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(57) Abrégée/Abstract:
The invention produces equipment for drying bales of forage comprising: at least one unit for generating hot air (30) channeled
onto at least one pair of treatment units (A, B) stack one over the other, each having a rectangular bottom chamber (2, 5) and top
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(57) Abrege(suite)/Abstract(continued):
chamber (4, 6), kept apart by spacing devices (40, 41; 60, 61; 103, 104) supporting the top chamber above the bottom chamber,

and where one or more telescopic columns (A1, A2, A3; B1, B2, B3) set between the bottom chamber and the top chamber
transfer the hot air from the bottom chamber to the top one. The bales are set in each treatment unit between the bottom chamber
(2, ©) and the top chamber (4, 6) stacked Iin two layers so that they can be dried by the countercurrent flow of hot air. One or more
of the telescopic columns (A3; A1, A2) Is provided with shutoff dampers (20; 101, 102) suited to opening/closing the air flow from

the bottom treatment unit (A) to the top treatment unit (B).
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ABSTRACT

The invention produces equipment for drying bales of forage comprising: at
least one unit for generating hot air (30) channeled onto at least one pair of
treatment units (A, B) stack one over the other, each having a rectangular
bottom chamber (2, 5) and top chamber (4, 6), kept apart by spacing devices
(40, 41; 60, 61: 103, 104) supporting the top chamber above the boftom
chamber, and where one or more telescopic columns (A1, A2, A3, B1, B2, B3)
set between the bottom chamber and the top chamber transfer the hot air from
the bottom chamber to the top one. The bales are set in each treatment unit
between the bottom chamber (2, 5) and the top chamber (4, 6) stacked in two
layers so that they can be dried by the countercurrent flow of hot air. One or
more of the telescopic columns (A3: A1, A2) is provided with shutoff dampers

(20; 101, 102) suited to opening/closing the air flow from the bottom treatment
unit (A) to the top treatment unit (B).
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EQUIPMENT FOR DRYING BALES OF FORAGE OF ANY SHAPE
WHATSOEVER

The invention concerns equipment for drying bales of fo'rage regardless of their
shape, which is usually round or square.

It is known that there is a need to dry forage after it has been harvested and
arranged in bales of various shapes and sizes, such as for instance round or
square, and this to take the forage to a controlled humidity content, for
instance of around 15-18%, in order to avoid mould formation or fermentation
starting that can lead to hindering the use of stored forage or nevertheless can
lead to alimentary problems for the animals or even cause fires by
spontaneous combustion of forage stored in barns.

The need to rationalise treatment plants and to avoid enormous structures, has
given rise to the production of forage drying plants that can simultaneously
treat at least two layers of bales blown by countercurrent airflows.

According to ltalian patent IT 1259172 an existing dryer for round bales is
described, which has a bottom chamber with several perforated compartments
where the round bales are placed and a top chamber kept apart by a hollow,
telescopic column and substantially the same as the bottom chamber. The two
layers of bales are stacked one over the other and countercurrent airflows fed
from the bottom chamber and the top chamber are used to dry the bales being
treated.

One of the inconveniences that can be noted with this type of solution is that
when the bales have anything other than a round shape, the plant described
above does not satisfy the prerequisite of effectively drying since it has round
air outlet holes, the corners.for instance of a square bale, do not receive a
correct drying action.

On the other hand there is a need to achieve optimum rationalisation of drying
plants in order to make them versatile and also functional for operators who
use different kinds of forage harvesting machinery or in other words such
machinery that produces round bales or square bales, for example by the use
of presses with square sections.

