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METHOD FOR MANUFACTURING A THERMAL MODIFICATION KILN

Technical field

The application relates generally to a method for manufacturing a thermal
modification kiln.

Background

The production of kilns intended for the thermal modification of wood has been
traditionally carried out with machine shop methods by ordering steel plates of
a given size made in stainless steel and by press-bending the same one at a
time in keeping with CAD drawings for the kiln. These plates have then been
assembled in the machine shop into a complete thermal modification kiln by
means of a beam system, whereby the kiln can be provided with a required
strength and pressure resistance, followed by shipping the kiln as a complete
unit to the customer.

Due to a large size of the kiln, the transport costs in export deliveries make up
a significant part of the investment costs in the case of a long distance
transport. Also, many potential export countries have a lot of impediments on
the road, such as bridges, traffic signs, and trees, making it difficult, if not even
impossible, to transport a large complete kiln.

Because of difficulties in transport, attempts have been made to render the
kilns structurally lighter or alternatively to assemble the same from components
at a final destination of the kiln. Welding kiln segments together has resulted in
the warping of stainless steel with a propensity of distorting structural dimen-
sions and shapes.

Accordingly, it has been found the best practice to complete the kiln structure
at a machine shop in such a way that the kiln components are first fastened
together - so-called tacked - with short intermittent welds, thereby managing to
assemble the entire kiln to its form. The welding together of kiln joints is not
started until at this point, whereby the entire kiln is better to retain its shape
and the transportation of such a constructed complete kiln is inconvenient and
expensive.

Summary



Embodiments of the invention reduce problems related to the production and transport
processes of currently available thermal timber modification kilns.

According to a first aspect of the present invention, there is provided a method for
manufacturing a thermal timber modification kiln, the method comprises making plate
modules from steel plates, the modules comprise a panel section and edges, the edges
comprise end and side sections, first flaps between the panel and the sections, and
overlays, and, the first flaps between the panel and the sections are formed such that
the sections are folded inwards in such a way that the folded sections present the first
flaps at some angle with the panel, method further comprises forming second flaps
between the sections and the overlays such that the overlays are folded outwards in
such a way that the folded overlays are substantially parallel to the panel and present
the second flaps at some angle with the sections, and the first and second flaps enable
adjacent modules to be interconnected for constructing a kiln frame.

According to a second aspect of the present invention, there is provided a plate module
for manufacturing a thermal timber modifica-tion kiln, said module is made by the above
method and comprises a panel section and edges, the edges comprise end and side
sections, first flaps between the panel and the sections, and overlays, the sections are
folded inwards in such a way that the folded sections present the first flaps at some
angle with the panel, and the overlays are folded outwards in such a way that the folded
overlays are substantially parallel to the panel and present second flaps at some angle
with the sections, and the first and second flaps enable adjacent modules to be
interconnected for constructing a kiln frame.

According to a third aspect of the present invention, there is provided a thermal timber
modification kiln, which has its frame con-sisting of plate meodules and which is
manufactured by a method the above method, each modules comprising a panel
section and edges, the edges comprise end and side sections, first flaps between the
panel and the sections, and overlays, the sections are folded inwards in such a way that
the folded sections present the first flaps at some angle with the panel, and the overlays
are folded outwards in such a way that the folded overlays are substantially
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parallel to the panel and present second flaps at some angle with the sections, and the
first and second flaps enable adjacent modules to be interconnected for constructing a
kiln frame.

A method according to one embodiment, which is intended for manufacturing a thermal
timber modification kiln, comprises constructing plate modules from steel plates by
forming the plate edges with flaps that enable adjacent modules to be interconnected
for a kiln frame.

In a plate module according to one embodiment, which is intended for manufacturing a
thermal timber modification kiln, the edges of a module constructed from a steel plate
are formed with flaps that enable adjacent modules to be interconnected for a kiln
frame.

In a thermal timber medification kiln according to one embodiment, the kiln frame is
manufactured of plate modules, which are constructed from steel plates by forming the
plate edges with flaps that enable adjacent modules to be interconnected.

Brief description of the figures

The detailed description of the figures will deal with exemplary embodiments of the
invention more precisely with reference to the accompanying figures, in which

fig. 1 shows a flowchart for a method of manufacturing a thermal timber
modification plant,

figs. 2a-2f  show from various perspectives a steel plate cut for folding a plate
module, as well as a complete module with folded flaps, and

figs. 3a-3b  show from a side and obliquely from the front a thermal modification plant
constructed from plate modules.

