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RUTARY WHNDQW CUTTER FGR ENVELGPE 

MACEE‘JES 0R TIE LIKE 
Egil A. Andersen, Auburn, Mass, assignor to United 

States Envelope Company, Spring?eld, Mass., a cor 
poration of Maine 

Filed May 1, 1961, Ser. No. 106,917 
5 Claims. (Cl. 83-341) 

This invention relates generally to rotary window cut 
ting mechanism, and more speci?cally to die mechanisms 
designed for cutting openings in blanks or webs of paper 
or similar material, which openings are to have at least 
one edge substantially perpendicular to the direction of 
feed. 

The present invention is particularly applicable for use 
on envelope machinery used in the manufacture of win— 
dow envelopes, and is equally applicable whether the cut 
ting operation is to be performed upon previously cut 
envelope blanks or upon continuous webs which are sub 
sequently to be made into envelope blanks. It is to be 
understood, however, that the invention is not restricted 
to operation upon envelope blanks or upon webs which 
are destined to form envelope blanks, but that it is also 
adapted for other uses as well. 

This invention is particularly adapted for use in con 
junction with machinery disclosed in Heywood Patent 
No. 2,953,071, entitled “Manufacture of Window Enve 
lopes.” In such machinery, the ?at, unfolded blanks are 
advanced into the window patch applicator mechanism 
at rates of the order of 900 to 1200 per minute, several 
times faster than the rate of blank advance in conven 
tional envelope making equipment. Equipment which 
performs the necessary operations at similar speeds for 
plain envelopes without windows is now already in use, 
such as that disclosed in Heywood Patent No. 2,696,255 
and Heywood Patent No. 2,772,611. 
The present invention provides a shear cutting mecha 

nism and method for cutting windows from these ex 
tremely fast moving blanks or Webs mentioned above. 
The invention is in the nature of a pair of cooperating 
male and female die elements of a size and shape which 
conform to that of the desired window, mounted on ro~ 
tary carrier members. 

Rotary shear cutting is, in itself, old. To effect a cut 
ting action between the male and femal dies, it is neces 
sary that the cutting edges overlap around the entire 
periphery of the dies, and hence for the cutting edges 
of one or both of the dies to project beyond the circular 
pitch line between the rolls. By the teachings of Swift, 
Patent No. 1,202,122 and Novick, Patent No. 2,677,422, 
it is desirable that the dies be designed in such a manner 
that the leading cutting edge of the female die extend 
beyond the pitch line, while the leading cutting edge of 
the male die coincides with or falls short of the pitch 
line. In similar respect, it is desirable that the trailing 
cutting edge of the male die extend beyond the pitch 
line and the trailing cutting edge of the female die coin 
cide with or fall short of the pitch line. In other words, 
the leading cutting edge of the female die should be of 
a greater radial extent in relation to the pitch circle than 
corresponding parts of the male die and the trailing cut 
ting edge of the male die should be of a greater radial 
extent in relation to the pitch circle than corresponding 
parts of the female die. This concept of die design was 
actually the ?rst major advancement in rotary shear cut 
ting, because of the fact that the mating portions of the 
leading and trailing cutting edges separate quickly as the 
dies are rotated. This is because of the fact that the 
leading cutting edge of the female die will travel faster 
than the leading cutting edge of the male die, and there 
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fore, the cutting edges separate immediately after con 
tact. The opposite relationship is true of the trailing cut 
ting edges of the dies, i.e., the trailing cutting edge of 
the male die will travel faster than the trailing cutting 
edge of the female die, allowing these cutting edges to 
separate immediately after contact. Also, Novick, in 
U. S. Patent #2,677,422 teaches that it is necessary for 
the cutting edges of the dies to be undercut to avoid in 
terference of the mating cutting edges. 
The present invention utilizes the teachings of the 

aforementioned patents, but in addition, involves an en 
tirely now concept in the design of rotary shear dies. 

