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BACKGROUND OF THE INVENTION 1. Field of the Inventi epresent

mnvention relates to a nold cl anpi ng apparatus, and Uﬁ%ﬁk UPQ5@¥

& nol d cl anpi ng apparatus having a novable core for Jse in 'n}@c ion’
ﬂD|dIng for maki ng nol ded products such as preforns, X '
apparatus I ncl udes hydraulic circuits that enabl e reduced opekgting tinme
in which nolds are opened and closed. 2. Description of the Prior Art

The nol d cl anpi ng apparatus of the type ‘having a stationary nold to form
a body of nolded products, a novable nold which closes with respect to the

stationary nold to form an op n cts, and a core which is
pl aced in the stationary nol roagthg ﬂﬁgﬁﬁﬁﬁé nold and is novable into

and out of MOLD CLAMPING APPARATUS

‘BACKGROUHD OF THE INVENTION
1. Field of the Invention

Thepresent inventionrelates toamoldclamping apparatus,
and more particularly, to a mold clamping apparatas having a
movable core for use in injection molding for mazking molded
preducts such as preforms, which clamping apparatus includes
hydraulic circuits that enable reduced operating time in which
molds are opened and closed.

~

Z. Descrioption o

-h

the Prior Art
Themoldclaﬁpingépparatuscfthetypehavingastationary
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 roﬁary type
_njection.machines 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

the movement of the ¢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.



the stationa® m#l d i ncl udes those enployed in rotary type injection

machi nes di sclosed in the publication of Japanese Patent No. 2, 832, 263
which is incorporated herein by reference 1In such a nold clanping
apparatus, a nold opening/closing cylinder effects opening and cl osing of
the novable nold, and the novenent of the core into and out of the
Stationary nold is effected by a differential nold clanping cylinder,
which is separate fromthe nold opening/closing cylinder and is fitted
with a booster ram Referring to Figs. 1(A) and 1(B),

t he above-descri bed conventional clanp apparatus is shown having a machine

bed 1, a novable plrat}2nqatBar{qof 18 RaLS 13y 3. +; | f
openi ng/ cl osi ng cylinders 2? 4, aﬁ% a:hgﬁfeﬁgnt?g?' %%?%ﬂ%ﬁghgfggkggﬁ?inder

6. The tie bargydrent r%lve_ﬁ.ﬁﬁzﬁa%%%_r@ﬂ@t £d s%@:z}nhﬁav{g?é:@ RERede ]be%ng,

penetrate through the opposite e of the
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, 3 is the differential mold clamping ‘cylinder 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



novabl e platem 2 which is novable upward and downward. The nold cl anping
cylinders 4, 4 are arranged between the novable platen 2 and the machi ne
bed 1 and cause the novable platen 2 to nove upward and downward as a
piston 41 in each of the cylinders noves upward and downward. Arranged on
t he upper ends of the tie bars 3,3 is the differential nold clanping
Cylinder 6 which accombdates a nold clanping ram5. The nold cl anpi ng ram
5, which is arranged above the novable_platen 2, is directed downward.

A nmold clanping piston 5a is arranged inthe differential nold clanping
cylinder 6. The inside of the cylinder 6 has a relatively larger inner

di aneter than égg.aoﬂlxgésgiaawﬁ?fﬁcgﬁn%%@sp +RleSY 159(33%?05 he @g}g%ﬁ?ﬂa&t he

nol d cl anpi ng position, suc at 't isto a contact’s nner “surface

of the cylinder LY hn L ; £ region_of the |.inder (to.effect
mol d cl anpi %S."" gﬁll'slﬁné%“vg% {Ja“%\(gﬁ%r?r%%é{’:ét%%in%gg%gﬁbobtc %ré’epicgtlgiﬁd%ﬁs in
t he upper r_eg)j of .the ¢ L

above-descri bed” ot o 7 En r:l%cgaq‘%;“rﬁté %?%Stf#e(‘[%&%?{g%%g%% gsﬁéhlﬁ’g%gft e

clanping ramg Anranged ofgthe, sides obrthe gyl LOders cvlinders s, 9,
respectively. Also, arraﬁged abcove the movable platen 2 is a
moldclampingplatenll throughwhichthetiebars3, 3arearranged.
The pistons 10, 10 aswell as themold clamping ram 5 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.



