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It is known to produce plastic containers, boxes, cups, 
dishes etc. and the associate lids for the most varied 
purposes from a plastic foil by deep drawing. To this 
end cold or heated foil sections by varying sizes are 
placed on the cavity of a drawing die and are drawn 
into the cavity of the die either hydraulically, by em 
ploying compressed or evacuated air, or mechanically 
by means of a plunger matching the die cavity. On 
termination of the drawing process the die is opened 
and the foil section which now shows on its surface the 
hollow positive shapes of the die cavities, is removed 
from it. The finished article is obtained in that the 
cavity-moulded blanks are punched out of the foil sec 
tion along their outer demarcation line by means of a 
punching tool. This method always requires a drawing 
die and a punching machine and its output is therefore 
limited because cutting of the foil sections to be treated, 
heating and shaping of the blank and its transfer from 
the drawing die to the punching machine require a com 
paratively large amount of time and could hardly be 
automatized without the employment of relatively ex 
tensive apparatus. 
The object of the present invention is a method of 

continuously producing moulded articles from thermo 
plastic foils of synthetic material by deep drawing which 
combines the operations of foil punching and deep draw 
ing. A further object of the invention is a deep draw 
ing process which allows perfectly neat production of 
drawn articles and yet furnishes an appreciably increased 
output. A further object of the invention is a device 
for carrying the above method into practical effect. 

According to the method of the invention, an endless 
foil web of a thermoplastic resin, for example polyvinyl 
chloride hard foil, is pre-heated to softening point prior 
to entering the shaping tool, is subsequently marked by 
mechanical means along the periphery of the drawn 
article to be produced, and finally, at the same tempera 
ture, deep-drawn in a draw die either hydraulically or 
mechanically, or by employing both operational means 
either simultaneously or successively. Cooling and set 
ting of the marginal zones is effected by contact with 
the marking edges, while cooling and setting of the blank 
takes place in the tool cavity. The finished article is 
eventually severed from the foil web within the marking 
zone, embrittled during cooling, and ejected from the 
die. Preferably advance and heating of the foil web is 
here controlled in dependence upon the degree of soften 
ing attained immediately prior to entering the Zone of 
treatment. If at this time the plasticity required for 
processing has already been attained, the advance mecha 
nism is started which moves the particular Zone of the 
foil web thus softened into the area of treatment. If 
plasticity is still too low, then the radiation intensity 
of the heating device is increased until plasticity has 
reached the correct degree. In this way it is ensured that 
during each cycle of advancement a transverse area of 
the foil web moved into the processing Zone has the same 
degree of plasticity previously determined in accordance 
with the processed foil type and the type and size of 
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the draw die, and that the finished products will there 
fore be turned out in completely uniform quality. 

If, as will be shown by the embodiment described 
below, heating of the foil takes place at full force, it 
is possible to place by way of protection, particularly 
in case of irregularities of interruption of the machine 
cycle, a curtain of cold air in the shape of a luminar 
Current between heating elements and foil web, using 
a feeler exploring the foil web. This current can be 
generated by compressed air and serves to maintain, by 
means of the issuing volume of air which is regulatable 
in dependence on pressure, the foil temperature at the 
level required for processing and to prevent burning 
or melting through of the foil web by overheating. In 
automatic operation the exploring feeler is preferably 
coupled to the stepping mechanism which triggers the 
next-following Switching sequence and operational cy 
cle. 

Preferably the task of notching the foil web along 
the periphery of the blank to be processed is allotted to 
the drawing die which to this purpose is suitably shaped 
at its upper edge and carries out the marking process 
during a separate first motion in co-operation with a 
suitable counter edge. Any suitable device for carry 
ing out the method according to the invention is to be 
characterized by the following essential elements: 

(A) A guide track for the foil web comprising a feed 
roller, guide rollers and preferably also a take-off roller; 

(B) A mechanism for the discontinuous advance of 
the foil web over a distance corresponding to the overall 
height of the components (C), (D), (E); 

(C) A heating device for the foil web, arranged along 
the guide track (A), preferably composed of separate 
heater elements displaceable in accordance with the out 
line of the die in use; 

(D) A device for marking the foil web, arranged be 
hind the heating device (C) in foil running direction and 
comprising a notching ring and a counter edge; 

(E) Drawing die plate and die closure plate with 
drawing and punching tool interchangeably supported 
therein, arranged either behind the marking device (D) 
in foil running direction or preferably incorporating the 
latter, as described above; 

(F) A pneumatic or mechanical, or a pneumatic-me 
chanical device for the relative displacement of draw 
ing plate, die closure plate, marking ring and counter 
edge; 

(G) A drive system comprising a motor, oil pumps 
pressure reservoirs and pressure cylinders for all driven 
or displaceable parts; if necessary, dual-stage pump for 
high and low pressure; 

(H) An electric relay circuit with magnetic air-oil 
valves for the automatic actuation of the movable parts 
in the operational cycle governed by the foil type and 
the draw die. 

Useful additional developments are constituted by the 
auxiliary elements listed below: 

(E) A feeler exploring the plasticity of the foil web in 
the heating region, including a temperature control de 
vice or a protective shield against burning; 

(J) A braking device for the foil web; 
(K) A device effecting fine feed control for the foil 

web as well as shock attenuation; 
(L). A stepping mechanism using eight or more time 

delay relays adjustable individually in their delay times, 
and also an associate plug switchboard for varying the 
progression of the operational cycle, pre-determined by 
the time delay relays, in accordance with the require 
ments of the draw die in use and the type of material be 
ing processed. 



3,007,201 
3. 

In the attached drawings an exemplary embodiment of 
a device according to the invention is illustrated. 
The method of the invention and the device intended 

for the realization of this method, in contradistinction 
from previous non-cutting shaping methods, aim at a 
sequence of the operational stages which form the drawn 
product comprising accurately stepped individual stages. 
In deep drawing within the range of elastic elongation of 
the foil material, the operational stages following upon 
one another are listed below: 
(1) Heating to within the temperature range of elastic 
elongation, 

(2) Foil advance, 
(3) Marking, 
(4) Drawing or stretching, 
(5) Pressing the drawn material to cold wall portions to 

achieve setting, 
(6) Opening of the die, 
(7) Detaching the blank, 
(8) Ejecting the blank. 
In drawing within the temperature range of plastic 

flow (a definition of this range is given in the Belgian 
Patents 597,545 and 550,620), which from certain points 
of view offers special advantages, the following opera 
tional stages take place: 
(1) Heating to within the temperature range of elastic 

elongation, 
(2) Advance and re-direction of the foil web into a hori 

Zontal plane, 
(3) Heating to within the temperature range of plastic 

flow, 
(4) Marking, 
(5) Drawing or stretching, 
(6) Opening the die, 
(7) Detachment and simultaneous ejection of the blank. 

FIG. 1 shows a device in vertical section, without the 
draw die, die closure plate and notching device being 
fitted. FIG. 2 shows a section in the plane C-D of FIG. 
1, FIG. 3, a section in plane G-H, FIG. 4, a section in 
the plane E-F wherein the draw die, die closure plate 
and notching device are fitted. FIG. 5 shows, in a hori 
zontal section, the interconnected movable and rigid parts 
of FIG. 4. FIG. 6 shows diagrammatically the action 
of the brake for the foil web (a) and the web path with 
out such a brake (b). FIG. 7 shows details of the fine 
feed regulation, FIG. 8 details of the throttle device 61 
of FIG. 1. FIGS. 9 and 9A represent the entire switch 
ing layout of the electric section of the machine. FIG. 
10 shows details thereof. FIG. 11 is a diagram for carry 
ing out the shaping of the foil web in the plastic flow 
range. 
FIG. 12 is a diagrammatic view of a film clamping and 

advancing device in various phases of movement. 
FIG. 13 shows a die with a plastic foil forming part of 

a punching device not further illustrated. 
FIG. 14 shows a die according to FIG. 13, but with a 

support element inserted therein, said element being 
downwardly open, and with a pressure ring imposed. 