For purposes of this disclosure, the cutting edges of 
the male and female dies are referred to in three differ 
ent parts, although the entire periphery of the cutting 
edges is substantially continuous, for all practical pur 
poses. The only deviation from the continuity of the cut 
ting edges is the fact that the female die is preferably in 
two parts, for purposes hereinafter described. 
The leading cutting edges and the trailing cutting edges, 

which have been frequently referred to hereinbefore ac 
tually need no description because these terms are com 
monly used in this art. The leading cutting edges are 
the ?rst to make contact and normally extend axially of 
the carrier members. The trailing cutting edges are last 
to make contact, and also normally extend axially of the 
carrier members. The cutting edges connecting the ends 
of these leading and trailing cutting edges will be herein 
after referred to as the intermediate cutting edges. The 
intermediate cutting edges are usually semicircular, 
formed on the arcuate surface of the die. However, 
these intermediate cutting edges are not limited to a semi 
circular design. 
The dies according to the present invention are de 

signed in such a manner that the initial contact of the 
leading cutting edges of the dies is along a relatively 
short segment in relation to the entire length of the lead 
ing cutting edges, and progressively contact laterally un 
til the cutting action is complete along the leading cut 
ting edge, and the intermediate cutting edges of the dies 
begin to contact. By the curved nature of the interme 
diate cutting edges, i.e., extending partially around the 
circumference of the die, the cutting edges will progres 
sively contact until the trailing cutting edges of the dies 
begin to contact. Also, the present invention provides 
that the trailing cutting edges of the dies progressively 
contact, beginning at the end of the intermediate cutting 
edges and progressively contact, i.e., contact points con 
verge, until the entire length of the trailing cutting edges 
have contacted. 
The above operation can be accomplished by making 

the leading cutting edge of the female die convex in re~ 
lation to a tangential plane at the location of the leading 
cutting edge, and the trailing edge of the femal die con 
cave in relation to a tangential plane at the location of 
the trailing cutting edge. Dies so constructed would ini 
tiate the cut at the approximate center of the leading cut 
ting edges and end the cut at the approximate center of 
the trailing cutting edges. It is to be understood that 
these cutting edges do not have to be convex and con 
cave in a strict sense of the word. All that is necessary 
is a high point on the leading cutting edge which gradu 
ally slopes down to the intermediate cutting edges, and 
a low point on the trailing cutting edge which slopes up 
to the intermediate cutting edges. The “point” men 
tioned above is not limited to a “point” in the strict sense 
of the word. The point may be a very short segment of 
the cutting edges. Also, the degree of convexity and 
concavity need only be slight, say in the order of 1/32 
inch, measured as 'a differential from the ends of the lead 
ing or trailing cutting edges, whichever the case may be. 

It seems reasonable to assume that the advantage of 
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progressively cutting the ?ats of the window arises from 
the fact that there is no surge of power requirement at 
the leading and trailing cutting edges of the dies. Instead 
of cutting the entire flats each instantaneously, the ?ats 
vare smoothly and progressively cut. 

Other provisions of the present invention will appear 
hereinafter. 

In the drawings: 
FIGURE 1 is a fragmentary, side elevation view, dia 

grammatically showing a portion of an illustrative ma 
chine which is designed to act upon separate envelope 
blanks or webs and which embodies features of the in 
vention. 
FIGURE 2 is a fragmentary elevation view on a larger 

scale, looking in the direction of stock feed into the cutter, 
and showing the design and relative location of the dies 
and die-carrying rolls. 
FIGURE 3 is a fragmentary sectional view taken along 

line 3—3 of FIGURE 2. 
FIGURE 4 is a fragmentary sectional view taken along 

radial plane 4—4 of FIGURE 3 showing the complete 
length of the leading cutting edge of the female die in a 
somewhat distorted shape to amplify the novel die con~ 
struction. 
FIGURE 5 is a fragmentary sectional view taken along 

radial plane 5—5 of FIGURE 3 showing the complete 
length of the trailing cutting edge of the female die in a 
somewhat distorted shape to amplify the novel die con 
struction. 

Envelope blanks are usually fed into a window cutting 
machine successively in spaced relationship. The blanks 
used on high speed machines are usually out directly from 
a web and fed into the envelope machine to be clipped, 
scored, gummed, folded, and have the window opening 
cut and the transparent patch applied. The window 
cutting operation is usually one of the ?rst operations to 
be performed. It is to be understood that, while the 
present invention is primarily concerned with cutting 
windows from blanks, it may also easily be used for 
cutting windows from a traveling web. 

