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-2- However,-a roll formng |line wthout a-punching, formng or shear,gg
deV|ce could handl e strip netal at speeds up to about 1,000 feet per """
nlnute [t is.evident that the output of an assenbly or manufacturing |ine
i$ only as fast as the slowest elenent in the line. In theory, a rotary
press could be operated at nuch hi'gher |ine speeds than a—%fyrng‘shéa"ﬁr—_
die, and tihus lead to considerabl e econom es in operation, EX|st|n ot
mat eri al -wor ki ng devi ces may suffer from various dlsadvant
limted to specific operations such as cutting (see Unlted
Nos.
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DESCRIPTION
ROTARY APPARATUS "9

This invention relates to a rotary cutting and

forming apparatus for high speed continuous punching, forming or
5 shearing of sheet metal.

BACKGROUND OF THE INVENTION

Conventional sheet metal cutting and forming devices
are reciprocating presses. Material to be worked is placed
within a press, positioned stationary over a die. The press,

10 usually mechanically operated, is closed, thus forcing a second
die into contact with the workpiece. The force exerted on the
workpiece by the dies will deform the piece or punch holes in the
piece as requird. When the operation is complete, the press
opens, the workpiece is removed and a new workpiece inserted.

15 Because of the reciprocating motion inherent in such devices, the
speed with which they may work is limited. Two solutions have
been used. In one system the strip material is moved
intermittently, step-wise through the press. In another system a
so-called flying shear or die is used with a strip moving

20 continuously. In this system the die is accelerated to the speed
of the strip and the press closes, while the die and strip are
moving in unison. The die then opens, and returns to its
starting position. Typically, the punching, forming or shearing
of a continuous material, such as sheet metal, is limited to a

25 line speed of about 250 feet per minute.
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2.951, 410. 3,274.873, 3,438,835, 3,709,077 and 3, 828, 636) ; erforatlng (see

“United States Patent No. 3,205, 744); enbossing (see Unit B%P
Nos. 804,512 and 4, 059,000, and United Ki ngdom Pat ent No
1,'456,530); crinping (see United States Patent Nos. 3, 12

3,367,161); and stretch formng (see United States Patent No. 3 394 5
Such deV|ces are generally desi gned t®-performa specific one of the above

operations and may not 1% &%ﬂlorfaﬁmg 1R Qﬁ'ﬂfb‘h‘b Ey ﬂ?ﬁ{dﬂl%é ar,
they are unable to neet aII e reqU|renents rang

form ng opdeamiag, °ror5hﬁ?fr% Vigen colidy %qdéédf'tfrdfwii;k ) %Qﬁﬁﬂ%)l"?
section. | R WHbEXII1SI0W fFitapeyBEHutRs shearing is

It is evident that the output of an assembly or
5 manufacturing line is only as fast as the slowest element in the

line. In theory, a rotary press could be operated at much higher
line speeds than a flying shear or die, and thus lead to
considerable economies in operation.
Existing rotary material-working devices may suffer
10 from various disadvantages. Some may be limited to specific
operations such as cutting (see United States Patent Nos.
2,851,410, 3,274,873, 3,438,835, 3,709,077 and 3,828,638);
perforating (see United States Patent No. 3,205,744); embossing
(see United States Patent Nos. 804,512 and 4,059,000, 'and United
15 Kingdom Patent Nos. 837,660 and 1,456,530); crimping (see United
States Patent Nos. 3,123,905 and 3,367,1861); and stretch forming
(see United States Patent No. 3,394,573).
Such devices are generally designed to perform a
specific one of the above operations and may not be able to
20 Perform other operations. In particular, they are unable to meet
all the requirements for a full range of die forming operations,
or for shearing a strip already formed into a complex section.
In such existing rotary machines shearing is _
.feasible on flat, unformed strip. Die forming was achieved by
25 using specially designed dies sometimes formed around an arc,
which severely restricted the shape that could be formed.
Generally it was not possible to use conventional flat dies as
used in conventional reciprocating presses. Dies formed around
an arc or radius, such as in U.S. Patent 3,394,573, posed
30 considerable problems. The function of a curved die as it
contacts the workpiece is different from that of a flat die. The
curved die will commence working the material on one side of the
die. As the curved die rotates, deformation of the workpiece
will proceed along the workpiece until the operation is complete.
35 This often resulted in distortion. In a flat die as found in
conventional die presses, the workpiece is cut or worked
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feasible-on flat, unforned strip. Die form ng was achi eved by using

special ly d63|gned di es sonetinmes forned around an arc, ThthhﬂﬁeBemak aced
restricted the shape that could be fornmed. Generally it e to
use conventional flat dies as used in conventional reC|pr

D es formed around. an arc or radius, such as in U S. Paten

posed _constderabl e probl ens. The functdon of a curved die as |t contacts
the wor kpi esignilst i dduiigntadrons i dlfe a f]!xﬁtcéi*&mT%ﬂlﬂdm&t@ Véddh

conmence woQ t he terial f the d t he curve di e
rot at es; é#’g%q‘tﬁ?so raa;ﬁ”éjgé’ do ‘fﬂ"&rﬁ? d‘?—?ce'
until the asriatdldre. s conplete Thi s often resulted I n dlstortlon In a
flat die as found in

Another approach to the problem is shown in United
5 States Patent Nos. 1,333,704, 1,581,236 and 3,066,542. In these
patents the dies rotate around a circular orbit. In United

States Patent No. 1,581,236, the individual dies are guided and
controlled by an annular cam track, and cam followers riding in
the track. In this arrangement the dies are difficult to control.

10 The cam followers cannot make a perfect fit in the annular track.
Some clearance is needed in order that the followers can roll in
the track. As a"iééult, the dies are never held securely. When
they meet they may fail to register perfectly, and damage may
result.

15 With a view to overcoming these problems, the
invention provides for a high speed rotary cutting and forming
apparatus which makes use of flat dies and permits the accuracy
of conventional .die presses.

BRIEF SUMMARY OF  THE INVENTION

20 [The invention provides a rotary cutting and forming
apparatus for use in association with material forming dies for
the forming strip material, comprising a rotatable upper roll
unit and a corresponding rotatable lower roll unit, the units
being connected for synchronous rotation, each of said units

25 comprising a rotatable carrier member defining a central axis,
and a semi-cylindrical recess, and at least one die support block
adapted to be swingably mounted on said corner member, and
defining two ends and a surface to which a said die may be
affixed, and guide pin means extending from each—of the said two

30 ends, said roll units being spaced apart whereby said material
may pass therebetween for formation by said dies, path definition
means adapted to receive said guide pins and guide said die
support blocks during a portion of the rotary cycle whereby a die
affixed to said die support member on said upper unit and a die

35 affixed to said die support member on said lower unit may
register with each other and cooperate together for the




~conventi-onal- die presses the workpiece is cut or wor ked This ShleMiziiBaNEp!
“across the die. 1In certain applications such differences

and rotary device may not be desirable. Another approach Iﬂllﬂm m
shown in United States Patent Nos 1 333 704, 1 581 236 an

these patents the dies rotate around-g-circular orbit. In United States

Patent No=<=l 581 236, the individual dies are quided and controlla’ ap
annul ar Caﬁq”qﬁﬂ@tlon of the material, and retaining means whereby said die

support block is retained on said carrier member. }

The advantages of the invention include the
following: +the device can be operated continuously or

5 intermittently at high speed, thus allowing a manufacturing line,
in which the device may be a component, to operate at high line
speed. The device is as accurate as conventional, reciprocating
die presses. Use of a flat die set allows standard die
tool-making procedures to be used. The device may have as much

10 flexibility in its use, for forming holes, indentations and the
like in a workpiece, as has a conventional die press.
EAccordingly, it is an objective of the invention to
provide a rotary apparatus for cutting or forming strip sheet
material at high speed.

15 It is a further objective of the invention to
provide such a rotary apparatus incorporating a flat die.

It is a further objective of the invention to
provide such a rotary apparatus which may operate with at least
the accuracy of conventional die presses.

20 It is a further objective of the invention to
provide such a rotary apparatus wherein the die blocks include
additional guide means, interengaging between respective die
blocks on upper and lower units, and further controlling the
position of said die blocks as they close and open relative to

25 said workpiece.

It is a further objective of the invention to
provide such a rotary apparatus in which means may be provided
for controlled intermittent operation whereby portions of the
workpiece may pass through the rotary apparatus without being

30 formed or cut.

The various feature of novelty which characterize
the invention are pointed out with particularity in the claims
annexed to and forming a part of this disclosure. For a better
understanding of the invention, its operating advantages and

35 specific objects attained by its use;ireference should be had to
the accompanying drawings and descriptive matter in which there
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IN THE DRAWINGS
Figure 1 is a schematic illustration in perspective
5 of a manufacturing line incorporating a rotary apparatus

according to the invention.

Figure 2 is an exploded schematic drawing in
perspective of a rotary apparatus according to the invention;

Figure 3 is a cross-section along the line 3-3 of

10 Figure 2;

Figure 4 is a detail view in cross-section of a
portion of the rotary apparatus of the invention:

Figure 5 is a detail view in perspective of a
portion of the rotary apparatus according to the invention about

16 to contact the workpiece;

Fiéure 6 is a view correponding to Figure 2 but of
an alternate embodiment;

Figure 7 is a cross~-section similar to that of
Figure 3, but illustrating the embodiment of Figure 6 in a

20 different positlon,

Figure 8 represents a cross- sectional view along
line 8-8 of Figure 6, illustrating the operation of the
embodiment of Figure 6;

Figure 9 is an exploded view of a detail of the

25 embodiment of Figure 6;

Figure 10 is a sectional side elevation of an
ultimate embodiment;

Figure 11 is a section along the line 11-11 of
Figure 10;

30 Figure 12 is a schematic top plan view of an
alternate embodiment of the rotary apparatus, for intermittent
operation; and,

Figure 13 is a section along the line 13-13 of
Figure 12.

35
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permts the accuracy of conventional die presses. AccorqgggmaﬂhsB@qum““i
“invention a die support apparatus is for use in associati ] ﬁry'
apparatus for.form ng and cutting naterial, said rotary & g a
root at abl e upper roll unit and a correspondi ng rotatable | ro unit,

said upper and lower roll units being_supported by bearing neans and bei ng
connect ed -f or synchronous rotati on, 84ch of said units conprising a carrier

menber defining a centrgefarrsngsdbdFiguRer 1hathegeat sl @dduseratedcasyoll
cxendi 19 ghond 38T, TERRSE BARLL S 19, LS, ORILR. 18 s R8T TS Bortorm
_ various forming operations. Material 12 may often be sheet
metal. Such operations may typically be performed in a

5 manufacturing line 14. Material 12 is unwound from roll 10 and
passed continuously along line 14, in the direction indicated by
arrow A. The various forming operations are performed on
material 12 as it passes different points along line 14. As
material 12 is unwound from roll 10, typical first operations may

10 be die forming operations, performed by a rotary apparatus 20
according to the invention. Apparatus 20 may punch holes, or form
complex indentations 22, or both, in material 12 as it passes
through apparatus 20. Nip rollers 21, both above and below
material 12, guide material 12 through rotary apparatus 20.

15 Subsequent operations may typically include roll-forming
operations at station 23. Further operations as desired may bse
carrid out at station 24. The final operation is typically the
cutting of material 12 in cutting station 26 into standard
lengths 28 convenient for further manufacturing or assembly

20 processes and for storage.

Further nip rollers (not shown) may be used to guide
material 12 through stations 23, 24 and 28. Of course, any
number of stations 20, 23, 24 and 26 may be used in sequence, as
desired. _

25 The above description of a typical manufacturing
line is provided herein in order to facilitate the description of
the invention. The description of the manufacturing line is not
intended to limit the invention in any way. Rather the apparatus
according to the invention may be-used in any manufacturing line

30 or in any situation requiring high speed, continuous, accurate
die forming of strip material.

Referring to Figure 2, there is schematically
illustrated a rotary apparatus 20 according to the invention.
Motor 30 drives upper.roll unit 32 in unison with and, at the

35 same speed, as-lower roll unit 34 through transmission 35 and
shafts 36. Material 12 passes between and is contacted by upper




shape, said die support apparatus conprising: -4- atTﬁﬁa@ﬁH@ﬁE laced
"support nenber adapted to be by said carrier nmenber, and E‘
surface to Wwhich is affixed a die for form ng or cuttlng\ag

said die support nmenber being rotatably supported in the ss of said
carrier menber; |eading die support guide pin nmeans extending froma

| eadi ng portlon of the end of said die support nenber;
: and lower units 32 and 34. Upper and lower 'units 32 and 34 may be

supported by suitable bearing means 37. In this embodiment motor
30 and transmission 35 are such as to provide the outer surfaces
.of upper and lower units 32 and 34 at the point of contact with
5 material 12 with essentially the same speed as material 12, so

that there is no slippage or relative motion between the material
12 and either or both of upper unit 32 and lower unit 34.

However in an alternate embodiment described below,
relative motion is provided for.

10 Transmission 35 and bearings 37 may be adjustable to
vary the maximum distance between upper and lower units 32 and 34
in order to accommodate sheet material 12 of varying thicknesses
or to increase the pressure applied to material 12. Hydraulic
ristons 40 may be attached to shafts 36 so that upper unit 32 may

15 be quickly removedfrom contact with material 12. Buch capability
allows the apparatus 20 to leave linear portions of material 12
unformed, if desired. :

Motor 30, transmission 35, bearings 37 and pistons
40 may all be standard components as are well-known in the

20 machine tooling industry.

‘ Figure 3 illustrates in cross-section upper die unit
32 and lower die unit 34 in position to die form sheet material
12. Upper unit 32 rotates counter-clockwise in the direction
"indicated by arrow B. Lower unit 34 rotates clockwise in the

o5 direction indicated b& arrow C. Material 12 moves from left to
right in the direction indicated by arrow A.

