217639 | NJECTI ON- MOLDI NG MACHI NE The present-invention relates to an _
i nj ection nol di.ng machine, particularly one which is suitable for injection
nmol ding relatively small articles; such as top or bottomstops of a slide .
fastener, buttons and buckles. In sone conventional injection nolding
machi nes of ‘the described type, an injection-head cylinder and 'a cl anping
cylinder are operable by neans of oil pressure, whilst in ot her
conventional 10 . injection nolding nmachi nes, such actuator cylinders are o
operabl e by neans of air pressure. Wth the hydraulic actuator cy?mgeg?gg
because of their relatively high pressure, it is. possible to snmoo

inject nolding material into the nold. 15 However, the hydraulic cylinders
are not suitable to an injection nolding nmachine for formng relatively
smal | articles, since an oil punp, an oil tank, an oil cooler, and various .
ot her apparatus.for'regulating oil pressure are required, whi ch woul d
necessarily nmake the 20 entire machine large in- size.. - 2- Onthe

ot her hand, . the pneumatic actuator cylinderq r-equire only an air :
conpressor, which would make the entire nol di ng machi ne conmpact in size.
However, because of the IOMIpmnssumﬁohyMDW@HN@HMEHHINESactuator cyl i nders,
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It IS necessary to enlarge e

The present invention relates to an injection moldina machine,

LT e
Ve

particularly one which is suitable for injection molding

relatively Small'articles. such as top or bottom stops

wn

of a slide'fastene:, bﬂttbns and buckies.

In some conventional injection molding
machines of the described type, an injection head
cylinder and a clamping cylinder are operable by means
of oil pressure, uwhilst in other conventional
10 injection molding machines, such aétuator cylinders are .

operable by means of air pressure.

ki

With the hydraulic a¢tuator cylinders,.Because

of their'relatively high pressure, it is possible to
smoothly 1n3ect moldxng materxal into the mold.

13 However, the hydraulic cyllnders are not sultable to an
xnjectlon_moldlng machine for forming relatively small_
articles, since an oil.pump, an oil tank, an oil |
'coolér; and various other apparatus for regulating oii'
pressure aré-:equireé, which would necessarily make the .

20 entire machine large in size.



sprue and runner in the nold in order to facilitate the pouring-of nolten
mol ding material in the nold. As a result, it takes a |longer tinme to cool
the nolten nmolding material into a solid form thus reducing the 10 speed
of ngldi ng. Further, enlargenent of the sprue and runner woul d increase the
cost™wsf nol ding material. According to the present invention, there is
provi ded an injection nolding nmachine for articles of thernoplastic
synthetic resin, conprising: 15 a suppost2 a nold supported on said support
and including a pair of first and second nold nenbers jointly defining a

nol d cavity therebet ween thedictHdy Han®) dth@npréukatie bictvdtior said
support, and said second nold nenber being novable toward and away from 20

said first nol gynrinders dequiresidmlyy Ui taiPvistip28skbirCiwhdehe Woulder

t hrough which nolding material is to be injected into said nold cavity; a
hydraul i cal |y pakesthiezahtd rienjinlid iy heoch Diye | s6mpastippar sddeqn said
support and operable on said injection cylinder for 25 injecting the
mol di ng nat er i Howerer ,s bettaused afavitie/ ; Law hyrie astur eablyy thee pheuimadtiilce

cl anpi ng cylinder supported on said support and operable on said second
mol d menbers actBatofrorydianders,arit dosnecessadynbodendadge hbest er
operatively connected to both said injection head cylinder and said

cl anpi ng cyl i naprueoandomuanernd mrtheraedd pieserderi koo fardd itpdeatihe
pressure 1o pouring of molten molding material in the mold. As a
“ _ result, it takes a longer time to cool the molten
molding material into a solid form, thus reducing the
10 speed of molding. Further, enlargement of the sprue
and runner would increase the cost of molding material.
According to the present invention, there is
provided an injection molding machine for
articles of thermoplastic synthétic resin,.comprising:
15 a support; a mold supported on said support and
including a pair of first and second mold members
N jointly defining a mold cavity therebetween, said first
mold member being fixed to said support, and said
second mold member being movable toward and away from
20 said first mold member; an injection unit having an

injection cylinder through which molding material is to

be injected into said mold cavity; a hydraulically

pressurizable injection head cylinder supported on said
support and operable on said injection cylinder for

25 injecﬁing the molding material into said mold cavity:; a
hydraulically pressurizable clamping'cylinder supported

on said support and operable on said second mold member



%

6 actuate said injection head cylinder and said clanping cylinder. It
I s believed possible by neans of the present invention to provide a nmachine -
for injection nolding small-sized articles of thernoplastic synthetic resin

i n which machine nolding material can be 10 injected into the mold . ..
smoothly in spite of using air pressure as a power source. The inventi ofye”

w Il be described by way of exanple wiih reference to the acconpanying

drawj ngs, wherein:- Figure 1 is a schematic cross-sectional view of 15

an injection nolding machi ne enbodyi ng the present invention; Figure 2 is a

fragment arg,endsd 9eq géﬁgfgggggh%n@ f@}ﬁ%fg, ha4re 1bogggg%ng t he manner

I n which top stops a? n-a slide tastener charn; 20
Figure 3 i POOERt BbY (W=YcTo[-To8 Vd Of o s S$hhdgefs@st ener chain on
whi ch tmaikﬁ?%gops gré?tgegeaﬁnﬁgéﬁq%}t.{?€I{52§§g?ég ﬁgﬁ I ng machi ne

- 4 - Fi9@Yiﬂn&@?“&n&”s&ﬂBeE&hﬁBiWEiﬁiﬁlﬂﬁ@#iﬂ@:(ESB@EQ@WHE-VEferred to

as "nol ding machine") for formng siall™-sized articles of thernoplastic

SYDthetngﬁﬁﬂdhtié‘éf@sébkéslhﬁbeﬂ1%ham@d%éﬁﬂfﬁn5&8&9&98 gOpPs 5 S
(Figures and 3) of a slide fastener is fornmed on a pair of stringer tapes

T, B respRYuaMd Ysaldl ﬂugeatzoanﬁeah iy 1 iRaaw®| shdgsavahchampligy nol di ng
machi ne conprises a nold supported_ :

cylinder.

