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“Method for recycling energy in a blow moulding machine for blow moulding
containers”

Field of the invention

The present invention relates to a-method for recycling the pneumatic-energy-of
discharge air, coming from the blowing cavities of moulding machines for plastic
material containers, .fo'r instance bottles made of PET, and to a corresponding
plant.

State of the art

There are known plants or systems for recycling energy from air or other
pressurized gases, used for various industrial processes in the related plants.

An example of such systems is described in- document US4488863 in-which there
is disclosed a system for recycling the blowing air for plastic containers comprising
a plant, specifically formed by pneumatic valves.and sensors, capable of tracking
the compressed-air pressure profile during the degassing step of the cavities and
making the air available at a low pressure to be used again.

In the production of bottles or other plastic material containers, among which
nowadays those made of PET are extremely widespread, the blow moulding
process includes the use of considerable amounts of pressurized air inputted into
the blowing cavities of si'ngle-stage machines or blowing machines.

A single-stage machine for the production of containers, such as bottles, jars etc,
indicates an apparatus which, through an injection process and a subsequent
stretching and blowing, in one single machine, leads to the transformation of the
PET granules in the blown container. Blowing machine instead indicates an
apparatus which, through a heating process and a subsequent stretching and
blowing, transforms the parisons, obtained separately by means of an injection

machine, into blown containers.
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At the end of the blow moulding operation, the remaining pneumatic energy of the
compressed air, coming from the blowing cavities, is generally lost. Systems or
devices applied to this type of machines allowing to recycle and reuse this
pneumatic energy, for instance for blowihg the containers, are currently being
developed. Given-the non-negligible residual pressure of this blowing air and the
-continuous operation -of this machinery, not- recycling said -pneumatic energy
implies a considerable energy waste in the energy balance of these machines.

A process for recycling blowing air according the state of the art is represented by
the curve 2 of the graph in figure 1 and takes place as follows. ‘

Low pressure compressed air at about 10 bars, the so-called primary air, is blown
in the_parisons which are at .a.temperature. such as to allow an expansion thereof
to adapt to the inner profile of the--blowing mould, corresponding to the A-B
segment of the curve 2 in figure 1.

In a second step, corresponding to the segment B-H-of the curve 2, compressed
air at a higher pressure value,-about 40 bars, is inputted into the plastic container
to-lead it to take a permanent-shape. This air is compressed by feeding-new air to
-the machine, introducing a great amount of energy in the system. At the end of
this step, the blown plastic container is maintained at a high pressure for a time
depending on the type of plastic used and on other known parameters.

At a predetermined time, the air in the container is discharged and recycled until it
reaches an average pressure (about 15-18 bars), corresponding to the segment
H-l of the curve 2. The air in this step is transferred into a specific tank to then be
used, as mentioned above, In the subsequent blowing cycle in the A-B segment
as-primary blowing air (about 8-10 bars).

Subsequently, the low pressure air remaining in the container is discharged into
the atmosphere corresponding to a I-J segment of the curve 2.

It is thus felt the need to make a method for recycling thé pneumatic energy of the
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discharge air coming from the blowing cavities of 'moulding machines for plastic
material containers, which improves the energy balance of the plastic container
broduction plants, and to make a corresponding moulding machine with a
' recycling system for recycling -th’e pneumatic energy of the discharge arr.

' Summary of the invention

It is a main object of the present invention to optimize the method-for recycling-the
pneumatic energy of discharge air coming from the blowing cavities of moulding
machines for plastic material containers, so as to obtain a better efficiency In
virtue of a predetermined selection of shearing pressure values.

A further object of the invention is to make an alternative system for recycling the
pneumatic _energy .of the. discharge air, coming from the blowing cavities of.
moulding machines for plastic material containers,-which allows the recycling of
blowing- air making it available at at least one predetermined pressure either
directly to the primary air tank or directly to the secondary air tank or to at least
one specific recycling tank.

The present inrvention Is thus aimed to reach the objects described above by
‘making a method for recycling ‘blowing air in a blow moulding machine for blow
moulding plastic material containers, the machine comprising:

- moulds provided with blowing cavities,

- first blowing means for blowing primary air in the cavities of said moulds,
comprising a primary air tank,

- second'blowing means for blowing secondary air in the cavities of said moulds,
comprising a secondary air tank,

- first recycling means for recycling the blowing air exiting from said cavities, in a
first step of discharging the air from the containers,

said récycling method comprising, in accordance with claim 1, the following

stages:
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a) at-a—predetermined starting time of a blowing cycle, blowing the air into the
cavities of the moulds at a first predetermined pressure, by means of the first
blowing means, and maintaining the air at such a first pressure in the cavity up to
a first time, _in which said air is d_eﬁned primary,;

b) blowing the air into the cavities of the moulds at a second predetermined
pressure, by means of the second -blowing means; said second predetermined
pressure being higher than the first pressure, and maintaining the air at said
second pressure up to a second time, in which said air is defined secondary;

.c) discharging the: air from the cavities until a third pressure iIs reached In the
containers, such a third pressure having a value comprised between said firSt
pressure and second pressure, .and recycling the air at_said third pressure by
means of the first recycling means,

d) discharging the remaining air contained in the cavities at atmospheric pressure,

wherein in stage c¢) said third pressure has a value in the range between 20 and
28 bar.