- 3- 6 are a bypass 8 which connects the upper region of the cylinder 6
to the I ower region thereof and a pair of charge cylinders 9,9 which
cémunicate with the cylinder 6 at the lower end thereof. Pistons 10, 10
are arranged in the charge cylinders 9, 9, respectively. A so, arranged
above the novable platen 2 is a nold clanping platen 11 through which the
bars 3, 3 are arranged. The pistons 10, 10 as well as the nold cl anpi ng
ram5 are connected to the upper surface,of the nold clanping platen 11.
In such a nold clanping apparatus, a stationary nold 12 to forma body of
the nol ded products such as preforns is placed on the upper surface of the

machi ne bed 1, and @o%ﬁ.\fﬁ;b{:?tmlgor 34t %efﬁ}g&{gp l{;ﬁ}l&g&%ﬂed

products is fixed to ower surface o rovabl
core 14 to de e, andone ce rm,i ranged n t Iomer
surface of t i a“(_ﬂ %%p °r?§°%%| é?ﬂéq %l sucﬁ f%a‘t ﬂ 3e t@l’e

movabl e nol d 13 |qto and Opt of a cayity define nS|de | ary
Tl d 12, B GlERPAG ot the Havan %'(e““r?oFd 1554 #’H SR B e °l
oil to the differential mold clam yllnder 6. When inside

3

of the differential mold clamping cylinder 6 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



stationary nold 12 is effected by supplying hydraulic oil to a nold
opening oil chanber 42 which is defined by a piston 41 in the |lower region
of the nold opening/closing cylinder 4, while «closing of the novable nold
13 with respect to the stationary nold 12 is effected by supplying
hydraulic oil to a nold closing oil chanber 43 which is defined in the
upper region of the nold opening/closing cylinder 4.
-4- Qpening of th e core 14 is effected by supplying hydraulic oi
fromthe booster ram7 to the nold clanﬁﬁng ram5. dosing and clanping
of the core 14 are effected by supplying hydraulic oil to the differential
nmol d cl anpi ng cyl i nd 6. Wen inside of the differential l.d ¢l anpi ng
cylinder 6 ig“p¥£§36§?9e8¥ “?%éﬂ?ﬁ#<T3ﬁnéﬁﬁ/ﬁg°§+%?cﬁ§1%¥4%¥ gﬁgﬁédeﬁowmmard
due to the djfference in area bet . the upper surface and the |ower
surface of tHELHOLEn to Ba gﬁ%ﬁﬁ%&e’é@m gga%”p‘?l?’eeé? tﬁ?hf%“?‘rf“ fr Rhfoves
the nold cl anpi ngs ra£15_domﬂyar .. Upon this, the hydraulic oi

Cime it takes for themolds toopen, or toclose, by simultanecusly

cperating the mold opening/closing cylinder 4 and the

;,1
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th

cifferential 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 cﬁlinders, 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



that is present below the nold clanping piston 5a flows through the
communi cati on gap, around the piston, to above the piston. Thus, no
hydraulic resistive force is exerted while the nold clanping piston 5a is
novi ng downward. After the nold clanping piston 5a fits in the | ower-nost
region of the cylinder 6, however, pressure builds up in the cylinder in
the same manner as in a typical nold clanping cylinder. This clanps the

nol ds. This differential nold clangi ng cylinder 6 has the
characteristics that the high-speed nold tlosing as well as nold clanping
can be effected with a small supply of hydraulic oil. |In contrast, in the

mol d openi ng/ ¢l osi ng .cylinder 4, which is .of a typical constructiqn and
i ncl udgs thg ct:%\%g%? %%‘%aﬁ%%?%czlfo th@ ‘EITe?tr%oerﬂ‘rHymgﬁg i sfl%ﬂ? A1 °RYfe"Speed
at which the pol ds an .cl.osed and qpened is ya{ieﬂ dggﬁndin? on the

di schar ge vol tAEOSIES RECHVEF & § Fogﬁnﬁgeean‘ﬁ%e% T HhHEREST | Hdemgethe

punp di scharge, vol une n%eds tq be increased in order to, make theopening
s etween 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
¢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 ¢f 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

th

of the mold clamping platen and has a hydraulic line for
supplying/discharging hydraulic oil to/fromthe 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

o
"

