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Description

[0001] The invention relates to a plunger press accord-
ing to the preamble part of claim 1 and to a method ac-
cording to the preamble part of claim 12. SU 954 255 A1
discloses a refuse material or garbage material plunger
press in a box-shaped closed bale case. The plunger
structure comprises a one piece reciprocatingly driven
plunger fully occupying the cross-section area of the bale
case. The front of the plunger is roof-shaped with two
roof compression surfaces and has an obtuse nose. The
plunger is tiltable about a hinge axis connected to a linear
drive system. An additional drive system inside the bale
case retains the plunger in a middle position while the
plunger is pre-compressing material on the entire cross-
section area of the bale case, and subsequently tilts the
plunger in a rocking movement about the hinge axis such
that only a respective one of the two roof compression
surface is compressing the material additionally, the re-
spective active roof compression surface being smaller
than the cross-section area of the bale case.
[0002] EP 2 181 581 A1, having an earlier filing date,
proposes an open channel plunger press for agricultural
purposes. The plunger structure comprises a one piece
plunger which is guided in the bale case in reciprocation
direction and is executing a rocking movement superim-
posed on the reciprocating motions while compressing
the material in the bale case.
[0003] The open channel bale plunger press known
from US 2003/0029330 A1 is equipped with a bale case
the height of which can be varied in order to produce
bales having different sizes. The plunger compressing
the material comprises two box-halves nesting one within
the other such that the active height of the plunger can
be adapted to the respective height of the bale case by
a telescopic relative movement of the lower plunger half
within the upper plunger half. Each plunger half defines
a compression surface smaller than the cross-section
area in the bale case. Both plunger halves are driven
reciprocatingly and simultaneously by a common drive
mechanism and commonly compresses material on the
entire cross-section area of the bale case.
[0004] The plunger press of US 4,034,543 A contains
a one piece plunger structure, the active compression
surface of which corresponds to the cross-section area
of the bale case or the material strand in the bale case.
The plunger structure compresses during each compres-
sion cycle a material charge against the end surface of
the material strand. The material charge is fed laterally
from the material feeding duct into the bale case while
the plunger structure is retracted and against the end
surface of the material strand. The plunger structure is
coupled via two crank rods to a crank shaft driven via a
clutch from a drive source including a fly wheel.
[0005] The material charge is fed into the bale case by
a pivotable feeding fork such that the material charge
already is pre-compressed between the plunger struc-
ture and the material strand. Each compression cycle is

carried out by the entire compression surface of the
plunger structure against the material strand on the entire
cross-sectional area of the material strand. After each
compression cycle, provided that a predetermined com-
pression degree has been reached, the material strand
is shifted further by the plunger structure by a step until
after several compression cycles the material strand has
reached the predetermined length of a bale which is com-
pressed and then is tied by a tying mechanism and is
expelled out of the bale case.
[0006] The plunger press of US 4,142,746 A has a one
piece plunger structure the compression surface of which
corresponds to the entire cross-section area of the ma-
terial strand. As soon as the compressed material strand
has reached its desired length the compressed bale is
tied into several loops of a twine material by a dual knot
type mechanism.
[0007] Baled forage, straw, biomass or fibrous mass
for agricultural or industrial use when compressed and
tied into a compressed bale is transported over long dis-
tances. For efficiency reasons a high bale density or de-
gree of compression of the bale is desirable. To achieve
sufficient density in a plunger press having a one piece
plunger structure requires extremely high plunger forces
and considerable primary energy input. Doubling the
density of a bale e.g. requires far more than doubling the
plunger structure actuation pressure. Therefore, the
plunger structure actuation force and the required prima-
ry energy will increase massively. However, the efficien-
cy of the power input of e.g. an open channel baler plung-
er press is not efficient anyhow because in this type of
baler not only is energy needed for compressing the ma-
terial, but also for stepwise shifting the material strand
after fed in material is compressed. The energy input for
shifting the material strand does not increase the com-
pression so as a matter of fact means a loss for the baling
process. Increasing the bale density not only requires a
massive increase of the strength of the design of the drive
line, the plunger structure and the bale case with its car-
rying frame, but also requires to undesirably increase the
weight of the plunger press. If a fly wheel is used for
energy storage, the fly wheel needs to be massive and
heavy. Further, e.g. as in the case of a single knot typing
mechanism the binding material has to be pulled through
the material strand while the material strand is shifting,
the twine material pulling force increases drastically if the
plunger structure actuation force is increased. This re-
sults in undesirably high twine material stress and an
acute danger of twining material breakages.
[0008] It is an object of the invention to provide a plung-
er press the operation of which avoids the above-men-
tioned drawbacks even when producing high density
bales, and to provide a method allowing to produce high
density bales but avoiding the above-mentioned draw-
backs.
[0009] This object is achieved by the features of claim
1 and method-wise by the features of claim 12. According
to the invention the plunger structure is provided with at
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least two structurally separated compression surfaces
each being smaller than the entire bale cross-section ar-
ea The sum of all partial surfaces corresponds to the
cross-section area of the baler. The compression surfac-
es execute compression cycles with a time shift or phase
shift in-between on respective partial surfaces of the bale
cross-section area only, as the compression surfaces are
driven separately and alternatingly. With a given plunger
structure actuation force and drive line design higher den-
sity of the bale is achieved by alternatingly compressing
smaller partial surfaces of the material strand with a time
shift between compression cycles. By distributing the
compression cycles on respective small partial compres-
sion surfaces with time shifts the resulting bale density
becomes high while the plunger structure actuating force
and the required primary energy input remain moderate
and the plunger press does not need significant reinforc-
ing measures in terms of the bale case and the carrying
frame or the drive train. Even a fly wheel, if provided,
does not need to be oversized because in an open chan-
nel baler, the required energy for one plunger part for
shifting the bale strand only depends on the strand back
pressure which for reaching the same density is only part
of that of a one piece plunger structure.
[0010] The method allows to achieve very high bale
density, to operate with moderate twine material pulling
forces, and to keep the mechanical load on the acting
components moderate, if the final compression or com-
paction of the bale is built up in several steps by the sep-
arately and alternatingly driven, structurally separated
compression surfaces of the plunger structure. These
steps occur with a respective time shift or phase shift
between the compression cycles on partial surfaces of
the cross-section area. Each cycle compresses only a
partial surface of the cross-section area of the bale small-
er than the entire cross-section area of the bale. Over e.
g. a 360° revolution of a crank drive mechanism several
compression cycles may be carried out for at least one
fed-in material charge. However, over e.g. 720° (two rev-
olutions) even more than one material charge could be
fed in and compressed in one or more compression cy-
cles of the partial surfaces.
[0011] In a preferred embodiment of the plunger press
the plunger structure is sub-divided into at least two
plunger parts which are actuated structurally separated
and with a respective time shift in-between the compres-
sion cycles. Each plunger part compresses only a part
of the material strand, while another plunger part does
not compress at all or does not compress substantially
at the same time. The method allows to achieve an op-
timum high and uniform bale density and offers the ad-
vantage of uniformly compressing each material charge
differently in at least two compression cycles in the re-
ciprocation directions of the plunger parts. The plunger
structure may be sub-divided into the at least two plunger
parts in feeding direction from the material feeding duct
into the bale case and/or at least substantially perpen-
dicular to the feeding direction.

