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(57) Abstract: Apparatus for production of compressed bio-
mass members and method for start- up of the apparatus The
apparatus (1) comprises a plurality of press units (2), each
press unit (2) comprising a stationary matrix (19) with a press
channel (6) and a linearly reciprocating piston (20) arranged
coaxially with the press channel (6) for pushing biomass into
the press channel (6) and for compression of the biomass in
the press channel (6) during forward piston motion. The press
units (2) are arranged in a horizontal plane (4) in a star con-
figuration around a centre (5) with the piston motion being ra-
dial from the centre. For start-up conditions, the forward end
point of the reciprocating motion of the pistons (20) is adjus-
ted rearwards before running of the apparatus and gradually
returned for- ward, only once the apparatus is running.
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Apparatus for production of compressed biomass members

and method for start-up of the apparatus

FIELD OF THE INVENTION

The present invention relates to an apparatus for producing compressed biomass mem-
bers. The apparatus comprises a plurality of press units in which a reciprocating piston
compresses biomass in a matrix. The press units are arranged in a horizontal plane in a

star pattern. The present invention also relates to a start-up method for the apparatus.
BACKGROUND OF THE INVENTION

Increased demand of sustainable fuel sources has put pressure on facilities using oil and
coal for heat and electricity production. One of the available fuel sources is biomass,
including material containing cellulose and lignin. In order to increase competiveness of
various forms of biomass, it is of high interest to increase the energy efficacy of the
biomass, for example by torrefaction, which includes a partial burning process with
reduced or no oxygen availability. Torrefied material is typically cut or ground into
small pieces and compressed during an extrusion process. The pellets or briquettes
produced by extrusion have mechanical properties that are similar to coal, why the ma-

terial is useful for existing plants that are designed for burning coal.

In order to produce sufficient amounts of biofuel, extruders are needed with high ca-
pacity to fulfil the demands while at the same time having relatively low energy con-
sumption, as the latter influences the final price of the pellets. All these factors have to
be considered for a competitive product. For this reason, efforts are ongoing to im-
prove the technology of presses and extruders in the direction of high production ca-

pacity at low production costs.

Extruders with compressing pistons that compress biomass and push the material into
the extruder are known in the art. German patent DE102009015210 by Perdekamp

discloses a press for production of pellets containing material based on cellulose or
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lignin. An eccentric drive reciprocates a set of three pistons into corresponding chan-
nels in a matrix such that the material is compressed into pellets by each thrust of the
pistons, and the pellets are released from the matrix at the opposite end of the channels.
By spindles, the distance of the matrix relatively to the pistons can be adjusted for
regulating the distance by which the pistons enter the channels. This function is used to
vary the pressure force on the pellets. In order to increase the speed and capacity of the
press, a plurality of press units are arranged in a star configuration. A circular plate is
provided at the centre of the star with an eccentric connector that is connected to each
piston. Rotation of the circular plate causes the eccentric connector to perform a circu-

lar motion which drives the pistons one after the other.

The star principle of the various press units with the movable matrix implies a compli-
cated and expensive setup, because each press unit comprises several spindles for driv-
ing the corresponding matrix. In addition, the spindle arrangement requires lateral
space, which is disadvantageous when a high spatial density of press units is desired for
high production capacity. It would be desirable to simplify the system in order to re-

duce production and maintenance costs as well as risk for breakdown.

International patent application WO97/16305 discloses a press unit with eight pistons
arranged in a star pattern and fastened to a rotating disc. Eccentric rotation of the disc
presses sequentially one after the other of the pistons into a consecutive channels. Al-
ternatively, an oval plate presses onto the back end of the pistons sequentially, thus

always pressing two opposite pistons into a channel.

DESCRIPTION / SUMMARY OF THE INVENTION

It is therefore the objective of the invention to provide a general improvement in the
art. It is a specific objective to provide a biomass press and extruder that has a simple,
reliable and robust construction. This objective is achieved with an apparatus for pro-

ducing compressed biomass members as described in the following.
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The apparatus comprises a plurality of press units, for example three, six, or nine, in a
stationary frame. Each press unit comprises a matrix with a press channel and a linearly
reciprocating piston arranged coaxially with the press channel for pushing biomass into
the press channel and for compressing the biomass in the press channel during forward
piston motion. For example, the piston is arranged for a reciprocating forward and
backward piston motion into and out of the press channel, although this is not neces-
sary, and it may suffice that the front end of the piston approaches the press channel in
close proximity without entering the press channel. The press units are arranged in a
horizontal plane in a star pattern around a centre with the piston motion being radial
from the centre. In contrast to the aforementioned German patent DE102009015210
by Perdekamp, the matrix is arranged stationary. Such stationary matrices save space
for the press units due to a simpler setup, which allows a higher number of press units
being arranged in relatively tight space. This is an advantage for construction of robust
and compact machines with high production capacities. The avoidance of spindle drives

for movable matrices also reduces the risk for breakdown.