It is believed possible by means of the .present inventioﬁ
to provide a machine for ihjecﬁion moldihg small-sized articles of
thermoplastic synthetic ‘resin in which machine molding material can be
10 injected into the mold 'smoothly in spite of using'aif pressure as a
power source.
The inuentiQn will be described by way of example with
reference to the accompanying draﬂings, wherein:-
Figure 1 'is a schematic cross-sectional view of
15 an injection molding machine embodying the.bresent |
invention;
Figure 2 is a fragmentary enlarged cross-sectional -/
view of Figure 1, showing the manner in which top stops
are molded on a slide fastener chain; and
20 " Figure 3 is a fragmentary enlarged plan view of
the slide fastener chain on which the top stops are to

be molded by the illustrated molding machine.




on a support (not shown) and including a pair of first 10 and second (upper
and | ower) nold menbers 5, 6 defining a pair of nold cavities 4, 4

t herebetween, and an injectionunit 1 for injecting nolding material of

nol t en thernnplastlc synthetic resin |nto the nold cavities 4, %4 through a
sprue™ and a runner R 15 extending between the sprue L and the nol d
cavities 4, 4. The runner R is conposed of ,an upper runner-formng channel
18 in the first nold nmenber 5 and a | ower rfunner-formng channel 19 in the

second m)l_d ”e”berto thg‘iquE th hgw'sd ‘ﬁ]a\‘i' e%%l% h%%]%—ﬁ%ure%:% RS pe

correspondi ng 20 hape o a single sto

mol ded. The inj ecehb_eemavftte% irREleddey & tser"'m'iJ & 'xﬁééh\i'ri]é‘qerfo?r and an

injection cylinder 3. The. materi al supply cyl i nder has a hopper 8 and a

first tubul ar hegbiragnghamagl-2idedPazed 1ls0Ws hhdimiRAlastid Bhthetdt
anount of thernoplastic synthetic resin thrown in the hopper 8 i's forced

into the first heekiing cliankte 11lushratedelewatplle), 2 P0Gt gty 10
connected to a suitable drive (not shown). In the first heating chanber

9, the nolding nmét éFiiguries Reandd3ino a mlliden fastiener Ad doredd bh is

di sposed in a borehole of the 5 first heating chanber 9 to narrow the
space therein angalienoé s&ruegerotapeﬁsw.lm|ﬂmaapagtuwelmnldmmyunnsﬂﬁaﬂ.
The i.njection cylinder 3 has a second tubul ar heating chanber 13

communi cati ng w 8R4t B byr§heh@9ﬂﬂﬂgg machine.

U The molding machine comprises a mold ‘7 supported
on a support (not shown) and including a pair of first
10 and second (upper and lower) mold membérs 5, 6 defining
a pair of mpld caéities 4, 4 therebetween, and an
injection unit 1 for injecting molding material of
molten thermoplastic synthetic resin into the mold
cavities 4, 4 through a sprue L and a runner R
15 extending between the sprue L and the mold cavities 4,
4. The runner R is composed of an upper runner-forming
channel 18 in the first mold member 5 and a lower
— runner-forming channel 19 in the second mold member 6.
Each of the mold cavities 4 has a contour corresponding
20 to the shape of a single top stop S (Figu;e 3) io be
molded.

The injection unit 1 includes a material supply
cylinder 2 and an injection cylinder 3. The material
supply cylinder 2 has a hopper 8 and a first tubular
heating chamber 9 disposed below the hopper 8. In use,
an amount of thermoplastic synthetic resin thrown in

the hopper 8 is forced into the first heating chamber 9



chanber 9 for receiving the nolten nolding material 10 therefrom and an
I njection nozzle 14 di sposed contiguous to the | ower end of the second
heating chanmber 13. A hydraulically pressurizable injection head cylinder
15 is supported on the non-illustratedgupport 15 at a position above thg
I njection cylinder 3 and has a first piston 16a reciprocable in the W
I njection head cylinder 15 and a first piston rod 16 extending fromthe
first piston 16a. The first piston rod 16 projects dowwardly fromthe

i nj ection héﬁdanNQﬂﬁKQahIY|rnqnptmcéhne|m}QOQennlo conogktedeto 3 and

termnates in an enl ar portlon 16b_di sposed in_a borehole of the second
heating chaftyeb4s HeshRwR) on iBpther fésstsheapisgon
reC|procabIe |n the e d h chanber. 1 n 25.r onse to the

reci procati Ctg'fe t‘?éﬁih%qtm?ﬁ%’fbﬁl g%. {“FBFe‘Fo?-EEﬁgat Relgsm en
mol di ng mat ri I fr e _sec ea into_the Id 7 - 6
- through t%é:al%ﬁ‘ Wﬁ%g‘félp ngﬂ PoPPEE °}Bb°ﬁ hg central

o Wt Y b el TR o0 ™
e S5, BRI 480 STALEH, RRFTES
16c¢ The injection cylin@er_3 has a second tubular
heating chamber 13.communicating with the first heating _
chamber 9 for receiving ;he-molteh molding material /
10 therefrom, and an injection nozzle 14 dispbsed
contiguous_to.the lower end of the second heating
chamber 13.
. A hyd:aqlically“presshrizable_injection head
cylinder 15 is supported on the non-illustrated support
15 at a position above the injection cylinder 3 and has a
firsF piston l6a reciprocable in the injection head
cylinder 15 and a first piston rod 16 extending from
the first piston 16a. The first piston rod 16 projects o
downwardly from the injection head cylinder 15 into the |
20 injection. ~ c¢ylinder 3 and términates”.in an
enlérged portion 16b disposed in a borehole of the
second heating chamber 13.
~ The enlarged portion 16b serves as a piston
reciprocable in the second heating chamber 13, in
25 response to the reciprocating movément of the first
piston 1l6a, for forcing the molten molding material

from the second heating chamber 13 into the mold 7

- o rv—————
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for allowing the nolten nolding material in the first heating chanber 9 to
flowinto the | ower portion of the 10 borehole of the second heating
chanber 13 through the holl ow 16c¢ and for preventing reverse flow of the
nol tep ynol di ng material. When the first piston rod 16 is noved downwardly,
flow Of the nolten nolding material from 15 the first heating chanmber 9
into the second heating chanber 13 is haltqg and at the sane tine, the

