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This invention relates to cutting knives and 
more particularly to synchronously operated 
knives adapted to cooperate with a continuous 
Web moving at a constant speed and arranged to 
cut sheets of predetermined length without in 
terfering with the continuous movement of the 
Web and irrespective of the average circumferen 
tial speed of the knife. 

For this latter purpose, this invention also re 
lates to the means for varying the circumferen 
tial speed of rotating knives during a cycle 
thereof so that while the average circumferential 
speed may be different from the linear speed of 
a continuous web with which the knife COOp 
erates, the circumferential speed during the 
period when the cutting operation takes place 
will be the same as the linear speed of the web. 

Ordinarily where sheets of only one particular 
length are to be cut from a continuously mov 
ing web, the circumference and speed of rota 
tion of the knife drum may be so arranged that 
the circumferential speed of the knife blade will 
always be equal to the linear seped of the con 
tinuous web. The knife blade meets the web 
once during each revolution, effecting the cut 
ting operation as it passes along with the web 
at the speed of the web, and then meeting the 
Web once more at a distance from the Original 
cut equal to the length of sheet desired. Prob 
lens of adjustment arise when sheets of different 
length must, at different times, be cut by the 
same machine. 
The problems of adjustment of circumferen 

tial speed of the knife during a single revolution 
thereof so that the knife will be moving at the 
speed of the paper during the actual cutting 
operation and so that the average speed of rota 
tion of the knife drum may be such as to give 
the predetermined sheet length which will not 
necessarily be that produced by ordinary pure 
Synchronous rotation of the knife drum have 
been solved in various different ways. 
Thus, for instance, the shaft transmitting 

power to the knife drum has not been connected 
directly to the knife drum itself but a device 
producing an eccentric type of connection has 
been used in order that the effective radius of 
rotation of the power transmission shaft be 
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other means such as that shown in application 
Ser. No. 320,571, filed Feb. 24, 1940. 
:Although a universal joint is Commonly known 

and understood, nowhere in the prior art or in 
the industry has there been any demonstration 
or teaching of the use thereof in connection with 
rotating knives, the speed of rotation of which 
may be varied with respect to the continuously 
moving web in order to obtain cut-off sheets of 
different lengths (the speed of the knife drum 
being varied so that it will be exactly that of the 
Continuously moving web during the cutting op 
eration). 
The novelty of the present invention resides 

therefore in the use of a universal joint forming 
part of the power path to the cutting knives for 
the purpose of cyclically adjusting the speed of 
the cutting knives so that whatever, the average 
speed thereof, they will be traveling at the same 
Speed as the continuously moving web with 
Which they cooperate at the time that the actual 
cutting process is taking place, the predeter 
mined average speed of the knives for selected 
Sheet lengths being nevertheless maintained by 
a change of speed of the rotation of the cutting 
knives in an opposite sense (either a slowing 
down or speeding-up) during the remainder of . 
the revolution thereof. - 

Objects of this invention, therefore, are to 
provide in connection with cutting knife mecha 
nisms which are to operate cyclically upon con 
tinuously moving webs for the purpose of cut 
ting sheets of predetermined length therefrom, 
means for adjusting the cyclical speed of the 
knives to that of the continuously moving web 
SEg the interval during which cutting takes 
plaCe 

Still a further and most important object of 
the present invention is to provide for such auto 
matic adjustment by providing a universal joint 
in the power path to the cutting knives. 

still another object of this invention is to pro 
vide a means for varying the angle formed be 
tween the shaft connected by the universal joint 
for the purpose of changing the cyclical varia 
tion in the Speed of rotation of the cutting 
knives in order to enable the cutting of different 
sheet lengths. 
Other objects and uses of the present inven 

varied once during a particular revolution of the 50 tion will in part be apparent and in part be 
knife drum. This has been accomplished, for 
instance, by the crank and bifurcated arrange 
ment shown in Patent No. 2,070,386, or by the 
quadric chain arrangement shown in application 

pointed out in the following, description and 
drawings in which: 

Figure 1. is a schematic view in perspective 
showing the general organization of my inven. 

Ser. No. 2,208,350, issued July 16, 1940, or by 55 tion with particular emphasis on the rovision 
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of a universal joint in the power path to the 
rotating cutting knives for the purpose of in 
pinging upon the average rotation thereof, a 
cyclical variation in such rotation. 

Figure 2 illustrates a slightly modified form of 
the apparatus of Figure 1 showing an arrange 
ment of the cutting knives which utilizes each 
of the variations induced by the universal joint 
as hereinafter explained. 

Figure 3 is an end view of Figure 2 showing 
the universal joint adjusted for a position which 
induces cyclical variations in the speed of rota 
tion of the cutting knives. 

Figure 4 illustrates in top plan view partly in 
cross-section a modified form of the construc 
tions of either Figure 1 or 2 wherein the univer 
Sal joint angle may be varied in a different plane 
for accomplishing the same purpose. 

Figure 5 is an end view of Figure 4. 
Figure 6 illustrates in diagrammatic perspec 

tive a slight modification of the form shown in 
Figure 4 wherein the angle of the universal joint 
may be varied in two planes. 
Figure 7 is a diagram illustrating the varia-, 

tions in position of the members of Figure 6. 
Referring now to Figure 1, it should be noted 

that the position of the universal joint here 
shown is such that no cyclical variation in the 
speed of rotation of the cutting knives will ensue 
while When the universal joint is moved so that 
the shafts which it connects are no longer co 
axial, to for instance a position similar to that 
shown in Figure 3, cyclical variation in the speed 
of rotation of the cutting knives will be effected. 

