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The invention relates to rotary apparatus for
performing a variety of functions on a moving workpiece.

5 The workpiece may be a continuous strip, or may be a series
of separate strips, which move continuously through the :
rotary apparatus. The material in many cases will be strip
steel, but the invention is of much wider application.
BACKGROUND ART

10 Rotary apparatus for performing-a-variety of functions
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on continuous strip material such as strip steel, have been
}?/ proposed over the last at least fifty years. However, a
| - need has remained for a rotary apparatus to satisfactorily
perform precise functions on a moving strip. There are
15 necessarily upper and lower rotary devices which register
with one another and they carry respective upper and lower
rotary dies. It is well known in all die forming
operations that the two dies mﬁSt'register-precisely with
one another on opposité sides of the workpiece before they
20 close. It is for this that most of the earlier proposals
have not been successful. No way was known to achieve a
satisfactory form of precise registration of each pair of
dies. |
\_ However, in U.S. Patent 5,040,397 of Ernest R. Bodnar,
b 25 Rotary Apparatus granted August 20, 1991, there is shown a
form of rotary apparatus, in which upper and lower rotary
_devices carried semi-rotary die carriers. The die carriers
were themselves'gﬁided by guide pins. The guide pins rode
in cam tracks. The guide pins were located in pairs, one
30 at each end, of each of the semi-rotary devices, and the
guide cams were located at opposite ends of the rotary
devices.
By offsetting one of the guide pins at one end
relative to the guide pin at the other end, and alsc by
35 precisely profiling the guide cams at each end of each of
the rotary devices, it was possible to bring the semi-
rotary die supports into precise reglstratlon just prior to
closing, and during c1051ng, and just after closing on the
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apparatus o U.S. Patent No. 5,040,397 is described in

Canadian Patent Appllcatlon No. 2,066,803. In thaﬁ patent
application, the inventor, Ernest R. Bodnar, describes the
provision of guide pins on each of the semi-rotary die
supports. By offsetting respective forward and rearward
guide pins on respective guide supports, and by providing
two separate guide cams at each end of the rotary
apparatus, it then became poSsible to provide for all four

pins to engage respective guide cams just prior to closing,

during closing, and just after closing. This proposal may
produce a much improved degree of registration between the
respective dies carried on the die support. This is
particularly important in heavier duty applications, or in
applications where the line speed was desired to be
increased. Even in this system however there were
limitations. For example, it will be understood from a
simple geometrical analysis that whereas two dies may
register with one another just prior to closing, and during
closing and after closing, they are in fact traversing arcs
of a circle, as the rotary supports rotate.

This means that the linear speed of the die was
greatest at the point where the two dies closed, and was
somewhat reduced just prior to closing and just after
closing.

On the other hand, since the dies are required to
perform operations on a flat workpiece, whether a
continuous strip, or discontinuous strip pieces, it will be
apparent that there is a very slight degree of "mismatch"
in speed of forward movement as between the pair of dies,
and the workpiece between them just before closing and just
after closing. Precise speed matching is achieved only at
the point where the dies are fully closed on the workpiece
and the planes of the two dies are precisely tangential to
each other.

In operations where relatively thin workpieces were
being treated, or where relatively shallow formations were
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desirable to apply this technology to a wider range of
products. It is desirable to apply this technology to
5 products having a greater physical thickness than
relatively thin sheet metal workpieces, and it is also
desirable to apply this technology to the drawing of deeper
formations in the workpiece.
In both of these cases, it is apparent that the

10 contact time period during which the two dies are in
contact with the workpiece will be somewhat increased as
~ compared to working on thin sheet workpieces such as thin

- sheet metal and/or drawing relatively shallow formations.
In these cases, any degree of mismatch in linear speed
15 between the workpiece itself, and the two dies becomes much
more significant.

- Accordingly, it is desirable to provide in the first
place a method of accommodating the mismatch in speed
occurring between the dies moving around a rotary arc, and

20 the workpiece moving along a linear path.
' A further problem however relates to the design of the
rotary apparatus itself.
In the above noted U.S. patent, and the development
thereof described above, herein termed the "two pin
25 rotary", and the "“four pin rotary" respectively, the
circumferential path around which the die itself could pass
was determined by the circumferential path around which the
semi-rotary die supports themselves could pass. This meant
that if it was desired to increase the size and
30 particularly the depth, of the dies, the entire design of
the rotary apparatus had to be redesigned to accommodate
these variations.
This clearly either limited the degree of application
of the rotary apparatus or meant that considerable
35 engineering costs were incurred each time the rotary
apparatus was designed to handle a particular size and
depth of die.
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size of rotary apparatus to be arranged so as to
accommodate dies which are themselves of different sizes
and in particular in which the dies are of different
5 depths, without being obliged to re-engineer the entire
rotary apparatus itself desirably, all that will be
required is to place the rotary support devices on centres
which are further apart for deeper dies or closer together
for shallower dies, and of course, to alter the size and
10 pitch of the gears which interconnect them to ensure that
\ they rotate in unison. This itself is a relatively much
~ simpler task than re-engineering the whole of each pair of
the rotary devices themselves.
For the purposes of this application, the term
15 "forming” is deemed to incorporate by reference any die
operation which may be performed on a workpiece, whether it
may be termed in the trade as "embossing" "forming"
"drawing™ "blanking" "cutting", or any other operation on a
workpiece which is performed by a pair of dies, and
20 wherever used herein the term forming is deemed to
incorporate any and all such operations, including those
not specifically mentioned above.
DISCIOSURE OF THE INV ION
According to the invention, there is provided a rotary
25 apparatus for continuous rotary forming of web workpiece,
the apparatus comprising a rotatable first roll unit and
corresponding rotatable second roll unit; a first die
support member carried by the first roll unit, the first
die support member having a leading edge and a trailing
30 edge respective to rotation of the first roll unit; a
second die support member carried by the second roll
menber, the second die support member having a leading edge
and a trailing edge respective to rotation of the second
roll unit; means for transporting a web workpiece in a
35 forming plane between said first and second roll units;
each die support member comprising a first part carried by
the respective roll unit and including the leading and
trailing edge and a second part having a platen surface for
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trailing edges.
Each first and second die support member may be
5 rotatably received in a longitudinal recess of its
respective roll unit, the recess having a concave arcuate
bearing surface a complementary to a convex arcuate surface
of the first part of the respective die support member, the
recess defining a concave section of a cylinder and the
10 first part of the respective die support member defining a
: complementary convex section of said cylinder. The
N respective concave and convex sections of said cylinder may
be minor sections. '
Preferably, the first part of each first and second
15 die support member and the second part of the first and
second die support members are connected for reciprocal
movement with respect to each other through resilient
connecting members. Each resilient connecting member may
be formed of polyurethane rubber and may be seated in
20 seating recesses in both of the first and second parts.
' Stop members may be provided to limit the reciprocal motion
on one of the first and second parts.
Rotation of the first part of the die support member-
in the recess is controlled by cam means which may include
25 ‘a cam follower on at least one end of the die support
member in the region of the leading edge engaging a
continuous cam. Suitably the cam means also includes a cam
follower on the other end of the die support member in the
region of its trailing edge and engaging a continuous cam.
30 Alternatively the cam means may comprise a four pin
system including a cam follower on one end of a die support
member in the region of a leading edge and engaging a
continuous cam, a cam follower on the other end of said die
support member in the region of the leading edge and
35 engaging a discontinuous cam, a cam follower on said one
end of the die support member in the region of the trailing
edge and engaging a discontinuous cam, and a cam follower

-
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ot her . contlnuous cam.
According to the invention there is also provided a
rotary apparatus for rotary forming of a web workpiece
5 which apparatus comprises: a rotatable first roll unit and
corresponding rotatable second roll unit, said units being
connected for synchronous rotation through rotary cycles,
each of said units comprising a carrier having a central

axis for rotation thereabout; means for transporting a web
10 workpiece between said units in a forming plane at a web
speed; means for rotating the first and second roll units
at constant opposite rotational speed to have a roll unit
tangential peripheral speed at the forming plane similar to
the web speed; each roll unit being provided with at least
15 one recess defining a concave minor section of a cylinder
having a longitudinal axis parallel with said carrier
central axis; a die support member having a leading edge
and a trailing edge being rotatably received within said
recess, the die support member including a first part
20 having a curved convex surface nested in said recess and
defining a similar minor section of said cylinder, the die
support member also including a second part projecting out
of said recess and said die support member being rotatable
\ about the notional central axis of said cylinder and offset
25 from the first part of the die support member. The first
part and the second part of each die support member may be
separate one from the other and connectable one to the
other. |
The cam means, as in the previous alternative, may
30 comprise a cam follower on at least one end of the die
support member in the region of the leading edge engaging a
continuous cam. Again, suitably, the cam means includes a
cam follower on the other end of the die support member in
the region of its trailing edge and engaging a continuous
35 cam.
As before, the cam means may be a four pin system
including a cam follower on one end of a die support member
in the region of a leading edge and engaging a continuous
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cam, a cam follower on the other end of said die support
member in the region of the leading edge and engaging a
discontinuous cam, a cam follower on said one end of the
die support member in the region of the trailing edge and

5 engaging a discontinuous cam, and a cam follower on the
other end of said die support member and engaging a

continuous cam.
The cam follower in the region of the leading edge and
the cam follower in the region of the trailing edge may be

10 located on end extensions of the die support member, the

, extensions extending out of the recess and respectively

~ : flush with ends of the second part of the die support
member. The axles of the die support member may also be
located on the extensions. Such a system may provide

15 substantial versatility. For example it may be possible to
interchange dies of different depths on the die support
member.

Each roll unit may suitably include four die support
members. '

20 Bearing arms may provided for said axles of each die
support member, the bearing arms being rotatable on the
carrier central axis.

| The invention further comprises a rotary apparatus
) wherein a cut to length mechanism is provided upstream of

25 the rotary forming apparatus, whereby the workpiece may be
cut into separate plates or pieces, which are then passed
successively through the rotary apparatus, in timed
relation to the formation of openings, or other formations
therein by the rotary apparatus.

30 The invention further comprises such a rotary
apparatus, wherein provision may be made for separating one
of the rotary units from the other in a pair of rotary
units, so that a portion of workpiece may pass therethrough
untreated while maintaining the rotation of said moved

35 rotary unit, whereby to maintain the rotation of the two
rotary units in timed relation continuously.

The various features of novelty which characterize the
invention are pointed out with more particularity in the
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advantages and specific objects attained by its use,
reference should be had to the accompanying drawings and
5 descriptive matter in which there are illustrated and
described preferred embodiments of the invention.
BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a schematic illustration in perspective of
a manufacturing line incorporating rotary apparatus
10 according to the invention;
_ Figure 2 is an e#ploded schematic illustration in
~ perspective of a rotary apparatus according to the

invention;
Figure 3 is a schematlc illustration from an end of
15 the rotary apparatus of Figure 1;

Figure 4 is an exploded perspective view of the rotary
apparatus of Figure 2;

Figure 5 is a sketch of the comparison of rotary and
linear speed of the workpiece and dies respectively;

20 Figure 6 is an exploded view of a die support member,
and platen shoe;

Figure 7 is a view of the platen shoe portion of the
die support member showing its connecting surface with the
other part of the die support member (the die itself being

- 25 omitted) ;

Figures 8a, 8b, 8c illustrate reciprocal movement of
the die support and the die shoe at different stages in
operation;

Figure 9 is a sketch of an alternate embodiment of a

30 rotary apparatus set up for feeding cut plate;

Figure 10 is a schematic side view of a roll forming
line incorporating the upstream cut to length apparatus
illustrated generally in Figure 9; and,

Figure 11 is a schematic side elevation of a rotary

35 apparatus showing the upstream cut to length apparatus, and
also showing the movement of one rotary unit relative to
the other.
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of workpiece material web 12 such as metal sheet or plate,
e.g. steel plate upon which it is desired to perform
5 various shaping or forming operations. Such operations may
typically be performed in a manufacturing line 14. Web
material 12 may be unwound from roll 10 and passed
continuously along line 14, in the direction indicated by
arrow A. Alternatively, when material 12 is plate, any
10  other feed may replace roll 10. 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 rolling at
stations 21 and die forming operations, performed by a
15 rotary apparatus 20 according to the invention. Apparatus
20 may punch holes 22, or form complex indentations, or
both, in material 12 as it passes through apparatus 20.
Subsequent opérations ﬁay typically include roll-forming
operations at station 23. Further operations as desired
20 may be carried 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 processes and for storage.
N\ Stations 23, 24, 26 are illustrated partly in schematic
25 form. Some stations may incorporate typical longitudinal
roll forming dies well known in the art (not shown) and the
cut off may in fact be a flying shear well known in the art
(not shown) or another set of upper and lower rotary units,

with suitable dies.

30 Further nip rollers (not shown) may be used to guide
material 12 through stations 23, 24 and 26. Of course, any
number of stations 21, 23, 24 and 26 may be used in
sequence, as desired.

The above descriptibn of a typical manufacturing line

35 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
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high speed, continuous, accurate die forming of strip

material. .
While references made herein to "sheet metal" it will
5 be appreciated that the invention is not limited in any way

to the forming of sheet metal. A wide variety of different
"materials" may require to be formed, within the generic
meaning of that word as defined herein, using the rotary
apparatus in accordance with the invention. Such material

10 may be fed from a roll, or may be fed in pieces through the
rotary apparatus, and accordingly where used herein the
term "strip material" is deemed to include any such
material which may be formed in such rotary apparatus, in
accordance with the generic use of the term formed as

15 defined herein. '

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

20 transmission 35 and shafts 36. The direction is, however,
opposite. The workpiece web 12 passes between and is
contacted by upper and lower units 32 and 34. Upper and
lower units 32 and 34 may be supported by suitable bearing

N\, means 37. In this embodiment motor 30 and transmission 35

25 are such as to provide the outer surfaces of upper and
lower units 32 and 34 at the point 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

30 unit 34.

Motor 30, transmission 35, and bearings 37 may all be
standard components as are well-known in the machine
tooling industry. _

Figure 3 illustrates in cross-section upper die unit

35 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 direction indicated by arrow C. Material
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It will be appreciated that the designations "upper",

"lower", "left" "right', "clockwise", and "counter-

5 clockwise" are for convenience of description only and 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

10 certain corresponding position are not intended to limit
the invention. Upper and lower dies 38 and 40 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 location and time.

15 Upper unit 32 is essentially identical to lower unit
34. Referring to Figures 3 and 4, upper unit 32 includes
upper carrier member 41, which defines a central axis L1
about which upper unit 32 rotates on shaft 36. Member 41
defines at least one (in the illustrated embodiment, there

20 are four) recesses or openings 42, each in the shape of a
minor concave section of a cylinder each having a notional
axis L2. The section extends longitudinally parallel to
the central axis L1 of member 41. Member 41 further

N\ defines abutments 43 between openings 42.

25 Referring to Figure 4, the die support members 46 are
retained within openings 42 by bearing arms 47 projecting
radially from bearing member 45 which is rotatable with the
respective upper unit 32 or lower unit 34.

