1 GRATE BAR FOR A FURNACE COWPRI SI NG Al R DUCTS The present application

relates to grate bars for use in fur-5 naces. Especially, but not

excl usi vavg,2otds29nesent application relates to grate bacs/iBmni/053935

reci procating grates. Anmong others, the present application relates to an

arrangenment of interconnected grate bars using a coupling neans with 10 an

el ongated recess on the side of one grate bar and an engagi ng el enent on

the abutting side of a neighbouring grate bar, which limts or prevents the

lifting up relative to neighbouring grate bars and the tilting and falling

down of broken grate bar pieces. 15 DE 20 2007 018 707 Ul describes a

roller grate with stationary grate elenents that formthe cylindrica

surface of the roller grate. 20 FR2589125 descri bes a grate bar in which

i nt erconnecti on between nei ghbouring grate bars is at the distal end.

DE3049086, U54239029 and DE3610819Al1 descri be arrangenents of

i nt er conneckRede ggrat @obak SFUrNAGE chvprr gmicakixepmmonenent be- 25 tween

nei ghbouring bars is possible. U54240402 descri bes an arrangenent in which

an interconnection between nei ghbouring grate bars allows pivotal novenent

of one graweeprestthapﬁsp@iﬂidhOréh&téﬁItargrbué HKﬁs|fOth$¢hin3@uana|

pl anar gnvenent 28052}2 q§ cri n arr ng Nt of Et %pnnected grate

bars, each Ravfnd Two coupl ing nean%x%}“ﬁng and “drst at*fends of t he

grate bar,thomem@mn@mlyoomQNbeatsth@ra@upbkngamﬁan@rhassan elongated

groove to allow |l ongi tudi nal novenent of one bar with respect to its

nei ghbour. FR2599125 descri bes an arrangenent of interconnected grate 5

bars whi chaingnomyhdreocatled atesehe dpstialaténd ofldtwe barsn DEENG3200

descri bes r t cte t | coupling
Al arLAn %@Q%nr?é ese% d%‘i&%‘r&? L4 58 £ d’%r %glhg Aé%‘alnt%w&@ﬁ

neans i s Integrate I'sposed on t e un | e grate bars.
10 an elongated recess on the side of one grate bar and an en-

gaging element on the abutting side of a neighbouring grate
bar, which limits or prevents the lifting up relative to
neighbouring grate bars and the tilting and falling down of
broken grate bar pieces.

15
DE 20 2007 018 707 Ul describes a roller grate with station-
ary grate elements that form the cylindrical surface of the

roller grate.

20 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-

25 tween neighbouring bars is possible.

US4240402 describes an arrangement in which an interconnec-
tion between neighbouring grate bars allows pivotal movement
of one grate bar with respect to the other, but not longitu-
30 dinal planar movement. DE2805712 describes an arrangement of
interconnected grate bars, each having two coupling means at

proximal and distal ends of the grate bar, however only one



10 DE911317 describes an arrangenent of interconnected grate bars in which
nei ghbouring bars can nove longitudinally relative to one another, the side
of the grabeotzan3z49bei ng nodified to form engagi ng hooke®Critpm11/bk3o&sv er
there is only a 15 relatively small |ongitudinal area of interconnection.
In a further devel opnent, the grate bars according to the application
conpri se engagi ng el enents whi ch engage with coupling neans of horizontally
adj acent grate bars to provide a 20 relative novenent of the grate bars for
the inmproved transport of waste material and for the comm nution of

material that has fallen between the grate bars. The engagi ng el enents may
conpri se sharp edges for an inproved_comm nution of material that has been
trapped between adjacent grate 25 bafs. Furthernore, |ateral aeration
grooves of the grate_bars may have opposing inclinations_ between,

hori zont al Py Bﬁgéﬁﬁﬁ?lﬁgaT%i arg St o prividdeca $iESorCef et 9Pt he

conmmi nut i oAueind T appedenaterl icale. b30 M hespote,td He sgnat ghearrs accor di ng
to the application com prise an arrangenent of two interconnections, one
at the proxinmal end and the other at the distal end of the grate 3 bar, to
prevent a Brokeyl Oy atecbased rarometrabhdargranto ihehasesctSA233029 descri bes

an arrapgepent af. i.nt.erconnecte rate.5 bars jn i ch %% re is one
intercoﬁneggf%ﬁﬂéC%héstﬂgp¥gﬁﬁFgﬁgi%%ﬁj§&%§§§flR%&?gg,t gff?ﬁ? di scl oses
an arrangenent in which the interconnection nmeans is at one |ocation al ong

DE280571280F 0F 670 (5 A Hane o PR AFESnaet on T i Wkt B (HGrE are two
coupl i ng means,imndigh the EroxXinal neard oreiatedtrdedi stah wiig dAgcording to
a further aspest,, the shdes Ofithe gratgharyare
10
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

15 relatively small longitudinal area of interconnection.

In a further development, the grate bars according to the ap-
plication comprise engaging elements which engage with cou-
pling means of horizontally adjacent grate bars to provide a

20 relative movement of the grate bars for the improved
transport of waste material and for the comminution of mate-
rial that has fallen between the grate bars. The engaging el-
ements may comprise sharp edges for an improved comminution
of material that has been trapped between adjacent grate

25 bars. Furthermore, lateral aeration grooves of the grate bars
may have opposing inclinations between horizontally adjacent
grate bars to provide a scissor effect for the comminution of

trapped material.

30 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 adapted with |l ateral grooves, that may be inclined for cut- ting and
di sposal of conbusted material, and for self- cleaning of the lateral grate
bar surf awe.201184380792 descri bes an arrangenent of two ®CTmBr1/033a3% bars
havi ng si des adapted to have teeth and tooth spaces for comm nution of ma-
20 terial resting on the upper surface of the grate bars as one grate bar
noves longitudinally in relation to the neighbouring grate bar. Here and in
the following, the term"comm nution"” refers to nechanical shredding or
pul verizing of waste, as for exanple in solid and waste water treatnent. 25
DE634810 descri bes an arrangenent of stationary and novabl e grate bars such
t hat gaps between sides of neighbouring stationary and novabl e grate bars
vary in configuration as the anabIe3grate bar noves relative to the
stationary _grate bar, 30 thereby effecting cuttjing of material which falls
into the gﬁg§f t%¢¥f88PHi%d“F§e 96??%é¥”h§58%tfagﬂﬁgaBBF?éﬁFion di scl oses
a grate bapabaving a nodification to inprove air flowin the region beneath
and between nei ghbouring grate bars, (see especially Figs. 1, 6, 7 and
Figs. 9 - 11). Air channels or air 5 ducts or |lateral grooves are provided
al ong the whotesdxEngihcofbdharngnatendarentDE28069 4 ctlesct edhegraaegr at e bar
Wt interpal channels for cifoulating air, ... . DEL02004034322 descri bes
an arrangenen?, WHIeR al Fots For & t oW betweer 8ra¥e ar’s. "DE19648128
and EP13159368l aescr iLbeewi gr,attD@obasl haliisngosat exmalrrehaemelts iwi t hi n t he
grate bar for circul.ation of a.coolant l.iquid, 15 WO06117478 309198 and
102004039901 dege b6 8 Gt BarEh H o ERs T AP aEed (hish R8ath 1 he
upper si delbogdefdimeloneivrommhe padtes Hagr. air flow within the grate bar
20 Anong others, the application provides a grate bar for a furnace that
conprises a first air duct or groove at a first lateral side of the grate
bar. HéPei As desatideal esi e efDBR80P 0l BIsirdécdd the geate darinthat is
facing a nejghbourjng,grate, hak and-which geperal lxahas g.yernt igal
orientation, as

proximal and one at the distal end.

According to a further aspect, the sides of the grate bar are

15 adapted with lateral grooves, that may be inclined for cut-
ting and disposal of combusted material, and for self-
cleaning of the lateral grate bar surface. US4520792 de-
scribes an arrangement of two or more grate bars having sides
adapted to have teeth and tooth spaces for comminution of ma-

20 terial resting on the upper surface of the grate bars as one
grate bar moves longitudinally in relation to the neighbour-
ing grate bar. Here and in the following, the term "comminu-
tion" refers to mechanical shredding or pulverizing of waste,
as for example in solid and waste water treatment.

25
DE634810 describes an arrangement of stationary and movable
grate bars such that gaps between sides of neighbouring sta-
tionary and movable grate bars vary in configuration as the
movable grate bar moves relative to the stationary grate bar,

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



25 opposed to an upper side, a lower side or and end face of the grate bar.
The first air duct is provided at an angle other than 90 degrees with
respect twoaolzmsgisoudi nal axis of the grate bar, which iPeTapmosisest el y t he
direction of relative novenent of neighbouring grate bars. 30 5 together

wi th an edge of a correspondi ng nei ghbouring air duct of a neighbouring
part fornms a cutting arrangenent for particles that are caught in the area
of the first air duct and the neighbouring air duct. In a specific

enbodi nent, an 5 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- stantially the sanme inclination
as the first air duct and 10 which eftend over the entire | engt h of the
first lateral side. In a_further enbodinent, the grate bar al so conprises a
second ai r 24GRTYHY &CsBcond-NEt 8FBFCsi déCofPPhE’ e YHaAT WHich is opposite
to the firstatatiermhastifde.a Thelisecontbmito duptohasianfioaglimatheon which is
substantiallé.differe% from15 the inclination of tge first air duct. In
an al t er nat FoEC MO ent ? t1& "FRE | TRt TOR oF 9 t He g 66V8s bt R second

| at eral si dechaylialmsgsbel substiaphiiatlys .t e -sane. asirt heahneld nat kon of t he
first air duct, fs tor the first 20.lateral side, the second latgral side
may al sO conpri se farthéer 4T dict's ich“fave Substantta yet € samne

i ncl i nati onfashd¢ heragsecbad. a2 8duer 4 atebariibeh ex¢ere duerwitte ientirre | ength
of the second |.ateral side.. 25.To.achieve a good cutting effect, the air
duct or at gﬁga%}?anonnegSo?O?h(:elréiurla ﬁc?saln]%a'y be provided with a rectangul ar
cross section or also a straight or a rounded saw tooth shaped cross
section. 3 l,i-6at | I LS r 0 furnace.with an
T angorent of 1 Red aad novabe of ate Dariounl b comprrze the &Y
abovengft i 6hed tvegncosatedpesi-al |y one in which the

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

15
WO006117478, DES9309198 and DE102004032291 describe a grate bar
with fins integrated underneath the upper side to define one

or more paths for air flow within the grate bar.

20 Among others, the application provides a grate bar for a fur-
nace that comprises a first air duct or groove at a first
lateral side of the grate bar. Herein, a lateral side refers
to a side of the grate bar that is facing a neighbouring
grate bar and which generally has a vertical orientation, as

25 opposed to an upper side, a lower side or and end face of the
grate bar. The first air duct is provided at an angle other
than 90 degrees with respect to a longitudinal axis of the
grate bar, which is approximately the direction of relative
movement of neighbouring grate bars.

30
The inclination of at least one neighbouring groove against

the vertical is made such that an edge of the first air duct



6 fixed and novable grate bars are alternated within horizontal rows and
wherein the horizontal rows of fixed and novable grate bars are provided on
fi xed andwonuedisessst ep franes. 5 In a nore specific enbedirmBnii/es39s grat e
according to the ap- plication, at |east two neighbouring grate bars of the
ar- rangenment 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 other one of the 10 nei ghbouring grate bars. Especially, the
air ducts may be provided at an inclination of about 60 against the

hori zontal, which gives a good conpron se between cutting action and air
transport. The surfaces in which the air ducts are pro- vided nay be

snoot hed such that the grates can be5placed 15 cl ose together and | ess
waste is tragged. Furhhernnre, t he application al so giscloses a furnace
with the ab8Vehtt “Or8dyrate Ofhe Furiace " mhyd b Fherret W' coal ,

bi ol ogi ¢ nateti@t ,a okighbeiricobust i bsrnmberuating tah rangéndritghicheat i ng

val ue and the_ heat be used for_ power geperation and/or teleheating.
Far t her mor 85 Fio ShprFEat Tom LS & 0vbs " Aast & Al RET atlor™5Tant wi th

t he abovenenti anedhegpabeur 25 Aigr abet accordbngeiOid kebapphdécat kan 1s used
in the fol Lowin ay. A npvabl e %%gp frame. and qMth%gostep frame are

. nc relatlive to rtical.”1is .
provi ded. FUrthermore, “an array o aY?ernaglng $1%ed “and novabl e grate bars

is provided on the nmovable step frame and the fixed step frame, wherein
hor 2ot Y LRSS, BBALR R0 R0 AL S TREhLY sapSEiet g naee 10
provided wetih ducts at the first side of the grate bar which have sub-

stantially the same inclination as the first air duct and

10 which extend over the entire length of the first lateral

side. In a further embodiment, the grate bar also comprises a

second air duct at a second lateral side of the grate bar

which is opposite to the first lateral side. The second air

duct has an inclination which is substantially different from

15 the inclination of the first air duct.

In an alternative embodiment, the inclination of the grooves
on the second lateral side may also be substantially the same
as the inclination of the first air duct. As for the first

20 lateral side, the second lateral side may also comprise fur-
ther air ducts which have substantially the same inclination
as the second air duct and which extend over the entire

length of the second lateral side.

25 To achieve a good cutting effect, the air duct or at least
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.

30 The application also discloses a grate for a furnace with an
arrangement of fixed and movable grate bars which comprise

the abovementioned air ducts, especially one in which the



7 lateral air ducts that are slanted differently between adjacent sides of
hori zontal | y adj acent grate bars. An alternating novenent between
nei ghbor iwQ 2grzzise4dbars is 5 generated and the novenent PETUBHEA1/HIBIFOVeE
supporting nmenbers of the novable step frame. Fixed grate bars are noved
Wi th the supporting nenbers of the novable step frame. A supporting nenber
engages into a space between a downwardly extendi ng hook and a proxi mal
nodi fied region of a fixed grate bar 10 Movable grate bars are noved
relative to supporting nenbers of the novable step frane, wherein a
supporting nmenber engages into a space between a downwardly extendi ng
portion and a nose of the novable grate bar. Material particles in a region
15 between the nei ghboring grate bar§ are cut by edges of corresponding air
ducts. In a.further aspect, the | i catign discloses a grate bar_for a
furnace, tREGT & BAFSROMSFIRInGoAT 1 6ast SBRESHU “30" pP et OrERITA v a
plurality ebwaidnducksenhicte extendstal angsabfl eastd ane hengiteudi nal si de
of the grate par, fromits Io.\Q%r sur%ace toits per sur%ace such t hat
conbust i on9a5® dHiT SsEF Balt $ oM uRbler igat RPPhEC Gt at%e Sh&P 15" Sove it .
Different fromthe prior art, the air ducts are provided in a side face 25
of the grate bar whioh is, facing,tonerds aside face of ja neighbouring
grate bar. Mot ebVer “PEhe™ i roauct s may be of med” Strai gﬂt to'enabie a good
airflow andliemoial, et teappedomatéghtaduri8gmayaformargr ofpsheofarequi di st ant
air ducts which are ntiall enl istrib I he at |east one
side. In oﬁ%n%%eoncﬁ ﬁgﬁ??l%%glagt)réé g %la% %S%rfgée%seca a%I ggg éellsgﬁjt air 5 ducts
on one si deubfithengriateebegen Vent diatduwrtsi sfadsd qgossebhel ghikclrrtess air
ducts but with_ei.gh Lr - n for ex in three
groups of %%e%ﬂatl%r lgoélg‘(%:tasrf}iérlt h%r gﬁ;;g&)%ﬁc% %gr gbgg&%/hé%ﬁt ioPgt ?gﬁé.h%lo The air
ducts hRy extemebuniom bedow are -uppetcisurdfvacehefairheugrat®athdre t o an upper
surface of : t r.. Jh r ofnt rate rdJd.,s relLatively
Chino Thi SPbrovidos shar " ¢ et t rat ar 671 eebl Pkl 1 b thoked by
conbust i onthht ertigh JiFedne WeodPremMMischecavreeddtsiare2dtise fAd 15
clined agabnstythed.0ngi tudinalsaxis: oflihe grate barn-to generate a cutting
ef fect between nei ghbouri ngh grate bars.

vided may be smoothed such that the grates can be placed

15 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
20 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.