It will be appreciated that the designations
“upper”, "lower”, "left", "right", "clockwise", and
counter-clockwise” are for convenience of description only and

30 are not intended to limit the invention, which will operate
equally effectively in any direction or orientation. Similarly,
references to an "upper die" located in a certain position and to
a corresponding "lower die" in a certain corresponding position
‘are not intended to limit the invention. Two dies operate as a

35 pair and the individual location of each is irrelevant to the
invention so long as the pair operates together at the required
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34, Referring to Figures 3 and 4, upper unit 32 includes upper
carrier member 41, which defines a longitudinal axis L1 about
which upper unit 32 rotates. Member 41 defines at least one (in
the illustrated embodiment, there are four) generally
semi-circular cylindrical recesses on opening 42, defining
central axes (Figure 5) extending longitudinally parallel to the
axis L1 of member 41. Member 41 further defines abutments 43
between openings 42. The outer surface of abutments 43 define a
notional circular cylindrical Surface 44 (shown in cross-section
as phantom circle 44). The axes L2 of cylindrical openings 42
may lie on notional surface 44 parallel to axis L1. However in
an alternate embodiment described below this. is modified.
Referring to Figure 6, upper dle support blocks 46
are retalned within openings 42 by the semi- 01r551£¥~reta1nlﬁé-
flanges 47. Each block 46 is semi-cylindrical in shape having a
croés—section that is segment-shaped namely, that shape bounded
between the perimeter of a circle and a chord of the circle.
Thus block 46 defines two surface portions: a semi-cylindrical
portion 46a and a planar portion 46b. Semi-cylindrical portion
46a is fitted within opening 42, so that block 46 is freely
rotatable within its associated opening 42. A first guide pin
means 48 extends from one end of blocks 46 and a second guide pin

i SR S

means 49 extends from the outer end guide blocks 46, and ensure

that the planar portions 46b are located in the desired position
as described below. On a block 46 pin means 48 and 48 define and
lie on different axes for reasons described below.

Upper dies 50 are mounted on planar portions 46b of
blocks 46 in any conventional manner. The die surface of a die
50 defines a forming plane P2 (Figure.S). Die 50 is mounted on
block 46 so that the plane P2 is essentially parallel to the
planar portion 46b of block 48 and so that the plane P2 includes

 the axis of opening 42, in this embodiment.

35

Lower unit 34 comprises lower carrier member 52,
defining semi-cylindrical openings 54, abutments 55 and

: Wls SHEET HMAS BEEN
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|Ilustrated and described preferred enbodi nents of the i BleNRrpeed
"DRAW NGS Figure 1 is a schematic illustration in perspect qa&

manuf act uring-line incorporating a die support apparatus a m‘m“ne
invention. Figure 2 is an expl oded schematic drawing in pe

di e support apparatus according to thaoanentlon
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semi-cylindrical surface 56, lower support blocks 58, and flat
lower dies 60. Guide pin means 62 and 83 are provided in a.
fashion offset at opposite ends of the block similar to the
equivalent components of upper unit 32. Retaining flanges 47 are
also provided.

Each of pins 48, 49, 62 and 63 defines a canm
follower means (not shown) at its free end. Pins 48 are guided
by cam means such as a cam groove 64 defined in fixed end plate

38, at one end. Pins 49 are guided by cam means such as a cam

groove 85 in fixed end plate 39, at the opposite end.
Similarly, on lower unit 34, guide pins 62 and 63

are guided by corresponding cam means; e.g.,ggﬁgﬂg;ggves'TO and

72, respectively, in fixed end plates 38 and 39, at opposite

ends.

Fixed end plate 38 is divided between grooves 64 and
70 into upper and lower end plates, 3Ba and 38b repectively.
Similarly, end plate 39 is split between grooves 66 and 72 into
upper and lower end plates, 3%a and 39b. Both end.plates 38a and
39a are fixed by suitable means (not shown) relative to the axis
Ll of upper unit 32. BSuch suitable means may, for example,
comprise a guide track, preventing the rotation of plates 38a and
39a relative to axis L1, and a bearing means for shaft 36 in
prlates 38a and 39a.

Similarly, end plates 38b and 39b are fixed relative
to the axis L1 of lower unit 34.

The provision of split end plates 38a, 38b, 39a and
39b, fixed as described above, allows the distance between upper
unit 32 and lower unit 34 to be varied as desired without '
interfering with the operation of die forming apparatus 20. As
hydraulic cylinders 40 are operated, such distance between units
32 and 34 varies. Upper end plates 38a and 3%9a move up and down
in unison with upper unit 32, yet cam grooves 64 and 65 continue
to support pins 48 and 49.

Cam grooves 64 and 65 are shaped and pins 48 and 49
are positioned relative to blocks 468 whereby the forming planes
P2 of dies 50 are essentially parallel to material 12 immediately




Figure 3'is a cross-section along the line 3-3 of Fig%re 2. Figure .4 Js

a
detail view-in cross-section of a portion of the app iBgs B lcf’/ention
. Figure 5 is @ detail viewin perspective of a portioE ” at us
according to the invention about to contact the workpi is an
expl oded perspective view show ng the apparatus perform ng a punching

operation; ‘Figure 7 is a vi ew sinil arilg t hat -of Figure 2, but illustrating

a second epIQdy R, dordWee shd BubsERGNATHY il 08 ielk .S h®Ainid sdley Upfzer
grooves 70 and 72 are shaped, and pins 62 and 63 are positioned
relative to blocks 58 whereby the forming planes P2 of dies 60

are essentially parallel to material 12 immediately prior to,
5 during and subsequent to closing.

Because a block 46 and a block 58 may each be
supported by two pins on different axes the blocks are less prone
to rock or otherwise move within their fittings than are those
found in standard rotary forming devices. Thus, in comparison to

10 ‘previously used rotary devices, the clearances requird by the cam
follower mechanism do not have as great an effect on the accuracy
of the forming operation. In fact, the double cam construction
of the invention results in substantially improved forming
accuracy, and thus, longer useful die life.

15 To further ensure accuracy, upper support block 46
may be provided with locating dowels 78 on either side of die 50
(see Figure 5). Lower support block 58 may be provided with
corresponding dowel receiving bores 79 on either side of die 60.
Dowels 78 and bores 79 are shaped, sized and located on either
20 side of strip material 12 so that they may cooperate and register
with each other without interference with material 12. As upper
and lower units 32 and 34 rotate, dowels 78 extend toward and are
partially inserted into bores 79 prior to contact with material
12. As a die 50 and a die 60 come into contact with material 12,
25 the dowels 78 are fully inserted into the bore 79, thus ensuring
that die 50 and die 60 contact material 12 in proper registration
with each other. Although accuracy is ensured by the use of
dowels 78 and bores 79, such dowels 78 and bores 79 may not
always be necessary for the accurate functioning of the device
30 according to the invention. The device as described above has
" been found to operate with satisfactory accuracy without such
dowels and bores.

Referring to Figure 3, in operation, upper and lower

units 32 and 34 rotate. Each die 50 rotates through the

35 successive illustrated positions of upper unit 32. Such positions'}
i

e« s o e

have been labelled in Figure 3 as positions S, U, W, and Y. The
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die unit-only, and illustrating successive positions ofnﬂﬂﬁmﬁg@myyﬂu@ewd

‘block, in the Fig 7 enbodinent: Figure 9 is an expl oded | of
t he embodi nent of Figure 7: Figure 10 is a sectional si dg\%mw\l a
further enbodinment: Figure 11 is a section along the lin v i gure

10 Figure 12 is a schematic top plan_ypew of an alternate enbodi nent of the

rotary apparatus for intermittent operation; and Figure 13 is a.section
al ong the cilgsed pgsition of apparatus 20, which is the position at which

material 12 is formed, is defined as position 5. Position S is
treated as defining the starting point of the rotary cycle.
Rotation coﬁtinues, counter-clockwise as indicated by direction
5 arrow B, through each of the other positions U, W and Y and
returns té starting position 8. Similarly, each die 60 rotates
through the illustrated positions of lower unit 34. The movement
of any die 60 is the mirror image of the movement of its
corresponding die 50. It will, of course, be appreciated that
10 all dies rotate simultaneously and, at any particular time, are
at different positions in the rotary cycle.
| At position S material 12 is formed by die 50 and
die 60. As rotation continues to position U, die 50 and die 60
are separated from material 12. Because pins 48, 49, 62 and 63
15 follow their respective cam grooves 64, 65, 70 or 72, die 50 and
die 60 initially:remain essentially parallel to each other and to
material 12. Abutments 43 and 55 come into contact with material
12. Thus, if there has been any adhesion between material 12 and .
either die 50 or die 60, material 12 will be pushed away from
20 such dies 50 or 60 and will continue to pass smoothly through
rotary apparatus 20.
As rotation continues, the cam followers cause block
46 to rotate through the positions U, W and Y. Following position
Y, dies 50 and 60 are brought into essentially parallel position
25 for the forming operation at position S.
In an alternate embodiment, cam grooves defined in

the fixed end plates 38 and 39 are not necessary. Instead the cam
followers of pins 48, 49, 62 and 63 may be constrained to follow
curved ramps during certain pre-determined positions in the

30 rotary cycle. Referring to Figure 6, ramp 80 is affixed to fixed
end plate 38a and ramp 82 to fixed end plate 38a. Similarly
associated with lower unit 34, ramps 84 and 86 are also affixed
to fixed end plates 38b and 39b, respectively. Ramps 80, 82, 84
and 86 define curved surfaces 88, 90, 92 and 94, respectively.

35 Surfaces 88, 90, 82 and 894 are shaped whereby the
forming planes P2 of dies 50 and 60 are essentially parallel to
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which it fs'desired to performvarious form ng operations.

Figure 12. DESCRI PTI ON OF AN EMBODI MENT OF THE |NVENT|CN is -q- LS r&n%b ;
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often be sheet nmetal. Such operations may typically be per

manufacturing line 14. Material 12 is unwound fromroll 10 and passed
continuously along line 14, in the diTd3tion indicated by
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material 12 and to each other immediately prior to, during and
subsequent to closing. During other parts of the rotary cycle,
the precise positioning of blocks 46 and 58 relative to members
41 and 52, respectively, are unimportant as long as blocks 46 and
58 may again be brought parallel prior to closing.

Consequently, when the cam followers are not in
contact with ramps 80, 82, 84 and 86, blocks 48 and 58 may be
biased into a suitable fixed position by an appropriate biasing
means. One such possible biasing means is illustrated in Figure
9. Block 46 defines a circumferential channel 96. Member 41 has
a post 98, adapted to fit within channel 98 so that block 48 may
still orbit within opening 42. Spring 100 is fitted within
channel 96 and attached at one end to a wall of channel 98 (or to
a post inserted in channel 96) and at the other end to post 98.
In such a configuration, spring 100 tends to hold block 48 in the

position indicated as J or K in Figure 8 relative to member 41,

In this position, pin 48 is extended radially away from axis L1
whereby it may come into contact with its respective ramp 80 at a
predetermined position in the rotary cycle.

The operation of this embodiment is best understood
by referring to Figures 7 and 8. Figure 7 illustrates upper and
lower units 32 and 34 in a position immediately after one pair of
dies 50 and 60 have closed. and immediately before a second pair
of dies 50 and 60 have closed. Figure 8 illustrates one block 48
in member 41 shown at various positions in the rotary cycle.
Successive positions are indicated by the labels J, K, H, M, N
and O. One ramp 80 and its associated pin 48 are drawn in sold
line. The other ramp 82 and its associated pin 49 are shown in
phantom.

While only one block 48 is illustrated, it will be
appreciated that other blocks 46 attached to member 41 will
travel through corresponding positions of the rotary cycle at
different times. It will be further appreciated that while only
upper unit 32 is illustrated, similar action is occurring in
lower unit 34. _

Commencing arbitrarily_with position J in the rotary
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5 motion between block 46 and member 41 from position J to position
H. At position H, the forming plane P2 (Figure 5} of die 50 is
essentially parallel to material 12.

At position H pin 48 contacts the surface 88 of ramp

80. Also, pin 49 contacts the surface 890 of ramp 82. As rotation

10 continues block 46 now commences to orbit within opening 44.
Spring 100 commences to stretch. Pin 48 moves along surface 88.
Pin 49 moves along surface 90. Such motion continues to position
M. The surfaces 88 and 90 are shaped to ensure that plane P2
remains parallel to material 12.

15 On lower unit 34 (not shown in Figure 8) a
corresponding glane P2 of die 60 is also essentially parallel to
material 12 and thus to the plane P2 of die 50.

As rotation continues to position M, relative
rotation between block 46 and member 41 continues and spring 100

20 stretches further. At about position M plage P2 contacts
material 12 and, in cooperation with die 60, the material 12 is
deformed as requird.

After dies 50 and 60 have thus closed, rotation
continues. Pins 48 and 489 remain in contact with respective

25 ramps 80 and 82. Plane P2 remains parallel to material 12.
Relative rotation between block 46 and member 41 continues and
spring 100 stretches further.

At about position N, pin 49 which in this case is
the leading pin, is removed from ramp 82.

30 At about position O, pin 48 which in this case is
the trailing pin, reaches the end of ramp 80. Spring 100, which
has been urging block 48 to rotate clockwises, may now act to
return block 46 to its initial position with respect to member
41, for example, as shown at position J.

35 Suitable limit means (not shown) allow spring 100 to
hold block 46 within opening 42 during rotation from position J
to position L. For example, the presence of an abutment means
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| engt hs 28 convenient for further manuf act uri ng or assenblphisBhecRsBes Raplated

for storage.. Further nip rollers (not shown) may be used to I
12 through &tations 23, 24 and 26. O course, any nunber of Lﬂlmﬂ m‘m
23, 24 and 26 may be used in sequence, as desired. The abov [ of
a typical manufacturing line is provtgt__herein in order to facilitate the
descri-ption of the invention. The de I ption of the manufacturing line is

- not i nt endethdio shovir) teeterndiong iiortd omeninmy42 fReharenber dbbareld allow
accor ding {gliice | HPNE] ALIIRYG REWSRS J00 AWM ARIIEHG 480nsie] N BBk
situation requrrin I gh "'Speed,” cont1 nuous, accurate
46 would thus be prevented from moving in its opening 42 under
the influence of centrifugal force as unit 32 rotates.

Because, in this émbodiment; block 46 is pressed
into place against the ramps by the rotation of member 41 prior
to closing, a solid and accurate punch is possible. Spring 100
operates to keep piﬁs 48 and 49 in contact with their respective
ramps 80 and 82, thus fgrther ensuring punching-accuracy.

