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v (57) Abstract: The invention relates to a procedure for wrapping a straw fodder bale with plastic. In the wrapping operation, to
wrap the corner between the envelope surface and the end surface of the bale, the axis of rotation of the plastic roll is turned from
an upright position into a substantially horizontal position and the bale is rotated so that the plastic film being stretched on the bale
from the plastic roll (16) is caused to bend over the corner of the bale partly onto the envelope surface and partly onto the end surface
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PROCEDURE AND APPARATUS FOR WRAPPING A FODDER BALE WITH PLASTIC

The present 1nvention relates to a procedure as defined

F

in the preamble of claim 1 and to an apparatus as defined

in the preamble of claim 4 for wrapping a green fodder

bale with plastic.

In prior art, wrapplng machines for wrapping a round bale

are known 1n which a plastic film 1s wound around a ro-

tating bale so that, at the end of the wrapping opera-

tion, the bale has a plastic film wrapped around 1t as

tightly as possible, the wrapping completely enclosing

the bale. TI'he equipment in prior-art solutions 1includes

picking means for picking up a bale from the ground, a

wrappling table rotating the bale, a wrappling arm revolv-

P

ing around the bale and provided with a roll of plastic

film, a plastic film holder and a plastic film cutter. A
known solution 1is presented in Finnish patent no. 91123,

which corresponds to European patent EP0499285.

In previously known solutions, the bale 1s rotated on a
wrapping table about its longitudinal axis 1n a substan-

tially horizontal position while the wrapping arm, pro-

vided with a plastic film roll with a substantially up-

P

right axis of rotation, 1is revolved at the same time

about the bale in a horizontal plane. The idea 1s to sur-
round the bale with a plastic layer as 1mpermeable as
possible that will admit no air into the bale. To achieve

i
by

a sufficiently impermeable lavyer, at least a four-fold,

preferably six-fold plastic layer 1s needed on the enve-

lope surface of the bale. In addition, the bale 1s

wrapped with 1individual 1layers overlapplng each other.

Due to this known wrapping method, the plastic layers are

laid on the bale in the manner shown in Fig. 1. An ac-

ceptable layer thickness on the envelope surface of the

bale 1s achieved, but at the same time much too much
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plastic 1s accumulated on the end surface of the bale.

Especially the central part is covered with as many as 30

P

- 40 plastic layers. Thilis means wasting large amounts of

expenslive plastic. This 1s one of the drawbacks of prior-

art solutions.

Another drawback with known solutions 1s that there are

i

generally stalks sticking out of the edges of the enve-

lope surface so that the ends of the stalks are pressed

against the plastic. The drier the hay 1s allowed to be-

come before being wrapped, the more damage will the stalk
ends 1nflict on the plastic during wrapping as they
stretch the plastic in the stalk end area so that i1t be-

comes very thin or 1s even pierced. Therefore, the total

thickness of the plastic layer is not sufficient.

Another disadvantage with prior-art solutions is that, as

the volume o0f the bale 1s diminished during storage be-

cause of fermentation storage loss, the bale shrinks,

with the result that the plastic film wrapped longitudi-

nally on the envelope surface becomes loose. The bale

volume 1s reduced during storage by as much as 30 % and

the bale 1s deformed at the same time. The plastic layer

becoming thinner and loose 1leads to several problems.

—

First, it permits the entry of air into the bale, in-

F

creasing fermentation of the fodder and the risk of its

contracting mould. In addition, the stretched and slack-

-

ened plastic on the soft envelope surface of the bale 1s

easlily pierced by stubble and other sharp objects on the

grassland.

The object of the present invention is to eliminate the
above-mentioned disadvantages and to achieve a reliable
and easy-to-use procedure and apparatus for wrapplng a

fr—

fodder bale with plastic. The procedure of the invention

1s characterized by what is presented in the characteri-
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F

zation part of claim 1. The apparatus of the invention 1s

characterized by what 1s presented in the characteriliza-

—

tion part of claim 4. Other embodiments of the invention

are characterized by what 1s presented 1in the other

claims.