A bearing member 45 is provided to each end of upper

30 and lower units 32, 34. Bearing arms 47 receive stub axles
47a projecting from each end of die support members 46,
whereby the die support members 46 are retained within
recesses 42 but are able to rock within the recesses by
rotation of stub axles 47a in pivot arms 47. 1In fact the

35 axis of rocking of the die support members is coincident
with the notional axis L2 of the cylinder defined by curved
surface, but is not coincident with the chordal surface,
since the arc of the curved surface is less than 180°.
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conprising a rotatable first roll unit and correspondi ng rotatable second
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first die support menber having a | eading edge and a trailing 30, edge
respective to rotati onF BJUF@Sfi$s? AHAPYaM; $howing bhe BreIEeppirh Rénber
carried by the seséshr&£tive points A1, A2, A3....... etc. at the rotational

surface with points B1, B2, B3....etc. of a die. From the
projection of points Al, A2, A3....etc. onto the web 12 at
5 respective points €1, C2, C3....etc, that there is
considerable variation of the linear speed component of a
point strictly on the rotational surface. Points A1, A2,
A3... etc.may be translated to points Bl1, B2, B3... etc. by
rocking or swinging of rotary member 46a in recess 42, thus

10 advancing the leading edge of the die support member with
respect to the surface of rotation. Projection of points
Bl1, B2, B3.... etc. onto the web 12 to points D1, D2, D3
....etc. respectively show much less variation of the
linear component of the compensated rotational speed.

15 Each die=-support has a cross-section that is bounded
by an arc and chord of a circle. The section is less than
180° of arc so that the rotary member is less than a semi-
cylinder. Die support member 46 also comprises a platen
die shoe 46b connected to the rotary member 46a. In

20 Figures 1 and 3, a first or leading guide pin or cam
follower 48 extends from one end of member 46 and a second
or trailing guide pin or cam follower 49 extends from the
other end member 46. Guide pins 48 and 49 are mounted on

N\ end extensions 50, attached to opposite ends of rotary
25 member 46a.

As shown in Figure 3, each die support member defines
a leading edge 51 and a trailing edge 52.
The die platens or shoes 46b are slidably retained
within the die support 46a by means of longitudinal edge
30 plates 53 secured to the end walls of the die supports by
means of bolts 54 (Fig 6). Plates 53 may engage either the
side edges of the platen shoes 46b, or the side edges of
the dies 38, 40 themselves.
Resilient cushioning members 55 are located in
35 recesses 56 in rotary member 46a and in recesses 57 in
platen shoes 46b. These resilient cushioning members 55
may be made of polyurethane rubber.
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edge respectlve to rotation of the ; means for transporting
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roll units; “eac I'e support nenber rst part carried by the
respective roll unit and including the |eading and trailing edge and a

second part having a platen surface for ;5-3ngunting a die, the second
part being nmounted on the first part for reciprocal notion transverse to
the | eading and Guide pins 48, 49 ensure that the platen shoes 46b are

located in the desired position. Guide pins 48 and 49 are
arranged to engage respective full cams 58 and partial cams
59 as described for example in U.S. Patent No. 5,040,397,

5 previously referred to. Full cams 58 are offset axially
outwardly and partial cams 59 are offset inwardly, in the
manner explained in the aforesaid U.S. Patent. 1In this way
cams 58 provide guidance and control around 360°, and cams
59 control each die support from just prior to closing to

10 just after closing of the dies. On a member 46, pins 48
and 49 define and lie on different axes adjacent leading
hed and trailing edges 51, 52.
The platen die shoes 46b, are thus slidably mounted on
support 46, and are biased centrally by cushioning members
15 55.
Stub axles 47a define axes which are outside the chord
of the rotary member 46a.
In Figures 2 and 4, leading and trailing pins 48, 49
are provided at both ends of membér 46. Upper and lower
20 dies 38-40 are mounted on platen shoes 46b of members 46 in

any conventional manner (eg bolts - not shown). Dies 38-40

are mounted on members 46 essentially parallel to the

platen shoe 46b. Figures 4 and 6 show dies 38-40 and

platen shoes 46b in foreshortened form so that view of
25 other parts of the die support member may be seen. The

shoes 46b and dies 38-40 are shown in broken lines, in

Figure 4.

An opening 40a in the lower (female) die may be
provided (Fig. 4) to permit a slug (not shown) to be
30 ejected from the die.
Operation of the guide pins 48, 49 in conjunction with
cams 58 and 59 will now be described.
In Figure 4 leading pins 48 and trailing pins 49 are
provided at both ends of each member 46, and in Figures 1
35 and 3 leading pins are provided at one end and trailing

pins at the other end of each member 46.

In Figures 2 and 4, leading and trailiné pins are
shown at both ends.



trai’ling edges. Each fi+st and seeeﬁd—dfe—support menber may be 5
rotatably recerved I n aTIo grt di_nal rec ss of its respective roll unit,
t he .recesgydad/phghqd CONC ﬁ‘ﬁlﬁiﬁmﬁ ng surface a conpl enp@f-&rﬂgg@,ﬁ-,

convex arcuate surface of t of the respective di e support
menber, the recess defini lection of a cylinder and the 10
first part of the respective die support nenb defining a conplenentary
convex section of sald cylinder. The respectlve concave and convex sections
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and pins, it is necessary to provide a cam for guiding each set
of pins for the proper positioning of the dies 38-40.
Where leading pins 48 and trailing pins 49 are
5 - provided at both ends of the members 46, the leading'pins
48 may project outwardly of the trailing pins for
accessibility to their cam 58 in the region where the die
is to engage the workpiece 12 while allowing access of the

trailing pins 49 to their cam 59 in the region where the

10 die is to engage the workpiece 12. It will of course be
necessary to adjust the shape of cams 58, 59 previously
N referred to, to engage the respective pins.

It will be appreciated that the cam paths 58 and 59 of
Figure 3 may be adapted to the use of pins 48 and 49 at
15 each end of the member 46 by providing cam surfaces only to
engage pins 48, 49 when the respective die approaches,
passes through and leaves the die forming region where
exact registration with the cooperating die is necessary.
Cams 58 and 59 are provided fixed relative to the axis
20 L1. cams 58 and 59 are shaped and pins 48 and 49 are
positioned relative to members 46 whereby the forming
planes of dies are essentially parallel to web 12
immediately prior to, during and subsequent to closing.
Because each member 46 is each supported by at least two
25 pins on different axes the members may be less prone to
rock or otherwise move within their fittings than were
those in earlier rotary forming devices. 1Indeed, when pins
48 and 49 are each provided at both ends of member 46, then
the member is supported stably by four pins. Thus in
30 comparison to previously used rotary devices the clearances
required by the cam follower mechanism do not have as great
an effect on the accuracy of performing operations.
To ensure further accuracy, die registration pins 78
are provided to either side of die 38. Each registration
35 pin 78 registers with a complementary bore 79 of the
cooperating die member 40 of the other unit. Pins 78 and
bores 79 are shaped, sized and located on either side of
web 12 so that they may cooperate and register with each



second di e support nenbers are COﬁnected‘for reci procal novenment with
respect to each other t h r%% ﬂc lgconnecting nenbers. Each resilient

connectln TRSE24BY b yur et hane rubber and mapecsebesh7i N
sea |ng recesses 1
nay_be provided to limt

first and second parts. Stop nenbers
| notion on one of the first and

second parts. Rotation of the flrst part of tgg di e support nenber in the

recess is controlled by cam nmeans whi ch may i N¢l ude 25 a cam fol | oner

on at |east one ﬂ e ;08 U %%éﬁ%%;ﬂm Wl i’fgl qpsqj ﬁ;éq_e axddi fger

edge engaging a Us cam e ‘cam means al so i ncl udes, a cam
fol | ower on the unb,&s 82d agd e meit@teupFRIiSheH @Lins 1&heon upper dies 38

extend toward and are partially inserted into complementary
bores 79 in lower dies 40 prior to contact with web 12. As
5 dies 38-40 come into contact with web 12, the pins 78 are
fully inserted into the bores 79, thus ensuring the dies
contact web 12 in proper registration with each other.
In operation upper and lower units 32 and 34 rotate.
Each die rotates through the successive illustrated
10 positions of each unit. A closed position of apparatus 20,
which is the position at which web 12 is formed, stamped or
— otherwise treated is that in which two dies cooperate one
with each other for this purpose. It may be regarded as
defining the starting point of the rotary cycle. Rotation
15 continues, with each unit rotating to opposite hand.

At the starting position web 12 is formed by the upper
and lower dies and, as rotation continues upper and lower
dies are separated and pins 48 and 49 follow their
respective cams 58 and 59. AS rotation continues, the pins

20 48 cause upper and lower members 46 to swing in their
' recesses 42 to take up a proper position parallel to each
other as they re-approach the starting position.

The slidable mounting of the die shoe on the die
support member enables the apparatus to compensate for

25 varying actions between the linear web speed and the
rotational die speed.

This embodiment comprising a rotary die support member

~46a and a platen shoe 46b. The shoe is reciprocal with
respect to the support transversely to the central carrier
30 axis Ll. Such transverse movement, i.e. movement along the
axis of the web, enables compensation of any discrepancy of
speed between rotary units 32 and 36, and web 12. The
platen shoe, 46b may move reciprocally on resilient
cushioning members 55 of which two are shown. The members
35 55 have enlarged ends to limit sliding. The reciprocal
motion advances or recedes the platen shoe 46b with respect

to the rotary motion..



region of its trailing edge and engaging a continuous cam 30
Alternatively the cam neans may conpri S'ﬂn@héet)Hﬁsmﬂﬂ”R em i ncl udi ng a cam

follqwer o of a die support ne on of a e
and engaglﬁggg conflnuous cam a canlfol m \her endPo sald @69
ge and 35 engagi ng a

support nenber in the region of the | eadi
di sconti nuous cam a camfollower on said one d _of the die support nenber
in the region of- the trailing edge and engaglng a “di sconti nuous cam and a

~cam fol | over - 6- Referring to Figures 6, 7 and 8, a die support member
46a is connected to a platen shoe 46b through resilient
members which seat partially in recesses of the rotary
member 46a and partially in recesses of platen shoe 46b.
5 Either one of rotary member 46a or platen shoe 46 has a H-
shaped grease groove 80. Stop means are also provided.
Thus, stop 82 on end extension of rotary member 46a co-
operates with abutment 84 on platen shoe 46b.
In operation, as dies 38-40 approach the forming plane
10 and contact web 12, platen shoes 46b of both upper and
lower units 32, 34 will be advanced into the position shown
N in Figure 8a. 1In this position, resilient members 55 are
biased and deformed as shown. As dies 38-40 exactly pass
through the forming plane, the position of Figure 8b is
15 reached. The equalization of the linear component of the
rotary speed, and the web speed matches the linear speed of
the platen members 46b, the platen members have slid
rearwardly to a median position (Figure 8b).
As the dies 38-40 leave the forming zone, the linear
20 component of the linear die speed again decreases relative
to the web, and the position of Figure 8c is reached. The
die shoes are again drawn forwardly to match the web speed,
until the dies separate from the workpiece. The die shoes
then slide back to their centre, median position.
25 Referring now to Figure 9, rotary apparatus for
forming pre-cut plates is provided.
In this case, the rotary forming station is indicated
generally by the upper and lower rotary formers 32 and 34.
These rotary formers are representative merely of the
30 leading pair of rotary formers, and there will typically be
two or more sets of rotary formers only one being
illustrated here for the sake of simplicity.
In this embodiment of the invention, the cut-to-length
operation is carried out upstream of the rotary formers, so
35 as to cut the strip into separate plates or webs of
material each of which is separate from the other.
In order to do this, the continuous strip is first of
all fed by means represented as strip feed rolls 100.



on the other end of said _die support-resper and engaging a continuous cam
According to the invention there is rovided a rotary apparatus for

alﬁo
rotary forg web Wois RisetddanBesn ReDeCth ch appar at us conpr igkEs;
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_ | : ing rotatable second ro unit,
said units being connected us rotation through rotary cycles,

each of said units conprising a carrier haang7a_centraI axis for rotation
t her eabout; neans for transporting a web 10 wor kpi ece between-said

units in a form g Nlang At thikd FPCCGe MEASI AP a MR P st Pep i3 Sbrand
second roll units“at constant opposite rotational speed to have a roll uni t
tangential peripRatgrigdedFom amanenitier (1hShgwh) 1 13 type well known

in the art, description of which is superfluous. .
From the strip feed rolls 100 the strip passes over a
5 set of hump roll 102. The purpose of the hump roll, is to
form the strip into a shallow upward curve, the purpose of
which will be apparent below.
From the hump roll, the strip is then fed between a
pair of cut off rolls 104. Typically, these cut off rolls
10 will be made in the same way as the rotary apparatus
described above; that is to say they will have upper and
g lower roll units, each of which is provided with at least
one rotary die Support as previously discussed, and the die
supports will be controlled by cams in the manner described
15 above. In this case, it may or may not be necessary to
provide the sliding relationship between the die shoe and
die sﬁpport described above, again for reasons described.
The cut off rolls 104 are normally stationary, and
spaced apart a sufficient distance for the strip to pass
20 therethrough. They are operated by any suitable control
mechanism indeed generally as control 106 which in turn is
connected to a typical digital length measuring device 108
indicated simply/as a roll operating on one side or both of

the strip.
25 A plate pair of plate stop arms 114 are swingably
mounted on a cross shaft 116, and at their upstream ends
118 are adapted to intercept the leading edge of the plate
just before it enters the cut off rolls 104.
The stop arms 114 are connected to an operating arm
30 120 extending from shaft 116 downstream, adjacent the upper
rotary forming unit 32. '
At its downstream free end it is provided with a cam
roller 122.
The arm 114 is normally held in its upper position by
35 means of the spring and adjustable bolt (not shown).
A feed cam plate 124 is mounted on the end of the
upper rotary roll unit 32. Cam plate 124 has a plurality,
in this case four operating cams 126 spaced apart



the web speed; each roll unit being _provided with at |east 15 one
recess defining a concave m nor section of a cylinder having a | ongitudinal

axi s. paral ' sai d_¢ | menReplbedaxi s; a die support nqqu ' a
| eadi ng ed{{:]vgi ?%’}%ﬂ rai T‘}‘asrhgét%s rotatably received wthi /;Cé?g)’dog&
recess, the die support ﬁm g afirst part 20 havi ng a '
curved convex surface ne | recess andg defining-a simlar mnor
section of said cylinder, the die support nmenber al so including a second

part projecting Ldsre L g di &, supp LN ;
rot at abl e about E%éfé%&?%%g?'cgﬁﬁéa?ggxégég? %g?dy%ygéﬁgggagﬁé g§%82?1%5un1t
fromthe first pa¥2 ky mernsief sappewatenshets. 128hand| adjughablanfaskening

second part of eggdy¢ie support nenber nmay be
In this way, the location and orientation of the-cam
5 plate relative to the upper roll unit can be adjusted, for
precise operation or in cases where the length of the
plates cut off the end of the strip are varied from one run
to another. _
In the operation of this embodiment of the invention,
10 strip material is first of all fed by the strip feed rolls
to the hump table, where it is formed into a shallow
~ upwardly convex hump.
In one mode of operation, the length of the strip
material 12 is desired to be cut off to form a plate, or

15 separate web or piece, can be measured by the strip
measurement unit 108. A signal from the strip measurement
unit 108 can then signal the control 106 to operate the cut
off roll, and to cut off the leading end of the strip at a
precise length thereby forming it into a plate or web

20 piece, separate from the strip 12.

' The spacing between the cut off rolls 104, is such
that it is generally speaking appropriate to the length of
the strip that it is desired to cut off and form into a
plate.

25 The leading edge of the strip will already have been
intersected by the upstream stop members 118 on the stop
arms 114, so that the strip is momentarily prevented from
entering the cut off rolls 104.

