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PLATE-FORMED GRATE ELEMENT FOR A MOVABLE GRATE OF A FURNACE

5

10

15

20

The present invention relates to a plate-formed grate element for a movable grate of a

furnace, the movable grate including a number of pivotal grate shafts carrying plate-

formed grate elements and thereby defining an inclined grate surface, the movable

grate including a drive mechanism being arranged for pivoting back and forth neighbour-

ing grate shafts in opposite rotational directions so as to impart a wave-like movement

to material on the grate surface in order to transport such material downwards, and the

movable grate including a synchronising mechanism being arranged to maintain a pre-

determined clearance between edge portions of plate-formed grate elements of neigh-

bouring grate shafts during the pivoting movement of the grate shafts, the plate-formed

grate element having a top wall, a bottom wall, a front end and a back end, the front

end of the plate-formed grate element having a lower inwardly curved wall portion be-

ing adapted to maintain said predetermined clearance with a back tip edge of the back

end of a corresponding plate-formed grate element during part of said pivoting move-

ment of the grate shafts when said plate-formed grate elements are arranged on neigh-

bouring grate shafts, and the plate-formed grate element being provided with an inter-

nal cooling fluid chamber including an internal front cooling fluid channel having an inlet

end and an outlet end and extending along the front end of the plate-formed grate ele-

ment and above at least a part of the lower inwardly curved wall portion of the front

end.
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WO96/29544 discloses a combustion grate consisting of a plurality of zones that are ar-

ranged horizontally or at an angle. Each individual grate zone consists of fixed and mova-

ble grate sections with fixed fire bars and movable fire bars. The movable sections are

moved forward and backward with a variable number of strokes, causing the fuel to be

transported and consumed. The movable and fixed fire bars may be internally air/water-

cooled. A fire bar with grate surface has a partition in its interior so that, looking in the

lengthwise direction, a first cooling chamber and a second cooling chamber parallel

thereto result. At the forward end of the fire bar, there is a water through-flow opening.

This opening constitutes the link between the two cooling chambers. In each of these
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cooling chambers, there is a corrugated guide panel mounted parallel to the partition,

said panel improving the heat exchange.
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WO 99/63270 and WO 2018/007854 A1 disclose water-cooled movable grates for a

combustion furnace. The movable grate includes a number of pivotal grate shafts carry-

ing plate-formed grate elements, neighbouring grate shafts being arranged for pivoting

back and forth in opposite rotational directions so as to maintain  a predetermined clear-

ance between edge portions of the plate-formed grate elements of the neighbouring

grate shafts. The plate-formed grate elements have a front end with a relatively pointed

front tip edge and a back end with a relatively pointed back tip edge. Each plate-formed

grate element has a top wall and a bottom wall extending generally in parallel and in a

spaced configuration, and the top wall and the bottom wall are connected at the front

end of the plate-formed grate element by means of a straight front wall. The straight

front wall forms an oblique angle with the top wall and extends from the top wall to a

position of the pointed front tip edge which is below or at level with the bottom wall. At

the pointed front tip edge, the straight front wall is connected with the bottom wall by

means of a lower inwardly curved wall portion adapted to form said predetermined

clearance with a back end of another plate-formed grate element. During operation, the

front end of a plurality of plate-formed grate elements overlaps a corresponding back

end of a plate-formed grate element of a neighbouring grate shaft. The predetermined

clearance between the individual plate-formed grate elements, on which material in-

tended for combustion is placed, provides for supplying primary air for the combustion.

To make the supply of primary air as uniform as possible, it is important that the size of

said predetermined clearance does not change when the plate-formed grate elements

pivot in relation to each other or due to wear. Wear is caused by abrasive wear by the

material which is burnt, this wear being further increased if the surface temperature of a

plate-formed grate element is approaching the point of softening of the grate material

because of the combustion heat. Therefore, at least some of the plate-formed grate ele-

ments include an internal cooling fluid chamber adapted for water cooling in order to

reduce wear.
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US 4,275,706 relates to air-cooled grate bars, in particular for mechanically conveying

mechanical grates such as pivot step grates. A cap of U-shape which is provided over the

respective grate bar forms an air channel on top of the grate bar. Cooling air is injected

into the channel through an inlet air tube extending downwards from a lower open side

of the grate bar. The air exits from the channel at either end of the grate bar, whereby

the air is guided through holes to the lower side of the grate bar. From there, the air

flows up through gaps between neighbouring grate bars to the combustion chamber. As

it is understood, the air channel on top of the grate bar therefore forms part of an open

air cooling path and is not adapted for or suitable for fluid and/or liquid cooling in a

cooling circuit, such as a closed loop circuit. At a back end of the grate bar, the grate bar

is articulately mounted, and at this end, considered in side view, it has a lower curved

section forming a bearing. At a front end of the grate bar, the grate bar is adapted to

overlap a corresponding front end of another grate bar. However, in a modern combus-

tion plant, at least a part of the grate bars typically need liquid cooling in order to with-

stand the harsh environment in the furnace. DE 33 43 024 A1 relates to similar air-

cooled grate bars.
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However, when burning some kinds of particularly aggressive fuel and/or high heat

value fuel, such as fuel including predominantly shredded waste wood, the prior art

plate-formed grate elements may suffer from excessive wear of the pointed front tip

edge of the front end of the grate elements. In some cases, significant compressive

stress may cause plastic deformation of the pointed front tip edge during operation.

