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ABSTRACT

The present invention therefore provides an improved apparatus and integrated
wethod for producing barre! staves. The apparatus measures the profile of unfinished stave
workpieces and based on the width and shape of the stave, as well as other parameters such as
the type of barrel that is required, the edges of the stave are irimmed accordingly. ThlS
ensures fewer rejected staves, less waste in that the width of the unfinished stave is
continuously measured across its entire length with minimum depth of cut required, and most
importantly, barre] staves having extremcly accurate jointed edges ensuring superior finished
barrels bave an internal surface that is free from undesirable spacing between the staves,
utilising less labour than hitherto known apparatus.
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ORIGINAL

Com plete Specification

Applicant: Southemn Cross Cooperage Pty Ltd
Title: ' An apparatus and method for producing barrel staves
Address for Service: LESICAR PERRIN, 49 Wright Street, Adelaide, South _

Australia 5000, Australia

The following statement is a full describtion of this invéntion, including the
best method of performing it known to mefus:
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Firstly, prior art equipment which adjusts the spaced apart distance between cutters
based on a dimension of the unfinished stave, is only suitable for producing staves having
straight longitudinal sides. This is because the saws do not move during the cutting process,
they are simply locked in the position governed by the measured dimension. This is not
suitable for barrels such as wine or spirit barrels which require accurate profiled longitudinal

sides.

Secondly, barrel forming staves often arrive at such workstations having variable
widths along the length of the staves. Therefore, where the cut is based on only the leading or
trailing edge width for example, this may result in an inaccurate cut because the width at the
leading or trailing edge may be greater than the width at other points along the stave length. In
other words, if the distance between saws is based solely on the leading edge width, there will
be points along the stave where there is no material to be cut and will result in an uneven

edge.

Most importantly though where an arcuate cut is required, that is, where the edge
angle and profile is a function of barrel diameter, the width of the unfinished stave needs to be
determined along its entire length to ensure that a maximum amount of material is used and
that a minimum amount of material is wasted.. No equipment known to the applicant is

capable of producing such staves.

It is therefore an object of the present invention to overcome the aforementioned

problems or to provide the public with a useful alternative.
SUMMARY OF THE INVENTION

Therefore in one form of the invention there is proposed an apparatus for producing a
barrel stave for use in barrels of predetermined diameter, said apparatus including:
sensing means used to measure the width of said stave work piece along the entire length of
said stave work piece; and
cutting means adapted to cut the stave work piece as a function of the width of said stave
work piece along the entire length of said stave work piece, including being adapted to cut a
longitudinal side edge of said stave work piece at an angle and at a depth determined as a
function of said barrel diameter and said measured stave work piece width along the entire
length of said stave work piece, the resultant side edge being adapted for flush abutment at an
inner surface of said barrel with the longitudinal side edge of an adjacent stave formed by said

apparatus .
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Preferably said apparatus further includes means to transport the stave work piece

through said sensing means and cutting means,
In preference said apparatus includes twin sensing means and twin cutting means.

In preference the twin sensing means is in the form of at least one pair of pivotable
arms, each arm being positioned oppositely and on either side of the transport means such that

a free end of each arm is biased against the stave work piece.

Preferably said sensing means is associated with the at least one pair of pivotable
arms, said sensing means adapted to measure the extent of rotation of the arms as the work

piece is transported therebetween.
Preferably the sensing means are in the form of electro-mechanical potentiometers.

In preference said apparatus further includes a computing means used to process data
from the sensing means to thereby obtain a profile of the stave work piece width as a function

of said arm rotation.

Advantageously, said sensing means obtain multiple data readings continuously along

the entire length of the stave work piece.

In preference the transport means is in the form of a stable track including teeth

adapted to grip a surface of said stave work piece,

Preferably said cutting means are movable with respect to opposing sides of the stable
track, said movement determined as a function of said barrel diameter and said measured

stave work piece width.

In preference said cutting means comprises twin rotary cutters positioned adjacent
opposed sides of said track in a substantially horizontal plane, said rotating cutters being
moveable between said horizontal plane and a position whereby said planes become disposed
in a converging relationship toward opposing sides of the stable track, to thereby form said

angled longitudinal side edges.