The apparatus comprises a driving member for driving the pistons. The driving member
is configured for a first mode of motion, which is an eccentric motion along a circular
path around the centre, which is provided by an eccentric drive unit. The eccentric
drive unit comprises a rotational element with an eccentric connection to the driving
member for causing the eccentric first mode of motion of the driving member by rota-

tion of the rotational element.

For example, the driving member comprises a plurality of connection points arranged
on a circle, optionally arranged in a single plane identical to the above-mentioned hori-
zontal plane or in a single plane parallel to it. Each piston is connected to only one of
these connection points by a piston rod. The piston rod has a first rod end and a second
rod end. The first rod end is connected rotationally to the piston. For each piston, or
for each piston but one, the second rod end is rotationally fastened to the driving mem-

ber at one of the connection points.

In the case, where each piston but one is connected rotationally to the connection

points, and one single piston rod is connected non-rotational to a connection point on
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the driving member, the configuration resembles the principles of a typical radial en-
gine. However, as will be described below, there have also been found technical solu-
tions where all piston rods are rotationally fastened to the driving member. In the latter
case, a different delimitation arrangement is necessary for delimiting the angular excur-
sion of the driving member in order to prevent the driving member to rotate to a degree
where the piston rods get stuck. In both embodiments, the eccentric drive unit only
rotates back and forth in an eccentric wiggling movement over a fraction of a circle,

similarly to the corresponding motion of the crank disc in a radial engine.

In one example, the motion delimiting arrangement comprises a plurality of rollers with
identical outer roller diameter and distributed spatially in a horizontal plane, each roller
being provided inside one of a plurality of identical rings distributed correspondingly
and with a ring diameter larger than the roller diameter. For example, the number of
rollers and rings are three, optionally arranged according to an equilateral triangle. This
way, the first mode of motion is limited by the relative circular movement between the
rings and the rollers abutting each other along the inner surfaces of the rings. In some
embodiments, rings are connected to the frame, for example by a flange, and the coop-
erating rollers are connected to the driving member for following the first mode of mo-
tion together with the driving member. Alternatively, the rings are connected to the

driving member and the rollers are connected to the frame, for example by a flange.

Another example for a delimiting arrangement comprises excursion stoppers provided
on either side of the piston rods on the driving unit. Such excursion stoppers limit the
rotation of the driving unit to predetermined angles between the piston rods and the
driving unit. An example of such excursion stoppers are stop pins as disclosed in US

patent application US2010/0107637 by Schoell describing a Waste Heat Engine.

The reciprocating motion of the piston comprises a forward end point and a backward
end point. In a further embodiment, the forward end point is adjustable by an adjust-
ment mechanism. In the case, where the piston is arranged for entering the press chan-
nel, the forward end point is determining the insertion depth of the piston into the press
channel. In the case, where the piston is not arranged for entering the press channel,

the forward end point determines the minimum distance to the press channel inlet. Such
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an adjustment mechanism is useful for adjusting the compression strength per thrust
and allows regulation of the force on the equipment when using various materials for

production of the biomass members.

Also, in start-up situations, the retraction of the forward end point of the pistons is an
advantage, seeing that start-up with hardened material in the press channels otherwise
can be difficult due to the star configuration, where always some of the pistons are on
their way forward during the first mode of motion. For start-up conditions, the forward
end point of the piston can be adjusted backwards prior to start-up and then adjusted
forward, once the apparatus is running. In practice, the forward end point of the piston
is adjusted backwards by the adjustment mechanism for reducing the insertion depth of
the pistons or for preventing the pistons to enter the channels during start-up. Then,
the apparatus is started and the driving member is set into the eccentric motion, which
activates the pistons into the reciprocating movement. While driving of the driving
member, the forward end point is gradually adjusted forward in order to gradually
press more biomass into the press channel. The rearward adjustment of the forward
end point prior to start of the machine and the subsequent forward return of the for-
ward end point when the machine is running allows the machine to gain inertia for
overcoming the resistance in the extruder channel. In comparison to the star like prior
art machine of German patent DE102009015210 by Perdekamp, a forward movement
of the matrix away from the piston is not possible, as the matrix is stationary in the
above described apparatus. Therefore, an adjustment mechanism for temporary rear-
ward adjustment of the forward end point of the reciprocating motion of the piston is

useful.

Accordingly, in further embodiments, the adjustment mechanism is provided by a sec-
ond mode of motion of the driving member, the second mode of motion being inde-
pendent of the first mode of motion. For example, this can be achieved by providing an
actuator inside the piston for reducing the length of the piston by pulling the front part
of the piston towards the rear part and thereby adjusting the forward end point rear-
wards away from the press channel. Another adjustment mechanism is found in provid-

ing piston rods with an actuator that changes the length of the piston rod, which also
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leads to a rearward adjustment of the forward end point. These two systems can also

be combined.

