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22 Clalms.

Our invention relates to novel apparatus for
and methods of cutting fibrous paper boards and
more particularly, relates to novel apparatus for
and methods of operating knives continuously for

- cutting varying lengths of fibrous boards.

In the manufacture of fibrous paper material,
the paper after it has passed through the cor-
rugating machine and been formed into cor-
rugated board, emerges as a continuous web which
is fed to cutting knives at a rate of speed deter-
mined by the rate of operation of the machine.

The strip material of the web is then cut into

predetermined lengths by the knives which are

usually operated in a cycle whose time varies in
accordance with the size of cut desired.

The operation of the knives may be broadly
divided into two classifications, one, the intermit-
Eent operation and two, the continuous opera-
ion

In the case or the Intermittent operation of the
knives, either & timing device or a target is pro-
vided. The target is engaged by the end of the
paper being fed past the knife so that when a
predetermined length of paper has been fed past
the knives, the forward edge of the paper engages
the target which in turn operates to cause an en-
gagement ‘of a clutchthrough which a driving
shaft drives the drum carrying the knife.

The knife drum which up to this point has been
stationary now starts its cycle of operation, rotat-
ing to a point where the knife engages and cuts
the paper and thereafter continues the rotation
until the cutting operation has been completed
and the drum with the knife thereon has re-
turned to the original stop position at which
point the clutch disengages the drum from the
driving shaft. A cycle has thus been completed
and the drum is prepared. for the second cycle:
when the new edge of the strip material engages
the target to again close the clutch.

In this type of operation, due consideration has
to be given to the time from the instant when the
edge of the paper engaged the target to the begin-
ning of the cut which obviously takes place some-
time later. In this interval, there is one variable
whose time constant is not predictable, namely,
the time from the instant when the clutch en-
gages to connect the driving and driven shaft to
bring the drive shaft from a stationary condi-
tion to full speed.. The clutch, ‘because of the
severe strain to which it is subjected in bringing
the driven shaft up to the driving shaft speed
soon begins to wear so that the time interval be-
tween the operation of the target and the engage-
ment of the knife with the paper varies depend-
ing upon the slip of the clutch. This results in
an error in the size of the paper cut of as much

-as a quarterwof an inch which becomes a very
‘serious factor when a large number of cut sheet
material is involved, not only in the loss of paper

'

‘engages the paper for cutting operation.

(CL 164—88)

but also in the extra trimming operation involved.

The second principle referred to above involves
a construction in which the drums carrying the
knives are rotated at a-contintious speed and at
a predetermined position in the cycle of the drum
the knives engage the paper to perform the cut-
ting operation,

For different size cuts, provision is made for
changing the speed of the knife carrying drum
either to a greater or lesser speed depending upon
whether a smaller or larger cut size is desired.

During the cutting interval, the knife engages
the paper and accordingly must move forwardly
with the paper at the same rate of speed as the
paper, if it is to avold either the tearing or buck-
ling of the paper during cutting.. While this is a
comparatively simple problem- for a single time
cycle of the cutting knives, the problem is ren-
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16 -

dered more difficult where the cycle time is .

changed for different sized cuts.

Heretofore the only solutions proposed for ob—
taining a synchronous or equal rate of speed of
movement of the knives and the paper at the in-

‘20

stant of cutting have been based on principles .

involving complex mechanism and providing only

an approximate synchronism, o
Thus in the patent to 8wift No. 917,503, no de-
tailed solution for this difficulty is suggested. In

25

the patent to Sieg No. 1,897,867, it is.proposed to -

follow the principle outlined in the patent to o

Harbrecht, No. 1,039,124 by using elliptical.gears
for driving the knife carrying drums. By reason
of these elliptical gear drives, the knife carrying

30

drum is gradually’increased from a minimum

speed aft the beginning- of a cycle up to a speed at
which the drum is rotating at the speed of the
corrugated paper web. At this point the knife
At the
end of the cutting operation, the drum through
the action of the elliptical gears again reduces its
speed to the original minimum speed.

-In order to change the size of cuts, the time

" consumed for this cycle is changed as described

above. Inasmuch, however, as with the change
in time cycle of operation, the knife at the point
in the elliptical gear previously described will no
longer operate at the same speed as the paper
moves, it is necessary to move the relative posi-
tion of the knife with respect to the-elliptical
gear to that position of the elliptical gear which
at ‘the new time cycle rate, moves at the same
speed as-the paper.

36
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However, both Harbrecht and Sieg make a

_fundamental erroneous assumption. An elliptical

gear, by deﬁnltion, is one whose speed is continu-
ously changing., While it is possible to, obta,in an
approximation ‘of uniform speed for cutting at
one position of the elliptical gear where it is most
nearly circular so that the knives will move at the
same speed as the paper throughout the cutting

»
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period this is not possible at a variety of positions
of the elliptical gears. Accordingly, when either
Harbrecht or Sieg shift the position of the knife
with respect to the elliptical gears there results
inevitably a non-synchronous condition between
the speed of the paper and the speed of the knife
at least during a portion of the cutting period.

Thus in both Sieg and Harbrecht, two adjust-
ments are made, namely, one which involves a
change in the time cycle of the knife and the
other involving a compensation for this change
in time cycle by a change in the relative position
of the knives and the elliptical gears, the distinc-
tion between Harbrecht and Sieg being that in
Harbrecht the cutting machine must be brought
to a stop for adjusting the elliptical gears with
respect to the knives whereas in Sieg this can be
done with the machine in operation. In both
cases, however, a fundamental fallacy in principle
of operation exists.

In accordance with our invention, we contem-
plate a construction of knives and the operation
thereof in which no compensating adjustment of
the elliptical gears is necessary or provided. The
drum carrying knives are in a fixed and rigid
position with respect to the elliptical gear exactly
as is obtained in Harbrecht before any adjust-
ment thereof is attempted. The only adjustment
is the time cycle adjustment as in Harbrecht,
but no change in the relative positions of the
drum with respect to the knife is made; instead,
as pointed out above, this is maintained rigidly
fixed so that that portion of the elliptical gear
which is either accurately or approximately cir-
cular may be employed for the cutting interval
to maintain the knives moving in synchronism
with the speed of the paper.

This condition for every time cycle variation
is obtained by merely using more or less of the
elliptical gear for driving the knife drums.

In accordance with our invention, we drive the
knife drums from two sources; flrst, from a
Reeves directly through circular gears whose time
interval is changed for obtaining different sized
cuts. A second drive for the knife drums is ob-
tained through a pair of elliptical gears which
are normally non-operative while the cutting
cycle is being determined.

At a predetermined point in the cycle, the
elliptical gears become eflective to increase the
speed of the knife drums to the cutting speed at
which point the knives move at the same speed
as the paper. Thereafter, the knives are decel-
erated by the elliptical gears until ‘they reach
the speed at which the circular gears again drive
the knife drums for repeating the cycle.

Thus as will be more clear from the description
to follow, we have made a radical departure both
in the principle of operation and the construction.
Instead of adjusting elliptical gears which re-
quires complicated mechanism and in the end
is inaccurate, we make no adjustment whatsoever
on the elliptical gear adjustment but instead pro-
vide multiple drives, a principle never heretofore
used in this mechanism. The multiple drive in
which the function of the timing the cycle is as-
signed to one drive and the synchronizing to the
other drive is far simpler than any other system
requiring practically little or no additional parts.
At the same time, it is far more accurate in oper-
ation. : : :

Accordingly, an object of our invention is to
provide a novel construction of knives for strip
material in which two separate drives in parallel
relation to each other are provided for the knife
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drums, one drive determining the time cycle and
the other for bringing the knife to the synchro-
nous speed.