Preferably said twin rotary cutters are further moveable along said horizontal plane in

a direction toward and away from opposing sides of the stable track.

Preferably the apparatus further includes a centring means for centring the stave so

that it is received centrally on said transport means,
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In preference said centring means is in the form of two further pairs of pivotable arms
positioned prior to the sensing means pivotable arms, whereby each of said centring pivotable
arms is located on either side of the transport means such that a free end of each arm is biased

against the stave work piece.

In preference said apparatus further includes a hollower attachment adapted to shave

the upwardly facing side of the stave.

In preference the hollower attachment is in the form of a cutting spindle positioned
above the transport means, said cutting spindle being pivotably moveable toward said

fransport means.

Preferably the apparatus further includes a backing apparatus adapted to shave the
downwardly facing side of the stave prior to being received through the sensing means and

cutting means.

In preference the stave workpiece is centred prior io the backing apparatus using at
least one pair of centring arms positioned on opposed sides of a centring arm conveyor
transporting said stave work piece to the backing apparatus, wherein a free end of said arms is

biased against said work piece.

Preferably the apparatus further includes a means of cutting the ends of the stave to a

predetermined length prior to the backing apparatus.

In a further form of the invention there is proposed a barrel stave produced using the

above defined apparatus,

In a still further form of the invention there is proposed a barrel including a plurality

of barrel staves produced using the above defined apparatus.

In a yet further form of the invention there is proposed a method of producing a barrel
stave of predetermined diameter, said method including the steps of:
measuring the width of said stave work piece along the entire length of said stave work piece;
processing data relating to the measured width of the stave work piece along the entire length
of said stave work piece and the barrel diameter to thereby calculate an optimum cut angle
and depth along the longitudinal side edge of the stave, enabling flush abutment at an inner
surface of said barrel with the longitudinal side edge of an adjacent stave formed by said
method; and

cutting the stave work piece in accordance with said caleulated optimum cut.
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Preferably said method includes the further steps of;
processing data relating to the measured width of the stave work piece to thereby calculate an
optimum cut along the longitudinal edge of the stave which ensures maximum use of
material; and

cufting the stave work piece in accordance with said calculated optimum cut.
In preference the above defined steps are performed simultaneously.

In preference the method includes a preliminary step of cutting opposed ends of the

elongate stave work piece to form a stave work piece of predetermined length.

Preferably said method includes a further step of shaving a face of the stave work
piece to a predetermined convex curve, said shaved face forming part of the external surface

of a barrel.

Preferably said method includes a further step of hollowing a face of the stave work
piece to a predetermined concave shape, said hollowed face forming part of the internal

surface of a barrel.
BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated in and constitute a part of this
specification, illustrate several implementations of the invention and, together with the

description, serve to explain the advantages and principles of the invention. In the drawings,
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Preferably operation of said cutting and hollowing means is dependant on any one of
further parameters including those based o the type of barrel that is required,

Preferably the apparatus further inéludcs a backing apparatus adapted to shave the
downwardly facing side of the stave prior to bemg received through the sensing means and
cutting means.

In preference the stave workpiece w centred prior to the backing apparatus using at
least one pair of centring arms positioned on opposed sides of a centring arm conveyor
" transporting said stave work piece to the backmg apparatus, wherein a free end of said arms is
biased against said work piece,

Preferably the apparatus further includes a means of cutting the ends of the stave to a
predetermined length prior to the backing, sénsing and cutting apparatus.

In a further form of the invention thére is proposed a method of producing a barrel
stave, said method including the steps of: :
measuring the longitudinal edge profile of a étave work piece;
processing data relating to the measured ]ongltudmal edge profiles to thereby calculate an
optimum cut along the longitudinal edge of the stave which eusures maximum use of material
and minimal waste; und :

cutting the stave work piece in accordance with said calculated optimum cut.

In preference the method includes a r.irel iminary step of cutting opposed ends of the
elongate slave work piece to form a stave won}k piece of predetermined length.

