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GRATE BAR FOR A FURNACE COMPRISING AIR DUCTS 

 

The present application relates to grate bars for use in fur-

naces. Especially, but not exclusively, the present applica-5 

tion relates to grate bars for reciprocating grates. 

 

Among others, the present application relates to an arrange-

ment of interconnected grate bars using a coupling means with 

an elongated recess on the side of one grate bar and an en-10 

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 U1 describes a roller grate with station-

ary grate elements that form the cylindrical surface of the 

roller grate. 

 

FR2599125 describes a grate bar in which interconnection be-20 

tween neighbouring grate bars is at the distal end. 

 

DE3049086, US4239029 and DE3610819A1 describe arrangements of 

interconnected grate bars in which no relative movement be-

tween neighbouring bars is possible.  25 

 

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-

dinal planar movement. DE2805712 describes an arrangement of 30 

interconnected grate bars, each having two coupling means at 

proximal and distal ends of the grate bar, however only one 
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of the coupling means has an elongated groove to allow longi-

tudinal movement of one bar with respect to its neighbour. 

 

FR2599125 describes an arrangement of interconnected grate 

bars which is only located at the distal end of the bars. 5 

 

DE1783200 describes an arrangement of interconnected grate 

bars in which the coupling means is integrated with ribs dis-

posed on the under side of the grate bars.  

 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 

relatively small longitudinal area of interconnection. 15 

 

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 

relative movement of the grate bars for the improved 20 

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 

bars. Furthermore, lateral aeration grooves of the grate bars 25 

may have opposing inclinations between horizontally adjacent 

grate bars to provide a scissor effect for the comminution of 

trapped material. 

 

Furthermore, the grate bars according to the application com-30 

prise an arrangement of two interconnections, one at the 

proximal end and the other at the distal end of the grate 
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bar, to prevent a broken grate bar from falling onto the 

base.  

 

US4239029 describes an arrangement of interconnected grate 

bars in which there is one interconnection along the longitu-5 

dinal axis. Likewise, DE911317 discloses an arrangement in 

which the interconnection means is at one location along the 

longitudinal axis of the grate bar.  

 

As described earlier, DE2805712B1 refers to a means of inter-10 

connection in which there are two coupling means, one at the 

proximal and one at the distal end. 

 

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

adapted with lateral grooves, that may be inclined for cut-15 

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-

terial resting on the upper surface of the grate bars as one 20 

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, 

thereby effecting cutting of material which falls into the 30 

gaps. 
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According to a further aspect, the application discloses a 

grate bar having a modification to improve air flow in the 

region beneath and between neighbouring grate bars, (see es-

pecially Figs. 1, 6, 7 and Figs. 9 - 11). Air channels or air 

ducts or lateral grooves are provided along the whole length 5 

of the grate bar. DE2806974 describes a grate bar with inter-

nal channels for circulating air.  

 

DE102004034322 describes an arrangement, which allows for air 

flow between grate bars. 10 

 

DE19648128 and EP1315936B1 describe a grate bar having inter-

nal channels within the grate bar for circulation of a cool-

ant liquid.  

 15 

WO06117478, DE9309198 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. 

 

FR 672 244 discloses a grate bar for a roller grate of a fur-20 

nace with air ducts at a lateral side of the grate bar.  The 

air ducts are provided at an angle other than ninety degrees 

with respect to a longitudinal axis of the grate bar. 

 

FR 882 885 discloses a grate bar with air ducts at lateral 25 

sides of the grate bar. The air ducts are provided at an an-

gle between fifty and sixty degrees with respect to a longi-

tudinal axis of the grate bar. The air ducts are inclined in 

a direction that is opposite to a flow direction of combus-

tion gases. 30 

 

FR 642 198 discloses a grate bar with openings in the form of 

conically shaped cavities and spacings between triangular 
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protrusions wherein one side of the openings has an inclina-

tion other than ninety degrees with respect to a longitudinal 

axis of the grate bar. The openings are inclined from the 

front to the back. 

 5 

US 2,403,787 discloses a grate bar with notches at lateral 

sides of the grate bar. The notches are inclined downwards 

with respect to a top surface of the grate bar. 

 

DE 399 913 discloses a grate bar for furnaces which comprises 10 

transverse grooves at a first lateral side of the grate bar 

and lugs at a second lateral side of the grate bar. The 

grooves and the lugs are inclined downwards with respect to a 

top surface of the grate bar. 

 15 

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 20 

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.  25 

 

The inclination of at least one neighbouring groove against 

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

together with an edge of a corresponding neighbouring air 

duct of a neighbouring part forms a cutting arrangement for 30 

particles that are caught in the area of the first air duct 

and the neighbouring air duct. In a specific embodiment, an 

inclination relative to the vertical is about 30°. 
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In a further modification, the grate bar comprises further 

air ducts at the first side of the grate bar which have sub-

stantially the same inclination as the first air duct and 

which extend over the entire length of the first lateral 5 

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 

the inclination of the first air duct.  10 

 

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 

lateral side, the second lateral side may also comprise fur-15 

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. 

 

To achieve a good cutting effect, the air duct or at least 20 

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.  

 

The application also discloses a grate for a furnace with an 25 

arrangement of fixed and movable grate bars which comprise 

the abovementioned air ducts, especially one in which the 

fixed and movable grate bars are alternated within horizontal 

rows and wherein the horizontal rows of fixed and movable 

grate bars are provided on fixed and movable step frames. 30 

 

In a more specific embodiment of a grate according to the ap-

plication, at least two neighbouring grate bars of the ar-
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rangement comprise lateral air ducts such that there is a 

cutting angle between the air ducts of one of the neighbour-

ing grate bars and the air ducts of the other one of the 

neighbouring grate bars. Especially, the air ducts may be 

provided at an inclination of about 60° against the horizon-5 

tal, which gives a good compromise between cutting action and 

air transport. The surfaces in which the air ducts are pro-

vided may be smoothed such that the grates can be placed 

close together and less waste is trapped. 

 10 

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 

high heating value and the heat may be used to for power gen-

eration and/or teleheating. Furthermore, the application dis-15 

closes a waste incineration plant with the abovementioned 

grate. 

