IBWiICeIsvect wth
a supporting elenent and the distal end of the grate bar is in contact with
an upper surface of a further grate bar. 30 61 between two | ongitudi nal
protrusions that extend along the grate bar. 12. G ate bar according to one
of the preceding clains, 5 wherein the elongated recesses are formed out
as a proximal elongated recess and a distal elongated recess, the recesses
havi ng an O-shaped cross section. 13. G ate bar according to one of the
preceding clainms, 10 wherein the elongated recesses are fornmed out as a
proxi mal el ongated recess and a di st el ongat ed recess, the recesses
havi ng a rectaggular Cross sectign. %4. Grate bar according to one of the
precedi ng cl ai M " ESRher @i TPIHE U etes L5 Hor i Gt 58P0t SPon of the
mai n body of thehgrpatee Ubc. G ate bar according to one of the clains 2 to
14, wherein the proxi mal engaging elenent is provided at a dis- 20tance of
about 40 cmfromthe distal engaging element. 16G ate arrangenent for a
furnace, the.gratecabrangementing to one of the preceding claims,

5 wherein the elongated recesses are formed out as a prox-
imal elongated recess and a distal elongated recess, the

recesses having an O-shaped cross section.

13. Grate bar according to one of the preceding claims,
10 wherein the elongated recesses are formed out as a prox-
imal elongated recess and a distal elongated recess, the

recesses having a rectangular cross section.

14. Grate bar according to one of the preceding claims,
15 wherein the recess is formed out as protrusion of the

main body of the grate.

15. Grate bar according to one of the claims 2 to 14, where-
in the proximal engaging element is provided at a dis-

20 tance of about 40 cm from the distal engaging element.

16. Grate arrangement for a furnace, the grate arrangement
comprising an arrangement of fixed and movable grate
bars, the fixed and movable grate bars comprising longi-

25 tudinal recesses and engaging elements according to one
of the previous claims, the engaging elements of a grate
bar engaging into the longitudinal recesses of a neigh-
bouring part, wherein a longitudinal dimension of the
longitudinal is made such that the engaging elements are

30 longitudinally movable in the elongated recesses.



conprising an arrangenent of fixed and novable grate bars, the fixed and
novabl e grate bars conprising |ongi- 25tudi nal recesses and engagi ng

el enent s wocordize2t o one of the previous clainms, the emrgagBrgi/eisesents of
a grate bar engaging into the |ongitudinal recesses of a neighbouring part,
wherein a | ongitudi nal dinmension of the |ongitudinal is made such that the
engagi ng el enents are 30l ongitudinally novable in the el ongated recesses.
62 17. Grate arrangenent for a furnace according to claim 16, further
conprising a frame, the frane conprising engagi ng el enents, the engagi ng

el ements mating with el ongated recesses of adjacent grate bars. 18. Gate
arrangenent for a furnace according to claim16, further conprising a
frame, the frame conprising eIongaté@ recesses, the el ongated recesses
mati ng wi th_engaging el enents of adjacent grate bars. 19._ Incineration
plant wi th1A-gratt AP ARGETARL: WPE T {TRe HnaC rvaBie t§r 518 bars accor di ng
to claim18. 20tuddserofomppldingl bt yrafe graterbais dompansingidigrati on

15pl ant for the, assisting t burning of material during an incineration,
conprising - movineiareile: de” BaPearnd TR B A it ParBre Bel T of atve
to a nei ghbouri&g grateebart afdjbhenpl graalel byrof grate bars with a
reciprogating grate, the noving of the 20grate bar conprising a novenent of
an engaging element with two parallel sliding surfaces of the grate bar in
a longitudiifal ¢eoessrwhtderantpdpal & efursilaicdi agcsutifngces ofairhé énei ghbouri ng
grate bar. 25

further comprising a frame, the frame comprising elon-
gated recesses, the elongated recesses mating with en-
gaging elements of adjacent grate bars.

10

19. Incineration plant with a grate arrangement with fixed

and movable grate bars according to claim 18.

20. Use of a plurality of grate bars in an incineration

15 plant for the assisting the burning of material during
an incineration, comprising
- moving of a grate bar of the plurality of grate bars
relative to a neighbouring grate bar of the plurality of
grate bars with a reciprocating grate, the moving of the

20 grate bar comprising a movement of an engaging element
with two parallel sliding surfaces of the grate bar in a
longitudinal recess with to parallel sliding surfaces of

the neighbouring grate bar.

25