Still another object of our invention is to pro-
vide knife drums for continuous strip material
in which a fixed relation is maintained between
the knife drum and the elliptical gears.

Still a further object of our invention is to pro-
vide novel apparatus for and methods of cutting
strip material in which it is necessary to change
the time cycle only and noncompensating ad-
justments of elliptical gears are required.

There are other objects of our invention which
together with the foregoing will appear in the
detailed description which ‘is to follow in con-
nection with the drawings.

Figure 1 is a schematic illustration of our in-
vention.

PFigure 2 is a detail of a clutch used in our
novel device.

Figures 3 to 5 are illustrations of several posi-
tions of elliptical gears used in our invention.

Figure 6 is a graph of the angular speeds of the
cutting knives plotted against their angular dis-
placements.

PFigure 7 is a speed ratio-sheet length curve.

Figure @ illustrates our invention employing an
intermediate elliptical gear.

Pigure 9 is a side elevation view of the machine.

Figure 10 is the discharge end view of the ma-
chine in elevation.

Figure 11 is a sectional view o 3ne t1—I1 of
Figure 10. .

PFigure 12 is a sectional view on line §2—I12 of
Figure 10. .

Figure 13 is a sectional view substantially taken
on line 13—I(3 of Figure 10.

Figure 14 is a sectional view showing a modi-
fled form of the gear mechanism.

Figure 15 is a sectional view of the measuring
scale mechanism.

Figure 16 is a sectional view of a modified form
of the mounting of the cutting knives.

Figure 17 is a schematic illustration of a modi-
fled form of our invention.

Figure 18 is a schematic illustration of a fur-
ther modified form of our invention.

Referring now more specifically to Figure 1,
rotating power applied to the shaft 11 rotates the
Reeves drive 12 of well-known construction which

we have here illustrated schematically by the

cone 13 secured for rotation on the shaft 1{ and
the'cone 14 connected to the cone 13 by the chain
{5. In the manner well-known in the art, by
shifting the chain {5 in a transverse direction
from its direction of rotation, the speed of the
cone |4 may be varied any desired amount within
predetermined limits. Cone I4 is mounted on
and drives the shaft 16 which in turn carries the
one-way clutch 1T of well-known construction.
This clutch is schematically illustrated in Figure
2 and comprises a driver disk |8 mounted on and
driven by the shaft 16 and an outer rim 19
mounted on and rotatable with shaft 21. The
driver disk 18 has a series of cam indentations 23
around its periphery in which there are seated
the individual rollers 22., As is well-known in
the art, so long as the rate of rotation of the
driver disk 18 is less than the rate of rotation of
rim 19, the rollers 22 will tend to remain in the
position shown. Thus, no rotating energy can
be transmitted from the rim 18 to driver 18.
‘When, however, the driver {8 tends to rotate
faster than the rim 18, the rollers 22 are forced
into the smaller portion of the cam as, for exam-
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ple, portion 23, thus providing a gripping action
between the driven disk 18 and the rim 19 and a
driving power is thus transmitted from the driver
{8 to the rim {9, maintaining the rim in syn-
chronous rotation with the driver. It will thus be
clear that the rim (8, while it may at times ro-
tate at a faster speed than the driver i8, cannot
rotate at a lower speed. The importance of this
will be clear from the description which is to fol-
low.

Mounted on and rotatable with the shaft 21 is
a pinion 24 meshing with a speed reduction gear
25 which is mounted on the shaft 26 of the knife
drum 27, carrying the knife blade 28. Gear 25
in turn meshes with the gear 31 mounted on shaft

32, carrying the. knife drum 33 on which is

mounted the knife 34 which in cooperation with
the knife 28 functions to cut the web material 35
in varying lengths in a manner to be described.
The operation of the power transmission de-
scribed in the above will be obvious. Power nor-
mally supplied-from the power shaft tI is trans-

mitted through the Reeves drive 12 to the shaft

16 and thence through the clutch (1, shaft 21,
gears 24 and 25, to the knife drums 27 and 33.
In order to obtain different sized cuts it is merely

' necessary to change the rate of rotation of drums
- 2T and 33 by shifting the chain 15 of the Reeves

30
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drive to vary the rate of rotation of the cone 14
with respect to cone 13. :

However, as will be recalled, from the descrip
tion akdve this alone will not suffice since at any
change in speed of drums 27 and 33 the knives 28
and 34 will not move at the same speed as the
web 35 and accordingly there will result either a
tearing or a buckling of the paper.

To correct for this, we do not drive the drums 217
and 33 throughout the cycle from the power
transmission described above but instead pro-
vide a multiple or by-pass drive which functions
in cooperation with the first mentioned drive to
bring the knives to the proper speed relation with
respect to the web after the timing of the cycle
has been previously determined by the first drive.

Thus, power shaft (1 also carries meshing gears
36 and 37T the latter gear driving the shaft 38 car-
rying the feed rolls 39 which feed the web 35 at a
speed equal to the speed of the corrugating ma-
chine through a direct mechanical connection
thereto from the power shaft {1 in a manner well-

* known in the art.

65

60

65

70

Also mounted on the power shaft {1 is a second
clutch 41 similar in construction to the clutch of
Figure 2 and whose driver equivalent to the driv-

er 18, is mounted on and driven by the power shaft-

1| while the rim equivalent to rim 19 is mounted
on and drives shaft 42 in a manner well-known in
the art. :

Mounted on and rotatable with shaft 42 is a
pinion 43 meshing with the gear 44 which is
mounted on and transmits rotating power to shaft
45, Mounted on shaft 45 is an elliptical gear 46
meshing with a corresponding elliptical gear 47
which in turn is rigidly mounted on and rotatable
with the shaft 82 of the knife drum 33.

In the position shown, the knives 28 and 34 ’_
have just come into engagement at the point 48

preparatory for a cutting period in the cycle. - At
this position, it will be noted, the elliptical gears
46 and 471 are in the position at which maximum
speed ratio is obtained. Assuming that at this
position the speed ratio is one.to four obtained

" by suitable design of these elliptical gears, then

TT5

the gear 417 is rotating at four times the speed of

kY

3

elliptical gear 46 whose speed in turn is deter-

mined by the rotation of power shaft {1.

In accordance with our invention, this speed
increase in the gear 41 which is transmitted
through gears 31 and 25 to pinion 24 and thence
to shaft 21 causes the shaft 21 to rotate at a speed
which is higher than the maximum speed which
can be obtained on shaft 16 for the smallest sized
cuts desired. .

As a result, inasmuch as clutchi7T is a one
way clutch, the shaft 21 will rotate from power
supply fo shaft [l through the power transmis-
sion including the elliptical gears 46 and 471 at a
greater speed than and free from shaft 16.

Accordingly, during the cutting period, the

knife carrying drums 33 and 27T are driven from
the power supply Il through clutch 41, gears 43
and 44 and elliptical gears 46 and 47.
- The:speed of rotation is a predetermined and
fixed value determined solely by the gear trains
in this latter power transmission system and spe-
cifically by the relative position of the elliptical
gears 46 and 41. - Inasmuch as the cutting posi-
tion is definitely fixed with respect to these ellipti-
cal gears, they can be cut over the cutting are so
that they are substantially circular and therefore
provide power for the knife drums at a constant
speed during cutting. Moreover, in view of the
fixed relation between the elliptical gears and
the knives, the angle of cut may be made as large
as desired over a substantial arc, limited solely by
the range of cutting sizes desired in a manner
which will be clear from the description to fol-
low. It is only necessary that whatever cutting
angle is employed, the corresponding portion of
the elliptical gears shall be made substantially
circular.