FIGS. 15-17 show a device according to the invention 
constructed in a different way in various operational 
Stages. 

FIGS. 18 and 19 are cross-sectional views in elevation 
of other embodiments of this invention in two phases of 
operation, and 

FIGS. 20 and 21 are views in elevation, partially in 
cross section and partially diagrammatic of pressure cyl 
inders and associated devices for moving the die-carrying 
plates of embodiments of this invention. 

Identical parts have identical reference symbols in all 
drawings. 
The whole device is arranged in a structure constituted 

by an angle iron frame lower part , an angle iron frame 
upper part 2, a transverse beam 3 with longitudinal bars 
4 and their extensions 5 and guide rods 6. The extension 
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4. 
arms 5 serve for the deflection of the foil when shaping 
by drawing is not effected within the temperature range 
of elastic elongation, but in the higher temperature range 
of plastic flow. Shaping in this range when using suitable 
foil material offers advantages in regard to drawing and 
static stability. But during this kind of treatment the 
foil should extend horizontally and should be treated in 
this position, i.e. in a vertically directed drawing opera 
tion. 
The guide train (A) for the foil web 34 consists of 

the feed spindle 35 and the roller 33 fitted thereto for 
receiving the foil web to be processed, deflecting rollers 
or deflecting surfaces 38, 72 and 72, 39 as well as the 
take-off spindle and take-off roll 40 fitted thereto which 
is driven by a motor 44 by means of a spindle-actuating 
drive with slipping clutch 43. In order to feed the lead 
ing end of the foil web on to the take-off reel 40, a 
trough 41 leading to the spindle is provided. The re 
moval of the full take-off reel 40 and the insertion of a 
new empty reel are effected with the aid of a resilient 
spindle release 42 constructed in known manner (FIG. 
3). Preferably the feed spindle 35 is also provided with 
a band brake 36 attached to the lever 37 one end of which 
is pivotably supported whereas the other end carries the 
deflection or conveying roller 38. The same applies to 
the previously mentioned take-off spindle 40. This ar 
rangement ensures that the foil web running off the feed 
roll is correctly guided in a loop and that the advance 
movement does not jerk the entire mass of the roll into 
rotation but takes place gradually, taking into account 
the inertia of the roll. 
The advance mechanism (B) for the foil web com 

prises the vertical guide rods 20-preferably constructed 
as tubes to provide a system for hydraulic communica 
tion between the cylinders 27 and 28 without additional 
ducts--which by the nuts 2i are fastened to the cross 
beams £8, 9, guide frames 29, 30, pressure frames 31, 
32 and hydraulically actuated pressure cylinders 27, 28 
and, finally, counter pressure supports 27a and 28a. 
The reciprocating vertical displacement of the foil ad 
vancing frame consisting of the above mentioned com 
ponents is effected by the hydraulically actuated feed 
cylinder 26. In FG. 1 the feed frame is shown in its 
lowest position and the hydraulic pressure cylinders 27, 
28 hold the pressure frame 31, 32 against the counter 
pressure Supports 27a and 28a and thus hold the foil 
web, situated between the counter pressure supports 27a 
and 28a and the pressure frames 31, 32, firmly secured 
between the latter. In this position the frame and the 
foil web arrested by it remain stationary for the duration 
of a notching and drawing operation to be described 
later. When the drawing operation is terminated and the 
blank ejected from the opened draw die, the pressure cyl 
inders 27 and 28 pull back the pressure frames 31, 32 
within the guide frame 29, 30 and release the hitherto ar 
rested foil web. Subsequently, by actuation of the feed 
cylinder 26, the whole feed frame assembly is vertically 
displaced in an upward direction by one complete proc 
essing distance. When it has reached its upper position, 
the pressure cylinders 27, 28 become active again and 
move the pressure frames 31, 32 towards the counter 
pressure Supports 27a and 28a until the foil web situated 
therebetween is again arrested. Now, owing to the op 
posite movement of the feed cylinder 26, the downward 
movement of the frame is initiated which in this way pulls 
downwardly to the extent of one processing distance the 
foil web gripped and arrested thereby, which means that 
the next-following foil region has been brought into the 
processing position. The entire assembly of pressure 
frames and feed frames may also be replaced by rollers. 
Instead of pressure frames and counter supports, 2 roll 
ers pressing on one another are provided which are rota 
tionally advanced in accordance with the desired feed 
stroke. 
Under certain conditions it may be preferable to arrange 
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the feed mechanism for the foil to be processed as a 
combination of a stationary and a movable clamping 
device for the foil web. 

FIG. 12a shows diagrammatically a simple movable 
clamping device in engagement with a vertically extend 
ing section of the foil web 34, whereas at 62 and 68 parts 
of the drawing and punching tool are indicated. In this 
arrangement the tool has to be opened before the mov 
able clamping device can move downwardly together 
with the foil web clamped therein. Following this down 
ward movement, the tool is closed while the movable 
clamping device has to remain stationary in its lower 
position. Only when the tool is again opened after the 
drawing operation, the clamping device can again be 
opened and moved upwardly. This clamping device, 
therefore, must necessarily have a long stationary period 
in its lower end position and should therefore be arranged 
outside the irradiation area of the heating device (not 
shown) for the foil web, in order to avoid that the clamp 
ing device when stationary in its lowest position for a pro 
longed period should screen off part of the heat rays 
directed on the foil and thus prevent them from reaching 
the foil, with the effect that the heated area of the foil 
web is not heated and softened uniformly. However, 
the arrangement of the only available clamping device 
outside the heating area of the foil web necessitates an 
undesirably large overall height of the machine. 

It is preferable, therefore, that the feed mechanism 
for the foil web consist of a combination of a stationary 
and a movable clamping device which in their movements 
are so related to one another that at any time either one 
or the other engages the foil web and clamps it, as shown 
in FIG. 12b. At first it is the movable clamping device, 
indicated by shaded areas, which engages the foil web 
and moves downwardly together with the latter to the 
extent of one feeding stroke, whereas the other clamping 
device, rigidly attached to the machine is opened (left 
drawing of FIG. 12b). As soon as the movable clamping 
device has reached the extreme point of its downward 
movement, the stationary clamping device closes and 
henceforth also clamps the foil web. It is thus not nec 
essary to wait until the tool 62-68 which during the 
downward movement of the movable clamping device was 
of course still open, closes again and thus clamps the foil. 
The clamping had already been effected by the station 
ary clamping device. Consequently, the movable clamp 
ing device may be returned upwardly to its uppermost 
position immediately after it has reached the lowest posi 
tion of its feeding path and even before the tool has 
closed and gripped the foil. In order to attain inde 
pendent and effective operation of the clamping device, 
this can be actuated independently of the Switching cycle 
of the machine since the operation of foil advance re 
mains always the same. Since in this way the movable 
clamping device effecting the foil advance always stops 
in its lowest position only for short periods and imme 
diately, even before the tool has closed and gripped the 
foil, returns to its upper position, there is no objection 
to the movable clamping device moving across the area 
within which the heat rays of the heating device fall 
upon the foil. As the movable clamping device confronts 
any point of this area only for a short period, the inten 
sity and uniformity of action of the heat rays on the 
foil web is substantially unimpaired. 

This improved feed mechanism renders the machine 
suitable also for processing stretched foil webs and foils 
consisting of such synthetic materials which, as for in 
stance polyolefine foils, tend to buckle and twist during 
heating for the deep drawing process unless they are 
firmly clamped. 
The heating device (C) for the foil web consists of 

the mounting panel 51 with mounting screws 50 and 50a 
and the heat radiators 49, not shown in detail, for exam 
ple constituting a bank of infrared radiators whose area 
must substantially correspond to at least the maximum 
width of the foil to be processed and to the maximum 
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6 
feed stroke, but should preferably amount to a multiple 
of the maximum feed stroke. 

