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Method and apparatus for trimming an article integrally differentially pressure formed In a sheet of thermoplastic material
comprising a pair of trim dies which are relatively moveable between spaced apart positions for receiving a sheet carrying an
article to be trimmed, closed positions, engaging opposite sides of the sheet, and then to sheet severing positions in which an
article I1s severed from the sheet. The dies are relatively moved via a wedge which Is transversely moveable on the machine and
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(57) Abréege(suite)/Abstract(continued):

positions. A second, less Inclined wedge surface, which is a continuation of the first wedge surface, Is provided for moving the
trim dies from the closed positions to the sheet severing positions. Servomotor driven crank mechanism Is provided for
selectively transversely concurrently moving the wedges In opposite direction through selected lengths of travel to selectively
move the trim platen to any selected one of a plurality of different strokes between the open positions and the closed positions.
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ABSTRACT OF THE DISCLOSURE

Method and apparatus for trimming an article integrally
differentially pressure formed in a sheet of thermoplastic
material comprising a pair of trim dies which are relatively
moveable between spaced apart positions for receiving a
sheet carrying an article to be trimmed, closed positions,
engaging opposite sides of the sheet, and then to sheet
severing positions in which an article is severed from the
sheet. The dies are relatively moved via a wedge which 1is
transversely moveable on the machine and includes a first
sharply inclined wedge surface for rapidly advancing the
trim dies from the spaced apart positions to the closed
positions. A second, less inclined wedge surface, which 1is
a continuation of the first wedge surface, is provided for
moving the trim dies from the closed positions to the sheet
severing positions. Servomotor driven crank mechanism 1is
provided for selectively transversely concurrently moving
the wedges in opposite direction through selected lengths

of travel to selectively move the trim platen to any
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selected one of a plurality of different strokes between the

open positions and the closed positions.
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IRIM APPARATUS AND METHOD FOR TRIMMING

AN ARTICLE FROM A THERMOPLASTIC SHEET

BACKGROUND OF THE INVENTION

1. Field of the Invention:

This 1nvention relates to a differential pressure

forming machine which differentially pressure forms

articles 1in a sheet of thermoplastic material and more

particularly to method and apparatus for trimming

articles from a thermoplastic sheet utilizing trim dies

which are moved by a wedge that is driven by a servomotor

driven crank 1in a to-and—-fro path of travel transverse to

the path of travel of the trim diec.

2. Description of the Prior Art and Objects

Apparatus, such as that disclosed in U.S. Patent No.

3,004,791 granted to G.W. Brown on May 23, 1972, has been

provided heretofore for successively delivering a heated

thermoplastic sheet to a heating station and then to a

forming station at which molds engage the sheet to

differentially pressure form an article in the sheet.




CA 02240142 2001-05-08

Apparatus such as that disclosed in U.S. Patent No.

4,313,358, granted to Gaylord W. Brown on February 2,

1982, has been provided heretofore for trimming articles,

differentially pressure formed in a thermoplastic sheet,

at a trimming station which is downstream of the forming
station.

In thlis latter mentioned patent, the trim dies are

actuated through toggle linkages and cams which move the
trim dies to positions engaging opposite sides of the
sheet and thence to sheet severing positions.

The trim dies provided in the prior art differential

pressure forming machines are actuated by direct acting,
pneumatically operated cylinders and/or cams for moving
the trim mechanism to sever the differentially pressure

formed article from the sheet.

Because of the rather substantial force required to
move the trim dies between spaced apart, open positions,
and closed positions, the prior art utilized double
acting pneumatically operated cylinders which are quite
large and relatively expensive. It has Dbeen found

advantageous to utilize a wedge which 1is moveable
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Cransversely to the path of a movement of the trim dies

for moving the trim dies from the open positions to the
closed positions. Accordingly, it is an object of the

present 1nvention to provide a new and novel trim die

machine including trim dies which are moveable in to-and-
fro longitudinal paths of travel and wedge mechanisfa,
which 1s transversely moveable for wedging the trim dies
petween open positions and closed positions engaging
opposite sides of the sheet.

U.5. Patent No. 5,225,213 issued to G.W. Brown and
Albert W. Arends on July 6, 1993, discloses apparatus for
trimming an article from a thermoplastic material
including a wedge for incrementally moving the trim die
from a closed position, in which the dies engage opposite
sides of the sheet, to a further closed position in which
the trim dies sever the sheet. This prior art wedge is
also transversely moved via a pneumatically operated
cylinder which 1is relatively expensive and inefficient.
Accordingly, it 1is another object of the present
invention to provide a new and novel trim machine

including a transversely moveable wedge which is operated

~3-
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via a motor driven crank and which is more efficient than

the pneumatically operated cylinders utilized heretofore.

The positioning of prior art pneumatically driven

wedge 1s also relatively difficult to control and thus,
the exact starting and stopping positions of the wedge,
and the resultant distance which the molds move, 1is
sometimes less accurate than desired. Accordingly, it is
another object of the present invention to provide a new
and novel trim machine of the type described which

1ncludes new and novel servomotor drive mechanism for

more accurately controlling the starting and stopping
positions of a wedge for moving the trim dies.

