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method and an air working system for various drive units of a
stretch-blow molding machine for molding an injection-molded
preform into a hollow product such as a thin-wall vessel
immediately after releasing the preform or after reheating

the released preform.

2. Background Art

In general, an air cylinder unit is used to
stretch-blow mold an injection-molded preform into a vessel
or the like as various drive units.

Figure 2 is a schematic view of a molding machine
for stretch-blow molding an injection-molded prefbrm into a
thin-wall vessel, in which various drive units related to
molding such as a vertically-moving unit 1 for a blow core,
an extending unit 2 for a stretching rod, a fixing unit 3 for
a blow core, a releasing unit 4 for a product, and a
positioning unit 5 for a transfer board are operated by air

cylinder units 11, 12, 13, 14, and 15. Though not
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illustrated, a bottom mold 8 of a blow mold 7 is also

vertically moved by an air cylinder depending on the bottom
structure of a product 6.

In the case of the above stretch-blow molding
machine, when a preform 17 held by a neck mold 16 at the
under surface of a transfer board 10 rotatably set to the
under surface of a support board 9 reaches the opened blow
mold 7 by intermittent rotation of the transfer board 10,
working air of approx. 10 kgf/cm2 is supplied to the upper
chamber of the air cylinder unit 15 of the positioning unit
5, thereby a pin 15a is protruded downward and set into a
positioning hole of the transfer board 10, and the blow mold
7 and the neck mold 16 are positioned.

When the positioning operation is completed, the
transfer board 10 is lowered together with.the support board
9 by operations of a hydraulic power unit to lower the
preform 17 to the center of the blow mold 7. Then, the blow
mold-7 is closed by hydraulic pressure to close with the neck
mold 16. Thereby, the preform 17 is located at the center of
the closed blow mold 7.

When the mold closing operation is completed, the
working air is supplied to the upper chamber of the air
cylinder unit 11 of the vertically-moving unit 1 for a blow
core and then a piston rod lla is moved downward to lower a

blow core 18 set to the under surface of a bed plate 1l1lb at
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the front end of the piston rod lla and the extending unit 2
for a stretching rod set to the upper surface of the bed
plate 11b. Thereby, the blow core 18 inserted a stretching
rod 19 is inserted into the neck mold 16 and the position
thereof is fixed by a piston rod (not illustrated) of the air
cylinder unit 13 of the fixing unit 3 for a blow core to be
next operated by air. This fixing operation is performed by
fitting the foremost end of the piston rod to the lateral of
a frame 2a of the extending unit 2 for a stretching rod.

When the position of the blow core 18 is fixed, the
working air is supplied to the upper chamber of the air
cylinder unit 12 of the extending unit 2 for a stretching
rod, the stretching rod 19 connected to the front end of the
piston rod 1l2a lowers by passing through the blow core 18
together with the rod 12a and the preform 17 is stretched in
the axis direction by the stretching rod 19. High-pressure
air of 20 to 30 kgf/cm2 is supplied into the preform from the
blow core 18 simultaneously with or slightly later than the
above stretching operation and the preform 17 is fully
expanded in a cavity and molded into the product 6 shown in
Fig. 2.

When the molding operation is completed, the whole
high-pressure air-used for blow molding is exhausted to the
atmosphere, and moreover, the blow mold 17 is opened and the

support board 9 and the transfer board 10 are moved upward.
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Furthermore, the Qorking air is supplied to the lower
chambers of the air cylinder units 11 and 12, the product 6
is released from the blow mold 7 by upward movement of the
piston rods lla and 12a, and the blow core 18 escapes out of
the neck mold 16 and rises up to its original position.

When the neck mold 16 is moved up to the position
of the product releasing unit 4 by rotation of the transfer
board 10 after positioning is canceled and stops there,
positioning operation is performed again in the same manner
as the above, the working air is supplied to the upper
chamber of the air cylinder unit 14, and the piston rod l4a
moves downward. An expanding member 14b is present at the
front end of the piston rod 14a and the front end portion is
inserted into the neck mold 16 to forcibly open the neck mold
16 comprising a pair of split molds and release the product
6. Simultaneously with the releasing operation, a newly
transferrgd preform is stretch-blow molded at the position of
the blow mold 7. After releasing the product's, the air
cylinder unit 14 moves the piston rod 1l4a upward by the
working air supplied to its lower chamber to return the
expanding member 14b to its original position and make it
possible for the transfer board 10 to rotatively move.

