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57 ABSTRACT 
A rotary bag making apparatus of the type used to 
fabricate bags from a continuous web of thermoplastic 
film material is described. The apparatus comprises a 
smooth feed cylinder driven at a constant velocity and 
adapted to feed the web material past an operating 
station and a sealing cylinder having a sealing member 
adapted to engage the web at spaced intervals during 
each revolution thereof, the web being heat sealed at 
such spaced locations between the smooth cylinder 
and the sealing member. Means in the form of non 
circular gearing are provided for rotating the sealing 
cylinder at a constant RPM with a cyclically varying 
instantaneous angular velocity. The non-circular gear 
ing means rotates the sealing cylinder through a drive 
shaft and means are provided for adjusting the angular 
position of the sealing cylinder relative to that drive 
shaft whereby the instantaneous angular velocity of 
the sealing member at the moment of sealing engage 
ment with the web may be adjusted. Bag length is ad 
justed by changing the RPM of the sealing cylinder 
relative to the smooth feed cylinder, and means are 
provided for automatically and simultaneously adjust 
ing the angular position of the sealing cylinder on the 
drive shaft by a proper amount to maintain the veloc 
ity of the sealing member equal to the velocity of the 
web at the moment of engagement between the two. 

21 Claims, 6 Drawing Figures 
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3,797,368 
ROTARY BAGMAKING APPARATUS 

This invention relates to bag making apparatus and 
more particularly to a rotary apparatus designed to fab 
ricate bags of thermoplastic film material. 
Bags of the type here considered are generally made 

from a continuous web of double ply thermoplastic film 
by applying a thermoseal between the two plys and cut 
ting the web at appropriate spaced intervals. The length 
of the bag is determined by the spacing between such 
sealing and cutting operations along the web. - 
In the past, machines designed to perform these oper 

ations generally operated on a die cut principle. Thus, 
the web material was fed to a sealing station positioned 
along a conveyor line, where a sealing device generally 
in the form of a pair of heated sealing bars engaged the 
web to effectively heat seal the two plys together. The 
web was then moved along the conveyor an appropri 
ate distance, stopped and sealed again at a properly 
spaced location along the web. The cutting operation 
was performed by a reciprocating knife edge in the 
same general fashion, usually simultaneously. The 
length of bag formed could be varied simply by adjust 
ing the distance the web was transported between suc 
cessive sealing and cutting operations. 

It will be appreciated that the intermittent operation 
of machines of this type severely limits speed of opera 
tion and results in excessive wear on the various recip 
rocating parts, thereby increasing repair and replace 
ment costs. While output could be increased by utiliz 
ing a plurality of sealing and cutting mechanisms prop 
erly spaced along the conveyor line, this method signifi 
cantly increases cost both in the form of equipment and 
plant space required. Moreover, with such an arrange 
ment bag length could not be adjusted without reposi 
tioning the actual sealing and cutting mechanisms. Fi 
nally, failure of any one of the devices along the con 
veyor line would result in down time (during replace 
ment or repair of that device) of the entire machine. 
Recently, as a result of the aforementioned draw 

backs, apparatus of the rotary type has been developed 
to perform the bag making operation here under con 
sideration in a rapid and continuous manner. In ma 
chines of this type, the web is fed continuously at high 
speed between a pair of rotary cylinders. One of the 
cylinders (hereinafter referred to as the sealing cylin 
der) is provided with a heated sealing bar extending ax 
ially along its periphery and adapted to engage the web 
and press it against the opposing cylinder (hereinafter 
referred to as the smooth cylinder) in heat sealing rela 
tionship, one sealing operation being performed during 
each complete revolution of the sealing cylinder. The 
cutting operation is performed synchronously with the 
sealing operation in a similar fashion by a rotary cutting 
blade preferably cooperative with a fixed blade, posi 
tioned at the other side of the web. 
Because the thermoplastic film utilized is easily 

stretched or torn, it is imperative that the opposing cyl 
inders used for the sealing operation be traveling at 
precisely the same peripheral speed at the point of seal 
ing engagement. In order to insure that this require 
ment is met, the opposing rolls are generally precisely 
mechanically linked to one another by gearing or the 
like. 
While rotary machines of this type are a significant 

improvement over intermittent bag making apparatus, 
they have several drawbacks, the most apparent of 
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2 
which is their inability to adjust the bag length without 
a change in the size of the cylinders used. Thus, since 
the web must be fed by the smooth cylinder without 
slippage or stretching and since the peripheral speed of 
that cylinder (the linear speed of the web) must be 
identical to the peripheral speed of the sealing bar on 
the sealing cylinder, the bag length always equals the 
circumference of the sealing cylinder regardless of ro 
tary speed. Moreover, since the opposing cylinders are 
precisely mechanically linked a change in bag length 
requires a replacement of both cylinders by a different 
matched pair of cylinders of different dimensions. Thus 
a different pair of cylinders is required for each bag 
length and a manufacturer may have to stock ten or fif. 
teen or even more pairs of cylinders to account for the 
various standard bag lengths. Moreover, the required 
bag length is often not standard but is determined by 
the customer in accordance with other considerations. 
Thus, a manufacturer using equipment of this type will 
often have to turn down orders because he does not 
have cylinders properly dimensioned to produce bags 
of the desired length. 