In other embodiments, it may be possible to use a
ramp or cam groove on 0515’3;;—223e of a die unit in conjunction
with such a spring urging a die support block into contact with
such ramp or groové. It may also be possible to use a ramp on
one side of a die unit and a cam groove on the other side of the
same unit. Use of a biasing spring may be avoided in such an
embodiment.

??. It will be appreciated that a die apparatus
according to the invention may be used in any situation requiring
the use of high speed, accurate cutting or forming. Apart from
the standard hole punching or indentation forming operation
described above, the apparatus of the invention may, for
instance, be used with a shearing die to cut roll formed strip
material with a .complex, shaped edge.

Several die units may be placed in line for forming
complicated holes or shapes. For instance, a first rotary
apparatus may punch a hole. A second rotary apparatus may form
shapes around the hole. A third rotary apparatus may perform
further operations and so on as required. Such operation would
be very similar to the operation of existing progressive die
presses. '

The apparatus of the invention may be used to leave
unformed areas at spaced intervals along the strip material. The
upper and lower units 32 and 34 are simply separated so that they

. do not contact material 12 over such intervals.
In accordance wiﬁhwaﬂﬁgxther embodiment of the

e e s e 2 S

invention as shown in Figures 10 and li, provisions may be made




die forming of strip material. Referring to Figure 2, th®&hieSheg HasBeen Replaced

'schematically illustrated a rotary apparatus 20 Mdtor 30 |1
unit 32 i-n unicson with and, at the same speed, as |ower r(l
t hrough transm ssion 35 and shafts 36. Material 12 passes na s

contacted by upper 7 and |ower uniyg.32 and 34. Upper and |ower units 32

and 34 may* be supported by suitable béearing neans 37. In_this enbodi nent
not or for still further stabilizing the die support blocks 46 and 58,

so that they are forced to adopt precisely parallel planes prior
to the engagement of the two dies on the blocks.
It will of course be appreciated that if the two die
5 support blocks are not precisely parallel, and parallel with the

workpiece, prior to the engagement of the dies on the workpiece,
the workpiece will not be formed precisely, and conceivably
damage may result to the dies themselves. _

In the embodiment shown in Figures 1 to 9, the pins

10 78 and openings 79 will ﬁormally provide a sufficient degree of
guidance to ensure that the two blocks are precisely parallel to
one another before the dies close. .

However, since some degree of wear is inevitable, it
is considered desirable to make provisgion for a still greater

15 degree of guidance. '

Acbordingly, as shown in Figures 10 and 11, the
upper die block 46 is shown with the die guidance pin 78 received
in a bore 102, and being retained therein by any suitable means
(not shown).

29 A die block guide channel 104 is machined in either
end of the bloék 46, so as to replace the function of the
retaining flanges 47, and is engaged by suitable retaining means
(not shown) on carrier member 41.

This feature would also be used in the blocks £8 in

25 carrier member 52 in this embodiment.

In order to further assist in guiding and
controlling the blocks 46 and 58, a further guide bore 108 is
formed in, for example, the upper die block 46, parallel to the
bore 102. n | .

30 - Bore 108 communicates with a longitudinal channel
110 of generally rectangular shape, extending from side to side
of the block 46 transverse to its longitudinal axis. R

Each of the die blocks 48 and 58 may be provided

, with two such guidance bores 108, one at- each end, and two such )

35 channels 110. ' L C E'.fnl

' An elongated rectangﬁla; contact barziiz_is redéived




30 and transnission 35 are such as to provide the outer S#f%ﬁe &d
and lower units 32 and 34 at the point of contact with nma

essentialty’'the sane speed as nmaterial 12, so that there

rel ative notion between the material 12 and either or both

and | ower unit 34. However in an alterLpate enbodi nent descrlbed belomr

rel ati-ve notion is proyided fqor, Transm ssion 35 and_bearings 37 nay

adj ust abl e 8 95?9“?%e1ﬁQX|ﬁﬁﬁ1HFsP%HBEeéePﬂeéncﬁbbEﬁraﬁﬁlIéﬁéﬁeuﬁh?§t3114
and 34 in ogfeendnadCeABBLLAL@eSbELE 1B8E! | Al cddnBbrvBbYENU1BhickpEeSREd ©h
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will preferably be a heavy duty compression spring.
5 Any suitable retaining means (not shown) will be
provided for retaining the shaft 114 in the bore 108.

The four bars 112 on the upper and lower die members
26 and 58 register with one another in pairs, as the dies are
closing, but prior to contact with the workpiece.

10 The heavy duty springs 118 will yield and allow the
bars 112 to move inwardiy into the channels 110, but will, at the
same time, force the faces of the bars 112 firmly into contact
with one another along their length.

This function will thus ensure that the blocks 46

15 and 58 are located in parallel spaced-apart planes parallel to
the workpiece prior to contact of the dies with the workpiece,
thus ensuring accurate repetitive forming of the workpiece,
without damage to the dies.

It will be appreciated that in the form illustrated

20 both the upper and lower die blocks 48 and 58 are provided with
the same guidance bars 112 and shafts 118.

The purpose of this is to reduce the distance of
travel of each of the guidg bars 112, and yet ensure that they
meet and contact one another at a point early enough in the

25 closing of the dies, that they can achieve a secure and.accurate
guidance function before the die is closed. _

It will, of course, be appreciated however that
where dies of a different nature are in use, such that a lesser
degree of travel would_be acceptable, it may be permissible to

30 provide such guidance bars 112 on only the upper or the lower of
the two die blocks. If only one pair of such guidance bars 112
were used then, of course, the guidance bars would simply contact
the face of the other block and provide the same guidance
function as described above.

35 It will be appreciated, therefor, that while this
embodiment of the invention is illustrated as provided on both




be quickly renoved fromcontact with material 12. Such capability allows
the apparatus 20 to |eave linear portions of material 12 EHﬁmw&nﬂ&B&HRmemd
desired. Mtor-30, transm ssion 35, bearings 37 and p|ston

standard conponents as are well-known in the machine tOO|IH Mmﬂ if
Figure 3 illustrates in cross-section 1gaper die unit 32 an

34 in position to die form sheet naterlal 12. Upper unit 32 rotates
count er - ¢l GERAXS @nidh lioweniddet thlocka dinghtadd dacharengdy Boneodeenas tof34

rotates cl Qela=sRd Fundt ¥y Sld %dd}fﬂﬁ%ﬁq1b>bé1ra&we@edv%yerm%vﬂd%x{g>vo%ﬁy
fromleft toright in the direction indicated by arrow A
one pair of such guidance bars. Conceivably also some limited

degree of guidance can be achieved merely by the provision of one
5 of such guidance bars at one end of one block.
The invention is not, therefore, limited to any

specific number of such guidance bars.
In accordance with a further embodiment of the
10 made for intermittent operatlon of th; rd%ary apparatus.
Intermittent operation may be desirable where it is
intended to pro@gce from the strip sheet material, and end
product which is cut to a predetermined length. Thus, for
example, if it is desired to produce sheet metal strip having a
156 series of formations, along predetermined lengths of the strip,
and intermittent discontinuities in the formations, then, as has
been described above, one solution would be to simply move one of
the roll units away from the other.
Another solution to the problem is, however, to
20 simply stop the upper and lower units momentarily and allow the
strip sheet material to pass between them, without being formed
or punched, for a predetermined length.
' As shown schematically in Figure 12, a typical strip
sheet material line for functioning in this way would comprise a
25 rotary cutting or forming apparatus 120, upstream and downstream
pinch rolls 122 and 124, and an uncoiler 126. The strip sheet
material is indicated as 12, and in this embodiment is shown
simply as being formed with generally triangular perforations or
openings 12a. A discontinuity indicated generally as 12b is
30 indicated between two of the perforations 12a.
In this embodiment the rotary apparatus 120 is
driven by means of a motor 128, driving through a clutch 130.
Clutch 130 drives the rotary apparatus 120, and the drive is
controlled by means of a brake 132. |
- 35 A line speed indicator 134 may be used if desired,
for contacting the strip sheet material 12. However this




’It Wil | be appreci ated that the designations "upper", "|@Mﬁﬁma11 ﬁRqﬂc

right" “clockwi se", and counter-clockw se" are for conv
descri pt i<onoaly and are not intended to limt the invent ]HI"M JlH"’
operate equally effectively in any direction or orientati

references to an "upper die" |ocated hP a certain position and to a
corresponding "lower die" in a certai %orrespondlng position are not
ingI endgd ltomf@inﬁatmimeré&mlﬂwem eBeoﬂﬁ’l‘,@im_a&SJ.m @aheram?lysheand ‘T{b is
I ndi VI dua 0 each eva to the in so long as the
pai r operat% %% Yﬁé %ﬁr?r&FF %ﬂ % the ' Lakd ot WELHLEY. '

A central data processing unit 136 provided with
typical controls and displays is connected to the line speed

5 ' indicator 134, and to the clutch 130 and to the brake 132.
It may also be connected to all of the rolls, and to

the motor 128 if desired for capturing further information.
Referring now to.Figure 13, the rotary apparatus 120

is essentially similar to that described in the preceding

10 description. Accordingly the various features are described in

only general terms herein, where they are the same. Thus the

rotary apparatus 120 comprises carrier members 138 and 140 having

die support blocks 142 and 144, guided and controlled in the

manner described above.

15 The central axis of the die blocks 142 and 144 move
around a circular path, indicated in phantom as 1486.

However, the surface portions 148 and 150 of the
carrier members 138 and 140 lie on the perimeter of a circle of a
somewhat smaller radius than the circle 146.

20 In this way, when the two carrier members 138 and
140 are in the position illustrated in Figure 13, the surfaces
148 and 150 are out of contact with the workpiece 12.

The workpiece is held in any event between the pinch
rolls 122 and 124, and is therefore at all times controlled.

25 By suitably programming the processor 138 to -operate
the clutch 130 and brake 132 in the correct time sequence, it is
possible to stop the upper and lower carrier members 138 and 140
iﬁ the position shown in Figure.13, for a predetermined dwell
time, sufficient to allow an unformed portion 12b of the

30 workpiece 12 to pass between them. ;

The processor 138 will then again signal the brake
132 to release and the clutch 130 to re-engage, and rotation of
the carrier members 138 and 140 will be resumed.

The foregoing is a description of a preferred

35 embodiment of the invention which is given here by way of example
only. The invention is not to be taken as limited to any of the




8 location and tinme Upper unit 32 is essentially identi [ Lunit
34. Referring to Figures 3 and 4, upper unit 32 includegﬁésmﬁjhgﬁgnk Jaced
menber 41; whith defines a longitudinal axis LI about whi mmmam; “,32
roétates. Menber 41 defines at least one (in the illustrat ,
there are four) generally seni-circulagogylindrical recesses on opening 42,
defini-ng céntral axes (Figure 5) extending longitudinally parallel to the
axis L1 of measafigiferbuises as flaschibedef bnéscamprebandsiall such

variations thereof as come within the scope of the apbended.

claims.
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bet ween openinhgs 42. The outer surface of abutments 43 define a notW
C|rcular cylindrical surface 44 (shown in cross-section d3isSharf®Bdyigk

44) The axés$ 12 of cylindrical openings 42 may lie on notl

parallel to axis L1. However in an alternate enbodi nent d Mm[ﬂ;ﬂgm
this is rmd”lT’_dmo Figures 5 and 6, upper die 46
are retained 2 by thé sem - circular retaining flanges 47.
Each bl ock 44“‘!“4‘““‘““:“"”“ ical in shape having a cross- SeC?I on tﬁat i s
segment - shaped ndnety, "that shape boun824IM$ ween the perineter of a circle
and a chord of the circle. Thus '

1. A die support apparatus for use in association with
a rotary apparatus for forming and cutting material, said
rotary apparatus having a rotatable upper roll unit (32)
and a corresponding rotatable lower roll umit (34), said
upper and lower roll units (32, 34) being supported by
bearing means (37) and being connected for synchronous
rotation, each of said units comprising a carrier member
(41, 52) defining a central axis, said member having at
least one recess (42) extending along said member
parallel to the central axis, said recess having bearing
surface means of generally semi-circular shape, said die
support apparatus comprising:

at least one die support member (46, 58) adapted to
be supported by said carrier member (41, 52), and in turn
adapted to support a die for forming or cutting said

- . material, Said due support member (46, 58) being - -

swingable relative to said carrier member (41,52);

leading die support guide pin means (48, 62) mounted
along a leading portion of said die support member;

trailing die support guide pin means (49, 63)
mounted along a trailing portion of said die support
member; | .

said- apparatus further comprlslng leadlng path -
definition means (64, 70) adapted to receive said leading
guide pin means; and,

trailing path definition means (66, 72) adapted to
receive said trailing guide pin means.

"2, A die support apparatus as claimed in Claim 1
wherein said leading guide pin means (48, 62) is located
at one end of said die support member (46, 58) and
wherein said trailing guide pin means (49, 63) is located
at the other end of saic¢ die support member.

3. A die support apparatus as claimed in Claim 1
wherein said leading anc¢ trailing guide pin means (48,
49, 62, 63) define axes parallel to one another and
spaced apart from one'another.

4, A die support apparatus as claimed irn Ciaim 1

:l:._I N /\ULD




bl ock 46 defines two surface portions: a semi-cylindrical portion 46a and a
pl gnar portion 46b. Sem -cylindrical portion 46a is fitteghydstdind QPSR

42, so that block 46 is freely rotatable within its associ §ﬂw d
ATfirst guide pin neans 48 extends from one end of bl ocks $EM']HW’."H%
gui de pin neans 49 extends fromthe outer end guide bl ocks :
that the planar portions 4gb are located in the desired position as

descri bed below. On a block 46 pin ne@s 48 and 49 define and lie on

different axes for reasons described bel ow. Upper dies 50 are_nounted on
pl anar portiohscdgdias Besass (400)n biepicenvdin | gD TRt  0fhgadd edie
surface of support member (46, 58) into a predetermined orientation

relative to said carrier member (41, 52).

5. A die support apparatus as claimed in Claim 1
including contact bar means (112) at each end of one of
said die supports, and slidable support means (114) for
said contact bar means, whereby said contact bar means is
reciprocable to and fro relative to said ome die support
member.