Since at this point the strip is temporarily halted,

30 the shallow upward curve of the strip on the hump table
will gradually rise.

A cam 126 will then depress cam 120 and raise stops
118. The strip can then pass between the cut off rolls,
which are open, and stationary, at this point.

35 The strip advances to the rotary former 32-34, in
precisely timed relation to the rotation of the former 32-
34. Formations will then be made at precise locations with
reference to the leading edge of the strip.



sepdrate one fromthe-other- and connectable one to the other. The cam

nmeans, as in the preV|ous alter at|§f y 30 conprise a can1fo||omer

oh at | easyo¥ageRhe of T nber in the region ofpdhe ﬁﬁh
edge engagi ng a contlnu suitably, the cam neans I nc es a

cam fol |l ower on the oth I e support nmenber in the region of
its trailing edge and engaglng a continuous 334 .. cam As before, the cam
means may be a four pin systemincluding a can1fo||omer on one end of a die

support nenmber in the giRdih QirdndRAAUdEL O WL HKRY| Silgia EO0BGhEHEYS106.
The control 106 will then operate the cut off rolls, to cut
off the plate to the right length or web to the right
length. In this way, the strip or web is cut to a

5 predetermined precise length at predetermined intervals
prior to entering the rotary former.
This will ensure that the rotary formers will form,

and/or emboss and/or blank out the necessary formation in
the piece of plate or piece of web, at precise intervals

10 starting from the leading edge of the plate or web piece
which is fed from the plate feed rolls.
\— As an alternative to the mechanical cam operation of

arms 114, it be operated by eg a cylinder 129 (shown in
phantom), connected to control 106. Control 106 will then
15 both sense the rotational position of rolls 32-34, operate
the cylinder 129 when the rolls are in the correct location
for entry of the leading edge of the web.
Referring now to a further embodiment of the invention
illustrated in Figure 11, provision may be made, in
20 association with or without the upstream cut to length
apparatus described in Figures 9 and 10, for the movement
of one roll former unit 32-34 relative to the other. The
purpose of such relative movement is- to momentarily permit
a portion of the workpiece to pass between the rotary
25 ‘formers, without any rotary formations being formed
therein. This may be desirable at the beginning or end of
a predetermined length of a workpiece for example for
various reasons. |
As illustrated therefor in Figure 11, the upstream cut
30 off rolls are indicated generally 104 and the idler roll is
indicated-generally as 105.
A pair of intermediate feed rolls are indicated as

130-130.
A first pair of rotary unit is indicated as 132 and
35 134 respective. It will be appreciated that a second pair

or more pairs of such rotary rolls may be located
downstream of the first pair, and would normally be
required to operate in the same way as described below, so



-7- tam a camfollower--on.the other end of said die support nmenber in the
regi on of the | eading ed e and engagi ng a di sconti nuous cam a cam fol | ower

ori said on he mamEﬂhga in the region of t hep&t

edge and SQﬂgaﬂgﬁggglng cam and a canlfollomer cn14$%§hﬂn
other end of said die su d engagi ng a conti nuous cam The cam
follower in the region of the | ea |ng dge and,4 he cam follower in the
region of the trailing edge may be 10 'l ocated on end extensions of the

di e support nmenbefpafhfhe workpiece could pass through each pair of rotary
unit, while they are initially open, so that the dies on
the respective rotary units will then register precisely
with formations already formed at the first pair of rotary

5 units 132-134. _

In the first pair of rotary units 132-134, the upper
rotary unit 132 is movable for example by means of an
hydraulic cylinder 136, between a lower operative position,
and upper inoperative position shown in phantom.

10 It is essential that the upper movable roll 132 shall
continue to operate in timed relation to the lower roll 134

N during such movement, so that when they close once more
i.e. when the upper rotary'unit 132 is lowered by the
cylinder 136, that the two units are still rotating in

15 unison in a coordinated fashion, with the various dies
thereon registering with one another in the manner
described above.

In this embodiment, this is achieved by means of an
idler roll 138, connecting rolls 130 and 134, and further

20 downstream feed rolls 140 and 142. All of these rolls are
connected by gear mechanisms of a type well known in the
roll forming art, which require no description, so that all
of the rolls are rotating in unison in the appropriate
directions.

25 The upper downstream feed roll 142 is connected by
suitable gearing (not shown) of a type well known in the
art to upper movable rotary unit 132, and since the
movement of the upper rotary unit 132 is minimal, possibly
no more than an inch or so in extent, the gearing will not

30 become disengaged, as between upper roll 142 and roll 132,
and consequently roll 132 will continue to operate even
when it is in its raised position, and when lowered once
more will continue to operate in precisely timed
relationship with the lower rotary forming roll 134.

35 The foregoing is a description of a preferred
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 specific features as described, but



ext ehsi ons ext endi ng out of the receSS'and—respectively flush with ends of

t he second part of the dn@wgggg%gge The axles of the die support
menber Xyé’o%?o‘}% 4I ocat ed | ons Such a system By P %4675
substantial "versatrlity. may be possible to intéerc ange
dies of different depths o ort nenber Each roll unit may
suitably include four die support nenbers Bearing arnms may

provi ded for said axles of ‘each di e support r’r@r‘?ber t he bearing arns being

rotatable on the carrl [ ntr X t t her
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- scope of the appended claims.



whereéi,n a cut to length nmechanismis provided upstream of 25 the rotary

form ng apparat us, mhereby t he workpi ece may be cut into separate plates or
pi'eces, Mhifh t HasBe@Rsply@i Y t hrough the rotary i n
timed rel ation Po the for i ngs, or other fornatigﬁggﬁhgéé@ﬁﬂty
the rotary apparatus. 30 nvention further conprises such-a
rotary apparatus, wherein provision y be nma for sepa

rotary units fromthe other in a pair of rotar$f units, m"iﬂlmimli gm
wor kpi ece may pa§§¥%£g$ethrough untreated whil e nmaintaini

said noved 35 y unit, whereby to maintain the rotation of the two

rotary units in timed Aeratapy apparatuss(90) for rotary forming of a web
workpiece (12) characterized by:
a rotatable first roll unit (32) and correspondlng
5 rotatable second roll unit (34);
a first die support member (46) carried by said first
roll unit (32), said first die support member (46) having a
leading edge (51) and a trailing edge (52) respective to
rotation of said first roll unit (32);
10 a second die support member (46) carried by said
second roll unit (34), said second die support member (46)
having a leading edge (51) and a trailing edge (52)
respective to rotation of said second roll unit (34);
means (21) for transporting a web workpiece (12) in a
15 forming plane between said first and second roll units
(32,34);
and wherein each die support member includes a first
part (46a) carried by the respective roll unit and a second
part (46b) having a platen surface for mounting a die
20 (38,40), the second part (46b) being mounted on the first
part (46a) for reciprocal motion transverse to the leading
and trailing edges (51,52).
2. A rotary apparatus (20) as claimed in Claim 1, in
\_ which each first and second die support member (46) is
25 rotatably received in a longitudinal recess (42) of its
respective roll unit, the recess (42) having a concave
.arcuate bearing surface a complementary to a convex arcuate
surface of the first part (46a) of the respective die
support member (46), the recess (42) defining a concave
30 section of a cylinder and the first part (46a) of the
respective die support member (46) defining a complementary
convex section of said cylinder.

3. A rotary apparatus (20) as claimed in Claim 2, in

which the respective concave and convex sections of said
35 cylinder are minor sections. -

4. A rotary apparatus (20) as claimed in Claim 3, in

which the first part (46a) of each first and second die
support member (46) and the second part (46b) of the first



The Vvarious features of nevelty which characterize the invention are
pointed out with nore particularit m“ﬂ““ulmm | ai s annexed to and
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i nvention, its operating advant ages *anél sbed1f|c ObjECtS attained by its
use, reference shoul d be had to the acconpanyi ng drawi ngs and 5

descriptive matter in which there are illustra£d and described preferred
enbodi nents of the invention. BRI EF DESCRI PTI OF THE DRAW NGS

and second die support members (46,46) are connected for
reciprocal movement through resilient connecting members

(55). _
5. A rotary apparatus (20) as claimed in Claim 2, in
5 which rotation of the first part (46a) of the die support

member (46) in the recess is controlled by cam means
(48,49,58,59).
6. A rotary apparatus (20) as claimed in Claim 5, in
which the cam means comprises a cam follower (48) on at

10 least one end of the die support member (46) in the region
of the leading edge engaging a continuous cam (58).

"~ 7. A rotary apparatus (20) as claimed in Claim 6,
including a cam follower (48) on the other end of the die
support member (46) in the region of its frailing edge and

15 engaging a continuous cam (58).

8. A rotary apparatus (20) as claimed in Claim 5,
including

a cam follower (48) on one end of a die support member
(46) in the region of a leading edge and engaging a

20 continuous cam (58),

a cam follower (48) on the other end of said die
support member (46) in the region of the leading edge and
engaging a discontinuous cam (59),

a cam follower (49) on said one end of the die support

25 member (46) in the region of the trailing edge and engaging
a discontinuous cam (59), and

a cam follower (49) on the other end of said die
support member (46) and engaging a continuous cam (58).

9. A rotary apparatus (20) for rotary forming of a web

30 workpiece (12) characterized by:

a rotatable first roll unit (32) and corresponding
rotatable second roll unit (34), said units being connected
for synchronous rotation through rotary cycles, each of
said units (32,34) comprising a carrier (41) having a

35 central axis for rotation thereabout;

means (21) for transporting a web workpiece (12)

between said un1ts (32,34) in a forming plane at a web
his Sheet Has Been Replaced
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Figure 1 is a schematic illustration in perspective of a manufacturing line

|ncorporat|ng rotary apparatus 10 u , o the invention; Figure 2

s an explypg matic illustrati ”ﬂﬂg ﬂ!y of a rot S

accordi ng to tﬁ@%?ﬁventlon Figure 318 as |IIustrat?ﬁ%7¢ %%@@ﬁ“

end of 15 the rotary apparatus of Figure 1; Flgure 4 is an expl oded

perspective view of the rotary apparatus of_ Flgure 2; Figure 5 is a sketch
0

of the conparison of rotary and |inear speed t he wor kpi ece and. di es
respectively; 20 means {85259 £0r XBLALEAGVERY £lrardaRacuBRRNE
' - roll units (32,34) at constant opposite rotational speed to
have a roll unit tangential peripheral speed at the forming
plane similar to the web speed;
5 each roll unit being provided with at least one recess
(42) defining a concave minor section of a cylinder having
a longitudinal axis parallel with said central axis;
at least one die support member (46) for each said
roll unit having a leading edge (51) and a trailing edge
10 (52) being rotatably received within a respective said
recess (42), the die support member (46) including a first
% part (46a) having a curved convex surface nested in said
recess (42) and defining a similar minor section of said
cylinder, the die support member (46) also including a
15 second part (46b) projecting out of said recess (42) and
rotatable about an axle having an axis parallel with the
carrier central axis and offset from the longitudinal axis
of the first part (46a) of the die support member (46) .
10. A rotary apparatus (20) as claimed in Claim 9,
20 including a cam follower (48) on at least one end of the
die support member (46) in the region of the leading edge
engaging a continuous cam (58).
11. A rotary apparatus (20) as claimed in Claim 10,
\_ including a cam follower (49) on the other end of the die
25 support member (46) in the region of its trailing edge and
engaging a continuous cam (58).
12. A rotary apparatus (20) as claimed in Claim 9,

including
a cam follower (48) on one end of a die support member
30 (46) in the region of a leading edge and engaging a

continuous cam (58),

a cam follower (48) on the other end of said die
support member (46) in the region of the leading edge and
engaging a discontinuous cam (59),

35 a cam follower (49) on said one end of the die support
member (46) in the region of the trailing edge and engaging

a discontinuous cam (59), and
" This Sheet Has Been Replaced
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and platen shoe; Figure 7 is a viemwe#wrhe’ﬁréféﬁ'gﬁoe portion of the die

support nenber showi ng its connectin \ \ '\I“the ot her part of the
di‘e suppor (the die itsel fL\‘ﬂ“igi i\ﬁ““ tted); Figu
8@-4—44%%6@%? procal novenent of I'en sppdrt and the df’g?{s ,gge;;/gi&m
differen g operation; Figure 9 is a sketch of an alternate

e ﬁﬁ . §ﬁ%e?ﬂ rotary apparatus set _ugsf'gr feeding cut plate;

Fig %ﬁ ematic side view-of a roll formng |ine incorporating the

ups ngt ) ARRATA UL Ut PG GRSy dih RAKEIE af8d.
support member (46) and engaging a continuous cam (58).
13. A rotary apparatus (20) as claimed in Claim 11, in
which the cam follower (48) in the region of the leading

5 edge and the cam follower (49) in the region of the

trailing edge are located on end extensions (50) of the
first part (46a) of the die support member (46), the
extensions (50) extending out of the recess adjacent the
ends of the second part (46b) of the_die support member

10 (46).
14. A rotary apparatus (20) as claimed in Claim 9, in
N~ which a bearing arm (47) is provided for said axle of each

die support member (46), the bearing arm (47) itself being
rotatable on the carrier central axis.

15 15. A rotary apparatus (20) as claimed in Claim 9 wherein
the second part (46b) is mounted on the first part (46a)
for reciprocal motion transverse to the leading and
trailing edges.

16. A method of forming a web workpiece (12) characterized

20 by the steps of

passing said web workpiece (12) along a linear path,
between upper and lower roll units (32,34) carrying die
sets (38,40) thereon;
W continuously rotating said upper and lower roll units

25 (32,34) in opposite directions, whereby to sequentially
bring upper and lower die sets (38,40) supported on said
carriers, into forming engagement with said workpiece (12),
said die sets (38,40) being slidable along the axis of
movement of said web (12) relative to respective said upper

30 and lower roll units (32,34); and,

permitting said die sets (38,40) to slide during
closing of said die sets (38,40) on said workpiece (12) and
during opening of said die sets (38,40) from said workpiece
(12) , whereby to match the speed of said workpiece (12)

35 while said die sets (38,40) are in contact with said
workpiece (12).

17. A method of forming a web workpiece (12) as claimed in
Claim 16 wherein the steps of permitting said die sets to



Figure 11 is a schematic side elevation of a rotary 35 appar at us

ifh°3”n29rét“e “paﬁ{%gf"eféii ve torthe SRR e v g‘gcggg,;:t

to Figure 1, ther®e i%s il|lstiated a roll 18

morkplece material web 12 such as netal sheet or plate, e.g. steel plate
esd desired to perform5 variqﬁi shaping or formng
r
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35

ch operations may typically be

Tormed in a manufacturing
slide during closing of said die sets on said workpiece and
during opening of said die sets from said workpiece,
include: .
permitting said die sets (38,40) to slide forwards in
the direction of the movement of said web workpiece (12)
during the closing of said die sets (38,40) on said
workpiece (12); ' -
permitting said die sets (38,40) to return to a median
position when said die sets (38,40) are in engagement with
said workpiece (12); and
permitting said die sets (38,40) to slide forwards
again during the opening of said die sets (38,40) from said
workpiece (12). _
18. A rotary apparatus (20) for the rotary forming of
discontinuous lengths of a workpiece (12), from a
continuous roll of said workpiece and characterized by;
rotatable upper and lower roll units (32,34), and die
sets (38,40) carried on said roll units, said roll units
(32,34) being rotatable in opposite directions whereby to

' bring said die sets (38,40) into forming engagement with

said discontinuous piece of said workpiece;

a web roll support and feed mechanism (100) for
feeding said web (12) from said roll;

web stop means (114) adjacent said web feeding path to
interrupt movement of said web towards said roll units
(32,34), said stop means (114) being intermittently
moveable to release said web for feeding to said roll units
(32,34); operating means (120) for said stop means (114),
coupled to said roll units (32,34), and operable to causé
said stop means (114) to release said web in timed relation
to the rotation of said roll units; and,

a web cut-off apparatus (104) located between said
roll support (100) and said roll units (32,34), whereby to
cut off an end portion of said continuous web to form said
discontinuous web piece.