If a single radiator is used the dimension of which 
corresponds exactly with the width of the draw die and 
thus to a single feed stroke of the foil web, and if the 
operational cycle covers for example 2 seconds, then a 
foil section corresponding to one feed stroke must be 
brought precisely to the processing temperature within 
2 seconds by a single radiator. This necessitates a very 
high radiation intensity with a very steep heating slope, 
and the Smallest transgression of the cycle period will 
immediately lead to the burning of the foil, whereas 
even a Small shortening of the cycle period would result 
in the foil entering the operational area of the draw 
die with a temperature rise falling short of the pre 
determined processing temperature. On the other hand, 
if the heating area for the foil web is increased by the 
juxtaposition of five individual heater elements to five 
times the extent of one feed stroke while the operating 
cycle is again fixed at 2 seconds, heating of the foil to 
the desired identical processing temperature need not 
take place within one single operational cycle, but dur 
ing a time corresponding to five subsequent operational 
cycles, i.e. within 10 seconds, and the heating slope may 
be kept much flatter. In order to heat the foil by means 
of five successively arranged heating elements, for ex 
ample from 20 to 120° C., any single heater element 
only needs to impart to the foil section confronting it 
at any time a temperature rise of 20° C. The first radi 
ator can here be so dimensioned that the foil in the 
compensated condition, i.e. when the irradiation is com 
pensated by the heat losses, reaches a temperature of a 
little above 40 C. The second radiator is similarly 
adjusted to a compensated condition of 60° C., the third 
to one of 80° C., the fourth to 100° C. and the fifth 
to one of 120° C. Consequently any shortening or pro 
longation of the pre-determined cycle period of 2 seconds 
can only lead to a fifth of a foil-endangering temperature 
rise or drop in the foil web, as compared with heating 
by a single radiator. The radiator bank radiates its heat 
to the foil area in opposite relationship with it and 
raises this area to the pre-determined processing tem 
perature. Within the mounting slots the radiators 49 can 
be individually elevated up to an angle of 30° C. This 
arrangement is particularly advantageous for the working 
of round blanks in staggered arrangement, but can also 
be used in the production of any other drawn articles. 

In the embodiment shown the notching device (D) 
and the draw die (E) are combined with one another. 
On the longitudinal bars 4 with their extensions 5 

are arranged the feed guide plate 52 and the front plate 
53. The front closure plate and the end plate 10 are 
rigidly connected to the guide rods 6. A reciprocating 
movement is imparted to them by the elbow lever 11 
under the action of the hydraulic cylinder 12. Between 
the support plate 16 and the draw plate 14 are provided 
spacing rods 15. The displacement of the movable parts 
on the guide rods 6 is effected by the hydraulically actu 
ated main cylinder 17. The hydraulic cylinder 12 is 
pivotably supported in point 12a. When the position is 
suitably vertical the piston rod is ejected from the cyl 
inder 12 during a simultaneous tilting movement of the 
whole cylinder-effected towards the right in this sec 
tional view until the elbow joint is straightened. The 
tilting movement of cylinder 12 taking place when the 
piston rod is extended and the elbow lever straightened 
is indicated by the arrow in FIG. 1. In FIG.2, in the 
lower part of the section C-D, there appears the con 
necting shaft of the elbow lever assembly 73, indicated 
by a shaded area, which is provided with a U-shaped 
recess. This recess has been provided lest the cylinder 
when extending, contact the main cylinder 17 prema 
turely. The parallel longitudinal elements appearing in 
FIG. 2 laterally of this U-shaped shaft are the lever ele 
ments 1, composed by laminations and arranged to the 
left and right thereof. 
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The elbow lever assembly is constructed in this way 
because in it the pressure exerted in the straightened 
condition becomes infinite. But in many cases it will be 
sufficient if the elbow lever assembly and the hydraulic 
cylinder provided for its actuation is replaced by a direct 
action hydraulic cylinder. 
The cylinder 26 is damped by a throttle 61 which is 

coupled to the lever movement of the throttle lever 23. 
The spring-loaded throttle lever moves upwardly when 
the feed mechanism is lifted. When the latter is low 
ered, it will first abut on the throttle lever 23 which is 
thereby sufficiently lowered to throttle the oil feed to 
the hydraulic cylinder 26. In this way the impact of the 
abutting feed mechanism is hydraulically damped and 
the machine made noiseless. 

FiG. 11 shows diagrammatically the redirection of the 
foil web for drawing in the plastic flow temperature 
range. The foil web 34 arrives vertically and is deflected 
by means of a roller or the like U into the horizontal 
direction. An auxiliary movable radiator assembly S 
is moved out into a position below the horizontal por 
tion of the web, in order to heat up this foil portion to 
the temperature of plastic flow. The tool W now works 
in vertical draw direction. When the blank is to be 
ejected, the movable radiator assembly S is preferably 
withdrawn. When this operational mode is chosen, the 
guide and pressure frames in the lower section of the 
machine must be extended in accordance with the length 
of the extension arms. 
The 90°-angle E in the foil web is only being formed 

when the tool W is closed. Prior to this, the foil web 
sags at this point, forming an arc. This deflection of 
the foil web into a horizontal plane of treatment is nec 
essary to achieve universally identical wall thicknesses 
in the drawn articles. If it were attempted to process 
foil heated to within the temperature range of plastic 
flow in a vertically extending plane, i.e. in a horizon 
tally directed drawing operation, then the blanks would 
receive thicker walls in low situated regions during draw 
ing, because the synthetic material in a state of plastic 
flow would already start to flow downwardly under its 
own weight even before the die could be closed. On 
the other hand, for drawing within the temperature range 
of elastic elongation processing of the foil in a vertical 
plane is more advantageous because then the heated foil 
web does not need any support which would always lead 
either to the occurrence of cooled areas in the foil or 
the foil material sticking to the heated support members. 
In the device according to the invention, however, Sup 
ports are avoided in every case, irrespective of whether 
the processing plane extends vertically or horizontally. 
The marking and drawing device (D), (E) consists of 

the drawing and notching die 62 with vacuum duct 66, 
annular notching ring 63 and movable clamping ring 65. 
This assembly is interchangeably mounted on the draw i 
plate 14. The punching plate 75 with its notching counter 
edge 64 is mounted interchangeably to the front plate 53. 
The die closure and notch limiting member 68 with its 
compressed air duct 69 and, if necessary, plunger 7) 
and the ball valve 71 for atmospheric compensation 
behind the plunger is interchangeably mounted on the die 
closure plate 7. Spacer bushes 8 and end caps 9 are pro 
vided on guide rods 6. 
As is well known, it is impossible by punching to cut a 

synthetic article from a thermoplastic or similar foil since 
even the smallest gap in the tool components leads to 
"inhaling' of the plastic material. Here, the plunger 
draws a thin film through the gap between its cutting edge 
and the - die recess without severing the blank from the 
foil or like Substance. In order to avoid this disadvantage, 
it is possible to let the thermoplastic component to be 
punched out be pressed against a support situated in a 
die recess, in order thereafter to let the pressure-loaded 
Sandwich consisting of the thermoplastic component and 
the support be driven through the die recess until the con 
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nection between the foil or like substance and the blank 
to be punched is ruptured. 
The advantage of this method rests in the fact that, 

When the thermoplastic blank is pressed against the sup 
port, the material of the blank is clamped in this region 
So that when a film is formed this is not supplied with 
further material and will therefore be ruptured. 

It is particularly advantageous if the outer marginal 
region of the plastic foil which surrounds the thermo 
plastic blank to be punched out, is covered by a pressure 
ring so that during punching continued film formation be 
tWeen the plunger surface and the inner surface of the 
die recess is prevented also in regard to this area. After 
a very short period of film formation, the thermoplastic 
blank to be punched out is severed from the plastic foil. 

In order further to reduce film formation between the 
thermoplastic blank to be punched out and the plastic 
foil, it is advisable that the thermoplastic blank should be 
pressed against a support fitting into the die recess. If 
this is done, especially in conjunction with the step de 
Scribed in the previous paragraph, only a very small 
amount of plastic material will be available for the forma 
tion of a film. 