Subsequently, during cool down, the pointed front tip edge may experience high tensile

stress due to the plastic deformation which may result in micro cracks in the front tip

edge. Corrosion caused by high concentrations of heavy metals in the fuel may further

aggravate the wear of the front tip edge.

30

In a combustion furnace of for instance a large waste incineration plant, the service life

of the components of the movable grate is of utmost importance. Regular maintenance

intervals of a combustion furnace may for instance be a year or so, and unexpected

breakdown in between scheduled maintenance operations may seriously influence the

economy of the plant.
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The object of the present invention is to provide a plate-formed grate element being

less prone to wear.
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In view of this object, the plate-formed grate element has an outwardly curved front

wall extending from the top wall of the plate-formed grate element to the lower in-

wardly curved wall portion of the front end, a front tip edge of the front end is formed

by the outwardly curved front wall at its connection with the lower inwardly curved wall

portion, and the outwardly curved front wall has a nominal wall thickness varying by less

than ±35 per cent.
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In this way, it may be achieved that more cooling fluid flows closer to the front tip edge

of the plate-formed grate element and the effect of the cooling fluid is evened out over

the outwardly curved front wall, as compared to the prior art grate elements, thereby

cooling the front tip edge better and more efficiently. A better cooling of the front tip

edge may result in less wear of the front tip and therefore a longer service life of the

plate-formed grate elements. Furthermore, a smooth curvature of the entire outwardly

curved front wall may result in a stronger front wall without weak areas in which tension

may build up.

In an embodiment, the nominal wall thickness of the outwardly curved front wall varies

by less than ±30 per cent, preferably less than ±25 per cent, and most preferred less

than ±20 per cent. By reducing the variation of the nominal wall thickness of the out-

wardly curved front wall even further, it may be possible to further even out the effect

of the cooling fluid over the outwardly curved front wall and thereby to a higher degree

obtain even cooling of the front wall. In particular, it may be possible to avoid insuffi-

cient cooling of the front tip edge.

30

Preferably, the outwardly curved front wall has an at least substantially constant wall

thickness.
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In a structurally particularly advantageous embodiment, the part of the outwardly

curved front wall extending from the top wall of the plate-formed grate element to the

front tip edge has an outer contour with a first nominal radius of curvature (R) varying

by less than ±40 per cent, and preferably less than ±20 per cent, the front tip edge has

an outer contour with a second nominal radius of curvature (r) varying by less than ±20

per cent, and the first nominal radius of curvature (R) is more than 2 times larger, pref-

erably more than 3 times larger, more preferred more than 4 times larger and most pre-

ferred more than 5 times larger than the second nominal radius of curvature (r).

Thereby, it may in particular be possible to concentrate the effect of the cooling fluid

flowing closer to the front tip edge of the plate-formed grate element.
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In an embodiment, the internal front cooling fluid channel is formed at least by the out-

wardly curved front wall, at least a part of the lower inwardly curved wall portion of the

front end, and a front internal separating wall connecting the top wall and the bottom

wall  of the plate-formed grate element, and the front internal separating wall, at a cen-

tral position of the front end, forms a restriction of a cross-sectional flow area of the in-

ternal front cooling fluid channel. Thereby, it may be possible to obtain a generally

higher velocity of the cooling fluid close to the front tip edge of the plate-formed grate

element, thereby improving the cooling effect at the front tip edge.

In an embodiment, the restriction of the cross-sectional flow area of the internal front

cooling fluid channel is formed gradually from the inlet end to the outlet end of the in-

ternal front cooling fluid channel. Thereby, an even cooling effect may be obtained

along the front end and in particular along the front tip edge of the plate-formed grate

element.

30

Preferably, the restriction of the cross-sectional flow area of the internal front cooling

fluid channel is formed in that the front internal separating wall is V-formed or curved in

a longitudinal direction of the front internal separating wall.

In an embodiment, a reduced cross-sectional flow area at said restriction is less than 60

per cent, preferably less than 50 per cent, and most preferred less than 40 per cent of
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an inlet/outlet cross-sectional flow area at the inlet and/or outlet end of the internal

front cooling fluid channel. Thereby, an even cooling effect may be obtained along the

front end and in particular along the front tip edge of the plate-formed grate element.