In addition to the expense involved in stocking sev 
eral pairs of cylinders, there is considerable time and 
expense involved in changing cylinders for different 
jobs. Thus, not only must the cylinders themselves be 
removed and replaced, but also the rotary shafts upon 
which they are mounted must be moved to the proper 
spacing to account for the differently dimensioned cyl 
inders. The precise clearance between the sealing bar 
and the smooth roll surface must then be established 
and maintained. Moreover, all this must be done while 
at the same time maintaining the rotary shafts mechani 
cally linked for precise correlation of rotary speed. The 
above process is not only time consuming but also re 
quires expensive equipment and inevitably leads to in 
accuracies. 

Finally, while speed of operation is somewhat in 
creased by a continuous rotary mechanism as opposed 
to intermittent devices, that speed is still limited by the 
easily stretchable and tearable nature of the film mate 
rial, particularly at the point of sealing. Thus, high 
speed rotary sealing may subject the thermoplastic film 
to excessive stress resulting in seals of low quality and 
marred appearance. 

It is a primary object of the present invention to de 
sign a rotary bag making apparatus of the type de 
scribed having means to adjust the bag length without 
the requirement of changing any parts. 

It is another object of the present invention to design 
a rotary bag making apparatus adapted to heat seal 
webs of thermoplastic material between a pair of cylin 
ders rotating at a precisely correlated speed with means 
to adjust the spacing between successive sealing opera 
tions to produce any desired seal spacing within wide 
limits without affecting the quality or appearance of the 
seal merely by adjusting the speeds of the rotary driving 
mechanisms. 

It is yet another object of the present invention to 
provide bag making apparatus of the type described 
with means to precisely adjust bag length solely by the 
adjustment of a single knob, which adjustment requires 
no replacement of parts and may even by carried out 
during high speed operation. - 

It is still another object of the present invention to 
provide bag making apparatus of the type described 
wherein speed of operation may be significantly in 



3,797,368 
3 

creased beyond what has heretofore been considered 
feasible without any accompanying deterioration in the 
quality or appearance of the sealing joint. 
To these ends, the present invention comprises a bag 

making apparatus of the rotary type including means to 
feed a web of two ply thermoplastic film material con 
tinuously past a sealing and a cutting station. The seal 
ing means at the sealing station comprises a smooth 
surfaced cylinder along the periphery of which the web 
is fed and a matching sealing cylinder provided with an 
extending sealing projection or bar on the surface 
thereof. The cylinders are spaced from each other by 
a clearance only slightly greater than the projecting dis 
tance of the sealing bar. Thus, the surface of the sealing 
cylinder never itself engages the web material. How 
ever, each time the sealing bar traverses the clearance 
between the cylinders, the web is compressed between 
the heated sealing bar and the smooth cylinder surface, 
thereby to produce the required sealed joint. 
The smooth cylinder over which the web is trained is 

driven at a constant angular velocity and determines 
the linear feed velocity of the web. The sealing cylinder 
is driven through a gear train comprised of non-circular 
gears. The gear train is here specifically disclosed as a 
pair of elliptical gears rotatably mounted on shafts posi 
tioned at their foci and spaced by a distance equal to 
their major axes. The driving gear is rotated at a con 
stant angular velocity and accordingly the angular ve 
locity of the driven gear and its associated driven shaft 
varies during each complete rotation thereof between 
maximum and minimum values having a 180° phase 
displacement. The sealing cylinder is operatively con 
nected to the driven shaft for rotation therewith and is 
rotatably adjustable relative thereto. Accordingly, the 
sealing bar may be positioned to engage the web at any 
desired relative position of the meshing elliptical gears 
(i.e., at any desired instantaneous angular velocity of 
the sealing cylinder between the minimum and maxi 
mum values). 