In order that the plunger and the thermoplastic compo 
nent should be guided during the initial stage of punching 
it is preferable that the plunger in its co-operation with 
the die should at first travel a certain distance without 
pressing the thermoplastic component on a support; only 
then is the thermoplastic component pressed against the 
Support and the pressure-loaded sandwich is driven 
through the die recess. Owing to the fact that there is 
no appreciable counter pressure during the first stage of 
plunger movement, the plunger is introduced in the die 
recess without the possibility of tilting. If counter pres 
Sure is encountered afterwards, the plunger will be in 
capable of evasive movement, owing to being guided in 
the die recess. 
Taking into account these considerations, it is of par 

ticular advantage in the method according to the inven 
tion if punching and shaping of the thermoplastic blank 
is effected in one and the same operation in such a way 
that after pressing the thermoplastic component against 
a Support, a pull (Suction) or pressure is exerted which 
Sucks or presses, in a shaping action, the thermoplastic 
blank which is heated to at least plastic flow temperature, 
into a cavity provided, for example, in said Support. 
To carry out this modification of the inventive method 

Serves a device comprising a support preferably fitting into 
the die recess which support, together with the thermo 
plastic blank to be severed by the plunger, can be driven 
through the die recess by means of the plunger. 

Further details become apparent from the examples 
illustrated in the drawings. 

There are shown: 
In FIG. 13 a die with a plastic foil forming part of a 

punching device not further illustrated, 
In FIG. 14 the die according to FIG. 13 but with a 

Support element inserted therein, said element being down 
Wardly open, and with a pressure ring imposed, and in 
FIGS. 15 to 17 a device according to the invention con 
Structed in a different way, in various operational stages. 
As shown in FIG. 13, a die 20 has a recess 202. A 

thermoplastic foil 203 is placed on the die 201. 
Further during the course of the operation, a support 

element 205 is inserted from below, in the direction of 
arrow 284, its upper Surface 206 being situated somewhat 
below the Surface of the die 201, see FIG. 14. The sup 
port member 205 has a flange 207 bearing on the die 20 
from below and determining the position of the surface 
286 of the Support element 205. The support 205 has a 
cavity 208 through which during the operation air can be 
discharged if necessary so that when a thermoplastic com 
ponent is punched out of a heated foil 203, a container is 
formed in the space 208. The margin of the foil 203 ad 
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jacent a plunger 210 is pressed on the die 201 from above 
by means of a ring 209. A plunger 20 is provided above 
the foil 203 and the ring 209. 
The device operates in the same way as will be described 

below. 
From FIGS. 15 to 17 the various operational stages 

of a differently constructed device can be gathered. 
The reference numeral 292 denotes the recess of the die 

20, and 203 denotes the foil. 
A plunger 211 movable in the direction of arrow 22 

has an air passage 213 through which compressed air is 
led underneath the plunger 23. The support 214 fitting 
exactly into the recess 202 of the die 2GE has a space 2:5 
into which a suitably heated thermoplastic component 216 
which is to be separated can be pressed by means of com 
pressed air re-circulated through the duct 213. In the 
lower wall portion enclosing the recess 215 of the support 
214 there may be provided small-diameter bores (not 
shown) to avoid the creation of an air cushion in the 
recess 215. The support 24 is pressed upward in the 
direction of arrow 204 by means of spring or like action 
not illustrated. 
The device operates as follows: A suitably heated foil 

is placed upon the die 201, as apparent from F.G. 13, 
then the support 24 is pushed from below into the recess 
282 up to a stop 254 and the plunger 221 is made to act. 
When the plunger 211 has partially introduced in the 
die the foil portion 256 which is to be punched out, the 
thermoplastic 216 is pressed against the support 24 with 
Suitable force, and a pressure-loaded Sandwich is thus 
formed. At the instant this Sandwich is formed the 
plunger 2it, therefore, is already guided in the die 20, 
see F.G. 15. The effect of the compressed air acting 
through the duct 23 of the plunger 2.Éil on the thermo 
plastic blank is shown in FIG. 16. The bank 26 has 
now been drawn into the shape of a container 27 and is 
applied to the Wall of space 2:5 in the support mem 
ber 234. 
A later stage is shown in FIG. 17. The sandwich 

constituted by the plunger 2A, the support 2:4 and the 
container 217 is now pressed downwardly by the plunger 
2 and pushed through the opening 202 of the die 2. 
Upon retraction of the plunger 2:1 and removal of the 
support 214 carrying the container 257, an empty support 
234 is introduced from below in the opening 202 of the 
die 2 in the manner shown in FIG. 4. The foil 23 
has meanwhile been advanced sufficiently far for a new 
thermoplastic blank to be punched out. 

Instead of air, an additional plunger can be used to 
press the thermoplastic blank into the recess 2:5. 
The recess 25 can also be provided in the plunger 

in which case the upper surface of the Support must be 
fat. 
The device for producing a container may also be con 

structed as indicated in FIGS. 8 and 19. 
A device of this type has a stationary flat plate 228 

and a vertically reciprocating plate 221 spaced a suitable 
distance from the plate 220. The plate 225 is connected 
by means of a linkage 222 with a device for lifting and 
lowering, not shown here. Below the movable plate 221 
is provided a rigidly arranged annular knife 223 whose 
annular cutting edge points towards the movable plate 
22 and is capable of co-operating with the latter. Above 
the movable plate 224 is provided a vertically reciprocat 
ing shaping plunger 225 (whose downward movement is 
limited by the stationary plate 226) which is capable of 
passing through an aperture 221 of the plate 22i. 

This device operates as follows: 
On the knife 224 is placed a suitably heated flat por 

tion of synthetic material 226 and the movable plate 221 
is then lowered towards the annular cutting edge 224 
in the direction of arrow 227, and pressed thereon, until 
an annular notch 229 is formed in the flat portion 226 
of the synthetic material and a thermoplastic blank 228 
is marked by this annular notch 229 and held thereby by 
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10 
the pressure between the parts 225 and 224. If the shap 
ing plunger 225 is now lowered in the direction of arrow 
238, from the position shown in the drawing to almost 
the position shown in FIG. 19, a container 23 is drawn 
into shape from the thermoplastic blank 228 held there 
in by the notch 229. Shortly before the shaping plunger 
223 meets the stationary plate 220, the lowering of the 
plunger 223 having to be effected with suitably timed 
Velocity, the material adjacent the notch 229 has set 
Sufficiently, owing to heat conduction in the plate 22.É. 
and in the annular knife 223, that on the shaping plunger 
225 being moved further, the container 23 is severed or 
torn from the marginal area 232 of the flat portion 226 of 
Synthetic material. Thereupon the shaping plunger 225 
presses the bottom of the container 23 on the stationary 
plate 220 whereby the bottom is pressed flat. 
When the container 231 has been severed, the stressed 

portion of material forming the outer wall of the con 
tainer 231 is urged in the direction of arrows 233 in a 
radial direction towards the shaping plunger 225 and may 
thus apply itself to the latter, whereupon it will be chilled. 
When the shaping plunger 225 is withdrawn into the 
initial position of FIG. 18, the container 231 slips off and 
is removed. 

In FIG. 19 a stage is shown shortly after the container 
23ft has been severed from the flat portion 226, the shap 
ing plunger 225 having pressed flat the bottom of the con 
tainer in co-operation with the plate 220. 