I
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a dice 50 gefines a form ng plane P2 (Figure 5). Die 50 is mounted on bl ock
46 so tﬁat the plane P2 is essentially parallel to the planar portion 46b
.of . bl ock 46 and so that the plane P2 includes the axis of opening 42, in
’Vthls enbodi ment. Lower unit 34 conprises |ower carrier nmenber 52, deflning
sem -cylindrical openings 54. abutments 55 and 9 seni-cylindrical
surface 56, | ower support blocks 58, and fl at

This Sheet Hag Been
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ABSTRACT
ROTARY APPARATUS
A rotary cutting and formiﬁg apparatus for strip
_ material 12 , having rotatable upper and lower roll units 32, 34,
5 the units being connected for synchronous rotation, each of the
units having a carrier member 41,52 with at least one recess 42,
extending parallel to its central axis, and at least one die
support block 46,58, the block being rotatably received within
the recess 42, and having two ends, and a surface 46b to which a
10 die may be affixed, leading and trailing control pins 48,62 on
the bloék, extending on parallel spaced apart axes, and leading
and trailing cam surfaces 64,70 and 66,72 engaging respective
leading and trailing control pins 48,62, to control the position
of the blocks during at least part of their rotation.




Jower dies 60. Guide Pin nmeans 62 and 63 are provided in a. fashion offset
at opposite ends of the block simlar to the equival ent conponents of upper

unit 32. Retaining flanges 47 are al so provided. Each of
and 63 defines a camfollower nmeans (not shown) at its f
are gui ded by cam neans such as a cam gypve 64 defi ned
38, at one end. Pins 49 are guided by cam neans such as
fixed end plate 39, at the opposite end. Simlarly, on |
pins 62 and 63 are guided by correspondi ng cam neans; . e.
and 72, respectively,in fixed end plates 38 and 39, at

 hER A wE s |

n

fixed end platel

A Ladi@ MARYR9F5 | |

bwer unit 34, guide

J.

Cammgrooves 70
i

gsite :




ends. Fixed end plate 38 is divided between grooves 64 and 70 into upper
and | ower end plates, 38a and 38b repectively. Simlarly,

split between grooves 66 and 72 into upper and | ower end
39b. Both end plates 38a and 39a are fixed by suitable nj
relative to the axis L1 of upper unit 32. Such suitable
exanpl e, conprise a guide track, preve %%QQ the rotation
39a relative to axis L1, and a bearingf ns for shaft 3
39a. Simlarly, end plates 38b and 39b are fixed relativ
| ower unit 34.

e
0]

D 0U)

~pl-ates. .. 39a.
P aREPLAOBMERh ONIY T *

end plate 39 is
-and.

™

RIS ey; ~f-ort .
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ngﬂf a angd

Lo the axis L1 of




The-provision of split end plates 38a, 38b, 39a and 39b, fixed @S- descri-bed,
above, allows the distance between upper unit 32 and | owed Mﬂﬁﬁm be i

varied as desired without interfering with the operation ¢fjdie formng - |
apparatus 20. As hydraulic cylinders 40 are operated, suc ig@m Wf/veeni
units 32 and 34 varies. Upper end plates 38a and 39a novej u o
uni son with upper unit 32, yet cam grooves 64 and 65 cont} nU€
pins 48 and 49. Cam grooves 64 and 65 gpeoshaped and pi nsL48 and 49 are
positioned relative to bl ocks 46 whereby the form ng planes P2 of di€

are essentially parallel to material 12 i mredi ately

\




10 prior to, during and subsequent to closing. Simlarly, cam grooves 70
and 72 are shaped, and pins 62 and 63 are positioned relative to bl ocks 58
whereby the form ng planes P2 of dies 60 are essentially parallel to
material 12 imediately prior to, during and subsequent tﬁ"ﬁyﬁsﬁm@gﬁwqgau (=3}
a block 46 and a bl ock 58 may each be supported by two pifps ﬁ””&r“f@feﬂtf‘
axes the bl ocks are |l ess prone to rock or otherwi se nove Wwthin their '
fittings than are those found in standaytorotary form ng fleyi Qg3 MARI®Z i n
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previously used rotary devices, the clearances requird by the cam foll ower
mechani sm do not have as great an effect on the accuracy of the form ng
operation. In fact, the double cam construction of the_Ln¥enftﬁn?5““@I sin’
substantially inproved formi ng accuracy, and thus, i AT e [

To further ensure accuracy, upper support block 46 y ed wit

| ocating dowels 78 on either side of die 50 (see Figur uppqrt

bl ock 58 nay be provided with correspggqbng dowel reclei 9 lo
either side of die 60. Dowels 78 and bores 79 are shape oclat ed

on either side of strip material 12 so that they may

wth each other without interference with material 12}

IR




and.lower units 32 and 34 rotate, dowels 78 extend tomard and are partlally
I nserted into bores.79 prior to contact with nateri al

die 60 cone into contact with material 12, the dowels 7 Aﬂﬂﬂfvfﬁﬁgbrtkd
into the bore 79, thus ensuring that die 50 and die 60 t-act naterlal

In proper registration with each other. Although accura y |§%

use of dowels 78 and bores 79, such d s 78 and bores 6

be necessary for the accurate functioﬁ?ﬁb of the deV|ce a Lng—Pe*%hi
i nvention. The device as descri bed above has been foundito operate W th

satisfactory accuracy w thout such dowels and bores. Ref ~+Ag-to FIgure 3,
i n operation, upper and | ower

t e




units 32 and 34 rotate. Each die 50 rotates through the successive

I llustrated positions of upper unit 32. Such positions have been | abelled
in Figure 3 as positions S, U W and Y. The - closed position of
apparatus 20,. which is the position at which material 12 is fornmed, is

defined as position S. Position Sis treated as defini fU_THE T

point of the rotary cycle. Rotation continues, counter-dl SEM@Q@%E%ET

i ndicated by direction arrow B, through Fl\ach of the othdr i{positions U,——qf\/
10 sinmilarl y, edch dp @ BARreYAt ¢s

and Y and returns to starting position




through the illustrated positions of |ower unit 34. The novenent of any die
60 is the mirror inmage of the novenent of its corresponding die 50. It
will, of course, be appreciated that all dies rotate sinmultaneously and, at
any particular tinme, are at different positions in the rotary cycle. At
position S material 12 is forned by die 50 and die 60. Ag I
continues to position U die 50 and die 60 are separated fﬁgﬁﬁﬁkﬁgNﬁaﬁﬂﬁﬂl
Because pins 48, 49, 62 and 63 follow_their respective cdgmjgrooves 64, 6%,
70 or 72, die 50 and die 60 initially8dfain essentially pdr & HMAR GOFAC
h

other and to material 12. Abutnents 43 and 55 cone into dontact wt !
material 12. Thus, if there has been any adhesi on between r T '




~either die 50 or die 60, materi al
or 60 and wi ||

rotation continues,

essentially parallel
an al ternate enbodi nent,
39 are not necessary.

may be constrained to follow curved r 8dP® during certa
Referring to Fi-gure 7

positions in the rotary cycle.
to fixed

12 wi Il

cam grooves defined in the fike
Instead the cam foll owers of pin

~

»J

n

e T

end pl ates 3B and

18,9 d,%AmZQQ?ndldG

pre-determ ned -

afp—80— TS af 11 X

be pushed away from such dies 50
continue to pass snoothly through rotary apparatus 20. As

the camfoll owers cause block 46 to rotate through the
positions U, Wand Y. Follow ng. position Y, dies 50 an

position for the form ng operatio
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end'plate 38a and ranp 82 to fixed end plate 39a. Simlarly associated with
| ower unit 34, ranps 84 and 86 are also affixed to fixed end plates 38b and
39b, respectively. Ranps 80, 82, 84 and 86 define cury
92 and 94, respectively. Surfaces 88, 90, 92 and 94 areﬁsﬁb%&ﬁ%e
formng planes P2 of dies 50 and 60 are essentially par 0 12

material 12 and to each other immediately prior to, duriing R“m guerit
to closing. During other parts of the 16y 2pY cycl e, ziﬂmA ¥
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S

the precise positioning of blocks 46 and 58 rel ative to nmenbers 41 and 52,
“respectively, are uninportant as |long as bl ocks 46 and 58 mag,& 'mq‘be
brought parallel prior to closing. Consequently, when the camfollowers are
not in contact—wthranps 80, 82, 84 and 86, blocks 46 and 5&ppgay be
bi ased into a f{idabths felri@flaf@si tion by an appropriate biasi

such possi bl e bi gc illustrated in Figure 9. Bl 4Tk 28 defines-a -—
circunferenti al lEHHﬂIMﬁHmll nber 41 jhas a post 98, adapt ddFit wiit hini

channel 96 so t y still ‘orbit w thin opening{4Z7Spring 100
is fitted within channel 96 and attached at one end to a wal || of «channet>96
(or to a post inserted in channel 96) and at the other end tc; post ‘98,

A 5 e - i,

A . o

DIE SUPPORT APPARATUS

_ This invention relates to a rotary cutting and
forming apparatus for high speed continuous punching, forming or
shearing of sheet metal.

BACKGROUND OF THE INVENTION

Conventional sheet metal cutting and forming devices
are reciprocating presses. Material to be worked is placed
within a press, positioned stationary over a die. The press,
usually mechanically operated, is closed, thus forcing a second
die into contact with the workpiece. The force exerted on the
workpiece by the dies will deform the piece or punch holes in the
piece as requird. When the operation is complete the press
opens, the workpiece is removed and a new workpiece inserted.
Because of the reciprocating motion inherent in such devices, the
speed with which they may work is limited. Two solutions have
been used. In one system the strip material is moved
intermittently, step-wise through the press. 'In another system a
so-called flying shear or die is used with a strip moving
continuously. In this system the die is accelerated to the speed
of the strip and the press closes, while the die.ﬁnd strip are
moving in unison. The die then opens, and returns to its
starting position. Typically, the punching, forming or shearing
of a continuous material, such as sheet metal, is limited to a
line speed of about 250 feet per minute.
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I'n such a configurattom, —spring106—tends to hold bl ock 46 ip | : i

‘indicated as J or ure 8 relative to nenber 41. In th{s;pesition, -

pin 48 is extended B l3cbm axi s L1 whereby it may come i,ntoe: =7 §
, 0 at a predeternmined positfon irn‘the i

contact with its res _
rotary cycle. The o s enbodi nent i s best understéﬂd“hV“““”“““J
referring to Figures 7 and 8. Figure 7 iﬁlustrates upper anfl | ower units

32 and 34 in a position imediately after“one pair of dies 58and—60—tave
closed and i medi ately before a second pair of dies 50 and 60 have cl osed.
Figure 8 illustrates ondoBer¥ek: 45 it Indes@ing]linsvri Browhrd RGPV ons

in the rot @apymiygl &r Sheaessngvéepinsd idowls haadladstaipdméyal het |sdeelds dp K
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" to about 1,000 feet per minute.
It is evident that the output of an assembly or
~manufacturing line is only as fast as the slowest element in the"
line. In theory, é rotary préss could be operated at much higher
~ line speeds than a flying shear or die, and thus lead to
considerable economies in operation.

Existing rotary material-working devices may suffer
from various disadvantages. Some may be limited to specific

operations such as cutting (see United States Patent Nos.
2,951,410, 3,274,873, 3,438,835, 3,709,077 and 3,828,636);
perforating (see United States Patent No. 3,205,744); embossing
(see United States Patent Nos. 804,512 and 4,059,C00, and United
Kingdom Patent Nos. 837,660 and 1,456,530); crimping (see United
States Patent Nos. 3,123,905 and 3,367,161); and stretch fbrming
(see United States Patent No. 3,394,573).

Such devices are generally designed to perform a
. specific one of the above operations and may not be able to
_perform other operations. In particular, they are unable to meet
all the requirements for a full range of die forming operations,
or for shearing a strip already formed into a complex section.

In such existing rotary machines shearing is
feasible on flat, unformed strip. Die forming was achieved by
using specially designed dies sometimes formed around an érc,
which severely restricted the shape that could be formed.
Generally it was not possible to use conventional flat dies as
used in conventional reciprocating presses. Dies formed around
an arc or radius, such as in U.S. Patent 3,394,573, posed
considerable problems. The function of a curved die as it
contacts the workpiece is different from that of a flat die. The
curved die will commence working the material on one side of the
die. As the curved die rotates, deformation of the workpiece
will proceed along the workpiece until the operation is complete.
This often resulted in distortion. 1In a flat die as found in
conventional die presses, the workpiece is cut or worked




and 0. One ranp 80 and its associated pin 48 are drawn i m—sOI7
other ranp 82 and its associated pin 49 are shown i m phant B

one block 46 is iljusirared. it wll be appreciated that otm§TWHTo§K§Wr6{ |
attached to nenber \ hr ough correspondi ng posﬁtioms”ofltﬁeg i
rotary cycle at difif " U Eﬂl It wll be further apprekiglggvgthwanp@ !

only upper unit 32 , simlar action is occurring in | ower

!
unit 34. Commencing arbitrarily with position J in the roiﬁil,ﬂﬂ»»ﬁwww“““‘“J
3 s _

simultaheously across the die. In certain applications,
such differences between standard and rotary devices may
not be desirable.

Another approach to the problem is shown in United
- States Patent Nos 1 333 ‘704, 1 581 236 and 3 066 542. In-
these patents the dies rotate around a circular orbit.

In United States Patent No 1 581 236, the individual
dies are guided and controlled by an annular cam track,
"and cam followers riding in the track. In this '
arrangement the dies are oscillated or rocked, and are
difficult to control. The cam followers cannot make a
perfect fit in the annular track. Some clearance is
needed in order that the followers can roll in the track.
As a result, the dies are never held securely. When they

meet they may fail to register perfectly, and damage may
. result. '

With a view to overcoming these problems, the
invention provides for a high speed rotary cutting and
forming apparatus which makes use of flat dies and

. permits the accuracy of conventional die presses.