In an attempt to overcome said inconvenience a dryer for bales of hay has
been produced under international patent WO97/40330, which is provided with
special adapters that, by changing the outlet air hole sections from circlar to
polygonal, optimise use of the dryer also for square shaped bales or, more

SUBSTITUTE SHEET (RULE 26)
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generally, bales having other shapes than cylindrical.
The dryer produced according to the description in the aforesaid international patent
also have the advantage of developing in height thereby creating two floors of
treatment, one stacked over the other, which reduces the overall dimensions of the
plant against other equivalent plants.
However even the plant under said patent has a limitation, consisting in the
impossibility to use only one of its treatment units.
The present invention intends to overcome even this acknowledged limitation found
in the aforesaid treatments plants with several units stacked over one another.
According to a first embodiment of the present invention there Is provided a device
to produce a dryer made up of two treatment units stacked one over the other where
the bottom treatment unit can even function independently to its overlying top
treatment unit.
Another aspect of the present invention is to produce squipment for drying bales of
forage that is universal, in other words that can basically achieve optimum drying of

both round bales and square bales.
Moreover the intention is to make the changeover from treating round bales to

treating square bales, or vice-versa, using the minimum amount of time and without
requiring specialist personnel for changing the equipment.

Another aspect is that the equipment of the present invention can moreover even
treat round and square bales at the same time.

In a further embodiment, an aspect of the present invention is to be able to provide
equipment that does not require roofing or other constructions for protecting it from
weathering.

Yet another embodiment of the present invention provides an apparatus for drying
forage bales in which the apparatus includes at least one hot air generator having
fan means associated therewith, at least one stacked pair of upper and lower

treatment units each having a rectangular lower chamber and upper chamber and
in which the upper and lower chambers are spaced-apart by spacer means, and at
least one air transfer telescopic means positioned between the lower chamber and
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the upper chamber adapted to transfer hot air from the lower chamber to the top
chamber, the telescopic means operatively associated with the spacer means, the
forage bales being adapted to be placed in each treatment unit between the lower

chamber and the upper chamber to be dried by a counter-current hot air flow, the
improvement wherein the at least one telescopic means is provided with shut-off
damper means adapted to open and close air flow from the lower chamber to the
upper chamber.

In a preferred embodiment, each of the two, bottom and top chambers should
preferably be box shaped having a surface where one or more basically flat metal
panels are removably connected and having holes shapea according to the type of
bale undergoing the drying treatment.

An advantage of this invention is that the metal panels may have a series of circular

holes to host the round bales when the equipment is being used to put round bales

through the drying treatment. Otherwise the metal panels can be replaced, both on

the top chamber and the bottom one, so that they have basically rectangular holes

suited to supporting and hosting square shaped bales according to the sizes

currently in use.

Additional characteristics and details of the invention will be better explained in the

description of a preferred form of execution given as a guideline but not a limitation

and illustrated with the aid of the attached diagrams, where:

- FIG. 1 shows an isometric view of the drying equipment under this invention
provided with two treatment units;

- FIG. 2 shows a longitudinal section of the equipment of FIG. 1 which also
indicates the hot air generator;

- FIG. 3 shows a cross-section along line llI-1ll in FIG. 2;

- FIG. 4 shows another cross-section along live IV-IV in FIG. 2;

- FIG.'s 5 and 6 show two different types of metal panels suited to being set on
surfaces of the top chamber and the bottom chamber for treating round bales;

- FIG.’s 7 and 8 show metal panels suited to host different sized square baies;
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— FIG. 9 shows a longitudinal section of a variant in execution of the equipment
invention;
—~ FIG. 10 shows an overhead view of the equipment in FIG. 9;
- FIG. 11 shows the side view of a detail of the variant in execution of the
equipment invention illustrated in FIG. .

— FIG. 12 shows an overhead view of FIG. 11; and
~ FIG. 13 shows the side view of FIG. 11.

With reference to the above figures and in particular FIG. 1 it can be seen that
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the equipment under this invention, generally indicated by 1, has two treatment
units, indicated by A and B, one above the other and mobile as will be
described below.

The treatment unit A has a bottom rectangular chamber 2 made by base metal
panels 21, side metal panels 22 and 23 and end metal panels 24. At the
opposite end of metal panel 24 the bottom chamber 2 is closed by the mouth
of the air duct which is indicated by 3 in fig. 2 and is connected at 25 over the
whole face opposite end 24.

