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SIZE REDUCTION OF SHEET MATERIAL
George Cagen, 105—24 Ave. N, Brooklyn, N.Y.
Filed Aug. 17, 1962, Ser. No. 217,558
1 Claim. (CL 83—1¢9)

This invention relates to the size reduction of sheet
material. The invention was occasioned by the need for
means to size reduce paper bearing written matter to the
point that reassembly of the particles in the manner of a
jig-saw puzzle, is virtually an impossibility.

Where it is desired to destroy paper bearing written or
printed matter, it is of course possible to burn the paper.
This, however, is not always a practical solution to the
problem since burning cannot normally be effected as
soon as it is desired to destroy the paper, but rather
destruction by burning must await collection and cartage
to a suitable burning site.

It has been proposed heretofore to solve this problem
of destroying paper by providing machines which will
destroy the paper by size reducing it to the point that
assembly of the particles is impossible. The machines
proposed for this purpose, commonly, have the disadvan-
tage of cutting the paper in but one direction and, hence,
the size reduction of the paper is effective merely to pro-
duce very narrow elongated strips. While the strips can
be cut transversely so that two-directional cutting of the
paper is realized, this must be done in a second step, and
hence, results in complication of the machinery.

It is a principal object of the invention to provide a
device and a procedure for size reduction of paper char-
acterized in that the size reduction occurs simultaneously
in both directions, i.e. longitudinally and transversely of
the paper.

Another principal object of the invention is to provide
a machine characterized as aforesaid, and of such weight
and size that it can be used as office equipment. Thus, a
size reducing machine according to the invention can be
installed in individual offices in the manner that repro-
ducing machines, typewriters, and other office equipment
is commonplace in individual offices.

According to the invention, sheet material such as paper,
is fed over a ledger plate and a toothed cutter is moved
into intermittent cutting relation with the ledger plate for
corresponding cufting of the material to form a serrated
edge along the advancing end of the material upon each
cutting thereof. The material is fed to the cutter in
synchronism with movement of the cutter so that the mate-
rial advances over the ledger plate a distance up to the
depth, or, more accurately, the effective depth, of the
teeth of the cutter for each cuiting engagement of the
cutter and ledger plate. Further, the cutter is shaped to
form upon cutting engagement with the paper, transverse
cuts to intersection with the formed longitndinally extend-
ing edges of each of the material serrations, while at the
same time cutting the advancing end of the material, to
form a new serrated edge thereat. The observance of
the synchronous movement and the shaping of the cutter
result in the desired cutting of the paper, whereby it is
cut transversely as well as longitudinally.

The invention provides apparatus which includes a
ledger plate, means for automatically feeding the material
to be size reduced over the ledger plate, and a toothed
cutter mounted for movement in cutting cooperation with
the ledger plate. Further, means are provided for moving
the cutter in synchronism with the feeding of material
over the ledger plate so that the cutter engages the mate-
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rial for cutting intermittently, and at least once for feed-
ing of material equal to up to the depth, more accurately,
effective depth, of the cutter teeth. In operation of the
apparatus, upon each cutting engagement, a serrated edge
is formed along the advancing end of the material. The
cutter teeth are formed so that by interaction of the
cutter teeth and the formed serrated edge, the desired
two-directional cutting of the material can be realized.
Thus, the cutter teeth are shaped to form upon cutting
engagement with the material, transverse cuts which ex-
tend to intersection with formed longitudinally extending
edges of each of the material serrations, while at the same
time cutting the advancing end of the material to form a
new serrated edge thereat. In this manner, the material
is cut transversely as well as longitudinally in the size
reduction thereof.

Further to the foregoing description of the apparatus,
in a preferred embodiment, the ledger plate has teeth for
meshing with the teeth of the cutter. Also as a preferred
embodiment, the movement of the cutter is rotational.
Such rotational movement can be rotation of the cutter, in
the form of a blade or toothed disc about an axis perpen-
dicular to the cutting edge of the ledger plate. In a
highly preferred embodiment, the cutter is a cylinder hav-
ing radially outwardly extending projections forming the
teeth, and the cylinder is disposed with its axis parallel
to the ledger plate and is mounted for rotation.