 

A grate according to the application is used in the following 

way. A movable step frame and a fixed step frame are provid-20 

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 

are movably connected via engaging members that engage into 

elongated recesses and. The grate bars are also provided with 25 

lateral air ducts that are slanted differently between adja-

cent sides of horizontally adjacent grate bars.  

 

An alternating movement between neighboring grate bars is 

generated and the movement is used to move supporting members 30 

of the movable step frame. Fixed grate bars are moved with 

the supporting members of the movable step frame. A support-



 
 8 
  
ing member engages into a space between a downwardly extend-

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

 

Movable grate bars are moved relative to supporting members 

of the movable step frame, wherein a supporting member engag-5 

es into a space between a downwardly extending portion and a 

nose of the movable grate bar. Material particles in a region 

between the neighboring grate bars are cut by edges of corre-

sponding air ducts. 

 10 

In a further aspect, the application discloses a grate bar 

for a furnace, the grate bar comprising at least one but 

preferentially a plurality of air ducts which extends along 

at least one longitudinal side of the grate bar from its low-

er surface to its upper surface such that combustion gas can 15 

stream from underneath the grate bar to above it. Different 

from the prior art, the air ducts are provided in a side face 

of the grate bar which is facing towards a side face of a 

neighbouring grate bar. Moreover, the air ducts may be formed 

straight to enable a good airflow and removal of trapped ma-20 

terial. 

 

According to a modification the air ducts are essentially 

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

may form groups of equidistant air ducts which are essential-25 

ly evenly distributed along the at least one side. 

 

In one embodiment, the grate bar comprises at least eight air 

ducts on one side of the grate bar. Ventilation is also pos-

sible with less air ducts but with eight air ducts or more 30 

than that, for example in three groups of three air ducts, 

there is an improved ventilation. 
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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-5 

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 10 

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 15 

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. 

 20 

Provided that obstructions in and above the ducts are sub-

stantially equal the air flow can be adjusted such that there 

is a substantially equal airflow through air ducts of a grate 

bar. 

 25 

According to a further aspect, the distal end of a grate bar 

is fitted with a removable end-cap to eliminate the need for 

grate bar replacement when the grate bar end wears.  

 

US812071, CH663266A5, FR2694376 and FR2530319 all describe 30 

arrangements of removable grate bar end caps. 
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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" 

refers to the driven side, which is driven either directly 5 

via a moving step frame or indirectly via 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 

form a groove. 10 

 

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 

longitudinal direction of the grate bar such that a corre-15 

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 

or a step frame and the longitudinal direction is the direc-20 

tion in which the grate bar has the longest extension. The 

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

the engaging member first touches the elongated recess when 

one is rotated relative to the other. 

 25 

The proximal engaging element has a longitudinal shape with a 

first end and a second end, wherein the height of the proxi-

mal engaging element at the first end and at the second end 

is slightly smaller than the height of a corresponding proxi-

mal elongated recess of a further neighbouring part. More 30 

specifically, the further neighbouring part can be provided 

at opposite sides of the first neighbouring part. 
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A relative tilt angle 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 

element. Advantageously, the tilt angle is such that a broken 

piece of a grate bar does not contact the underlying grate 5 

frame, for example less than 45° degrees. 

 

The grate bar according to the application may furthermore 

comprise a distal elongated recess and a distal engaging ele-

ment. "Distal" refers to a location close to the opposite 10 

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 

the grate bar and the distal engaging element is preferably 

also located at the second side of the grate bar. The distal 15 

engaging element can have the same shape as the proximal en-

gaging element and the distal elongated recess can have the 

same shape as the proximal elongated recess. Preferentially, 

the engaging elements are fixed with respect to grate bar in 

order to prevent tilting and uplifting of the grate bar. The 20 

elongated recesses may be cast as part of a side of the grate 

bar. 

 

In a further modification, at least one coupling element is 

adapted to the corresponding engaging element of the first 25 

neighbouring grate part such that the elongated recess can 

only tilt relative to the engaging element of the first 

neighbouring part by a tilt angle that does not exceed a max-

imum tilt angle. Furthermore, at least one engaging element 

is adapted to the corresponding coupling element of the sec-30 

ond neighbouring part such that the engaging element can only 

tilt relative to the elongated recess of the second neigh-
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bouring part by a tilt angle that does not exceed the maximum 

tilt angle. 

 

In a more specific embodiment, a height of the rectangular 

cross section of the engaging element is slightly smaller 5 

than the height of the corresponding elongated recess of the 

neighbouring part and a width of the rectangular cross sec-

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 10 

smaller, the engaging element can move within the elongated 

recess and by making the width greater than the height of the 

elongated recess the engaging element can lock at a tilting 

angle. 

 15 

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

ments has an octagonal cross section and a height of the oc-

tagonal cross section is slightly smaller than the height of 

the corresponding elongated recess of the neighbouring part 

and a width of a longitudinally aligned surface of the engag-20 

ing element that is parallel to a longitudinal axis of the 

engaging element is greater than the height of the corre-

sponding elongated recess. 

 

More generally, the engaging element may have two parallel 25 

horizontal faces and at least one oblique face, that is at an 

angle to the parallel faces. Waste particles are cut by move-

ment against the oblique face and the parallel faces provide 

alignment of neighbouring grate bars. 

 30 

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

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

section comprising two widened ends, wherein a height of the 
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widened ends is slightly smaller than the height of the cor-

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. 

 5 

In a further embodiment, the proximal engaging element is 

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 10 

fixed and the distal end of the grate bar is in contact with 

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 15 

extend along the grate bar. Alternatively, the elongated re-

cesses are formed out as a proximal elongated recess and a 

distal elongated recess which have an O-shaped cross section 

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

terial is needed, reducing the overall weight. 20 

 

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 25 

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. 30 

 

The application further discloses a grate for a furnace which 

comprises an arrangement of grate bars that are either fixed 
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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 5 

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. 

 10 

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-15 

closes a waste incineration plant with the abovementioned ar-

rangement of fixed and movable grate bars. A cutting effect 

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

and reduces lateral forces on the grate bars. 