A further alternative technical solution is provided by rotation of the driving member in
the horizontal plane, wherein the rotation is limited to a fraction of the angular distance
between adjacent connection points. Rotation of the driving member results in adjust-
ment of the angle of the piston rod relatively to the driving member and relatively to
the piston. Due to this angular offset of the piston rod, the distance between the driving
member and the rear of the piston is adjusted. If the driving member is rotated towards
an increased angle between the piston rod and the direction of reciprocation, the piston
is retracted and the forward end point thereby adjusted rearwards. For example, the
driving unit is rotated by the second mode of motion from one angular position to a
second position, which results in a change of distance between the forward end point of
the reciprocating piston motion and the press channel. The adjustment of the angle of
the driving member by the second mode of motion results in an angular offset for the

range of angles during the first mode of motion.

Coming back to the optional connection of the rollers or rings to a flange, for example
a triangular arrangement of rings, the flange is in advantageously part of the adjustment
mechanism where the flange is rotationally fastened to the stationary frame. Rotating
the flange in the second mode of motion about the centre by a fraction of the angular
distance between adjacent connection points, also, rotates the plurality of rings that are
fastened to the flange. The rollers that are fastened to the driving unit and are posi-
tioned inside the rings, consequently, follow this angular offset of the rings about the
centre, which is turn also gives the driving unit an angular offset by the same angle. For
example, for nine connection points, the angular equidistance between adjacent con-
nection points is 40 degrees, and the angular offset by second mode of motion would
typically be limited to between 10 and 15 degrees or roughly between 1/4 and 1/3 of
the angular equidistance between adjacent connection points. Generally, the fraction of
the angular equidistance between adjacent connection points is less than 1/2, and typi-

cally between 1/4 and 1/2, for example between 1/4 and 1/3.
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In a practical embodiment, the flange is rotationally fastened to the stationary frame,
and an actuator system connects the stationary frame with the flange, such that activa-
tion of the actuator system rotates the flange in the horizontal plane about the centre in
order to provide the angular offset by the second mode of motion. For example, the
actuator system comprises a plurality of linear actuators arranged off centred relatively
to the centre and with the linear actuation direction being substantially tangential to a
circle about the centre. In a practical embodiment, the actuators are fastened with one

end to the stationary frame and with their opposite end to the flange.

Each of the channels comprises a channel inlet at a first channel end and a channel out-
let at a second, opposite channel end for extrusion of the biomass in compacted form.
The pistons are arranged for pushing the compressed biomass members from the chan-
nel inlet through the channels and out of the channels at the channel outlet by their re-
peated forward motion. Optionally, for increased compression, each of the channels is
tapering towards the channel outlet for additional compression of the biomass during

pushing of the biomass through the channel by the piston.

For smoothly guided linear movement of the pistons, optionally, the pistons are provid-
ed in abutment with ball bearings or roller bearings. This is in contrast to the typical

sliding bearings that are used in this type of machines.

As mentioned above, the eccentric drive unit comprising a rotational element with an
eccentric connection to the driving member for causing the eccentric first mode of mo-
tion of the driving member by rotation of the rotational element. Advantageously, the
rotational element is arranged rotational about a rotation axis at the centre, and the
eccentric connection comprises a circular member with an eccentric centre that is offset
from the rotation axis. The eccentrically offset circular member is connected to the
driving member for eccentric first mode of motion. For example the circular member is
provided inside the driving member with a roller bearing or ball bearing between the
circular member and the driving unit. Optionally, the circular member, the driving
member and the bearings there between are all arranged in a horizontal plane. For ex-

ample, the rotational element is driven by a flywheel that is driven by electrical motors.
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In a further embodiment, the apparatus is modular with modular extensions, where
each module comprises an equal number of press units, for example two, three or four.
For example, the apparatus is provided in a first modular form with three press units. In
a second step, this is extended to six units or to nine units. The plurality of press units
are advantageously arranged with identical angular distance between adjacent press
units and in a horizontal plane. It has been found that multiples of three are useful for
good balance, although also multiples of two, four or five is possible. Once, the appa-
ratus has been extended to a suitable maximum number of press units, for example nine
press units in one horizontal plane, the apparatus can be further extended to accommo-
date even further press units in a second horizontal plane, above or below the first hor-

izontal plane.

ASPECTS OF THE INVENTION

In the following various interrelated aspects of the invention are described.