Preferably said method inclndes a ﬁxriher step of shaving a face of the stave work
piece to a predetermined convex curve, said shaved face forming part of the external surface
of the barre],

Preferably said method includes a further step of hollowing a face of the stave work
piece to a predetermined concave shape, said hollowed lace forming part of the internal '
surface of the barrel.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated in and constitute a part of this
specification, illustrate several implementationfs of the invention and, together with the
description, serve to explain the advantages and principles of the invention. In the drawings,
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Figure 1 illustrates both a side and croqs-Sectlonal view of a barre] made up of multiple
wooden staves of dxffenng transverse widths which havc been measured and
cut using the appatatus of l:he present invention;

Figure 2 illustrates both an enlarped side and enlarged cross-sectional view of two

5 {inished staves of the barre 1 of Figure 1, including the unfinished stave work
piece profile in broken lines;;

Figure 3 illustrates a perspective v:ew of a docking machine used to cut the length of
the barre] staves;

Figure 4 illustrates a perspective view of a centring arm area used to centre the stave

10 workpiece prior to entering the backing apparatus;

Figure 5 illustrates a perspective vievir of a backing apparatus used to shave the
underside surface of the stave workp:ece to form a convex outer barrel
surface;

Figure 6 illustrates a perspective viewi of a stave work piece about to enter the

15 measuring and jointing appafams of the present invention;

Figure 7a illustrates a side perspective wew of a stave work piece entering the
measuring apparatus of the present invention;

Figure 7b illustrates a top view of the mfeasun‘ng apparatus of Figure 7a;

Figure 8a illustrates a top view of a smve bemg cut by the jointing apparatus of the

20 present invention;

Figure 8b illustrates a front view of a smfve being cut by the jointing apparatus of Figure
8a; :

Figure 9a illustrates a lower side perspective view of a pivotable hollower attachment
used io hollow the upper surface of the stave work piece 10 form a concave

25 inner barrel surface; and
Figure 9b illustrates a side view of a stave being hollowed by the pivotable hollower

attachment of Figure 9a.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
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jointing program is described further below. It is to be understood that the speed of the in-feed

conveyor 22, as well as the speed of all of the conveyors described herein is adjustable.

Before arriving at the backing apparatus 37, the stave workpiece 14 must first be
centred on the conveyor 22. Accordingly, the in-feed conveyor includes a centring arm area
42 which is illustrated in Figure 4, In Figure 3, this area is hidden behind saw 24 and its

associated motor 28.

The centring arm area 42 includes spaced apart centring arm pairs 44 and 46.
Opposed arms of each centring arm pair 44 and 46 are biased toward one another in such a
manner that when the workpiece 14 moves therethrough, they contact the longitudinal edge of
the stave and thereby position it directly in the centre of the conveyor 22. There are two
adjoining conveyors shown, however, these are both described as a single conveyor having
the same reference number 22. This process is aided by a guide roller 48 positioned between
the arms of the first arm pair 44. The biasing means 50 and 52 is the same for each arm pair
and involves an arrangement of pivoting members and elastic bands which, in the interest of
brevity, will not be described here in any great detail. When the leading edge of the stave 14
reaches the second centring arm pair 46 the trailing edge is still moving through the first pair

44, This ensures that the stave is centred along its entire length,

The backing apparatus 37 is shown in detail in Figure 5 where it can be seen that once
a stave workpiece 14 has been centred, it then undergoes a downward force applied in
sequence by three hydraulic rollers 54, 56 and 38 positioned thereabove. Upward and
downward movement of the rollers 54, 56 and 58 is achieved through use of associated
hydraulic pistons 60, 62 and 64 respectively. Each of the rollers includes serrated surfaces for
slightly gripping the stave as it passes to avoid sideways movement of the stave during the
cufting process. A rotary cutter 66 is located beneath the stave path for cutting and thereby
shaping the outer (or downward facing) surface of the stave into a substantially concave
shape, There are also base rollers 68 for assisting smooth movement of the stave from
conveyor 22 to a further conveyor 70. Movement of the rotary cutter 66 is computer
controlled so that it may achieve the required curve on the underside surface of the stave

workpiece 14,

As mentioned, the stave is fed onto a further conveyor 70, which us used to transport
the stave to the measuring 38 and jointing 40 apparatus. This conveyor 70 includes a sensor
(not shown) used to sense when there is a back up of material, for example, where a stave

may have become jammed in the measuring 38 and jointing 40 apparatus. The sensor sends &
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17 May 2006

2006202071

17/05 06 WED 16:20 FAX 61 8 82119433 Lesicar Perrin Bo3g

10

15.