/draulic oil to/frem the mold opening/closing cylinder and

Q

pening and closing as well as clamping cf the mold clamping
platen are effected by supplying/discharging hydraulic oil

to/from the differential mold clamping cylinder. In the mold



of the mold by the nold opening/closing cylinder 4 faster. Therefore, it
has been difficult to shorten the length of the tine it takes for thenolds
tto open, or to close,-by simultaneously operating the nold opening/cl osing
cylinder 4 and the differential nold clanping cylinder 6, each of which
enpl oys different system SUMVARY OF THE | NVENTI ON The present
i'nventi on addresses the above-nentioned problem associated wth the
differential nold clanping cylinder uti%ized. Accordingly, it is an

obj ect of the present invention to provide a novel nold clanping apparatus
in which the hydraulic oil forcibly discharged fromone of the
differential mp C

the moi d  opEATHGIES BEPRG- CyT1 FEBF A5 2HG T JaP By T o bERBFUaE ot et
of “the tvo KFAEE B¢ Bpr AnGarait R RaT Bec Fagdiieh oPas LBpTFIeaid unti |
now, is realized, | eadi to reduction_in the qQperating time_ required for
t he nol ds tocﬁﬁé%d%ﬁuFQ4$£ﬂ§ hydraulig b5Re fRF e e LireseRtal i on,
there is provided a nold clanping apparatus conprising a bed on which a
stationary ¢lamping cylinder are connected to one another via s

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



nold to forma body of a product to be nolded is placed; a pair of tie
bars vertically arranged on the bed; a novable platen having each of the
tie bars arranged through the opposite ends thereof, and having on its

| ower surface a novabl e nold which closes with respect to the
stationary nold to forman opening in nolded products; a nold
épenlng/cI05|ng cylinder arranged between the bed and the novabl e pl aten,
wherein the nmold opening/closing cylindeg.noves the novabl e platen upward
and downward to effect the opening and closing of the novable nold,
wherein the nold opening/closing cylinder includes a nold opening oi

chamber and a Jpald 6lc0shaG@Id o%laanhevclgém Qs P%a?l to Chbeny dgid ned

by a piston, and wherein the nold opening/closing cylindéer has a hydraulic

line for supmeﬂégyﬁygg&@%géggqohﬁdaayhierii*PQ‘EEQFE?@SQ;QEe&%@lQéi%f the

chanbers; a nold clanmping platen having a core novabi e I nto and ouf
stationary mlga11. Thus, even inamold clamping apparatus of the type which

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.,
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 passzage ws‘.li
not make the hydraulic circuit particularly complex and is

readily applicable to the exlsung 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



t hrough the novable platen; and a differential nold clanping cylinder
arranged on the upper end of the tie bars and having a nold clanping ram
directed downward, wherein the nold clanping ramhas a booster ram
inserted thereinto frontheupper end thereof, and wherein the nold clanping
ramis connect edtot he upper surface of the nold clanping platen and has a
fydraulic line for supplying/discharging hydraulic oil to/fromthe booster
ramand a hydraulic line for supplylng/dlscharglng hydraulicoil to/from
the differential nold clanping cylinder; wherein the novable platen is
noved upward and downward by supplying/discharging hydraulic oil to/from

the nold ope / S ¥, Qgg{ apd .0 19Rd.¢l o Ll
cl anpi ng of dugui g ngH%|%# N gtgnogrggﬂ#ggé ge y thp 3%n§§alscharglng
hydraul i ¢ oiJ

) api S & et e mAPe g P fetfn i 202 gak?evisﬁﬁaxﬁre Fon wiih

the mol d openng ol | ghanter of ! he Il ¢ opent Qé’e&' 95 g,

BRIEF DESCRIPTION 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 according to the present invention, when molds ar
closed; and

Pig. 3 shows hydraulic circuits in a mold clampin§
apoératus 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 32, an exemplary hydraulic circuit
employed in a mold clamping apparatus in accordance with the

present invention is shown. 2As shown, the reference numerals



cylinder and the hydraulic line for the differential nold clanping
cylinder are connected to one another via a conmunication passage, and in
that a volume of hydraulic oil which is discharged into the hydraulic
lines as the novable nold is opened and closed and as the core noves into
and out of the stationary nold is alternately provided to the nold opening
¢hamber of t henol dopeni ng/ cl osi ngcyl i nder and the differential nold

cl anpi ng cyl i nder. Preferably, g_lgg_essure/fl ow control valve is
arranged on the comruni cation passage for controlling the pressure as well
as the flow of thehydraulic oil that flows out into the hydraulic |[ines.