Another object of the present invention is to provide
a trim machine of the type described which includes
mechanism for electronically adjusting the stroke of the
trim dilie by starting and stopping a servomotor which
drives the trim die moving wedge in any selected one of

a plurality of different positions.

E—

t 1s sometimes desirable to move the trim platen a

significant distance vertically at a rapid distance

between the open positions and the closed, sheet engaging

-4 -
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positions and the wedge disclosed in the aforementioned

U.S. Patent No. 5,225,213 did not provide structure for
this to be accomplished. Accordingly, 1t 1s another

object of the present invention to provide new and novel

crim apparatus of the type described which includes new
and novel wedge mechanism for moving the trim dies at
varylng rates of travel.

It has been found advantageous to not only utilize a
wedge for moving the trim dies between the closed
positions and the sheet severing positions but also to

move the trim diles from the open positions to the closed

positions. Accordingly, 1t 1s another object of the

present invention to provide a new and novel trim machine
including a new and novel motor driven wedge for moving
the platen Dbetween the removed positions and closed
positions.

It 1s a further object of the present invention to

provide a new and novel trim machine of the type

described which includes a first wedge section having a

first inclination for relatively rapidly moving the trim

dies between the open positions and the closed positions

-5
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and a second wedge portion having a second lesser
inclination for more slowly moving the trim dies between
the closed positions and the sheet severing positions at
a substantially lesser rate.

It 1s a still further object of the present invention

to provide a new and novel trim machine of the type
described having a first transversely moveable wedge
portion for moving the trim dies from spaced apart

positions to closed positions engaging opposite sides of

the sheet and a second wedge for incrementally further

moving the trim dies to sheet severing positions.

It 1s sti1ll a further object of the present invention

to provide a trim machine of the type described including

wedge mechanism for moving the trim dies between open,

spaced apart positions to closed, sheet engaging

poslitions at a first rate of travel and moving the trim

dies from the closed positions to further closed, sheet

severlng positions at a lesser rate of travel.

The power required to relatively move the trim dies

together 1s substantially greater when the trim dies are

moving from the closed positions to the severing

-6 -
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positions than when moving from the open positions to the
closed positions. Accordingly, the degree of inclination
of the wedge portion utilized to move the trim dies from
the closed position to the sheet severing position must
be substantially less than the degree of inclination of

the wedge utillized to move the trim dies between the open

positions and the closed positions when the trim dies are

not operating 1in a cutting or severlng mode.
Accordingly, 1t has Dbeen discovered advantageous,
according to the present invention, to provide a trim die
moving wedge which 1ncorporates a two step wedge having

a flrst wedge section with a relatively sharp inclination

for rapidly, relatively moving the non-loaded trim die

and a section wedge section with a relatively lesser

inclination for less rapidly relatively moving the die,
while under load.

Accordingly, it 1s another object of the present
invention to provide a trim machine of the type described

which 1includes a two stage wedge having a first wedge

portion with a sharp inclined cam surface for rapidly

moving the trim die when the trim die 1is not wunder
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cutting load and a second wedge cam surface of

substantially lesser i1nclination for moving the trim die

while 1t 1s under cutting load.

Another object of the present invention is to provide

a method for trimming an article from a thermoplastic

sheet wvlia new and novel wedge mechanism which more
accurately controls the stroke of travel of the trim
dies.

Another object of the present invention is to provide

a method of trimming articles from a thermoplastic sheet

of the type described 1including the step of converting

rotary motion to linear motion via a crank which is swung

1n opposite directions of travel to any selected one of
a plurality of degrees of travel to selectively control
the stroke of the trim die to any selected one of a
plurality of different trim strokes.

Other objects and advantages of the present invention
will become apparent to those of ordinary skill in the

art as the description thereof proceeds.
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SUMMARY OF THE INVENTION

A trim machline for severing articles which have been

differentially pressure formed in a thermoplastic sheet

from the thermoplastic sheet comprising: a pair of
opposed, cooperating trim dies mounted for movement
pbetween spaced apart positions spaced from the sheet, and
first closed positions engagling opposite sides of the
sheet, and second further closed, sheet severing
positions to sever an article from the sheet at a trim

station; mechanism for moving the trim dies between the

spaced apart positions, the first closed positions and
second further closed, sheet severing positions
comprising a wedge mounted for movement in a second path
of travel, transverse to the first path of travel,

petween a non-wedging mode, a first wedging mode, and a

second wedglng mode; the wedge including a first wedge
section having a first 1inclination for moving at least
one of the trim dies towards the other trim die at a
predetermined rate of travel from the spaced apart
position to the first closed position when the wedge 1is

1n the first wedging mode; the wedge including a second

-9-
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wedge section having a second inclination, for moving the

one trim die towards the other trim die from the first

closed position to the second closed position when the
wedge 1s 1n the second wedglng mode, and mechanism for
successively transversely moving the wedge from the non-
wedging mode to the first wedging mode and then to the
second wedging mode comprlsing a crank rotatable about an
axls and 1ncluding an eccentric portion eccentrically
coupled to the wedge, and a servomotor rotatable about
the axis and driving a coupled to the crank.