Detailed description of the figures
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Fig. 1 shows a method 100 for manufacturing a thermal timber modification kiln
300 depicted in figs. 3a-3b. A beam frame 350 of the kiln 300 is assembled
from plate or installation modules 202, 302 as presented in figs. 2a-2f.

In a starting step 102, a message is received from an orderer of the kiln 300
about which size kiln 300 is to be supplied for the orderer’s disposal. The or-
dered kiln 300 can be either of a predetermined standard size, for example 8,
18, 28, 44, 60, 120 or 240 m® in volume, or it can be customized for the order-
er.

The dimensional data obtained in step 110 is used as a basis for modeling the
kiln 300 as well as the plate modules 202, 302 employed for its fabrication.
The modules 202, 302 have an unvarying shape regardless of the size of the
kiln 300, it being only the surface area, i.e. the length and/or width, of the
modules 202, 302 and/or angles a, B for the folded end edges of the module
202, 302 which are variable, depending on a size of the kiln 300 to be manu-
factured and on a location of the module 202, 302 in the frame 350.

Making use of 3D modeling, as well as computational fluid dynamics and opti-
mization, makes it possible to manufacture a kiln structure 300, which is to be
constructed from structurally unvarying modules 202, 302 and which is eco-
nomically attractive to manufacture, possible to transport in parts with just one
shipping container, thus reducing the required transport space, and possible
not to be assembled until on site in the customer’s building, enabling the as-
sembly work to be carried out cost-effectively and to a high standard.

Step 120 comprises automated manufacturing of the module 202, 302 for ex-
ample from a stainless steel plate 200 with a machine according to design. Al-
ternatively, the plate 200 can be for example a coated sheet of steel or alumi-
num or a duplex plate. Fig. 2a shows a plan view of the plate 200, which has
been cut to a desired size and shape.

In the method 100, the modules 202, 302 can be manufactured in a cost-
effective and dimensionally precise manner by making use of modern auto-
mated machines, for example sheet metal and laser workstations. The utiliza-
tion of machine automation in manufacturing lowers manufacturing costs sig-
nificantly and, above all, the dimensionally precise parts enable the assembly
to be carried out on installation site.
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The die-cut stainless steel plate 200 comprises a panel section 204, end edg-
es 210, 230, and side edges 220, 240. The plate 200 has its edges 210, 220,
230, 240 formed, as denoted by dashed lines in fig. 2a, with flaps 211, 213,
215, 221, 223, 225, 231, 233, 235, 241, 243, 245 fitting together with those
211, 213, 215, 221, 223, 225, 231, 233, 235, 241, 243, 245 of other modules
202, 302 and enabling the adjacent modules 202, 302 to be interconnected for
constructing the frame 350.

The flaps 211, 213, 215, 221, 223, 225, 231, 233, 235, 241, 243, 245 are
formed at either one or more edges 210, 220, 230, 240 at a time, such that first
folded inwards along the dashed lines 211, 221, 231, 241 is an end/side sec-
tion 212, 222, 232, 242 in such a way that the side section 222, 242 presents
the flaps 221, 241 for example at a substantially 90° angle with the panel sec-
tion 204. Respectively, the end sections 212, 232 are folded inwards at the
flaps 211, 231 in such a way that the sections 212, 232 are for example con-
sistent with angles a, B established by the sections 222, 242, and the angle of
the flaps 211, 231 is @, B. The angles a, B can be equal or unequal, depending
on a location of the to-be-manufactured module 202, 302 in the frame 350.
Likewise, the angles a, B have their size depending on the size of the kiln.

Next folded inwards along the dashed lines 213, 223 are overlays 214, 224 for
the sections 212, 222 so as to lie for example substantially parallel to the panel
204 and, respectively, overlays 234, 244 outwards along the dashed lines 233,
243 for the sections 232, 242, such that at least one or both of the overlays
234, 244 can be for example substantially parallel to the panel 204, i.e. sub-
stantially perpendicular to the edge 230, 240, or at least one or both of them
can be at some angle relative to the edge 230, 240 as required by the frame
structure.