At the end of the cutting period, that is, when
the opposite edges of the knives such as at 48 come
into contact, the elliptical gears enter into a posi-
tion at which the speed ratio begins to change the
gear 41 gradually decreasing its rate of rotation
with respect to the gear 46 as the speed ratio
therebetween gradually reduces from the one to
four ratio to a one to one ratio and then finally
to a four to one ratio at which the gears 46 and
47 are in a diametrically opposite position from
that shown. )

As the speed of shaft 32 decreases with the
gear 47, the power transmitted through gears
31 and 25, pinion 24, to shaff 2 will gradually
reduce the speed of rotation of the shaft 2i
until it approaches the rate of rotation of shaft
[6. As the speed reduction now continues, the
instant the shaft 21 tends to rotate at a lower
speed than shaft 16, the rollers 22 will promptly
engage in the manner described above and power
will now be transmitted from shaft 16 through
clutch 11, shaft 21, pinion 24 to gears 25 and 31
thus driving the knife drums 27 and 33 at a
rate determined by the Reeves drive 12. Power
is transmitted, now, back over shaft 32 through
elliptical gears 41 and 46, shaft 45 and gears
44 and 43 to the shaft 42 which in turn carries
the one-way clutech described above. Since at
this portion of the-cycle the elliptical gears 47
and 46 are in reverse position from that originally
described, the elliptical gear 46 will rotate at
four times the speed of ellipticdl gear 41 and
therefor transmit driving power to the shaft 42
which drives the latier at a greater speed than
the power shaft I1. Accordingly, shaft 42 rotates
free of power shaft {1. During this entire pe-
riod, the speed of the knife drums is determined
solely by the Reeves drive.
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As the rotation continues, the ratio between
the elliptical gears 41 and 46 again undergoes
a change back to the original value passing from
the ratio of four to one between gears 41 and
46 respectively through one to one ratio and
then slowly back to the one to four ratio between
gears 46 and 47T respectively.

During this change, shaft 42 gradually de-
creases in speed until it approaches and finally
arrives at the speed of power shaft 1f. At the
instant it tends to go below the speed of shaft
{1, clutch 41 becomes operative to again drive
the shaft 42. At this instant the speed ratio
between elliptical gears 46 and 47 is such as to

raise the speed of shaft 21 slightly above the .

speed of shaft 16 and the shaft 21 is again free
of the latter shaft. During this next interval
as power is now supplied from power shaft {i
through clutch #1 and elliptical gears 46 and
41, the knife drums are gradually accelerated up
to the cutting position at which point cutting
again begins and a second cycle of the type de-
scribed above is repeated.

Summarizing the above, it will now be seen
that a complete cycle may be divided into four
distinct intervals. There is first the interval of
cutting during which the drums are driven from
the power supply through clutch 44 and to el-
liptical gears 46 and 41. At a predetermined
position of these elliptical gears at which they
are cut circular, the second interval follows in
which the speed of the drums is gradually de-
celerated as the elliptical gears change their
speed ratio until the drum reaches its minimum
speed at which time the drive is switched from
the above described transmission to the Reeves
drive 12, clutch 17, shaft 21 and pinion 24. This
is the third interval. The latter drive may be
varied under control of the Reeves drive in the
well-known manner for changing the time of
each cycle in order to change the size of cuts.
The fourth interval is the period when the power
is switched back from the Reeves drive to the
first mentioned transmission during which the
drums are acceléerated to bring the knives to
the speed of the web. Inasmuch as the first,
second and fourth intervals are of fixed value and
unchangeable the time interval therefore can be
predetermined, and accordingly by a proper
change in the rate of rotation in the third inter-
val through adjustments of the Reeves drive,
the complete time interval in each cycle can be
predetermined for obtaining different sized cuts
of material,

The importance of this arrangement resides in
the fact that for all changes in the Reeves drive,
no change whatsoever is necessary in the ellipti-
cal gears and these remain fixed with respect to
the knives thus insuring invariable synchronous
movement of the knife with respect to the web.

It will now be clear that the knives are driven
alternately by the clutches IT and 41 respectively
in such a manner that when one clutch is driv-
ing, the other is free. The source of rotation of
the knives will in fact be the faster of the two
that may be communicated to them by either
clutch.

Clutch (1 which obtains its power through
the variable speed Reeves drive, tends to operate
the knives at a constant rate while clutch 41
which itself rotates uniformly and is independent
of the variable speed drive, tends to operate the
knives over a drive in multiple with the first drive
through a cycle of varying speed. Thé pair of
elliptical gears interposed between it and the

2,146,274

knives controls the cutting period to within a
small portion of the maximum of this varying
speed. '

This maximum speed is attained when the
pair of elliptical gears is in the position shown
in Figure 3. Here gear 41 is, of course, rotating
ma/m1 as fast as gear 44, and it is in the neigh-
borhood of this instant that the knives engage
the moving paper web material, the different
elements being so proportioned as to make the
horizontal component of the linear speed of the
knives equal to the speed of the material, or very
nearly so. )

As the elliptical gears are displaced through
certain angles, as shown in Pigure 4, gear 471 will
slow down with respect to gear 46, since the active
radius 71 of gear 47 has increased, and the active
radius 72 of gear 48 has decreased. The angular
speed of gear 47 relative to that of gear 46 will
thus go on decreasing until it reaches a mini-
mum, which occurs when both members of the
pair have turned through an angle = with respect
to the position in Figure 3, as shown in Figure 5.
Here gear 47 will then be rotating mi/maz as fast
as gear #6. In general, gear AT rotates r2/r1 as
fast as gear 46, r1 and r2 varying, of course, with
the angular displacements «1 and «z of the respec-
tive members. :

Clutch 41 has a tendency to rotate gear 46 at
a uniform angular speed and, consequently, in
the absence of clutch (7, gear 46 would always
rotate at a constant angular speed, say «z and
owing to the elliptical shape of the members, it
would drive gear 41 at a varying angular speed
w1=W3, where

W,=wg[-2x—:(1+e cos oq)—-l]
In this equation
2a=m;+m; p=hla e=y1+(b/a)

b=+/af— {(my—m)}

On the other hand, clutch (T has a tendency to
rotate gear A7 at the constant angular speed
w1=W: and would do so in the absence of clutch
42 through a complete cycle. Therefore, when
clutch 171 is driving, gear 41 has the angular speed
w1=W1, constant. It will be seen, then, that
gear 41 and therefore the knives 28 and 34 will
be driven either at the angular speed Wi or at
the angular speed W2, depending on which is the
greater.

During a complete cycle, W2 would vary from
the maximum (ma/mide2 to the minimum
(m1/ma2)wa, while W1 would remain constant.
It 'is clear then that if

6]

peell my

;um> w> ™
there will be in general two instants in the whole
cycle in which the two possible angular speeds Wi
and Wa are equal. It is at these instants that
the burden is passed from one clutch to the other
without interrupting the march of the machine.