DESCRIPTION OF THE DRAWINGS

The 1nvention may be more readily understood by
referring to the accompanyling drawlngs, in which:
Fig. 1 1s a front end elevational view of a trim

machine constructed according to the present invention,

1llustrating the trim dies in closed positions engaging

opposite sides of a sheet to be trimmed, part of the

frame being broken away to better i1llustrate a bearing;
Fi1g. 2 1s an enlarged sectional side view, taken

along the section line 2-2 of Fig. 1;

-10-
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Fig. 3 1s a slightly reduced, top plan sectional view

of the machlne taken along the section line 3-3 of Fig.

1;

Fig. 4 1s a greatly enlarged sectional side view of
the upper platen, taken along the section line 4-4 of
Fig. 1;

Fig. 5 1s a greatly enlarged side sectional view,

taken along the section line 5-5 of Fig. 3, illustrating

the relative positions of the wedge, crank and trim dies
in a startlng position;

Filg. 6 1s a side sectional view similar to Fig. 5
illustrating the trim dies 1in sequential, partially
closed positions;

Fi1g. /7 1s a greatly enlarged fragmentary sectional
side vliew, silmilar to Fig. 6, more ©particularly

1llustrating the trim dies 1n closed positions clamped to

a sheet of thermoplastic material having parts integrally
thermoformed therein;

Fig. 8 1s a reduced, side elevational view similar to
Fi1gs. 5-7 1llustrating the trim dies in further adjusted,

sheet severing positions;

-11 -
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Fig. B8A 1s a greatly enlarged sectional side view
more particularly 1llustrating the trim die portions

encircled 1n the chain line circle 8A of Fig. 8; and

Fig. 9 is a top plan view of the bottom platen taken
along the section line 9-9 of Fig. 1.

DESCRIPTION OF PREFERRED EMBODIMENT

Apparatus constructed according to the present
invention, generally designated 10, 1s provided for

trimming an article A differentially pressure formed in

a sheet 11 of thermoplastic material, such as

polystyrene. The apparatus 10 1includes a frame,

generally designated 12, having a lower base 14 and an

upper header 16 spanned by laterally spaced apart,

vertical side rails 18. The article A may suitably
comprise three dimensional, truncated cone shaped thin
wall parts such as drinking cups, or plates which are
stacked 1n nested relation after they have been severed

from the sheet 11. The sheet 11 1s <carried by

horizontal, laterally spaced apart chains 17 of
conventional construction, driven by a conventional motor

(not shown) .

~12-
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Mounted on the frame 12, for wvertical relative

movement toward and away from each other, 1s an upper

trim die assembly 19 and a lower trim dile assembly 21

having upper and lower platens, generally designated 20

and 22, respectively. The platens 20, 22 each include

laterally spaced apart side frame members 24 spanned by

longltudinally spaced apart ralls 26. Intermediate cross

rails 28 and 30 span the laterally spaced apart side
frame members 2A and the 1longiltudinally spaced apart
ralls 26 to reinforce the platen frame. The upper platen
20 1s slidably mounted for vertical movement on the frame
12 wvia a pailir of laterally spaced apart vertically
disposed slides 32 which are C-shaped 1n section and
gulide on a palr of vertilically disposed, laterally spaced
apart slide bars 34 fixed to the inside surfaces of the

vertical frame members 18. The palr of laterally spaced

apart, vertically disposed slides 32 are fixed to the
platen 20 wvia vertilical posts 36 which are fixed to the

upper platen frame members 24.




CA 02240142 2001-05-08

Vertical guilides or slides 32A are mounted on the

underside of the lower platen 22, via vertical posts 36A

for sliding movement on the frame supported vertical

guide raills 34. Platen moving apparatus, generally

designated 40, 1s provided for vertically moving the

upper trim die assembly 19 toward and away from the lower

trim die assembly 21 and includes a horizontal drive

shaft, generally designated 42, Jjournaled in bearing
blocks 44 provided on the underside of the upper header
16 and bearings 43 provided 1in vertical side rails 18.

The shaft 42 is drivingly coupled to a gear box 46 which

1s driven via a motor 48 detachably coupled to the gear

pox 46 via a coupling 50. The gear box 46 is mounted on

one of the vertical side rails 18 via a vertical mounting

plate 52 spaced apart from the vertical side rail 18 via

spacer blocks 54.