20

25

30

jointing program is described further below. It is to be understood that the speed of the in-feed
conveyor 22, as well as the speed of all of the conveyors described hercin is adjustable.

Before arriving at the backing apparatus 37, the stave workpiece 14 must first be
centred on the conveyor 22. Accordingly, the in-feed conveyor includes a centring arm area
42 which is illustrated in Figure 4, In Figure 3, this area is hidden behind saw 24 and its

associated motor 28.

The centring arm area 42 includes spaced apart centring arm pairs 44 and 46.
Opposed arms of ’each ceniring arm pair 44 and 46 are biased toward one another in such a
manner that when the wotkpiece 14 moves therethrough, they contact the longitudinal edge of
the stave and thereby position it directly in the centre of the conveyor 22. There are two
adjoining conveyors shown, however, these are both deseribed as a single conveyor having
the same reference number 22. This process is aided by a guide roller 48 positioned between
the arms of the first anm pair 44. The biasing means 50 and 52 is the same for each arm pair
and involves an arrangement of pivoting members and elastic bands which, in the interest of _
brevity, will not be described here in any great detail. When the leading edge of the stave 14
reaches the second centring arm pair 48 the trailing edge is still moving through the first pair
46. This enéures that the stave is centred along its entire length. v ‘

The backing apparatus 37 is shown in detail in Figure 5 where it can be secn that once
a stave workpiece 14 has been centred, it then undergoes a downward force applied in
sequence by three hydraulic rollers 54, 56 and 58 positioned thereabove. Upward and
downward movement of the rollers 54, 56 and 58 is achieved through use of associated
hydraulic pistons 60, 62 and 64 respectively. Each of the rollers includes serrated surfaces for
slightly gripping the stavc as it passes to avoid sideways movement of the stave during the
cutting process. A rotary cutter 66 is located beneath the stave path for cutting and thereby
shaping the outer (or downward facing) surface of the gtave into a substantially concave
shape. There are also base rollers 68 for assisting smooth movement of the stave from
conveyor 22 to a further conveyor 70. Movement of the rotary cutter 66 is computer _
controlled so that it may achieve the required curve on the underside surface of the stave

workpiece 14.

As mentioned, the stave is fed onto a further conveyor 70, which us used to transport
the stave to the measuring 38 and jointing 40 apparatus. This conveyor 70 includes a sensor
(mot shown) used to sense when there is a back up of material, for example, where a stave

may have become jammed in the measuring 38 and jointing 40 apparatus. The sensor sends a
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signal to a control computer (not shown) to halt the entire process 50 that someone can locate

where the stave is jammed and remedy the problem.

The stave is now ready to be measured and jointed and the apparatus involved is
shown clearly in Figures is process is shown clearly in Figures 6-8. The stave is transported
by the conveyor 70 onto a series of rollers 72 which are positioned just before the start of 2
drug chain 74. The drag chain 74 is the primary moving system through the apparatus and is
driven by a motor (not shown). An in-feed pinch roller 76, which is a sensor activated
pneumatic roller, presses the slave 14 down against a drive wheel (not shown) for feeding the
stave onto the drag chain 74. But before this process, the stave once again needs to be centred,
and this is achieved using two pairs of centring arms 78 and 80 which are configured to bias
against the longitudinal edge of the stave to thereby keep it centred. A sensor (not showa)
associated with pinch roller 76 detects stave 14 and activates a plurality of pneumatically
operated hold down rollers 82 positioned above the drag chain 74, that are used to pushk down
on the stave 14 to maintain the grip of the drag chain tecth 84.