W1 may be varied at will to suit requirements

through the variable-speed Reeves drive 2 as
described above, but this variation must lie within
the extremes of the inequality above. Hence,

. msg
W; maximum == ~—w;
m;y

(2

e my
W; minimum =-—w;
myg

Figure 6 is a sketch of a graph showing the
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angular speed wi of E; plotted against the. an-
gular displacements «1 of the same gear. Here it
will be seen that the two possible values Wi-and

‘W2 of w; are equal at the points of intersection

¥y, F2 . .. of the two curves, these points having
abscissas a1=0, «’, «1’’ . . . w1 must be the
greater of the two- possible speeds Wi-and Wz
and therefore Wy will ‘be variable in the intervals
a1==0 to ou’, ar’’ to a1”' ete., and constant in the
intervals ‘a1’ to-at’’, w1’’’ to a1’’’ etc. In other
words, clutch 41 drives in the intervals 0 to-at’,
a1’ to a1’’’ ete., at ‘a varying angular speed, and
chutch 11 dnves in‘the intervals a1’ toe1’’, a1’’" to
@’ etc., at constant speed. ‘The points «1’,
a’’ . are, of course, the roots of the equation
W1—Wa, that 1s, of the equation

W1=wz[ﬁ(1+e COS'dl)—-l] ' \

{B()-]

The knives engage the material at their maxi-
mum angular speed or within a small neighbor-
hood of it, that is, when wi=W2 maximum.
‘Hence, if w: and Rs are the angular 'speéd and
radius of the feeding roller, and Re the distance
from the axis of rotation of either knife to-the

' (€Y
or
cos ;=

material (the “radius” of the knives), we i.ve
ReW2 maximum=Rjws
that is, since
W, maximum =_’_1_"_ng’
. my
m
. Rc;;fwz,”—‘ Ryuy
whence
— Ry
DR (2)

An examinatlon of Figure 6 will reveal that
the higher W1 is the more w1 will take on higher
values and, hence, the sooner gear 4T will com-
plete one revolution. - Let w1 be the mean angular
speed of gear 47, and T the time period of one
revolution of gear 41. Then

2=

o= 3)
Since gear 41 rotates through an angle 2» (one
revolution) for every cut made, and since angular
speeds .are proportional to angular displacements

w; 2
wr K
where § is the angular displacement of the feed-

ing roller per cut made. Now, if L is the length
of the pidces of material being cut, we have

L Ryb
and Iurthermore ‘
oy 27Rs /
| L @
or, by (3) . 7
R 7
T Ryar (4)
Since
dt;_g_“_l
LWy
_ [#de_ {e'day J' arday f o' day
T——J:) w . Jo Wz+‘ ’ W1+ a W

’
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ey’ ' =2r—a1’, and, for reasons of symmetry, the
last equation may be written in the form

o al dcq x d_al_}
T= Z{J;) + o’ Wi

Equation (1) may be written
,Wz=‘wz(A+B4 coS 1)

where
a=22_, p=22
P y <

".Hence

f 'doq Bt day _

o Wi w0 A+B cos oq_

mzm tan— 1( A+B tan }al )"“
tan 4oy
=1
tan A+B

since 42--B?=1, as may be easﬂy verified.
‘W1 is constant, ‘and therefore

|

ff day 1r---a1'

ay W! Wl

Hence

4 tan $oy’ ) 2(zr—o’) aq )
= -1
7= tan-i( BRI ) HITR0 L by 0

or

tan 3oy’

L=‘21‘e,¢.,,{£2 tan“l( e )+1r “‘} )

This last ‘quation indicates the correspondence
between the values of W1 and L, and therefore
makes possible the calibration of the variable~
speed drive for the ‘different I’s desired.  Thus,
assuming an arbitrary value for Wi, «1" is ob-
tained from Equation (A), and from Equation
() is obtained the corresponding value of L.
An accurate graph (or table) may then be made,
giving -calculated values of ‘L -against assumed
values of Wi

Assuming that it'is required to cut sheets vary-
ing in such lengths that the longest is N times
the shortest, from (3’) ‘it will be seen that

L=21rR+‘_"—!

The shortest sheet is cut when w1 is the fastest,
that is, when

. . ms |
wi= Wi maximum==—c,
my

Hence

1IN0 Wy
mzwz

L minimum==2rR/— (5"
The longest sheet on the other hand, is cut when
Wi is ‘the slowest, that is, when

Wl SallH]
hence

()

L maximum=21rRrZ—§
Therefore, since L maximum/L minimum=N,

m
N==2
Iy

- (6)

and the pair of elliptical gears may now be pro-
portioned by giving ma1 or ma a suitable arbitrary
value. For instance, if L maximum==120"’ and

L minimum=30"', we get N=4. If we make
mi=4"', we get me=16"', and the major axis of
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the ellipses will be 2a=m1+ma=20"".
axis will be

2b=2+/ad— }(m;— m,*=16"
the latus rectum

The minor

2p= 2?—— 12.8"
and the eccentricity

2
=‘/1 -(-é) =0.6
a
To find the capacity of the variable-speed drive
Equation (a¢) may now be written

W; max.=Nuw;

W1 min, == N

Hence

W: maximum/W;: minimum=N3
and if the lengths of cut range from 30’’ to 120’’,
for which N=4, the above ratio becomes 16.
Therefore,inthis example, the variable-speed drive

may be chosen as having a range of speed ratios
of 1:1 to 1:16, or 2:1 to 1:8, or 4:1 to 1:4, etc.

Assuming that the drive is required to cut

pieces of from 30’’ to0 120’’ in length, then by (6),
N=120/30=m3/m1=4

If mi=4"’", ma=16"’, the other elements of the

elliptical gears will be as determined. Putting

Rt=Rq in (2)

==4
for the ratio of the angular speed of the feeding

roller to that of gear 46. From (5'’)
120=2xR;X 4
that is
Ry=1mq.7757
T

for the radius of the feding roller. Also
R.=4.175"’, since Rt and Rec are assumed to be
equal in this example. Let Pi1, P32, Gi, G2, G3, G4
stand for the diameter (or number of teeth) of

gears 24, 43, 31, 26, 38 and 37 respectively in Fig-
ure 1. Then
w Gy Gr
G4XP1 4

and if Gi=G«, G2/P1=4. Let wa’ be the angu-
lar speed of cone i4 of the variable speed drive,
and we that of cone 13. The capacity of the
variable speed drive is N3=16. Now, if a drive
having a range of speed ratios of from 4:1to 1:4
is chosen, then

wg’ max.=4wg=4wy

And similarly,
wg’ min.=}wy

since G3=G+.

From Equation (2)
60

70

T

W; maximum=4wy=wy
W, minimum = }ws= gywy

Hence
P/G1= W1 maximum/wg maximum= W, min./w; min.
_Tewr__
ET

Thus far the gear ratios, the shape of the el-
lipses, the radil of the feeding roller and knives
respectively, and the range of the variable speed
drive have been found. To find now expressions
that will enable calibration of the variable speed
drive, let

w
2 ;_i
wd

2,146,374

be the speed ratio of the variable speed drive to
which it is to be set for cutting a piece of length
L. Since

Py W, 1

Gi wi 4

it follows that

=3wq’ =3Qws=1wsQ
Furthermore, w2="Y%wy, as shown at the beginning
of this example; and, according to the propor-
tions found for the elliptical gears, A—B=4, as
may be verified. Hence Equation (5) will be-
come, remembering that

Rf——
120[2 tan ,l(tan }a; )+r a’

or, If «1’ is given in degrees,
L__[2 tan _1(tan $o >+180 a’

With the values for p(=6.4’') and «(=0.6) al-
ready known the second of Equations (A) will

become
cos oy’ =0.5333Q—1.1333 (8)

Equations (7) and (8) are the expressions that
were to be found to calibrate the variable speed
drive. A graph of Equation (7) is given in Fig-
ure 7.