In the case of containers which need not have a fiat 
bottom the plate 220 may be ommitted. Also, the plate 
220 may have any desired shape, for example an annular 
ridge or the like while the lower plunger surface may be 
provided with a matching counter shape. The plate 220 
can be made height-adjustable, according to the desired 
height of the container. In the drawings the draw die 
has been shown, for clarity's sake, as a single die for a 
conical cup. It is also possible of course to insert in the 
machine multiple dies for blanks of the most varied shape. 
Above all, the machine also allows processing with dies 
of considerable depth which may amount to a multiple 
of the die diameter. It would also be possible, thanks 
to the ideal control adjustment possibilities, to draw with 
this machine elongated and very narrow cylinders (drink 
ing Straws). 
The mechanical-hydraulic system for the mutual dis 

placement of the various plates on the guide rods 6 com 
prising the main cylinder 17, the elbow lever closing 
mechanism 1 and the hydraulic cylinder 2 has already 
been described. To this must still be added the common 
drive unit comprising a motor 55, oil pump 56, oil reser 
voir 54, pressure reservoir 57, suction pipe 59 and pres 
Sure pipe 66 as well as the oil-air valves 58. This unit 
Serves all the hydraulic and pneumatic elements (devices 
for ejecting the shaped articles from the mould and for 
cooling the heated foils). 
Within the foil web track one or more cold air jets 

48 may be provided, capable of issuing from a narrow 
slot orifice a curtain of cold air along the foil web if the 
latter is threatened with overheating by an interruption 
of the operational cycle or by excessive heat from the 
radiators. 
The pressure cylinders for moving the die-carrying 

plates may be so devised that, as shown diagrammatically 
in FIG. 20, the full oil pressure is effective on the pres 
sure face A, whereas on the differential face B only a 
Smaller volume of oil, reduced owing to the large diam 
eter of the rods of the differential pistons, is needed for 
the moving apart of the die components. In this way 
the output per unit of displacement of the oil pump 
needed for the intended number of operational cycles 
per minute for which the machine must be adjusted, is 
kept within tolerable limits. But this kind of arrange 
ment of pressure cylinders necessitates a rather extended 
machine construction and the movement of the frontal die 
carrying plate, indicated by arrow, requires the additional 
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movement of the lateral bars which results in the neces 
sity of having to move larger masses. 

But the nechanism for actuating the die carrying plates 
can be made smaller, more easily accessible and movable 
in that pressure cylinders are replaced by draw cylinders. 

FIG. 21 shows the die carrying plates movable towards 
one another in the directions of arrows in an arrange 
ment such that they are moved by the draw cylinders C, 
C and D, D. The draw cylinders may be arranged 
diagonally on the stationary machine frame. The cylin 
ders C, C and D, D act directly upon the die carrying 
plates to which they are allocated and draw them in the 
direction of the movement-indicating arrows. This re 
Sults in a more compact construction than in the case of 
an arrangement as shown in FIG. 20 and comprising pres 
Sure cylinders. Access to the die carrying plates is not 
hindered by constructional components and the fitting 
and exchange of draw and punch tools is considerably 
facilitated. The draw cylinders may be equipped with 
thinner and lighter piston rods. On the whole, the weight 
of the moved parts is considerably reduced. 
The fact that in this construction the draw face of 

the cylinders is utilized to generate high pressure may 
at first glance appear as a disadvantage, but this can be 
fully compensated by an additional step. The draw 
cylinder which is equipped with a light small-diameter 
piston rod needs a certain amount of oil for its movement, 
in accordance with its dimensioning and hydraulic rela 
tionships. The pressure face of the cylinder is constituted 
by the full piston Surface which for the purpose of open 
iiig and moving apart the die components does not how 
ever require the application of the full volume. In order 
to avoid having to feed the oil by means of the pump, 
it is possible to stress the fully available piston surface 
with a constant air pressure. Then the oil situated in 
the rear part of the cylinder need not be conducted 
through the generator or the pump, but it can continu 
ously pulsate in both directions, driven by the draw end 
of the cylinder. 

FiG. 21 shows on the pressure side of the cylinders 
C, C a closed conduit system H. leading to an oil reservoir 
F to which a constant air pressure G is applied by lineans 
of an air tank, not shown. All pressure conduits may be 
interconnected and are not controlled. The air pressure 
now capable of reduction and the oil pressure as coin 
stituted by the reservoir F acts with constant force upon 
the pressure side of the cylinders, stressed by the pistons. 
The draw side of the cylinders can in this case be con 
trolled by three-way valves, as distinct from four-way 
valves. When the oil pressure on the draw side is in 
creased by 10 atmospheres of excess pressure, for example, 
then, with counter pressure being constant, the oil volume 
present on the pressure side of the cylinder is simply 
urged back into the reservoir F as soon as the draw side 
is stressed by means of the associate electric valve. Here 
the controlled oil volume supplied by the pump only 
amounts to a little more than half the oil volume which 
must be controlled in the case of a pressure cylinder ac 
cording to FIG. 20 (with a pressure of increase 10 
atmSpheres of excess pressure). 

Obviously, the machine according to the invention is 
not confined to the relative distribution in space of the 
individual elements which has been shown in the en 
bodiment described. It is not absolutely necessary that 
the draw plane and the heating plane extend perpendic 
ularly. 

in particular, it is also possible to arrange the draw 
plane and with it the assembly constituted by die closing 
plate, front plate, die covering plate etc. so as to extend 
horizontally in which case the longitudinal bars 4, 5 and 
the guide rods 6 must be positioned vertically. The feed 
unit with its vertical guidance 20, pressure frames 3, 32 
could here still remain in a vertical position or also be 
arranged horizontally. 
The heating plane for pre-heating the foil web could 
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2 
also be arranged obliquely or horizontally. But the 
vertical arrangement shown in the described embodi 
ment has proved itself particularly suitable in practical 
operation, for various reasons. The essential content of 
the invention is not a certain relative arrangement in Space 
of the individual constructional components, but the com 
bination and interaction of the functions of certain com 
ponents indicated as being essential. The embodiments 
described here put into practical effect this combination 
of functions and have also been tested in practice as re 
gards their distribution in space, without however this 
combination of functions being dependent upon the dis 
tributions in space presented here. 
The electric part (H) of the machine consists of 

magnetic air/oil valves 58 which actuate the various mov 
ing and movable elements of the machine. These elec 
tric valves are controlled electrically by relays. This 
is preferably done by means of a step-by-step switching 
mechanism (L) and with the aid of eight or more time 
delay relays which are individually adjustable in their 
delay time. Each current pulse proceeds to two cross 
bar distributors one of which passes on the pulses for the 
connection of the relays and the other the pulses for the 
interruptors effecting disconnection of the relays. To 
start the machine, an extraneous pulse to the step-by-step 
Switching mechanism is needed. 
The relays act upon the magnetic air/oil valves or 

electric valves 58 which start up the various actuating and 
movable elements of the machine (exept motor 53 which 
is supplied from the mains network). 
The step-by-step switching mechanism is a time-depend 

ent unit which serves for sub-dividing a certain period of 
time, i.e. the progress of one operational stage, into arbi 
trarily selectable partial periods. These partial periods 
are marked by a pulse which applies a voltage and at the 
same time serves as a disconnection pulse. These pulses 
are continued indefinitely since the last relay again trig 
gers the first one. These finely graduated and freely se 
lectable time steps are followed by an element which ar 
ranges the sequence of events, namly the cross bar dis 
tributor. At this point the magnetic valves are coordi 
nated by means of associate relays so that the running 
off of the single events is put in order. When effecting 
this coordination, the Switching sequences prompted by 
the step-by-step switching mechanism may be so chosen 
in their partial periods that individual events may overlap 
in any desired manner. It is possible, for instance, to let 
the first connection pulse of the step-by-step switching 
mechanism switch on the feed mechanism. The second 
connection pulse closes the die, the third marks the foil. 
The simultaneously created disconnection pulses which 
are transmitted by way of the other cross bar distributor, 
remain ineffective and are not employed for any of the 
functions. The fourth Switching pulse is derived from the 
disconnection end and serves, for example, to return the 
feed mechanism again to its original position, by way of 
the magnetic valve; it is also feasible, by means of the 
simultaneously generated subsequent connection and dis 
connection pulses, to connect and disconnect in each case 
a plurality of elements and control means. In this way 
an untold amount of variants results in a system having 
64 connection and 64 disconnection sockets on a plug 
panel, for example approximately 2815 x 1014 variants. 
This enables the operational cycle of the machine to be 
Set for the Special requirements of each newly inserted 
die and of each new foil type. The optimum setting for 
each new die is at first ascertained empirically and en 
tered according to plug positions on a chart showing the 
lay-out of the plug panel. Each draw die thus has its 
appropriate chart and when such a die is again fixed in 
the machine all that is needed is to insert the plugs in 
the panel in accordance with the appropriate chart so 
as to enSure optimum functioning of the machine with 
this die. 