There are also sections 26 and 27 set upright that, as will be seen, hold the
metal panels that will be used to support the bales of forage being treated.
Overhead, indicated by 4, there is the top chamber that basically has an
identical construction to the bottom chamber 2, with the exception of being
closed on all sides of the box. The hot air, heated by the heat exchanger 30
and delivered by the fan 31 coupled to the dehumidifier 32, through the duct 3,
which blows throughout the whole bottom chamber, reaches the top chamber 4
through the lateral telescopic columns A1 and A2, as seen in fig. 1 and in fig. 3
where the airflows are also marked with arrows in solid lines.

An additional central telescopic column A3 transfers the hot airflow to the
second treatment unit B. To be more precise, as can moreover be seen in fig.
3, the hot air that rises through the telescopic column A3, and whose route is
marked by the dotted arrows, reaches the bottom chamber 5 of treatment unit
B covering the whole bottom chamber and by passing through side columns
B1 and B2 reaching the top chamber 6. In this way even this chamber is
affected by an airflow that is expelled through the formea metal panels that are
mounted on their respective surfaces of the top and bottom chambers.

The treatment unit B also has an additional central telescopic column B3
which, as required, can be opened by a damper 50 that can add a given
airflow to the air delivered by columns B1 and B2 that reaches the top chamber
of the treatment unit B. The telescopic column A3 is also provided with a
damper 20 that opens or closes the flow of air into the second top treatment
unit B. It is clear that if the top unit B is not being used, it's supply of hot air Is
not necessary, which would anyhow be wasted and therefore the damper 20
shuts off the delivery of air to the top treatment unit B.

In practise when the damper 20 is open both treatment units A and B operate
and the air flow in top treatment unit B can be controlled by modulating the
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damper 50.

Vice-versa if only the bottom freatment unit A is being used, it is sufficient to
close the damper 20 thereby shutting off the air flow rising through the
telescopic column A3. |

The height adjustment between the bottom chamber 2 and the top chamber 4
is obtained, as can be seen in fig. 4, by spacer devices that, in this specific
example, are the hydraulic jacks 40 and 41 mounted inside columns A2 and
A1 respectively. In order to prevent problems of flexing, each of the hydraulic
jacks is enclosed by telescopic tubes 43 set at 120° and 44 illustrated in fig. 4
and set at 120° to each other, thereby preventing the respective jacks from
flexing. It is clear that by means of the hydraulic cylinders 40 and 41, the top
chamber 4 can be set at the correct height so that, as can be seen in fig. 2, the

bales of forage 7 are in direct contact with the support surfaces belonging to

the top and bottom chambers. In a similar way, with regards the treatment unit
B, there are also jacks 60 and 61 in columns B2 and B1 respectively. The
hydraulic jacks 60 and 61 have the same function of spacing the top chamber
6 from the bottom chamber 5 so that the two layers of bales undergoing
treatment are kept in close contact with the air venting surfaces.

In accordance with the invention each top chamber and each bottom chamber
of the treatment units is fitted with metal panels provided with suitable
apertures that, as the case requires, can be any of the types illustrated in
figures 5 to 8.

In the event that round type bales of forage have to be treated, the surface
enclosed by the side walls 22 and 23 of the bottom chamber, as well as
sections 26 and 27, will receive the metal panels shown in fig. 5, or those
shown in fig. 6. More precisely, if the diameter of the round bales is between
1500 and 1800 mm., this example of the invention prescribes that panel 10 in
fig. 5 can host 4 bales to the left and 4 bales to the right of the columns A1, A2
and A3 standing on two metal panels of the kind shown in fig. 5.

If instead the bales have, for example, a diameter of 1200 mm., the bottom
chamber has to be fitted with the two metal panels illustrated in fig. 6 indicated
by 11, which have 6 circular holes. It can be noted that each circular hole in the
metal panels shown in fig.’s 5 and 6 has an inside rim 81 and outside rim 82
basically perpendicular to the floor of the actual ring. The purpose of these
rims is to channel the airflow thereby preventing hot air from following any
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direction other than the one required for drying the bale of hay. Naturally the
metal panels lliustrated in fig. 5 and indicated by 10 and 11 and that are set on
the bottom chamber, will likewise be mounted in the same way on the top
chamber so that the double layer of bales undergoing treatment, as seen in fig.
2, has streams of air from top and bottom with countercurrent flows. Naturally
the above is valid for the second treatment unit B, over unit A, that will also be
fitted with one or more metal panels 10 to 13, indicated in figures 5 to 8.