19. A rotary apparatus (20) for the rotary forming of
discontinuous lengths of a workpiece (12), from a
continuous roll.of said workpiece as claimed in claim 18



material 12 may be unwound from rol | “10—and passed continuously al ong Iine

14, in the direction indicated by arr ernatively, when materia
i s pl-ate, w0y4@r624 ot her feed may re U,@”ﬁ“ uume var i ot /eagi /ﬂg?
operations are performed on materi al i fferent p0|nts al ong
line 14. As material 12 is unwound fromroll 10 typlcal first operations

may be rolling at stations 21 and die form ng pperations, perfornmed by a 15

rotary apparatus 20 according to the invention. Apparatus 20 nay punch

hol es 22, or for”hﬁ@?&hﬁxshﬂéeahétbEBSapBErEQhB (L04yREBmbRlistd @S ridtary
passes through apgaratus . Subsequent  operations na% typically include
rol | -formng oper3BfBRs &t AiaBPBROYE. MeBPeKer 2BHePaFfPnoLEs ddessupported by

said rotary shear. )
20. A rotary apparatus (20) for the rotary forming of

5 discontinuous lengths of a workpiece (12), from a
continuous roll of said workpiece as claimed in claim 18
further comprises rollers.(130,138,140,142) to guide said
workpiece through said roll units (32,34).
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20 ~ .may be carried out at station 24. The final operation is typically
the cutting of material 12 in cutting station 26 into standard |engths 28

conveni en her manufacturing or assenbly processes an e.
Stations ?g?@gﬁﬁﬁ%% are illustrated partly in schematic 25 g*%?¢¢&%§%®9
stations may incorporate typical longitudinal roll formng dies well known
in the art (not shown) and the cut off may in fact be a flying shear well
known in the art (not shown) or another set quper_ and |l ower rotary
units, with suitable dies. 30 Further Mip rollers (not shown) may

be used to guide material 12 through stations 23, 24 and 26. O course, any
nunber of statiags 21, 280\ 26 may be used in
N
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sequence, as desired. The above description of a typical manufacturing line
35 " i sweyousovlexd herein in order to facilitate the descri ptPGHGHNI3(G0407

i nvention. The description of the manufacturing line is not intended to
limt the invention in any way. Rather the apparatus according to the

I nvention may be used - 10 - in any manufacturing line or in any
situation requiring high speed, conti nuoud/I&tcurate die formng of strip
mat eri al .

. This Sheet Has Been Reilaced
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Whi | e references nade herein to "sheet netal"” it will 5 be appreciated
that the invention is not limted in any way to the form ng of sheet- netal.
A W de vanwetoy/@ie2di fferent "material s" may require to be for mer,cos Mol
t he generic nmeaning of that word as defined herein, using the rotary
apparatus in accordance with the invention. Such material 10 may be fed
froma roll, or may be fed in pieces through the rotary apparatus, and
accordingly where used herein the term"strip material"” is deened to

i ncl ude any such material which may be f@&pedQn such rotary apparatus, in
accordance wth the generic use of the termforned as 15 defined herein.
Referring to Figure 2, there is scheﬁatically (7a '

NN Va
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Il lustrated a rotary apparatus 20 according to the invention. Mtor 30
drives upper roll unit 32 in unison with and, at the sanme speed, as | ower
roll unit 34 through 20 transm ssion 35 and shafts 36. Thepk/CA03/00407 S,
however, WOPR#01624 The wor kpi ece web 12 passes between and is contacted by
upper and lower units 32 and 34. Upper and lower units 32 and 34 may be
supported by suitable bearing neans 37. In this enbodi nrent notor 30 and
transm ssion 35 25 are such as -to provide the outer surfaces of upper .
and lower units 32 and 34 at the point of contact with material 12 with
essentially the same speed as material 12, so that there is no slippage or
rel ative notion between the material 12 and either or both of upper unit 32

and | owner
56 4 /10

This Sheet Has Been RT
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30 " unit 34. Mdtor 30, transmission 35, and bearings 37 may all be
standard conponents as are well-known in the nmachine tooling industry.
Figure 3 i k{golf $ in cross-section upper die unit 35 32 45 gﬂ)l e
unit 34 in posit%ﬁ to die formsheet material 12. Upper unit %gq.( @ﬁ/@ 7
counter-clockwi se in the direction indicated by arrow B. Lower unit 34
rotates clockwise in the direction indicated by arrow C. Materi al - 11 -

5/10
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12 noves fromleft to right in the direction indicated by arrow A. It wll
be appreciated that the designations "upper", "lower", "left" "right",

"cl ockwi se", and "counter- 5 cl ockwi se" are for conveni erpEr/CciA93/00407
descri pt iV¥Q M97624nd are not intended to linmit the invention, which will
operate equally effectively in any direction or orientation. Simlarly,
references to an "upper die" located in a certain position and to a

corresponding "lower die" in a 10 - certain corresponding position are
not intended to limt the invention. Upper and |lower dies 38 and 40 operate
as a pair and the individual location of§¢ is irrelevant to the

I nvention so long as the pair operates together at the

{-

FIG. 6 =
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required location and time. 15 Upper unit 32 is essentially
Identical to lower unit 34. Referring to Figures 3 and 4, upper unit 32

i ncl udes u j er menber 41, which defines a central axis

whi ch uppe?RE%?P g rotates on shaft 36. Menber 41 defines at réééggg%@MPYn
the illustrated enbodi nent, there 20 are four) recesses or openings 42,
each in the shape of a m nor concave section of a cylinder each having a
notional axis L2. The section extends longitudinally parallel to the
central axis L1 of menber 41. Menber 41 221ﬁ3er defines abutnents 43

bet ween openi ngs 42. 25 Referri Figure 4, the die support
menbers 46 are retained within openings 42 by bearing arns 47 projecting

46b
(-
46a
55 46b
F1G. 8q s
\z.o
46a
~ 55 46 b
/38
' S?’/4/ /,f—”///i;-T"
== e~
~
| 40
FIG. 8b 46a
55 46b
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radially from bearing nmenber 45 which is rotatable wiith the respective
upper unit 32 or lower unit 34. A bearing nenber 45 is provided to each end

of " upper | ower units 32, 34. Bearing arns 47 recei é!”ﬁs
47a proj eétgpr?é/%%g?n each end of die support nenbers 46, wher emhg%@ .
support nenbers 46 are retained within recesses 42 but are able to rock

within the recesses by rotation of stub aX|StS/j?Za in pivot arnms 47. In fact
t he 35 axi s' of rocking of the die suppo nbers is coincident with
NN efi ned by curved surface, but is not

- This Sheet Has Bec

[T

ince the arc of the curved surface is



- 12 - Figure 5 is a diagram show ng the progression of conparative points
A A2, A3 ©....... etc. at the rotational surface with points Bl B2 _B3
... etc. of a die. Fromthe projection of points Al, A2, ABCT/CAIPU407 ..
"t he web 0dfp7824 respective points d, C2, C3 .... etc, that there is
consi derabl e variation of the |inear speed conponent of a point strictly on

the rotational surface. Points Al, A2, A3... etc.may be translated to
points Bl, B2, B3...

_ etc. by rocking org i(Ngi ng of rotary menber 46a in
recess 42, thus 10 advancing the |leading edge of the die support
menber with O o
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respeqt to the surface of “rotation. Projection of points Bl, B2, B3....
etc..onto the web 12 to points D1, D2, D3 ....etc. respectively show nuch
| ess-vari avo®a/®fe24 he | i near conponent of the conpensat ed r ot gcopabspespd
15 Each di e-support has a cross-section that is bounded by an arc
and chord of a circle. The section is less than [err] of arc so that the
rotary menber is less than a sem- cylinder. D e support nenber 46 al so
conprises a platen die shoe 46b connected onhge rotary nenber 46a. In 20
Figures 1 and 3, a first or |eading guideléb/ r cam foll ower 48 extends

fromone end of nmenber 46 and a second or trailing guide pin or cam
foll ower 49 extends fromthe other end nenber 46. Quide pins 48 and 49 are

nmount ed on _ f
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The invention relates to rotary'apparatus for
performing a variety of functions on a moving workpiece.
The workpiece may be a continuous strip, or may be a series

of separate strips, which move continuously through the

rotary apparatus. The material in many cases will be strip

steel, but the invention is of much wider application.

BACKGROUND ART
Rotary apparatus for performing a variety of functions

on continnpus Strip material such as strip steel, have been

proposed over the last at least fifty years. However, a

need has remained for a rotary apparatus to satisfactorily
perform precise functions on a moving strip. There are

necessarily upper and lower rotary devices which register -
with one another and they carry respective upper and lower
rotary dies. It is well known in all die forming
operations that the two dies must register precisely with
one another on opposite sides of the workpiece before they:
close. It is for this that most of the earlier proposals
have not been successful. No way was known to achieve a
satisfactory form of precise registration of each pair of
dies. .

" However, in U.S. Patent 5,040,397 of Ernest R. Bodnar,
Rotary Apparatus granted August 20, 1991, there is shown a
form of rotary.appatatus. in which upper and lower rotary

The die carriers

The guide pins rode
The guide pins were located in pairs, one

were themselves guided by guide pins.
in cam tracks.

"at each end, of each of the semi-rotary devices, and the

guide cams were located at opposite ends of the rotary
devices.

By offsetting one of the guide pins at one end
relative to the guide pin at the other end, and also by
precisely profiling the guide cams at each end of each of
the rotary devices, it was possible to bring the semi-

_ rqotary die supports into precise registration just prior to
REPLACEMENT SHEEd:

0 6 MAR 1997

osing, and during closing, and just after closing on the




may be made of pol yurethane rubber. - 13 - CQuide pins 48, 49 ensure 't hat
"the platen shoes 46b are located in the desired posit

He A8 and
49 are arranged to engage respective full canms 58 andF$@L EE&ﬁ&QYé~j I3s
described for exanple in U S. Patent No. 5,040,397, 5 previously

referred to. Full cans 58 are offset axially outwardl )y} aOd MARt®H! c¢anms 59
are offset inwardly, in the manner explained in the gfqresaid U S. Pdtént.

In this way cans 58 provide gui dance and control aroynd [err] and ¢

-2 - -

e

workpiece. This proposal has proved to be satisfactory for
many applications. An improvement to the above described
apparatus of U.S. Patent No. 5,040,397 is described in
canadian Patent Application No. 2,066,803. In that patent
application, the inventor, Ernest R. Bodnar, describes the
provision of guide pins on each of the semi-rotary die
supports. By offsetting respective forward and rearward
guide pins on respective guide supports, and by providing
two separate guide cams at each end of the rotary
apparatus, it then became possible to provide for all four
pins to engage respective guide cams just prior to closing,
during closing, and just after closing. This proposal may
produce a much improved degree of registration between the
respective dies carried on the die support. This is
particularly important in heavier duty applications, or in
applications where the line speed was desired to be
increased. Even in this system however there were
limitations. For example, it will be understood from a
simple geometrical analysis that whereas two dies may
register with one another just prior to closing, and during
closing and after closing, they are in fact traversing arcs
of a circle, as the rotary supports rotate.

This means that the linear speed of the die was
greatest at the point where the two dies closed, and was

somevhat reduced just prior to closiﬁg and just after
closing..

10

15

20

25

on the other hand, since the dies are required to
perform operations on a flat workpiece, whether a
continuous strip, or discontinuous strip pieces, it will be
apparent that there is a very slight degree of “mismatch®
. in speed of forward movement as between the pair of dies,
and the workpiece between them just before closing and just
after closing. Precise speed matching is achieved only at
the point where the dies are fully closed on the workpiece

and the planes of the two dies are precisely tangential to
each other.

30

35

In operations where relatively thin wdrkpieces were
being treated, or where relatively shallow formations were



just after
and.lie on

ENENT SEEl at en die
.-‘ d .

| gejaxes which
wdi4, | eading

. {Upper and
hoes 46b of nenbe s 46 |n

w.Wa¥
Bres—38=40—

59 control each die support fromjust prior to closing to 10
tlosing of the dies. On a nenber 46, pins 48 '
di fferent axes adjacent |leading and trailing eddd
shoes 46b, are thus slidably nounted on support

centrally by cushioning nenbers 15 55. Stu
are outside the chord of the rotary nenber 46a.
and trailing pins 48, 49 are provided at both
| ower 20 di es 38-40 are nmounted on pl aten
any conventional manner (eg bolts - not shown).

being formed, this slight degree of mismatch in speed did
not produce any serious consequences. However, it is
desirable to apply this technology to a wider range of
products. It is desirable to apply this technology to
products having a greater physical thickness than
relatively thin sheet metal workpieces, and it is also
desirable to apply this technology to the drawing of deeper
formations in the workpiece.

In both of these cases, it is apparent that the
-contact time period during which the two dies are in
contact with the workpiece will be somewhat increased as
compared to working on thin sheet workpieces such as thin
sheet metal and/or drawing relatively shallow formations.
In these cases, any degree of mismatch in linear speed

between the workpiece itself, and the two dies becomes much
more significant.

10

is5

Accordingly, it is desirable to provide in the first
place a method of accommodating the mismatch in speed
occurring between the dies moving around a rotary arc, and
the workpiece moving along a linear path.

A further problem however relates to the design of the
rotary apparatus itself.

In the above noted U.S. patent, and the development
thereof described above, herein termed the “two pin
rotary", and the “four pin rotary" respectively, the
circumferential path around which the die itself could pass
was determined by the circumferential path around which the
seni~rotary die supports themselves could pass.
that if it was desired to increase the size and
particularly the depth, of the dies, the entire design of

the rotary apparatus had to be redesigned to accommodate
these variations.

20

25

This meant
30

This clearly either limited the degree of application
of the rotary apparatus or meant that considerable
engineering costs were incurred each time the rotary

apparatus was designed to handle a particular size and
depth of die.

35



o

are mounted on menbers 46 essentially parallel to the platen shoe 46b.
‘Figures 4 .and 6 show dies 38-40 and pl aten shoes 46b

- s o
so that view of 25 other parts of the die support fn gLﬁEﬁ&Cﬁ@-!”
The shoes 46b and dies 38-40 are shown in broken |ines n Flgure 4.

opening 40a in the lower (female) die may be provided [F| g.0 8MAR9Gr
or
v

slug (not shown) to be 30 ejected fromthe die. Qpprption of the
pins 48, 49 in conjunction with canms 58 and 59 will no

Figure 4 leading pins 48 and trailing plns 49 are provided at
each nmenber 46, and in Figures 1

Clearly,

hoi h engmﬁof

it is desirable for a more or less standafd
size of rotary apparatus to be arranged so as to

accommodate dies which are themselves of different sizes
and in particular in which the dies are of different
depths, without being obliged to re-engineer the entire
rotary apparatus itself desirably, all that will be
required is to place the rotary support devices on centres
which are further apart for deeper dies or closer together
for shallower dies, and of course, to alter the size and
pitch of the gears which interconnect them to ensure that
they rotate in unison. This itself is a relatively much
simpler task than re-engineering the whole of each pair of
the rotary devices themselves.