[0012] Expediently, the plunger drive mechanism com-
prises a crank mechanism. The plunger parts may share
a common crank mechanism. In this case the mechanical
load on the crank mechanism remains moderate as pre-
dominantly only one plunger part executes its compres-
sion cycle while any further plunger part is either totally
passive or only executes a slight compression. Alterna-
tively, each plunger part may be coupled to its own crank
mechanism facilitating to control the plunger part move-
ments more accurately and even to vary the time shift
between the compression cycles upon demand.
[0013] In a further expedient embodiment the com-
pression surfaces of the plungers parts are planar and
either equally sized or differently sized. In case of differ-
ently sized compression surfaces the compression sur-
face next to the or that engages the cross-section first is
the largest, so it can take the inertia forces from the shift-
ing of the material strand. As the largest compression
surface will produce the strongest linear force on the bale
strand, this compression surface can be used to shift the
material strand after a compression cycle has been car-
ried out. Any other plunger part having a smaller com-
pression surface is unable to shift the material strands
but only executes its compression cycle without shifting
the material strand.
[0014] Preferably the cross-sectional area of the bale
case is rectangular. The compression surfaces of the
plunger parts also may be rectangular.
[0015] As mentioned, in a preferred embodiment,
mainly only one of the plunger parts is used to shift the
material strand after a compression cycle. Preferably,
this is the plunger part having the largest compression
surface, preferably the plunger part located next to the
inlet from the feeding duct into the bale case.
[0016] In a further embodiment the plunger part being
next to the inlet from the feeding duct into the bale case
is executing a compression cycle first and in advance of
any compression cycle of another plunger part. This as-
sures that the inlet will be reliably closed by the plunger
structure when the plunger parts start to execute the com-
pression cycles with a time shift in-between consecutive
compression cycles. However, the invention is also con-
templating that consecutive compression cycles are car-
ried out with a certain overlap in-between, however, such
that only one plunger part produces a maximal compres-
sion while any other plunger part either is just starting to
compress or is going to be retracted from the material
strand already.
[0017] In a preferred embodiment at least one of the
plunger parts, preferably the plunger part having the larg-
est compression surface, is linearly guided in the bale
case, preferably in a carrying frame of the bale case. This
does not exclude that all plunger parts are linearly guided
in the bale case. However, preferably at least one plunger
part may be guided in or at an adjacent plunger part in-
stead, preferably then in or at a plunger part which is
stably guided in the bale case.
[0018] In a preferred embodiment, and with respect to
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a 360° revolution of the crank mechanism, the time shift
between consecutive compression cycles might corre-
spond to a crank rotation angle range of about 20° to 30°.
Such a time shift assures that only one plunger part is
operating under full force but that the production rate nev-
ertheless will be kept high.
[0019] In a preferred embodiment the respective
plunger parts are coupled via at least one crank rod with
at least one crank pin of the crank mechanism. Prefera-
bly, all crank rods are coupled with the same crank pin.
Alternatively, the crank rods may be coupled with differ-
ent crank pins. The crank rods of the plunger parts may
pivot in relation to each other about the crank pin or even
may form alternatively a rigid crank rod structure, pref-
erably with crank rods rigidly laterally interconnected by
a connecting rod. A rigid crank rod structure offers the
advantage that lateral forces on the plunger parts will be
avoided to a large extent or will be distributed among the
plunger parts.
[0020] In a further embodiment there may even be pro-
vided a lateral connecting rod between adjacent plunger
parts which connecting rod supports the plunger parts in
relation to each other.
[0021] In a further, preferred, embodiment the plunger
parts may have slots for passing at least one binding
material needle of a tying mechanism, particularly in an
operation phase of the plunger press while one plunger
part is executing a compression cycle. The binding ma-
terial needle, preferably, may be a component of a single
knot tying mechanism.
[0022] In a preferred embodiment of the method the
material strand is shifted respectively only by the opera-
tion of one compression surface on a partial surface of
the entire cross-section of the material strand, and after
a compression cycle first has been executed on this par-
tial surface. The acting compression surface, preferably
a compression surface larger than any other compres-
sion surface, is first executing the compression cycle
counter to the back pressure or shifting resistance of the
material strand, and only shifts the material strand over
a step after the desired compression or degree of com-
pression has been achieved by the compression cycle.
The other compression surfaces are unable to overcome
the back pressure but only execute compression cycles
without shifting the material strand. However, the inven-
tion is not limited to this particular method variant, but
also contemplates that even also another compression
surface may shift the material strand.
[0023] According to another variant of the method a
material charge is fed from the material duct into the bale
case prior to the execution of compression cycles. The
fed-in material charge is then sub-divided in as many
partial charges as compression surfaces are provided.
The sub-divided partial charges are then compressed
consecutively and more uniformly, preferably even in
overlapping fashion into the material strand.
[0024] In order to increase the final density of the bale
it might be expedient to already pre-compress the mate-

rial charge fed into the bale case prior to any compression
cycle between the compression surfaces and the mate-
rial strand already by the feeding process, preferably by
feeding the material charge with a feeding fork which
temporarily even engages into the bale case while the
compression surfaces still are distant from the material
strand.
[0025] Expediently, a compression cycle is executed
in the material strand on a partial surface while no or no
substantial compression is carried out on another partial
surface. Alternatively, the compression cycle may take
place on a partial surface while no further or no further
substantial compression is taking place on another partial
surface.
[0026] Preferably a material charge is fed into the bale
case while the compression surfaces keep the largest
possible or almost the largest possible distance from the
material strand.
[0027] As an example exemplary embodiments of the
invention will be explained with the help of the drawings.
In the drawings is:

Fig. 1 a schematic side view of main components of
an embodiment of a plunger press in a first
operation phase, e.g. of an open channel bal-
er,

Fig. 2 a schematic side view of the plunger press in
yet another operation phase after a strand
shifting step,

Fig. 3 a schematic side view of the plunger press in
a further operation phase,

Fig. 4 a schematic side view of the plunger press in
yet another operation phase,

Fig. 5 a schematic side view of another embodiment
of a plunger press in an operation phase anal-
ogously to the operation phase shown in Fig.
1,

Fig. 6 a schematic side view of the plunger press in
an operation phase analogously to the oper-
ation phase shown in Fig. 2,

Fig. 7 a schematic side view of the plunger press of
Fig. 5 in yet another operation phase prior to
a strand shifting step,

Fig. 8 a schematic side view of the plunger press of
Fig. 5 in yet another operation phase analo-
gously to the operation phase shown in Fig. 3,

Fig. 9 a schematic side view of yet another embod-
iment of a plunger press, and

Fig. 10 a perspective view of the embodiment of Figs
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1 to 4 in another operation phase.

[0028] Figs 1 to 4 illustrate different operational phases
of producing compressed bales for agricultural and/or
industrial use e.g. of forage, straw, biomass or fibrous
mass, in a plunger press P, being part of one open chan-
nel baler (not shown). The plunger press P has, as is
conventional, a frame (not shown) encasing a bale case
1, the frame being arranged on a mobile undercarriage
which is either self-propelled or is towed via a tongue
coupled to a hitching device of a towing vehicle. The
plunger press P is either equipped with its own drive
source like a combustion engine or is supplied e.g. with
e.g. hydraulic power from the towing vehicle. Alternative-
ly, the plunger press P may be integrated into a press
box baler.
[0029] A material feeding duct 9 is connected to the
bale case 1, in particular to a lower side (inlet 8) of a
material charge feeding section 1a which is continued in
the bale case 1 to the right side in Fig. 1 by a compression
section 1b and a material strand channel section 1c. The
material feeding duct 9 is connected to a not shown pick-
up device comprising conveying means for transferring
picked-up material from the ground towards the region
of the material duct 9 close to the inlet 8, where a feeding
fork 10 e.g. pivotally operates to feed a respective ma-
terial charge into the material feeding section 1a of the
bale case. A drive train (not shown in detail) of the plunger
press P is connected to the respective movable compo-
nents of the plunger press and controls, .e.g. via a not
shown clutch mechanism, speed, direction and timing of
the movements of the components.
[0030] The bale case 1 contains in a compartment 3 a
plunger structure 11 which is connected in the shown
embodiment to drive mechanism 14, e.g. a crank mech-
anism, i.e. in the embodiment to a crankshaft having at
least one crank pin 15. The plunger structure 11 is driven
reciprocatingly for two reasons, namely to compress the
material in the bale case 1, and to form a compressed
material strand 4 in the material strand channel section
1c and to open and close the inlet 8. The material strand
4 is shifted stepwise as indicated by arrows 5 along the
material strand channel section 1c until a predetermined
length of a bale is reached which is then tied into binding
material 24 by a tying mechanism 6 and a respective
binding material needle 7 before the bound bale is ex-
pelled. Of course, there is a series of parallel binding
material needles 7 providing binding material 24 to the
tying mechanism 6 which in this case may form a single
knot in a binding material loop. Also, the feeder fork 10
has a series of tines. The plunger structure 11 is formed
with longitudinal slots 29 (see Fig. 10) facilitating the pas-
sage of each binding material needle 7 and, in certain
operation phases, the passage of the tines of the feeding
fork 10 through bale case 1.
[0031] According to the invention, the plunger structure
11 has at least two compression surfaces A1, A2 (even
three or four compression surfaces, not shown) each for