It can be seen that Fig. 2 illustrates the treatment both in unit A and in B, of
square bales of forage indicated by 7. For these types of bales the metal
panels mounted on the bottom chamber and fixed to the top chamber will be
the same as those illustrated in fig. 7 and indicated by 12 or in fig. 8 indicated
by 13. As can be seen in fig. 7, the support panel 12 has spaces to hold bales
of the same width and the same length. In this example the bales are 800 mm.
wide, 2400 mm. long and 800 mm. high. If instead the bales are the kind
having a base of 1200 mm. and in the same way a length of 2400 with a height
of 600 mm., panel 13 has only three places to hold a layer of 3 bales for each
side of the treatment unit, where side is intended as the left part or the right
part of the columns that basically divide the treatment unit into fwo sections.
Even in the case of the support metal panels 12 and 13 shown in fig.’s 7 and 8,
these are provided with rims to contain and channel the stream of hot air in
order to avoid any possible dispersion, as shown in the detail 131 of fig. 8.

Fig. 2 and fig. 3 use solid arrows to show the route of airflow for the treatment
unit A and dotted arrows instead show the route of airflow that serves the top
treatment unit B.

In fig. 3 it can be seen how in treatment unit A, the top chamber is supplied by
the columns A1 and A2 while the initial section of treatment unit B is supplied
by column A3 that transfers air to the bottom base 5 of treatment unit B and
then from this base 5, through the columns B1 and B2, and also eventually
with the aid of the telescopic column B3, hot air is transferred to the top
chamber 6.

A variant in execution of the drying equipment invention is illustrated in figures
9 to 13 where it is generally indicated by 100.

It can be seen that this variant differs from the previous form of execution
because the air channelling telescopic columns are set at the ends of the
treatment units A and B, as can be seen in fig. 9.
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At each end the ducting columns comprise, with reference to fig. 11:

- a central column A3 belonging to the bottom treatment unit A that connects
the bottom chamber 2 and the top chamber 4 of the bottom treatment unit
A: |

- a pair of lateral columns A1, A2 are set at the sides of the telescopic
column A3, which channel hot air from the bottom chamber 2 of the bottom
treatment unit A to the bottom chamber 5 of the top treatment unit B;

- a central telescopic column B3 belonging to the top treatment unit B that
connects the bottom chamber 5 with the top chamber 6 of the top treatment
unit B.

The existence of shutoff dampers 101, 102 in the lateral telescopic columns A1

and A2 respectively, allows to operate both the treatment units A and B at the

same time or only the bottom treatment unit A.

To raise and lower the chambers there are spacer devices consisting of jacks

103, 104 set vertically and coaxially inside the central telescopic columns, B3 e

A3 respectively.

It is clear that this variant in execution produces equipment that is more

mechanically and structurally stable since the jacks 103, 104 are set at the

ends of the chambers.

What's more less rising/lowering jacks are implemented against the previous

execution.

This variant in execution gives the equipment a modular design because

several treatment units can easily be placed side by side with their top and

bottom chambers communicating.

Therefore, in view of the above explanations it is clear that the equipment

under this invention, in each of its forms of executions, is made of two

treatment units stacked over one another which, at the user's discretion, can

‘be made to operate together or the bottom unit alone.

What's more both of the above types of equipment can dry baies of any shape
and any size, and do so by merely requiring the replacement of the support
metal panels of the top and bottom chambers that are set against the bales
being dried thereby obtaining maximum performance from the plant since
dispersion of air is practically nil.

Both executions are also suited to dehydration treatments that involve reducing
the humidity content to below 15%, for this purpose it being enough to prolong
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the time the forage undergoes the treatment.