For the purposes of this application, the term
"forming®" is deemed to incorporate by reference any die
operation which may be performed on a workpiece, whether it
may be termed in the trade as "embossing" "forming"
"drawing” ¥blanking® "cutting", or any other operation on a
workpiece which is performed by a pair of dies, and
wherever used herein the term forming is deemed to
incorporate any and all such operations, including those
not specifica;ly mentioned above.
DISCLOSURE OF THE INVENTION:

10

15

20

According to the invention, there is provided a rotary
apparatus for continuous rotary forming of web workpiece,
the apparatus comprising a rotatable first roll unit and
corresponding rotatable second roll unit; a first die
support member carried by the first roll unit, the first
die support member having a leading edge and a trailing
edgelrespective to rotation of the first roll unit; a
second die support member carried by the second roll
member, the second die support member having a leading edge
and a trailing edge respective to rotation of the second
roll unit; means for transporting a web workpiece in a
forming plane between sajd first and second roll units;
each die support member comprising a first part carried by
the respective roll unit and including the leading and
trailing edge and a second part having a platen surface for

25

30

35



35

and 3 | eading pins are provided at one end and trailing pins at the
ot her end of each nenber 46.

In Figures 2 and 4, i ng pins
are shown at both ends. -14- \What ever the naniyﬁmﬂiﬁbhi%h$ﬁgﬁq adi ng
and trailing pins, it is necessary to provide a

_ am for guiding h set of
pins for the proper positioning of the dies 38-4

and trailing pins 49 are 5

| eadi ng pins

10

15

20

25

30

35

: . W(%EMAY?WWHQ ns 48
provi ded at both epd$ he nenbe s 46, the

- 5 -

mounting a die, the second part being mounted on the first
part for reciprocal motion transverse to the leading and
trailing edges.

Each first and second die support member may be

rotatably received in a longitudinal recess of its .

respective roll unit, the recess having a concave arcuate

bearing surface a complementary to a convex arcuate surface
of the first part of the respective die support member, the
recess defining a concave section of a cylinder and the -
first part of the respective die support member defining a
complementary convex section of said cylinder. The

_respective concave and convex sections of said cylinder may

be minor sections.

Preferably, the first part of each first and second

" die support member and the second part of the first and

second die support members are connected for reciprocal

movenent with respect to each other through resilient

connecting members. Each resilient connecting member may

be formed of polyurethane rubber and may be seated in
seating recesses in both of the first and second parts.
Stop members may be provided to limit the reciprocal motion
on one of the first and second parts.

Rotation of the first part of the die support member
in the recess is controlled by cam means which may include
a cam follower on at least one end of the die support

" member in the region 'of the leading edge engaging a

continuous cam. Suitably the cam means also includes a cam

follower on the other end of the die support member in the '
region of its trailing edge and engaging a continuous cam.
Alternatively the cam means may comprise a four pin
system including a cam follower on one end of a die support
member in the region of a leading edge and engaging a
continuous cam, a cam follower on the other end of said die
support member in the region of the leading edge and
engaging a discontinuous cam, a cam follower on said one
end of the die support member in the region of the trailing
edge and engaging a discontinuous cam, and a cam follower



48 nay project outwardly of the trailing pins for acces REEEAE“{wg'“”
scamSS in the region where the die is to engage the worKp;

the 10 die is to engage the workpiece 12. It wll of
to adjust the shape of canms 58, 59 previously referred

respective pins.- It will be appreciated that the cam pgths 58 and
Figure 3 nay be adapted to the use of pins 48 and 49 a

4, €
t he menber 46 by providing cam surfaces oné¥ t o engage pins 48, 49 when t he
respective die approaches, passes through™ahd | eaves the die formng region

where exact regi ghrafd Yintkt bnd "G 43300820 | Aippdke hemBGC S92 ENgaging a

continuous cam.

According to the invention there is also provided a
rotary apparatus for rotary forming of a web workpiece
which apparatus comprises: a rotatable first roll unit and
corresponding rotatable second roll unit, said units being
connected for synchronous rotation through rotary cycles,
each of said units comprising a carrier having a central
axis for rotation thereabout; means for transporting a web
workpiece between said units in a forming plane at a web
speed; means for rotating the first and second roll units
at constant opposite rotational speed to have a roll unit
tangential peripheral speed at the forming plane similar to
the web speed; each roll unit being provided with at least
one recess defining a concave minor section of a cylinder
having a longitudinal axis parallel with said carrier
central axis; a die support member having a leading edge
and a trailing edge being rotatably received within said
recess, the die support member including a first part
having a curved convex surface nested in said recess and
defining a similar minor section of said cylinder, the die
support member also including a second part projecting out
of said recess and said die support mémber being rotatable
about the notional central axis of said cylinder and offset
from the first part of the die support member. The first

part and the second part of each die support member may be

separate one from the other and connectable one to the
other.

10

15

20

25

The cam means, as in the previous alternative, may
comprise a cam follower on at least one end of the die

support member in the region of the leading edge engaging a
continuous cam.

30

Again, suitably, the cam means includes a
cam follower on the other end of the die support member in

the region of its trailing edge and engaging a continuous
35 cam.

As before, the cam means may be a four pin system
including a cam follower on one end of a die support member
in the region of a leading edge and engaging a continuous



Cans 58 and 59 are provided fixed relative to the s 20 L1. Cans 58
‘and 59 are shaped and pins 48 and 49 are position REPF
whereby the form ng planes of dies are essenti al

i'mmedi ately prior to, during and subsequent to cl
46 i s each supported by at |east two 25 pi ns
menbers may be | ess prone to rock or otherw se
than were those in earlier rotary form ng devi ceq.

49 are each provided at both ends of nenber 46, then-the Henber S
supported stably by four pins. Thus in 386 7 = conparison to previously used
rotary devices Lhe ol QLA MSERoRSI Y Se Yedd® SAMGEOLLENSL: TREREBEM do not
member in the region of the leading edge and engaging a
discontinuous cam, a cam follower on said one end of the

die support member in the region of the trailing edge and
engaging a discontinuous cam, and a cam follower on the

other end of said die support member and engaging a
continuous cam.

sf{ng. Because €pc

nf dill & $4ARi99axes |t he
within.thelr [fifttings

| ndee ips 48 and

The cam follower in the region of the leading edge and
the cam follower in the region of the trailing edge may be
located on end extensions of the die support member, the
extensions extending out of the recess and respectively
flush with ends of the second part of the die support

member. The axles of the die support member may also be
located on the extensions.

15 substantial versatility.

10

Such a system may provide

For example it may be possible to
interchange dies of different depths on the die support
member. '

Each roll unit may suitably include four die support

nembers.

20 Bearing arms may provided for said axles of each die

support member, the bearing arms being rotatable on the
carrier central axis.

The invention further comprises a rotary apparatus
wherein a cut to length mechanism is provided upstream of
the rotary forming apparatus, whereby the workpiece may be
cut into separate plates or pieces, which are then passed
successively through the rotary apparatus, in timed

relation to the formation of openings, or other formations
therein by the rotary apparatus.

25

30 The invention further comprises such a rotary

apparatus, whérein provision may be made for separating one
of the rotary units from the other in a pair of rotary
units, so that a portion of workpiece may pass therethrough
untreated while maintaining the rotation of said moved
rotary unit, whereby to maintain the rotation of the two
rotary units in timed relation continuously.

35

The various features of novelty which characterize the
invention are pointed out with more particularity in the



an effect on the accuracy of perform ng operations. To ensure further
accuracy, die registration pins 78-are provided to elther S|de of die 38.
Each registration 35 pin 78 registers with a cogi

t he cooperating die nenber 40 of the other unit. Hi
shaped, sized and |ocated on either side of web 1

o that the

cooperate and register with each - 15 - other Wi tthhoOt® ¥MARSHS2r ¢nge with
web 12. As upper and |lower units 32 and 34 rotate,] riegi ster pins {8jon
upper dies 38 . ]

-8 -

claims annexed to and forming a part of this disclosure.
For a better understanding of the invention, its operating
advantages and specific objects attained by its use,
reference should be had to the accompanying drawings and
5 descriptive matter in which there are illustrated and
described preferred embodiments of the invention.
BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a schematic illustration in perspective of
a manufacturing line incorporating rotary apparatus
10 according to the invention; ‘
Figure 2 is an exploded schematic illustration in
perspective of a rotary apparatus according to the
invention;

Figure 3 is a schematic illustration from an end of
15 the rotary apparatus of Figure 1;

Figure 4 is an exploded perspective view of the rotary
apparatus of Figure 2;

Figure 5 is a sketch of the comparison of rotary and
linear speed of the workpiece and dies respectively;

Figure 6 is an exploded view of a die support member,
and platen shoe;

20

Figure 7 is a view of the platen shoe portion of the
die support member showing its connecting surface with the
other part of the die support member (the die itself being -

25 omitted);

Figures 8a, 8b, 8c illustrate reciprocal movement of
the die support and the die shoe at different stages in
operation; :

Figure 9 is a sketch of an alternate embodiment of a
rotary apparatus set up for feeding cut plate;

Figure 10 is a schematic side view of a roll forming
line incorporating the upstream cut to length apparatus
{llustrated generally in Figure 9; and,

Figure 11 is a schematic side elevation of a rotary
apparatus showing the upstream cut to length apparatus, and

also showing the movement of one rotary unit relative to
the other.

30

35



extend tomard and are partially inserted into conpl enentary bores 79 |n
1 ower. dies 40 prior to contact with web 12. As 5 di ¢s—38~40~
contact with web 12,

the pins 78 are fully inserted in Rﬁfﬁ%ﬁgﬁﬁ %’EH‘US
ensuring the dies contact web 12 in proper [ L W

registratio ﬁﬁtﬁ*ﬁrw
operation upper and |ower units 32 and 34 rotate. Each

t he successive illustrated 10 positions of each unif.
of apparatus 20, which is the position at which web 12}i
or otherwise treated is that in which two di es cooperaje one with each

other for this purpose. It nmay be regarded9as defining The startTrng pornt
of the rotary cycle. Rotation 15

% : continuesb with each unit rotating to
opposi t e hand. G

Referring to Figure 1, there is illustrated a roll 10
of workpiece material web 12 such as metal sheet or plate,
e.g. steel plate upon which it is desired to perform
S various shaping or forming operations. Such operations may
typically be performed in a manufacturing line 14. Web
material 12 may be unwound from roll 10 and passed
continuously along line 14, in the direction indicated by
arrow A. Alternatively, when material 12 is plate, any
10 other feed may replace roll 10. 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 rolling at
stations 21 and die forming operations, performed by a-
rotary apparatus 20 according to the invention. Apparatus
20 may punch holes 22, or form complex indentations, or
both, in material 12 as it passes'through apparatus 20.
Subsequent operations may typically include roll-forming
operations at station 23. Further operations as desired
20 may be carried 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 processes and for storage.
Stations 23, 24, 26 are illustrated partly in schematic
25 form. Some stations may incorporate typical longitudinai
roll forming dies well known in the art (not shown) and the
cut off may in fact be a flying shear well known in the art

(not shown) or. another set of upper and lower rotary units,
with suitable dies.

15

30 Further nip rollers (not shown) may be used to guide

material 12 through stations 23, 24 and 26. 0Of course, any
number of stations 21, 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 manufacturing
line is not intended to limit the invention in any way.
Rather the apparatus according to the invention may be used

35



At the starting position web 12 is fornmed by the upper and | ower dies and,
as rotation continues upper and |ower dies are separai-ed.and.pins 48 and 49

follow their respective cans 58 and 59. As rotation REBLA@?g@hWth‘ ns 20
48 cause upper and | ower nmenbers 46 to swing in their )* 1 ake

up a proper position parallel to each other as theyjre- Zggﬁ?ach t he
starting position. The slidable nounting of the diefsho M%) f s pport
menber enabl es the apparatus to conpensate for 25 /arying act|onk
between the |linear web speed and the rotational diejspeed. This enbodj nent
conprising a ratary die support nenber <460 and a pl shoe
Is reciprocal with

in any manufacturing line or in any situation requiring

high speed, continuous, accurate die forming of strip
material.

T

ECTSJCSs —rl_

While references made herein to “sheet metal" it will

S be appreciated that the invention is not limited in any way
to the forming of sheet metal. A wide variety of different
"materials" may require to be formed, within the generic
meaning of that word as defined herein, using the rotary
apparatus in accordance with the invention. Such material

10 may be fed from a roll, or may be fed in pieces through the
rotary apparatus, and accordingly where used herein the
term “strip material" is deemed to include any such
material which may be formed in such rotary apparatus, in
accordance with the generic use of the term formed as

15 defined herein. :

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

20 transmission 35 and shafts 36. The direction is, however,
opposite. The workpiece web 12 passes between and is
contacted by upper and lower units 32 and 34. Upper and
lower units 32 and 34 mhy 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 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
30 unit 34.

25

Motor 30, transmission 35, and bearings 37 may all be
standard components as are well-known in the machine
tooling industry.

Pigure 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 direction indicated by arrow C. Material

35



respect to the support transversely to the central

carrler 30 axis L1.
‘Such transverse novenent, i.e. novenent along t fate

. — enabl es
conpensati on of any dlscrepancy of speed betwee ﬁTéﬁﬁﬁﬁ nd 36
and web 12. The platen shoe, 46b may nove reci prfo aIIy on resttgent

cushi oni ng nmenbers 55 of which two are shown. Thej 5 have
enl arged ends to limt sliding.

The reci procal

sjof recedes
the platen shoe 46b with respect to the rotary

- 1] -

12 moves from left to right in the direction indicated by
arrow A. ' o

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 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. Upper and lower dies 38 and 40 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 location and time.

Upper unit 32 is essentially identical to lower unit
Referring to Figures 3 and 4, upper unit 32 includes
upper carrier member 41, which defines a central axis Ll
about which upper unit 32 rotates on shaft 36. Member 41
defines at least -one (in the illustrated embodiment, there
are four) recesses or openlngs 42, each in the shape of a
ninor concave section of a cylinder each having a notional
axis L2. The section extends longitudinally parallel to
the central axis Ll of member 41. Member 41 further
defines abutments 43 between openings 42.

Referring to Figure 4, the die support members 46 are
retained within openings 42 by bearing arms 47 projecting
radially from bearing member 45 which is rotatable with the
respective upper unit 32 or lower unit 34.

A bearing member 45 is provided to each end of upper
30 and lower units 32, 34,

10

15
34.

20

25

Bearing arms 47 receive stub axles
47a projecting from each end of die support members 46,
whereby the die support members 46 are retained within
recesses 42 but are able to rock within the recesses by

rotation of stub axles 47a in pivot arms 47. In fact the

axis of rocking of the die support members is coincident
with the notional axis L2 of the cylinder defined by curved
surface, but is not coincident with the chordal surface,
since the arc of the curved surface is less than 180°.