With so high a value as 4 for ma/mi, the ellip-
tical gears may appear to be too elongated. It
is possible to interpose between gears 46 and
41 another elliptical gear, thereby reducing the
eccentricity of the ellipses. An arrangement of
a system of three elliptical gears is shown in Fig-
ure 8 in the position for the maximum angular
speed of #1. It is clear here that the maximum
angular speed of 4T will be

my\?
m1w2

my\?
w2
poel)

The motion of 47 in general is
Wy=wy(A;+ By cos o)

)

the minimum

@
where
4a(2a—p) _da—p
p

4a(2a— p)

pz
Equation (9) above takes the place of (1) in the
above. Equation (a) will now become

my\!

Wi max. (ml)w:
2

W1 min.=(ﬂl> Wy

whereas the second of Equations (A) will now

A1=

By=

(b)

be
1 /W,
cos a1’=§1 —w—;—Ax) ®
Equation (2) will change into
R 2
w2="R;f %;) 7 (10)
and Equation (5) will undergo a slight change in
notation:
L=2Rw[2 tan -3 ta0 32 )+" - ] (11)
] PR A 1B

In deriving Equation (11) it is found that
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Ar’—Bi1?=1, as was the case with similar symbols
in the derivation of Equation (5). Equations (5’)
and (6) will'now become :

L min.=2x Ry m.) e (12%)
msg
N= ’ﬂ”)’ (13)
m;y

whereas Equation (5’') remains the same:
L max.=21rR;‘ﬂ
wg

All equations in the above not involving the ratio
mi/ma will remain unchanged, and those in-
volving this ratio will remain unchanged but for
the expression (mi/ma)? which is to be inserted
in place of m1/ma. )

Let L minimum=30", L maximum=120"".
Then, from Equations (12’) and. (14)

L maximum.L minimum=—=4=(ma/m1)?2

Hence
ma/mi=2

Making mi1=4'’, the proportion of the elliptical
gears becomes m2=$8"’', 2a=12"’, 2b=11.314",
2p==10.667"",¢=0.333. Followingthesamestepsas-
sume Ry=Rc=15/r=4.175"", G4/G3=2, P1/G1="Y%,
range of variable speed drive: 4:1 to 1:4, cali-
bration of drive: as given by Equations (7) and
8.

Equations (1) and (9) were derived from the
polar equation of the ellipse, the well-known
properties of the figure, and the fact that angular
speeds are inversely proportional to active radii.
Angles and angular speeds are supposed to be in
radians and radians per second, respectively, in
the above dxscussion in order to facilitate the
analysis.

In the above, the invention has been described
in connection with a. schematic illustration of
the invention.” In the following the invention is
described with specific reference to a construc-
tion.

Referring to Figure 11, the web 35 to be cut
is travelling between the feeding: rollers 5i,
at a uniform speed, towards the cutting knives
28, 34 which are mounted on drums 27 and 33
respectively. Drums ‘2T and 33, are, in turn,
mounted on shafts 53 and 54. The knives shafts
are geared to each other to revolve in opposite
directions by equal spurs 25 and 31, also rigidly
mounted on shafts 53 and 54 respectively, Figure
12. The knives receive their power either from
shaft 16 or shaft 42 depending on certain condi-
tions. as déscribed above. Shaft (6 forms parts
of the driven member of a variable speed trans-
mission 12, such as Reeves transmission, upon
one of whose ends the inner or driving part 18 is
rigidly mounted. The outer or driven part 9
is keyed to shaft 21 in line with shaft 16 and is
driven by outer member 18 whenever its speed of
rotation is not greater than the speed of rotation
of part 18, due to the wedging effect of rollers 22
as is well known in the art. Shaft 21 carries spur
gear 24 which meshes with and at times drives
spur gear 25 which is keyed to shaft 54.

Shaft 11 is part of the driving member 3 of
the variable speed transmission and carries on
one end the inner or driving part, a clutch 41
similar in construction to clutch 171. Driven
part 61 of this clutch is keyed to shaft 42 onto
which spur gear 43 is rigidly mounted. Spur
gear 43 cooperates with spur gear 44 through idler
62. Spur gear 44 is keyed to shaft 45 to which
is also keyed member 46 of a pair-of elliptical

7

gears, the other member 47 being keyed to shaft
84. Clutch 4! drives shaft 42 as in the first
clutch 25 whenever the angular speed of shaft 42
is not greater than the angular speed of shaft
.

The whole train of gears described above is en-
closed in box 63 which also forms the bearing

" support of the different shafts of said gears. The

opposite ends of shaft 53 and 54 are borne by -

bearings forming part of opposite support 64,
For safety purposes, the revolving knives may
be ‘enclosed in hoods.

* Shaft 11 is extended to go through support 64
to the outside where it is provided with means
to receive power such as the helical gear 69,
which engages helical gear 66 mounted on driv-
ing shaft 61.

Upper feeding roller 51 is positively related to
shaft 11 by any well known means. In the draw-
ings, the driving of this feeding roller is accom-
plished by means of helical gear 68 engaging heli-
cal gear 65 and is keyed to lower end of vertical
shaft 69. To the upper end of 69 is keyed heli-
cal gear 10 which meshes with helical gear 71
driving thus shaft T2 on which 7f and feeding
roller §! are rigidly mounted. In cases where
this kind of cut-off mechanism is used immedi-
ately at the discharge end of the machine manu-

-facturing the web to be cut, the feeding rollers

above may be dispensed w1th However, the
cut-off mechanism should then be positively re-
lated to the machine producing the web in order
to assure synchronism,

The speed ratio of the variable speed trans-
mission may be adjusted and measured by turn-
ing the hand wheel 13. As shown in Figure 15,
pinion 14 is mounted on shaft 75 to. which wheel
13 is keyed, and meshes with large spur ‘16 on
which.a scale 77 conveniently graduated is placed
and rotates therewith, the reading being .indi-
cated by the stationary pointer 18 (Figure 9).

In the absence of clutch 17, the angular speed
of the knives would be entirely variable through-
out a complete revolution, due to the interposi-
tion of the pair of elliptical gears between the
knives shaft 54 and the driving shaft 1f.. This
variable speed is graphically illustrated by the
sinusoidal curve in Figure 6; plotted against the
angular displacements of the knives. On the
other' hand, in the absence of clutch 4f, the

‘angular speed of the knives would be constant

with respect to the angular displacements of the
knives throughout a complete revolution.

This constant speed is shown in Figure 6 as
represented by the horizontal line a—a’, If,
however, both clutches are present, the angular
speeds of the knives will be variable in some
intervals -of the cycle, and constant in others.
This is shown by the heavy solid curve in Fig-
ure 6, which is composed of portions of the vari-
able and constant speeds that the knives may
partake of, joined at the points Pi, Pz, .. . . where
the variable speed equals the constant speed.

The variable speed transmission may be ad-
justed to increase or decrease the angular speed
of the knives in the intervals of constant speeds

_ within the minimum indicated by the horizontal

line @—a’o and the maximum indicated by the
horizontal line ai—a’y (Figure 6), which go
through the minimum and maximum points of
the sinusoidal curve, respectively. The cutting
knives are 'so located angularly that the cutting
is made at the points of maximum angular speeds,
whereas the sweeping radius of these knives is
so determined that their linear speeds substan-
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' tially correspond to the speed of the travelling
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web at the time of cutting.