25 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
grate bars is provided on the movable step frame and the
fixed step frame, wherein horizontally adjacent grate bars

30 are movably connected via engaging members that engage into

elongated recesses and. The grate bars are also provided with



The application noreover discloses a grate of several grate bars which
conprise the aforenentioned grooves wherein at 20 | east two nei ghbouring
sur f aces WO 20e2/gbvouri ng grate bars conprise air ducts wcrhszhii/bhseing
inclination. Air or conbustion gas is injected into a conbustion materi al
on top of a grate of a furnace by blowing the air or conbustion gas into a
space below the grate and conducting the air to the upper 25 side of grate
bars along side faces of grate bars of the grate. Especially, the nmethod
may conprise conducting air through one or nore air ducts which are

provi ded at one or nore |lateral faces of the grate bars. 30 Provided that
obstructions in and above the ducts are sub- 9 is a substantially equal
airflow through air ducts of a grate7bar. According to a further aspect,
the distal _end of a grate bar 5 is fjtted with a renovable end-cap to

el imnate tRES %%d“ﬁbguﬁF%fﬂmﬁa?rFeﬁVﬁHﬁﬁeﬁff&%@ﬁ“ﬁﬁbbﬁF%ﬁ%“Bﬁpaénd wears.
US812071, CHOA63RGEAS ofFR26043161andadR2230349a8d Ibadescri be arrangenents of
renovabl e grate bar end caps. 10 It is an object of the application to
provi de inproved grate bars for use in a furnace. The application discloses
a grate barnfartearfairngceotdiaintcbaprésesica gppoxinmlgraktengated sr ecess at a
first lateral side of jthe. grate har, Rere n,"proximml, 1o, refers to the
driven 3idd " "Which 'S driveh eit her *di'Tec 'y via a movi ng %tep ffame or

i ndi rect| yov¥i shanotvhel egsiatre flrameat Faxdd pshtkaberalarsi deved wihé grate bar.
The el onga recess.may have a cl psed sh r al so, be proyvi ded by
st tvo r ohgi RS TR B 0eE PRE PR ety Bk oh R0 T or m
groove. Thengrmrédraenpagehemtooprpspases atpeexiaralovangadginge:eleenent at a
second si de_of rate . WhI | 8. i the fir i The

proxi mal e Sgg%égﬁE?ﬁ%%s%p?%ﬂ%@o@?%géugﬁgga%égI%ﬁéﬁ?Eé%%dﬁﬁaﬁ?ggfion of the
grate Bbar such that a correspondi ng nei ghbouring proxi mal engagi ng el enent
of a firstyBelohbouL.goPAL Lo ieS nBDYADLE Wi LBi B, Lhe RLexhialefloagat ed
recess in the [ongitudinal ditection relative to the gra e bar. Herein, the
nei ghbouri A§ Pag thawvaklbestriotifépegraierdyar 2 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
15 Dbetween the neighboring grate bars are cut by edges of corre-

sponding air ducts.

In a further aspect, the application discloses a grate bar
for a furnace, the grate bar comprising at least one but

20 preferentially a plurality of air ducts which extends along
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

25 of the grate bar which is facing towards a side face of a
neighbouring grate bar. Moreover, the air ducts may be formed
straight to enable a good airflow and removal of trapped ma-

terial.

30 According to a modification the air ducts are essentially

evenly distributed along the at least one side. The air ducts



30 or a step frane and the longitudinal direction is the direction in which
the grate bar has the | ongest extension. The "ends" are in this case

defi ned byoterz/3ppPosi ng points where 10 the engagi ng meoiaB20ii/n3H3% ouches
the el ongated recess when one is rotated relative to the other. The

proxi mal engagi ng el enent has a |ongitudinal shape with a 5 first end and a
second end, wherein the height of the proxinmal engagi ng el enent at the
first end and at the second end is slightly snmaller than the height of a
correspondi ng proxi- mal elongated recess of a further nei ghbouring part.
More specifically, the further neighbouring part can be provided 10 at
opposite sides of the first neighbouring part. Arelative tilt angle

bet ween nei ghbouring grate bars is dét er m ned by the height difference of

el ongated recess and the engagi.ng el enent and the geonetri cal sh?pe of the
engagi ng 1578 EECTORHY o AGEUSPE G e Tt FPEE BrgITi §SUCH THAP & br oken
pi ece of algratenlbarideespbinaid eaphacthd e ubdetlyfangigeate frane, for
exanpl e | ess than 45 degrees. The grate bar according to the application
may furthernore 20 conprise a distal elongated recess and a distal engagi ng
el e- nment. 1hDbsd adnborefhens, ttheagkacativaon cohpsesd o dthecapposidre side to the
proxi malL si,de of the grate bar where the grate r..slides freely on a

Purt hor™ gr A06 B CBPoPLrantly " Ener g SUa el Sharid Peched 15 PhPovi dod al 5o
at the firstbséde wf 125stder ghuate bar wand ehehdisitralduengagr ngprel enent i s

preferably glso,|qeated at.the second.side of the,grate;pag,. The distal
engagi ng el'enent cdn have 1 apg-as th ] ’

€ sane’s € proximal engagi'ng el enent
and t he di shate elongatedreeckeysntahathiave t he sane shape as the proxinal
el ongated recess. Preferentially, 30 the engaging elenments are fixed with

respect to grate bar in order to prevent tilting and uplifting of the grate
bar. The 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-
15 clined against the longitudinal axis of the grate bar to gen-

erate a cutting effect between neighbouring grate bars.

The application moreover discloses a grate of several grate
bars which comprise the aforementioned grooves wherein at

20 least two neighbouring surfaces of neighbouring grate bars
comprise air ducts with differing inclination. Air or combus-
tion 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

25 side of grate bars along side faces of grate bars of the
grate. Especially, the method may comprise conducting air
through one or more air ducts which are provided at one or

more lateral faces of the grate bars.

30 Provided that obstructions in and above the ducts are sub-

stantially equal the air flow can be adjusted such that there



11 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 5 adapted to the
correspomaipngiangagi ng el enent of the first nei ghbouri ngCynaioa1/pEsss such
that the elongated recess can only tilt relative to the engagi ng el enent of
the first neighbouring part by a tilt angle that does not exceed a maxi num
tilt angle. Furthernore, at |east one engaging elenent 10 is adapted to the
correspondi ng coupling el enment of the second nei ghbouring part such that

t he engaging element can only tilt relative to the elongated recess of the
second nei ghbouring part by a tilt angle that does not exceed the maxi num
tilt angle. 15 In a nore specific enbodi nent, a height of the rectangul ar
cross section of the engagi ng el enent is slightly smaller than the height
of the correspondi ng el ongated recess. of %he nei ghbouring part and a width
of the rectangul it erods. SeE00 1 ER " dP e  orgit GUFRAro HiSE4ACE bet ween
the first ead.and the second end - is greater than the height of the
correspondi ng el ongat ed recess. By making the height slightly smaller, the
engagi ng el enent can nove within the el ongated recess and by naking the

w dt h greaketotdiary ttheahewgiterobispbet 25 el angatekneoess gheceehgagi ng

el ement can | ock &t & tilting apgle,, dn o turtner, enbodrent, at east one
of the engagi ng el'enents has an octagongl Cross section and a height of the
oc- 30 taggmate craosgepéetémmmt shehi gid lgrasrabéerertcharatrhe hei ght of the
correspondi ng el ongated recess of the neighbouring part and a wwdth of a

|l ongitudinally aligned surface of the engag- 12 ing elenent that is
paral | el t&sal?@hgi Chdppab62kxi $REHI4HE and FR2530319 all describe

arrangements of removable grate bar end caps.
10
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 comprises a proximal elongated recess
at a first lateral side of the grate bar. Herein "proximal"
15 refers to the driven side, which is driven either directly
via a moving step frame or indirectly wvia another grate bar
at a first lateral side of the grate bar. The elongated re-
cess may have a closed shape or may also be provided by just
two longitudinal projections that are facing each other to

20 form a groove.

The grate bar further comprises a proximal engaging element
at a second side of the grate bar which is opposite to the
first side. The proximal elongated recess is provided in a
25 longitudinal direction of the grate bar such that a corre-
sponding neighbouring proximal engaging element of a first
neighbouring part is movable within the proximal elongated
recess in the longitudinal direction relative to the grate
bar. Herein, the neighbouring part can be another grate bar
30 or a step frame and the longitudinal direction is the direc-
tion in which the grate bar has the longest extension. The

"ends" are in this case defined by two opposing points where



engagi ng elenent is greater than the height of the correspondi ng el ongated
recess. 5 More generally, the engaging el enent may have two parall el

hori zont avof2aas24end at | east one oblique face, that ispratr/iB1angphss to the
paral l el faces. Waste particles are cut by novenent agai nst the oblique
face and the parallel faces provide alignnent of neighbouring grate bars.
10 In a further nodification, at |east one of the engaging el enents has a
bone shaped cross section, the bone shaped cross section conprising two

wi dened ends, wherein a height of the widened ends is slightly smaller than
t he hei ght of the cor- 15 responding el ongated recess of the nei ghbouring
part and a maxi num di stance of the w dened ends is greater than the height
of the correspondi ng el ongat ed reces€ In a further enbodi ment, the

proxi mal engaging elenment is 20 provided next to a proximl end of the
Grate bar MG THEGG BPRHAGPAG SYEMER TP pi SR HekECTE &Pt al end of
the grate bae.ifurdtheeaorelatike ppoxidraltherd of the grate bar is in contact
with a supporting elenment that may be driven or fixed and the distal end of
the grate bar is in contact with 25 an upper surface of a further grate
bar. Especiratlyrotihelaboyament iconsdnelongat edngecesses amypdeiftar aed out as
a gap between two | angitudi nal, praqtrusions at. extend_aJong the grate bar.
AIterna?iveﬁ§?ttIgigfgn%af%ﬁn¥%gn§0‘@§?§%§ gg% %%%%dogu%h%gngxﬁfoxinal

el ongat ed metesssaridgactiestal ael ohgafedtr ecéssnavtchhhavecant @nshaped cross
section 13_or i.ch have, a recta l.ar. cro ection. Thereby, |ess

mat eri al iésn%%ﬁﬁ&?yrggag}%@Tiag gggr%?¥ﬁﬁe?§h%.OﬂgﬁggP%fT?%I%ﬁélrecess or
recesses maylbeldrormed oatess ofr o- forithraysngnghlpfurangaparbodfeomef the grate.
At |east o [ e ' .a_b taq fi .engagi ng

el enent toggﬁgpggg?ggba%E S éﬁggﬁ g?%%&%%ﬁéﬁga %$%G%Fsb%€§n§g%%9ovided next
to at [easetorerdidrgateds recads. Thbvle rspebbpicEld yparthe proxi mal engagi ng
el enent may be provided at a distance of 10 about 40 cmfromthe distal
engagi ng el enent which provides a good support for a typical length of a
grate bar of raboiitve7roilt gonglp between neighbouring grate bars is de-

termined by the height difference of elongated recess and the
engaging element and the geometrical shape of the engaging

15 element. Advantageously, the tilt angle is such that a broken
piece of a grate bar does not contact the underlying grate

frame, for example less than 45° degrees.

The grate bar according to the application may furthermore

20 comprise a distal elongated recess and a distal engaging ele-
ment. "Distal" refers to a location close to the opposite
side to the proximal side of the grate bar where the grate
bar slides freely on a further grate bar. Preferably, the
distal elongated recess is provided also at the first side of

25 the grate bar and the distal engaging element is preferably
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,

30 the engaging elements are fixed with respect to grate bar in

order to prevent tilting and uplifting of the grate bar. The



The application further discloses a grate for a furnace which 15 conpri ses
an arrangenent of grate bars that are either fixed or novable relative to a
supporti nyormerse490The fi xed and novabl e grate bars conpciraB20ionggpiudi nal
recesses and engagi ng el enents and the engagi ng el enents of a grate bar
engage into the longitudinal recesses of a neighbouring part. Mre 20
specifically, the arrangenent of fixed and novabl e grate bars conprises
rows of fixed and novable grate bars, wherein the fixed and novabl e grate
bars are alternated. The rows of fixed and novabl e grate bars are provided
on either fixed or novable step franmes. 25 In a further nodification, the
frame conprises engaging el enents which mate with el ongated recesses of
grate bars that are adjacent to the ¥rane. In another nodification, the

frame conprlses el ongated recesses which nmate with engaging el e- 30 nents
of adj acent gr &t e barees The HpPreat 1o T BAFReP! di SOFBSES HwdErsS

i ncineratioarplant with the abovenenti oned arrangenent of fixed and novabl e
grate bars. A cutting effect 14 in lateral air ducts of the grate bars
supports self-cleaning and reduces |lateral forces on the grate bars. In a
further aspect, faﬂhaeapmbﬁifﬂdalnodisaﬁcmﬁagtaogéa&&nﬂmamgSeiémeni figr nace,

conpri sing exchangea ead t a distal end of th r at r, the
exchangéabﬁe %%%qbegﬁg ?%ﬁ? gfﬂ%‘ﬁF%glngarfgm%q¥ 8as J%%b bolts. The
bol t s conpnksgmgoaing beadszwhwchuemqaq&.thboezpﬁgatad aadbassemond T- shaped

slit that arg provi ded £Qvth? exchan eq?!e ggg t(ﬂ@ 10 .changeabl e head
is prOV|de8 &tvieen a fiTst ste and g con ?ep of a rece|V|ng area of

the grate baigHGMEﬂebypathénfwr$ulanﬁm§ec@hdts@@psrmakexu@H1WrusK forces
and the bol str.ai h I ke on a
gﬁ? t§%9 ?Sugﬂuk%erﬁ§§e eﬁ@l@ﬁsg.ghéeﬁbag§¥%Q# %1%

slightly no for as a Y-shape, for exanpl’e e exchangeable
head nay beSpa@deéUtmnth@rpqm¢eﬁnd@¢n@ﬁ|Q@mpﬂ@m®mﬁﬂamﬂpto©fdﬂwawﬁ body of the

grat e tr)rgr WohG M has R0 thshaned speRfile abel Lesdistakiend.. The at-least two
ly tilt relative to the elongated recess of the second neigh-

bouring part by a tilt angle that does not exceed the maximum
tilt angle.
15
In a more specific embodiment, a height of the rectangular
cross section of the engaging element is slightly smaller
than the height of the corresponding elongated recess of the
neighbouring part and a width of the rectangular cross sec-
20 tion - or a longitudinal distance between the first end and
the second end - is greater than the height of the corre-
sponding elongated recess. By making the height slightly
smaller, the engaging element can move within the elongated
recess and by making the width greater than the height of the
25 elongated recess the engaging element can lock at a tilting

angle.

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

ments has an octagonal cross section and a height of the oc-
30 tagonal cross section is slightly smaller than the height of

the corresponding elongated recess of the neighbouring part

and a width of a longitudinally aligned surface of the engag-



be provided in the formof at |east one front bolt and at 20 | east one rear
bolt wherein the front bolt is shorter than the rear bolt and the front
bolt engagexoimiessvhe first T- shaped slit and the rear PODIB2@IgEgEs | Nt o
the second T-shaped slit. The bolts may be spot welded to the grate bar for
fast manufacture and durabl e connection. 25 The exchangeabl e head may
further be provided with a thrust elenent 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 clear-
30 ing elenment at a horizontal surface of the exchangeabl e head, especially
a clearing elenent has a triangular cross section. 15 Alternatively or in
addi tion, the exchangeabl e head nmay so conprise a pyram dal portion. The
bolts are provided in pbores of th rate qar such that a clearance is left
bet ween thén%oT%%?QEﬁdtPﬁE:Bbﬁ€§9l§e n“% e ‘PBPt OWi g "d&8tr i Ptitf, details
are provi dedgh@idescembet the prhodr ments tak héegapplti eati @rrd-t shall be
apparent to one skilled jn the art, however, that the enbodi nents may be
practi sed ﬁf?%@ﬂ%}§ﬁ€ﬁg3 T4ii$S°T0 Fig. 1lillustrates a perspective view of
a portion of an arrangenent of grate bars with an exchangeabl e end cap,

Fig. ZiEIUQEerQ§Eg% gnbog%ngg} 05 aqﬂ%pdn%a ahq¥529 3015tpg%%h el enrent and
a clearing ef enent", ﬁléf 171Ut Pat és aHFurtﬁe¥ Sbodi freRt” of “an end cap
hav- i ng ahbhiusited] €aeat ,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.
10
In a further modification, at least one of the engaging ele-
ments has a bone shaped cross section, the bone shaped cross
section comprising two widened ends, wherein a height of the
widened ends is slightly smaller than the height of the cor-
15 responding elongated recess of the neighbouring part and a

maximum distance of the widened ends is greater than the

height of the corresponding elongated recess.