35



Referring to Figures.6, 7 and 8, a die support nenbe

_ 1 s |
‘pl aten shoe 46b through resilient nmenbers which seat Egk AGﬁ@&ﬁ*

of the rotary nenber 46a and partially in recesses o
Ei t her one of

groove 80. Stop neans are al so provided. Thus, stop 82}on end extensj oh of
rotary nmenber 46a co- operates with abutnment 84 on platén sShoe Zo6D.
operation, as dies 38-40 approach the form ng plane L0 and _cont actj web
12, platen shoes 46b of both upper and |ower units 32, 34 will be advanced
into the position shown in Figure 8a. I S position, resilient menbers

55 are Dbiased and dgfsppRdsafs W AMgrar sHREndStdd sryrekiifrssr
comparative points Al, A2, A3.......etc. at the rotational
surface with points Bl1, B2, B3....etc. of a die. From the
projection of points Al, A2, A3....etc. onto the web 12 at

5 respective points €1, C2, C3....etc, that there is
considerable variation of the linear speed component of a
point strictly on the rotational surface. Points Al, A2,
A3... etc.may be translated to points Bl, B2, B3... etc. by
rocking or swinging of rotary member 46a in recess 42, thus
advancing the leading edge of the die support member with
respect to the surface of rotation. Projection of points
B1, B2, B3.... etc. onto the web 12 to points D1, D2, D3
«sss8tc. respectively show much less variation of the
linear component of the compensated rotational speed.

Each die-support has a cross-section that is bounded
by an arc and chord of a circle. The section is less than

- 180° of arc so that the rotary member is less than a semi-

cylinder. Die support member 46 also comprises a platen
die shoe 46b connected to the rotary member 46a. In
Figures 1 and 3, a first or leading guide pin or cam
follower 48 extends from one end of member 46 and a second
or trailing guide pin or cam follower 49 extends from the
other end member 46. Guide pins 48 and 49 are mounted on

end extensions 50, attached to opposite ends of rotary
- 25 member 46a.

Pekbsses
pl at en shoe 46p.} 5
rotary nember 46a or platen shoe 46 hap § Hp pMEReH70rEase

10

i5

20

As shown in Figure 3, each die support member defines
A leading edge 51 and a trailing edge S52.

The die platens or shoes 46b are slidably retained
within the die support 46a by means of longitudinal edge

plates 53 secured to the end walls of the die supports by
means of bolts 54 (Fig 6).

30

Plates 53 may engage either the
side edges of the platen shoes 46b, or the side edges of
the dies 38, 40 themselves. )

Resilient cushioning members 55 are located in
recesses 56 in rotary member 46a and in recesses 57 in

platen shoes 46b. These resilient cushioning members 55
may be made of polyurethane rubber.

35



through the formng plane, the position of Figure 8
.equalization of the |inear conponent of the rotary f
mat ches the |inear speed of the platen nmenbers 46b,

slid rearwardly to.a nmedi an position (Figure 8b).
the form ng zone, the |inear 20

reached The

di es separate fromthe morkprece
centre, nedian position. 25
apparatus for formrEiJwe cut

The di e shoes the
Ref &3rrng now to Figure 9,

rotary
pins 48 | aESeSenISIerQ r@k\x/altg eﬁﬂie rlaten shoes 46b are
located in the desired position.
arranged to engage respective full cams 58 and partial cams

59 as described for example in U.S. Patent No. 5,040,397,
5 previously referred to.

Guide pins 48 and 49 are

Full cams 58 are offset axially
outwardly and partial cams 59 are offset inwardly, in the

manner explained in the aforesaid U.S. Patent. In this way
cams 58 provide guidance and control around 360°, and cams
59 control each die support from just prior to closing to
10 just after closing of the dies. On a member 46, pins 48
and 49 define and lie on different axes adjacent leading
and trailing edges 51, 52.
The platen die shoes 46b, are thus slidably mounted on
support 46, and are biased centrally by cushioning members
15 55.

Stub axles 47a define axes which are outside the chord
of the rotary member s6a.

In Figures 2 and 4, leading and trailing pins 48, 49
are provided at both ends of member 46. Upper and lower

dies 38-40 are mounted on platen shoes 46b of nembers 46 in
any conventional manner (eg bolts - not shown).

20

Dies 38-40
" are mounted on members 46 essentially parallel to the

platen shoe 46b. Figures 4 and 6 show dies 38-40 and
platen shoes 46b in foreshortened form so that view of
other parts of the die support member may be seen. The

shoes 46b and dies 38-40 are shown in broken lines, in
Figure 4.

25

An opening 40a in the lower (female) die may be
provided (Fig. 4) to permit a slug (not shown) to be
30 ejected from the die.

Operation of the guide pins 48, 49 in conjunction with
cams 58 and 59 will now be described.
In Figure 4 leading pins 48 and trailing pins 49 are
provided at both ends of each member 46, and in Figures 1

and 3 leading pins are provided at one end and ttﬁiling
pins at the other end of each member 46.

k3

In Figures 2 and 4, leading and trailing pins are
shown at both ends. '



In this case, the rotary formng station is |nd|cated generally by the

‘upper and lower rotary fornmers 32 and 34. These [&fsdl "““éﬁr
representative merely of the 30 | eadi ng pai r |68 i &@ﬁﬁ. iﬂﬁﬁk and
formers onl'y jorge bei ng

there will typically be two or nore sets of rota
illustrated here for the sake of sinplicity. In {h sgggmggqﬂﬁ@ fﬁ t he
i nvention, thewut-to-length operation is carried put upstream df jt he
rotary formers, so 35 as to cut the strip in o™ | or webs
of material each of which is separate fromthe other. In order tojdo this,
the continuous strip is first of all fédMy~nmeans represented as strip feed
rolls 100. Whatever the manner of providing leading and trailing
pins, it is necessary to provide a cam for guiding each set
of pins for the proper poSitioning of the dies 38-40.
Where leading pins 48 and trailing pins 49 are

provided at both ends of the members 46, the 1eadin§ pins
48 may project outwardly of the trailing pins for
accessibility to their cam 58 in the region where the die
is to engage the workpiece 12 while allowing access of the
trailing pins 49 to their cam 59 in the region where the
10 die is to engage the workpiece 12. It will of course be

necessary to adjust the shape of cams 58, 59 previously

referred to, to engage the respective pins.’

It will be appreciated that the cam paths 58 and 59 of
Figure 3 may be adapted to the use of pins 48 and 49 at
each end of the member 46 by providing cam surfaces only to

- engage pins 48, 49 when the respective die approaches,
passes through and leaves the die forming region where
exact registration with the cooperating die is necessary.

Cans 58 and 59 are provided fixed relative to the axis

20 Ll. Cams 58 and 59 are shaped and pins 48 and 49 are
positioned relative to members 46 whereby the forming
planes of dies are essentially parallel to web 12
immediately prior to, during and subseguent to closing.
Because each member 46 is each supported by at least two
pins on different axes the members may be less prone to
rock or otherwise move within their fittings than were
those in earlier rotary forming devices. Indeed, when pins
48 and 49 are each provided at both ends of member 46, then
the member is supported stably by four pins. Thus in
comparison to previously used rotary devices the clearances
required by the cam follower mechanism do not have as great
an effect on the accuracy of performing operations.

To ensure further accuracy, die registration pins 78
are provided to either side of die 38. Each registration
pin 78 registers with a complementary bore 79 of the
cooperating die member 40 of the other unit. Pins 78 and
bores 79 are shaped, sized and located on either side of

"web 12 so that they may cooperate and register with each '

15

25

30

35



- 17 - Typically, these will be feeding a web o
..an uncoiler (not shown) of a type well

whi ch is superfl uous.
5 set of hunmp roll 102.

strip into a shallow upward curve,

below. Fromthe hunp roll, the strip is then fegl
rolls 104. Typically, these cut off rolls 10

way as the rotary apparatus

Fromthe strip feed rolls L‘

—of —material from
Y. e sviditli on of
) PUTHe STr1p lasiﬁses over a
The purpose of thejh m@w?iﬁw tho #f orm t he
J ] bil

t he purpose )q dppar ent

f cut of f
will be nade*in|[the same

known i njXi

- 15 -

other without interference with web 12. As upper and lower

units 32 and 34 rotate, register pins 78 on upper dies 38
extend toward and are partially inserted into complementary
bores 79 in lower dies 40 priof to contact with web 12. As
dies 38-40 come into contact with web 12, the pins 78 are
fully inserted into the bores 79, thus ensuring the dies
contact web 12 in proper registration with each other.

In operation upper and lower units 32 and 34 rotate.
Each die rotates through the successive illustrated
A closed position of apparatus 20,
which is the position at which web 12 is formed, stamped or
otherwise treated is that in which two dies cooperate one
It may be regarded as
defining the starting point of the rotary cycle. Rotation
continues, with each unit rotating to opposite hand.

At the starting position web 12 is formed by the upper
and lower dies and, as rotation continues upper and lower
dies are separated and pins 48 and 49 follow their
"As rotation continues, the pins
48 cause upper and lower members 46 to swing in their
recesses 42 to take up a proper position parallel to each
other as they re-approach the starting position.

The slidable mounting of the die shoe on the die
support member enables the apparatus to compensate for
varying actions between the linear web speed and the

This embodiment comprising a rotary'die support member
The shoe is reciprocal with

respect to the support transversely to the central carrier
Such transverse movement, i.e. movement along the
axis of the web, enables compensation of any discrepancy of
speed between rotary units 32 and 36, and web 12. The

platen shoe, 46b may move reciprocally on resilient '
cushioning members 55 of which two are shown. The members

5
10 positions of each unit.
with each other for this purpose.
15
respective cams 58 and 59.
20
25
rotational die speed.
46a and a platen shoe 46b.
30 axis Li.
35

55 have enlarged ends to limit sliding. The reciprocal

motion advances or recedes the platen shoe 46b with respect
to the rotary motion.



descri bed above; that is to say .they will have upper and lower roll units,
each of which is provided with at |east one rotary die support as

previ ously discussed, and the die supports wll be.ﬁnnfrolled bv cans in
t he manner described 15 above. In this case, i REBBADIEN

. | : e
necessary to provide the sliding relationship bet d die
support described above, again for

reasons descrlbfdv !S% cut off . £ lls 104
are normally stationary, and spaced apart a sufficjeft R 7 e

4
strip to pass 20 t her et hrough. They are operat dihy any suita

control mechani smindeed generally as cont®dl 106 iphich in turn is
connected to a typi &@Eegi'ﬂw 3 IFQEH%& rgea?ughggs de¥ige- cHagkef Ssinply
as a roll operatln% on_one Si de

s connected to a platen shoe 46b through resilient
members which seat partially in recesses of the rotary
member 46a and partially in recesses of platen shoe 46b.
Either one of rotary member 46a or platen shoe 46 has a H-
shaped grease groove 80. Stop means are also provided.
Thus, stop 82 on end extension of rotary member 46a co-
operates with abutment 84 on platen shoe 46b.

In operation, as dies 38-40 approach the forming plane
and contact web 12, platen shoes 46b of both upper and
lower units 32, 34 w}ll be advanced into the position shown
in Figure 8a. 1In this position, resilient members 55 are
biased and deformed as shown. As dies 38-40 exactly pass
through the forming plane, the position of Figure 8b is
15 reached. The equaiization of the linear component of the

rotary speed, and the web speed matches the linear speed of

~ the platen members 46b, the platen members have slid
rearwvardly to a median position (Figure 8b).

As the dies 38-40 leave the forming zone, the linear
component of the linear die speed_again decreases relative
to the web, and the position of Figure 8c is reached. The
die shoes are again'drawn forwardly to match the web speed,
until the dies separate from the workpiece. The die shoes
then slide back to their centre, median position.

Referring now to Figure 9, rotary apparatus for
forming pre-cut plates is provided.

In this case, the rotary forming station is indicatead
generally by the upper and lower rotary formers 32 and 34.

These rotary formers are representative merely of the
leading pair of rotary formers, and there will typically be
two or more sets of rotary formers only one being
illustrated here for the sake of simplicity.

In this embodiment of the invention, the cut-to-length
operation is carried out upstream of the rotary formers, so
as to cut the strip into separate plates or webs of
material each of which is separate from the other.

10

20

25

30

35

In order to do this, the continuous strip is first of
all fed by means represented as strip feed rolls 100.



the strip. 25 A plate pair of plate stop arns 114 are smnngably
.mounted on a cross shaft 116, and at their upstreante

i ntercept the | eading edge of the plate just beforeﬁf‘ !

roll's 104. The stop arns 114 are connected to an of 'atlng'arn130 T [
extending fromshaft 116 downstream adjacent the i

W
_ HPHElG ,h?F, _ k1
32. At its downstreamfree end it is provided V\A'thfra;;ca%é)o éﬁmﬁ

arm 114 is nornmally held in its upper position by é

spring and adjustable bolt (not shown). A feed caniplate 124-is nount ed on
the end of the -1 -

Typically, these will be feeding a web or strip 12 of
material from an uncoiler (not shown) of a type well known
in the art, description of which is superfluous.
From the strip feed rolls 100 the strip passes over a
S set of hump roll 102. The purpose of the hump roll, is to
form the strip into a shallow upward curve, the purpose of
which will be apparent below.

From the hump roll, the strip is then fed between a

pair of cut off rolls 104. Typically, these cut off rolls

will be made in the same way as the rotary apparatus
described above; that is to say they will have upper and
lower roll units, each of which is provided with at least .
one rotary die support as previously discussed, and the die
supports will be controlled by cams in the manner described
15 above. In this case, it may or may not be necessary to
provide the sliding relationship between the die shoe and
die support described above, again for reasons described.
The cut off rolls 104 are normally stationary, and
spaced apart a sufficient distance for the strip to pass
20 therethrough. They are operated by any suitable control
mechanism indeed generally as control 106 which in turn is
connected to a typical digital length measuring device 108

indicated simply as a roll operating on one side or both of
the strip.

10

25 A plate pair of plate stop arms 114 are swingébly

mounted on a cross shaft 116, and at their upstream ends
118 are adapted to intercept the leading edge of the plate
just before it enters the cut off rolls 104.

The stop arms 114 are connected to an operating arm

120 extending from shaft 116 downstream, adjacent the upper
rotary forming unit 32.

30

At its downstream free end it is provided with a cam
roller 122.

The arm 114 is normally held in its upper position by
means of the spring and adjustable bolt (not shown).

A feed cam plate 124 is mounted on the end of the
upper rotary roll unit 32. Cam plate 124 has a plurality,
in this case four operating cams 126 spaced apart

35



upper rotary roll unit 32. Camplate 124 has a plurality,
-operating canms 126 spaced apart - 18 - ther ear opfigh=IF-

secured to the roll unit 32 by neans of arcuate srdﬁmﬁi% Ty
fastening bolts. In this way, the location and oriledfatt on of The

plate relative to the upper roll unit .can be adjus g :
operation or in cases where the length of the plau g cﬁ#gﬁggg“

strip are varied fromone run

in this case four

P

- 18 -

therearound. The cam plate 124 is secured to the roll unit

32 by means of arcuate slots 128 and adjustable fastening
bolts.

In this way, the location and brientation'of the cam
plate relative to the upper roll unit can be adjusted, for
precise operation or in cases where the length of the
plates cut off the end of the strip are varied from one run
to another.

In the operation of this embodiment of the invention,
strip material is first of all fed by the strip feed rolls
to the hump table, where it is formed into a shallow
upwardly convex hump.

In one mode of operation, the length of the strip
material 12 is desired to be cut off to form a plate, or
separate web or piece, can be measured by the strip
measurement unit 108. A signal from the strip measurement
unit 108 can then signal the control 106 to operate the cut
off roll, and to cut off the leading end of the strip at a
precise length thereby forming it into a plate or web
20 piece, separate from the strip 12. :

The spacing between the cut off rolls 104, is such

that it is generally speaking appropriate to the length of
the strip that it is desired to cut off and form into a

plate.