It will be apparent that the length of a bag (i.e., the 
spacing between successive seals) is equal to the length 
of web feed in the time it takes for one complete rota 
tion of the sealing cylinder. Since that time interval is 
the period of rotation of the elliptical gears, the spacing 
between seals is directly proportional to the angular ve 
locity ratio between the smooth cylinder and the driv 
ing elliptical gear. Accordingly, I provide means to vary 
that angular velocity ratio in accordance with the de 
sired length of bag. 
However, since the sealing operation must be accom 

plished precisely at the moment when the sealing cylin 
der and smooth cylinder have the same instantaneous 
angular velocity, the sealing cylinder must be rotatably 
adjusted relative to the driven shaft to properly position 
the sealing bar for engagement of the web at the proper 
angular velocity. The present invention provides such 
an adjustment mechanism and in accordance with the 
preferred embodiment here disclosed that, mechanism 
is adapted to automatically rotatably adjust the sealing 
cylinder in response to a given adjustment of the above 
noted angular velocity ratio. 
Accordingly, the spacing between seals may be con 

veniently adjusted within limits by a simple speed ratio 
adjustment while at the same time the sealing bar is ro 
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tatably positioned to compensate for the velocity dif 
ferential between it and the smooth cylinder which 

4 
would otherwise occur at the moment of sealing en 
gagement with the web. 
To the accomplishment of the above and to such 

other objects as may hereinafter appear, the present in 
vention relates to high speed rotary bag making appara 
tus as defined in the appended claims and as described 
herein with reference to the accompanying drawings in 
which: 
FIG. 1 is a schematic illustration of the bag making 

apparatus showing the sealing and cutting stations; 
FIG. 2 is a schematic illustration of the sealing cylin 

der and smooth cylinder at the moment of sealing en 
gagement with the elliptical drive gearing superim 
posed thereon, the sealing operation being accom 
plished at the minimum angular velocity; 
FIG, 3 is a schematic illustration similar to FIG. 2 and 

showing the sealing engagement of the cylinders at the 
maximum angular velocity; 
FIG. 4 is a schematic illustration similar to FIG. 2 

showing the sealing engagement of the cylinders at an 
arbitrary angular velocity between the minimum and 
maximum values; 
FIG. 5 is a graphical illustration of an ellipse showing 

the major and minor axes and the ordinate of the focus; 
and - 

FIG. 6 is a schematic block diagram illustrating the 
control mechanisms for varying bag length. 
The apparatus of the present invention is designed to 

operate on a continuously moving web of material at 
spaced intervals. The invention is here specifically dis 
closed in connection with the fabrication of bags (com 
monly known as "poly bags') from a web of thermo 
plastic features of material. It will be appreciated, how 
ever, that the important featureof the present invention 
are applicable to virtually any operation or work per 
formed on a web at spaced intervals in a continuous 
ae, 

Typically, in the fabrication of poly bags a web of 
two-ply thermoplastic material, such as polyethylene, is 
provided with narrow sealing joints extending generally 
transversely across the web and effectively joining the 
two plys at spaced intervals therealong. The web is then 
perforated along lines parallel and adjacent to the seal 
ing joints. The web is then separated along the perfora 
tions, either automatically, by the manufacturer, or 
manually, by the ultimate consumer (as in the case of 
the now popular food storage bags), to form a plurality 
of bags having sealed bottoms and open tops. The two 
ply web may be in the form of a continuous loop or may 
be pre-sealed along one or more longitudinally extend 
ing joints. 
The rotary apparatus for performing the above oper 

.ations is shown schematically in FIG. 1. As there illus 
trated the web material generally designated 10 is fed 
to the left in the direction of arrow 12 over an infeed 
roll 14, past a sealing station generally designated 16 
and a cutting station generally designated 18 and 
thence outwardly in the direction of arrow 20 over an 
outfeed roll 22. In the case where the bag is to have 
markings or indicia thereon, the web 10 may be fed to 
the apparatus directly from the printing station. 
The sealing operation is accomplished at sealing sta 

tion 16 by means of a pair of matched cylinders 24 and 
26 rotatably mounted on shafts 28 and 30, respectively. 
Cylinder 24 (hereinafter referred to as the smooth cyl 
inder) has a smooth outer surface of radius R1 and cyl 
inder 26 (hereinafter referred to as the sealing cylin 
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der) is provided on its outer surface 31 of radius R2 
with a sealing projecton or bar 32 extending in the axial 
direction into the plane of the drawing along a genera 
trix of the cylinder 26 and projecting radially from sur 
face 31 by a distances. Means (not shown) are pro 
vided for heating the sealing bar 32 to a temperature 
sufficient to effect a good thermoseal. 
The web 10 is fed over the smooth cylinder 24 which 

is in turn rotated through shaft 28 at a constant speed. 
The web is thus advanced linearly at a constant speed 
between cylinders 24 and 26. The surface 31 of cylin 
der 26 is spaced from the surface of cylinder 24 by a 
distance slightly greater than the projecting widths of 
the sealing bar 32. Consequently, there is a slight clear 
ance 34 (no direct contact) between the web and the 
outer surface 31 of sealing cylinder 26. Each time seal 
ing bar 32 comes opposite cylinder 24, the web 10 is 
compressively engaged between the heated bar 32 and 
the surface of cylinder 24, thereby to form a heat seal 
between the two plys extending generally transversely 
to the direction of web travel. 
After the heat seal has been applied at sealing station 