Scale 11 (Pigure 15) may be graduated to
read lengths of cuts directly.

Since the eccentricity of the ellipses in a pair
of elliptical gears increases with the ratio of
the maximum to the minimum speeds of the fol-
lower, when a large ratio is desired in order to
obtain a wide range of cuts, the gears may be
too elongated for good performance. The ob-
liquity of the resultant force on the teeth would
pe in this case too pronounced, and there would
be a strong tendency in some portions of the
rim to throw the teeth out of mesh. In order
to reduce the eccentricity of the gears, & train
of three or more elliptical gears may be used
that will give the same kinematical results as
in the case of two elliptical gears.

Pigure 14 shows the application to the inven-
tion of a train of three elliptical gears 82, 83
and 84. Here spur gears 85, 87 and 88 have the
same function as the corresponding gears of
PFigure 12. The idler, however, is absent.

The description of the cut-oft mechanism above
was made in connection with a revolving type
of knives. Several other types may also be used.
In Figure 16, I have shown a knife consisting
of cutting edges 91 and 82, mounted on the
front members 93 and 94 of frames 95 and 96
which are hinged at 87 and carried around on
the drops of the cranks 98 and 99 as they re-
volve in opposite directions, The hinges 97 os-
cillate horizontally while the cutting edges travel
in very nearly circular paths keeping themselves
substantially in vertical position during their mo-
tion. Frames 95 and 96 are self-supporting. It
will be understood that the cranks 11 and 12
are driven by the mechanism described above
for driving the knife drums so that the time
cycle may be varied but the cranks at instant
when the knife edges are cutting the paper, move
in synchronism with the paper.

In Figure 17 I have illustrated a modified form
of my invention in which I have eliminated the
clutch mechanism 1T and 41 of Figure 1. The
same drive and speed control through the Reeves
is obtained as in the previous modification. Se-
cured to shaft (6, however, and rotatable there-
with is a mutilated gear 103’ which has teeth
only about a portion of the circumference, this
portion being that part of each cycle during
which the knives 28 and 34 are to be driven at
a predetermined speed in accordance with the
size of cuts to be made. In the multiple drive
connection, shaft 11" is connected through the
pulleys 100 and 101 for driving gear 102 meshing
with the mutilated gear 108. Gear 103 like gear
{03’ has teeth about only a portion of its cir-
cumference, namely that portion in the cycle
during which the knives 28 and 34 are to be
accelerated and decelerated from a speed below
cutting speed up to the cutting speed and then
back to the original speed.

In normal operation, the gear (03’ meshing
with the drum gear 104 will drive the knives 28
and 34 at a predetermined speed determined by
the Reeves drive 12. This rate of speed during
the periocd while gear (03’ meshes with gear 104
determines the size of the cut sheets. A third
mutilated gear (03’’ meshing with gear 104’ pro-
vides a third multiple drive for the knives 34
and 28.

In operation, at the beginning of the cycle
gear 103’ drives the knives as described above
during that portion of the cycle when the speed

2,146,274

of the drum is maintained constant and deter-
mined by the Reeves drive 12 as explained above.
At the end of this interval, the teeth of gear
{03’ are about to disengage from the teeth of
gear 104. At the instant that the last tooth
of gear 103’ passes from engagement with gear
104, the first tooth of gear 103 which up to this
point has been driven .through the gear chain
including the elliptical gears, engages with the
tooth of gear 102.

From this point on in the cycle, driving power
is supplied through gears 102, 103 and the ellip-
tical gears 107 and 108. As the gears rotate, the
gear ratio between the gears 107 and 108 gradu-
ally undergo a change in the manner described
in detail above as the small part of gear 107
meshes with the large part of gear 108 until
a one to four ratio is obtained. At this time
the knives 34 and 28 are rotating at their maxi-
mum speed at which point they are rotating at
approximately the speed of the paper.

Just before the knives engage the paper for
cutting, gear 103 for a sort interval disengages
from gear 102 while gear 103’ meshes with gear
104’. During this latter interval, while these
circular gears are in mesh, the knives start their
cutting operation. During this period, the knives
are being driven by the circular gears and at a
fixed and invariable speed which is always the
same as the speed of the paper.

At the end of the cutting interval, gear 103"’
disengages gear 104’ while gear 103 again meshes
with gear 102 and as the elliptical gears con-
tinue to rotate, the gear ratio between gears 107
and 108 gradually undergoes a change until knives
34 are again rotating at their minimum speed.
At this speed the first tooth of gear (03’ again
meshes with a tooth of gear 104 to repeat the
above described cycle.

Inasmuch as the speeds of gears 103’, 103 and
103’ are predictable, their teeth may be so cut
that they will invariably properly mesh with their
corresponding gears as they come into meshing
contact. However, we recognize that this may
create a problem and that there are, therefore,
certain advantages in employing the power trans-
mission systems utilizing the clutch described in
our first modification.

To overcome the problem of these gear struc-
tures, we have provided a further modification
shown in Pigure 18, in which the mutilated gear
1068 driven through the Reeves drive {l, in furn
di'.ives the gears which drive the knives 28 and
34.

During the interval while the teeth of gear 109
are in meshing relation with their corresponding
gear teeth, the knives 28 and 34 are driven at &
constant speed which determines the size of the
cuts of the material. Although this is the mini-
mum speed of the knives 28 and 34, the gear ratio
between the gears 110 and 111 is such that the
shaft 112 rotates at a faster speed than the
driver of clutch &41. Accordingly, clutch 41 rides
freely and does not transmit any driving power.

‘When, however, the last tooth of gear 109
passes from engagement with the tooth of the
gear driving the knife 28, the driver of clutch 41
becomes effective and drives the elliptical gears
{11 and {12. During this portion of the cycle,
the gear ratio between gears (1l and (12 in-
creases in the manner described above, accele-
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rating the knives until they reach the speed of -

the paper. During this interval the knives en-
gage and begin to cut the paper. As in the

previous case, the e_lliptical gears are made as
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nearly as poulble circular so that during the
cutting interval, the knives are operated: at a
constant speed equal to. the speed of the paper,

. At the end of the cutting interval and as the

drums continue to rotate; they are decelerated
due to:the reverse change in speed ratio of ellipti-
cal gears 111 and 112,

When the drums have been decelerated to. the-
original speed, the first tooth of gear 109 meshes
with the tooth of the drum: gear and the above
described cycle is repeated. In this case; inas-
much-as the time interval from theinstant when
the last tooth of gear 109 passes out of engage-
ment with the drum gear to the instant when the
first tooth again engages is a constant and pre-
dictable interval, the gear teeth of gear 109 can
be designed so that they will always mesh with
the drum' gear although in this case also the first

-modification is found -preferable because of
sitpler design problems.

Although we have: not shown or described sny
of the details of the knife construction, it will be
obvious-that we.may use any of the well-known
arrangements. of knives. It will be clear to those

- skilled In: the art that the drums carrying the

knives are. mounted at a. slight angle with re-
spect to the direction' of movement. of the paper

" so as to produce straight cuts and that the knives

30

35

themselves are so curved as to provide straight
cuts.