Aspect 1: An apparatus (1) for producing compressed biomass members, the apparatus
comprising a plurality of press units (2) in a stationary frame (3); each press unit (6)
comprising a matrix (19) with a press channel (6) and a linearly reciprocating piston
(20) arranged coaxially with the press channel (6) for pushing biomass into the press
channel (6) and for compression of the biomass in the press channel (6) during forward
piston motion; wherein the press units (2) are arranged in a horizontal plane (4) in a
star pattern around a centre (5) with the piston motion being radial from the centre (5);

characterised in that the matrix (19) is arranged stationary.

Aspect 2: An apparatus according to aspect 1, wherein the apparatus comprises a driv-
ing member (30) for driving the pistons (20), the driving member (30) being configured
for a first mode of motion, which is an eccentric motion along a circular path around
the centre (5); wherein the first mode of motion of the driving member (30) is provided
by an eccentric drive unit (36), the eccentric drive unit (36) comprising a rotational
element (10, 37) with an eccentric connection to the driving member (30) for causing
the eccentric first mode of motion of the driving member (30) by rotation of the rota-
tional element (37); the driving member (30) comprising a plurality of connection

points (31) arranged on a circle, each piston (20) being connected to only one of these
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connection points (31) by a piston rod (32), the piston rod (32) having a first rod end
(33) and a second rod end (33”), wherein the first rod end (33) is connected rotational-
ly to the piston (20); wherein for each piston (20), or for each piston (20) but one, the
second rod (33’) end is rotationally fastened to the driving member (30) at one of the

connection points (31).

Aspect 3: An apparatus according to aspect 2, wherein the connection points (31) on

the circle are in a single plane identical to the horizontal plane (4) or parallel with it.

Aspect 4: An apparatus according to any preceding aspect, wherein the reciprocating
motion of the piston (20) comprises a forward end point (20”) and a backward end
point, wherein the forward end point (20’) is adjustable by an adjustment mechanism

(50).

Aspect 5: An apparatus according to aspect 4, wherein the adjustment mechanism (50)
is provided by a second mode of motion of the driving member (30), the second mode
of motion being independent of the first mode of motion; the second mode of motion
being a rotation of the driving member (30) in the single plane, the rotation being lim-
ited to a fraction of the angular distance between adjacent connection points (31), for
by rotation of the driving member (30) to offset the angle of the piston rod (32) rela-
tively to the piston (20).

Aspect 6: An apparatus according to aspect 2 or 3 or according to aspect 4 or 5 when
directly or indirectly dependent on aspect 2, wherein for each piston (20), the second
rod end (33’) is rotationally fastened to the driving member (30) at one of the connec-
tion points (31); wherein first mode of motion is delimited by a motion delimiting ar-
rangement (47), the motion delimiting arrangement (47) comprising a plurality of roll-
ers (48) with identical outer roller diameter and distributed spatially in a horizontal
plane, each roller (48) being provided inside one of a plurality of identical rings (49)
distributed correspondingly and with a ring diameter larger than the roller diameter for
the first mode of motion being limited by the relative circular movement between the
rings (48) and the rollers (49) abutting each other along the inner surfaces of the rings;

wherein the rings (49) are connected to the frame (3) and the cooperating rollers (48)
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are connected to the driving member (30) for following the first mode of motion to-
gether with the driving member (30), or wherein the rings (49) are connected to the

driving member (30) and the rollers (48) are connected to the frame (3).

Aspect 7: An apparatus according to aspect 6, wherein the rings (49) or the rollers
(48), respectively, are connected to the frame (3) via a flange (50) that is rotationally
fastened to the frame (3); and wherein the second mode of motion is provided by an
actuator system; the actuator system connecting the stationary frame (3) with the
flange (50) such that activation of the actuator system rotates the flange (50) in the
horizontal plane (4) about the centre (5).

Aspect 8: An apparatus according to any preceding aspect, wherein each of the press
channels (6) comprises a channel inlet (24) at a first channel end and a channel outlet at
a second, opposite channel end for extrusion of the biomass in compacted form, where-
in the pistons (20) are arranged for pushing the compressed biomass members from the
channel inlet (24) through the press channels (6) and out of the channels at the channel
outlet by their repeated forward motion; wherein each of the press channels (6) com-
prise a tapering part (18) towards the channel outlet for additional compression of the

biomass during pushing of the biomass through the press channel (6) by the piston (2).

Aspect 9: An apparatus according to any preceding aspect, wherein the pistons (20)
are provided in abutment with ball bearings or roller bearings for smoothly guided line-

ar movement of the pistons (20) by the bearings (23).

Aspect 10: A method for start-up of an apparatus (1) according to aspect 4 and any
one of the aspects 5-9 when directly or indirectly dependent on aspect 4, wherein the
method comprises:

- moving the forward end point (20’) of the reciprocating motion of the piston (20)
rearwards by the adjustment mechanism (50) in a second mode of motion;

- then starting the apparatus and driving the driving member (30) by a first mode of

motion, the first mode of motion being independent of the second mode of motion;
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- subsequently, during driving of the driving member (39) in the first mode of motion,
by the adjustment mechanism (50) gradually moving the forward end point forward by

the second mode of motion.

