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TITLE OF THE INVENTION
MOLD CLAMPING APPARATUS
.BACKGROUHD OF THE INVENTION
1. Field of the Invention
Thepresent inventionrelates toamoldclamping apparatus,
and more particularly, to a mold clamping apparat;s having a

> ‘

movable core for use in injection molding fer making molded

preducts such as preforms, which clamping apparatus includes
hydraulic circuits that enable reduced operating time in which
molds are opened and closed.

~

Z. Descriztion o

-h

the Prior Art

Themold claﬁping‘apparatus of the type having a stationary
mold to form a body of molded products, a movable mold which
closes with respect to the stationary mold to form an opening
.in molded products, and a core which is placed in the stationary
mold through the movable mold and is movable into and out of
the stationary mold includes those employed in rot-ary type
_njection.mac‘nines disclosed in the publication ¢f Japanese
Patent No. 2,832,263 which is incorporated herein by reference.
In such a mold clamping apparatus, a moid opening/closing

inder effects cpening and closing of the movable mold, and

(‘r

he movement of the c¢ore into and out of the stationary meld

[N

s effected by a differential mold clamping cylinder, which is
separate from the mold opening/closing cyvlinder and is fitted

with & bogster ran.
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Referring to Figs. 1{(A) and 1(B), the above-described
conventional clamp apparatus is shown having a machine bea 1,
2 movable platen 2, 2 pair of tie bars 3, 3, a pair of mold
opening/closingcylinders 4, 4, andadifferential mold clamping
cylinder 6. The tie bars 3, 3 are vertically mounted on the
machine bed 1 and penetrate through the oppesite ends of .the
mevable platen 2 which is movable upward and downward. The mold
clamping cylinders 4, 4 are arranged between the movable platen
2 and the machine bed 1 and cause the movable platen 2 to move
upward and downward as a piston 41 in each of the cylinders moves
upward and downward. Arranged on the upper ends of the tie bars
3, l3_ is the differential mold clamping cylindex 6 which
accommodates a mold clamping ram S. The mold clamping ram 5§,
which is arranged above the movable platen 2, is directed
downwaxrd.

Amold clamping piston Sz is arranged in the differential
meld clamping cylinder 6. The inside of the cylinder 6 has a
relatively larger inner diameter than the outer diameter of the
piston 5a in the area above the mold clamping position, such
that the piston 5a contacts the inner surface of the cylinder
only in the lower-most region of the cylinder to effect mold
clamping. This leaves a communication gap about the piston Sa
in the upper region of the ¢ylinder. Abooster ram 7 is inserted
into the above-described mold clamping ram S £from the upper end

of the moid clamping ram. Arranged on the sides of the cylinder
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€ are a bypass 8 which connects the upper region of the cylinder
& to the lower region thereof and a pair of charge cylinders
S, Swhichcommunicatewiththecylinder¢atthelowerendtheraof.
Pistons 10, 10 are arrangeévin the charge cylinders g, 3,
respectively. Also, arraﬁged abcove the movable platen 2 is a
moldclampingplatenll throughwhichthetiebars3, 3arearranged.
The pistons 10, 10 aswell as themold clamping ram5 are connected
to the upper surface of the mold clamping platen 11.

In such a mold ¢lamping apparatus, a stationary mold 12
to form a body of the molded products such as preforms is placed
on the upper surface of the machine bed 1, and a movable mold
13 to form an opening in the molded preducts is fixed to the
lower surface of themovable platen 2. Also, 2 core 14 to define
an inner space in a preform is arranged on the lower surface
of the mold clamping platen 11 such that it can move through
the movable mold 13 into and out of a cavity defined inside the
stationary mold 12.

épening of the movable mold 13 with respect to the
stationary mold 12 is effected by supplying hydraulic oil to
a mold ¢pening oil chamber 42 which is defined by a piston 41
in the lower region of themold opening/closing cylinder 4, while
closing of the movable mold 13 with respect to the stationary
meld 12 is effected by supplying hydraulic oil to a mold closing;
oll chamber 43 which is defined in the upper region of the mold

opening/closing cylinder 4.
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Opening of the core 14 is effected by supplying hydraulic

1Y

oil from the booster ram 7 to the mold clamping ram 5. Closing

o4

nd clamping of the core 14 are effected by supplying hydraulic

oil to the differential mold clamping cylindex 6. When inside

(o) W

f
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erential mold c¢lamping cylinder

oo

of the d is pressurized, .

