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PROCESS FOR MANUFACTURING OF ALUMINIUM ALLOY CHEESE TUBE, CHEESE
PIPE OR BOBBIN FOR WOVEN SACK

Field of the invention

The present invention relates to a process for manufacturing of aluminium alloy cheese tube or
bobbin more particularly it relates to manufacturing of aluminium alloy cheese tube, Cheese Pipe or

bobbin for woven sack application.

Back sround and prior art of the invention

HDPE (High Density Poly Ethylene) or PP (polypropylene) oriented strips are becoming
increasingly popular and have caught the eye of many end users for their requirement of packing
materials. They have become popular on account of their inertness towards chemical, moisture and
excellent resistance towards rotting and fungus attack. They are non toxic, lighter in weight and
have more advantages than conventional bags. These sacks are much clear and resist towards fungal
attack. Jute prices are very unstable in the market since Jute is an agriculture product. These sacks
have many advantages over other conventional sacks materials and are quite competitive in price.

For manufacturing HDPE/PP woven sacks an extrusion plant is used which produces flat
yarn from the P.P. (polypropylene) and HDPE (High Density Poly Ethylene). The flat yarn which is
also known as flat tape yarn is continuously wound on tube/bobbins called Cheese tube/ Cheese pipe
or Jumbo tubes/ Jumbo pipe. Large numbers of tubes (i.e. more than 300) are used simultaneously
for the purpose of winding. Such flat tape yarn which is wound on the cheese tube/ cheese pipe or
jumbo tube/ jumbo pipe is then taken to circular winding machine from which the woven sacks
product comes out for further sewing, lamination etc.

The cheese winding process which involves winding of more than 300 tubes at a time with
same number of electric motors makes the process very high energy consuming. If the tube does not
have accurate dimension then fitment of the tube on spindle is not accurate which lead to poor
winding and vibration to the cheese tube/ cheese pipe. If the tube does not have enough strength
then the same will bulge leading to loss of yarn and also blocking of such spindles leading to
productivity issues.

The pressure of the P.P and HDPE flat yarn is much higher which lead to tendency of cheese

tube/ cheese pipe or bobbins to bulge from the centre resulting into stoppage of the whole winding
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panel. It is also important to have excellent dimension control for exact fitment on the cheese
spindle.

Steel tubes as well as aluminium tubes have been traditionally used for manufacturing cheese
tubes/ cheese pipe or jumbo tubes/ jumbo pipe. Aluminium is most advantageous suitable and
advisable metal because of its high electric conductivity, non magnetic, high heat conduction, light
weight, excellent ductility, malleability and easy continuous extrusion. Moreover, the aluminium is
strongest metal compared to other metals considering weight to strength ratio. Furthermore, a
considerably maximum tensile stress can be expected for aluminium, though not as high as that of
iron and 1t 1s possible to obtain a tube that can withstand a considerably high pressure. Although
aluminium has excellent properties, pure aluminium doesn’t have a high tensile strength. However,
the addition of alloying elements can increase the strength properties of aluminium and produce an
alloy with properties tailored to particular applications. Hence, aluminium alloys have been widely
used particularly for application where strength requirement are fairly high and weight of the
aluminium tube is to be fairly low to meet the field application needs.

Conventionally, various methods for manufacturing of cold drawn aluminium products are
available. For example, in US 5342459, a method for producing cold worked aluminium products
from aluminium alloy is disclosed. In this process, extruded aluminium products such as wire, rod
and bar are cold drawn for reduction in size of the aluminium products and then aluminium products
are subjected to artificial age hardening to strengthen it. But the resultant aluminium products
obtained by this process haven’t sufficient tensile strength and better dimension control suitable for
manufacturing of woven sack application. Further indirect extrusion is employed in this process. In
indirect extrusion, also known as backwards extrusion, the billets and container move together while
the die is stationary. The die is held in place by a "stem" which has to be longer than the container
length. The maximum length of the extrusion is ultimately dictated by the column strength of the
stem. Because the billets move with the container the frictional forces are eliminated. This lead to 25
to 30% reduction of friction, which allows for extruding larger billets, increasing speed, and an
increased ability to extrude smaller cross section. Although above described method has an
advantageous feature, still it leaves the scope for solving various problems. During indirect
extrusion, impurities and defects on the surface of the billets affect the surface of the extrusion.
These defects may ruin the resultant products. Hence, in order to get around this, the billets may be
wire brushed, machined or chemically cleaned before being used. This process isn't as versatile as

direct extrusions because the cross-sectional area is limited by the maximum size of the stem.
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Hence, to overcome above mentioned problems (i.e. bulging of the tube, non accurate fitting
of the tube, very high electricity consumption and very high maintenance), it is desperately needed
to invent a method of manufacturing aluminium alloy cheese tube/ cheese pipe or bobbin for woven
sack industry which is not subjected to aforesaid problems so that the finally obtained aluminium
bobbin has desired mechanical properties, lower maintenance and high level tolerance that is

suitable for using in woven sack industry.

