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APPARATUS AND METHOD Technical FieldThis invention relates to an injection
stretch blowmolding apparatus and method wherein containers are
stretch5blow molded from preforms retaining heat from when they
wereinjection molded. This invention also relates to an injectionstretch
blow molding apparatus and method wherein N (N>_2)preforms are
simultaneously injection molded and n (1<_n<N)preforms among these are
simultaneously blow molded into n10containers. More particularly, the
invention relates to aninjection stretch blow molding apparatus and method
with whichwhile ample cooling time is provided the prrforms can bemolded
with a shortened injection molding cycle time andfurthermore the operation
rate of the blow cavities can be15increased. Also, this invention relates
to constructions andmethods for heating and adjusting the temperature of
thepreforms before they are blow molded. Also, this inventionrelates to an
injection stretch blow molding apparatus andmethod with which it is
possible when necessary to discharge20the prrforms to outside the apparatus
instead of carrying themto the blow molding section.Background ArtMethods
for blow molding a container from a preform(parison) include that known as
the cold parison or 2-stage25method and that which is known as the hot
parison or 1-stagemethod. In both these methods, for injection molding
thepreforms required for the blow molding, at least an injectioncavity mold
which shapes the outer wall of the preform and an'10b10616   ' 2 2 APR 2003
_2_ 'injection core mold which shapes the inner wall of the preformare
necessary. Also, after the injection cavity mold and theinjection core mold
are clamped together and the preform isinjection molded, with the molds
still clamped together it is5necessary to cool the preform down to a
temperature at whichthe preform can be released from the molds.Particularly
in the case of the cold parison (2-stage)method, because this preform
mold-release temperature has tobe made quite low, the injection molding
cycle time has been10long and productivity has been poor. This is because
when thepreform is ejected by the injection cavity mold and theinjection
core mold being released from the preform and thepreform being dropped or
the like, it is necessary for thepreform to be cooled to a mold-release
temperature low enough15for the preform not to be deformed when it makes
contact withother members.In the case of the cold parison method, because
thepreform molding step and the step in which a container is blowmolded
from this preform are completely release, the blow20molding cycle time is
not affected by the injection moldingcycle time. However, because the cold
parison method involvesreheating preforms which have been cooled to room
temperaturethe cold parison method is inferior to the hot parison methodin
its energy efficiency.25In a hot parison (1-stage) method injection stretch
blowmolding machine which draw blow molds bottles from preformsstill
containing heat from when they were injection molded thecycle time of the
overall apparatus is determined by theinjection molding cycle time, which
of a11 the cycles is the   Z 2 A P R 2003 -3 one requiring the most time.
Consequently there has been theproblem that when the time required for
injection molding islong, the throughput of the whole apparatus is low.In
the case of the hot parison method, although the5preform is mold-released
at a higher temperature than in thecold parison method, there is a limit on
this mold-releasetemperature and consequently it is not possible to
greatlyspeed up the injection molding cycle. One reason for this isthat
when the preform mold-release temperature is high, when10the injection core
mold is released from the preform, a mold-release called lifting, wherein
the preform sticks to the coremold, occurs. Also, after the injection core
mold is releasedfrom the preform, because there is no longer any
memberrestricting deformation of the preform, deformation caused
by15temperature nonuniformity and thermal contraction and the likemake it
impossible for preforms conforming to the design to beejected. Furthermore,
when the cooling effected by theinjection core mold is inadequate,
crystallization caused byinadequate cooling occurs, particularly at the
inner wall of20the preform, and a preform of which the trunk portion
isopaque is ejected.Also, when preforms are ejected before they
arecompletely cooled by the injection core mold and the injectioncavity
mold (with the preforms still at a temperature at which25blow molding is
possible) and blow molding is carried outthereafter, there have been the
following problems:(A) Unless the internal pressure (injection
sustainpressure) is raised, shrink marks form at the injection cavitymold
side of the preform and a preform with a uniform   V . -4 2 2 APR Z003
temperature distribution cannot be obtained. Consequently, when this
preform is blow molded, a molded product with a uniform wall thickness
distribution cannot be obtained. (B) When the internal pressure (injection
sustain 5 pressure) is raised, a pressure differential forms between the
gate portion and the preform end portion (for example the neck portion),
and the resulting preform has large residual stresses at the preform bottom
end where the pressure was high. Consequently, when the preform is blow
molded, a molded 10 product with a uniform wall thickness distribution
cannot be obtained. (C) When the preform is cooled by the injection core
mold and the injection cavity mold, as the cooling progresses the preform
contracts and tends to move away from the injection 15 cavity surface.
Because of this, there are some parts of the outer wall surface of the
preform which are in contact with the injection cavity and some parts which
are not in contact with the injection cavity, and consequently different
parts of the preform cool at different rates and the temperature 20 becomes
uneven. As a result, when this preform is blow molded, a molded product of
uniform wall thickness cannot be obtained. Thus, in a conventional hot
parison system, unless the preform is amply cooled by the injection cavity
mold and the 25 injection core mold it has not been possible to obtain good
blowing characteristics or good bottle characteristics. Because of this,
the injection molding of the preforms has required time, and the throughput
of the apparatus has been low.    



2 ~ AQ~ 2003  -5 Various other problems have also been associated
withinjection stretch blow molding machines using the hot parisonmethod,
including the following:When in order to increase the throughput the number
N of5preforms injection molded simultaneously is increased, thesame number
N of cavities conforming to the external shape ofthe bottles being
manufactured have to be formed in the blowcavity mold. Of the molds used in
a blow molding machine theblow cavity mold is the most expensive, and the
cost of this10blow cavity mold increases roughly in proportion to the
numberof cavities in it. Even if a mold is expensive, if itsoperation rate
is high then it can be used cost-effectively;however, because as described
above the cycle time of theoverall apparatus depends on the injection
molding cycle timei5and cannot be shortened, the operation rate of each
cavity inthe blow cavity mold has unavoidably been low. Also, when
thenumber of bottles blow molded simultaneously increases, notonly the
number of cavities in the blow mold but also thenumber of drawing rods and
blow core molds and mechanisms for20supporting and driving these increases,
and this has resultedin increases in the size and cost of the
apparatus.Another problem has been that conventionally it has notbeen
possible to eject the prrforms unless the injection coremold is completely
pulled out of the preforms, and25consequently with a rotary injection
molding apparatus it hasnot been possible to carry the preforms from the
injectionmolding section to the next stage. When on the other hand
theinjection core mold is completely pulled out of the preforms,there has
been the problem that this pullout stroke is long    -6 2 2 APR 2003 and
the overall height of the apparatus is high.Another problem has been that
when hot parison blowmolding is carried out by a rotary carrier type blow
moldingmachine the injection molded preforms are always carried by5the
rotary carrier to the blow molding section. Here, forexample when a problem
has arisen in the blow molding section,there has been no alternative but to
shut down the preforminjection molding as well as the blow molding
section.However, once the injection molding section is shut down, a10long
starting-up time is required when it is restarted. Thisis because the
injection apparatus contains numerous resin-heating mechanisms in the hot
runner mold and elsewhere.As a result, as well as it not being possible to
raisethe throughput of the overall apparatus, as described above,15a lot of
time is required for starting up the apparatus whena problem has arisen,
and the productivity falls even further.Accordingly, it is an object of the
invention to providean injection stretch blow molding apparatus and method
withwhich while ample preform cooling time is provided the20injection
molding cycle time can be shortened and the cycletime of the overall
apparatus can thereby be shortened.Another object of the invention is to
provide a highlyefficient injection stretch blow molding apparatus and
methodwith which while reducing costs by reducing the number of25cavities
in the blow mold the operation rate of the blow moldcan be increased.
Another object of the invention is to provide an injection stretch blow
molding apparatus and method which while exploiting the heat energy
efficiency of hot parison   Z 2 AP R 2003  -7 molding also has the preform
temperature distribution stability of the cold parison method. Another
object of the invention is to provide an injection stretch blow molding
apparatus and method with which 5 temperature nonuniformity and deformation
can be prevented even when the preform mold-release temperature at which
the preforms are released from the injection cavity mold is made high and
furthermore the preforms can be amply cooled before they are released from
the injection core mold and can be 10 ~ stably blow molded thereafter at a
suitable blow molding temperature. A further object of the invention is to
provide an injection stretch blow molding apparatus and method with which
the temperature difference between the inner and outer walls 15 of the
preforms is moderated before the preforms are blow molded. A further object
of the invention is to provide an injection stretch blow molding apparatus
with which generalpurpose medium-sized containers of capacity 1 to 3 liters
can 20 be blow molded with high efficiency. A further object of the
invention is to provide a blow molding apparatus with which it is possible
to efficiently heat the regions below the necks of the preforms to a
suitable blow molding temperature. 25 A further object of the invention is
to provide a blow molding apparatus with which it is possible to moderate
the temperature difference between the inner and outer walls of the
preforms and also use this time provided for temperature moderation to
adjust the temperature of the preforms to a   2 2 APR 2003 r 



_$_ suitable blow molding temperature before blow molding iscarried out.A
further object of the invention is to provide aninjection stretch blow
molding apparatus and method which can5be started up without any wasteful
blow molding being carriedout at the time of start-up and with which it is
not necessaryto stop the operation of the whole apparatus when there is
aproblem in the blow molding section.Disclosure of Invention10An injection
stretch blow molding apparatus according tothe invention comprises:a
preform molding station for injection molding preforms;a blow molding
station for stretch blow molding thepreforms into containers; and15a
transfer station for transferring the preforms from thepreform molding
station to the blow molding station,wherein the preform molding station
comprises:a circulatory carrier for intermittently circulatorilycarrying
along a carrying path a plurality of injection core20molds disposed apart;
an injection molding section for injection molding thepreforms having an
injection cavity mold together with whichthe injection core molds, stopped
in the carrying path, areseverally clamped; and25an ejecting section for
ejecting preforms from theinjection core molds by releasing the injection
core molds,stopped in the carrying path, and the preforms.An injection
stretch blow molding method according to theinvention for blow molding
containers from preforms retaining   2 2 APR 2003 _g_ heat from when the
preforms were injection molded comprises the steps of:releasing the
preforms, molded using at least aninjection core mold and an injection
cavity mold, from the5injection cavity mold;with the preforms held by the
injection core mold,carrying the injection core mold to an ejecting section
alonga carrying path whi1e the preforms are cooled by the injectioncore
mold;10in the ejecting section, ejecting the preforms byreleasing the
injection core mold therefrom; andthereafter, blow molding the containers
from the preformsretaining heat from when the preforms were injection
molded.According to these inventions, the preforms injection 15s molded in
the injection molding section are cooled by theinjection cavity mold and
the injection core mold and then theinjection cavity mold only is released
from the preforms.After that, the preforms are carried to the preform
ejectingsection by the injection core mold. The preforms are ejected20after
being cooled by the injection core mold during thiscarrying and in the
preform ejecting section. As a result, bythe preforms being cooled by the
injection core mold evenafter the injection cavity mold is mold-released in
theinjection molding section, ample preform cooling time is25provided.
Therefore, the preform mold-release temperature atwhich the preforms are
released from the injection cavity moldcan be made high, the injection
molding cycle time can therebybe shortened and the cycle time of the
overall apparatus canbe shortened. Also, even when the preforms are
released from   2 2 APR 2003 -10 the injection cavity mold at a high
temperature, deformationof the preforms is prevented by the injection core
mold.Furthermore, not only does the cooling efficiency increasebecause the
preforms contract into contact with the injection5core mold as they are
cooled, and consequently crystallizationand loss of transparency of the
trunk portions of the preformscaused by inadequate cooling is prevented,
but also by thusstabi1izing the cooling process it is possible to
stabi1izethe amount of heat retained by the preforms and thereby10stabilize
the wall thickness distributions of successivelyblow molded containers.
Since the preform is carried by theinjection core mold, furthermore, any
stroke of drawing thepreform is not required, resulting in reduction of the
heightin the entire apparatus.15According to another aspect of the
invention, aninjection stretch blow molding apparatus comprises:a preform
molding station for injection molding preforms;a blow molding station for
stretch blow molding thepreforms into containers; and20. a transfer station
for transferring the preforms from thepreform molding station to the blow
molding station,wherein the preform molding station comprises:a first
circulatory carrier for intermittentlycirculating carrying along a first
carrying path an25injection core mold having N(N>_2) of core pins disposed
apart;an injection molding section for simultaneously injectionmolding N of
the preforms, said injection molding sectionhaving an injection cavity mold
including N of cavities inwhich the injection cavity mold is clamped
together with the   2 Z APR u03 injection core mold stopped in the first
carrying path; andan ejecting section for ejecting preforms from
theinjection core mold by releasing from the injection core mold,stopped in
the first carrying path,5and the blow molding station comprises:a second
circulatory carrier for intermittentlycirculatorily carrying along a second
carrying path thepreforms transferred from the preform molding station by
thetransfer station; and10a blow molding section for simultaneously blow
molding n(1_<n<N) of containers from n of the preforms, said blowmolding
section having a blow mold including n of blowcavities in which the blow
mold is clamped around the preformsstopped in the second carrying
path.15According to another aspect of the invention, aninjection stretch
blow molding method for molding containersfrom preforms retaining heat from
when the preforms wereinjection molded, comprising the steps of:releasing N
(N>_2) of the preforms, molded using at least20an injection core mold and
an injection cavity mold, from theinjection cavity mold;with the preforms
held by the injection core mold,carrying the injection core mold to an
ejecting section alonga first circulatory carrying path while the preforms
are25cooled by the injection core mold;in the ejecting section, ejecting
the preforms byreleasing from the injection core mold;transferring the
ejected preforms to carrier members tobe carried along a second circulatory
carrying path;   2 2 aP~ 2003 -12 carrying the carrier members supporting
the preformsalong the second carrying path to a blow molding section; andin
the blow molding section, simultaneously blow moldingn (1<_n<N) of
containers from n of the preforms in a blow mold5clamped around n of the
preforms.According to these inventions, the inventions provide thefollowing
operations and effects in addition to those of theinventions as described
above: Because the number n ofpreforms simultaneously blow molded is made
smaller than the10number N of preforms simultaneously injection molded,
fewercavities are required in the blow mold and mold costs, moldsbeing
consumable items, can be greatly reduced. Also, becausefewer blow core
molds, stretching rods, and mechanisms forsupporting and driving these are
required, the apparatus can15be made more compact and cheaper. Furthermore,
because Nsimultaneously molded preforms are blow molded n (n_<N) at atime
over a plurality of blow molding cycles within theshortened injection
molding cycle time, the operating rate ofthe n cavities in the blow cavity
mold increases.20Here, a heating section for heating the preforms
beingcarried to the blow molding section can be provided. Whenthis is done,
the preforms can be brought to a temperaturesuitable for blow molding by
cooling performed by theinjection molds and reheating of the cooled
preforms, and the25temperature stability from cycle to cycle therefore
increases.Since the preforms have their heat holdings, they can attaina
temperature suitable for blow molding merely by adding acertain heat to the
preforms in many cases. Therefore, thepreforms require a relatively short
time period to heat them.   2 2 APR 2003 -13 Further, containers of the
desired wall thickness can beobtained by providing a longitudinal
distribution oftemperature to the preforms in the heating step. Also,
eventhough N simultaneously injection molded preforms are blow5molded n
preforms at a time over (N/n) blow molding cycles,control reducing the
temperature variation among blow moldingcycles can easily be carried
out.Also, when the preforms being heated are rotated abouttheir vertical
center axes, heating unevenness is reduced and10temperature nonuniformity
in the circumferential direction ofthe preforms can thereby be
reduced.Furthermore, a second circulatory carrier comprises aplurality of
carrier members which remain spaced at equalintervals along the second
carrying path, and each of the15carrier members has a supporting portion
for supporting apreform in an inverted or an upright state. It is
preferablethat the array pitch at which the plurality of carrier membersare
spaced along the second carrier path be made equal to thearray pitch P of
the plurality of cavities in the blow cavity20mold. This is because it
makes pitch conversion in thecarrying process unnecessary. When this is
done, the arraypitch of the preforms in the heating section of the
inventionis greater than the small pitch at which the preforms arearrayed
in the heating section in a conventional 2-stage25system. However, because
in this invention it is onlynecessary to give the preforms a small amount
of heat energyin addition to the heat which they retain from when they
wereinjection molded, the heating time can be short and the lengthof the
heating section does not have to be made 1ong as i t  



Z Z APR 2003 -14 -does in the cold parison case.Also, in the method of this
invention, a step of allowingthe preforms to cool between the separation of
the preforms,from the injection core mold and the start of the blow
molding5step, over a period of time long enough for the
temperaturedifference between the inner and outer walls of the preformsto
be moderated, can be provided. Here, when the method ofthis invention is
applied, because the period of time forwhich the preforms are cooled by the
injection core mold in10contact with their inner walls is made longer
thanconventionally, a relatively steep temperature gradient formsbetween
the inner and outer walls of the preforms) and thetemperature in the outer
wall vicinity becomes greater thanthat in the inner wall vicinity. By
providing this cooling15step, this temperature gradient can be moderated
and the innerand outer walls of the preforms can be brought to atemperature
suitable for blow molding.Also, in the method of this invention, it is
preferablethat in the blow molding step n (n>_2) containers20simultaneously
be blow molded from n preforms using n blowcavities arrayed at a blow
molding pitch P, that the preformsbeing carried along the second carrying
path be carried withthe array pitch of the carrier members kept equal to
thispitch P, and that in the preform transferring step a process25wherein n
preforms are simultaneously transferred to n carriermembers is repeated a
plurality of times. .When this is done, as well as no carrying
pitchconversion in the second carrying path being necessary, evenif the
number of preforms simultaneously injection molded N is   2 2 APR 1003 -15
' increased, because only n preforms are transferred at a time, fewer than
when N preforms are simultaneously transferred, the preforms can be easily
correctly positioned on the carrier members, and also no complex mechanisms
are required to do 5 this. According to still another aspect of the present
inven tion, an injection stretch blow molding apparatus comprises: a
preform molding station for injection molding preforms; a blow molding
station for stretch blow molding the 10 preforms into containers; and a
transfer station for transferring said preforms from said preform molding
station to said blow molding station, said preform molding station
comprising: a first circulatory carrier for intermittently 15 circulatorily
carrying a plurality of injection core molds spaced away from one another
along a first carrying path; na injection molding section including an
injection cavity mold capable of being clamped relative to one of said
injection core molds which is stopped in course of said carrying path 20
such that an erecting preform will be injection molded with its opened neck
being directed upwardly; and a removal section for separating and removing
the molded preform from the injection core mold stopped in course of said
first carrying path with said preform being maintained at its 25 erecting
state, said blow molding station comprising: a second circulatory carrier
for intermittently circulatorily carrying the molded preforms transferred
from said preform molding station through said transfer station along a 



2 2 APR 20Q3 -16 second carrying path with said preforms being inverted to
have their opened necks directed downwardly; and a blow molding section
including a blow mold capable of being clamped relative to one of said
preforms which is 5 stopped in course of said second carrying path, thereby
permitting that preform to be blow molded into a container, said transfer
station comprising: a mechanism for receiving the molded preform from the
injection core mold with said molded preformed being its 10 erecting state;
and another mechanism for inverting said received preform to its inverted
state. According to another aspect of the invention, an injection stretch
blow molding method wherein injection molded 15 preforms are transferred
from a preform molding station to a blow molding station by way of a
transfer station and the preforms are blow molded into containers in the
blow molding station is characterized in that: in the preform molding
station the preforms are injection 20 molded in an upright state with open
neck portions thereof facing upward; the transfer station turns the upright
preforms upsidedown and transfers the preforms to the blow molding station
in an inverted state; and 25 the blow molding station blow molds containers
from the inverted preforms. According to the inventions, the preforms are
molded in an upright state with their neck portions facing upward. As a
result, the injection mold clamping is vertical clamping and   2 2 APR Z003
-17 is therefore space-saving. Also, because resin is normally injected
from the preform bottom portion side, a stable arrangement wherein the
injecting apparatus and the injection cavity mold are disposed on a machine
bed and the injection 5 core mold is disposed thereabove can be employed.
Also, because when the preforms are carried to the blow molding station
they are in an inverted state, the openings at their neck portions can be
used to have the preforms support themselves easily. Furthermore, because
the drawing rods and 10 blow core molds consequently have to be positioned
underneath the preforms, they can be disposed using a space in the machine
bed and the overall height of the blow molding section can be made low.
With use of the separate receiving and inverting mecha15 nisms, a preform
can be inverted while the other preform is being received. The system of
the present invention can easily be applied to a more rapid cycle of
molding. The pitch of injection molding in the preform molding station is
larger than the pitch of blow molding in the blow 20 molding station. It is
thus preferable that the receiving mechanism includes a pitch changing
mechanism for changing said preforms from the injection molding pitch to
the blow molding pitch. Even if the injection molding pitch is larger than
the 25 blow molding pitch, therefore, the blow molding pitch can be
attained immediately after the receiving mechanism has received the
preforms. The system of the present invention can easily be applied to any
molding apparatus which requires the change of pitch.   