In a further embodiment, the proximal engaging element is

20 provided next to a proximal end of the grate bar and the dis-
tal engaging element is placed next to a distal end of the
grate bar. Furthermore, the proximal end of the grate bar is
in contact with a supporting element that may be driven or
fixed and the distal end of the grate bar is in contact with

25 an upper surface of a further grate bar.

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-
30 cesses are formed out as a proximal elongated recess and a

distal elongated recess which have an O-shaped cross section



Fig. 4illustrates a further enbodi nent of an end cap hav-
20 Fig. Sillustrates a bottomview of the end cap of Fig. 2, Fig.

el ement ,

6i | | ust r aveo0r/ie9dher enbodi nent of a novabl e grate barcCrnBioomizozs

per spective,
Fig. 6, 25 Fig. 8illustrates a cross-sectional

tal end of a further enbodi nent of a grate bar,
view of a fixed grate bar,

enbodi mrent of a novable grate bar in a first position, 30 Fig.
1lillustrates a side view of the further novable grate bar of Fig.

second position, WO 2012/ 032490

10

15

20

25

30
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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
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
good support for a typical length of a grate bar of about 70

- 80 cm.

The application further discloses a grate for a furnace which
comprises an arrangement of grate bars that are either fixed
or movable relative to a supporting member. The fixed and
movable grate bars comprise longitudinal recesses and engag-
ing elements and the engaging elements of a grate bar engage
into the longitudinal recesses of a neighbouring part. More
specifically, the arrangement of fixed and movable grate bars
comprises rows of fixed and movable grate bars, wherein the
fixed and movable grate bars are alternated. The rows of
fixed and movable grate bars are provided on either fixed or

movable step frames.

In a further modification, the frame comprises engaging ele-
ments which mate with elongated recesses of grate bars that
are adjacent to the frame. In another modification, the frame
comprises elongated recesses which mate with engaging ele-
ments of adjacent grate bars. The application further dis-
closes a waste incineration plant with the abovementioned ar-

rangement of fixed and movable grate bars. A cutting effect

10

ing a clearing

in

Fig. 7illustrates a rear perspective view of the grate bar of

vi ew t hrough the dis-
Fig. 9illustrates a side

Fig. 10illustrates a side view of a further

a



PCT/ 1B2011/ 053935 16 5 Fig. Fig. Fig. Fig. 12 13 14 15 illustrates a
cross section of a first enbodi nent of grate bar grooves, illustrates a
cross secwpani2af32@osecond enbodi nent of grate bar groovesT/Bdiusipz es a
cross section of a third enbodi ment of grate bar grooves,

14

in lateral air ducts of the grate bars supports self-cleaning

and reduces lateral forces on the grate bars.

In a further aspect, the application discloses a grate bar
5 for a furnace, comprising an exchangeable head at a distal
end of the grate bar, the exchangeable head 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. The ex-

10 changeable head is provided between a first step and a second
step of a receiving area of the grate bar. Thereby, the first
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.

15
The exchangeable head may be provided within an indentation
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

20 least one rear bolt wherein the front bolt is shorter than
the rear bolt and the front bolt engages into the first T-
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.

25
The exchangeable head may further be provided with a thrust
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-

30 ing element at a horizontal surface of the exchangeable head,

especially a clearing element has a triangular cross section.



illustrates a side view of an arrangenent of grate bar grooves of two

nei ghbouring grate bars of Figs. 10 15 Fig. Fig. Fig. Fig. Fig. 16 17 18 19
20 9 and WO 2ore/m2490r st rel ative position, illustrates aperdB20ai/e3s9sy an
arrangenment of the grate bars of Fig. 15 in a second relative position,
illustrates a side view of an arrangenent of the grate bars of Fig.15 in a

third relative position, illustrates a cross section through a
reciprocating grate of a waste incineration 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

10

15

20

25

30

15

Alternatively or in addition, the exchangeable head may also

comprise a pyramidal portion. The bolts are provided in bores

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-

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.

Fig.

Fig.

Fig.

Fig.
Fig.

Fig.

Fig.

Fig.
Fig.

Fig.

11

illustrates a perspective view of a portion of an
arrangement of grate bars with an exchangeable end
cap,

illustrates an embodiment of an end cap having a
thrust element and a clearing element,

illustrates a further embodiment of an end cap hav-
ing a thrust element,

illustrates a further embodiment of an end cap hav-
ing a clearing element,

illustrates a bottom view of the end cap of Fig. 2,
illustrates a further embodiment of a movable grate
bar in front perspective,

illustrates a rear perspective view of the grate
bar of Fig. 6,

illustrates a cross-sectional view through the dis-
tal end of a further embodiment of a grate bar,
illustrates a side view of a fixed grate bar,
illustrates a side view of a further embodiment of
a movable grate bar in a first position,
illustrates a side view of the further movable

grate bar of Fig. 10 in a second position,



20 25 Fig. Fig. Fig. Fig. 21 22 23 24 a grate bar having a coupling neans,
Illustrates a cross-sectional view of one of the two coupling neans of the

gr at e barwof20/0324980,

illustrates a cross-sectional vi eRCofiBXheossviter

coupling means of the grate bar of Fig.20, illustrates shear forces which
| ead to the braking of a grate bar, illustrates a broken grate bar of the
grate of 30 Fig. 25 Figs.18 and 19 that is supported by nei ghbouring grate

bars, illustrates a frontal

grate of Figs.18 and 19,

10

15

20

25
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Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.
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view of an arrangenent of the grate bars of the

16

illustrates a cross section of a first embodiment

of grate bar grooves,

illustrates a cross section of a second embodiment

of grate bar grooves,

illustrates a cross section of a third embodiment

of grate bar grooves,

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,

illustrates a side view of an arrangement of the

grate bars of Fig. 15 in a second relative posi-

tion,

illustrates a side view of an arrangement of the

grate bars of Fig. 15 in a third relative position,

illustrates a cross section through a reciprocating

grate of a waste incineration plant,

illustrates a side view on a row of movable grate

bars of the grate of Fig. 18,

illustrates a side view of a further embodiment of

a grate bar having a coupling means,

illustrates a cross-sectional view of one of the

two coupling means of the grate bar of Fig. 20,

illustrates a cross-sectional view of the other

coupling means of the grate bar of Fig. 20,

illustrates shear forces which lead to the braking

of a grate bar,

illustrates a broken grate bar of the grate of

Figs.

18 and 19 that is supported by neighbouring

grate bars,

illustrates a frontal view of an arrangement of the

grate bars of the grate of Figs. 18 and 19,



17 Fig. 26illustrates a side view of an enbodi nent of an en- gagi ng el enent
of the grate bars of Fig. 24, Fig. 27illustrates a cross-sectional view

al ong | i n®oAez/3t490he di stal end of a further enbodi mnentcofiBzi1bgssate bar,
Fig. 28illustrates a side view of the grate bar of Fig. 27, Fig.

29i Il lustrates a cross-sectional view of the grate bar of Fig. 27, 10 Fig.
30illustrates a front perspective view of the grate bar of Fig. 27, Fig.
3lillustrates a cross-sectional view along |ine B-B of the second coupling
means of the grate bar of Fig. 27, 15 Fig. 32illustrates a cross-sectional
view along line CC of the first coupling neans of the grate bar of Fig.

27,
17

Fig. 26 illustrates a side view of an embodiment of an en-
gaging element of the grate bars of Fig. 24,
Fig. 27 illustrates a cross-sectional view along line A-A
of the distal end of a further embodiment of a
5 grate bar,
Fig. 28 illustrates a side view of the grate bar of Fig.
27,
Fig. 29 illustrates a cross-sectional view of the grate bar
of Fig. 27,
10 Fig. 30 illustrates a front perspective view of the grate
bar of Fig. 27,
Fig. 31 illustrates a cross-sectional view along line B-B
of the second coupling means of the grate bar of
Fig. 27,
15 Fig. 32 illustrates a cross-sectional view along line C-C
of the first coupling means of the grate bar of
Fig. 27,
Fig. 33 illustrates a cross-sectional view along line D-D
of the first and second protrusions of the grate
20 bar of Fig. 27,
Fig. 34 illustrates a mounting of a row of grate bars into
a step frame,
Fig. 35 illustrates a further embodiment of an engaging el-
ement and a coupling element,
25 Fig. 36 illustrates a cross section of Fig. 35, and
Fig. 37 illustrates a further embodiment of engaging and

coupling elements.

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

parts is not repeated every time.



Fig. 33illustrates a cross-sectional view along line D-D
of the first and second protrusions of the grate 20bar of Fig. 27, Fig.
34i | | ust rabeas12z203pdont i ng of a row of grate bars into a sCepBimaniz3Fi g.
35illustrates a further enbodi mrent of an engaging el - enent and a coupling
el ement, 25 Fig. 36illustrates a cross section of Fig. 35, and Fig.
37illustrates a further enbodi nent of engagi ng and coupling el enents.
Figures in the figure descriptions below have simlar parts. 30 The simlar
parts have the sanme nanmes or simlar part nunbers. For the sake of brevity,
the description of the simlar parts is not repeated every tine. 18 Fig. 1
shows an arrangenent 60 of grate bars 62, 63. The arrangenent 60 shows two
adj acent grate bars 62, 63. Each grd#% bar 62, 63 has a front face 65 and a
plurality of lateral 5 grooves 66.

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

5 grooves 66.

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

10 portion 72 to the oblique part 68 of the front face 65.

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
15 that the horizontal portion 71 abuts the upper part 16 and
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 longitudinal sides of each grate bar 62, 63.
The lateral grooves extend from the upper part 16 to a verti-
20 cal part of the longitudinal projection 17. The lateral
grooves 46 have an angle of inclination to the vertical 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-

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

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
30 Fig. 2, 3 and 4.



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 avoporzi3e»071 and one parallel 10 portion 72 toPChaBmbi/Hzpass part 68
of the front face 65. 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 15 that the
hori zontal portion 71 abuts the upper part 16 and 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 verti- 20 cal part
of the I ongitudinal projection 17. e |lateral grooves 46 have an angl e of
inclination to the vertical ch that the |ateral grooves. on one

| ongi t udi napes]r?j%er&legFﬂ%Y‘?%e(S CEWAT d° B ERd BIThE2grat® B4 62 or 63
whil e the kaéemaﬂmg@aaveSbamsmhe OBpﬂﬁﬂkﬁebﬁHQtEMdmﬂab Baﬂeeare68n- 25
clined towards the o her do rate bar_ 62 or use, the end cap
O e oo hbE o i S o605, s By o BhodTRy B O A T

Furt her enbodrﬁﬁpk&amb bhes ea] @apmaﬁnaranpbpp®ﬂﬁd;bwréhel@mﬁ agaps 70' 70"

or 70"" _of _3 The .|l at er al ooves 66 Serve to reane
j anmred nater? %Qﬁ%Fﬁggﬁe?%éxﬁ¥§?a%%%f%)éfanégo¥t féhea 3 §¥ate bars 62,
63. This r@asvajmaﬁeraahLeTMEiHw¢ethe @Enqmeal4§roﬁve$@66cbénmnﬂ ghbouri ng

grate bars 62,03 JPYLAG, |1y 9RAGSI pg. direqt jons.,The 5 ngl alve fovement
cooper at es “to %ransport and comm nut e 1 te materia | ateral
grooves 46latdrdheroolhanned dlse eéhuwnunedlnaténmawnbekOﬁﬂﬂhehgrate bar s

10. In addlkgggqalh%Zla%§r§g ggvg§qum%lsgagéLgygﬁhrp£g9v&$ﬁpn1underneath
t he

10 combustion gas to the material to be combusted.

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

15 relative to each other. The lateral grooves are provided
along the whole length of the grate bars 62, 63 for providing

combustion gas to the whole area of the grate 60.

Fig. 2 illustrates a further embodiment of an end cap 70 with

20 a thrust element 174 and a clearing element 175. The thrust
element 174 and the clearing element 175 are longitudinal
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

25 provided for non-stationary grate bars, that is to movable
grate bars 120 and to 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.

30 The clearing element, on the other hand, assists the forward
motion and the downward movement of the waste on the grate

60.



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

wi dt h of wbeompriseosses 66 are adapted such that any nateripali/iBEaenisess by t he
grooves 66 would be cut into pieces as the grate bars 62, 63 nove 15
relative to each other. The | ateral grooves are provided al ong the whol e

| ength of the grate bars 62, 63 for providing conbustion gas to the whole
area of the grate 60. Fig. 2 illustrates a further enbodi nent of an end cap
70 with 20 a thrust elenment 174 and a clearing elenment 175. The thrust

el ement 174 and the clearing elenent 175 are |ongitudinal protrusions with
triangul ar shaped cross sections that are aligned perpendicular to the

| ongi tudi nal axis of a grate bar 80,2%120. Advant ageously, the thrust and
clearing elenents are 25 provided for non-stationary grate bars, that is to
novabl e grate bars 120 and to fixed grate bars 80 which are attached to a
novabl e step t&ame 5é0n as mian.be, besinseaenai shdttgoo19 174 lamr aFi g. 18 and
19. The thrust ele assi sts the, backwar ve t d the circul ation of
Lhe oot o SHTTHET 2P0 BOTh 30 CFRETETodt o EPahent ! Lt Pt GrRErdhand.

assi sts t hedf onsvaded thet £0d @pd 70he7dowwar g rovenents ehotheinnvast e on t he
grate 0 can he se i i 2, 3 and 4, a short bolt 176 d a long
o1t 180 w LR Fospeoiiobe boiq" RERdSa #7181 ale prRBGPaRd | T de t he end
cap 70, 701827@f thA0'thd é&sp sHowioi' n B0 'Fi,g.78, 't heTHeollbgel 7y rtlBO far e
provided in T-shaped slLits 179, 182 of the end_cap 70, 70" .. 7Q" 0'". The
| ower part%hgfétiﬁ%pfgsﬁ%bgii%ﬁ% Eg§%$§3ﬁxnﬁﬁgdﬂb§bﬁé%§ rg g%%? ﬁgrgggusions
178 and twent-shapgedhpred rrsitons 1983 0f3 hHeteaderhpar0,/707Q",700, '70"" . For
simplicity,,part - a ' Q" t, j,m,)ar to parts
of the endﬁgap 7§$9£F%H§%%Q§3§aggfg jxgggﬁi 8% %ﬁ?%nﬁefgﬁgﬁﬁé nunbers. As
shown I Fitgatdaravashetsr are qerovi dedilon endechp| 1%’ '1268¢ 180 swawd -t he
respective guts, 183,:484 A& serewed-ontorhokt

As shown in Fig. 4, washers are provided on the bolts 176,
180 and the respective nuts 183, 184 are screwed onto bolt

15 threadings and later spot welded to the bolts 176, 180. In
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

20 between the L-shaped protrusions 178, 183 of the end cap 70
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

25 the steps 184 and 187 of the receiving area.

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-

30 ing element 175.