In FIG. 9 the electric section of the illustrated em 
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bodiment of the machine is shown with a panel of 8X8 
Switch sockets. 
The device (I) for exploring the plasticity attained by 

the foil web in the heating area consists of a feeler 27 
which indicates plasticity by the depth of its penetration 
into the foil web and acts through the parallelogram 
linkage 46 upon the magnetic valve for releasing the com 
pressed air curtain which protects the foil from over 
heating. If desired the surface temperature of the foil 
can also be determined in another way, for example by 
pressing into contact a semiconductor device (electric re 
sistance measurement), with the result that only the ten 
perature of the foil surface is read directly or, upon a 
certain temperature being reached, the compressed air 
curtain is released or, upon a predetermined optimum 
processing temperature being reached, the step-by-step 
switching mechanism is triggered. The combination of 
feeler and foil brake provided in the illustrated embodi 
ment was chosen for its convenience. But these two 
elements may very well remain completely separate from 
one another. 

If the danger of scratching the foil surface is to be com 
pletely eliminated, braking of the foil may for example 
be effected by means of two rollers pressed against one 
another whose ability to rotate can be braked. 
The foil brake 45 has the object to prevent the foil 

web which is curved around various radii, from curving 
outwardly when the pressure frame 31 is opened and the 
feed mechanism travels upwardly. Its operation is illus 
trated diagrammatically in FIG. 6a. The foil brake 45 
preferably consists of a pressure beam lined with foam 
rubber, the beam being capable of being pivoted up 
wardly about its pivoting point (on the left) which is nec 
essary for the foil web to be introduced. The foil brake 
45 acts continuously and guarantees that the foil web 
travels past its deflection rollers in a tensioned condition. 
If the foil brake is omitted, the foil web assumes arcuate 
positions and the feed distances become inaccurate (FIG. 
6b). This is of particular disadvantage if foil webs are 
processed with printed images at regular Successive inter 
vals already printed thereon which require accurate 
register. 
The fine feed regulation (K) with shock absorption is 

shown in FIG. 7. It comprises a transverse beam 24 
whose end position is controlled by the two parts 23. 
The dotted space 25a is variable by means of a setting 
screw 25c in accordance with the depth of penetration of 
the setting spindle 25, by using a regulator wheel. The 
two regulator pins 25b thus emerge to a greater or lesser 
extent from the beam 24 or are further pushed in by the 
parts 23 upon contact with the feed mechanism. Coupled 
to the lever movement of the throttle lever 23 is the throt 
tle 61. The throttle lever which is loaded by the spring 
23c (FIG. 8) travels upwardly when the feed mechanism 
is lifted. On being lowered the latter first contacts the 
throttle lever, presses it downwardly and thus throttles 
the oil feed of the hydraulic cylinder, in order to effect 
shock absorption. The feed regulation comprises a spacer 
22 whose length is matched with the die in use and is 
interchanged along with the latter. If in the regulation 
of foil webs bearing printed images the spacer 22 does 
not accurately coincide with the printing register the 
described fine regulation is employed. It also allows, 
when the die is installed, to find and set the smallest pos 
sible distance between adjacent useful areas experimen 
tally by reductions of this distance. 

In the case of very thin-walled drawn articles the ejec 
tor provided here is not satisfactory by itself because, 
owing to the plastic material being charged with static 
electricity, the blanks may adhere to the dies too firmly. 
For this reason there are preferably provided, in addition 
to the ejector which removes the drawn article from the 
die without deformation, additional small pointed de 
taching members equipped with a small spring. They 
ensure that the drawn article is mechanically urged away 
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4. 
from the ejector which is usually shaped with a flat sur 
face, and thus aiso from its electric field. In this way it 
can be achieved that each drawn article drops out of the 
die fully automatically. In the case of a draw piston the 
provision of a rubber ring seal is recommended lest the 
piston during its return blow the air having entered into 
it in a directional air jet on to the drawn article which 
might cause the article to jump back into the draw die 
from which it is meant to be ejected. 
The circuit arrangement is shown in FIGS. 9 and 10. 

The voltage derived from the mains is applied at 81 to 
a Switch which transmits the current pulse through the 
relay 82 to the first time delay relay 83. The potenti 
ometer 87 by which a time has been set allows, after 
this time has expired, the contact spring 85 to be released, 
which on the one hand, breaks the contact 86 and, on 
the other hand, makes the contact 84. The latter is 
made only for the fraction of a second, whereupon the 
relay, as shown, again drops back into its idle position. 
At the same time, however, the time delay relay 88 has 
started to function. Here the same process evolves as 
in the preceding time delay relay, in accordance with the 
time set on the associated potentiometer, and the pulse 
is now further transmitted to the time delay relay 89. 
Here, too, the described process is repeated and this is 
continued up to the last relay which then energizes again 
the first relay 83. 
A voltage is applied to the cross bars 9, 90 and 92. 

By connections made with the aid of special plugs this 
voltage may be selectively transmitted to the cross bars 
93, 94, 95 in such a way that the voltage is applied to 
the holding contacts of the relays 95, 97, 98 coupled 
thereto. The connection pulse momentarily transmitted 
by way of contact 84 reaches the cross bar 99. If the 
latter is for example connected by the plug 60 to the 
cross bar 01, the pulse passes to the relay 95 and at 
tracts the relay coil whereby the contact bridge 92-93 
is closed. The contact 103 may for example be held in 
this position through the plug 104 as a holding contact 
in conjunction with the third time delay relay of the 
step-by-step switching mechanism. Only after the trig 
gering and the expiry of the delay time of the third relay 
is this contact bridge interrupted at the relay 89 so that 
in this way the contact bridge 02-03 is interrupted 
and the relay 96 de-energized. At the same time, for 
example, the magnetic valve 105 is also connected, in 
conjunction with the connection pulse of the time delay 
relay and the closing of contact bridge 34-83. The 
operating cylinder C6 moves in a pre-determined direc 
tion. The process is again reversed by the time delay 
relay 89 which, triggered by the time delay relay 88, 
momentarily interrupts the contact bridge leading to the 
cross bar 92. Thereby also the holding contact to 103 
is interrupted and the relay 96 opened. At the same 
time the voltage supply at the magnetic valve 105 is 
interrupted and the operating cylinder 106 returns into 
its normal position. This perpetual cycle which is ca 
pable of accurate timing by means of the step-by-step 
switching mechanism and whose connection pulses are 
conducted through the above-described cross bar dis 
tributor in a suitably selected sequence, by means of 
associate relays, to magnetic valves and operating cylin 
ders and other operating devices and in this arrangement 
can be cancelled also in a suitable manner by means of 
the cross bar distributor 90–95 can also be changed 
over, in any phase, from its rhythm to hand switching. 
To do so the key 107 is depressed which in the illus 
trated position supplies a voltage to the holding contact 
for relay 82 and interrupts energization of this relay 
when actuated. Thus the voltage supplied to the step 
by-step mechanism is interrupted and it ceases to func 
tion. At the same time the contact bridge 08-09 is 
closed and a voltage supplied to 10 which then allows 
for example the magnetic valve E1 and thus the operat 
ing cylinder 2 to be triggered by hand. When the 
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contact bridge 63-109 is interrupted, permanent con 
nection to relay 32 is reestablished. A switching pulse 
through switch 81 triggers the step-by-step switching 
mechanism and the time delay relay 84 again starts, 
after the preset time has elapsed, with the above-de 
scribed operation of the step-by-step switching mech 
anism. It is also possible of course to arrange hand 
switching in such a way that it closes the permanent con 
tacts of the relays 96, 97, 98 and that a further switch 
effects interruption. 

