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A FORM LQCKING DEVICE FOR IN.]LECTION MOLDING MACHINES

The present 1nvent10n relates to a form locking device for
injection molding machines which device is provided with a fixed
form top plate cérrying half of a tool, a movable form top plate
carrying the second half of the tool,- with motion spindles, which
spindles are freely rotatable in the fixed form top plate and are
located therein in one direction axially supported and are located
in the movable form top plate in a spindle nut mounted therein,
with a rotary drive for the actuation of the motion spindles for
the locking-and opening hub of the movable form tbp plate and with
a hydraulic piston-cylinder unit for the locking power construction
being in -connection in an effective manner with the motion
spindles.

A form locking device of this kind is known from DE 37 18 106
A 1 (embodiment according to Fig. 5). In said known embodiment the
movable form top plate is movable by the motion spindles supported
in the fixed top plate in the locking- and opening hub and in which
the locking pressure construction is obtainéd by hydraulic piston
cylinder units supported in the fixed form top plate and engaging
the motion spindles. In said embodiment the spindles take over,
besides the opening- and locking hub to be performed quickly, also
the entire tensile force in the generation of the locking force by
the hydraulic piston-cylinder units..The motion spindles are thus
used both for overcoming the motion-and the locking force funqtion.
The motion spindles can thus be éarried out only with difficulty.

There is known from EP 0 381 107 A2 a further form molding
device in which the motion spindles mounted in the fixed form.top
plate are coupled with the movable form top plate by spindle nuts,
which cause by a rotary drive the opening~ and locking movement. In
view of the fact that the locking pressure construction is obtained

via hydraulic piston-cylinder units which are supported by spindle
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accordance with the preanble to claim1l
nuts, also in this case the motion spindles are used for taking

over the tension forces resulting from the high locking pressure.

The object of the present invention is thus to design.a form
locking device (as herein defined) in which in ascertaining the
high locking pressure by a hydraulic piston-cylinder unit, the
motion drive obtained by motion spindles is only fhat required for
quick opening- and_lockihg moﬁementé. |

The present invention thus consists in a form locking device
(as herein definedj, characterized in that the movement- and force
transfer of the movable form top plate, in quick motion, in the
coufse of the opening and locking operatioh is performed only by
the motion spindles, and in that the hydraulic piston-cylinder unit
consists of one or more pistons and hydraulic cylinders in which
the application of hydraulic pressure for the locking force
construction is performed by piston-cylinder units actuated by the
motion spindles by interconnection of one or more pressure
transmission units.

One embodiment of the above form locking device may be
characterized in that

two kinds of piston columns units are mounted at the

movable form top plate, which columns penetrates through the

fixed form plate and are guided therein by pistons in hydrau-

lic cylinders, wherein the piston column units of one kind are

provided with a motion spindle device and the piston column

units of the other kind are provided with a pressure transmis-

sion unit;

the pistons divide the hydraulic cylinders in a locking side

cy;inder room and in an open side cylinder room;

allJlocking side cylinder rooms are connected to each other by

way of channels;
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(construction as shown in Fig. 5), in which the novable nould
plate can be propelled in the closing and opening directions: w'”
screw drives supported in the fixed noul d3cl anping plate and
closing pressure is built up by nmeans of hydraulic piston- cylinder units
which are sujtpsr (RXeSSUre Heransnissign| unttanpengiptarcecindfivhicpressure

‘upon the screw drlves \\her e L. .
ransmission plston, a pressure transmission cylinder and a

valve unit, the pressure transmission piston dividing the
pressure transmission cylinder in a 1locking side pressure
traﬁsmission room and an open side pressure transmission room,
and the valve body being switchable between a position setting
free and closing a passage from the locking side cylinder room
to the open side cylinder room;

the motion spindle arrangements consist each of a spindle nut
‘mounted within the piston and a ﬁotion spindle being located
therein in the thread engagement, which motion spindle dips
with one end into a cylindric groove of the piston column unit
and with the other end penetrates through the main hydraulic
cylinder and is guided with one to a second hydraulic cylinder
with a piston unit and with a second pénetrates through the
second hydraulic cylinder and is coﬁpled with the end part
with a drive gear;

the piston unit of each motion spindle divides the second
hydraulic piston in a second locking side cylinder room and a
second open side cylinder room;

in a first function position (closing movement in quick
motion) of a hydraulic system a first multi-path valve is
switchable into switching position ¢, in which the second
locking side cylinder rooﬁ is connectable with a pressure
means source, and a second multi-path valve is switchable into
switching position b, in which a hfdfaulic conduit guiding
from the second locking side pressure cylinder room to the
open side pressure cylinder room is interrupted, wherein the
pressure transmission piston and the valve shell are located

in a basic position setting a passage free;
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of the hydraulic system the second locking side cylinder
room is connectable with the open side pressure transmission
room, wherein the first multi-path valve is in switching
position b and the second multi-path valve in switching
position a;‘

in a third function lposition (pressure reduction) of the
hydraulic system the second locking side cylinder room and the
open side pressure transmission room are switchable without
pressure, wherein the first multi-path valve and the second
multi-path valve are each time in switching position a; and
in a fourth function position, corresponding to the first
function positiqn, (opening movement in quick motion) of the
hydraulic system the first multi-path valve is switchable into
switching position ¢ and the second multi-path valve is
switchable into switching position b.

The previous embodiment may be varied by an embodiment that is

characterized in that

the motion spindle arrangements consist each of a spindle nut
mounted within the piston and a motion spindle being located
therein in the thread engagement, which motion spindle is
guided with one end with a spindle piston into a spindle
cylinder formed in the piston column unit and with the other
end penetrates through the main hydraulic cylinder and is
guided with one to a éecond hydraulic cylinder with a piston
unit; and with a second penetrates through the second hydrau-
lic cylinder and is coupled with the end part with a drive
gear;

the piston unit of each motion spindle divides the second

hydraulic cylinder into a second locking side cylinder room

|
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device in which screw drives mounted in the fixed noul d cla ng;nhaieaégé;:jfﬁ
coupled to the movabl e nould clanping plate by means of spi Ie nuts mhlch
produce the opening and closing novenents via a rotary drives ¢en Replaced
closing pressure is built up via hydraulig piston-cylinder uni tj "HII I
braced on the spindle nuts, then here, too, the screw drives ha
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hi gh cl osing pressure. ] . .
in a first function position (closing movement in quick

motion) of a hydraulic system a first multi-path valve is
switchable into switching position ¢, in which the second
locking side cylinder room is applicable with a pressure
medium of a‘pressure means source, a second multi-path valve
is switchable into switching position a, in which the spindle
cylinder is connectable with a tank and a third multi-path
-valvé is switchable inté sﬁitching position b, with which the
hydraulic conduit to the pressure 'fransmiésion system is
interrupted;

in a.second function position (locking pressure construction)
of the'hydraulic system the first multi-path valve is switch-
able into switching position a, in which the pressure medium
being present in the second locking side cylinder room may
expand towards Said tank, the second multi-path valve is
switchable into switching position b and the third multi-path
valve is switchable into switching position a, in which the
second multi-path valve shuts off the conduit to said tank and
the third multi-path valve connects the spindle cylinder with
the open side pressure transmission room;

in a third function position (pressure reduction) of the
hydraulic system the first multi-path valve is switchable into
switching position a, in which the pressure medium being
present in the second locking side cylinder room may expand
towards said tank, the second multi-path valve and the third
multi-path valve being be switchable into switching position
a, whereby the pressure from the open side pressure transmis-
sion room and of the spindle cylinder may expand towards said

tank; and
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in a fourth position (corresponding to the first function
position, (opening movement in quick motion) the first multi-
path valve is switchable into switching position ¢, in which
the second locking side cylinder room is connectable with the
pressure means source, the second locking side cylinder room
being conneétable with the pressure means source, the second
multi-path valve being switchable in switching position a, the
hydraulic oil may be sucked from the tank into the spindle
cylinder, and the third multi-path valve is switchable in the
switéhing position b, in which the hydraulic conduit to the
open side pressure transmission room is interrupted.

The previous embodiments may be varied by a further embodiment

which is characterized in that

the motion spindle arrangements consist each of a spindle nut
mounted within the piston and a motion spindle being located
therein in the thread engagement, which motion sﬁindle'dips
with one end into a cylindric groove of the piston column unit
and with the other end penetrates through the hydraulic
cylinder and is supported by one by an axial bearing and with
the other end part is coupled with a drive gear;

in the first function position (closing movement in quick
motion) of a hydraulic system a multi-path valve is switchable
into switching position b, in which the open side pressure
transmission room is connected with said tank essentially
without pressure;

in a second position (locking pressure construction) in which
both halves of the tool adjoin each other a multi-path valve
is switchable in indexing position ¢, in which the open side
pressure transmission room is connected via the hydraulic

conduit to the pressure means source;
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the invention is based on the probl em of $ﬁsﬂma&hﬁmwn eplaced
nmoul d cl osing device of the afore- nentloned
hi gh cl osing pressure by a hydraulic piston th
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in a third function (pressure reduction) of a hydraulic system
a multi-path valve is switchable in switching position a, in
which the pressure medium may expand to said tank from the
open side pressure transmission room via the hydraulic
conduits;

in a fourth'ﬁosition (opening movement in quick motion) of the
hydraulic system a multi-path valve is switchable into

switching position b, in which the pressure transmission

"device is kept in a position leaving the passage free.

The above embodiments may additionally:be characterized in

in the fixed form top plate are arranged four pistons of
piston column units in which each are arranged diagonally each’
opposite another two motion spindle arrangements and two
pressure transmission deviées.

Said embodiments may further be characterized in that

the pressure transmission piston consists of a piston part
having a larger diameter and a piston part having a smaller
diameter, wherein on the latter the valve body consisting of
a valve shell is axially movable located which is coupled with
the pressure transmission piston with the proviso that in the
course of the movement of the pressure transmission piston

the valve shell is moved simultaneously in a direction

. opposite to that of the piston which is provided at its

circumference with an axial notch over which the pressure
medium may be guided from the passagé to the ring piston
surface of the pressure transmission piston.

The present invention will now be illustrated with reference

to the accompanying drawings without being 1limited by same.

Identical parts appearing in various Figs. will be referenced by
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Fig. 1 shows a schematic longitudinal section of a form

the same numerals. In said drawings:

locking device of an injection molding machine along line I - I of
Fig. 4;

Fig. 2 shows a schematical longitudinal section of another
embodiment of a éorm-locking device;

Fig. 3 shows a schematical longitudinal section of a further
embodiment of a form locking device; and

Fig. 4 shows a cross-section, which is common for all form
locking devices of Fig. 1 to 3, along line IV -IV of Fig. 1.

Fig. 1 shows a form locking device for an injection molding
machine being provided with fixgd form top plate 1 carrying first
tool half.z and movable form top plate 4 carrying second tool half
3. In form top plate 4 are mounted four piston column units 5 to 8,
which units 5 to 8 penetrates through form top plate 1 and are
movably guided therein in four main hydraulic cylinders 9 to 12 by
pistons 13 to 16.

Piston column units 5 to 8 consist of two kinds, in which
piston column units 5 and 7 are each provided with a pressure
transmission unit; and piston column units 6 and 8 are each
provided with a motion spindle arrangement.

The pressure transmission devices of piston column units 5
and 7 consist each of pressure transmission cylinder 17 in which is
guided two-step transmission piston 18 which is provided with
larger pressure piston 19 which corresponds to the diameter of
pressure transmission cylinder 17, and a smaller pressure piston
20, which is surrounded by a valve body constituted by valve shell
21. The circumference diameter of valve shell 21 corresponds
essentially to the diameter of pressure transmission cylinder 17

and is axially movable in it as well agaiﬁét pressure piston 20.
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nmoul d cl osi ng device of an injection noul di ng nachi ne gjlﬁﬁ”mﬁﬁmﬁ “‘
along the line I-1 in Fig. 4, Fig.2 is @ diagrammatic

section through ~anot her enbodi ment of nould closing device; Fig.3
is a di aggaivet ishd1aN0i UHiaRal at8€§tk0tdPUSlirface at least one axially

penetrating notch 22. The axial movement of valve shell 21 is
limited in the locking direction by outer ring stop 23 and in the
opening direction by stop devices (not shown) acting between the
end part of pressure piston 20 and the end part of the inner
circumference of‘valve shell 21 adjoining said stop devices.

Pressure transmission piston 18 divided pressure transmission
cylinder 17 in lock side pressure transmission room 24 and in open
side pressure transmission room 25.

Open side pressure transmission room 25 is part of passage 26
in piston 13, 15 which divides main hydraulic cylinder 9, 11 in
lock side cylinder room 27, 28 and open side cylinder room 31, 32.
Passage 26 may be locked by valve shell 21.

In a similar manner pistons 14 and 16 of piston column units
6 and 8 each being provided with a motion spindle arrangement
divide main cylinder rooms 10 and 12 in locking side cylinder rooms
29 and 30 and in open side cylinder rooms 33 and 34, respectively.

All 1locking side cylinder rooms 27, 28 and 29, 30 are
connected to each other by channels 35.

The motion spindle arrangements of piston column units 6 and
8 consist each of motion spindle 36, 37, 38 which is located with
spindle nut 39 being mounted in piston 14 in the thread engagement
and dips into groove 40 of piston column unit 6 and 8.

Motion spindles 36, 37, 38 are also provided with axial
bearing 41 and with end part 42, with which the motion spindle is
coupled axially movable with a gear drive. Only drive pinion 43 is
shown of said gear drive, which pinion 43 may be driven via belt
drive 44 with a servo motor having a position regulation. The servo'
motor is preferably an electro motor.

The above features and devices are identical for all embodi-~
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cross-section taken on the line V-1V in Flg 1 and
applicable to the nould cl osing devi ces shown in Flg

Fig.l shows a nould closing device for afginjection nouldin

conprising a fixed nould clanping plate 1 with a first tool

a novabl gefitdl dcebd@ingdtpl gigs4 Latsys NOride Herednd fited omalyf theakgelcial
whi ch are fixed four
features of each embodiment will be described.

1.’

1.1

1.2

Embodiment according to Fig. 1

Constructive structure

Motion spindle 36 of the embodiment according to Fig. 1
penetrates £hrough open side cylinder room 32 and eitends

into adjoining second cylinder room 45 in which motion spindle

36 with axial bearing 41 is located in piston unit 46. Said

piston unit 46 divides second cylinder room 45 in second
locking side cylinder room 47 and a second open side cylinder
roon, (not shown in the drawing of piston unit 46).

From second locking side cylinder room 47 hydraulic conduit 48
conducts to first multi-path valve 49 (4/3-path valve) with
switching positions a, b and c. Hydraulic conduit 50 branches
of hydraulic conduit 48 towards multi-path valve 51 (4/2-path

valve) with switching positions a and b over which a connec-

" tion between second locking side cylinder room 47 and open

side pressure cylinder room 25 may be formed or interrupted.
Hydraulic conduit 48 is switchablé over first multi-path valve
49 optionally either to pressure means source P or via return
valve 52 with back pressure (6 bar) to tank T. Hydraulic
liquid may be taken from tank T over return valve 53 function-
ing as secondary suction valve. Open side cylinder room 31 is
connected with tank T via hydraulic conduit 54 and return
valve 52 with back pressure.

Function description

1.2.1 Closing of the form locking device in quick motion.

For this purpose second locking side cylinder room 47 is
applicable over switching position ¢ of first multi-path

valve 49, with pressure medium of pressure means source

half 2 and with

1
z

mn
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units 5 to 8 which pass through the fixggss heetHasBeenRTilaced

P. Thereafter piston unit 46 reaches the stop position

illustrated in Fig. 1. Second multi-path valve 51 is
in switching |
position b, which ascertains that pressure transmission piston
18 holds valve shell 21 in the position illustrated in Fig. 1,
in which pagsage 26 between locking side cylinder room 27 and
open side cyiinder room 31 is open.
By the rotation of motion spindle 36 tool halves 2 and 3 are

moved one toward another until they are stopped by each other.

Thus on the basis of the drive of motion spindle 31 via a-

servo motor with position regulation a precise positioning can
be obtained. In the course of the movement of tool halves 2
and 3 one towards another a re-laying of the hydraulic oil
from open side cylinder rooms 31 and 33 over passages 26 and
channels 35 to locking side cylinder rooms 27 to 30 is per-
formed. Missing quantities of hydraulic oil may be réplaced

over conduit 54 and return valve 53.

1.2.2. Locking pressure construction.

For this purpose first multi-path valve 49 is brought into
switching position b and second multi-path valve 51 into
switching position a. By further rotating of motion spindle 51

in the locking side direction piston unit is moved left side

-in the description according to Fig. 1, whereafter the

hydraulic oil being located in second locking side cylinder
room 47 reaches via hydraulic conduits 48 and 50 and second
multi-path valve 51 open side pressure transmission room 25
and causes a movement of pressure transmission piston 18 and
valve shell 21, so that passage 26 is closed by valve shell
26. By further movement of pressure transmission piston 18

there is achieved on the basis of differential pressure

lg_-—“
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surfaces 19’ and 19" an elevated pressure, which extends

through notch 22 into valve shell 21 and forms at ring piston

surfaces 13’ to 16’ the required locking pressure.

1.2.3 Pressure reduction.

For the relief of the locking pressure acting on ring piston

surfaces 13’/ to 16’ second multi-path valve 51 is brought into

switching position a and first multi-path valve 49 into

switching position a, whereafter pressure transmission piston

18 is switched without pressure to tank T. Second locking side

cylinder room 47 is connected to pressure means source P so

that the piston unit is put back into the stop position

illustrated in Fig. 1.

1.2.4 Opening of the form locking device in quick motion.

The first and second multi-paﬁh valves 49 and 51 are brought

~into the same switching positions as in the course of the

locking operation. The rotation direction of motion spindle 36

is however the reverse direction so that tool halves 2 and 3

are moved from each other.
2. Embodiment according to Fig. 2.
2.1 Constructive structure.

In the embodiment according to Fig. 2 motion spindle

37 is

located freely rotatable by axial bearing 41 in housing 55

adjoining hydraulic cylinder 10, but it is not axially

movable. The hydraulic system consists of pressure

means

source P, multi-path valve 56 with switching positions a, b

and c, freely switchable return valve 57, return valve 53,

return valve 52 with counter pressure, tank T as well as of

hydraulic conduits 58 to 61.
2.2 Function description.

2.2.1 Locking of form locking device in quick motion.
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The'fournpiston-colunn units 5 to 8 consist of two types, @mSMhﬂEEsB&ﬁmglmmd
pi ston-colum units 5 and 7 are equi pped in each case with
transmtting nmeans while the piston- columm units 6 and 8 a g‘ __]
equi pped with a screw drive arrangenent.13 The pressure transm
of the piston-colum units 5 and 7 consist in each case of a pressure
transnitti ng Multi-path valve is switched in the position illustrated in
Fig. 2 in which it is ascertained that passage 26 in piston
13, 15 is left open. Thus, in the rotation movement of motion
spindle 37 and the movement of working tools 2 and 3 one
towards the other caused by said movement, the hydraulic oil
can flow from both open side cylinder rooms 31 and 33 inﬁo
locking side cylinder rooms 27 to 30. Missing oil volumes may
be sucked by return valve 53 and hydraulic conduit 61; The
rotation of motion spindle 37 is stopped when both tool halves
touch each other.