In Figure 1 I have shown a cutting machine 
Wherein the continuously moving web O is fed 
by the feed rollers f and 2 in the direction indi 
cated by the arrows between the cutting knives 
3 and 4 which are respectively mounted on the 
drums 5 and 6. The speed of movement of the 
continuous web 0 is constant, the feed rollers 

and 2 being caused to rotate at the con 
stant speed by power transmitted thereto from 
the power shaft , sprocket 8, chain 9 and 
sprocket 20. 
The knife drums, however, are not connected 

directly to the power shaft although they are 
driven from the shaft. Where, for instance, a 
continuous web is moving at a speed of 120' per 
minute and it is desired to obtain 30' sheets 
therefrom, it will be necessary for the drums 
of the knife shaft to rotate four times per min 
ute. Where a variation is desired and 60' lengths 
are required, then the knife drums must be 
caused to rotate twice per minute while for 120' 
lengths the knife drums must rotate once per 
minute. 
Owing to the fact that corrugated sheet mate 

rial is fairly heavy, it is necessary to have a 
shearing action in cutting the sheet material so 
that the sheet material is cut not at a single 
moment but over a relatively short period. Dur 
ing this short period, whatever the average speed 
of rotation the knife drums require in order to 
obtain sheets of desired length, it is necessary 
that the knives themselves move at the exact 
speed of the paper, any Speeding up of the knife 
drums necessary to accomplish this purpose being 
compensated for by a corresponding slowing 
down of the knife drums at a time when the 
knives are not in engagement With the Sheet. 
In order to provide for variations in the speed 

of rotation of the knife drums and in order to 
obtain sheets of varying length, a Reeves drive 
8 is interposed in the power path between the 
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2,258,816 
power shaft 7 and the knives. The Reeves drive 
comprises as will be noted, cones 9 and 20 and 
belt 2 interconnecting the two. Movement of 
the belt back and forth upon the cones will result 
in variations in speed imparted to the shaft 22 
of the Reeves drive in a manner which is now 
well known in the art. 
Shaft 22 of the Reeves drive is keyed to and 

drives gear 23 which meshes with gear 24 which 
in turn is keyed to shaft 25 and drives the same. 
Shaft 25 carries at the opposite end thereof bevel 
gear 26 which meshes with bevel gear 27 thus 
causing shaft 28 to rotate which through the 
universal joint 29 causes the shaft 30 and its 
associated gear 3 to rotate. 

Rotation of gear 3? causes the rotation of gear 
32 which in turn causes shaft 33 to rotate 
thereby rotating knife drum 6 which carries 
the knife 4. Rotation of shaft 33 likewise 
through gears 34 and 35 causes rotation of shaft 
36 which in turn rotates the knife drum 5 carry 
ing the knife 3. 

Wariation in average speed of rotation of the 
knife drums is accomplished therefore by move 
ment of the belt 2 of the Reeves drive upon the 
cones thereof in order to obtain variations in 
the speed of the shaft 25 in a manner well known 
in the art. 
With the universal joint in the position shown 

in Figure 1, no other variation in the speed of 
rotation of the knife drums 5 and 6 occurs. 
But when the shaft 28 is moved to a position 
similar to that shown for instance in Figure 3 
where it is no longer coaxial with shaft 30 but 
rather it is at an angle thereto, cyclic variations 
in the Speed of rotation of shaft 30 and Conse 
quently in the speed of rotation of drums 5 and 
6 and their associated knives will OCCur. 
In order to provide an adjustment which will 

readily move the shaft 28 to a position at an 
angle to and non-coaxial with the shaft 30 bear 
ing gear 3 and therefore in order to provide a 
means for cyclically varying the speed of rota 
tion of the drums f5 and 6, I have added the 
series of adjustments shown particularly in Fig 
ure 1. Thus the shaft 28 is rotatably mounted 
in the sleeve 37 which is part of a casting 38 
hereinafter more particularly described. The 
shaft 28 also carries either keyed thereto or as 
a part thereof the bevel gear 27 and also carries 
the tangs 39 and 40 for rotatably supporting 
the rod 4f of the universal joint. 
When bevel gear 26 therefore rotates bevel 

gear 27 and causes a rotation of the shaft 28 it 
likewise by means of the tangs 39 and 40 causes 
a rotation of the rod 4f of the universal joint 29. 
This rod 4 is integral with rod 42 of the uni 
versal joint 29 and is at right angles thereto. . 
Rod 42 of the universal joint is rotatably 

supported in the tangs 43 projecting from the 
face of the gear 3 which may be regarded as 
an extension of the shaft 30. The casting 38 
pivots about the shaft 25 on its sleeve 45. The 
casting 38 also carries a segment of a Worm gear 
wheel. Control shaft 47 carries at one end there 
of the spiral gear 48 which meshes with the 
teeth of the gear segment 46. Rotation of the 
control shaft 47 by, for instance, the handle 49 
will cause a corresponding rotation of the Spiral 
gear 48. The control shaft is mounted in Such 
manner that it cannot shift longitudinally along 
its axis. Therefore rotation of the spiral gear 
48 will result in a corresponding movement in one 
direction or the other of the segment. Since the 
Segment 46 is integral with or Securely attached 
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to the casting 38, movement of 46 about the 
pivoting point 45 will cause the entire casting 
to rotate about the sleeve 45 and to thereby cause 
the sleeve 37 supporting the shaft 28 to also ro 
tate thus placing the shaft 28 at an angle with 
respect to the shaft 30 in the manner shown in 
Figure 3. 