The upper platen 20 1s drivingly coupled to the drive
shaft 42 via toggle link mechanism, generally designated
50, having a pair of upper toggle links 58, fixed to the
drive shaft 42, and disposed between the bearing blocks

44. The links 58 1include lower ends 59 pivotally coupled

-14-
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Lo the upper ends 60 of lower toggle links 61 via pivot

pins 62. The bottom ends 63 of toggle links 61 are

pivotally coupled to the upper platen 20 via pivot pins

6o which are coupled to wvertically disposed pins 64

having a threaded lower sections 66 which are threadedly
received 1n nuts 68 journaled for rotation in Jjournal
poxes o0/ provided on platen 20 (Fig. 4). A collar 70 is
provided for vertically retaining each nut 68 in the
Jjournal box 67.

The vertical position of platen 20 relative to the
frame 12 can be vertically adjusted via a chain or belt
/2 which 1s tralned around two sprocket wheels 74 fixed

to the nuts 68 on each of the threaded screws 60. The

chain 72 1s also trained around two additional sprocket
wheels 77 journaled atop the upper platen 20. A platen
supported motor 76 includes an output shaft 78 coupled to

one of the sprocket wheels 77 for driving the chain or

pelt 72 which rotates the nuts 69 that travel along the

screw threads 60 to raise and lower the upper platen 20

relative to the lower platen 22 and thus control the shut

heilght therebetween.

~15 ~
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A palir of a double acting, pneumatically operated

assist cylinders 80 are mounted to a plate 82, fixed to

the underside of header 16. The cylinders 80 include
piston rods 84, to assist in moving the upper trim die

assembly 19 wvertically Dbetween the spaced apart

positions, 1llustrated in Fig. 5, and the closed

positions, 1llustrated in Fig. 6. A stabilizer bar 86

spans the threaded screws 60 so the threaded screws 66 do

not rotate about theilir wvertical axes.

The upper trim die assembly 19 includes an upper trim
die, generally designated 90, mounted on the underside of
the upper platen 20. The upper trim die 90 includes a
plurality of upper annular trim die knives, 92, each
having an annular knife edge 94 for engaging the upper
side 93 of the sheet along the circumferential border b

(F1Lg. 8A) of article A provided in the sheet 11. The

upper annular trim dile knife 92 include cylindrical

passages 95, therethrough, having axes 97, which receive
the article A when the upper and 1lower trim die
assemblies are 1n the closed and trim positions

illustrated in Figs. 7 and 8.

-16-
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Mounted on the lower platen 22 1is a cooperating tool

comprising a trim die anvil 102, against which the

annular upper knife edges 94 bear after passing through
the sheet 11 to the position illustrated in Figs. 8 and

dA. The secondary, lower trim die anvil 102 is mounted

on the upper face of the lower base 14 wvia suitable
mounting brackets.

THE MOTOR DRIVEN CRANK ASSEMBLY

A motor driven crank assembly, generally designated
110, 1s provided for moving the lower trim die assembly
21, including the lower platen 22 and trim die anvil 102
mounted thereon, Dbetween the removed spaced apart
positions, 1llustrated in Fig. 5, and the closed

positions, 1llustrated in Figs. 1, and 2, and thence to

sheet severing positions illustrated in Figs. 8 and 8A.

The crank assembly 110 1includes a pair of horizontally

disposed wedge members 112 mounted on the frame 12 below

the 1lower trim platen 22 for transverse horizontal

B

movement, 1n the direction of the arrows 119 between the

various different positions, illustrated in Figs. 5, 6,

/7 and 8. The wedge members 112 have bottom horizontal

~17 -
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surfaces 118 which ride along frame supported rollers 120

journaled on the frame F via pivot pins 122. Side guides

115 laterally gulde the wedges 112 to keep the wedges 112

from i1nadvertently moving sideways.

The upper surface 124 of each wedge 112 includes a

cam surtface, generally designated 123, on which a pair of

cam follower rollers 128 ride. Each cam surface 123 has

a palr of longitudinally aligned, generally horizontal,

a r—

lower surfaces 125, a pair of longitudinally aligned,

sharply 1inclined upstream wedging surfaces 126, and a
palr of less sharply 1nclined trim cam surfaces 130. A
pair of braces 131 span the wedges 112. The cam follower
rollers 128 are Jjournaled on pins 129 fixed to the

underside of the lower platen 22. The longitudinally

aligned sharply inclined upstream cam wedge surfaces 126

rapidly force the lower platen 22 and trim die anvil 102

upwardly while the upper annular die knives 102 are being
downwardly from the removed non-trimming positions,
1llustrated 1n Fig. 5, to the closed positions engaging

a sSheet S as 1llustrated in Figs. 7.
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The second pair of less sharply inclined, trim cam

surfaces 130 are 1nclined horizontally at a substantially
reduced angle relative to the horizon, relative to the
path of travel represented by the arrows 119 and relative
to the 1nclination of longitudinally aligned sharply

inclined upstream wedging surfaces 126. The power

required to upwardly move the lower platen 22 during the
sheet severing portion of the cycle, from the position
1llustrated in Fig. 7 to the closed position illustrated
in Filig. 8, 1s substantially greater than the power
required to move the lower platen 22 upwardly, from the

position 1llustrated 1in Fig. 5 to the position

1llustrated in Fig. 7, while not under load.