the mold clamping piston 5a 1s pushed downward due to the
difference inareabetween theuppersurfaceandthe lower suzrface
of the piston to which the pressure applies. This in turn moves
the mold clamping ram 5 downward. Upon this, the hydraulic oil
that is present below the mold clamping piston S5a flows through
the communication gap, around the piston, to above the piston.
Thus, no hydraulic resistive force is exerted while the mold
clamping piston 5a is moving downward. After the mold clamping
pistonSafitsinthelower—-most regionof thecylinder 6, however,
pressure builds up in the cylinder in the same manner as in a
typical mold clamping cylinder. This clamps the molds. |
This differential mold c¢lamping cylinder & has the
characteristics that the high-speed mold closing as well as mold
clamping can be effected with a small supply of hydraulic oil.
In contrast, in the mold opening/closing cylinder 4, which is
of a typical construction and includes the two cil chambers 42,
43 defined by the piston 41, the speed at which the molds are
closed and opened is varied depending on the discharge volume

cf the hydraulic pumps connected to the ¢ylinder. The pump

dischargevolumeneeds tobeincreasedinorder temake the opening
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of the mold by the mold opening/clesing cylinder 4 faster.
Therefore, it has been difficult £o shorten the length cof the
time it takes for themolds toopen, or to close, by simultaneocusly

cperating the mold opening/closing cylinder 4 and the

._'\

fferential mold clamping cylinder 6, each of which employs

different system.

SUMMARY OF THE INVENTION

The present invention addresses the above-mentioned
problemassociated with the differential mold clamping cylinder
utilized. Accordingly, it is anobject of the present invention
to provide a novel mold clamping apparatus inwhich the hydraulic
cll forcibly discharged from one of the differential mold

clamping cylinder and the mold opening oil chamber of the mold

-opening/closing cylinder is delivered to the cther as their

0

peratingoil inanalternatingmanner, whereby the simultaneocus
operation of the two kinds of cyllnder.a, which has been regarded
as difficult until now, is realized, leading to reduction in
the operzting time required for the meclds to open and close.

According to the present invention, there is provided a
mold clamping apparatus comprising a bed on which a stationary
mold to form a body of a product to be molded is placed; a pair
of tie bars vertically arranged on the bed; a movable platen
having each of the tie bars arranged through the opposite ends

thereof, and having on its lower surface a movable mcld which
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closes with respect to the stationary mold to form an opening
in molded products; a mold opening/closing cyliﬁder arranged
between the bed and the movable platen, wherein the mold

cperning/closing cylinder moves the movable platen upward and
downward to effect the opening and closing of the movable mold,
whereinthemoldopening/clesingcylinderincludesamoldopening
¢oil chamberandamcldclosingolil chamber, eachoftheoil chambers

defined by a piston, and wherein the mold opening/closing

}-r-

¢cylinder has a hydraulic line for supplying/discharging

hydraulic oil to/from each of the oil chambers; a mold clamping

§--

platen having a coremovable into and out of the stationary mold
through the movable platen; and a differential mold clamping
cylinder arranged on the upper end of the tie bars and having
amold clamping ram directed downward, wherein themold clamping
ramhas abooster raminsertedthereinto fromthe upper endthereosf,
andvwhereinthemoldclaxping ramis connectedto the upper suxface
of the mold clamping platen and has a hydraulic line for

supplying/discharging hydraulic oil to/from the booster ramand
ahydraulicline for supplving/discharginghydranlicoil to/from
the differential mold clamping cylinder; wherein the mcvable
platen is moved upward and downward by supplying/discharging
hydraulic oil to/from the mold opening/closing cylinder znd
cpening and closing as well as clamping of the mold clamping
platen are effected by supplying/discharging hydraulic oil .

to/from the differential mold clamping cylinder. In the mold
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clamping apparatus, the hydraulic linewhichis in communication
with the mold opening oil chamber of the mold opening/clesing
cylinder and the hydraulic line for the differential mold
clamping cylinder are connected teo one another via a
communication passage, and in that z volume of hydraulic oil
which is discharged into the hydraulic lines as the movable méld
is opened and closed and as the core moves into and out of the
stationary mold is alternately provided to the mold opening
chamber of themoldopening/cleosingcylinder andthedifferential
mold clamping c¢ylinder.

Preferably, a pressure/flow control valve is arranged on
the communication passage for controlling the pressure as well
as the flow of the hydraulicoil that flows out into the hydraulic
lines.