Therefore, in the case of the present invention,
the above various drive units are defined as various drive

units related to stretch-blow molding. Moreover, to separate
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the pressure of blow air from that of working air, the blow
air is defined to as high-pressure air and the working air is
defined as low-pressure air.

When an air cylinder unit is used for the various
drive units related to stretch-blow molding, ﬁigh-pressure
air compressed by a compressor is stored in a tank and the
air is used as blow air at a high pressure and working air at
a low pressure separately. Therefore, because the compressed
air stored in the tank is greatly consumed in one molding
cycle, there is a broblem that the compressor must frequently
be operated. Moreover, there is a problem of noises because
the high-pressure air used for blow-molding is entirely
exhausted.

"Recycling some of high-pressure blow air as low-
pressure air is already disclosed in the official gazette of
Japanese Patent Laid-Open No. 7-195501 (or EP 0 655 313 Al)
and recycling high-pressure working air as low-pressure
working air is already disclosed in the official gazette of"
Japanesé Patent Laid-Open No. 7-251443 (or EP O 655 314 Al).
In the case of the former, the high-pressure air used for
expanding a preform is supplied to a low-pressure air supply
source and the low-pressure air from the low-pressure air
supply source is used for supplementary adjusting
air-pressure for stretch-blow molding a preform or for

preliminary molding a preform before supplying high-pressure
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blow air. In this case, air-pressure-type drive units-

related to stretch-blow molding are operated by the working
air supplied from a separate working-air supply source.

In the case of the latter, an auxiliary working-air
supply source with a low pressure level is used in addition
to a main working-air supply source of air-pressure operated
elements related to stretch—blow molding, the air from the
main working-air supply source is used to operate the
air-pressure operated elements and thereafter exhausted to
the auxiliary working-air supply source to perform second air
operations such as return of a stretching rod by using
low-pressure-level working air supplied from the auxiliary
working-air supply source.

Also in the cases of these prior arts, the
high-pressure éir used for one operation is recycled as
low-pressure air for another operation. Therefore, the
high-pressure air used for blow molding is used as
low-pressure air for blow molding and the high-pressure air
used for drive units is used as low-pressure air for drive
units. However, the high-pressure air used for blow molding
is not recycled yet as an air drive source for various drive
units using a pressure lower than the pressure of blow air.

Even if the used blow air exhausted to the
atmosphere after blow molding has a high pressure, it is

limited in quantity to collect the used blow air in a
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separately prepared working-air tank by using a pressure

difference.

Moreover, it is impossible to compensate for the
whole working-air consumption by collected air but only
partial replenishment is performed in general. Therefore,
when alr consumption is repeated, working air is reduced
because of the difference between air consumption and
collected air quantity. Unless the reduction is supplemented
by any means, it is very difficult to recycle used blow air

as working air of various drive units.

SUMMARY OF THE INVENTION

The present invention solves the conventional
problems such as frequent operation of a compressor, the cost
required for compressed air, and exhaust noises by recovering
used blow air to be entirely exhausted after blow molded a
preform as working air.

Therefore, it is an object of the present invention
to solve the problem of used blow air when collecting the
high-pressure air used for blow-molding of a preform in a
low-pressure working-air tank separate from a high-pressure
blow-air tank as working air for various drive units related
to stretch-blow molding by using a compressor for supplying
coﬁpressed air to the blow-air tank so that collected blow

air can be recycled as working air and provide a method and a
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system capable of decreasing the availability factor of the
compressor even 1f the compressor is used for the both tanks
and thereby, cutting the cost required for compressed air and
decreasing exhaust noises.

To pneumatically operate various drive units for
molding an injection-molded preform into a hollow product
such as a vessel with a predetermined shape by stretching the
preform by a stretching rod and expanding it by blowing
high-pressure air in a blow mold, in the air working method
of the present invention to achieve the above object, a
high-pressure blow-air tank for expanding the preform, a
low-pressure working-air tank for operating various drive
units related to the above stretch-blow molding, and a
compressor for supplying compressed air to the both tanks are
employed, the used blow air after supplied from the blow-air
tank into the blow mold to expand the preform into a
predetermined shape is collected until the working-air tank
in which air is stored to be consumed to operate the various
drive units is saturated with the collected blow air,
compensation for the reduction of working air due to the
difference between air consumption and collected air quantity
is achieved by supplying compressed air to. the working-air
tank from the compressor so as to effectively recycle some of
the used blow air as working air.