Power, however, is continuously being trans 
mitted to the shaft 28 from the bevel gear 26 
through the bevel gear 27 which continuously re 
mains enmeshed whatever the angular position 
of the shaft 28 with respect to the shaft 30 so 
that whatever the angle at which the universal 
joint is placed, the power transmitted to shaft 
28 is always constant and unvarying. 

I have found that when the shaft 28 is at an 
angle to the shaft 30 as for instance in the man 
ner shown in Figure 3, then although the shaft 
28 rotates at a constant speed, the rotation of 
shaft 30 will vary cyclically. Thus when the 
shaft 28 is at an angle such as that shown in 
Figure 3 with respect to the shaft 30 and when 
the rods 42 and 4 of the universal joint are in 
the postion shown with respect to each other, 
and with respect to the angle formed between 
the shafts, then the shaft 30 will be rotating at a 
speed which is less than that of the speed of 
rotation of the shaft 28. When the shaft 28 has 
rotated through 90 so that the rods 4 and 42 
of the universal joint also have removed to a 
position 90 from that shown in Figure 3, then 
the speed of the rotation of shaft 30 will be cor 
respondingly greater than the speed of rotation 
of shaft 28. 

In this case it will be noticed therefore that 
there are two maximum speeds and two mini 
num speeds of rotation of shaft 30 in a single 
cycle, while the average speed of rotation of 
shaft 30 is the same as that of shaft 28. The 
variations from maxima to minima in the speed 
of shaft 30 will vary in accordance with the angle 
which shaft 28 is caused to assume with respect 
to shaft 3. . 
Since there are two maximum speed positions 

and two minimum speed positions in a single ro 
tation of shaft 30 then the variation from the 
lowest speed to the highest speed takes place 
within an arc of 180°. By a proper adjustment 
of the control shaft 47 and proper correspond 
ing adjustment of the belt 2 of the Reeves drive 
8, the cutting operation may be caused to take 
place at any desired point over any desired in 
terval of said 180° at the moment when the cir 
cumferential speed of rotation of the knife shaft 
is the same as that of the linear movement of the 
continuous web. Preferably, however, the cut 
ting operation should take place at either a maxi 
mum point or a minimum point and the knives 
are so arranged that they will register with the 
paper only at maximum or minimum points. 
Since a complete cyclical variation in the 

Speed of rotation of the shaft 30 can take place 
Once in each 180°, that is, the shaft may reach 
its maximum speed and drop to its minimum 
Speed. Within 180° and since it will reach two 
such maximum within a full rotation of 360° then 
Such elements may be utilized and the knif3 
shafts may be caused to rotate twice for every 
single revolution of the shaft. 30 so that there 
will be only one maximum and one minimum 
cyclic speed within any single revolution of the 
knife shafts. - 

In order to accomplish this, gears 3 and 32 
are in two to one ratio so that the shaft 33 ro 
tates at twice the speed of shaft 30. 
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By proper calculation, calibration, testing and 

adjustment, the exact relationship between the 
angle at which the universal joint is placed and 
the position at which the belt 2 of the Reeves 
drive is placed may be obtained and since any 
movement of the belt 2 of the Reeves drive must 
necessarily require a corresponding movement 
of the shaft 28 to a different angle with respect 
to the shaft 30 then the two motions may be in 
ter-related and the very control shaft 47 which 
controls the angle which shaft 28 reaches with 
respects to shaft 30 may also be used to control 
the position of the belt 2 f in the Reeves drive. 
Thus bevel gear 50' on the control shaft 47 

may mesh with bevel gear 50 at One end of shaft 
5, the opposite end of shaft 5 carrying the 
Worm gear 52 which in turn meshes with the gear 
53 carried by the shaft 54. Rotation therefore 
of the handle 49 of the shaft 4 results as has 
been noted in rotation of shaft 47 causing an ad 
justment of the universal joint such rotation also 
resulting in a corresponding rotation of shaft 5 
resulting also in a rotation of shaft 54. 
Rotation of shaft 54 results in rotation of the 

can 55 which bears upon the rotatable wheel 56 
which is pivoted at 5 to the lever 58. . . Move 
ment of the cam 55 will cause a change in the 
position of the wheel 56 with respect thereto 
and consequently will cause a movement of the 
lever 58 about its fulcrum 59. 
Such movement of the lever 58 about its full 

crun 59 will, through the pin 60 and the link 
6 carrying the members 62 which engage the 
belt, cause a corresponding movement of the belt 
2 upon the cones of the Reeves drive. 
Spring 63 will tend to cause a movement of 

the lever in the opposite direction from that in 
duced by the eccentric 55 and therefore will cause 
the wheel 56 to bear against the eccentric 55, 
the motion of the eccentric 55 counteracting the 
force exerted by the spring 63. 
Consequently, a single adjustment or rotation 

of the handle 49 will result in a variation in speed 
of rotation of the knife shaft in order to produce 
a sheet of a different length while at the same 
time resulting in a variation of the angle which 
shaft 28 assumes with respect to shaft 30 in order 
to cause the appropriate cyclical variation in 
speed of rotation of the knife shafts in order that 
the knives will be traveling at the speed of the 
sheet during the interval when the cutting takes place. 
There are many other methods of inter-con 

necting this adjusting mechanism which will now 
be clear; the method here described is but one of 
several methods for accomplishing this result. 
In the slight modification of Figure 2, I have 

shown a means whereby the gears 36 and 32 of 
Figure 1 may be dispensed with by a modification 
of the drum 6 of Figure 1. The drum 5 re 
tains the same relative circumference in both 
Figures 1 and 2 while the drum 6 of Figures 2 
and 3 instead of being of the same circumference 