The leading edge of the strip will already have been
intersected by the upstream stop members 118 on the stop
arms 114, so that the strip is momentarily prevented from
entering the cut off rolls 104.

Since at this point the strip is temporarily halted,

the shallow upward curve of the strip on the hump table
will gradually rise.

10

15

25

30

A cam 126 will then depress cam 120 and raise stops
The strip can then pass between the cut off rolls,
which are open, and stationary, at this point.

The strip advances to the rotary former 32-34, in
precisely timed relation to the rotation of the former 32~

34. PFormations will then be made at precise locaﬁions with
reference to the leading edge of the strip.

118.

35



to‘another.

I'n the operation of this enbodiment _of the invention,

10
.strip material is first of all fed by the stri 3 hu
table, where it is forned into a shall ow upwar IMME?K . ] ongpm)de
of operation, the length of the strip material |13 is desired t e cut off
to forma plate, or 15 separate web or piede,| c@d BARMGIEuRed by the
strip neasurenent unit 108. A signal fromthe dtr]i p neasurenen nit 108
can then signal the control

_ 106 to operate the jcut off rolT,
the leading end of the strip at a precise |lengtlh_thereby formngfit

andfto cut off
into a

plate or web 20 pi ece,

10
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Separate from9e-strip 12.

The measurement unit 108 will then signal control 106.
The control 106 will then operate the cut off rolls, to cut
off the plate to the right length or web to the right
length. In this way, the strip or web is cut to a
predetermined precise length at predetermined intervals
prior to entering the rotary former.

This will ensure that the rotary formers will form,
and/or emboss and/or blank out the necessary formation in
the piece of plate or piece of web, at precise intervals
starting from the leading edge of the plate or web piece
which is fed from the plate feed rolls.

As an alternative to the mechanical cam operation of
arms 114, it be operated by eg a cylinder 129 (shown in
phantom), connected to control 106. Control 106 will then
both sense the rotational position of rolls 32-34, operate
the cylinder 129 when the rolls are in the correct location
for entry of the leading edge of the web.

Referring now to a further embodiment of the invention
illustrated in Figure 11, provision may be made, in
association with or without the upstream cut to length
apparatus described in Figures 9 and 10, for the movement
of one roll former unit 32-34 relative to the other. The
purpose of such relative movement is to momentarily permit

. a portion of the workpiece to pass between the rotary

formers, without any rotary formations being formed
therein. This méy be desirable at the beginning or end of
a predetermined length of a workpiece for example for
various reasons. :

As illustrated therefor in Figure 11, the upstream cut
off rolls are indicated generally 104 and the idler roll is

- indicated generally as 105.

A pair of intermediate feed rolls are indicated as
130-130.

A first pair of rotary unit is indicated as 132 and
134 respective. It will be appreciated that a second piii
or more pairs of such rotary rolls may be located
downstream of the first pair, and would normally be
required to operate in the same way as described below, so



off and forminto a plate. 25 The | eadin
al ready have been intersected by the upstream st

arnms 114,

off rolls 104. Since at this point the strip is

the shal l ow upward curve of the strip on the hunp ta
rise. A cam126 wll -

t hen depress cam 120 and rai se stops 118. The strip

can then pass between the cut off rolls” 20 =

10

15

20

25

30

35

that the workpiece could pass through each pair of rotary
unit, while they are initially open, so that the dies on
the respective rotary units will then register precisely
with formations already formed at the first pair of rotary
units 132~-134, .

In the first pair of rotary units 132-134, the upper
rotary unit 132 is movable for example by means of an
hydraulic cylinder 136, between a lower operative position,
and upper inoperative position shown in phantom.

It is essential that the upper movable roll 132 shall
continue to operate in timed relation to the lower roll 134
during such movement, so that when they close once more
i.e. when the upper rotary unit 132 is lowered by the
cylinder 136, that the two units are still rotating in
unison in a coordinated fashion, with the various dies
thereon registering with one another in the manner
described above.

In this embodiment, this is achieved by means of an
idler roll 138, connecting rolls 130 and 134, and further
downstream feed rolls 140 and 142. All of these rolls are
connected by gear mechanisms of a type well known in the
roll forming art, which require no description, so that all
of the rolls are rotating in unison in the appropriate
directions.

The upper downstream feed roll 142 is connected by
suitable gearing (not shown) of a type well known in the
art to upper movable rotary unit 132, and since the
movement of the upper rotary unit 132 is minimal, possibly
no more than an inch or so in extent, the gearing will not
become disengaged, as between upper roll 142 and roll 132,
and consequently roll 132 will continue to operate even
when it is in its raised position, and when lowered once
more will continue to operate in precisely timed
relationship with the lower rotary forming roll 134.

The foregoing is a description of a preferred
embodiment of the invention which is given here by way of
example onlj. The invention is not to be taken as limited
to any of the specific features as described, but



whi ch are open, and stationary, at this point. 35 The strip
advances to the rotary fornmer 32-34, in precisely tined relation to the
rotation of the former 32- 34. Formations will then be nmade at precise

| ocations with reference to the | eading edge of the strip. - 19- The
measurenent unit 108 will then signal control 106. The control 106 w ||

t hen operate the cut off rolls, to cut off the plate to the right |length or
web to the right length. In this way, the strip or web is cut to a

- 21 -

comprehends all such variations thereof as come within the
scope of the appended clainms,
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5 _predeterm ned precise | ength at predeter
.entering the rotary fermer—This W ll ensure th

e U Iy
-;.ﬁﬁgﬂg%ﬁﬁﬁﬁn“5
form and/or enboss and or 1§gg out the necessar;
of plate or pléh eﬂ‘ recise intervals {1
| eadi ng edge’ of. H b pi ece which i ;
rolls. As an alt nmechani cal can1operatron of—arnsi 114, it be
operated by eg a cylinder

129 (shomm i n phanto connected to cpntrol 106.
Control 106 will then 15

: both sense the rotational position of rolls
32-34, operate the cylinder 129 when the 2%I7's are in the correct

| ocation
for entry of the !ﬁ di ng edge of the web. '

1. A rotary apparatus (20) for rotary forming of a web
workpiece (12) characterized by:

a rotatable first roll unit (32) and corresponding
5 rotatable second roll unit (34);

a first die support member (46) carried by said first
roll unit (32), said first die support member (46) having a
leading edge (51) and a trailing edge (52) respective to
rotation of said first roll unit (32);

a second die support member .(46) carried by said
second roll unit (34), said second die support member (46)
having a leading edge (51) and a trailing edge (52)
respective to rotation of said second roll unit (34);

means (21) for transporting a web workpiece (12) in a

forming plane between said first and second roll units
(32,34); )

10

15

and wherein each die support member includes a first
part (46a) carried by the respective roll unit and a second
part (46b) having a platen surface for mounting a die
(38,40), the second part (46b) being mounted on the first
part (46a) for reciprocal motion transverse to the leading
and trailing edges (51,52).
2. A rotary apparatus (20) as claimed in Claim 1, in
which each first and second die support member (46) is
rotatably received in a longitudinal recess (42) of its
" respective roll unit, the recess (42) having a concave
arcuate bearing surface a complementary to a convex arcuate
surface of the first part (46a) of the respective die
support member (46), the recess (42) defining a concave
section of a cylinder and the first part (46a) of the
respective die support member (46) defining a complementary
convex section of said cylindér. '
3. A rotary apparatus (20) as claimed in Claim 2, in
which the respective concave and convex sections of said
35 cylinder are minor sections.

4. A rotary apparatus (20) as claimed in Claim 3, in

which the first part (46a) of each first and second die

support member (46) and the second part (46b) of the first

20

25

30

AR



Referring.nOM/to a further embodinment of the invention illustrated in

AR ACEVENT SiEThe

.Figure 11, provision may be made, in 20 associ a

upstreamcut to | ength apparatus described in Figur
novenent of ere—+ol—forner unit 32-34 relative to

of such relatiye movement is to monentarily perm:t
formers

he ot her. "ThHE

B DOry k GH h
wor kpi ece to pe h ceflot ary 25 M t%%fﬂhgigﬁr
formati ons bein in. This may be desirapl! '

end of a predet

reasons.

of a workpiece for expnple for various

As illustrated therefor in Figure 11, the UpStreamcut 30
rolls are indicated generally 104 and the idler roll is
- 23 -

10

15

20

25

30

35

and second die support members (46,46) are connected for
reciprocal movement through resilient connecting menmbers
(55).

5. A rotary apparatus (20) as claimed in Claim 2, in
which rotation of the first part (46a) of the die support
member (46) in the recess is controlled by cam means
{48,49,58,59).

6. A rotary apparétus (20) as claimed in Claim S5, in
which the cam means comprises a cam follower (48) on at
least one end of the die support member (46) in the region
of the leading edge engaging a continuous cam (58).

7. A rotary apparatus (20) as claimed in Claim 6,
including a cam follower (48) on the other end of the die
support member (46) in the region of its érailing edge and
engaging a continuous cam (58).

8. A rotary apparatus (20) as claimed in Claim 5,
including '

a cam follower (48) on one end of a die support member
(46) in the region of a leading edge and engaging a
continuous cam (58), _ :

a cam follower (48) on the other end of said die
support member (46) in the region of the leading edge and
engaging a discontinuous cam (59), _

a cam follower (49) on said one end of the die support
menmber (46) in the region of the trailing edge and engaging
a discontinuous cam (59), and '

a cam follower (49) on the other end of said die
support member (46) and engaging a continuous cam (58).

9. A rotary apparatus (20) for rotary forming of a web
workpiece (12) characterized by:

a. rotatable first roll unit (32) and corresponding
rotatable second roll unit (34), said units being connected
for synchronous rotation through rotary cycles, each of
said units (32,34) comprising a carrier (41) having a
central axis for rotation thereabout;

means (21) for transporting a web workpiece (12)

between said units (32,34) in a forming plane at a web
speed;

-

AR



I ndi cated generally as 105. A pair of internediate feed rolls are indicated
.as 130-130. A first pair of

: rotary unit is indicated as 132 and 35 134
respective ]| [

: LLkmL__~9§EE£g;Z§;3£ed t hat a.sengdmpaLLan_nnLe_pairs of
such rotary rolls nmay : ; K|

downst r eam oft BEFEATTFMENTAREETANnd woul d
normal |y be redbissie f,0goperate in the sane y BN BHEET
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means (30,35,37) for rotating the first and second
roll units (32,34) at constant opposite rotational speed to
have a roll unit tangent;al peripheral speed at the forming
plane similar to the web speed;
each roll unit being provided with at least one recess
(42) defining a concave minor section of a cylinder having
a longitudinal axis parallel with said central axis;
at least one die support member (46) for each said
roll unit having a leading edge (51) and a trailing edge
(52) being rotatably received within a respective said
recess (42), the die support member (46) including a first
part (46a) having a curved convex surface nested in said
_recess (42) and defining a similar minor section of said
cylinder, the die support member (46) also including a
second part (46b) projecting out of said recess (42) and
rotatable about an axle having an axis parallel with the
carrier central axis and offset from the longitudinal axis
of the first part (46a) of the die support member (46).
10. A rotary apparatus (20) as claimed in Claim 9,
inéluding a cam follower (48) on at least one end of the
die support member (46) in the region of the leading edge
engaging a continuous cam (58).
11. A rotary apparatus (20) as claimed in Claim 10,
including a cam follower (49) on the other end of the die
support member (46) in the region of its trailing edge and
‘engaging a continuous cam (58)..

12. A.rotary apparatus (20) as claimed in Claim 9,
including

10
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25

a cam follower (48) on one end of a die support member

(46) in the region of a leading edge and engaging a
continuous cam (58),

30

a cam follower (48) on the other end of said die

support member (46) in the region of the leading edge and

engaging a discontinuous cam (59),

35 a cam follower (49) on said one end of the die support

member (46) in the region of the trailing edge and engaging
a discontinuous cam (59), and

///

KL



unit, while they are initially open, so that thewdles on the respectlve

&1 f or med at
the first pair of rotary 5 . unlts 132-134. In §

PHE LR AR B SHERT I ot ar y
units 132-134, ﬁ W 132 is nnvqoh ' “I means of
an hydraulic cyll de ﬂﬁ a | ower operg . upper

i noperative p05|tton

: om 10 ! that the
upper novable rolll 132 shall continue to operatdg in t1mnmed IClur1O to the

| ower roll 134 during such novenent, so that whéa_they cl ose oncq nore i.e.
when t he upper

rotary unit 132 is | oweregsby the cylinder 136, thnat the two
units are still rotating in

a cam follower (49) on the other end of said die
support member (46) and engaging a continuous cam (S8).
13. A rotary apparatus (20) as claimed in Claim 11, in
vwhich the cam follower (48) in the region of the leading
edge and the cam follower (49) in the region of the
trailing edge are located on end extensions (50) of the
first part (46a) of the die support member (46), the
extensions (50) extending out of the recess adjacent the

ends of the second part (46b) of the die support member
10 (46) .

14.

A rotary apparatus (20) as claimed in Claim 9, in

which a bearing arm (47) is provided for said axle of each
die support member (46), the bearing arm (47) itself being
rotatable on the carrier central axis.

15 15. A rotary apparatus (20) as claimed in Claim 9 wherein
the second part (46b) is mounted on the first part (46a)
for reciprocal motion transverse to the leading and
trailing edges.

16. A method of forming a web workpiece (12) characterized
20 by the steps of '

passing said web workpiece (12) along a linear path, -
between upper and lower roll units (32,34) cérrying die
sets (38,40) thereon; '

continuously rotating said upper and lower roll units
(32,34) in opposite directions, whereby to sequentially
bring upper and lower die sets (38,40) supported on said
carriers, into forming engagement with said workpiece (12),
said die sets (38,40) being slidable along the axis of

movement of said web (12) relative to respective said upper
30 and lower roll units (32,34); and,

25

permitting said die sets (38,40) to slide during :
closing of said die sets (38,40) on said workpiece (12) and
during opening of said die sets (38,40) from said workpiece
(12), whereby to match the speed of said workpiece (12)

while said die sets (38,40) are in contact with said
workpiece (12).

- 17.

35

A method of forming a web workpiece (12) as claimed in
Claim 16 wherein the steps of permitting said die sets to

R



15 uni son in a coordinated fashion,

-registering with one another in the manner descri
enbodi ment, this i 'eve y neans of an idler RgPLA@E@ﬁ%HbSHE&& ng
“amdi142.

roll's 130 and 134, - LUt i eerdfeplaced downst r eam fie
nomn in
m no description, 'isog??}g%ﬁWo
appropriate d|r

Al'l of these rolls ar gear mechani s
the roll formng art, Mﬂgum%m
rolls are rotating in tions t The

upper downstream feed roll 142 is connected by suilt abl e gearlng (not shown)
of a type well T3Zand since

i known in the art to uppes 200vabl e re+atry—umrt
t he
slide during closing of said die sets on said workpiece and
during opening of said die sets from said workpiece,
include:

with the various dies thereon

permitting said die sets (38,40) to slide forwards in
the direction of the movement of said web workpiece (12)
during the closing of said die sets (38,40) on said
workpiece (12);

permitting said die sets (38,40) to return to a median
position when said die sets (38,40) are in engagement with
10 said workpiece (12); and _

permitting said die sets (38,40) to slide forwards
again during the opening of said die sets (38,40) from said
workpiece (12).
18. A rotary apparatus (20) for the rotary forning of
discontinuous lengths of a workpiece (12), from a
continuous roll of said workpiece and characterized by;

rotatable upper and lower roll units (32,34), and die
sets (38,40) carried on said roll units, said roll units
(32,34) being rotatable in opposite directions whereby to
bring said die sets (38,40) into forming engagement with
said discontinuous piece of said workpiece;

a web roll support and feed mechanism (100) for
feeding said wedb (12) from said roll;

web stop means (114) adjacent said web feeding path to
interrupt movement of said web towards said roll units
(32,34), said stop means (114) being intermittently
moveable to release said web for feeding to said roll units
(32,34); operating means (120) for said stop means (114),
coupled to said roll units (32,34), and operable to cause
said stop means (114) to release said web in timed relation
to the rotation of said roll units; and,

' a web cut-off apparatus (104) located between said
roll support (100) and said roll units (32,34), whereby to
cut off an end portion of said continuous web to form said

a5 discontinuous web piece.