 20 

In a further aspect, the application discloses a grate bar 

for a furnace, comprising an exchangeable head at a distal 

end of the grate bar, the exchangeable head being fixed to 

the grate bar with at least two bolts. The bolts comprising 

bolt heads which engage into a first and a second T-shaped 25 

slit that are provided in the exchangeable head. The ex-

changeable head is provided between a first step and a second 

step of a receiving area of the grate bar. Thereby, the first 

and second steps take up thrust forces and the bolts are sub-

jected to less strain. The slit may also take on a slightly 30 

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

least one rear bolt wherein the front bolt is shorter than 5 

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. 

 10 

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-

ing element at a horizontal surface of the exchangeable head, 15 

especially a clearing element has a triangular cross section. 

 

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 20 

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 25 

may be practised without such details. 

 

Fig. 1  illustrates a perspective view of a portion of an 

arrangement of grate bars with an exchangeable end 

cap, 30 

Fig. 2 illustrates an embodiment of an end cap having a 

thrust element and a clearing element, 
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Fig. 3 illustrates a further embodiment of an end cap hav-

ing a thrust element, 

Fig. 4 illustrates a further embodiment of an end cap hav-

ing a clearing element,  

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

Fig. 6  illustrates a further embodiment of a movable grate 

bar in front perspective, 

Fig. 7  illustrates a rear perspective view of the grate 

bar of Fig. 6, 

Fig. 8  illustrates a cross-sectional view through the dis-10 

tal end of a further embodiment of a grate bar, 

Fig. 9  illustrates a side view of a fixed grate bar, 

Fig. 10  illustrates a side view of a further embodiment of 

a movable grate bar in a first position, 

Fig. 11  illustrates a side view of the further movable 15 

grate bar of Fig. 10 in a second position, 

Fig. 12  illustrates a cross section of a first embodiment 

of grate bar grooves, 

Fig. 13  illustrates a cross section of a second embodiment 

of grate bar grooves, 20 

Fig. 14  illustrates a cross section of a third embodiment 

of grate bar grooves, 

Fig. 15 illustrates a side view of an arrangement of grate 

bar grooves of two neighbouring grate bars of Figs. 

9 and 10 in a first relative position, 25 

Fig. 16 illustrates a side view of an arrangement of the 

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

tion,  

Fig. 17 illustrates a side view of an arrangement of the 

grate bars of Fig. 15 in a third relative position, 30 

Fig. 18  illustrates a cross section through a reciprocating 

grate of a waste incineration plant, 
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Fig. 19 illustrates a side view on a row of movable grate 

bars of the grate of Fig. 18, 

Fig. 20  illustrates a side view of a further embodiment of 

a grate bar having a coupling means, 

Fig. 21  illustrates a cross-sectional view of one of the 5 

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

Fig. 22  illustrates a cross-sectional view of the other 

coupling means of the grate bar of Fig. 20, 

Fig. 23 illustrates shear forces which lead to the braking 

of a grate bar, 10 

Fig. 24  illustrates a broken grate bar of the grate of 

Figs. 18 and 19 that is supported by neighbouring 

grate bars, 

Fig. 25  illustrates a frontal view of an arrangement of the 

grate bars of the grate of Figs. 18 and 19, 15 

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 

grate bar, 20 

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, 

Fig. 30 illustrates a front perspective view of the grate 25 

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, 

Fig. 32  illustrates a cross-sectional view along line C-C 30 

of the first coupling means of the grate bar of 

Fig. 27,  



 
 18 
  
Fig. 33  illustrates a cross-sectional view along line D-D 

of the first and second protrusions of the grate 

bar of Fig. 27, 

Fig. 34  illustrates a mounting of a row of grate bars into 

a step frame, 5 

Fig. 35 illustrates a further embodiment of an engaging el-

ement and a coupling element, 

Fig. 36 illustrates a cross section of Fig. 35, and 

Fig. 37 illustrates a further embodiment of engaging and 

coupling elements. 10 

 

Figures in the figure descriptions below have similar parts. 

The similar parts have the same names or similar part num-

bers. For the sake of brevity, the description of the similar 

parts is not repeated every time. 15 

 

Fig. 1 shows an arrangement 60 of grate bars 62, 63. The ar-

rangement 60 shows two adjacent grate bars 62, 63. Each grate 

bar 62, 63 has a front face 65 and a plurality of lateral 

grooves 66.  20 

 

The front face 65 comprises a lower vertical part 67 and an 

upper oblique part 68. An end cap 70 comprises two upwards-

facing portions, one horizontal portion 71 and one parallel 

portion 72 to the oblique part 68 of the front face 65.  25 

 

The end cap 70 is secured to the grate bar 62 or 63 by bolts 

74, 75 inserted from the underside of the upper part 16, as 

illustrated in Figs. 2 to 4 and Fig. 28. The securing is such 

that the horizontal portion 71 abuts the upper part 16 and 30 

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. 
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The lateral grooves extend from the upper part 16 to a verti-

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 5 

lateral grooves in the opposite longitudinal side are in-

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 10 

cap 70 are provided by the end caps 70', 70'' or 70''' of 

Fig. 2, 3 and 4. . 

 

The lateral grooves 66 serve to remove jammed material be-

tween the grate bars 62, 63 to beneath the grate bars 62, 63. 15 

This removal is achieved by the lateral grooves 66 of neigh-

bouring grate bars 62, 63 moving in opposing directions. The 

relative movement cooperates to transport and comminute the 

waste material. The lateral grooves 46, 47 then channel the 

comminuted material below the grate bars 10. In addition, the 20 

lateral grooves 66 also allow air flow from underneath the 

grate bar 62, 63 to above the upper part 16 for providing 

combustion gas to the material to be combusted. 

 

The distance between grooves 66 and the width of the grooves 25 

66 are adapted such that any material received by the grooves 

66 would be cut into pieces as the grate bars 62, 63 move 

relative to each other. The lateral grooves are provided 

along the whole length of the grate bars 62, 63 for providing 

combustion gas to the whole area of the grate 60. 30 

 

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

a thrust element 174 and a clearing element 175. The thrust 
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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 

provided for non-stationary grate bars, that is to movable 5 

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. 

The clearing element, on the other hand, assists the forward 10 

motion and the downward movement of the waste on the grate 

60. 