The motor driven crank assembly 110 includes a pair

of laterally spaced apart crank arms 140 pivotally
coupled at thelr inner ends to the slides 112. The crank

arms 140 i1nclude outer ends 144 eccentrically coupled to

a palr of crank pins 146 mounted on the perimeter portion

of a palr of crank wheels 148 coupled to opposite ends of

the output shaft 150 of a gear box 152 which is supported

on the lower base 14 wvia cantileverly supported frame

-19-
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pars 1l56. The gear box 152 is driven via an electrically

energized and controlled by a servo motor 158 releasably

coupled to the gear box 152 via a coupling 160.

THE OPERATION

The sheet 12, 1ncluding the 1integral, differential

pressure formed articles A 1s passed between the upper

and lower trim die assemblies 19 and 21 in the spaced

apart positions 1llustrated in Fig. 5. Sheet carrying

chains 17 are temporarily interrupted as the motor 48 is

operated to drive shaft 42 to force the upper die

assembly 21 downwardly. The servo motor 158 1is
concurrently operated to move the wedges 112 from the
lowermost, rest or lull positions, illustrated in Fig. 5
to the partially closed, intermediate positions

illustrated i1n Fig. 6, to partially close the upper and

lower trim dile assemblies 19 and 21. Since relatively
little power 1s requilired to raise the unloaded trim die

anvil 102, the motor 158 upwardly moves the lower trim

dile assembly 21 along the longitudinally aligned sharply
inclined upstream wedging surface 126 relatively rapidly.

The motors 48 and 158 continue to move the upper and

-20 -
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lower trim die assemblies toward each other until they

reach the closed positions illustrated in Fig. 7. Iin

the position, 1llustrated in Fig. 7, the follower rollers

128 will have completed their travel along the

longitudinally aligned sharply inclined upstream wedging
surface 120 and will be 1in position to commence travel
along the relatively less inclined, trim cam surface 130.

At this point, the upper trim die assembly 19 will

remaln sStationary as the servo motor 158 continues to
operate and turn the crank wheels 148 from the position
1llustrated in Fig. 7, to the position illustrated 1in

Fig. 8, 1n the direction of the arrow 149. This will

upwardly, gradually and relatively slowly, force the
lower anvil 102 toward the upper annular trim die knife
edge 94, causing the annular knives 102 to cut through
the sheet 11 along the borders b of the articles A to
sever the articles at the trim station from the sheet 11.

The servo motor 158 then continues operation in the
same dilrection, represented by the arrow 149A, to retract
the 1lower trim die assembly 21 from- the position

1llustrated 1in Fig. 8 to the position illustrated in Fig.

-21 -
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O, while the motor 460 1s reversely operated to raise the

upper platen from the trim position illustrated in Fig.

8 to the position illustrated in Fig. 5. The sheet 11 is

then 1ndexed downstream to present successive articles A,
differentially pressure formed in the sheet 11, to a

position between the upper and lower trim die assemblies

19 and 21 so that the operation can be repeated.

If the articles A are relatively shallow in depth, it

may not be necessary to return the lower trim die

assempbly to the lowermost position illustrated in Fig. 5
put the wedges may only be returned to the positions

1llustrated in Fig. 6 and in chain lines in Fig. 7. This

1s accomplished by electronically adjusting the servo

motor 158 to only partially rotate the crank wheel 148 to

the partially rotated position illustrated in Fig. 6.
Accordingly, the articles may be trimmed at a more rapid

rate and would, otherwise, 1f the lower die assembly was

required to travel through a full stroke to the position

1llustrated in Fig. 5.

It 1s to Dbe understood that the drawings and

descriptive matter are in all cases to be interpreted as

-29_
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merely 1llustrative of the principles of the invention,
rather than as limiting the same in any way, since it is
contemplated that wvarilous changes may be made in wvarious

elements to achieve like results without departing from

the spirit of the invention or the scope of the appended

claims.

~-23 -
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CLAIMS:

1. A trim machine for severing articles, 1ntegrally
differentially pressure formed 1in a thermoplastic sheet,
from the thermoplastic sheet comprising:

a ftrame;

upper and lower trim dies, mounted on said frame,
having opposed cooperating sheet severing members;

means mounting said upper and lower trim dies for
relative to-~and-fro movement between vertically spaced apart
positions for receiving sald sheet, carrying sald articles
therebetween, and first closed positions clamped to opposite
sides of said sheet and then to second, further closed,
sheet severing positions in which saild opposed cooperating
sheet severing members cut through sald sheet to sever an
article from said sheet;

means for moving said sheet between said upper and
lower trim dies in said spaced apart positions to present an
article to be trimmed at said trim station;

means for successively relatively moving said upper and
lower trim dies between said spaced apart positions and said
first closed positions at a first predetermined rate and

from said first closed positions to said second further

24-
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closed sheet severing positions at a second predetermined

rate substantially less than said predetermined rate
including

wedge means for reacting between said frame and one of
salid upper and lower trim dies for moving said one of said
upper and lower trim dies toward the other of said upper and
lower trim dies;