15 threadings and | ater spot welded to the bolts 176, 180. In Fig. 4 the
width of a receiving area 188 for the end cap 70, 70', 70", 70"', which is
formed owoabizdiesoopper part 16, is indicated by a | engPhTAB200n03i3b%s si de of
the long bolt 180, the receiving area conprises a step 184. Gaps are

provi ded 20 between the L-shaped protrusions 178, 183 of the end cap 70 and
the upper part 16. Furthernore, bores in the upper part 16 are nmade w der
than the dianeter of the bolts 176, 180. In this way, exact alignnent of
the protrusions 178, 183 and of the bolts 176, 180 is not required,
alignnment is provided by 25 the steps 184 and 187 of the receiving area. 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, t he’‘end cap 70 is not provided with a
thrust elenent 174 or with a clear- 30ing elenent. 175. 21 Fig. 5 shows a
bot t om vi eW 8f FiGEL S22 and ™ THE bt t's" 762aﬁ%9i%0T§Ftﬁo}%§d%@tive bol t
heads 177, ad8l1&0r eviphoveglecttivet beld-ishaped 3] i1& L8, pd82idgd ansi m | ar

manner as rtain hooks._in urtain track and they are secured agai nst
ori = 5 205l T HVERENELEY® (Yt P ohal™ dnGAGONER™PRE. BOrc1 TS "ol the sl its
179, 182 bebweenit ke chrshapedagpkobhdisitans até8sedBIchaveiastsmaldier wi dth

than the dianeter of the respective bolt heads 181, 177. .10 Fi 6 and 7
Show @ RovABlE PSN S Bar 1b Ly arhet HATABIET: 1 o E5Fb- & e BAt

relative telatstep,f néfebatrwden ahsuppdradengpnenberionfhe’8upddr hieng nenber
is not shown_in Fig. . nd 7 t It n _be_seen in Figs. 10 - 11 which show
a simlar Srg?%leﬁgwlgﬁg %%Vh%%g 8?%%%:Ié§flgﬁ dgxgefg%Yeiﬁﬁg'll, a 15

ri ght sideh&2dsaldl,0it’7face 13, a distal end 14 and a proximal end 15. The
novabl e grate bar 10 has an upper part 16 and a surnounting | ongitudinal
projection 17. The proxinmal end 15 has two projecting noses 18, 19
downwatdl y Fpgoj ectandg 7f slotm tchewouppéee parte b6r The Heppen, paravab@edf the

movabl e grate.par. 20 10,i5. downvardly i spased inthe. region of the
projecting noses 18, 19. At the distal end 14 of the novable grate bar 10,

t he upper parting menderheThorigicpadt v "Frdpect $ orwtlphext et Hig-t Re 25 front

face 13 di gpesed,at ;an-angle dQnt he Bpper jpart; 16, Fhesfrent fiage 13 has a
retaining hole 20. The underside of the front end, not shown, has a flat,

step-1ike gRrBOVETELPAA-fTrstMERGleaprPTE drraletvnd éRlt cair23 may be
renovabky afight side 12, a front face 13, a distal end 14 and a proxi-

mal end 15. The movable grate bar 10 has an upper part 16 and

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
20 10 is downwardly disposed in the region of the projecting

noses 18, 19.

At the distal end 14 of the movable grate bar 10, the upper
part 16 and the longitudinal projection 17 extend to the

25 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
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.

30
The first end cap 22 is approximately L-shaped in side eleva-

tion, having a left side comprising a lower face 48 and an



fixed to front face 13 by neans of an affixing nmeans 24. 30 22 upper face
49 and a | ower side, not shown. The |ower side has an upwardly projecting
engagi ng wopo2@3atoot he end of the | ower side proxinmal tecrhB2oioesse3s ace 48.
The first end cap 22 has an attachment hole 27 extending fromits upper
face 49 to 5 the underside of its upper face. The |ower face 48 of first
end cap 22 is oriented perpendicular to the upper side 16 of the novable
grate bar 10 when it is nmounted on the front face 13. The upper face 49 is
di sposed at an angle to the lower face 48. 10 The second end cap 23, which
can be used as an alternative to 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 an upwardl4 projecting engaging |ip 26 at 15 the
end of the | ower_side ot shown, ximal to the |eft side 25. Second end
cap 23 hasuﬁﬂeﬁtﬁ%@hﬁgn?n‘#oﬁ elof?regf‘g Tdig PROR 1 799 E?Wegusdéez%afo t he
under si de ah h@ﬁaﬁdﬂ@nbreﬂ@btiﬁ@eeh@&@lﬁﬁ(ﬂip2560£ttﬂhé saconfl wnd 1eap 23 i S

flat and di cul h de .16 h bl te bar 10
20" whon moGFL SHTOT CR T offl PACATRS: TG [BngTudinar BFoj €6t fon 17 has

Si X nDdIfIBdsf@@ldﬁtﬁphﬁehﬂﬂﬂi@ﬂGXI@f&eﬂﬁmmgffedmriﬂy app28, facd dfdt teent r al
nndifieg r%gLQEK%T%l%e Et_@lstal d|f|%%6r§gw é%c QqT Qq;lprOX|nal 25
ifi : Hi ﬁ?ral §2

nodi fied region Todi fied reg and a rlght di st al
nodi fi ed regiore33.2 Iheoteérttepir oxirrpahdinodiafi ed tﬂ&glu@pez&ldeheid eft central

nodi fied region 2 lethe eftjgh%taﬂe Jq!flego £gion 30 tpg)q;gggeprOX|wm
nodi fi ed regron e rlg central nodified regi on gi the right

di stal 30 ﬁﬁleh@d@E@gl@@cesﬂhﬁ@ shapaﬁxhgtrapsamh@seoctbsskgeat|ona

t hi ckness % mer than the thickness of the other parts of the

| ongi t udi na prolectlon 17. The surfaces of the regions 23 28, 29, 30, 31,
33, whitgh serve to enhance the stability and which counteract bendi ng under

load, are ypgachided.nhne£onty ashs A he,sucl aces f LheLetl.sigec1, the

rlght side 12, and the longitudinal side 17 are snoothened. 5 The left and
ri ght proxthﬁlfhﬁﬂiﬁméd0¢@g¥bn§628PPEH¥%mat?hé }oHgireddiinasidsr silecti on 17

conprise avg££§ﬂ,ﬁﬁ@ﬁﬁHséoﬂﬂﬁﬂséag 25 and a lower side, not shown.

The lower side has an upwardly projecting engaging lip 26 at
15 the end of the lower side, not shown, proximal to the left
side 25. Second end cap 23 has an attachment hole 27 extend-
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

20 when mounted on the front face 13.

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

the longitudinal projection 17. The surfaces of the regions



a second protrusion 35 both extending dowmnwardly fromthe | ower side, not
shown, of the longitudinal projection 17. The 10 first protrusion 34 and
second prwOnros/3m985 have identical shape and formthe lPeffiBmI10es38& and
back side, not shown, of the left and right proximl nodified regions 28,
31. The left and right proximal nodified regions 28, 31 further conprise an
attaching hole 37 extending fromthe |eft proximl nodi- 15 fied region 28
to the right proximal nodified region 31. The front end 36 of both the
first protrusion 34 and second protrusion 35 is disposed perpendicularly to
t he upper part 16 of the novable grate bar 10 and faces towards the front
face 13. 20 Afirst engaging elenent 38 is disposed on the |eft side 11 of
t he | ongi tudi nal projection 17 si t uat®ed | ongi tudi nally between the |eft

pr oxi mal ified region 28 and left central_ nodified regjon 29. The first
ga0i g ePanere: 387 naY a horB o SU Gt EnarhG s e AkfL: baaeBf 1 he

di stal endwhdciantbunterptoxidralingndnddr afoaldheam@viatlaehgnatie arcoi®. A second

engagi ng elenment 40 is disposed on the left sjide 11 of the |ongitudinal

ot o St PonCTTE (it G B Cadt RAl 15 bes 30Tt el ERET ort e s al

nodi fi ed regioth 9 candtthendleftiddi st adramzadbbieehaegi on 30. The second

engagin? el ement 40 has a hole 24 41 extending in an axis fromthe distal
o]

end 14 the proximal end 15 of the novable grate bar 10. A first grate
bar coupl i Ageneafts 42 r$gidi sposedadbmdidigirdghtégtorss d€, 121 off tthe

| ongi tudi nal_projection 17 situated |ongitudi pally between t r.ight distal
mod 11 64 1 GT R ST ARGDERE Tih: “eentTaR Shodi §1 0 Fagr o s Fha fi st
grate bar eoaptimy preanss#h Fasbathi¢stengliopgatedrareldessr4B it h t he axi s
of el ongatign_ fromdthe di end 14t d - , 10 of .the
nmovabl e gré?eeﬁégﬁ%b. 395%%%%3 gra%ée5§¥%ggﬁg{?%gq%%§§§gﬂ%§ﬁs'dis%osed on
the right didet Irasfrushen| vhgindudiaehd mrojteesion b7 heiveuaded-ilcedgi t udi nal |y
bet ween they,night, disgtal « giodifded; negion 33papd the 1a.ri ght,central

modi fied region 32. The second grate bar coupling neans 44 has a second

el ongat ed FeeebstUzNdi rhdhtherexiigebfnetidigat rowm dromst hél diBtcalleéhd 14 to

the proxi mahaepdplS 0b«t e MRAkL €3 9Fa}i@nRans 1031 2Q Anklr Sdnsi8Lke0f three
| at eral grooves 46 extend fromthe | eft side 11 of the upper part 16 to the

left centraP woeRdiied Pegt ohl ZFTeThENT ifref S8t ITY areraragriovves 46 has an
angle of inckinatdion te thenertibeal proximal modified region 31. The

front end 36 of both the first protrusion 34 and second pro-
trusion 35 is disposed perpendicularly to the upper part 16
of the movable grate bar 10 and faces towards the front face
13.
20
A first engaging element 38 is disposed on the left side 11
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
25 39 extending in an axis between the distal end 14 and the

proximal end 15 of the movable grate bar 10.

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

modified region 30. The second engaging element 40 has a hole



25 A second set of lateral grooves 47 extends fromthe left side 11 of the
upper part 16 to the left proxinmal nodified region 30. The second set of

| at eral gwoavewsdidohas t he sane angle of inclination topPChaBwar®i3esd as the
first set of lateral grooves 46. 30 25 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 enbodi nent. The
novabl e grate bar 10 further has a renovable pyram 5 idal elenent 50 that
is attached to the distal end of the upper part 16. The pyram dal el enent
50 has four faces, inclined towards the front face 13, left side 11, right
side 12 and proximal end 15 of the novable grate bar 10. The pyram dal

el enent 50 can be attached to the uﬁﬁ%r part 16 by a nut 10 and bolt
arrangenent 160 as illustrated in Fig several novable grate
bars 10 ar 8 uSEFIH En T et e 5?8? ?Qﬁ'd&8ﬁ6ﬁ§FF%d4nﬁPe??%ﬂproﬁﬁ an

arr angenmentadf e atse obatss each1soyadie grate. bar 10 is aligned with a
horizontal - 15 |y 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
rel ati ve mavenent gﬁét@nsafmnﬁﬂmlengr@éénixm2 1@ ddiﬁbs@especthd(rﬂghe adj acent
fixed grate, ar%2 Ep&g lonflx q;a efg;s 0 _a reiatl%ed;o a step
frame of sdp- por ti'ng %ﬁijnean t at |xed Yrate “bar noves

t oget her mmahlyhaﬂsmppotmengununﬂestmhewduheesupnpmmlﬁg amdrbere noves. The
pyram dal et S for i oy n m.xing,of, 25 the material to
be corrbustea8 4% r%ﬁé 6f?'rePOCIt;! QPE ré%ﬁﬁ\ g gﬁgh Ghat it can be
repl aced mpﬂhmmUMﬁeplééthSEhéieﬁt|$kpnnﬁp§dleegﬁaié3baatn0ﬂmﬂhelﬁlrst

2N0A0I NG SLAMENS, I 18R0RAGE e JlLES! SIONQALFT P r30:fgrs 45 .1a0d the
second engagi ng el enment 4 engages the secon ongated recess

Mor eoveéf, phetld mstvagmd @E@Gﬂ@aéné@glng el ements 38, 40 can nove within the
first and second el ongat- 26 ed recesses 43, 45 respectively in the axis of
el ongation of the elongated recesses 43, 45. In this arrangenent of

i nt er conneét edcyrhtorabarsar relv@tliive movenédt 1of dirgiogiBodr i e giabé bars in
a longitudispal BXisk ik§cPPSSIRh@inhD LH8LVeRh 1hali @ PeAOVAR] @ @rate bar 10

suffers a breakage, the engagenent between the engaging el enents and the
coupllng n@ahgyéﬁﬁﬁpég the right distal modified region 33 and the

15 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
of the movable grate bar 10.

20 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

inclination to the wvertical.

25 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
of inclination to the vertical as the first set of lateral
grooves 46.

30
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



t he broken grate bar to continue to nove relative to its nei ghbour and,
therefore, prevent jamm ng of the system 10 The upper part 16 is used for
recei vi ngwvoabevizadoot o be com busted and for aggravati ngcrhB2ored®essal to be
conmbusted. The left and right central nodified regions 29, 32 allow
conbustion gas such as air frombelow the grate bar to access 15 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 left and right central nodified regions 29, 32. 20 The
left and right central nodified regions 29, 32 enable the noving grate bar
10 to benefit fromgas circulation in the region below the grate bar 10.
This provides efficient heat transfer’ thus increasi ng the lifespan of the
grate bar 10. 25 The | ateral ves 46 47 serve to |l et the conbustion air
pass via t R&Zgrat dPaPEoTtRT 6 REST TS HoFfe hrtfad8AnEF T'o ¢ anspor t
nmaterial thaysisij,ameedlbetmeen gt heo giateghar Sftabdmeneaf hot hehegrat e bars
10. 30 The |l ateral grooves 46, 47 {ow de benefit self cl eani ng of
Famed ot FRRTS ORERE oS EAFEL T dRA-ORCB G arhys GHEHE 1 he upper
part 16 of mthe. gﬂ&iewbabléQﬁafbebhatBT&MItB@rgmaﬂwﬁﬁeéﬁyamﬂaQWEam—

advant ageousl| rovi de t.he ent ral dified regio 1 17 and at

t he di s? ﬁb%l‘%‘ St r%egPo 9 lsl?];%aé%be%ttlovgﬂoé aq engb(f esF1 8 of air
bet ween th@eupp@rt ria%rt Ti6é mnchnbenéathentdre o abas bfamrlaaca':h,e ifni-rst end cap
22 or second.en a t t ece erial. fo

conbust i ng or(\%/\gr W%‘Fﬁg #I rs Oélﬁdg%ge gﬂ%z‘ g?’féeco#]d%qhd c% 2 ar22al Yo}

desi gned fendrenpyvialalf podn theff mbﬁtm¢mée1@r@tetbw giPat @het)aqu@@lfor easy
mai nt enanc ngot [ Y% e 7 n.be fitted
to the gr atgel'l?gtlrcé?{gl i %g (g%Ig &Tﬁét?g}r}%@a I?theouIB o ZDE/l"rt : %%r? be nount ed
and rehbvedneéasdly arconpared tlo0t he leussttréhads@t@@ eﬁd caps 22, 23. 15
The renovability of the end cap 22, 23 has the advantage that the whole
grate bar need not be replaced when only the front face is worn out. This
reduces matériat, ceserandeiEtlentdaowhtians. (Thers ruasd éndapfindiesgrat e bar

10 often SHEBErébﬂM%%%busting material. In an arrangement of grate

bars, each movable grate bar 10 is aligned with a horizontal-

15 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
with respect to the adjacent fixed grate bars. Herein,
"fixed" refers to a movement relative to a step frame or sup-

20 porting member, which means that a fixed grate bar moves to-
gether with the supporting member when the supporting member

moves.

The pyramidal element 50 is used for improving the mixing of
25 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.