Also, 1t is preferred that the abed of hydraulic oil that
is discharged from the mold opening/closing cylinder is
substantially the same as the abed of hydraulic cil that is
discharged from the differential mold clamping cylinder.

The present invention, which is characterized in that

-

hydraulic oil discharged from the differential mold clamping
cylinder and hydraulic oil discharged from the mold clamping
oil chamber of the mold opening/closing cylinder are shared by
the two kinds of cylinders as operating oil in an alternating

manner, has an advantage that it is not necessary Lo increase

thedischargevolure of thepumpinorder toincreasethe operating
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spead 0f the mold opening/closing cylinder to cpen and clcss
themoldandtheabedof hydraulicoilthatisdrainedisrelatively
small. 7Thus, even inamold clamping apparatus of the typewhich
utilizes a differential mold clamping cylinder operative in a
differential manner with a small abed of hydraulic oil to open
and close a core &s well as te clamp molds and utilizes a mold
opening/closing cylinder which is of a normal configuration and
requires a large abed of hydraulic oil to open and close amovable
mold, the simultaneous cperation of the two kinds cylinders,
which has been difficult until now, is achieved. RAccordingly,
it is possible to shorten themoldingcycle by reducing the length
of the time requirad for the molds to open and close. Further,
thesimpleconfigurationofthemoldclampingapparatus accerding
to the present invention in which two hydraulic lines, i.e.,

3

one for the differential mold clamping cylinder and the other

for the mold opering oil chamber of the mold opening/clesing

cylinder, are interconnected via & communication passage will
not make the hydraulic circuit particularly complex and is
readily applicable to the existing hydraulic circuits. With

pressure/flow contrecl valve arranged on the communication

u

passage, the mold clamping apparatus of the present invention
can be easily controlled. Finally, by making the abed of oil
discharged from one of the two kinds of cylinders the same as
the abed of oil discharged from the other cylinder, the required

abed of operating oll is substantially supplemented by the
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nydraulic cil discharged from each cylinder. This maximizes
the efficlency of the system by minimizing the abed of hydraulic

oil that is drained or needs to be added by a pump.

BRIEF DESCRIPTICN OF THE DRAWINGS

These and other objects and advantages of the present
invention will become clear from the following description with
reference to the accompanying drawings, wherein:

Figs. 1(A) and 1(B) are a longitudinal cross—sectional
front view and longitudinal cross-sectional side view of a moid
clamping apparatus of the type addressed by the present invention,
respectively;

Fig. 2 shows hydraulic circuits in a mold clamping
apparétus accdrding to the present invention, when molds are
closed; and

Fig. 3 shows hydraulic circuits in a mold clamping

M

ppératus according to the present invention, when molds are

opened.

DETATILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
The vresent invention will now be described in detail
hereinafter with reference to the accompanying drawings.
Referring to Figs. 2 and 3, an exemplary hydraulic circuit
employed in a mold clamping apparatus in accordance with the

present invention is shown. 2As shown, the reference numerals
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21, 22 dencte a hydraulic line on the mold opening side and a
hydraunlic line on the mold closing side of the mold
opening/closingcylinder 4, respectively. Asolenoidswitching
valve V1 for switching connections between a main line 23 which
is conneclted to a pump P and 2 drain line 24 is arranged on the
hydraulic lines 21, 22.

The reference numerals 25, 2€ denote a hydraulic line for
a differential meld clamping cylinder 6 and a hydraulic line
for a booster ram 7, respectively. & solenoid switching valve
V2 for switching connections between a main line 23 connected
te a2 pump P and a drain iine 24 is arranged on the hydraulic
lines 25, 25.

A communication passage connacts the hydraulic line 21
to the hydraulic line 25 for the differential meld clamping
cylinder € and is designated by the reference numeral 27. In
the present invention, this communication passage serves as a
hydraulic passage which, in anmold ¢closing cperétion_, supplies
the differential mold clamping cylinder 6 with the operating

: 3

oil, i.e., thehydraulicoil that has flownout fromamold opening
cil chamber 42 of the cylinder 4 into the hydraulic line 21 and,
in an meold opening coperation, supplies the mold opening oil
chanmber 42 with the operating oil, i.e., the hydraulic ¢il that
has flown ocut from the differential mold clamping cylinder ¢

into the hydraulic line 25, A pressure/flow control valve 28

is arranged on the communication passage 27 for controlling the
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pressure and the flow of the hydraulic oil flowing therethrough.
This contreol valve 28 may be a single valve having its expected
function, or a composite unit consisting of multiple switching
valves and relisf valves.