2 2 AP R 2003 -18 'The preform has its barrel diameter smaller than that
ofits final product configuration. Thus, the number of preformsto be
handled can be increased. The optimum pitch can beprovided in the blow
molding stage.5Such a change of pitch may be carried out by the invert-ing
mechanism. In such a case, the inverting mechanism mayinclude a pitch
changing mechanism for changing said preformsfrom the injection molding
pitch to the blow molding pitch.Thus, the inverting mechanism can perform
its inverting10step while changing the preforms from the injection
moldingpitch to the blow molding pitch immediately after the receiv-ing
mechanism has received the preforms. The system of thepresent invention can
easily be applied to any moldingapparatus which requires the change of
pitch.15Such a change of pitch may be carried out in the transferstation
between the preform molding station and the blowmolding station. In such a
case, the transfer station changesthe array pitch of the preforms from the
injection moldingpitch to the blow molding pitch immediately after the
transfer20station has received the preforms from the preform moldingstation
and thereafter inverts the preforms.In general, each of said preforms has a
flange portionhaving a diameter that is larger than the external diameter
ofthe barrel below the neck. In such a case, the receiving25mechanism may
include holding members each of which engagesthe bottom of the flange
portion to hold the preform.Thus, the flange portion can reliably hold the
preform asthrough a support ring or the like and yet will not damage
thepreform since the flange does not almost contact the barrel or   2 2 APR
2003 -19 ` other part of the preform. Each of the holding members may
include an open/close mechanism for holding and releasing the preform. In
such a case, the open/close mechanism may include a passage portion 5 which
can hold the flange portion of the preform while permitting the barrel
portion smaller than the flange portion to pass through the passage
portion. Thus, the open/close mechanism of the holding member can reliably
hold the preform without any play and yet be opened 70 to release the
preform easily and positively when the preform is to be removed. Each of
the holding members of the receiving mechanism may include a holding part
which contacts at least part of the bottom and barrel of the preform to
hold the preform. 15 Thus, the bottom or barrel of the preform can be
reliably held by the holding part irrespectively of the final product
configuration. Each of the holding members of the receiving mechanism may
have means for cooling the outer wall of the preform. 20 The cooling means
can cool the preform while being held by the holding member. Particularly,
the outer wall of the preform has its temperature higher than that of the
inner wall thereof since the outer wall is not in contact with other parts
such as core pins or the like. By cooling the outer wall 25 of the preform,
the difference of temperature between the outer and inner walls of the
preform can be reduced more rapidly. The second circulatory carrier may be
adapted to orientate carrier members at the preform receiving position
opposed   2 2 APR ~~J3 -20 to the inverting mechanism, the number of said
carrier members being equal to the number N of preforms which have been
injection molded simultaneously in the preform molding station. 5 In such a
case, the inverting mechanism may have a holding mechanism for holding the
N preforms at the same time. Such a holding mechanism can simultaneously
deliver the N preforms to the same number (N) of said carrier members
stopped at the preform receiving position while inverting the 10 preforms.
Even if the number of molded preforms is larger than that of blow molded
articles, the blow molded articles can be delivered to the carrier member
at a batch manner. Thus, the delivery of preforms can be once attained to
simplify the 15 system in procedure and construction. The apparatus may
further include a device for moving the receiving mechanism in the
horizontal direction. The receiving mechanism will be horizontally moved by
such a device after it has received the preforms at a position just below
the removal 20 section of the injection molding station. Thus, the preforms
can be delivered to the inverting mechanism. Thus, the delivery of preforms
from the receiving mechanism to the inverting mechanism can be more simply
performed using a more simplified mechanism for moving the 25 receiving
mechanism in the horizontal direction. 



From the same viewpoint, the apparatus may include a further device for
moving the inverting mechanism in the horizontal direction. In such a case,
the inverting mechanism will be horizontally moved by the further device
after the   2 2 APR 2003 -21 inverting mechanism has received the preforms
from thereceiving mechanism. Thus, the preforms will be delivered tothe N
carrier members.It is further preferable that the inverting mechanism
is5positioned at its stand-by place until all the carrier membershave been
moved to the preform receiving position, whileholding the preforms in their
inverted state with the neckparts being directed downwardly.This can omit
time required to invert the preforms from10their erecting state after the
carrier members have been movedto the preform receiving position.
Therefore, the preforms canbe delivered to the carrier members with less
behavior and/ortime immediately after a11 the carrier member have been
movedto the preform receiving position.15According to another aspect of the
invention, aninjection stretch blow molding method comprises the steps
of:simultaneously injection molding N of preforms made ofpolyethylene
terephthalate using at least an injection coremold and an injection cavity
mold;20releasing the preforms from the injection cavity mold;carrying the
preforms to an ejecting section whilecooling the preforms by means of the
injection core mold;in the ejecting section, after the preforms have
beencooled to a predetermined temperature, ejecting the preforms25from the
injection core mold; heating the ejected preforms to a predetermined
temperature; and thereafter, simultaneously blow molding n of containers
from n of the preforms,   2 2 APR zoo3 -22 `wherein the ratio of the
numbers N and n is N:n = 3:1.According to experiments carried out by the
presentinventors, in the case of a general-purpose medium-sizedcontainer of
capacity 1 to 3 liters having a relatively small5mouth (the diameter of the
opening in the neck portion 2 beingabout 28 to 38mm) far which the market
demand is large, theratio of the simultaneous molding numbers N, n should
ideallybe set to N:n = 3:1. That is, it has been found that in thecase of
this invention wherein the preforms continue to be10cooled by the injection
core mold even after the preforms areremoved from the injection cavity mold
and then blow moldedthereafter, the time required for the injection molding
of apreform for a general-purpose medium-sized container isshortened to
approximately 3/4 of that in the case of a15conventional injection stretch
blow molding apparatus, and aninjection molding cycle time of approximately
10 to 15 secondsis sufficient. A blow molding cycle time, on the other
hand,of 3.6 to 4.0 seconds is sufficient. Therefore, if thisinjection
molding cycle time is T1 and the blow molding cycle20time is T2, the ratio
T1:T2 is roughly 3:1, and to moldgeneral-purpose medium-sized containers
efficiently thesimultaneous molding numbers N, n should ideally be
setaccording to this ratio.On carrying out the above method, it is
preferable that25the preform injection molding step can form a preform
havingthe maximum wall thickness ranging between 3.0 mm and 4.0 mm.If the
wall thickness of the preform is larger than themaximum value, the
difference of temperature between the innerand outer walls of the preform
becomes too large. This   2 2 AQ R 2003 -23 -undesirably requires increase
of time required to reduce thedifference of temperature or any special
means for heating theinner wall of the preform.Also, it is preferable that
N/n is an integer when the5injection and blow molding steps are
repeated.When N/n is an integer, for example the N preformssimultaneously
injection molded in a first cycle are all usedover an integral number (N/n)
of blow molding cycles n at atime, and none of these preforms are mixed
with and10simultaneously blow molded with any of the N
preformssimultaneously molded in the subsequent second cycle. Ifpreforms
from different injection molding cycles are mixed andblow molded together,
the carrying sequence is different fromthe case wherein preforms molded in
the same injection molding15cycle are simultaneously blow molded together,
and the controland structure of the apparatus become complicated;
however,this invention eliminates this problem.According to the other
aspect of the present invention,a blow molding apparatus comprises:20a
circulatory carrier having a carrying path of substan-tially rectangular
configuration that has first to fifth sidesand a plurality of carrier
members that are circulatorilymoved on said carrying path;a receiving
section disposed on the first side of said25circulatory carrier for
receiving an injection molded preformand for causing the received preform
to be supported on thecorresponding carrier member;a heating section
disposed on the second side of saidcirculatory carrier for heating the
preform while being placed   2 2 APR 2003 -24 on the carrier member; a blow
molding section disposed on the third side of said circulatory carrier for
blow molding the heated preform into a container; and 5 an outlet section
disposed on the fourth side of said circulatory carrier for externally
discharging the blow molded container. Since the receiving, heating, blow
molding and outletsections are disposed on the respective sides of the
circula-10tory carrier forming the substantially rectangular carryingpath
in the direction of article conveyance, a11 the sides ofthre carrying path
can effectively be uti1ized to perform acycle of molding. In addition, the
inside area of the circula-tory carrier can effectively be used as a space
wherein the15clamping mechanism of the blow molding apparatus is moved
forclamping. As a result, the effective space can be furthersaved,
resulting in provision of a compact system.According to another aspect of
the invention, a blowmolding apparatus wherein preforms carried in an
inverted20state with neck portions thereof facing downward or in anupright
state with the neck portions facing upward are heatedin a heating section
before being carried to a blow moldingsection is characterized in that:the
heating section comprises:25a plurality of first heaters disposed at one
side of apreform carrying path, spaced apart in a vertical directionand
extending in a preform carrying direction;a reflecting plate disposed
facing the first heatersacross the preform carrying path; and   2 2 ARR
Z003 



-25 a plurality of second heaters extending in the preformcarrying
direction on both sides of the preform carrying path,wherein the second
heaters are positioned at such aheight in the vertical direction that they
face regions5subject to blow molding in the vicinities of the neck
portionsof the preforms.According to the invention, although the region
below theneck portion when the preform is upright is the nearest to
thecavity surface of the blow cavity mold, it is a region which10is to be
draw orientated relatively much. By heating thisregion with the second
heaters on either side of the preform,it can be heated to a higher
temperature than the trunkportion region heated by the first heaters
disposed on oneside only, and a high drawing orientation degree can
be15secured. Also, because the first heaters are disposed on oneside only,
the arrangement is saving. Furthermore, becausethe efficiency with which
the region below the neck is heatedincreases, there is the benefit that the
heating time can beshortened and the overall length of the heating section
can be20made short.According to another aspect of the invention, a
blowmolding apparatus wherein preforms are intermittently carriedto a blow
molding section via a heating section ischaracterized in that:25the heating
section comprises a heater extending in apreform carrying direction at one
side of a preform carryingpath, and in the carrying path between the
heating section and the blow molding section a standby section is provided
where at   2 2 APR 2003 -26 least enough number of preforms for one blow
molding cycle arestopped and made to standby before being carried into the
blowmolding section.According to the invention, by a standby section
being5provided before the blow molding section, the
temperaturedistributions in the synthetic resin preforms, which have
poorthermal conductivity, can be moderated. Normally, becauseheating in the
heating section is carried out from around thepreforms, the inner wall
temperature of the preforms becomes10lower than the outer wall temperature.
By having at least thenumber of preforms simultaneously blow molded standby
afterbeing heated in order to moderate the resulting temperaturegradients
therein, the blow molding characteristics arestabilized.15Also, by actively
carrying out temperature adjustment onthe preforms during this temperature
moderation time in thestandby section, the preforms can be given a
temperaturedistribution for blow molding which could not be obtained justby
simply heating the preforms while rotating them.20The temperature
regulating member may be in the form ofa temperature regulating core that
is inserted into theinterior of the preform to regulate the temperature of
theinner preform wall.Alternatively, the temperature regulating member may
be25in the form of a temperature regulating pot that has acylindrical
portion disposed around the preform. Thetemperature regulating pot can
divide the preform into axialzones each of which is independently
controlled in tempera- tore .   2 2 APR 2003 _27_ One or more of such
temperature regulating members mayextend along the axial direction of the
preform at one or morepoints around the periphery of the preform. This can
providea distribution of different temperatures in the5circumferential
direction of the preform.According to another aspect of the invention,
aninjection stretch blow molding apparatus comprising a preformmolding
section for molding preforms and a blow moldingsection for blow molding
containers from the preforms10retaining heat from when the preforms were
injection molded ischaracterized in that:at a location in a path along
which the preforms arecarried from the preform molding section to the blow
moldingsection there is provided a discharge guide section for15guiding
preforms which are not to be carried to the blowmolding section off the
carrying path.The injection stretch blow molding apparatus may includea
machine base on which the preform molding and blow moldingsections are
mounted. The discharge guide section may include20a preform falling port
formed through the top face of themachine base and a chute for conducting
the preform from thefalling port to the machine base side.According to
another aspect of the invention, aninjection stretch blow molding method
wherein preforms are25injection molded in a preform molding section and
thesepreforms are carried to a blow molding section and containersare blow
molded from the preforms retaining heat from when thepreforms were
injection molded comprises the steps of:switching to either a container
molding operating mode or   Af 11 tvl/~ -28 a preform molding operating
mode; and when the preform molding operating mode is switched to, part way
along the preform carrying path leading to the blow molding section,
discharging the preforms being molded in the 5 preform molding section to
off the carrying path. According to these inventions, because it is
possible to discharge imperfect preforms molded during molding start-up
instead of carrying them to the blow molding section, wasteful blow molding
can be avoided. Also, when a problem arises in 10 the blow molding section
or when adjustments have to be made thereto, repair or adjustment of the
blow molding section is possible without stopping the operation of the
preform molding station. Once the preform molding station is shut down, it
takes a long time to restore the various heating mechanisms to 15 a state
wherein molding is possible; however, with this invention this kind of
wasteful starting up time is eliminated. Brief Description of the Drawings
Fig. 1 is a plan view of a preferred embodiment of the 20 invention; Fig. 2
is a front view of the preferred embodiment apparatus shown in Fig. 1; Fig.
3 is a left side view of the preferred embodiment apparatus shown in Fig.
1; 25 Fig. 4 is an enlarged view of the main parts of the apparatus shown
in Fig. 1; 



Fig. 5 is an underside view of a rotary disc; Fig. 6 is a perspective view
showing the mold-released state of an injection core mold when a neck
presser plate has   2 2 APR 2003 -29 been lowered; Fig. 7 is a partially
sectional view showing the injection core mold and a neck cavity mold
mounted on the rotary disc; 5 Fig. 8 is a view illustrating a preform
ejecting drive mechanism; Fig. 9 is an enlarged sectional view of portion A
in Fig. 8; Fig. 10 is a partially sectional view illustrating the 10
mold-released state of the injection core mold; Fig. 11 is a partially
sectional view illustrating a preform 1 ejecting operation; Fig. 12 is a
view illustrating the operation of a transfer station receiving a preform;
15 Fig. 13 is a view illustrating the operation of a transfer station
handing a preform over to a blow molding station; Fig. 14 is a plan view of
the transfer station; Fig. 15 is a side view of the transfer station; 20
Fig. 16 is a plan view of a carrier member of a second circulatory carrier
provided in the blow molding station; Fig. 17 is a side view of the carrier
member shown in Fig. 16; Fig. 18 is a partially cut-away front view of the
carrier 25 member shown in Fig. 16; Fig. 19 is a side view in the preform
carrying direction of a heating section; Fig. 20 is a plan view showing in
outline a rotating carrier mechanism of the heating section;   2 App 2~~3
-30 Fig. 21 is a plan view showing another preferred embodiment apparatus
of the invention wherein the numbers of preforms molded simultaneously are
different from those of the apparatus of Fig. 1; 5 Fig. 22 is a view
illustrating the operation of a transfer station transferring preforms
while converting their pitch; Fig. 23 is a sectional view of a temperature
adjusting core disposed in a standby section; 10 Fig. 24 is a sectional
view of a temperature adjusting pot disposed in the standby section; Fig.
25 is a sectional view of local temperature adjusting members disposed in
the standby section; and Fig. 26 is a view of a flat container blow molded
after 15 the temperature adjusting shown in Fig. 25. 