means mounting sald wedge means for transverse linear
movement i1in a to-and-fro transverse path transversely to the
path of movement of said one of salid upper and lower trim
dies between a laterally outer, withdrawn position and a
laterally inner wedging position;

means for moving said wedge means between said
laterally outer withdrawn position and said laterally inner
wedglng position comprilising

crank drive mechanism coupled to said wedge means, and

a servomotor coupled to sald crank drive mechanism for
driving salid crank drive mechanism and said wedge means in
sald to-and-fro transverse path;

sald wedge means comprising

a first wvertically inclined ramp having a first

predetermined 1nclination relative to said to-and-fro

5.
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transverse path and
a second vertically inclined ramp, laterally adjacent

sald first ramp, having a second predetermined inclination

substantially less than sald first predetermined

inclination.

2. The trim machine set forth in claim 1 wherein said wedge
means comprlses a one plece, two-part ramp including a
laterally inward ramp section having sald first
predetermined inclination relative to said transverse path
and a laterally outer ramp section, having said second
predetermined inclination relative to said transverse path,

abutting said laterally i1nward ramp section.

3. The trim machine set forth in claim 2 including follower
means on sald one trim dle for guiding along said two-part
ramp for movement along said laterally inner and outer ramp
sections;

salid follower means comprising roller means mounted on

sald one trim die; and

further including additional roller means on said frame

on which said wedge means rolls between said laterally inner

206-
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and outer positions.

4, The trim machine set forth i1n claim 1 wherein said crank
drive mechanism comprises a crank drive arm having a first
end coupled to sald wedge means and a second end;

a drive wheel rotatably mounted on said frame for
rotation about an axis;

means eccentrically coupling said second end of said
crank drive arm to said drive wheel;

means drivingly coupling said servomotor to said drive
wheel; and

means for selectively reversing the direction of
rotation of said servomotor at selected intervals to drive
sald crank arm at any selected one of a plurality of
different strokes to vary the stroke of travel of said one
trim die to any selected one of a plurality of different

strokes.

5. Trim apparatus for severing articles which have been
differentially pressure formed 1in a thermoplastic sheet from
the thermoplastic sheet comprising:

a frame;
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means on said frame for supporting a thermoplastic
sheet, having articles differentially pressure formed

thereln, at a trim station;

a pair of trim platens, each mounting a trim die,
mounted on sald frame for movement between spaced apart
positions, removed from said sheet and first closed
positions 1n which said trim dies engage opposite sides of
sald sheet, and second further closed sheet severing
positions 1n which at least one of said trim dies penetrates
sald sheet to sever an article at said trim station from
sald sheet;

means for successively moving said trim platens between
sald spaced apart positions spaced from said sheet and said
first «closed positions and said second further closed
position comprising

first wedge means, having a first predetermined
inclination, for reacting between said frame and at least
one of said platens for moving said one platen and one of
sald trim dies mounted thereon at a predetermined rate
toward the other trim die from sald spaced apart position to
sald first closed position;

second wedge means laterally contiguous with said first
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wedge means and, having a second lessor inclination
substantially less than saild first inclination, for reacting
between said frame and said one trim platen for
incrementally moving said one trim platen and said one trim
die at a second lesser rate, substantially less than said
predetermined rate, from said first closed position to said
second closed sheet severing position to sever said article
from said sheet at said trim station;

means mounting said first and second wedge means for
linear transverse movement in a path of movement transverse
to the path of movement of said one trim platen to
successively present saild first and second wedge means
between remote non-wedglng positions and wedging positions
reacting between said frame and said one trim platen; and

motor driven crank means for transversely moving said
first wedge means between said non-wedging position and said
wedgling position to move said one trim platen to said first

closed position and for the successively moving said second

wedge means between salid non-wedging position and said
wedglng positlion to incrementally move said one trim platen
and said one trim die, from said first closed position to

sald second closed sheet severing position.
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6. The trim apparatus set forth in claim 5 wherein said

first wedge means comprises a first inclined wedge surface
having said first predetermined inclination, said second
wedge means comprlises a second wedge surface which 1is a
continuation of said first surface but has said second
lesser 1nclination less than said first predetermined

inclination.

/. The trim apparatus set forth 1n claim 5 wherein said
means mounting sald flrst and second wedge means for
transverse movement comprises a transversely moveable slide
mounted for movement between laterally 1nner and laterally
outer positlions; sald motor driven crank means comprises

a crank arm having one end coupled to said slide and an
opposite end;

a crank wheel rotatable about an axis;

means eccentrically coupling said opposite end of said
crank arm to said crank wheel; and

a servomotor drivingly coupled to said crank wheel.

8. The trim apparatus set forth in claim 5 wherein said
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first and second wedge means comprise first and second,
laterally adjacent inclined ramps for relatively rapidly and
slowly, respectively, moving said one trim platen; said
means for supporting sald thermoplastic sheet comprising
means for successively indexing a continuous thermoplastic
sheet downstream to said trim station; said motor driven
crank means comprising a crank rotatable about a
predetermlined axis; servomotor means for selectively driving
sald crank in opposite directions; and means for selectively

varying the degree of rotation of said crank 1in either

rotary direction to adjust the movement of said first
inclined ramp and selectively vary the length stroke of

rapid travel of said one trim die.