compressing a respective partial charge 23a, 23b of a
material charge 23 fed into the bale case 1 and a time
shift in-between consecutive compression cycles. In the
embodiment shown, the bale case cross-section is rec-
tangular or square and has a cross-section area A. Each
compression surface A1, A2 is substantially planar and
rectangular or square as well, however, has a smaller
size than the bale cross-section area A.
[0032] The plunger structure 11, in the shown embod-
iment, consists of at least two structurally separated
plunger parts 12, 13 accommodated in the bale case 1
and reciprocatingly driven such that the compression sur-
faces A1, A2 provided on the plunger parts 12, 13 execute
compression cycles on the material strand 4 (in particular
at the rear end 4a of the material strand 4) with a time
shift between consecutive compression cycles, or with
some overlap between consecutive compression cycles
such that only one compression surface A1 or A2 is ex-
ecuting a full compression, while the other compression
surface does not execute a full compression, i.e. but ei-
ther approaches or leaves the material strand 4.
[0033] In the embodiment shown plunger part 12 is sit-
uated adjacent to the inlet 8 and may have a larger com-
pression surface A1 than the compression surface A2 of
the plunger part 13 which is located in feeding direction
into the bale case 1 above plunger part 12. Compression
surface A2 thus is smaller than compression surface A1.
Alternatively, all compression surfaces A1, A2 provided
may have equal sizes. In the case of e.g. three or more
compression surfaces on structurally separated plunger
parts the plunger part situated adjacent to the inlet 9 may
have the largest compression surface A1, while all other
compression surfaces may have the same smaller size
among themselves or even differently sized compression
surfaces. Further, alternatively, the plunger structure 11
could be sub-divided into two or more plunger parts
crosswise to the feeding direction from the feeding duct
9 into the bale case 1 (not shown).
[0034] In the embodiment shown the plunger structure
11 is driven by a common drive mechanism 14, e.g. via
crank rods 17, 16 of the crank mechanism shown. The
crank rods 16, 17 are coupled with both plunger parts
12, 13 at one end and to a common crank pin 15 of the
crank mechanism 14 at the other end. In a not shown
embodiment, the crank mechanism 14 could have e.g. a
number of crank pins 15 corresponding to the number of
plunger parts but offset in relation to each other in the
direction of rotation of the crank mechanism 14, with at
least two plunger parts being connected via their crank
rods 17, 16 to different crank pins.
[0035] Instead of a crank mechanism 14, driven in the
embodiment by the drive train of the plunger press P via
a shiftable clutch and e.g. a fly wheel (not shown) other
types of reciprocating drive mechanisms could be pro-
vided, e.g. hydraulic cylinders or the like for reciprocat-
ingly driving the plunger parts 12, 13 in controlled fashion.
[0036] Fig. 9 e.g. illustrates that the plunger parts 12,
13 are associated to separate crank mechanism 14a,
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14b and are coupled with a respective crank pin 15a, 15b
via a crank rod 16, 17.
[0037] As an optional feature shown in Fig. 1, the
plunger parts 12, 13, or adjacent plunger parts of the
plunger structure 11, respectively, may be supported in
relation to each other and crosswise to the reciprocating
direction by at least one connecting rod 21.
[0038] Each plunger part 12, 13 may be linearly guided
in the bale case 1 or a respective, not shown, at a carrying
frame of the bale case 1. However, in the embodiment
shown in Fig. 1, only the lower plunger part 12 is linearly
guided in the bale case 1 by e.g. a plurality of guiding
members 19 sliding in guiding rails 18. The upper plunger
part 13 is guided at the lower plunger part 12, e.g. by at
least one guiding member 20 of the lower plunger part
12 engaging into the upper plunger part 13. In the em-
bodiment of Fig. 1, the crank rods 17, 16 sharing a com-
mon crank pin 15 are pivotable in relation to each other
about the axis of the crank pin 15 upon the reciprocating
movements of the plunger parts 12, 13. The axis of the
crank mechanism 14 is located such that the plunger
parts 12, 13 are executing respective compression cycles
(compression cycle of the compression surface A1 in Fig.
3; compression cycles of the compression surface A2 in
Fig. 4) with a time shift T in-between, e.g. corresponding
to a rotary angle range of about 20° to 30° of a full 360°
revolution of the crank mechanism 14.
[0039] In the operation phase shown in Fig. 1, a ma-
terial strand 4 of compressed material is already present
in the material strand channel section 1c facing with the
rear end 4a towards the plunger structure 11. The plunger
parts 12, 13 are in retracted positions, e.g. with a small
offset in linear reciprocating direction between the com-
pression surfaces A1, A2. The end 4a of the material
strand 4 remains at a certain position within the material
strand channel section 1c. This position is fixed by friction
of the compressed material strand 4 and/or by not shown
structural means. The needle 7 is in a retracted position.
The feeding fork has just fed a material charge 23 through
the inlet 9 into the material feeding section 1a of the bale
case 1.
[0040] Although Fig. 1 shows a distance between the
material charge 23 and the end 4a, in an alternative em-
bodiment, not shown, the material charge 23 could be-
come pre-compressed by virtue of the feeding action of
the feeding fork 10 between the plunger structure 11 and
the end 4a of the material strand 4. The tip regions of the
tines of the feeding fork 10 may even engage into the
slots of the plunger structure 11, or the plunger part 12
respectively, which the feeding fork 10 passes through.
[0041] Upon continuation of the rotation of the crank
mechanism 14 both plunger parts 12, 13 are driven to-
wards the end 4a, e.g. such that the fed-in material
charge 23 is sub-divided into the two partial charges 23a,
23b. The feeding fork 10 then might be pivoted down-
wardly out of the bale case 1.
[0042] In the operation phase shown in Fig. 2 the plung-
er structure 11 is driven such that the partial charge 23b

just reaches the end 4a by the movement of the lower
plunger part 12, while the upper plunger part 13 is trailing
such that the partial charge 23a has not yet reached the
end 4a. This is an operational phase where the compres-
sion surface A1 starts to execute the compression cycle
of the partial charge 23b (Fig. 2).
[0043] In the next operational phase shown in Fig. 3
the compression surface A1 has executed a compression
cycle and has compressed the partial charge 23b to a
predetermined density or degree of compression, while
the compression surface A2 is still trailing. As soon as
the degree of compression has reached a predetermined
value, sufficiently high to overcome the back pressure of
the material strand 4, in the end phase of the compression
cycle the compressed partial charge 23b shifts the ma-
terial strand 4 such that the position of the end 4a reaches
a position 4a’. The other compression surface A2 now
already has started a compression cycle then, however,
such that the degree of compression in the partial charge
23a is still smaller than in the partial charge 23b.
[0044] In the next operational phase shown in Fig. 4,
the compression surface A1 has already yielded some-
what to the left, while the compression surface A2 has
finished its compression cycle of the partial charge 23a
against the end 4a positioned at position 4a’. In or after
this operation phase the twine material needle 17 may
be moved through the slots 29 in the plunger structure
11 upwardly to feed twining material 24 to the tying mech-
anism 6 (in this case forming a single knot).
[0045] After the operation phase in Fig. 4 the plunger
structure 11 will be withdrawn from the material strand 4
until the position shown in Fig. 1 is achieved again.
[0046] Figs 5 to 8 relate to similar operational phases
as shown in Figs 1 to 4 (e.g. in Fig. 7 a phase prior to a
strand shifting step) in another embodiment of a plunger
press P. In order to reduce lateral forces on mainly the
plunger part 12 caused by the crank rod 17, both plunger
rods 16, 17 (there may be provided several plunger rods
16, 17 along the crank mechanism 14) in this embodiment
are interconnected by a cross rod 25 e.g. interconnecting
the linking points of both crank rods 17, 16 in the plunger
parts 12, 13. This results in a rigid crank rod structure
27. The plunger part 12, the compression surface A2 of
which may be larger than the compression surface A1 of
the plunger part 13, is linearly guided e.g. by the guiding
elements 19 in the guiding rails 18 in the bale case 1 or
the not shown exterior frame of the plunger press. The
plunger part 13 is supported at guiding element 20 fixed
to plunger part 12 (or alternatively fixed to both sides of
the bale case 1 or the exterior bale case frame) guiding
element 20 engages into an arcuate guiding slot 28 pro-
vided at or in the plunger part 13. Owing to the rigid crank
rod structure 27 constituted by crank rods 16, 17 and
cross rod 25, plunger part 13 executes slight oscillating
movements in the direction of a double arrow 26 about
the guiding axis defined by guiding element 20 and in
relation to the strictly linearly guided plunger part 12.
[0047] In the embodiment of Fig. 9 already described
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earlier, the time shift T between compression cycles of
the compression surfaces A1, A2 may be varied upon
demand, e.g. by changing the rotary offset between the
two structurally separated crank mechanisms 14a, 14b.
Both crank mechanisms 14a, 14b may be driven in syn-
chronism via a common drive train.
[0048] In not shown alternative embodiment of such a
plunger presses P the plunger structure 11 could even
be formed with three or more structurally separated com-
pression surfaces or plunger parts, respectively, each
compression surface executing a compression cycle
while another one has just ended a compression cycle
or is going to start a compression cycle.
[0049] Over a 360° revolution of the crank pin 15 at
least two compression cycles may be carried out with
one fed-in material charge 23. However, over e.g. 720°
(two revolutions) more than one material charge 23 may
be fed in and compressed in e.g. at least one compres-
sion cycle per partial surface.
[0050] The method carried out in the plunger presses
P of e.g. Figs 1 to 10 e.g. is executed in an open channel
baler as follows:

While the plunger parts 12, 13 are driven e.g. by a
common crank mechanism 14 they compress the
material or phase shift with a time shift T in-between.
At least one material charge 23 is fed-in in front of
the plunger structure 11 when the plunger parts 12,
13 both are situated either at or near the most back-
ward positions. The material charge 23 may even be
pre-compressed by the feeding process before the
material charge 23 is compressed in partial charges
23a, 23b against the already compressed material
strand 4. When the plunger parts 12, 13 both move
towards the material strand end 4a first the lower
plunger part 12 or the plunger part having the larger
compression surface A1, will execute a full compres-
sion cycle while the crank mechanism 14 continues
to rotate. The partial material charge 23b will be com-
pressed until the maximum compression ratio or de-
gree of compression reaches the back pressure of
the material strand 4. As the compression surface
A1 of the plunger part 12 is about only half of the
entire cross-sectional area A of the material strand
4, the compression or degree of compression will be
doubled (with the same back pressure) compared to
the compression achieved by a plunger structure
having a single compression surface equal to the
cross-section area A. This means that the design of
the drive train and the material strand shifting chan-
nel only needs to have half of the strength of a one
piece plunger structure design. During the initial
compression cycle of compression surface A1 the
degree of compression overcomes the back pres-
sure of the material strand 4. The material strand
then will be shifted by one step 5 until the compres-
sion surface A1 of the plunger part 12 reaches its
end position (position 4a), e.g. corresponding to a

255° position of the crank pin 15. Because the ma-
terial strand 4 is shifted only by half of the usual force,
the energy needed for this shifting step of the mate-
rial strand may be only half of the energy needed to
shift the material strand by a one piece plunger struc-
ture, in order to reach the same bale density.

[0051] When the material strand 4 has been shifted by
one step (new position 4a’ of end 4a) the next plunger
part 13 executes its compression cycle of the other partial
charge 23a against the upper partial surface of the cross-
sectional area A of the material strand end 4a. At the
same time the plunger part 12 retracts from position 4a’
and no longer exerts significant force on the material
strand 4. The partial charge 23a will be fully compressed
when the plunger part 13 has reached its end position
(e.g. at a rotational angle of about 285° of the crank pin
15). The material strand 4 will not necessarily be shifted
by the action of plunger part 13 because the material
strand 4 had already been shifted earlier by the compres-
sion cycle of plunger part 12 and because compression
surface A2 is smaller than A1. Even two or more material
charges 23 could be fed in and commonly finally com-
pressed over two revolutions of the crank pin 15. As the
material strand 4 was shifted by plunger part 12 by about
half of the force generated by a one piece plunger struc-
ture, the bale case 1 may have less strength. If a fly wheel
is used in the drive train, the energy stored in the fly wheel
can be much less. Also the torque needed for actuating
first the plunger part 12 and then the trailing plunger part
13 during the compression cycles may be less. The
torque exerted by the crank mechanism 14 may even be
applied over a wider rotary angle range such that a pro-
vided gear box may be used more efficiently. As a further
positive result the binding material 24 can be pulled
through easier because then the back pressure is lower
meaning that the pulling friction on the binding material
is lower.
[0052] To reduce the strength of the overall design of
the plunger press P the plunger structure 11 could even
be sub-divided in three or more plunger parts in order to
achieve a triple or even further multiple density in the
final bale.
[0053] In the embodiments shown the plunger struc-
ture 11 is sub-divided in the feeding direction from the
material feeding duct 9 into the bale case 1. However,
alternatively or additively the plunger structure 11 may
be sub-divided in a direction at least substantially per-
pendicular to the drawing plane.
[0054] Fig. 10 illustrates the somewhat offset plunger
parts 12, 13 of Fig. 1 or Fig. 5 distant from the material
strand 4, while the feeding fork 10 is in a stand-by position
and each needle 7 is on its way to the tying system 6 and
partially passes through the slots 29.
[0055] An important aspect of he invention is that as-
suming a given cross-section A and a certain back pres-
sure of the material strand 4 the compression of the re-
spective material is easily and markedly increased by
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compressing only a partial surface of the cross-section
area A until e.g. the back pressure of the material is over-
come to shift the material strand 4 by one step, e.g. in
an open channel baler. This is achieved by a somewhat
equal force on the respective plunger part 12, 13, and
does not need to significantly strengthen the plunger
press structure and/or the drive train. A decreased com-
pression surface increases the compression generated
by the plunger part and increases the overall bale density.