Also, it is eferred that (4h f_hydraul i Ll that 1s.di scharged
fromthe nol ibﬁ%%ﬁ%@ﬁ6go§ﬂ%ﬁﬁgﬁﬁﬁghg%nf§nl§%§s$ﬁg i WY& S8 PAE the
abed of hydraulic pil that is_.discharged from.the differential nold

cl anpi ng cyIﬁXﬁE??f < lln“'TﬁetB?e§82? %&k&nﬁq(ﬁ%ﬁewﬁﬁc££?§m€#%racterized in
that hydraulic oil discharged fromthe differential npld clanping

cyl i nder andoﬂ§a+%ﬁ{$i9§ﬁqg%h?ﬁﬂé%fg%dr?§ﬁﬁﬁqﬂﬂﬁiﬁoIdﬁﬁ?%ﬁﬁﬁ%ﬁfw¥ﬁqh¥?ﬁanber
of the nold ppgnigg/gjgs[n% cylinder are shared by the two kinds of

cyl i nders asVopéf ati nQF St “FRER P ENAPTAPetveen 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, 28.

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
hydraulicpassagewhich,551anmoldclcsingoperétion,supplies
the differential mold clamping cylinder 6 with the operating
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 centrol valve 28

is arranged on the communication passage 27 for controlling the



manner, has an advantage that it is not necessary to increase the

di scharge volune of the punp in order to increase the operating

»8- speed of the nold opening/closing cylinder to open and close the
nol d and the abed of hydraulic oil that is drained is relatively small.
Thus, even inanold clanping apparatus of the type which utilizes a
differential nold clanping cylinder operative in a differential manner
with a small abed of hydraulic oil to opgg _and close a core as well as to
clanmp nolds and utilizes a nold opening/ }osing cylinder which is of a
normal configurationand requires a |arge abed of hydraulic oil to open and

cl ose a novabl A, Sl t ahgous gperatiqn, he t ki.nds

cyl i nders, V\/HD?% JL“EJ5§ ablté&;%%igf[%ibcou ft?%hl ?F“H(‘)Wﬁ: %5 &8&“&2‘%‘%‘&&&?8?%@ Y,
it is possible,t.o shorten the di_ng_cycle reducing .the, Jength of the
i e roqui 1 od TOr ENECet &8 16 BbORVANG “cF CREL® PRI R VLt Apr e
configuration of the nold clanpin ‘aggaratus,acgordyg%. to the present

i nvention in Wt 4R Ry d GoPPeStihagitijcqsisting of multiple switching

valves and relisf valves.

Valves V3, V4, V5 and V6 are check valve-equipped flow
adiustment 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
of the differential mold clamping cylinder 6, respectively.

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



one for the differential nold clanmping cylinder and the other for the nold
openi ng oil chanber of the nold opening/closing cylinder, are

J4 nterconnected via a conmuni cati on passage will not make the hydraulic
circuit particularly conplex and is readily applicable to the existing
hydraulic circuits. Wth a pressure/flow control valve arranged on the
fcommuni cati on passage, the nold clanpi ng apparatus of the present
invention can be easily controlled. Finallyy, by making the abed of oi

di scharged fromone of the two kinds of cylinders the same as the abed of
oi | discharged fromthe other cylinder, the required abed of operating oi

i s substantiall y,3uppliBOEEEEL DY rESEstivity in the uppBY b J.%' temoved,
di scharged from each cylinder. This maximzes the efficiency of the system

by m dn;);n 2l ng ! t e sabed Of r Andiaylah Cro O | 1R nbSc gl Alded 1 sNEELS: ddk BG
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 cormunlcqtmn 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 piston 5a 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
then positioned 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.