Finally folded inwards along the dashed lines 215, 225 are lips 216, 226, such
that the lips 216, 226 are for example substantially perpendicular to the panel
204 as well as to the overlay 214, 224 and, respectively, lips 236, 246 out-
wards along the dashed lines 235, 245, such that the lips 236, 246 are for ex-
ample substantially perpendicular, i.e. at a substantially 90° angle, to the over-
lay 234, 244 or in such a way that the lips 236, 246 are parallel to the sections
232, 242.
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It is also possible that the flaps 211, 213, 215, 221, 223, 225, 231, 233, 235,
241, 243, 245 be formed in an order other than described above, for example
in reverse order.

Alternatively, in the process of manufacturing for example corner modules 202,
302 for the kiln 300, it is possible that one or more of the edges 210, 220, 230,
240 of the module 202, 302 not be folded at all.

Alternatively, if it is desirable to strengthen the edges 210, 220, 230, 240, the
flap fold 211, 213, 215, 221, 223, 225, 231, 233, 235, 241, 243, 245 is made
as a single unit in such a way that for example the lip 246 visible in fig. 2c¢ is
folded with two additional flaps perpendicularly against a bottom surface of the
overlay 244. Alternatively, more strength is obtained by widening the size (sur-
face area) of the overlays 214, 224, 234, 244 and the lips 216, 226, 236, 246.

The manufacturing process of the module 202, 302 further comprises provid-
ing the edges 210, 220, 230, 240 of the module 202, 302 with at least one
penetration 228, 248 intended for fasteners that are used for locking the mod-
ules 202, 302 to each other prior to a final unification by welding. Moreover, in
case a particular module 202, 302 is intended to include other penetrations
228, 248, a penetration shall be provided for at least one of the following de-
vices of the kiln 300: at least one fan, at least one temperature sensor, at least
one sensor measuring the temperature of timber to be dried, at least one mois-
ture sensor, at least one heating radiator, at least one steam pipe, at least one
water pipe, and at least one ventilation pipe.

Fig. 2b shows in a plan view a complete module 202, 302 with folded flaps,
which is used for constructing a thermal modification kiln 300 for timber. The
module 202, 302 made from a steel plate 200 has its edges 210, 220, 230, 240
formed with flaps 211, 213, 215, 221, 223, 225, 231, 233, 235, 241, 243, 245
that enable the adjacent modules 202, 302 to be interconnected for construct-
ing a beam frame 350 for the kiln 300. The beam systems made up by the
edges 210, 220, 230, 240 constitute a load-bearing structure for the kiln 300
together with the panel section 204 of the modules 202, 302. Clearly visible in
the figure are the inwardly folded overlays 214, 224 of the edges 210, 220 and
the outwardly folded overlays 234, 244 of the edges 230, 240.

In a module 202, 302 according to one embodiment, the folded edges 210,
220, 230, 240, for example the sections 222, 242, are provided with penetra-



WO 2014/177768 PCT/FI12014/050315

10

15

20

25

30

6

tions 228, 248 intended for fasteners. In addition, at least one penetration 228,
248 can be provided, as opposed to fig. 2a, also in the end edges 210, 230
and/or in the panel 204.

In a kiln 300 according to one embodiment, which has been constructed from
modules 202, 302, the modules 202, 302 have the edges 210, 220, 230, 240
thereof provided with penetrations 228, 248 intended for fasteners.

The completed module 202, 302 with folded flaps is further shown in fig. 2c
from a direction of the edge 210, in fig. 2d from a direction of the edge 220, in
fig. 2e from a direction of the edge 230, and in fig. 2f from a direction of the
edge 240.

If, in step 122, there are still modules 202, 302 to be made, the method 100 re-
turns back to the fabrication step 120.

On the other hand, if all modules 202, 302 for the kiln 300 are ready to use, the
modules 202, 302 are transported in step 130 to an assembly site of the kiln
300.

An advantage of the method 100 is to enable a transport of the kiln 300 in
parts to its final destination and not having to make a final assembly of the kiln
300 until on a working site at the orderer’s. Hence, the modules 202, 302 can
be installed by using local labor, and the working steps of the method 100 can
be carried out each time wherever most prudent.

In step 140, the modules 202, 302 are interconnected at the assembly site in
such a way that the flaps 211, 213, 215, 221, 223, 225, 231, 233, 235, 241,
243, 245 at the edges 210, 220, 230, 240 of adjacent modules 202, 302 are fit-
ted to each other and the penetrations 228, 248 present in the folded edges
220, 240 of the interconnected adjacent modules 202, 302 are set in alignment
with each other.