65 

70 

75 

and diameter as drum 5 is twice the circum 
ference thereof. 
By placing knife blades f4 and 4.''' along the 

drum 6 and 180° removed from each other, it 
becomes possible without doubling the speed of 
shaft 30 with respect to the shaft 28 to utilize 
both of the maximum and minimum cyclic speeds 
induced by the universal joint. That is, each of 
the two maximum speeds obtained during one 
cycle by reason of the interposition of the uni 
versal joint between the two shafts is utilized 
during a single cycle of the drum 6' (where for 

  



4. 
instance the cutting operation is to take place at 
the interval of finaximum speed). Thus at one 
maximum interval knife f4' will be in engage 
ment with knife 3', while at the second maxi 
nun interval during the same cycle knife 4.''' 
Will be in engagement with knife f3'. 
Drum 5 may in one embodiment have the 

Same diameter as drum 6' and a pair of knives 
180° removed from each other in the same way 
to engage with the two knives of drum 6'. How 
ever it is possible and I prefer that the drum 
5 have but the single knife 3' to engage once 

during each revolution of drum 5 with one of 
the knives of drum 5' and to engage once during 
each revolution of 16 alternatively with both of 
the knives of the latter drum. 
For this purpose drum 5 (of Figure 2) should 

rotate so that the knife 3' is adjacent the sheet 
twice during every revolution of drum 6 and 
accordingly drum 5 should revolve at twice the 
speed of drum 6'. 
Consequently gears 34' and 35' are in exact 2 

to 1 ratio in order to double the speed of drum 
f5 with respect to drum 6. Cyclic variations in 
speed may of course be accomplished in exactly 
the same manner and by the same apparatus as 
previously described in connection with Figure 1. 

Various modifications and alternations of the 
form in which the universal joint is used are, of 
course, possible, the underlying essential ele 
ment being at all times the interposition of the 
universal joint so that the angle between the 
power transmitting shaft and the driven shaft of 
the knife drum is variable for the purpose of 
varying cyclic Speed. 
Thus in the form shown in Figures 4 and 5, I 

have shown a modification in which the Reeves 
drive connections and other connections of the 
apparatus may be the same as that for Figures 
1 to 3 inclusive but wherein a compound uni 
versal joint arrangement is used so that the varia 
tion of the angle may be accomplished without 
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power transmitting and operating shafts then 
the other universal joint is in exactly the same 
relationship. Thus in the position shown in Fig 
ure 4, the universal joint 82 is at a position be 
tween power transmitting shaft 28’ and the op 
erated shaft 8 at that moment of cyclic opera 
tion when the operated shaft 8 has reached its 
maximum cyclic speed. 
Thus the two universal joints 82 and 80 do not 

cancel the effect of each other but rather tend to 
multiply their effect producing a desired maxi 
mum speed with less angularity for each of the 
two universal joints than would be required in 
the case of a single universal joint direct connec 
tion between the power transmitting shaft and 
the knife carrying shaft. 

It is, of course, obvious that when the power 
transmitting shaft 28’ is at a position furthest 
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moving shafts out of a single horizontal plane 
and wherein each joint is subjected to only half 
the angle of Figure 1 while producing the same 
overall angle. All of the apparatus (not shown) 
of Figure 4 up to and including the power shaft 
25 is exactly the same as that hereinbefore de 
Scribed. 
Shaft 30' of the knife drum terminates in a 

universal joint 80 which connects the shaft 30 
with the shaft 8. Shaft 8 also terminates in a 
universal joint 82 which connects the shaft 8 
with the power transmitting shaft 28. Power 
transmitting shaft 28' rotates within the sleeve 
83 which is a part of the sliding frame member 
84. The opposite end of power transmitting shaft 
28 carries the bevel gear 85. Bevel gear 26 ro 
tated by the power shaft 25 meshes with the bevel 
gear 85 and thus causes a rotation of the shaft 
28' which through universal joints 80 and 82 and 
shaft 8 results in the rotation of knife drum 
shaft 30’ and therefore of the knife drums. 

It will be seen that sliding of the frame mem 
ber 84 back or forth in the direction indicated 
by the arrows will result in a change of the 
angles which the universal joints 80 and 82 as 
sume between their respective shafts. 
The important angle of course is that between 

shafts 8 and 30'. But as shown, the universal 
joints 80 and 82 are so arranged that they are 
continuously in similar relationship to their re 
spective shafts, that is, when one universal joint 
is in position to result in a maximum speed in 
crease during any particular cycle between the 
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removed from coaxial relationship with the shaft 
30' there is a greater distance between then than 
when the shaft 28’ has reached a position sub 
stantially coaxial with shaft 30'. The universal 
joint 80 is therefore not connected directly to 
shaft 8 but is rather connected to a sleeve 86 
which is slidably connected to shaft 8 by means 
of a feather key registering with the slot 87 of the 
shaft 8 in such manner that the sleeve 86 rotates 
with the shaft 8 but is free to move longitudi 
nally thereof and thus in effect to lengthen and 
shorten said shaft and thus further compensate 
for any change in distance between shafts 28 and 
30' occasioned by movement of the slide 84 and 
the shaft 28 in the directions indicated by the 
arOWS. 

