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The present invention relates to a novel system and 

apparatus for regulating the tension on a moving web 
of sheet material such as paper, plastic, and the like, 
which is being converted or processed by printing, dye 
ing, cutting, forming, and the like. More particularly, 
the present invention relates to such system and appara 
tus which is air actuated and self-energizing to give a 
nicety of tension control that was not heretofore pos 
sible, and it relates to the regulation of the back tension 
and the pull tension. 

It is known that the web tension can be regulated by 
Zigzagging the web across a plurality of spaced and paral 
lel bars in such fashion that first one face of the web and 
then the other is pulled over the surfaces of the bars. 
Since both faces of the sheet or web contact the bars, 
this arrangement is impractical to use where one face of 
the web is wet and thus could be smeared. A second 
disadvantage of this system is that for back tension con 
trol it is almost impossible to use a festooned feed to the 
first bar in the series. Third, close regulation of the ten 
sion in the web as it leaves the last bar in the series is 
very difficult to obtain. 

Mechanical brakes on the web do not permit of a fine 
adjustment in the tension and the result may be too little 
or too much tension. Tension regulation by dancing rolls 
alone is too uneven except under conditions where the 
tension need only be approximately some predetermined 
amount, 
The use of an air blast or stream frictionally to hold 

the web against a flat surface has been proposed as an 
improvement over the arrangements previously men 
tioned. With such system the only regulation is by vary 
ing the pressure of the air blast, and there are therefore 
practical limits on the variations obtainable. 
The system and apparatus of the present invention 

overcome all of the known disadvantages of the prior art 
and combine their best aspects in an entirely new ar 
rangement and approach to the problems controlling ten 
sion in a moving web. 

It is, therefore, a principal object of the present inven 
tion to provide a new and improved system and appara 
tus for controlling tension in a moving web of material 
which provides for a very fine control over the tension to 
an extent heretofore not possible. 
Another object is to provide a new and improved web 

tension control system and apparatus which is air actu 
ated and wherein the tension creating friction means is at 
least partially self-energizing. 
Another object is to provide a new and improved web 

tension control system and apparatus in which the web is 
held against a curved surface which may be cylindrical, 
ellipsoidal, or a combination of the two. 
Another object is to provide a new and improved web 

tension control system and apparatus in which the web 
is held by an adjustable differential air pressure against 
a cylindrical surface, an ellipsoidal surface, or a combi 
nation cylindrical-ellipsoidal surface. 
Another object is to provide a new and improved web 

tension control system and apparatus wherein adjustable 
means are provided to direct the web into contact with 
a variable area of a cylindrical surface, an ellipsoidal sur 
face, or a combination cylindrical-ellipsoidal surface. 

Another object is to provide a new and improved web 
tension control system and apparatus having the fore 
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going described advantages, wherein superatmospheric air 
pressure is used at least initially to hold the web against 
the surface over which it passes. 
Another object is to provide a new and improved web 

tension control system and apparatus having the fore 
going described advantages, wherein suction means are 
utilized at least initially to hold the web against the sur 
face over which it passes. 

Other objects and advantages will become apparent 
from the following description taken in conjunction with 
the accompanying drawings, wherein 

FIG. 1 is a schematic view, partially in section, of a 
first form of the web tensioning apparatus of this inven 
tion for the control of back tension; 

FIG. 2 is a fragmentary elevational view of the drum 
or cylinder over which the web is drawn; 

FIG. 3 is a schematic sectional view of a modified 
form of the tensioning apparatus; 

FIG. 4 is a perspective view of another modification of 
the tensioning apparatus; 

FIG. 5 is a sectional view, taken along the line 5-5 
of FIG. 3, looking in the direction of the arrows; 

FIG. 6 is a view similar to FIG. 3, illustrating a com 
bination cylindrical-ellipsoidal surface over which the 
web is drawn; 

FIG. 7 is a schematic sectional view of still another 
modification of the tensioning apparatus; 
FIG. 8 is a schematic view showing a pull tension 

regulating device used in some equipment as a back ten 
sion device; and 

FIG. 9 is a schematic view showing one form of pull 
tension regulating device. 
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It has been found, in connection with the present in 
vention, that the effective tension creating drag on a 
traveling web of sheet material can be augmented if the 
Web is caused to move over or passes around a direc 
tion changing surface, such as a cylindrical, ellipsoidal, 
or combination cylindrical-ellipsoidal surface. Air under 
pressure, or a vacuum, is used at least initially to cause 
the web to hug the surface and the curvature of the 
surface makes it certain that the web travels across or 
around a predetermined surface area. By adjusting the 
position at which the web initially contacts the surface, 
which of course determines the curved area traversed, it 
is possible to regulate the tension applied to the web. 
However, it has been found that the amount of tension 
does not increase or decrease in direct arithmetic ratio 
to the surface area traversed, but in a more nearly geo 
metric ratio. An increase or decrease in the initial pres 
sure with which the web is caused to hug the surface 
appears to have a direct effect on the final tension. 