According to a further aspect-of the invention there is provided a blow moulding-
machine for blow moulding—piastic material containers, which is adapted to
iImplement the aforesaid method, which in accordance with claim 16 comprises
moulds provided with blowing cavities; first blowing means for blowing primary air
In the cavities of said moulds, comprising a primary air tank; second blowing
means for blowing secondary air in the cavities of said moulds, comprising a
secondary air tank; first recycling means for recycling the blowing air exiting from
sald cavities, In a first step of discharging the air from the containers; wherein said
first recycling means are configured so as either to allow- an input of primary air
into a first blowing‘ stage within the cavities of said moulds or to allow an input of a
part of secondary air into a second blowing stage.

The plant, and the method associated thereto, for recycling the blowing air, may
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- be employed in the production of plastic containers, for instance made of PET
(polyethylene therephthalate) ‘thermoplastic polymer, both Iin a single-stage
machine and |n blowing machine, including in the term blowing air both the
primary air, being conventionally defined as the air at a pressure of about 8-10
bars, and secondary air, being conventionally defined as the-air-at a pressure of
about 36-38 bars, as well as the recirculating air. The recirculating air is used
especially ih the production of containers made of PET, intended for filling with
high temperature liquids, which, as known in the state of the art, comprises:

" _the usual ihjection process for pariso'ns,

- the stretching and subsequent blowing of the parisons into the final containers,

- an air recirculating step within the blowing cavity, on completion of the_moulding
cycle, in a step during which the container made of PET is already completely
formed and is still within the moulding cavity.

In a first embodiment of the process of the invention, the recycled air, either
directly in the primary air tank or in a specific recycling tank,.is made available at a
low pressure, conventionally at approximately 8-10 bars, to be used as primary air
in a subsequent blowing cycle

Specifically, the direct recycling of the primary air in the primary air tank Is
compatible with the possible step of recirculating of the air inside the blowing
'cavity, sald step being provided In the case of production of heat-set (HS)“
‘containers.

The advantages of this direct recycling include:

- the high simplicity and cost-effectiveness of the plant, which does not require the
use of dedicated tanks for recycling the blowing air, with corresponding systems
and adjusting devices, except for those normally used for the primary and
secondary air;

- the use of an on/off valve arranged upstream of the pressure adjuster on the
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feedihg' line of the primary air tank to-better manage the direct recycling of the air
in the primary air tank;

- less invasiveness during the step of recycling with respect to the total availability
of the blowing time and thus a lower impaét on the total process window, being the
shearing pressure higher than the' pressure of standard recycling methods;

---the choice of the shearing pressure is calibrated so as to-balance the volume -of-
recycled air with respect to that used as primary air, and thus to reduce ‘the
pressure oscillation in the primary air tank.

In virtue of the features of this first embodiment of the process of the invention,
the reduction of air consumption, and thus of energy consumption, Is equal to
approximately 15-20% with.respect to a blowing process_without.recycling.

In a second embodiment of the process of the invention, -the recycled air 1Is made.
available in two steps:

- at a medium pressure, at approximately 20-25 bars, preferably between 22 and
25 bars, in Qrder to be used as first_step of the secondary air, thus employing.the
high pressure air coming from the compressor only upon-reaching-the threshold

“required by the process, approxirhately 36-38bars,

- and further at a low pressure, cbnventionally at approximately 8-10 bars, in order
to be u.sed either as primary air or as actuating air in the machine or to be returned
to the client as plant air.

Therefore, in this second case, the recycling process of the invention iIs named
medium-low pressure recycling.

In virtue of the featurés of this second embodiment of the process of the invention,
the reduction of air consumpiion, and thus of the energy consumption, is equal to
about 50-55% with respect to a blowing process without recycling and about 30-
35% with respect to a process with a single-step recycling.

Advantageously, according to the recycling method of the present invention, the



CA 02692499 2010-01-04
WO 2009/004472 PCT/IB2008/001752

shearing p’ressu.re values at a medium pressure-are between 20 and 28 bars,
preferably betweén 25 and 28 bars or between 22 and 25 bars.

The dependent claims describe preferred embodiments of the invention.

Brief description of the drawings

Further features and advantages .of the invention will become more appareht In
view of the-detailed description of preferred, though not exclusive, embodiments
of a plant for recycling pneumatic energy of discharge air for container moulding
machines shown, by way of non-limitative example, with the aid of the
accompanying drawings in which:

Fig. 1 shows the graphs of the pressure profiles in blowing cavities, which are
respectively related to a standard blowing process without air recycling, to.a
process with air recyclin'g according the known art and to a first embodiment of a
process with air recycling according to the present invention;

Fig. 2 shows a first variant of a diagram of a plant adapted to implement the air
recycling process. of the invention shown in Fig. 1;

Fig._3 shoWs the graphs of the pressure prdfiles in blowing cavities, which are
" respectively related to a standard blowing process ‘without -air recycling, to a
process with air recycling according the known art and to a second embodiment of
‘ é process with air recycling according to the present invention;

Fig. 4 shows a diagram of a plant adapted to implement the air recycling process
of the invention shown in Fig. 3.
Detailed description of preferred embodiments of the invention

Referring to Figure 1, the pressure profiles in blowing cavities for plastic
containers are diagrammatically shown in a comparative manner, the profiles
corresponding to:

) a standard blowing process with use of primary air plus secondary air, without

- air recycling: profile A-B-C-D, indicated by the curve having reference number 1;
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i) a blowing proces's with recycling of the blowing air according tc-the state of the
~art: profile A—B-H-I-J, indicated by the curve having reference number 2;

..iii) a first embodiment of the “blowing process with air recycling at a medium
pressure according to the invention: profile A-B-E-F-G, iIndicated by the curve
' ha-vi-ng reference-number 3. .