The first engaging element 38 engages the first elongated re-
30 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-



20 The renovability of the end cap 22, 23 also allows to use end caps of
different types. To inprove securing of first end cap 22 or second end cap
23, the emgagiang249p 26 engages the groove 21. Furt her, pafrfiBuilngs32% neans
24 is inserted through attachnment hole 27 of either the first end cap 22 or
second end cap 23 and engages retaining hole 20. Fig. 8 shows an
arrangenent for fixing a pyramdal elenent 50 30 to the distal end of a
grate bar. The grate bar conprises a main body 190 which is shaped simlar
to an | -beam The main body 190 conprises two rips that protrude downwards.
As seen 28 in Fig. 31, 32, 33, the upper indentation of the |I-shape is
provided to take up the renovabl e head and behi nd the renovabl e head, such
as the pyram dal elenment, the main Bﬁﬁy 190 is shaped as a surface from
which two or nore rip PSP rude 5 downwards, A bore 194 is provided in the
mai n body T80T FTTSIEKi ﬁg ‘8% %SISSFF“E]:LY A “PRe™bot t%m%?ﬂ%a’%font R& pyr ani dal
el ement 50tha &ldrigat82 kScgy=ms ded. 4Thaxskhﬁs1£@kdﬁyémanteﬂ¢anged upper por-
10 tion 193. ead of 't bo 9 rovided in th enl ar per

por t1 on 105°BP TR SPPES 16 Und 4o S T80 SE br by ed & CEHE BOELEM of ¢ he
mai n body 190s JAlEOﬂbnd;QﬂuleShaQr axigeds ippstshelbore 194 efetthehami B body 190

and in the_slit, 192 of ram_dal el ene nt 50 such that the.bolt 191
passes %hrougﬁbﬁ%g%ﬁg n% f@% ughgr%u kfﬁﬁ'agespoe enﬁa%dm%q:%he bolt 191.
Fig. 9ill MsEe@Imhe @ngadfmgna&mmehta dnkedegratel bar r8@nhasiatg ean upper part
81 and 96, fac a.sur nting | | tudinal projection 83, 93,

94 and a su%%or |ng éﬁﬁtozﬁng'E“ﬁhgﬁog ?%g&%ﬁtlé? %ongilses t he
portions 90ei@ihod2 anAt tm@rqﬁoqm nateend, jeheiupper tparsy8len.s nodified to
forma downwardly extendi ng hook 85. The | ongitudi nal projection 83, 93, 94
has on one of its longitudinal sides three nodified 25 regions in which the
thi ckné8s &hetherdromgirt utlb ndl upredj éet ixrre83ing raduced. tThesecare a

proxi mal - mdif1ed, ieghon, 6. A:080t rAl pmditied s egj an.B7,and a distal

nodi fied region 83. These regions 86, 87/ and 88 of reduced thickness extend
fromthe | ower side 89 of the |ongitudinal projection 83, 93, 94 30 to a

poi nt between the la@i‘&eEl?Eg%e%ftrgmemé@fﬂ'eﬁugé@%nsprZ@J egbi om 89 .apd the
upper part 81 such that the thickness of the Upper part 81 is not reduced.
bustion gas such as air from below the grate bar to access

15 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
left and right central modified regions 29, 32.

20 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

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

25 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

beneath the grate bars 10.

30 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



29 The supporting nenber 84 has a horizontally extending portion 90 and a
vertically extending portion 91. One end of the horizontally extending
porti on 99oertaBd®froma mddle part of 5 the verti cal PgTAR28I0§3985 porti on
91. An upper part 92 of the vertically extending portion 91 is adapted to
support the proximl end of the fixed grate bar 80. The supporting nenber
84 may be provided by the cross section of a carrier beam 10 A |left side
93 of the fixed grate bar 80 has a |l eft external surface 94, which extends
fromthe proximal end to the distal end of the fixed grate bar 80. The left
external surface 94 has a plurality of lateral inclined grooves 95. The

| ateral inclined grooves 95 extend fromthe upper surface 96 of the 15
fixed grate bar 80 to the | ower surface 98 of the fixed grate bar 80. The

| eft external surf 4 has a first en ment 100 osed bet ween
Lhe. pr oxi AECHEH ited ™y et Dr B BARE LT SO T AT o 1B 7 dy Bho87 and
second engagangmﬁhﬁﬂeﬂtré@ﬂndusp0$edmhekmeenet@Eyﬁﬁnhbahfﬂ@ﬂuk@ednreg|on 87
and 20 the nodi fied region 88. Sim.larl a t SI whi ch i s not
Shown, of ERb FTESTRGF SEE b 158 ThE A GV et drHaPPLtF PhcdisibGh ext ends
fron1the ppexipatt endaho bpdreadihstat ereteobatheofi xed grate bar 80. 25 The
right external surface has a plurality of lateral inclined grooves 126

whi ch have an opposite inclination to the grooves 95. These | ateral

i nclined gEbevé&xﬁQ@nextemdxﬁKmnsehenmppekcspriﬁ¢ﬂs®6edft¢ruxqé xed grate

bar 80 to the_ lower surface. 98 EQ@lfl d.ograte,bar.8 9t<§9 3Q_gion 86 and
the central modlT1ed Shown

reglon secon coup i Ng neans,
di sposed béﬂmeen%ﬂhedcenﬂrqﬂp @@dateeﬂhﬂe@e@mgBQdaMd?theOﬂ¢bt%$mmnd|f|ed
region 88. déﬂe ahde,; of 4 hc%e%ﬁ&@ » WNEGHh .5 ”Bglr? den Fig. 9,
first and secon coupling nmeans a rOV|ded Similar coupllng means

42, 4418hown in Fig. 6. In the enbodlnent of Figs. 9, 10 11 | eft and
ri ght Iateaetowlmllee oo es, Sidchibned afy aﬁzaegke@é%ﬁ@edvertlcal

Furthermore, the inclination of grooves of one type grate bars is in
one direct enththidratehbat nkd |lrﬁl§tteéﬁ ofhe wemgralesosf 7 he7lot Her ceype of

grate barSbbsméﬁmﬁﬁﬁaHBpP@m&ﬁxﬂbBQEE Qmmﬁ%?@&-uiﬁ%e'@9££@Q£k9%e0f the
grooves is the sanme 15 for both si es of a grate bar of a given type. Figs.

10 and 11 S§RABW %%IC@@SV?%W?& a further enbodi ment of a novable grate bar
120 inig first and second position respectively. The grate bar 120 has

parts simlar to parts of the 20fixed grate bar 80 of Fig. 9.
The removability of the end cap 22, 23 has the advantage that

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.

20 The removability of the end cap 22, 23 also allows to use end
caps of different types.

To improve securing of first end cap 22 or second end cap 23,

the engaging lip 26 engages the groove 21. Further, affixing
25 means 24 is inserted through attachment hole 27 of either the

first end cap 22 or second end cap 23 and engages retaining

hole 20.

Fig. 8 shows an arrangement for fixing a pyramidal element 50
30 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

body 190 comprises two rips that protrude downwards. As seen



The upper part 81 of grate bar 120 is nodified at its proximal end to form
a downwardly extending portion 122. Further, a protrusion 124 is dowwardly
di sposed w0 20te03poxi mal end 25 of the grate bar 120 extremdBrigi/ozsessiar dl y
froma |l ower side 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 30 of the vertically extending portion 91
of the supporting nmenber 84 can nove within the space. The novenent 196 is
such that the upper part 92 can abut either with the protrusion 31 124, as
illustrated in Fig. 10, or with the downwardly extending portion 122, as
illustrated in Fig. 11. In contrast, the fixed grate bars 80 according to
Fig. 9 are fixed relative to the suﬁﬁ%rting menber 84. Therefore, if a
fixed grate 5 par 80 is placed horizontally adjacent to_a novabhl e grate bar
190, ot ol 461 BE movendi - botvdenSPHE: GraEE BarS 60 dHd 156 T areated
during opepabidied Sonthbs i thle réhxetbigr akedbatd 8@hahdFtige Pmot/he | ef t
exter- 10 E?I surface 34 of _the novabl e qrate bar 120.h S, gg%rality of
lateral inlFnddYr5678s2126'C PHET AR & SREH ndtf §roBvee ™26 extend from
t he upper suapatea96 efirtdes movablieigr atve barmd20 digst heotower surface 98
of the gnv%blg grate bar 120. 15 Likew se, a right side, not shown, of the
grate bar 20" hEs A ri ght external surface, not shown, which extends from
the proximal end to the distal end of the grate bar 120. The right external

surface ha |urgl i.ty_of Iateral incli.ne ro 12 not shown. These
| at er al in%l?%g%qﬁgbé3eggfﬁgﬁﬁbl@x%%%d“?fb%?%ﬁéﬂﬁgggf g%?%%%é*b of the
novabl e gravét bbyl.120 thbe tiheetdoonwerdsuw i abe 98rofiddie chevabt & 0grate bar 120.

As nentionggipefﬁqu E?ngﬁ&ﬁr%heigfléq%g g59Q¥$%ﬂggr85d¥%%er por-
10 tion 193. A head of the bolt 191 is provided in the enlarged
upper portion 193 of the slit 192 and a nut 160 is provided
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
pyramidal element 50 such that the bolt 191 passes through
15 the nut 160. The nut 160 is spot welded to the bolt 191.

Fig. 9 illustrates a side view of a fixed grate bar 80 having
an upper part 81 and 96, a front face 82, a surmounting lon-
gitudinal projection 83, 93, 94 and a supporting member 84.

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

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

25 regions in which the thickness of the longitudinal projection
83 is reduced. These are a proximal modified region 86, a
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

30 to a point between the lower side of the longitudinal projec-
tion 89 and the upper part 81 such that the thickness of the

upper part 81 is not reduced.



are inclined at an angle to the vertical such that the lat- 25 eral

i nclined grooves 95 at both sides of the grate bar 80 or of the grate bar
120 are iwol2oread249n t he sane direction, respectively. TireThBroar/63393ncl i ned
grooves 126 of the grate bar 120 of Figs. 10 and 11 are opposingly inclined
to lateral inclined grooves 95 of the fixed grate bar 80 of Fig. 9. 30 32
33. The fixed grate bars 80 and novable grate bars 120 can have different
supporting nmenbers 84. In use, each supporting nenber 84 is intended for
supporting 5 a plurality of the grate bars 80 and 120. The plurality of the
grate bars 80 and 120 are arranged such that one fixed grate bar 80 is

pl aced hori zontally adjacent to a novable grate bar 120, as illustrated in
Fig. 25. 10 The supporting nmenber 84 %erves to nove the grate bars 80 or
120 back and forth in a longitudinal direction of the grate bar 80 or 120,
respectively. The back and forth novenent is used for stirring materi al

that is pl aseds@pdhrenyppeivqpany 896s of Hdrezghaiel baxt804idRpdr@hon
conbustion, 15 In a for d novenent step, the s ortin nber 84 noves
froma fir30 SW & goA sEeonE GHE"THE LPBEP patt 2 67t RE Vet CPEal | y

ext endi ng peottaorn YExetnthey supposhi NY arerhes B84t heniablg spdteof

| ongi tudin proj.ection 83 of..the novabl e 20 grate bar_ 120 tq ve the
novableggrgkg %ét%ffé Vn"% %?%i&ﬁep%f?ﬁg{?%h %g %3%?13886%r %rﬁf ggﬁber 84.
The upper parti®@?lal setabhdigy tthetpeoot $usisondd@dedftct hepboxedgrate bar 80
to nmove in_the. sane directjon,. as illustrat in Fig. 10..25 1n backwar d
novenment sFéB?lfa%E%%pﬁgr%?%gﬁﬁsﬁb%Fa%zlﬁ%vgg'fﬁ%%f%ﬁ@og%€b 3Egﬁ§rto t he
first end. 8%heavpperrpatte@doftheherves tiecaliby ekteemdrngepdrdargn 91 of the
supporting nmenber 84 abuts the downwardly extendi ng hook 85 of the fixed
grate bar 80 to nove the fixed grate bar 80 in the same direction 30 as the
suppor &9 ngAmeabersi84. 9Fhef ugperfipadtggtcalbss abutas vhectbowriardky ext endi ng

portion of sabﬁagvgbl EndERlE AR 120, 1 q IOy e kL hhesane did eqlion at a
later tinme, as illustrated in 33 Fig. 11 Thi's i's because of the time
needed for epfectipper fpaed D2 tcobrbvel withsi Actheespace L betwexte e

pfOthSiOnh%§4aq&ﬁu%thQQMPW@&%EX1e%ﬁéﬁﬂ#eﬁgg99£&é§N9512¥he lateral

inclined grooves 95 extend from the upper surface 96 of the
15 fixed grate bar 80 to the lower surface 98 of the fixed grate
bar 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

20 the distal modified region 88§.

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.
25 The right external surface has a plurality of lateral in-
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-



5 1In other words, in the backward novenent step, the novable grate bar 120
will start to nove after the fixed grate bar 80. Simlarly, in the
subsequenvoforyeegdonovenent step the novabl e grate bar PeO/BR01I/OBOIt tO
nove after the fixed grate bar 80. The forward and backward steps are
repeated. 10 This arrangenent achieves comm nution and transport of the
waste material. The left lateral inclined grooves 95 of the fixed grate bar
80 are intended to cooperate with the right lateral inclined 15 grooves 126
of the grate bar 120 to receive and to comm nute conbustion nmaterial, as
the grate bars 80 and 120 nove relative to each in the manner descri bed
above. Receiving of the conbusted material can occur in a first po- 20
sition, when the upper end of the riﬁ%t | ateral inclined grooves 126 and
the upper end of the left lateral incliped gr ooyves 95 align or coincide
with each 8ther®® &% FPGstTHréd MAEES 159 Thi & GrEaf&s ™ r€dei vi ng vol une
128 defi nedibygtdenabuhbt nghsingesiopoddie breivghboiHd rgngrat endadarrse80 and 120
25 and their respective lateral _incljned grooves, 95 and 126. As shown in

Fi gs. 15, f%?lT?f§%a88n5%§fﬁ§¢€8Iﬂﬁ%lgﬁﬁigﬁ%i°?§“&efined by an intersection
of the inclined grooves noves upwards and downwards during operation. Big
waste parti.cles 30 tha re trapped in.t.h rooves .95, 126_nove upwards and
downwar ds pﬁ ?%%:%%%Vg%iﬁﬁaﬁgﬁgﬁegiﬁbVﬁﬁflIgfh%?t§¥gwﬁo§% 1o ?he top or
bott om of tthesgratde skapsd oroupiting héweys are sheardd!,34iapart tonttbesmal | er
particles. |l er partigles, which are t.rapped in the grooves fall through
t he groove§§g§%l%%§£?8%bg%b5VhS%ﬁgngPéfégba?é and/ or are sheared apart as
well. 5 The cutting of material which is caught in the grooves 95, 126
occurs when t Si - , agj nt . gr 5, owar ds
each otherEnT éaf% gp?@ggﬁﬁgiﬁgﬁg'oglﬁ§§ éé?a%%ﬁ?%ﬁgbg§é§@§%9¥%§% provi des
an i ncteéasenofindie areprengprforoesideed ato amhenahgularheerattiiondhi p bet ween
the cutting,10,forces and the iinckipnati on of Lhe grgouss 95,c 126. A _
corresponding cutting angle p is indicated in Fig. 16, which is about 90 in
thi s enbodiieht.Pans rayibectrade rsibldremiinantoe I flagtier atfe taer
tranSpOft-gIB@vé@QHSEhépéﬁﬁapﬁ,EgeoFQ%%leb§E§pi§H%ﬂ%hbsoﬁﬁﬂM%%ted Into a
normal cutting force which is f erpendi cul ar to the grooves 95, 126 and
into an addarefnT-oFEBCHNIER HECcparali®d fothhedpoa6vess 95 F26¢ Thi s

i nproves thercheansiingsobs the;graoyes 5. §26enFgs. 12, 13 and 14 show
cross sections of several enbodi-

Figs. 10 and 11 show a side view of a further embodiment of a

movable grate bar 120 in a first and second position respec-

tively. The grate bar 120 has parts similar to parts of the
20 fixed grate bar 80 of Fig. 9.