Valves V3, V4, V5 and V6 are check valve-equipped flow
adjustment valvesdisposedonthe aforementionedhydrauiiclines
21, 22, 25 and 26, respectively. Valves V7, V8 and VS are check
valvesdisposedonthehydraulicline2lonthesideofthecylinder

4, on the main line 23, and on the hydraulic line 25 on the side

Operation of the above-described hydrauvlic circuit will
now be describead.

First, the solenéid switching valves V1 and V2, which are
showninfig. 24inastateinwhichmoldopeninghasbeen completed,
are together switched from the zight port to the left port, as
shown in Fig. 3. This connects the hydraulic line 22 for the
mold closing oil chamber 43 of the mold opening/closing cylinder
4 to the main line 23 for the pump P. Also, the-hydraulic line
25 for the differential mold clamping cylinder 6 connects to
the main line 23 for the pump P, and the hydraulic line 26 for
the booster ram 7 connects to the drain line 24.

From the pump P, hydraulic oil is supplied to the mold
closing oil chamber 43. This causes the piston 41 lto move
downward, which in turn forces out the hydraulic 0il in the mold

opening oil chamber 42 into the hydraulicline21. Inthebooster



ranm7, the hydraulicresistivity in the upper chamber is removed,
and the differential mold clamping cylinder 6 is provided by
the pump P with hydraullc oll, the flow abed of which has been
limited to a small abed by the flow adjustment wvalve V5.
During this process, the hydraulic o¢il which has been
pressurized by the piston 41 and has £lown out inte the hydraulic
line 21 flows through the communication passage 27, is combined
with the hydraulic oil from the pump P, and is then delivered
to the mold clamping cylinder 6 as cperating oil. The resulting
pressure difference acting on themold clamping pisten Sa causes
it to move downward in the differential meld clamping cylinder
6. Asa result, themold clampingplaten 1l closes with respect
tc the core 14, as shown in Fig 1(R). Meanwhile, the pisten
rod in the meld opening/clamping cylinder 4 contracts into the
mold opening/clampingcylinder 4, whichmoves themovable platen

2 downward until the movable platen 13 abuts the upper surface

&

of the staticnary mold 12. With & delay,~the core 14 starts

to move down, penetrates through the movable mold 13, and is

{
oy
®
3
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ositioned at the center of the cavity in the stationary
mold 12. This is followed by urging of mold clamping plate 11
agzinst the movable platen 2 to effect mold clamping.

When the mold clamping is completed as shown in Fig. 3,
the solenoid switching valves V1, V2 are together switched from

their respective left ports to the right perts.



he switching ¢pens connection between the hydraulic line 22

for the mold closing oil chamber 43 in the mold opening/closing

0

yvlinder 4 and the drain line 24 and connection between the
hydraulic line 21 for the mold opening chamber 42 in the mold
cpening/closing cylinder 4 and the main line 23. - Also, the-
hydraulic line 26 for the booster ram 7 connects to the main
line 23.

As a result of the switching, hydraulic oil is provided
to the upper chamber within the mold clamping ram S which has

extended cut from th

(0]

differential mold clamping cylinder 6 in
the mold clesing Qperatién, causing the mold clamping ram 5 to
retract into the cylinder. The core 14, along with the mcld
clampingplaten 1l, thenmoves upward and out from the stationary
mold 12. During this, the same abed of hydraulic oil as was
provided in the mcld closing cperation is pushed out from the
differential mold clamping cylinder 6 into the hydraulic line
25, flows through the communication passage 27 and hydraulic
line 21, and is then, together wit-h the hydraulic oil from the
pump P, provided to the mold opening chamber 42 in the mcld
cpening/closing cylinder 4. Thismekes it possible for themold
opening/closing cylinder 4 toeffect the high-speedmold opening
without the need to increase the discharge volume of the pump
E.

An excessive abed of operating oil results due to the fact

that there is a difference in volume between the differential



cylinder & and the meld opening oil chamber 42 when hydraulic
0il flows. This excessive operating oil is controlled by the

pressure/flow control valve 28 and is discharged into the drain

th

ine 24, if necessary. The discharging to the drain line 24

§r

may also be utilized when hydraulic oil is provided.from the
moid opening oil chamber 42 to the differential mold clamping
cylinder 6. The drainzge is controlled by the pressure/flow
control valve 27 arranged on the communication passage 28.
Accerdingly, it is only necessary to supply an abed of oil

sufficient to compensate for the depletion.