Measuring is achieved using a further pair of opposed arms 86, similar to the
abovementioned measuring arms 78 and 80, which are spaced further along the drive chain
74. The measuring arm pair 86 continuously measures the width of the stave 14 as it passes
through using electro-mechanical potentiomsters (not shown). Rather than measuring a single
width, for example at the leading edge or in the middle or at the trailing edge of the stave 14,
the apparatus 38 allows for measurements to be taken along the entire longitudinal edges of
the stave 14. This information is then sent to the abovementioned control computer for

processing.

The control computer analyses the input from the measuring arm pair 86 and
translates that information into a unique stave shape profile based on the type of barrel
selevted for production, and the shape, contour and width of each stave. All of the settings,
such as the barrel type, trim settings and cutter diameters can be adjusted or modified, and
predetermined barrel settings can be stored for future use. For example, hogs head barrels, .
barrique barrels and puncheon barrels will each have different predetermined end
circumferences, belly circumferences, and stave kengths, and the control computer

compensates for each of these requirernents.

The control computer then sends operating instructions to the jointing apparatus 40
shown in Figure 8a and Figure 8b. The jointing apparatus 40 comprises two servo controlled,
circular rolating cutters 88 and 90 which form an accurate cut along the longitudinal edges of

the work piece 14 as a function of its measured dimensions. The cutters 88 and 90 include a

COMS ID No: SBMI-03619519  Received by IP Australia: Time (H:m) 16:53 Date (Y-M-d) 2006-05-17

@o3s___




17 May 2006

2006202071

17/05 '06 WED 16:20 FAX 61 8 82119433 Lesicar Perrin @o3e

10

15

20

25

30

10

plurality of blades 92 positioned around the outside surface of the cutters. Movement of the
cutiers 83 and 90 is provided by computer controlled servo motors (not shown) and ball screw
systems (not shown) which allow the cutters to be adjusted for depth of cut and tilt trim,
according to the computer determined optimum profile. The primary movement of the cufters
is inward tilt as shown clearly in Figure 8b, this providing the diagonal side edge 94 of the
staves, and horizontal movement towards and away from the stave 14, to thersby create a
desired profile therealong. The computer essentially determines the optimum profile of the
stave edges as it is transported through the measuring arms 86, In preference, the control
computer also inchudes a means to display a graphical model of the stave 14,

At this stage, the length of the stave has been cut, the stave has been backed, the
profile of the stave mapped, and the stave edges cut accordingly. Finally, the inner surface of
the stave (the surface facing upwardly) must be hollowed out, or convexed, to thercby form
the internal surface of the barrel 12. A hollower attachment 96 is shown in Figure 9a and 9b
and is positioned at the discharge end of the stave jointer apparatus. The attachment
coﬁ:pﬁses a cutting spindle 98 including adjustment means (not shown) for depth of cut and
withdrawal height. In particular, the cutting spindle 98 is housed within a pivotable housing
100 and is thus pivotably adjustable. A further housing 102 is shown which is used to house

the drive chain (not shown) linking the spindle 98 to an associated motor (not shown).

Movement of the housing 100 is also controllable via the control computer. There are further
upper rollers 82 which maintain the stave in position on the drag chain during hollowing of
the stave. »

Following the hollowing process, the finished stave 10 entors a discharge conveyor
(not shown) which delivers the jointed staves for raising a barrel 12.

It is to be understood that the stave jointer apparatus of the present invention includes
other features which have not been described herein but which are also important in its
operation. Some of these additional features inclnde:

e culter ‘guard housings located on each side of the drag chain adjacent the cutters to
guard against cutter tip failure, preferably mounted on a rolling track system to access
the cutters for maintenance and routine cleaning;

» cntter motor lock outs located inside the cutter guard housing, used as additional
protection during maintenance procedures and routine ¢cleaning to ensure employee
safety or accidental or inadvertent start up of the cutters;
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CLAIMS

1. An apparatus for producing a barrel stave for use in a barrel of predetermined
diameter, said apparatus including:
sensing means used to measure the width of a stave work piece along the entire length
of said stave work piece; and
cufting means adapted to cut the stave work piece as a function of the width of said
stave work piece along the entire length of said stave work piece, including being
adapted to cut a longitudinal side edge of said stave work piece at an angle and at a
depth determined as a function of said barrel diameter and said measured stave work
piece width along the entire length of said stave work piece, the resultant side edge
being adapted for flush abutment at an inner surface of said barrel with the

tongitudinal side edge of an adjacent stave formed by said apparatus.