2.2.2 Locking force construction
Multi-path valve 56 is brought into switching position c in
which the hydraulic oil reaches pressure transmission room 24
from pressure means source P over hydraulic conduit 58 and
causes by pressure transmission piston 18 the locking force
construction described in 1.2.2.

2.2.3 Pressure reduction
For the relief of the locking pressure acting on ring piston
surfaces 13’ to 16" multi-path valve 56 in brought into
switching position a,-in which return valve 57 is switched’
free over hydraﬁlic conduit 59, so that the pressure acting on
pressure transmission piston 18 can expand via hydraulic
conduits 58 and 60 towards tank T.

2.2.4 Opening of the form 1ockiﬁg device in quick motion.
Multi-path valve 56 is brought into switching position b. By
the rotation of motion spindle 37 in the direction in which
tool halves move from each other a pressure is formed in
locking side cylinder rooms 27 which causes via passage 26 a

return movement of pressure transmission piston 18 and valve

shell 21 into the position illustrated in Fig. 2, so that
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compensation between locking side cylinder rooms 27 to 30 and
open side cylinder rooms 31 to 33 may be obtained. Excess

hydraulic o0il is removed to tank T via hydraulic conduit 61.

3. Embodiment according to Fig. 3

3.1

3.2

Constructive structure.

Motion spindle 38 according to Fig. 3 corresponds in the
driving side part to motion spindle 36 according to Fig. 1. At
the end dipping into piston column uﬁit 6 (8) motion spindle
38 has hydraulic spindle piston 62, which is conducted in
spindle cylinder 63. The hydraulic system consists of pressure

means source P, first multi-path valve 64 having three

‘switching positions a to ¢, second multi-path valve 65 having

two switching positions a and b and third multi-path valve 66
having switching positions a and b. Said multi-path valves 64
to 66 are connected via hydraulic conduits 67 to 70 to open
side transmission room 24, spindle cylinder 63, second locking
side cylinder room 47, open side cylinder room 31, 33 and to
tank T.

Function description.

3.2.1 Locking of form locking device in quick motion.

First multi-path valve 64 is switched into switching position
c, as the result thereof second locking side cylinder room 47
is applicable with pressure means from pressure means source
P and piston unit 46 is in the right stopping position illus-
trated in Fig.3. Second multi-path valve is switched into
switching position a, as the result thereof in the course of
the movement of tool halves 2 and 3 one towards another,

caused by the spindle rotation the hydraulic oil displaced by

u
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the direction of closure by the outer ring abutnent 23 and ﬁﬁ“

di rection by abutnment means (not shown) acting between the
smal | er thrust piston 20 and the end pagt on the inner per|
val ve sl eeve 21. The pressure transmtting piston 18 sub-di vi des the

pressure tranggifdid% fAtoNds vk gt @pineh@SByEinkEe B56EaH L1608 tank
T via hydraulic conduit 67. Third multi-path valve 66 is
switched into switching position b in order to ascertain
that pressure transmission piston 18 and valve shell 21 remain
in the position illustrated in Fig. 3, in which, in the cause
of moving pistons 13 to 16 into the locking position, an
exchange of o0il volumes between open side cylinder rooms 31
and 33 and locking side cylinder rooms 27 to 30 may be
performed. |

3.2.2 Locking pressure construction.

First multi-path valve 64 is switched into switching position
a, as the result thereof the hydraulic oil being within in
locking side cylinder room 47 may flow to tank T via hydraulic
conduit 69, when motion spindle 38 is rotated f_urther whiie
pistons 13 to 16 are in the locking position, so that spindle
piston 62 may penetrate further into spindle cylinder 63 in
order to form hydraulic pressure for the application of pres-
sure transmission piston 18. As pistons 13 to 16 are in the
locking position, in which tool halves 2 and 3 adjoin each
other, the rotation of motion spindle 38 causes a movement 46
left side to the extent that spindle piston 62 penetrates into
spindle cylinder 63. Second multi-path valve 65 is then
switched into switching position a and third multi-path valve
66 is switched into switching position a, so that the hydrau-
lic pressure formed in spindle cylinder 63 may be transferred
via conduits 68 and 67 to pressure transmission piston 18. By
pressure transmission 18 the elevation of the pressure appro-
priate for the 1ocking force construction according to the
function description of 1.2.2 is achieved.

3.2.3 Pressure reduction
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First multi-path valve 64 is switched into switching position

16

a in order to relief the 1locking pfessure acting on ring

piston surfaces 13/ to 16", thus second locking side cylinder
room 47 is in return sucking connection with tank T. Second
multi-path valve 65 and third multi-path valve 66 are both
switched into switching positions a, so that the pressure from
open side pressure transmission room 25 and spindle cylinder

63 may expand to tank T.

3.2.4 Opening movement of the form locking device in quick motion.

First multi-path valve 64 is switched into switching position
¢ in which second locking side cylinder room 47 is applicable
with pressure means from pressure means source P as the result

of which piston unit 46 is moved into the stopping position

illustrated in Fig. 3. Therefore a simultaneous rotation of

motion spindle 38 is performed in order to enable the return
positioning of piston unit 46 and after stopping thereof tb
enable the opening movement. Secdndlmulti-path valve 65 is
switched into switching position a, so that hydraulic oil can
be sucked from tank T into spindle cylinder 63 via hydraulic
conduits 68 and 67. Third multi-path valve 66 is switched into
switching position b, in which it is ascertained that pressure
transmission piston 18 and valve shell 21 in back drawn
position setting free passage 26 so that in the course of the
opening movement an uninterrupted.exchange between the o0il
volumes of locking side cylinder rooms 27 to 30 and open side
cylinder rooms 31 and 33 may be achieved. Excess o0il volume

may be removed to tank T via hydraulic conduit 61.
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Claims - :
1. A form locking device for injection molding machines which

device is provided with a fixed form top plate carrying half

of a tool, a movable form top plate carrying the second half.

of the tool, with motion spindles, which spindles are ffeely
rotatable in the fixed form top plate and are located therein
in one direction axially supported and are located in the
movable form top plate in a spindle nﬁt mounted therein, with
a rotary drive for the actuation of the motion spindles for
the locking-and opening hub of the movable form top plate and
with a hydraulic piston-cylinder unit for the locking power
construction being in connection in an effective manner with
the motion spindles, characterized in that the movement- and

force transfer of the movable form top plate, in quick motion,

in the course of the opening and locking operation is per-.

formed only by the motion spindles, and in that the hydraulic
piston-cylinder unit consists of one or more pistons and
hydraulic cylinders in which the application of hydraulic
pressure for the locking force construction is performed by
piston-cylinder units actuated by the motion spindles by
interconnection of one or more pressure transmission units.
A form locking device according to Claim 1, characterized in
that

two kinds of piston columné units are mounted at the

movable form top plate, which columns penetrates through the
fixed form plate and are guided therein by pistons in hydrau-
lic cylinders, wherein the piston column units of one kind are
provided with a motion spindle device and the pisﬁon column

units of the other kind are provided with a pressure transmis-

EN

sion unit;

oy



L] x

cl osure-side cylinder spaée 27, 28 and an openi ng-si de cy/Thi aced EN
32. The port 26 can be closed by the valve sl eeve 21. I A -
the pistons 14 and 16 of the piston-colum units 6 and 8 e =

equi pped with a screw drive arrangenent, 18ub-di vide these nmain cylinder
spaces 10 and 12 into closure-side cylinder_ spaces 29 and 30 and , =
openi ng- si de chhenpésteopacdividehlaeaydraulic cylinders in a locking side

cylinder room and in an open side cylinder room;

t

all locking side cylinder rooms are connected to each other by
way of channels;

the pressure transmission units consist each of a pressure
transmission piston, a pressure transmission cylinder and.a
valve unit, the pressure transmission piston dividing the
pressure transmission cylinder in a locking side pressure
transmission room and an open side pressure transmission room,
and the valve body being switchable between a position setting
free and closing a.passage from the locking side cylinder room
to the open side cylinder room;

the motion spindle arrangements consist each of a spindle nut
mounted within the piston and a motion spindle being located
therein in the thread engagement, which motion spindle dips
with one end into a cylindric groove of the piston column‘unit
and with the other end penetrates through the main hydraulic
cylinder and is guided with one to a second hydraulic cylinder
with a piston unit and with a second penetrates through the
second hydraulic cylinder and is coupled with the end part
with a drive gear;

the piston unit of each motion spindle divides the second
hydraulic piston in a second locking side cylinder room and a
second open side cylinder foom;

in a first function position (closing movement in quick
motion) of a hydraulic system a first multi-path valve is
switchable into switching position ¢, in which the second
locking side cylinder room is connectable with a pressure’
means source, and a second multi-path valve is switchable into

switching position b, in which a hydraulic conduit guiding
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Al ‘the EI osure-side cylinder spa

£

anot her by ports 35. The screw H“T“El H“WHEH@H s of the p
units 6 and 8 consist in each case*ofc atscrmewsdrtve 36 H!llﬁﬂm |lmlw
screw t hreaded engagenent with a spindle nut 39 fixed in the

and which fits into a recess 40 in the

from the second locking side pressure cylinder room to the
open side pressure cylinder room is interrupted, wherein the
pfessure transmission piston and the valve shell are located
in a basic position setting a passage free;

in a second function position (locking pressure construction)

of the hydraulic system the second locking side cylinder

room is connectable with the open side pressure transmission-

room, wherein the first multi-path valve is in switching
position b and the second multi-path valve in switching
position a;

in a third function position (pressure reduction) of the
hydraulic system the second locking side cylinder room and the
open side pressure transmission room are switchable without
pressure, wherein the first multi-path valve and the second
multi-path valve are each time in switching position a; and
in a fourth function position, corresponding to the first

function position, (opening movement in quick motion) of the

hydraulic system the first multi-path valve is switchable into.

switching position ¢ and the sécond. multi-path valve is
switchable into switching position b.

A form locking device according to Claim 1 characterized in
that

two kinds of piston columns units are mounted at the

movable form top plate, which columns penetrates through the

fixed form plate and are guided therein by pistons in hydrau- |

lic cylinders, wherein the piston column units of one kind are
provided with a motion spindle device and the piston column
units of the other kind are provided with a pressure transmis-
sion unit;

the pistons divide the hydraulic cylinders in a locking side

30 are ﬁ%@ﬂ&?ﬁ&%e&n‘i{eﬁﬂ&d
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axially displaceably coupled to a rotary dri Ve, spf *whi ch only
pinion 43 is shown but which is adapted Fﬁ be driven by a bel
44 with a servonotor and with a positioning adjusting neans.

the servonot orey Fi pilef! £6&h | &nd i an open side cylinder room;

pi st on-col utm arrangenent 6 and 8. Lmuem n 136, 37qpi3Shektfal B Replaced ]
conprise an axial bearing 41 and anl Ll ﬂ““lﬂm lm/m ch the 1“'“&15““@"]“
t

Preferably,

all locking side cylinder rooms are connected to each other by
way of channels;

the pressure transmission units consist each of a pressure

transmission piston, a pressure transmission cylinder and a

valve unit, the pressure transmission piston dividing the
pressure transmission cylinder in a locking side pressure

transmission room and an open side pressure transmission room,

and the valve body being switchable between a position setting'

free and closing a passage from the locking side cylinder room
to the open side cylind_er. room;

the motion spindle arrangements consist each of a spindle nut
mounted within the piston and a motion spindle being located
therein in the thread engagement, which motion spindle dips
with one end intd a cylindric groove of the piston column unit
and with the other end penetrates through the main hydraulic
cylinder and is guided with one to a second hydraulic cylinder
with a piston unit and with a second penetrates through the
second hydraulic cylinder and is coupled with the end part
with a drive gear;

the piston unit of each motion spindle divides the second
hydraulic piston in a second locking side cylindei:' room and a
second open side cylinder room;

in a first function position (closing movement in quick
motion) of a hydraulic system a first multi-path valve is
switchable into switching position ¢, in which the second
locking side cylinder room is connectable with a pressure
means source, and a second multi-path valve is switchable into
switching position b, in which a hydraulic conduit guiding

from the second locking side pressure cylinder room to the
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open side pressure cylinder foom is interrupted, wherein the
pressure transmission piston and the valve shell are located
in a basic position setting a passage free;
in a second function position (locking pressure construction)
of the hydraulic system the second locking side cylinder
room is connectable with the open side pressure transmission
room, wherein the first muiti-path valve is in switching
position b and the second multi-path valve in switching
position a;
in a third function position (pressure reduction) of the.
hydraulic system the second locking side cylinder room and the
open side pressure transmission room are switchable without
pressure, wherein the first multi-path valve and the second
mﬁlti-path valve are each time in switching position a;
the motion spindle arrangements consist each of a spindle nut
mounted within the piston and a mdtion spindle being located
. therein in the thread engagement, which motion spindle is
guided with one end with a spindle | piston into a spindle
cylinder formed in the piston column unit and with the other
end penetrates through the main hydraulic cylinder and is
guided with one to a second hydraulic cylinder with a piston
unit; and with a second penetrates through the second hydrau-
lic cylinder and is coupled with the end part with a drive
gear;
the piston unit of each motion spindle divides the second
hydraulic cylinder into a second locking side cylinder room
and into a second side open side cylinder room;
in a first function position (closing movement'. in quick
motion) of a hydraulic system a first multi-path valve is

switchable into switching position ¢, in which the second
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locking side cylinder room is applicable with a pressure'

medium of a preésure means source, a second multi-path valve
is switchable into switching position a, in which the spindle
cylinder is connectable with a tank and a third multi_-path
valve is switchable into sﬁifching position b, with which the
hydraulic c.ondu'it to the pressure transmission system is
interrupted;

in a second function position (locking pressure construction)
of the hydraulic system the first multi-path valve is switch-
able into switching position a, in which the pressure medium

being present in the second locking side cylinder room may

expand towards said tank, the second multi-path valve is’

switchable into switching position b and the third multi-path
valve is switchable into switching position a, in which the
second multi-path valve shuts off the conduit to said tank and
the third multi-path valve connects the spindle cylinder with
the open side _preséure transmission room;

in a third function position (pressure reduction) of the
hydraulic system the first multi-path valve is switchable into
switching position a, in which the pressure medium being
present in the second locking side cylinder room may expand

towards said tank, the second multi-path valve and the third

multi-path valve being be switchable into switching position

a, whereby the pressure from the open side pressure transmis-
sion room and of the spindle cylinder may expand towards said
tank; and

in a fourth position (corresponding to the first function
position, (opening movement in quick motion) the first multi-
path valve is switchable into switching position ¢, in which

the second locking side cylinder room is connectable with the

]
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1. Enbo&inent shown in Fig. 1 1. i screMIdrﬂmsmﬁﬁfhyséhﬁ
enbodi nent shown in Fig. 1 paJmmm"H'"u'Hlﬂﬂm,Openi ng- si di ) haced
space 32 and projects into a adj aéent secondsCylinder sp ﬂ u” L
whi ch the axial bearing 41 of the screM/ggive 36 is- nmount

unit 46 which sub-divides the second
pressure means source, the second locking side cylinder room

being connectable with the pressure means source, the second
multi-path valve being switchable in switching position a, the.
hydraulic oil may be sucked from the tank into the spindlé
cylinder, and the third multi-path valve is switchéble in the
switching position b, in which the hydraulic conduit to the
open side pressure transmission room is interrupted.

4. A form locking device for injection molding machines which
device is provided with a fixed form top plate carrying half
of a tool, a movable form top plate carrying the second half
of the tool, with motion spindles{ which spindles are freely
rotatable in the fixed form top plate.and are located therein
in one direction axially supportgd and are located ih the
movable form top plate in a spindle nut mounted therein, with
a rdtary drive for the actuation of the motion spindles for
the locking-and opening hub of the movable form top plate and
with a hydraulic piston-cylinder unit for the locking power
construction being in connection in an effective manner with
the motion spindles,
characterized in that
two kinds of piston columns units are mounted at the
movable form top plate, which columns penetrates through the
fixed form plate and are guided therein by pistons in hydrau-
lic cylinders, wherein the piston column units of one kind are
provided with a motion spindle device and the piston column
units of the other kind are provided with a pressure transmis-
sion unit; |
the pistons divide the hydraulic cylinders in a locking side
cylinder room and in an open side cylinder room;

all locking side cylinder rooms are connected to each other by
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cyITndestpace 45 into a second cl %aﬁﬁsg&gR hmﬁ
second openi ng-si de cylinder spacecﬁnm m ﬂ B ] I n the

position of the piston unit 46 |d

cl osure-side cylinder space 47, a aullc line 48 Iead

mul ti-way val ve 49 (4/ 3-way val ve) mnth swi t chi ng p05|t|ons a be and
C. From t Qayhuer edbhfehshe 48, a hydraulic line 50 branches

the pressure transmission units consist each of a pressure
transmission piston, a pressure transmission cylinder and a
valve unit, the pressure transmission piston dividing the
pressure transmission cylinder in a locking side pressure
transmissioﬂ room and an open side pressure transmission room,
and the valve body bging switchable between a position setting
free and closing a passage from the locking side cylinder room
to the open side cylinder room;

the motion spindle arrangements copsist each of a spindle nut
mounted within the piston and a motion spindle being located
therein in the thread engagement, which motion spindle dips
with one end into a cylindric grooﬁe of the piston column unit
and with the other end penetrates-lthrough the hydraulic
cylinder and is supported by one by ah axial bearing and with
the other end part is coupled with a drive gear;

in the first function position (closing movement in quick
motion) of a hydraulic system a multi—path valve is switchable
into switching position b, in which the open side pressure
transmission room is connected with said tank essentially
without pressure;

in a second position (locking pressure construction) in which
both halves of the tool adjgin each other a multi-path valve
is switchable in indexing position ¢, in which the open side
pressure transmission room is connected via the hydraulic
conduit to the pressure means source;

in a third function (pressure reduction) of a hydraulic system
a multi-path valve is switchable in switching position a, in
which the pressure medium may expand to said tank from the

open side pressure transmission room via the hydraulic
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the second closure-side cylinder * $pake %7 %and the opem
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cylinder space 25. Via the first nubgi-way val ve 49,

48 can be switched optionally to a pressurised nedi um source P or
via a non-retdbRay4ye 52 with back pressure (6 bars) to the tank T.
Via a second non-return val ve 53 whi ch functions as a secondary secti
val ve, hydraulna fourfthiipdsdaiohe (dpaiindg mowdnnt dmk ghickhmfobpen) ngf stive
cy-

hydraulic system a multi-path valve is switchable into
switching position b, in which the pressure transmission

device is kept in a position leaving the passage free.

"]
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A form locking device according to any od Claims 1 to 4

characterized in that

in the fixed form top plate. are arranged four pistons of
piéton column units in which each are arranged diagonally each
opposite another two motion spindle arrangements and two
pressure transmission devices.

A form 1locking device according ‘to any of Claims 1 to 5
characterized in that

the pressure transmission piston consists of a piston part
having a larger diameter and a piston part having a smaller
diameter, wherein on the latter the valve ‘body consisting of
a valve shell is axially movable located which is coupled with
the pressure transmission piston with the proviso that in the
course of the movement of the pressure transmission piston

the valve shell is moved simultaneously in a direction

- opposite to that of the piston which is provided at its

circumference with an axial notch over which the pressure
medium may be guided from the passage to the ring piston

surface of the pressure transmission piston.