 

As can be seen in Figs. 2, 3 and 4, a short bolt 176 and a 

long bolt 180 with respective bolt heads 177, 181 are provid-15 

ed inside the end cap 70, 70', 70'', 70'''. As shown in 

Fig.3, the bolts 176, 180 are provided in T-shaped slits 179, 

182 of the end cap 70, 70', 70'', 70'''. The lower parts of 

the T-shaped slits are formed by two L shaped protrusions 178 

and two L-shaped protrusions 183 of the end cap 70,70', 70'', 20 

70'''. For simplicity, parts of the end caps 70' and 70''' 

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

rately provided with reference numbers. 

 

As shown in Fig. 4, washers are provided on the bolts 176, 25 

180 and the respective nuts 183, 184 are screwed onto bolt 

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 l. On the side of the long bolt 180, 30 

the receiving area comprises a step 184. Gaps are provided 

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

and the upper part 16. Furthermore, bores in the upper part 
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16 are made wider than the diameter of the bolts 176, 180. In 

this way, exact alignment of the protrusions 178, 183 and of 

the bolts 176, 180 is not required, alignment is provided by 

the steps 184 and 187 of the receiving area. 

 5 

In a further embodiment of an end cap 70, which is not shown 

in Figs. 2 to 4 but which can be seen in Fig. 1, the end cap 

70 is not provided with a thrust element 174 or with a clear-

ing element 175.  

 10 

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

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

the T-shaped slits 179, 182 in a similar manner as curtain 

hooks in a curtain track and they are secured against hori-

zontal movement by frictional engagement. The portions of the 15 

slits 179, 182 between the L-shaped protrusions 178, 183 have 

a smaller width than the diameter of the respective bolt 

heads 181, 177.  

 

Figs. 6 and 7 show a movable grate bar 10. Herein, "movable" 20 

refers to a movement relative to a step frame or to a sup-

porting member. The supporting member is not shown in Fig. 6 

and 7 but it can be seen in Figs. 10 – 11 which show a simi-

lar grate bar. The movable grate bar 10 has a left side 11, a 

right side 12, a front face 13, a distal end 14 and a proxi-25 

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 

10 is downwardly disposed in the region of the projecting 30 

noses 18, 19.  
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At the distal end 14 of the movable grate bar 10, the upper 

part 16 and the longitudinal projection 17 extend to the 

front face 13 disposed at an angle to the upper part 16. The 

front face 13 has a retaining hole 20. The underside of the 

front end, not shown, has a flat, step-like groove 21. A 5 

first end cap 22 or a second end cap 23 may be removably af-

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

 

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

tion, having a left side comprising a lower face 48 and an 10 

upper face 49 and a lower side, not shown. The lower side has 

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

er side proximal to the lower face 48. The first end cap 22 

has an attachment hole 27 extending from its upper face 49 to 

the underside of its upper face. The lower face 48 of first 15 

end cap 22 is oriented perpendicular to the upper side 16 of 

the movable grate bar 10 when it is mounted on the front face 

13. The upper face 49 is disposed at an angle to the lower 

face 48. 

 20 

The second end cap 23, which can be used as an alternative to 

the first end cap 22, is approximately L-shaped in side ele-

vation, having a left side 25 and a lower side, not shown. 

The lower side has an upwardly projecting engaging lip 26 at 

the end of the lower side, not shown, proximal to the left 25 

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 

when mounted on the front face 13.  30 

 

The longitudinal projection 17 has six modified regions, a 

left proximal modified region 28, a left central modified re-
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gion 29, a left distal modified region 30, a right proximal 

modified region 31, a right central modified region 32, and a 

right distal modified region 33. The left proximal modified 

region 28, the left central modified region 29, the left dis-

tal modified region 30, the right proximal modified region 5 

31, the right central modified region 32 and the right distal 

modified region 33 are shaped as rips whose cross-sectional 

thickness is lower than the thickness of the other parts of 

the longitudinal projection 17. The surfaces of the regions 

28, 29, 30, 31, 33, which serve to enhance the stability and 10 

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

trast, the surfaces of the left side 11, the right side 12, 

and the longitudinal side 17 are smoothened. 

 

The left and right proximal modified regions 28, 31 of the 15 

longitudinal projection 17 comprise a first protrusion 34 and 

a second protrusion 35 both extending downwardly from the 

lower side, not shown, of the longitudinal projection 17. The 

first protrusion 34 and second protrusion 35 have identical 

shape and form the left side 36 and back side, not shown, of 20 

the left and right proximal modified regions 28, 31. The left 

and right proximal modified regions 28, 31 further comprise 

an attaching hole 37 extending from the left proximal modi-

fied region 28 to the right proximal modified region 31. The 

front end 36 of both the first protrusion 34 and second pro-25 

trusion 35 is disposed perpendicularly to the upper part 16 

of the movable grate bar 10 and faces towards the front face 

13. 

 

A first engaging element 38 is disposed on the left side 11 30 

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 
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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-5 

tween the left central modified region 29 and the left distal 

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

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

mal end 15 of the movable grate bar 10. 

 10 

A first grate bar coupling means 42 is disposed on the right 

side 12 of the longitudinal projection 17 situated longitudi-

nally between the right distal modified region 31 and the 

right central modified region 32. The first grate bar cou-

pling means 42 has a first elongated recess 43 with the axis 15 

of elongation from the distal end 14 to the proximal end 15 

of the movable grate bar 10. 

 

A second grate bar coupling means 44 is disposed on the right 

side 12 of the longitudinal projection 17 situated longitudi-20 

nally between the right distal modified region 33 and the 

right central modified region 32. The second grate bar cou-

pling means 44 has a second elongated recess 45 with the axis 

of elongation from the distal end 14 to the proximal end 15 

of the movable grate bar 10. 25 

 

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 vertical. 30 

 

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

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

 

The lateral grooves 46 and 47 of Fig. 7 are similar to the 5 

grooves 66 shown in Fig. 1 and to the grooves 95 shown in 

Fig. 9. The grooves of the grate bars can be seen best in 

Figs. 15, 16. 17. In Fig. 10 an angle of about 60° of the 

grooves against the vertical is indicated for this embodi-

ment. The movable grate bar 10 further has a removable pyram-10 

idal element 50 that is attached to the distal end of the up-

per part 16. The pyramidal element 50 has four faces, in-

clined towards the front face 13, left side 11, right side 12 

and proximal end 15 of the movable grate bar 10. The pyrami-

dal element 50 can be attached to the upper part 16 by a nut 15 

and bolt arrangement 160 as illustrated in Fig. 8. 