The recycling process of the-invention for recycling the blowing air at a medium
pressure is carried out as follows.

Compressed air at low pressure P1, about 10 bars, the so-called primary air, Is
blown into the parisons which are at a temperature such as to allow an expansion
thereof to adapt to the inner profile of the blowing mould, corresponding to the
segfnent of curve A-B In figure 1.

In a second.step, corresponding to the éegment B-E of the curve 3, secondary air
at a high pressure P2, at about 40 bars, is inputted into the plastic container to
make it take a permanent shape. This air is produced by compression means of
known type and consists of new air for the system:

In the final part -of.this second step, the blown plastic container is maintained at a
high pressure for atime depending on the tj/pe of plastic used and on-otherknown
parameters.

At a predetermined time, in a third step, the air in the container is discharged and
récycled up to reach a medium pressure P3, of approximately 20-28 bars,
preferably 2528 bars, corresponding to the segment E-F of the curve 3.

In a first variant of the process, the air recycled in this third step is directly
transferred to the primary air tank to be later used in the subsequent blowing c;ycle
in the A-B segment.

'In a second variant of the process, the air recycled in this third step is transferred
to a recycling tank, different from the primary air tank, to be later used in the

subsequent blowing cycle in the segment A-B, as mentioned above.
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The dUration of this third-step is in the range between 0,05 and 0,15 seconds.

A fourth' step I1s then implemented, in which the remaining air in the blown
container is discha_rged Into the atmosphere (ségment F-G of the curve 3).

It is worth: noting that the choice of the sheafing pressure value (point F) is
calibrated so as to-balance therecycling volume at net efficiency with respect to
-that needed for feeding primary air. '

Advantageously, during the aforesaid fourth discharge step, the air may be
maintéined at a pressure P4, preferably equal to about 4-6 bars, for carrying out a
step of recirculating in cavities corresponding to the segment K-L of the curve 3.
Said recirculating step is carried out in order to maintain a counterpressure in the
coﬁtainers, contained in the cavities, of preferably about 5 bars.

A pre-pressurization -stage of the primary air tank or .of the recycling tank is
advanfageously-provided in order to guarantee the pressure P1 in the containers
during the step-of starting the moulding machine up.

Fig.u.re' 2 shows.a.first variant of a pneumatic diagram of the blowing plants, using
primary-and secondary. air, recirculating air and air recycled from the blowing
process as described above, in case of a“direct récycling of the air in the primaory -
air tank.

Such a plant advantageously comprises:

- blowing means, comprising In turn the blowing of primary air and secondary air;

- poss‘ible recirculating means;

- possible thermoregulation means of the blowing moulds;

- a recycling system for recycling the blowing and/or recirculating air.

The blowing means comprise the primary and secondary air tanks 13, 14, the
corresponding‘ input valves 13, 14’ for the Input in the containers, the
corresponding piping 137, 147, the cofresponding Compressors.

The recirculating means comprise the recirculating valve 5, the corresponding
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piping 5’ and the same stretching rod-15, provided with a chaﬁnel Internal thereto
to introduce the recirculating air into the containers 4.

The thermoregulation means for the moulds comprise, for instance, oil control
units or resistors with an installed poWer of 'about. 1,8 KW per cavity.

The recycling system for recy'cling the-pneumatic energy of the blowing air and of
the possible recirculating air, coming from the blowing—cavities of single-stage
machines or blowing machines comprises in turn:

- air recycling means;

- and electronic control and automation means.

Advantageously, in this first variant, the recycling means for récycling the blowing
and recirculating air comprise the same primary air circuit 'with the aforesaid
primary air-tank 13, so thatthe recycled air is transferred directly thereto..

The input valve 13’, which supplies the primary air into the-blowing cavity, is a two-
way valve-which, at the beginning of the cavity degassing, directs the air flow back
towards the primary. air tank 13 restoring, basically in excess, the pressure ps0
présent therein at the-start of blowing, 1.e.-the pressure P1 of the first blowing
step, starting from that pressure ps1-at the end-of the primary air input.

When this first pressure ps2 is reached in the tank 13, basically in excess as
compared to the préssure psO,' the valve 13" closes and simultaneously the
degassing valvé 7 opens to complete the emptying of the cavity.

The final pressurization of the tank 13 at the precise pressure ps0O 6f the start of
primary air blowing, which precision is required for forming the blown container, is
obtained:

- by reducing the pressure ps2 in excess to a pressure basically lacking ps3, by
means of a discharge valve 10 controlled by a signal coming from a pressure
transducer 20,

- and finally by possibly correcting the initial value psO by means of a pressure .
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adjuster 30, placed at the inlet of the in-line feeding of the tank 13.