nol ten nol di ng nmateri al eX|st|ng in the secbnd heating chanber 13 is forced

fST”st ZE:F od 16 | g ¢ ﬁﬁ%@a‘&% O '@“ﬁﬁé%f%‘&m r S;#Fq # %ﬁsﬁ%ié h
I rst eat i ng C % eli,,a% %ﬁl I th %.Ol{) i%?{ 41](]‘;] 1& g Q Sa? t he
e t

second heati ng chamber |rs pi's hence 't |rst

rod 16 are nornmahby jur § Pf&RY 17
received in the Egreﬁoﬁgqo?%%%égiﬁfgéﬁif é\ cfgééﬂigﬁ ?dig§e novabl e
downwar dl y agai nébeh‘iﬂgb't%s bk ht *ih%gélrf %Fnd?quéiSS;kfi‘}%é n&f Whe ; 7 -

when the injection head cylinder s hydraul i cal pressurized in a

manner descrigedbbekfvlel Bft ke BeRid HedtinidhdWIRHSUIE, (1 féspbnse
pi ston 16a is noved upwardly under the bias of the first conpression 5

spring 17 for catei shet beretbauonlbﬁedle&tth&fﬁ}ﬂﬂxé rmsmq:isuaetr@m bepd
cylinder 15. The injection cyllnder ,
the check ball 12 is moved vertically in the hollow l6c
U for allowing the molten molding material in the first
heatin§ chamber 9 to flow into the lower portion of the
10 borehole of the second heating chamber 13 through the
hollow 16c and for preventing reverse flow ©f the
molten molding material.

When the first pistoh rod 16 is moved
downwardly, flow of the molten molding material from
15 the first heatiﬂg chamber 9 into the secbnd heating

chamber 13 is halted, and at the same time,.the molten
molding material existing in the second ﬁeating chamber
13 is forced out therefrom through the injection nozzle
1l4. Reversely, when the first piston rod 16 is moved
20 upwardly, the molten molding material from the first
heating chamber 9 flows into the lower portion of the
borehole of the second heating chamber 13.
The first piston l6a and hence the first piston
rod 16 are normally urged upwardly by a fifst
25 compression spring 17 received in the borehole of the

injection head cylinder 15, and are movable downwardly

against the bias of the first compression spring 17



together with the material supply cylinder 2, is vertically novable by a
sui tabl e neans (not shown) so as to bring the injection nozzle 14 in
contact with the 10 first (upper) nold nenbéer 5. The second (Il ower) nold
menber 6 .is vertically novable toward and away fromthe first (upper) nold
menber 5 by a clanping cylinder 20 supgorted on the non-illustrated supjgrt
at a position below the second 15 nold menber 6. The clanping cylinder 20

h d pist 2la, ' bl.e t ' d, d_pi st d 21
extendi ng { rEAeR hER oBARCEARRORS29aCY 8985 AR 15 BYGK A 21 % of ect s

dly f th L ing cylind 0 d, t 1_nat [ ' d
Which the 20PLEEBWE: EFOwbH) SrBRARRENAEPCS PEanBRAPYS. e Bebond pi ston 21a
and hence 1 hg,pl3loNak OfhZloff CoBBLERELY WhaCE:idauniaiLdly 4.2 sgecond
conpression spring 22 recéived Tn e boérenol e of t Aé clanpi ng "cyl i nder 20,

and are quﬁ+€eapx\fe¢:§£amgahaég the Bias gk ftlhlsy.%%‘fg%dc% i@ spring

22 when the clanmping cylinder 20 is hydraulica pressuri Zed i n a manner

descri beds bespwing N1 heonbE8A8ENgT thEeol! to be 8ischaeged Eromheheecond
piston 21 is |lowered under ‘the bras of the second conpression spring 22 for

causi ng the phjedvibs Heéadheyyiddérolst heTheadpijegtivhi egdinder Bhen the
second piston rod 21 is noved upwardly, the 5 second (lower) nold nenber 6
i's coupledlwtaqetherfWish the material supply cylinder 2, is
veftically movable by a.suiﬁable méans (not shown) so
as to bring the.injecﬁion ﬁozzlé 14 in contact with the o/
10 first'(uppér) moid member 5; o
The secsnd.klower) mold member 6 is'verticélly
movable toward and awa'y. from the first (upper) mold
member 5 by a clamping cylinder Zozsﬁpported on the
non-illustrated sdpporﬁ at a positiOn below the second
15 mold member 6; The CIAmping cylindef 20 has a second
piston 2la reciprocable therein and a second piston rod
21 extending from the second piStohézla. The second
piston rod 21 projects upwardly from the clamping
cylinder 20 and terminates in an upper end on which the
20 second (lower) mold member 6 is mounted.
The second piston 2la and hence the piston rod
21 are normally urged downwardly by a second
compression spring 22 received in the borehole of the
clamping cylinder 20, and are movable upwardly against
the bias of the second compression spring 22 when the
clamping cylinder 20 is hydraulically pressurized in a

manner described below. In the absence of the oil
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(upper) nold nmenber 5, as shown in Figure 2, to thereby provide between the
two nold nenbers 5, 6 a pair of nold cavities 4, 4 for formng a pair of
top suops S, S. Wth the first ,and 'second nold nmenbers 5, 6 10 nai ntai ned
in coypl ed position, when the first piston rod 16 of the injection head
cylin®r 15 is lowered, the nolten nolding material is injected fromthe

I njection nozzle 14 into the nold cavities 4, 4 in the nold 7 via the sprue

L and the runner R 15 As shown FnBFFgure 2, a pair of stringer
t T, T d hed bgt t h t d d 5,
wih an i nner Fﬁﬁ@%“f%a%m EfecrnE ehefapolt BFofaverRy PREGE: hbe

t | d t t f d tI ] h
mner tape 20 £ thinatedhe | SonpteBaiphr rpPhiBhr e FRE: HoBdaéler 25

operat i vel y conrﬁ%eaql .6 e | 41 6014 PP 8°RF0RY LhBIET a1 A cb B pBb2 TR0

cylinder 20 for pressurtzin ese two
timed relation t%é@%@té@éenahﬁlmt?&zﬁlh% ﬁo6aacabaareiy<r>oensrt' ng

an air pressure into a high oil pressure. The booster 23 1 ncludes a
pneunati c cyl§ ndsgc@ddi (Lokech moldrpenbei ageisr couplea wbthstheceprgeabl e
under air pressure, and a hydraulic intensifier cylinder 24 in which oil is

contai ned and i ntuppé tmald membérrs di asesbowpi sholigurex2entionghereby
integrally from
provide between the two mold members 5, 6 a pair of
o mold cavities 4, 4 for formihg a pair of top stops S,
S. With the first and second mold members 5, 6

10 maintained in coupled position, when the first piston
rod 16 of the injection head cylinder 15 is lowered,
the molten molding material is injected from the
injection mozzle 14 into the mold cavities 4, 4 in thé
mold 7 via the sprue L and the runner R.