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
25 of the grate bar 120 extending downwardly from a lower side

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
30 of the vertically extending portion 91 of the supporting mem-

ber 84 can move within the space. The movement 196 is such

that the upper part 92 can abut either with the protrusion



20 nents of grate bar grooves 95, 126. The cross sections have rectangul ar,
sawt oot h and rounded sawt ooth shapes. The grate bar grooves 95, 126 with
rect angulwo 20r2a82498ect i on shown in Fig. 12 are especi al PgTABMANDIBYEOUS.
They provide a good throughput of air, cutting edges on both sides and are
easy 25 to machine. To achieve a good throughput of air it is fur- thernore
advant ageous to provide air ducts in the formof grate bar grooves 95, 126
in the surface that abuts to the adjacent grate bar along at |east the

| arger part of the surface's |ongitudinal extension, as shown in Figs. 9
and 10. 30 35 sumof all cross sections of grooves of a grate bar such
that the total cross section is Iarg3e enough to provi de enough conbusti on
air according to the gas fl ow nodel. The si ngl e cross section i s obtained
by division_of the total cross sec- 5 tion by the nunber of grooves and

mul tipli catlﬁgh 13 med U4 E_Y TRt 6ot ajcq'ororof’”.gfllOt.}%se ST ES %%t 1/0.7 -

1/ 0. 85 t hatethakes dorttaocaccantast heltiesi=steanee vigt he .groovensmziseh depends
on the sha@ﬁ Oéjrthdg %rgove. 1Q Fi g 1(%. sh(rgvas a Cross s§cti§n f a

reci procat irfg graie 9181° of® sEECTHEIerat Fof pl &€, TMOVEmEnES of the
grate barstare tadiheatedpobytiagr ewsbas axel IThase e ,movvenenixaf gaakever 173.
In the grogs, section,shoun, all grare bars are fixed grate 1s bars 80

Hori zontal 'y adj acent grat'e bars, chare " focated 'an a" ct'oss séction in
front of thelshoweletoss wseciiean batvéan aher gsstsdctrisoA0 behd N0t he shown
cross section,. are designed as novable grate bars 120 as can be best seen
in Fig. 19.(:r%\a%ﬁ&|vdélﬁl§8to%?r acllf()éld grate bars 80 that conprises every second
20 fixed grate bar 80 is supported by a novable step frane 170. A
non-driven fi t o rises,ev [ redi at e
fixed grat g%ﬁia}é)]if stoséggo?{%dﬁgggggf}?%edéb:%}gpgwér% %?%%r%te er;rrgé)t\%ﬁbl e step
franme 170 apd shefadexed st efief mameb 19 vredrpbisel A0 $hapedebwpportyi ng
menbers. T aes - f i ugG : he

T- shaped sggp%gr‘tl ng %rrgcr:r%%%sd }f%gggé{pir)%v'i gg%'sg%t%h% ggggé%c%%gke%f t he
frames 17012%7axtans gperationPrelesdrfaren et ofhd imeEdPye ad@UsaPsri s noved

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

15 Likewise, a right side, not shown, of the grate bar 120 has a
right external surface, not shown, which extends from the
proximal end to the distal end of the grate bar 120. The
right external surface has a plurality of lateral inclined
grooves 126, not shown. These lateral inclined grooves 126

20 extend from the upper surface 96 of the movable grate bar 120

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

As mentioned before, the lateral inclined grooves 95 or 126
are inclined at an angle to the vertical such that the lat-
25 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
120 of Figs. 10 and 11 are opposingly inclined to lateral in-
clined grooves 95 of the fixed grate bar 80 of Fig. 9.
30
In general, the movable grate bar 120 can have two identical

protrusions 124 for lateral stability, as illustrated in Fig.



30 forwards and backwards by the T-shaped supporting nmenbers 84 of the
novabl e step frames 170 whil st the non-driven set of 36 fixed grate bars
i s kept iwoporyween by the T-shaped supporting nenbers @d¢TaB2oiivesspsxed step
frames 171. Likew se, the horizontally adjacent grate bars, three of 5
whi ch can be seen in Fig. 19, conprise a driven set of novable grate bars
and a non driven set of novable 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 novable grate bars is supported by the
novabl e step 10 franme 170 and the non-driven set of novable grate bars is
supported by the fixed step frane 171. In operation, the driven set of
novabl e grate bars 120 is noved forwir ds and backwar ds by the T-shaped
supporting_nem. 15 bers 84 whil st _fhe non-driven set of npvable grate bars
120 is novéd: batk G 8 B%?rtshEB no¥e "SRARLT ProtT HEEdns” US4 of t he
driven set nafe noviadelrengr aieodiarsgla2énend By .t he wei ght of the grate bars
120. The novable grate bars 120 of the non-driven set of novable grate bars
120 are novabl e between an 20 upper and a |lower end position that is
det er m nedIhyutde sspaceupeimeery hbebadovemasdl ytexteendbngspardrtangl22 and
t he nose shaped pr.otrusion 124 in_which th s Sshaped_su rting nenber 84
engagess 25 gﬁgﬁgﬁ% of iﬁﬁeﬁ%ﬁﬁgrgaﬁﬁég%a?ﬁeIééiégﬁ §§ gggtabfgte bars are
connect ed tbeaghtevibagsbgamrly220héch drsracgpiest@dd thetaopushixeod 162. The
push rod 162 _is .,in rn_connect to tor .(not .shown) whi.ch generates a
reciprocatgﬁa£%né?b%%vfg Q%%x¥%§gFlT?§¥ﬂgé §9g?%ﬁﬁbﬁgaaf?%%%£§%ep frame 171
and t he novabte lgpratléObass 120 vsnrehed mrddlig.i 85resting on a novabl e step
frame 170. It is shown that the novable grate bars 120 at the top rest on
t he nose shaped protrusion 124 of the novable grate bar 120 in 5 the
m ddl el0Fi ghe29umtrows ng sedeevisdwsofves fugr mhee @rbadietrentanf dOhergrate bar
of Fig. 9.:bh0,,30 Shows, & grate bay: 440 Lhat; has slnbkap,paftscto the
fixed grate bar 80 of Fig. 9. The grate 10 bar 140 i ncludes coupling nmeans
142, 144 thar Have ér8ngatebatéresses'AbACci48n¢ dnyddt NoesentTRE el ongat ed
recesses 1%§ed1§§r%&%r?@%%gﬁgg&ggﬁngﬁgiQQ eherents, 190, o2 rpspectively,
an

as illustrated in Figs. i
96 of the grate bar 80, 120 for combustion.

15
In a forward movement step, the supporting member 84 moves
from a first end to a second end. The upper part 92 of the
vertically extending portion 91 of the supporting member 84
then abuts the longitudinal projection 83 of the movable

20 grate bar 120 to move the movable grate bar 120 in the same
direction as the supporting member 84. The upper part 92 also
abuts the protrusion 124 of the fixed grate bar 80 to move in

the same direction, as illustrated in Fig. 10.

25 In a backward movement step, the supporting member 84 moves
from the second end to the first end. The upper part 92 of
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

30 as the supporting member 84. The upper part 92 also abuts the
downwardly extending portion of the movable grate bar 120 to

move in the same direction at a later time, as illustrated in



15 Fig. 21 shows a first cross section through a grate bar 140 close to the
engagi ng el enent 152 at the proximal side whilst Fig. 22 shows a second
Cross secwpanizdseogh the grate bar 140 cl ose to the engagiiByiebseent 150
at the distal side. According to Fig. 22, the cross section at the distal
side is 20 wider than the cross section at the proxinmal side shown in Fig.
21. However, the cross sections of Fig. 21 and 22 may be nade equal .

In use, the engagi ng el enents 150, 152 can nove within the 25 el ongated
recesses 146, 148 of the coupling neans 142, 144. Fig. 23 shows a top view
of a fixed grate bar 80, a novable grate bar 120 and a fixed grate bar 80'.
The fixed grate bar 80 is novably sqggorted at a fixed step frame 171 via
engag- 30 ing elenents, that are not>shown in Fig. 23. A waste chunk 102 is
trapped between the fixed grate bar 80 and the novabl e grate bar 120. The
wast e chunk*902'is Witder S tHd ' the°Sntd 188 5%%9%%Sﬁﬁéﬁg?H€*FFXed grate bar
80 and t hepapvaid egmate bathih2@nhangbhendsti-ben mMeablretgiaien haw 120 and

t he adj acent fjxed grate pbar 80" to the righ | ong the bending |ines 103,
103" . Ther88§,tgftﬂ§% Wﬁ@dﬁ% enﬁ%“%%ﬁ?ﬁéﬁgoigg'the grate 5 bars 120, 80
which is strongest in the region of the bending |ine. The bendi ng nonent
may eveptually | ead tq breaking.of. the novable grate r 120. -Ther mal
stress ?nc?gaég%aiﬁ@rméarl%ﬁjF%gaaF%ﬁ%j5§W§miﬁb,sﬁﬁh Q ?6ﬁxg%éeusually made
from cast brene MEasti2irenli steetatovedwe brficet| ehand xddesraiot Haend read- 10
i1y under fo tion forces. Fig, 24 shows r oken ate bar 120 which is
supported %g'eéggdfﬁgyéléﬁgﬁFés ga?q %%1?ﬁéwgggdgagmfﬁﬁog?ﬂ%%gfongated
recesses 146yaldl¥48 wmfata her giSourilhgsgret ecbapv8aidrd byet frexegh- 15 gagi ng
elements 180,:452,0602 pglghbouLhing, grale.fan 80,4 gt engaged nto the

el ongat ed recesses 146, 148 of the br oken grate bar. The rupture |ine of

t he brokenThiatzrizaygemans datiween threniengaghngneltemanrsrbfot héebr oken grate
bar, which is.ingdi.cated by a zigzag line. The first broken piece is held in
20 pl ace by t%e engagenent el enents 152 on both sides of the first broken
pi ece and the second broken piece is held in place by the engagenent

el ements 15Q.0fhotihisi-des: 0f1ithRe §850kQNGsbrpkan Riigel. gJNer ehy, both of

t he broken pieces are prevented fromfalling dowmm and the waste plant can
conti nue 80 are intended to cooperate with the right lateral inclined

15 grooves 126 of the grate bar 120 to receive and to comminute
combustion material, as the grate bars 80 and 120 move rela-

tive to each in the manner described above.

Receiving of the combusted material can occur in a first po-
20 sition, when the upper end of the right lateral inclined
grooves 126 and the upper end of the left lateral inclined
grooves 95 align or coincide with each other, as illustrated
in Fig. 15. This creates a receiving volume 128 defined by
the abutting sides of the neighbouring grate bars 80 and 120

25 and their respective lateral inclined grooves 95 and 126.

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

30 that are trapped in the grooves 95, 126 move upwards and
downwards in the conveying volume 130 until they are moved to

the top or bottom of the grate bars or until they are sheared



25 to operate. As long as the broken pieces are not damaged too nuch, they
stay together, such that waste is prevented fromfalling through between

t he br okewopoenss4oFor the first and the | ast grate bar pofi/ip2chonizasmt a
row, engaging el ements and/or coupling neans can be provided at side walls
of the 30grate. 39 Fig. 25 shows a frontal view onto a horizontal row of
grate bars. Fixed grate bars 80 alternate with novable grate bars 120. The
fixed grate bars 80 engage with the novabl e grate bars 120 through engagi ng
el ements 150 and coupling nmeans 142 5 which are indicated by dashed |ines.
Fig. 26 shows a side view of an enbodi ment the grate bar 80 of Fig. 25.
Fig. 26 depicts an engagi ng el enent 150 that conprises an octagonal
protrusion 157. Elongated recesses atd 10 grate bar coupl i ng means of 142

of the broken rate bar _ of F%% ? are sh ashed Irnes The oct agona
pr ot rusi on®k87 eﬁﬁabégath?%lt &16 %ﬁgat%ﬂ'?éc% %t%? Sof1tHe HPoken grate
bar. The tweapssd Sinoththerdsakemagr aterdiah Bﬂetgﬂdomeedes tied rcoown wei ght

until the el ongated recess 146 co acts t osite edges F of the
oot hgonnl BrOTTaL R SES08 M e en e T B AT e DR bn e o ¢ 1 11 ne
further. In Fig. 26, the two contact points are indicated by arrows F. The

sane ef occurs, for .the octagoglchprotrushgn 1§E&on t he o%ﬂer si de of

the bro en grafetﬁjp'gé T?F:thgages it o°an eIonga *PRCEsS 20 142 of a

nelghbourlmg6g@@ﬂuzsbaheﬂZONanddbneag33ruﬂ ahema@jdqmntfgxedwgrate bars 80 as
for movabl ¢, grate bars, 120 eacht nURe: the e_gtggt@ v%”E”E P 2XR ” ences

shear forces as It engages With a corresponding coup |ng nmeans.
oct agonal 25cpriotgnsiven 1%7 Fcovirdesdes |laar gerreoswt adt tae eauiviinly the cou-

pling nean%o?H&Q(Lﬂpkom@ﬁgegﬁﬁl Q ££$%éﬁ§%51 O% eﬁFﬁ%§g¥ﬁ99mgAs

nelghbourlng grate bars nove relative to eac er
10 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°
to facilitate air transport. The thrust force of the movable
step frame is converted into a normal cutting force which is
15 perpendicular to the grooves 95, 126 and into an advancing
force which is parallel to the grooves 95, 126. This improves

the cleansing of the grooves 95, 126.

Figs. 12, 13 and 14 show cross sections of several embodi-
20 ments of grate bar grooves 95, 126. The cross sections have
rectangular, sawtooth and rounded sawtooth shapes. The grate
bar grooves 95, 126 with rectangular cross section shown in
Fig. 12 are especially advantageous. They provide a good
throughput of air, cutting edges on both sides and are easy
25 to machine. To achieve a good throughput of air it is fur-
thermore advantageous to provide air ducts in the form of
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 extension, as shown in Figs. 9 and 10.
30
The cross section of one groove is calculated according to a

formula as follows. A gas flow model is used to compute the



30 rial which is trapped between the grate bars is noved agai nst the
octagonal protrusion 157. The edges of the octagon provide a cutting

ef fect. Puothewasee, the four sides of the oc- 40 tagonaCTBDHI/NESYEN 157
that are slanted against the horizontal deflect the material towards the
top and towards the bottomas it noves agai nst the octagonal protrusion
157. This provides an inproved sel f-cleaning of the elongated recess 5146.
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 nunmer- 10 als. Fig. 30 shows a cross-sectional
view along line A-A of the distal end of the grate bar of Fig. 28. Fig. 31
shows a cross-sectional view al ong |ihe B-B of the second coupl i ng nmeans of
the grate bar of Fig. 28. Fig.. 32 shows a cross-sectiopal vi M/%Iong l'ine
G C of theSFIr&t TdupFPigy gnafOingéfearaf & A6 bfffgs.“%&t Bfg. 33
shows a cr ess-secil eraksview ialnong lang Bnbugh therdiist anchdggecond
protrusions of the grate bar of Fig. 28. Figs. 31 d show_cross
Cect i onal | PBALT CFoagh EHEShdPe 90 a5t ToY Mo onde LHEBar wher e
coupl i ng nmeanss asee-tlioeat ebbdainkbgsy &l iandn32f tite ebonyatsths eeesses 43,
45 of FLg. ,_6 _are shaown ilst. the corresponding, engagi ng. el enents 38, 40 of
B 6 BretraR T our s O aris v SR ciihgh  Eart & Bovible. as
shown in Firgstiéh anrdtd®. o251 /Fi.¢. -34/Gdweractop/ Wi’ew oF 0t e uhewnti ng of a
row of grate bars .80, 120 into a_step frane. Side bars 10 06 _qf a step
frame and %%5e§ﬁ63¥)sgg?ugiqb §e$%§ %ﬁéhggrB ?Ijxgwetﬁélg%é%mgpgﬁe are
shown fromeabove.si3@e 41 Sidersars. 105, 106 is bend outwards with a | ever
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 é0gr &t e- bbt sh8Fs 420r&rse sensedn exf, apmeciprocating 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.

In the cross section shown, all grate bars are fixed grate

15 Dbars 80. Horizontally adjacent grate bars, which are located
in a cross section in front of the shown cross section and in
a cross section behind the shown cross section, are designed
as movable grate bars 120 as can be best seen in Fig. 19. A
driven set of fixed grate bars 80 that comprises every second

20 fixed grate bar 80 is supported by a movable step frame 170.
A non-driven set of fixed grate bars 80 that comprises every
intermediate fixed grate bar is supported by a fixed step
frame 171. The movable step frame 170 and the fixed step
frame 171 comprise T-shaped supporting members. The frames

25 170, 171 may be formed in such a way that the T-shaped sup-
porting members 84 are provided by the cross section of the

frames 170, 171.