BRI EF DESCRIPTICN CF THE DRAW NGS These and ot her objects and

advant ages of the present I nvention will beconme clear fromthe follow ng
Jdescription with reference to the acconpanyi ng draw ngs, wherein:

‘Figs. 1 (A and 1 (B) are a |longitudinal cross-sectional front view and

| ongi tudi nal cross-sectional side view of a nold clanping apparatus of the

4 ype addressedbythe present invention, respectively; Fig. 2 shows
hydraulic circuits in a nold cl anpi ng_ gpparatus according to the present
i nvention, when nolds are closed; and Fig. 3 shows hydraulic

circuits in a nold clanping apparatus according to the present invention,

when ol ds ghe s@PENLthy opeRsTALLEDLDERORRTLEN he TgﬁfﬁEFERQ, nEMBODI MENTS

The present |nvent|on wi I'T now be described in detail® hereinafter with

reference teo%*y%egﬁg?mraelﬂ% S12hA08e: 43 in trRAHEIAIRAALAGTESs iy and 3,

an exenpl ary iC circui't “enployed ina nold cl I ng appara s in

accordance wtB, b0e 4 PLESEMe ISPGAL 106! S SHOML LR NN L NG ol 8L ence

nuner al s

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 the differential mold clamping cylinder € 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, tuUethEI'W-th 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 diff erential



e e e

-10- 21, 22 denote a hydraulic line on the nold opening side and a
hydraulic line on the nold closing side of the nold opening/closing
cylinder 4, respectively. Asolenoid switching valve V1 for swtching
connections between a main line 23 which 1is connected to a punp P and a
drain line 24 is arranged on the hydraulic lines 21, 22. The
Teference nunerals 25, 26 denote a hydraulic line for a differential nold
clamping cylinder 6 and a hydraulic ling_ for a booster ram7,
respectively. A solenoid switching valve V2 for sw tching connections
between a main line 23 connected to a punp P and a drain line 24 is

arranged oncthenByaraulHaCtnbifes %éenzﬁﬁ oil chaméegow Qakg'eﬁa@fféage

connects the hydraulic line 21 to the hydraulic line 25 for

di {7 er ent | aly;op il ATHLAG o£ALIN0RT 0Bl e dlasianalad i diig, gler ence

nuner al e present 1 nvention, onmuni cat1 on passage Serves as

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

line 24, 1f necessary. The discharging to the drain line 24
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 5mm
piston xod
meold opening/closing inner diameter 60mm 380mm
cylindex
mold opening/closing outer diameter 40mm
cylinder piston rod




hydraul i ¢ passage which, in an nold closing operation, supplies the

differential nold clanping cylinder 6 with the operating oil, i. e., the
hydraulicoil that has flown out froma nold opening oil chanmber 42 of the
cylinder 4 into the hydraulic line 21 and, in an nold opening operation,
supplies the nold opening oil chanber 42 with the operating oil, i.e., the

hydraulic oil that has flow out fromthe differential nold clanping

cylinder 6

pressure and the flow of the hydraulic oil flow ng therethrough. This

into the hydraulic line 25.,.A pressure/flow control valve 28
is arranged on the communi cati on passage 27 for controlling the

control va
conposite |

ve*@@ afedi fferentdphgbed dalnpenendingey {asnepspeet P8 -Blnct i on,
ching valves and relief yal

Val ves V3, va‘uwfatﬁc? %e’&Pé* @ﬁ%kla\mar—%c@c}aﬁméﬁﬁ F7WE eh} s PRent val
di sposed ¢ Lc-lines
vclume dltference 80.0L
volume of ciiarge cylinder (combined volume of two cylinders) | 63.5%L
depletion after su;.plenenta ion by charge cylinders 16.5L

volume of mold opening/clesing cylinder (combined volume | 17,3L
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

Hh

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
invention has been shown and described, it 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 withouf departing from the scope of the invention

as set forth in the appended claims.

or

VES.

ves

a



21, 22, 25 and 26, respectively. Valves V7, V8 and V9 are check valves
di sposed on the hydraulic line 21 on the side of the cylinder 4, on the.