It should be noted that in the present modifica 
tion the end of the power shaft 25 shown in the 
drawing of Figure 5 rotates in the bearings 88 
and 89 of the frame 90. The frame 90 carries 
the slide member 84 by means of suitable track 
Ways or grooves 9 in the frame 90 which register 
with members of the slide 84 so that the frame 90 
provides a key way or track way within which the 
slide member 84 may travel in a direction longi 
tudinal to the shaft 25. By reason of these 
guides, the slide member 84 is fixed with respect 
to the frame 90 and, does not rotate with the 
shaft 25, the shaft 25 rotating also in bearings 92 
and 93 of the slide member 84. 
The bevel gear 26' is not mounted directly on 

the shaft 25 but rather is mounted on a sleeve 94 
which is carried between the pillars 95, 96 of the 
slide member 84 and which may rotate with re 
Spect thereto. The sleeve 94 carrying the bevel 
gear 26' is connected by feather key 97 to the 
shaft 25 so that although it may slide longitui 
nally with respect to the shaft 25, it necessarily 
must rotate therewith. In this way, the bevel 
gear 26' rotates under the influence of the shaft 
25 in the same manner as if it had been directly, 
connected thereto but it is free to be moved lon 
gitudinally of the shaft 25. The sleeve 94 serves 
accurately to fix the bevel gear 26' 'in a con 
tinuously fixed relationship to the end pillars 95 
and 96 of the slide member 84 and hence in a con 
tinuously fixed relationship to the bevel gear 85 
which is likewise supported by the slide member 
84 so that the two gears 26 and 85 are always in 
mesh, 
The slide member 84 may be moved with re 

spect to the frame 90 for the purpose of changing 
the angles of the universal joints 80 and 82 by 
means of the control shaft 98. Control shaft 98 
is fixed to rotate in bearings 99 and OO of the 
frame member 90 but in such a manner that the 
control shaft 98 is fixed within the frame mem 
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ber so that it cannot move longitudinally with 
respect thereto. Control shaft 98 carries threads 
O which register and are in engagement with 

similar threads fo2 of a perforation of an exten 
sion 03 of the slide member. Rotation of the 
control shaft 98 results obviously in rotation of 
the threads of and by reason of the engagement 
therewith by the threads 02 of the slide member 
necessarily results in movement of the slide 
member with respect to the control shaft. Rota 
tion of the control shaft 98 therefore results in 
movement back and forth of the slide member 84 
in a direction in accordance with the rotation of 
the control shaft. 
I have here described but one means for mov 

ing the slide member 84; any other suitable means 
for accomplishing this purpose may be used. The 
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control shaft 98 may be interconnected and inte- . 
grated with the control of the Reeves drive in a 
manner substantially similar to that shown in 
Figure 1. By this means, a cyclic variation or a 
plurality of cyclic variations may be obtained in 
the speed of rotation of the knife drums for the 
purposes hereinbefore described. In this way, 
the use of two universal joints, each in the same 
relative position between their respective shaft 
and each arranged so that they will always make 
the same angle between their respective shafts 
and thereby have an additive effect which will . 
thus create the desired variation in cyclic speed 
With a Smaller adjustment. 

It should be noted that owing to the fact that 
shafts 28' and 30'. are so fixed with relation to 
each other that when they are not coaxial they 
must necessarily be parallel to each other insures 
that the shaft 8 which constitutes a straight line 
intersecting these two parallel shafts must always 
in every adjustment form angles of equal degrees 
with respect to each shaft 28' and 30', thereby 
aSSuring that universal joints 80 and 82 will 
always be at the same angle. 

In Figure 6 I have illustrated a slight modifica 
tion of the construction of Figure 4 wherein the 
Sane double universal joint connection is used 
but wherein a gear segment instead of the sliding 
frame member arrangement of Figure 4 is used 
in order to obtain the adjustment. However, the 
power transmitting and ultimate power receiving 
shaft of the knife drum are continually and must 
necessarily remain in parallel relation to each 
other for the reasons before described. 

Power transmitting shaft 25 of Figure 6 ter 
minates in gear ?o which meshes with gear 
which therefore rotates the power transmitting 
shaft 28. The rotation of gear if f and power 
transmitting shaft 28 results in rotation of the 
shaft 8 through the universal joint 82, the rota 
tion of shaft 8 through universal joint 80 re 
Sults in rotation of shaft 30' for the purposes 
hereinbefore described. 
These shafts and universal joints operate in 

exactly the same manner as hereinbefore de 
Scribed; but here the control mechanism' of 
Figure 1 is used in connection with the universal 
joint combination of Figure 4 in order to obtain 
the variations desired. Thus shaft 28 is 
mounted on a casting 29 which is pivoted by 
sleeve 30 on or with respect to the shaft 25. 
Rotation of the casting 29 about the shaft 25 
will result in a displacement of the power trans 
mitting shaft 128 with respect to the ultimate 
power receiving shaft 39 and thereby results in 
placing the universal joint 82 and 80 at the 
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angles between shafts (28 and 8 and shafts 30' 

5 
and 8 f in order to obtain the cyclic variations 
in speed hereinbefore described. 