Claims

1. Plunger press (P) for producing compressed bales
of forage, straw, biomass or fibrous mass for agri-
cultural and/or industrial use, comprising a bale case
(1), an at least substantial linearly reciprocating
plunger structure (11), at least one material feeding
duct (9) laterally leading into the material charge
feeding section (1a) of the bale case (1), and at least
one plunger structure drive mechanism (14) driven
by a drive source, the plunger structure (11) com-
pressing respective material charges (23) fed from
the feeding duct (9) into the bale case (1), the plunger
structure (11) being provided perpendicularly to the
reciprocation direction in the bale case (1) with at
least two structurally separated plunger parts (12,
13), each having a compression surface (A1, A2),
each compression surface (A1, A2) being smaller
than the cross-section area (A) of the bale case (1),
the compression surfaces (A1, A2) being driven sub-
stantially parallelly in the reciprocation direction,
characterised in that the plunger parts (12, 13) are
actuated structurally separated and substantially
parallel in the reciprocation direction with a time shift
(T) in relation to each other to alternatingly compress
material on partial surfaces of the cross-section area
(A).

2. Plunger press as in claim 1, characterised in that
the plunger structure drive mechanism (14, 14a, 14b)
comprises at least one crank mechanism or a hy-
draulic cylinder, and the plunger parts (12, 13) either
share a common drive mechanism (14) or are re-
spectively coupled to separate drive mechanisms
(14a, 14b).

3. Plunger press as in claim 1, characterised in that
compression surfaces (A1, A2) are planar and, pref-
erably, of different sizes.

4. Plunger press as in claim 1, characterised in that
the cross-section area (A) of the bale case (1) is rec-
tangular, and that the compression surfaces (A1, A2)
are rectangular or square.

5. Plunger press as in claim 3, characterised in that
the largest compression surface (A1) is driven to

compress first and to shift the material strand (4) in
one step.

6. Plunger press as in claim 1, characterised in that
a plunger part (12) situated next to the material feed-
ing duct (9) executes first at least one compression
cycle with the time shift (T) in advance to any other
plunger part (13).

7. Plunger press as in claim 3, characterised in that
at least one plunger part (12, 13), preferably the
plunger part (12) having the largest compression sur-
face (A1), is linearly guided in the bale case (1).

8. Plunger press as in claim 7, characterised in that
at least one plunger part (13) is guided in or at an
adjacent plunger part (12), preferably in or at a plung-
er part (12) linearly guided in the bale case (1).

9. Plunger press as in at least one of the preceding
claims, characterised in that with respect to a 360°
revolution of the crank mechanism (14, 14a, 14b)
the time shift (T) corresponds to a crank rotation an-
gle range of about 20° to 30°.

10. Plunger press as in claim 1, characterised in that
the plunger parts (12, 13) respectively are coupled
via at least one crank rod (16, 17) to at least one
crank pin (15) of the crank mechanism, preferably
to the same crank pin (15) of a common crank mech-
anism (14), and that the crank rods (16, 17) either
are pivotable in relation to each other about the crank
pin or are formed as a rigid crank rod structure (27),
the rigid crank rod structure (27), preferably, includ-
ing at least one connection rod (25).

11. Plunger press as in claim 1, characterised in that
adjacent plunger parts (12, 13) are supported in re-
lation to each other via at least one at lateral cross
rod (21).

12. Method for producing compressed bales of a com-
pressible material, in particular of forage, straw, bi-
omass or fibrous mass for agricultural and/or indus-
trial use, in a plunger press (P) comprising in a bale
case (1) a reciprocating plunger structure (11) with
structurally separated plunger parts (12, 13) com-
pressing the material on a cross-section area (A) of
the bale, with compression surfaces (11, 12), each
being smaller than the cross-section area (A) of the
bale case (1) characterised in that the material is
compressed alternatingly by the structurally sepa-
ratedly actuated plunger parts (12, 13) on partial sur-
faces of the cross-section area (A) with a time shift
(T) between compression cycles on the partial sur-
faces.

13. Method as in claim 12, characterised in that the
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material is shifted after a compression cycle carried
out on only one partial surface and, preferably in a
plunger press (P) of an open channel baler, and is
kept stationary in the bale case (1) during any further
compression cycle on another partial surface of the
cross-section area (A).

14. Method as in claim 12, characterised in that that
prior to a compression cycle a material charge (23)
is fed into a material feed section (1a), that the ma-
terial charge (23) is divided into partial charges (23a,
23b), and that the partial charges (23a), 23b) are
compressed separately, preferably in overlapping
fashion, in a material strand (4) with a time shift or
phase shift (T) between consecutive compression
cycles of the partial charges (23a, 23b).

Patentansprüche

1. Kolbenpresse (P) zur Herstellung gepresster Ballen
aus Futtermittel, Stroh, Biomasse oder faseriger
Masse für landwirtschaftliche und/oder industrielle
Zwecke, mit einem Ballengehäuse (1), einer zumin-
dest im Wesentlichen linear hin- und hergehenden
Kolbenstruktur (11), zumindest einem Materialzu-
führkanal (9), der sich seitlich in eine Materialchar-
genzuführsektion (1a) des Ballengehäuses (1) er-
streckt, und zumindest einem Kolbenstruktur-An-
triebsmechanismus (14), der durch eine Antriebs-
quelle angetrieben wird, wobei die Kolbenstruktur
(11) jeweilige Materialchargen (23) komprimiert,
welche aus dem MaterialZuführkanal (9) in das Bal-
lengehäuse (1) zugeführt sind, und wobei die Kol-
benstruktur (11) senkrecht zu der hin- und herge-
henden Richtung in dem Ballengehäuse (1) mit zu-
mindest zwei strukturell getrennten Kolbenteilen (12,
13) versehen ist, deren jeder eine Kompressionsflä-
che (A1, A2) aufweist, wobei jede Kompressionsflä-
che (A1, A2) kleiner ist als die Querschnitts fläche A
des Ballengehäuses (1), und wobei die Kompressi-
onsflächen (A1), A2) in der hin- und hergehenden
Richtung im Wesentlichen parallel angetrieben sind,
dadurch gekennzeichnet, dass die Kolbenteile
(12, 13) strukturell separiert und im Wesentlichen
parallel in der hin- und hergehenden Richtung mit
einer zeitlichen Verschiebung (T) in Relation zuein-
ander betätigt sind, um abwechselnd Material auf
Teilflächen der Querschnittsfläche (A) zu kompri-
mieren.