The invention is further described in the accompanying
drawings, wherein:

FiG. 1 is an isometric view of a device according to
the invention, and wherein the cutter is in the form of a
blade mounted for rotation on an axis parallel to the
direction of paper feed to the ledger plate;

FIG. 1a is a partial, elevation view in which the cutter
is in the form of a disc;

FIG. 2 is an isometric view showing a ledger plate and
cutter, wherein the cutter is in the form of a cylinder
mounted on an axis parallel to the ledger plate;

FIG. 2a is a partial elevation view in which the cutter is
in the form of a cylinder, the teeth being disposed along
spaced helical lines;

FIG. 3 is a schematic showing which depicts a preferred
shape for the cutter;

FIGS. 4, 5 and 6 are schematic showings which indicate
the manner of operation of the apparatus of the invention
whereby transverse, as well as longitudinal cutting is
obtained; )

FIGS. 7, 8 and 9 are representations of various alter-
native constructions for a cutter in the form of a cylin-
der provided with a radially extending projection;

FIG. 10 is an end elevation of a cylindrical cutter and
ledger plate, wherein the cutter is made up by stacking
cutter plates;

FIG. 11 is taken along line 11—11 in FIG. 10;

FIG. 12 is a side elevation of a device according to the
invention, including a motor drive therefor and a hous-
ing, a part of the housing béing broken away so as to
better disclose the construction;

FIGS. 13, 14 and 15 are taken respectively along lines
13—13, 14—14 and 15—15 in FIG. 12.

In the various views, like reference characters indi-
cate corresponding parts.

Referring to the drawings, in FIG. 1, the device in-
cludes a ledger plate mounted in stationary manner, and
a cutter in the form of the blade 22. The cutter is
mounted for rotation on an axis perpendicular to the
cutting edge of the ledger plate. The ends of the blade
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22 are provided with toothed cutting edges 23, and the
ledger plate is provided with teeth 24 which are disposed
for receiving the teeth of the cutter in mesh relation.
Whereas the meshing relation is mot essential and the
ledger plate can be merely a straight edge providing sup-
port for the end of the paper, yet, the use of a toothed
ledger plate is highly preferred and greatly facilitates
the cutting.

In the operation of the device shown in FIG. 1, paper
25 is moved over the ledger plate in the direction indi-
cated by the arrow 26 and so that it is engaged in cutting
relation between the cutter 22 and the ledger plate.

In the embodiment shown in FIG. la, the cutter is in
the form of a disc having circumferentially spaced cut-
ting edges 23 made up of teeth 28. The cutting edges
are disposed along disc radii and are spaced from the
center of the disc. The disc can be rotatably mounted
and is for use with a ledger plate, as is shown in FIG. 1.

A preferred form of the cutter is shown in FIG. 2.
Here, the cutter 27 is a cylinder having radially out-
wardly extending projections 28 forming the teeth of
the cutter. The cylinder 27 is disposed with its axis
parallel to the ledger plate 21, and means (not shown
in FIG. 2) are provided for rotating the cutter to effect
the cutting action. The cylindrical cutter 27 is formed
from a single piece of steel. This manner of providing
the cutter is highly preferred, as it permits economy in
production and provides a more dependable tool. A
close fit between the cutter 27 and the ledger 26 is highly
desirable. To this end, it has been found that the cutter
after being worked to provide the teeth 28 therein, and
after being hardened, can be used to mill the teeth in
the ledger 26. This milling would be performed before
hardening of the ledger plate 26 and, after.the milling,
the ledger plate would be hardened. By forming the
ledger plate in this way, a matched fit is obtained and
the cutter and ledger plate are a pair custom constructed
one for the other. It will be appreciated that this pro-
cedure permits obtaining a better fit of cutter and ledger
plate, whereby to improve the cutting action of the tool.

In the embodiment shown in FIG. 2a, the cutter is
generally as in the case of the cutter of FIG. 2, except
that the cutting edges 23 are disposed along helical lines.
This embodiment has several advantages. It permits a
progressive or continuous cutting action and thus makes
possible avoiding an intermittent action as would be ob-
tained with a cutter as is shown in FIG. 2. For the
FIG. 2a construction less power is required and the ma-
chine will make less noise.