The simultaneous use of different instruments for correctlng the pressure In the
primary air tank 13 is needed to however assure to repeatably reach the primary
air pressure ps0 of biowing start frorﬁ the p_reSSUre of primary air blowing end ps1,
regardless of the-process needs of the container to-be biown and to maximize
bIoWing air recycling and, thus,—fhe reduction in consumption.

Advantageously, at the primary air blowing start, the in-line feeding of the tank 13
by means of the pressure adjuster 30 is interrupted by operating an on/off valve 6
in order to avoid the in-line feeding itself from restoring the pressure ps0, thus
allowing this to be performed, 'in the aforeséid manner, by the discharge air
coming from the blowing cavity through said two-way valve 13'.

Furthermore, being ithe -shearing pressure (point F of the curve 3, Fig. 1) higher _
than the shearing pressure of a standard recycling step (point | of the curve 2, Fig.
1), the invasiveness of the step of recyclingTis reduced with respect to the total
avallability of the blowing time, _and so also the impact on the total process
window.

In a second variant (not shown) of the pneumatic diagram, the blowing and
recirculating air recycling means comprise a specific recycling tank, corresponding
piping and recycling valve. In this case, the primary air input valve 13" into the
containers may be a simple one-way valve. '

Advantageously, there is provided, downstream of said recycling tank, a pipe with
a further valve for inputting the primary air into the containers 4. This further
primary air input valve is opened for using the recycled air in the so-called primary
air step corresponding to the segment A-B of the curve 3.

There are specifically ‘provided pneumatic valves and sensors, capable of tracking
the pressure profile of the pressurized air during the degassing step of the blowing

cavities.
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The aforesaid recycling means in both variants, advantageously, make the

recycled air available at the predetermined pressure P1 (approximately 8-10 barS).

During the final step of discharging from the contéiners’ 4 (segment F-G) an

adjustment of the pressurized air may be providéd by means of appropriate
—adjusting means at an essentially constant pressure P4, preferably equal to

approximately 4-6 bars, in order to produce-an optimal counter pressure in the

cavity, suitable for the production of containers with hot filling strength features.

The electronic control and automation means, in both varnants, comprise:

- elements of connection to the electric mains;

- electromechanical control and protecting means for the apparatuses of the plant,

such as switches, isolators, fuses, etc.;

- electronic control-card and corresponding software.

Figures 1 and -2 show the activation sequence of the main valves of the plant of

the invention, in its first variant, working at full rating:

- opening -the two-way valve 13’ in the first direction- for inputting primary air

(segment A-B) at the pressure P1 up to the time-t1-necessary for_stabilizing the

pressure in the container;

- opening the input valve 14’ for imputing the secondary air at the pressure P2

(segment B-E) up to time t2 necessary for stabilizing the pressure in the container;

- reopening the two-way valve 13’ in the second direction, opposite to the first, for

a direct recycling of the blowing air, exiting from the container 4, in the primary air

tank 13 (segment E-F) up to a time {3;

- closing the two-way valve 13" and simultaneously opening the decompression or

degassing valve 7 until the air is completely discharged into the atmosphere

(segment F-G).

In the case of the second variant of the pneumatic diagram (not shown), the

- activation sequence of the main valves of the plant, when working at full rating, is



CA 02692499 2010-01-04
WO 2009/004472 PCT/IB2008/001752

13

the following:

- opening the input valve 13’ for inputting the primary air '(segment A-B) at
pressure P1 up to time t1 hecessary for stabilizing the pressure in the container;

- obening the input valve 14 for_inpUtting the secondary air at the pressure P2 ’
(segment B-E) uptotime 12 necessary. for stabilizing the pressure in the container,
- opening the recycling valve for the input-of-blowing air, already employed in the
container, in the recycling tank (segment E-F) up to a time t3;

- closing the recycling valve and simultaneously opening the decompression valve
until the air is completely discharged from the cavity into the atmosphere (segment
F-G).

Alternatively, in both variants, in.case of production of heat-set plastic containers,
along the segmént F-G there are-provided, when the pressure P4 is reached-in
the blowing cavity-at a time t4-(point K):

- opening the recirculating valve 5 for the input of recirculating air -into the
container 4, the degassing valve 7 remaining open at the same-tirhe,

- and maintaining the counter pressure in the-container-at the-value P4 up to a_
time t4' (segment K-L).

In this case, the full discharging of the residual air from the cavity into the
atmosphere (segment L-M) is performed by closing the recirculating valve 5 and
~ leaving the decompression valve 7 aiways open.

The times t1, 12, t3, 14 and t4’ are determining times for the cycle and depend on
various factors.

In the case of t1 and t2, they are defined, with respect to the time t0 of the start of
blow moulding cycle, on the basis of detections of the pressure existing within the
containers which must preferably reach a predefine.d stable level.