Although for purposes of illustration we have
chosen to illustrate our invention ‘mainly as ap-
plied to knives mounted on drums. it will be ob-
vious' to. those skilled in the art that we:' may
employ other well kniown. constructions of knives.

Moreover, although the invention is described

- Specifically as applied to knives for cutting cor-
- 'Tugated board, it will be clear that it may be ap-

56

85

70

75

plied to knives for cutting any other material
which is being fed at a continuous rate or where-
ever synchronism during a period of a variable
cycle is desired between: two members.

The inventive concept resides as will now be
clear dividing the time of a cycle into four.dis-

. tinct periods, one, the period when synchronism

is desired, two, the decelerating period, three, the
period which -controls the time of the cycle, and
four, the accelerating period ‘and in so arranging
the mechanism for carrying this out; such as the
elliptical gear here used for purposes of illustra-
tion, that the only variable is the mechanism
which controls the time of the cycle in the third
period so that no changes of any kind are neces-
sary in the elliptical gears or their equivalent.
By thus providing only one adjustment, the

. accelerating period, the decelerating period and

what is of greatest importance, the cutting period,
all remain at:a fixed value consuming an in-
variable fixed interval of time.

Not only are we thus able to provide more ac-
curate cuts than have heretofore been possible,
but our mechanism is greatly simplified and is
made relatively inexpensive,

In illustrating our ihvention, we have not
shown any of the details of the corrugators but
have merely schematicaily illustrated feed rolls
which determine the speed of the paper being fed
to the knives and with which speed the knives
must be maintained in synchronism during cut-
ting. This speed is determined by driving the
speed rolls from the same source of power de-

scribed above, which drives the knives.

We claim:

1, In a device for cutting strip material, knife
cutting means; means for feeding the strip mate-

rial to be cut at & constant upeed past the knife
cutting means; means for continuously operating
sald knife cutting means in cycles to engage and
cut the strip material periodically; the cycle of
the knife cutting means: comprising an-interval
during which the knife is: operated at a constant
speed, an interval during which the knife cutting
means is accelerated to & speed synchronous 'with
the speed of-the strip material, a cutting interval
during which the knife cuttlng means is operated
continuously ‘and in synchronous speed. with the
strip:material, and an interval during which. the:
knife cuttinig means is decelerated to the first
mentioned’ constant speed; and means for vary-
ing. the speed -during said constant speed inter-
val. for varying the length of cuts of said strip

-material.

2. In a device for cutting strip ma.terial knife
cutting means; a source of power for operating
said knife' cutting means; two muitiple power
transmitting paths from-said source of power to
said' knife cutting' means; a one way clutch in
each path; and means for selectively operating
said clutches for transmitting power selectwely
over either of said paths.

3. In a device for cutting strip material;, knife

10

cutting means; a source of power for operating -

said knife cutting means; two multiple power
transmitting paths from said source of power to
sald.knife cutting means; a one way clutch in
each path; means for selectively operating said
clutches for transmitting power selectively over
either of said paths; means whereby said. knife
cutting means are operated at a constant speed
over one of said'paths; and means for adjusting’
the speed of operation over said path for varying
the length of -cuts of said strip material.

4. In a device for'cutting strip material, knife
cutting means; means for feeding the strip mate-
rial to be cut'at a’ constant speed past the knife
cutting means; means for continuously operat-
ing. said knife cuttmg means in cycles to ‘engage
and cut the strip material periodically; the cycle
of the knife: cutting means comprising an in-
terval during:which the knife is operated at a
constant speed, an interval durln{

knife cutting means is accelerated to a speed

- synchronous with the speed of the strip material,

a cutting interval during which the 'kmfe cutting
means is operated continuously and in syn-
chronous speed with the strip material, and an
interval during which the knife cutting means
is decelerated to the first mentioned constant
speed; and means for varying the interval of said
constant speed for varying the length of cuts of

~said strip material.

5. In a device for cutting strip ma,terlal knife
cutting means; means for feeding the strip mate-
rial to be cut at a constant speed past the knife
cutting means; means for continuously operating
said knife cutting means in cycles to engage and
cut the strip material periodically; the cycle of
the knife cutting means comprising an interval
during which the knife is operated at a con-
stant speed, an interval during which the knife
cutting means is accelerated to a speed syn-
chronous with the speed of the strip material, a

cutting interval during which the knife cutting-

means is operated continuously and in syn-
chronous speed with the strip material, and ‘an
interval during which the knife cutting means is
decelerated to the first mentioned constant speed;

- and means for varying the speed and interval of

said constant speed interval for varying the
length of cuts of said strip material,
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6. In & device for cutting strip material, knife
cutting means; means for feeding the strip mate-

rial to be cut at a constant speed past the knife .

cutting means; means for continuously operating
said knife cutting means in cycles to engage and
cut the strip material periodically; the cycle of
the knife cutting means comprising an interval
during which the knife is operated at a constant
speed, an interval during which the knife cutting
means is accelerated to a speed synchronous with
the speed of the strip material, a cutting interval
during which the knife cutting means is operated
continuously and in synchronous speed with the

. strip material, and an interval during which the
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knife cutting means is decelerated to the first
mentioned constant speed; means for varying the
speed and interval of sald constant speed interval
for varying the length of cuts of said strip mate-
rial; and calibrated. means for indicating the
change in speed of said constant speed interval
necessary for different sized cuts.

" 7. In a device for cutting strip material, knife

cutting means; a source of power; a first and:

second multiple power transmitting path from
sald source of power to said knife cutting means;
means for transmitting power from said source
of power to said knife cutting means over said
first path for operating said knife cutting means
at a constant speed; and means in said second
path for transmitting power from said source of
power to said knife cutting means for accelerat-
ing and decelerating said knife cutting means
from and to said constant speed.

8. In a device for cutting strip material, knife
cutting means; a source of power; a first and
second multiple power transmitting path from
said source of power to said knife cutting means;
means for transmitting power from said source
of power to said knife cutting means over said
first path for operating said knife cutting means
at a constant speed; means jn said second path
for transmitting power from said source of power
to sald knife cutting means for accelerating and
decelerating said knife cutting means from and
to said constant speed; and means in said first
path for varying spid constant speed at which
the knife cutting means is operated from said
source of power.

9. In a device for cutting strip material, knife
cutting means; a source of power for driving said
strip material at a constant speed past said knife
cutting means; a first and second multiple power
transmitting path from said source of power to
sald knife cutting means; means for transmitting
power from said source ol power to said knife
cutting means over sald first path for operating
said knife cutting means at a constant speed;
means in sald second path for transmitting power
from sald source of power to sald knife cutting
means for accelerating said knife cutting means
to the speed of said strip material and decelerat-
ing said knife cutting means to said constant
speed; and means in sald first path for varying
sald constant speed at which the knife cutting
means 1s operated from said source of power.

10. In a device for cutting strip material, knife
cutting means; a source of power for driving said
strip material at a constant speed past said knife
cutting means; a first and second multiple power
transmitting path from said source of power to
sald knife cutting means; means for transmit-
ting power from said source of power to said
knife cutting means over said first path for op-
erating said knife cutting means at a constant
speed; means in sald second path for transmit-
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ting power from said source of power to said knife
cutting means for accelerating sald knife cutting
means to a speed synchronous with the speed of
said strip material at the Instant of cutting said
strip material and for decelerating said knife cut-
ting means to sald constant speed; and means
in sald first path for varying said constant speed
at which the knife cutting means is operated
from said source of power.