A distinctive feature of the device of the invention is
that it cuts paper in two directions, i.e. it can cut paper
longitudinally and simultaneously can cut the paper trans-
versely. Such operation is the result of observance of
particular conditions in the design and operation of the
device, These conditions will be described in detail with
respect to FIG. 4, FIG. 5 and FIG. 6. In these figures,
there is shown a portion of a ledger plate 21 including the
toothed cutting edge thereof 24, and overlying the ledger
plate is paper 31 which is being subjected to size reduc-
tion. . The paper 31 is moved continuously toward the
teeth 24 of the ledger plate and is engaged at the cutting
edge of the ledger plate by the cutter (not shown in
FIGS. 4-6). The cutier engages the paper at time in-
tervals and thus provides for the intermittent cutting of
the paper. It will be appreciated that the rate of move-
ment of the paper to the cutter must be coordinated with
the frequency with which the cutter comes into cutting
engagement with the paper. Thus, if the paper is moved
too fast, it will result that the cut occasioned by the
cutter coming into cutting engagement with the ledger
plate will cut from side edge of the paper to the other
side edge of the paper forming a continuous cut, and
thus, the paper will be cut in the transverse direction only;
there would be no longitudinal cut. To make longi-
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tudinal cutting possible, it is necessary that the cutter
and paper movement be synchronized so that the cutter
engages the material for -cutting intermittently and at
least once for feeding of material equal to up to the
depth of the cutter teeth. Thus, referring to FIG. 4,
in the interval between cutting engagements, the paper
should not advance more than about the distance a. If
just before engagement by the cutter, the paper is in the
position shown in FIG. 4, satisfactory (two-directional)
cutting can be obtained.

A further necessary condition to the two-directional
cutting provided according to the invention, is with re-
spect to the shape of the cutter teeth. The cutter is
formed so that upon each cutting engagement with the
paper, a serrated edge is formed along the advancing
end of the material. Now, the cutter teeth must be
shaped to form, upon cutting engagement with the ma-
terial, transverse cuts o intersection with formed longi-
tudinally extending edges of each of the material serra-
tions, while at the same time cutting the advancing end
of the material to form a new serrated edge thereat.
Referring to FIG. 4, the cutter is of such shape as to
form upon its cutting action, and further, the cutter is of
such shape that it will form transverse cuts, such as a cut
along the face 33 of the tooth 24a of the ledger plate, to
intersection with formed longitudinally extending edges,
such as the edges 34, 35, of each of the material serra-
tions. It will be observed, that by operation in such
manner, the device operates to cut the paper not only
longitudinally, but, as well, transversely. In FIGS. 4-6,
the cutter is not shown, but it will be appreciated that
the cutter is complementary with the toothed ledger plate,
and, accordingly, the figures do indicate the cutter and
its shape.

For the embodiment shown in FIG. 4, the upper limit
to the amount of movement of the paper toward the cut-
ter, between engagements by the cutter, would be the
depth 4 of the teeth 24, and the amount of movement
could be any amount less than a (in this manner, the ex-
tent of size reduction can be controlled). It is, however,
highly desirable to round the corners of the teeth of the
cutter and ledger plate. Better cutting can be obtained
with rounded corners, and the rounded corners are not as
susceptible to injury by hard objects such as paper clips,
staples, and the like, as might accidentally be fed into the
machine. Thus, the teeth are preferably provided with
rounded corners, as shown in FIG. 5. When, however,
rounded corners are provided, the extent of advance of
the paper between engagements by the cutter cannot be
the depth 2 but must be not more than a lesser amount,
namely, not more than the dimension b, shown in FIG. 6.
Thus, devices having rounded teeth have an. effective
depth b which the movement of the paper between cutting
engagements should not exceed. It will be observed that
where teeth having rounded corners are used and the ad-
vance of the paper is equal to the true depth of the teeth,
upon cufting engagement a transverse comntinuous cut
would be made and the paper would be cut thereby from
one edge thereof to the other edge thereof, but no through
longitudinal cut would be made (see FIG. 5).

A preferred shape of the cutter teeth is indicated in
FIG. 3. This shape is that of a sine wave. Preferably,
the shape is that of an approximate sine wave, differing
from a sine wave in that the plus side does not equal the
minus side. Such deviation from a sine wave form makes
the manufacture of the cutter easier.