The time t3 is also defined on the basis of the thickness of the wall of the

containers which must be subjected to the conditioning process which takes place
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' .in contact with the hot walls of the mould.
The range between t2 and t3 takes Values in the range between 0,05 and 0,15
sec. ' ' '
The possible range between t4 and t4' takes values in the range between 0,3 and
- 1 sec.
With reference to Figure 3, the-pressure profiles in blowing cavities for plastic
containers aré diagrammatically shown in a compafative manner, the profiles
corresponding to:
) the standard blowing process using primary air plus secondary air, without air
recycling: profile A-B-C-D, indicated by the curve having reference number 1;
Il) the blowing process with recycling of_-blowing. air of the state of the art: profile A-
B-H-I-J, indicated by the curve-having reference-number 2;
i) a second embodiment of the blowing process with air recycling at a medium.
| pressure-according to the invention: profile A-B-E’-E-F-F’-G, indicated by the curve
having reference number 31.
The blowing air recycling process, In this second em‘bodiment; provides a double-
—recycling-at-medium and low pressure and is performed as follows.
Compréssed air at low pressure of about 10 bars, the so-called primary air, Is
blown in the parisons, which are at a temperature such as to allow an expansion
thereof to adapt to the inner profile of the blowing mould, corresponding to the
segment of curve A-B In figure 1.
In a second step, 'corresponding to the segment B-E’ of the curve 31, compressed
air is introduced at a pressure P5 pf higher value, approximately 20-23 bars. This
is the so-called secondary air at medium pressure which is taken from an air tank
containing recycled air in a part of the emptying step of the containers at the end
of the moulding process.

In a third step, represented by the segment E’-E of the curve 31, secondary air at
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a-high pressure P2, at about 40 bars, is then inputted into in the plastic container -
to make it take a permanent shape. This air is produced by compression means of
the known type and consists of new air for the system. In the final part of this third
step the blown -plastic container is maintained at a high pressure for a time
depending on the type of plastic used and on-other known parameters.

At a predetefmined time;—'in a fourth step, the air-in the container is discharged and
recycled until an intermediate pressure P3 ' IS reached (about 22-25 bars),
corresponding to the E’-’F segment of the curve 31. The air in this fourth step is
transferred either to a first dedicated recycling tank dr directly into the seco'ndary
air tank to be later used, as already mentioned above, in the subsequent blowing
cycle in the B-E’ segment. The.duration of this fourth_step is in the range between
0,05 and 0,10 seconds. .

- Subsequently, a second discharge step of the air from the-container in-which the
air is recycled' at a low pressure P3’ (about 12-14 bars), corresponding to the ‘F-F’
segment of the curve 31, and transferred in a second recycling tank or other
suitable dedicated storing-means. The-duration of this- further discharge step-is in
the range between 0,05-and 0,10 seconds.

This air is used in the following blowing cycle, in the segment A-B as primary air
(about 8-10 bars). A further use for this recycled air at low pressure is that for the
pneumatic actuation of the blowing machine, during its operation, or, if the
production of low pressure air is in excess with respect to the cited previous uses,
it may be used, for instance, as plant air.

Advantageously, during the above said second discharge step, the air may be
maintained at a pressure P4’, preferably equal to approximately 12-18 bars, for
carrying out a recycling step in the cavities corresponding to the segment K-L of
the curve 31’ Said recycling step is carried out in order to maintain a counter

preséure in the containers, contained in the cavities, which is in the range between
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13 and 17 bars,-preferably about 15 bars. Such values may however vary as a
function of the thickness of the wall of the containers to be conditioned, between a
minimum of 10 bars and.a maximum of 30 bars.

- There -is advantageou'sly provided a pre-pressurization stage of the first and
second recyclin'g tanks or of the secondary. air tank and-of-the-second recycling-
- tank in order to respectively ensure in-the containers'the pressure PS5 and the
pressure P1 during the start-up step of the moulding machine.

The remaining air in the blown container is discharged in the atmosphere starting
from a pressure lower (segment F'-G of the curve 31) than the pressure at which it
is discharged in the atmosphere in the plants of the state of the art, (segment I-J
~of the curve 2). This allows a further saving as the air that is discharged .in the
atmosphere has a lower energy content:

It should be noted that the choice of the shearing pressure-values (points F, F’) is
set in order to balance the recycling volumes at net efficiency with those fequired
for the feeding of the primary air and of the first step of.the secondary-air (points
B, E).

Figure 4 shows a. third-variant-of a pneumaitic diagram of the blowing plants, using
primary and secondary air, recirculating air and recycled air from the blowing
process as described in this second embodiment, in the case in which two
dedicated recycling tanks are provided.

In this diagram-, the recycling tanks of air at medium and low pressure are
indicated by corresponding numerals 8 and 9.'

Such a plant, as the one shown in Fig. 2, advantageously comprises:

- the blowing means, comprising In turn the blowing of primary air and secondary
air;

- possible recirculating means, appropriately adapted for increased flow rates with

respect to the known plants;
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- possible th'ermoregulatidn means for the blowing moulds having an increased
power, about twice as much.with respecf to the known plants;

- a recycling system for the blowing and/or recirculating air.

The blowing- means fcomprise the primary and secondary air tanks 13, 14, the
corresponding input valves 13, 14" for the input ih the containers;” the
corresponding pipings 13", 14", the corresponding corhpressors.

The recirculating means comprise the recirculating valve 5, the correspo.nding
piping 5’ and the same stretching rod 15, provided with a channel internal thereto
to introduce the recirculating air in the containers 4.