The solution of the 1invention provides the advantage
that, thanks to a new wrapping method, 1less plastic 1s

used while at the same time producing a durable plastic

-
L

layer around the pbale. The reduction 1n the amount o:

plastic needed 1s about 30 - 40 % as excessively thick

r—

plastic layers at the ends of the bale are avoided. An-

other advantage 1s that, when the plastic film is passed

over the corner of the envelope surface of the bale 1n
the manner provided by the invention, stalk ends sticking
out will not damage the plastic as 1in previously known

methods but are readily bent under the plastic without

stretching i1t. As a result, the guality of the wrapping

and therefore also the quality of the fodder are 1m-

proved, both because the plastic at the corners of the
bale 1s more durable and because drier bales can be
wrapped, thanks to the improved durability. A further ad-

vantage 1s that the new wrapping method produces a more

compact surface layer of the bale envelope because the

p—

envelope o0f the bale can be more effectively compressed

g

with the plastic as the plastic film is wound 1in a dif-

ferent direction. Therefore, between the plastic film and

the fodder there remains no air, which would 1mpair the

F

fodder quality as a result of a breathing and fermenting

reaction. A further advantage 1s a hard envelope surface,

which is made very compact and seamless by the laminating

F

action of the wrapping table and rollers. Because the

plastic 1s tightly stretched about the bale when the en-

velope surface 1s being wrapped, the bale retains 1ts

shape and the plastic remains 1mpermeable and tight

around the bale throughout the storage period even 1f the
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size of the bale is reduced. A bale with a hard envelope surface according to the
invention can resist stubble and other sharp objects on the grassland much
better during handling than a bale with a soft envelope surface wrapped in the
traditional manner. An additional advantage is that the distance between the
plastic rolls and different parts of the bale is hardly varied at all during the
wrapping operation, which means that only slight transverse stretching
weakening the plastic occurs, especially at the envelope surface and corners of
the bale. A further advantage worth mentioning is that the invention allows
stepless variation of the overlap of the plastic layers in the range of 0-100%.

The present invention proposes a procedure for wrapping a bale of hay or straw,
with plastic film, the bale having a substantially vertical end surface and an
envelope surface, the procedure comprising the steps of:

wrapping at least one layer of plastic film wound off from at least one plastic roll
provided in a wrapping apparatus around the end surface of the bale to only
partially enclose the end surface of the bale;

wrapping a corner between the envelope surface and the end surface of the
bale, while rotating the bale, an axis of rotation of the plastic roll being held in a
substantially horizontal position while the bale is rotated so that the plastic film
being stretched on the bale from the plastic roll is caused to bend over the

corner of the bale partly onto the envelope surface and partly onto the end
surface of the bale.

The present invention also proposes an apparatus for wrapping a bale of hay or
straw, with plastic, said apparatus comprising at least a support for the bale to
be wrapped, at least one plastic roll and a wrapping arm for stretching a plastic
film wound off from a plastic layer about the bale, and at least an actuator for
changing the position of an axis of rotation of the plastic roll, characterized in
that the apparatus comprises at least guide and pressing devices for guiding the
plastic film as it is being moved over a corner so that the guide roller used as a
guide device has been fitted to be pressed against an end surface of the bale
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and, correspondingly, a pressing roller used as a pressing device has been fitted
to be pressed against the corner of the bale.

To sum up the advantages of the solution of the invention, it can be stated that,

by producing a better wrapping result than previously known solutions, the
invention reduces the risk of mould while allowing fodder of a better quality to be

produced at a lower cost and with a reduced consumption of plastic.

In the following, the invention will be described in detail by the aid of an
embodiment example with reference to the attached drawings, wherein

FIG. 1 presents a known solution for wrapping a fodder bale with plastic as seen
from the side of the bale,

FIG. 2 presents a lateral view of a wrapping apparatus performing a wrapping
operation,

FIG. 3 illustrates a first step in a wrapping operation according to the invention,
as a lateral view of a simplified apparatus provided with a double wrapping arm,
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Fig. 4 1illustrates the transition over a corner 1n a
wrapping operation according to the invention, as seen
from the end of the bale, and

Fig. 5 1llustrates the transition over a corner 1n a
wrapplng operation according to the invention, as seen

from above the bale.