SHORT DESCRIPTION OF THE DRAWINGS

The invention will be explained in more detail with reference to the drawing, where

FIG. 1 illustrates an apparatus for producing compressed biomass members in a) top
view and b) side view;

FIG. 2 illustrates an adjustment mechanism for retraction of the pistons in a) a first

extreme angular orientation and b) a second extreme angular orientation;

DETAILED DESCRIPTION / PREFERRED EMBODIMENT

FIG. 1a is top view and FIG. 1b in side view of an apparatus 1 for producing com-
pressed biomass members. A plurality of press units 2 are provided in a stationary floor
54 based frame 3 and arranged in a horizontal plane 4 in a star-configuration around a
centre 5. The number of press units 2 is nine in FIG. 1a as an example but can be dif-
ferent. For the nine press units 2, three electrical motors 7 are provided, each of the
motors 7 comprising a belt pulley 8 with a belt 9 pulling a flywheel which is driving the
compression in the press units 2. For feeding the press units 2 with biomass, biomass in
provided from a feeding facility, typically a feed conveyor, into a container 11 is pro-
vided above the press units 2. Various transporters 13, 14 are used to feed biomass
from the feed container 11 into the press units 2. Once, the biomass has been com-
pressed into a solid member, for example a pellet or briquette, it is extruded from the
press channel 6 onto a conveyor 55 that extends in a circle around the frame 3 below
the outlets of the press channels 6. The conveyor 55 collects the compressed members
and conveys these to a facility for further handling, for example storage or packing
facility. For adjustment of the back pressure in order to promote compaction, a back

pressure adjustment mechanism 56 is provided at the exit of the press unit 2.
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The illustrated apparatus 1 is optionally provided modular in the sense that it can be
operated with three, six, or nine press units 2 in the same plane 4. Further planes with
three, six, or nine units can be placed in a second plane on top of the shown plane in
order to increase the capacity. Each of the motors 7 is dimensioned for being strong
enough for driving at least three press units 2, such that for a modular apparatus with
only three or six press units 2, one or two motors 7, respectively, are used. Alternative-
ly, instead of multiples of three press units, the apparatus can also be constructed with

multiple of two press units.

Inside the feed container 11, there are provided container outlets 12 with horizontal
screw conveyors 13 that take out biomass from the feed container 11 and convey it to
a vertical screw conveyor 14 that is feeding the biomass into an accumulation chamber
15 for compression. The screw conveyors 13, 14 are driven by small electrical motors
17a, 17b, one for each conveyor 13, 14. The vertical screw conveyor 14 transports the
biomass downwards into the accumulation chamber 15 that connects with the inlet of
the press channel 6 inside the matrix 19, which is stationary mounted onto the end
flange 16 of the accumulation chamber 15. The end flange 16 is stationary with respect

to the frame 3.

From the second, opposite side of the accumulation chamber a piston, which will be
explained in greater detail below, is coaxial with the press channel 6 and is reciprocat-
ing between a forward end point and a rearward end point through the chamber 15
towards the press channel 6. By reciprocation, the piston 20 presses repeatedly further
biomass into the press channel 6 and the force on the biomass by the piston 20 com-
presses the biomass inside the press channel 6. The forward thrust of the piston 20 not
only compresses the biomass inside the press channel 6 but also moves it forward to-
wards the channel outlet for extrusion of the compressed biomass as compressed mem-

bers, for example briquettes.

FIG. 2a is a principle sketch of the pistons 20 and the driving unit 30. A driving mem-
ber 30 with an eccentric first mode of motion is provided for driving the pistons 20.
The driving member 30 comprises 3-9 connection points 31 arranged on a circle in a

horizontal plane. Each piston 20 is connected to one of these connection points 31 by a
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piston rod 32. The first end 33 of the piston rod 32 has a first rotational connection 34
by which it connects rotationally to the rear part 26 of the piston 20. The second end
33’ of the piston rod 32 is rotationally fastened by a second rotational connection 34’

to the driving member 30 at one of the connection points 31.

As illustrated, the piston 20 does not enter the press channel 6, but the forward end
point 20’ of the reciprocating motion is outside the press channel 6. This is necessary
due to the tapering part 18 extending to the inlet of the press channel 6. The entering is
also not necessary, as the screw conveyor 14 fills the accumulation chamber 15, and
the piston 20 creates force on the biomass which pushes the biomass into the press
channel 6, as the biomass cannot escape to anywhere else from the accumulation
chamber 15. Alternatively, the tapering part 18 can be avoided, or the channel inlet
comprises a cylindrical region deep enough for the piston 20 to enter, such that the
forward end point 20’ of the reciprocating motion is inside the press channel 6, and the
rearward end point is outside the channel 6 and in the accumulation chamber 15. How-
ever, by not forcing the piston 20 into the press channel 6 in the matrix 19, the re-
quirement for dimensional precision is less strict, which production-wise is an ad-
vantage. As illustrated in FIG. 2a, the press channel 6 may have a tapering part for

sideways compression of the biomass during extrusion.