It should be noted, of course, that shaft 28 
rotates in sleeve 3, which is mounted on Or 
connected to the casting 29. A rack 32 in 
arcuate form is an integral part of or secured to 
the casting 29. Control shaft 33 carries worm 
34 at the end thereof which mesh with the 

teeth of the worm gear 32. Rotation of the 
control shaft 33 results in a corresponding 
movement of the gear 32 and therefore in a 
corresponding rotation of the casting 29 and a 
corresponding displacement of the shaft 28 and 
therefore in a placement of the shaft 8 at an 
angle with respect to both shafts 28 and shaft 
30' so that the universal joints 80 and 82 are at 
the respective angles. 
The control shaft 33 may, if desired, be in 

tegrated with the Reeves drive control mecha 
nism in a manner shown in connection with 
Figure 1. 
In all of the embodiments herein described, 

the sole function and operation of the mecha 
nism is to place the ultimate power transmitting 
shaft at an angle with respect to the knife drum 
shaft so that cyclic variations in speed may 
Occur. 
The apparatus may be so arranged or set that 

the knife will engage the web to be cut when 
maximum cyclic speed is reached or when mini 
mum cyclic speed is reached if that is desired 
(depending on whether the circumferential Speed 
of the knife drums is greater or less than the 
linear speed of movement of the Web to be cut) 
or any stage between the maximum and mini 
mum cyclic speed may be selected. 
Of course, it should be noted that the cutting 

operation is not here instantaneous so that the 
very instant of, for instance, maximum cycle 
speed cannot be selected for the cutting opera 
tion, but rather an average interval for cutting 
may be selected at the maximum speed where 
the average speed of rotation of the knife drums 
is less than that of the linear movement of the 
Web. 
Thus, as shown in the diagrammatic view of 

Figure 7, which is a diagram of the possible 
movements of the construction shown in Figure 6, 
the Solid lines indicate a position of maximum 
speed of the knife drum 6. 

It should be noted that the position for maxi 
mum speed may be selected at any point in the 
cycle, that is, the knife and the adjustments 
thereof may be so arranged that whatever the 
position of the shafts with respect to each other, 
the maximum speed may occur when the knives . 
are in a vertical plane or it may even be arranged 
to occur when the knives are in a horizontal plane 
or at any intermediate point. The cutting knives 
first meet the sheet and begin to enter the same 
at a point somewhat removed from the vertical 
plane and the cut is completed when the knives 
have reached the vertical plane so that where it 
is desired to obtain maximum speed of the cutting 
knives at the time they are actually in engage 
ment with the sheet material, such maximum 
speed should be attained when the knives first 
begin to engage the sheet of paper. This is the 
reason, therefore, that the preferred position of 
the knives for maximum speed is approximately 
that shown in the solid lines of the diagram of 
Figure 7. 
In actual practice, however, and in order to 

distribute whatever errors may occur even though 
such errors may not be of extreme importance, 

  



6 
the cutting knives may be arranged to reach their 
maximum speed when they have already partially 
entered the web, and accordingly, the preferred 
position of maximum speed for the cutting knives 
may be that shown by the dotted lines of Fig 
lure 7. 

Various other methods for utilizing universal 
joint connections in the manner herein described 
will now be obvious to those skilled in the art 
and various other means for supporting the moW 
able shafts will also be clear. Accordingly, I 
do not intend to be limited by the specific dis 
closure herein, but only by the appended claims. 
I claim: 
1. A means for cyclically varying the Speed of 

rotation of a shaft while maintaining a constant 
average speed of rotation thereof; Said means 
comprising a power transmitting shaft rotatable 
at unvarying cyclic speed, a universal joint con 
nection between said power transmitting shaft 
and said first mentioned shaft, and means for 
varying the angle between said shafts. 

2. Ashaft rotatable at a constant average Speed 
for each cycle of rotation, means for reducing 
the speed thereof during part of Said cycle and 
increasing the speed thereof during the other 
portions of said cycle while maintaining the 
constant average speed for each cycle, Said means 
comprising a power transmitting shaft rotatable 
at unvarying cyclic speed, the end of said latter 
shaft being adjacent the end of said first men 
tioned shaft and disposable at an angle thereto, 
and a universal joint connection between Said 
shafts. 

3. A shaft rotatable at a constant average Speed 
for each cycle of rotation, means for reducing 
the speed thereof during part of said cycle and 
increasing the speed thereof during other por 
tions of said cycle while maintaining the Con 
stant average speed for each cycle, said means 
comprising a power transmitting shaft rotatable 
at unvarying cyclic speed, the end of said latter 
shaft being adjacent the end of said first men 
tioned shaft and disposable at an angle thereto, 
a universal joint connection between said shafts; 
and means for changing the degree of cyclic 
variation from average speed of said latter shaft. 

4. A shaft rotatable at a constant average Speed 
for each cycle of rotation, means for reducing the 
speed thereof during part of said cycle and in 
creasing the speed thereof during other portions 
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of said cycle while maintaining the constant . 
average speed for each cycle, said means compris 
ing a power transmitting shaft rotatable at un 
varying cyclic speed, the end of said latter shaft 
being adjacent the end of said first mentioned 
shaft and disposable at an angle thereto, a uni 
versal joint connection between said shafts; 
means for changing the degree of cyclic varia 
tion from average speed of said latter shaft con 
prising means for changing the angle between 
said two shafts. 