main line 23, and on the hydraulic line 25 on the side of the differential

nol d cl anmpi ng cylinder 6, respectively. Qper at i o
above-descri bed hydraulic circuit will now be descrl be ﬁ“! mD"HHHH“lt he
sol enoid switching valves V1 and V2, which are

i n which nold opening has been corrpl eted, are toget her SWi tched fromthe
right port to the left port, as shown 1n Fig. 3. This connects the
hydraulic line 22 for the nold closing oil chamber 43 of the nold

openi ng/ cl ogmgg g%l#zgéiﬁg%d %a’,t’o the main line 23 for the punp P. Also, the

hydraulic |ine fferential nold clanping cylinder 6 connects

to the mai A [ nﬁph23 ‘fc?rc* t%ﬂﬁel%(%"gfﬁaFg %QggogmgpyISL%gl ic line 26 for the

booster ram'7 cornetts” ‘From the punp P,

hydraulic oil is s |ed t he nDId clo chanb 43. Thjis causes
the piston 41 to o Vﬁlv@?cﬁ S cﬁnlaﬁyt%“l‘nlgd f’8r £_E & °tdr¥epﬁ§g+%fbl ic oil

in the mold copeningoil Chaﬁber 42 jinto the hydraulic line 21. In the
boost er of @ product to be molded is p

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 a2n 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;;vnward 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 openi.'ng/closing cylinder having a hydraulic line for
supplying/dische{rging 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



-12-  ram 7, the hydraulie—resistivity in the upper chamber is renoved,

and the differential nold clanping cylinder 6 is provided by the punp P
MWith hydraulic oilyy LIE! m‘ﬁgibf whi ch has been linited to a snall
abed by the flow aH%' ﬂ LY M5, During this process, the
hydraulic oil which*has BeeM pressurized by the piston 41 and has flown
out into the hydraulic Iline 21 flows through the conmunication passage 27,

is combined wth the hydraulic oil fror’q?t__he punp P, and is then delivered

to the nold clamping cylinder 6 as operating oil. The resulting pressure

di fference acting on the nold clanping piston 5a causes it to nove
downward in th di.flf;gne,qlte:al %J\f‘l b NG C) s ga . A% A t t he
. & - ) '/ —— h 3 - > o o .
nol d cl anpi ng ygdlrﬁf‘en TT 1 0%6s %iir?(g)g%re% t‘d‘q hg%r%ruell 4&%282 5% i n
Fig 1(A). Man while, the pistan .rod.in the_nold o nirg]%/cla in
oyl nder 4 cORErATE ThESTHE * iy et e S Lanpt e SO TR or CAeroing
whi chmovest hermovabl epl atep 2 dowaward until .the novable platen,13 abuts
t he upper su Wéifé“’lf)g ?Jhleggf aﬁ%ﬁgﬁfsﬁrﬁﬁf%.la\}v‘?%%hcdwwg FHE'“E £E’ 14
starts
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 are connected toone another via a communicationpassage, -
and a volume of hydraulic cil 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



to nmove down, penetrates through the novable nold 13, and is then
positioned at the center of the cavity in the stationary nold 12. This is

foFl owed by urging of nold clanping plate 11 agai nst n 2
to effect nold clanping. Wien the nold cl anpi ndl“ﬂlmnﬁm"mr
shown in Fig. 3, the solenoid switching valves V1, V2 are tegethey =
swtched from their respective left ports to the rlght ports.

- 13- The swi tching opens connection between-t$ie hydraulic line 22 for
the nold closing oil chamber 43 in the nold opening/closing cylinder 4 and
the drain line 24 agd r}gggkl on.between the hydraulic line 21 for the

mol d openi ng chanber 4 & Stol HhaB&éthﬁ?’?ﬂmmgrmyIﬂmdﬁfﬂm@_lmqﬂoq
main line 23. Al sog) ic line 26 for the booster ram?7 connects
to the main |ine 23. Hﬁ J‘W@Hé “fesult of the switchi ng, hydraulic oil is
provided to the upper chanmber within the nold clanping ram5 which has