A first mode of motion of the driving unit 30 is provided by an eccentric drive unit 36,
which comprises a flywheel (not shown). The flywheel is driven by belts 9 that are con-

nected to the electrical motors 7.

The principle of the machine is similar to that of a radial engine. In a radial engine for
airplanes, one of the piston rods has a rotational connection to the corresponding pis-
ton but does not have a rotational connection with the eccentric driving member. This
is done in order to prevent rotation of the driving member into a position where all
piston rods get stuck. The system according to the invention can be modified such that
for each piston 20 but one, the second rod end 33’ is rotationally fastened to the driv-
ing member 30 at one of the connection points 31. Thus for the specific example above
with the nine press units 2, all nine piston rods 32 would at their first end 33 have a

first rotational connection 34 with the piston 20, but only eight of the nine piston rods
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32 would have second a rotational connection 34’ at the second end 33’ with the driv-
ing member 30. The one piston rod having a rigid, non-rotational connection to the
driving member 30 would prevent the driving member 30 from rotating into a blocking
orientation. However, such a system where not all connections are identical suffers

from non-symmetric wear, why a different stabilising system is described in the follow-

ing.

As illustrated in FIG. 2a, the first mode of motion is delimited by a motion delimiting
arrangement 47 comprising three rollers 48 arranged according to an equilateral trian-
gle. Each roller 48 is limited in its motion by a ring 49. Whereas the rings 49 are con-
nected to the frame via a flange 50, the rollers 48 are connected to the driving member
30. During the first mode of motion, which is attained during normal steady state
pressing operation, the rings are stationary with respect to the frame. The eccentric
movement of the driving unit 30 is limited by the movement of the rollers 48 inside the
rings 49. This delimiting arrangement 47 prevents the driving unit 30 from rotating into
an orientation in which the piston rods 32 get stuck. Due to the delimiting arrangement
47, it 1s possible that all piston rods 32 are connected rotational to the driving member

30 as illustrated in FIG. 2a.

If the driving member is delimited by a piston rod being fixed in one end, the motion of
these 3 points will describe a perfect circle, when the eccentric driving unit 36 is rotat-
ed. Thus, it is possible to delimit the driving member 30 by attaching a roller to each of

the 3 points, and letting each roller 48 run inside a rings 49 as a fixed circular race.

An alternative arrangement implies rings 49 connected to the driving member 30 and
rollers 48 connected to the frame 3 at stationary positions. The embodiment of FIG 2a
is one example of a possibility for delimiting the rotational degree of freedom for the
driving unit 30, although also other arrangements are possible, as long as there are

provided end stops for the rotation of the driving member.

However, one further advantage of the roller 48 and ring 49 combination becomes ap-

parent below, motivated by a start-up condition of the apparatus 1 after production
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break, where the biomass in the accumulation chambers 15 and press channels 6 imply

a tough resistance against the pistons 20 moving forward.

The reciprocating motion of the piston 20 comprises a forward end point 20’ and a
backward end point. In a further embodiment, the forward end point 20’ is adjustable
by an adjustment mechanism. In the case, where the piston 20 is entering the press
channel 6, the forward end point is determining the insertion depth of the piston 20 into
the press channel 6. In the case, where the piston 20 is not entering the press channel 6,
the forward end point determines the minimum distance to the press channel inlet 24.
Such an adjustment mechanism is useful for adjusting the compression strength per
thrust and allows regulation of the force on the equipment when using various materi-
als for production of the biomass members. Also, in start-up situations, the retraction
of the forward end point of the pistons 20 is an advantage, seeing that start-up with
hardened material in the press channels 6 otherwise can be difficult due to the star con-
figuration, where some of the pistons 20 are always on their way forward during the
first mode of motion. For start-up conditions, forward end point of the piston can be
adjusted backwards prior to start-up and then adjusted forward, once the apparatus is

running.

In practice, the forward end point of the piston is adjusted backwards by the adjust-
ment mechanism for reducing the insertion depth of the pistons 20 or for preventing the
pistons 20 to enter the channels 6 during start-up. Then, the apparatus 1 is started and
the driving member 30 is set into the eccentric motion, which activates the pistons 20
into the reciprocating movement. While driving of the driving member 30, the forward
end point 20’ is gradually adjusted forward in order to gradually press more biomass
into the press channel 6. The rearward adjustment of the forward end point 20’ prior to
start of the machine and the subsequent forward return of the forward end point when
the machine is running allows the machine to gain inertia for overcoming the resistance

in the extruder channel.