Referring to FIGURE 1, only as much of a typical 
machine employing the present invention is shown as to 
give an idea of its position relative to surrounding sta 
tions. A continuously moving high speed succession of 
envelope blanks E (shown in broken lines) passes from 
the right to the left between the various opposed rolls 
which are illustrated in the ?gure. The blanks may be 
fed from a stack, or from a blank forming mechanism 
of the type which is disclosed, for example, in Heywood 
Patent No. 2,696,255. One of the main features of this 
patent involves the cutting, from a continuous web, of 
diamond or rhomboid-shaped blanks which are then fed 
at an angle to the direction of web feed for subsequent 
window cutting, scoring, and corner clipping. Whereas 
the instant invention has been designed for use in con 
nection with the mechanism of the above mentioned 
patent, and the mechanism described in Heywood Patent 
No. 2,953,071, which describes a method and apparatus 
for the application of window patches, it is by no means 
limited thereby. 
The envelope blanks as shown in FIGURE 1 pass into 

the window cutter from the proceeding station, which in 
this case, is a scoring station. Solid roll 8 and a pair of 
spaced upper scoring rolls 9 cooperate to provide suit 
able score lines for the side ?aps of the envelope blanks 
in a conventional manner. 
From the side ?ap scoring rolls, the envelope blanks 

pass between a pair of window cutting rolls designated 
generally at 10 and 11 which form the present invention 
and will be described hereinafter. The blanks E pass into 
the window cutting members, in timed relation, depending 
on the speed and circular pitch diameter of the window 
cutting members 10 and 11. The accurate timing of the 
entry of blanks E into the members 10 and 11 may be 
accomplished in any manner known in the art, and does 
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not form a part of this invention. From the window 
cutting station, the blanks pass on to the next station, rolls 
12 and 13, for the next operation, which also does not 
form a part of this invention. 
As shown in FIGURE 2, female dies 14 and 15 are 

mounted on shaft 16, and male die 17 is mounted on 
shaft 18. The shafts 16 and 18 are positioned such that 
dies 14, 15, and 17 cooperate and overlap in all cutting 
positions. Shaft 16 is suitably journaled in bearings 19 
and 20, and shaft 18 is suitably journaled in bearings 21 
and 22, and in turn, the bearings are supported by fran1e~ 
work 23. Meshing gears 24 and 25 are driven by an out 
side power source and are ?xed to shafts 16 and 18 re 
spectively. Gears 24 and 25 are of the same size, hence 
shafts 16 and 18 rotate at the same speed. 
The female dies carried by shaft 16 are preferably in 

two pieces, 14 and 15, for purposes that will be described 
hereinafter. Male die 17 engages the female dies 14 and 
15 as the shafts are rotated approximately 90° from the 
position shown in the ?gure. Advancing wheels 26, 27, 
28 and 22 serve to engage the successive blanks in their 
bite and progressively feed the blanks through the cutters. 
It may be desirable to cover one pair of wheels, say 26 
and 27, with rubber or like material to decrease slippage 
and effectively engage the blanks as they pass through the 
cutters. The plane of the blanks passing through the 
wheels 26, 27, 28 and 29 is necessarily tangent to the 
pitch circles of the dies 14, 15, and 17. 
As taught in the prior art and shown in FIGURE 3, the 

dies 14, 15 and 17 are designed such that the leading 
cutting edge of the female die extends further radially 
than corresponding parts of the male die, and the trailing 
cutting edge of the male die extends further radially than 
corresponding parts of the female die. In FIGURE 3 
the leading cutting edge of the male die lies on the pitch 
circle P, and the trailing cutting edge of the male die ex 
tends beyond the pitch circle P. The transition in radial 
extension of the cutting edges is absorbed in the interme 
diate or end cutting edges 36. On the female die, the 
intermediate cutting edges 35 extend beyond the pitch 
circle. At the junction of the intermediate cutting edge 
35 and the leading cutting edge 31, the leading cutting 
edge slopes outwardly to a maximum radial extent at 60. 
At the junction of the intermediate cutting edge and the 
trailing cutting edge, the trailing cutting edge slopes in 
wardly to a minimum radial extent at 61. Every point 
on the leading cutting edge 31 of female die 15 is of a 
greater radial extent than a corresponding point on the 
leading cutting edge 32 of male die 17 and every point 
on the trailing cutting edge 34 of male die 17 is of a 
greater radial extent than a corresponding point on the 
trailing cutting edge 33 of female die 14. 

Also, to reduce the chances of interference between 
the cutting edges and the adjacent portions of the dies, 
the cutting edges are undercut. The undercut of the 
cutting edges is best seen in FIGURE 3, the degree of 
undercut being measured by the angle a. Angle a should 
be at least 18", measured from radial lines b. This phe 
nomenon is also described in Novick 2,677,422. 
The novel features of the present invention are best 

shown in FIGURES 4 and 5, which are somewhat dis 
torted to amplify the novel features of this invention. 
FIGURE 4 shows a longitudinal view of the leading cut 
ting edge of the female die 15. It can readily be seen 
that the center of the leading cutting edge, generally desig 
nated as 31, is higher than the end cutting edges. This 
is preferably accomplished by making the cutting edge 31 
convex or high at a point, and providing a constant slope 
down to the ends thereof. 