Object of the invention

The main object of present invention is to provide a method of manufacturing bobbin or
cheese tube/ cheese pipe made up of aluminium alloy suitable for woven sack.

Another object of present invention is to provide a method of an aluminium alloy having
excellent ductility, suitable tensile strength and proof stress for manufacturing aluminium tubes for
woven sack.

Another object of the present invention is to provide a method of manufacturing bobbin or
cheese tube/ cheese pipe made up of aluminium alloy with a low maintenance, lesser electricity
consumption and precise fitting for end products.

Yet another object of the present invention is to provide a light weight aluminium bobbin or
cheese tube/ cheese pipe with high tensile strength.

Further object of present invention is to provide a method of manufacturing cheese tube/

cheese pipe or cheese tube/ cheese pipe made up of different aluminium alloys (i.e. 6082 and 6061).

Summary of the Invention

The present invention relates to a process for manufacturing of aluminium alloy cheese tube/
cheese pipe or bobbin for woven sack. The present invention provides light weight, strong and
accurate product made from specific aluminium alloys (i.e. 6082 or 6061) duly cold drawn and heat
treated to achieve very high strength to weight ratio. The primary billets of aluminium alloys are
subjected to a porthole extrusion process sequentially it is subjected to cold drawn for reducing the
cross sectional area of the tube. After cold drawn, tubes are further solution treated by special
quenching of fog or water. Solution treated porthole extruded aluminium alloy tube can also be used
as feed stock. After successive cold drawing, the tubes are straightened on the straightening machine
to relieve stress and subsequently the age hardening is carried out to achieve desired tensile strength

and percentage elongation in the product.
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Brief description of drawing

Fig. 1 describes perspective view of essential steps of the present invention.

Detail description of the Invention

Before explaining the present invention in detail, it is to be understood that the invention is
not limited in its application to the details of the construction and arrangement of parts illustrated in
the accompany drawings. The invention is capable of other embodiments, as depicted in figure as
described above and of being practiced or carried out in a variety of ways. It is to be understood that
the phraseology and terminology employed herein is for the purpose of description and not of
limitation.

Dimension and weight of cheese tube/ cheese pipe used conventionally are 40mm OD x 35
mm x 218 mm and 165 gm respectively wherein product manufactured by this process provides 38
mm OD x 35 mm x 218 mm and 100 gm. Dimension and weight of cheese tube/ cheese pipe for
jumbo bags used conventionally are 98 mm OD x 90 mm x 270 mm and 800 gm respectively
wherein product manufactured by this process provides 95 mm OD x 90 mm x 270 mm and 500
gm.

The method for manufacturing aluminium tubes for woven sack industry, primarily porthole
extruded aluminium tubes are manufactured from billets formed from aluminium alloy. The
aluminium alloy 6061 contains magnesium 0.8 to 1.2, manganese 0.15, iron 0.7, copper 0.15 to 0.40,
silicon 0.4-0.8, zinc 0.25%, titanium 0.15% and chromium 0.04-0.35%, the balance substantially
aluminium and incidental elements and impurities. The aluminium alloy 6082 contains magnesium
0.7 to 1.2, manganese 0.2-0.8, iron 0.6, copper 0.15 to 0.40, silicon 0.4-0.8, zinc 0.2%, titanium
0.2% and chromium 0.2%. These alloys also have better drawn ability while combining high
mechanical strength so that a very close dimension tolerance can be achieved at internal diameter as
well as thickness. Extruded porthole aluminium tubes can be used as raw material (1.e. feed stock) in
this process. Extruded porthole aluminium tubes can be used as feed stock in two conditions (i.e. T4
and M) for both aluminium alloy (1.e. 6061 and 6082). “T4” condition means solution treated
porthole extruded tubes which doesn’t requires solution treatment in later stage while condition “M”
means porthole extrusion of alloy without solution treatment. To make shape of material suitable for
further proceeding, the alloy is solidified into working stock by continuous casting or semi
continuous casting into shape suitable for extrusion. It’s always difficult to achieve uniform

thickness in cheese tube with all conventional methods.
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After said extrusion, tensile strength of the aluminium tubes is achieved on particular level
from 140 to 235 MPa and percentage elongation is achieved in range of 16 — 21%. However, these
mechanical properties are not sufficient for making aluminium tubes deserve to achieve desired
eventual product (cheese tube). Further, during extrusion, the level of dimensional tolerance
achieved 1s also fairly wider. Hence to counter these issues, the extruded aluminium tubes are
subsequently cold drawn at room temperature. This cold drawing process serves to reduce cross
section area of the aluminium tubes without damage to the surface finish and also to achieve close
dimensional tolerance on internal diameter. In drawing process tensile strength of the aluminium
tubes can be elevated to a level of 185 — 283 MPa while percentage elongation is increased to about
7.2 to 10 % with reference to extruded aluminium tubes.