In the following description and accompanying draw 
ings, there are disclosed several typical systems and ap 
paratus which utilize the foregoing phenomena. 

Referring to the drawings, and more particularly to 
FIG. 1, the reference character 10 designates the tension 
ing device of the present invention as applied to a mov 
ing web of sheet material 2 which may be drawn from 
a source roll 14, and, in this arrangement, regulates the 
back tension on the web. It should be understood that the 
tensioning system may be placed in any intermediate po 
sition in the processing apparatus through which the web 
is moving. Such processing apparatus may include print 
ing presses, dyeing lines, spreaders, forming equipment, 
and the like. The sheet material might be completely im 
pervious to the passage of a gaseous medium such as air, 
and in this respect it could be a plastic material such as 
sold under the trademark "Pliofilm,” or it might be paper 
such as kraft paper, or it might be a woven fabric mate 
rial. 

In the equipment shown in FIGS. 1 and 2, the web 12 
is drawn over a stationary cylindrical drum 16 having a 
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smooth or polished surface. Direction reversing idler 
rolls 18 and 20 guide the travel of the web onto and from 
the drum 6. 
The drum E6, to the width of the web 12, is partially 

enclosed by a hood 22 providing an air pressure chamber 
24 embracing the drum 16 to the extent of the travel of 
the web 12 across the surface thereof. The hood 22 is 
slightly spaced from the drum surface at 26 and 28 to per 
mit the ingress and egress of the web 2 into the chamber 
24. The openings 26 and 28 usually will be slightly 
greater than the thickness of the web, so that it does not 
contact the edge of the hood 22 thereby preventing scrap 
ing of the web against the hood edge, which might pos 
sibly mar the surface of the web. 

Air under pressure is supplied to the chamber 24 within 
the hood 22 from a conventional blower 30 which has its 
outlet connected to a duct 32 which in turn is connected 
to the inlet 34 to the chamber. A manually operated 
damper 36 is positioned in the duct 32 and is adjustable 
to control the air flow into the chamber 24, and conse 
quently the air pressure in the chamber 24, Air pressure 
is, of course, additionally adjustable by regulating the out 
put characteristics of the blower 30. 
Automatic adjustment for the pressure in the chamber 

24 is obtained by means 38 sensitive to the tension in the 
web 12 prior to its passage over or upstream of the revers 
ing roll 18 and into the chamber 24 about the stationary 
drum 6. The means 38 comprises an outlet 43 from the 
chamber 24 controlled by a valve member 42 mounted 
on the end of an operating arm 44, the opposite end of 
which is pivotally mounted at 46. The position of the 
valve member 42 is controlled by a tension sensitive roller 
48 which rides lightly on the surface of the web 12 be- opposite sides, which are pivotally mounted on trunnions 
tween the source roll i4 and the direction reversing roll 
8. The roll 48 is connected to the arm 44 intermediate 

its ends by a link 50. Since the tension of the web 12 as 
it leaves the drun 26 is a function not only of the tension 
which has been created by the passage of the web over the 
drum 16, but also of the initial tension, the latter should 
be measured so that the tension which is added by passage 
over the drum 16 will produce a final tension downstream 
of the reversing roll 20 to the extent desired. When the 
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In FIG. 1 the drum 16 is diagrammatically shown as 

being a hollow cylinder. This permits the introduction of 
a cooling medium into its interior 56 to dissipate any heat 
of friction which might be generated. It is possible that 
the generated heat will be so little that no cooling medium 
would be necessary, and it might even be possible to Sub 
stitute a solid bar for the hollow cylinder. The particu 
lar factors underlying each installation dictate the par 
ticular structure which is to be used. 
The hood 22 of the apparatus shown in FIG. 1 has its 

position fixed with respect to the drum 16. The web is 
shown as traveling about a substantial portion of the drum 
surface, about 225. This may be increased by moving 
the outlet direction roller 20 in the direction indicated by 
the arrow 58, thereby increasing the area of the cylin 
drical Surface traversed by the web 12, increasing the total 
friction between the web and the drum, and increasing 
the amount of tension created in the web with respect to 
any given air pressure existing in the chamber 24. 
Somewhat more versatile equipment is shown diagram 

matically in FIG. 3, wherein the same reference charac 
ters have been used to indicate the same or similar ele 
netS. 
The web of sheetlike material 2 is drawn over a di 

rection reversing nip roller 60 mounted on ears 62 car 
ried at the opposite edges of a relatively short hood 64, 
that is, short from the standpoint of encompassing any 
great arculate, as distinguished from longitudinal, area of 
the cylinder 6. The hood 64 is closely spaced at 26 and 
28 from the surface of the cylinder 16, and has an inlet 
66 connected to the pressurized air duct 32. The hood 
64 is provided with a pair of supporting arms 68 at its 