16, the web leaves the cylinder 24 and enters the cut 
ting station 18. As illustrated cutting station 18 com 
prises a pair of spaced rotatable stabilizing rolls 36 and 
38 between which a fixed knife blade 40 is mounted. A 
rotary perforating blade 42 is mounted on a cutting cyl 
inder 44 in opposing relationship with fixed blade 40 
and is adapted to cooperate therewith in shearing rela 
tionship. As illustrated, the web 10 is fed over stabiliz 
ing rolls 36 and 38 and traverses the fixed blade 40. 
During each complete rotation of cylinder 44 the ro 
tary blade 42 engages the web and cooperates to shear 
ingly perforate the web in a direction generally trans 
verse to its direction of travel. The cutting cylinder 44 
is driven through a shaft 46 which is mechanically 
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linked, in a manner hereinafter described, to the seal 
ing cylinder such that the web is perforated during each 
cycle at a location adjacent the sealing joint in the web. 
The thus sealed and perforated web is then moved 

over the outfeed roll 22 and may be conveyed in an ap 
propriate manner to a packing station and/or an auto 
matic separating mechanism in which the individual 
bags are separated along the perforated lines. 

It will be apparent from the foregoing that the spac 
ing between successive sealing joints which in turn de 
termines the length of the bags thus formed is a func 
tion of the length of web which traverses the sealing 
station in the interval between seals. The interval be 
tween successive sealing operations is directly propor 
tional to the period of revolution of sealing bar 32. 
Also, if there is no slippage between the web 10 and the 
smooth cylinder 24, the length of web feed between 
seals is directly proportional to the angular velocity of 
the smooth cylinder 24. Thus the spacing between suc 
cessive seals is directly proportional to the ratio of the 
rates of complete rotations of cylinders 24 and 26 or 

L=K (W/W2) - 
(1) 

where; L = bag length 
(herein used synonomously with seal spacing) 
W1 = rate of complete rotations of cylinder 24 (i.e., 

RPM) - . 

W2 = rate of complete rotations of cylinder 26 (i.e., 
RPM) 
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6 
If, as in prior art apparatus, the cylinders 24 and 26 

are both driven at constant angular velocity over the 
rotational cycle, their ratio W1/W2 must be fixed and 
thus bag length is invariable. This is because it is imper 
ative that the outer surface of sealing bar 32 and the 
outer surface of cylinder 24 be traveling at precisely 
the same linear (i.e., tangential) velocity at the moment 
of sealing engagement with the web 10 to avoid tearing 
of the web or sliding of the two plys relative to each 
other. Thus, an increase or decrease in the RPM of one 
cylinder must of necessity be accompanied by a corre 
sponding increase or decrease in the RPM of the other 
cylinder. Consequently, these cylinders in prior art sys 
tems are generally mechanically linked to insure the re 
quired peripheral speed correspondence. Thus, while 
the speed of operation may be varied, bag length must 
remain constant. Moreover, output rate is limited by 
the permissible peripheral speed of the sealing bar at 
which a good seal may be accomplished. 
The present invention overcomes this limitation by 

providing means for rotating one of the cylinders 24 or 
26 at a constant RPM but with an angular velocity 
which varies between minimum and maximum values 
during each complete cycle. Expressed mathematically 
RPM is given by 

v-?t (2) O 2T 

where, 

w = instantaneous angular velocity 
(2) 

qbs angular displacement 
It is possible to adjust the RPM ratio W1/W2 of cylin 
ders 24 and 26 thereby to adjust bag length, while 
maintaining the instantaneous angular velocity w of the 
cylinders identical at the point of sealing engagement 
with the web. , , 

The variable speed drive means as herein specifically 
disclosed is a non-circular gearing system, although 
various other eccentric drive systems might be utilized. 
Moreover, while that gearing system is here shown and 
described in operative driving relation with the sealing 
cylinder 26, it might alternatively be utilized to drive 
the smooth cylinder 24, although this latter arrange 
ment has several drawbacks which will be apparent 
hereinafter, 
As best shown schematically in FIG. 2, the non 