In an embodiment, an internal inlet guide vane is arranged in the internal cooling fluid

chamber at the inlet end of the internal front cooling fluid channel, an internal outlet

guide vane is arranged in the internal cooling fluid chamber at the outlet end of the in-

ternal front cooling fluid channel, and said internal inlet guide vane and said internal

outlet guide vane are adapted to guide cooling fluid in the direction of respective cor-

ners of the internal cooling fluid chamber at respective ends of the front end of the

plate-formed grate element. Thereby, more cooling fluid may be guided to the corners

of the internal cooling fluid chamber and the cooling effect may be improved at the ends

of the front end and in particular of the front tip edge of the plate-formed grate ele-

ment.
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In an embodiment, the internal inlet guide vane is connected to the top wall or the bot-

tom wall of the plate-formed grate element and is spaced in relation to the top wall or

bottom wall being opposed to the top wall or the bottom wall to which the internal inlet

guide vane is connected, and the internal outlet guide vane is connected to the top wall

or the bottom wall of the plate-formed grate element and is spaced in relation to the

top wall or bottom wall being opposed to the top wall or the bottom wall to which the

internal outlet guide vane is connected. Thereby, cooling fluid may be guided in the di-

rection of the respective corners of the internal cooling fluid chamber without limiting

the general flow of cooling fluid too much. Furthermore, the production of the plate-

formed grate element by casting may be facilitated in that casting sand may better pass

through the internal cooling fluid chamber of the plate-formed grate element.

30

In an embodiment, the internal inlet guide vane and the internal outlet guide vane are

arranged at an oblique angle in relation to a longitudinal direction of the front end.

Thereby, the cooling fluid may be guided to maximise the cooling effect at the ends of

the front end and in particular of the front tip edge of the plate-formed grate element.



WO 2022/148630 PCT/EP2021/086204

7

5

10

In an embodiment, a U-formed internal separating wall arranged in the internal cooling

fluid chamber 18 is composed by an intermediate wall part in the form of the front inter-

nal separating wall and two internal side separating walls, the two internal side separat-

ing walls have respective free ends located at a distance from the back end of the plate-

formed grate element, and each of the internal inlet guide vane and the internal outlet

guide vane are spaced in relation to the U-formed internal separating wall. Thereby, a

sufficient amount of cooling fluid may be guided to the corners of the internal cooling

fluid chamber and a sufficient amount of cooling fluid may be guided directly through

the internal front cooling fluid channel, whereby a balanced cooling effect may be ob-

tained both at the sides of the front end and in particular of the front tip edge of the

plate-formed grate element. Furthermore, the production of the plate-formed grate ele-

ment by casting may be even further facilitated in that casting sand may better pass

through the internal cooling fluid chamber of the plate-formed grate element.

15 The present invention further relates to a furnace with a movable grate including a num-

ber of plate-formed grate elements as described above.

20

The invention will now be explained in more detail below by means of examples of em-

bodiments with reference to the very schematic drawing, in which

Fig. 1 is a longitudinal cross-section through a prior art plate-formed grate element for a

movable grate of a furnace;

25

Fig. 2 is a cross-section taken along the line II - II of the prior art plate-formed grate ele-

ment of Fig. 1;

30

Fig. 3 is a bottom view of a plate-formed grate element according to the present inven-

tion, for a movable grate of a furnace;

Fig. 4 is a side view of the plate-formed grate element of Fig. 3;
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Fig. 5 is a cross-section taken along the line V - V of the plate-formed grate element as

illustrated in Fig. 3;

Fig. 6 is a cross-section taken along the line VI - VI of the plate-formed grate element as

5 illustrated in Fig. 4;

Fig. 7 is a cross-section taken along the line VII - VII of the plate-formed grate element

illustrated in Fig. 4;as

10 Fig. 8 is a cross-section taken along the line VIII - VIII of the plate-formed grate element

as illustrated in Fig. 3;

15

Fig. 9 is a cross-section taken along the line IX - IX of the plate-formed grate element as

illustrated in Fig. 3;

Fig. 10 is a cross-section taken along the line X - X of the plate-formed grate element as

illustrated in Fig. 3;

20

Fig. 11 is a perspective view seen obliquely from below of the plate-formed grate ele-

ment according to the present invention as illustrated in Fig. 3;

Fig. 12 is a perspective view seen obliquely from above of the plate-formed grate ele-

ment according to the present invention as illustrated in Fig. 3;

25 Fig. 13 is a longitudinal cross-section through a so-called first half plate-formed grate el-

ement according to the present invention, for a movable grate of a furnace;

30

Fig. 14 is a cross-section taken along the line XIV - XIV of the first half plate-formed grate

element as illustrated in Fig. 13;

Fig. 15 is a perspective view seen obliquely from above of the first half plate-formed

grate element according to the present invention as illustrated in Fig. 13;
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Figs. 16A-C illustrate cross-sectional views of a section of a movable grate including a

number of plate-formed grate elements according to the present invention, in different

stages of operation;

Fig. 17 illustrates a longitudinal section through a movable grate including a number of

plate-formed grate elements according to the present invention;

10

Fig. 18 illustrates a perspective view seen obliquely from above of the movable grate as

illustrated in Fig. 17;

Fig. 19 illustrates a transverse section through part of the movable grate illustrated in