As has been explained hereinbefore, a preferred form
of the cutter is a cylinder having radially outwardly ex-
tending projections forming the teeth. Whereas the pre-
ferred form of such a cutter is shown in FIG. 2, various
other forms are possible. Some alternatives are shown
in FIGS. 7-10. In FIGS. 7-9, the cutter comprises an
axially extending block 35 to which blades 36 are se-
cured by screws 37. The blades provide a radially out-
wardly extending tooth and terminate in a cutting end.



3,228,274

5

In FIG. 7, the block 35 is rectangular in cross sec-
tion; in FIG. 8, the block is circular in cross section;
and in FIG. 9, the block is of hexagonal form in cross
section,

In FIG. 10, there is indicated a construction of a cylin-
drical cutter wherein the cylinder is built up by stack-
ing plates. Large plates 38 are spaced from each other
by small plates 384, and the plates 38 are provided with
cutting teeth 39, and the small plates 38z are provided
with cutting teeth 39a. The large and small plates can be
provided with a bore such as the bore 4§ in the small
plates 38a, whereby to permit assembly of the plates by
a bolt extending axially through the plates.

The stack plates 38 and 38z will form a series of
toothed edges. Each such cutter edge is continuous or
substantially continuous and is disposed or substantially
disposed in a plane, all as may be occasioned by suitable
sizing and positioning of the plates, and as is the case
for the cutter shown in FIG. 2. The radial dimensions of
the teeth are preferably constant, as is the case for the
cutter of FIG. 2.

As indicated, the teeth of the cutter, and the corre-
sponding teeth of the ledger plate, can be of rectangular
form, and are preferably provided with rounded corners.
In the preferred embodiment of the invention, wherein the
cutter is in the form of a cylinder, the teeth are axially
spaced along a line parallel to the axis of the cylinder, and
are circumferentially spaced about the cylinder, as is gen-
erally indicated in FIG. 2. The teeth can, however, be
arranged in a staggered array such as might be obtained
by a random orientation of the plates 38 and 38a (see
FIG. 10), with respect to the relative circumferential
location of the teeth 39 and 39a.

A condition found to be desirable in order to obtain
accurate and consistent cutting of the sheet material
processed by the machine is indicated in FIG, 10, in par-
ticular by the relative positioning of the ledger plate 21
and the cutter 27. Thus, the teeth of the cutter are
formed and the cylinder 27 is disposed so that the cutting
plane of the teeth 39, 39z is substantiallly parallel to the
ledger plate 21 when the teeth come into cutting engage-
ment with the ledger plate.

Coming now to FIGS. 12-15, in these figures, there is
shown an embodiment of the apparatus of the invention
suited for office use. That is, the machine depicted here
is of such size that it can be installed in individual of-
fices for the size reduction of paper, as and when is con-
venient, for example, individual sheets can be subjected
to size reduction at such times as is desirable from the
standpoint of disposing of the paper in a manner such that
it is size reduced to the point of defying reassembly. The
apparatus includes a base 48 on which is mounted the op-
erating elements of the apparatus, and a housing 41 for
such operating elements. The apparatus includes a frame
42 secured to the base 40 and having mounted atop there-
of the journal blocks 43 which have journaled therein the
cylindrical cuiter 27. The ledger plate 21 is secured to
the frame 42 by the brackets 44. Means are provided for
feeding paper to the cutter. Thus, endless belts 45 and 46
are disposed, respectively, about the lower course pulleys
47 and 48, and the upper course pulleys 49 and 50, and
the adjacent courses of these belts are spaced from each
other so that paper or other material to be subjected to
size reduction can be frictionally engaged by the belts and
advanced forward to the cutter, The housing 41 is pro-
vided with an opering 51 through which paper may be in-
troduced so as to be placed between the adjacent courses
of the belts 45 and 46 for frictional engagement by such
belts and delivery by the belts to the cutter.