First, the apparatus of the invention will be described,
making it easier to understand the method. The solution
of the invention can be used in many different wrapping
applications. In this example, the solution of the 1inven-
tion is described as used in a wrapping apparatus for so-
called round bales, moving on its own wheels and pulled
by a suitable machine. The basic component of the frame
of the apparatus consists of a tow bar 2 with wheels 4 at
its rear end. Extending between the front end of the tow
bar and the wheels is an upper support arm 5 rising from
the tow bar and forming a rearward curvature, with a
wrapping arm 15 pivotally connected to its rear end. The
wrapping arm 1is bent downward so that it can revolve
horizontally about the bale 1 without hitting the upper
support arm. The wrapping arm is revolved by means of a
drive mechanism 33 and a transmission element 14. Mounted
at the lower end of the wrapping arm is a plastic film
roll 16 containing plastic film to be stretched about the
fodder bale. The frame of plastic roll is connected to
the lower end of the wrapping arm by a point midway be-
tween the ends of the axis of rotation of the plastic
roll, so the axis of rotation can be turned between a
horizontal position and a vertical position about a joint
18 at the lower end of the wrapping arm by means of an

actuator 17.

The rear part of the frame is provided with lugs /7 for a

wrapping table 3. The wrapping table may be immovable,
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but 1n thilis example i1t can be tilted by a power means 41
into an 1nclined position to allow a bale to be picked up
or removed. Pivoted by their ends on the side beams are
two turning rollers 10 and 13, with at least one belt 11

stretched around them so as to form a concave pocket for

the fodder bale 1. Turning roller 10 is a driving roller,
recelving 1ts enerqgy from a hydraulic motor 26. The front
edge of the table 1s additionally provided with a guard

F
p—
e

falling over the front edge

12 to prevent the bale from

of the table. For picking up a bale from the field, the
wrappling table comprises two picking devices 6 pivotally
mounted on 1ts rear corners, the picking action of the

devices beling i1mplemented using a power means 9.

prin

Mounted on each side at the front edge of the wrappiling

table 1s guide roller 19 freely rotatable about its lon-

—

gitudinal axis, the function of which 1s to press the

plastic film being bent over the corner of the bale

F

tightly against the end surface of the bale. The axis of

the guide roller 1s substantially parallel to the plane

of the end surface of the bale. In addition, placed on

F

cach side of the wrapping table at 1its front edge 1s a

freely rotatable pressure roller 20 mounted at an obliqgue

position as seen from above the bale with respect to the

horizontal axis of rotation of the bale and thus also
wilth respect to 1ts end and envelope surfaces. The pres-
sure roller 20 1s spring-loaded, with a spring pressing

the pressure roller against the edge between the envelope

surface and the end surface of the bale during the wrap-

ping operation. For the sake of clarity, the supporting

structures of the guide and pressure rollers have been
omitted from the drawings. The advantage achieved 1s a

better wrapplng result, because both the guide roller and

the pressure roller guide the plastic film 1n an optimal

—

manner over the corner of the bale.
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In the procedure of the invention, the bale 1s treated as
follows. The working cycle can be regarded as starting
from the situation presented in Fig. 2, where a bale 1

has been lifted onto the wrapping table 3 and the plastic

P

—

roll 16 is in an upright position. In a first step of the

wrapping operation, at least one lap turn is wound around
the bale by revolving the upright plastic roll 16 by

means of the wrapping arm 15 in a horizontal plane about

the immobile bale. In this way, besides covering the end

surface, a good gripping surface is achieved for keepiling

the plastic film fast when the wrapping direction 1S

F

changed. If it is desirable to have more plastic at the

end surface, then it is possible to wrap two layers about
the bale with a small coverage, with an overlap of e.g.

about 20%. In this case, the bale has to be rotated 1in

the traditional manner during the wrapping operation.