Fig. 17;

15 Fig. 20 illustrates a top view of part of the movable grate as illustrated in Fig. 19;

Fig. 21 is a cross-section taken along the line XXI - XXI of the movable grate as illustrated

in Fig. 19;

20 Fig. 22 is a cross-sectional view corresponding to that of Fig. 21, but illustrating a so-

called half plate-formed grate element according to the present invention;

25

Fig. 23 illustrates a drive and synchronising mechanism being arranged for pivoting back

and forth grate shafts of a section of the movable grate illustrated in Fig. 17;

Fig. 24 is a photograph showing a test facility in the form of a furnace having a movable

grate;

Figs. 25 to 28 are photographs of prior art plate-formed grate elements after a  period of

30 operation of approximately 6 months; and
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Figs. 29 and 30 are photos of a plate-formed grate element according to the present in-

vention after a period of operation of approximately 6 months.

In the following, generally, similar elements of different embodiments have been desig-

5 nated by the same reference numerals.
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Figs. 3 to 12 illustrate a full-sized plate-formed grate element 1, according to the present

invention, for use in a movable grate 5 of a furnace of the type illustrated in Figs. 17 and

18. As seen, the movable grate 5 includes a number of pivotal grate shafts 6 carrying

plate-formed grate elements 1, 2, 3 and thereby defining an inclined grate surface 7. The

pivotal grate shafts 6 are illustrated in further detail in Figs. 16 and 19 to 22. Referring to

Fig. 23, the movable grate 5 further includes a drive mechanism 8 being arranged for

pivoting back and forth neighbouring grate shafts 6 in opposite rotational directions so

as to impart a wave-like movement to material on the grate surface 7 in order to

transport such material downwards. The drive mechanism 8 is arranged so that each

grate shafts 6 is provided with a crank arm 63, the crank arms of every other grate shafts

6 are connected by means of a first linking rod 61 and the crank arms 63 of the remain-

ing grate shafts 6 are connected by means of a second linking rod 62, the actuator of

said drive mechanism is a linear actuator 60, such as a hydraulic piston actuator, and the

first linking rod 61 and the second linking rod 62 are interconnected by means of the lin-

ear actuator 60. Instead of being provided on the grate shafts 6, the crank arms 63 may

be mounted on separate shafts connected to the respective grate shafts 6 via separate

crank systems or via any other suitable mechanical drive connection.

25

30

Referring still to Fig. 23, the movable grate 5 further includes a synchronising mecha-

nism 9 being arranged to maintain a predetermined clearance 10 (so small that it is not

distinguishable in the figures) between edge portions 11 of plate-formed grate elements

1, 2, 3 of neighbouring grate shafts 6 during the pivoting movement of the grate shafts

6. The synchronising mechanism 9 includes a first synchronising lever arm 58 having a

first end fixedly connected to one of the grate shafts 6 connected to the first linking rod

61 and a second synchronising lever arm 59 having a first end fixedly connected to one
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of the grate shafts 6 connected to the second linking rod 62. The second ends of the re-

spective first and second synchronising lever arms 58, 59 are pivotally connected to re-

spective ends of a synchronising rod 57. Thereby, the synchronising mechanism 9 may

maintain said predetermined clearance between edge portions of plate-formed grate el-

ements 1, 2, 3 of neighbouring grate shafts 6.

10

By means of the drive mechanism 8 and the synchronising mechanism 9, the mutual rel-

ative pivotal positions of the respective grate shafts 6 of the movable grate 5 may be in-

dividually elastically biased towards respective predetermined relative pivotal positions

by means of respective biasing mechanisms in the form of disc springs 64 arranged in re-

spective mounting brackets of the crank arm 63 on the grate shafts 6. Thereby, if the

movement of a grate shaft 6 is prevented, the movement may wholly or partly be taken

up by the biasing mechanisms.
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The plate-formed grate elements 1, 2, 3 on each grate shaft 6 coincide with the plate-

formed grate elements 1, 2, 3 on the neighbouring shaft 6 without touching these,

thereby forming the practically cohesive inclined grate surface 7. The gap between two

coinciding plate-formed grate elements 1, 2, 3 in the form of the predetermined clear-

ance 10 mentioned just above may for instance be approximately 1 to 3 millimetres. The

grate function is such that the grate shafts 6 alternately turn to their respective outer

positions, as illustrated in Figs. 16A and 16 C, respectively, thereby passing their inter-

mediate position, as illustrated in Fig. 16B, and the inclined grate surface 7 thus forms a

stair-shaped surface where the steps change direction. This produces a rolling move-

ment to material present on the movable grate 5, which may have the effect of breaking

it up and agitating it, while at the same time moving it forward in downward direction,

thus achieving good exposure to radiant heat from the combustion chamber above the

movable grate 5 and good exposure to combustion air. In particular, the access of pri-

mary combustion air through the gaps formed between edge portions 11 of plate-

formed grate elements 1, 2, 3 of neighbouring grate shafts 6, from below the movable

grate 5 to the combustion chamber above the movable grate 5, is controlled by the pre-

determined clearance 10 between neighbouring plate-formed grate elements 1, 2, 3.
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Fig. 18 illustrates a complete movable grate 5 for a not shown furnace. The movable

grate 5 has a left grate lane 41 and a right grate lane 42. However, the illustrated type of

movable grate 5 may have any suitable number of grate lanes, such as one, two, three,

four or even more grate lanes. Fig. 17 illustrates a longitudinal section through the right

grate lane 42 of the movable grate 5 of Fig. 18. Each grate lane 41, 42 has a first section