During the cold drawn step, an undesirable stress is developed in the aluminium tubes.
Hence, to relieve supposed stress, the cold drawn aluminium tubes are then straightened on
hyperbolic 6 rolls machine. This process is done with tubes inputs from one end and if required the
tubes direction is reversed to again pass through the straightening machine with a view to make sure
that straightness achieved is exceptionally good to extent of about 1/1500.

Then after, to move towards for achieving desirable mechanical properties in resultant
aluminium tubes, final heat treatment step is carried out by artificial age hardening process to
generate fine grains in the recrystallization thereby enduring strength of aluminium tubes can be
effectively recovered. In artificial age hardening process, the aluminium tubes are heated at about
165 °C for soaking time of about 6 to 18 hours, the time generally depends upon the dimension and
thickness of the tubes, after which tensile strength shall go beyond 320 MPa and percentage
elongation is elevated to a level of 11.2 to 12.31 % with reference to cold drawn aluminium tubes.
The resultant aluminium tubes obtained by the foregoing method of the invention from aluminium
base alloys having higher ductility and less breakable than conventional aluminium tubes are
substantially suitable for woven sack.

The invention is illustrated more in details in the following example. The example describes
and demonstrates embodiments within the scope of the present invention. This example is given
solely for the purpose of illustration and is not to be construed as limitations of the present

invention, as many variations thereof are possible without departing from spirit and scope.

Example 1



10

WO 2016/046844

PCT/IN2015/050113

a) The porthole extruded tubes of aluminium alloy 6082 having T4 condition are taken

as feed stock.

b) The porthole extruded aluminium tubes were sequentially cold drawn.

c) The cold drawn aluminium tubes were straightened on hyperbolic straightening

machine to provide desired straightness.

d) The straightened aluminium tubes were sequentially subjected to artificial age

hardening process at 165 °C for about 6 hours.

Table — 1
Sequence of | Tensile strength | % Elongation Internal
Process (MPa) diameter
tolerance
After Extrusion 235 16.3 +0.3 mm
T4
After Cold 273 73 +0.1 mm
Drawing
After Age 335 12.31 +0.1 mm
hardening
Table — 11
Type of Cheese | Extruded Tube Drawn tube Effective
Tube/ Cheese weight in gms weight in gms weight
Pipe reduction in
gms
Cheese Tube/ 165 100 65
Cheese Pipe
Cheese tube/ 800 500 300
Cheese pipe for
Jumbo bags
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Example 2:

a) The porthole extruded tubes of aluminium alloy 6082 having M condition are taken as
feed stock (manufactured without any solution treatment).

b) The extruded aluminium tubes were sequentially cold drawn.

c) The cold drawn aluminium tubes were subjected to solution treatment in a furnace for
about 60 minutes at temperature 515 *C followed by efficient water quenching
straightened on hyperbolic straightening machine to provide desired straightness.

d) The straightened aluminium tubes were than subjected to artificial age hardening process

at 165 °C for about 6 hours.

Table — I
Sequence of | Tensile strength | % Elongation Internal
Process (MPa) diameter
tolerance
After Extrusion 140 21 +0.3 mm
“M” as of
manufactured
After Cold 185 10 +0.1 mm
Drawing
After solution 280 9 +0.1 mm
treatment
After Age 335 12.31 +0.1 mm
hardening
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Table — IV
Type of Cheese | Extruded Tube Drawn tube Effective
Tube/ Cheese weight in gms weight in gms weight
Pipe reduction in
gms
Cheese Tube/ 165 100 65
Cheese Pipe
Cheese tube/ 800 500 300
Cheese pipe for
Jumbo bags

The porthole extruded tubes of aluminium alloy 6061 having T4 condition are taken as

feed stock.

The extruded aluminium tubes were sequentially cold drawn.

The cold drawn aluminium tubes were straightened on hyperbolic straightening machine

to provide desired straightness.

The straightened aluminium tubes were than subjected to artificial age hardening process

in electrically heated furnace at 160 °C for about 18 hours.

Table—-V
Sequence Of | Tensile strength | % Elongation Internal

Process (MPa) diameter

tolerance

After Extrusion 242 17.3 +0.3 mm

T4

After Cold 283 7.2 +0.1 mm
Drawing

After Age 330 11.2 +0.1 mm
hardening
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Table — V1
Type of Cheese | Extruded Tube Drawn tube Effective
Tube/ Cheese weight in gms weight in gms weight
Pipe reduction in
gms
Cheese Tube/ 165 100 65
Cheese Pipe
Cheese tube/ 800 500 300
Cheese pipe for
Jumbo bags

5
Example 4

a) The porthole extruded tubes of aluminium alloy 6061 having M condition are taken as
feed stock.