Fig. 3 illustrates the first step in the wrapplng proce-

dure.

After this, a second step in the wrapping procedure 1S
started. The plastic roll 16 is placed at the edge of the
bale and turned substantially into a horizontal position

so that part of the plastic roll extends outside the

plane of the bale end. Seen from above, the plastic roll

16 is now at an angle of about 45° relative to the side

and end of the bale, as shown in Fig. 5. This advanta-

et

geous position of the plastic roll 1is achilieved without

using any extra auxiliary eguipment, because the plastic

roll 1is mounted on a wrapping arm 15 revolving horizon-

=y

tally about the bale and having its vertical axls of ro-

F

tation substantially at the center of the bale as seen

from above. When the wrapping arm 1s in this position
relative to the bale, the plastic roll is automatically

in the correct position. The turning operation can De

performed either smoothly starting before the above-

mentioned location or at once when the plastic roll 1s
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'-

already at thils location. The rotation of the bale about

its horizontal axis 1s now started, whereupon the plastic

film 1s stretched over the corner of the bale so that a

F

portion of the film is pressed against the end surface

while another portion of 1t 1s pressed against the enve-

lope surface of the bale. The relationship between these

portions is e.g. about half and half. Due to the oblique

position of the plastic roll, the plastic film 1s pressed

tightly against the end surface of the bale. The guilde

roller 19 and the pressure roller 20 provide an addi-

tional effect pressing the plastic tightly against the
bale. After this, the plastic roll 16 1s revolved Dby

p—

means of the wrapping arm substantially in a horizontal

— ——

plane while the axis of rotation of the plastic roll 1t-

g
p—

self is also substantially in a horizontal plane. At the

same time, the bale is rotated about its horizontal axis,

with the result that the plastic film is evenly stretched

over the entire envelope surface of the bale. The rotary

movements of the wrapping arm and the bale are so syn-
chronized that a desired overlap on the envelope surface

is achieved. A suitable overlap is an 80-% coverage, 1n

which case the envelope surface can be covered wilith at

least four layers of plastic in a single wrappiling cycle.

F

When the plastic roll 16 reaches the other edge of the

-

bale, it is agaln driven somewhat past the end plane of

the bale into an obligque position with respect to the

bale in the same as at the first end, and the plastic

film is allowed to be stretched over the corner of the

ﬁ

bale both onto the edge of the envelope surface and onto

the end surface of the bale in the same way as at the

fJr—

first end. Stalk ends sticking out of the edge of the

bale are now also bent under the plastic film. The guide

roller 19 and the pressure roller 20 agailin provide an

auxiliary effect guiding the plastic film about the cor-

ner.
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After this, a third wrapping step is started. The plastic
roll 16 is again turned into an upright position eilther

at once or slowly by simultaneously turning the wrapplng

arm about the bale. In the latter alternative mode of op-

eration, the plastic film settles better on the bale at-

ter the corner has been passed. Finally, the wrappling arm

is again revolved about the bale 1in the known manner

through as many revolutions as necessary. At this phase,

-y Q

e.g. one layer with a coverage of 10-20 % and 1n the same

P

direction is needed, allowing the ends and the rest or

the bale to be well and coherently closed.

After the bale has been wrapped up, the pressing arm of a
plastic cutter is raised up and the wrapping arm 1S
driven into its position of readiness so that durilng the

last revolution the plastic film goes around the pressing

arm of the plastic cutter. The pressing arm 1s again low-

ered, crimping the plastic'in the direction of the plane

of the plastic film, pressing it against a stop plece and
severing the plastic film so that the plastic remains

gripped between the stop piece and the plastic roll on

the wrapping arm. After the plastic film has been sev-

o~
—

ered, the bale is free to be dropped off the wrapping ta-

ble.

It 1s obvious to the person skilled in the art that the
invention 1s not limited to the example described above,
but that it may be varied within the scope of the claims
presented below. Thus, for example, the structure of the

apparatus may differ from that described above. Likewilse,

the wrapping operation can be controlled 1in different

ways. The wrapping may be performed manually or it may be

based on computer control or some other corresponding

&2

.g. the rotation of the bale

type of automatic control.