15 As shown }n Figure 2, a pair of stringer tapes
T, T is sandwiched between the first and second mold
members 5, 6, with an inner longitudinal edge of each
tape T projecting into the respective mold cavity 4, so
that top stop S is formed directly on each inner tape

20 edge. | |

Most importantly, the molding machine has a
booster 23 operatively connected to the injection head
cylinder 15 and the clamping cylinder 20 for
hydraulically pressurizing these two chinders 15, 20
in iiméd relation to each other. The booster 23 has a

function of converting an air pressure into a high oil

pressure.



the |l arger-diameter piston .26 is reciprocable in response to the

reci procating novenent of the |arger- -dianeter piston 26. Wen the .
| ar ger - di ameter piston 26 is noved from 10 the solid line position to the
phantomline position in Figure 1 under the air pressure, the

smal | er-di aneter piston 27 is noved righifwardly to project into the
oil-contained intensifier cylinder 24. AT that tine, fromthe follow ng
equation: 15 air pressure p x area of |arger-dianeter piston 26 =
oil pressure P x area of smaller-dianeter intensifier piston 27, and since
the area of the | arTjes -bostetrer2Jiigsicludes ias pheugatitheplimdernr2®h of the
smal | er-di aneter piston 27, 20 it should be noted that the oil pressure P
is greater thanwh eﬂrlﬁﬁgﬁﬁnﬂﬂéqthFh@lﬁﬁeanﬂﬁléscyPFhHEQCQHiQﬁ t he

booster 23 is erajiv connected t foir di,recti op, sol enoi d val ve
(her &1 naf terSnehE s bt RRpapizey ?'é'ﬁaea 35 1pEF0BEYiSE for converting
flowin of the pIESSYd 3o Wilicn! Bih! 9W BUhehBREAOLnENEadd GihidH Sf. Y the

action of a enoi d [3) flrs en0|d -

- positiag: SﬁﬁyllééLd@éﬁérirlpi%h%npﬁqséﬂie5ﬁﬂna'ln£é6W511 4t di rection Of

an arrow a into the pneumati C cylinder 25 so a5 to nbve the | arger-di aneter
pi ston 26 i rtheeldligetcidiametbrapistonv26. i¥heeciprocabrndin

response to the reciprocating movement of the larger-
" diameter piston 26. . '
. When the.larger-diameter.piston 26 is moved from

10 the-solid line position to the phantom line position in

Figure 1 under the air pressure, the smaller-diameter

piston 27 is moved rightwardly to project rnto the

" oil-contained intensifier cylinder 4. At that time,
from the foilowing equation: -

15 air pressure p x area of largerfdiameter piston
26 = oil pressure P x area of smaller-diameter
intensifier piston 27,

and since the area of the larger-diameter piston 26 is "
larger than the area of the smaller~diameter piston 27,
20 it should be noted that the oil pressure P is greater

than the air pressure p.

The pneumatic cylxnder 25 of the booster 23 is
operatively connected to‘a_four-dlreotzon solmwao
valve (hereinafter referred to as.”first solenoid

25 valve") 28 for converting flow-ih of the oressurized
air to flow-out thereof and vice versa by the action of

a solenoid 29. Wlth the fJ.rst solencud valve 28 in the




5 valve 28 is reversed by the action of the solenoid 29, the pressurized
ait flows in the direction of an arrow b so as to nove the | arger-dianeter
pi ston .26 in the direction of an arrow B. The first solenoid valve 28 has a
pair dfysilencers or mufflers 30, 31 for 10 deadening the pressure of the

ai r discharged fromthe pneumatic cylinder 25. The intensifier cylinder 24
of the booster 23 is operatively connected to a two-direction sol enoid
val ve (hereinafter referred to as "secondl8oFenoid valve") 32 15 which is
in turn connected to the clanping cylinder 20 for converting flowin of the
pressurized oi IPqg¥tinn rehown chri Figureylinthe pressurized aizmfiloys
cylinder) to flow.in stoppage thereof and vice, versa by the action of a
sol enoi d 33. With kR LEcRfkian| @horl 35FO¥ 32ipkozghe; poeggatiicon shown in
I LT e s R
Lhe second 20l iPlche \EhEePdn 5k b 5e SRS IOpRER. BHE! Flleng 2. 111"
175 O RS LA ¢ 2 89 e B TBR ok P IRNRCT N, |
Chon e LSSy AP g LA OO Bhob L §oCRbAPekbYSH' BE°n BT 1
' b so as to move the larger-diameter piston 26 in the
\ direction of an arrow B.. The first solenoid valve 28
has a pair of silencers or mufflers 30, 31 for
10 deadening the pressure of thé air discharéed from the
pneumatic cylinder 25; |
The intensifier cylinder 24 of the booster 23 is
operatively connected to.a two-direction sclenoid valve
(hereinafter referred to as "second solenoid valve") 32
15 which is in turn conhected to the clamping cylinder 20
for converting flow-in of.the pressurized oil (from the
intensifier cylinder 24.into the clamping cylinder) to
flow-in stoppage thereof and viée versa by the action
of a solenoié 33. ﬁith the second solenaid valve 32 in
20 the position shown in Figure 1, the air pressurized to
a high valvé by the booster 23 £lows out from the
intehsifief cylinder 24 in the direction of an arrow c
(through the second sclencid valve 32) into the
ciamping cylinder 20; This floﬁ-in causes the second
25 piston 2la to move upwardly agaidst the bias of the

first compression spring 22, thus closing the mold 7.