The above various drive units related to
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stretch-blow molding include a vertically-moving unit for a

blow core, a extending unit for a stretching rod, a fixing
unit for a blow core, a positioning unit for a transfer
board, and a releasing unit for a product, each of which is
reciprocated by a piston of an air cylinder and in which the
piston of each drive unit is reciprocated by the used blow
air collected in a working-air tank.

The air working system of the present invention for
various drive units comprises a blowing unit constituted by
connecting a blow core for injecting high-pressure air into a
preform in a blow mold to expand the preform with a blow-air
tank for always storing a predetermined amount of
high-pressure air by a blow-air circuit provided with a
selector valve and connecting an exhaust circuit provided
with a selector valve to the blow core side of the blow-air

circuit, a working unit constituted by connecting air

" gylinder units of wvarious drive units related to stretch-blow

molding of a preform with a low-pressure working-air tank by
a working-air circuit provided with a pressure reducing valve
and a selector valve, an air collecting circuit provided with
a selector valve connected to both the working-air tank and
the blow-air circuit to collect used blow air from the
blow-air circuit to the working-air tank as working air, and
a compressor connected to both the blow-air tank and the

working-air tank to supply compressed air to the blow-air
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tank while supplying compressed low-pressure air to the

working-air tank by a pressure reducing valve set in the
circuit.

Moreover, each of the various drive units connected
to the low-pressure working-air tank by the working-air
circuit is provided with an air cylinder unit to be
reciprocated by working air with a pressure lower than blow
air and has a selector valve for each air cylinder unit.

The method and the system of the present invention
can be applied to any one of the molding method and system
generally referred to as the one-stage or hot parison method
for continuously injection-molding a preform and stretch-blow
molding the preform into a hollow product such as a vessel
and the molding method and system generally referred to as
the two-stage or cold parison method for temporarily stocking
an injection-molded preform and thereafter reheating the
preform to stretch-blow mold the preform into a product such
as a vessel.

According to the present invention of recycling
high-pressure air exhausted after the above blow-molding of a
preform by collecting the air in a working tank by a
differential pressure and compensating for the insufficient
pressure of collected air by raising the pressure by a
compressor, it is possible to prevent air pressure from

lowering at the time of peak air consumption, cut the cost of

- 10 -
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compressed air because the availability factor of the

compressor decreases, lengthen the maintenance cycle because
the clearance rate increases, and solve the problem of
exhaust noises because the number of failures decreases and
the amount of air to be exhausted into the atmosphere
decreases.

Moreover, the air working system of the present
invention is not complicated in structure compared to a
conventional system or does not require special means to
operate the system because a working-air tank is connected to
both a compressor and a blow-air circuit separately from a
blow~air tank and only a pressure reducing valve and a

selector valve are set to the compressor and the circuit.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is an illustration of an embodiment of the
air working system of the stretch-blow molding machine of the
present invention; and

Figure 2 is a schematic sectional view of the
stretch~blow molding machine provided with wvarious drive

units to be operated by the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
In Fig. 1, numeral 20 represents a compressor with

which a blow-air tank 21 for storing high-pressure air (20 to

- 11 -
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3Okgf/cm2) and a working-air tank 22 for storing low-pressure

air (11 to 15 kgf/cmz) are connected via air compression and

supply circuits 23 and 24. Moreover, the air compression and
supply circuit 24 is provided with a pressure reducing valve

25 to supply low pressure air to the working-air tank 22 and

a check wvalve 25a.

A blow-air circuit 26 provided with a selector
valve 27 is set between the blow-air tank 21 and the blow
core 18 of the blow mold 7 and an exhaust circuit 29 provided
with a selector valve 28 is connected to the blow core side
of the blow-air circuit 26.

The working-air tank 22 is connected with the
blow-air circuit 26 by an air collecting circuit 32 proviﬁed
with a selector wvalve 30 and a check valve 32 and moreover
connected with the air cylinder unit 11 of the

vertically-moving unit 1 for a blow core set to the

- stretch-blow molding machine and other drive units related to

molding shown in Fig. 2 by a working-air circuit 33.