P

in the second step of the wrapping procedure may be

started by an automatic system simultaneously with the
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transition to the second step. Similarly, the control may

be so 1mplemented that the bale will rotate slowly start-

ing from the first step, and after the plastic rolls have

been turned into the horizontal position in the second

step, the speed of rotation of the bale 1s 1increased,
which, as the wrapping is performed in this direction,

can be done without 1mpairing the quality of the wrap-

ping. The result 1s a considerable acceleration of the
wrapplng operation.

The operation of the apparatus may also be so constructed
that, when the plastic roll 16 1s at the corner of the

bale, the plastic roll can be driven back and forth 1n a

F

horizontal plane near the corner of the bale for some

time to allow a better lap-over of the plastic on the end

and envelope of the bale. Similarly, by changing the

relative speeds of the rotary motion of the bale and that

of the wrapping arm, it is possible to have the plastic
film overlapped in different ways on the bale.
In addition, instead of a single plastic roll, the appa-

ratus be provided with two plastic rolls 16, each being

mounted either at the end of a separate wrapping arm Or

at the ends of a common double wrapping arm. A double
wrapplng arm has a shape resembling an inverted letter U,
an 1individual wrapping arm forming one half of 1t. In
this case, the plastic rolls 16 are caused to start out

.l

simultaneously from opposite corners of the bale and the

F

movements of the plastic rolls are synchronized with re-

spect to each other. Fig. 3 illustrates a situation 1like

this. It shows a plastic film 22 at the left-hand rear

ﬁ

corner of the bale as seen 1n the direction of observa-

tion of the figure, and correspondingly a plastic film 21
which has been stretched across the front end of the bale

and is now at the right-hand front corner, both of which

p——
-

plastic films are now passing over the corner of the




10

15

WO 01/76353

CA 02404702 2002-10-04

PCT/F101/00344
11

o

bale. Each plastic roll is driven from one corner of the

bale to the other,

F

half the amount

single plastic roll.

wrappling result.

—

and the plastic film may be wound with

of overlap compared with the use of a

This produces a very good and fast

*

Another way of controlling the wrappling

operation 1s to start driving the plastic rolls from the

gro—

middle part of the bale with a normal overlap. In this

case, the plastic rolls move toward opposite corners of

the bale, one 1n

front of

~—
—

the bale and the other behind

it. With each plastic roll, only one corner of the bale

is now wrapped.

In this case, too, the operation 1s very

fast because the distance to be covered by each roll 1s

shorter than in the case of a single plastic roll. For

each plastic roll,

separate guide and pressing devices 19

and 20 are needed, placed symmetrically on opposite sides

of the bale.
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WHAT IS CLAIMED 1S:

1. A procedure for wrapping a bale of hay or straw, with plastic film, the bale
having a substantially vertical end surface and an envelope surface, the
procedure comprising the steps of: '
wrapping at least one layer of plastic film wound off from at least one plastic roll
provided in a wrapping apparatus around the end surface of the bale to only
partially enclose the end surface of the bale;

wrapping a corner between the envelope surface and the end surface of the
bale, while rotating the bale, an axis of rotation of the plastic roll being held in a
substantially horizontal position while the bale is rotated so that the plastic film
being stretched on the bale from the plastic roll is caused to bend over the

corner of the bale partly onto the envelope surface and partly onto the end
surface of the bale.

2. Procedure as defined in claim 1,wherein in the first wrapping step, at least
one lap turn of plastic film is wrapped about 'the bale by revolving a wrapping
arm about the bale substantially in a horizontal plane while the axis of rotation of
the plastic roll is in a substantially upright position, and that, in the second
wrapping step, with the axis of rotation of the plastic roll in the substantially
horizontal position, the bale is rotated about its horizontal axis and the plastic
film is wound about the bale so that the film is first stretched over a first corner of
the bale partly onto the end surface and partly onto the envelope surface of the
bale, whereupon all of the envelope surface of the bale is wrapped with the
plastic film by moving the plastic roll in a substantially horiiontal plane toward
the second end of the bale and winding the plastic film with a suitable overlap,
and finally the plastic film is stretched over the second corner at the second end
of the bale partly onto the envelope surface and partly onto the second end
surface, and that in a third wrapping step, at least one layer of plastic film is
wrapped about the bale by revolving the wrapping arm in a substantially
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horizontal plane while the axis of rotation of the plastic roll is in the substantially
upright position.