43, on which the fuel enters, a second section 44, a third section 45, and a fourth section

46, from which the fuel finally exits. More sections may be provided. The first and sec-

ond sections 43, 44 may typically include plate-formed grate elements 1, 2 provided

with internal cooling fluid chambers 18 through which a cooling fluid, typically a liquid,

such as water, is circulated. The third and fourth sections 45, 46 may typically be cooled

by means of primary combustion air so that internal cooling fluid chambers 18 are not

required in the plate-formed grate elements 1, 2 of these sections.
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Figs. 16A, 16B and 16C illustrate different stages of operation of the first section 43 of

the right grate lane 42 of the movable grate 5 illustrated in Fig. 18. It is noted that the

first section 43 of the right grate lane 42 includes from left to right, a so-called first half

plate-formed grate element 2, four full-sized plate-formed grate elements 1 arranged in

succession and a so-called last half plate-formed grate element 3. In this connection, the

designation "half" simply refers to a reduced length of the first and last plate-formed

grate elements 2, 3, as compared to the full-sized plate-formed grate elements 1. In ad-

dition, it is seen that the first half plate-formed grate element 2 has a specific design of

its back end 15 and the last half plate-formed grate element 3 has a specific design of its

front end 14, as it will be explained in further detail in the following. Comparing with Fig.

17, it is noted that a back end 15 of the first half plate-formed grate element 2 cooper-

ates with a stationary inlet connection plate 47. In order to do this, the back end 15 of

the first half plate-formed grate element 2 is shorter and has a rounded contour as com-

pared to the back end 15 of the full-sized plate-formed grate elements 1. The first half

plate-formed grate element 2 according to the present invention is illustrated in Figs. 13

to 15. Referring again to Fig. 16, it is noted that the front end 14 of the first half plate-

formed grate element 2 cooperates with the back end 15 of the first one of the four full-

sized plate-formed grate elements 1 in the same way as the front end 14 of each of the

first, second and third full-sized plate-formed grate element 1 cooperates with the back
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end 15 of a neighbouring full-sized plate-formed grate element 1. Furthermore, it is

noted that the front end 14 of the last (fourth) full-sized plate-formed grate element 1

cooperates with a back end 15 of the last half plate-formed grate element 3 in the same

way as the front end 14 of a full-sized plate-formed grate element 1 cooperates with the

back end 15 of a neighbouring full-sized plate-formed grate element 1. However, refer-

ring to Fig. 17, it is noted that a front end 14 of the last half plate-formed grate element

3 cooperates with a fixed plate-formed grate element 4 arranged between the first sec-

tion 43 of the grate lane 42 and the second section 44 of the grate lane 42. In order to

do this, the front end 14 of the last half plate-formed grate element 3 is shorter and has

a different contour as compared to the front end 14 of the full-sized plate-formed grate

elements 1.

15
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Because the front end 14 of the last half plate-formed grate element 3 during operation

is located below the fixed plate-formed grate element 4, the front end 14 of the last half

plate-formed grate element 3 is subjected to lower temperatures than the front end 14

of the first half plate-formed grate element 2 and the front end 14 of each of the four

full-sized plate-formed grate elements 1. Therefore, the requirement for cooling of the

front end 14 of the last half plate-formed grate element 3 is relatively low and the last

half plate-formed grate element 3 is therefore not necessarily provided with an internal

cooling fluid chamber and is not designed according to the present invention.

However, the front end 14 of the first half plate-formed grate element 2 is during opera-

tion located above the back end 15 of the first one of the four full-sized plate-formed

grate elements 1 in the same way as the front end 14 of each full-sized plate-formed

grate element 1 is during operation located above the back end 15 of a neighbouring

full-sized plate-formed grate element 1 or above the back end 15 of the last half plate-

formed grate element 3. Therefore, the front end 14 of the first half plate-formed grate

element 2 and the front end 14 of each full-sized plate-formed grate element 1 are sub-

jected to extremely high temperatures caused by the combustion of fuel on the movable

grate 5 during operation. Therefore, the requirement for cooling of the front end 14 of

the first half plate-formed grate element 2 and the front end 14 of each full-sized plate-

formed grate element 1 is very high in order to avoid excessive wear. An embodiment of
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the full-sized plate-formed grate element 1 according to the present invention is illus-

trated in Figs. 3 to 12 and 21, and an embodiment of the first half plate-formed grate el-

ement 2 according to the present invention is illustrated in Figs. 13 to 15 and 22. The

plate-formed grate elements 1, 2 according to the present invention are less prone to

wear of in particular the front tip edge 23, as it will be explained in further detail below.