 

In use, several movable grate bars 10 are used in an inciner-

ator for combusting material. In an arrangement of grate 

bars, each movable grate bar 10 is aligned with a horizontal-20 

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-25 

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 30 

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

cess 43 and the second engaging element 40 engages the second 

elongated recess 45. Moreover, the first and second engaging 

elements 38, 40 can move within the first and second elongat-5 

ed recesses 43, 45 respectively in the axis of elongation of 

the elongated recesses 43, 45. In this arrangement of inter-

connected grate bars, relative movement of neighbouring grate 

bars in a longitudinal axis is possible. In the event that a 

movable grate bar 10 suffers a breakage, the engagement be-10 

tween the engaging elements and the coupling means enables 

the broken grate bar to continue to move relative to its 

neighbour and, therefore, prevent jamming of the system.  

 

The upper part 16 is used for receiving material to be com-15 

busted and for aggravating the material to be combusted. 

 

The left and right central modified regions 29, 32 allow com-

bustion gas such as air from below the grate bar to access 

the upper part 16. Furthermore, the left and right central 20 

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. 

 

The left and right central modified regions 29, 32 enable the 25 

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. 

 

The lateral grooves 46, 47 serve to let the combustion air 30 

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.  
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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 

grooves 46, 47 are advantageously provided at the left cen-5 

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

12, 17 respectively. This enables flow of air between the up-

per part 16 and beneath the grate bar 10. 

 

The first end cap 22 or second end cap 23 is used to urge the 10 

received material for combusting forward. The first end cap 

22 or second end cap 23 are also designed for removal from 

the front face 13 of the grate bar 10 for easy maintenance.  

 

According to Fig. 1, a removable top 70, 71, 72 can be fitted 15 

to the grate bar 10 instead. The removable top 70, 71, 72 can 

be mounted and removed easily, compared to the first end sec-

ond end caps 22, 23. 

 

The removability of the end cap 22, 23 has the advantage that 20 

the whole grate bar need not be replaced when only the front 

face is worn out. This reduces material cost and system down-

time. The front end of the grate bar 10 often suffers wear. 

The removability of the end cap 22, 23 also allows to use end 

caps of different types. 25 

 

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

the engaging lip 26 engages the groove 21. Further, affixing 

means 24 is inserted through attachment hole 27 of either the 

first end cap 22 or second end cap 23 and engages retaining 30 

hole 20. 
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Fig. 8 shows an arrangement for fixing a pyramidal element 50 

to the distal end of a grate bar. The grate bar comprises a 

main body 190 which is shaped similar to an I-beam. The main 

body 190 comprises two rips that protrude downwards. As seen 

in Fig. 31, 32, 33, the upper indentation of the I-shape is 5 

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

ble head, such as the pyramidal element, the main body 190 is 

shaped as a surface from which two or more rips protrude 

downwards. 

 10 

A bore 194 is provided in the main body 190 for taking up a 

bolt 191. At the bottom side of the pyramidal element 50, a 

slit 192 is provided. The slit 192 has an enlarged upper por-

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 15 

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 

the nut 160. The nut 160 is spot welded to the bolt 191. 

 20 

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. 

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

 25 

At its proximal end, the upper part 81 is modified to form a 

downwardly extending hook 85. The longitudinal projection 83, 

93, 94 has on one of its longitudinal sides three modified 

regions in which the thickness of the longitudinal projection 

83 is reduced. These are a proximal modified region 86, a 30 

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 
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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.  

 

The supporting member 84 has a horizontally extending portion 5 

90 and a vertically extending portion 91. One end of the hor-

izontally extending portion 90 extends from a middle part of 

the vertically extending portion 91. An upper part 92 of the 

vertically extending portion 91 is adapted to support the 

proximal end of the fixed grate bar 80. The supporting member 10 

84 may be provided by the cross section of a carrier beam. 

 

A left side 93 of the fixed grate bar 80 has a left external 

surface 94, which extends from the proximal end to the distal 

end of the fixed grate bar 80. The left external surface 94 15 

has a plurality of lateral inclined grooves 95. The lateral 

inclined grooves 95 extend from the upper surface 96 of the 

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 20 

and the central modified region 87 and second engaging ele-

ment 101 disposed between the central modified region 87 and 

the distal modified region 88. 

 

Similarly, a right side, which is not shown, of the fixed 25 

grate bar 80 has a right external surface which extends from 

the proximal end to the distal end of the fixed grate bar 80. 

The right external surface has a plurality of lateral in-

clined grooves 126 which have an opposite inclination to the 

grooves 95. These lateral inclined grooves 126 extend from 30 

the upper surface 96 of the fixed grate bar 80 to the lower 

surface 98 of the fixed grate bar 80.  
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The right external surface, not shown, has a first coupling 

means, not shown, disposed between the proximal modified re-

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

pling means, not shown, disposed between the central modified 

region 87 and the distal modified region 88. 5 

 

On the side of the grate bar, which is not shown in Fig. 9,  

first and second coupling means are provided, similar to the 

coupling means 42, 44 shown in Fig. 6. 

 10 

In the embodiment of Figs. 9, 10, 11, left and right lateral 

inclined grooves are inclined at an angle to the vertical. 

Furthermore, the inclination of all grooves of one type of 

grate bars is in one direction while the inclination of the 

grooves of the other type of grate bars is in the opposite 15 

direction. Hence, the inclination of the grooves is the same 

for both sides of a grate bar of a given type. 

 

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-20 

tively. The grate bar 120 has parts similar to parts of the 

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, 25 

a protrusion 124 is downwardly disposed at the proximal end 

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 30 

the protrusion 124 define a space such that the upper part 92 

of the vertically extending portion 91 of the supporting mem-

ber 84 can move within the space. The movement 196 is such 
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that the upper part 92 can abut either with the protrusion 

124, as illustrated in Fig. 10, or with the downwardly ex-

tending portion 122, as illustrated in Fig. 11. In contrast, 

the fixed grate bars 80 according to Fig. 9 are fixed rela-

tive to the supporting member 84. Therefore, if a fixed grate 5 

bar 80 is placed horizontally adjacent to a movable grate bar 

120, a relative movement between the grate bars 80 and 120 is 

created during operation. 