When the second@ solenoid valve 32 is reversed by the
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{ : :
5'termi nated, the second piston 2l1a of the clanping cylinder 22 is |owered-
under the bias of the second conpression spring 22 to cause the pressurized .
oil to flowin the reverse direction. A pressure regulating valve 34 is
operatively 10 connected at one end to the intensifier cylinder 24 and_ at
the other end to the injection head cylinder 15 via a reduci ng val ve 39gﬁnd
a pressure gauge 40. The pressure Tebﬁlatlng valve 34 js operable only when

a back pressure is devel oped. W th tg;tpressur regul ating valve 34 in
t he p03|t§?F#%%dﬂﬁ Ehersgdeaoid 1y Ffloprrsq |§BS psegsmrdizadl ue by the

booster 23, capno flom1£nto the injection head cylinder 15 so that the
cl anpi ng i HeFeSBIP8ELA ed with the pressurized oil to raise the second

| d menmb he, f he- d nold
romber 6 15 ¢huot By BUBELPhe: dHIRATRALHA L g Fidererdy o heiber 5, a back
Pressur e BledfeiRELagUERECH1! bra e 2%1_ h5gsBeksagnsLhe pressure .

regul ating va Iom/t € pressuri rom INtensifier

Yl inder dhipind 60 25eHROSEEENAS PSS 14 0 | oo | 81 8RphAg, head oyl nder

15.. T e |nject|on I'S. opera e nmold 7 has
been COm@yifhdefﬂfﬁeﬁs 1oweréa unlidr tHe WLk Y8l ¥ke 38ebongonnected to

t he opposi'te ends of the pressure regulating valve 34 in parallel relation
thereto. déﬁpréégiﬁﬁtsﬁﬁzﬁé bReto cause the pressurlzed oil to
" flow in the reverse dlrectlon. '
A pressure regulatzng valve 34 is operatlvely S/
10 connected at one end to the LntenSLfler cylinder 24 and
at the other end to the 1njectlon.head cylinder 15 via
a reducing valve 39 and a pressure gauge 40; The |
pressure regulatlng valve 34 is operable only when a
back pressure is developed With the pressure
15 regulating valve 34 in the posztlon shown in Flgure 1,
the 011 pressurlzed to a high value by the booster 23 '
cannot flow_lhto the injection head cylinder 15 so that
the clamping cvlinder-zo.is £illed with the pressurized \/
oil to raise the seoond.mold member 6 toward the first
20 mold member 5. When the second mold member 6 is thus
brought in contact with the flrst:mold.member 5, a back
pressure of the pressurlzed oil is developed which acts
on the pressure regulatlng valve 34 to allow the
pressur1zed oil from the 1ntensxf1er cylinder 24 of the -
25 booster 23 to flow 1nto the 1njectlon head cylinder 15.

Thus the 1n3ectloh head cylinder 15 is operable after

the mold 7 has been completely closed.

R e e .
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I njectiphg operation of the injection head cylinder 15, 5 the first piston
rod 16 is raised under the-bias of the first conpression spring 17 to cause
the pressurized oil in the injection head cylinder 15 to be discharged via,
t he fii?t check valve 35. Wiile the pressure of the pressurized oil
betweem’the intensifier cylinder 24 10 of the booster 23 and the pressure
regul ating valve 34 is high, the pressurized oil fromthe first check val ve
35 cannot flowin the reverse direction. Jhggefore, the high-pressure oi
fromthe intensifier cylinder 24 of the booster 23 can adequately flowto

the injection 15 head cal fddet theckn valdes I KHpSomhébtéduebughieon of oil
in this regulating circuit, an oil pot 36 is connected to the booster 23

for storing a suoppbsétemends of dhe premmny rdwekavbhyevalves 3ddunt ed
between the oil pot 36 20 and the intensifier cylinder 24. Wen the

smal | er - di anet erpafraldel2¥elationethiexetioe diUpor icompletbonar ofwthe t he
pressure of the pressurized oil in the intensifier cylinder 24 is
tenmporarily redutkiecthagt pperatiomodft tie dinjechidn oheédogylheder! 156t 36
into the intensifier cylinder 25 24 via the second check valve 37. Wile
the oil betwden the Eieshdpirber vapvd6é3isaxaiged pederrthe biaanaér thiegh
pressure, rom#iP_of the oil fromthe oil - 13 - pot 36 is halted. As
menti oned above,fE¥$% CORRIABF4OR FRY¥ipgeA7 to cause the pressurized

oil in the injection head cylinder 15 to be discharged
— ' via the firsé check valve 35. While the pressure of
the pressurizéd oillbetween the intensifier cylihder 24
10 of the booster 23 and the pressure regulating valve 34
is high, the pressurized_oil from the first cheék valve
35 cannot flow in the reverse direction. Therefore,
the high-pressure oil from the intensifier cylinder 24
of the booster 23 can adequately flow to the injection
15 head cylinder 15. |
In order to cope with fluctuation of oil in this
Y, requlating circuit, an oil pot 36 is cqnnécted'to the
booster 23 for storing a suitable amount of oil. A
second check valve 37 is mounted between the oil pot 36
20 and the intensifier cylihder 24, Uhen the smaller-diameter piston
27 is moved in the direction of an arrow A, the ﬁuessura
of the pressurized oil in the intensifier cylinder 24
is temporarily reduced, and then an amount of oil can
flow from the oil pot 36 into the intensifier cylinder
25 24 via the second check valve 37. While the oil
between the second check valve 37 and the booster 23 is

under high pressure, flow-in of the cil from the oil



conpletely closed, the oil flows fromthe clanping cylinder 20 back to the
booster 23 via the second 5 solenoid valve 32 to fill the intensifier
cylinder 24, and then the excessive oil flows through an oil inlet 38 into
the oil pot for storage therein. The regulating valve 39 is a conventional
type which serves to control the injection pressure in the 10 injecti 6
eylinder 13. The pressure gauge 40 aso-is a conventional type with which
the injection pressure can be watched as a cock 41 associated with the
gauge 41 |§oapgaedsahélgggﬁed The nol di ng machi ne thus constructed
operates as 15 follows. Prior to the start of operation, with the first

and second nol d nnsbmemticnidﬁaﬂdve;ndﬁté&\mnélmaldy7shaarbEed t he
injection.cylinder 3 is filled with molten nolding material fromthe
materi al scpmpyetgliynddoszd,| rthiehoillo&licws Xromechehclampbogh 20 t he

| arger-di ameter piston 26 and the snaller-diameter intensifier piston 27
are in reteyrtindepo2Plt backi i theeddastey 2B |vimsthe $Fegand 1, the
intensifier cylinder-24 being filled with oil. The first solenoid valve 28,
t he seo@ndﬂﬁéh@hbldvaéP¢e332t°a#d1ﬂhéhESkﬁ&ﬁﬂﬂkﬁie%gGYhiPﬂgrv&Fve 34 are

in their respective BOSItIOﬂS |IIustrated in Figure 1. air_of stringer
tapes T, T@Pd Bhepel SeF%GSﬁs ve ojid ¥9ﬂ§f§q%ﬂugﬂmP%e€ dlﬁﬁ?ﬁ menbers 5,

6, wth thfalgggé the oil pot for storage therein.