9. Trim apparatus for severing articles which have been
differentially pressure formed in a thermoplastic sheet from
the thermoplastic sheet comprising:

a frame;

means on sald frame for supporting a thermoplastic
sheet, having articles differentially pressure formed
therein, at a trim station;

a palr of trim platens, each mounting a trim die,

31-
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mounted on said frame for movement between spaced apart
positions, removed from said sheet and first closed
positions 1in which said trim dies engage opposite sides of
sald sheet, and second further closed, sheet severing
positions 1n which at least one of said trim dies penetrates
sald sheet to sever an article at said trim station from
sald sheet;

means for successively moving said trim platens between
sald spaced apart positions and said first and second closed
positions comprising

wedge mechanism for reacting between said frame and at
least one of sailid trim platens; and

means mounting said wedge mechanism for linear
transverse movement 1n a path transverse to the path of
movement of said trim platens between a laterally remote

position, a first wedging position and successively to a

second wedglng position;

said wedge mechanism including

a first wedge section, having a first inclination, for
moving sald one trim platen, and one of said trim dies
mounted thereon, toward the other trim platen from said

spaced apart position to said first closed position when

-30-
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sald wedge mechanism is in said first wedging position, and
a second wedge section, continuing from said first
wedge section but having a second inclination different than
sald first inclination, for moving said one platen, and said
one trim die thereon, from said first closed position to
sald second closed, sheet severing position when said wedge
mechanism 1s 1n saild second wedging position; and

motor driven crank means for moving said wedge

mechanism linearly transversely to successively move said
wedge mechanism from sald remote position to said first

wedglng position and then to said second wedging position.

10. The trim apparatus set forth in claim 9 wherein said
motor driven crank means comprises

a crank arm having one end coupled to said wedge and an
opposite end;

a crank wheel mounted on said frame for rotation about
an axils;

means eccentrically coupling sald opposite end of said
crank arm to said crank wheel; and

a servomotor drivingly coupled to said crank wheel for

rotating said wheel to drive sald crank arm and said slide
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in a to-and-fro transverse path of travel.

11. The trim apparatus set forth 1n claim 9 wherein said
first wedge section moves salid one platen toward said other
platen at a predetermined rate; said second wedge section
moving said one platen toward saild other platen at a lesser

predetermined rate.

12. The trim apparatus set forth in claim 9 whereiln said
first wedge means has a first predetermined 1inclination
relative to the path of movement of said one trim platen and
said second wedge means has a greater predetermined
inclination relative to said path of movement; saild motor
driven crank means 1includes

a crank rotatable about an axis in either direction of
rotation;

a servomotor drivingly coupled to said crank for
selectively rotating said crank in opposite directions; and

means for selectively varying the degree of rotation otf
said crank in either of said directions of rotation to
selectively adjust and control the stroke of movement of

said one trim die in any selected one of a plurality of

-34-
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different strokes.

13. Trim apparatus for severing articles which have been

differentially pressure formed in a thermoplastic sheet from
the thermoplastic sheet comprising

a frame;

means on sald frame for supporting a thermoplastic
sheet, having articles differentially pressure formed
therein, at a trim station;

a palr of opposed cooperating trim dies mounted on said
frame for movement in a first path of travel between spaced
apart positions, removed from said sheet, first closed
positions engaging opposite sides of said sheet, and second
further closed, sheet severing positions to sever an article
from said sheet at said trim station;

means for successively moving said opposed cooperating

trim dies between said spaced apart positions, said first
closed positions and sailid second further closed, sheet
severing positions comprising

a wedge mounted on said frame for movement in a second
linear path of travel transverse to said first path of

travel, between a non-wedging mode, a first wedging mode,
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and a second wedging mode;
sald wedge 1ncluding

first wedge means, having a first inclination relative

to said first path of travel, for moving at least one of
sald opposed cooperating trim dies toward the other of said
opposed cooperating trim dles at a predetermined rate of
travel from sald spaced apart position to said first closed
position when said wedge 1s 1n said first wedging mode;

second wedge means, contiguous with said first wedge
means and having a second incllnation relative to said first
path of travel, for moving said one opposed cooperating trim
die toward sald other opposed cooperating trim die at a
second lesser rate of travel substantially less than said
predetermined rate of travel from said first closed position
to said second closed position when said wedge is in said
second wedgling mode and

means for successively transversely moving saild wedge
from salid non-wedging mode to said first wedging mode and
then to said second wedgling mode comprising

a crank rotatable about an axis and 1including an
eccentric portion eccentrically coupled to said wedge, and

a motor rotatable about said axis and drivingly coupled
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to said crank.