7 So that the position of the hood 64, and therefore of 
the nip roller 69, can be adjusted with respect to the cylin 
der or drum 16. The cylinder or drum 6 should, of 
course, be provided with grooves 54 for the purpose of 
permitting the escape of air passing through pervious or 
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tension of the web 12 upstream of the drum 16 is great, 
or nearly approaches that of the desired tension, the ac 
tion of the sensing roll 48 and the linkage connected to 
the valve member 42 will operate to open the valve 42 
against the effort of the spring 52, thereby bleeding a sub 
stantial portion of the pressure from the chamber 24. 
Thus, the air pressure causing the web to hug the cylin 
der 16 will be materially reduced and the additive effect 
of the tension creating mechanism 10 will be appreci 
ably lessened to bring the final tension in the web 12 to 
the predetermined value. 

It is clear that the mechanical arrangement for sensing 
the tension in the web 12 prior to its travel over the drum 
16 can be replaced by other devices, such as a finger lightly 
riding on the web 12, which would operate electrical or 
electromagnetic means to control the valve 42. While 
there has been shown in the drawing a poppet type valve, 
it is also clear that this valve member may be replaced by 
one which has variable air flow control characteristics to 
it, which would change in accordance with the amount of 
valve opening. 

It has been found that when the web 12 is a pervious, 
or a slightly pervious, material the air under pressure 
passes therethrough to provide a cushion of air between 
the drum 6 and the web 12, thereby destroying the fric 
tional characteristics of the drum. To permit the air 
passing through the web to escape, it is preferred that the 
surface of the drum be provided with a plurality of cir 
cumferential grooves 54, as seen in FIG. 2. These 
grooves permit the web to hug closely and frictionally en 
gage the smooth major circumferential surface of the 
drum 6 which is presented by the lands between the 
grooves 54. 
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semipervious materials 2. 
The hood 64 is shown in the position which permits 

maximum traverse of the web 12 over the cylindrical sur 
face of the drum 16. The dotted orphantom line position 
indicates a hood position for a minimum traverse of the 
web over the drum, the difference being between 290° 
traverse as a maximum, and 145° traverse as a minimum. 
This hood adjustment allows a very considerable varia 
tion in the tension of the web 12 between the time it 
enters the controlling mechanism 10 and the time it leaves 
to be processed or converted in accordance with the dic 
tates of the equipment with which the tension controlling 
mechanism is used. 

In FIGS. 4 and 5 there is shown an apparatus which is 
similar to that shown in FIG. 3, except that it does not 
use the direction reversing entry nip roller 60. In this 
equipment a hood 71 is provided which embraces ap 
proximately one-half of the cylindrical surface of the 
drum 6. The hood 7 is mounted for adjustment on the 
drum 6 by a pair of stirrups or arms 72 which are piv 
oted on trunnions 74, the arms 72 being riveted or welded 
at 76 to the body of the hood. The conduit 32 from the 
air blower 30 has its outlet connected to the inlet 78 of 
the hood. The traveling web 12 is prevented from scrap 
ing against or contacting the hood 7 at its inlet edge by 
virtue of the air which escapes through the slit opening 
26 thereat. If desired, this opening 26 can be slightly en 
larged so as to make certain that there is a substantial air 
flow therethrough, or it can be shaped so as to give a 
defined air stream passing over the surface of the web 12 
as it approaches the hood 71. In other respects the equip 
ment operates in the same fashion as that shown in other 
forms of the invention. 

It should be noted that with respect to the apparatus 
shown in FIG. 3 and that shown in FIGS. 4 and 5, the air 
blower 30 would probably be mounted in a fixed or sta 
tionary position and the communicating air duct 32 would 
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have a flexible section intermediate the outlet from the 
blower 30 and the inlet to the respective hoods 64 and 71. 

Still another form of the invention is shown in FIG. 6, 
which is similar in every respect to that shown in FIG. 2, 
except for the shape of the curved surface over which the 
web 12 is drawn. 