The regulating valve 39 is a conventional type
which serves to control the injedtibh pressure in the ~/
10 injection cylinder 13. The pressure gauge 40 also is a
conventional ﬁype with which the injection pressure'can
be watched aé a.cock'4l.a$soéiated'ﬁith the gauge 41 is
opened and cloéed. | |
The molding machine thus constructed operates as
15 follows. Prior to the start of operation, with the
first and second mold members 5, 6 of the mold 7
vertically separated, the injection cylinééf 3 is
filied with molten moldihg material from the material \/
supply cyliﬂéer 2. In the booster 23, meanwhile, both

20 the larger-diaméter piston 26 and the smaller-diameter
intensifier piston 27 are in retracted position
indicated in solid lines in Figure 1, the intensifier
cylinder 24 being filled with oil. The first solenoid
valve 28, the second solenoid valve 32, and the

25 pressure regulating valve 34 are in their respective
positions illustrated in Figure 1.

A pair of stfinger tapes T, T is placed between

ey v s T TmANRAIA 4w fns ke eimseell e s gl e rmeeen e b e —r—— bt T rommeta sy -
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| ongi tudi nal .t ape edges projecting into the respective nold cavities 4,4,
and then the solenoid 29 of the first solenoid valve 28 is energized by a
suitahle 5 switch (not shown), Upon energization of the solenoid 29, the
flow O¥ the pressurized air is converted so as to nove the | arger-di aneter
pi stolr 26, together with the smaller- dianeter intensifier piston 27, in
the direction of the 10 arrow B to the ph lonwline position. As a result,
the oil thus pressurized to a high valve EQ the intensifier piston 27 flows

fromthe intensifielk: [ r : r reguyl at | \; e, nd
also to the secgég gé?é%o? avaﬁ%éé)&@z%%&t a 1clesm;' ;%e'ca"tgjis.%‘t e%elﬁés}ego 15
back pressure o R0 +Ql, | j 1.t hs | Lgder
20, the oil fl o\ﬁ/!vo?lggﬁglhg\gg&b§%yﬁe epraﬁes.s[ﬁl?jr%huilmai ﬁn%@a%%ng%fgggﬁgi? e oil
flows only to t I Is Viai der, [ L I | ve 34,

t hus raising thgsls'gcg%glgiggtso.r?'gi iar?%?r?\g% aérr% ?\é;& 0 cﬁi%ceéfiz%ﬁ%gai nst

the bias Qf thefi?ﬁﬁ”ds&%%{c?s%‘lﬁesﬂrﬂ' 1% &hd ibd’éd‘%}‘ he seredsleol d
nmenber 6 in contact with the first nold nenber 5. Thus the nmold 7 has been

cl osed. Uponscogwiethonnet Bhewal)Qsi ng operation of the 25 nold 1, a back
pressure is devel oped on the oil to actuate the pressure regulating valve

34 so as to all ow the Upbnt enpegizaltdosi wfougle tsolidmoid) 23} | tite hebokw
cylinder 15. As a result, the first piston rod 16 is _
: of the pressurized air is converted so as to move the
w 1arger¥diémeter piétdn'zé, together with the smaller-
diameter intensifier piston 27, in the direction of the
10 arrow B to the phantom—lihe position. As a result, the
oil thus pressurized to a.high val 2 by the intenéifier
piston 27 flows from the intensifier cylinder 24 to the
.pressupe regulating valve 34 and also to tRe second
solenoid valvé 32. At that time, because there is no
15 back pressure on the flowing oil in connection with the
clamping cylinder 20, the oil flow is halted by the
pressure regulating valve 34, and the oil flows only to
the clampiﬁg cylinder 20 via'the second solencid valve
34, thus raising the secénd piston 21 in the clamping
20 cylinder 20 against the bias of the second compression
sﬁring 32 to Sring the second mold member 6 in contact
with the first mold.membef 5. Thus thé mold 7 has been
closed. |
_ Upon completion of the closing operation of the
25 mold 1, a back pfessufe is devéloped on the oil to

actuate the preésure'regulating valve 34 so as to allow

the o0il to pass therethrough to the injection head



L)

| ower ed against the bias of the first conpression spring 17 to force the
noliten nmol ding nmaterial out of the injection cylinder 3 into the nold 7.
Prior to lowering of the first piston 16, the injection cylinder 3 is
| owered to bring the injection nozzle 14 in contact with the first nold
menber 5. When the | owering second piston rod 16 arrives at a predeterm@d

position, the solenoid 33 of the 10 ~sk®ond solenoid valve 32 is energlzed_

to stop the oil flowing to the clanping cylinder 20, thereby retaining the.
first and s€¥dd@ded dSrendeE & Fesml, tthe nbirsty phSé@apred BEsiisi on while
t he |njecteg nmol ding mgterial is cooled to becone hard.  Dyring that tine,
the injecti RWESG%%WJ@F Fhe bias Qf 1&he £ St HEOPRFREELOR nozzle 14

away fromthe flrsbgnold menber 5. In the neantine, the,solenogid 29 of the.