For clarity's sake, in the diagram the only switching 
by permanent contact shown is through the contact bridge 
98-69, directly to the magnetic valve is. 
The operational cycle of the machine illustrated here 

evolves in the following manner: 
At first the machine is set to zero which comes about 

automatically by letting the motor start up for a short 
period while the step-by-step switching mechanism is 
disconnected and the hand Switch not touched. Then 
the heater bank 49 and, if desired, the motor 55 are : 
connected which are permanently supplied with current 
during operation of the machine. Both may also be 
connected and disconnected during operation of the ma 
chine, according to the repetitive cycle and the operating 
speed. Individual radiators may also be reguiated by 
means of electronic valves and a circuit breaker element 
(bimetal interrupter) and pulse transmissions. Then the 
beginning of foil web 34 is pulled off the roll 33 to such 
an extent that a sufficiently heated foil section is situated 
in the plane of the draw operation and the leading end 
of the web is fixed to the take-off spindle 48. 
Now the machine is started by switching on the motor 

if this has not been done before, and an extraneous pulse 
is transmitted to the step-by-step switching mechanism. 
When the time set on the potentiometer has expired there 
is effected, on the one hand, an interruption of the supply 
voitage for an associate cross bar at the first time delay 
relay which interruption de-energizes the electric valves. 
But there is also triggered a connection pulse for an 
other cross bar which connects the valves. Besides the 
step-by-step switching mechanism ensures that together 
with this operation already the second time delay relay 
is actuated which, after expiry of the pre-set time, again 
transmits in one and the same operation an appropriate 
pulse to another two bars of the cross bars distributor 
for "on' and "off' and to the third relay. Between the 
cross bar distributor and the electric valve a relay is 
connected to allow time intervals between on and off 
Switching to be bridged, since the step-by-step switching 
mechanism only transmits pulses. The first of these 
yrelays acts upon the associate electric valves 58, The 
latter moves the hydraulic cylinder 12 in an upward 
direction whereby the elbow lever 11 is stretched to 
the left. The latter pulls to the left the frame carrying 
the die closing plate 7 and the end plate 16, almost up to 
the foil web 34 situated in the plane of the draw oper 
ation. By now the first time delay relay has run off 
and transmits the second pulse which passes through 
the cross bar distributor to the second relay and to the 
Second time delay relay; by means of the electric valve 
58 allocated to the second relay the main cylinder 7 is 
actuated which displaces the draw die 62 with its an 
nular marking edge 63 to the right in direction of the 
foil web until contact is made with the counter edge 64 
of the draw die 57. In this way notching of the foil 
Web along the outer periphery of the blank to be drawn 
is effected. By now the second time delay relay has run 
off and transmits a pulse passing to the third relay and 
the third time delay relay. The electric valve 58 al 
located to the third relay now brings about in the now 
closed draw die reduced or excess pressure in the ducts 
56 and 69 respectively, or actuates the draw plunger 70. 
It is also feasible, by the additional connection of a fur 
ther relay and time delay relay, to generate reduced or 

5 

() 

2 5 

30 

-40 

55 

60 

O 

3 
Notching and drawing is thus terminated and the third 
time delay relay has run off. A fresh pulse is trans 
mitted which is conducted to the fourth relay and the 
fourth time delay relay. The electric valve 58 allocated 
to the fourth relay releases the clamping pressure be 
tween the guide frame 29 and the pressure frame 3 so 
that the margin of the foil web is released. By then 
the fourth time delay relay has run off and transmits 
the next following pulse which is conducted to the fifth 
relay and the fifth time delay relay. By means of the 
electric valve 58 allocated to the fifth relay the feed 
cylinder 26 is actuated which displaces the feed frame 
18, 19, 20, 21 upwardly during which movement the 
pressure frame 31, 32 remains in the open position, i.e. 
out of contact with the guide frame 29, 30. 
The fifth time delay relay has now run off and trans 

mits the next pulse to the sixth relay and the sixth time 
delay relay. The sixth relay actuates through its elec 
tric valve the pressure cylinders 27, 28 which urge the 
pressure frame 31, 32 against the guide frame 29, 30 and 
clamp the foil web therebetween. The operation of press 
ing and clamping the foil section, and of releasing it, 
and of its subsequent displacement by the feed mech 
anism can also be combined to form one distance-de 
pendent function so that only one magnetic valve will be 
sufficient for its control since this operation is always 
repeated in the same way. 

Pressure in the main cylinder 17 is still maintained 
at this stage. Running off of the sixth time delay relay 
however, by a pulse transmitted to the seventh relay and 
the relevant electric valve, actuates the hydraulic cylin 
der 12 in the opposite direction so that the elbow lever 
11 is returned and lets the still loaded marking ring 62 
penetrate the die 67 further, the die covering plate 68 
acting as a limit so that the chilled marking area at the 
margin of the blank is ruptured and breaks away from 
the foil web. After the draw tool 62 has passed through 
the die 67 the draw plate i4 supporting the tool 62 is 
reversed while an ejector 76 arranged in the tool 62 
still follows in the direction of the die closure plate 68. 
In this way the drawn products are removed from the 
tool and, after being urged out of the static field of the 
ejector by the separator 77, fall by way of a chute or 
the like into a storage container (likewise not shown). 
As soon as the tool 62 and die closure plate 68 are 

separated by the maximum possible distance, and ejector 
and plunger have been returned to their original posi 
tions, also the seventh time delay relay has run off and 
supplies a new pulse for the eighth relay and the eighth 
time delay relay. The eighth relay now actuates the 
feed cylinder 26 in opposite direction, by means of its 
associate electric valve, so that this cylinder returns the 
feed frame 8-32 together with the film web held be 
tween the pressure frame 31, 32 and the guide frame 
29, 30 in a downward direction into the position shown 
in FIG. 1, while the pressure cylinders 27, 28 hold the 
pressure frame 31, 32 in the advanced clamping position. 
Thus also the eighth time delay relay has run off and 

supplies a pulse which is conducted to the first relay 
and the first time delay relay, whereby the next-following 
operational cycle is set in motion. 
The above-described embodiment relates to a time 

dependent control by means of time delay relays which 
has proved very satisfactory in practical operation. But 
it is also possible to make the control dependent on dis 
tance by providing end position switches instead of time 
delay relays which are actuated as Soon as the member 
to which they are allocated has covered the distance 
prescribed for it. If necessary, it is possible also to 
combine within the machine time dependent and distance 
dependent control. s 

in a single-purpose machine, previously tested in re: 
gard to its tool performance by the above-described 
multi-purpose machine, the cross bar distributor can be 

excess pressure in a first operational phase and to ac- is committed and the step-by-step switching mechanism So 
tuate the plunger in a second phase, or vice versa. devised that it supplies the pulses directly to the valves. 
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But this is based on the assumption that the tool and 
its function have been irrevocably fixed and are not ex 
pected to be modified during the life of the machine. 
As mentioned before, the punching and drawing op 

erations may also be separated in time so that when 
the draw die is opened and the foil advanced, the blanks 
are still suspended in a marked condition in the foil 
web. Provided that the machine is further developed 
to this end, a subsequent station in the path of foil ad 
vancement can then be provided for carrying out the 
punching operation by which the blanks are separated 
from the foil web. Generally this will not offer any 
advantages. But this lay-out may be advisable if the 
draw tool must execute very complicated draw operations 
and it appears desirable, therefore, to devise it as a pure 
draw tool without any other functions. In this case pure 
punching tools, without additional functions, are then 
provided in a subsequent station along the feed track. 
An essential requirement in such a case will be a com 
pletely uniform and accurate functioning of the feed 
mechanism. 
The present process is suitable for deep drawing plates 

and foils of all kinds of thermoplastic material which 
lend themselves to deep drawing. Apart from polyvinyl 
chloride and its co-polymers, with or without the addi 
tion of a plasticizer, it is equally possible, according to 
the method of the invention, to use for example poly 
vinylidene chloride, polyacrylic acid esters, polymeth 
acrylic acid esters, polyacrylonitrile, polystyrene, poly 
ethylene and polymeric higher olefines, polyisobutylene, 
polyfluorolefines and polychlorofluorolefines as well as 
the co-polymers of the monomers corresponding to the 
above-mentioned polymeric products, and mixtures with 
one another of the quoted polymers. 