The working-air circuit 33 is provided with a
pfessure reducing valve 34, a filter 35, and a selector valve
36 in order and therefore, the working air in the working-air
tank 2 is decompressed to a set pressure by the pressure
educing valve 34 and flown to the working-air circuit 33.

Though one selector valve 36 is shown in Fig. 1,

the selector valve 36 is set to each drive unit shown in Fig.

- 12 -
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2. Therefore, in the vertically-moving unit 1 for a blow
core, working air is alternately supplied to the air chamber
divided into upper and lower chambers by the piston of the
air cylinder unit 11 and the piston rod 1lla performs
telescopic motion.

The working-air tank 22 is provided with a valve 38

for controlling the pressure of collected air to 15 kgf/cmz.

Moreover, the selector valves 27, 28, 30, and 36 in each air
circuit use a solenoid valve respectively.

The above-mentioned air tanks 21 and 22 store
high-pressure blow air and low-pressure working air
compressed by the compressor 20 respectively. When the
selector valve 27 of the blow-air circuit 26 is opened and
other selector valves 28 and 30 are closed, high-pressure air
is supplied to the blow core 18 form the blow-air tank 21 to
fully expand the preform 9 in the cavity of the blow mold 7.

Figure 1 shows a case in which high-pressure air
used for blow-molding is exhausted and the process advances
to opening of the blow mold 7. Simultaneously with the mold
opening, working air is supplied from the working-air tank 22
to the air cylinder units of the fixing unit 3 for a blow
core, the vertically-moving unit 1 for a blow core, the
extending unit 2 for a stretching rod, the positioning unit 5
for a transfer board 10 and the releasing unit 4 for a

product so as to carry out canceling of the fixed state,

- 13 -
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raising of the blow core and stretching rod, and lowering of
the expanding member in order.

By closing the selector valve 27 to stop the supply
of blow air and simultaneously opening the selector valve 30
to connect the air-blow circuit 26 with the working-air tank
22 when blow molding before the exhaust process in Fig. 1 is
completed, the high-pressure air opens the check valve 31 by
the differential pressure produced between the circuit 26 and
the tank 22 and flows into the working-air tank 22 to be
collected.

At this point of time, the amount of air stored in
the working-air tank 22 is decreased because air is already
consumed for operations of the above drive units and the
decreased amount of air is replenished by collecting the
above used blow air. This collecting is continued until the
circuit pressure is lowered due to inflow into the
working~air tank 22 and balanced and a saturated state which
can hardly be festored only by the circuit pressure is
realized. However, the pressure of the working-air tank 22
does not become lower than the set pressure and therefore, a
proper pressure is maintained.

When the saturated state is realized, the selector
valve 30 is closed to cut off the air circuit 32 and the
selector valve 28 of the exhaust circuit 29 is opened as

shown in Fig. 1. Thereby, air not collected yet is exhausted

- 14 -
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into the atmosphere and no used air remains in the blow air

circult 26.

In the case of the working-air tank 22, the tank
capacity is frequently limited from the viewpoint of the
setting space and the blow air consumption in one molding
cycle depends on the number of products simultaneously
produced per one molding cycle. However, it is impossible to
compensate for the whole working-air consumption by the
collected air and the collected air is always only partial
replenishment. lTherefore, whén air conéumption is repeated,
working air is reduced due to the difference between air
consumption and collected air quantity. This reduction is
compensated by compressed air supply from the compressor 20.

The compressor 20 operates to supply compressed air
to the blow-air tank 21. At the same time, the compressor 20
also supplies air to the working-air tank 22. However, the
supply of compressed air to the working-air tank 22 is only
continued by the pressure reducing valve 25 until the air
pressure reaches a set value. Furthermore, the working air
pressure is not reduced to the set value or less every
molding cycle. Because pressure reduction is caused by
repetition of air consumption, the pressure in the
working-air tank 22 is kept at the set value by driving the
compressor 20 during the period. Therefore, the working-air

tank 22 secures an air pressure and an amount of working air

- 15 -
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enough to operate each drive unit in order of process.
Moreover, the operating time of the compressor 20
decreases compared to the case of using only a single
high-pressure air tank for blow air and working air because
the consumed air in the working-air tank 22 is replenished by

collected air and therefore, the clearance rate is increased.