The thermoregulation means for the moulds comprise, for instance, oil control
units or resistors with_an installed power of about 1,8 kW per cavity. -
Finaliy, the recycling system for recycling the pneumatic energy of the blowing air
and of the pbssible recirculation, coming from the blowing cavities of single-stage
machines or blowing machines, comprises In turn:

- air recycling means;

- and electronic control and automation means.

- The recycling means for the biowing and recirculating air advantageousiy
comprise: .

- a first recycling tank 9, the corresponding piping 9 and recycling valve 97;

- a second recycling tank 8, the corresponding piping 8" and recycling vaive 8.
Advantageously, downstream of said first tank 9 there is provided a piping with a

1)

further input valve 14’ for the input of secondary air to the containers 4. This

1)

valve 14"’ I1s opened to carry out the so-called first step of the secondary air
corresponding to the segment B-E’ of the curve 31.

There are specifically provided pneumatic valves and sensors, capable of tracking
the pressure pro.file of the pressurised air during the degassing step of the blowing

cavities.



CA 02692499 2010-01-04
WO 2009/004472 PCT/IB2008/001752

18

Said reCycIing means a'dvantageously make the-recycled afr available:

-ata 'predetermined pressure P3 (about 22-25 bars);

- and at a further predetermined pressure P3’ (about 12-14 bars), in order to be
possibly adjusted by appropriate adjustment means at a substantially constant
pressUre P4’ preferably equal to about 12-18 bars, to produce an optimal counter
pressure-in-the cavities, suitable for the production of containers w'ith hot filling
~ and long life strength features.

Alternatively, in a variant (not shown) of the pneumatic diagram in Fig. 4, the first
- step of recycling the blowing air occurs directly into the secondary air tank. As
similarly described for the direct recycling. step Into-the primary arr tank, in this
caSe, the input.valve 14’, which supplies the secondary air into the blowing cavity,
Is a two-way valve‘Which, at the start of degassing of the cavity, directs the air flow
‘back towards the secondary air tank 14 restoring, basically in excess, the pressure
psO’ present therein -at the blowing start, i.e. the pressure P5- of first blowing step
of the secondary air, starting from that pressure ps1’ at the end of the secondary
air input. '

When this first pressure ps2’ is reached in the tank 14, -basically in—excess with
respect to the pressure ps0’, the valve 14’ closes and simultaneously the recycling
valve 8" 6f the recycling tank 8 is opened.

The final pressurisation of the tank 14 at the precise pressure psQ’ of secondary
air blowing start is thus obtéined:

- by reducing the pressure ps2’ in excess to a pressure basically lacking ps3’, by
means of a discharge valve controlled by a signal coming from a pressure
- transducer, .

- and finally by possibly correcting'the initial value psO’ by means of a pressure
adjuster, placed at the.inlet of the in-line feeding of the secondary air tank.

The simultaneous use of different instruments for correcting the pressure in the
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- secondary air tank 14 is needed to however ensure to —#epeatably reach the
secondary air pfessure psO’ of blowing start from the pressufe ps1of sécondary
air‘blowing end, regardless of the .prbcess néeds of thé container to be blown and
“to maximize blowing air recycling ahd, thus, to reduce consumption; |
Advantageously, at the secondary air'-blowing start, the in-line -feeding of the tank
14 by means of the-pressure adjuster 30 is interrupted by operating an on/off
valve in order to prevent the same in-line feeding from restoring the pressure ps0’,
thus allowing that this is performed, in the aforesaid manner, by the discharge air
coming from the blowing cavity through the two-way valve 14"

The electronic control and automation means, also In these other two variants,
‘ comprise:

- elements of connection to the electric mains,

- elecfromechanica-l- controi-and protection means for the apparatuses of the plant,
such as switches, isolators, fuses, etc.;

- electronic control card and corresponding software.

The_Figures_3 and 4 show thé -activation sequence of the main valves of the plant
of the invention when it works at full rating:

- opening the input valve 13’ for the primary air (segment A-B) at the pressure P1
up to time t1 necessary for stabilizing the pressure in the container;

33

- opening the input valve 14" for inputting the secondary air at the pressure P5
(segment B-E’) .Qp to time t2' necessary for stabilizing the pressure In the
container,
- - opening the input valve 14’ for inputting thé secondary air at the pressure P2
(segment E’-E) up to time t2 necessary for stabilizing the pressure In the
container;

- - opening the recycling valve 9" for the input of blowing 'air, already employed in

the container, in the first recycling tank 9 (segment E-F) up to a time t3;
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_ opening the recycling valve 8” for the input of blowing air, already erhp!éyed in
thé containér, In th’e second recycling tank 8 (segment F-F’) up to a time t5;

- closing the récycling valve 8" and simultaneously opening the de_compreSsion
~valve 7 until the air Is completely discharged trom the cavity into the atmosphere
-(segment F'-G).

In the case of the further variant of-the-pneumatic diagram (not shown), in which
there is provided the first direct recycling in the secondary air tank, the activation
sequence of the main valves of the plant, wheri working at full rating, is the
following: .