2. An apparatus as in claim 1 wherein said apparatus further includes means to transport

the stave work piece through said sensing means and said cutting means.

3. Anapparatus as in claim 2 whercin said apparatus includes twin sensing means and

twin cutting means.

4. An apparatus as in claim 3 wherein said twin sensing means is in the form of at least
one pair of pivotable arms, each arm being positioned oppositely and on either side of
the transport means such that a free end of each arm is biased against the stave work

piece,

5. Anapparatus as in ¢laim 4 wherein said sensing means is associated with the af [east
one pair of pivotable arms, said sensing means adapted to measure the extent of

rotation of the arms as the work piece is transported therebetween.

6.  An apparatus as in claim 4 or claim 5 wherein the sensing means is in the form of

electro-mechanical potentiometers.

7. An apparatus as in claim 6 wherein said apparatus further includes a computing
means used to process data from the sensing means to thereby obtain a profile of the

stave work piece width as a function of said arm rotation.

8. An apparatus as in any one of claims 2-7 wherein the transport means is in the form

of a stable track including teeth adapted to grip a surface of said stave work piece,
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An apparatus as in claim 8 wherein said cutting means are movable with respect to
the stable track, said movement determined as a function of said barrel diameter and

said measured stave work piece width.

10. An apparatus as in claim 8 or claim 9 wherein said cutting means comprises twin

rotary cutters positioned adjacent opposed sides of said track in a substantially
horizontal plane, said rotating cutters being moveable between said horizontal plane
and a position whereby said planes become disposed in a converging relationship
toward opposing sides of the stable track, to thereby form said angled longitudinal

side edges.

11. An apparatus as in claim 10 wherein said twin rotary cutters are further moveable

along said horizontal plane in a direction toward and away from opposing sides of the

stable track,

12. An apparatus as in any one of ¢laims 2-11 wherein said apparatus further includes a

hollower attachment adapted to shave the upwardly facing side of the stave,

13. An apparatus as in claim 12 wherein the hollower attachment is in the form of a

cutting spindle positioned above the transport means, said cutting spindle being

pivotably moveable toward said transport means,

14, An apparatus as in any one of claims 2-13 wherein the apparatus further includes a

backing apparatus adapted to shave the downwardly facing side of the stave prior to

being received through the sensing means and cutting means.

15. A barrel stave produced using the apparatus claimed in any one of claims 1-14,

16. A barrel including a plurality of barrel staves produced using the apparatus claimed in

any one of claims 1-14,

17. A method of producing a barrel stave of predetermined diameter, said method

including the steps of:

measuring the width of a stave work piece along the entire length of said stave work
piece;

processing data relating to the measured width of the stave work piece along the
entire length of said stave work piece and the barrel diameter to thereby calculate an
optimum cut angle and depth along the longitudinal side edge of the stave, enabling

flush abutment at an inner surface of said barrel with the longitudinal side edge of an
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adjacent stave formed by said method; and

p—

S cutting the stave work piece in accordance with said calculated optimum cut.

N TR

50 18. A method as in claim 17 including the further steps of:

;:.-3 processing data relating to the measured width of the stave work piece along the

o 5 entire length of said stave work piece to thereby calculate an optimum cut along the

e\ longitudinal edge of the stave which ensures maximum use of material; and
cutting the stave work piece in accordance with said calculated optimum cut.

—

S 19. A method as in claim [8 wherein the steps of claim 17 and claim 18 are performed

o\ simultaneously.

S

\O 10

-

-

@\
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