According to the invention apparatus for rotary
cutting and forming comprises rotary cutting and forming
gpparatus comprising material forming dies for forming
étrip material comprising a rotatable upper roll unit
and a corresponding rotatable lower roll unit, said units
being connected for synchronous rotation, each of said
units comprising a carrier member defining a central
axis, said member having at least one recess extending
along said member parallel to the central axis, said
recess having bearing surface means of generaily semi-
circular shape and at least one die support block
rotatably received within said recess, said block
defining two ends and a platen surface to which at least
one of said forming dies may be affixed, said upper and
lower units being spaced apart whereby said material may
pass therebetween for formation by said dies cam surface
means provided on a stationary part in association with
each of said rollers and means effective between said

cam




13 cycle, spring 100 hol ds block 46 so that pin 48 is exten
the axis L1 of menber 41. As rotation occurs block 46 passe
position Kto osmsmnﬂHHBéMﬁmmmﬂs no relative notion betweenibl.ock,4 10
menber 41 fron1po ition H At position H, the férn1hg plane ;
P2 (Figure 5) of t|aIIy parall el to materi al { 12.—At.. posi-ti-on
H pin 48 contacts e sur ace ranp 80. Also, pin 49 cpntacts the
surface 90 of ranp 82. As rotatlon contlmues bl ock 46 NOwW CBRABREES 1O rmmmmmms
orbit within opening 44. Spring 100 conmences to stretch. Pin 48 noves

al ong surface 88.

surface means at each said die support block for. turning
said blocks about their axes which are parallel to the
roll axes in said recesses and relative to said roll
units so that the said dies may be parallel to one
another when adjacent to said material and cooperate
together for deformation of the material characterised in
‘that said means effective between the cam surface means
and each die support block comprise leading and trailing
control pin means extending from said block eccentrically
of the axis of said block and respectively forwardly and
rearwardly of said axis when the block is in the position
adjacent said materiasl, each of said control pins being.
associated with and.engaging.a corresponding and ‘
different one of the cam surface means. (pin engaging cam
pin engaging cam pin engaging cam and pin engaging .cam
"whereby the said blocks are caused to rotate ghout their
axes relative to the roll units as the latter rotate
about their axes.

The advantages of the invention include the
following: the device can be operated continuously or
intermittently at high speed, thus allowing a
manufacturing line, in which the device may be a
compdnent. to operate at high line speed. The device is
as accurate as.conbentional, reciprocating die presses.
use of a flat die set allows standard die tool-making
procedufes to be used. The device may have as much
flexibility in its use, for forming holes, indentations
and the like in a workpiece, as has a conventional die
press.

Reference should be had to the accompanying
drawings and descriptive matter in which there
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} Pin 49 noves al ong—surface—90—Suctrnoti on continues to pO%IREQﬂ€
I

|

!

surfaces 88 and 9Q.a ﬁwa@aged L9 qpsure that plane P2 remal ns-patall-e %
material 12. On | shown in Figure 8) a coi ?spondlng pLane :
P2 of die 60 is als paraIIeI to material 12 a dithus to the | |
pl ane P2 of die 50. ontinues to position M | at-i-ve-rot-ation |
bet ween bl ock 46 and nenber 41 conti nu and spring 100 st etches further. :
At about position M plane P2 contacts ﬁiterlal 12 and, in CG@ﬁ@F&PTfﬁFNWth““

die 60, the material 12 is deforned as requird. After dies 50 and 60 have
thus cl osed, rotation

afe jllustrated and described preferred embodiments of
the invention.
IN THE DRAWINGS

Figure 1 is a schematic illustration in perspective

of a manufacturing line incorporating a rotary apparatus
according to the invention.

Figure 2 is an exploded schematic drawing in
perspective of a rotary apparatus according to the
invention;

Figure 3 is a cross-section along the line 3-3 of
Figure 2:

Figure 4 is a detail view in cross-section of a
portion of the rotary apparatus of the invention;:

Figure 5 is a detail view in perspective of a
portion of the rotary apparatus according to the
invention about to contact the workpiece;

Figure 6 is an exploded perspective view showing the
apparatus performing a punching operation;

Figure 7 is a view similar to that of Figure 2, but
illustrating a second embodiment;

Figure 8 is a diagrammatic view showing the upper
die unit only, and illustrating successive positions of
one (only) die block, in the Fig 7 embodiment:

Figure 9 is an exploded view of a detail of the

' embodiment of Figure 7:

Figure 10 is a sectional side elevation of a further
embodiment:

Figure 11 is a section along the line 11-11 of

- Figure 10:

Figure 12 is a schematic top plan view of an
alternate embodiment of the rotary apparatus, for
intermittent operation; and

Figure 13 is a section along the line 13-13 of
Figure 12.

DESCRIPTION OF AN EMBODIMENT OF THE INVENTION
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continues. Pins 48 and- 49 remain in contact with respectlve F B nand
*82. Plane P2 remains parallel to material 12. Rel ative rot atlfenwbe ween..
bl ock 46 and rT'erTbHﬁsSh&eth’Beb faccand spring 100 stretches further AL about‘

position N, pin 49 case is the |l eading pin, iis rermved from
ramp 82. At about &Hmmﬁmmm 48 which in this case is fthe{ralllng

pin, reaches the e Spring 100, which has beer§ ur gi ng bl ock 46
to rotate clockwi ses, may now act to return block 46 to0 it Sifittal-mmmrm——

position with respect to nenber 41, for6exarrple as shown at position J.
Suitable limt neans (ﬁgke§99ﬂﬂ) g|*1MIS£rirmkhé¥% E% illustrated a roll
10 of strip sheet material 12 upon which it is desired to perform
various forming operations. Material 12 may often be sheet
metal. Such operations may typically be performed in a
. manufacturing line 14. Material 12 is unwound from roll 10 and
passed continuously along line 14, in the direction indicated by
"arrow A. The various forming operations are performed on
"material 12 as it passes different points along line 14. As
material 12 is unwound from roll 10, typical first operations may
be die forming operations, performed by a rotary apparatus 20
.according to the invention. Apparatus 20 may punch holes, or form
complex indentations 22, or both, in material 12 as it passes
through apparatus 20. Nip rollers 21, both above and below
material 12, ggide material 12 through rotary apparatus 20.
Subsequent operations may typically include rpll-form@ng
operations at station 23. Further operations as desired may be
carrid out at station 24. The final operation is typically the
cutting of material 12 in cutting station 26 into standard

lengths 28 convenient for further manufacturlng or assembly
processes and for storage.

~Further nip rollers (not shown) may be used to guide
"material 12 through stations 23, 24 and 26. Of course, any
number of stations 20, 23, 24 and 26 may be used in sequence, "as
desired.

The above description of a typical manufacturing
line is provided herein in order to facilitate the description of
the invention. The description of the hanufacturing line is not
intended to limit the invention in any way. Rather the apparatus
according to the invention may be.used in ani manufacturing line
or in any situation requiring high speed, continuous, accurate
die forming of strip material.

Referring to Figure 2, there is schematically
illustrated a rotary apparatus 20 according to the invention.
Motor 30 drives upper roll unit 32 in unison with and, at the
same speed, as lower roll unit 34 through transmission 35 and

shafts 36. Material 12 passes between and is contacted by upper
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hoId bl ock 46 wi thin opening 42 during rotation fron1p05|t|cn*ﬂ )

" L. For exanple, the presence of an abutnent neans 14 (o ttshomn)
extending into opening 42 from nmenber 41 would all ow spring 100‘td hélid

bl ock 46 securely against the abutment. Block 46 woul d thus |be prevent ed

fromnoving in its opening 42 under the influence of centrijfugal force 35

unit 32 rotates. Because, in this enbodinent, block 46 is prlessed into

pl ace against the ranps by the rotation of nmenber 41 prior
7

and lower units 32 and 34. ﬁppei and lower units 32 and 34 may be
' supported by suitable bearing means 37. In this embodiment motor
.30 and transmission 35 are such as to provide the ocuter surfaces
_of upper and lower units 32 and 34 at the proint of contact with
material 12 with essentially the same speed as material 12, so
"that there is no slippage or relative motion between the material
.12 and either or both of upper unit 32 and lower unit 34.
_ | However in an alternate embodiment described below;
relative motion is provided for.
' Transmission 35 and béarings 37 may be adjustable to
vary the maximum distance between upper and lower units 32 and 34
in order to accommodate sheet material 12 of varying thicknesses
or to increase the pressure applied to material 12. Hydraulic
pistons 40 may be attached to shafts 36 so that upper unit 32 may
"be quickly removedfrom contact with material 12. Such capability
allows the apparatus 20 to leave linear portions of material 12
unformed, if desired. ‘
Motor 30, transmission 35, bearings 37 and pistons
40 may all be standard components as are well-known in the
‘machine tooling industry.
Figure 3 illustrates in cross-section upper die unit
32 and lower die unit 34 in position to die form sheet material
12. Upper unit 32 rotates counter-clockwise in the direction
indicated by arrow B. Lower unlt 34 rotates clocszse in the
direction indicated by arrow C. Material 12 moves from left to
right in the direction indicated by arrow A.
It will be appreciated that the designations
“upper”, “lower"”, “left"”, "right”, “clockwise”, and
counter-clockwise” are for convenience of description only and
are not intended to limit fhe invention, which will operate
equally effectivel§ in any direction or orientation. Similarly,
references to an “upper die" located in a certain position and to
a corresponding "lower die” in a certain corresponding position
are not intended to limit the invention. Two dies operate as a
pair and the individual location of each is irrelevant to the

invention so long as the pair operates together at the required



to closing, a solid and accurate punch is possible. Spring
* keep pins 48 and 49 in contact with their.respective ranps
further ensuring punching accuracy. In other enbodinents, i
possible to use a ranp or cam groove on only one side of a
conjunction with such a spring urging a die support block i
such ranp or groove. It may al so be po§sible to use a ranp
die unit and a cam groove on the other side of the same uni

bi asi ng sprijgaiBbeamyotfred i n such an enbodinment. It wl

L oy BE
dip @i tinsr
nto_contact with |

t..Use of a

on one side of 'a j

| be apprecra?ﬁﬁwf

that a die appar %tﬁuserac‘?é’{giﬁ‘? 19 LDEhRYERLO dTE % 1SES 18w &Yunie

situation reiuiﬂ
34.

Referring to Figures 3 and 4, upper unit 32 includes
upper carrier member 41,,which'defines a longitudinal
axis L1 about which upper unit 32 rotates. Member 41
defines at least one (in the illustrated :embodiment,
there are four) generally semi-circular cylindrical
recesses on-oﬁening 42, defining central axes (Figure S)
extending longitudinally parallel to the axis L1 of
member 41. Member 41 further defines abutments 43
between openings 42. The outer surface of abutments 43

"define a potional circular cylindrical surface 44 (shown

in cross-section as phantom circle 44). The axes L2 of
cylindrical openings 42 may lie on notional surface 44
parallel to axis Ll1. However in an alternate embodiment
described below this is modified.

' Referring to Figures 5 and 6, upper die support
blocks 46 are retained within- openings 42 by the semi-
circular retaining flanges 47. Each block 46 is semi-
cylindrical in shape having a cross-section that is
segment-shaped namely, that shape bounded between the
perimeter of a circle and a chord of the circle. Thus
block 46 defines two surface portions: a semi-cylindrical
portion 46a and a planar portion 46b. Semi-cylindrical
poftion 46a is fitted within opening 42, so that block 46
is freely rotatable within its associated opening 42. A
first guide pin means 48 extends from one end of blocks
46 and a second guide pin means 49 extends from the outer
end guide blocks 46, and ensure that the planar portions
4gb are located in the desired position as described
below. On a block 46 pin means 48 and 49 define and lie
on different axes for reasons described below.

Upper dies 50 are mounted on planar portions 46b of
blocks 46 in any conventional manner. The die surface of
a die 50 defines a forming plane P2 (Figure 5). Die 50
is mounted on block 46 so that the plane P2 is
essentially parallel to the planar portion 46b of block
46 and so that the plane P2 includes the axis of opening
42, in this embodiment.

Lower unit 24 comprises lower carrier member 52,
defining semi-cylindrical openings 54. abutments 55 and



, the use of high spéed, accurate cutting or form ng. Apart
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hol e punching or indentation form ng operation described abpve;~the "
apparatus of the invention may, for instance, be used with p sheati ng die®
to cut-roll forned strip material with a conplex, shaped edpge; Several die |
units may be placed in line for form ng conplicated hol es of $hapes For ™
I nstance, a first rotary apparatus may punch a hole. A secopd rotary

apparatus may form shapes around the hole. A third rotary

apparatus my

perform further operations and so on as required. Such operation woul-d be
very simlar to the operation of existdng progressive die presses.

semi-cylindrical surface 56, lower support blocks 58, and flat
lower dies 60. Guide pin means 62 and 63 are provided in a.
fashion offset at opposite ends of the block similar to the
equivalent components of upper unit 32. Retaining flanges 47 are

also provided.

Each of pins 48, 49, 62 and 63 defines a cam
follower means (not shown) at its free end. Pins 48 are guided
by cam means such as a cam groove 64 defined in fixed end plate
38, at one end. Pins 49 are guided by cam means such as a cam
groove 65 in fixed end plate 39, at the opposite end.

~ Similarly, on lower unit 34, guide pins 62 and 63
are guided by corresponding cam means;.e.g., cam grooves 70 and
72, respectively, .in fixed end plates 38 and 39, at opposite

ends.
' Fixed end plate 38 is divided between

grooves 64 and

70 into upper and lower end plates, 38a and 38b repectively.
Similarly, end plate 39 is split between grooves 66 and 72 into

upper and lower end plates, 39a and 39b. Both end

-plates 38a and

39a are fixed by suitable means (not shown)} relative to the axis

L1 of upper unit 32. Such suitable means may, for
comprise a guide track, preventing the rotation of

example,
plates 38a and

38a relative to axis L1, and a bearing means for shaft 36 in

plates 38a and 39a.

Similarly, end plates 38b and 39b are
to the axis Ll of lower unit 34.

fixed relative

The provision of split end plates 38a, 38b, 39a and

3gb, fixed as described above, allows the distance

between upper

unit 32 and lower unit 34 to be varied as desired without
interfering with the operation of die forming apparatus 20. As

hydraulic cylinders 40 are operated, such distance

between units

32 and 34 varies. Upper end plates 38a and 38a move up and down
in unison with upper unit 32, yet cam grooves 64 and 65 continue

to suppdrt pins 48 and 49.