10

15

Referring to Figs. 4 and 5, the plate-formed grate element 1 according to the present in-

vention has a top wall 12, a bottom wall 13, a front end 14 and a back end 15. The front

end 14 of the plate-formed grate element 1 has a lower inwardly curved wall portion 16

being adapted to maintain said predetermined clearance 10 with a back tip edge 17 of

the back end 15 of a corresponding plate-formed grate element 1 during part of said piv-

oting movement of the grate shafts 6 when said plate-formed grate elements 1 are ar-

ranged on neighbouring grate shafts 6. The pivoting movement of the grate shafts 6 is

illustrated in Figs. 16A-C.

As illustrated in Figs. 4 to 7, the plate-formed grate element 1 according to the present

invention is further provided with an internal cooling fluid chamber 18 including an in-

ternal front cooling fluid channel 19 having an inlet end 20 and an outlet end 21 and ex-

tending along the front end 14 of the plate-formed grate element 1 and above a part of

20 the lower inwardly curved wall portion 16 of the front end 14.

25

30

Figs. 1 and 2 illustrate a known plate-formed grate element 52. This prior art plate-

formed grate element 52 also has a top wall 12, a bottom wall 13, a front end 14 and a

back end 15. The front end 14 of the prior art plate-formed grate element 52 has a

lower inwardly curved wall portion 16 and is further provided with an internal cooling

fluid chamber 18 including an internal front cooling fluid channel 19 having an inlet end

20 and an outlet end 21 and extending along the front end 14 of the prior art plate-

formed grate element 52 and above a part of the lower inwardly curved wall portion 16

of the front end 14. The prior art plate-formed grate element 52 has a straight front wall

53 extending from the top wall 12 of the prior art plate-formed grate element 52 to the

lower inwardly curved wall portion 16 of the front end 14. As seen, the straight front

wall 53 forms an oblique angle with the top wall 12 and forms  a pointed front tip edge
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54 at its connection with the lower inwardly curved wall portion 16. The pointed front

tip edge 54 is located below the bottom wall 13. As seen in Fig. 1, the top wall 12 and

the bottom wall 13 extend generally in parallel and in a spaced configuration, and the

top wall 12 and the bottom wall 13 are connected at the front end 14 of the plate-

formed grate element 52 by means of the straight front wall 53. Thereby, the straight

front wall 53 extends from the top wall 12 of the plate-formed grate element 52 to the

position of the pointed front tip edge 54 which is below the general level of the bottom

wall 13. At the pointed front tip edge 54, the straight front wall 53 is connected with the

bottom wall 13 by means of the lower inwardly curved wall portion 16.

The pointed front tip edge 54 of the prior art plate-formed grate element 52 may during

operation be subject to a significant temperature gradient due to a substantial mass

concentration in the pointed front tip edge 54. Furthermore, it is noted that a predomi-

nant part of the flow of cooling fluid is relatively distant from the pointed front tip edge

54 where the temperature may be elevated. The temperature of the pointed front tip

edge 54 may during operation reach up to about 900 degrees Celsius.

20

25

30

As illustrated in Figs. 5, 8 and 9, according to the present invention, on the contrary, the

plate-formed grate element 1 has an outwardly curved or rounded front wall 22 extend-

ing from the top wall 12 of the plate-formed grate element 1 to the lower inwardly

curved wall portion 16 of the front end 14. A front tip edge 23 of the front end 14 is

formed by the outwardly curved front wall 22 at its connection with the lower inwardly

curved wall portion 16. Thereby, in operation, relatively more cooling fluid may flow

close to the front tip edge 23 of the plate-formed grate element 1 as compared to prior

art grate elements, such as the known plate-formed grate element 52 illustrated in Figs.

1 and 2. In addition, the cooling fluid may generally flow closer to the front tip edge 23

of the inventive plate-formed grate element 1 as compared to the prior art grate ele-

ments. Consequently, a better and more efficient cooling the front end 14 and in partic-

ular of the front tip edge 23 may be achieved according to the present invention. Fur-

thermore, according to the present invention, the outwardly curved front wall 22 has a

nominal wall thickness varying by less than ±35 per cent. Thereby, the effect of the cool-

ing fluid is evened out over the outwardly curved front wall and thereby an even cooling
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of the front wall may be obtained. In particular, it may be possible to avoid insufficient

cooling of the front tip edge 23. As an example, the temperature of the front tip edge 23

of the plate-formed grate element 1 according to the present invention may during op-

eration reach no more than 300 degrees Celsius in a furnace setup in which the pointed

front tip edge 54 of the prior art plate-formed grate element 52 of Figs. 1 and 2 would

reach almost 900 degrees Celsius. This means that a temperature reduction of up to

about 600 degrees Celsius may be obtained by means of the plate-formed grate element

1 according to the invention.