Patent claims: 
1. A method of continuously producing deep drawn 

articles from a foil web of thermoplastic material com 
prising the steps of discontinuously feeding a foil web, 
making said foil web drawable by heating it, pre-grooving 
said foil to mechanically form a border along the periph 
eral outline of the drawn article to be produced, per 
forming said drawing operation, allowing said foil to cool 
to embrittle its pre-grooved border, and subsequently 
ejecting said drawn article from the foil web by breaking 
said embrittled pre-grooved border. 

2. A method of continuously producing deep drawn 
articles from a synthetic foil in a die comprising the steps 
of discontinuously feeding a foil web through said die, 
making the portion of said web in said die drawable by 
heating it, mechanically pre-grooving said foil along the 
outline within which the deep drawn article is to be drawn, 
effecting drawing at the same temperature as pre-grooving, 
chilling the marked peripheral zone of the blank to the 
point of brittleness, and finally ejecting the drawn article 
from the die and simultaneously breaking it away from 
the foil web at said pre-grooved outline. 

3. A method as set forth in claim 2 wherein the foil 
web advance and the intensity of its heating is controlled 
in dependence upon its plasticity prior to entering the 
zone of treatment. 

4. A method as set forth in claim 2 wherein said me 
chanical pre-grooving is accomplished by pressing the foil 
upon a support disposed within an aperture in a die, and 
subsequently driving the foil and support into the die to 
rupture the connection between the foil and the portion 
disposed upon said support. 

5. A method of continuously producing deep drawn 
articles from a foil web of thermoplastic material com 
prising the steps of heating said foil web to an easily de 
formable condition, pressing said heated foil web a short 
distance through an aperture onto a support to score a 
grooved border around the portion of said web to be 
drawn into said article, forcing the portion of said foil 
web within said border into a cavity in said support to 
draw said article, allowing said foil web to cool to em 
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brittle said grooved border, and then driving said drawn 
portion of said foil web together with said support com 
pletely through said aperture to sever said drawn article 
from the remainder of said web. 

6. An apparatus for producing deep drawn articles 
from a plastic material comprising an apertured plate, a 
reciprocating plunger arranged to pass a predetermined 
distance through the aperture in said plate, a sharp-edged 
ring disposed upon the side of said aperture plate from 
which said plunger emerges, reciprocating means alter 
nately driving said sharp-edged ring towards and away 
from said apertured plate for receiving and urging a 
heated plastic blank against said apertured plate and 
notching a border upon it, said predetermined movement 
of said plunger being sufficient to first draw said article 
from said plastic blank held between said apertured plate 
and said ring and then sever it from said blank, and said 
plunger and ring being arranged to cumulatively absorb 
enough heat from said drawn article to embrittle said 
notched border before said plunger moves to its extremity 
of travel thereby facilitating the severance of said article 
from said plate. 

7. An apparatus for continuously producing deep drawn 
articles from a foil web of thermoplastic material con 
prising an apertured plate, a plunger mounted to move 
through the aperture in said plate, a marking device in 
corporating a ring-shaped member having a sharp edge 
spaced slightly outside of the outline of said aperture 
disposed upon the opposite side of said plate from said 
plunger, a means for feeding said foil between said ring 
shaped member and said plate, heating means for soften 
ing said foil, and reciprocating drive means for first mov 
ing the sharp edge of said ring-shaped member into con 
tact with said softened foil for marking it and for Sub 
sequently driving said plunger through said foil to deep 
draw it and then sever the deep drawn article from said 
foil at said marked edge when it has become brittle upon 
cooling. 

8. An apparatus as set forth in claim 7 wherein an 
auxiliary plate is disposed beyond said ring-shaped mem 
ber for cooperating with said plunger in forming the bot 
tom of said deep drawn article and for conducting heat 
away from it to help embrittle said marked portion. 

9. An apparatus as set forth in claim 7 wherein said 
marking device is arranged within said apertured plate. 

10. An apparatus as set forth in claim 7 wherein a 
cooling device which blows air upon said foil is pro 
vided, a feeler for determining the degree of softening 
of the foil web in the heating area is provided, and said 
feeler being connected to actuate said cooling device for 
protecting said foil web from burning. 

11. An apparatus as set forth in claim 10 wherein said 
feeler for the foil web is connected by means of a paral 
lelogram linkage to a braking device which influences the 
foil web advance. 

12. An apparatus as set forth in claim 7 wherein a 
fine-feed regulating mechanism and a shock absorber are 
connected to the means for feeding said foil to prevent it 
from breaking. 

13. An apparatus as set forth in claim 7 wherein the 
heating system for the foil web is constituted by a bank 
of infra-red radiators, and the radiation area of such 
bank corresponds to the height of the foil web to be 
heated in any particular case. 

14. An apparatus as set forth in claim 7 wherein a foil 
brake is arranged at the supply spindle and the take-off 
spindle for the foil web, said brake being connected to a 
lever pivotable about its own end point, and said lower 
carrying at its free end a conveying roller which fits into 
the first deflected loop of the foil web. 

15. An apparatus as set forth in claim 7 wherein a 
permanent brake for the foil web is arranged at the 
point of deflection above the heating area, and said brake 
being constituted by a beam lined with resilient ma 
terial which bears on the web, 
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16. An apparatus as set forth in claim 7 wherein 
drawing cylinders are allocated to the die plates carry 
ing a draw plate and a die closure plate, said drawing 
cylinders including a pressure side exposed to air pres 
sure and a rear side exposed to oil pressure, the fully 
stressed piston Surface representing the pressure side of 
the draw cylinder being stressed by a constant air pres 
sure so that the oil present in the rear compartment of 
the cylinder is driven by the draw end of the cylinder 
which continuously pulsates in both directions with the 
piston movement, and said drawing cylinders being ar 
ranged diagonally on a stationary machine frame. 

17. An apparatus as set forth in claim 7 wherein a 
discontinuous foil-feeding mechanism is provided, said 
mechanism including a double clamping device compris 
ing a stationary and a movable clamping device, said 
clamping devices being mutually adjustable in their op 
erational cycles so that at any time one of them engages 
the foil web and clamps it, the movable clamping de 
vice being arranged for again returning to its uppermost 
position immediately after having reached the extreme 
point of its downward movement effecting the foil ad 
vance, the path of the movable clamping device being 
situated within that portion of the guide track which is 
irradiated by the heating system, and the clamping de 
vice being automatically controlled independently of the 
switching cycle of the machine. 

18. An apparatus for continuously producing deep 
drawn articles from a foil web of thermoplastic material 
comprising an apertured plate, a reciprocating plunger 
which passes through said aperture, a ring-shaped knife 
having an outline slightly larger than said aperture, said 
knife being disposed adjacent the aperture in said plate, 
and being disposed upon the side of said plate upon which 
said plunger passes out of said aperture with said knife 

10 

15 

20 

25 

30 

35 

20 
encompassing said aperture, means for feeding a con 
tinuous foil web between said ring-shaped element and 
said apertured plate, the edge of said knife being sharp 
ened for grooving said foil web by contact therewith when 
said foil web is made drawable by heating it, a heater 
for making said foil drawable when it is positioned be 
tween said apertured plate and said ring-shaped mem 
ber, reciprocating means reacting between said apertured 
plate and said ring-shaped knife for forcing said sharp 
ened edge of said knife into said foil web when it is 
backed up by said apertured plate to score a grooved 
outline upon it, coordinating means for driving said 
plunger through said heated foil web held between said 
apertured plate and said ring-shaped member for draw 
ing said articles, said coordinating means subsequently 
holding said plunger and drawn article in contact with 
each other a sufficient time to absorb enough heat from 
it to embrittle the grooved portion of said web, and 
severing means for subsequently breaking said article 
from said web at said embrittled border by further move 
ment of said plunger relative to said web. 

19. An apparatus as set forth in claim 18 wherein an 
auxiliary plate is positioned a predetermined distance 
away from said aperture in front of the path of move 
ment of said plunger, and the opposed surfaces of said 
plunger and said auxiliary plate being cooperatively 
formed to shape the bottom of said article between 
them. 
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