For example, the adjustment of the forward end point 20° of the reciprocation can be
achieved by providing an actuator inside the piston 20 for reducing the length of the
piston 20. An actuator could, thus, be used to shorten the overall length of the piston
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20 and thereby pull the front part 25 rearwards away from the press channel 6. Another
adjustment mechanism is found is providing piston rods 32 with an actuator that
changes the length of the piston rod 32. By reducing the length of the piston rod 32,
the piston 20 is retracted. These two systems, which are not illustrated but mentioned

as examples in general, can also be combined.

An even further adjustment mechanism is described in more detail in the following with
reference to FIG. 2b. In this case, the circular rings 49, which delimit the motion of the
driving member 30, are arranged fixed to a flange 50 which is rotatable about the cen-
tre 5 over a minor angle in a horizontal plane relatively to the frame 3. This rotation is
a second mode of motion of the driving unit 30 and is independent of the first mode of
motion. Whereas the first mode of motion of the driving unit 30 during production of
compressed biomass members is a steady and repeated eccentric wiggling around a
circle, the second mode of motion is obtained by an actuator system that rotates the
flange 50 into an angular offset by only a fraction of the angular distance between adja-
cent connection points 31. The result of doing this is seen in FIG. 2b as compared to
FIG. 2a, wherein FIG. 2a shows the geometry and forward end point 20 of the pistons
and the corresponding angular orientation of the piston rods 32 before the second
mode of motion is carried out, and image 2b shows the geometry and forward ends

point 20’ of the pistons 20 after the retraction of the pistons 20.

For example, in the present embodiment with nine connection points 31, the equiangu-
lar distance between the connection points is 360/9=40 degrees. The angle that the
three rings are moved is a fraction of the angular distance between adjacent connection
points 31. The two drawings in FIG. 2a and FIG. 2b show the two extreme angular
positions for the second mode of motion. It is seen that the angular distance between
the two extreme positions of FIG. 2a and FIG. 2b, respectively, is less than half the
angular distance between the connection points 31. Typically, it is between 1/4 and 1/3

of the angular distance between the connection points 31.

It is observed that the pistons in FIG. 2b are retracted relatively to the pistons in FIG.
2a. In an upstart situation, the forward end point 20’ of the reciprocation of the pistons

20 is retracted first by rotating the flange 50 with the rings 49 about the centre 5 into
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one of the extreme positions by the second mode of motion, then the motors 7 are
started to rotate the flywheel and the connected driving unit 30 in the first mode of
motion. The rotation of the set of the flange 50 with the rings 49 about the centre 5
yields an angular offset of the piston rods for the first mode of motion. In this position,
the pistons 20 have sufficient space such that they do not immediately start compress-
ing the remains of the biomass in the press channel 6. Once, the apparatus is running,
the actuator system is activated to return set of rings 49 to the other angular extreme
orientation, which is used for normal production operation with the forward end point
of the reciprocation being in proximity of the inlet of the press channel 6 for maximum
advance of the pistons 20. This change can be done smoothly and slowly in case that
the biomass that remains in the press channels 6 has hardened and has to be pushed out
gradually before smooth and steady operation of the production, where the driving unit

30 and pistons 20 work only in the first mode of operation.

Reference numbers in drawings

1 apparatus

2 press units

3 frame

4 horizontal plane through centre 5

5 centre of star press

6 press channel

7 electrical motors

8 belt pulley

9 belt

11 feed container

12 transporters

13 horizontal screw conveyor for extraction of biomass from container 11
14 vertical screw conveyor feeding biomass into chamber 15
15 accumulation chamber for compression

16 flange of chamber 15 for mount of press channel 6

17a, 17b small motors for screw conveyors 13, 14

19 matrix

20 piston
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20’ forward end point of piston movement

23 bearings for piston

24 channel inlet

25 piston front part

26 piston rear part

30 driving member

31 connection points on driving member 30

32 piston rod

33 first end of piston rod 32

33’ second end of piston rod 32

34 first rotational connection between first end 33 of piston rod and rear part 26 of
piston

34’ second rotational connection between second end 33’ of piston rod and driving
member 30

36 eccentric drive unit

37 axle of eccentric drive unit 36

47 delimiting arrangement for delimiting the angular movement of the driving member
30

48 roller fixed to driving member 30

49 ring

50 flange

54 floor

55 conveyor for transport of briquettes or pellets after extrusion

56 adjustment mechanism for back pressure on briquette
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CLAIMS