extended out fromthe differential nmold clanping cylinder 6 in the nold
cl osing operation, causing the nold clanping ram5 to retract into the
cylinder. The core 14, along with the nold clanps ngplaten 11, thennoves
upward and out fromthe stationary nold 12. During this, the sane abed of
hydraulic oil as was provided in the nold closing operation is pushed out
fromthe differential nold clanmping cylinder 6 into the hydraulic |ine
25, flows through the communication passagg-~27 and hydraulic |ine 21, and
is then, together with the hydraulic oil fromthe punp P, provided to the
nmol d openi ng chanber 42 in the nold opening/closing cylinder 4. This

makes it possible for the nold mopentmoMehesiavpaerkt;gder 4 to effect the
hi gh- speed nol d opening wthout the need to increase the discharge vol une

of the punp P. AN excesiinmacabes gﬁEopJ@g@gégigupll results due to
the fact that there is a difference in volume between the differenti al

A mold clamping apparatus in which hydraulic oil forcibly
discharged into hydraulic lines from one of a differential mold
clamping cylinder and a mold clamping oil chamber of a mold
opening/closingcylinderis,:hlanalternatingmanner,prévided
to the other c¢ylinder as its operating oil, thereby enabling
simultanecus operation of the two kinds of cylinders as well
as reduction inoperating time in which mold is opened or closed.
Themoldclamping apparatus includes a stationarymold, amovable
mold which closes with respect to the stationary mold, a core
movable into/out of the stationary mold.. The movement of the
core is effected by a differential mold clamping cylinder which
is separate froma meld opening/closing cylinder for the movable
mold. A‘hydraulic line on the mold opening side of the mold-
opening/closing cylinder and a hydraulic line for the

erential meld clamping cylinder arxe interconnected to one

.
-
“

[eR

)]
[

anothar via a communication passagewith a pressure/£flowcontrol
valve disposed thereon. Whilethemovablemoldisopened/closed
and the core 1s moved into/out of the stationary mold, a volume
of hydraulic oil discharged into these hydraulic lines is

alternately provided to the mold opening ¢il chamber or to the

differential mold clamping cylinder.

Figure 2



-14- cylinder 6 and the—wotd—openimg oil chanber 42 when hydraulic oil
flows. This excessive operating Qil Js: g(ﬁnt rolled by the pressure/flow
S 2 SEN ac . ? .
% Bt“ﬁ the drain line 24, if necessary.
WL

coatrol valve 28 and is di'sy
The discharging to the drail y also be utilized when hydraulic
oi | changﬁcu L Y O N fferenti al

oil is provided from the i ST—42-to-the drff
mol d clanping cylinder 6. The drainage is contrj |*|%“é%bb*yﬂﬁ%% ﬁfté%sksjre/fl ow

control valve 27 arranged on the comuni cation p’;_ssaqéqwc cordiingly, it
is only necessary to supply an abed of oil sufficient to conpensate for

t he depl eti on. Exanpl e_, An illustrative exanple of the volune of
one enbodi nent  of the d?--f-'Lgen‘rli@AP I d cl anpi ng cy?!gr 15(&)‘” as the
nol d openi ng/ cl osing cyli r ac¥ording to the presént<Inven i's
shownbelow. It is, however, to-be understood that the enmbodi ment I s not
intended to limt the inv 2 [ y sense. . Sat ,r 0o k e
different al nold cl anpi n%ﬁﬁr Met er 220mMm Pgé@ImAytlti nder
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nmol d cl anpi ng ram outer di aneter——150nmmbooster ram out er

dianeter ~ 70mm charge cylinder ... & ...l BALRALATEL e 100mm 580mM
charge cylinder out er di anB¥n P! ston rod nold

openi ng/ cl osi ng i nner di arrega m“ |l [‘) 380 nm cylinder nold
openi ng/ cl osi ng out er di anet el ikl nder pi=ston rod

-15 - volume of differential nold clanmping cylinder fagy 3aslred—T98==0L
when nold is closed) volune of differential nold cla inég%§£¢bﬁ§$5€§§ i
measured 118.0L when nold is opened) vol di £.{ er entessmmm V5D i
80. 0L vol une of charge cylinder (conbineolgqE ynééof t wo cyIinderST““ﬁ%#SL
depl etion after suppl enentation by charge cytinders 16. 5L vol une of nold
openi ng/ cl osi ng cylinder (cogpined vol une 17.9L of three cylinders)