14. The trim apparatus set forth in claim 13 wherein said
means for moving said opposed cooperating trim dies includes
roller means coupled to said one opposed cooperating trim
die for successively engaging said first and second wedge
means to displace said one trim die in a direction normal to

sald second path of travel.

15. The trim apparatus set forth in claim 14 wherein said
first path of travel is vertical and said second path of
travel 1s horizontal;

sald motor comprises a servomotor;

sald means for successively transversely moving said
wedge comprising means for selectively driving said
servomotor through any selected one of a plurality of
different degrees of rotation to selectively adjust the
stroke of travel of sald one opposed cooperating trim die to
any selected one of a plurality of different strokes of

travel.
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le. Trim apparatus for severing an article integrally
differentially pressure formed in a thermoplastic sheet,
from the sheet, at a trim station comprising:

a frame;

a palr of trim platens, each mounting a trim die,
mounted on said frame for relative movement in a
longitudinal path of travel between spaced apart open
positions, less spaced apart closed positions, and further
less spaced apart sheet severing positions;

first wedge means linearly moveable between a remote
poslition and a wedging position disposed between said frame
and one of said trim platens for relatively moving at least
said one trim platen toward the other of said trim platens
from said open position to said closed position at a first
rate of travel;

second wedge means, laterally adjacent said first wedge
means, linearly moveable between a second remote position
and said wedging position between said frame and said one
trim platen for relatively moving at least said one trim
platen from said closed position to said sheet severing
position at a second rate of travel substantially less than

sald first rate of travel to sever an article from said
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sheet at said trim station; and

means for concurrently reciprocally moving said first
and second wedge means laterally adjacent each other in a
to-and-fro transverse path of travel to successively dispose
said first and second wedge means in said wedging position
comprlsing

crank means, rotatable about an axis, having an
eccentric portion eccentrically coupled to said first and
second wedge means for moving said first and second wedge
means 1n said to-and-fro transverse path of travel, and

servomotor drive means drivingly coupled to said crank
means for rotating sailid crank means about said axis and
reciprocally move said first and second wedge means in said
to-and-fro transverse path of travel;

sald first wedge means comprising a first wedge surface
having a predetermined inclination relative to said
transverse path of travel for moving said one trim platen at
sald predetermined rate of travel; said second wedge means
comprising a second wedge surface having a second lesser
inclination relative to said transverse path of travel,
substantially less than said predetermined inclination, to

successively move sald one trim platen from said closed
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position to salid sheet severing position at said second rate

of travel.

17. The trim apparatus set forth in claim 16 wherein said
crank means comprises a crank arm having one end coupled to
sald first and second wedge and a second end; means for
concurrently moving sald first and second wedge means
including, a crank wheel rotatable about said axis, said
crank wheel 1ncluding an eccentric portion eccentrically
coupled said second end of said crank arm; said servomotor
pelng drivingly coupled to said crank wheel to rotate said

crank wheel about said axis.

18. The trim apparatus set forth in claim 16 wherein said
second wedge surface 1s a smooth, uninterrupted continuation

of said first wedge surface.

19. The trim apparatus set forth in claim 16 wherein said
means for reciprocally moving sailid first and second wedge
means 1includes means for selectilively driving saild crank
means 1n opposite directlions through any selected one of a

plurality of different degrees of rotation to adjust the
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stroke of movement of said first wedge means and to adjust

the stroke of travel of said one trim die.

20. A method of trimming and severing an article, which has
been integrally, differentially formed in a thermoplastic
sheet, from the thermoplastic sheet comprising the steps of:

indexing a sheet of thermoplastic material, having an
article differentially pressure formed therein, to a
position disposed between a pair of spaced apart, opposed,
trim dies at a trim station;

relatively moving said trim dies 1n a longitudinal path
of travel between spaced apart positions and closed
positions engaging opposite sides of said sheet;

moving at least one of said trim dies toward the other
of said trim dies to relatively move sald trim dies from
said closed positions to sheet severling positions to sever
an article from salid sheet at said trim station;

sald step of relatively moving sald trim dies belng
accomplished by linearly moving first vertically inclined

wedge means, having a first predetermined inclination, 1n a

transverse path of travel transverse to said longltudinal

path of travel to move said one trim die relative to said
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other trim die at a predetermined rate of travel;

said step of moving at least one of said trim dies

toward the other of said trim dies being accomplished by

sequentially linearly moving second wedge means, having a
second lesser vertical inclination substantially less than

sald first predetermined inclination, in said transverse
path of travel to move said one trim die at a substantially
lesser predetermined rate of travel substantially less than
sald predetermined rate of travel;

sald steps of moving said first and second wedge means

peing accomplished by converting rotary motion to linear

motion.

21. The method set forth in claim 20 wherein said step of
converting rotary motion to linear motion is accomplished by

rotating a crank 1n a to-and-fro rotational path of travel.

22. The method set forth in claim 20 wherein said step of
convertilng rotary motion to linear motion is accomplished by
selectively transversing selected portions of said first
wedge means to selectively vary the stroke of travel of said

one trim die.
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