10 A better cooling of the front tip edge 23 may result in less wear of the front tip edge and

therefore a longer service life of the plate-formed grate elements 1. Furthermore, a

smooth curvature of the entire outwardly curved front wall may result in a stronger

front wall without weak areas in which tension may build up.

15

20

25

30

According to the present invention, preferably, the front tip edge 23 is located below

the general level of the bottom wall 13. As seen in Figs. 4 and 5, furthermore, the top

wall 12 and the bottom wall 13 may extend generally in parallel and in a spaced configu-

ration, and the top wall 12 and the bottom wall 13 are connected at the front end 14 of

the plate-formed grate element 1, 2 by means of the outwardly curved front wall 22.

Thereby, the outwardly curved front wall 22 may extend from the top wall 12 of the

plate-formed grate element 1, 2 to a position of the front tip edge 23 which is below the

general level of the bottom wall 13. At the front tip edge 23, the outwardly curved front

wall 22 is connected with the bottom wall 13 by means of the lower inwardly curved

wall portion 16.

According to the present invention, preferably, the outwardly curved front wall 22 is

continuously rounded from the top wall 12 of the plate-formed grate element 1 to the

lower inwardly curved wall portion 16 of the front end 14 so that the outwardly curved

front wall 22 forms a convex part of the front end 14 and the lower inwardly curved wall

portion 16 forms a concave part of the front end 14.
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As further illustrated in Figs. 13 to 15, according to the present invention, the first half

plate-formed grate element 2 also has an outwardly curved or rounded front wall 22 ex-

tending from the top wall 12 of the first half plate-formed grate element 2 to the lower

inwardly curved wall portion 16 of the front end 14. A front tip edge 23 of the front end

14 is formed by the outwardly curved front wall 22 at its connection with the lower in-

wardly curved wall portion 16. As it will be understood, the design of the front end 14 of

the first half plate-formed grate element 2 as illustrated in Figs. 13 to 15 corresponds to

the design of the front end 14 of the full-sized plate-formed grate element 1 as illus-

trated in Figs. 6 to 12. Therefore, the same advantages as explained above in relation to

the full-sized plate-formed grate element 1 may also be achieved by means of the first

half plate-formed grate element 2.

15

20

On the other hand, as mentioned above, the design of the back end 15 of the first half

plate-formed grate element 2 differs from the design of the back end 15 of the full-sized

plate-formed grate element 1. As it is understood, the back end 15 of the first half plate-

formed grate element 2 is shorter than the back end 15 of the full-sized plate-formed

grate element 1. Comparing Figs. 7 and 14, it is seen that in the first half plate-formed

grate element 2, the internal cooling fluid chamber is smaller than the internal cooling

fluid chamber of the full-sized plate-formed grate element 1, and the free ends 35 of the

internal side separating walls 33, 34 are closer to the back end 15 than in the full-sized

plate-formed grate element 1.

25

30

The plate-formed grate element 1, 2 according to the present invention may preferably

be produced in one single piece of metal in a sand casting process. Subsequently, the

casting may be machined to accurate measurements and casting holes 38 and/or casting

slots 40 may be tapped by suitable plugs by welding or any other suitable procedure.

The sand casting process may for instance be of the lost foam type or any other suitable

sand casting process. However, of course, the plate-formed grate element 1, 2 according

to the present invention may be produced in any suitable way, such as by any suitable

casting process or machining process or even in a 3D printing process. The plate-formed

grate element 1, 2 may also be assembled from any suitable number of elements.
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The nominal wall thickness of the outwardly curved front wall 22 may advantageously

vary by less than ±30 per cent, preferably less than ±25 per cent, and most preferred

less than ±20 per cent. By reducing the variation of the nominal wall thickness of the

outwardly curved front wall 22 even further, it may be possible to further even out the

effect of the cooling fluid over the outwardly curved front wall 22 and thereby to a

higher degree obtain even cooling of the front wall. In particular, it may be possible to

avoid insufficient cooling of the front tip edge 23.

10

Preferably, the outwardly curved front 22 wall has an at least substantially constant wall

thickness.

15

20

Referring to Fig. 9, the part of the outwardly curved front wall 22 extending from the top

wall 12 of the plate-formed grate element 1, 2 to the front tip edge 23 may advanta-

geously have an outer contour with a first nominal radius of curvature R varying by less

than ±40 per cent, and preferably less than ±20 per cent. The front tip edge 23 may ad-

vantageously have an outer contour with a second nominal radius of curvature r varying

by less than ±20 per cent. Advantageously, the first nominal radius of curvature R is

more than 2 times larger, preferably more than 3 times larger, more preferred more

than 4 times larger and most preferred more than 5 times larger than the second nomi-

nal radius of curvature r. Thereby, it may in particular be possible to concentrate the ef-

fect of the cooling fluid flowing closer to the front tip edge 23 of the plate-formed grate

element 1.