In the process of connecting the modules 202, 302 to each other, there is a
possibility of using bracing pieces, for example a flexed bracing plate conform-
ing to the folded edges 210, 220, 230, 240 and being fitted between the flaps
of the modules 202, 302. The bracing plate can be made from the same mate-
rial as the modules 202, 302, for example from stainless steel, a coated sheet
of steel or aluminum, or a duplex plate. Optionally, the bracing piece may
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comprise a pipe beam, which is placed in an inner flap 211, 213, 215, 221,
223, 225, 231, 2833, 235, 241, 243, 245 at the edges 210, 220, 230, 240 of that
particular module 202, 302 whose flaps 211, 213, 215, 221, 223, 225, 231,
233, 235, 241, 243, 245 are left in the lowermost position as the modules 202,
302 are connected. The bracing pieces make it possible to increase the
strength and durability of the frame 350.

In a module 202, 302 according to one embodiment, the die-cut edges 210,
220, 230, 240 of a plate 200 are folded in such a way that the flaps 211, 213,
215, 221, 223, 225, 231, 233, 235, 241, 243, 245 fit in those 211, 213, 215,
221, 223, 225, 231, 233, 235, 241, 243, 245 of other modules 202, 302 in a
manner that the edge 230 is capable of being laid on top of the edge 210 and
the edge 240 respectively on top of the edge 220.

In a kiln 300 according to one embodiment, which has been constructed from
modules 202, 302, the modules 202, 302 have the edges 210, 220, 230, 240
thereof die-cut and folded in such a way that the flaps 211, 213, 215, 221, 223,
225, 231, 233, 235, 241, 243, 245 fit in those 211, 213, 215, 221, 223, 225,
231, 233, 235, 241, 243, 245 of other modules 202, 302.

In a kiln 300 according to one embodiment, which has been constructed from
modules 202, 302, the modules 202, 302 are interconnected in such a way
that the flaps 211, 213, 215, 221, 223, 225, 231, 233, 235, 241, 243, 245 at the
edges 210, 220, 230, 240 of adjacent modules 202, 302 are fitted in each oth-
er and the penetrations present in the folded edges 210, 220, 230, 240 of the
interconnected adjacent modules 202, 302 are set in alignment with each oth-
er.

If, in step 142, more modules 202, 302 still need to be interconnected and/or
fitted to each other, the method 100 returns back to step 140.

On the other hand, if the modules 202, 302 have been interconnected in a de-
sired manner, the interconnected adjacent modules 202, 302 are attached in-
step 150 with fasteners capable of being fitted in the penetrations 228, 248.
The modules 202, 302, which have been initially attached with fasteners, re-
main fixed in position without welding, whereby the frame 350 can be assem-
bled completely by means of the fasteners prior to a final attachment of the
modules 202, 302 to each other by welding.
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Alternatively, the modules 202, 302 can be attached in such a way that adja-
cent modules 202, 302 are interconnected by means of the flaps 211, 213,
215, 221, 223, 225, 231, 233, 235, 241, 243, 245 and are one by one attached
with fasteners to each other prior to connecting the next modules 202, 302.

The useful fasteners may include at least one of the following fastener types: a
pop rivet (blind rivet), a traditional T rivet, a rivet nut, a rivet bolt, a screw/nut
combination, and an anchor bolt.

Alternatively, the initial attachment of modules 202, 302 in step 150 can be im-
plemented with welding tongs or the like fasteners, which do not require pene-
trations 228, 248, or by spot or seam welding.

In a kiln 300 according to one embodiment, which has been constructed from
modules 202, 302, the interconnected modules 202, 302 are attached with fas-
teners capable of being fitted in the penetrations 228, 248.

Step 160 comprises welding firmly to each other the edges 210, 220, 230, 240
of modules 202, 302, initially attached with fasteners, for constructing an air-
tight beam frame 350. The long welding joints, which are needed for providing
a tight internal surface for the kiln 300, are made for example on the corners
established by the flaps 211, 221, 231, 241 and the panel section 204 of the
modules 202, 302. Hence, those surfaces, being for example at 90° degree
angles with each other, i.e. the panel sections 204 as well as the edges 210,
220, 230, 240, preclude dimensional changes of the modules 202, 302 even
though the modules 202, 302 are attached to each other with long welding
joints. The modules 202, 302 retain unchanged outer dimensions as opposed
to traditional manufacturing, in which the outermost edges of metal sheets are
distorted as a result of residual welding stresses.