 

Similar to the fixed grate bar 80 of Fig. 9, the left exter-10 

nal surface 94 of the movable grate bar 120 has a plurality 

of lateral inclined grooves 126. The lateral inclined grooves 

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

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

 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. 
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33. The fixed grate bars 80 and movable grate bars 120 can 

have different supporting members 84. 

 

In use, each supporting member 84 is intended for supporting 

a plurality of the grate bars 80 and 120. The plurality of 5 

the grate bars 80 and 120 are arranged such that one fixed 

grate bar 80 is placed horizontally adjacent to a movable 

grate bar 120, as illustrated in Fig. 25. 

 

The supporting member 84 serves to move the grate bars 80 or 10 

120 back and forth in a longitudinal direction of the grate 

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

used for stirring material that is placed on the upper part 

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 

grate bar 120 to move the movable grate bar 120 in the same 20 

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. 

 

In a backward movement step, the supporting member 84 moves 25 

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 

as the supporting member 84. The upper part 92 also abuts the 30 

downwardly extending portion of the movable grate bar 120 to 

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

Fig. 11. This is because of the time needed for the upper 
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part 92 to move within the space between the protrusion 124 

and the downwardly extending portion 122.  

 

In other words, in the backward movement step, the movable 

grate bar 120 will start to move after the fixed grate bar 5 

80. Similarly, in the subsequent forward movement step the 

movable grate bar 120 will start to move after the fixed 

grate bar 80. The forward and backward steps are repeated. 

This arrangement achieves comminution and transport of the 

waste material. 10 

 

The left lateral inclined grooves 95 of the fixed grate bar 

80 are intended to cooperate with the right lateral inclined 

grooves 126 of the grate bar 120 to receive and to comminute 

combustion material, as the grate bars 80 and 120 move rela-15 

tive to each in the manner described above. 

 

Receiving of the combusted material can occur in a first po-

sition, when the upper end of the right lateral inclined 

grooves 126 and the upper end of the left lateral inclined 20 

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 

and their respective lateral inclined grooves 95 and 126. 

 25 

As shown in Figs. 15, 16, 17, a conveying volume 130 that is 

defined by an intersection of the inclined grooves moves up-

wards and downwards during operation. Big waste particles 

that are trapped in the grooves 95, 126 move upwards and 

downwards in the conveying volume 130 until they are moved to 30 

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

apart into smaller particles. Smaller particles which are 
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trapped in the grooves fall through the grooves 95, 126 to 

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

 

The cutting of material which is caught in the grooves 95, 

126 occurs when the side edges of the adjacent grooves 95, 5 

126 move towards each other. The relative movement of two ad-

jacent grooves 95, 126 provides an increase of the cutting 

forces due to the angular relationship between the cutting 

forces and the inclination of the grooves 95, 126. A corre-

sponding cutting angle β is indicated in Fig. 16, which is 10 

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 

perpendicular to the grooves 95, 126 and into an advancing 

force which is parallel to the grooves 95, 126. This improves 15 

the cleansing of the grooves 95, 126. 

 

Figs. 12, 13 and 14 show cross sections of several embodi-

ments of grate bar grooves 95, 126. The cross sections have 

rectangular, sawtooth and rounded sawtooth shapes. The grate 20 

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 

to machine. To achieve a good throughput of air it is fur-

thermore advantageous to provide air ducts in the form of 25 

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. 

 

The cross section of one groove is calculated according to a 30 

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

sum of all cross sections of grooves of a grate bar such that 

the total cross section is large enough to provide enough 
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combustion air according to the gas flow model. The single 

cross section is obtained by division of the total cross sec-

tion by the number of grooves and multiplication times a cor-

rection factor of 1/0.6 – 1/0.85 or of 1/0.7 – 1/0.85 that 

takes into account the resistance of the groove which depends 5 

on the shape of the groove. 

 

Fig. 18 shows a cross section of a reciprocating grate 161 of 

a waste incineration plant. Movements of the grate bars are 

indicated by arrows as well as the movement of a lever 173. 10 

 

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

bars 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 15 

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 

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 20 

frame 171. The movable step frame 170 and the fixed step 

frame 171 comprise T-shaped supporting members. The frames 

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. 25 

 

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

forwards and backwards by the T-shaped supporting members 84 

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

fixed grate bars is kept in position by the T-shaped support-30 

ing members 84 of the fixed step frames 171.  
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Likewise, the horizontally adjacent grate bars, three of 

which can be seen in Fig. 19, comprise a driven set of mova-

ble grate bars and a non driven set of movable grate bars 

which comprise every second movable grate bar 120 and every 

intermediate movable grate bar 120, respectively. The driven 5 

set of movable grate bars is supported by the movable step 

frame 170 and the non-driven set of movable grate bars is 

supported by the fixed step frame 171. 

 

In operation, the driven set of movable grate bars 120 is 10 

moved forwards and backwards by the T-shaped supporting mem-

bers 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-15 

driven set of movable grate bars 120 are movable between an 

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. 20 

 

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 25 

the lever 173. 

 

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

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

ing on a fixed step frame 171 and the movable grate bar 120 30 

in the middle is resting on a movable step frame 170. It is 

shown that the movable grate bars 120 at the top rest on the 
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nose shaped protrusion 124 of the movable grate bar 120 in 

the middle. 

 

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

grate bar of Fig. 9. Fig. 20 shows a grate bar 140 that has 5 

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. 10 

 

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-15 

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. 

 20 

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 25 

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 

gap between the fixed grate bar 80 and the movable grate bar 30 

120 and bends the movable grate bar 120 and the adjacent 

fixed grate bar 80' to the right along the bending lines 103, 

103'. Thereby, a bending moment is exerted onto the grate 
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bars 120, 80' which is strongest in the region of the bending 

line. The bending moment may eventually lead to breaking of 

the movable grate bar 120. Thermal stress increases the wear 

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

iron. Cast iron is relatively brittle and does not bend read-5 

ily 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-10 

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 15 

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 

second broken piece. Thereby, both of the broken pieces are 

prevented from falling down and the waste plant can continue 20 

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 25 

grate. 