Fig. 27 is a plan view showing a transfer station in a further embodiment
of an injection stretch blow molding apparatus constructed in accordance
with the present invention. 20 Fig. 28 is a plan view illustrating the
open/close operation of an open/close mechanism in one of the holding
members shown in Fig. 27. Fig. 29 is a side view showing the transfer
station of Fig. 27 which is inverting a preform. 25 Fig. 30 is a side view
illustrating a state that the preform is completely inverted from its
position of Fig. 29 and then delivered to the carrier member. Fig. 31 is a
front view of the receiving and lowering mechanism of Fig. 27.   Z 2 AP R
2003 -31 Fig. 32 is a front view of the inverting and handing over
mechanism of Fig. 27. Fig. 33 is a side view of the injection stretch blow
molding apparatus according to the present embodiment. 5 Fig. 34 is a
layout diagram of various sections in the injection stretch blow molding
apparatus according to the present embodiment. Fig. 35 is a plan view
showing a transfer station in an injection stretch blow molding apparatus
constructed in 10 accordance with a still further embodiment of the present
invention. Fig. 36 is a side view of the transfer station shown in Fig. 35.
Fig. 37 is a front view of the receiving and lowering 15 mechanism in the
transfer station of Fig.45. Fig. 38 is a front view of the inverting and
handing over mechanism in the transfer station of Fig. 35. Best Mode for
Carrying Out the Invention A preferred embodiment wherein the method and
apparatus 20 of the invention are applied wil1 be described below with
reference to the accompanying drawings. One embodiment of the p resent
invention is shown in Figs . 1 through 26. Figs. 1 through 26 show an
injection stretch blow molding 25 apparatus which is one embodiment of the
present invention. Overall Constitution of the Apparatus Fig. 1, Fig. 2 and
Fig. 3 respectively are a plan view, a front view and a left side view of
the apparatus of this preferred embodiment, and Fig. 4 is an enlarged view
showing   2 2 AP R 2003 -32 the main parts of the apparatus of the
preferred embodiment.As shown in the drawings, the apparatus comprises a
preformmolding station 10, a transfer station 200 and a blow moldingstation
300 disposed on a machine bed 8.5As shown in Fig. 2, the preform molding
station 10 has arotary disc 30 which has an injection core mold 50 in each
oftwo locations an angle of rotation 180 apart and is a firstcirculatory
carrier which circulatorily carries the injectioncore molds 50
intermittently along a rotary carrying path. An10injection molding section
14 facing an injecting apparatus 12and a preform ejecting section 16 facing
this injectionmolding section 14 are respectively provided at the
stoppingpositions of the injection core molds 50. The injectionmolding
section 14 has an injection cavity mold 42 to which an15injection core mold
50 can be clamped, and with this injectioncavity mold 42 the injection
molding section 14 simultaneouslyinjection molds N (N>_2), for example N -
4, preforms 1 at atime. In the preform ejecting section 16, the injection
caremold 50 is released from the preforms 1. In this preferred20embodiment,
a neck portion of each preform 1 is molded bymeans of a neck cavity mold 60
which will be further discussedlater, and the preforms 1 are held by this
neck cavity mold 60and the injection core mold 50 and carried by the rotary
disc30 to the preform ejecting section 16. In the preform25ejecting section
16 the preforms 1 are ejected by beingreleased from the neck cavity mold 60
after a partial releaseof the injection core mold 50.As shown in Fig. 1,
the blow molding station 300 has asecond circulatory carrier 302 comprising
four sprockets 320a   



2 2 APR 2003 -33 to 320d and a carrier chain 322 running around
thesesprockets. A plurality of for example ten carrier members 330are fixed
to this carrier chain 322 uniformly spaced apart,and a preform 1 or a
bottle 6 is supported by each carrier5member 330. In the carrying path of
the carrier members 330are provided a preform receiving section 304 which
receivesthe preforms 1 from the transfer station 200, a heatingsection 306
which heats the preforms 1, a standby section 308which causes the heated
preforms 1 to temporarily10standby, a blow molding section 310 which blow
molds thepreforms 1 into bottles 6, and a bottle ejecting section 312which
ejects the bottles 6 to outside the apparatus.The blow molding section 3i0
has a blow mold 378 which isclamped around the preforms 1 and blow molds
one bottle 6 from15each of n (1<_n<N) preforms 1, for example n = 1 preform
1.The transfer station 200 transfers the preforms 1 ejectedfrom the preform
ejecting section 16 of the preform moldingstation 10 to the preform
receiving section 304 of the blowmolding station 300. In the preform
ejecting section 16 of20the preform molding station 10 N preforms 1, i.e.
the numberof preforms 1 simultaneously molded in the injection
moldingsection 14, are ejected at a time, but in the transfer station200 n
preforms 1, i.e. the number of preforms 1 simultaneouslymolded in the blow
molding section 3t0 of the blow molding25station 300, are transferred at a
time. In the apparatus ofthis preferred embodiment, four preforms 1
simultaneouslyejected by the preform ejecting section 16 are transferred
oneat a time to the preform receiving section 304. Also, whereasin the
preform molding station 10 the preforms 1 are injection   2 2 APR 2003 -34
molded in an upright state, in the transfer station 200 thepreforms 1 are
turned upside-down and transferred to the blowmolding station 300 in an
inverted state.Preform Molding Station 105First the preform molding station
10 will be described,with reference to Fig. 1 to Fig. 11.Infection Molding
Section 14 and First CirculatoryCarrier 30As shown in Fig. 2 and Fig. 4,
the injection molding10section 14 of the preform molding station 10 is
provided witha lower clamping plate 20 mounted on the machine bed 8. A
forexample circular upper clamping plate 22 is disposed abovethis lower
mold clamping plate 20 and extends from theinjection molding section 14
into the preform ejecting section1516. This upper mold clamping plate 22 is
movable verticallyalong four tie bars 24 provided in four locations around
theinjection molding section 14. As shown in Fig. 1, Fig. 2 andFig. 4, a
fixed plate 26 is mounted on the upper ends of thetie bars 24 and a
clamping cylinder 28 is mounted on this20fixed plate 26. The clamping
cylinder 28 drives a clampingrod 28a (see Fig. 4), and the upper clamping
plate 22 isdriven up and down by this clamping rod 28a.As shown in Fig. 2
to Fig. 4, the rotary disc 30constituting the first circulatory carrier is
rotatably25mounted at the underside of the upper clamping plate 22. Asshown
in Fig. 7, this rotary disc 30 is fixed to a rotationalshaft 34
rotationally driven by a rotary actuator 32 fixed tothe upper clamping
plate 22. As shown in Fig. 5, which is anunderside view of the rotary disc
30, the two injection core   2 2 APR 2003 -35 molds 50 and the two neck
cavity molds 60 are mounted on therotary disc 30 in positions corresponding
to the injectionmolding section 14 and the preform ejecting section 16.
Thedetails of the injection core molds 50 and the neck cavity5molds 60 will
be discussed in detail later.As shown in Fig. 2 and Fig. 4, the injection
moldingsection 14 is provided with a hot runner mold 40 with which,anozzle
of the injecting apparatus 12 nozzle-touches, and theinjection cavity mold
42 is mounted on this hot runner mold1040. This injection cavity mold 42
has a cavity for each ofthe N preforms 1 simultaneously molded in the
injectionmolding section 14, for example four cavities. This
injectioncavity mold 42 is capable of cooling the injection moldedpreforms,
and a coolant, for example water at room15temperature, is circulated
therethrough.As shown in Fig. 4 to Fig. 8, the two injection coremolds 50
mounted on the rotary disc 30 each have the samenumber of core pins 52 as
the number N of preformssimultaneously molded, for example four core pins
52. As20shown in Fig. 7, the base portions 52a of these core pins 52are
supported by a core presser plate 54 fixed to theunderside of the rotary
disc 30 and a core fixing plate 56fixed to the underside of this core
presser plate 54. Whenthe clamping cylinder 28 is driven and the clamping
rod 28a25drives down the upper clamping plate 22, the core pins 52 ofthe
injection core mold 50 are driven down integrally with therotary disc 30,
the core presser plate 54 and the core fixingplate 56 mounted on this upper
clamping plate 22 and arethereby clamped onto the injection cavity mold 42.
2 2 AP R 2003 -36 -As shown in Fig. 7 and Fig. 11, the two neck cavity
molds60 mounted on the rotary disc 30 are made up of pairs of splitmolds
62a and 62b, each neck cavity mold 60 comprising thesame number of pairs of
split molds 62a and 62b as the number5N of preforms simultaneously molded,
for example four. Thepairs of split molds 62a and 62b of each neck cavity
mold 60are fixed by split plates 64a and 64b, and these split plates64a and
64b constitute a neck fixing plate 64. As shown inFig. 11) a neck presser
plate 65 which pushes this neck fixing10plate 64 downward is disposed on
the upper surface side of thesplit plates 64a and 64b. Also, there are
provided guideplates 66 which support the undersides of the ends of the
neckfixing plate 64. The split plates 64a and 64b are keptnormally closed
by springs 64c shown in Fig. 5. As shown in15Fig. 5, a wedge hole 64d is
provided at each end of the splitplates 64a and 64b. After the neck fixing
plate 64 has beencarried into the preform ejecting section 16, the split
plates64a and 64b are opened by being driven apart along the guideplates 66
by split plate opening cams 108, which will be20further discussed later,
driven into the wedge holes 64d.As shown in Fig. 9, which is an enlarged
sectional viewof portion A of Fig. 8, and in Fig. 6, at each end of
eachguide plate 66 a vertical lifting and lowering pin 70 has its1 owe r
end fixed in the guide p 1 ate 66 , and a flange 70a i s25formed at the
upper end of this lifting and lowering pin 70.A guide cylinder 72 extends
downward from the underside of therotary disc 30, and the lifting and
lowering pin 70 isdisposed inside this guide cylinder 72. A return spring
74 isdisposed between the inner wall of the bottom portion of the   2 2 APR
1003 -37 guide cylinder 72 and the flange 70a of the lifting andlowering
pin 70. The upward urging force of these returnsprings 74 urges the guide
plate 66 upward at a11 times, andas a result the neck presser plate 65 is
normally in contact5with the underside of the core fixing plate 56.By this
state of contact between the core fixing plate 56and the neck presser plate
65 being maintained, the injectioncore mold 50 and the neck cavity mold 60
are kept clampedtogether. when in the preform ejecting section 16 an
external10force (which will be further discussed later) is applied tothe
1ifting and lowering pins 70, the 1ifting and loweringpins 70 descend
against the urging force of the return springs74 and the neck presser plate
65 is driven down so that itmoves away from the underside of the core
fixing plate 56 and15pushes the neck fixing plate 64 downward. As a result,
thecore pins 52 of the injection core mold 50 are released fromthe preforms
1 whose neck portions 2 are held by the neckcavity mold 60.Preform Electing
Section 1620Next, the construction of the preform ejecting section16, and
in particular the preform ejection drive mechanismwill be described. In
this preferred embodiment, the preformejection drive mechanism is made up
of a neck mold-releasedriver 80 and a split mold opening driver 100. As
shown in25Fig. 8, the neck mold-release driver 80 has a first cylinder82,
and this first cylinder 82 is mounted on a first cylindermounting plate 84b
supported on the upper clamping plate 22 byway of first support rods 84a.
The first cylinder 82 drivesa first raising and lowering plate 86 up and
down by way of a   2 ~ ,APR ~u~3 -38 first piston rod 82a. Presser drive
rods 88 are provided ateach end of this first raising and lowering plate
86. Holes22a are provided in the upper clamping plate 22 passingthrough
from the upper surface to the lower surface thereof,5and the presser drive
rods 88 are disposed in these holes 22a.The initial position of the first
raising and lowering plate86 is a position such that the ends of the
presser drive rods88 do not project below the underside of the upper
clampingplate 22 so they do not obstruct the rotation of the rotary10disc
30.As shown in Fig. 8, the rotary disc 30, the core presserplate 54 and the
core fixing plate 56 respectively have holes30a, 54a and 56a in positions
facing the holes 22a in theupper clamping plate 22. Driven rods 68 disposed
in the holes1530a, 54a and 56a are mounted on the upper surface of the
neckpresser plate 65.As a result, when the first cylinder 82 is driven,
theneck presser plate 65 and the neck fixing plate 64 are drivendown
against the urging force of the return springs 74 by the20first cylinder 82
by way of the first piston rod 82a, thepresser drive rods 88 and the driven
rods 68. As shown inFig. 10, this causes the core pins 52 of the injection
coremold 50 to release from the preforms 1 whose neck portions 2are held by
the neck cavity mold 60. In this preferred25embodiment, the core pins 52 of
the injection core mold 50 donot have to be pulled completely clear of the
open ends of tt~epreforms 1, it only being necessary that at least gaps
throughwhich air can enter form between the core pins 52 and theinner walls
of the preforms 1. In this preferred embodiment,  



2 2 AP R 2003 -39 the downward stroke of the neck fixing plate 64, that is
thereleasing stroke of the core pins 52 (the length L shown inFig. 10), is
set at for example 50mm.Next, the split mold opening driver 100 will
be5described. As shown in Fig. 1 and Fig. 8, this split moldopening driver
100 has for example two second cylinders 102.These second cylinders 102, as
shown in Fig. 11, are mountedon a second cylinder mounting plate 104b
supported on thefirst raising and lowering plate 86 by way of second
support10rods 104a. As a result, when the first raising and loweringplate
86 is driven up or down by the first cylinder 82, thesecond cylinders 102
are also moved up or down at the sametime. These second cylinders 102 drive
second raising andlowering plates 106 up and down by way of second piston
rods15102a. The split plate opening cams 108 are mounted on thesesecond
raising and lowering plates 106. The lower endportions of these split plate
opening cams 108 are of a wedgeshape fitting the wedge holes 64d formed in
the split plates64a and 64b constituting the neck fixing plate 64. By
driving20the second cylinders 102 the split plate opening cams 108
aredriven down and the wedge portions at their ends are therebyinserted
into the wedge holes 64d in the neck fixing plate 64,and this opens the
split plates 64a and 64b. Consequently thepairs of split molds 62a and 62b
mounted on this pair of split25plates 64a and 64b are opened, and the
preforms 1 are ejectedfrom the neck cavity mold 60. In this preferred
embodimentthe drive timing of the second cylinders t02 is set to afterthe
first cylinder 82 is driven.Next, the operation of the preform molding
station 10 of   2 2 APR ~uu,i -40 the apparatus of the preferred embodiment
will be described.Infection Molding in Infection Molding Section 14The
clamping cylinder 28 is driven and the upper clampingplate 22 is thereby
driven down, whereby the injection core5mold 50 and the neck cavity mold 60
are clamped to theinjection cavity mold 42. After the clamped state shown
inFig. 4 is reached, by a screw inside the injecting apparatus12 being
advanced and rotated, the preforms 1 injectionmolding material, for example
polyethylene terephthalate10(PET), is injected by way of the hot runner
mold 40 into thecavity bounded by the molds 42, 50 and 60, and the preforms
1are thereby injection molded.Cooling Step in Infection Molding Section
14The injection cavity mold 42, the injection core mold 5015and the neck
cavity mold 60 each have a coolant, for examplewater at room temperature,
circulating through them, and theresin injected into the cavity bounded by
tie molds can beimmediately cooled.Infection Cavity Mold 42 Mold-Release
Step in Infection20Molding Section 14By the clamping cylinder 28 being so
driven that it liftsthe upper clamping plate 22, the injection core mold 50
andthe neck cavity mold 60 can be lifted up away from theinjection cavity
mold 42 as shown by the mold-open state of25Fig. 10. At this time, because
the neck portions 2 of thepreforms 1 form an undercut with respect to the
mold-releasedirection, the injection molded preforms 1 are held on
theinjection core mold 50 and neck cavity mold 60 side and arereleased from
the injection cavity mold 42.   2 2 AFR ~~~3 -41 The timing at which this
mold-release starts in theinjection molding section 14 can be made
considerably earlierthan a conventional mold-release starting timing. In
otherwords, the cooling time of the preforms 1 in the injection5molding
section 14 can be shortened. This is because evenafter the preforms 1 have
been released from the injectioncavity mold 42 the core pins 52 of the
injection core mold 50remain inside the preforms 1 and deformation of the
preforms1 accompanying their thermal contraction can be
prevented.10Therefore, the mold-release temperature of the preforms 1 inthe
injection molding section 14 only has to be low enough fora skin layer
thick enough for the shape of the preforms 1 tobe maintained after they are
released from the injectioncavity mold 42 to form at the outer surfaces of
the preforms151, and can be higher than conventional
mold-releasetemperatures. Even if the mold-release temperature is highlike
this, because the cooling causes the preforms 1 tocontract around the core
pins 52 of the injection core mold50, mold-release from the injection
cavity mold 42 can be20carried out relatively smoothly, and preform 1
mold-releaseproblems do not occur. Also, because in the injection
moldingsection 14 withdrawal of the core pins 52 is not carried out,even if
the preforms 1 are mold-released at a high mold-release temperature, the
mold-release problem of the lower25ends of the preforms 1 being lifted
together with the core pins 52 does not occur. The clamped state of the
injection core mold 50 and the neck cavity mold 60 with respect to the
preforms 1 released from the injection cavity mold 42 is maintained by the
core   2 2 APR 2003 -42 tfixing plate 56 and the neck presser plate 65
being kept incontact with each other by the return springs 74. Thisclamped
state of the injection core mold 50 and the neckcavity mold 60 is
maintained through the subsequent preforms51 carrying step and until in the
preform ejecting section 16the injection core mold 50 is released from the
preforms 1.Cooling of the preforms 1 is possible throughout the timeduring
which this clamped state of the injection core mold 50and the neck cavity
mold 60 is maintained.10Preforms 1 Carrving StepThe preforms 1 are carried
from the injection moldingsection 14 to the preform ejecting section 16 by
the rotaryactuator 32 being driven and the rotary disc 30 constitutingthe
first circulatory carrier being rotated thereby through15180. During this
preforms 1 carrying step, it is possiblefor cooling of the preforms 1 by
the coolant circulatingthrough the injection core mold 50 and the neck
cavity mold 60to continue without interruption.Generally, when the preforms
1 are mold-released at a20high temperature, crystallization occurs due to
inadequatecooling and the wall surfaces of the preforms 1
becomenontransparent, and particularly when PET is being used tomake
transparent containers this is a fatal defect. Accordingto experiments
carried out by the present inventors, this25crystallization and loss of
transparency of the preforms 1accompanying inadequate cooling is
particularly marked at theinner wall sides of the preforms 1. This is
because at theinner wall side of a preform 1 there is less surface area
incontact with the mold and consequently the inner wall is more   22AP~2I~
-43 liable to be inadequately cooled than the outer wall. Also,when as in
the past the injection cavity mold 42 and theinjection core mold 50 are
released from the preforms 1 in theinjection molding section, the inner
wall side is more liable5to be inadequately cooled than the outer wall
because theheat-radiating surface area at the inner wall side of thepreform
1 is smaller than at the outer wall side andfurthermore heat is confined in
the interior of the preform 1.In this preferred embodiment, even if in the
injection10molding portion 14 the preforms 1 are mold-released at
arelatively high temperature, in the subsequent carrying stepit is possible
for the preforms 1 to continue to be cooled bythe injection core mold 50
and the neck cavity mold 60. Inparticular, because the inner walls of the
preforms 1 can be15uninterruptedly cooled by the core pins 52 of the
injectioncore mold 50, crystallization and loss of transparency causedby
inadequate cooling can be certainly prevented. Also, theneck portions 2,
which because they are thick have large heatcapacities and are more liable
to crystallize than other20portions, can be cooled by the neck cavity mold
60 andprevented from crystallizing.Preform Cooling Step in Preform Electing
Section 16Even after the preforms 1 have been carried into thepreform
ejecting section 16) by the clamped state of the25injection core mold 50
and the neck cavity mold 60 withrespect to the preforms 1 being maintained,
the preforms 1 canbe cooled as~they were during the above-mentioned
carryingstep. At this time, even if in the injection molding section14 the
clamping cylinder 28 has been driven and the upper   Z z APR 2003 -44 