Cam grooves 64 and 65 are shaped and pins 48 and 49
are positioned relative to blocks 46 whereby the forming planes

P2 of dies 50 are essentially paréllel to material

12 immediately



The apparatus of the invention may be used to | eave unfofied. areas at ...
spaced intervals along the strip material. The upper andil
34 are sinply separated so that they do not contact matef

intervals. In accordance with a further enbodi nent of t

shown in Figures 10 and 11, provisions may be nade 15 f@L;ﬁLLLLMIHLLHEV
stabilizing the die support blocks 46 and 58, so that they are forced to

adopt precisely parallel planes prior

10
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.prior to, during and subseduent to closing. Similarly, cam _
grooves 70 and 72 are shaped, and pins 62 and 63 are positioned
‘relative to blocks 58 whereby the forming planes P2 of dies 60

‘are essentially parallel to material 12 immediately prior to,

.during and subsequent to clééing.

Because a block 46 and a block 58 may each be
supported by two pins on different axes the blocks are less prone

‘+o0 rock or otherwise move within their fittings
found in standard rotary forming devices. Thus,

than are those
in comparison to

previously used rotary devices, the clearances :equird by the cam
.foliower mechanism do not have as great an effect on the accuracy
of the forming operation. In fact, the double cam construction
of the invention results in substantially improved forming

accuracy, and thus, longer useful die life.

To further ensure accuracy, upper supprort block 46
may be provided with locating dowels 78 on either side of die 50
.(see Figure 6). Lower support block 58 may be provided with
‘corresponding dowel receiving bores 79 on either side of die 60.
Dowels 78 and bores 79 are shaped, sized and located on either
:side of strip material 12 so that they may cooperate and register
with each other without intérference with material 12. As upper
and lower units 32 and 34 rotate, dowels 78 extend toward and are

partially insexrted into bores 79 prior to contact with material

12. As a die 50 and a die 60 come into contact

with material'12,

the dowels 78 are fully insexrted into the bore 79, thus ensuring
that die 50 and die 60 contact material 12 in proper registrapion
with each other. Although accuracy is ensured by the use of

dowels 78 and bores 79, such dowels 78 and bores 79 may not

always be necessary for the accurate functioning of the device

according to the invention. The device as described above has

been found to operate with satisfactory accuracy without such

dowels and bores.

Referring to Figure 3, in operation, upper and lowerx
units 32 and 34 rotate. Zach die 50 rotates through the

successive illustrated positions of upper unit 32.

Such positions

have been labelled in Figure 2 as positions S, U, W, and Y. The

——— e



to the engagenent of the two dies on the blocks. It wll ofgqhw
appreciated that if the two die support blocks are not preciseh. X
and parallel wth the workpiece, prior to the engagenent of|the_dies on_the;
wor kpi ece, the workpiece will not be fornmed precisely, and pohcéi"\?ablﬁ/”:ﬁ_'_"§
damage may result to the dies thenselves. In the enbodimentj shown.in = |
Figures 1 to 6, the pins 78 and openings 79 will normally provide a )
sufficient degree of guidance to ensure that the two bl ocks—are.precisely

Che
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parallel to one another before the diedicl ose. However, since sone degree

of wear is inevitable, it is considered desirable to nmake provision for a
still greater . ‘g . -
g'closed position of apparatus 20, which is the position at which

- material 12 is formed, is defined as position S. Position S5 is
treated as defining the starting point of the rotary cycle.

.Rotation continues, counter-clockwise as indicated by direction

" arrow B, through each of the other positions U, W and Y and

. returns to starting position S. .Similarly, each die 60 rotates

“through the illustrated positions of lower unit 34. The movement
of any die 60 is the mirror image of the movement of -its

" corresponding die 50. + will, of course, be appreciated that
all dies rotate simultaneously and, at any particular time, are
~at different positiomns in the fotarx cycle.

At position S material 12 is formed by die 50 and

die 60. As rotation continues to position U, die 50 and die 60
Iare separated from material 12. Because pins 48, 489, 62 ;nd 63

" foellow their resﬁective cam grooves 64, 65, 70 or 72, die 50 and
fdie 60 initially remain essentially parallel to each .other and to
~material 12. Abutments 43 and 35 come into contact with material
12. Thus, if there has been any adhesion between material 12 and
either die 50 or die 60, material 12 will be pushed away from
such dies 50 or 60 and will continue to pass smoothly through
rotary apparatus 20.

As rotation continues, the cam followers cause block

46 to rotate through the positions U, W and Y. Following position
Y, dies 50 aﬁd.SO are brought into essentially parallel position
for the forming operatioﬂ at position S.

- In an alternate embodiment, cam grooves defined in
+he fixed end plates 38 and 3¢ are not necessary. Instead the cam
followers of pins 48, 48, 62 and 63 may be constrained to follow
curved ramps curing ce;tain pre-determined pqsitions in the
rotary cycle. Referring to Figure 7, ramp 80 is affixed to fixed
end plate .38a and ramp 82 to fixed end plate 3%a. Similarly
associated with lower unit 34, ramps 84 and 86 are also affixed
to fixed end plates 38b and 38b, respectively. Ramps 80, 82, 84
and 86 define curved surfaces 88, 90, 92 and 94, .respectively.

' Surfaces 88, 90, 92 and €4 are shaped whereby the
forming planes P2 of dies 50 and 80 are essentially parallel to



degree of guidance. Accordingly, as shown in Figures 10 and il .

“die block 46 is showmn with the die guidance pin 78 received ji n~a-bore-102/,
and being retained therein by any suitable neans (not shown)]. A dige bioek:
gui de channel 104 is nmachined in either end of the bl ock 46,; SQ as to 7 i
repl ace the function of the retaining flanges 47, and i s engageg-y-——==-"""
sui tabl e retaining neans (not shown) on carrier nenber 41. T%is feature

woul d al so be used in the blocks 58 in carrier nenber 52 in thts—

enbodi nent. In order to further assist 1li2n gui ding and

material 12 and to each otﬂer immediately prior to, during and

subsequent to closing. During other parts of the rotary cycle,

the precise positioning of blocks 46 and 58 relative to members

41 and 52, respectively, are unimportant as long as blocks 46 and
. 58 may again be brought parallel prior to closing.

Consequently, when the cam followers are not in
contact with ramps 80, 82, 84 and 86, blocks 46 and 58 may be
biased into a suitable fixed position by an appropriate biasing
means. One such possible biasing means is illustrated in Figure
8. Block 46 defines a circumferential channel 96. Member 41 has
a post 98, adapted to fit within channel 96 so that block 46 may
still orbit within opening 42. Spring.-100 is fitted within
channel 86 and attached at one end to a wall of channel 96 (or to
a post inserted in channel 96) and at the other end to post 98.
In such a configuration, spring 100 tends to hold block.46 in the
position indicated as J or K in Figure 8 relative to member 41
In this position, pin 48 is extended radially away from axis L1
whereby it may come into contact with its respective ramp 80 at a
predetermined position in the rotary cycle.'

_ The operation of this embodiment is best understood
by referring to Figures 7 and 8. Figure 7 illustrates upper and
lower units 32 and 34 in a position immediately after one pair of
-dies 50 and 80 have closed and immediately before a second pair
of dies 50 and 60 have closed. Figure 8 illustrates one block 46
in member 41 shown at ?arious positions in the rotary cycle.
Successive positions are indicated by the labels J, K, B, M, N
and 0. One ramp 80 and its assoqiated pin 48 are drawn in sold
line. The other ramp 82 and its associated pin 48 are shown in
phantomn.

While only one block 46 is illustrated, it will be
_appreciated that other blocks 46 attached to member 41 will
travel through corresponding positions of the rotary cycle at
different times. It will be further appreciated that while only
upper unit 32 is illustrated, similar action is occurring in
lower unit 34. '

Commencing arbitrarily with position J in the rotary



~controlling the blocks 46 and 58, a further guide bore 108 {s,
for example, the upper die block 46, parallel to the bore 1024
comuni cates with a | ongitudinal channel 110 of generally rac%aﬁg@léﬁﬁ"

| ongi tudinal axis. Each of the die blocks 46 and 58 may be provided with
two such gui dance bores 108, one at each end, and two such ehannels 110. An
el ongat ed rectangul ar contact bar 112 is received

extending fromside to side of the block 46 transvergellq._its

i
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cycle, spring 100 holds block 46 so that pin 48 is extended'éﬁéy
from the axis L1 of member 41. As rotation occurs block 46
passes through position K to éosition H. There is no relative
motion between block 46 and member 41 from position J to position
H. At position H, the forming plane P2 (Figure 5) of die 50 is
essentially parallel to material 12.

At position H pin 48 contacts the surface 88 of ramp
80. Also, pin 49 contacts the surface 90 of ramp 82. As rotation
continués block 46 now commences to orbit within opening 44.
Spring 100 commences to stretch. Pin 48 moves along surface 88.
Pin 49 moves along surface 80. Such motion continues to position
M. The surfaces 88 and 90 are shaped to ensure that plane P2
remains parallel to material 12.

On lower unit 34 (not shown in Figure 8) a
corresponding plane P2 of die 60 is also essentially parallel to
material 12 and thus to the plane P2 of die 50.

As rotation continues to position M, relative
rotation between block 46 and member 41 continues and spring 100
stretches further. At about position M plane P2 contacts
material 12 and, in cooperation with die 60, the material 12 is
deformed as requird.

After dies 50 and 60 have thus closed, rotation
continues. Pins 48 and 49 remain in cogtact with respective
ramps 80 and 82. Plane P2 remains parallel to material 12.
Relative rotation between block 46 and member 41 continues and
épring 100 stretches further. _

At about position N, pin 49 which in this case is
the leading pin, is removed from ramp B2.

At about position O, pin 48 which in this case is
the trailing pin, reaches the end of ramp 80. Spring 100, which
has been urging block 46 to rotate clockwises, may now act to
return block 46 to its initial podsition with respect to member
41, for example, as shown at position J.

Suitable limit means (not showm) allow spring 100 to
hold block 48 within opening 42 during rotation from position J

to position L. For example, the presence of an abutment means



16 in channel 110, and is nounted on a cylindrical guide s@aﬁr; 4
" extending into guide bore 108. A counter-bore 116 is forned im-shaft |
and receives a spring 118 therein. The spring 118 will prefefahly he a ;
heavy duty conpression spring. Any suitable retaining meang ndtisfbhﬁyn ;
will be provided for retaining the shaft 114 in the bore 08:Fhe-f@ur._barjs
112 on the upper and |ower die nenbers 26 and 58 register jwith one anot her
in pairs, as the dies are closing, butlarior to contact w kpiece..
The heavy duty springs 118 will yield and allow the

(not shown) extending into opening 42 from member 41_would allow
spring 100 to hold block 46 securely against the abutment. Block
46 would thus be prevented from moving in its opening: 42 under

et s

the influence of ceptrifugél force as unit 32 rotates.

Because, in this embodiment, block 46 is pressed
into place agéinst the ramps by the rotation of member 41 prior
tc closing, a soliﬁ and accurate punch is possible. Spring iqo
operates to keep pins 48 and 49 in contact with their respective

lramps 80 and 82, thus further ensuring punching accuracy.

In other embodiments, it may be possible to use a
ramp or cam groove on only one side_of_a die unit in conjunction
with such a spring urging a die supporthﬁlock into contact with
such ramp or groove. It may also be possible to use a ramp on
one side of a die unit and a cam groove on the other side of the
samé unit. Use-of a biasing spring may be avoided in such an
embodiment.

It will be appreciated that a die apparatus
according to the invention may be used in any situation_requiring
the use of high speed, accurate Cuttiné or forming. Apart from
the standard hole punching or indentation forming operation
described above, the apparatus of the invention may, for
instance, be used with a shearing die to cut roll formed strip
material with a complex, shaped edge.

-Several dﬁe units may be placed in line for forming
complicated holes or shapes. For insténce, a first rotary
apparatus may punch a hole. A second rotary apparatus may form
shapes around the hole. A third rotary apparatus may perform
further operations and so on as required. Such operation would
be very similar to the operation of existing progressive die
presses. )

The apparatus of the invention may be used to leave
unformed areas at spaced intervals along the stirip material. The
upper and lower units 32 and 34 are simply separated so that they
dc not contact material i2 over such intervals.

In accordance with a further embodiment of the

invention as shown in Figures 10 and 11, provisions may be made



_bars 112 to nove inwardly into the channels 110, but will} !

time, force the faces of the bars 112 firmy into contact

mAPh-ﬂﬂeranother

along their length. This function will -thus ensure that the;bkogks,46-and;
58 are located in parallel spaced-apart planes parallel tp he murkplece'
prior to contact of the dies with the workpi ece, thus ensurtng-acetrate

repetitive formng of the workpiece, wthout damage to t

dies. It wll bef

appreciated that in the forn1|IIustrated bot h the upper anmd—tower—dt

C

bl ocks 46 and 58 are provided with the 13ame gui dance bars 112 and shafts
116. The purpose of this is to reduce the distance of

for still further St&blllZlng the die support blocks 46 and 58,

‘'so that they are forced to adopt precisely parallel planes prior
to the engagement of the two dies on the blocks.

It will of course be appreciated that if the two die

'support blocks are not precisely parallel, and parallel with the
‘workpiece, prior to the engagement of the dies on the workpiece,
the workpiece will not be formed precisely, and conceivably:'
damage may result to the dies themselves.

In the embodiment shown in Figures 1 to 6-, the pins
78 and openings 79 will normally provide a sufficient degree of
guidance to ensure that the two blocks are precisely parallel to
one another before the dies close.

However, since some degree of wear is inevitable, it
is considered desirable to make provision for a still greater
degree of guidance. -

Accordingly, as shown in Figures 10 and 11, the
upper die block 46 is shown with the die guidaﬁce pin 78 received
in a bore 102, and being retained therein by any suitable means
(not shown).

A die block guide channel 104 is machined in either
end of the block 48, so as to replace the function of the
retaining flanges 47, and is engaged by suitable retaining means
(not shown) on carrier member 41.

This feature would also be used in-the blocks 58 in
carrier member 52 in this embodiment.

In order to further assist in guiding and
controlling the blocks 46 and 58, a further guide bore 108 is
formed in, for example, the upper die block 46, parallel to the
bore 102. .

Bofe 108 communicates with a longitudinal channel
110 of generally rectangular shape, extending from side to side
of the block 48 transverse to its longitudinal axis.