For the Applicant:
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l'inder space 31 is connected by a hydraulic Iine 54 and ﬂ%ﬂﬁw&EW' etgrp o
val ve 52 with back pressure to the tank T 1.2 Functional d aced
1.2.1 Closure of the nmould closing device, rapid novenent - Tﬂﬂmm I m ﬂ =
second cl osure-side cylinder space 47 is _

26

ABSTRACT

A Form Locking Device for Injection Molding Machines

In the case of a form locking device for an injection moulding
machine, there are mounted in the fixed and in the movable mould
clamping plates screw drives which are freely rotatable in the
fixed mould clamping plate and are axiélly braced in one
direction and which are mounted in the movable mould clamping
plate in spindle nuts which are mounted therein. To actuate the
screw drives for the closing and opening strokes of the movable
mould clamping plate, a rotary drive is provided and similarly,
for building up the closure force, a hydraulic.piston-cylinder
unit which is operatively connected to the screw drives. In
order to ensure that while guaranteeing a high closure pressure
by the hydraulic piston-cylinder unit, the propulsion drive of
the drive screws need only be designed essentially to meet the
demands of a rapid opening and closing movement, it is proposed
that the hydraulic piston-cylinder unit consist of one or a
plurality of pistons and hydraulic cylinders, pressurised medium
being applied to it, in order to build up closure pressure, by
piston-cylinder units adapted to be driven by drive screws,

through the interposition of pressure transmitting means.

Fig. 1
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- 6- subj ected to pressurised nediumfromthe source P Tlss}“’et @eenRe laced
position ¢ of the first multi-way valve 49, where- upon th
46 assumes the right-hand position of abutment shown in: F|
second mul ti-way val ve 51 is in swtched position b, ensuri ng that th
pressure. transmitting piston 18 mai n?& ns the valve sleeve 21 in
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the position shown in Fig. 1 in which the passage or cthhB6hbeHMHmth
cl osure-side cylinder space 27 and t he openi ng-si de cyllnd
open. By rotation of the screw drive 36, the two halves
the tool are noved towards each other uggil they - abut each ot
the fact that the screw drive 31 is driven by an electric servonDtor
W th a position ad'usanﬂt facility, preC|sed p03|t|on|ng | s; p033|ble
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During the-nmovenent of ihe tool halves 2 and 3 towards
is a redistribution of the hydraulic fluid fromthe openln
cylinder spaces 31 and 33 via the ports 26 and passages 35

cl osure-side cylinder spaces 27 to 38, any shortage of hydrauli
fluid being replaced via the |line 54 an % he secondary suction valve 53.

1.2.2 Closure pressure build-up.
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For thi s, /t/he frrst multi-way vaI ve ﬁﬁﬁt%%ﬂﬁeﬂmb 05| REPLACH

the’ second mul ti-way valve WIJHJ{M fjur t her

of "the screw drive 36 in the clos

t he illustration in Fig.1l) is displaced

hydraulic fluid contained in the second cl osure- S|de_ cyllnder space 47
passes through the hydraulic |lines 48 and 50 and the second multi-way
valve- 51 and into the openi ng-si de pressure transmtting space 25 and
causes a T

S -1 R g

A mould closing device for an injection moulding machine

Patent claims

1. A mould closing device for an injection moulding
machine and comprising a fixed mould clamping plate
supporting one tool half, a movable mould clamping plate

N

carrying the other tool half, with screw drives which . are
axially supported in one direction and are freely rotatable
in the fixed mould clamping,plate and are mounted in the
movable mould clamping plate in a spindle nut fixed therein,
with a rotary drive for actuating the screw drives for the
closing and opening travels of the movable mould clamping
plate and with, operatively connected to the screw drives, a
hydraulic piston—cylinder unit for building up the closing
force, characterised in that the movement of and trans-
mission of force for the movable mould clamping plate during
opening and closing is provided.during rapid movement solely
) by the screw drives (36, 38) and in that the hydraulic
@) piston-cylinder unit consists of one or a plurality of
pistons (13, 14, 15, 16) and hydraulic cyliﬁders (9, 10, 11,
12), to which, for the build-up of closing force,
. pressurised medium is applied by piston-cylinder units (45,
46; 62, 63) adapted to be driven by the screw drives (36,
38) through one or a plurality of interposed pressure trans-
mitting means.

2. A mould closing device according to claim 1,
characterised in that
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there are fixed on the movable mouldlng clamping p;ate
(4) two types of piston-column units (5, 6, 7, 8) which
pass through the fixed mould clamping plate (1) in which
they are guided by means of pistons (13, 14, 15, 16) in
hydraulic cylinders (9, 10, 11, 12), the piston-column
units (6, 8) of one type comprising one screw drive
device while the piston-column unit (5, 7) of the other
type comprises a pressure transmitting means,

the 'pistons (13, 14, 15, 16) sub-divide the hydraulic
cylinders (9, 10, 11, 12) in each case into a closure-side
cylinder space (27, 28, 29, 30) and an opening-side
cylinder space (331, 32, 33, 34),

all closure-side cylinder spaces (27, 28, 29, 30) are
connected to one another via ducts (35),

the pressure transmitting means consist in each case of a
pressure transmitting piston (18) having differential
piston surfaces (19' and 19"), a pressure transmitting

cylinder (17) and a valve body (21), the valve trans-

mitting piston (18) sub-dividing the pressure transmitting
cylinder (17) into a closure-side pressure transmitting
space (24) and an opening-side pressure transmitting space
(25), the valve body (21) being adapted to be switched
between positions which open and close a port (26) from
the closure-side cylinder space (27, 28, 29, 30) to the
opening-side cylinder space (31, 33),

the drive sdrew arrangements in each case consist of a
spindle nut (39) fixed in the piston (14, 16) and a screw
drive (36) in screw threaded engagement therein and which
has'dne end immersed . .in a cylindrical recess (40) in the
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piston column means (6, 8) while the other end passes

through the main hydraulic cylinder (10, 12) and is guided
on the one hand by a piston unit (46) 1in a second
hydraulic cylinder (45) and on the other passes through
the second hydraulic cylinder (45) and has a rotary drive
coupled to the end part (42),

- the piston unit (46) of each screw drive (36) sub-divides

3 the second hydraulic cylinder (45) into a second closure-

i side <cylinder space (47) and a second opening-side
cylinder space,

- in a first function position (closing movement, rapid

speed) of a hydraulic system a first multi-way valve (49)

can be switched into a position ¢ in which the second

closure-side cylinder space (47) can be connected to a

source P of pressurised medium, and a second multi-way

valve (51) can be switched into a position b in which a

'hydraulic line (50) leading from the second closure-side

cylinder spacé (47) to the opening-side pressure cylinder

- _ space (25) is interrupted, the pressure transmitting

\) piston (18) and the valve casing (21) being in a basic
position which opens the port (26),

- in a second function position (closure pressure build-up)
of the hydraulic system the second closure-side cylinder
space (47) can be connected to the opening side pressure
transmitting space (25), the first multi-way wvalve (49)
being in the position b and the second multi-way wvalve
(51) being in position a,

~ in a third function position (pressure dissipation) of the
hydraulic system the second closure-side cylinder space
(47) and the opening side pressure transmitting space (25)
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Pressure dissipation I n order to r sur i

annul ar piston surfaces 13" to 16 t he second mul

cl osure pressure at the annul ar

t he

51 i.s noved to switched position a and the first nultl-may valve 49 to

swi t ched position a, whereupon
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can be switched to ‘be pressureless, the first multi-way
valve (49) and the second multi-way wvalve (51) being in
each case in the switched position a, and

- in a fourth function position corresponding to the first
function position (opening movement, rapid speed) of the
hydraulic system the first multi-way wvalve (49) can be
switched into position ¢ and the second multi-way valve
(51) into position b.

3. A mould closing device according to claim 1, charac-
terised in that there are fixed on the movable mould
clamping plate (4) two types 6f'piston?column units (5, 6,
7, 8) which pass through the fixed mould clamping plate (1)
in which they are guided by means of pistons (13, 14, 15,
16) in hydraulic cylinders (9, 10, 11, 12), the piston-
column units (6, 8) of one type comprising one screw drive
device while the piston-column unit (5, 7) of the other type
comprises a pressure transmitting means,

- the pistons (13, 14, 15, 16) sub-divide the hydraulic
cylinders (9, 10, 11, 12) in each case into a closure-side
cylinder space (27, 28, 29, 30) and an opening-side
cylinder space (331, 32, 33, 34),

- all closure side cylinder spaces (27, 28, 29, 30) are
connected to one another via ducts (35),

- the pressure transmitting means consist in each case of a
pressure transmitting piston (18) having differential
piston surfaces (19' and 19"), a pressure transmitting
cylinder (17) and a valve body (21), the valve trans-
mitting piston (18) sub-dividing the pressure transmitting
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cylinder (17) into a closure-side preséure transmitting
space (24) and an opening-side pressure transmitting space
(25), the valve body (21) being adapted to be switched
between positions which open and close a port (26) from
the closure-side cylinder space (27, 28, 29, 30) to the
opening-side cylinder space (31, 33),

the drive screw arrangements in each case consist of a
spindle nut (39) fixed in the piston (14, 16) and a screw
drive (36) in screw threaded engagement therein and which
has one end immersed in a cylindrical recess (40) in the
piston column means (6, 8) while the other end passes
through the main hydraulic cylinder (10, 12) and is guided
on the one hand by a piston unit (46) in a second
hydraulic cylinder (45) and on the other passes through
the second hydraulic cylinder (45) and has a rotary drive
coupled to the end part (42),

the piston unit (46) of each screw drive (36) sub-divides
the second hydraulic cylinder (45) into a second closure-
side cylinder space (47) and a second opening-side
cylinder space,

in a first function position (closing movement, rapid
speed) of a hydraulic system a first multi-way valve (49)
can be switched into a position ¢ in which the second
closure-side cylinder space (47) can be connected to a
source P of pressurised medium, and a second multi-way
valve (51) can be switched into a position b in which a
hydraulic line (50) leading from the second closure-side
cylinder space (47) to the opening-side pressure cylinder
space (25) is interrupted, ‘*nhe- pressure transmitting
piston (18) and the valve casing .21) being in a basic
position which opens the port (26),
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- in a second function position (closure pressure build-up)

of the hydraulic system the second closure-side cylinder
space (47) can be connected to the opening side pressure
transmitting space (25), the first multi-way wvalve (49)
being in the position b and the second multi-way valve
(51) being in position a,

- in a third function position (pressure dissipation) of the
hydraulic system the second closure-side cylinder space
(47) and the opening side pressure transmitting space (25)
can be switched to be pressureless, the first multi-way
valve (49) and the second multi-way valve (51) being in
each case in the switched position a, and

- the drive screw arrangements in each case consist of a
spindle nut (39) fixed in the piston (14, 16) and a drive
screw (38) disposed in screw threaded engagement therein,
having one end guided by a spindle piston (62) in a
spindle cylinder (63) constructed in the piston-column
unit (6, 8), the other end traversing the main hydraulic

i cylinder (10, 12) and being guided on the one hand through

w) a piston unit (46) in a second hydraulic cylinder (45) and
on the other traversing the second hydraulic cylinder (45)
and being coupled by its end part (42) to a rotary drive,

- the piston unit (46) of each drive screw (38) sub-divides
the second hydraulic cylinder (45) into a second closure-
side cylinder space (47) and a second opening-side
cylinder space,

- in a first function position (closure movement, rapid
movement) of the hydraulic system the first multi-way
valve (64) can be switched to a position ¢ in which the
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second’ closure-side cylinder space (47) can be subjected to

pressurised medium from the source P, a second multi-way
valve (65) can be switched into position a in which the
spindle cylinder (63) can be connected to the tank T and a
third multi-way valve (66) can be switched into position b

with which the hydraulic 1line (67) to the pressure

transmitting system is interrupted,

- in a second function position (closure pressure build-up)
of the hydraulic system the first multi-way valve (64) can
be switched to position a in which the pressurised
medium contained in the second closure-side cylinder space
(47) can be expanded to.the tank T, the second multi-way
valve (65) can be switched to position b and the third
multi-way valve (66) can be switched to position a in
which the multi-way valve (65) blocks the line to the tank
T and the multi-way wvalve (66) connects the spindle
cylinder (63) to the opening-side pressure transmitting
space (25);

= in a third function position (pressure dissipation) of the
hydraulic system the first multi-way valve (64) can be
switched to position a in which the pressurised medium
contained in the second closure-side cylinder space (47)
can be expénded and passed to the tank T, the second
multi-way wvalve (65) and the third multi—way valve (66)
can be switched in each case to the position a so that
the pressure from the opening-side pressure transmitting
space (25) and the spindle cylinder (63) can be expanded
and passed to the tank T, and

- in a fourth function position corresponding to the first
function position (open in rapid movement), the first

multi-way valve (64) can be switched to position c¢ in
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which the second closure-side cylinder space (47) can be

connected to the pressurised medium source P, the second
multi-way valve (65) can be switched to the'p'osition a in
which hydraulic fluid can be drawn from the tank T and
pass into the spindle cylinder (63) and the third multi-
way valve (66) can be switched to position b in which:
the hydraulic 1line (67) to the opening-side pressure
transmitting space (25) is interrupted.

4, A mould closure device for an injection moulding
machine having a fixed mould clamping plate carrying one
tool half, a movable mould clamping plate carrying the other
tool half, with drive screws which are mounted to be axially
supported in one+direction and to be freely rotatable in the -
fixed mould clamping plate and which are mounted in the
movable mould clampihg plate in a spindle nut fixed therein,
with a rotary drive to actuate the drive screws for the
closing and opening travels of the movable mould clamping
plate and with a hydraulic piston-cylinder unit which is
operatively connected to the drive screws for building-up
the closure pressure, characterised in that

there are fixed on the movable moulding clamping plate (4)
two types. of piston-column units (5, 6, 7, 8) which pass
through the fixed mould clamping plate (1) in which they
are guided by means of pistons (13, 14, 15, 16) in
hydraulic cylinders (9, 10, 11, 12), the piston~-column
units (6, 8) of one type comprising one screw drive device
while the piston-column unit (5, 7) of the other type
comprises a pressure transmitting means,
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- the pistons (13, 14, 15, 16) sub-divide the hydraulic
cylinders (9, 10, 11, 12) in each case into a closure-side

cylinder space (27, 28, 29, 30) and an opening-side
cylinder space (31, 32, 33, 34),

- all closure side cylinder spaces (27, 28, 29, 30) are
connected to one another via ducts (35),

:) - the pressure transmitting means consist in each case of a
pressure transmitting piston (18) having differential
piston surfaces (19' and 19"), a pressure transmitting
cylinder (17) and a valve body (21), the valve trans-
mitting piston (18) sub-dividing the pressure transmitting
cylinder (17) into a closure-side pressure transmitting
space (24) and an opening-side pressure transmitting space
(25), the wvalve body (21) being adapted to be switched
between positions which open and close a port (26) from
the closure-side cylinder space (27, 28, 29, 30) to the
opening-side cylinder space (31, 33),

) - the drive screﬁ arrangements in each case consist of a

;) spindle nut (39) fixed in the piston (14, 16) and a screw
drive (36) in screw threaded engagement therein and which
has one end immersed in a cylindrical recess (40) in the
piston-column means (6, 8) while the other end passes
through the main hydraulic cylinder (10, 12) and is guided
on the one hand by means of an axial bearing (41) and on
the other is coupled to a rotary drive via the end part
(42),

- in a firSt function position (closure movement in rapid
speed) of a hydraulic system a multi-way valve (56) can be
switched to a position b in which the opening-side
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pressure transmitting space (25) is connected to the tank
T in a substantially pressureless state,

- in a second function position (closure force build-up) of
the hydraulic system in which the tool halves (2 and 3)
rest on each other, the multi-way valve (56) can be
switched to a position in which via the hydraulic 1line
(58) the opening-side pressure transmitting space (25) of
the pressure transmitting means is connected to the source
P of pressurised medium,

- in a third function position (pressure dissipation) of the
hydraulic system the multi~way valve (56) can be switched
to a position a in which the pressurised medium can
expand out of the opening-side pressure transmitting space
(25) via hydraJlic lines (58 and 60) to the tank T,. and

- in a fourth function position (opening movement in rapid
speed) of the hydraulic system the multi-way valve (56)
~can be switched to a position b in which the pressure
transmitting means is maintained in a position which keeps
the port (26) open.

5. A mould closing device according to one of claims 1 to
4, characterised in that there are in the fixed mould
clamping plate (1) four pistons (13, 14, 15, 16) of piston-
column units (5, 6, 7, 8) in which there are in each case
diagonally oppositely disposed two drive screw arrangements
and two pressure transmitting means.

6. A mould closing device according to one of claims 1 to
5, characterised in that the pressure transmitting piston
(18) consists of a piston part :19) of a larger diameter and
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a’ piston part (20) of a smaller diameter, whereby there is
mounted on this latter for axial displacement the valve body
which consists of a valve sleeve (21) and which is coupled
to the pressure transmitting piston (18) with the proviso
that upon displacement of the pressure transmitting piston
(18) in a direction opposite to the piston (13, 15) there is
an entraining of the valve sleeve (21) and which has on its
periphery an axial groove (22) via which it is possible to
pass'pressurised medium from the port (26) to the annular
piston surface (19") of the pressure transmitting piston
(18).
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A mould closing device for an injection moulding machine

The invention relates to a mould closing device for
injection moulding machines in accordance with the preamble
to claim 1.

) A mould closing device of this type is known from
DE 37 18 106 A 1 (construction as shown in Fig. 5), in which
the movable mould clamping plate can be propelled in the
closing and opening directions by means of screw drives
supported in the fixed mould clamping plate and in which the
closing pressure is built up by means of hydraulic piston-
cylinder units “which are supported in the fixed mould
clamping plate and which act upon the screw drives. Where
this arrangement is concerned, in addition to the opening
and closing travels which have to be performed rapidly, the
spindles also assume the full tractive force when the
closing force is generated by the hydraulic piston-cylinder
units. Therefore, the screw drives have to be designed to
handle the movement as well as the closing force function,
which means that they have to be made relatively heavy.

Furthermore, known from EP 0 381 107 A2 is a mould closing
device in which screw drives mounted in the fixed mould
clamping plate are coupled to the movable mould clamping
plate by means of spindle nuts which produce the opening and
closing movements via a rotary drive. Since the closing
pressure is built up via hydraulic piston-cylinder units
which are braced on the spindle nuts, then here, too, the
screw drives have to be designed so that they can absorb the
tractive forces resulting from the high closing pressure.
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Therefore, the invention is based on the problem of so
further developing a mould closing device of the afore-
mentioned type that while ensuring the high closing pressure
by a hydraulic piston-cylinder unit, the movement drive by
means of screw drives only has to be designed to meet the
demands for rapid opening and closing movements.

This problem is resolved by the characterising features of
the subordinate claims 1 and 4.

Advantageous further developments and measures according to
the invention are indicated in the sub-claims.