first sol en§PYLPgG ¢d 3o iforge éﬂ%%d*%kﬁﬁﬁcFQ%ﬁﬁ%Htm?ﬁ%rﬂ? ePBEFoRESf the air

Sl | or- i afBeCIPRREEAGH, ér&‘?‘f&ro?foﬁ%ﬁ ATl R pelRE S o A
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wher eupon t@@nehtt'91tﬂethe fz%@t mold member 5. o
When the lowerlng second plston rod 16 arrives
- at a predetermined posxtlon, the solenoid 33 of the &
10 second solenoid valve 32 is energlzed to stop the oxl
flowing to the clamplng cylxnder 20, thereby retainlng
the first and second mold members 5, 6 of the mold 7 in
coupled posrtron wh11e the LnJected moldlng mater1a1 is
cooled to become hard. Durlng that time, the injection
15 cylinder 3 is raised to bringithe injection nozzle 14
away from the first mold member 5. | "
. In the meantlme, the solen01d 29 of the flrst
solenoid valve 28 is de—energlzed to convert the Y
dxrection of the air flow so as to retract the larger-
20 diameter plston 26. together w1th the smaller-dlameter
intenszfxer piston 27, in the directlon of the arrow A.
This retractlon causes the pressure of the 011 in the
intensifier cylinder 24 to become reduced so that the
pressure_regulating valve 34 assumes its original
25 position. Then the first piston 16a of the injection
head cylinder 15 is razsed under the blas of the flrst

compress1on spring 17,'whereupon the 011 in the



injection head cylinder 15 flows to the intensifier cylinder 24. At that
tirme, since there is no oil flow fromthe clanping cylinder 20, the oil
fromthe oil pot 36 flows into-the'intensifier cylinder 24 via the second
check®yal ve 37 to nake up the bal ance. After the | apse of a predeterm ned
cool i%g tine, when the solenoid 33 of the second solenoid valve 32 is

de- energlzed to render the second sol enoid valve 32 to assune its original
position, thus allowi ng the pressurized=oili6 im the clanping cylinder 20 to
flowto the intensifier cylinder 24 through the second sol enoid 19 valve 32
as the second p%%ﬂ%ﬁtmnl eaémeréendne’eﬂ& fd awsa & o fthehd nfanaif k¥ pr essi on
spring 22. Howeve time, since the intensifier 15 cylinder 24 is
filled with theciﬁh'n pSﬁu oﬁto#hﬁﬁetéme'f sdifiaen £ hazsh s pe @ Hhdelowo

fl ows through t?e inet 3 o the 3 gpt 36 for stor; e t herein Thus a

Ei ngl e cyf:l e gf h?eE?PBHRHBI g cf g’lpl'oﬁ'h@f Q"HE % rf%\‘r}n Pﬁl'é has

t t
val ve.each may FSvELENS oE PP BB BESPE e R Hanr R B R Yo | ow
t her et hr ough to éggn éhggk g&lgge3§w5écg ﬂga%Pé Hg tQY%ﬁ’ ve. For formng

the top stops o ast ener SENsOr nay be provided in

e P o 1 LR, B R T g i)
when the solenoid 33 of the second solencid valve 32 is
), de-energized to render tﬁe second solenoid valve 32 to
assume its original position, thus alldwing the
pressurlzed 011 in the clamplng cylinder 20 to flow to
the 1ntens1f1er cylinder 24 through the second sohwmld
19 valve 32 as the second piston 21 is lowered under the
bias of the second compression spring 22. |
However, at that time, since the intensifier
15 cylinder 24 is filled with the o0il, a portion of the
oil from the clamping cylinder 20 flows through the
inlet 38 into the oil pot 36 for etorage therein. Thus
a single cycle of the ihjection molding operation of
the molding machine has been completed. |
20 The solaund values and the pressure regulating
valve each may have an eil-flow pxpe for allowing the
excessive oil to flow therethrodéh to the oil pot at
the switching time of the valve. |
For forming the tep stops of a slide fastener, a-
25 suitablelsensor may Be provided ln the feed path of a
slide fastener chain and may be electrically connected

with the solenoid 29 of the first solenoid wvalve 28 to



- 17 - energize the solenoid 29 when the slide fastener chain is placed in
a predetermned position in the nold 7. Alternatively, the solenoid 29 may
be energized by a private switch to be operated by the workperson. 5

For de-energizing the solenoid 29, the | owernost position of the first

pi ston rod 16 of the injection head cylinder 15 nmay be detected by a

m croswi tch which then issues an "GFRL7 cenmmand signal. The sol enoid 33 of”
the second solenoid valve 32 10 is energized upon detection of the

| ower npst gBeroiise &he: isolienaid @%Stwhen otha 6sbide hfasheneri ohalisad
cyl i nder 15%. After the | apse of a predetermned cooling tine, an "OFF"
command si §&aP #E?dbéﬁ:ﬂyRQ?QQ#QHM#QRﬂeﬂﬂﬁﬁtaenbynnthﬁsmgida7b|ner 15
Since a hlgh oi | pressure can be obtained froma pneumatic’ gomer source by
t he boost efltegna 1ﬁ8§§7mFQQ(§QQ§ﬂRk§t4ﬂe@ﬁ&ebﬁdﬁn?ﬁéléﬁét ¥f at he nol di ng

Cylindor 2BYAVBEELEMAEEE Gitide OHRFSXed ity e | voF Ség%?ea”int f‘ﬁc?'eig‘éh:g
Sprae Land runnerok ?ﬁ'?ﬁe%e‘éﬁ‘% S o SR80 B8 ol EmBRE”, e "

Consequen et Bga! Bler eHELNee0lp {BUAH %d*ﬂflgraél tﬁ@dlnﬁgselaﬂ | mproved

rate of 25 production can be ac |eve
head cylinder 15 may be detected by a microswitch which

then 1ssues an "OFF” command sxgnal.
The solen01d 33 of the second eolannd valve 32
10 is energized upon detection of the lowermost posxtion
of the first piston rod 16 of the inJection head
cylinder 15. After the lapse of a predetermined
cooling time, an "OFF‘ command sional may'he issued to

the solenoid 33 ty means of a timer.

15 _. Since.a high oil pressnre can be obtained
from a pneumatic.power source by the booster, it is
possible to reduce-the size and the cost of the.molding W/
machine. Further,ﬂbecanse the injection head.cylinder
15 and the clamping cylinder 20 are operated under'high
20 hydraulic presaure; an increased speed of injection can
be achieved, thns reducing not only the.aize of the
sprue L and rnnner R in”the mold'7,'but also the period
of cooling time. Consequently, the retrenchment of
molding material and hence an 1mproved rate of

25 production can be achieved.