Overlapping of the cutting edges is a necessity in shear 
cutting. It is readily seen in FIGURE 3 that the leading 
cutting edges 31 of die 15 extend beyond this pitch line at 
all points. Also, the leading cutting edge of the male 
die 17 is coincident with the pitch line, and, in this case, 
there would be an overlapping of the cutting edges by the 
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amount of the die 15 which protrudes beyond the pitch 
line. Hence, when the male and female dies begin to en 
gage, initial contact is made at a point, or very short seg 
ment of cutting edge 31. The cutting of the blank or 
web progresses from this point of initial contact each way, 
toward the end cutting edges 35, until the out along the 
leading cutting edges 31 of the dies is complete, and cut 
ting along the end cutting edges 35, is begun. By the 
geometry of these end cutting edges 35 and 36, the cutting 
edges of the mating dies engage at point contact until the 
engagement at the end cutting edges 35 and 36 is com 
plete, and the engagement of the trailing cutting edges 
begins. 

In FIGURE 5, a longitudinal view similar to that shown 
in FIGURE 4 is shown of the trailing cutting edge 33 of 
female die 14. With the trailing cutting edge 34 of the 
male die 17 extending beyond the pitch line, a greater 
amount than a corresponding part of the trailing cutting 
edge 33 of female die 17, the engagement of the dies will 
continue from the end cutting edges 35 and 36 progres 
sively toward the center of the trailing cutting edge 33 
until the engagement of the cutting edges of the dies is 
completed at this point. 

Also in FIGURES 2 and 3, a somewhat detailed view 
is shown of the dies 14, 15 and 17 mounted on shafts 16 
and 18 for rotary movement about axes X and Y, respec 
tively. The female dies 14 and 15, mounted on shaft 16, 
are preferably made in two sections split along the center 
line of the opening, to facilitate sharpening of the dies. 
Should the cutting edges wear down from extensive use, 
or otherwise, one section of the female die, say section 15, 
may be taken off, given a few ?ling strokes along edges 
37 and 38, remounted, and a few revolutions of the mecha 
nism will quickly wear off any con?icting edges. It is 
timely to mention at this point that male die 17 is desir 
ably made of a relatively harder material than female 
dies 14 and 15. This will insure that the cutting edges 
quickly resharpen themselves. Dies 14 and 15 are rigidly 
held to shaft 16 by screws 39, 40, 41, 42, 43, 44, 45 and 
46. More or less may be used, but four screws for each 
section of the female die ordinarily will be su?icient. 
Slots 47, 48, 49, 50, 51, 52, 53 and 54 are elongated rela 
tive to the screws’ diameter so that the dies 14 and 15 may 
be closed slightly after each sharpening. 
As best shown in FIGURES 2 and 3, the male die 17 is 

secured to shaft 18 by four screws 55, 56, 57 and 58. 
Since there is no reason to have to adjust this die, no pro 
vision is made for adjustment. The die is rigidly held in 
position, although it is removable. 

Although it forms no part of this invention and is not 
shown in the drawings, provision is usually made on the 
dies of this type for e?icient removal of the patches which 
are cut from the blanks or web. One way of accomplish 
ing this result is by providing compressed air and suc 
tion nozzles on the dies. A main suction line (not 
shown) may extend axially through shaft 18 with branches 
extending radially to the surface of the die. Likewise, 
a main compressed air line (not shown) may extend 
axially through the shaft 16 with branches extending to 
the opening of the female die. Suitable timing mecha 
nism (not shown) may be provided at the ends of the 
shafts 16 and 18 and connected to vacuum and pressure 
sources to provide suction or pressure to the surface of the 
dies at any desired time to aid in the efficient removal of 
the cut patches or chips from the dies. 

Other and further modi?cations apart from those indi 
cated herein could be made without departing from the 
spirit of this invention. 