As can be seen fromthe tabl s above, operating ol for the differential
nmol d cl anpi ng cyl i nder £at
nol d opening/closingéfy Pii-
openi ng/ cl osi ng oper

seconds and si mul t ane@ds;

4 7

R ¢
Vs XIHT

Vo




of the cyllnders was achi eved—Fhi-s—+s—eonstdered to be due to the fact
that the tine |ag that arises bhecause the hydraulic oil is supplied from
the punp is dimnished. Thi . =gntly preferred enbodi nent of
t he present i nvention has beej* scribed, it will be understood
that the present invention is ndtill I eto, faadwthaf”“f

changes and nodi ficati ons may be nmde by t hose Skll SHER T e;% j@thout'

departing fromthe scope of the |nvent|on as set%forthriﬁ“%*i:@aaeﬂded
cl ai ns. VWhat is clained i : A ﬁst*EfﬁﬁﬁTng appar at us
conpri si ng: a bed on which a st lg?ar mold to forma body portion
of a product to be nolded is placed; air of tie bars vertically
arranged on the bed; 6 a novabl e pl aten having each of the tie bars
arranged : 2

e
\ .
I~




t hr ought he opposite ends thereof, and having on its | ower surface a
novabl e nmol d which closes wth respect to the [statiorary=yold E form an

opgni ng in nol ded products; a nold ope iﬂ@?’@l&f‘é‘»ﬂﬁi@&!ﬁ&ha r arranged
bet ween the bed and the novable platen, the | d open&ﬂ?/cl osi ng cylinder
noves the novabl e platen upward and dommrd'&@a?@f-fé t--..ﬂe...opeg,' ng and

cl osing of the novable nold, the nold op@ﬁ_ng)'ﬁjﬁ“ﬁ‘”ﬁﬁ*":&’ffFTW% ncl udi ng a
nol d opening oil chanber and a nold closing oil chanber, each of the oil
chanbers defined by a piSieq, ¢ | d openi ng/cl os yl 4n havi ng a
hydraulic line for suppﬁlgg/ IiAg?gi ng hydraulic Ef o/ 1.‘1r€B ach of the
oil chanbers; a nold clanping platen having a core novable into and
out of the stationary G thr h the novabl e pl at en; wand a
differential nold cl anpmdmrizs.%t arranged on the uppEll'lOi'ndAI't he

ti ebars and having a nold clanping ramdirected dowward, the nold

cl anpi ng ram having a booster raminserted thereinto fromthe upper end

thereof, the nold clanpif onnected to the el ace of the
| | . | v ¥ 2 ’/’ll’,g
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-17- hydraulic line for supplying/discharging hydraulic oil to/from the
booster ram and a hydraulic line for supplying/discharging hydraunlic oil
to/fromthe differential nold clanping cylinder; wherein the novabl e
pl aten is nmoved upward and downward by supplyi ng/dischargi ng hydraulic oil
to/fromthe nold opening/closing cylinde -and opening and closing as wel |
as clanping of the nold clanping platen_are effected by

suppl yi ng/ di schargi ng hydraulic oil to/ @ t 12 differential nold clanping
cylinder; and wherein the hydrauli i which is in comrunication
with the nold opening oil «chanberof the nold opening/closing cylinder and
the hydraulic line for th ifferential nold cl a?pi ng cylinder are

connected to one anojfer vila [acommomi cati on pas and—apvol-uie of
hydraulic oil which is @ 4 intlo @ hyd ' s the|novabl e
mold i s opened and/@ g core novesmt " t|of the station
ary nold is alterna the mol d opgnijng : of Jthe nold
openi ng/ cl osing cyYi fereg;laal g clianp| phg| cyl iynger.
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2. The nol d cl anpi ng apparatus according to claim1l, wherein a
pressurefflow control valve is arranged on the conmunication passage for
controlling the pressure as well as the flow of the hydraulic oil which
flows out into the hydraulic lines. 3. The nol d cl anpi ng appar at us
according to claim1l1, wherein the abed30of hydraulic oil that is discharged

fromthe mold opening/closing cyllnd I's substantially the sane as the
abed of hydraulic oil 2F||g d@charged fromthe differential

nmold cl anping cylinder.
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