- - opening the input valve 13’ for inputting the primary air (segment A-B) at the
pressure P1 up to time t1 necessary for stabilizing the pressure in_the container;

- opening the two-way valve 14’ in the first direction for Introducing secondary air
‘ (segment B-E*) at the pressure PS5 up to the time t2’, and then at the pressure P2
- (segment E’-E) up to the time t2, necessary for stabilizing the pressure in the
container:

—reopening the two-way-valve 14’ in the second direction, opposite to the first, for
directly recyciing the blowing air, exiting from-the container 4, into the secondary
air tank 14 (segment E-F) up to a time t3;

- élosing the two-way valve 14’ and simultaneously opening the recycling valve 8
for inputtin'g the blowing air, already employed in the container, into the 'second
recycling tank 8 (segment F-F’) ub to a time t5;

- closing the recycling valve 8” and simultaneously opening the decompression
valve 7 until the air is completely discharged from the cavity into the atmosphere
(segment F-G).

Alternatively, in the case of production of heat-set long-aging plastic containers,
along segment F-F’ there are provided, when the pressure P4’ Is achieved In the

blowing cavity at a time t4 (point K):
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- opening the 'recirc'ulating valve 5 for ihputting recirculating air in the container 4,
the recycling valve 8" remaining open at the same time, -

- and maintaining' the counter pressure in the container at the value P4’ up to a
timé t4’ (segmeni K-L). .

In this case the complete- discharge of the residual air of the cavity in the
'atmospheré (segment L-M) is carried out by closing-the-recycling valve 8” and the
recirculating valve 5 and simultaneously opening the decompression valve 7.
Thetimes t1, t2’, t2, t3 and t5 or t4 and t4’ are determining times for the cycle and
depend on various factors.

In the case of t1 and t2, ‘thez_yh are defined, with respect to the cycle starting time 10,
o.n- the basis of detections.of the pressure existing within the containers which.
must-preferably reach-a predefined stable level. '

The times t3 and tS are also-defined on the basis of the thickness of the wall of
the containers which must be subjected to the conditioning process which takes
place-in contact with the hot walls of the mould.

The range between t2 and t3-and.that between t3 and t5 take values in the range
between 0,05 and 0,10 sec.

The possible range between 14 and t4’ takes values in the range between 0,2 and
1,5 sec.

As the pressure P4’ may coincide with the pressure P3’, the times t4 and t5 may in
turn coincide.

At the end of each blow moulding operation, the air stored in the recycling tank 8
may advantageously be reused to feed the tank of primary air 13, or it rhay be
directed to a first handling air delivery 11 or to a second air delivery 12 for the
reuse in different parts of the plant. )
Advantageously, fhe air stored in the recycling tank 9 is reused to feed the

containers 4 in the first step of the secondary air (segment B-E’).
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In all the variants described above, the plant adjustments to the machines for the
production of containers made of PET, in order to allow the recycling of the

blowing air according to the modes described here, may be applied both to single-

stage machines and to blowing machines.
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New claims

1. A method for recycling blowing air from a blow moulding machine for blow
moulding plastic material containers, said machine comprising:

- moulds provided with blowing cavities,

- first blowing means (13, 13") for blowing primary air in the cavities of said moulds,
comprising a primary air tank (13),

- second blowing means (14, 14’) for blawing secondary air in the cavities of said
moulds, comprising a secondary air tank (14),

- first recycling means for recycling the blowing air exiting from said cavities, in a
first step of discharging the air from the containers,

said method comprising the following stages:

a) at a predetermined starting time 10 of a blowing cycle, blowing the air into the
cavities of the moulds at a first predetermined pressure P1, by means of the first
blowing means, and maintaining the air at such a first pressure in the cavity up to
a first time 11, in which said air is defined primary;

b) blowing the air into the cavities of the moulds at a second predetermined
pressure P2, by means of the second blowing means, said second predetermined

pressure being higher than the first pressure P1, and maintaining the air at said
second pressure up to a second time {2, in which said air is defined secondary,

c) discharging the air from the cavities until a third pressure P3 is reached in the
containers, such a third pressure having a value comprised between said first
pressure P1 and second P2 pressure, and recycling the air at said third pressure
P3 by means of the first recycling means, wherein said third pressure P3 has a
value in the range between 20 and 28 bar and has a duration in the range
hetween 0,05 and 0,15 sec,

¢') discharging and recycling the air from the cavities until a fourth pressure P3’ is
reached in the containers with a value between 12 and 14 bars, and

d) discharging the remaining air contained in the cavities at atmospheric pressure.
2. A method according to claim 1, wherein the air recycled by the first recycling

means is directly recycled in the primary air tank (13) to provide primary air in a
stage a) of a subsequent blowing cycle.
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3. A method according to claim 2, wherein in stage ¢) the direct recycling in the
tank (13) allows to reach therein a pressure (ps2) basically in excess with respect
to the first pressure (P1) present therein at the starting time (t0) of a blowing cycle.
4. A method according to claim 3, wherein there is provided a pre-pressurization
stage of said tank (13) so as to guarantee in the containers said first pressure (P1)
during the starting step of a blowing cycle.

5. A method according to claim 4, wherein said pre-pressurization stage includes a
reduction of the pressure in excess (ps2) at a pressure basically lacking (ps3) with
respect to the first pressure (P1), by means of a discharge vaive (10) controlled by
a pressure transducer (20), and a possible correction up to value of said first
pressure (P1) by means of a pressure adjuster (30), placed at the inlet of the in-
line feeding of the tank (13).