The invention is explained in greater detail hereinafter
with reference te three embodiments shown in the accompany-
ing drawings, in which:

Fig.1l shows a diagrammatic longitudinal section through a
mould closing device of an injection moulding machine
and taken along the line I-I in Fig. 4;

Fig.2 is a diagrammatic longitudinal section through
another embodiment of mould closing device;

Fig.3 1is'- a diagrammatic longitudinal section through a
further embodiment of mould closing device, and

Fig.4 shows a cross-section taken on the 1line IV-IV in
Fig.l and Jjointly applicable to the mould closing
devices shown in Figs. 1 to 3.

Fig.l shows a mould closing device for an injection moulding
machine and comprising a fixed mould clamping plate 1 with a
first tool half 2 and with a movable mould clamping plate 4
carrying the second tool half 3 and in which are fixed four
piston-column units 5 to 8 which pass through the fixed
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mould clamping plate 1 by being guided for displacement'in
this latter in four main hydraulic cylinders 9 to 12 with
pistons 13 to 16.

The four piston-column units 5 to 8 consist of two types, of

which the piston-column units 5 and 7 are equipped in each

case with a pressure transmitting means while the piston-

column units 6 and 8 are in each case equipped with a screw
:D drive arrangement.

The pressure transmitting means of the piston-column units 5
and 7 consist in each case of a pressure transmitting
cylinder 17 in which is guided a two-stage pressure trans-
mitting piston 18 comprising a larger thrust piston 17
corresponding td the diameter of the pressure transmitting
cylinder 19 and a smaller thrust piston 20 enclosed by a
valve body consisting of a valve sleeve 21. In its outside
diameter, the valve sleeve 21 corresponds substantially to
the diameter of the pressure transmitting cylinder 17 and is
guided for axial displacement in this latter as well as in
respect of the smaller thrust piston 20. The valve sleeve

"9 21 has on its outer surface at least one axially continuous
groove 22. The axial displaceability of the valve sleeve 21
is limited in the direction of closure by the outer ring
abutment 23 and in the opening direction by abutment means
(not shown) acting between the end part of the smaller
thrust piston 20 and the end part on the inner periphery of
the valve sleeve 21.

The pressure transmitting piston 18 sub-divides the pressure
transmitting cylinder 17 into a closure-side pressure trans-—
mitting space 24 and an opening-side pressure transmitting
space 25. '
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27 to 30 and the opening-side_cykinder spaces 31 to 33

The pressure transmitting space 25 on the opening-side is a
constituent part of a port 26 in the piston 13, 15 which
sub-divides the main hydraulic cylinder 9, 11 into a
closure-side cylinder space 27, 28 and an opening-side
cylinder space 31, 32. The port 26 can be closed by the
valve sleeve 21. ' '

In the same way, the pistons 14 and 16 of the piston-column
units 6 and 8 each of which is equipped with a screw drive
arrangement, sub-divide these main cylinder spaces 10 and 12

into closure-side cylinder spaces 29 and 30 and opening-side.

cylinder spaces 33 and 34.

All the closure-side cylinder spaces 27, 28 and 29, 30 are
connected to one*another by ports 35.

The screw drive arrangements of the piston-column units 6
and 8 consist in each case of a screw drive 36, 37, 38 which
is in screw threaded engagement with a spindle nut 39 fixed
in the pistoh 14, 16 and which fits into a recess 40 in the
piston-column arrangement 6 and 8.

The screw drives 36, 37, 38 further' comprise an axial
bearing 41 and an end part 42 by which the screw drive is
axially displaceably coupled to a rotary drive, of which
only one drive pinion 43 is shown but which is adapted to be
driven by a belt transmission 44 with a servomotor and with
a positioning adjusting means. Preferably, the servomotor
is an electric motor.

The aforedescribed features and means are identically in the
three embodiments shown 1n Figs.l to 3. Hereinafter, there-

fore, only the peculiarities of the respective embodiments
are described.
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/// 1. Embodiment shown in Fig. 1

1.1 Design

The screw drive 36 in the embodiment shown in Fig. 1
passes through the opening-side cylinder space 32 and
projects into a adjacent second cylinder space 45 in
which the axial bearing 41 of the screw drive 36 is
. mounted in a piston unit 46 which sub-divides the second
/ cylinder space 45 into a second closure-side cylinde'r
space 47 and a second opening-side cylinder space (not
present in the switched position of the piston unit 46

as illustrated).

From the second closure-side cylinder space 47, a
hydraulic line 48 leads to a first multi-way valve 49
(4/3-way valve) with switching positions a, be and c.
From the hydraulic line 48, a hydraulic line 50 branches
off to a second multi-way valve 51 (4/2-way valve) with
switching positions a and b by which a connection can be
made or broken between the second closure-side cylinder
space 47 and the opening-side thrust cylinder space 25.
Via the first multi-way valve 49, the hydraulic line 48
"can be switched optionally to a pressurised medium
source P or via a non-return valve 52 with back pressure
(6 bars) to the tank T. Via a second non-return valve 53
which functions as a secondary section valve, hydraulic
fluid can be drawn from the tank T. The opening-side cy-
linder space 31 is connected by a hydraulic line 54 and
the non-return valve 52 with back pressure to the tank T

1.2 Functional description

1.2.1 Closure of the mould closing device, rapid movement
For this, the second closure-side cylinder space 47 is



i#t 0 the piston-colum unit & gasst epdane FEaz §HE§?ﬂ
#6i ndl e piston 62 guided in a H : i ndet éﬁfléﬁﬁﬁgﬁi I
System consists of a presst | OUFCH Satequ%.%lo\g l

which fits
hydraul i c

hydr aul i c
mul ti-way val ve 64

- 17 -

// subjected to pressurised medium from the source'P via
the position. ¢ of the first multi-way valve 49, where-
upon the piston unit 46 assumes the right-hand position
of abutment shown in Fig. 1. The second multi-way valve
51 is-in switched position b, ensuring that the pressure
transmitting piston 18 maintains the valve sleeve 21 in
the position shown in Fig. 1 in which the passage or
port 26 between the closure-side cylinder space 27 and

.) the opening-side cylinder space 31 is open. |

By rotation of the screw drive 36, the two halves 2 and
3 of the tool are movéd towards each other until they
abut each other. Due to the fact that the screw drive
31 is driven by an electric servomotor with a position
adjustment facility, precised positioning is possible.
During the movement of the tool halves 2 and 3 towards
each other, there is a redistribution of the hydraulic
fluid from the opening-side cylinder spaces 31 and 33
via the ports 26 and passages 35 to the closure-side
cylinder spaces 27 to 30, any shortage of hydraulic
fluid being replaced via the line 54 and the secondary
h) suction valve 53.

1.2.2 Closure pressure build-up
For this, the first multi~way wvalve 49 is moved to
position b and the second multi-way valve 51 to
position a. Upon further rotation of the screw drive 36
in the closure direction, the piston unit 46 (in the
illustration in Fig.l) is displaced leftwardly whereupon
the hydraulic fiuid contained in the second closure-side
cylinder space 47 passes through the hydraulic lines 48
and 50 and the second multi-way valve 51 and into the
opening-side pressure transmitting space 2% and causes a
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displacement of the pressure transmitting piston 18 and
of the valve sleeve 21 so that at first the valve sleeve
21 closes the port 26. Further displacement of the
pressure transmitting piston 18 produces, by virtue of
the differential pressure surfaces 19' and 19" an
increase in pressure which becomes propagated via the
continuous groove 22 in the valve sleeve 21 and
generates the required closure pressure at the annular
piston surfaces 13' to 16°'.

1.2.3 Pressure dissipation

In order to relieve the closure pressure acting on the
annular piston surfaces 13' to 16', the second multi-way
valve 51 is moved to switched position a and the first
multi-way valve 49 to switched position a, whereupon

- the pressure transmitting piston 18 is switched to the

tank T in a pressureless condition. The second closure-
side cylinder space 47 is connected to the pressurised
medium source P so that the piston unit is reset in the
abutment position shown in Fig. 1.

1.2.4 Opening of the mould closing device, rapid movement

2.

For this stage, the first and the second multi~-way
valves 49 and 51 are moved into the same switched
position as when carrying out the closure process but
the direction of rotation of the screw drives 36 is
reversed, so that the tool halves 2 and 3 move away from
each other.

Embodiment shown in Fig. 2

2.1 Design

Where the embodiment shown in Fig. 2 is concerned, the
screw drive 37 is, by means of an axial bearing 41,
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freely rotatably but axially non-displaceably mounted in
a housing 55 adjacent the main hydraulic cylinder 10.
The hydraulic system consists of a pressurised medium
source P, a multi-way valve 56 with switched positions
a, b and ¢, a freely switchable non-return valve 57, a
secondary suction wvalve 53, a non-return valve 52 with
back pressure, a tank T and hydraulic lines 58 to 61.

2.2 Functional description

2.2.1 Closure of the mould closing device, rapid movement

For this, the multi-way valve 56 is switched to the
position b shown in Fig. 2 ensuring that the passage
26 in the piston 13, 15 remains open so that wupon
rotation of the screw drive 37 and of the movement of
the tool halves 2 and 3 towards each other which this
produces, .the hydraulic fluid is able to flow out of the
two opening-side cylinder spaces 31 and 33 into the
closure side cylinder spaces 27 to 30, any lack of fluid
being drawn in via the secondary suction wvalve 53 and
the hydraulic line 61. Rotation of the screw drive 37
is stopped when the two halves 2 and 3 of the tool have
come to rest on each other.

2.2.2 Closure pressure build-up

To achieve this, the multi-way valve 56 is moved to
position ¢ in which the hydraulic fluid passes from
the pressurised medium source P through the hydraulic
line 58 and into the closure-side pressure transmitting
space 24 producing, by means of the pressure trans-
mitting piston 18, the build-up of closure pressure
which is described with reference to 1.2.2.
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1/ * 2.2.3 Pressure dissipation

To relieve the closure pressure acting on the annular
piston surfaces 12' to 16', the multi-way valve 56 is
moved to switch position a in which, via the hydraulic

line 59, the non~return valve 57 is clea

red, whereupon

the préssure biassing the pressure. reducing (sic’')
piston.'18 is able to expand to the tank T via the

hydraulic lines 58 and 60.

2.2.4 Opening of the mould c;osing device, rapid movement

For this phase, the multi-way wvalve 56 is moved to
switch position b. By rotation of the screw drive 37

so that the tool halves 2, 3 move apart,
generated in the closure-side cylinder sp

a pressure is
aces 27 which,

via the port 26, produces a resetting of the pressure
transmitting piston 18 and of the valve sleeve 21 into
the position shown in Fig. 2 so that the port 26 between

the closure-side cylinder spaces 27, 29

is completely

clear so that upon the movement apart, it is possible

for the volumes between the closure-side cylinder spaces

-D 27 to 30 and the opening~side cylinder spaces 31 to 33

to become equalised. Excess hydraulic fluid is
discharged to the tank T via the hydraulic line 61.

3. Embodiment shown in Fig. 3

3.1 Design
The drive-side part of the screw drive
corresponds to the screw drive 36 in Fig.
which fits into the piston-column unit 6

38 in Fig. 3
1l. At the end
(8) the screw

drive 38 has a hydraulic spindle piston 62 guided in a

spindle cylinder 63. The hydraulic system consists of a

pressurised medium source P, a first multi-way valve 64



The secondg

ulti-way valve 65 is smntnhﬁmmgg%gg§; 24 aEn g ' ﬁﬂﬁbEMﬁNﬁ%HEET
e &

t he novenght together of the two halve aus rotation

the spingfe, the hydraulic fluid d| %— yl).g‘ﬁ"s _________
by the #F spindle piston 62 is able to the hyd

67 to ghe tank T. The third nmulti-way valve 66 |s switched to position

b, éh~‘ring that the pressure transmtting space 18 and the valve sleeve
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with three switch positions a to ¢, a ‘second multi-way
valve 65 with switch positions a and b and a third
multi-way valve 66 with switch positions a and b.

The aforedescribed multi-way valves 64 to 66 are

connected by hydraulic lines 67 to 70 to the opening-

side pressure transmitting space 24, the spindle
_ cylinder 63, the second closure-side cylinder space 47,
E) , the opening-side cylinder space 31, 33 and the tank T.

3.2 Functional description

3.2.1 Closure of the mould closing device, rapid movement
For this, the first multi~way valve 64 is switched to
position ¢y causing the second closure-side cylinder

. space 47 to be exposed to pressurised medium from the
pressurised medium source P and the piston unit 46
assumes the right-hand abutment position shown in Fig.3.
The second multi-way valve 65 is switched to position a
whereby, upon the movement together of the two halves 2
and 3 caused by rotation of the spindle, the hydraulic
fluid displaced from the spindle cylinder 63 by the
spindle piston 62 is able to flow through the hydraulic
line 67 to the tank T. The third multi-way valve 66 is
switched to position b, ensuring that the pressure
transmitting space 18 and the valve sleeve 21 remain in
the position shown in Fig. 3 in which, when the pistons
13 to 16 travel into the closured position, there is an
exchange of fluids between the opening-side cylinder
spaces 31 and 33 and the closure-side cylinder spaces 27
to 30.

3.2.2 Closure pressure build-up
For this, the first multi-way valve 64 is switched to
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position a so that the nydraulic fluid contained ‘in

the second closure-side cylinder space 47 is able to
flow through the hydraulic line 69 to the tank T when
the screw drive 38 is further rotated while the pistons
13 to 16 are in the closed position, so that the spindle
piston 62 can penetrate farther into the spindle
cylinder 63 in order to generate hydraulic pressure
_ which is to be applied to the pressure transmitting
j) piston 18. Since the pistons 13 to 16 are in the closed
position, in which the tool halves 2 and 3 rest on each
other, rotation of the screw drive 38 produces a dis-
placement of the piston unit 46 to the left by the
amount by which the spindle piston 62 penetrates the
spindle cylinder 63. The second multi-way valve 65 is
then switchefl to position b and the third multi-way
valve 66 is switched to position a so that the
hydraulic pressure generated in the spindle cylinder 63
can be conveyed via the lines 68 and 67 to the pressure
transmitting piston 18. By means of the pressure
transmitting piston 18, there is then an increase in
: pressure appropriate to the build-up of closure force,
) in accordance with the functional description under
1.2.2.

3.2.3 Pressure dissipation

In order to relieve the closure pressure acting on the
annular'piston surfaces 13' to 16', the first multi-way
valve 64 is switched to position a so that the second
closure-side cylinder space 47 is in a secondary suction
state of communication with the tank T. The second
multi-way valve 65 and the third multi-way valve 66 are
both switched to position a so that the pressure from
the opening-side pressure transmitting space 25 and the
spindle cylinder 63 is able to expand to the tank T.
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3.2.4 Opening of the mould closing device, rapid movement

For this, the first multi-way wvalve 64 is switched to

position ¢ in which the second closure side cylinder

space 47 is exposed to the action of pressurised medium

from the pressurised medium source P, so that the piston

unit 46 is pushed into the abutment position shown in

Fig. 3. To this end, there is at the same time a
_ _rotation of the screw drive 38 to allow a resetting of
i the piston unit 46 so that after this reaches its
abutment, the opening movement can be performed. The
second multi-way valve 65 is switched to position a so
that hydraulic fluid can be drawn through the hydraulic'
lines 68 and 67 from the tank T and passed into the
spindle cylinder 63. The third multi-way valve 66 is
switched to-*position b, ensuring that the pressure
transmitting piston 18 and the valve sleeve 21 are in
the retracted position, opening the port 26 so that
during the opening movement there is an unhindered
exchange of fluids between the closure-~side cylinder -
spaces 27 to 30 and the opening-side cylinder spaces 31
and 33, excess fluid being capable of being discharged
to the tank T via hydraulic line 61.
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A mould closing device for an injection moulding machine

Abstract

In the case of a mould closing device for an injection
moulding machine, there are mounted in the fixed and in the
movable mould clamping plates screw drives which are freely
rotatable in the fixed mould clamping plate and are axially
braced in one direction and which are mounted in the movable
mould clamping plate in spindle nuts which are mounted
therein. To actuate the screw drives for the closing and
opening strokes of the movable mould clamping plate, a
rotary'drive is provided and similarly, for building up the
closure force, a hydraulic _pistoh-cylinder unit which is
operatively connected to the screw drives. In order to
ensure that while guaranteeing a high closure pressure by
the hydraulic piston-cylinder unit, the propulsion drive of
the drive screws need only be designed essentially to meet
the demands of a rapid opening and closing movement, it is
proposed that the hydraulic piston-cylinder unit consist of
one or a plurality of pistons and hydraulic cylinders,
pressurised medium being applied to it, in order to build up
closure pressure, by piston-cylinder units adapted to be
driven by drive screws, through the interposition of
pressure transmitting means.

Fig. 1
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A mould closing device for an injection moulding machine

Patent claims

1. A mould closing device for an injection moulding
machine and comprising . a fixed mould clamping plate
supporting one tool half, a movable mould clamping plate
carrying the other tool half, with screw drives which are
axially supported in one direction and are freely rotatable
in the fixed mould clamping plate and are mounted in the
movable mould clamping plate in a spindle nut fixed therein,
with a rotary drive for actuating the screw drives for the
cloéing and opening travels of the movable mould clamping
plate and with, operatively connected to the screw drives, a
hydraulic piston-cylinder unit for building up the closing
force, characterised in that the movement of and trans-
mission of force for the movable mould clamping plate during
opening and closing is provided during rapid movement solely
by the screw drives (36, 38) and in that the hydraulic
piston-cylinder unit consists of one or a plurality of
pistons (13, 14, 15, 16) and hydfaulic cylinders (9, 10, 11,
12), to which, for the build-up of closing force,
pressurised medium is applied by piston-cylinder units (45,
46; 62, 63) adapted to be driven by the screw drives (36,
38)'thrbugh one or a plurality of interposed pressure trans-
mitting means.