5. A method for Creating cyclic variations in 
speed of rotation of a rotatable shaft operable 
from a power transmitting shaft, said method 
comprising the interposition of a universal joint 
between said shafts and placing Said shafts at an 
angle of less than 180 and more than 90° to 
each other and means for selectively varying said 
angle. 

6. An apparatus for successively severing sheets 
of predetermined length from a continuously 
moving web, said apparatus comprising a knife 
mounted on a rotatable shaft, a power source 
comprising a shaft and means connecting said 
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power source and said rotatable shaft, means 
for selecting an average speed of rotation for Said 
rotatable shaft, and means for cyclically varying 
the speed of rotation of said rotatable shaft, said 
means comprising a universal joint between Said 
rotatable shaft and a portion of Said means con 
necting the power shaft thereto and means for 
varying the angle between said rotatable shaft 
and said power shaft. 

7. An apparatus for successively severing sheets 
of selected length from a continuously moving 
web, said apparatus comprising a rotatable knife 
shaft, a power shaft, a secondary shaft, and an 
auxiliary shaft, adjustable power transmission 
means connecting said power shaft and Said Sec 
ondary shaft for varying the average Speed of ro 
tation of said secondary shaft, an adjustable 
power connection between said Secondary shaft 
and said auxiliary shaft, a universal joint connec 
tion between said auxiliary shaft and Said knife 
shaft, said auxiliary shaft being normally coaxial 
with said knife shaft and means for placing Said 
auxiliary shaft at an angle to Said knife shaft. 

8. An apparatus for successively Severing sheets 
of selected length from a continuously moving 
web, said apparatus comprising a rotatable knife 
shaft, a power shaft and an auxiliary shaft, an 
adjustable power connection between Said power 
shaft and said auxiliary shaft, a universal joint 
connection between said auxiliary shaft and Said 
knife shaft, said auxiliary shaft being normally 
coaxial with said knife shaft, and means for 
placing said auxiliary shaft at an angle to said 
knife shaft. 

9. An apparatus for successively severing sheets 
of selected length from a continuously moving 
web, said apparatus comprising a rotatable knife 
shaft, a power shaft, a secondary shaft and an 
auxiliary shaft, adjustable power transmission 
means connecting said power shaft and Said Sec 
ondary shaft for varying the average Speed of 
rotation of said secondary shaft, an adjustable 
power connection between said Secondary shaft 
and said auxiliary shaft, a universal joint connec 
tion between said auxiliary shaft and said knife 
shaft, said auxiliary shaft being normally co 
axial with said knife shaft, means for placing 
said auxiliary shaft at an angle to Said knife 
shaft, said auxiliary shaft being mounted in a 
sleeve perpendicular to said secondary shaft, Said 
sleeve being rotatable about said secondary shaft, 
and means for rotating said sleeve carrying Said 
auxiliary shaft. 

10. An apparatus for successively severing 
sheets of selected length from a continuously 
moving Web, said apparatus comprising a rotat 
able knife shaft, a power shaft, a secondary shaft 
and an auxiliary shaft, adjustable power trans 
mission means connecting said power shaft and 
said secondary shaft for varying the average 
Speed of rotation of Said Secondary shaft, an ad 
justable power connection between said secondary 
shaft and said auxiliary shaft comprising a bevel 
gear on each of said shafts, said shafts being per 
pendicular to each other and said bevel gears 
meshing with each other, a universal joint con 
nection between said auxiliary shaft and said 
knife shaft, Said auxiliary shaft being normally 
coaxial with Said knife shaft, means for placing 
said auxiliary shaft at an angle to said knife 
shaft, said auxiliary shaft being mounted in a 
sleeve perpendicular to said secondary shaft, said 
sleeve being rotatable about said secondary shaft, 
and means for rotating said sleeve carrying said 
auxiliary shaft. 
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sheets of selected length from a continuously 11. An apparatus for successively severing 

sheets of selected length from a continuously 
moving web, said apparatus comprising a rotat 
able knife shaft, a power shaft, a secondary shaft 
and an auxiliary shaft, adjustable power trans 
mission means connecting said power shaft and 
said secondary shaft for varying the average 
speed of rotation of said Secondary shaft, an ad 
justable power connection between said secondary 
shaft and said auxiliary shaft, comprising the 
mounting of said auxiliary shaft perpendicular 
to said secondary shaft and rotatable thereabout 
and a gear connection therebetween, a universal 
joint connection between said auxiliary shaft and 
said knife shaft, said auxiliary shaft being nor 
mally coaxial with said knife shaft, and means 
for placing said auxiliary shaft at an angle to 
said knife shaft. . 

12. An apparatus for successively severing 
sheets of selected length from a continuously mov 
ing web, said apparatus comprising a rotatable 
knife shaft, a power shaft, a second shaft and an 
auxiliary shaft, adjustable power transmission 
means connecting said power shaft and said sec 
ondary shaft for varying the average speed of 
rotation of said secondary shaft, an adjustable 
power connection between said secondary shaft 
and said auxiliary shaft, comprising the mount 
ing of said auxiliary shaft perpendicular to said 
secondary shaft and rotatable thereabout and a 
gear connection therebetween, a universal joint 
connection between said auxiliary shaft and said 
knife shaft, said auxiliary shaft being normally 
coaxial with said knife shaft, means for placing 
said auxiliary shaft at an angle to said knife 
shaft, said auxiliary shaft being mounted in a 
sleeve perpendicular to said secondary shaft, said 
sleeve being rotatable about said secondary shaft, 
and means for rotating said sleeve carrying said 
auxiliary shaft. 