11. In a device for cutting strip material, knife
cutting means; a source of power for driving
said strip material at a constant speed past said
knife cutting means; a first and second multiple
power transmitting path from said source of
power to said knife cutting means; means for
transmitting power from said source of power to
said knife cutting means over sald first path for
operating said knife ¢utting means at a constant
speed; means’ including elliptical gears in said
second path for transmitting power from said
source of power to said knife cutting means for
accelerating said knife cutting means to a speed
synchronous with the speed of said strip mate-
rial at the instant of cutting said strip material
and for decelerating said knife cutting means to
said constant speed; and means in said first path
for varying said constant speed at which the
knife cutting means is operated from said source
of power.

12. In a device for cutting strip material, knife
cutting means; a source of power for driving said
strip material at a constant speed past said knife
cutting means; a first and second multiple power
transmitting path from said source of power to
said knife cutting means; means for transmit-
ting power from said source of power to said knife
cutting means over said first path for operaf;ing
said knife cutting means at a constant speed;
means including elliptical gears in said second
path for transmitting power from said source of
power to said knife cutting means for acceler-
ating said knife cutting means to a speed syn-
chronous with the speed of said strip material
at the instant of cutting said strip material and
for deceleratlng/"sa.id knife cutting means to said
constant speed; means in said first path for
varying sald constant speed at which the knife
cutting means is operated from said source of
power; and means for alternately rendering said
first and second multiple power pransmitting
paths operative for each cycle of operation.

13. In & device for cutting strip mpterial, knife
cutting means; a source of power for driving said
strip material at a constant speed past said knife
cutting means; a first and second multiple power
transmitting path from said source of power to
said knife cutting means; means including a
one way clutch mechanism for transmitting pow-
er from said source of power to said knife cut-
ting means over said first path for operating said
knife cutting means at a constant speed; means
including elliptical gears and-a one way clutch
mechanism in said second path for transmitting
power from said source of power to said knife cut-
ting means for accelerating said knife cutting
means to a speed synchronous with the speed of
said strip material at the instant of cutting said
strip material and for decelerating said knife cut-
ting means to said constant speed; means in said
first path for varying said constant speed at which
the knife cutting means is operated from said
source of power; and:calibrated means for indi-
cating the speed vdriations for each predeter-
mined size of strip /mat’erlal to be cut.

14. In a device for cutting strip material, knife
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cutting means; a source of power; a flrst and
second multiple power fransmitting path from
said-source of power to said knife cutting means;
means for transmitting power from said source
of power to said knife cutting means over said
first path for operating said knife cutting means
at ‘a constant speed; means in said second path
for transmitting power from said source of power
to said knife cutting means for accelerating and
decelerating said knife cutting means from and
to sald constant speed; means in said first path
for varying said constant speed at which the
knife cutting means is operated from said source
of power; and calibrated means for indicating the
speed variations for each predetermined size of
strip material to be cut.

15. In ‘a device for cutting -continuously ad-
vancing strip material, a cyclically operable knife
cutting means for periodically engaging said strip
material for cutting; a source of power for oper-
ating said knife cutting means; means for vary-
ing the frequency of operation of said knife cut-

ting means for changing the sizes of strip mate--

rial cut; and non-adjustable automatic means for
invariably bringing said knife cutting means to
synchronous  speed with said strip material dur-
ing the-cutting operation for every size of strip
material cut, said means comprising a pair of
elliptical gears.

16. In g -device for cutting continuously ad-
vancing strip material, a cyclically operable knife
cutting means for periodically engaging said strip
material for cutting; a source of power for oper-
a.tmg said knife cutting means; means for vary-
ing the frequency of operation of said. knife
cutting means from said. source of power for

‘varying the sizes of strip material cut, said last

mentioned means being operable only during the
interval between cutting- operations; and aufo-
matic means for controlling the speed of opera-
tion of said knife cutting during a predetermined
portion of the cycle of operation including the
cutting interval for invariably bringing said knife
cutting means to synchronous speed with said
strip material during the cutting interval, said
last mentioned means being non-operative to con-
trol said knife cutting means during the remain-
ing interval of the cycle. .

17. In a device for cutting continuously ad-
vancing strip material, a cyclically operable knife
cutting means for periodically engaging said strip
material for cutting; a source of power for oper=
ating said knife cutting means; means for’ vary-
ing the frequency of operation of said knife cut-
ting means from said source of power for varying
the sizes of strip material cut, said last mentioned
means being operable only during the interval be-
tween cutting. operations; and elliptical gear
means for controlling the speed of operation-of
said knife cutting means during a predetermined
portion of the cycle of operation including the
cutting interval for invariably bringing said knife
cutting means. to synchronous speed with said
strip material during the cutting interval, said
last mentioned means being non-operative to
control said knife cutting means. during the re-
maining interval of the cycle.

18. In a device for cutting continuously advanc-
ing strip material, a cyclically operable knife cut-

ting means for periodically engaging said strip -

material for cutting; a source of power for oper-
ating said knife cutting means; means for vary-
ing the frequency of operation of said knife
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cutting means for changing the sizes of strip
material cut; and elliptical gear means for trans-
mitting driving power to said knife cutting means

to bring its speed to synchronous speed with said -

strip material at an invariable predetermined
rate, the cutting operation invariably occurring
at a predetermined position of said elliptical gears
irrespective of the variation in the frequency of
the cutting cycle.

19. In a ‘device for cutting continuously ad-
vancing strip material, a ‘cyclically operable knife
cutting means for periodically cutting said strip
material; ‘a source of power for operating said
knife cutting means; means for varying the fre-
quency of operation of said knife cutting means
for changing the sizes of strip material cut; and a
speed changing means for invariably bringing
said knife cutting means to the same speed as said
strip material at the period of cutting for every
frequency of operation of said knife cutting
means.

- 20. In a device for cutting continuously ad—
vancing strip material, a cyclically operable knife
cutting means for periodically cutting said strip
material; a source of power; means connecting
said source of power to said knife cutting means
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for driving said knife cutting means; means for

varying the frequency of operation of said knife
cutting means for changing the sizes of strip ma-
terial cut; and speed changing means included in
said first-mentioned means for invariably bring-
ing said knife cutting means to the same speed as
said strip material at the period of cutting for
every frequency of operation of said knife cut-
ting means.

21. In a device for cutting continuously ad-
vancing strip material, a cyclically operable knife
cutting means for periodically cutting said strip
material; a source of power; means conhecting
said source of power to said knife cutting means
for driving said knife cutting means; means for
varying the frequency of operation of said knife
cutting means for changing the sizes of strip ma-
terial cut; and speed changing means included
in said first-mentioned means for invariably
bringing said knife cutting means to the same
speed ‘as said strip material at the period of
cutting for every frequency of operation of said
knife cutting means, the rate of speed change be-
ing different for each frequency of operation of
said knife cutting means, whereby the knife cut-
ting means is brought to the same speed at the
cutting period for all sizes of strip material.

22. In a device for cutting continuously ad-
vancing strip material, a cyclically operable knife
cutting means$ for periodically cutting said strip
material; a source of power; means connecting
said source of power to said knife cutting means
for driving said knife cutting means; means for
varying the frequency of operation of said knife
cutting means for changing the sizes of strip
material cut; and speed changing means included
in said first-mentioned means for invariably
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bringing said knife cutting means to a fixed pre-

determined gear ratio in response to the source
of péwer for driving the knife to the same speed
as said strip material at the period of cutting for

every frequency of opera,tion of said knife cutting
means.
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