Wher, L
& i

2. A mould closing device according to claim 1,
characterised in that
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- there are fixed on the movable moulding claﬁping piate

(4) two types of piston-column units (5, 6, 7, 8) which
pass thrbugh the fixed mould clamping plate (1) in which
they are guided by means of pistons (13, 14, 15, 16) in
hydraulic cylinders (9, 10, 11, 12), the piston-column
units (6, 8) of one type comprising one screw drive
device while the piston-column unit (5, 7) of the other
type comprisés a pressure transmitting means,

- the pistons (13, 14, 15, 16) sub-divide the hydraulic
cylinders (9, 10, 11, 12) in each case into a closure-side
cylinder space (27, 28, 29, 30) and an opening-side
cylinder space (331, 32, 33, 34),

- all closure-side cylinder spaces (27, 28, 29, 30) are
connected to one another via ducts (35),

- the pressure transmitting means consist in each case of a
pressure transmitting piston (18) having differential
piston surfaces (19' and 19"), a pressure transmitting
cylinder (17) and a valve body (21), the valve trans-
mitting piston (18) sub-dividing the pressure transmitting
cylinder (17) into a closure-side pressure transmitting
space (24) and an opening-side pressure transmitting space
(25), the wvalve body (21) being adapted to be switched
between positions which open and close a port (26) from
the closure-side'cylinder space (27, 28, 29, 30) to the
opening-side cylinder space (31, 33),

- the drive'screw arrangements in each case consist of a
spindle nut (39) fixed in the piston (14, 16) and a screw
drive (36) in screw threaded engagement therein and which
has one end immersed in a cyiindrical recess (40) in the
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piston column means (6, 8) while the other end passes
through the main hydraulic cylinder (10, 12) and is.guided
on the one hand by a piston unit (46) in a second
hydraulic cylinder (45) and on the other passes through
the second hydrauiic cylinderl(45) and has a rotary drive
coupled to the end part (42),

- the piston unit (46) of each screw drive (36) sub-divides
the second hydraulic cylinder (45) into a second closure-
side <cylinder space (47) and a second opening-side
cylinder space,

- in a first function position (closing movement, rapid
speed) of a hydraulic system a first multi-way valve (49)
can be switched into a position ¢ in which the second
closure-side cylihder_space (47) can be connected to a
source P of pressurised medium, and a second multi-way
valve (51) can be switched into a position b in which a
hydraulic line (50) leading from the second closure-side
cylinder space (47) to the opening-side pressure cylinder
space (25) 1is interrupted, the pressure transmitting
piston (18) and the val&e casing (21) being in a basic
position which opens the port (26),

- in a second function position (closure preSsure build-up)
of the hydraulic system the second closure-side cylinder
space (47) can be connected to the opening side pressure
transmitting space (25), the first multi-way valve (49)
being in the position b and the second multi-way valve
(51) being in position a,

‘'~ in a third function position (pressure dissipation) of the
hydraulic system the second closure-side cylinder space

(47) and the opening side pressure transmitting space (25)
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can be switched to be pressureless, the first multi-way
valve (49) and the second multi-way valve (51) being in
each case in the switched position a, and

- in a fourth function p031t10n corresponding to the first
function position (openlng movement, rapid speed) of the
hydraulic system the first multi-way valve (49) can be
switched into position ¢ and the second multi:way valve
(51) into position b. |

3. A mould closing device according to claim 1, charac-
terised in that there -are fixed on the movable mould
clamping plate (4) two types of piston-column units (5, 6,
7, 8) which pass through the fixed mould clamping plate (1)
in which they are guided by means of pistons (13, 14, 15,
16) in hydraulic cylinders (9, 10, 11, 12), the piston-
column units (6, 8) of one type comprising one screw drive
device while the piston-column unit (5, 7) of the other type
comprises a pressure transmitting means,

- the pistons (13, 14, 15, 16) sub-divide the hydraulic
cylinders (9, 10, 11, 12) in each case into a closure-side
cylinder space (27, 28, 29, 30) and an opening-side
cylinder space (331, 32, 33, 34),

- all closure side cylinder spaces (27, 28, 29, 30) are
connected to one another via ducts (35),

- the pressure transmitting means consist in each case of a
pressure transmitting piston (18) having differential
piston surfaces (19' and 19"), a pressure transmitting
cylinder (17) and a valve body (21), the wvalve trans-
mitting piston (18) sub-dividing the pressure transmitting

*
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cylinder (17) into a clusure-side pressure transmitting

space (24) and an opening-side pressure transmitting space
(25), the wvalve body (21) being adapted to be switched
between positions which open and close a port (26) from
the closure-side c¢ylinder space (27, 28, 29, 30) to the
opening-side cylinder space (31, 33),

- the drive screw arrangements in each case consist of a

" spindle nut (39) fixed in the piston (14, 16) and a screw
drive (36) in screw threaded engagement therein and which
has one end immersed in a cylindrical recess (40) in the
piston column means (6, 8) while the other end passes
through the main hydraulic cylinder (10, 12) and is guided
on the one hand by a piston unit (46) in a second
hydraulic cylinder (45) and on the other passes through
the second hydraulic cylinder (45) and has a rotary drive
coupled to the end part (42), |

- the piston unit (46) of each screw drive (36) sub-divides
the second hydraulic cylinder (45) into a second closure-
side cylinder space (47) and a second opening-side
cylinder space,

- in a first function position (closing movement, rapid
speed) of a hydraulic system a first multi-way valve (49)
can be switched into a position ¢ 'in which the second
closure-side cylinder space (47) can be connected to a
source P of pressurised medium, and a second multi-way
valve (51) can be switched into a position b in which a
hydraulic line (50) leading from the second closure-side
cylinder space (47) to the opening-side pressure cylinder
space (25) is interrupted, <*ne pressure ‘transmitting
piston (18) and the valve casing .l1) being in a basic
position which opens the port (26),
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- in a second function position (closure pressure bulld-up)

of the hydraulic system the second closure-side cylinder
space (47) can be connected to the openihg side pressure
transmitting space (25), the first multi-way wvalve (49)
being in the position b and the second multi-way valve
(51) being in position a, '

in a third function position (pressure dissipation) of the
hydraulic system the second closure-side cylihder space
(47) and the opening side pressure transmitting space (25)
can be switched to be pressureless, the first multi-way
valve (49) and the second multi-way valve (51) being in
each case in the switched position a, and

the drive screw arrangements in each case consist of a
spindle nut (39) fixed in the piston (14, 16) and a drive
screw (38) disposed in screw threaded engagemeht therein,
having one end guided by a spindle piston, (62) in a
spindle cylinder (63) constructed in the piston-column
unit (6, 8), the other end traversing the main hydraulic
cylinder (10, 12) and being guided on the one hand th;ough
a piston unit (46) in a second hydraulic cylinder (45) and
on the other traversing the second hydraulic cylinder (45)
and being coupled by its end part (42) to a rotary drive,

the piston unit (46) of each drive screw (38) sub-divides
the second hydraulic cylinder (45) into a second closure-
side cylinder space (47) and a second opening-side
cylinder space,

in a first function position (closure movement, rapid
movement) of the hydraulic system the first multi-way
valve (64) can be switched to a position ¢ in which the
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second closure-side cylinder space (47) can be subjected to

pressurised medium from the source P, a second multi-way
valve (65) can be switched into position a in which the
spindle cylinder (63) can be connected to the tank T and a
third multi-way valve (66) can be switched into position b
with which the hydraulic 1line (67) to the lpressure
transmitting system'is interrupted, '

‘- in a second function position (closure pressure build-up)
of the hydraulic system the first multi-way valve (64) can
be switched to position a in which the pressurised
medium contained in the second closure-side cylinder space
(47) can be expanded to the tank T, the second multi-way
valve (65) can be switched to position b and the third
multi-way valve (66) can be switched to position a in
which the multi—way'valve (65) blocks the line to the tank
T and the multi-way valve (66) connects the spindle
cylinder (63) to the opening-side pressure transmitting
space (25), '

- in a third function position (pressure dissipation) of the
hydraulic system the first multi'-way valve (64) can be
switched to position a .in which the pressurised medium
contained in the second closure-side cylinder space (47)
can be expanded and passed to the tank T, the second
multi-way valve (65) "and the third mﬁlti-way valve (66)
can be switched in each case to the position a so that
the pressure from the opening-side pressure transmitting
space (25) and the spindle cylinder (63) can be expanded
and passed to the tank T, and

- in a fourth function position corresponding to Ehe first
function position (open in rapid movement), the first
multi-way valve (64) can be switched to position ¢ in

]
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whicH the second closure-side cylinder space (47)'¢an be
connected to the pressurised medium source P, the second
multi-way valve (65) can be switched to the position a in
which hydraulic fluid can be drawn from the tank T and
pass into the spindle cylinder (63) and the third multi-
way valve (66) can be ‘switched to position b in which
the hydréulic line (67) to the opening-side pressure
transmitting space (25) is interrupted. )

4. A mould closure device for an injection moulding
machine having a fixed mould clamping plate carrying one
tool half, a movable mould clamping plate carrying the other
tool half, with drive screws which are mounted to be axially
supported in one direction and to be freely rotatable in the
fixed mould clamping plate and which are mounted in the
movable mould clamping plate in a spindle nut fixed therein,
with a rotary drive to actuate the drive screws for the
.closing and opening travels of the movable mould clamping
plate and with a hydraulic piston-cylinder unit which is
operatively connected to the drive screws for building-up
the closure pressure, characterised in that

there are fixed on the movable moulding clamping plate (4)
two types of piston-column units (5, 6, 7, 8) which pass
through the fixed mould clamping plate (1) in which they
are guided by means of pistons (13, 14, 15, 16) in
hydraulic cylinders (9, 10, 11, 12), the piston-column
units (6, 8) of one type comprising one screw drive device
while the piston-column unit (5, 7) of the other type
comprises a pressure transmitting means,



14

- oae

T REPLACEMENT SHEET

i o L0 MAL 100
B —
OO o

- the pistons (13, 14, 15, 16) sub-divide thé hydraulic
cylinders (9, 10, 11, 12) in each case into a closure-side
cylinder space (27, 28, 29, 30) and an opening-side
cylinder space (31, 32, 33, 34),

- all closure side cylinder spaces (27, 28, 29; 30) are
connected to one another via ducts (35),

- the pressure transmitting means consist in eachlbase of a
pressure transmitting piston (18) having differential
piston surfaces (19' and 19"), a pressure transmitting
cylinder (17) and a valve body (21), the valve trans-
mitting piston (18) sub-dividing the pressure transmitting
cylinder (17) into a closure-side pressure transmitting
space (24) and an opening-side pressure transmitting space
(25), the valve body (21) being adapted'to be switched
between positions which open and close a port (26) from
the closure-side cylinder space (27, 28, 29, 30) to the
opening-side cylinder space (31, 33),

- the drive screw arrangements in each case consist of a
spindle nut (39) fixed in the piston (14, 16) and a screw
drive (36) in screw threaded engagemeht therein and which
has one end immersed in a cylindrical recess (40) in the
piston-column means (6, 8) while the other end 'passés
through the main hydraulic cylinder (iO, 12) and is guided
on the one hand by means of an axial bearing (41) and on

the other is coupled to a rotary drive via the end part
(42),

- in a first function position (closure movement in rapid

speed) of a hydraulic system a multi-way valve (56) can be

switched to a position b in which the opening-side
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pressure transmitting space (25) is connected to the tank
T in a substantially pressureless state,
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- in a second function position (closure force build-up) of
the hydraulic sys_tém in which the tool halves (2 and 3)
rest on each other, the multi-way valve (56) can be
switched to a position in which via the hydraulic 1line
-(58) the opening-side pressure transmitting space (25) of
the pressure transmitting means is connected to the source
P of pressurised medium,

- in a third function position (pressure dissipation) of the
hydraulic system the multi-way valve (56) can be switched
to a position a in which the pressurised medium can
expand out of the opening-side pressure trqpsmitting space
(25) via hydraulic lines (58 and 60) to the tank T, and

- in a fourth function positidn (opening movement in rapid
speed) of the hydraulic system the multi-way wvalve (56)
can be switched to a position b in which the pressure
transmitting means is maintained in a position which keeps
the port (26) open. '

5. A mould closing device according to one of claims 1 to
4, characterised in that there are in the fixed mould
clamping plate (1) four pistons (13, 14, 15, 16) of piston-
column units (5, 6, 7, 8) in which there are in each case
diagonally oppositely disposed two drive screw arrangements
and two pressure transmitting means.

6. A mould closing device according to one of claims 1 to
5, characterised in that the pressure transmitting piston
(18) consists of a piston part :19) of a larger diameter and
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a piston part (20) of a smaller diameter, wheréby there is
mounted on this latter for axial displacement the valve body
which consists of a valve sleeve (21) and which is coupled
to the pressure transmitting piston (18) with the proviso
that upon displacement of the pressure transmitting piston
(18) in a direction opposite to the piston (13, 15) there is
an entraining of the valve sleeve (21) and which has on its
periphery an axial groove (22) via which it is possible to

pass pressurised medium from the port (26) to the annular’

piston surface (19") of the pressure transmitting piston
(18).
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A mould closing device for an injection moulding machine

The invention relates to a mould closing device for
‘injection moulding machines in accordance with the preamble
to claim 1. '

A mould. closing device of this +type 1is known from
DE 37 18 106 A 1 (construction as shown in Fig. 5), in which
the movable mould ‘clamping plate can be propelled in the
closing and opening directions by means of screw drives
supported in the fixed mould clamping plate and in which the
closing pressure is built up by means of hydraulic piston-
cylinder units which are supported in the fixed mould
clamping plate and which act upon the screw drives. Where
this arrangement is concerned, in addition to the opening
and closing travels which have to be performed rapidly, the
spindles also assume the full tractive force when the
ciosing force is generated by the hydraulic piston-cylinder
units. Therefore, the screw drives have to be designed to
handle the movement as well as the closing force function,
which means that they have to be made relatively heavy.

Furthermore, known from EP 0 381 107 A2 is a mould closing
device in which screw drives mounted in the fixed mould
clamping plate are coupled to the movable mould clamping
plate by means of spindle nuts which produce the opening and
closing movements wvia -a rotary drive. - Since the closing
pressure is built up via hydraulic piston-cylinder units
which are braced on the spindle 'nuts, then here, too, the
screw drives have to be designed so that they can absourb the

i,

tractive forces resulting from the high closing pressure.
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Therefore, the invention is based on the proi)lem of so

further developing a mould closing device of the afore-
mentioned type that while ensuring the high closing pressure
by a hydraulic piston-cylinder unit, . the movement drive by
means of screw drives only has to be designed to meet the
demands for rapid opening and closing movements.

This problem is resolved by the characterising features of .
. -~ the subordinate claims 1 and 4. '

Advantageous further developments and measures accofdj.ng to
the invention_ are indicated in the sub-claims.

The invention is explained in greater detail hereinafter
with reference to three embodiments shown in the accompany-
ing drawings, in which:

Fig.l shows a diagrammatic longitudinal section through a
mould closing device of an injection moulding machine
and taken along the line I-I in Fig. 4;

Fig.2 is a diagrammatic longitudinal section through
another embodiment of mould closing device;

Fig.3 - is a diagrammatic iongitudinal section through a -
further -embodiment of mould closing device, and

Fig.4 shows a cross-section taken on the 1line IV-IV in.
Fig.1l and jointly applicable to the mould closing
devices shown in Figs. 1 to 3.

Fig.l shows a mould closing device for an injection moulding
machine and comprising a fixed mould clamping plate 1 with a
first tool half 2 and with a movable mould clamping plat'e 4
carrying the second tool half 3 and in which are fixed four
piston-column units 5 to 8 which pass through the fixed
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mould clamping plate 1 by being guided for displacément in
this latter in four main hydraulic cylinders 9 to 12 with
pistons 13 to 16.

The four piston-colﬁmn units 5 to 8 consist of two'types, of
which the piston-column units 5 and 7 are equippeﬁ in each
case with a pressure transmitting means while the piston-
column units 6 and 8 are in each case equipped with a screw

" drive arrangement.

The pressure transmitting means of the piston-column units 5
and 7 consist in each case of a pressure transmitting
cylinder 17 in which is guided a two-stage pressure trans-
mitting piston 18 comprising a larger thrust piston 17
corresponding to the diameter of the pressure transmitting
cylinder 19 and a smaller thrust piston 20 enclosed by a
valve body consisting of a valve sleeve 21.. In its outside
diameter, the valve sleeve 21 corresponds substantially to
the diameter of the pressure transmitting cylinder 17 and is
guided for axial displacement in this latter as well as in
respect of the smaller thrust piston 20. The valve éleeve
21 has on its outer surface at least one axially continuous
groove 22. The axial displaceability of the valve sleeve 21
is limited in the direction of closure by the outer ring
abutment 23 and in the opening direction by abutment means
(not shown) acting between the end bart of the smaller
thrust piston 20 and the end part on' the inner periphery of
the valve sleeve 21.

The pressure transmitting piston 18 sub-divides the pressure
transmitting cylinder 17 into a closure-side pressure trans-
mitting space 24 and an opening-side pressure transmitting
space 25.

|

i
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The pressure transmitting space 25 on the opening;side is a
constituent part of a port 26 in the piston 13, 15 which
sub-divides the main hydraulic cylinder 9, 11 into a
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closure-side cylinder space 27, 28 and an opening-side
cylinder space 31, 32. The port 26 can be closed by the
valve sleeve 21. ' ‘ '

In the same way, the pistons 14 and 16 of the piston-column

"units 6 and 8 each of which is equipped with a sciew drive
arrangement, sub-divide these main cylinder spaces 10 and 12
into closure-side cylinder spaces 29 and 30 and opening-side
cylinder spaces 33 and 34. '

All the closure-side cylinder spaces 27, 28 and 29, 30 are
connected to one another by ports 35.

The screw drive arrangements of the piston-column units 6
and 8 consist in each case of a screw drive 36, 37, 38 which
is in screw threaded engagement with a spindle nut 39 fixed
in the piston 14, 16 and which fits into a recess 40 in the
piston-column arrangement 6 and 8.

The screw drives 36, 37, 38 further comprise an axial
bearing 41 and an end part 42 by which the screw drive is
axially displaceably coupled to a rotary drive, of which
only one drive pinion 43 is shown but which is'adapted to be -
driven by a belt. transmission 44 with a servomotor and with
a 'positioning adjustlng means. Preferably, the servomotor
is an electric motor.

The aforedescribed features and means -are identically in the
three embodiments shown in Figs.l to 3. Hereinafter, there-
fore, only the peculiarities of the respective embodiments
are described.

e——— - 4]
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The screw drive 36 in the embodiment shown in Fig. 1

passes - through the opening-side cylinder

space 32 and

projects into a adjacent' second cylinder sﬁace 45 in
which the axial bearing 41 of the Screw drive 36 is
mounted in a piston unit 46 which sub-divides the second

cylinder space 45 into a second closure-side cylinder

space 47 and a second opening-side cylinder space (not
present in the switched position of the plston unit 46

as illustrated).

From the second closure-side cylinder

space 47, a

hydraulic line 48 leads to a first multi-way wvalve 49

(4/3-way valve) with switching positions

a, be and c.

From the hydraulic line 48, a hydraulic line 50 branches
off to a second multi-way valve 51 (4/2-way Valve) with
switching positions a. and b by which a connection can be

made or broken between the second closure-

side cylinder

space 47 and the opening-sidé thrust cylinder space 25.
Via the first multi-way valye 49, the hydraulic line 48
can be switched optionally to a pressurised medium

source P or via a non-return valve 52 with

back pressure

(6 bars) to the tank T. Via a second non-return valve 53
which functions as a secondary section valve, hydraulic

fluid can be drawn from the tank T. The opening-side cy-

linder space 31 is connected by a hydraulic line 54 and

the non-return valve 52 with back pressure

1.2 Functional description

to the tank T

1.2.1 Closure of the mould closing device, rapid movement

For this, the second closure-side cylinder space 47 is
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the position ¢ of the first multi-way valve 49, where-
upon the piston unit 46 assumes the right-hand position
of abutment shown in Fig. 1. The second multi-way valve
51 is in switched position b, ensuring that the pressure
transmitting piston 18 maintains the wvalve sleeve 21 in
the position shown in Fig. 1 in which the passage or
port 26 between the. closure-side cylinder space 27 and
the opening-side cylinder space 31 is open.