In operation, the driven set of fixed grate bars is moved
30 forwards and backwards by the T-shaped supporting members 84

of the movable step frames 170 whilst the non-driven set of



5 after another. During insertion, the engaging elements 150, 152 of a
grate bar is inserted into the respective elongate recesses 42, 45 of the

| eft nei gbaoryasguogr ate bar or of the left side bar 105rPCABEN1/H3B9ETt i on of
the | ast grate bar of a row, the pressure of the lever is |lowered such that
the right 10 side bar 106 bends back inwards. In a nodification of the
enbodi nent of Fig. 34, the placenent of the engaging elenents 150, 152 and
the el ongated recesses is reversed. In another nodification, the placenent
of the 15 fixed and novable grate bars in a rowis reversed. The
alternating placenent of fixed and novable grate bars can al so 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 fixeffto the side bars 105, 106. In this
case, it |sﬁg gferable to use 20 an odd nunber of a%e bars in a row. The
grate bars ha§” a1 Sdhe2T hiskt tE& i n° groups OPFPY. T8 TS FPCRER

enbodi ment ief§ mmengagingr elrenenked 5Ot eroff ramgs at el .bar. The engagi ng el enent
150" has a bone- 25 like formwith a neck 197 in the mddle. This form may
be chosen to save weight, for exanple. In the enbodi nent of Fig. 35, the
coupl i ng etLelmmisei,s ther neth autt aby vyt adj preoftr ysh onsoak38, tA8S tdrat ext end
along t ng}tlh of ! nelIghbo%rl ng, ra(;to%1 p:z%g 80. ‘I;Q,e profru |ons 198, 199
forma rac ot Weeh t Rerh 30" iRifeh’ phelgh‘%% 4258 il &P Fo the
octagonal ellengritel 5@rshawn & moki gr1\2@11 setthe f engagileg geh esmsntrs150°

conprises front faces 200 and slante es 2 The .epgagi ng el ement 150
conpri ses t\&ngﬁén spfdie 203 Secﬁ %rﬁovc?gj i ngdg ahe 1ggxi§1?r&ﬁn(%qlveﬁ/tl cal

ext ensi on hnbeperperdi vovarld grehe b@mglthOudurﬁapecamvgl&f Tive denigagi ng

el ement 15 n e .t h S c ength 1 and
the verti cgiete%(-fgﬂnog)la%%ga B etb\gggsl%sgip %:}%S!tjeb ”cfﬂe %Eﬁg?bﬁé/ %ekjlo It can be
shown throdghngebifetndcahe crm‘ﬂs*lddevaltli?eﬁtsqfha@v{i@re @rlaéet]awgﬂjllar shape of an
engagi ng el i nation a is approximately given
by the rel a??%ﬁ}tl—?& I%‘% g?%(l ﬂ[a%@jrja@gESc%i‘a(n{zf;]Cih\tftvher ein1is the wdth of the
rectan- gle and h is the he| ght of the rectangle. It is desirable, to 15
have a smakl, £ 10k, rr% . enckipag 4 %vaimésg% he-achieved by making 1
greater than A simlar consideration applies for the octagonal shape of
Fig. 26, tW@V%%aWW@Fdefl od Iz cHiaptinety Shgpéssiirache UBRgAY Y "eéMenent .

15 Dbers 84 whilst the non-driven set of movable grate bars 120
is moved back and forth by the nose shaped protrusions 124 of
the driven set of movable grate bars 120 and by the weight of
the grate bars 120. The movable grate bars 120 of the non-
driven set of movable grate bars 120 are movable between an

20 upper and a lower end position that is determined by the
space between the downwardly extending portion 122 and the
nose shaped protrusion 124 in which the T-shaped supporting

member 84 engages.

25 The supporting members 84 of the driven sets of grate bars
are connected to a driving beam 172 which is connected to a
push 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.

30
Fig. 19 shows three succeeding movable grate bars 120. The

movable grate bars 120 at the bottom and at the top are rest-



20 Fig. 36 shows a cross section through the two nei ghbouring grate bars
80, 120 which conprise the coupling nmeans 142
150' . By wayponfosewanpl e,

and t he engagi ng el enent
the grate bar with the engagi ngcelBmans3350'

shown as a novable grate bar and the grate bar with the coupling nmeans 142

is showmn 25 as a fixed grate bar 80. Fig. 37 shows a further
in which a coupling neans 142"

t han the coupling nmeans 142"
t he engagi ng el enent 150",

nodi fication
i s di nensi oned bi gger than an engagi ng
el enent 150" on the opposite side of a grate bar 80. For a neigh- 30
bouring grate bar 120, the engaging elenment 150'" is dinensioned bigger
to match with 43 the coupling neans 142"
respectively. Al though the above description

and

contai ns much specificity, 5 this shoul d not be construed as limting the
scope of the enbodiments but nerel¥¥§roviding illustration to

embodi ment $P9THE AboveEstHied ‘4dva

cl ai ms andnbbhei shaagui pabenisionr athest tthan mbyab he exarpbes Hioven
FurtherSaSQggtgrﬁﬂq obj ects of the present application are 15 disclosed in

the bel dw mentioned itemlist. 1.Gate bar for a furnace conprising -a
el ongated recess at a first side of the grate bar and 20-a
proximal engagi ng el eqent. at. g second side, of éﬂﬁxﬁB%%%.Qéfe the second
si de bei ng opposite to th Wh t

recess bei agape cvdded Fnga 4.0ngot udd ndlowdi regtaion tefr LAe grat éabar such

pr oxi mal

that a

10

15

20

25

30

e Tirst side, €réin

similar parts to the fixed grate bar 80 of Fig. 9. The grate
bar 140 includes coupling means 142, 144 that have elongated
recesses 146, 148 respectively. The elongated recesses 146,
148 are engaged to engaging elements 150, 152 respectively,
as illustrated in Figs. 21 and 22.

Fig. 21 shows a first cross section through a grate bar 140
close to the engaging element 152 at the proximal side whilst
Fig. 22 shows a second cross section through the grate bar
140 close to the engaging element 150 at the distal side. Ac-
cording to Fig. 22, the cross section at the distal side is
wider than the cross section at the proximal side shown in
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.

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
102 is trapped between the fixed grate bar 80 and the movable
grate bar 120. The waste chunk 102 is wider than the small

h
e proxi nal éiongated

2 GO R GRS B ot be

construed as thdrnirtiidiget he scopeqobnthenenbedi sent sshuk Der el te expl ain
possi bl e achi evenents._if the descrjbed em 10 bodi nents are put_into
PPact i so. THHC! THE SRbpa B Tha Bhoaumones Shoiliv B8 Herordh 8 by t he



25 correspondi ng nei ghbouri ng proxi mal engagi ng el enent of a first

nei ghbouring part being novable wthin the proxinmal elongated recess in the
| ongi t udiwal20tm3embi on rel ative to the grate bar, whereiPaTihz1pnIB23TAI
engagi ng el enent has a | ongitudi nal 30shape with a first end and a second
end, wherein the height of the proxi mal engaging elenent at the first end
and at the second end being slightly smaller than the 44 height of a
correspondi ng proxi mal el ongated recess of a further nei ghbouring part. 2.
Grate bar according to item11, further conprising a dis- 5tal elongated
recess and a distal engaging elenent. 3. Gate bar according to one of the
preceding itens, wherein - at |east one coupling elenent is adapted to the
corre- 10spondi ng engagi ng el enent of® the first nei ghbouring grate part

such that the elongated recess can only tilt relative to the engagi ng
el ement of 9ERPTTY ﬁ@?gﬁﬁﬁﬁ?ﬁﬁ@t%é??yﬁv ﬁnﬁiTQeéﬁﬁPBE?H§F“ﬁb3 “not exceed
a maxi mum tebtamngdeadsaniee witeizeils dbatatbareast ane tergagisngral enent i s

adapted to _the corre- spondi upl | el.ement. of the second Lghbouri ng
o eoch Fhare e sa R R T R RUPL L e e e e a0 onpat od
recess of the'senondbgei ghbouringgnpasit by axtrtdd amglbethbajradees not exceed
the meximim20tild angl e & @ ate bar.according Lo oe of. the preceding
itens, Wwherein € engagi ng el"enen as a rec anéﬁ1ar Cr 0Ss 'sec |8n,
wherein a henghtTtef behéinectamrgul asy crossusety D5td an bsestirghtlty smal | er
than the h%hgh$o§gbféh8rg€gr§gr 120. Thermal stress increases the wear

on the grate bars 120, 80' which are usually made from cast

iron. Cast iron is relatively brittle and does not bend read-

10 1ily under deformation forces.

Fig. 24 shows a broken grate bar 120 which is supported by
engaging elements 150, 152 that engage into the elongated re-
cesses 146, 148 of a neighbouring grate bar 80 and by the en-
15 gaging elements 150, 152 of a neighbouring grate bar 80' that
engage into the elongated recesses 146, 148 of the broken
grate bar. The rupture line of the broken grate bar runs be-
tween the engaging elements of the broken grate bar, which is
indicated by a zigzag line. The first broken piece is held in
20 place by the engagement elements 152 on both sides of the
first broken piece and the second broken piece is held in
place by the engagement elements 150 on both sides of the se-
cond broken piece. Thereby, both of the broken pieces are
prevented from falling down and the waste plant can continue
25 to operate. As long as the broken pieces are not damaged too
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

30 grate.



spondi ng el ongated recess and a width of the rectangul ar cross section is
greater than the height of the corresponding el ongated recess. 30 5. G ate
bar accorwongizm2one of the itens 1 to 3, wherein at | east/iBral/of39the
engagi ng el ements has an octagonal cross section, a height of the octagonal
cross section 45 being slightly smaller than the height of the
correspondi ng el ongated recess and a wwdth of a longitudinally aligned
surface of the engagi ng el enent being greater than the height of the
correspondi ng el ongated recess. 5 6. Gate bar according to one of the itens
1 to 3, wherein at | east one of the engaging el enments has a bone shaped
cross section, the bone shaped cross_section conprising to wi dened ends, a
hei ght of the wi dened ends being 10éﬁightly smal | er than the hei ght of t he
correspondgﬁg %on at ed rfcess and a distance of the w den d ends bei ng

th

greater th eyt 2 of Y HE T c S Fespbdifng et o Howé% K5 7. Grate
bar accordbagst orionre egtatderdrtseds 21ﬁ@mﬁmmheﬁemnmkhﬁlpr@xanakmaﬁgag|ng

el enent is ovj.ded .next to a, prox t grate and the dista
engagi ng of SRert™s & AT RS0 b HIEts erh G TR % B and

wher ei n theaps oxi malhrengh ofndaue ngr at@nddars 1501 andaup2h@cteanst h4a
supportgng g ement angﬁthe(glst%j ge% of the grate bar is in contact with

an upper surface™ s gra e“har"8; Grate bar according to one of
the preceding itens, 25wherein the elongated recesses are forned out as a

gap 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. Elongated recesses and

10 grate bar coupling means of 142 of the broken grate bar of
Fig. 25 are shown by dashed lines. The octagonal protrusion
157 engages into the elongated recess 146 of the broken grate
bar. The two parts of the broken grate bar 80 tilt under
their own weight until the elongated recess 146 contacts two

15 opposite edges F of the octagonal protrusion 157 and they are
therefore prevented from tilting further. In Fig. 26, the two
contact points are indicated by arrows F. The same effect oc-
curs for the octagonal protrusion 157 on the other side of
the broken grate bar 80 that engages into an elongated recess

20 142 of a neighbouring grate bar 120 and in a similar way for

fixed grate bars 80 as for movable grate bars 120.

In use, the engaging element 155 experiences shear forces as

it engages with a corresponding coupling means. The octagonal
25 protrusion 157 provides a larger contact area with the cou-

pling means such that wear due to the shear forces is re-

duced.

As neighbouring grate bars move relative to each other, mate-
30 rial which is trapped between the grate bars is moved against
the octagonal protrusion 157. The edges of the octagon pro-

vide a cutting effect. Furthermore, the four sides of the oc-



bet ween two | ongitudi nal protrusions that extend along the grate bar. 9.
Grate bar according to one of the preceding itens, 30wherein the el ongated
recesses woeofxsed out as a prox- imal el ongated reces®cans2mi/oizgssal

el ongated recess, the recesses having an 0-shaped cross section. 46 10.

G ate bar according to one of the preceding itens, wherein the el ongated
recesses are forned out as a proxinal elongated recess and a distal

el ongat ed recess, the 5recesses having a rectangul ar cross section. 11.
Grate bar according to one of the preceding itens, wherein the recess is
formed out as protrusion of the main body of the grate. 10 12. G ate bar
according to one of the itens 2 to 11, wherein the proxinml engaging

el enent is provided at a distance of*“about 40 cm fromthe distal engagi ng
element. 15 13. Gate for a furnace, the grat conprisigg an arrangenent of

fixed and MBYabte FGPAEESHA Lt hBF i XEd “anrd thovati &Sy & yar's 8onpri si ng
| ongi t udi naklrecEsses tantnengdgiingoed eirenths ace ot rgwhodonthObot he

preceding itens, the engagin I nts of a.grate bar e gi into the
Pon- 20gi t GAiinal TeleE8as=Ht 75 inel GHBOUTIRG  paFL" T4 G 46 TBF a furnace
accordi ng boovi@m B3, ihpréhelr sedmpeisimggackr ame,elidheateansecoerpri si ng
engaging ehggents, the engaging elenents mating with el ongated recesses of

25adj acent "‘grate bars. 15. Grate for a furnace according to item 13,
further conprising a frame, the frame conprising el ongated recesses, the

elongated tegesses abyng, WL enogakng glerents 300k adlacent, grate bars.

Fig. 1. Parts that are similar in Figs. 27 and 33 and the
aforegoing figures do not comprises separate reference numer-

10 als. Fig. 30 shows a cross-sectional view along line A-A of
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

15 the grate bar of Fig. 28. Fig. 33 shows a cross-sectional
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
20 bar at points along the bar where coupling means are located.
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.

25
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
frame and the upper part 92 of a T-shaped profile of the step
frame are shown from above.

30

The mounting process is essentially the same for movable step

frames and for fixed step frames. For mounting, one of the



47 16. Waste incineration plant wth an arrangenent of fixed and novabl e
grate bars according to item 15. 17Grate bar for a furnace, conprising an
exchangeawbeotraseuobat a distal end of the grate bar, theceaBtangsakd e head
being fixed to the grate bar with at |east two bolts, the bolts conprising
bolt heads which engage into a first and a second T-shaped slit that are
provided in the exchangeabl e head, 10wherein the exchangeable head is

provi ded between a first step and a second step of a receiving area of the
grate bar. 18. Grate bar according to item 17, wherein the exchangeable 15
head is provided within an indentation forned out of a main body of the
grate bar, the main body having an H shaped profile at its distal end. 19.
Grate bar according to item 17 or i t€¥m 18, wherein at 20l east one front
bolt and at .l east Onﬁére?6§b0| are $ro- vided, the at |east. one front bolt

bei ng shor £&rct east*Bfie° Bol't 1 thetFET| 882t ‘Ghd%Front bol t
engagi ng i Bhowt he:Ad.r sh Hhéhﬁ@ﬁ@ls|®f mind the die l@ast sne= near 1bel t
of 't he Pt eRE 17 60 uhor Bt AESBBIE AP6°sFor Vierdeh 1o THE Grate bar.
21. Grate hag ac&ﬁrdmﬁgm@¢amM£gmheesb&&sB@ 2020 wher ennethed 3@exchangeabl e
head Cogprg§ggr%ﬂ&>%%§t 8&§H§pgnggr Lg,iQ%e 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

10 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

15 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

20 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-

25 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
198, 199 that extend along the length of a neighbouring grate
bar 80. The protrusions 198, 199 form a track between them

30 which has a height H.



surface of the exchangeable head. 48 22. G ate bar according to item 21,
wherein the thrust elenment has a triangular cross section. 23. G ate bar
accordi ngvoaomms20hH itens 17 to 22, wherein 5t he exchangezhB®iivessd3s
conprises a clearing elenent at a horizontal surface of the exchangeable
head. 24. Grate bar according to item 23, wherein the clearing el enent has
a triangular cross section. 10 25. Grate bar according to one of itens 17
to 24, wherein the exchangeabl e head conprises a pyram dal portion. 26.
Grate bar according to one of itens 17 to 25, wherein 15the bolts are
provided in bores of the grate bar such that a clearance is |left between
the bolts and the bores. References42 10nmovabl e grate bar 1lleft side

Similar to the octagonal element 150 shown in Fig. 261, the
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

5 perpendicular to the longitudinal axis of the engaging ele-
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.

10 It can be shown through geometrical considerations that for a
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

15 have a small angle of maximum inclination. This can be
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.

20 Fig. 36 shows a cross section through the two neighbouring
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

25 as a fixed grate bar 80.