Example

An illustrative example cf the volume of one embodiment
of the differential mold clamping cylinder as well as the mold
opening/closing cylinder according to the present inventicn is
shewnbelow. Itis, however, tcbeunderstoodthat the embodiment

is not intended to limit the inventicn in any sense.

stroke
differential mold clamping | inner diameter 220mm 580mm
cylinder
mold clampling ram - outer diameter 150mm
booster ram outer diameter 70mm
charge cylinder inner diameter 100mm 58C0mm
charge c¢ylindex outer diameter S Stom
piston xod
meold opening/closing inner diameter 60mm 380mm
cylindex
mold opening/closing outer diameter 40mm
cylinder piston rod




volunme of differential mold clamping cylinder {as measured| 198.0L
when mold is closed)

volume of differential mold clamping cylinder {as measured ) 118.0L
whan meld is opened)

velume difference 80.0%L
volume of ciiarge cylinder (combinedvolume of twocviinders) | 63.5%
deplertion after supplementation by charge cylinders 16.5L

volume of mold opening/clesing cylinder {combined volume | 17.9L
of three cylinders)

As can be seen from the tables zbove, operating oil for
the differentizl mold clamping cylinder can be supplemented by
thehydraulicoil fromthemoldopening/closing cylinder. BAlso,
it was observed that the mold opening/closing cperation was made
fasterbyasmnuchasalmest two seconds and simultaneous operation
of the cylinders was achieved. This is considered to be due
to the fact that the time lag that arises because the hydraulic
oil is supplied from the pump is diminished.

While the presently preferred embodiment of the present

invent

[N

on has been shown and described, 1t will be understood
that the present inventicn is not limited thereto, and that
various changes and modifications may be made by those skilled

in the art without departing from the scope of the invention

4

s set

u

orth in the appended claims.
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What is claimed is:
1. A mold clamping apparatus comprising:

2 bed on which a staticnary mold to form a body portion
of 2 product to be molded is placed;

a pair of tie bars vertically arranged on the bed;

a movable platen having each of the tie bars arranged
throughthe oppositeends thereof, andhavingonits lower surface
a movable mold which closes with respect to the stationary mold

" to form zn opening in molded products;

a mold opening/clesing cylinder arranged between the bed
and the movable platen, the mold opening/closing cylinder moves
the movable platen upward and do&nward tc effect the opening
and closing of the movable mold, the mold opening/closing
cylinder including a mold opening oil chamber and a mold closing
oil chamber, each of the oil chambers defined by a piston, the
mold opening/closing cylinder having a hydraulic line for
supplying/dischérging hydraulic oil to/from each of the ocil
chambers;

a mold clamping platen having a2 core movable inte and out
of the stationary molid through the movable platen; and

adifferentialmecldclampingcylinder arrangedonthe upper
endofthetiebarsandhavingamoldclampingramdirecteddownward,
the moeld clamping ram having a booster ram inserted thereinto
from the upper end thereof, the mold clamping rambeing connected

to the upper surface of the mold clamping platen and having a
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hydrazulic line for supplying/discharging hydraulic oil to/from
the booster ram and 2 hydraulic line for supplying/discharging
hydraulic oil to/from the differential mold clamping ¢cylinders;

wherein the movable platen is moved upward and downward
by supplying/discharging hydraulic oll to/from the mold
cpening/closing cylinder and opening and closing as well as
ciamping of the mold clamping platen are effected by

upplying/discharging hydraulic oil to/from the differential

mold clamping cylinder; and

wherein the hydraulic line which is in communication with
themoldopening oil chamber of themold opening/closingcylinder
and the hydraulic line for the differential mold clamping
cylinder sre ¢connected toone another via a communicationpassage,
and a volume of hydraulic oil which is discharged intc the
hydraulic lines as the movable mold is opened and closed and
as thecoremoves intoandout of the stationarymoldisalternately
provided to the mold opening chamber of the mold opening/closing.
cylindér and the differential mold clamping cylinder.
2. The mold clamping apparatus according te ¢laim 1, wherein
a pressure/flow control valve is arranged on the communication
passage for contrclling the pressure as well as the flow of the
hydraulic oil which flows cut into the hydraulic lines.
3. The mold clamping apparatus according to claim 1, wherein
the abed of hydraulic oil that is discharged from the mcld

opening/closing cylinder is substantially the same as the abed
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OX nydraulic oil that is discharged from the differential mold

clamping cylinder.