2. Kolbenpresse gemäß Anspruch 1, dadurch ge-
kennzeichnet, dass der Kolbenstruktur-Antriebs-
mechanismus (14, 14a, 14b) zumindest einen Kur-
belmechanismus oder einen hydraulischen Zylinder
umfasst, und dass sich die Kolbenteile (12, 13) ent-
weder einen gemeinsamen Antriebsmechanismus
(14) teilen oder jeweils mit separaten Antriebsme-

chanismen (14a, 14b) gekoppelt sind.

3. Kolbenpresse gemäß Anspruch 1, dadurch ge-
kennzeichnet, dass die Kompressionsflächen (A1,
A2) eben sind und, vorzugsweise, unterschiedliche
Größen haben.

4. Kolbenpresse gemäß Anspruch 1, dadurch ge-
kennzeichnet, dass die Querschnittsfläche (A) des
Ballengehäuses (1) viereckig ist, und dass die Kom-
pressionsflächen (A1, A2) rechteckig oder quadra-
tisch sind.

5. Kolbenpresse gemäß Anspruch 3, dadurch ge-
kennzeichnet, dass die größte Kompressionsflä-
che (A1) angetrieben wird, um als erste zu kompri-
mieren und den Materialstrang in einem Schritt zu
verschieben.

6. Kolbenpresse gemäß Anspruch 1, dadurch ge-
kennzeichnet, dass ein am nächsten zu dem Ma-
terialzuführkanal (9) angeordneter Kolbenteil (12)
als erster mit der zeitlichen Verschiebung (T) vor jeg-
lichem anderen Kolbenteil (13) zumindest einen
Kompressionszyklus ausführt.

7. Kolbenpresse gemäß Anspruch 3, dadurch ge-
kennzeichnet, dass zumindest ein Kolbenteil (12,
13), vorzugsweise der Kolbenteil (12) mit der
größten Kompressionsfläche (A1), in dem Ballenge-
häuse (1) linear geführt ist.

8. Kolbenpresse gemäß Anspruch 7, dadurch ge-
kennzeichnet, dass zumindest ein Kolbenteil (13)
in oder an einem benachbarten Kolbenteil (12) ge-
führt ist, vorzugsweise, in oder an einem Kolbenteil
(12), welcher in dem Ballengehäuse (1) linear ge-
führt wird.

9. Kolbenpresse gemäß zumindest einem der vorher-
gehenden Ansprüche, dadurch gekennzeichnet,
dass in Bezug auf eine 360°-Umdrehung des Kur-
belmechanismus (14, 14a, 14b) die zeitliche Ver-
schiebung (T) mit einem Kurbeldrehwinkelbereich
von ca. 20° bis 30° korrespondiert.

10. Kolbenpresse gemäß Anspruch 1, dadurch ge-
kennzeichnet, dass die Kolbenteile (12, 13) jeweils
über zumindest eine Kurbelstange (16, 17) mit zu-
mindest einem Kurbelzapfen (15) des Kurbelmecha-
nismus gekoppelt sind, vorzugsweise mit dem sel-
ben Kurbelzapfen (15) eines gemeinsamen Kurbel-
mechanismus (14), und dass die Kurbelstangen (16,
17) entweder in Relation zueinander um den Kur-
belzapfen schwenkbar oder als eine starre Kurbel-
stangenstruktur (27) ausgebildet sind, wobei, vor-
zugsweise, die starre Kurbelstangenstruktur (27) zu-
mindest eine Verbindungsstange (25) umfasst.
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11. Kolbenpresse gemäß Anspruch 1, dadurch ge-
kennzeichnet, dass benachbarte Kolbenteile (12,
13) in Relation zueinander über zumindest eine
querliegende Verbindungsstange (21) abgestützt
sind.

12. Verfahren zur Herstellung gepresster Ballen aus ei-
nem kompressiblen Material, insbesondere aus Fut-
termittel, Stroh, Biomasse oder faseriger Masse für
landwirtschaftliche und/oder industrielle Zwecke, in
einer Kolbenpresse (P) mit einem Ballengehäuse
(1), einer hin- und hergehenden Kolbenstruktur (11)
mit strukturell separierten Kolbenteilen (12, 13), wel-
che das Material auf einer Querschnittsfläche (A)
des Ballens mit Kompressionsflächen (11, 12) kom-
primieren, deren jede kleiner ist als die Querschnitts-
fläche (A) des Ballengehäuses (1), dadurch ge-
kennzeichnet, dass das Material abwechselnd
durch die strukturell separierten und betätigten Kol-
benteile (12, 13) auf Teilflächen der Querschnittflä-
che (A) und mit einer zeitlichen Verschiebung (P)
zwischen Kompressionszyklen auf den Teilflächen
komprimiert wird.

13. Verfahren gemäß Anspruch 12, dadurch gekenn-
zeichnet, dass das Material nach einem Kompres-
sionszyklus, der auf nur einer Teilfläche ausgeführt
wird, verschoben wird, vorzugsweise in einer Kol-
benpresse (P) einer Ballenpresse mit offenem Ka-
nal, und während jedes weiteren Kompressionszy-
klus auf einer anderen Teilfläche der Querschnittflä-
che (A) stationär gehalten wird.

14. Verfahren gemäß Anspruch 12, dadurch gekenn-
zeichnet, dass vor einem Kompressionszyklus eine
Materialcharge (23) in eine Materialzuführsektion
(1a) eingeführt wird, dass die Materialcharge (23) in
Teilchargen (23a, 23b) unterteilt wird, und dass die
Teilchargen (23a, 23b) separat komprimiert werden,
vorzugsweise in überlappender Weise, und in einem
Materialstrang (4) mit einer zeitlichen Verschiebung
oder einer Phasenverschiebung (T) zwischen aufei-
nanderfolgenden Kompressionszyklen der Teilchar-
gen (23a, 23b).