CA 02368898 2004-12-03

WE CLAIM ;

1. In an apparatus for drying forage bales in which the apparatus includes at
least one hot air generator having fan means associated therewith, at least
one stacked pair of upper and lower treatment units each having a
rectangular lower chamber and upper chamber and in which the upper and
lower chambers are spaced-apart by spacer means, and at least one
telescopic air transfer means positioned between said lower chamber and
said upper chamber adapted to transfer hot air from said lower chamber to
sald upper chamber, said at least one telescopic air transfer means
operatively associated with said spacer means, said forage bales being
adapted to be placed in each treatment unit between said lower chamber and
sald upper chamber to be dried by a counter-current hot air flow, the
Improvement wherein said at least one telescopic air transfer means is
provided with shut-off damper means adapted to open and close air flow from

said lower chamber to said upper chamber.

2. An apparatus according to claim 1, wherein said at least one telescopic air
transfer means includes a telescopic column positioned at an intermediary
position between said lower chambers and said upper chambers of each

treatment unit.

3. An apparatus according to claim 2, wherein said telescopic column is
positioned proximate the ends of said lower chamber and said upper chamber

of each treatment unit.

4. An apparatus according to claim 2 or 3, said at least one telescopic air
transfer means includes at least three telescopic columns for each of said
treatment units, said at least three telescopic columns comprising a pair of
lateral telescopic columns and one central column positioned intermediate

said pair of lateral telescopic columns.
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An apparatus according to clam 2 or 3, said at least one telescopic air
transfer means includes at least four telescopic columns positioned proximate
said ends, said columns comprising two lateral columns, one central column
operatively associated with said lower treatment unit, and a single central

telescopic column operatively associated with said upper treatment unit.

An apparatus according to claim 4 or 5, wherein said central column of said
lower treatment unit includes said shutoff damper means.

An apparatus according to any one of claims 4 to 6, wherein each of said

lateral columns of said lower treatment unit includes said shutoff damper
means. '

An apparatus according to any one of claims 4 to 7, further including a control

damper, said central column of said upper treatment unit including said
control damper.

An apparatus according to any one of claims 4 to 8, wherein said lateral

columns of each of said treatment units connect said lower chambers and
said upper chambers.

An apparatus according to any one of claims 4 to 9, wherein said central

column of said upper treatment unit connects said lower chamber and said
upper chamber.

An apparatus according to any one of claims 4 to 10, wherein said central

column of said upper treatment unit communicates with said central column

- of said lower treatment unit, said central column of said lower treatment unit

being connected with said lower chamber of said lower treatment unit.

An apparatus according to any one of claims 4 to 11, wherein said central

column of said lower treatment unit connects said lower chamber and said
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upper chamber of said lower treatment unit.

An apparatus according to any one of claims 4 to 12, wherein lateral columns
of said lower treatment unit connect said lower chamber of said lower

treatment unit with said lower chamber of said upper treatment unit.

An apparatus according to any one of claims 4 to 13, wherein said central
column of said upper treatment unit connects said lower chamber and said

upper chamber of said upper treatment unit.

An apparatus according to any one of claims 1 to 14, further including at least
one metal panel generally planar and removeably connectable, wherein each
of said lower chambers and said upper chambers having a substantially box
shaped configuration are adapted to receive said at least one metal panel,
said at least one metal panel including apertures having a configuration

corresponding to the type of forage bale to undergo drying.

An apparatus according to claim 15, wherein said at least one metal panel
includes a plurality of generally circular apertures for receiving generally round

forage bales.

An apparatus according to claim 16, wherein said at least one metal panel
includes at least four apertures for receiving eight round bales in two layers

for treatment.

An apparatus according to claim 16, wherein said at least one metal panel
includes at least six apertures in each of said metal panels for receiving round

bales in two layers for treatment.

An apparatus according to any one of claims 16 to 18, further including a ring
encircling said generally circular apertures, said ring including a floor and an
inside diameter substantially equal to the diameter of said apertures, and
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having rims generally perpendicular to the floor of said ring and being adapted
to channel the air through the apertures towards the bale undergoing

treatment.

An apparatus according to claim 15 , wherein said at least one metal panel

Includes a series of rectangular apertures for receiving square-shaped bales.