The machine is provided with vacuum creating means
operatively communicated with the cutter and ledger plate
for providing a draft to withdraw cuttings from the cutter
and ledger plate. Thus, the device includes a fan 53 hav-
ing its intake 54 (see FIG. 13) communicated with a
funnel 55 supported by brackets 56 on the frame 49 and
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having its inlet 57 disposed for receiving the cuttings.
The discharge 59 of the fan communicates with a vac-
uum bag 60 (FIG. 12), The vacuum bag 60 rests on a
rest plate 61 which is mounted on the base 40 by spring
hinge 62 and spring 63 so that the rest plate is pro-
vided with a weight yielding mounting. The purpose of
this weight yielding mounting is to permit utilization of
means for indicating when the vacuum bag 60 is full.
Thus, the device is provided with a signal light 65 elec-
trically connected to a switch 66 by leads 67. The switch
66 is powered by the leads 68 and includes a switch finger
69 positioned for engagement by the rest plate 61 upon
the rest plate being loaded, by reason of accumulation of
paper in the vacuum bag, to the extent that the plate is
lowered to the point of engagement with the switch
finger 69. Upon such engagement, the switch is closed
so as to activate the signal light 65 and indicate that the
vacuum bag 60 is full.

To further facilitate the drawing of vacuum in the
vicinity of the cutter and ledger plate, a shield 70 (FIG.
12) is provided and surrounds the cutter in a manner
directed to increasing draft from the cutter and ledger
plate.

For driving the various elements of the apparatus, a
motor 71 is provided and the motor is connected to the
blower 53 by belt 72, and is connected to the cutter 27
by belt 73. Further, the blower shaft 74 has mounted
thereon a pulley for driving the belt 75 which is oper-
atively connected with the speed adjuster 76, the said speed
adjuster being operatively connected with the paper feed-
ing means belts 45 and 46, respectively, by belts 77 and
78. A start-stop switch 79 is provided for controlling the
operation of the apparatus.

A device such as is represented in FIGS. 12-15, and
adapted to size reduce paper to particles about 144 inch x
0.1 inch, or less, can have a cutter 134 inches O.D. having
12 rows of teeth, the said rows being at equally spaced
intervals about the periphery of the cylindrical cutter 27.
The width of the teeth can be about 0.1 inch and the
depth of the teeth (or effective depth) can be about
164 inch. The cutter can be operated at about 1000 r.p.m.
to provide 12000 engagements per minute of the cutter
and the paper. In this manner, size reduction to particles
of size about 344 inch x 0.1 inch (or smaller) can be
obtained and a paper feed rate to the cutter of about 200
inches per minute can be obtained. As has been ex-
plained hereinbefore, size reduction to a smaller particle
size can be obtained by suitably varying the rate of paper
feed to the cutter. Thus, the invention provides means
for feeding paper over the ledger plate at a rate syn-
chronized with the rate of rotation of the cutter to cut
pieces of up to the size of the intermeshing area of the
cutter teeth and ledger teeth. The intermeshing area is
less than about .0016 square inch and the greatest linear
dimensions of the pieces is about 0.1 inch.

Whereas the invention has been described with par-
ticular reference to the use thereof for size reduction of
paper, the invention can be used for size reduction of
other materials. It can be used for size reduction of
sheet material of various composition, such as metal,
plastic, etc. as well as being particularly well suited for
size reduction of the wusual pulp or rag paper, the inven-
tion works well in size reduction of carbon paper, and
other papers as are in use in offices.

What is claimed is:

Apparatus for disposing of paper bearing written matter
to destroy the information contained thereon, comprising
a cylindrical cutter having radially outwardly extending
projections forming cutter teeth axially spaced along
spaced helical lines, means for rotating the cutter, a ledger
plate disposed parallel to the axis of the cutter and hav-
ing teeth intermeshing with the cutter teeth upon rotation
of the cylindrical cutter, means for feeding paper over the
ledger plate at a feed rate synchronized with the rate of
rotation of the cutter to cut from said paper pieces of
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size of up to the intermeshing area of the cutter teeth and
ledger teeth, said intermeshing area being less than about
.0016 square inch and being up to about 0.1 inch in
greatest linear dimension, and vacuum creating means op-
eratively communicated with the cutter and ledger plate
for providing a draft withdrawing cuttings from the cut-
ter, and conduit means communicating the discharge of
the vacuum creating means with a vacuum bag for receiv-
ing material particles discharged by the vacuum creating
means, a rest plate and a weight yielding mounting for
the rest plate, the vacuum bag resting on the rest plate,
and signal means operatively connected with a switch
means disposed for response to loading of the rest plate
in accordance with material collected in the bag, whereby
the signal means is provided to indicate the full condition
of the vacuum bag.
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