circular gearing system employed herein is generally 
designated 48 and comprises a pair of elliptical gears 
50 and 52, gear 50 being the driving gear and gear 52 
being the driven gear. In accordance with well known 
principles of kinematics, the conditions for operative 
meshing engagement are satisfied when, as shown in 
FIG. 2, the two elliptical gears are identical and are 
mounted at one of their foci on shafts, respectively, 
having a center to center distance equal to their major 
axes. Accordingly, driving gear 50 is mounted fast on 
a shaft 54 which is driven at a constant angular velocity 
in a manner hereinafter described. Driven gear. 52 is 
operatively connected to sealing cylinder 26, as by 
being mounted fast on the same shaft 30 as that which 
drives the sealing cylinder 26. 
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An analysis of the kinematics of the system shown in 
FIG. 2 requires a brief discussion of the properties of 
an ellipse. FIG. 5 shows an ellipse having two foci F1 
and F2, a major axis 2a and a minor axis 2b, and is de 
fined by the property that the sum of the distances r1 
and r2 from any point on the circumference to the foci 
F1 and F2 is equal to the major axis 2a. The minimum 
and maximum distances from a focus to the circumfer 
ence extend along the major axis and are designated c 
and d respectively. 
Referring now to FIG. 2, in order to simplify the anal 

ysis it will be assumed that the effective radius of the 
sealing cylinder (the distance from its center to the 
outer surface of the sealing bar 32) is equal to the ra 
dius of the smooth cylinder 24 or, 

R2 -- s = R1 

(3) 

Thus, since tangential velocity V is given by the equa 
tion: 

= rw 

where, 
r = radius 

(3a) 
and 

w = angular velocity 
the linear (i.e., tangential) velocities of the outer sur 
face of the sealing bar 32 and the cylinder 24 are equal 
when the instantaneous angular velocities, designated 
w1 and w2, respectively, of the two cylinders 24 and 26 
are equal. 

If we now designate the distance from the focal axis 
F of driving gear 50 to the point of engagement E of the 
gears as r and the distance between the focal axis F of 
the driven gear and the point E as r" then to satisfy the 
conditions for meshing engagement: 

(4) 

where, 

w2=r angular velocity of shaft 30 
w3 = angular velocity of shaft 54 

If the gear 50 is driven at a constant angular velocity 
w3, then instantaneous angular velocity of gear 52 and 
thus of cylinder 26 accordingly varies between a mini 
mum value and a maximum value as follows: 

(c/d) w3 w2 s (d/c) w8 a. 

(5) 

However, it will be appreciated that the RPM of both 
gears 50 and 52 (the time rate of complete rotations) 
remains constant. The RPM of cylinder 24, however, 
may be varied provided the rotative poistion of sealing 
bar 32 is adjusted to provide a corresponding angular 

8 
velocity of that bar at the point of sealing engagement. 
Thus, since at the moment of sealing w2 must be equal 
w1, the RPM of cylinder 24 may be set at a desired 
value between upper limits such that 

(c/d) w8 s w1 3. (d/c) w3 
(6) 

10 Once thus set, the cylinder 26 is rotatably adjusted on 
the shaft 30 such that sealing engagement of bar 32 oc 
curs at the relative position of gears 50 and 52 where 
w2=w. 
FIG.2 shows the sealing bar 32 in a position resulting 

in the minimum angular velocity of the cylinders at the 
point of engagement. Thus, in the position shown, from 
equation (4): 

15 

2O w2 = w = (c/d) w3. 

(7) 

FIG. 3 shows the sealing bar 32 at the other extreme 
position-that is where the sealing engagement occurs 
at the maximum angular velocity of sealing cylinder 26. 
Thus again substituting in equation (4): 

25 

30 w2= w1 = (dle) wa 
(8) 

FIG. 4 shows an intermediate position of sealing bar 
32, sealing engagement occurring at a velocity between 
the minimum and maximum values. 

Regardless of the angular position of the sealing bar 
relative to the gear 52, its period of revolution (or 
RPM) remains the same. Thus, 

40 

35 

(9) 
45 

where, 

W2 = RPM of shaft 30 
W3 = RPM of shaft 54 

T2 = period of revolution of sealing bar 32 
The distance between successive sealing ) gives is 

given by: 

55 L = Vice X T2 (10) 

where, 
60 Ve = linear velocity of the web 

Using equations (3a), (9) and (10) and substituting 
we have: 

L = (R1 w1) X (1/W3) = ( R1 wil/w3) 
65 

(11) 

Since will and w3 are constant, from equation (2): 
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w1 are 27TW1 

(12) 

and 

w3 = 27/3 

(13) 

Thus, 

L = (2n R1 W1/W3) = (2nt Riwl/w3) 
(14) 

Comparing the above with equation ( 1), it will be ap 
parent that K = 27tr1 = the circumference of cylinder 
24. 
Theoretically then, the bag length L may be adjusted 

to any value merely by adjusting the ratio w1/w3. How 
ever, as noted above, the ratio wil/w3 is limited by the 
condition that will must equal w? at the point of sealing 
engagement. Thus from equation (6): 

cla is w1/w3 s d/c 
(15) 

Accordingly, from equation (14) bag length may be 
varied as follows: 

2TR (cfad) s L s 27tr1 (d/c) 
(16) 

Thus, by a proper design of the elliptical gears, any 
desired range of bag lengths may be established. 