1. An apparatus (1) for producing compressed biomass members, the apparatus com-
prising a plurality of press units (2) in a stationary frame (3); each press unit (2) com-
prising a matrix (19) with a press channel (6) and a linearly reciprocating piston (20)
arranged coaxially with the press channel (6) for pushing biomass into the press chan-
nel (6) and for compression of the biomass in the press channel (6) during forward pis-
ton motion; wherein the press units (2) are arranged in a horizontal plane (4) in a star
pattern around a centre (5) with the piston motion being radial from the centre (5);
wherein the matrix (19) is arranged stationary, wherein the apparatus comprises a driv-
ing member (30) for driving the pistons (20), the driving member (30) being configured
for a first mode of motion, which is an eccentric motion along a circular path around
the centre (5); wherein the first mode of motion of the driving member (30) is provided
by an eccentric drive unit (36), the eccentric drive unit (36) comprising a rotational
element (37) with an eccentric connection to the driving member (30) for causing the
eccentric first mode of motion of the driving member (30) by rotation of the rotational
element (37); the driving member (30) comprising a plurality of connection points (31)
arranged on a circle, each piston (20) being connected to only one of these connection
points (31) by a piston rod (32), characterised in that the piston rod (32) has a first
rod end (33) and a second rod end (33”), wherein the first rod end (33) is connected
rotationally to the piston (20); wherein for each piston (20), or for each piston (20) but
one, the second rod (33”) end is rotationally fastened to the driving member (30) at one

of the connection points (31).

2. An apparatus according to claim 1, wherein the connection points (31) on the circle

are in a single plane identical to the horizontal plane (4) or parallel with it.

3. An apparatus according to claim 1 or 2, wherein the reciprocating motion of the
piston (20) comprises a forward end point (20”) and a backward end point, wherein the

forward end point (20°) is adjustable by an adjustment mechanism (50).
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4. An apparatus according to claim 3, wherein the adjustment mechanism (50) is pro-
vided by a second mode of motion of the driving member (30), the second mode of
motion being independent of the first mode of motion; the second mode of motion be-
ing a rotation of the driving member (30) in the single plane, the rotation being limited
to a fraction of the angular distance between adjacent connection points (31), for by
rotation of the driving member (30) to offset the angle of the piston rod (32) relatively
to the piston (20).

5. An apparatus according to any preceding claim, wherein for each piston (20), the
second rod end (33’) is rotationally fastened to the driving member (30) at one of the
connection points (31); wherein first mode of motion is delimited by a motion delimit-
ing arrangement (47), the motion delimiting arrangement (47) comprising a plurality of
rollers (48) with identical outer roller diameter and distributed spatially in a horizontal
plane, each roller (48) being provided inside one of a plurality of identical rings (49)
distributed correspondingly and with a ring diameter larger than the roller diameter for
the first mode of motion being limited by the relative circular movement between the
rings (48) and the rollers (49) abutting each other along the inner surfaces of the rings;
wherein the rings (49) are connected to the frame (3) and the cooperating rollers (48)
are connected to the driving member (30) for following the first mode of motion to-
gether with the driving member (30), or wherein the rings (49) are connected to the

driving member (30) and the rollers (48) are connected to the frame (3).

6. An apparatus according to claim 5, wherein the rings (49) or the rollers (48), re-
spectively, are connected to the frame (3) via a flange (50) that is rotationally fastened
to the frame (3); and wherein the second mode of motion is provided by an actuator
system; the actuator system connecting the stationary frame (3) with the flange (50)
such that activation of the actuator system rotates the flange (50) in the horizontal

plane (4) about the centre (5).

7. An apparatus according to any preceding claim, wherein each of the press channels
(6) comprises a channel inlet (24) at a first channel end and a channel outlet at a sec-
ond, opposite channel end for extrusion of the biomass in compacted form, wherein the

pistons (20) are arranged for pushing the compressed biomass members from the chan-
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nel inlet (24) through the press channels (6) and out of the channels at the channel out-
let by their repeated forward motion; wherein each of the press channels (6) comprise a
tapering part (18) towards the channel outlet for additional compression of the biomass

during pushing of the biomass through the press channel (6) by the piston (2).

8. An apparatus according to any preceding claim, wherein the pistons (20) are pro-
vided in abutment with ball bearings or roller bearings for smoothly guided linear

movement of the pistons (20) by the bearings (23).

9. A method for start-up of an apparatus (1) according to claim 3 and any one of the
claims 4-8 when directly or indirectly dependent on claim 3, wherein the method com-
prises:

- moving the forward end point (20’) of the reciprocating motion of the piston (20)
rearwards by the adjustment mechanism (50) in a second mode of motion;

- then starting the apparatus and driving the driving member (30) by a first mode of
motion, the first mode of motion being independent of the second mode of motion;

- subsequently, during driving of the driving member (30) in the first mode of motion,
by the adjustment mechanism (50) gradually moving the forward end point forward by

the second mode of motion.
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