I claim: 
1. Apparatus for cutting openings in sheet material 

comprising 
(a) two opposed, axially parallel rotary carrier mem 

bers, 
(b) cooperating male and female cutting dies having 

rigid cutting edges carried by said carrier members, 
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6 
said cutting edges having leading and trailing portions 
adapted for cutting the sheet material perpendicular 
to the direction of feed, and rounded intermediate 
cutting edge portions connecting said leading and 
trailing portions, 

(0) means for rotating said carrier members in 0p 
posite directions to cause a progressive and con 
tinuous meshing action of the cutting edges of the 
dies from the leading cutting edge to the trailing 
cutting edge, 

(d) means shaping said leading cutting edges relative 
to each other to cause contact to initiate therebe 
tween at a point, then progressively diverge to the 
intermediate cutting edges, and progressively con 
time around and to the end of the intermediate 
cutting edges, and 

(e) means shaping said trailing cutting edges relative 
to each other to cause contact to continue therebe 
tween from the intermediate cutting edges and con 
verge to a point. 

2. In a mechanism for cutting openings in a web or 
blanks of sheet material having two opposed axially par 
allel rotary carrier members, cooperating male and fe~ 
male cutting dies having rigid cutting edges carried by 
said carrier members, said cutting edges having leading 
and trailing portions of appreciable length adapted for 
cutting the web or blanks perpendicular to the direction of 
feed, and rounded intermediate cutting edge portions con 
necting said leading and trailing portions at the ends there 
of, said cutting edges being of such effective radii relative 
to said rotary carrier members as to overlap in all cutting 
positions, the leading cutting edge of the female die being 
of greater radial extent at all points in relation to the 
pitch circle than corresponding parts of the male die and 
the trailing cutting edge of the male die being of greater 
radial extent in relation to the pitch circle than corre 
sponding parts of the female die, the improvement which 
comprises 

(a) the leading cutting edge of the female die lying in 
a plane parallel to a plane extending through the 
axis of its carrier member, and having one point 
spaced from the ends thereof of slightly greater 
radial extent than the ends thereof, said leading edge 
sloping inwardly from said point of greater radial 
extent to the intersection of the leading cutting edge 
with the intermediate cutting edges, 

(b) the trailing cutting edge of said female die lying 
in a plane parallel to a plane extending through the 
axis of its carrier member and having one point 
spaced from the ends thereof of slightly less radial 
extent than the ends thereof, said trailing edge slop 
ing outwardly from said point of less radial extent 
to the intersection of the trailing edge with the in 
termediate cutting edges. 

3. Apparatus according to claim 2 in which the point 
of greatest radial extent on the leading cutting edge of 
the female die extends radially a distance of approxi 
mately 1/32 inch further than the radial extent of the ends 
of said leading cutting edge, and the point of least radial 
extent on the trailing cutting edge of the female die ex 
tends radially a distance of approximately 1/32 inch less 
than the radial extent'of the ends of the trailing cutting 
edge. 

4. In a mechanism for cutting openings in a web or 
blanks of sheet material having two opposed axially par 
allel rotary carrier members, cooperating male and fe 
male cutting dies having rigid cutting edges carried by 
said carrier members, said cutting edges having leading 
and trailing portions of appreciable length adapted for 
cutting the web or blanks perpendicular to the direction of 
feed, and rounded intermediate cutting edge portions con 
necting said leading and trailing portions, said cutting 
edges being of such effective radii relative to said rotary 
carrier member as to overlap in all cutting positions, the 
leading cutting edge of the female die being of greater 
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radial extent at all points in relation to the pitch circle than 
corresponding parts of the male die and the trailing cutting 
edge of the male die being of greater radial extent in re 
lation to the pitch circle than corresponding parts of the 
female die, the improvement which comprises 

(a) the leading cutting edge of the female die lying in 
a plane parallel to a plane extending through the axis 
of its carrier member, and being slightly convex 
in relation to a plane tangent to the die at that point, 

(b) the trailing cutting edge of said female die lying 
in a plane parallel to a plane extending through the 
axis of its carrier member, and being slightly concave 
in relation to a plane tangent to the die at that point, 

(c) whereby said male and female dies will contact 
initially at the center of their leading cutting edges 
and progressively overlap each other from that point 
around the periphery of said dies in both directions 
until the ?nal overlapping occurs at the center of 
their trailing cutting edges. 

5. Apparatus according to claim 4 in which the high 
est point on the convex leading cutting edge of the female 
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die extends radially a distance of approximately 1/32 inch 
further than the radial extent of the ends of said leading 
cutting edge, and the loW point on the concave trailing 
cutting edge of the female die extends radially a distance 
of approximately 1/{32 inch less than the radial extent of the 
ends of the trailing cutting edges. 
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