By rotation of the screw drive 36, the two halves 2 and
3 of the.t001 are moved towards each other until they
abut each other. Due to the fact that the screw drive
31 is driven by an electric servomotor with a position
adjustment facility, precised positioning is possible.
buring the movement of the tool halves 2 and 3 towards
each other, there is a redistribution of the hydraulic
fluid from the opening-side cylinder -spaces 31 and 33
via the ports 26 and passages 35 to the closure-side
cylinder spaces 27 to 30, any shortage of hydraulic
fluid being replaced via the line 54 and the secondary
suction valve 53. '

1.2.2 Closure pressure build-up

For this, the first multi-way valve 49 is moved to
position b and the second muiti—way valve 51 to
position a. Upon further rotation of the screw drive 36
in the closure direction, the piston unit 46I(in the
illustration in Fig.l) is displaced leftwardly whereupon
the hydraulic fluid contained in the second closure-side
cylinder space 47 passes through.the hydraulic lines 48
and 50 and the second multi-way valve 51 and into the
opening-side pressure transmitting space 2% and causes a
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displacement of the pressure transmitting piston 18 and
of the valve sleeve 21 so that at first the valve sleeve

21 closes the port 26. Further displacement of the
pressure transmitting piston 18 produces, by virtue of
the differential pressure surfaces 19' and 19" an
increase in pressure which becomes propagated via the
continuous groove‘ 22 in the valve sleeve 21 and
generates the required closure pressure at the annular
piston surfaces 13' to 16°'. .

1.2.3 Pressure dissipation

In order to relieve the closure pressure acting on the
annuiar piston surfaées 13' to 16', the second multi-way
valve 51 is moved to switched position a and the first
mﬁlti-way valve 49 to switched position a, whereupon
the pressure transmitting piston 18 is switched to the
tank T in a pressureless condition. The second closure-
side cylinder space 47 is connected to the pressurised
medium source P so that the piston unit is reset in the
abutment position shown in Fig. 1.

1.2.4 Opening of the mould closing device, rapid movement
For this stage, the first and the second multi-way
valves 49 and 51 are moved into the same switched
position as when carrying out the closure process but
the direction of rotation of the screw drives 36 is
reversed, so that the tool halves 2 and 3 move away from
each other. ' .

2. Embodiment shown in Fig. 2
2.1 Design

Where the embodiment shown in Fig. 2 is concerned, the
screw drive 37 is, by means of an axial bearing 41,
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freely rotatably but axially non-displaceably mounted in
a housing 55 adjacent the main hydraulic cylinder 10.
The hydraulic system consists of a pressurised medium
source P, a multi-way valve 56 with switched positions
a, b and c, a freely switchable non-x_'eturn valve 57, a
secondary suction valve 53, a non-return valve 52 with
back pressure, a tank T and hydraulic lines 58 to 6l.

2.2 Functional description

2.2.1 Closure of the mould closing device, rapid movement

For this, the multi-way valve 56 1is switched to the
position b shown in Fig. 2 ensuring that the péssage
26 in the piston 13, 15 remains open so that upon
rotation of the screw drive 37 and of the movement of
the tool halves 2 and 3 towards each other which this
produces, the hydraulic fluid is able to flow out of the
two opening-side cylinder spaces 31 and 33 into the
closure side cylinder spaces 27 to 30, any lack of fluid
being drawn in via the secondary suction valve 53 and
the hydraulic line 61. Rotation of the screw drive 37
is stopped when the two halvés 2 and 3 of the tool have
come to rest on each othér.

2.2.2 Closure pressure build-up

‘To achieve this, the multi-way valve 56 is moved to
position ¢ in which the hydraulic fluid passes from
the pressurised medium soui:.ce P through the hydraulic
line 58 and into the closure-side pressure transmitting
space 24 producing, by means of the pressure trans-
mitting piston 18, the buiid-up of closure pressure
which is described with reference to 1.2.2.

't
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2.2.3 Pressure dissipation

To relieve the closure pressure acting on the annular
piston surfaces 12' to 16', the multi-way valve 56 is
moved to switch position a in which, via the hydraulic
line 59, the non-return valve 57 is cleared, whereupon
the pressure biassing the pressure reducing (sic')
piston 18 is able to expand to the tank T 'Via the
hydraulic lines 58 and 60.

2.2.4 Opening of the mould closing device, rapid movement
For this phase, the multi-way wvalve 56 is moved to
switch position b. By rotation of the screw drive 37
so that the tool halves 2, 3 move apart, a pressure is
generated in the closure-side cylinder spaces 27 which,
via the port 26, produces a resetting of the pressure
transmitting piston 18 and of the valve sleeve 21 into
the position shown in Fig. 2 so that the port 26 between
the closure-side cylinder spaces 27, 29 is completely
clear so that upon the movement apart, it is possible
for the volumes between the closure-side cylinder spaces
27 to 30 and the opening-side cylinder spaces 31 to 33
to become eqgualised. Excess hydraulic fluid is
discharged to the tank T via the hydraulic line 61.

3. Embodiment shown in Fig. 3

3.1 Design _
The drive-side part of the screw drive 38 in Fig. 3
corresponds to the screw drive 36 in Fig. 1. At the end
which fits into the piston—column'unii 6 (8) the screw
drive 38 has a hydraulic spindle piston 62 guided in a
spindle cyllnder 63. The hydraulic system consists of a
pressurised medium source P, a.first multi-way valve 64
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with three switch positions a to ¢, a second multi-way
valve 65 with switch positions a and b and a third
multi-way valve 66 with switch positions a and b.

The aforedescribed multi-way valves 64 to 66 are
connected by hydraulic lines 67 to 70 to the opening-
side pressure - transmitting space 2'4, the spindle
cylinder 63, the second closure-side cylinder space 47,
the opening-side cylinder space 31, 33 and the tank T.

3.2 Functional des_éription

3.2.1 Closure of the mould closing device, rapid movement

For this, the first multi-way valve 64 is switched to
position ¢, causing the second closure-side cylinder
space 47 to be exposed to pressurised medium from the
pressuriséd medium source P and the piston unit 46
assumes the right—hand abutment position shown in Fig.3.
The 'second multi-way valve 65 is switched to position a
whereby, upon.the movement together of the two halves 2
and 3 caused by rotation of the spindle, the hydraulic
fluid displaced from the spindle cylinder 63 by the
spindle piston 62 is able to flow through the hydraulic
line 67 to the tank T. The third multi-way valve 66 is
switched to position b, ensuring that the pressure

transmitting space 18 and the valve sleeve 21 remain in

the position shown in Fig. 3 in which, when the pistons
13 to 16 travel into the closured position, there is an
"exchange of fluids between the opening-side cylinder
spaces 31 and 33 and the closure-side cylinder spaces 27
to 30.

3.2.2 Closure pressure build-up

For this, the first multi-way valve 64 is switched to
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cylindér 63 in order to generate hydraulic pressure
which is to be applied to the pressure transmitting
piston 18. Since the pistons'13'to 16 are in the closed
position, in which the tool halves 2 and 3 rest on each
other, rotation of the screw drive 38 produces a dis-
placement of' the piston unit 46 to the 1left by the
amount by which the spindle piston 62 penetrates the
spindle cylinder 63. The second multi-way valve 65 is
then switched to position b and the third multi-way
valve 66 is switched to position a so that the
hydraulic pressure generated in the spindle cylinder 63
can be conveyed via the lines 68 and 67 to the pressure
transmitting - piston 18. By means of the pressure
transmitting piston 18, there is then an increase in
pressure appropriate to the build-up of closure force,
in accordance with the functional description under
1.2.2.

3.2.3 Pressure dissipation

In order to relieve the closure préssure acting on the
annular piston surfaces 13' to 16', the first multi-way
valve %4 is switched to position a so that the second
closure-side cylinder space 47 is in a secondary suction
state of communication with the tank T. The second
multi-way valve 65 and the third.multi—way valve 66 are
both switched to position a so that the pressure from
the opening-side pressure transmitting space 25 and the
spindle cylinder 63 is able to expand to the tank T.
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3.2.4 Opening of the mould closing dev1ce, rapid movement
For this, the first multi-way valve 64 is switched to
position ¢ in which the second closure side cylinder
space 47 is exposed to the action of pressurised medium
from the pressurised medium source P, so that the piston
unit 46 is pushed into the abutment position shown in
Fig. 3. To this end, there is at the same time a

. rotatlon of the screw drive 38 to allow a resettlng of
the piston unit 46 so that after this redaches its
abutment, the opening movement can be performed. The
second multi-way valve 65 is switched to position a so
that hydraulic fluid can be drawn through the hydraulic
lines 68 and 67 from the tank T and passed into the
spindle cylinder 63. The third multi-way valve 66 is
switched to position b, ensuring that the pressure

. transmitting piston 18 and the valve sleeve 21 are in
the retracted position, opening the port 26 so that
during the opening movement there is an unhindered
exchange of fluids between the closure-side cylinder
spaces 27 to 30 and the opening-side cylinder spaces 31
and 33, excess fluid being capable of being discharged
to the tank T via hydraulic line 61.
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A MOULD CLOSING DEVICE FOR AN INJECTION MOULDING MACHINE

In the mould cldsing device for an injection moulding machine, in the fixed (1) and
movable (4) clamping plate are fitted movement spindles {36) which can rotate
freely in the fixed clamping plate (1) and are axially supported in one direction and
borne in spindle nuts (39) secured in the movable clamping plate (4). For actuating
the movement spindles (36) for the closing and opening stroke of the movable
clamping plate (4) there is a belt transmission {44) and a hydraulic piston-cylinder
unit (45, 46) in operative connection with the movement spindles for accumulating
the closing force. To ensure that, while maintaining a high closing pressure
exerted by the hydraulic piston-cylinder unit, the actuating drive of the movement
spindles is to be designed only in accordance with the requirements for fast
opening and closing movements, it is proposed that the hydraulic piston-cylinder
unit consist of one or more piston and hydraulic cylinders, to which pressurising
agent is applied, for accumulating the closing pressure, by the piston-cylinder unit
drivable by the movement spindles with the insertion of pressure transmission
devices (19).

(Figure 1)
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A mould closing device for an injection moulding machine
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1. A mould closing device for an injection moulding
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Patent claims

machine and comprising a fixed mould clamping plate
supporting one tool half, a movable mould clamping plate
carrying the other tool half, with screw drives which are
axially supported in one direction and are freely rotatable
in the fixed mould clamping plate and are mounted in the
movable mould clamping plate in a spindle nut fixed therein,
with a rotary drive for actuating the screw drives for the
closing and opening travels of the movable mould clamping
plate and with, operatively connected to the screw drives, a
hydraulic piston-cylinder unit for building up the closing
force, characterised in that the movement of and trans-
mission of force for the movable mould clamping plate during
opening and closing is provided during rapid movement 501e1y
by the screw drives (36, 38) and in that the hydraulic
piston-cylinder unit consists of one or a plurality of
pistons (13, 14, 15, 16) and hydraulic cylinders (9, 10, 11,
12), to which, for the build-up of closing force,
pressurised medium is applied by piston-cylinder units (45,
46; 62, 63) adapted to be driven by the screw drives (36,
38) through one or a plurality of interposed pressure trans-

mitting means.

2. A mould closing device according to claim 1,
characterised in that
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- there are fixed on the movable moulding c.amping plate
(4) two types of piston-column units (5, 6, 7, 8) which
pass through the fixed mould clamping plate (1) in which
they are guided by means of pistons (13, 14, 15, 16) in
hydraulic cylinders (9, 10, 11, 12), the piston-column
units (6, 8) of one type comprising one screw drive
device while the piston-column unit (5, 7) of the other
type comprises a pressure transmitting means,

- the pistons (13, 14, 15, 16) sub-divide the hydraulic
cylinders (9, 10, 11, 12) in each case into a closure-side
cylinder space (27, 28, 29, 30) and an opéning-side
cylinder space (331, 32, 33, 34),

- all closure-side cylinder spaces (27, 28, 29, 30) are

connected to one another via ducts (35),

- the pressure transmitting means consist in each case of a
pressure transmitting piston (18) having differential
piston surfaces (19' and 19?), a pressure transmitting
cylinder (17) and a valve 5ody (21), the wvalve trans-
mitting piston (18) sub-dividing the pressure transmitting
cylinder (17) into a closure-side pressure transmitting
space (24) and an opening-side pressure transmitting space
(25), the wvalve body (21) being adapted to be switched
between positions which open and close a port (26) from
the closure-side cylinder space (27, 28, 29, 30) to the
opening-side cylinder space (31, 33),

- the drive screw arrangements in each case consist of a
spindle nut (39) fixed in the piston (14, 16) and a screw
drive (36) in screw threaded engagement therein and which
has one end immersed in a cylindrical recess (40) in the
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through the main hydraulic cylihder (10, 12) and is guided
on the one hand by a piston unit (46) 1in a second
hydraulic cylinder (45) and on the other passes throujh
the second hydraulic cylinder (45) and has a rotary drive
coupled to the end part (42),

- the piston unit (46) of each screw drive (36) sub-divides
the second hydraulic cylinder (45) into a second closure-
side cylinder space (47) and a second opening-side
cylinder space,

- in a first function position (closing movement, rapid
speed) of a hydraulic system a first multi-way valve (49)
can be switched into a position ¢ in which the second
closure-side cylinder space (47) can be connected to a
source P of pressurised medium, and a second multi-way
valve (51) can be switched into a position b in which a
hydraulic line (50) leading from the second closure-side
cylinder space (47) to the opening-side pressure cylinder
space (25) is interrupted,- the pressure transmitting
piston (18) and the valve casing (21) being in a basic
position which opens the port (26),

- in a second function position (closure pressure build-up)
of the hydraulic system the second closure-side cylinder
space (47) can be connected to the opening side pressure
transmitting space (25), the first multi-way valve (49)
being in the position b and the second multi-way valve
(51) being in position a,

- in a third function position (pressure dissipation) of the
hydraulic system the second closure-side cylinder space
(47) and the opening side pressure transmitting space (25)
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can be switched to be pressureless, the first multi-way

valve (49) and the second multi-way valve (51) being in
each case in the switched position a, and

- in a fourth function position corresponding to the first
function position (opening movement, rapid speed) of the
hydraulic system the first multi-way valve (49) can be
switched into position ¢ and the second multi-way wvalve
{51) into position b.

3. A mould closing device according to claim 1, charac-
terised in that there are fixed on the movable mould
clamping plate (4) two types of piston-column units (5, 6,
7, 8) which pass through the fixed mould clamping plate (1)
in which they are guided by means of pistons (13, 14, 15,
16) in hydraulic cylinders (9, i0, 11, 12), the piston-
column units (6, 8) of one type comprising one screw drive
device while the piston-column unit (5, 7) of the other type
comprises a pressure transmitting means,

- the pistons (13, 14, 15, 16) sub-divide the hydraulic
cylinders (9, 10, 11, 12) in each case into a closure-side
cylinder space (27, 28, 29, 30) and an opening-side
cylinder space (331, 32, 33, 34),

- all closure side cylinder spaces (27, 28, 29, 30) are
connected to one another via ducts (35),

- the pressure transmitting means consist in each case of a
pressure tfansmitting piston (18) having differential
piston surfaces (19' and 19"), a pressure transmitting
cylinder (17) and a'valve'body (21), the valve trans-
mitting piston (18) sub-dividing the pressure transmitting
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cylinder (17) into a closure-side pressure transmlttlng
space (24) and an opening-side pressure transmitting space
(25), the valve body (21) being adapted to be switched
between positions which open and close a port (26) from

the closure-side cylinder space (27, 28, 29, 30) to the
opening-side cylinder space (31, 33),

the drive screw arrangements in each case consist of a
spindle nut (39) fixed in the piston (14, 16) and a screw
drive (36) in screw threaded engagement therein and which
has one end immersed in a cylindrical recess (40) in the
piston column means (6, 8) while the other end passes
through the main hydraulic cylinder (10, 12) and is guided
on the one hand by a piston unit (46) in a second
hydraulic cylinder (45) and on the other passes through
the second hydraulic cylinder (45) and has a rotary drive
coupled to the end part (42),

the piston unit (46) of each screw drive (36) sub-divides
the second hydraulic cylinder (45) into a second closure-
side cylinder space (47) 'and a second opening-side
cylinder space,

in a first function position (closing movement, rapid
speed) of a hydraulic system a'first multi-way valve (49)
can be switched into a position ¢ in which the second
closure-side cylinder space (47) can be connected to a
source P of pressurised medium, ‘and a second multi-way
valve (51) can be switched into a position b in which a
hydraulic line (50) leading from the second closure-side
cylinder space (47) to the opening-side pressure cylinder
space (25) 1is interrupted, the pressure transmitting
piston (18) and the valve casing (21) being in a basic
position which opens the port (26),
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- in a second function position (closure pressure build-up)

of the hydraulic system the second closure-side cylinder
space (47) can be connected to the opening side pressure
transmitting space (25), the first multi-way wvalve (49)
being in the position b and the second multi-way valve

(51) being in position a,

- in a third function position (pressure dissipation) of the
hydraulic system the second closure-side cylinder space
(47) and the opening side pressure transmitting space (25)
can be switched to be pressureless, the first multi-way
valve (49) and the second multi-way valve (51) being in
each case in the switched position a, and

- the drive screw arrangements in each case consist of a
spindle nut (39) fixed in the piston (14, 16) and a drive
screw (38) disposed in screw threaded engagement therein,
having one end guided by a spindle piston (62) in a
spindle cyiinder (63) constructed in the piston-column
unit (6, 8), the other end traversing the main hydraulic
cylinder (10, 12) and being gﬁided on the one hand through
a piston unit (46) in a second hydraulic cylinder (45) and
on the other traversing the second hydraulic cylinder (45)
and being coupled by its end part (42) to a rotary drive,

- the piston unit (46) of each drive screw (38) sub-divides
the second hydraulic cylinder (45) into a second closure-
side cylinder space (47) and a second opening-side
cylinder space,

- in a first function position (closure movement, rapid
movement) of the hydraulic system the first multi-way

valve (64) can be switched to a position ¢ in which the
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second closure-side cylinder space.(47) can be subjected to
pressurised medium from the source P, a second multi-way
valve (65) can be switched into position a in which the
spindle cylinder (63) can be connected to the tank T and'a
third multi-way valve (66) can be switched into position b
with which the hydraulic 1line (67) to the pressure
transmitting system is interrupted,

-~ in a second function position (closure pressure build-up)
of the hydraulic system the first multi-way valve (64) can
be switched to position a in which the pressurised
medium contained in the second closure-side cylinder space
(47) can be expanded to the tank T, the second multi-way
valve (65) can be switched to position b and the third
multi-way valve (66) can be switched to position a in
which the hulti—way valve (65) blocks the line to the tank

T and the multi-way valve (66) connects the spindle
cylinder (63) to the opening-side pressure transmitting
space (25),

in a third function position tpressure dissipation) of the
hydraulic system the first multi-way valve (64) can be
switched to position a in which the pressurised medium
contained in the second closure-side cylinder space (47)
can be expanded and passed to the tank T, the second
multi-way valve (65) and the third multi-way valve (66)
can be switched in each case to the position a so that
the pressure from the opening-side pressure transmitting
space (25) and the spindle cylinder (63) can be expanded
and passed to the tank T, and

in a fourth function position corresponding to the first
function position (open 1in rapid movement), the first
multi-way valve (64) can be switched to position ¢ in
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connected to the pressurised medium source P, the second
multi-way valve (65) can be switched to the position a in
which hydraulic fluid can be drawn from the tank T aﬁd
pass into the spindle cylinder (63) and the third multi-
way valve (66) can be switched to position b 1in which
the hydraulic 1line (67) to the opening-side pressure
transmitting space (25) is interrupted.