Each of the die blocks 468 and 58 may be provided
with two such guidance bores 108, one at each end, and two such
channels 110.

An elongated rectangular contact bar 112 is received



travel of each of the guide bars 112, and yet ensure that fhe; /
“contact one another at a point early enough in the closing of:
that they can achieve a secure and accurate gui dance functlod b

die is closed. It will, of course, be appreciated however 1hat“wheﬁ%'dlés :
of a different nature are in use, such that a | esser degree of travel woul d

be acceptable, it may be perm ssible to provide such gui dahce bars

112761
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only the upper or the |ower of the two die blocks. If onlywane.pair of such.i

gui dance bars 112 were used then, of colrse, the guidance bars woul

contact the cASEngl 176, OLRE" 1 D 5l B QVEyE s hSs SaTCEaLhdanGLe{

d sinply
UG i on

_extending into guide bore 108. A counter-bore 116 is formed in

shaft 114, and receives a spring 118 therein. The spring 118

will preferably be a heavy duty compression spring.

Any suitable retaining means (not shown) will be

"provided for retaining the shaft 114 in the bore 108.

The four bars 112 on the upper and lower die members

26 and 58 register with one another in pairs, as the dies are

closing, but prior to contact with the workpiece.

The heavy duty springs 118 will yield and allow the

bars 112 to move inwardly into the channels 110, but will,

at the

'same time, force the faces of the bars 112 firmly into contact

with one another along their length.
: Thi; function will thus ensure that the blocks
and 58 are located in parallel spaced-apart planes parallel

48
to

‘the workpiece prior to contact.of the dies with the workpiece,

-thus ensuring accurate repetitive forming of the workpiece,_

‘without damage to the dies.

It will be appreciated that in the form illustrated

‘both the upper and lower die blocks 46 and 58 are prov1ded
:the same guidance bars 112 and shafts 1186.
The purpose of this is to reduce the distance

with.

ot

travel of each of the guide bars 112, and yet ensure that they

meet and contact one another at a point early enough in the

closing of the dies, that they can achieve a secure and accurate

guidance function before the die is closed.

It will, of course, be appreciated however that
where dies of a different nature are in use, such that a lesser

degree of travel would be acceptable, it may be permissible to

provide such guidance'bars 112 on only the upper or the lower of

the two die blocks. If only one pair of such guidance bars 112

were used then, of course, the guidance bars would simply contact

the face of the other block and provide the same guidance

function as described above.

It will be appreciated, therefor, that while this
embodiment of the invention is illustrated as provided on both



It will be appreciated, therefor, that while this enbodi nem:rofint

i nvention is illustrated as provided on both 17 upper pnd. Lquer..die .
bl ocks and at each end, some degree of guidance function hnd security.w I
be achi eved by providing only one pair of such guidance bprs. 2chnd¥i-viab yi
al so sonme limted degree of guidance can be achi eved nere}yihy.the -~
provi si on of one of such guidance bars at one end of one bl ock. The
invention is not, therefore, limted Hg any

upper and lower die blocks énd at each end, some degree of
guidance function and security will be achieved by providing only
one pair of such guidance bars. Conceivably also some limited
degree of guidance can be achieved merely by the provision of one
of such guidance bars at one end of one block.

The invention is not, therefore, limited to any
specific number of such guidance bars. '

In accordance with a further embodiment of the
invention as illustrated in Figures 12 and 13, provision may be
made for intermittent operation of the rotary apparatus.

Intermittent operation may be desirable wbere it is
intended to produce froﬁ the strip sheet material, an- end
product which is cut to a predetermined length. Thus, for
example, if it is desired to produce sheet metal strip having a
series of formations, along predetermined lengths of the strip,
and intermittent discontinuities in the formations, then, as has
been described above, one solution would be to simply move one of
the roll units away from the other.

Another solution to the problem is, however, to
simply stop the upper and lower units momentarily and allow the
strip sheet material to pass between them, without being formed
or punched, for a predetermined length. .

As shown schematically in Figure 12, a typical strip
sheet material line for functioning in this way would comprise ‘a
rotary cutting or forming apparatus 120, upstream and downstieam
rinch rolls 122 and 124, and an uncoiler 126. The strip sheet
material is indicated as 12, and in this embodiment is shown
simply as being formed with generally triangular perforations or
openings 12a. A discontinuity indicated generally as 12b is
indicated between two of the perforations 12a.

In this embodiment the rotary apparatus 120 is
driven by means of a motor 128, driving through a clutch 130.
Clutch 130 drives the rotary apparatus 120, and the drive is
controlled by means of a brake 132.

A line speed indicator 134 may be used if desired,
for contacting the strip sheet material 12. However this



* speci fic nunber of such guidance bars. In accordance mnth a fu t.her
enbodi ment of the invention as illustrated in Figures 12
may be made for intermttent operation of the rotary appa a;us

n@ %3 QEOVLSJon

Intermttent operation may be desirable where it is |ntenpeé=b@mproduce
fromthe strip sheet material, an end product which is cut to a
predeterm ned | ength. Thus, for exanple, if it is desired~toprodu

nmetal strip having a series of formations, along predeterm ned | engths of

the strip,
been descri bed above,

and intermttent discontinupgies in the fornmations, then, as has

one solution wuld be to sinply nove one of the rol

uni ts awayiffraamatthenocher equally well be obtained in other ways, and it is

illustrated here merely for the sake of clarity.

A central data processing unit 136 provided with
typical controls and displays is: connected to the line speed
indicator 134, and to the clutch 130 and to the brake 132.

It may also be connected to all of the rolls, and to
the motor 128 if desired for capturing further information.

Referring now to Figure 13, the rotary apparatus 120
is essentially similar to that described in the preceding
description. Accordingly the various features are described in
only general terms herein, where they are the same. Thus the
rotary apparatus 120 comprises carrier -members 138 and 140 having
die support blocks 142 and 144, guided and controlled in the
manner described above.

The central axis of the die blocks 142 and 144 move
around a circular path, indicated in phantom as 146. '

However, the surface portions 148 and 150 of the
carrier members 138 and 140 lie on the perimeter of a circle of a
somewhat smaller radius than the circle 146.

In this way, when the two carrier members 138 and
140 are in the position illustrated in Figure 13, the surfaces
148 and 150 are out of contact with the workpiece 12.

The workpiece is held in any event between the pinch
rolls 122 and 124, and is therefore at all times_controlled.

By suitably programming the processor 136 tb-operate
the clutch 130 and brake 132 in the correct time sequence, it is
possible to stop the upper and lower carrier members 138 and 140
in £he position shown in Figure 13, for a predetermined dwell
time, sufficient to allow an unformed portion 12b of the
workpiece 12 to pass between them. ;

The processor 136 will then again signal the brake
132 to release and the clutch 130 to re-engage, and rotation of
the carrier members 138 and 140 will be resumed.

The foregoing is a description of a preferred
embodimeny of the invention which is given here by way of example
only. The invention is not to pe taken as limited to any of the

e



. Anot her solution to the problemis, however, to sinply stop.the.upper.and....
| ower units nmonmentarily and allow the strip sheet materiall tompass:between:
them wi thout being forned or punched, for a predeterm neg LemthmwAswshgwni

schematically in Figure 12, a typical strip sheet materiall lline fqr, ..., I
functioning in this way would conprise a rotary cutting or ﬂoﬁhﬁng“h R

apparatus 120, upstream and downstream pinch rolls 122 and 124 3 B e
uncoi l er 126. The strip sheet material_ is indicated as 12, and in this
enbodi nent is shown sinply as being fd%red with gener al | y bfei-ginrgul-ar
perforations or openings 12a. A discontinuity indicated generally as 12b
is indicated between two of the perforations 12a.

specific features as described, but comprehends all such

"variations thereof within the scope of the appended claims.



‘In this enbodi ment the rotary apparatus 120 is driven by THEEHS .0f .- &Mt
128, driving thrg?mﬁfbwm Reph2Q. C utch 130 drives thel rotafy
v

Y appar
120, and the dri by nmeans of a brake 132; A"Tine Epe
|red for contacting the}stridpishBet:

i ndi cator 134 ma :
nfornatlon can equal ly weﬁl be obtalned§|$

|

material 12. However t

other ways, and it is |IIustrated here aerely for the sake of clarity. -
!
CLAIMS
1. - A die support apparatus for use in assoication with

a rotary apparatus for forming or cutting material, said
rotary apparatus having at lest one rotatab{e carrier member
32, 34, the improvement comprising: .

at least one die support member, 46, 58 adapted to
be supported by said carrier member, and in turn adapted to
support'a die for forming or cutting said material said die
support member being swingable ‘relative to said carrier
member;

leading die support guide means 48, 62 mounted along
a leading portion of said die support member;

trailing die support guide means 49, 63, mounted
along a trailing portion of said die support member;

leading control means 64, 70 for engaging said
leading guide means, and, |

trailing control means 66, 72 for engaging said
trailing guide means.
2. A die support apparatus as claimed in Claim 1
wherein said leading guide means 48, 62 is located at one end
of said die support member 46, 58 and wherein said trailing
guide means 49, 63 is located at the other end of said die
support memher.- ‘

3. A die support apparatus as clalmed in Claim 1 wherein
said leading and trailing guide means define axes paralle1 to
one another and spaced apart from one another.

4. A die support apparatus as claimed in Claim 1
including means 100 biasing the orientation of said die
support member into a predetermined orientation relative to
said carrier member.

5. A die support apparatus as claimed in Claim 1
including contact bar means 112, at each end of one of said
die supports and slidable support means 114 for said contact
bar means, whereby said contact bar means is reciprocable to

and fro relative to said one die support member.

T
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. A central dqlg_gigggggLng_un+%—136 provided with typical conkrm

uteh. o

di spl ays i s Tonnected to t e I|ne speed indicator 134, and tlo the - ;
130 and to thﬁmﬁ%akB“ y al so be connected to all ofithe rol)s, -and
to the notor 1 or capturing further informatian..; Referrlng {
now to Figure apparatus 120 is essentially S|M1La+»t@ HRat

described in the precedlng description. Accordingly the varﬂous features
are described in only general ternms herein, where they are t%e~eaﬁe?m$hﬁ8wem—w
the rotary apparatus 120 conprises carBiter nenbers 138 and 140 having die
support bl ocks 142 and 144, guided and controlled in the manner descri bed

above. STRAC
DIES 'SUPPORT APPARATUS

A rotary cutting and forming apparatus for strip
‘material 12 , having rotatable upper and lower roll units 32,34,
the units being connected for synchronous rotation, each of the
‘units having a carrier member 41,52 with at least one recess
42,54 extending parallel to its central axis, and at least one
"die support block 46,58, the block being rotatably received
'within the recess 42, and having two ends, and a surface 46b to
which a die may be affixed, leading and trailing control pins
48,62 and 49,63 on the block, extending on parallel spaced apar£
axes, and leading and trailing cam surfaces 64,70 and 66,72
engaging respective leading and trailing control pins 48,62 and

49,83 to control the position of the blocks during at least part
of their rotation. -




The' cén-t'-FaI axi s of the die bI ocks 142 and 144 nove around a mgélﬁgg%%fﬁ

I ndicated in pﬁlan$b@ ver, the surface portions 48—~antd- --1«59"6%=--u~---s
the carrier lie on the perimeter of a di FePeAiot |
sonmewhat srral I er he circle 146. In this way, whep-the-two- :-

carrier nenbers and 140 are in thel position illustrated in Fiagur e 13 y
the surfaces 148 and 150 are out of contact with the workpijece 12. “The

wor kpi ece is held in any evepgtgbg tipeaRRRGE roll's 122 fand=t247amnd- *i”s*'"—é
therefore at all tines contrv&ﬁed-@im-régﬁy—programﬂ ng it he processor

136 to operate the ghyLcl iR A 213Ke182 47k LG R0N 85haTITE, SEIIEIEE"
in association with a rotary cutting and forming apparatus for

high speed continuous punching, forming or shearing of sheet

metal.

BACKGROUND OF THE [NVEHTION
Conventional sheet metal cutting and forming devices

are reciprocating precsses. Haterizl -tc be worked is placed
within a2 press, positioned stationary over z die. The press,
usuzlly mechanically operated, 'is closed, thus forcing 2 second
die into contact with the workpiece. The force exerted on the
workpiece by the dies will deform the riece or punch holes in the
piece a2s requird. When the operation is complete,. the press

new workriece inseried.

L]

cvens, the workpiece is removed and
Secause of the reciproczting motion inherent in such devices, the
speed with which they may work is limited.” Two soluticns have
been used. In one system the strip mzterial is moved
intermittently, step-wise through the press. In another system a
so—czlled flying shear or-die is used with & strip movin
continuously. In this system the die is accelerated lo the speed
of the sirip and the press closes, while the die zncd stirip are
mcving in unison. The die then opens, ané returns Ic i3IS
stariing position. Typiczlly., the punching, Zormizng cr shearing
of & csntinuéus mateéﬁal.-such 2s sheet metal, is limited to a

ine speed_of zbout 250 feet pex minute.

[ {AS BEEN
ACED




possible fo stop the upper and lower carrier menbers 138 ahdPHFASCER R .
position shown in Figure 13, for a predeterm ned dwell tinmg, {SGITTTCIENT"T0"
al l ow an unforned portion 12b of the workpiece 12 to pass )eiV\@e@] them The
processor 136 will then again signal the brake 132 to release¢ and the
clutch 130 to re-engage, and rotation-o2 the carrier nmenbets I38 and 140"

will be resumed. The fopegoing is a geseription.of a:p %L%bgeg enpodi ment
of the invention which nggqﬁiv\?gh ef%ggyg?/\fan;%no%)qéfgnpﬁekonl y. e'g?"lﬁ@%hf’i‘"é"ﬁ“‘“
is not to Henwdienoasshepried devapy ofuldhandle strip metal at speeds up

to about 1,000 feet per minute.

It is evident that the output of an assembly or

manufacturing line is only as fast as the slowest element in thé.

AR

line. In theory, a rotgry press could be operated at much higher
line speeds than a flying shear or die, and thus lead to
considerable economies in operation.