Revendications

1. Presse à piston (P) destinée à produire des balles
comprimées de fourrage, de paille, de biomasse ou
de masse fibreuse à usage agricole et/ou industriel,
comprenant un caisson de balle (1), au moins une
structure à piston à va-et-vient sensiblement linéaire
(11), au moins un conduit d’alimentation de matière
(9) dirigeant latéralement dans la section d’alimen-
tation de charge de matière (1a) du caisson de balle
(1), et au moins un mécanisme d’entraînement de
structure de piston (14) entraîné par une source

d’entraînement, la structure de piston (11) compri-
mant les charges de matière respectives (23) ali-
mentées depuis le conduit d’alimentation (9) dans le
caisson de balle (1), la structure de piston (11) étant
prévue perpendiculairement au sens de va-et-vient
dans le caisson de balle (1) avec au moins deux
pièces de piston structurellement séparées (12, 13),
ayant chacune une surface de compression (A1,
A2), chaque surface de compression (A1, A2) étant
inférieure à la zone transversale (A) du caisson de
balle (1), les surfaces de compression (A1, A2) étant
entraînées de manière sensiblement parallèle dans
le sens du va-et-vient, caractérisée en ce que les
pièces de piston (12, 13) sont actionnées séparées
de manière structurelle et sensiblement parallèle au
sens du va-et-vient avec un décalage de temps (T)
en relation l’une par rapport à l’autre pour comprimer
alternativement la matière sur les surfaces partielles
de la zone transversale (A).

2. Presse à piston telle que revendiquée selon la re-
vendication 1, caractérisée en ce que le mécanis-
me d’entraînement de structure de piston (14, 14a,
14b) comprend au moins un mécanisme à vilebre-
quin ou un cylindre hydraulique, et les pièces de pis-
ton (12, 13) partagent l’une ou l’autre un mécanisme
d’entraînement commun (14) ou sont respective-
ment couplées pour séparer les mécanismes d’en-
traînement (14a, 14b).

3. Presse à piston telle que revendiquée selon la re-
vendication 1, caractérisée en ce que les surfaces
de compression (A1, A2) sont planes et, préférable-
ment, de tailles différentes.

4. Presse à piston telle que revendiquée selon la re-
vendication 1, caractérisée en ce que la zone trans-
versale (A) du caisson de balle (1) est rectangulaire,
et que les surfaces de compression (A1, A2) sont
rectangulaires ou carrées.

5. Presse à piston telle que revendiquée selon la re-
vendication 3, caractérisée en ce que la surface de
compression la plus large (A1) est entraînée pour
comprimer en premier et pour décaler le rang de
matière (4) en une étape.

6. Presse à piston telle que revendiquée selon la re-
vendication 1, caractérisée en ce qu’une pièce de
piston (12) située près du conduit d’alimentation de
matière (9) exécute en premier au moins un cycle
de compression avec le décalage de temps (T) à
l’avance par rapport à une autre pièce de piston quel-
conque (13).

7. Presse à piston telle que revendiquée selon la re-
vendication 3, caractérisée en ce qu’au moins une
pièce de piston (12, 13), préférablement la pièce de
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piston (12) ayant la surface de compression la plus
large (A1), est guidée de manière linéaire dans le
caisson de balle (1).

8. Presse à piston telle que revendiquée selon la re-
vendication 7, caractérisée en ce qu’au moins une
pièce de piston (13) est guidée dans ou au niveau
d’une pièce de piston adjacente (12), préférable-
ment dans ou au niveau d’une pièce de piston (12)
guidée de manière linéaire dans le caisson de balle
(1).

9. Presse à piston telle que revendiquée selon au
moins l’une des revendications précédentes, carac-
térisée en ce que par rapport à une révolution de
360° d’un mécanisme à vilebrequin (14, 14a, 14b)
le décalage de temps (T) correspond à une plage
d’angles de rotation de vilebrequin d’environ 20° à
30°.

10. Presse à piston telle que revendiquée selon la re-
vendication 1, caractérisée en ce que les pièces
de piston (12, 13) sont respectivement couplées via
au moins une bielle (16, 17) à au moins un maneton
(15) du mécanisme à vilebrequin, préférablement au
même maneton (15) d’un mécanisme à vilebrequin
commun (14), et que les bielles (16, 17) peuvent soit
pivoter en relation l’une par rapport à l’autre autour
du maneton soit sont formées comme structure de
bielle rigide (27), la structure de bielle rigide (27),
préférablement, comprenant au moins une tige de
connexion (25).

11. Presse à piston telle que revendiquée selon la re-
vendication 1, caractérisée en ce que les pièces
de piston adjacentes (12, 13) sont supportées en
relation l’une par rapport à l’autre via au moins une
tige latérale transversale (21).

12. Procédé de production de balles comprimées d’un
matériau compressible, en particulier de fourrage,
de paille, de biomasse ou de masse fibreuse à usage
agricole et/ou industriel, dans une presse à piston
(P) comprenant un caisson de balle (1) une structure
à piston à va-et-vient (11) avec des pièces de piston
structurellement séparées (12, 13) comprimant la
matière sur une zone transversale (A) de la balle,
avec les surfaces de compression (11, 12), étant
chacune plus petite que la zone transversale (A) du
caisson de balle (1) caractérisé en ce que la matière
est comprimée alternativement par les pièces de pis-
ton structurellement actionnées séparément (12, 13)
sur les surfaces partielles de la zone transversale
(A) avec un décalage de temps (T) entre les cycles
de compression sur les surfaces partielles.

13. Procédé tel que revendiqué selon la revendication
12, caractérisé en ce que la matière est décalée

après un cycle de compression conduit sur unique-
ment une surface partielle et, préférablement dans
une presse à piston (P) d’une botteleuse à canal
ouvert, et est maintenue stationnaire dans le caisson
de balle (1) durant un cycle quelconque de compres-
sion supplémentaire sur une autre surface partielle
de la zone transversale (A).

14. Procédé tel que revendiqué selon la revendication
12, caractérisé en ce qu’avant un cycle de com-
pression une charge de matière (23) est alimentée
dans une section d’alimentation de matière (1a), que
la charge de matière (23) est divisée en charges par-
tielles (23a, 23b), et que les charges partielles (23a),
23b) sont comprimées séparément, préférablement
d’une manière chevauchante, dans un brin de ma-
tière (4) avec un décalage de temps ou un décalage
de phase (T) entre les cycles de compression con-
sécutifs des charges partielles (23a, 23b).
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