Fig. 37 shows a further modification in which a coupling

means 142'' is dimensioned bigger than an engaging element

150"' on the opposite side of a grate bar 80. For a neigh-
30 bouring grate bar 120, the engaging element 150''' is dimen-

sioned bigger than the coupling means 142''' to match with



512right side 13front face 14di stal end 15proxi mal end 1l6upper part
10171 ongi tudi nal pro- jection 18projecting nose 19projecting nose

20r et ai niwQ 2nB240821gr oove 22first end cap 23second ene#CcTtap2024e33p3xi ng
means 25l eft side 2026engaging |ip 27attachment hol e
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the coupling means 142'' and the engaging element 150'', re-

spectively.

Although the above description contains much specificity,

5 this should not be construed as limiting the scope of the em-
bodiments but merely providing illustration to the embodi-
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-

10 Dbodiments are put into practise. Thus, the scope of the em-
bodiments should be determined by the claims and their equiv-

alents, rather than by the examples given.

Further aspects and objects of the present application are

15 disclosed in the below mentioned item list.

1. Grate bar for a furnace comprising

- a proximal elongated recess at a first side of the
grate bar and

20 - a proximal engaging element at a second side of the
grate bar, the second side being opposite to the first
side,
wherein the proximal elongated recess being provided in
a longitudinal direction of the grate bar such that a

25 corresponding neighbouring proximal engaging element of
a first neighbouring part being movable within the prox-
imal elongated recess in the longitudinal direction rel-
ative to the grate bar,
wherein the proximal engaging element has a longitudinal

30 shape with a first end and a second end, wherein the
height of the proximal engaging element at the first end
and at the second end being slightly smaller than the



28l eft proximal nod- ified region 29l eft central nodi- 25fied region 30l eft
distal nodi- fied region 31right proximl nodified region 3032right central
nod- ifi estoremmmeo 33right distal nodi- fied regi on 34PCcraB20p1/e33938i On
3535second protrusion 37attaching hole 38first engaging el-

44

height of a corresponding proximal elongated recess of a

further neighbouring part.

2. Grate bar according to item 1, further comprising a dis-
5 tal elongated recess and a distal engaging element.
3. Grate bar according to one of the preceding items,
wherein

- at least one coupling element is adapted to the corre-

10 sponding engaging element of the first neighbouring
grate part such that the elongated recess can only tilt
relative to the engaging element of the first neighbour-
ing part by a tilt angle that does not exceed a maximum
tilt angle, and wherein

15 - at least one engaging element is adapted to the corre-
sponding coupling element of the second neighbouring
part such that the engaging element can only tilt rela-
tive to the elongated recess of the second neighbouring
part by a tilt angle that does not exceed the maximum

20 tilt angle.

4. Grate bar according to one of the preceding items,
wherein the engaging element has a rectangular cross
section, wherein a height of the rectangular cross sec-

25 tion is slightly smaller than the height of the corre-
sponding elongated recess and a width of the rectangular
cross section is greater than the height of the corre-

sponding elongated recess.

30 5. Grate bar according to one of the items 1 to 3, wherein
at least one of the engaging elements has an octagonal

cross section, a height of the octagonal cross section



enment 39hol e 4040second engagi ng el enent 41hol e 42first grate bar

coupling neans 4543first el ongated recess 44second grate bar coupling neans
45second wbhanpaesdo50r ecess 46l at eral grooves 47| at er al pgraBuas038830wer
face 49upper face 5550pyram dal el enent
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being slightly smaller than the height of the corre-
sponding elongated recess and a width of a longitudinal-
ly aligned surface of the engaging element being greater

than the height of the corresponding elongated recess.

6. Grate bar according to one of the items 1 to 3, wherein
at least one of the engaging elements has a bone shaped
cross section, the bone shaped cross section comprising
to widened ends, a height of the widened ends being

10 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-

gated recess.

15 7. Grate bar according to one of the items 2 to 6 wherein
the proximal engaging element is provided next to a
proximal end of the grate bar and the distal engaging
element is placed next to a distal end of the grate bar
and wherein the proximal end of the grate bar is in con-

20 tact with a supporting element and the distal end of the
grate bar is in contact with an upper surface of a fur-

ther grate bar.

8. Grate bar according to one of the preceding items,
25 wherein the elongated recesses are formed out as a gap
between two longitudinal protrusions that extend along

the grate bar.

9. Grate bar according to one of the preceding items,
30 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.



60arrangenent or grate 62grate bars 63grate bars 6065front face 66l ateral
grooves 50 67lower vertical part 68upper oblique part 70end cap
571hori zomDabizpse49oon 72paral l el portion 74renovi ng bol PCTABBITDUI3NES bol t
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10. Grate bar according to one of the preceding items,
wherein the elongated recesses are formed out as a prox-
imal elongated recess and a distal elongated recess, the

5 recesses having a rectangular cross section.

11. Grate bar according to one of the preceding items,
wherein the recess is formed out as protrusion of the
main body of the grate.

10

12. Grate bar according to one of the items 2 to 11, wherein

the proximal engaging element is provided at a distance

of about 40 cm from the distal engaging element.

15 13. Grate for a furnace, the grate comprising an arrangement
of fixed and movable grate bars, the fixed and movable
grate bars comprising longitudinal recesses and engaging
elements according to one of the preceding items, the
engaging elements of a grate bar engaging into the lon-

20 gitudinal recesses of a neighbouring part.

14. Grate for a furnace according to item 13, further com-
prising a frame, the frame comprising engaging elements,
the engaging elements mating with elongated recesses of

25 adjacent grate bars.

15. Grate for a furnace according to item 13, further com-
prising a frame, the frame comprising elongated recess-
es, the elongated recesses mating with engaging elements

30 of adjacent grate bars.



80fi xed grate bar 108lupper part 82front face 83l ongitudinal pro- jection
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16. Waste incineration plant with an arrangement of fixed

and movable grate bars according to item 15.

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

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

10 wherein the exchangeable head is provided between a
first step and a second step of a receiving area of the

grate bar.

18. Grate bar according to item 17, wherein the exchangeable
15 head is provided within an indentation formed out of a
main body of the grate bar, the main body having an H-

shaped profile at its distal end.

19. Grate bar according to item 17 or item 18, wherein at

20 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
engaging into the first T-shaped slit and the at least

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

25
20. Grate bar according to one of the items 17 to 19, where-
in the bolts are spot welded to the grate bar.
21. Grate bar according of the items 17 to 20, wherein the
30 exchangeable head comprises a thrust element at sloping

surface of the exchangeable head.
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22. Grate bar according to item 21, wherein the thrust ele-

ment has a triangular cross section.

23. Grate bar according to one of items 17 to 22, wherein
5 the exchangeable head comprises a clearing element at a

horizontal surface of the exchangeable head.

24. Grate bar according to item 23, wherein the clearing el-

ement has a triangular cross section.

10
25. Grate bar according to one of items 17 to 24, wherein
the exchangeable head comprises a pyramidal portion.
26. Grate bar according to one of items 17 to 25, wherein
15 the bolts are provided in bores of the grate bar such

that a clearance is left between the bolts and the

bores.
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10 movable grate bar 33 right distal modi-
11 left side fied region
5 12 right side 34 first protrusion
13 front face 35 35 second protrusion
14 distal end 37 attaching hole
15 proximal end 38 first engaging el-
16 upper part ement
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jection 40 40 second engaging
18 projecting nose element
19 projecting nose 41 hole
20 retaining hole 42 first grate bar
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22 first end cap 45 43 first elongated
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ified region 60 65 front face

66 lateral grooves
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50
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52 Patent clains 1. Grate bar for a furnace conprising -a first air duct at
a first lateral side of the 5grate bar the first air duct being provided at
an angl e woher2zakean 90 degrees with respect to a | ongit edirnB2o1anszs3of t he
grate bar. 2. Grate bar according to claim1l1, conprising further air
10ducts at the first lateral side of the grate bar, the further air ducts
havi ng substantially the sane inclination as the first air duct and the
further air ducts extending over the entire length of the first lateral
side. 15 3. Grate bar according to one of clains 1 to 2, conprising a
second air duct at a second lateral side of the grate bar, the second

| ateral side being opposite to the first lateral side and the second air
duct having an inclina- 20tion whi ciPlis substantiall y different fromthe
inclina- tion of_the first air duct. 4, _Gate r according to one of
claims 1 to 3, tohpfrerAd % SEE6RE ai rPYuct atllgg sk *faberaiVsi de of the
grate 25 bar, 13 secegchdateialusi de bei ng oppossienst o the first lateral
side and the second air duct having an incli ng%i on (\}(3\/{{1?4 cl% is substantially
the same as the incl5fR8tion of the first air diét. 36 5 'G'BY® B4 taccor di ng
to one of clainmssd t@ldpdeorgripsbAg further air dutés at the second | ateral
si de of %he grate batrruSEQr? further air ducts %gi nrgutsubstanti ally

160 nut 30 186 nut
161 reciprocating 187 edge
grate 188 receiving area
162 push rod 190 main body
10 165 rapture line 191 bolt
170 movable step frame 35 192 slit
171 fixed step frame 193 enlarged portion
172 driving beam of slit
173 lever 194 Dbore
15 174 thrust element 196 relative movement
175 clearing element 40 197 neck
176 short bolt 198 protrusion
177 bolt head 199 protrusion
178 L-shaped protru- 200 front face
20 sions 201 slanted face
179 T-shaped slit 45 202 end
180 long bolt 203 end

181 bolt head
182 T-shaped slit



53 the same inclination as the second air duct and the further air ducts
extendi ng over the entire length of the second |lateral side. 5 6. Gate bar
accordi ngvoaomms2ofH clains 1 to 5 wherein at | east one a&cm/iBE20a1/033933r ovi ded
with a rectangul ar cross section. 7. Grate bar according to one of clains 1
to 6 wherein at 10l east one air duct is provided wwth a saw tooth shaped
cross section. 8. Gate for a furnace, the grate conprising an arrangenent
of fixed and novable grate bars according to one of 15clains 1 to 7, the

fi xed and novabl e grate bars conpris- ing air ducts. 9. G ate arrangenent
for a furnace, the grate arrangenent conprising an arrangenment of fixed and
novabl e grate 20bars, in which arrangenent at |east two nei ghbouring grate
bars of the arrangenent conprise lateral air ducts such that there is a
cutting angle bet ween the air ducts of one of the neighbouring grate bars
and the air 28t <61 "the other one of the neighbouring grate bars. 25 10.
Grate arrangenent according to claim9, wherein an angle of the lateral air

ducts against the |ongituydinal_ axes of the neighbouring grate bars is about
50. esurt g | TFAToCARF B AngiEoore AR 6010

a first air duct at a first lateral side of the
5 grate bar the first air duct being provided at an angle
other than 90 degrees with respect to a longitudinal ax-

is of the grate bar.

2. Grate bar according to claim 1, comprising further air
10 ducts at the first lateral side of the grate bar, the
further air ducts having substantially the same inclina-
tion as the first air duct and the further air ducts ex-
tending over the entire length of the first lateral
side.
15
3. Grate bar according to one of claims 1 to 2, comprising
a second air duct at a second lateral side of the grate
bar, the second lateral side being opposite to the first
lateral side and the second air duct having an inclina-
20 tion which is substantially different from the inclina-

tion of the first air duct.

4. Grate bar according to one of claims 1 to 3, comprising

a second air duct at a second lateral side of the grate
25 bar, the second lateral side being opposite to the first
lateral side and the second air duct having an inclina-

tion which is substantially the same as the inclination

of the first air duct.

30 5. Grate bar according to one of claims 1 to 4, comprising
further air ducts at the second lateral side of the

grate bar, the further air ducts having substantially



54 11. Gate arrangenent according to claim9 or claim 10 wherein surfaces
in which the air ducts are provided are snoothed. 5 12. Furnace with a
gr at e ar rapgemanst49according to one of clains 9 to 11. 1PCTHABIE053935
incineration plant with a grate arrangenent according to one of clains 9 to
11. 10 14. Method for operating a grate of a furnace of an incineration
pl ant, conprising providing an array of alternating grate bars wherein the
grate bars are provided with air ducts that 15are facing each other;
generating an alternati ng novenent between nei ghbouring grate bars; noving
nei ghbouring grate bars relative to each other, wherein material particles
in a region be- 20tween nei ghbouri ng%grate bars are cut by edges of
correspondi ng air ducts. 15. Gate for a furnace, the grate bar
conprising at |east one, air, duct which extends al ong at | east ane side 25of
the grate bar fr'6m3§ towerduPfate t'6 iste§oﬁgp T SUFFates . ‘& ate bar
according to claign 15y whereigxtkheidd rovdiCt e aderiessenhyeah lyf ewnenl y
di stributed al ong. t I&e aJtC Ielast. 30one side. 55

second lateral side.

5 6. Grate bar according to one of claims 1 to 5 wherein at

least one air duct is provided with a rectangular cross

section.
7. Grate bar according to one of claims 1 to 6 wherein at
10 least one air duct is provided with a saw tooth shaped

cross section.

8. Grate for a furnace, the grate comprising an arrangement
of fixed and movable grate bars according to one of
15 claims 1 to 7, the fixed and movable grate bars compris-

ing air ducts.

9. Grate arrangement for a furnace, the grate arrangement
comprising an arrangement of fixed and movable grate
20 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
of the other one of the neighbouring grate bars.
25
10. Grate arrangement according to claim 9, wherein an angle
of the lateral air ducts against the longitudinal axes
of the neighbouring grate bars is about 60°, resulting
in a cutting angle of about 60°.

30



17. Grate bar according to claim15, wherein groups of equidistant air
ducts are essentially evenly distributed along the at |east one side. 5 18.
G ate barwacerwmde4yg to one of clains 15 to 17, conprisi mgTaB201€esb3%i ght
air ducts on one side of the grate bar. 19. G ate bar according to one of
clainms 15 to 18, wherein 10the air ducts extend from bel ow t he upper
surface of the grate bar to an upper surface of the grate bar. 20. Gate
bar according to one of clainms 15 to 19, wherein the air ducts are provided
as straight channels. 15 21. Grate bar according to one of clains 15 to 20,
wherein the air ducts are inclined against the |ongitudinal axis of the
grate bar to generate a cutting effect between nei ghbouring grate bars. 20
22. Grate arrangenent with several g?4ate bars the grate bars conprising
grooves according to one of clainms 15 to wherein at | east two

nei ghbour i ng- suffdces of " FietigHbaar? hy gt éf)ecll.)?frr% COPFireE &t ducts with
differing incliwhadenat bonfack3d iNethoch frole bije@lidig adkl ptovalezionbyst i on

mat eri al on top of a grate of a furnace, conprising - bl ow ng
conbustion gas 1 WG g Space bel ow the grate, 30- conducting the air to the
upper side of grate bars along side faces of grate bars of the grate

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

claims 9 to 11.

13. Waste incineration plant with a grate arrangement ac-
cording to one of claims 9 to 11.
10
14. Method for operating a grate of a furnace of an incin-
eration plant, comprising
- providing an array of alternating grate bars where-
in the grate bars are provided with air ducts that
15 are facing each other;
- generating an alternating movement between neigh-
bouring grate bars;
- moving neighbouring grate bars relative to each
other, wherein material particles in a region be-
20 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
25 of the grate bar from its lower surface to its upper

surface.

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

30 one side.



10

15

20

25

30

WO 2012/032490

17.

18.

19.

20.

21.

22.

23.

55

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

along the at least one side.

Grate bar according to one of claims 15 to 17, compris-
ing at least eight air ducts on one side of the grate

bar.

Grate bar according to one of claims 15 to 18, wherein
the air ducts extend from below the upper surface of the

grate bar to an upper surface of the grate bar.

Grate bar according to one of claims 15 to 19, wherein

the air ducts are provided as straight channels.

Grate bar according to one of claims 15 to 20, wherein
the air ducts are inclined against the longitudinal axis
of the grate bar to generate a cutting effect between

neighbouring grate bars.

Grate arrangement with several grate bars the grate bars
comprising grooves according to one of claims 15 to 20,
wherein at least two neighbouring surfaces of neighbour-
ing grate bars comprise air ducts with differing incli-

nation.

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,

- conducting the air to the upper side of grate bars

along side faces of grate bars of the grate

PCT/IB2011/053935