Existing rotary material-working deyices may suffer
from various disadvantages. Some may be limited to spécific
operations such as cutting (see United States Patent Nos.
2,951,410, 3,274,873, 3,438,835, 3,709,077 and 3,828,636);
perforating (see Qnited States Patent No. 3,205,744); émbossing
(see United States Patent Nos. 804,512 and 4,059,000, and United
Kingdom Patent Nos. 837,660 and 1,456,530); crimping (see United
States Patent Nos. 3,123,905 and 3,367,161); and stretch forming
(see United States Patent No. 3,394,573).

Such devices are generally designed to perform a
specific one of the above operations and may not be able to

- perform other operations. In particular, they are unable to meet
éll the requirements for a full range of die forming operations,
or for shearing a strip already formed into a complex section.

. In such existing rotary machines shearing is '
feasible on flat, unformed strip. Die forming was achieved by
using specially designed dies sometimes formediézguﬁd an érc.
which severely restricted the shape that could be formed.
Generally i£ was not possible to use conventional flat dies as
used in conventional }eciprbcating'presééé. ‘Dies formed aréund_
an a2rc or radius, such as in U.S. Patent 3,384,573, posed
considerable problems. The function of a curved die as it
contacts the workpiece is different from that of a flat die.
curved die will commence working the material on one side of the

The

die. As the curved die rotates, deformation of the workpiece
will proceed along the workpiece until the operation is complete.
This often resulted in distortion. In a flat die as found in

conventional die presses, the workpiece is cut or worked



19 §pe%iffc features as described, but' conprehends all such

thereof within the scope of the appended cl ai ns. -20- LA
support apparatus for use in association with a rotary app
formng and cutting material, said rata )y apparatus having
upper roll unit (32) and a corresponding

simultaneously across the die. In certailn e

ﬁmjf:\az«téﬁem ¢ ;
ar%tps for., i g

agretétable

— O e it i

such differences between standard and rotary

not be desirable.

Another approach t
States Patent Nos 1 333 704,

ppllcatlon }

L ENTE e S Iy

o the problem is shown in United
1 581 236 and 3 066 542. In’

these patents the dies rotate around a circular orbit.

in United States Patent HNo 1 581 236,
dies are guided and controlled by an annular
and cam followers riding in the track. In ¢t
arrangement the dies are oscillated or rocke

the individual

cam tracl,
his

d, and are

difficult to control.. The cam followers cannot make a

perfect fit in the annular track. Some clea
necded in order that the followers can roll
As a result, the dies are never held securel

rance 1is
in the track.

y. When they

meet they may fail to register perfectly, and damage may

result.

With a view to overcoming these problems, the

invention provides for a die support apparatus for use

in association with a high speed rotary cutting and

forming apparatus which makes use of flat dies and

permits the accuracy of conventional die presses.

According to the invention a die support apparatus

is for use in association with a rotary apparatus for

forming and cutting material, said rotary apparatus

having a rotatable upper roll unit and a corr
rotatable lower roll unit, said upper and low

units being supported by bearing means and be

esponding
er roll

ing

connected for synchronous rotation, each of said units

comprising a carrier member defining a central axis,

said member having at least one recess extending along

said member parallel to the central axis, said recess

having bearing surface means of generally semi-circular

shape, said die support apparatus comprising:



' . -
rotatable’lower roll unit (34), said upper and |lower roll uni t{sl
bei ng supported by bearing neans (37) and being connected for|sy }

rotation, each of said units conprising a carrier nenber (41,52§ nginJ g a
central axis, said nmenber having at |easy one recess (42) extgndi Rg azf"‘oﬁgj-;?}_?'j-f"
said nmenber parallel to the central axis, said recess having beéung* ¢
surface means of LYo 681 2GhpoH AhemSbAPSdapt 6@ €0 Becsuppppoed " |
appar at us conpr?%?ﬁ%%égté Rast o%gb%ie support menber (46, 58)-adepted.to be !
supported by sabyl satdiearnmbabemerilddr 523nd ahalvhagi agPhapeat enrSacreate to -
which is affixed a die for_foroming,or cutting said ' id die

support nenber Y’QB‘?ISS}Sb%f-WgX?%l%t%HF %’ﬁpjﬁ%ﬂf”é gi%{m&ﬁ{;t%g 8818

material, said die support member being rotatably

supported in the recess of said carrier member;

leading die support guide pin means extending from a
leading portion of the end of said die support member;
trailing die support guide pin means extending from a
trailing portion of the end of said die support member;
said apparatus further comprising leading péth
definition means adapted to receive said leading guide
pin means; and,

trailing path definition means adapted to receive said

tralling guide pin means, the engagement of said guide

pins within said path definition means controlling the
position of said die support members at least during

said forming or cutting of said material.

Reference should be had to the accompanying
drawings and descriptive matter in which there are

illustrated and described preferred embodiments of the
invention. :

IN THE DRAWINGS

Figure 1 is a schematic illustration in perspective of
a manufacturing line incorporating a die support apparatus
according to the invention.

Figure 2 is an exploded schematic drawing in

perspective of a die support apparatus according to the
invention;



the riecess of said carrier menber (41,52); characterised by- dig,
support pin neans (48,62) extending froma | eading portlon'
said die support menber; trailing die support guide pin neans (49 63) ;
extending froma tralllng portion of the end of said die %upport nenbep j
sai d apparatus further conprising Ieadlqg path deflnltloq neans._(64.70) i
adapted to receive said | eading guide pih neans; and, trdiling path [
definition nmeans (66, 72) adapted to receive sai d trall|n3mgu1dﬁgggnmuﬂan§h“
the engagement ofigipiel Yuiglen pimmswisgeitncnial que Hhkefl g i brd

controlling the position of said die support nenbers at |east during said
form ng or AGUNRy 2f said material.

Figure 4 is a detail view in cross-section of a

portion of the apparatus of the invention
. Figure 5 is a detail view in perspective of a portion

of the apparatus according to the invention about to

contact the workpiece;

Figure 6 is an exploded perspective view showing the
apparatus performing a punching operation;

Figure 7 is a view similar to that of Figure 2, but
illustrating a second embodiment;

Figure 8 is a diagrammatic view showing the upper
die unit only, and illustrating successive positions of
one (only) die block, in the Fig 7 embodiment:

Figure 9 is an exploded view of a detail of the
embodiment of Figure 7: '

Figure 10 is a sectional side elevation of a further
embodiment: _

Figure 11 is a section along the 1line 11-11 of
Figure 10- .

" Figure 12 is a schematic top plan view of an
allernate embodiment of the rotary apparatus~ for
intermittent operation; and _

Figure 13 is a.section along the line 13-13 of

Figure 12.

DESCRIPTION OF AN EMBODIMENT OF THE INVENTION




-23- 2." + A die support apparatus as claimed in daimi1 wherlebaFshiid; ,
| eadi ng guide pin neans (48,62) is |ocated at one end of saiid die-support-
nmenber (46,58) and wherein said trailing guide pin nmeans (49, 63)y s dipcat-ad f
at the other end of said die support nenber. 3. A di e supdorjt ‘apparatis™
as claimed in Qaim1l wherein said | eading and trailing gui de prmrmearns ‘
(48, 49, 62,63) define axes parallel to orfe-another and spaced apart from one

)

anot her. 4. A di e support apparatus as clainmed in Caim1l Thcrudrmg
Referring to Figure 1, there is illustrated a roll

10 of strip sheet material 12 upon which it is desired to perform
various forming operations. Material 12 may often be sheet
metal. Such operations may typically be performed in a
manufacturing line 14. Material 12 is unwound from roll 10 and
passed continuously along line 14, in the direction indicated by
arrow A. The variou§ forming operations are performed on
material 12 as it passes different points along line 14. ts
r.ateriel 12 is unwound from roll 10, typical first operations may
Le die forming operations, performed by a rotary apparatus 20
according to the invention. Apparatus 20 may punch holes, or forn
complex indentations 22, or both, irn mgtcrial 12 as it passes
through apparatus 20. HNip rollers 21, both above and below
material 12, guide material 12 through rotary apparatus 20.
Subsequent operations may typically include roll-forming
operations a2t stztion 23. Further operations &s desired may be
carrid out a2t station 24. The final operation is typically the
cutting of materiazl 12 in cutting station 26 into standard
lengths 28 convgnicnt for further manufacturing or assembly

processes and for storage.
Further nip rollers (not shown) may be used to guide

material 12 through stations 23, 24 and 26. 0f course, any
nunber of staiions 20, 23, 24 and 26 may be used in sequence, 2s
desired.
The above descripticn of a-typical manufac?uring

line is provided herein in order to facilitate the description oIl
the invention. The description of the manufacturing line is not
in(endea'to limit the invention iq any way. 2Rzther the apparatus
according to the invention may be used in any manuiacturing line
or in any situation requiring high speed, continuous. accurate
die forming of strip materizl.

Referring to Figure 2, there is schematically illustrated a
rotary apparatus 20 Motor 30 drives upper roll unit 32 in unison

with and, at the same speed, as lower roll unit 34 through

transmission 35 and shafts 36. Material 12 passes between and is

contacted by upper



neans‘(1®0) bi asing the orientation of said die support nenbgr
a predetermned orientation relative to said carrier nenber

(112) at each end of one of said die supports, and slidable
(114) for said contact bar neans, whereby said contact bar

reci procable to and fro relative to said one die support ne
-20-

CLAIMS

1. A die support apparatus for use in association with a rotary
apparatus for forming and cutting material, said rotary apparatus
having a rotatable upper roll unit (32) and a corresponding
rotatable lower roll unit (34), said upper and lower roll units
(32,34) being supported by bearing means (37) and being connected
for sychronous rotation, each of said units comprising a carrier
member (41,52) defining a central axis, said wmember having at
least one recess (42) extending along said member parallel to the
central axis, said recess having bearing surface means of
generally semi-circular 'shape, said die support apparatus

comprising:

at least one die support member (46,58) adapted to be supported
by said carrier member (41,52), and having a platen surface to
which is affixed a die for forming or cutting said material,
said die support member (46,58) being rotatably supported in
the recess of said carrier member (41,52); characterised by
leading die support pin means (48,62) extending from a leading
portion of the end of said die support member;

trailing die support guide pin means (49,63) extending from a
trailing portion of the end of said die support member;

said apparatus.further comprising leading path definition means
(64,70) adapted to receive said leading guide pin means; and,
trailing path definition means (66,72) adapted to receive said
trailing guide pin means, the engagement of said guide pins
within said path definition means controlling the position of
said die support members at least during said forming or

cutting of said material.

Hllllll lﬂlﬂ lllﬂ 1 H Ill!
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2. A die support apparatus as claimed in Claim 1 wherein said
leading guide pin means (48,62) is located at one end of said die
support member (46,58) and wherein said trailing guide pin means

(49,63) is located at the other end of said die support member.

3. A die support apparatus as claimed in Claim 1 wherein said
leading and trailing guide pin means (48,49,62,63) define axes

parallel to one another and spaced apart from one another.

4. A die support apparatus as claimed in Claim 1 including
means (100) biasing the orientation of said die support member
(46,58) into a predetermined orientation relative to said carrier

member (41,52).

5. A die support apparatus as claimed in Claim 1 including
contact bar means (112) at each end of one of said die supports,
and slidable support means (114) for said contact bar means,
whereby said contact bar means is reciprocable to and fro

relative to said one die support member.
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Abstract

DIE SUPPORT ARRANGEMENT IN A ROTARY

FORMING APPARATUS

A rotary cutting and forming apparatus for strip
material 12 , having rotatable upper and lower roll ﬁnits 32,34
the units being connected for synchronous rotation, each of the
units having a carrier member 41,52 with at least one recess
42,54 extending parallel to its central axis, and at least one
die supporf block 46,58, the block being rotatably received

within the recess 42, and having two ends, and a surface 46b to

which a die may be affixed, leading and trailing control pins
48,62 and 49,63 on the block,

extending on parallel spaced apart
axes,

and leading and trailing cam surfaces 64,70 and 66,72 ,
engaging respective leading and trailing control pins 48,62 and

49,63 to control the position of the blocks during at least parﬁ
of their réotation.

Figure 2
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DIE SUPPORT ARRANGEMENT IN A ROTARY FORMING APPARATUS

- This invention relates to die suéport apparatus for use
in association with a rotary cutting and forming apparatus for
high speed continuous punching, forwming or shearing of sheet
metal.

' BACKGROUND OF THE JNVENTIO

Conventional sheet metal cutting and forming devices

are reciprocating presses. Haterial -to be worked is placed

within a2 press, positioned stationary over a die.
forcing a second

The press,

usuvally-mechanically operated. “is closed, thus

die into_contact with the workpiece. The force
iece or punch holes in the

exerted on the

't}

workpiece by the dies will deform the

viece 2s requird. When the operztion is.complete, the press

j

new workoiece inseried.

-t

i

cpens., the wor¥piecs is removed and

Because oi the reciprocating #otiosn inhsreni in suck devices, the

Jate

speed with which they may wor¥ is lipited. Two soluticns have

strip material is moved

1]

been vsed. Ir one system th

intermiticatly, step-wise through the press. In another sysiem a

so—czlled flying shear or die is used
In this system the die is accelerzied to the sp

with 2z strip movinm
eed

ip are

contiauousliy.
7 the siriv and the press closes, while tThe di

-~

e zné st

13

L o]

<

p

mcving in unisoa. The die then opens. 2aé rezurps I

stariing position. Typically,

1 neet metal, is 1lixited to

s
the punching. Zorming cr shezring
2 continuous material, such 2s sn a

0
Yoy

Yo

-
avee.

ne =pea2d 0f zbouit 250. feet per v

(rY)
fae
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Abstract

DIE SU?PORT ARRANGEMENT IN A ROTARY

FORMING APPARATUS

A rotary cutting and forming apparatus for strip
. material 12 . having rotatable upper and lower roll unlts 32,34,
‘the units being connected for synchronous rotation, each of the
units having a carrier member 41,52 with at least one recess
42,54 extending parallel to its central axis, and at least one
die support block 46,58, the block being rotatably received
within the recess 42, and having two ends, and a surface 46b to
which a die may be afflxed leadlng and trailing control pins
48,62 and 49,63 on the block, extending on parallel spaced apart
axes, and leading and trailing cam surfaces 64,70 and 66,72
engaging respective leading and trailing control pins 48,62 and
49,63 to control the position of the blocks during at least part
of their roétation.

Figure 2
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