clamping plate 22 lowered for the injection molding of the next preforms)
because the above-mentioned clamped state in the preform ejecting section
16 is maintained, cooling of the preforms 1 can be continued. 5Separation
of Neck Cavitv Mold 60 from Infection CoreMold 50Cooling of the preforms 1
by the core pins 52 of theinjection core mold 50 only has to continue long
enough forcrystallization caused by inadequate cooling of the inner10walls
of the preforms 1 to be prevented and for deformation ofthe ejected
preforms 1 to be avoided, and indeed if thepreforms 1 are excessively
cooled by the core pins 52, removalof the core pins 52 becomes difficult.
Therefore, in thispreform ejecting section 16, first the injection core
mold 5015is released from the preforms 1. In this preferredembodiment, this
is achieved by the neck cavity mold 60holding the preforms 1 being released
from the injection coremold 50.This separation of the neck cavity mold 60
is carried out20by the neck presser plate 65 kept in contact with the
corefixing plate 56 by the urging force of the return springs 74being
lowered by the neck mold-release driver 80. When thefirst cylinder 82 of
the neck mold-release driver 80 isdriven, the pushing force thereof
transmitted through the25first piston rod 82a, the first raising and
lowering plate 86,the presser drive rods 88 and the driven rods 68 causes
theneck fixing plate 64 to be pressed against the neck presserplate 65 and
be driven downward as shown in Fig. 6 and Fig.10. At this time, because the
preforms 1 have their neck   2 2 APR 2003 -45 ' portions 2 held by the neck
cavity mold 60, the preforms i are also driven downward together with the
neck fixing plate 64 and the neck cavity mold 60. Consequently, the
separation of the neck cavity mold 60 from the injection core mold 50 5
results in the injection core mold 50 being released from the preforms 1.
This mold-releasing stroke of the injection core mold 50 wi th respect to
the preforms 1 does not have to be so long that the core pins 52 are pulled
completely clear of the open 10 ends of the preforms 1 for the subsequent
carrying of the preforms 1 as it does conventionally, and need only be long
enough for at least gaps through which ai r can enter to be formed between
the inner walls of the preforms 1 and the core pins 52. Consequently, the
mold-releasing stroke of the 15 injection core mold 50 depends on the angle
of the removal taper provided on the core pins 52 and the inner walls of
the preforms 1, and the greater this removal taper angle is, the shorter
the mold-release stroke need be. Because the moldreleasing stroke of the
injection core mold 50 can be 20 shortened in this way the installation
height of the first cylinder 82 can be made low and the overall height of
the injection molding apparatus can be made low, and this is advantageous
in the transportation and installation of the apparatus. 25 Preforms 1
Ejection Step in Preform Eiectin~ Section 16 Because the preform~ 1 have
their neck portions 2 held by the neck cavity mold 60 comprising the pairs
of split molds 62a and 62b, the preforms 1 can be ejected by this neck
cavity mold 60 being released. To bring this about, the second   2 2 APR
2003 -46 -cyl finders 102 of the spl it mold opening driver 100 are
driven.This driving force of the second cylinders 102 is transmittedto the
split plate opening cams 108 by way of the secondpiston rods 102a and the
second raising and lowering plates5106. By the split plate opening cams 108
being drivendownward, as shown in Fig. 11 their ends are inserted into
thewedge holes 64d formed in the split plates 64a and 64b, thesespl it
plates 64a and 64b are driven open, and the pai rs ofsplit molds 62a and
62b are thereby opened. At this time,10even if a neck portion 2 of a
preform 1 has stuck to one ofthe split molds 62a, 62b and tries to move
therewith, becausethe respective core pin 52 of the injection core mold 50
isstill inside the preform 1, lateral movement of the preform 1is
restricted and the preform 1 can be dropped downward15without fail.In the
state before the split plate opening cams 108 aredriven downward, in order
to avoid the split plate openingcams 108 interfering with the rotation of
the rotary disc 30it is necessary that their ends stop within the thickness
of20the upper clamping plate 22. On the other hand, because theneck fixing
plate 64 which is driven open by these split plateopening cams 108 is in
the farthest position from the rotarydisc 30, the downward stroke of the
split plate opening cams108 is long. In this preferred embodiment, because
the second25cylinders 102 which drive these split plate opening cams 108are
mounted on the first raising and lowering plate 86 drivenby the first
cylinder 82 and because before the split plateopening cams 108 are driven
the first raising and loweringplate 86 is driven, the actual downward
stroke through which   ,2 2 APR ~3 -47 -the split plate opening cams 108
are driven by the secondcylinders 102 is short. As a result, the
installation heightof the second cylinders 102 can be made low, the
overallheight of the injection molding apparatus an be made low) and5an
apparatus advantageous from the points of view oftransportation and
installation can be provided.After this preform 1 ejecting step is
finished, the firstand second cylinders 82 and 102 return to their
originalstates. As a result, the neck presser plate 65 is brought10back
into contact with the core fixing plate 56 by the returnsprings 74, and the
injection core mold 50 and the neck cavitymo1d.60 are returned to their
clamped state in preparation forthe next injection molding.The cooling and
mold-releasing steps described above15carried out in the preform ejecting
section 16 only have to befinished within the time taken for the injection
molding ofthe next, new preforms in the injection molding section 14
tofinish, in other words within the injection molding cycletime. The
preform 1 cooling time depends particularly on the20thickness of the trunk
portions of the preforms 1) and thethicker the preforms 1 are the longer
the cooling time thatmust be provided. In this preferred embodiment this
coolingtime can be adjusted by way of the setting of the timing ofthe
mold-release of the injection core mold 50 in the preform25ejecting section
16 as well as by adjusting the cooling timein the injection molding section
14. As a result, even whilethe mold-release temperature in the injection
molding section14 is made high and the injection molding cycle time
therebyshortened, because adjustment of the cooling time is easy a   2 2 AP
R luu3 highly flexible preform injection molding station can be provided.
After the preform 1 injection molding in the injectionmolding section 14 is
finished, the injection core molds 505and the neck cavity molds 60 in the
two sections 14 and 16 arechanged around by the rotary disc 30 being
rotated through180 by the rotary actuator 32. In this preferred
embodiment,the rotary actuator 32 consists of reversible rotary
carryingmeans of which the rotary carrying direction reverses each10time.
As a result, even if the injection core molds 50 andthe neck cavity molds
60 rotationally carried have coolingpipes for circulating coolant
therethrough connected thereto,these cooling pipes will not be twisted
through more than onerevolution. Consequently, it is possible to connect
these15cooling pipes to the molds without using rotary connectors andtheir
construction does not become complicated.Because for the reasons discussed
above the preforms 1are given a uniform temperature or a suitable
temperaturedistribution, it is possible to mold bottles of a
desired20thickness. Also, because whitening crystallization of thebottles
is prevented, highly transparent bottles can bemolded. This invention is
not limited to being applied to thehot parison blow molding described
above, and of course canalso be applied to so-called cold parison blow
molding wherein25the preforms are returned to room temperature before
beingheated again and blow molded. In this case also, there is theeffect
that the injection molding cycle time can be shortened.Transfer Station
200Next, the constitution and operation of the transfer   



2 2 APR u03 -49 station 200 will be described with reference to Fig. 2,
Fig.12 to Fig. 14 and Fig. 21 and Fig. 22. Fig. 12 to Fig. 15show a
mechanism corresponding not to the preferred embodimentapparatus shown in
Fig. 1 but rather corresponding to a5preferred embodiment apparatus shown
in Fig. 21. Fig. 21shows a case wherein the above-mentioned numbers N and n
ofpreforms molded simultaneously are respectively N = 6 and n =2, and
accordingly the mechanisms of the transfer station 200shown in Fig. 12 to
Fig. 15 transfer n - 2 preforms 1i0simultaneously. The case wherein n - 1
preform 1 istransferred at a time is exactly the same as the case where n-
2 except in that there is no transfer pitch conversion,which will be
further discussed later.This transfer station 200 has a receiving and
lowering15mechanism 210 which receives and lowers preforms 1 ejectedfrom
the preform ejecting section 16 of the preform moldingstation 10, and an
inverting and handing over mechanism 230which then turns the preforms 1
upside-down and hands themover to the preform receiving section 304 of the
blow molding20station 300.Receivin4 and Lowering Mechanism 210Fig. 12 and
Fig. 13 respectively show the receiving andlowering mechanism 210 in a
raised position and a loweredposition. This receiving and lowering
mechanism 210 has a25bottom portion holding part 214 which holds the bottom
portion3 of a preform 1 and a neck lower portion holding part 218which
supports a support ring 2a formed at the lower end ofthe neck portion 2 of
the preform 1. The bottom portionholding part 214 is mounted on a rod 212a
of a first raising   Z 2 APR 2003 -50 and lowering drive device 212
comprising an air cylinder orthe like and is movable up and down between
the raisedposition in which it is shown in Fig. 12 and the loweredposition
in which it is shown in Fig. 13. This vertical5stroke b is shown in Fig.
4.The neck lower portion holding part 218 is movable up anddown together
with the bottom portion holding part 214 and ismovable horizontally through
a horizontal stroke a shown inFig. 4. To make this possible, a first slider
220 is disposed10on a rail 222 slidably therealong. This first slider 220
isdriven horizontally by a rod 216a of a first advancing~andwithdrawing
drive device 216 comprising an air cylinder or thelike. The neck lower
portion holding part 2t8 has a smalldiameter shaft portion 218a at its
lower part and a large15diameter shaft portion 218b at its upper part, and
the smalldiameter shaft portion 218a passes through a stopper member220a
mounted on the first slider 220. A flange 218c is fixedto the lower end of
the small diameter shaft portion 218awhich projects below this stopper
member 220a. Also, a spring20218d is disposed around a portion of the small
diameter shaftportion 218a projecting upward of the bottom portion
holdingpart 214. Because this spring 218d is disposed between thebottom
portion holding part 214 and the large diameter shaftportion 218b, the
large diameter shaft portion 218b is pushed25upward by the spring 218d as
the bottom portion holding part214 ascends, and the neck lower portion
holding part 218 canthereby be raised. When the first advancing and
withdrawingdrive device 216 is driven, because this horizontal drivingforce
is transmitted by way of the first slider 220 to the   ~ 2 APR 1u03 -51
shaft portions 218a and 218b, the neck lower portion holdingpart 218 is
caused to slide horizontally. This sliding strokea is shown in Fig. 4.The
operation of this receiving and lowering mechanism5210 will now be
explained with reference to Fig. 4, Fig. 12and Fig. 13. Before the neck
cavity mold 60 is driven open inthe preform ejecting section 16 of the
preform molding station10, the bottom portion holding part 214 and the neck
lowerportion holding part 218 are disposed in the positions in10which they
are shown in Fig. 12. In this state shown in Fig.12, the raised position of
the neck lower portion holding part218 is determined by the flange 218c
thereof abutting with thestopper member 220a. The bottom portion holding
part 214 isstopped in a position which it reaches by compressing
the15spring 218d after the neck lower portion holding part 218 hasreached
its upper limit position. At this time, the necklower portion holding part
218 is in a position wherein it iswithdrawn to the right in Fig. 4 and Fig.
12 of a position. directly below the support ring 2a of the preform 1. When
the20neck cavity mold 60 is driven open, the preform 1 dropsdownward and
its bottom portion 3 is caught by the bottomportion holding part 214. At
this time, as shown in Fig. 12)the preform 1 does not completely release
from the core pin 52and the preform 1 maintains an upright state with a
portion of25the core pin 52 remaining inserted therein.After that the first
advancing and withdrawing drivedevice 216 is driven, and the neck lower
portion holding part218 is moved to the left through the stroke a_ (see
Fig. 4).As a result, the neck lower portion holding part 218 is   2 2 APR
2003 -52 positioned directly below the support ring 2a of the preform After
that, the first raising and lowering drive device212 is so driven that it
pulls in the rod 212a, and the bottom5portion holding part 214 starts to be
lowered. In the initialstage of this lowering, until the spring 218d
returns to itsoriginal length, the neck lower portion holding part 218
staysin its upper position. As a result, during the initial stageof this
lowering, the bottom portion holding part 2t4 moves10away from the bottom
portion 3 of the preform 1 and thesupport ring 2a of the preform 1 comes to
rest on the necklower portion holding part 218. The first raising
andlowering drive device 212 continues to be driven after this,and the
preform 1 descends with its support ring 2a being held15by the neck lower
portion holding part 218 only. It ispreferable that members of low thermal
conductivity, forexample synthetic resin or the like, be used for the
portionsof the bottom portion holding part 214 and the neck lowerportion
holding part 218 which make contact with the preform201. The preform 1
supported by the neck lower portion holdingpart 218 continues to be lowered
until it reaches the positionin which it is shown in Fig. 13.Inverting and
Handing Over Mechanism 230Next, the constitution of the inverting and
handing over25mechanism 230 will be described with reference to Fig. 4
andFig. 13 to Fig. 15. This inverting and handing over mechanism230 has two
neck holding mechanisms 232 corresponding to thenumber n - 2 of preforms
simultaneously blow molded in theblow molding section 310 shown in Fig. 21
(see Fig. 14). The   2 2 APtt 1UU3 -53 neck holding mechanisms 232 each
have an open/closeable pair of neck holding members 234 which hold the neck
portion 2 of the preform 1. As shown in Fig. 15, these two neck
holdingmechanisms 232 are mounted on a support table 236, and this5support
table 236 is linked to a rod 238a of a second raisingand lowering drive
device 238 comprising and air cylinder orthe like. As a result) the two
neck holding mechanisms 232are movable vertically through a vertical stroke
a shown inFig. 4. In order to make this vertical movement smooth,
for10example two guide rods 240 are provided and guided by guideportions
242.The second raising and lowering drive device 238 and theguide portions
242 described above are mounted on a secondslider 244 as shown in Fig. 15.
This second slider 244 is15provided with a horizontal drive device 246
which moves thesecond slider 244 in the direction in which the number
ofpreforms N, for example 4, simultaneously molded in theinjection molding
section 14 are arrayed. This horizontaldrive device 246 moves the second
slider 244 horizontally by20means of for example a ball screw 246a. The
horizontal drivedevice 246 is mounted on a third slider 248, and this
thirdslider 248 is provided with a second advancing and withdrawingdrive
device 250 which advances and withdraws the raising andlowering drive
device 238 through the advancing and25withdrawing stroke c shown in Fig. 4.
That is, as shown inFig. 14, a rod 250a of the second advancing and
withdrawingdrive device 250 is linked to the third slider 248.Also, there
is provided an inverting drive device 252which rotates the two neck holding
mechanisms 232 through 180   ~~ 2 APR C003 -54 -about a horizontal axis.
The 180 rotational stroke d of thisinverting drive device 252 is shown in
Fig. 4. As a result ofthis inversion the preform 1 moves from an upright
statewherein the neck portion 2 faces upward to an inverted state5wherein
the neck portion 2 faces downward.Next, the operation of this inverting and
handing overmechanism 230 will be explained. When the preforms 1 reachtheir
lowered positions as shown in Fig. 13, the neck holdingmechanisms 232 which
are in a standby position shown with10chain lines in Fig. 13 are rotated
through 180 by theinverting drive device 252. Opening and closing
drivemechanisms incorporated into the neck holding mechanisms 232close the
pairs of neck holding members 234, and the neckportions 2 of the preforms 1
are held by these neck holding15members 234. Then the preforms 1 are
inverted. Before that,however, to prevent the preforms 1 from interfering
with othermembers, the neck lower portion holding part 218 is withdrawnto
the right through the moving stroke a (see Fig. 4), and bythe third slider
248 being moved to the left through the20moving stroke c (see Fig. 4) the
two neck holding mechanisms232 are moved to the left. After that, by the
preforms 1being rotated through 180 by the inverting drive device 252,the
preforms 1 reach the position shown with chain lines inFig. 13. Then, by
the two neck holding mechanisms 232 being25lowered by the second raising
and lowering drive device 238through the stroke a (see Fig. 4), the
preforms 1 can beplaced on carrier members 330 positioned in the
preformreceiving section 304 of the blow molding station 300. Afterthat,
the neck holding mechanisms 232 are opened and moved 