4. A mould closing device according to one of claims 1 to
3, characterised characterised in that there are in the
fixed mould clamping plate (1) four pistons (13, 14, 15, 16)
of piston-column units (5, 6, 7, 8) in which there are in
each case diagonally oppositely disposed two drive screw
arrangements and two pressure transmitting means.

5. A mould closing device according to one of claims 1 to
4, characterised in that the pressure transmitting piston
(18) consists of a piston part (19) of a larger diameter and
a piston part (20) of a smaller diameter, whereby there is
mounted on this latter for axial displacement the valve body
which consists of a valve sleeve (21) and which is coupled
to the pressure transmitting piston (18) with the proviso
that upon displacement of the pressure transmitting piston
(18) in a direction opposite to the piston (13, 15) there is
an entraining of the valve sleeve (21) and which has on its
periphery an axial groove (22) via which it is possible to
pass pressurised médium frqm the port (26) to the annular
piston surface (19") of the pressure transmitting piston
(18).

6. A mould closing device for an injection moulding
machine having a fixed mould clamping plate carrying one

tool half, a movable mould clamping plate carrying the other

-
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supported in one direction and to be freely rotatable in the
fixed mould clamping plate and which are mounted in the
movable mould clamping plate in a spindle nut fixed thereih,
with a rotary drive to actuate the drive screws for the
closing and opening travels of the movable mould clamping
plate and with a hydraulic piston-cylinder unit which is
operatively connected to the drive screws for building—up

the closure pressure, characterised in that

there are fixed on the movable moulding clamping plate (4)
two types of piston-column units (5, 6, 7, 8) which pass
through the fixed mould clamping plate (1) in which they
are guided by means of pistons (13, 14, 15, 16) in
hydraulic cylinders (9, 10, 11, 12), the piston-column
units (6, 8) of one type comprising one screw drive device
while the piston-column unit (5, 7) of the other type
comprises a pressure transmitting means,

- the pistons (13, 14, 15, 16) sub-divide the hydraulic
cylinders (9, 10, 11, 12) in éach case into a closure-side
cylinder space (27, 28, 29, 30) and an opening-side
cylinder space (31, 32, 33, 34),

- all closure side cylinder spaces (27, 28, 29, 30) are
connected to one another wvia ducts (35),

- the pressure transmitting means consist in each case of a
pressure transmitting piston (18) having differential
piston surfaces (19*' and 19"), a pressure transmitting
cylinder (17) and a wvalve body (21), the wvalve trans-—-
mitting piston (18) sub-dividing the pressure transmitting
cylinder (17) into a closure-side pressure transmitting
space (24) and an opening-side pressure transmitting space
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(25), the valve body (21) being adapted to be switched
between positions which open and close a port (26) from
the closure-side cylinder spacé (27, 28, 29, 30) to the
opening-side cylinder space (31, 33), '

the drive screw arrangements in each case consist of a
spindle nut (39) fixed in the piston (14, 16) and a screw
drive (36) in screw threaded engagement therein and which
has one end immersed in a cylindrical recess (40) in the
piston-column means (6, 8) while the other end passes
through the main hydraulic cylinder (10, 12) and is guided
on the one hand by means of an axial bearing (41) and on
the other is coupled to a rotary drive via the end part
(42),

in a first function position (closure movement in rapid
speed) of a hydraulic system a multi-way valve (56) can be
switched to a position b in which the opening-side
pressure transmitting space (25) is connected to the tank
T in a substantially pressureless state, '

in a second function position (closure force build-up) of
the hydraulic system in which the tool halves (2 and 3)
rest on each other, the mnulti-way wvalve (56) can be
switched to a position in which via the hydraulic line
(58) the opening-side pressure transmitting space (25) of
the pressure transmitting means is connected to the source
P . of pressurised medium, '

in a third function position (pressure dissipation) of the
hydraulic system the multi-way valve (56) can be switched
to a position a in which the pressurised medium can
expand out of the opening-side pressure transmitting space
(25) via hydraulic lines (58 and 60) to the tank T, and
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- in a fourth function position (opening movement in rapid
speed) of the hydraulic system the multi-way wvalve (56)
can be switched to a position b in which the pressure
transmitting means is maintained in a position which keeﬁs
the port (26) open.

7. A mould closing device according to claim 6, charac-
terised in that there are in the fixed mould clamping plate
(1) four pistons (13, 14, 15, 16) of'piston—column units (5,
6, 7, 8) in which there are 1in each case diagonally
oppositely disposed two drive screw arrangements and two
pressure transmitting means.

8. A mould closing device according to one of claims 6 or
7, characterised in that the pressure transmitting piston
(18) consists of a piston part (19) of a larger diameter and
a piston part (20) of a smaller diameter, whereby there is
mounted on this latter for axial displacement the valve body
which consists of a valve sleeve (21) and which is coupied
to the pressure transmitting piston (18) with the proviso
that upon displacement of the bressure transmitting piston
(18) in a direction opposite to the piston (13, 15) there is
an entraining of the valve sleeve (21) and which has on its
periphery an axial groove (22) via which it is possible to
pass pressurised medium from the port (26) to the annular
piston surface (19") of the pressure transmitting piston
(18).
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A mould closing device for an injection moulding machine

The invention relates to a mould closing device for
injection moulding machines in accordance with the preamble
to claim 1.

A mould closing device of this type is known from
DE 37 18 106 A 1 (construction as shown in Fig. 5), in which
the movable mould clamping plate can be propelled in the
closing and opening directions by means of screw drives
supported in the fixed mould clamping plate and in which the
closing pressure is built up by means of hydraulic piston-
cylinder units *which are supported in the fixed mould
clamping plate and which act upon the screw drives. Where
this arrangement is concerned, in addition to the opening
and closing travels which have to be performed rapidly, the
' spindles also assume the full tractive force when the
closing force is generated by the hydraulic piston-cyiinder
units. Therefore, the screw drives have to be designed to
handle the movement as well as the closing force function,
which means that they have to be made relatively heavy.

Furthermore, known from EP 0 381 107 A2 is a mould closing
device in which screw drives mounted in the fixed mould
clamping plate are coupled to the movable mould clamping
plate by means of spindle nuts which produce the opening and
closing movements via a rotary drive. Since the closing
pressure is built up wvia hydraulic piston-cylinder units
which are braced on the spindle nuts, then here, too, the
screw drives have to be designed so 'that they can absorb the
tractive forces resulting from the high closing pressure.
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Therefore, the invention is based on the problem of ° so
further developing a mould closing device of the afore-
mentioned type that while ensuring the high closing pressure
by a hydraulic piston-cylinder unit, the movement drive by
means of screw drives only has to be designed to meet the
demands for rapid opening and closing movements.

This problem is resolved by the characterising features of
the subordinate claims 1 and 4.

Advantageous further developments and measures according to
the invention are indicated in the sub-claims.

The invention is explained in greater detail hereinafter
with reference te three embodiments shown in the accompany-
ing drawings, in which:

Fig.l shows a diagrammatic longitudinal section through a
mould closing device of an injection moulding machine
and taken along the line I-I in Fig. 4;

Fig.2 is a diagrammatic longitudinal section through
another embodiment of mould closing device;

Fig.3 1is a diagrammatic 1longitudinal section through a
further embodiment of mould closing device, and

Fig.4 shows a cross-section taken on the line IV-IV in
Fig.l and jointly applicable to the mould closing
devices shown in Figs. 1 to 3.

Fig.l shows a mould closing device for an injection moulding
machine and comprising a fixed mould clamping plate 1 with a
first tool half 2 and with a movable mould clamping plate 4
rarrying the second tool half 3 and in which are fixed four
piston-column units 5 to 8 which pass through the fixed
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mould clamping plate 1 by being guided for displacement in
this latter in four main hydraulic cylinders 9 to 12 with
pistons 13 to 16.

The four piston-column units 5 to 8 consist of two types, of
which the piston-column units 5 and 7 are equipped in each
case with a pressure transmitting means while the piston-
column units 6 and 8 are in each case equipped with a screw
drive arrangement.

The pressure transmitting means of the piston-column units 5
and 7 consist in each case of a pressure transmitting
cylinder 17 in which is guided a two-stage pressure trans-
mitting piston 18 comprising a larger thrust piston 17
corresponding t¢ the diameter of the pressure transmitting
cylinder 19 and a smaller thrust piston 20 enclosed by a
valve body consisting of a valve sleeve 21. 1In its outside
diameter, the valve sleeve 21 corresponds substantially to
the diameter of the pressure transmitting cylinder 17 and is
guided for axial displacement in this latter as well as in
respect of the smaller thrust piston 20. The valve sleeve
21 has on its outer surface at least one axially continuous
groove 22. The axial displaceability of the valve sleeve 21
is limited in the direction of closure by the outer ring
abutment 23 and in the opening direction by abutment means
(not shown) acting between the end part of the smaller
thrust piston 20 and the end part on the inner periphery of
the valve sleeve 21.

The pressure-transmitting piSton 18 sub-divides the pressuré
transmitting cylinder 17 into a closure-side pressure trans-
mitting space 24 and an opening-side pressure transmitting
space 25.
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The pressure transmitting space 25 on the opening-side is a

constituent part of a port 26 in the piston 13,

sub-divides the main hydraulic cylinder 9, 11

15 which
into a

closure-side cylinder space 27, 28 and an opening-side

cylinder space 31, 32. The port 26 can be closed by the

valve sleeve 21.

In the same way, the pistons 14 and 16 of the piston-column

units 6 and 8 each of which is equipped with a screw drive

arrangement, sub-divide these main cylinder spaces 10 and 12

into closure-side cylinder spaces 29 and 30 and opening-side

cylinder spaces 33 and 34.

All the closure-side cylinder spaces 27, 28 and 29, 30 are

connected to one*another by ports 35.

The screw drive arrangements of the piston-column units 6

and 8 consist in each case of a screw drive 36, 37,

38 which

is in screw threaded engagement with a spindle nut 39 fixed

in the piston 14, 16 and which fits into a recess 40 in the

piston-column arrangement 6 and 8.

The screw drives 36, 37, 38 further comprise
bearing 41 and an end part 42 by which the screw
axially displaceably coupled to a rotary drive,

an axial
drive is
of which

only one drive pinion 43 is shown but which is adapted to be

driven by a belt transmission 44 with a servomotor and with

a positioning adjusting means. Preferably, the servomotor

is an electric motor.

The aforedescribed features and means are identically in the

three embodiments shown in Figs.l to 3. Hereinafter, there-

fore, only the peculiarities of the respective embodiments

are described.
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1. Embodiment shown in Fig. 1

1.1 Design

The screw drive 36 in the embodiment shown in Fig. 1
passes through the opening-side cylinder space 32 and
projects into a adjacent second cylinder space 45 in
which the axial bearing 41 of the screw drive 36 is
mounted in a piston unit 46 which sub-divides the second
cylinder space 45 into a second closure-side cylinder
space 47 and a second opening-side cylinder space (not
present in the switched position of the piston unit 46
as illustrated).

From the second closure-side cylinder space 47, a
hydraulic 1line 48 leads to a first multi-way wvalve 49
(4/3-way valve) with switching positions a, be and c.
From the hydraulic line 48, a hydraulic line 50 branches
off to a second multi~-way valve 51 (4/2-way valve) with
switching positions a and b by which a connection can be
made or broken between the second closure-side cylinder
space 47 and the opening-side thrust cylinder space 25.
Via the first multi-way valve 49, the hydraulic line 48
can be switched optionally to a pressurised medium
source P or via a non-return valve 52 with back pressure
(6 bars) to the tank T. Via a second non-return valve 53
which functions as a secondary section valve, hydraulic
fluid can be drawn from the tank T. The opening-side cy-~
linder space 31 is connected by a hydraulic line 54 and
the non-return valve 52 with back pressure to the tank T

1.2 Functional description

1.2.1 Closure of the mould closing device, rapid movement
For this, the second closure-side cylinder space 47 is
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subjected to pressurised medium from the sdurce P via
the position ¢ of the first multi-way valve 49, where-
upon the piston unit 46 assumes the right-hand position
of abutment shown in Fig. 1. The second multi-way valve
51 is in switched position b, ensuring that the pressure
transmitting piston 18 maintains the valve sleeve 21 in
the position shown in Fig. 1 in which the passage or
port 26 between the closure-side cylinder space 27 and
the opening-side cylinder space 31 is open.

By rotation of the screw drive 36, the two halves 2 and
3 of the tool are moved towards each other until they
abut each other. Due to the fact that the screw drive
31 is driven by an electric servomotor with a position
adjustment facility, precised positioning is possible.
During the movement of the tool halves 2 and 3 towards
each other, there is a redistribution of the hydraulic
fluid from the opening-side cylinder spaces 31 and 33
via the ports 26 and passages 35 to the closure-side
cylinder spaces 27 to 30, any shortage of hydraulic
fluid being replaced via the line 54 and the secondary
suction valve 53.

1.2.2 Closure pressure build-up
For this, the first multi-way wvalve 49 is moved to
position b and the second multi-way wvalve 51 to
position a. Upon further rotation of the screw drive 36
in the closure direction, the piston unit 46 (in the
illustration in Fig.l) is displaced leftwardly whereupon
the hydraulic fluid contained in the second closure-side
cylinder space 47 passes through the hydraulic lines 48
and 50 and the second multi-way valve 51 and 1nto the

opening-side pressure transmitting space 2% and causes a
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displacement of the pressure transmitting piston 18 and
of the valve sleeve 21 so that at first the valve sleeve
21 closes the port 26. Further displacement of the
pressure transmitting piston 18 produces, by virtue of
the differential pressure surfaces 19' and 19" an
increase in pressure which becomes propagated wvia the
continuous groove 22 in the valve sleeve 21 and
generates the required closure pressure at the annular
piston surfaces 13' to 16°'.

1.2.3 Pressure dissipation

In order to relieve the closure pressure acting on the
annular piston surfaces 13' to 16', the second multi-way
valve 51 is moved to switched position a and the first
multi-way valve 49 to switched position a, whereupon
the pressure transmitting piston 18 is switched to the
tank T in a pressureless condition. The second closure-
side cylinder space 47 is connected to the pressurised
medium source P so that the piston unit is reset in the
abutment position shown in Fig. 1.

1.2.4 Opening of the mould closing device, rapid movement
For this stage, the first and the second multi-way
valves 49 and 51 are moved into the same switched
position as when carrying out the closure process but
the direction of rotation of the screw drives 36 is
reversed, so that the tool halves 2 and 3 move away from
each other.

2. Embodiment shown ih Fig. 2
2.1 Design

Where the embodiment shown in Fig. 2 is concerned, the
screw drive 37 is, by means of an axial bearing 41,
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di anmeter, whereby there is nounted on this latter for axj RBtedi-splac

t he val ve body which consists of a valve sleeve (21) an

to the pressure transmtting piston (18) with the proviso that upon
di spl acenent of the pressure transmtting piston (18) in a direction

opposite to the piston (13, 15) there-ig -

freely rotatably but axially non-displaceably mounted in
a housing 55 adjacent the main hydraulic cylinder 10.
The hydraulic system consists of a pressurised medium
source P, a multi-way valve 56 with switched positions
a, b and c, a freely switchable non-return valve 57, a
secondary suction valve 53, a non-return valve 52 with
back pressure, a tank T and hydraulic lines 58 to 61.

2.2 Functional description

2.2.1 Closure of the mould closing device, rapid movement

For this, the multi-way valve 56 is switched to the
position b shown in Fig. 2 ensuring that the passage
26 in the opiston 13, 15 remains open so that upon
rotation of the screw drive 37 and of the movement of
the tool halves 2 and 3 towards each other which this
produces, the hydraulic fluid is able to flow out of the
two opening-side cylinder spaces 31 and 33 into the
closure side cylinder spaces 27 to 30, any lack of fluid
being drawn in via the secondary suction valve 53 and
the hydraulic line 61. Rotation of the screw drive 37
is stopped when the two halves 2 and 3 of the tool have
come to rest on each other.

2.2.2 Closure pressure build-up

To achieve this, the multi-way valve 56 is moved to
position ¢ in which the hydraulic fluid passes from
the pressurised medium source P through the hydraulic
line 58 and into the ciosure-side pressure transmitting
space 24 producing, by means of the pressure trans-
mitting piston 18, the build-up of closure pressure
which is described with reference to 1.2.2.
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2.2.3 Pressure dissipation

To relieve the closure ﬁressure acting on the annular
piston surfaces 12' to 16', the multi-way valve 56 is
moved to switch position a in which, via the hydraulic
line 59, the non-return valve 57 is cleared, whexreupon
the pressure biassing the pressure reducing (sic')
piston 18 is able to expand to the tank T via the
hydraulic lines 58 and 60.

2.2.4 Opening of the mould closing device, rapid movement
For this phase, the multi-way wvalve 56 is moved to
switch position b. By rotation of the screw drive 37
so that the tool halves 2, 3 move apart, a pressure“is
generated in the closure-side cylinder spaces 27 which,
via the port 26, produces a resetting of the pressure
transmitting piston 18 and of the valve sleeve 21 into
the position shown in Fig. 2 so that the port 26 between
the closure-side cylinder spaces 27, 29 is completely
clear so that upon the movement apart, it is possible
for the volumes between the closure-side cylinder spaces
27 to 30 and the opening-side cylinder spaces 31 to 33
to Dbecome equalised. Excess hydraulic fluid is
discharged to the tank T via the hydraulic line 61.

3. Embodiment shown in Fig. 3

3.1 Design
The drive-side part of the screw drive 38 in Fig. 3
corresponds to the screw drive 36 in Fig. 1. At the end
which fits into the piston—column unit 6 (8) the screw
drive 38 has a hydraulic spindle piston 62 guided in a
spindle cylinder 63. The hydraulic system consists of a
pPressurised medium source P, a first multi-way valve 64
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with three switch positions a to ¢, a second multi-way
valve 65 with switch positions a and b and a third
multi-way valve 66 with switch positions a and b.

The aforedescribed multi-way valves 64 to 66 are
connected by hydraulic lines 67 to 70 to the opening-
side pressure transmitting space 24, the spindle
cylinder 63, the second closure-side cylinder space 47,
the opening-side cylinder space 31, 33 and the tank T.

3.2 Functional description

3.2.1 Closure of the mould closing device, rapid movement
For this, the first multi-way valve 64 is switched to
position ¢} causing the second closure-side cylinder
space 47 to be.exposed to pressurised medium from the
pressurised medium source P and the piston unit 46
assumes the right-hand abutment position shown in Fig.3.
The second multi-way valve 65 is switched to position a
whereby, upon the movement together of the two halves 2
and 3 caused by rotation of the spindle, the hydraulic
fluid displaced from the spindle cylinder 63 by the
spindle piston 62 is able to flow through the hydraulic
line 67 to the tank T. The third multi-way valve 66 is
switched to position b, ensuring that the pressure
transmitting space 18 and the valve sleeve 21 remain in
the position shown in Fig. 3 in which; when the pistons
13 to 16 travel into the closured position, there is an
exchange of fluids between the opening-side cylinder
spaces 31 and 33 and the.closure—side cylinder spaces 27
to 30.