An apparatus according to any one of claims 1 to 20, wherein said spacer

means are hydraulic jacks operated by a hydraulic unit.

An apparatus according to claim 21, wherein said hydraulic jacks are

positioned inside said telescopic column.

In equipment for drying bales of forage comprising:

at least one unit for generating hot air equipped with a fan group that

channels hot air onto a bottom treatment unit and a second superimposed

treatment unit each treatment unit having a rectangular bottom chamber and

a top chamber kept apart by spacing devices supporting the top chamber

above the bottom chamber, and where one or more telescopic columns set
between the bottom chamber and the top chamber of said treatment units
transfer the hot air from the bottom chamber to the top one, said telescopic
columns being operated by said spacing device, each treatment unit being

adapted for holding bales to be dried between said bottom chamber and said

top chamber the improvement characterised in that at least one telescopic

column belonging to said bottom treatment unit joints said bottom treatment
unit to said second treatment unit, said at least one telescopic column being
provided with a shutoff damper suited to opening/closing the air flow from the
bottom chamber of the bottom treatment unit to the bottom chamber of said

second treatment unit.

Equipment according to claim 23, wherein said one or more telescopic

columns are set at an intermediary position between the bottom chamber and
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top chamber of each treatment unit that they connect.

Equipment according to claim 23, wherein said one or more telescopic
columns are set at the ends of the bottom chamber and top chamber of each

treatment unit that they connect.

Equipment according to claim 24, wherein there are three of said telescopic
columns for each treatment unit and comprise a pair of lateral telescopic

columns and one central column set between each pair of lateral columns.

Equipment according to claim 25, wherein at each of its ends it comprises
four telescopic columns including two lateral and one central belonging to the
bottom treatment unit and a single central telescopic column belonging to the

top treatment unit.

Equipment according to claim 26, wherein said central column of said bottom

treatment unit contains said shutoff damper.

Equipment according to claim 27, wherein each of said lateral columns of said

bottom treatment unit contains said shutoff damper.

Equipment according to claim 26, wherein said central column of said top

treatment unit has a control damper.

Equipment according to claim 26, wherein the lateral columns of each of said

treatment units connect together the bottom chamber and the top chamber.

Equipment according to claim 26, wherein the central column of the top

treatment unit connects together the bottom chamber and the top chamber.

Equipment according to claim 26, wherein the central column of said top

treatment unit communicates with the central column of said bottom treatment
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unit, said central column of said bottom treatment unit being connected with

the bottom chamber of the actual bottom treatment unit.

Equipment according to claim 27, wherein the central column of the bottom
treatment unit connects together the bottom chamber and the top chamber

of the actual bottom treatment unit.

Equipment according to claim 27, wherein the lateral columns of said bottom
treatment unit connect together the bottom chamber of the bottom treatment

unit with the bottom chamber of the top treatment unit.

Equipment according to claim 27, wherein the central column of said top
treatment unit connects together the bottom chamber and the top chamber

of the actual top treatment unit.

Equipment according to claim 23, wherein each of the two bottom chambers
and top chambers is box shaped having a surface where one or more
basically flat metal panels are removably connected and having holes shaped

according to the type of bale undergoing the drying treatment.

Equipment according to claim 37, wherein said metal panel has several

circular holes for hosting round bales.

Equipment according to claim 38, wherein there are four holes in each metal

panel for treating eight round bales in two layers.

Equipment according to claim 38, wherein there are six holes in each metal

panel for treating twelve round bales in two layers.

Equipment according to claim 38, wherein said circular holes are enclosed by
a ring having an inside diameter basically equal to the diameter of the hole
and provided with rims basically perpendicular to the floor of said ring suited
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to channeling the air through the hole towards the bale undergoing treatment.

Equipment according to claim 37, wherein said one or more metal panels
have a series of rectangular apertures suited to hosting square-shaped bales

on each chamber.

Equipment according to any one of claims 23 to 42, wherein the variable
spacer devices separating the top chamber from the bottom chamber are

hydraulic jacks operated by a hydraulic unit.

Equipment according to claim 43, Wherein the hydraulic jacks are set inside

the telescopic air channeling columns.
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