2 2 APR 2003 -55 through the vertical stroke a and the transverse stoke c
shownin Fig. 4 whereby the neck holding mechanisms 232 are movedaway from
the preforms 1 and returned to their standbyposition shown with chain lines
in Fig. 13.5When the above transfer operation is carried out in
thepreferred embodiment apparatus shown in Fig. 21 wherein thenumber of
simultaneously blow molded preforms t is n = 2, n =2 preforms 1 are
transferred simultaneously. The transferredtwo preforms 1 are handed over
to carrier members 330 in two10receiving positions 260. At this time, the
pitch P2 at whichthe neck holding mechanisms 232 receive the two preforms
1from the receiving and lowering mechanism 210 is differentf rom the pi tch
P3 at whi ch the neck hol di ng mechani sms 232deliver the two preforms 1
to the carrier members 330. This15is because during the transfer of the
preforms 1 pitchconversion is performed by a pitch change drive device 254;
this point will be further discussed later. In the case ofthe preferred
embodiment apparatus of Fig. 1 wherein thenumber of preforms 1
simultaneously blow molded is n = 1, the20preform 1 is delivered to a
carrier member 330 positionedbetween the two receiving positions shown in
Fig. 14.Therefore, each time an injection molding operation in whichN = 4
simultaneously injection molded preforms 1 are injectionmolded is finished,
transfer of one preform 1 at a time is25repeated four times.Blow Molding
Station 300Next, the blow molding station 300 will be described
withreference to 41, Fig. 4 and Fig. 16 to Fig. 20.   Z ~ APR 2003 -56
Second Circulatory Carrier 302 and Preform ReceivingSection 304This blow
molding station 300 circulates the carriermember 330 carried by the second
circulatory carrier 302 in5order through the preform receiving section 304,
the heatingsection 306, the standby section 308, the blow molding
section310 and the bottle ejecting section 312. As shown in Fig. 1,the
second circulatory carrier 302 has four sprockets 320a to320d, and for
example only the sprocket 320a is driven and the10other sprockets 320b to
320d are not driven. An endlesscarrier chain 322 runs around these four
sprockets 320a to320d. Some other endless drive member, such as a belt,
forexample a V-belt or a toothed belt, can be used instead of thechain, and
other rotary drive members such as pulleys can be15used instead of the
sprockets.In the preferred embodiment apparatus shown in Fig. 1,ten carrier
members 330 are fixed to the carrier chain 322.This fixing structure is as
follows:As shown in Fig. 18, each carrier member 330 has a20cylindrical
mount portion 332. This mount portion 332 has isprovided at one side
thereof with projecting portions 334a and334b which respectively project
above and below the carrierchain 322, sandwiching the carrier chain 322.
Adjacent chainlinks in the carrier chain 322 are connected by hollow
pins,25and the upper and lower projecting portions 334a and 334b arelinked
to the carrier chain 322 by fixing pins 336 beingpassed through the central
portions of the hollow pins andhaving their ends secured so that they
cannot drop out.A cylinder 342 is rotatably supported by way of a bearing
2 2 APR 2003 -57 340 inside the cylindrical portion of the mount part 332.
The upper portion of this cylinder 342 functions as a carrying surface 344
on which the end surface of the neck portion 2 of an inverted preform 1 is
placed. Also, a carrying pin 346 is 5 supported inside this cylinder 342.
This carrying pin 346 has a portion thereof projecting upward of the
carrying surface 344 which enters the neck portion 2 of the preform 1 and
can support the preform 1 in its inverted state. Thus, the carrying surface
344 and the carrying pin 346 constitute a 10 preform 1 supporting portion.
As shown in Fig. 16, three cam followers 338 consisting of rollers or the
like are supported on this carrier member 330. Two of the cam followers 338
roll along the inner side locus described when the carrier member 330 is
driven by the 15 carrier chain 322. The other cam follower 338 rolls along
the outer side locus. These three cam followers 338 are guided by a carrier
base 324 or by rails 326) depending on where the carrier member 330 is in
the blow molding station 300. As shown i n Fi g . 18, the two rai 1 s 326
are di sposed on ei ther 20 side of the carrying path and each are formed
with a C-shaped cross-section and have a cam surface 326a. These rails 326
have portions which so project that they cover the upper portions of the
cam followers 338, and the cam followers 338 cannot leave the rails 326.
These rails 326 are disposed in 25 the blow molding section 310. On the
other hand, in a11 parts of the carrying path outside the blow molding
section 310, for example as shown in Fig. 19 showing the heating section
306, the carrier base 324 is provided below the carrying path. Upper
surfaces of this   2 2 APR ~uu3 -58 carrier base 324 constitute cam
surfaces 324a. Portions of the rails 326 disposed in the heating section
306 are so disposed that they cover the upper portions of the cam followers
338 and prevent the cam followers 338 from escaping 5 f rom thei r travel
paths . Because i f the carr i er base 324 were provided in the blow
molding section 310 it would not be possible for a drawing rod and a blow
core mold to be inserted from below into the preform 1, such a construction
is not used. 10 An autorotation 342 of the carrier m~ heating section 306,
the preform 1 about further discussed in 15 306. 



sprocket 348 is mounted on the cylinder ember 330. When the preform 1 is in
the this autorotation sprocket 348 rotates its vertical axis; this point
will be the description of the heating section The driving sprocket 320a
repeats an intermittent carrying movement wherein it moves by an amount
corresponding to one pitch of the carrier members 330 fixed to the carrier
chain 322 at a predetermined pitch and then stops for a 20 predetermined
period of time. By the preform i being received in an inverted state by the
preform receiving section 304 of the blow molding station 300 the preform 1
is placed on the carrying surface 344 of the carrier member 330 and the
carrying pin 346 is inserted into the neck portion 2 of the 25 preform 1.
When after that the driving sprocket 320a is driven and rotates, the
carrier chain 322 meshing with the sprockets 320a to 320d moves and the
carrier members 330 are thereby moved by one pitch. By this carrying
operation being repeated, the preforms 1 received in the preform receiving
r -59 2 2 APR ~~ section 304 are carried through the heating section 306
andthe standby section 308 to the blow molding section 310, andhere they
are drawn and blow molded into bottles 6. Afterthat the bottles 6 on the
carrier members 330 are carried to5the bottle ejecting section 312, and
here the bottles 6 areejected to outside the apparatus.Heating Section
306Next, the heating section 306 will be described withreference to Fig. 19
and Fig. 20.10The heating section 306 heats the preform 1 by means
ofradiant heat in a space enclosed by a heating box cover 350.As described
above, in the apparatus of this preferredembodiment, the preform 1 can be
amply cooled by the injectioncore mold 50 while it is being carried to the
preform ejecting15section 16 and in the preform ejecting section 16 until
theinjection core mold 50 is released from the preform 1. As aresult, while
the method is still a hot parison method, thepreform 1 can be amply cooled
and can be cooled to atemperature lower than is suitable for blow molding.
For this20reason, in the apparatus of this preferred embodiment, thepreform
1 is heated in the heating section 306 provided in theblow molding station
300 until it reaches a temperaturesuitable for blow molding.Inside the
heating box cover 350 of the heating section25306 there are provided first
to fourth barlike heaters 352a to352d constituting a first heater set
disposed spaced apart inthe axial direction of the preform 1. The barlike
heaters352a to 352d are for example infrared heaters, and extend inthe
preform 1 carrying direction inside the heating box cover   2 2 AP R 2003
-s0 350. The first and second barlike heaters 352a and 352b arepartly
surrounded by a focussing reflecting plate 354a, andheat especially the
bottom portion 3 of the preform 1 withradiant heat. The third and fourth
barlike heaters 352c and5352d are partly surrounded by a focussing
reflecting plate354b and heat especially the vicinity of the trunk portion
4of the preform 1 with radiant heat. As shown in Fig. 19, areflecting plate
356 is disposed on the other side of thecarrying path facing the barlike
heaters 352a to 352d.10Also, as shown in Fig. 19, fifth and sixth
barlikeheaters 352e and 352f constituting a second heater set aredisposed
one on either side of the preform 1 carrying path.These barlike heaters
352e and 352f are positioned at such avertical height that they face the
vicinity of the neck15portion 2 of the preform 1 which is draw orientated
in theblow molding section 310. The region of the preform 1 heatedby these
fifth and sixth barlike heaters 352e and 352f is theregion which is
immediately below the neck portion 2 when thepreform 1 is upright, and will
hereinafter be called the20region below the neck 4a.This region below the
neck 4a is the region correspondingto the shoulder portion of the blow
molded bottle 6.Consequently, when the preform 1 is positioned inside the
blowmold 378, this region below the neck 4a is in the position25closest to
the surface of the blow cavity. Because of this,because the transverse axis
orientation rate is low, theregion below the neck 4a tends to become thick,
but by amplyheating the region below the neck 4a it is possible for it tobe
molded to the desired thinness. To this end, in this   2 2 AP R 2003 r -61
preferred embodiment, as well as the fifth and sixth barlikeheaters 352e
and 352f being disposed in positions where theyface the region below the
neck 4a of the preform 1, the heat-radiating surfaces of these heaters are
disposed closer to the5region below the neck 4a than the other heaters are
to thepreform 1.As shown in Fig. 20, two sprockets 360a and 360b
aredisposed inside the heating box cover 350 of this heatingsection 306,
and an autorotation drive chain 358 runs around10these two sprockets 360a
and 360b. This autorotation drivechain 358 also meshes with the
autorotation sprocket 348 onthe carrier member 330 that has been carried
into the heatingsection 306. As a result of this arrangement, when
theautorotation drive chain 358 is driven, the autorotation15sprocket 348
rotates, this rotation is transmitted by way ofthe cylinder 342 to the
preform 1, and the preform 1 isrotated.As a result, when the preform 1 is
carried into theheating section 306, the bottom portion 3 and the
trunk20portion 4 of the preform 1 receive radiant heat both from thebarlike
heaters 352a to 352d disposed on one side of thecarrying path and from the
reflecting plate 356 disposed onthe other side of the carrying path, and
because the preform1 is rotated it receives heat substantially uniformly in
the25circumferential direction and therefore is heated uniformly inthe
circumferential direction. Also, the region below theneck 4a of the preform
1 is amply heated by the fifth andsixth barlike heaters 352e and 352f
disposed close to thepreform 1 on either side of the carrying path, and
furthermore   2 2 APR 2003 -62 the rotation of the preform 1 ensures that
this region belowthe neck 4a also is heated substantially uniformly in
thecircumferential direction.Here, as shown in Fig. 20, when the preform 1
carrying5direction is direction A, the direction of travel of
theautorotation drive chain 358 where it meshes with theautorotation
sprocket 348 of the carrier member 330 is madedirection B, the opposite
direction to direction A. Thereason for this is as follows:10If the carrier
chain 322 and the auto rotation drive chain358 were both to move at the
same speed and in the samedirection, direction A, there would be no
relative movementbetween the autorotation sprocket 348 on the carrier
member330 side and the autorotation drive chain 358, and the preform151
would not rotate at all. Even if the running speeds of thecarrier chain 322
and the autorotation drive chain 358 were tobe changed, depending on the
sizes of the speeds the rotationof the preform 1 would either be extremely
slow or would bereverse rotation. These situations will not occur if
the20autorotation drive chain 358 is driven at a higher speed thanthe
carrier chain 322, but normally it is not desirable torofiate it at high
speed in this way for reasons relating tomoment. When rotated at high
speed, if the preform 1 isslightly bent, this bend will be made greater by
the strong25moment it undergoes and this will cause uneven heating of
thepreform 1 and adversely affect the thickness distribution ofthe bottle
6. Therefore, in the preferred embodiment shown in Fig. 20, by having the
carrier chain 322 and the autorotation drive   



APR 203 -63 ' chain 358 run in opposite directions, when the preform 1 is
carried in direction A the direction of its autorotation will always be the
arrow C direction, and the problems described above are eliminated. The
preform 1 rotates faster while it 5 is being moved than when it is at a
preform 1 stopping position. Also, in this preferred embodiment, the total
number of revolutions through which the preform 1 is rotated while it is
inside the heating zone inside the heating box cover 350 is 10 made a
substantially integral number. In this preferred embodiment, `while the
preform t is in the heating zone' refers to the time that the preform 1
spends moving through the distances L1, L2 and L3 (L1+L2+L3 - the heating
zone length L) , as shown in Fig. 20, and the time the preform 1 15 spends
stopped at the two positions shown in Fig. 20. L1 is the distance over
which the preform 1 is carried between entering the heating zone and the
first stopping position; L2 is the distance between the two stopping
positions; and L3 is the distance over which the preform 1 is carried
between the 20 second stopping position and leaving the heating zone. In
this preferred embodiment, by making the number of turns through which the
preform 1 autorotates in this carrying time and stopped time a
substantially integral number of turns, the radiant heat from both sides of
the preform 1 carrying path 25 can be received substantially uniformly in
the circumferential direction of the preform 1 and temperature variation in
the circumferential direction of the preform 1 can thereby be prevented.
Also, according to this preferred embodiment, the   ' 2 2 AP R Z003 -64
-operation of heating the preform 1 in this heating section 3D6can be
carried out after any temperature difference betweenthe inner wall and the
outer wall of the preform 1 has beensufficiently reduced. That is, in this
preferred embodiment)5the preform 1 is amply cooled from the inner wall
side thereofby the injection core mold 50 in the preform molding station10.
As a result, the inner wall temperature of the preform 1ejected in the
preform ejecting section 16 is low, and theouter wall temperature is high.
However, this preform 1 does10not immediately enter the heating section
after a shortcarrying period as in the case of a so-called hot parison
or1-stage apparatus but rather enters the heating section 306after being
transferred by the transfer station 200 andcarried stepwise by the carrier
member 330. As a result,15after the preform 1 is released from the
injection molds, aconsiderably longer cooling time elapses than in a
so-called1-stage apparatus before the preform t enters the heatingsection
306. Because of this, the difference between thetemperatures of the inner
and outer walls of the preform 1 can20be amply moderated. This lack of
temperature differencebetween the inner and outer walls is the same as in
so-calledcold parison or 2-stage apparatuses, but because unlike thecase in
these apparatuses the bottle 6 in this preferredembodiment can be blow
molded from a preform 1 still25containing heat from when it was injection
molded, thepreferred embodiment is superior in that less heat energy hasto
be given to the preforms and therefore energy can be saved.Furthermore,
with this preferred embodiment, by heatingcontrol of preforms 1 cooled to a
temperature lower than a   `~ 2 ~P R 200 -65 blow molding temperature (but
considerably higher than roomtemperature), the stability of the preform
temperature frommolding cycle to molding cycle is improved and it is
possibleto reduce the variation in temperature occurring when a5plurality
of simultaneously injection molded preforms 1 areblow molded
non-simultaneously. Also, in the apparatus ofthis preferred embodiment, the
carrying pitch at which thepreforms 1 are carried by the second circulatory
carrier 302is maintained at a fixed pitch. In contrast to this,
in10conventional cold parison or 2-stage molding machines, thecarrying
pitch is made smaller when the preforms are heated inthe heating section
and the carrying pitch is made larger whenthey enter the blow molding
section. The reason why thecarrying pitch is made smaller in the heating
section is that15because it is necessary to heat the preforms a11 the way
fromroom temperature to the blow molding temperature the totalnumber of
preforms inside the heating section is made as largeas possible in order to
keep the apparatus as small aspossible. The reason why the carrying pitch
is made larger in20the blow molding section, on the other hand, is that
when aplurality of preforms are to be blow molded simultaneously
thedistance between the preforms has to be made at least greaterthan the
maximum width of the molded product. Also, preformsabout to be carried into
the blow molding section and preforms25having just been carried out of the
blow molding section haveto standby outside the blow mold clamping
apparatus of theblow molding section. Because of this, in conventional
1-stage molding machines the carrying pitch has to be changedmidway around
the carrying path and the apparatus consequently   ' 2 2 AP R 2003 -66 is
complex. In contrast with this, in this preferred embodiment apparatus,
because bottles 6 are blow molded from preforms 1 which still contain heat
from when they were injection molded 5 in the injection molding section i4,
the amount of heat energy which has to be given to the preforms 1 in the
heating section 306 is very small compared to a 2-stage case. As a result,
the preforms 1 can be fully reheated to the blow molding temperature
without the total number of preforms 1 in the 10 heating section 306 being
increased, and it is not necessary for the carrying pitch to be changed
midway around the carrying path. Standby Section 308 



As shown in Fig. 1, in the carrying path between the 15 heating section 306
and the blow molding section 310, one stop of the preform 1 performed by
the normal carrying sequence carrying out intermittent drive is allocated
to the standby section 308. The provision of this standby section 308 makes
it possible to moderate the temperature distribution in the 20 preform 1,
which, being made of a synthetic resin, has poor thermal conductivity. Like
the heating in the heating section 306 in this preferred embodiment
apparatus, the heating of the preform 1 is normally carried out from the
outside using radiant heat. Because of this, the temperature of the inner
25 wall of the preform 1 becomes lower than the temperature of the outer
wall. In the apparatus of this preferred embodiment, after the preform 1 is
carried out of the heating section 306, by stopping the preform 1 at least
once in the standby section 308 before it is carried into the blow molding
~ ~ A~ P, 2d43 -67 section 310 it is possible to reduce this
temperaturedifference between the inner and outer walls and the blowmolding
characteristics of the bottle 6 can thereby bestabilized.5During this
temperature distribution moderation in thestandby section 308 it is also
possible to perform temperatureadjustment of the preform 1 actively. By
actively performingtemperature adjustment of the preform 1 in the standby
section308 it is possible to obtain a temperature distribution
which10cannot be obtained just by heating the preform 1 whilerotating it in
the heating section 306.As a temperature adjusting member disposed in the
standbysection 308, for example a temperature adjusting core 400which is
inserted from below the preform 1 into the preform 115and performs
temperature adjustment from the inner wall sideover a temperature
adjustment region S can be used, as shownin Fig. 23. This temperature
adjusting core 400 has a firsttemperature adjusting core 402 which performs
temperatureadjustment of the region below the neck 4a of the preform
120from the inner wall side thereof. This temperature adjustingcore 400
also has a second temperature adjusting core 404which performs temperature
adjustment on the trunk portionexcluding the region below the neck 4a. As
described above,because it is necessary to adjust the temperature of
the25region below the neck 4a to a higher temperature than otherregions, in
Fig. 23 the first temperature adjusting core 402has a larger diameter than
the second temperature adjustingcore 404. Alternatively, a layer consisting
of a materialwhich radiates heat of such a wavelength that it is easily   2
2 APR 2003 -s8 absorbed by the resin material from which the preforms 1 are
molded (for example PET) may be coated onto the first temperature adjusting
core 402. As shown in Fig. 24, the temperature adjusting member can 5 also
be made a temperature adjusting pot 410 having a cylindrical portion which
can be positioned around the preform 1. In this case, the temperature
adjusting pot 410 has blocks 414a to 414d divided into zones in the axial
direction of the preform 1 by thermal insulation 412, and each of the
blocks 10 414a to 414d has an independent temperature adjusting fluid
passage 416 whereby independent temperature control of each zone is carried
out. Because the temperature adjusting pot 410 can be so positioned that is
covers the preform 1, a temperature distribution stepped in the axial
direction of the 15 preform 1 can be certainly obtained. By this means, it
is possible to for example adjust the region below the neck 4a to a high
temperature and adjust the bottom portion 3 to a low temperature. As shown
in Fig. 14, it is also possible to apply an internal pressure to the
preform 1 by introducing air 20 into the preform 1 in the direction of the
arrow 420 and thereby bring the outer wall of the preform 1 and the blocks
414a to 414d into contact and facilitate the temperature adjustment. Also,
as this kind of temperature adjusting member, it is 25 possible to use a
member which in one or a plurality of locations in the ci rcumferential di
rection of the preform 1 extend in the axial direction of the preform 1 and
impart the preform 1 with a temperature distribution in the circumferentiai
direction thereof. For example, as shown in   2 2 AP R 2003 -69 Fig. 25, it
is possible for example at both sides of thepreform 1 to dispose a pair of
cooling members 430 along theaxial direction of the preform 1 and bring
them into contactwith the side wall of the trunk portion of the preform 1
using5air cylinders 432 or the like. When this is done, the preform1 is
given a temperature distribution in the circumferentialdirection, and for
example as shown in Fig. 26 it is possibleto fully secure the wall
thickness required of the hightransverse axis drawing rate region of a flat
bottle 6. This10kind of measure can be applied not only to flat containers
butalso to for example square containers. When a temperaturedistribution in
the circumferential direction of the preform1 is to be imparted, besides
bringing a cooling member intocontact with the preform 1 it is also
possible to position a15heating member in the vicinity of the preform 1.
,Blow Molding Section 310The blow molding section 310 has two blow mounting
plates370 mounted on the machine bed 8, one on either side of thepreform 1
carrying path. As shown in Fig. 4, for example four20tie bars 372 are
mounted crossing between these two blowmounting plates 370. Two blow mold
clamping plates 374 whichmove horizontally along the four tie bars 372 are
mountedbetween the blow mounting plates 370. These two blow moldclamping
plates 374 are opened and closed symmetrically about25a vertical line by a
blow mold clamping mechanism 376,comprising for example hydraulic pistons,
mounted on the blowmounting plates 370.A pair of split molds 378a and 378b
constituting the blowmold 378 are mounted on these two blow mold clamping
plates   Z 2 APR iu~ -70 374. In the case of the preferred embodiment
apparatus shownin Fig. 1, because the number n of bottles simultaneously
blowmolded is n = 1, a cavity for one bottle is formed in the pairof split
molds 378a and 378b. In the case of the preferred5embodiment apparatus
shown in Fig. 21, because the number n ofbottles simultaneously blow molded
is n = 2, cavities for twobottles are formed in the pair of split molds
378a and 378b.A cylinder mounting plate 380 is mounted at a positionmidway
along the upper two tie bars 372, and a bottom mold10driving cylinder 382
is mounted on this cylinder mountingplate 380. This bottom mold driving
cylinder 382 raises andlowers a bottom mold 384. In this preferred
embodiment,because the bottle 6 is blow molded from a preform 1 which
isinverted, the bottom mold 384 is made movable up and down15above the
preform 1.Thus in this preferred embodiment, while raisingproductivity by
injection molding N - 4 preforms 1simultaneously in the injection molding
section 14 of thepreform molding station t0, by only molding n = 1 bottle 6
at20a time in the blow molding section 310 it is possible to raisethe
operation rate of the blow cavity mold 378. Also, byreducing the number of
cavities in the blow cavity mold 378,which is a relatively expensive type
of mold) mold costs,molds being consumable items, can be reduced.
Furthermore, in25this preferred embodiment apparatus, because in the
preformmolding station 10 the preforms 1 are amply cooled before theyare
released from the injection molds, and because enoughcooling time is
provided thereafter for the temperaturedifference between the inner and
outer walls of the preforms 