 

Fig. 25 shows a frontal view onto a horizontal row of grate 

bars. Fixed grate bars 80 alternate with movable grate bars 

120. The fixed grate bars 80 engage with the movable grate 30 

bars 120 through engaging elements 150 and coupling means 142 

which are indicated by dashed lines. 
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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 

grate bar coupling means of 142 of the broken grate bar of 

Fig. 25 are shown by dashed lines. The octagonal protrusion 5 

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 

opposite edges F of the octagonal protrusion 157 and they are 

therefore prevented from tilting further. In Fig. 26, the two 10 

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 

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

fixed grate bars 80 as for movable grate bars 120. 15 

 

In use, the engaging element 155 experiences shear forces as 

it engages with a corresponding coupling means. The octagonal 

protrusion 157 provides a larger contact area with the cou-

pling means such that wear due to the shear forces is re-20 

duced. 

 

As neighbouring grate bars move relative to each other, mate-

rial which is trapped between the grate bars is moved against 

the octagonal protrusion 157. The edges of the octagon pro-25 

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

tagonal protrusion 157 that are slanted against the horizon-

tal deflect the material towards the top and towards the bot-

tom as it moves against the octagonal protrusion 157. This 

provides an improved self-cleaning of the elongated recess 30 

146. 
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Figs. 27 to 29 illustrate different views of the grate bar of 

Fig. 1. Parts that are similar in Figs. 27 and 33 and the 

aforegoing figures do not comprises separate reference numer-

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

the distal end of the grate bar of Fig. 28. Fig. 31 shows a 5 

cross-sectional view along line B-B of the second coupling 

means of the grate bar of Fig. 28. Fig. 32 shows a cross-

sectional view along line C-C of the first coupling means of 

the grate bar of Fig. 28. Fig. 33 shows a cross-sectional 

view along line D-D of the first and second protrusions of 10 

the grate bar of Fig. 28. 

 

Figs. 31 and 32 show cross sectional views through the grate 

bar at points along the bar where coupling means are located. 

In Figs. 31 and 32 the elongated recesses 43, 45 of Fig. 6 15 

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.  

 

Fig. 34 shows a top view of the mounting of a row of grate 20 

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. 

 

The mounting process is essentially the same for movable step 25 

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

side bars 105, 106 is bend outwards with a lever that is not 

shown here. In the example of Fig. 34, the right side bar 106 

is bend outwards. Then, the grate bars of a row of alternat-

ing fixed and movable grate bars 80, 120 are inserted, one 30 

after another. During insertion, the engaging elements 150, 

152 of a grate bar is inserted into the respective elongate 

recesses 42, 45 of the left neighbouring grate bar or of the 
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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 

side bar 106 bends back inwards.  

 

In a modification of the embodiment of Fig. 34, the placement 5 

of the engaging elements 150, 152 and the elongated recesses 

is reversed. In another modification, the placement of the 

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 10 

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 

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

be inserted in groups. 

 15 

Fig. 35 shows a further embodiment of an engaging element 

150' of a grate bar. The engaging element 150' has a bone-

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 20 

198, 199 that extend along the length of a neighbouring grate 

bar 80. The protrusions 198, 199 form a track between them 

which has a height H. 

 

Similar to the octagonal element 150 shown in Fig. 26l, the 25 

engaging element 150' comprises front faces 200 and slanted 

faces 201. The engaging element 150' comprises two ends 202, 

203 which are defined by the maximum vertical extension h 

perpendicular to the longitudinal axis of the engaging ele-

ment 150'. The distance between the ends is indicated by a 30 

length l and the vertical extension at the ends is indicated 

by a height h.  
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It can be shown through geometrical considerations that for a 

rectangular shape of an engaging element, the maximum angle 

of inclination α is approximately given by the relation H = l 

* sin(α) + h * cos(α), wherein l is the width of the rectan-

gle and h is the height of the rectangle. It is desirable, to 5 

have a small angle of maximum inclination. This can be 

achieved by making l 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. 

 10 

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 15 

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-20 

bouring grate bar 120, the engaging element 150''' is dimen-

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

the coupling means 142'' and the engaging element 150'', re-

spectively. 

 25 

Although the above description contains much specificity, 

this should not be construed as limiting the scope of the em-

bodiments but merely providing illustration to the embodi-

ments. The above stated advantages of the embodiments should 

not be construed as limiting the scope of the embodiments but 30 

merely to explain possible achievements if the described em-

bodiments are put into practise. Thus, the scope of the em-
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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 

disclosed in the below mentioned item list. 5 

 

1. Grate bar for a furnace comprising  

 - a proximal elongated recess at a first side of the 

grate bar and  

 - a proximal engaging element at a second side of the 10 

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 

corresponding neighbouring proximal engaging element of 15 

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 

shape with a first end and a second end, wherein the 20 

height of the proximal engaging element at the first end 

and at the second end being slightly smaller than the 

height of a corresponding proximal elongated recess of a 

further neighbouring part. 

 25 

2. Grate bar according to item 1, further comprising a dis-

tal elongated recess and a distal engaging element. 

 

3. Grate bar according to one of the preceding items, 

wherein 30 

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

sponding engaging element of the first neighbouring 

grate part such that the elongated recess can only tilt 
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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 

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

sponding coupling element of the second neighbouring 5 

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 

tilt angle. 

 10 

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-

tion is slightly smaller than the height of the corre-

sponding elongated recess and a width of the rectangular 15 

cross section is greater than the height of the corre-

sponding elongated recess. 

 

5. Grate bar according to one of the items 1 to 3, wherein 

at least one of the engaging elements has an octagonal 20 

cross section, a height of the octagonal cross section 

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. 25 

 

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 30 

slightly smaller than the height of the corresponding 

elongated recess and a distance of the widened ends be-
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ing greater than the height of the corresponding elon-

gated recess. 

 

7. Grate bar according to one of the items 2 to 6 wherein 

the proximal engaging element is provided next to a 5 

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-

tact with a supporting element and the distal end of the 

grate bar is in contact with an upper surface of a fur-10 

ther grate bar. 

 

8. Grate bar according to one of the preceding items, 

wherein the elongated recesses are formed out as a gap 

between two longitudinal protrusions that extend along 15 

the grate bar. 

 

9. 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 20 

recesses having an O-shaped cross section. 

 

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 25 

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. 30 

 



 
 46 
  
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. 