O 
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The adjustment of w1/w3, the angular speed ratio of 35 
shafts 28 and 54 within the range defined by equation 
(15), may be accomplished in a variety of ways. For ex 
ample, these shafts might have a common drive motor 
accompanied by adjustable transmission mechanisms 
capable of establishing a plurality of selected speed ra 
tios for selecton of a plurality of predetermined bag 
lengths. For maximum flexibility, however, it is prefera 
ble to have two separate motors driving shafts 28 and 
54, respectively, with a continuous speed adjustment 
mechanism. Such an arrangement is illustrated sche 
matically in FIG. 6. As there shown, shaft 28 is driven 
by a variable speed motor M1 and shaft 54 is driven by 
a second variable speed motor M2. Speed adjustment 
of motors M1 and M2 may be accomplished in a well 
known manner by potentiometers illustrated schemati 
cally and designated P1 and P2, respectively. The 
speed ratio of motors M1 and M2 might be conve 
niently adjusted through a common control knob by 
mounting both potentiometers on a common control 
shaft 60 in reverse polarity. . 

It will be recalled, however, that each time the angu 
lar speed ratiowl/w3 is adjusted, the sealing cylinder 
26 must be rotatably adjusted on shaft 30 such that its 
instantaneous angular velocity w? is equal to w 1 at the 
moment of sealing engagement. This may be accom 
plished manually each time bag length is varied. How 
ever, manual adjustment of this type is time consuming 
and often not precise. Accordingly, I have devised a 
mechanism for automatically effecting the required ad 
justment of cylinder 26 on shaft 30 which must accom 
pany each adjustment of the angular speed ratio. In ei 
ther case, however, it is necessary to know the relation 

40 

45 

O 
ship between the angular position of sealing bar 32 and 
the speed ratio w/w3. 
This relationship may be established mathematically 

by a kinematic analysis using polar coordinates. Refer 
ring to FIG. 2, the radius r from a point on one focus 
to a point on the circumference of an ellipse is given by 
the equation: 

r = (p/ 1+Ecos) 
(17) 

where, e is the numerical eccentricity of the ellipse: 
Wa-b2a : ear 

(18) 

and p is the ordinate of the focus (see FIG. 2): 
p = b/a 

(19) 

Now it will be apparent that the sum of the radii r and 
r' is always equal to the major axis 2a. Thus, 

r = 2a-r' 

(20) 

substituting: 
r = 2a - (p/1--Ecosd) 

(2) 

and substituting in equation (4a): 
- - - - - - - - - - - - - - -- - p --- - - - - - - -...- ..., 

2 - Ho 
-- e -- w2=w8x-tes (22) 
- P 
l+ ecos d 

The above equation (22)gives us the instantaneous 
angular velocity of shaft 30 as a function of the angular 
displacement of elliptical gear 52 (see FIG. 4). Since 
that velocity, at moment of sealing engagement of bar 
22, must be equal to the angular velocity will of cylinder 
24, we can calculate the angle qib through, which the el 
liptical gears must be rotated in order to satisfy that 

50 

55 

60 

65 

condition for a given ratio w1/w3. Thus at the moment 
of sealing engagement: 

- 2a- - P - - 
wl w? . l+ ecos db 
- e - - -m. (23) 
w3 w3 p 

1+ ecos dy 

since from equation 14: ---------- - - - - - - - - - - - 

wiw3 = 2n R1/L 
(24) 

we have, 
--------- 

2TR1 ( 2a- - - - ) ...---' 
Z = - l+ ecos d . (25) 

l+e cos d 
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which gives us the required angular position of the 
gears at the moment of sealing engagement for a bag 
length L. The maximum bag length condition occurs 
when d is 0 (FIG. 2) and the minimum bag length con 
dition occurs at db = 80 (FIG. 3). 
The above mathematical relationship between the 

bag length L, the speed ratio wi/w3 and the angle b 
may be accurately plotted by known methods and en 
bodied in the automatic control system illustrated in 
FIG. 6. As there shown the rotation of potentiometer 
shaft 60 is controlled by a differential transformer D1 
through amplifier A1 and servomotor SM1. The angu 
lar position of sealing cylinder 26 (sealing bar 32) rela 
tive to the gear 52 is controlled by a second differential 
transformer D2 through amplifier A2, servomotor SM2 
and a power selsyn arrangement comprising a control 
motor M3 driven by servomotor SM2 through a shaft 
62 and a controlled motor M4 mechanically linked to 
cylinder 26 and electrically controlled by motor M3, all 
in well known manner. 
The two differential amplifiers are controlled simul 