2 2 APR 2D3 -71 1 to be moderated before the preforms 1 are heated to the
blowing temperature, the uniformity of the temperature distribution of the
retained heat in the preforms 1 can be increased and the stability of the
blow molding can be greatly 5 improved. Bottle Electing Section 312 As
shown in Fig. 1 and Fig. 4, the bottle ejecting section 312 is disposed in
the carrying path of the carrier members 330 carried by the second
circulatory carrier 302 10 between the blow molding section 310 and the
preform receiving section 304. This bottle ejecting section 312 has a neck
holding mechanism 390 having for example a similar construction to that of
the neck holding mechanisms 232 employed in the inverting and handing over
mechanism 230. 15 This neck holding mechanism 390 holds the neck portion of
the inverted bottle 6 by means of a pair of holding members. As shown in
Fig. 3 and Fig. 4) there are also provided a raising and lowering drive
device 392 which raises and lowers this neck holding mechanism 390 and an
inverting drive device 394 20 which inverts the neck holding mechanism
through an angle of 180. By the neck holding mechanism 390 being raised by
the raising and lowering drive device 392, the neck portion of the bottle 6
is pulled upward off the carrying pin 346 of the carrier member 330. After
that, by this holding mechanism 390 25 being rotated through i80 by the
inverting device 394, the bottle 6 is brought into an upright state to one
side of the machine bed 8, and by the pair of holding members of the neck
holding mechanism then being opened, the bottle 6 is discharged to outside
the apparatus.   r -72 2 2 APR 200 When Simultaneous Molding Numbers Are N
= 6, n = 2Fig. 21 is a plan view of a preferred embodimentapparatus wherein
the simultaneous molding numbers are N = 6,n = 2. The preferred embodiment
shown in Fig. 21 differs from5the preferred embodiment apparatus shown in
Fig. 1 in thefollowing points:First, because the blow molding section 310
is tosimultaneously blow mold two bottles 6 at a time from amongthe N - 2
simultaneously injection molded preforms, the blow10cavity mold 378 has two
blow cavities spaced an array pitch P3apart. The array pitch at which the
carrier members 330carried by the second circulatory carrier 302 are spaced
apartis the same pitch as the array pitch P3 of the blow cavitiesin the
blow molding section 310. Also, the total number of15carrier members fitted
to the carrier chain 322 constitutingthe second circulatory carrier 302 is
twenty, twice as many asin the case of the preferred embodiment shown in
Fig. 1.Enough preforms 1 for two blow molding cycles, 2 x n - 4preforms 1,
are stopped inside the heating section 306. In20the standby section 308,
enough preforms 1 for one blowmolding cycle, n - 2 preforms 1, are made to
standby. Thecarrier chain 322 and the carrier members 330 used in
thepreferred embodiment apparatus of Fig. 21 are the same asthose used in
the preferred embodiment apparatus shown in Fig.251, and it is only the
positions and pitch at which the carriermembers 330 are fitted to the
carrier chain 322 that are different. In the preferred embodiment apparatus
shown in Fig. 21, in the transfer station 200, the number n - 2 of preforms
1   22APK2n03 -73 `simultaneously blow molded in the blow molding section
310 aresimultaneously transferred. For this, a transfer pitchconverting
operation, which will now be explained withreference to Fig. 22, is
necessary. In Fig. 22, six preforms51 simultaneously injection molded in
the injection moldingsection 14 of the preform molding station 10 are shown
aspreform 1a to preform 1f. In Fig. 22, the first row on theright shows the
array pitch of the preforms 1 injection moldedin the preform molding
station 10. The array pitch of the10preforms 1 at this time is the same as
the array pitch P1 ofthe core pins 52 of the injection molding section 14.
Thesecond row from the right in Fig. 22 shows the state of thepreforms 1
before they are received by the inverting andhanding over mechanism 230 of
the transfer station 200. The15array pitch of the preforms 1 here is also
the pitch P1. Thethird row from the right in Fig. 22 shows the state of
twopreforms 1 received by the preform receiving section 304 ofthe blow
molding station 300. The transfer of these twopreforms 1 is carried out
using the two pairs of neck holding20members 234 shown in Fig. 4. The array
pitch of the preforms1 received by the preform receiving section 304 is the
same astheir array pitch P3 in the blow molding section 310.Here, in the
transfer station 200, when the two preforms1 are transferred by the two
pairs of neck holding members25234, first, for example the first and fourth
preforms 1a and1d are held. That is, the two preforms 1a and 1d are held
andthe two preforms 1b and 1c are ignored this time. As aresult, the array
pitch P2 of the neck holding members 234 atthis time is P2 - 3 x P1. This
pitch conversion from the   2 2 APR 2003 -74 - pitch P2 to the pitch P3 is
carried out by the array pitch of the two neck holding mechanisms 232 being
converted by the pitch change drive device 254 shown in Fig. 14. Similarly
thereafter, by the second and fifth preforms 1b and 1e being 5 transferred
and then the third and sixth preforms 1c and tf being simultaneously
transferred after that, the operation of transferring of the six
simultaneously molded preforms 1 is completed. 



When the simultaneous molding numbers N, n are made N = 10 4, n = 2, the
transfer operation in the transfer station 200 is carried out with pitch
conversion from the pitch P2 = 2 x P1 to the pitch P3 being performed and
two preforms being held while the one preform between them is ignored until
the next time. 15 In the case of the preferred embodiment apparatus shown
in Fig. 21, the ratio (N/n) of the simultaneous molding numbers N and n is
3. According to studies carried out by the present inventors, in the case
of general-purpose medium-sized containers of capacity about 1 to 3 liters
having relatively 20 small mouths (the diameter of the opening of the neck
portion 2 being about 28 to 38mm), the ratio of the simultaneous molding
numbers N, n should ideally be set to N:n = 3:1. The reason for this is as
follows: The size of a preform for molding a general-purpose medium-sized
container, although 25 some elements do vary according to the application,
is within a substantially fixed range. This is because the preform size is
determined by the drawing factor necessary to obtain the drawing
characteristics of polyethylene terephthalate (PET) resin and the drawing
factor necessary for molding stability.   ,~ ~ APt~ luu~ -75 Although there
is some variation depending on the use forwhich the container is intended,
research carried out by thepresent inventors has shown that the maximum
thickness of thetrunk' portion 4 of a preform 1 used for a
general-purpose5medium-sized container lies within the range 3.0 to
4.Omm.Generally, the blow molding cycle time (the time requiredbetween when
a preform 1 is carried into the blow moldingsection 310 and when the next
preform 1 is carried in)required for blow molding by a blow molding machine
is10approximately 3.6 to 4.0 seconds.In the case of this preferred
embodiment, wherein thepreforms 1 are cooled by the injection core mold 50
even afterbeing released from the injection cavity mold 42 and then
blowmolded thereafter, the time required for molding a preform for15this
kind of general-purpose medium-sized container isshortened to about 3/4 of
that of a conventional injectingstretch blow molding machine, and an
injection molding cycletime of approximately 10 to 15 seconds is
sufficient.Therefore, if this injection molding cycle time (approx.2010 to
15 seconds) is T1 and the blow molding cycle time (3.6to 4.0 seconds) is
T2, the ratio T1:T2 is about 3:1, and it isestablished that in order to
efficiently mold general-purposemedium-sized containers the simultaneous
molding numbers N andn should ideally be set in accordance with this ratio.
When25a large container is to be molded from a thicker preform aninjection
molding cycle time of 16 seconds or more is suitableand the ratio N:n can
be set to around 4:1. When a smallcontainer is to be molded from a thin
preform the injectionmolding cycle time is shortened and consequently the
ratio N:n   2 2 APR ~u~13 -76 can be set to for example 4:2. Thus, if N/n
is set to 3, the injection molding cycle and the blow molding cycle will be
suitable for molding medium-sized containers, for which the market demand
is the greatest, and 5 a blow molding machine with little waste in the
molding cycles can be realized. Intermediate Preform Discharge Mechanism In
this preferred embodiment, as shown in Fig. 2 and Fig. 3, a preform dropout
opening is provided in the part of the 10 machine bed 8 where the transfer
station 200 is disposed. This preform dropout opening 8a is continuous with
a chute 8b formed inside the machine bed 8, and this chute 8b leads to a
preform discharge opening 8c formed in the side of the machine bed 8. 15
With this type of hot parison blow molding machine there are various
situations wherein it is desirable that the transfer to the blow molding
station 300 of the preforms 1 being molded in the preform molding station
10 be stopped. For example, when the whole blow molding machine is started
20 up, until the preform 1 injection molding characteristics stabilize it
is preferable that the imperfect preforms 1 being produced at this stage
not be supplied to the blow molding stat i on 300 . A1 so , when fo r some
reason t roubl a has a r i sen i n the blow molding station 300 it is
preferable that only the 25 operation of the blow molding station 300 be
stopped and that the operation of the preform molding station 10 not be
stopped so that preforms 1 continue to be molded. This is because there are
various heating parts in the preform molding station 10 and consequently
once the preform molding station 10 is   2 ? ~~ R 2003 -~77 -shut down a
considerable amount of time is required to startit up again.In this
preferred embodiment, when such a situationarises, the preforms 1
continuing to be injection molded in5the preform molding station 10 are
discharged to the side ofthe machine bed 8 through the above-mentioned
preform dropoutopening 8a, the chute 8b and the discharge opening 8c
insteadof being transferred to the blow molding station 300 by thetransfer
station 200. This preform 1 discharging operation10can for example be
carried out by the pair of neck holdingmembers 234 of the inverting and
handing over mechanism 230taking hold of the preforms 1 as usual but then,
withoutinverting them through 180, moving the preforms 1 for
examplehorizontally to a predetermined position above the preform15dropout
opening 8a in the machine bed 8 and then simplyreleasing the preforms
1.This preferred embodiment, as sequence control modes, hasa bottle molding
operating mode wherein the preforms 1 aretransferred to the blow molding
station 300 and blow molding20of the bottles 6 is performed, and a preform
molding operatingmode wherein the preforms 1 are not transferred to the
blowmolding station 300. It is possible to change over from thenormal
bottle molding operating mold for example automaticallywhen an abnormality
is detected by a sensor or the like or by25an operator flicking a manual
switch. When the apparatus isswitched over to the preform molding operating
mode theoperation of the transfer station 200 changes over to theoperation
of carrying the preforms 1 to the preform dropoutopening 8a as described
above, and no further preforms 1 are  



2 2 AP R 2003 -78 transferred to the blow molding station 300. Figs. 27
through 34 show an injection stretch blow molding apparatus which is a
further embodiment of the present invention. 5The injection stretch blow
molding apparatus comprises amachine bed 8 on which a preform molding
station 10, atransfer station 500 and a blow molding station 300
aredisposed, as more clearly shown in Fig. 33, a side view, andFig. 34, a
layout diagram.10The preform molding station 10 comprises an
injectionmolding section 14 disposed opposite to the injection appara-tus
12 shown in Fig. 1 and a preform ejecting section 16located opposite to the
injection molding section 14. Theinjection core molds 50 are adapted to be
intermittently15circulated by means of a rotary disc 30, which functions as
afirst circulatory carrier, between the injection moldingsection 14 and the
preform ejecting section 16 along acircular carrying path. The preform
molding station 10 isadapted to mold and remove the preforms 1 with their
opened20neck portions 2 being directed upwardly, that is, in theirerecting
state.As shown in Fig. 34, the blow molding station 300comprises a second
circulatory carrier 302 forming a carryingpath of substantially rectangular
configuration and for25circulatorily carrying products, a preform receiving
section304 disposed on the first side of the second circulatorycarrier 302
adjacent to the transfer station 500 for receivingthe preforms 1, a heating
section 306 disposed on the secondside of the second circulatory carrier
302 for heating the   ~2A('~211e -79 -preforms 1, a blow molding section
310 disposed on the thirdside of the second circulatory carrier 302 for
blow moldingthe preforms into bottles and a bottle discharge
(bottleejecting) section 312 disposed on the fourth side of the5second
circulatory carrier 302. In the blow molding section300, each of the
preforms 1 is carried by the secondcirculatory carrier 302 with the opened
neck portion 2 thereofbeing directed downwardly, that is, in its inverted
state andthen blow molded into a bottle under such an inverted state.10The
structures of the preform molding and blow moldingstations 10, 300 are
basically the same as in the previousembodiments and wi 11 not further be
described herein. However,only the transfer station 500 will now be
described since itsstructure is different from those of the previous
embodiments.15It is now assumed that the preform molding station
10simultaneously forms six preforms and the blow molding station300
simultaneously forms two bottles. It is further assumedthat the injection
molding pitch of the preform moldingstation 10 is smaller than the blow
molding pitch of the blow20molding station 300.As shown in Figs. 27 to 32,
the transfer station 500comprises a receiving and lowering mechanism 502
for receivingand lowering preforms 1 from the removal section 16 of
thepreform molding station 10 in their erecting state and an25inverting and
handing over mechanism 504 for inverting thereceived preforms upside down
and for handing over theinverted preforms i to the preform receiving
section 304 ofthe blow molding station 300. The receiving and lowering
andinverting and handing over mechanisms 502, 504 are located   :2 ~ AQ ~
~aa~ - -e0 parallel to each other on two guide rails 505 for horizontal
movement. The receiving and lowering mechanism 502 comprises gate cutters
506 as in the form of an air nipper for cutting the 5 gate of each of the
preforms at the preform ejecting section 16 of the preform molding station
10, holding members 508 for receiving and holding preforms 1 removed from
the preform ejecting section 16, a first raising and lowering drive device
510 for vertically moving the gate cutters 506 and holding 10 members 508,
and a first horizontally drive device 512 for horizontally moving the gate
cutters 506 and holding members 508 together with the first raising and
lowering drive device 510. Six of such gate cutters 506 are arranged in the
direc 15 tion of array of the preforms 1 in the preform ejecting section 16
of the preform molding station 10 with a spacing equal to the injection
molding pitch of the preforms 1. Thus, the receiving holes 514 of the six
gate cutters 506 simultaneously receive the gates of six preforms 1 to cut
20 them. Six of such holding members 508 are arranged in the direction of
array of the preforms 1 in the preform ejecting section 16 of the preform
molding station 10 and adapted to receive six preforms 1 from the preform
ejecting section 16 at 25 the same time. Since each of the preforms 1
formed at the preform molding station 10 has a support ring 2a at the neck
portion 2 thereof, the support ring 2a having its external diameter larger
than that of the barrel of the preform 1, each of the   2 2 APR 2003 -a1
holding members 508 engages the bottom of the support ring 2ato hold the
preform 1. The holding member 508 restricts thehorizontal movement of the
preform 1 through a preformreceiving hole 516 that has its diameter
slightly larger than5the external diameter of the lower portion below the
supportring 2a of the preform 1.Each of the holding members 508 is divided
into two partswhich are supported by pins 518 for horizontal rotation
andbiased to their closed position by an open/close mechanism10that may
include biasing means (not shown) such as spring orthe like. The holding
member 508 can hold and release apreform 1 in its closed and opened states,
respectively.Each of the holding members 508 is supported on asubstantially
U-shaped receiving member 520. A pitch changing15mechanism 522 is adapted
to change the injection molding pitchto the blow molding pitch through such
receiving members 520.The pitch changing mechanism 522 comprises a guide
rail524 for slidably guiding the receiving members 520 in thedirection of
its array, five connecting rods 526 for slidably20connecting each pairs of
adjacent receiving members 520 toeach other and for engaging and stopping
them with a spacingequal to the blow molding pitch and two pitch changing
drivecylinders 528 each having a piston rod coupled with thecorresponding
one of the outermost receiving members 520 such25that two sets of three
receiving members 520 will be slidablymoved in the opposite directions to
change the molding pitch.When the two pitch changing drive cylinders 528
draw intheir piston rods to place the receiving members 520 incontact with
one another, the injection molding pitch is   ' ' 2 2 APR 2003 