The welding sequence for the modules 202, 302 and/or the edges 210, 220,
230, 240 does not matter by virtue of the initial fastening and the welding pro-
cess being performed on the corner of the flap 211, 221, 231, 241. The kiln
structure 300, assembled from dimensionally precise modules 202, 302, turns
out to become sufficiently tight to withstand the pressure generated by fans
and filters of the kiln 300.

In addition, it is possible to produce a welding joint on a corner 219, 239 made
up by sections 212, 222, 232, 242 of the edges 210, 220, 230, 240 of modules
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202, 302 and/or to weld at least one set of overlays 214, 224, 234, 244 of the
interconnected modules 202, 302 firmly to each other from outside the frame
350.

When the edges 210, 220, 230, 240 of modules 202, 302 are welded, for ex-
ample at the flaps 211, 221, 231, 241 and at the corners 219, 239, firmly to
each other, the modules 202, 302 retain unchanged outer dimensions and
straight surfaces for connecting to the next modules 202, 302 - i.e. the mod-
ules 202, 302 do not undergo deformations - and the assembly of the kiln 300
is facilitated.

In addition, the sections 212, 222, 232, 242 constitute a “root backing” for weld
joints, thus enabling the use of a thinner plate 200 in manufacturing the kiln
300 and reducing the manufacturing costs of the kiln 300 for this reason as
well.

In a kiln according to one embodiment, which has been constructed from mod-
ules 202, 302, the edges 210, 220, 230, 240 of the adjacent fastener-attached
modules 202, 302 have been welded firmly to each other for producing an air-
tight beam frame 350.

By virtue of the modules 202, 302, the kiln 300 does not require the use of an
expensive beam structure, because in a preferred construction made up by
modules 202, 302, the edges 210, 220, 230, 240 in and of themselves consti-
tute a robust “beam support structure” for the kiln 300.

Putting together a modular beam frame 350 for the kiln 300 takes time on av-
erage about one minute per module 202, 302, the initial fastening of the frame
350 being therefore achievable in about 24 hours. The final fastening of the
frame 350 by welding takes about one week, whereby the time gained over
current assembly modes is at least in the order of two months, which repre-
sents not only time saving but also saving in costs since putting together the
frame 350 only requires workforce for just over a week at the assembly site.

In step 162, the method 100 comes to an end.

Figs. 3a-3b illustrates a kiln 300, its beam frame 350, consisting of modules
202, 302, comprising a doorway 354, which is equipped with a door 352 and
whereby timber stacks 260 to be thermally modified are passed into and out of
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the kiln 300 by means of a transfer line 356. Clearly visible in fig. 3b is the
shape of the kiln 300 with the frame 350 being narrower at its lower part than
at its upper part. This particular shape of the frame 350 is possible to imple-
ment by virtue of the modules.

5 The above presentation only shows a few exemplary embodiments of the in-
vention. The principle according to the invention can naturally be varied within
the scope of protection defined by the claims, regarding for example imple-
mentation details and fields of use.
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Claims

1. A method (100) for manufacturing a thermal timber modification kiln
(300),

characterized in that the method comprises

making (120) plate modules (202) from steel plates (200) by forming
edges (210, 220, 230, 240) with flaps (211, 213, 215, 221, 223, 225, 231, 233,
235, 241, 243, 245), which enable adjacent modules to be interconnected for
constructing a kiln frame (350).

2. A method according to claim 1, wherein the making of modules compris-
es cutting the plates to a desired shape and forming the die-cut edges of the
plates with flaps which fit in flaps at the edges of other modules.

3. A method according to either of the preceding claims, wherein the making
of modules further comprises forming the folded edges with penetrations (228,
248) intended for fasteners.

4. A method according to any of the preceding claims, which further com-
prises interconnecting (140) the modules in such a way that the folded edges
of adjacent modules are fitted in each other and the penetrations present in the
edges of the interconnected adjacent modules are set in alignment with each
other.

5. A method according to any of the preceding claims, which further com-
prises fastening (150) the interconnected modules with fasteners capable of
being fitted in the penetrations.

6. A method according to any of the preceding claims, which further com-
prises welding (160) the edges of adjacent fastener-secured modules firmly to
each other for constructing an airtight kiln frame.

7. A plate module (202, 302) for manufacturing a thermal timber modifica-
tion kiln (300), said module having been made with a method according to any
of claims 1-3.

8. A thermal timber modification kiln (300), which has its frame (350) con-
sisting of plate modules (202, 302) and which has been manufactured with a
method according to any of claims 1-6.