3.2.2 Closure pressure build-up
For this, the first multi-way valve 64 is switched to

rET |
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position a so that the ‘nydraulic fluid contained in
the second closure-side cylinder space 47 is able to
flow through the hydraulic line 69 to the tank T when
the screw drive 38 is further rotated while the pistons
13 to 16 are in the closed position, so that the spindle
piston 62 can penetrate farther into the spindle
cylinder 63 in order to generate hydraulic pressure
which is to be applied to the pressure transmitting
piston 18. Since the pistons 13 to 16 are in the closed
position, in which the tool halves 2 and 3 rest on each
other, rotation of the screw drive 38 produces a dis~
placement of the piston unit 46 to the left by the
amount by which the spindle piston 62 penetrates the
spindle cylinder 63. The second multi-way valve 65 is
then switche@ to position b and the third multi-way
valve 66 1is switched to position a so that the
hydraulic pressure generated in the spindle cylinder 63
can be conveyed via the lines 68 and 67 to the pressure
transmitting piston 18. By means of the pressure
transmitting piston 18, there is then an increase in
pressure appropriate to the build-up of closure force,

in accordance with the functional description under
1.2.2.

3.2.3 Pressure dissipation

In order to relieve the closure pressure acting on the
annular piston surfaces 13' to 16', the first multi-way
valve 64 is switched to position a so that the second
closure-side cylinder space 47 is in a secondary suction
state of communication with the tank T. The second
multi-way valve 65 and the third multi-way valve 66 are
both switched to position a so that the pressure from
the opening-side pressure transmitting space 25 and the
spindle cylinder 63 is able to expand to the tank T.
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3.2.4 Opening of the mould closing device, rapid movement
For this, the first multi-way wvalve 64 is switched to
position ¢ in which the second closure side cylinder
space 47 is exposed to the action of pressurised medium
from the pressurised medium source P, so that the piston
unit 46 is pushed into the abutment position shown in
Fig. 3. To this end, there is at the same time a

_rotation of the screw drive 38 to allow a resetting of
the piston unit 46 so that after this reaches its
abutment, the opening movement can be performed. The
second multi-way valve 65 is switched to position a so
that hydraulic fluid can be drawn through the hydraulic
lines 68 and 67 from the tank T and passed into the
spindle cylinder 63. The third multi-way valve 66 is
switched to~position b, ensuring that the pressure
transmitting piston 18 and the valve sleeve 21 are in
the retracted position, opening the port 26 so that
during the opening movement there 3is an unhindered
exchange of fluids between the closure-side cylinder
spaces 27 to 30 and the opening-side cylinder spaces 31
and 33, excess fluid being capable of being discharged
to the tank T via hydraulic line 61.
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A mould closing device for an injection moulding machine
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Patent claims

1. A mould closing device for an injection moulding
machine and comprising a fixed mould clamping plate
supporting one tool half, a movable mould clamping plate
carrying the other tool half, with screw drives which are
axially supported in one direction and are freely rotatable,
in the fixed mould clamping plate and are mounted in the
movable mould clamping plate in a spindle nut fixed therein,
with a rotary drive for -actuating the screw drives for the
closing and opening travels of the movable mould clamping
plate and with, operatively connected to the screw drives, a
hydraulic piston-cylinder unit for building up the closing
force, characterised in that the movement of and tréns—
mission of force for the movable mould clamping plate during
opening and closing is provided during rapid movement solely
by the screw drives (36, 38) and in that the hydraulic
piston-cylinder unit consists of one or a plurality of
pistons (13, 14, 15, 16) and hydraulic cylinders (9, 10, 11,
12), +to which, for the build-up of closing force,
pressurised medium is applied by piston-cylinder units (45,
46; 62, 63) adapted to be driven by the screw drives (36,
38) through one or a plurality of interposed pressure trans-

mitting means.

2. A mould closing devicé according to ciaim 1,

characterised in that




- all closure side cylinder spaces (27, 28, 29, 30) are _ ey
anot her via ducts (35), - the pressure transmtting *@ﬁrggmﬁmERTﬁﬂﬁéﬁc
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— there are fixed on the movable moulding clamping plate

(4) two types of piston~column units (5, 6, 7, 8) which
pass through the fixed mould clamping plate (1) in which
they are guided by means of pistons (13, 14, 15, 16) in
hydraulic cylinders (9, 10, 11, 12), the piston-column
units (6, 8) of one type comprising one screw drive
device while the piston-column unit (5, 7) of the other
type comprises a pressure transmitting means,

- the pistons (13, 14, 15, 16) sub-divide the hydraulic
cylinders (9, 10, 11, 12) in each case into a closure-side
cylinder space (27, 28, 29, 30) and an opening-side
cylinder space (331, 32, 33, 34),

- all closure-side cylinder spaces (27, 28, 29, 30) are
connected to one another wvia ducts (35),

- the pressure transmitting means consist in each case of a
pressure transmitting piston (18) having differential
piston surfaces (19' and 19"), a pressure transmitting
cylinder (17) and a valve body (21), the valve trans-
mitting piston (18) sub-dividing the pressure transmitting
cylinder (17) into a closure-side pressure transmitting
space (24) and an opening-side pressure transmitting space
(25), the valve body (21) being adapted to be switched
between positions which open and close a port (26) from
the closure-side cylinder space (27, 28, 29, 30) to the
opening-side cylinder space (31, 33),

- the drive screw arrangements in each case consist of a
spindle nut (39) fixed in the piston (14, 16) and a screw
drive (36) in screw threaded engagement therein and which
has one end immersed in a cylindrical recess (40) in the
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piston column means (6, 8) while the other end passes
through the main hydraulic cylinder (10, 12) and is guided
on the one hand by a piston unit (46) in a second
hydraulic cylinder (45) and on the other passes through
the second hydraulic cylinder (45) and has a rotary drive
coupled to the end part (42),

the piston unit (46) of each screw drive (36) sub-divides
the second hydraulic cylinder (45) into a second closure-
side cylinder space (47) and a second opening-side
cylinder space,

in a first function position (closing movement, rapid
speed) of a hydraulic system a first multi-way valve (49)
can be switched into a position ¢ in which the second

closure-side cylinder space (47) can be connected to a

source P of pressurised medium, and a second multi-way
valve (51) can be switched into a position b in which a
hydraulic line (50) leading from the second closure-side
cylinder space (47) to the opening-side pressure cylinder
space (25) 1is interrupted, the pressure transmitting
piston (18) and the valve casing (21) being in a basic
position which opens the port (26),

in a second function position (closure pressure build-up)
of the hydraulic system the second closure-side cylinder
space (47) can be connected to the opening side pressure
transmitting space (25), the first multi-way valve (49)
being in the position b and the second multi-way wvalve
(51) being in position a, '

in a third function position (pressure dissipation) of the
hydraulic system the second closure-side cylinder space
(47) and the opening side pressure transmitting space (25)
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can be switched to be pressureless, the first multi-way
valve (49) and the second multi-way valve (51) being in
each case in the switched position a, and

- in a fourth function position corresponding to the first
function position (opening movement, rapid speed) of the
hydraulic system the first multi-way valve (49) can be
switched into position ¢ and the second multi-way valve
(51) into position b.

3. A mould closing device according to claim 1, charac-
terised in that there are fixed on the movable mould
clamping plate (4) two types of piston-column units (5, 6,
7, 8) which pass through the fixed mould clamping plate (1)
in which they are guided by means of pistons (13, 14, 15,
16) in hydraulic cylinders (9, 10, 11, 12), the piston-
column units (6, 8) of one type comprising one screw drive
device while the piston-column unit (5, 7) of the other type
comprises a pressure transmitting means,

- the pistons (13, 14, 15, 16) sub-divide the hydraulic
cylinders (9, 10, 11, 12) ih.each case into a closure-side
cylinder space (27, 28, 29, 30) and an opening-side
cylinder space (331, 32, 33, 34),

- all closure side cylinder spaces (27, 28, 29, 30) are
connected to one another via ducts (35),

- the pressure transmitting means consist in each case of a
pPressure transmitting piston (18) having differential
piston surfaces (19' and 19"), a pressure transmitting
cylinder (17) and a valve body (21), the wvalve trans-
mitting piston (18) sub-dividing the pressure transmitting
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cylinder (17) into a closure-side pressure transmitting

space (24) and an opening-side pressure transmitting space
(25), the valve body (21) being adapted to be switched
between positions which open and close a port (26) from
the closure-side cylinder space (27, 28, 29, 30) to the
opening-side cylinder space (31, 33),

- the drive screw arrangements in each case consist of a
spindle nut (39) fixed in the piston (14, 16) and a screw
drive (36) in screw threaded engagement therein and which
has one end immersed in a cylindrical recess (40) in the
piston column means (6, 8) while the other end passes
through the main hydraulic cylinder (10, 12) and is guided
on the one hand by a piston unit (46) in a second
hydraulic cylinder (45) and on the other passes through
the second hydraulic cylinder (45) and has a rotary drive
coupled to the end part (42),

- the piston unit (46) of each screw drive (36) sub-divides
the second hydraulic cylinder (45) into a second closure-
side cylinder space (47) and a second opening-side

cylinder space,

- in a first function position (closing movement, rapid
speed) of a hydraulic system a first multi-way valve (49)
can be switched into a position ¢ in which the second
closure-side cylinder space (47) can be connected to a
source P of pressurised medium, and a second multi-way
valve (51) can be switched into a position b in which a
hydraulic line (50) leading from the second closure-side
cylinder space (47) to the opening-side pressure cylinder
space (25) 1is interrupted, the pressure transmitting
piston (18) and the valve casing (21) being in a basic
position which opens the port (26),




the other is coupled to a rotary drive via the end part (42) -_ih a
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- in a second function position (closure pressuré build-up)

of the hydraulic system the second closure-side cylinder
space (47) can be connected to the opening side pressure
transmitting space (25), the first multi-way wvalve (49)
being in the position b and the second multi-way valve
(51) being in position a,

- in a third function position (pressure dissipation) of the
hydraulic system the second closure-side cylinder space
(47) and the opening side pressure transmitting space (25)
can be switched to be pressureless, the first multi-way
valve (49) and the second multi-way valve (51) being in
each case in the switched position a, and

- the drive screw arrangements in each case consist of a
spindle nut (39) fixed in the piston (14, 16) and a drive
screw (38) disposed in screw threaded engagement therein,
having one end guided by a spindle piston (62) in a
spindle cylinder (63) constructed in the piston-column
unit (6, 8), the other end traversing the main hydraulic
cylinder (10, 12) and being guided on the one hand through
a piston unit (46) in a second hydraulic cylinder (45) and
on the other traversing the second hydraulic cylinder (45)
and being coupled by its end part (42) to a rotary drive,

— the piston unit (46) of each drive screw (38) sub-divides
the second hydraulic cylinder (45) into a second closure-
side cylinder space (47) and a second opening-side
cylinder space,

- in a first function position (closure movement, rapid
movement) of the hydraulic system the first multi-way
valve (64) can be switched to a position ¢ in which the
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(58) the opening-side pressure transmtting space (25)
transmtting nmeans is connected to the source P of pr
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second closure-side cylinder space (47) can be subjected to
pressurised medium from the source P, a second multi-ﬁay
valve (65) can be switched into position a in which the
spindle cylinder (63) can be connected to the tank T and a
third multi-way valve (66) can be switched into position b
with which the hydraulic 1line (67) to the pressure
transmitting system is interrupted,

- in a second function position (closure pressure build-up)
of the hydraulic system the first multi-way valve (64) can
be switched to position a in which the pressurised
medium contained in the second closure-side cylinder space
(47) can be expanded to the tank T, the second multi—way
valve (65) can be switched to position b and the third
multi-way valve (66) can be switched to position a in
which the multi-way valve (65) blocks the line to the tank
T and the multi-way valve (66) connects the spindle
cylinder (63) to the opening-side pressure transmitting
space (25),

- in a third function position (pressure dissipationf of the
hydraulic system the first multi-way valve (64) can be
switched to position a in which the pressurised medium
contained in the second closure-side cylinder space (47)
can be expanded and passed to the tank T, the second
multi-way valve (65) and the third multi-way valve (66)
can be switched in each case to the position a so that
the pressure from the opening-side pressure transmitting
space (25) and the spindle cylinder (63) can be expanded
and passed to the tank T, and

- in a fourth function position corresponding to the first
function position (open in rapid movement), the first
multi-way wvalve (64) can be switched to position ¢ in
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which the second closure-side cylinder space (47) can be

connected to the pressurised medium source P, the second
multi-way valve (65) can be switched to the position a in
which hydraulic fluid can be drawn from the tank T and
pass into the spindle cylinder (63) and the third multi-
way valve (66) can be switched to position b in which
the hydraulic 1line (67) to the opening-side pressure
transmitting space (25) is interrupted.

4. A mould closing device according to one of claims 1 to
3, characterised characterised in that there are in the
fixed mould clamping plate (1) four pistons (13, 14, 15, 16)
of piston-column units (5, 6, 7, 8) in which there are in
each case diagonally oppositely disposed two drive screw
arrangements and two pressure transmitting means.

5. A mould closing device according to one of claims 1 to
4, characterised in that the pressure transmitting piston
(18) consists of a piston part (19) of a larger diameter and
a piston part (20) of a smaller diameter, whereby there is
mounted on this latter for axial displacement the valve body
which consists of a valve sleeve (21) and which is coupled
to the pressure transmitfing.piston (18) with the proviso
that upon displacement of the pressure transmitting piston
(18) in a direction opposite to the piston (13, 15) there is
an entraining of the valve sleeve (21) and which has on its
periphery an axial groove (22) via which it is possible to
pass pressurised medium from the port (26) to the annular
piston surface (19") of the pressure transmitting piston
(18).

6. A mould closing device for an injection moulding
machine having a fixed mould clamping plate carrying one
tool half, a movable mould clamping plate carrying the other
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tool half, with drive screws which are mountéd{tb be axially
supported in one direction and to be freely rotatable in the
fixed mould clamping plate and which are mounted in the
movable mould clamping plate in a spindle nut fixed thereiﬁ,
with a rotary drive to actuate the drive screws for the
closing and opening travels of the movable mould clamping
plate and with a hydraulic piston-cylinder unit which is
operatively connected to the drive screws for building-up

the closure pressure, characterised in that

there are fixed on the movable moulding clamping plate (4)
two types of piston-column units (5, 6, 7, 8) which pass -
through the fixed mould clamping plate (1) in which they
are guided by means of pistons (13, 14, 15, 16) in
hydraulic cylinders (9, 10, 11, 12), the piston~column
units (6, 8) of one type comprising one screw drive device
while the piston-column unit (5, 7) of the other type
comprises a pressure transmitting means,

- the pistons (13, 14, 15, 16) sub-divide the hydraulic
cylinders (9, 10, 11, 12) in each case into a closure-side
cylinder space (27, 28, 29, 30) and an opening-side
cylinder space (31, 32, 33, 34),

- all closure side cylinder spaces (27, 28, 29, 30) are
connected to one another wvia ducts (35),

- the pressure transmitting means consist in each case of a-
pressure transmitting piston (18) having differential
piston surfaces (19' and 19"}, a pressure transmitting
cylinder (17) and a valve body (21), the valve trans-
mitting piston (18) sub-dividing the pressure transmitting
cylinder (17) into a closure-side pressure transmitting
space (24) and an opening-side pressure transmitting space
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plate (1) four pistons (13, 14, 15, 16) of piston-colum
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(25), the valve body (21) being adapted to be switched

between positions which open and close a port (26) from

the closure-side cylinder space (27, 28, 29, 30) to the
opening-side cylinder space (31, 33),

- the drive screw arrangements in each case consist of a
spindle nut (39) fixed in the piston (14, 16) and a screw
drive (36) in screw threaded engagement therein and which
has one end immersed in a cylindrical recess (40) in the
piston-column means (6, 8) while the other end passes
through the main hydraulic cylinder. (10, 12) and is guided
on the one hand by means of an axial bearing (41) and on
the other is coupled to a rotary drive via the end part
(42),

- in a first function position (closure movement in rapid
speed) of a hydraulic system a multi-way valve (56) can be
switched to a position b in which the opening-side
pressure transmitting space (25) is connected to the tank
T in a substantially pressureless state,

- in a second function position (closure force build-up) of
the hydraulic system in which the tool halves (2 and 3)
rest on each other, the multi-way valve (56) can be
switched to a position in which via the hydraulic 1line
(58) the opening-side pressure transmitting space (25) of
the pressure transmitting means is connected to the source
P of pressurised medium, '

- in a third function position (pressure dissipation) of the
hydraulic system the multi-way valve (56) can be switched
to a position a in which the pressurised medium can
expand out of the opening-side pressure transmitting space
(25) via hydraulic lines (58 and 60) to the tank T, and
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- in a fourth function position (opening movement in rapid
speed) of the hydraulic system the multi-way valve (56)
can be switched to a position b in which the pressure

transmitting means is maintained in a position which keeps
the port (26) open.

7. A mould closing device according to claim 6, charac-
terised in that there are in the fixed mould clamping plate
(1) four pistons (13, 14, 15, 16) of piston-column units (5,
6, 7, 8) in which there are in each case diagonally
oppositely disposed two drive screw arrangements and two

pressure transmitting means.

8. A mould closing device according to one of claims 6 or
7, characterised in that the pressure transmitting piston
(18) consists of a piston part (19) of a larger diameter and
a piston part (20) of a smaller diameter, whereby there is
mounted on this latter for axial displacement the valve body
which consists of a valve sleeve (21) and which is coupled
to the pressure transmitting piston (18) with the proviso
that upon displacemeht of the pressure transmitting piston
(18) in a direction opposite to the piston (13, 15) there is
an entraining of the valve sleeve (21) and which has on its
periphery an axial groove (22) via which it is possible to
pass pressurised medium from the port (26) to the annular
piston surface (19") of the pressure transmitting piston
(18).




whi ch consists of a valve sleeve (21) and which is coupl eg=to=the= are "
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of the pressure transmtting piston (18).

ABSTRACT
A MOULD CLOSING DEVICE FOR AN INJECTION MOULDING MACHINE

In the mould closing device for an injection moulding machine, in the fixed (1) and
movable (4) clamping plate are fitted movement spindles (36) which can rotate
freely in the fixed clamping plate (1) and are axially supported in one direction and
borne in spindle nuts (39) secured in the movable clamping plate (4). For actuating
the movement spindles (36) for the closing and opening stroke of the movable
clamping plate (4) there is a belt transmission (44) and a hydraulic piston-cylinder
unit (45, 46) in operative connection with the movement spindles for accumulating
the closing force. To ensure that, while maintaining a high closing pressure
exerted by the hydraulic piston-cylinder unit, the actuating drive of the movement
spindles is to be designed only in accordance with the requirements for fast
opening and closing movements, it is proposed that the hydraulic piston-cylinder
unit consist of one or more piston and hydraulic cylinders, to which pressurising
agent is applied, for accumulating the closing pressure, by the piston-cylinder unit
drivable by the movement spindles with the insertion of pressure transmission

devices {19)."

(Figure 1)
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