10 b) The extruded aluminium tubes were then cold drawn.

c) The cold drawn aluminium tubes were subjected to solution treatment in a furnace for
about 60 minutes at temperature 515 °C followed by efficient water quenching
straightened on hyperbolic straightening machine.

d) The straightened aluminium tubes were sequentially subjected to artificial age hardening

15 process at 165 °C for about 18 hours.
Table — VII

Sequence of | Tensile strength | % Elongation Internal

Process (MPa) diameter
tolerance
After Extrusion 140 21 +0.3 mm

“M” as of
manufactured
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After Cold 185 10 +0.1 mm
Drawing
After solution 280 9 +0.1 mm
treatment
After Age 335 12.31 +0.1 mm
hardening
Table — VIII
Type of Cheese | Extruded tube Drawn tube Effective
Tube/ Cheese dimension and | dimension and weight
Pipe weight in gms weight in gms reduction in
gms
Cheese Tube/ 165 100 65
Cheese Pipe
Cheese tube/ 800 500 300
Cheese pipe for
Jumbo bags

Advantages of the process:

Aluminium Cheese tube, Cheese pipe or bobbin produced by this process provides close
tolerance, exceptional tensile strength with percentage elongation which provides ductility and
lesser weight product. Thickness of said product is reduced by 1.5 — 3 mm in cheese tube and in case
of cheese tube used for jumbo bags the reduction is in the range of 2.5 — 3.5 mm. Reduction in
weight by this process 1s 60 % with respect to conventional methods. If the improvement is
calculated on practical basis then 65 gm weight reduction for each cheese tube will reflect in
ultimate reduction of 20 kg of cheese winder which makes process economical in terms of lower

maintenance, lower electricity consumption and lower handling efforts.

10



WO 2016/046844 PCT/IN2015/050113

The manufactured aluminium cheese tubes, cheese pipes or bobbin by method according to
present invention have excellent ductility, reduced weight, suitable tensile strength and proof stress
in resultant product for woven sack application.

While various embodiments of the present invention have been described in details, it is
apparent that modification and adaptation of those embodiments will occur to those skilled in the
art. It 1s expressly understood, however, that such modifications and adaptations are within the spirit

and scope of the present invention as set forth in the following claims.

11
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We Claim,

1.

A process for manufacturing of aluminium alloy cheese tube/ cheese pipe or bobbin for

woven sack comprising following steps:

a) manufacturing porthole extruded aluminium tubes from billets formed by aluminium
alloy;

b) cold drawing said extruded aluminium tubes at a room temperature to reduce the cross
section area and thickness of said extruded aluminium tubes;

c) straightening the cold drawn aluminium tubes at a room temperature to remove stress
generated during step b);

d) carrying out artificial age hardening treatment to further improve the mechanical

strength and percentage elongation (ductility) in straightened aluminium tubes.

The process for manufacturing of aluminium alloy cheese tube/ cheese pipe or bobbin for
woven sack as claimed in claim 1 wherein aluminium alloy is selected from alloy 6061 and

alloy 6082.

The process for manufacturing of aluminium alloy cheese tube/ cheese pipe or bobbin for
woven sack as claimed in claim 1 or 2, wherein, at step (a) extruded porthole aluminium

alloy tube 1s solution treated (T4 condition) or without solution treated (M condition).

The process for manufacturing of aluminium alloy cheese tube/ cheese pipe or bobbin for
woven sack as claimed in any of claim 1 to 3 wherein for M condition porthole extruded
aluminium alloy is sequentially solution treated by fog or water quenching after
straightening the cold drawn aluminium tubes.

The process for manufacturing of aluminium alloy cheese tube/ cheese pipe or bobbin for
woven sack as claimed in claim 1 wherein the step (c) is carried out by hyperbolic 6 roll

machine.

The process for manufacturing of aluminium alloy cheese tube/ cheese pipe or bobbin for

woven sack as claimed in claim 1 wherein the step (e) is carried out at 165 °C for 6-18 hours.
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7. The process for manufacturing of aluminium alloy cheese tube/ cheese pipe or bobbin for

woven sack as claimed in claim 1 wherein weight reduction in product is 40%.

8. The process for manufacturing of aluminium alloy cheese tube/ cheese pipe or bobbin for
Woven Sack as claimed in claim 1, wherein the mechanical properties includes improvement
in tensile strength and percentage elongation, reduction in cross section area, reduction in
weight and achievement of the precise dimensional tolerance includes tolerance on internal

diameter and uniform thickness of the aluminium tubes.
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