taneously by cams C1 and C2 mounted on a control 
shaft 64. Cams C1 and C2 are designed in accordance 
with the relationships established by equations (14) 
and (25) respectively, establishing bag length L as a 
function of speed ratio w/w3 and angular position of 
cylinder 26, respectively. A control knob 66 is pro 
vided on one end of shaft 64 together with a pointer 68 
and indicator dial 70. The indicator dial may be cali 
brated directly in terms of bag length. As a result, the 
operator merely rotates knob 66 to the desired bag 
length and the speed ratio w1/w3 and angle b are auto 
matically adjusted to the proper values. 
As schematically illustrated in FIG. 6, the cutting cyl 

inder 44 is drivingly linked to the sealing cylinder 26 by 
means of a belt 72 trained around a pair of pulleys 74 
and 76. Pulley 74 is mounted fast on shaft 30 and pulley 
76 is mounted fast on shaft 46. The effective radii of 
the pulleys are established such that the RPM of cutting 
cylinder 44 is identical to that of sealing cylinder 26 
and the cutting position of cylinder 44 is adjusted to 
correspond with the sealing position of sealing cylinder 
26 to provide the desired (usually small) spacing be 
tween a sealing joint and a perforation. 
The present invention as described herein not only 

provides increased flexibility and efficiency in auto 
mated bag making apparatus but also may provide an 
increase in output rate with no loss of quality. Thus, it 
will be appreciated that for a given bag length, the ellip 
tical gears and the smooth cylinder may be designed 
such that the sealing operation occurs at the minimum 
angular speed. If the drive mechanisms are now re 
versed, with the sealing cylinder being driven at a con 
stant angular velocity and the smooth feed cylinder 
being driven by the elliptical gears, it will be apparent 
that the average linear speed of the web 10 (i.e., the 
output) is greater than the instantaneous speed at 
which sealing occurs. Stated in other terms, output is, 
increased by increasing the feed velocity of the web be 
tween sealing operations while maintaining the charac 
teristic of low speed at the instant of seal, thus maximiz 
ing seal quality. However, it should be noted that the 
stretch and tear qualities of the web must be considered 
in the design of such a system. 
It will be appreciated from the foregoing that I have 

designed and improved apparatus for rapidly and effec 
tively making thermoplastic bags, The apparatus is 
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12 
characterized by a length adjustment system which is 
relatively simple and inexpensive in construction and 
operation and provides enormous flexibility in making 
bags of any desired length within a wide range. Length 
adjustment in accordance with my design requires no 
change of parts and indeed may be accomplished dur 
ing operation thereby eliminating costly shutdown 
time. 

In addition, the apparatus provides increased accu 
racy and may be used to significantly increase output 
while maintaining low speed seal quality. 
While only a single preferred embodiment of the 

present invention has herein been described, it will be 
apparent that many variations may be made therein, all 
within the scope of the invention as defined in the fol 
lowing claims. • ' 

I claim: 
1. A rotary web material working apparatus adapted 

to operate on web material at spaced intervals there 
along comprising an operating station, feed means 
adapted to feed said web material past said operating 
station, variable speed web drive means adapted to 
drive said web feed means at an adjustable speed 
thereby to adjust the velocity of said web material, op 
erating means comprising an operating member, a vari 
able speed operating member drive means operatively 
drivingly connected to said operating member for mov 
ing same in a cyclical manner at an adjustable fre 
quency, said operating member engaging said web 
while moving in the direction of web feed once during 
each operating cycle, adjustable control means opera 
tively connected to said web drive means and to said 
operating member drive means for simultaneously con 
trolling web speed and operating member frequency 
and effective to vary the ratio therebetween, and means 
to vary the instantaneous velocity of said operating 
member at the moment of engagement with said web 
material at said operating station, manual adjusting 
means operatively connected to said control means, to 
said operating member and to said instantaneous veloc 
ity varying means and effective to simultaneously ad 
just all three in a manner maintaining the velocity of 
said operating member and said web equal at the mo 
ment of engagement between the two, whereby the 
spacing of said operations on said web material and the 
speed of operation may be varied without causing slip 
page between said operating member and said web ma 
terial or tearing of said web material at said operating 
station. 

2. The apparatus of claim 1, wherein said operating 
member is adapted to move in a cyclical path engaging 
said web at a given location on said path during each 
operating cycle. 

55 3. The apparatus of claim 2, wherein said cyclical 
path is endless. 

4. The apparatus of claim 2, wherein said endless 
path is generally circular, said operating member being 
mounted for revolution about a given axis, said fre 
quency varying means comprising means to vary the 
time rate of complete revolutions of said operating 
member. 

5. The apparatus of claim 3, wherein said operating 
member drive means comprises a rotary member, 

5 means to rotate said rotary member at an angular ve 
locity which varies along the rotary path, and wherein 
said instantaneous velocity varying means comprise 
means angularly adjustably mounting said operating 
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member on said rotary member for movement there 
with. 