 

13. Grate for a furnace, the grate comprising an arrangement 5 

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-

gitudinal recesses of a neighbouring part. 10 

 

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 

adjacent grate bars. 15 

 

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 

of adjacent grate bars. 20 

 

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 25 

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, 30 

wherein the exchangeable head is provided between a 

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

grate bar. 
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18. Grate bar according to item 17, wherein the exchangeable 

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. 5 

 

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

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

vided, the at least one front bolt being shorter than 

the at least one rear bolt, the at least one front bolt 10 

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

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

 

20. Grate bar according to one of the items 17 to 19, where-

in the bolts are spot welded to the grate bar. 15 

 

21. Grate bar according of the items 17 to 20, wherein the 

exchangeable head comprises a thrust element at sloping 

surface of the exchangeable head. 

 20 

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 

the exchangeable head comprises a clearing element at a 25 

horizontal surface of the exchangeable head. 

 

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

ement has a triangular cross section. 

 30 

25. Grate bar according to one of items 17 to 24, wherein 

the exchangeable head comprises a pyramidal portion. 
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26. Grate bar according to one of items 17 to 25, wherein 

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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Claims 

 

1. Grate bar (10, 80, 120) for a furnace comprising 

- a first air duct (46, 47, 66, 95, 126) at a first 

lateral side of the grate bar (10, 80, 120) the first air 

duct (46, 47, 66, 95, 126)  being provided at an angle 

other than 90 degrees with respect to a longitudinal axis 

of the grate bar (10, 80, 120),  

wherein the grate bar (10, 80, 120) comprises further air 

ducts (46, 47, 66, 95, 126) at the first lateral side of 

the grate bar (10, 80, 120), the further air ducts (46, 

47, 66, 95, 126) having substantially the same 

inclination as the first air duct (46, 47, 66, 95, 126), 

the grate bar (10, 80, 120) further comprising a second 

air duct (46, 47, 66, 95, 126) at a second lateral side 

of the grate bar (10, 80, 120), the second lateral side 

being opposite to the first lateral side and the second 

air duct (46, 47, 66, 95, 126) having an inclination,  

the grate bar comprising further air ducts (46, 47, 66, 

95, 126) at the second lateral side of the grate bar (10, 

80, 120), the further air ducts (46, 47, 66, 95, 126) 

having substantially the same inclination as the second 

air duct (46, 47, 66, 95, 126), characterized in that the 

inclination of the second air duct (46, 47, 66, 95, 126) 

is substantially different from the inclination of the 

first air duct (46, 47, 66, 95, 126). 

 

2. Grate bar (10, 80, 120) according to claim 1, wherein at 

least one air duct (46, 47, 66, 95, 126) is provided with 

a rectangular cross section. 

 

3. Grate bar (10, 80, 120) according to claim 1 or claim 2, 

wherein at least one air duct (46, 47, 66, 95, 126) is 

provided with a saw tooth shaped cross section. 
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4. Grate for a furnace, the grate comprising an arrangement 

of fixed and movable grate bars (10, 80, 120) according 

to one of claims 1 to 3, the fixed and movable grate bars 

(10, 80, 120) comprising air ducts (46, 47, 66, 95, 126). 

 

5. Grate arrangement for a furnace, the grate arrangement 

comprising an arrangement of fixed and movable grate bars 

(46, 47, 66, 95, 126), in which arrangement at least two 

neighbouring grate bars (10, 80, 120) of the arrangement 

comprise lateral air ducts (46, 47, 66, 95, 126) such 

that there is a cutting angle between the air ducts (46, 

47, 66, 95, 126) of one of the neighbouring grate bars 

(10, 80, 120) and the air ducts (46, 47, 66, 95, 126) of 

the other one of the neighbouring grate bars (10, 80, 

120). 

 

6. Grate arrangement according to claim 5, wherein an angle 

of the lateral air ducts (46, 47, 66, 95, 126) against 

the longitudinal axes of the neighbouring grate bars (10, 

80, 120) is about 60°, resulting in a cutting angle of 

about 60°. 

 

7. Furnace with a grate arrangement according to one of 

claims 5 to 6. 

 

8. Waste incineration plant with a grate arrangement 

according to one of claims 5 to 6. 

 

9. Method for operating a grate of a furnace of an 

incineration plant, comprising 

- providing an array of alternating grate bars (10, 80, 

120) according to one of the claims 1 to 4, wherein the 



54 
   
 

grate bars (10, 80, 120) are provided with air ducts (46, 

47, 66, 95, 126) that are facing each other; 

- generating an alternating movement between neighbouring 

grate bars (10, 80, 120); 

- moving neighbouring grate bars (10, 80, 120) relative 

to each other, wherein material particles in a region 

between neighbouring grate bars (10, 80, 120) are cut by 

edges of corresponding air ducts (46, 47, 66, 95, 126). 

 

10. Grate bar (10, 80, 120) for a furnace according to claim 

1, the grate bar (10, 80, 120) comprising at least one 

air duct (46, 47, 66, 95, 126) which extends along at 

least one side of the grate bar (10, 80, 120) from its 

lower surface to its upper surface. 

 

11. Grate bar (10, 80, 120) according to claim 10, wherein 

the air ducts (46, 47, 66, 95, 126) are essentially 

evenly distributed along the at least one side. 

 

12. Grate bar (10, 80, 120) according to claim 10, wherein 

groups of equidistant air ducts (46, 47, 66, 95, 126) are 

essentially evenly distributed along the at least one 

side. 

 

13. Grate bar (10, 80, 120) according to one of the claims 10 

to 13, wherein the air ducts (46, 47, 66, 95, 126) extend 

from below the upper surface of the grate bar (10, 80, 

120) to an upper surface of the grate bar (10, 80, 120). 

 

14. Grate bar (10, 80, 120) according to one of the claims 10 

to 13, wherein the air ducts (46, 47, 66, 95, 126) are 

inclined against the longitudinal axis of the grate bar 

(10, 80, 120) to generate a cutting effect between 

neighbouring grate bars (10, 80, 120). 
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15. Grate arrangement with several grate bars the grate bars 

(10, 80, 120) comprising grooves (46, 47, 66, 95, 126) 

according to one of the claims 10 to 13, wherein at least 

two neighbouring surfaces of neighbouring grate bars (10, 

80, 120) comprise air ducts (46, 47, 66, 95, 126) with 

differing inclination. 
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