6. A method according to claim 5, wherein there is provided an interruption of the

in-line feeding of the tank (13) by means of the pressure adjuster (30), at the
starting time (t0) of a blowing cycle, by means of the actuation of an on/off vaive
(8).

7. A method according to claim 1, wherein the air recycled by the first recycling
means is recycled in a recycling tank, different from the primary air tank (13), to
provide primary air in a stage a) of a subsequent blowing cycle.

8. A method according to claim 1, wherein the air recycled in stage ¢) is recycled
in either a first recycling tank (9) or directly in the secondary air tank (14) to supply
a part of secondary air in blowing stage b) until a fourth pressure (P5) is reached

in the containers which is higher than the first pressure (P1) and lower than the

second pressure (P2).

9. A method according to claim 8, wherein between stage c) and stage d) there
are provided an intermediate discharge of the air from the cavities up to reach in

the containers a fifth pressure (P3') with a value between said first pressure (P1)
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and third pressure (P3), and a recycling of the air at said fifth pressure by means
of second recycling means comprising a second recycling tank (8).

10. A method according to claim 8, wherein the air recycled during said
intermediate discharge is used to supply primary air in a stage a) of a subsequent
blowing cycle.

11. A method according 1o claim 9, wherein there is provided a pre-pressurization
stage of the first and second recycling tanks (9, 8) so as to guarantee in the
cavities said fourth pressure (P5) for a first part of the stage b) and said first
pressure (P1) during a starting step of a blowing cycle, respectively.

12. A method according to any one of the preceding claims, wherein during stage
d) when a sixth pressure (P4) is reached, there is provided the maintaining of the
air in the cavity at said sixth pressure for implementing a step of recirculating in the
cavities up to a third time (14°).

13. A method according to claim 9 or 10, wherein during said intermediate
discharge when a sixth pressure (P4') is reached, there is provided the
maintaining of the air in the cavity at said sixth pressure for'implementing a step of
recirculating in the cavities up to a third time (14').

14. A method according to any one of the preceding claims, wherein the third
nressure (P3) has a value between 25 and 28 bar or between 22 and 25 bar, said
second predetermined pressure (P2) has a value equal to approximately 40 bar
and said first predetermined pressure (P1) has a value equal to approximately 10
bar.

15. A method according to any one of the preceding claims, wherein the duration
of the stage ¢) is in the range between 0,05 and 0,15 sec.

16. A blow moulding machine for blow moulding plastic material containers (4),

adapted to carry out the method according to any one of the claims from 1 to 15,

comprising:
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~ moulds provided with blowing cavities,

~ first blowing means for blowing primary air in the cavities of said moulds,
comprising a primary air tank (13),

- second blowing means (14, 14’) for blowing secondary air in the cavities of said
moulds, comprising a secondary air tank (14),

- first recycling means for recycling the blowing air exiting from said cavities, in a
first step of discharging the air from the containers,

wherein said first recycling means are configured so as either 1o allow an input of
primary air into a first blowing stage within the cavities of said moulds or to allow
an input of a part of secondary air into a second blowing stage. ‘

17. A machine according to claim 16, wherein said first recycling means comprise
the primary air tank (13) and a valve (13') for inputfing primary air into said
cavities, said valve (13') being of the two-way type and adapted to allow a direct
recycling of the blowing air in said primary air tank (13).

18. A machine according to claim 17, wherein there are provided pre-
pressurization means of the primary air tank (13) compnsing a discharge valve

(10) controlled by a pressure fransducer (20) and a pressure adjuster (30) placed

at the inlet of the in-line feeding of the primary air tank (13).

19. A machine according to claim 18, wherein there is provided an on/off valve (6)
adapted to interrupt the in-line feeding of the primary air tank (13), by means of the
pressure adjuster (30), when the primary air blowing into the cavities starts.

20. A machine according to claim 16, wherein said first recycling means comprise
a recycling tank, different from the primary air tank (13), to supply primary air into
said cavities.

21. A machine according to claim 18, wherein said first recycling means comprise

a first recycling tank (9), a recycling valve (9”) and the corresponding recycling

piping (9') and are adapted to allow an input of part of the secondary air in the
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blowing stage b) within the containers so as to generate said fourth pressure (P5)
in the cavities themselves.

22. A machine according to claim 16, wherein said first recycling means comprise
the secondary air tank (14) and a valve (14') for inputting secondary air into said
cavities, said valve (14') being of the two-way type and adapted to allow a direct
recycling of the blowing air in said secondary air tank (14).

23. A machine according to claim 21 or 22, wherein there are provided second
storing means (8) for sforing the air exiting from said cavities, in a second air
discharge step, which are adapted {o allow an input of primary air in the blowing
stage a) within the containers so as to generate said first pressure (P1) in the
cavities themselves.

24. A machine according to claim 23, wherein said second storing means
comprise a second recycling tank (8), a recycling valve (8”) and a corresponding
recycling piping (8').

25. A machine according to any one of the claims from 16 to 24, wherein there are
provided input means for inputting recycling air (5) in said containers, placed in the

cavities of said moulds, comprising a recirculating valve (5) and a corresponding

recirculating piping (5.
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