6. The apparatus of claim 2, wherein said instanta 
neous velocity varying means comprises means to peri 
odically vary the instantaneous velocity of said operat 
ing member along said cyclical path during each oper 
ating cycle, means to adjust the location along said cy 
clical path at which said operating member engages 
said web, thereby to adjust the instantaneous velocity 
of said operating member at the moment of engage 
ment with said web material. 

7. The apparatus of claim 6, wherein said cyclical 
path is endless. 

8. The apparaus of claim 7, wherein said endless path 
is generally circular, said operating member being 
mounted for revolution about a given axis, said fre 
quency varying means comprising means to vary the 
time rate of complete revolutions of said operating 
member. 

9. The apparatus of claim 8, wherein said drive oper 
ating member means comprises a rotary member, 
means to rotate said rotary member, and means mount 
ing said operating member on said rotary member for 
movement therewith, said location adjusting means 
comprising means to adjust the angular position of said 
operating member relative to said rotary member. 

10. The apparatus of claim 9, wherein said operating 
member drive means comprises a rotary drive member. 
adapted to rotate at a constant angular speed, said 
means to vary the instantaneous velocity of said operat 
ing member along said cyclical path comprising non 
circular gearing means operatively drivingly connected 
between said drive member and said rotary member 
and effective to convert said constant angular velocity 
of said drive member into a periodically varying angu 
lar velocity of said rotary member. 

11. The apparatus of claim 10, wherein said non 
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circular gearing means comprises a pair of elliptical 
gears. 

12. The apparatus of claim 9, wherein said web feed 
means comprises a second rotary member, a second ro 
tary drive means operatively connected to said second 
rotary member and effective to rotatably drive same, 
and wherein said control means comprises means oper 
atively connected to said first and second rotary drive 
means and effective to simultaneously vary the relative 
rate of complete rotations of said rotary members. 

13. The apparatus of claim 12, wherein said instanta 
neous velocity varying means comprises means to peri 
odically vary the instantaneous velocity of said operat 
ing member along said cyclical path during each oper 
ating cycle, means to adjust the location along said cy 
clical path at which said operating member engages 
said web, thereby to adjust the velocity of said operat 
ing member at the moment of engagement with said 
web material. 
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14. The apparatus of claim 13, wherein said drive op 
erating member means comprises a rotary drive mem 
ber adapted to rotate at a constant angular speed, said 
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relative velocity varying means comprising, non 
circular gearing means operatively drivingly connected 
between said drive member and said rotary member 
and effective to convert said constant angular velocity 
of said drive member into a periodically varying angu 
lar velocity of said rotary member. 

15. The apparatus of claim 10, further comprising 
means operatively connected to said angular position 
adjusting means and to said control means and effec 
tive to automatically actuate said angular position ad 
justing means in response to a variation in the rate of 
complete revolutions of said operating member relative 
to said web velocity thereby to adjust the position of 
said operating member such that it engages said web at 
a velocity equal to the web velocity. 

16. The apparatus of claim 15, wherein said operat 
ing member drive means comprises a rotary drive mem 
ber adapted to rotate at a constant angular speed, said 
means to vary the instantaneous velocity of said operat 
ing member along said cyclical path comprising non 
circular gearing means operatively drivingly connected 
between said drive member and said rotary member 
and effective to convert said constant angular velocity 
of said drive member into a periodially varying angular 
velocity of said rotary member. 

17. The apparatus of claim 16, wherein said non 
circular gearing means comprises a pair of elliptical 
gears, ... 

18. The apparatus of claim 10, wherein said manual 
adjusting means further comprises a rotary control 
shaft effective to control the speed of said web and said 
operating member drive means, a manually actuatable 
control member and first cam means operatively con 
nected between said control shaft and said control 
member and effective to rotate said control shaft by an 
amount which is a function of the position of said con 
trol member. 

19. The apparatus of claim 18, wherein said non 
circular gearing means comprises a pair of elliptical 
gears. 

20. The apparatus of claim 18, further comprising 
means operatively connected to said angular position 
adjusting means and to said control means and effec 
tive to automatically actuate said angular position ad 
justing means in response to a variation in the rate of 
complete revolutions of said operating member relative 
to said web velocity thereby to adjust the position of 
said operating member such that it engages said web at 
a velocity equal to the web velocity. 
21. The apparatus of claim 20, further comprsing a 

second cam means operatively connected to said con 
trol member, and wherein said means for actuating said 
adjusting means is operatively connected to said sec 
ond cam means and effective to actuate said adjusting 
means to adjust the angular position of said operating 
means by an amount which is a function of the position 
of said control member. 

k, x 2k is 