19. A rotary apparatus (20) for the rotary forming of

‘discontinuous lengths of a wqupiece (12), from a
continuous roll of said workpiece as claimed in claim 18
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novenent of the upper rotary unit 132 is mninmal, possibly no nore than an
‘inch or so in extent, the gearing will not 30 becone di sengaged, as
bet ween upper roll_142 and roll 132, and consequently roll 132 w ||
contlnue to operate even when it is in its raised position, and when

ed once nore: vﬂ‘HldSh@@HnsBeaeRetphcaaperate in precisely tined relationship

| o
vmth the | ower rot ar g!lmﬂlw IlL134 35 . The foregoing is a

description of a pre nt of the invention which is given here
by way of exarrple only. e invention is not to be taken as limted to any
of the specific features as described, but27 -

wherein said cut off apparatus (104) comprises a rotary
shear, a die support member, and a cut off die supported by
said rotary shear.

20. A rotary apparatus (20) for the rotary forming of .

5 discontinuous lengths of a workpiece (12), from a
continuous roll of said wdrkpiece as claimed in claim 18
further comprises rollers (130,138,140,142) to guide said
workpiece through said roll units (32,34).

e



- 21 - conprehends all such variations thereof as conme within the scope of
t he appended cl ai ns. - 22 - CLAIMS 1. A rotary apparatus for rotary
forming in a form ng pl ane a web workpiece. noving al ong a web
feed directionconprising: a rotatable first roll unit and correspondi ng co-

.23-
' ABSTRACT
ROTARY APPARATUS WITH MOVEABLE DIE

A rotary apparatus (20) for rotary forming of a web workpiece (12) and having a
rotatable first roll unit (32) and corresponding rotatable second roll unit (34), a first die support
Gﬁbiwuﬁaibythefhﬂ:nﬂlunh(xn,lmyhg:nkmmmgeﬁge(ﬁl)and}nunﬂkgcw@p(in
respective to rotation of the first roll unit (32), a second die support (46) carried by the second
roll unit (34), having a leading edge (51) and a trailing edge (52) respective to rotation of the
second roll unit (34), the first and second roll units (32,34) receiving a web workpiece (12) in
a forming plane between the first and second roll units (32,34), and in which each die support
(46) includes a first part (46a) carried by the respective roll unit and including the leading and
trailing edge and a second part (46b) having a platen surface for mounting a die, the second part
(46b) being mounted on the first part (46a) for reciprocal motion transverse to the leading and
trailing edges (51,52).

FIGURE 1

|REPLACEMENT SHEET
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operating rotatable second roll unit nounted on opposite sides of the
form ng plane and each having an axis of rotation parallel to said plane

and perpendicular to said web feed direction;
pivotally carried by said first roll unit in

carried by said second roll unii in a g {Qrolle
relative to the web; and wherein each

: iLESL dle_support menber

i focl ude a

first part carried by its respective roll uni nd a second _é havi ng a
pl aten surdpace for \ a die thereto, th I
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second part being nounted on the first part for reciprocal |inear notion
‘t herebetween in the direction of novenent of the web workpiece during
form ng thereof. 2. A rotary apparatus as clained i p_claifM-de=df-aphieh

each first and second die support nenber is rotatably R§p§A@ENﬁ@ﬁV§E@§T‘
e

| ongi tudi nal recess of its respective roll unit, the r Vg |
concave arcuate beari ng surface conplenentary tdg cqnv EL
surface of the first part of the respective die supporit neﬁg§ﬁéﬁfﬁ€fr C@SsS
defining a concave section of a cyliPgg and the first] gart Ofth@m=sd |

respective die support menber defining a conpl ementary] convex section o
said cylinder. 3 d\ Ot ary apparatus as clained in (- p 1 s et e 4 i A

he




first and second parts of each die support nenber are connected for
reci pr.ocal nmovenent through resilient connecting nenbers. 4. A
rotary apparatus as clained in claim1, in which rot:afEeRrehmhhe cisl
of the die support nenber is controlled by cam neang™ 525 i

| eading edge, a trailing edge and a pair of transvegsg
neans i ncludes a camfoll ower on ateiﬁmqgg one said
menber in the region of the | eadi ng~edge™tor engagi
REPLACEMENT SHEET
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- 24 - the second part being nmounted on the first part for relative
.reciprocal linear notion therebetween in the direction of novenent of the
web wor kpiece during formng thereof. 9. A rotary apparatus as cl ai ned
inclaim8, including a camfollower on at le -one-end-of--~t-ke di e support
menber in the region of the | eadi ng edge eng Eﬁ;@ﬂmﬂrﬁiﬁfﬁ‘cam 10. A
rotary apparatus as clained in claim8, includimhg a camTtolTgwgr on one end
of a die support nmenber in the 0 6 MAR 1997




region of a |eading edge and engagi ng a continuous cam a camfollower on

the other end of said die support nenber in the region of the Ieadlng edge
and engagi ng a di scontinuous cam a cam fol | ower @Fual s ;' the die
support nenber in the region of the trailing edgejan bﬂ
di sconti nuous cam and a camfollower on the othe I Bupport
menber and engagi ng a conti nuous camsa(lx A rotary LpeMaR w&7as cl ai med
inclaim9, i ncluding a cam fol | oner qqe ot her{ehd of the die [support

‘menber in the trailing edge engagi ng a COntTnuouUsTam 12. A
met hod of forming a web workpi conprising the |

FIG.5




steps of : passing said web workpiece in a web feed direction along a |inear
path at a web feed speed, between upper and lower roll units rotatably
carrying respective upper and |lower die sets ] toms| y rotating
said upper and lower roll units in opposite d ﬁg@ﬁﬁgﬂﬂ i oM sai d upper
and |l ower die sets into angularly controlled ftofm ng engagengnt{ with said
wor kpi ece, said die sets being slidable alongjt e%imﬁ)ﬁggljove nt of said
web (12) relative to respective said upper anfl |ower roll ‘unifs and,
permtting said die sets to slide @gya fyve tofsat s ijn said
direction during closing of said die sels on

('

FIG. 6 <




saia wor kpi ece and during opening of said die sets from said workpiece,

whereby to match the speed of said workpiece whi.
engagenment with said workpiece. - 25 - 13. 13

lLe.said die sets are in

ulp;! 4)\9?“4:"? . a web
125@,%£§£§§§Rsaid di e

&y

sets to slide during closing of said die sets gn jsai d workpiecg gnd during
openi ng of said die sets from said workpi ece, iindl uldd MpRrigrtiing said die

sets to slide forwards in the diredyyqK)of t he

yement of sai 1] b

wor kpi ece during the
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closing of said die sets; permtting said die sets. 1o return to a nedi an
position while said die sets are in engagenent )R ' -Nif. Fege; and
permtting said die sets to slide forwards agaijn pee-rgt & ing of said
die sets. 14. Arotating assenbly for use as orfefof a pair of ¢of operating
rotating assenblies for formng a web workpi ecg Ilgiméumamr Kpl ece i-s
advancing in a web feed direction in a form ngjpkane, said rotprf assenbly
conprising: a rotor having a rotor axi f0al | gl to said pra d
perpendicul ar to said web feed direction; a di esewat-far_pountijpng a die,
sai d di e nmount




plvotally connected to said rotor and controlledly plvotable about a die
nount axis parallel to said rotor axis for presdRtiIt:the=d

wor kpi ece at a controlled angul ar orientation; gadtiROEBIEN] Jidl

to engage the die with the web, and said nount e;nlttlng transpa i on of
the die relative to said die nount axis in said}f ¢edygip |

engagenent of the die with the web. g%ﬁnghe r ot t'ng assent‘n?i?@‘_;n

| ai m 14
wherein said die nount conprises a part piv sai d
rotor, and a second part slid y nount ed to<§@ d first part, saijd secaond

part having a seat for rigidly=nounting
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the die thereto. 16. The rotating assenbly of claim 14 wherein said
. assenbly further conprises a die angle governor co-operable with said rotor

to control the angular orientation of the die-duri.ng.. LQIatIO of said
rotor. - 26 - 17. The rotating assenbly qgthaigﬁgqy pjn sai d angul ar
orientation is controllable before and aftef pngagerert—set—tHe web. 18. The
rotating assenbly of claim 14 wheregj aj d mngul ar
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or’ ent at IxOI’l

i
die with the: mﬁ!ﬂ“@ g“ﬂm&
I s biased :
rotating assenbly of claim19 further conprisi %
connect ed between said first and second ggrrs .‘*Of’ﬁ@"tr ot eﬂ“—éﬁb -ade &9ged,..
claim 20 whegegampsai d first and second parts have co-operating recesses,

and said restltent nenber |s captured betmeen $dDHTBa®FSREﬁEHMFdeﬁﬁ£§$eS

engageabl e

Wo7105~q
t| ve togww .
I ng assenbly of}

IOR relative to sail

25} asith Pagedroer

-of

22. The rotajing aise{r&l_é(r 'a al g’tﬁ ei-Brga,d mﬂ? f‘s £ FPhing
Vg d.di e SURR S aﬁn A% 0NN T I OYBE  feed
1recé‘lon8m%f°<¥ssir?é“

a rotatable first roll unit and corresponding co-
operating rotatable second roll unit mounted on opposite
sides of the forming plane and each having an axis of
rotation parallel to said plane and perpendicular to said
‘web feed direction;

a first die support member pivotally carried by said
first roll unit in a controlled angular orientation relative
to the web;

a second die support member pivotally carried by said
second roll wunit in a controlled angular orientation
relative to the web;

and wherein each said die support member include a
first part carried by its respective roll unit and a second
part having a platen surface for mounting a die thereto, the
second part being mounted on the first part for reciprocal
linear motion therebetween in the direction of movement of
the web workpiece during forming thereof.

2. A rotary apparatus as claimed in claim 1, in which each
first and second die support member is rotatably received in
a longitudinal recess of its respective roll unit, the
recess having a concave arcuate bearing surface
complementary to a convex arcuate surface of the first part
of the respective die support member, the recess defining a
concave section of a c¢ylinder and the first part of the
respective die support member defining a complementary
convex section of said cylinder.

3. A rotary apparatus as claimed in claim 1, in which the
first and second parts of each ‘die support member are
connected for reciprocal movement through resilient
connecting members.

4. A rotary apparatus as claimed in claim 1, in which
rotation of the first part of the die support member is
controlled by cam means.

5. A rotary apparatus as claimed in claim 4, wherein said
die support member has a leading edge, a trailing edge and a
pair of transverse ends, and said cam means includes a cam
follower on at least one said end of the die support member
in the region of the leading edge for engaging a continuous
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parallel to said plane during engagenent of the die with the web.
wherein said cut off apparatus (104) conprises a rotary shear, a die
support menmber, ahBSa SQFONS (PAFe $EFPSr taupled on the first part for

relative reciprocal 1linear wmotion therebetween in the
direction of movement of the web workpiece during forming
thereof.

9. A rotary apparatus as claimed in claim 8, including a
cam follower on at least .one end of the die support member
in the region of the leading edge engaging a continuous cam.

10. A rotary apparatus as claimed in claim 8, including a
cam follower on one end of a die support member in the
region of a leading edge and engaging a continuous cam,

a cam follower on the other end of said die support
member in the region of the leading edge and engaging a
discontinuous cam,

a cam follower on said one end of the die support
member in the region of the trailing edge and engaging a
discontinuous cam, and

a cam follower on the other end of said die support
member and engaging a continuous cam.

11. A rotary apparatué as claimed in claim 9, including a
cam follower on the other end of the die support member in
the region of. its trailing edge engaging a continuous cam.

12. A method of forming a web workpiece comprising the
steps of:

passing said web workpiece in a web feed direction
along a linear path at a web feed speed, between upper and
lower roll units rotatably carrying respective upper and
lower die sets thereon;

continuously rotating said upper and lower roll units
in opposite directions, to move said upper and lower die
gets into angularly controlled forming engagement with said
workpiece, said die sets being slidable along the axis of
movement of said web (12) relative to respective said upper
and lower roll units; and,

permitting said die sets to slide relative to said roll
units in said direction during closing of said die sets on
said workpiece and during opening of said die sets from said
workpiece, whereby to match the speed of said workpiece
while said die sets are in engagement with said workpiece.
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13. A method of forming a web workpiece as claimed in claim

12 wherein the steps of permitting said die sets to slide
during closing of said die sets on said workpiece and during
opening of said die sets from said workpiece, include:

permitting said die sets to slide forwards in the
direction of the movement of said web workpiece during the
closing of said die sets;

permitting said die sets to return to a median position
while said die sets are in engagement with said workpiece;
and

permitting'said die sets to slide forwards again during
the opening of said die sets.

14. A rotating assembly for use as one of a pair of co-
operating rotating assemblies for forming a web workpiece
while that workpiece is advancing in a web feed direction in
a forming plane, said rotor assembly comprising:

a rotor having a rotor axis parallel to said plane and
perpendicular to said web feed direction;

a die mount for mounting a die, said die mount
pivotally connected to said rotor and controlledly pivotable
about a die mount axis parallel to said rotor axis for
presenting the die to the workpiece at a controlled angular
orientation;

said rotor being driveable to engage the die with the
web, and

said mount permitting translation of the die relative
to said die mount axis in said feed direction during
engagement of the die with the web.

15. The rotating assembly of claim 14 wherein said die
mount comprises a first part pivotally mounted to said
rotor, and a second part slidably mounted to said first
part, said second part having a seat for rigidly mounting
the die thereto.

16. The rotating assembly of claim 14 wherein said assembly
further comprises a die angle governor co-operable with said
rotor to control the angular orientation of the die during
rotation of said rotor.

REPLACEMENT SHEET]
o

¢
A

23 AUG 199




Y A S R T

- 26 -

17. The rotating assembly of claim 14 wherein said angular
orientation is controllable before and after engagement of
the web.

18. The rotating assembly of claim 14 wherein said angular
orientation is constant relative to the web during
engagement of the die with the web.

19. The rotating assembly of claim 15 wherein said second
part is biased to one position relative to said first part.

20. The rotating assembly of claim 19 further comprising a
resilient biasing member connected between said first and
second parts.

21. The rotating assembly of claim 20 wherein said first and
second parts have co-operating recesses, and said resilient
member is captured between said parts in said recesses.

22. The rotating assembly of claim 16 wherein said governor
is a cam system, and said die support member has at least
one cam follower engageable with said cam system.

23. The rotating assembly of claim 18 wherein mount includes
a first part pivotally mounted to said rotor and a second
part slidably mounted to said first part, said second part
having a platen for supporting the die, and said angular
orientation is controllable for maintaining said platen
parallel to said plane during engagement of the die with the
web.
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