-82 -maintained. When the piston rods of the pitch changing drivecylinders
528 are extended, the two outermost receivingmembers 520 are slidably moved
outwardly to engage theconnecting rods 526 with the outermost and adjacent
receiving5members 520 sequentially. Thus, all the receiving members 520will
be slidably moved to change the molding pitch of theholding members 508
supported by these receiving members 520to the blow molding pitch.As shown
in Fig. 30, the first raising and lowering drive10device 510 can vertically
move the holding members 508 andgate cutters 506 between a level A at which
they receive thepreforms 1 from the preform ejecting section 16
(receptionheight position A) and another level B below the receptionheight
A at which the preforms 1 are moved from the holding15members 508 to the
inverting and handing over mechanism 504(delivery height position B). The
first raising and loweringdrive device 510 comprises three guide rods 530
for verticallyguiding the gate cutters 506 and holding members 508 and
firstraising and lowering cylinders 532 for vertically moving the20gate
cutters 506 and holding members 508 along the guide rods530. When the gate
cutters 506 and holding member 508 are vertically moved to the reception
height position A by the first raising and lowering cylinders 532, the gate
cutters 506 25 cut the gates of the preforms and the holding members 508
receive the preforms 1. The received preforms 1 are then lowered to the
delivery height position a at which they are delivered to the inverting and
handing over mechanism 504. The first horizontal drive device 512 moves the
preforms   2 ~ APR 2~~3 -83 1 to any one of a preform receiving position C
(the position in Fig. 29) whereat the holding members 508 are located
directly below the preform ejecting section 16, a gate cutting position D
(the position in Fig. 30) whereat the gate 5 cutters 506 are located
directly below the preform ejecting section 16 and a holding position E
whereat the holding members 508 deliver the preform 1 to the inverting and
handing over mechanism 504. The first horizontal drive device 512 comprises
a first horizontal drive cylinder 534 for horizon 10 tally moving the
receiving and lowering mechanism 502 including the holding members 508 and
gate cutters 506 with the first raising and lowering drive device 510
between the positions C and E along two guide rails 505. The first
horizontal drive device 512 further comprises a stoppage 15 cylinder 560
having a rightward drive force larger than a leftward drive force of the
first horizontal drive cylinder 534 and adapted to stop the gate cutters
506 to the gate cutting position D between the positions C and E against
the leftward drive force of the first horizontal drive cylinder 20 534.
While the holding members 508, are moving leftward to the holding position
E by the first horizontal drive cylinder 534, the holding members 508 are
stopped at the gate cutting position D by the rightward drive force of the
midway stoppage 25 cylinder 560 against the leftward drive force of the
first horizontal drive cylinder 534 and then moved rightward therefrom to
the preform receiving position C by the first horizontal drive cylinder
534. The inverting and handing over mechanism 504 is provided   2 2 AP R
2003 -84 - for the number of simultaneously molded preforms 1 and comprises
six neck holding mechanisms 536 disposed with the blow molding pitch, an
inverting drive device 538 for inverting the neck holding mechanism 536,
second raising and 5 lowering drive device 540 each for vertically moving
the corresponding one of the neck holding mechanisms 536, a second
horizontal drive device 542 for horizontally moving the neck holding
mechanisms 536 with the second raising and lowering drive device 540, and a
member 543 for positioning the carrier 10 members. Each of the six neck
holding mechanisms 536 comprises a pair of neck holding members 544
actuated to their closed position for holding the neck portion 2 of a
preform 1 and an open/close drive mechanism 546 for opening and closing the
15 neck holding members 544. Each pair of neck holding members 544 are
disposed parallel to each other and adapted to grasp the neck portion 2 of
the preform 1 by the tip ends of the neck holding members 544. 20 The
open/close drive mechanism 546 comprises two open/close rods 548
respectively fix one of the pair of neck holding members 544, two
open/close drive cylinders 550 each mounted on the corresponding one of the
two open/close rods 548, and a synchronizing mechanism 552 such as a 25
rack-and-pinion mechanism disposed between the open/close rods 548. 



When the two open/close drive cylinders 550 are actuated in the opposite
directions, the two open/close rods 548 are slidably moved in the opposite
directions while synchronizing   ' 2 2 APR 2003 -85 them through the
synchronizing mechanism 552, such that the pair of neck holding members 544
are opened or closed to release or hold the neck portion 2 of the preform
1. The inverting drive device 538 comprises a horizontally 5 disposed
inverting shaft 539 and an inverting actuator 554 located on the end of the
inverting shaft 539. When the inverting actuator 554 is energized, the
open/close drive mechanism 546 is rotated about the inverting shaft through
180 degrees to invert the preform 1 held by the neck holding 10 mechanism
536 in its erecting state. The neck holding mechanism 536 to be inverted by
the inverting drive mechanism 538 is adapted to be positioned at two
position, an erection holding height position F whereat the neck portion 2
of the preform 1 is held by the holding 15 members 508 prior to inversion,
and an inversion stand-by height position G after inversion lower than the
erection holding height position F. The second raising and lowering drive
device 540 is adapted to move the neck holding mechanisms 536 vertically 20
between the inversion stand-by height position G and a delivery height
position H whereat the preforms 1 are delivered to the carrier members 330
of the preform receiving section 304. The second raising and lowering drive
device 540 comprises second raising and lowering cylinders 556 for 25
vertically moving the neck holding mechanisms 536. The second horizontal
drive device 542 can move the inverting and handing over mechanism 504 to
any one of a receiving and holding position I whereat the neck holding
mechanisms 536 hold the preforms 1 when the holding members   '2 1 APR 2~~~
-86 508 are in their holding position E, a delivery position J whereat the
preforms 1 are delivered to the carrier members 330 by the neck hol d i ng
mechani sms 536 and a stand-by pos i t i on K between the receiving and
holding position I and the 5 delivery position J whereat the preform
receiving section 304 waits until a11 the six carrier members are arranged.
The second horizontal drive device 542 comprises a second horizontal drive
cylinder 558 for horizontally moving the i nvert i ng and handi ng over
mechani sm 504 between the recei vi ng 10 and holding position I and the
delivery position J along the two guide rails 505, and a stoppage cylinder
559 having a rightward drive force larger than a leftward drive force of
the second horizontal drive cylinder 558, said stoppage cylinder 559 being
operative to stop the inverting and handing 15 over mechanism 504 at the
stand-by position K against the leftward drive force of the second
horizontal drive cylinder 558 as the inverting and handing over mechanism
504 is being moved to the delivery position J by the second horizontal
drive cylinder 558. 20 After the preforms 1 have been held by the neck
holding mechanisms 536 at the receiving and holding position I, the neck
holding mechanisms 536 are moved to the delivery position J by the leftward
drive force ~of the second horizontal drive cylinder 558. In course of such
a movement, the inverting and 25 handi ng over mechani sm 504 i s forcedl y
stopped at the stand-by position K since the piston rod of the previously
actuated stoppage cylinder 559 engaged with the inverting and handing over
mechanism 504. The inverting and handing over mechanism 504 is placed at
the stand-by position K until a11 the six   2 2 AP R 2403 - -a7 -carrier
members 330 are arranged. After a11 the carriermembers 330 have been
arranged, the drive force of thestoppage cylinder 560 is released to move
the carrier members330 to the delivery position J through the second
horizontal5drive cylinder 558. After delivered, the carrier members 330are
horizontally moved to the receiving and holding positionI by the second
horizontal drive cylinder 558.The carrier positioning member 543 includes
six position-ing recesses 562 formed therein at positions corresponding
to10the six carrier members 330 conveyed to the preform receivingsection
304, each of the positioning recesses 562 beingadapted to receive the
corresponding one of the carriermembers 330. At the stage whereat the neck
holding mechanisms536 have been moved to the delivery position J by the
second15horizontal drive cylinder 558) each of the carrier members 330will
engage in the corresponding one of the positioningrecesses 562 in the
positioning member 543 so that the carriermember 330 can be reliably
positioned for ensuring thedelivery.20The operation of the transfer station
500 will bedescribed mainly in connection with Figs. 29 and 30.In the
preform molding station 10, each of the preforms1 conveyed to the preform
ejecting section 16 is supported inits erecting state by a neck cavity mold
60 at a position25shown by solid line.When the receiving and lowering
mechanism 502 is biasedtoward the holding position E under the leftward
drive forceof the first horizontal drive cylinder 534, the stoppagecylinder
560 is energized to stop the receiving and lowering 



~ ~ APR ~~C~3 -aa mechanism 502 at the gate cutting position D. The gate
cutters 506 and holding members 508 are in the delivery height position B.
When the gate cutters 506 and holding members 508 are5lifted from the
delivery height position B to the receptionheight position A by the first
raising and lowering cylinder532, the gate of each of the preforms 1 is
inserted into thegate cutter 506 through the gate inserting hole 514 as
shownin Fig. 30. Thus, the gate can be cut by the gate cutter 506.10After
the gates have been cut, the holding members 508are once lowered from the
reception height position A by thefirst raising and lowering cylinder 532
and then movedhorizontally to the preform receiving position C by
therightward drive force of the first horizontal drive cylinder15534. The
holding members 508 are further lifted to a positionA shown by broken line
in Fig. 29.Under such a situation, the neck cavity molds 60 arelowered to a
releasing position L shown by broken line in Fig.29 such that the bottom of
each of the preforms 1 is inserted20into the corresponding preform
receiving hole 516. Under sucha condition, the preform 1 is released from
the neck cavitymold 60 by opening the neck cavity mold 60. The preform
1falls onto the corresponding holding member 508 on which thesupport ring
2a thereof is placed. Thus, six preforms 125injection molded at the same
time will be held by six holdingmembers 508 in their erecting state with
the injection moldingpitch. The preforms 1 are restricted against
horizontalmovement. When the preforms 1 are being held by the
holdingmembers 508, the preforms 1 may be cooled by a stream of   2 2 AQR
2~~'s ~89_ cooling air directed toward the bottoms of the preforms. As the
preforms 1 are received by the holding members 508, the first raising and
lowering cylinder 532 is actuated to lower the holding members 508 to the
delivery height 5 position B. Under such a state, the first horizontal
drive cylinder 534 is actuated to move the holding members 508 to the
holding position E. In course of this movement, the pitch changing cylinder
528 of the pitch changing mechanism 522 is actuated to change 10 the
injection molding pitch to the blow molding pitch wherein the spacing
between adjacent receiving members 520 is increased. As the preforms 1 are
moved to the holding position E after changed to the blow molding pitch,
the six neck holding 15 mechanisms 536 of the inverting and handing over
mechanism 504 positioned at the receiving and holding position I are
actuated by the open/close drive mechanism 546 so that the neck portions 2
of the preforms 1 held by the holding members 508 are held by the neck
holding mechanisms 536 with the 20 preforms being erected. When the neck
portions 2 of the preforms 1 are held by the neck holding mechanisms 536,
the second horizontal drive cylinder 558 is actuated to move the neck
holding mechanisms 536 to the preform receiving section 304. As the neck
holding 25 mechanisms 536 reach the stand-by position K, they are stopped
by the stoppage cylinder 559. The preforms 1 are placed at their stand-by
position until a11 the six carrier members are arranged in the preform
receiving section 304. When the neck holding mechanisms 536 are carrying
the   n ; ~~~ h~J~. vr~ -90 preforms 1 to the stand-by position K while
holding them, theinverting actuator 554 is energized to rotate the neck
holdingmechanisms 536 from the erection holding height position F tothe
inversion stand-by height position G. As a result, the5preforms 1 will be
inverted from the electing state to theinverted state under which state the
preforms 1 wi 11 be placedat their stand-by position immediately before the
preformreceiving section 304.In such a case, at the same time when the neck
holding10mechanisms 536 are initiated to move, the holding members 508are
oppositely moved to the preform ejecting section 16 by thedrive force of
the first horizontal drive cylinder 534. Theholding members 508 are stopped
at a time point when the gatecutters 506 reach the gate cutting position D
by the stoppage15cylinder 559. The system will then wait until the
nextpreforms 1 are conveyed to the preform ejecting section 16.If it is to
remove the preforms 1 from the holdingmembers 508 and when the neck holding
mechanisms 536 andholding members 508 are initiated to move, the
open/close20drive mechanism 546 opens the holding members 508,
therebypermitting the preforms 1 to pass therethrough. After passed,the
open/close drive mechanism 546 closes the holding members508 to hold the
preforms 1.When six empty carrier members 330 are arranged in the25preform
receiving section 304, the stoppage cylinder 559 isreleased and the second
horizontal drive cylinder 558 thenmoves the neck holding mechanisms 536 to
the delivery positionJ while maintaining them at the inversion stand-by
heightposition G. At the delivery position J, the second raising and   . '2
2 APR 2a03 - -91 lowering cylinders 556 are energized to lower the neck
holding mechanisms 536 to the delivery height position H whereat the neck
portions 2 of the preforms 1 are placed on the carrier members 330. The
open/close drive mechanism 546 is then 



5actuated to release the neck portions 2 of the preforms 1.Thus, the
delivery of the six preforms 1 simultaneously formedat the preform molding
station 10 have completed. Thisdelivery can be reliably carried out since
the positioningmember 543 engages and positions the carrier members
330.10On completion of the delivery, the second horizontaldrive cylinder
558 is actuated to move the neck holdingmechanisms 536 to the stand-by
position K and the secondraising and lowering cylinder 556 is then actuated
to lift theneck holding mechanisms 536 to the original height
position.15During this lifting, the inverting actuator 554 is energizedto
invert the neck holding mechanisms 536. The inverted neckholding mechanisms
536 will wait until the next preforms 1 areconveyed by the receiving and
lowering mechanism 502.Figs. 35 to 38 show an injection stretch blow
molding20apparatus which is a still further embodiment of the
presentinvention.In the injection stretch blow molding apparatus,
thepreform molding station 10 is adapted to form three preformsat the same
time while the blow molding station 300 is adapted25to form one product at
a time. In the present embodiment, three preforms 1 simultaneously formed
by the preform molding station 10 are transferred in their erecting state
to the transfer station 600 wherein they are received and held by three
holding members 604 in a   --92_ _ receiving and lowering mechanism 602
with the injection molding pitch being maintained. Thereafter, a pitch
changing mechanism 606 is then actuated to change the injection molding
pitch to the blow molding pitch in which the spacing between 5 adjacent
preforms becomes larger. In an inverting and handing over mechanism 608,
three neck holding mechanisms 610 have been set at the blow molding pitch.
These neck holding mechanisms 610 receive and hold the three preforms 1 in
their erecting state from the holding 10 members 604, the preforms 1 having
changed to the blow molding pitch at the receiving and lowering mechanism
602. The preforms 1 are then inverted by the inverting drive device 538)
the inverted preforms 1 being simultaneously delivered to three carrier
members 330 in the preform receiving section 15 304. In this embodiment,
the external diameter of the support ring 2a in the neck portion 2 of each
of the preforms 1 is substantially equal to or smaller than the external
diameter of the barrel thereof. It is therefore difficult to hold the 20
neck portion 2 through the support ring 2a. In place of the holding members
508 supporting the bottom of the support rings 2a in the embodiment of
Figs. 27 to 34, the receiving and lowering mechanism 602 comprises holding
members 604 of heat insulating material such as synthetic 25 resin or the
like, each of which has a preform insertion portion 612 that can receive
the bottom and barrel of the preform 1. Each of the holding members 604 is
adapted to hold the preform 1 by contacting at least part of the bottom and
barrel of the preform 1. Such a holding member 604 may include   ~ 2 AP R
2D~ -93 a cooling water circulated therethrough to cool the preform 1.Each
of the holding members 604 is lifted into engagementwith the corresponding
neck cavity mold 60 by a first raisingand lowering cylinder 532. The neck
cavity mold 60 is adapted5to be lowered from the engagement position M to
the preformreleasing position L. When the length of the preform 1 ischanged
from one to another, e.g., to a reduced length, thereduction of the height
of the injection cavity mold involveslowering of the position (equal to the
engagement position M)10of the neck cavity mold 60 to be rotated and
conveyed.However, the bottom height position of the preform
insertionposition 612 of each holding member 604 will not be changed.The
lowering of the position of the neck cavity mold 60involves lowering of the
releasing position L. In order that15the movement of the neck cavity mold
60 can be correspondinglyabsorbed, guide members 614 supporting the holding
member 604for vertical movement are mounted in the holding member 604 atthe
opposite sides. A spring 616 upwardly biasing the holdingmember 604 is
mounted about each guide member 614 to provide20a cushioning function.When
the holding members 604 receive the preforms 1, thefirst raising and
lowering cylinders 532 are actuated to lowerthe holding members 604 to the
delivery height position B. Atthis time, the pitch changing mechanism 606
is actuated to25change the pitch of the preforms to the blow molding pitch.
Atthe same time, the first horizontal drive cylinder 534 isactuated to move
the holding members 604 to the inverting andhanding over mechanism 608. The
holding members are stopped ata position 0 directly below the erection
holding height   2 2 APR 2003 -94 -position F of the neck holding
mechanisms 610 in the invertingand handing over mechanism 608 positioned at
the stand-byposition K. The first raising and lowering cylinders 532
areactuated to lift the holding members toward the neck holding5mechanisms
610 wherein the open/close drive mechanism 546 isactuated to close the neck
holding mechanisms 610 to hold theneck portions 2 of the preforms 1.
Thereafter) the firstraising and lowering cylinders 532 are actuated to
lower theholding members 604 and the horizontal drive cylinder
is10energized to return them to the receiving position C, therebywaiting
until the next preform are conveyed to the preformejecting section 16. At
this position, the neck holding mecha-nisms 610 holding the preforms 1 is
inverted to the inversionstand-by height position G by the inverting drive
device 538,15with the inverted preforms 1 being maintained at theirstand-by
position. When a11 the three carrier members 330 arearranged in the preform
receiving section 304, the secondhorizontal drive cylinder 558 is actuated
to move the invert-ing and handing over mechanism 608 to the delivery
position J.20The second raising and lowering cylinders 556 are energized
tolower the neck holding mechanisms 610 for delivering thepreforms 1 to the
carrier members 330.Since the receiving and lowering mechanism 602 is
simplyreciprocated between the preform receiving position C and
the25holding position E while the inverting and handing overmechani sm 608
i s al so simpl y reciprocated between the stand-byposition K and the
delivery position J, the present embodimentdoes not use such stoppage cy 1
i nde rs 559 and 560 as i n theembodiment of Figs. 27 to 34.   2 2 APR 2003
-95 -The open/close drive mechanism 546 is only required toopen and close
the three neck holding mechanisms 610, only asingle open/close drive
cylinder 550 is required, unlike theembodiment of Figs. 27 to 34 wherein
two open/close drive5cylinders are used.The pitch changing mechanism 606
does not use suchconnecting rods 526 as in the embodiment of Figs. 27 to
34,but may change the pitch through the stroke of two pitchchanging drive
cylinders 528.10The description of the other structures and functionswill
be omitted since they are similar to those of theembodiment shown in Figs.
27 to 34.This invention is not limited to the preferred embodimentdescribed
above, and various modifications can be made within15the scope of the
invention.In the preferred embodiment described above, the rotarydisc 30
carried both the injection core mold 50 and the neckcavity mold 60, but for
example in cases such as when theshape of the neck portion 2 does not form
an undercut with20respect to the mold-release direction it is not
alwaysnecessary to use the neck cavity mold 60. When the neckcavity mold 60
is not used, after the preforms 1 are releasedfrom the injection cavity
mold 42 in the injection moldingsection 14, the preforms 1 can be carried
to the preform25ejecting section 16 by the injection core mold 50
alone.Because the preforms 1 contract around the core pins 52 of
theinjection core mold 50 as they cool they can be smoothlyreleased from
the injection cavity mold 42, and the preform 1can be carried by the
injection core mold 50 even without   