3. Procedure as defined in claim 1, wherein two plastic rolls are disposed on
opposite sides of the bale, the bale having two end surfaces, in the first
wrapping step, at least one lap turn of plastic film is wrapped around the bale by
revolving the plastic rolls in a substantially horizontal plane while the axis of
rotation of the plastic rolls is in a substantially upright position, and in the second
wrapping step, with the axis of rotation of the plastic rolls in the substantially
horizontal position, the bale is rotated about its horizontal axis and the plastic
film is wound about the bale that the film is first stretched over the corner of the
bale closest to each roll partly onto one of the end surface and partly onto the
envelope surface of the bale, whereupon all of the envelope surface of the bale
is wrapped with the plastic film by moving the plastic rolis in a substantially
horizontal plane toward the bale end farthest away from each plastic roll and
winding the plastic film with a suitable overlap, and finally the plastic film is
stretched over the farther corner of the bale partly onto the envelope surface
and partly onto one of the end surface and then at least one layer of plastic film
is wrapped about the bale by revolving the wrapping arm in a substantially
horizontal plane while the axis of rotation of the plastic rolls is in the substantially

upright position.

4. Procedure as defined in claim 1, wherein when the plastic film is being
wound over a corner of the bale, the horizontal axis of rotatibn of the bale and
the axis of rotation of the plastic roll are in a substantially horizontal position but
INn an oblique position relative to each other.

S. The procedure as defined in claim 1, wherein during the wrapping of the

end surface, the plastic roll is rotated on an arm around the bale, an axis of
rotation for the arm being vertical and intersecting the bale.
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6. The procedure as defined in claim 5, further comprising the step of
wrapping the envelope surface of the bale after the step of wrapping the corner
with the bale being rotated about its horizontal axis.

7. The procedure as defined in claim 6, wherein the plastic roll has a
longitudinal axis which is vertical during the wrapping of the end surface of the
bale and the longitudinal axis of the plastic roll is horizontal during the wrapping
of the envelope surface.

8. The procedure as defined in claim 7, wherein the plastic roll is pivotally
mounted on the arm and wherein the arm encircles the bale during the rapping
of the end surface.

9. Apparatus for wrapping a bale of hay or straw, with plastic, said
apparatus comprising at least a support (3) for the bale (1) to be wrapped, at
least one plastic roll (16) and a wrapping arm (15) for stretching a plastic ﬁ!m
wound off from a plastic layer about the bale, and at least an actuator (17) for
changing the position of an axis of rotation of the plastic roll ﬁ(16), characterized
in that the apparatus comprises at least guide and pressing devices (19, 20) for
guiding the plastic film as it is being moved over a corner so that the guide roller
(19) used as a guide device has been fitted to be pressed against an end
surface of the bale and, correspondingly, a pressing roller (20) used as a
pressing device has been fitted to be pressed against the corner of the bale.

10. Apparatus as defined in claim 9, characterized in that the pressing roll‘e\r
(20) used as a pressing device has been fitted to be pressed\against the corner

of the bale at an angle of about 45° with respect to an axis of rotation of the
bale.

11. Apparatus as defined in claim 9, characterized in that the apparatus is
provided with a double wrapping arm with one plastic roll (16) at each end of it,
and that the apparatus has two guide rollers (19) functioning as guide devices,
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each being fitted to be pressed against one end surface of the bale, and
similarly two pressing rollers (20) functioning as pressing devices, each being

fitted to be pressed against a corner of the bale at an angle of about 45° with
respect to an axis of rotation of the bale.

12. Use of the apparatus according to claim 9, for wrapping a straw fodder
bale.
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