25

According to the invention, the outwardly curved front wall 22 of the plate-formed grate

element 1, 2 may advantageously have an outer contour with a first nominal radius of

curvature R, wherein the first nominal radius of curvature R is constant, constantly in-

creases or constantly decreases, from the top wall 12 of the plate-formed grate element

1, 2 to the front tip edge 23.

30 Referring in particular to Figs. 5 to 9, it is seen that in the illustrated embodiment, the

internal front cooling fluid channel 19 is formed by the outwardly curved front wall 22, a
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part of the lower inwardly curved wall portion 16 of the front end 14, and a front inter-

nal separating wall 24 connecting the top wall 12 and the bottom wall 13 of the plate-

formed grate element 1. As illustrated in Figs. 6 and 7, at a central position 25 of the

front end 14, the front internal separating wall 24 forms a restriction 26 of a cross-sec-

tional flow area of the internal front cooling fluid channel 19. Thereby, it may be possi-

ble to obtain a generally higher velocity of the cooling fluid close to the front tip edge 23

of the plate-formed grate element 1, thereby improving the cooling effect at the front

tip edge 23.

10

15

In the illustrated embodiment, the restriction 26 of the cross-sectional flow area of the

internal front cooling fluid channel 19 is formed gradually from the inlet end 20 to the

outlet end 21 of the internal front cooling fluid channel 19. Thereby, an even cooling ef-

fect may be obtained along the front end 14 and in particular along the front tip edge 23

of the plate-formed grate element 1. In particular, as seen, the restriction 26 of the

cross-sectional flow area of the internal front cooling fluid channel 19 is formed in that

the front internal separating wall 24 is V-formed. Alternatively, the restriction 26 could

be formed by means of the front internal separating wall 24 being curved in a longitudi-

nal direction of the front internal separating wall 24.

20

25

A reduced cross-sectional flow area Areduced at said restriction 26 may be less than 60 per

cent, preferably less than 50 per cent, and most preferred less than 40 per cent of an in-

let/outlet cross-sectional flow area Ainlet, Aoutlet at the inlet and/or outlet end 20, 21 of

the internal front cooling fluid channel 19. Thereby, an even cooling effect may be ob-

tained along the front end 14 and in particular along the front tip edge 23 of the plate-

formed grate element 1.

30

Referring to Figs. 6 and 7, optionally, an internal inlet guide vane 27 is arranged in the

internal cooling fluid chamber 18 at the inlet end 20 of the internal front cooling fluid

channel 19, and, optionally, an internal outlet guide vane 28 is arranged in the internal

cooling fluid chamber 18 at the outlet end 21 of the internal front cooling fluid channel

19. Said internal inlet guide vane 27 and said internal outlet guide vane 28 are adapted

to guide cooling fluid in the direction of respective corners 29 of the internal cooling
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fluid chamber 18 at respective sides 30, 31 of the front end 14 of the plate-formed grate

element 1. Thereby, as illustrated by means of arrows in Fig. 6, more cooling fluid may

be guided to the corners 29 of the internal cooling fluid chamber 18 and the cooling ef-

fect may be improved at the sides 30, 31 of the front end 14 and in particular of the

front tip edge 23 of the plate-formed grate element 1.

Referring in particular to Fig. 8, and comparing Figs. 6 and 7, it is seen that the internal

inlet guide vane 27 is connected to the bottom wall 13 of the plate-formed grate ele-

ment 1 and is spaced in relation to the top wall 12 being opposed to the bottom wall 13

to which the internal inlet guide vane 27 is connected. In the same way, the internal out-

let guide vane 28 is connected to the bottom wall 13 of the plate-formed grate element

1 and is spaced in relation to the top wall 12 being opposed to the bottom wall 13 to

which the internal outlet guide vane 28 is connected. Thereby, cooling fluid may be

guided in the direction of the respective corners 29 of the internal cooling fluid chamber

18 without limiting the general flow of cooling fluid too much. Furthermore, the produc-

tion of the plate-formed grate element 1 by casting may be facilitated in that casting

sand may better pass through the internal cooling fluid chamber 18 of the plate-formed

grate element 1. The result may therefore be a casting of better quality having a longer

service life.

It is understood that exactly the same advantages could be achieved if the internal inlet

guide vane 27 is connected to the top wall 12 of the plate-formed grate element 1 and is

spaced in relation to the bottom wall 13. Similarly, of course, the same advantages could

be achieved if the internal outlet guide vane 28 is connected to the top wall 12 of the

plate-formed grate element 1 and is spaced in relation to the bottom wall 13. For in-

stance, the internal inlet guide vane 27 could be connected to the top wall 12 and be

spaced in relation to the bottom wall 13, and the internal outlet guide vane 28 could be

connected to the bottom wall 13 and be spaced in relation to the top wall 12, or vice

versa.

30

As seen in Figs. 6 and 7, the internal inlet guide vane 27 and the internal outlet guide

vane 28 are arranged at an oblique angle in relation to a longitudinal direction of the


