2 2 AP R 2003 -96 there being any undercut at the neck portion 2. In the
preform ejecting section 16, to remove the injection core mold 50 from the
preforms 1) for example the core pins 52 of the injection core mold 50 can
be provided 5 with a function enabling them to introduce air for ejection
into the preforms 1. When this is done, in the preform ejecting section 16,
by blowing air from the core pins 52 into the preforms 1 after they are
cooled by the injection core mold 50, the preforms 1 can be caused to drop
downward by this 10 air pressure. Each preform holding member 604 of the
preform 1 is sufficient so far as it engages part of the barrel and bottom,
even though the preform insertion portion 612 thereof does not match the
external diameter of the preform barrel.   2 2 APR 203 97 CLAIMS: 5 1. An
injection stretch blow molding apparatus comprising: a preform molding
station for injection molding preforms; a blow molding station for stretch
blow molding the preforms into containers; 10 and a transfer station for
transferring the preforms from the preform molding station to the blow
molding station, wherein the preform molding station comprises: a
circulatory carrier for intermittently circulatorily carrying a plurality
of injection core molds for defining inner 15 surface of the preform and
plurality of neck cavity molds for defining neck portions of the preforms
along a carrying path; an injection molding section for injection molding
the preforms, said injection molding section having an injection cavity
mold capable of being clamped relative to one of the 20 injection core
molds and one of the neck cavity molds, stopped in course of said carrying
path; and an ejecting section for releasing and ejecting the preforrns
relative to one of the injection core molds and one of the neck cavity
molds stopped in course of said carrying path. 25 2. An injection stretch
blow molding apparatus comprising: a preform molding station for injection
molding preforms; a blow molding station for stretch blow molding the 30
preforms into containers;   



n ~~J3 98 and a transfer station for transferring said preforms from said
preform molding station to said blow molding station, said blow molding
station comprising: 5 a circulatory carrier for intermittently
circulatorily carrying said preforms transferred from said preform molding
station through said transfer station along a carrying path with said
preforms being inverted to have their opened necks directed downwardly; 10
and a blow molding section including a blow mold capable of being clamped
relative to said preforms stopped in course of said carrying path, thereby
permitting said preforms to be blow molded into said containers, said
transfer station comprising: a receiving mechanism for receiving said
preforms in 15 upright positions from one of said injection core molds; and
an inverting mechanism for inverting said preforms. 3. An injection stretch
blow molding apparatus according to claim 2, wherein: 20 said blow molding
in said blow molding section includes a plurality of blow cavities arrayed
at a blow molding pitch, and an array pitch of carrier members on the
carrying path is equal to the blow molding pitch. 25 4. An injection
stretch blow molding apparatus according to claim 2 wherein a blow molding
pitch in the blow molding station is larger than an injection molding pitch
in said preform molding station and wherein the receiving mechanism
includes a pitch changing mechanism for changing an array pitch 30 of said
preforms from said injection molding pitch to the blow molding pitch.   2 2
APR 2003 95 5. An injection stretch blow molding apparatus according to
claim 2, wherein a blow molding pitch in the blow molding station is larger
than an injection molding pitch in said preform molding station and wherein
the inverting mechanism 5 includes a pitch changing mechanism for changing
an array pitch of said preforms from said injection molding pitch to the
blow molding pitch. 6. An injection stretch blow molding apparatus
according 10 to claim 2 wherein each of said neck portions of said preforms
has a flange portion having outer diameter that is larger than an outer
diameter of a barrel portion below each of said neck portions) and wherein
the receiving mechanism includes holding members each of which engages a
bottom of the flange portion to 15 hold a preform. 7. An injection stretch
blow molding apparatus according to claim 6 wherein each of the holding
members includes an open and close mechanism for holding or releasing the
preform and 20 wherein the open and close mechanism includes a passage
portion which passes through said barrel portion of the preform while said
open and close mechanism are closing. 8. An injection stretch blow molding
apparatus according 25 to claim 2 wherein said receiving mechanism includes
holding members for holding the preforms and wherein each of said holding
members has a holding part which contacts at least part of a bottom portion
and a barrel portion of a preform to hold 



each of the preform.   2 2 APR 2003 1 ot~ 9. An injection stretch blow
molding apparatus according to any one of claim 6, 7 or 8 wherein each of
holding members has means for cooling outer wall of the preform. 5 10. An
injection stretch blow molding apparatus according to claim 2 wherein the
circulatory carrier places said carrier members at a preform receiving
position opposed to the inverting mechanism, the number of said carrier
members to be placed equal to the number of said carrier members to be
placed 10 being egual to the number N of preforms which have been injection
molded simultaneously in the preform molding station. il. An injection
stretch blow molding apparatus according to claim 10 wherein the inverting
mechanism has a holding 15 mechanism for holding the N preforms at the same
time, and wherein said holding mechanism simultaneously delivers the N
preforms to the same number (N) of said carrier members stopped at the
preform receiving position while inverting the preforms. 20 12. An
injection stretch blow molding apparatus according to claims 2 or 11,
further comprising a horizontal movement device for moving the receiving
mechanism in the horizontal direction, and wherein the receiving mechanism
receives the preforms at a position just below said ejecting section of the
25 preform molding station, and then is horizontally moved by said
horizontal movement device, thereby delivering the prefoxms to the
inverting mechanism. 13. An injection stretch blow molding apparatus
according 30 to claim 11, further comprising a horizontal movement device
for moving the inverting mechanism in the horizontal direction,   2 2 AQ R
'Luu3 lol and wherein the inverting mechanism receives the preforms from
the receiving mechanism, and then is horizontally moved by the horizontal
movement device, thereby delivering the preforms to the N carrier members.
5 14. An injection stretch blow molding apparatus according to claim 11 or
13 wherein the inverting mechanism holds said 



preforms in an inverted state with said neck portions being directed
downwardly until a11 the N carrier members are 10 arranged at the preform
receiving position. 15. An injection stretch blow molding apparatus
according to claim 2 wherein said preform molding station comprising: a
first circulatory carrier for intermittently 15 circulatorily carrying a
plurality of injection core molds disposed apart along a first carrying
path; an injection molding section for injection molding said preforma
which are erected and have neck portions opened upwardly, said injection
molding section including an injection 20 cavity mold capable of being
clamped relative to one of said injection core molds stopped in course of
said first carrying path; and an ejecting section for releasing and
ejecting erected preforms relative to one of said injection core molds
stopped 25 in course of said first carrying path. 16. An injection stretch
blow molding method for blow molding containers from preforms retaining
heat from when the preforms were injection molded, comprising the steps of:
30 releasing the preforms, molded using at least an injection   ~ ~~'R Z003
102 core mold and an injection cavity mold, from the injection cavity mold;
with the preforms held by the injection core mold, carrying the injection
core mold to an ejecting section along a 5 carrying path while the preforms
are cooled by the injection core mold; in the ejecting section, ejecting
the preforms by releasing from the injection core mold; and thereafter,
blow molding said containers from the 10 preforms retaining heat from when
the preforms were injection molded. 17. An injection stretch blow molding
method for blow molding containers from preforms retaining heat from when
the 15 preforms were injection molded, comprising the steps of: releasing N
(N z 2) of the preforms, molded using at least an injection core mold and
an injection cavity mold, from the injection cavity mold; with the preforms
held by the injection core mold) 20 carrying the injection core mold to an
ejecting section along a first carrying path while the pre~forms are cooled
by the injection core mold; in the ejecting section) ejecting the preforms
by releasing from the injection core mold; 



25 transferring the preforms, which are ejected, to carrier members to be
carried along a second carrying path; carrying the carrier members
supporting the preforms along the second carrying path to a blow molding
section;   2 2 APR ;tuu~ 103 and in the blow molding section)
simultaneously blow molding n (1 ~ n c N) of said containers from n of the
preforms in a blow mold clamped relative to n of the preforms. 5 18. An
injection stretch blow molding method according to claim 17) further
comprising the step of: between releasing of the preforms from the
injection core mold and starting of blow molding, allowing the preforms to
cool down for a period of time sufficient for a temperature 10 difference
between inner and outer walls of the preforms to be moderated. 19. An
injection stretch blow molding method according to claim 18, wherein: 15
the step of ejecting the preforms is carried out after the preforms are
cooled by the injection core mold to a temperature lower than a temperature
which is suitable for blow molding; and said method further comprising a
step of heating the 20 preforms in the second carrying path along which
said preforms are carried to the blow molding section. 20. An injection
stretch blow molding method according to claim 17, wherein: 25 in the step
of blow molding, n(n~2) of the containers are simultaneously blow molded
from n of the preforms using n of blow cavities arrayed at a blow holding
pitch; in the step of carrying the preforms along the second carrying path)
the preforms are carried with an array pitch of   2 ~ APR ZDp3 104 the
carrier members equal to said blow molding pitch; and the step of
transferring tre preforms is carried out by a process of simultaneously
transferring n of the preforms to n of the carrier members being reFeated a
plurality of times. 5 21. An injection stretch blow molding method
comprising the steps of: simultaneously injection molding N of preforms
made of polyethylene terephthalate using at least an injection core 10 mold
and an injection cavity mold; 



releasing the preforms from the injection cavity mold; carrying the
preforms to an ejecting section while cooling the preforrns by means of the
injection core mold; in the ejecting section) after the preforms have been
15 cooled to a predetermined temperature, releasing and ejecting the
preforms from the injection core mold; heating the preforms, which are
ejected, to a predetermined temperature; and thereafter, simultaneously
blow molding n of containers 20 from n of the preforms, wherein the ratio
of the numbers N and n is N:n = 3:1. 22. An injection stretch b:.ow molding
method according to claim 2l, wherein: 25 in the step of injection molding,
each of said preforms which is injection molded has the maximum wall
thickness of 3.arnm to 4.Omm at a barrel portion. 23, An injection stretch
blow molding apparatus 30 comprising a preform molding section for molding
preforms and a   2 2 APR 200.3 blow molding section for blow molding
containers from the preforms retaining heat from when the preforms were
injection molded, wherein: at a location in a path along which the preforms
are 5 carried from the preform molding section to the blow molding section,
there is provided a discharge guide section for guiding preforms which are
not to be carried to the blow molding section off a carrying path. 10 24.
An injection stretch blow molding apparatus according to claim 23, wherein:
a machine bed is provided on which the preform molding section and the blow
molding section are mounted, and the discharge guide section comprises: 15
a preform dropout opening formed in an upper surface of the machine bed;
and a chute which guides preforms from the dropout opening to a side of the
machine bed. 20 25. An injection stretch blow molding method wherein
preforms are injection molded in a preform molding section and said
preforms are carried to a blow molding section and containers are blow
molded from t_ze preforms retaining heat from when the preforms were
injec~ion molded, comprising the 25 steps of: switching to either a
container molding mode or a preform molding mode; and when the preform
molding mode is switched to, on the way along a preform carrying path
leading to the blow molding 30 section, discharging the preforms being
molded repeatedly in the preform molding section to off the preform
carrying path. 



2 2 APR 2003 los 26. An injection stretch blow molding apparatus according
to claim 1, wherein: each of the injection core molds is adapted to cool
the inner surface of the preform; 5 each of the neck cavity molds is
adapted to cool the neck portions of the preform. 27. An injection stretch
blow molding apparatus according to claim 1, wherein: 10 the circulatory
carrier has two sets of the injection core molds and two sets of the neck
cavity molds each set of the injection core molds and the neck cavity molds
is intermittently carried between the injection molding and ejecting
sections. 15 28. An injection stretch blow molding apparatus according to
claim 15) wherein: the first circulatory carrier has a plurality of neck
cavity molds which are intermittently carried together with the 20
plurality of injection core molds, each of the neck cavity molds being
adapted to cool neck portions of the preforms; the inverting mechanism has
neck holding members for holding the neck portions of the preforms. 25 29.
An injection stretch blow molding apparatus comprising: a preform molding
station for injection molding preforma; a blow molding station for stretch
blow molding the preforms into containers; and 30 a transfer station for
transferring the preforms from the preform molding station to the blow
molding station, wherein said preform molding station comprises an
injection molding   ~ ~ APP 2GG3 log section for simultaneously injection
molding N(N?2) of the preforms at a first pitch, wherein said blow molding
station comprises: a circulatory carrier for ir_termittently circulatory 5
carrying the preforms along a carrying path at a second pitch larger than
said first pitch, said preforms being transferred from said preform molding
station through said transfer station; a heating section for heating the
preforms transferring 10 along said carrying path; and a blow molding
section for simultaneously blow molding 



n(l~n~N) of said containers from n of the preforms, and wherein said
transfer station comprises: a receiving mechanism for receiving the
preforms from said Z5 preform molding station; an inverting mechanism for
inverting the preforms; and a pitch changing mechanism for changing pitch
of the preforms from said first pitch to said second pitch. 20 30. The
injection stretch blow molding apparatus as defined in claim 29, wherein
said pitch changing mechanism includes two neck supporting mechanisms each
of which supports a neck of the preform. 25 31. An injection stretch blow
molding apparatus, comprising: a preform molding station for injection
molding preforms; a blow molding station for stretch blow molding the
preforrns into bottles;   '2 ? ~g~ ~~,3 10e a transfer station for
transferring the preforms from said preform molding station to said blow
molding station; and a machine bed on which said preform molding, blow
molding and transfer station are provided, wherein said blow molding 5
station comprises: a receiving section for receiving at least one preform
from said preform molding station through said transfer station; a
circulatory carrier for intermittently circulatory l0 carrying the preforms
along a carrying path, said preforms being received from said receiving
section; a heating section for heating the preforms carried along said
carrying path; a blow molding section for blow molding said at least one 15
preform carried along said carrying path into said at least one bottle; and
a bottle ejecting section for ejecting the said at least one bottle outside
the apparatus, and wherein said blow molding section is provided at an end
side of said machine bed opposed 20 to said receiving section. 32. The
injection stretch blow molding apparatus as defined in claim 31) wherein
said machine bed is rectangular, wherein said preform molding, transfer and
blow molding 25 stations are aligned on said machine bed. 33. An injection
stretch blow molding method for molding containers from preforrns retaining
heat from when the preforms 



were injection molded, comprising the steps of: 30 injection molding the
preforrns in an upright state with open neck portions thereof facing
upward, using at least an   ~2 2 ASR 2QQ3 109 injection core mold, an
injection cavity mold and a neck cavity mold in a preform molding station;
releasing the preforms from the injection cavity mold; 5 releasing the
preforms from the injection core mold by putting the neck cavity mold down
against the injection core mold; transferring the preforms ir_ the upright
state to a transfer station from the preform molding station by releasing
10 the performs from the neck cavity mold; inverting the preforms form the
upright state to an inverted state with the neck portions facing downward
in the transfer station; bringing each of the preforms to a temperature
which is 15 lower than a suitable blow molding temperature arid is
sufficiently higher than a room temperature in the transfer station;
transferring the preforms to a blow molding station from the transfer
station in the inverted state; 20 carrying the preforms intermittently in
the blow molding station; heating the preforms up to t~~e suitable blow
molding temperature in the blow molding s~ation; blow molding at least one
container from at least one 2S preform in the blow molding station;
ejecting said at least one container out of an apparatus. 34. The injection
stretch blow molding method as defined in claim 33) further comprising the
step of: 30 holding said at least one preform in a standby section after
the heating step and before the blow molding step.   



~ s ~~'~ 1U3 mo 35. The injection stretch blow molding method as defined in
claim 33, wherein: in the preform molding step) N(N~2) of the preforms are
5 simultaneously injection molded; in carrying step, the preforms are
aligned in a blow molding pitch; in the blow molding step, n(lsn<N) of the
containers are simultaneously blow molded. 10 36. A blow molding apparatus
comprising: carrier members for carrying preforms or containers supported
thereon; a carrier chain for carrying the carrier members 15 circulatory
and intermittently along a carrying path; a receiving section for receiving
preforms which are supplied from outside and for causing the performs to be
supported on said carrier members; a heating section for heating the
prefozms on the carrier 20 members; a blow molding section for blow molding
at least one preform heated at said heating section into at least one
container; an ejecting section for externally discharging the at 25 least
one container which is blow melded in said blow molding section; at least
one cam follower supported on each of the carrying members; a rail for
contacting each cam follower supported on each 30 of the carrier members
and guiding the carrier members along the carrying path.   '2 2 APr~ ~3 I11
37. The blow molding apparatus as defined in claim 36, wherein: the guide
member comprises a first rail located outside of 5 the carrying path and a
second rail located inside of the carrying path; and each of the carrier
members comprises a first cam follower guided by the first rail and a
second cam follower guided by the second rail. 10 38. The blow molding
apparatus as defined in claim 36) 



wherein the heating section comprises: a plurality of first heaters
disposed at one side of the carrying path, spaced apart in a vertical
direction and 15 extending in a preform carrying direction; a reflecting
plate disposed facing the first heaters across the carrying path; and a
plurality of second heaters extending in the preform carrying direction on
both sides of the carrying path) wherein 20 the second heaters are
positioned at such a height in the vertical direction that the second
heaters face regions subject to blow molding in the vicinities of the neck
portions of the preforms. 25 39. The blow molding apparatus as defined in
claim 38, wherein: the heating section comprise3 a plurality of heaters
disposed at one side of the carrying path, space apart in a vertical
direction and extending in a preform carrying 30 direction; in the carrying
path between the heating section and the blow molding section, a standby
section is provided wherein a   't '~ ~ ~ ~'~ 112 number of the preforms
for at least one blow molding cycle are stopped and before being carried
into the blow molding section. 5 40. The blow molding apparatus as defined
claim 39, wherein: the standby section has temperature adjusting members
for performing temperature adjustment on the performs and imparting a
temperature distribution thereto. 10 41. The blow molding apparatus as
defined claim 39, wherein: each of the temperature adjusting members
includes a temperature adjusting core which is inserted into the preform 15
and adjusts a temperature of an inner wall surface of the preform. 42. The
blow molding apparatus as defined in claim 40, wherein: 



20 each of the temperature adjusting members includes a temperature
adjusting pot having a cylindrical portion which is positioned around the
preform, the temperature adjusting pot is divided up in an axial direction
of the preform into zones and a temperature of each zone is controlled
independently. 25 43. The blow molding apparatus as defined in claim 36)
wherein:   2 2 APR 2D03 11a each of the temperature adjusting members
extends in an axial direction of the preform at one of a plurality of
locations in a circumference of the preform and imparts the 5 preform with
a temperature distr_bution in a circumferential direction thereof.
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