13. An apparatus for successively severing 
sheets of selected length from a continuously 
moving web, Said apparatus comprising a rotat 
able knife shaft, a power shaft, a secondary shaft 
and an auxiliary shaft, adjustable power trans 
mission means connecting said power shaft and 
said Secondary shaft for varying the average 
speed of rotation of said secondary shaft, an ad 
justable power connection between said second 
ary shaft and said auxiliary shaft, a universal 
joint connection between said auxiliary shaft and 
said knife shaft, said auxiliary shaft being nor 
mally coaxial with said knife shaft, means for 
placing said auxiliary shaft at an angle to said 
knife shaft, said auxiliary shaft being mounted 
in a sleeve perpendicular to said secondary shaft, 
said sleeve being rotatable about said secondary 
shaft, and means for rotating said sleeve carry 
ing said auxiliary shaft, said means comprising 
a gear segment carried by said sleeve, a gear 
meshing therewith, and means for rotating said 
gear. 

14. An apparatus for successively severing 
sheets of selected length from a continuously 
moving Web, said apparatus comprising a rotat 
able knife shaft, a power shaft and an auxiliary 
shaft, an adjustable power connection between 
said power shaft and said auxiliary shaft, a uni 
versal joint connection between said auxiliary 
shaft and said knife shaft, said auxiliary shaft 
being normally coaxial with said knife shaft, and 
means for placing said auxiliary shaft at an an 
gle to said knife shaft, said means comprising a 
slidable mounting for said auxiliary shaft. 
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moving web, said apparatus comprising a rotata 
ble knife shaft, a power shaft, a secondary shaft, 
an auxiliary shaft, and an additional shaft, an ad 
justable power connection between said second 
ary shaft and said auxiliary shaft, a universal 
joint connection between said auxiliary shaft 
and said additional shaft, and a universal joint 
connection between said additional shaft and 
said knife shaft, said auxiliary and additional 
shafts being normally coaxial with said knife 
shaft, means for shifting said auxiliary shaft to 
non-coaxial position while its axis remains par 
allel to the knife shaft axis and placing said ad 
ditional shaft at an angle to both said shafts. 

16. An apparatus for successively severing 
sheets of selected length from a continuously 
moving web, said apparatus comprising a rotat 
able knife shaft, a power shaft, a secondary 
shaft, an auxiliary shaft, and an additional shaft, 
an adjustable power connection between said 
secondary shaft and said auxiliary shaft, a uni 
versal joint connection between said auxiliary 
shaft and said additional shaft, and a universal 
joint connection between said additional shaft 
and said knife shaft, said auxiliary and addi 
tional shafts being normally coaxial with said 
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knife shaft, means for shifting said auxiliary 
shaft in an arcuate path to non-coaxial position 
while its axis remains parallel to the knife shaft 
axis and placing said additional shaft at an an 
gle to both said shafts. 

17. An apparatus for successively severing 
sheets of selected length from a continuously 
moving web, said apparatus comprising a rotat 
able knife shaft, a power shaft, a secondary 
shaft, an auxiliary shaft, and an additional shaft, 
an adjustable power connection between said 
Secondary shaft and said auxiliary shaft, a uni 
versal joint connection between said auxiliary 
shaft and said additional shaft, and a universal 
joint connection between said additional shaft 
and said knife shaft, said auxiliary and addi 
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tional shafts being normally coaxial with said 
knife shaft, means for shifting said auxiliary 
shaft to non-coaxial position while its axis re 
mains parallel to the knife shaft axis, said ad 
ditional shaft being at an angle to said auxiliary 
shaft and said knife shaft when said auxiliary 
shaft is shifted, the two universal joints secured 
between their respective shafts having the same 
orientation with respect to each other. 

18. An apparatus for successively severing 
sheets of predetermined length from a continu 
ously moving web, said apparatus comprising a 
knife mounted on a rotatable shaft, a power 
Source and means connecting said power source 
and said rotatable shaft, means for varying the 
average speed of rotation of said rotatable shaft, 
means for cyclically varying the speed of rota 
tion of said rotatable shaft, said means compris 
ing a universal joint between said rotatable shaft 
and a portion of said means connecting the power 
Source thereto, said means for varying the aver 
age Speed of rotation of the variable shaft and 
said means for cyclically varying the speed of 
rotation of said rotatable shaft being interrelat 
ed by an additional adjustable means for vary 
ing the two means simultaneously said rotatable 
shaft being movable to different angles with re 
Spect to said power source. 

19. An apparatus for successively severing 
sheets of predetermined length from a continu 
ously moving web, said apparatus comprising a 

15. An apparatus for successively severing 75 knife mounted on a rotatable shaft, a power 
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Source and said rotatable shaft, means for vary 
ing the average Speed of rotation of Said rotat 
able shaft, means for cyclically varying the speed 
of rotation of Said rotatable shaft, said means 
comprising a universal joint between said rotat 
able shaft and a portion of said means connect 
ing the power Source thereto, said means for 
Varying the average Speed of rotation of the vari 
able shaft and said means for cyclically varying 
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the speed of rotation of said rotatable shaft be 
ing inter-related by an additional adjustable 
means for varying the two means simultaneous 
ly, said last-mentioned additional means com 
prising a pair of shafts connected together by 
worm gears by which they are locked in selected 
position. 

ALBERT F. SHIELDS, 