[Embodiment]
Type of molding machine SB3-250LL
Molding cycle: 15 sec
Number of products produced/l cycle 1.5 lit. x 4
Compressor 1,700 lit/min ANR 22 KW 25kgf/cm2

Tank capacity 30 lit each

<1l> Working-air consumption (10 kgf/cmz) 544 lit/min ANR
<2> Blow air consumption (22 kgf/cmz) 592 1lit/min ANR
<3> Collected blow air (11 kgf/cmz) 290 lit/min ANR

<4> Total air consumption 544 + 592 = 1,136 1lit/min ANR

<5> Availability factor of compressor (from viewpoint of
discharge guantity)

1,136 lit/min ANR

X 100 = 66.82 %
1,700 lit/min ANR

<6> Utilization factor of used blow air

(1,136 - 290) lit/min ANR

x 100 = 49.76 %
1,700 lit/min ANR

- 16 -
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WHAT IS CLAIMED IS:

1. An air working method for pneumatically operating wvarious
drive units of a stretch-blow molding machine related to
molding of a hollow article‘with a predetermined shape by
stretching an injection-molded preform by a stretching rod in
the axis direction and expanding said preform by blowing
high-pressure air in a blow mold; said method comprising the
steps of employing a high-pressure blow-air tank for
expanding said preform, a working-air tank for operating said
various drive units related to stretch-blow molding and a
compressor for supplying compressed air to both tanks,
collecting the used blé; air after supplied from said
blow-air tank to said blow mold to expand a preform into a
predetermined shape until said working-air tank consuming air
to operate said various drive units is saturated with the
used blow air, while working~air reduction due to the
difference between quantities of air consumption and
collected air is compensated by supply of compressed air to
said working?air tank from said compressor, and recycling

some of saild used blow air as working air.

2. The air working method for pneumatically operating various
drive units of a stretch-blow molding machine according to
claim 1, wherein various drive units related to stretch-blow

molding include a vertically-moving unit for a blow core, an

-~ 18 -
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extending unit for a stretching rod, and a fixing unit for a

blow core each of which is reciprocated by a piston of an air
cylinder which is reciprocated by used blow air collected in

said working-air tank.

3. The air working method for pneumatically operating various
drive units of a stretch-blow molding machine according to
claim 1, wherein various drive units related to stretch-blow
molding include a positioning unit for a transfer board and a
releasing unit for a product each of which is reciprocated by
a piston of an air cylinder which is reciprocated by used

blow air collected in said working-air tank.

4. An air working system for various drive units of a
stretch-blow molding machine comprising:

a blowing unit constituted by connecting a blow
core for injecting high-pressure air into a preform in a blow
mold to expand said preform with a blow-air tank for always
storing a predetermined amount of high-pressure air by a
blow-air circuit provided with a selector valve and
connecting an exhaust circuit provided with a selector valve
to the blow core side of said blow-air circuit;

a working unit constituted by connecting air
cylinder units of various drive units related to stretch-blow

molding of a preform with a low-pressure working-air tank by

- 19 -
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a working-air circuit provided with a pressure reducing valve

and a selector valve;

an air collecting circuit proﬁided with a selector
valve connected to both said working-air tank and said blow-
air circuit to collect used blow air from said blow-air
circuit to said working-air tank as working air; and

a compressor connected to both said blow-air tank
and said working-air tank to supply compressed high-pressure
air to said blow-air tank while supplying compressed
low-pressure air to said working-air tank by a pressure

reducing valve set in said circuit.

5. The air working system for wvarious drive units of a
stretch-~-blow molding machine according to claim 4, wherein
each of various drive units connected to a low-pressure
working-air tank by said working-air circuit is provided with
a cylinder unit to be reciprocated by working air with an air
pressure lower than blow air and has a selector valve for

each air cylinder unit.

6. The air working system for various drive units of stretch-
blow molding machinelaccording to claim 4, wherein various
drive units related to stretch-blow molding include a
vertically-moving unit for a blow core, an extending unit for

a stretching rod, and a fixing unit for a blow core each of

- 20 -
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which is reciprocated by a piston of an air cylinder which is

reciprocated by used blow air collected in said working-air

tank.

7. The air working system for various drive units of stretch-
blow molding machine according to claim 4, wherein various
drive units related to stretch-blow molding include a
positioning unit for a transfer board and a releasing unit
for a product each of which is reciprocated by a piston of an
air cylinder which is reciprocated by used blow air collected

in said wbrking-air tank.

- 21 -