CLAIMS: - *1. An injection nolding machine for articles of t her mo.
synthetic resin, conprising: (a) a support; 5 (b) a nold

suppofted on said support and including a pair of first and MMM \m
nean# jointly defining a nold cavity therebetween, said fi “
bei ng~i xed to said support, and said second nold nenber bei ng mevabl &
toward and away from 10 said first nold_mgber; (c) an injection unit
having an injection cylinder through which nolding material is to be
injected into saipgmeml d cavity; (d) a hydraulically pressurizable
injection. 15 Wead Cyfinder supported on said support and operable on said
I njection cylinder forllnjgﬁtiﬁ eEE?oﬂpth E%HH¥ (ﬁ}sald nol d
e c aﬁz qln er

cavity; (e) a hydraulically pre surlzab I'ng cy supported on
sai d support a | &£ O 0 Ol SHSH

closing said m%@?ﬁ%%b ?f ehgggggggsgggr ggp\gieilechg%ﬁid ci 0 bojfélhﬁégjl]d

I njection head cylinder aad §abflppbeERi Ng cyllnder for converting pneumatic
pressure into high hydraulic 25 pressure to actuate said injection head
cylinder andssaid clanpi ng)cgl molldr suppofiednjotCisadd SupPor: i ne
according to

including a pair of first and second mold members
jointly defining a mold cavity therebetween, said first

mold member being fixed to said support, and said

~ second mold member being movable toward and away from
10 said first mold member ;.

. (c) an injection unit having an injection
cylinder through which molding material is to be
injected into said mold cavity; |

(d) a hydraulically pressurizable injection.
15 head cylinder supported on said support and operable on
said injection cylinder for injecting the molding
'material into said mold cavity;
U

(e) a hydraulically pressurizable clamping
cylinder supported on said support and operable on said -
20 second mold member for opening and closing said mold;
and' |
(£) a booster operatively connected to both
said inﬁection head cylinder and said clamping cylinder
for converting pneumatic pressure into high hydraulic
25 pressure to actuate said injection head cylinder and
said clamping cylinder. |

2. An injection moldlng machine according to



:f-?F_TT“TW“f?‘~*~CIain11, sai d booster including a pneumatic cylinder, an

i I cylinder containing a pressurized oil, a larger-dianeter piston .
rlmnﬂilmﬂlﬂ imnlal d pneumatic cylinder, and a smaller-dianmeter piston
ext en ’ sai d | arger-di aneter piston and reciprocable in said .
intensifier cylinder in response to the reciprocating novenent of said &

| arger-di ameter piston. 3. An injection-#®di ng machi ne according to claim

2, further including: a first solenoid valve 10 operatively connected to.

sai d pneumatic cylinder for converting flowin of pressurized air to

f1ow out theraqlindnd wad@ $BbsteriAEEAATng Ok Pitkihald CyRidUs Vel Y

connected at opposite ends to said intensifier cylinder and said clanping
cylinder for alb ieeneiEieg tyDinder ofohb@ipi ®g sarpresbur izdd dilgwal n

st oppage thereof and vice versa; and.a pressure regulating val ve
operatively deargecrtddametepppistencreiciprocsable iin eswid ippreumaltiieder and
said injection _head cylinder for allowi ng the pressurized oil to flow 20
t hrough sai d yldadere Asgurasmallextdiameter spdstomjaxhengingefgomy| i nder
only when a back pressure of the oil is devel oped after said ¢l anping

cyl i nder iss Frifedafger-afamptes pisteR ¢ LRFIRFIRRIA 1R SRd€e said nol d.
20 enord val JRBAREAEE IR, kAP E g 2 5 Tt
sol enoi d val yayRGbAY 8f said larger-diameter piston. . .=
| 3. An injection molding machine according to U
claim 2, further including: a £irst  solsnoid valve -
10 operatively connected to said pneumatic cylinder for
. converting flow-in of pressurized air to flow-out
thereof and vice versa; a second solenoid -valve = - .
operatively connected at opposite ends to said.
intensifier cylinder and said clamping cylinder for
15 <converting flow-in of the pressurized oil to flow-in
stoppage thereof and vice versa; and. a pressure
regulating valve coperatively connected at oppqsite ends
: to said intensifier cylinder anﬁ said injection head v}
cylinder for allowing the pressurized oil to flow
20 through said pressure regulating valve into said
injection head cylinger only ushén a back pr.essur.e .o'f f_he oil
is developed after said clamping cylinder is filled
with the pressu:i?ed oil so as to fully clése said
mold. o o | o
25 4. An injectioﬁ moiding maéhine acééfdintho
claim 3, said first solenoid .vaive.being a four-direction

solenoid valve, and said second .so].enaid valve being a



I

20 twp-direction solenoid valve. 5. An injection nolding ﬁﬁéhine"ﬁétord%ﬁg~4-
toclaim2 or 3, further including a first check val ve operaghnagﬁ connect ed

2 : f » | e lati | : .
to opppsite ends of said pressure reguiating vaive in par u#!mm'mﬂm,

thergtp for. allowi ng the pressurized oil fromsaid injecti
to fiOw through said first check valve topgaid intensifier cylinder only
when the pressure of the pressurized oil between said intensifier cylinder
and 10 said pressure regulating valve is below a predeterm ned value. 6. An
i njection nolding machi ne according to ¢claimb5, further including an oi

pot connect ed {9 S *LPARR oS0 8’?°’g't oFBdy€an amount of oil, and a second 15
check val ve connected . et ween . said qgil pot and,said .
intensifier cyli ndercl-T'or bAJfI’oW?\ﬁti'ﬂﬁ Wﬂdﬂpgnf'?ﬁ?ﬁ"(ﬁpla%?r‘?’onﬂ bR 5t81%ai d

ntenst 1 er, o481 ety O ED 108 BAERRUAC 3ot RO S LUED 01 et veer
DL Set oL e A o LSBT UR R SO kg
acconpanyi 89 $63W1%%Sng valve in parallel relation thereto for.
allowing the pressurized oil from said injection head
cylinder to flow through said first check valve to said
\_ intensifier cylinder only when the pressure of the
pressurized oil between said intensifier cylinder and
10 said pressure regulating valve is below a predetermined
value.
6. An injection molding machine according to
claim 5, further including.an oil pot connected to said
booster for storing an amount of oil, and a second
15 check valve. connected between said oil pot
and said intensifier cylinder! for allowing the oil from
said oil pot to flow to said intensifier cylinder only
when the pressure of the pressurized oil between said

intensifier cylinder and said second check valve is

20 below a predetermined value.

7. An injection molding machine substantially as described

with reference to and as illustrated in Fioures 1 and 2 of the

accompanying drawings.