In this modification the curved surface is defined on a 
member 80 having a first curved surface 82, formed as a 
Substantial portion of a cylinder, and an extending ellip 
soidal surface 84 which blends into the curved surface 
toward one end of the ellipse used in developing the 
ellipsoidal surface. The member 80, therefore, has a 
projection tongue portion 86 from which the tensioned 
web 12 is withdrawn. The direction of the web is com 
pletely changed so that it leaves the tension controlling 
device 10 in the opposite direction from which it enters 
in a first position of the hood 64. However, the hood is 
capable of being adjusted as indicated by the arrow sur 
rounding a substantial portion of the figure at the lower 
left. 

Longitudinal openings 88 are provided for the circula 
tion of a cooling medium, such as air or water, should the 
member 80 become heated due to the friction between 
the web 12 and the member 80. 

It should be noted in FIGS. 3 to 6 that the web 12. 
upstream of the tension creating apparatus 10 is slack or 
without tension other than that created by its own weight. 
These figures illustrate how a festooned feed of the web 
is readily accommodated by this apparatus. It is obvious 
that a feed with some initial tension will act as shown in 
FIG. 1, and air pressure regulating means can also be 
used in these other modifications. 

FIG. 7 shows an arrangement of the apparatus 10 
wherein the pressure differential created is by means of 
suction applied to the undersurface of the web, rather than 
air pressure applied to the top surface. In this mech 
anism there is provided a stationary hollow drum 90 
having its cylindrical wall formed with a multitude of 
slots or similar openings 92 through which air may be 
drawn to the interior of the drum. The drum 90 is 
wrapped with or enclosed in a coarse distribution screen 
94 over which is wrapped a fine, close, mesh abrasion 
resistant screen, or closely perforated abrasive resistant 
sheet 96 on which the web 12 travels, and from which it 
obtains its friction for the controlled tensioning. 

Within the drum 90 is a second hollow cylinder or 
drum 98 which is fixed thereto and has one of its ends 
closed and the other end open as at 100, and connected 
to a source of suction, such as the blower 99 by a con 
duit 101. The drum 98 has a longitudinal opening 102 
therein, which extends substantially the length of the 
drum 98 so as to communicate the interior of the drum 
98 with the interior of the perforated drum 90. A radial 
baffle 104 at one edge of the opening 102 seals the drum 
98 against the interior of the drum 90 to define an adjust 
ably arcuate space 106 which is subject to the Suction 
created at the opening 109. The extent of the arcuate 
space may be adjusted by a slide plate 108 which extends 
radially in the space 106 and which has a foot portion i0 
slidable on the outer surface of the drum 98. 
The position of the slide plate 108 is adjusted in ac 

cordance with the position of an entry nip roller 112 over 
which the web 12 is trained as it initially contacts the 
outer surface of the fine screen 96. The roller 112 is 
journaled in a pair of arms 114 which in turn are jour 
naled on trunnions 116 at the opposite ends of the drum 
90. The slide plate 108 has its ends secured to the arms 
114 by the pins 118 which extend through an arcuate slot 
120 in the end walls 122 of the drum 90. Thus, as the 
position of the entry nip roller 112 is changed to increase 
or decrease the cylindrical area contacted by the web 12, 
the position of the slide plate 108 is accordingly adjusted 
in order to subject the proper number of holes 92 in the 
drum 90 to the action of suction to hold the web 12 in 
frictional engagement with the screen 96. 
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6 
In the foregoing portion of this specification the ten 

sion created may be called “back tension” as it is created 
by holding back on the web or retarding its movement. 
It is created by moving the web over a stationary curved 
surface against which it is held at least at the initial point 
of contact by a pneumatic pressure different between the 
outer surface of the web and that in contact with the 
curved surface and with the higher pressure being applied 
to the outer surface. 
This same phenomenon may be utilized for the crea 

tion of a "pull tension' of carefully regulated or con 
trolled value. Such a tension is that which exists in a 
Web being pulled through a processing station against a 
retarding force, and the control is in the pulling device 
rather than in the retarding device. 

It is, of course, feasible and, under some circumstance, 
highly desirable to incorporate both devices in one piece 
of equipment. Such equipment is schematically shown 
in FIG. 8 wherein the left portion of the apparatus is 
similar to that shown in FIG. 1 and the right portion 
illustrates a pull tension device. 
The back tension apparatus or device 10, being like 

that of FIG. 1, will not be redescribed. After passing 
through the converting or processing operation (print 
ing, dyeing, slitting, etc.) at the station, the web 12 enters 
pull tension apparatus or device 130 around a direction 
reversing and guiding roller 132. The web is directed 
into contact with a rotating drum 134 which has an axle 
36 journaled in bearings 138. The drum is driven by 
a suitable motor 140 through a pair of gears or sprock 
ets 142 and 144 and a chain 146; of course these elements 
may be replaced by pulleys and a belt, or the motor may 
be connected to the axle more directly or through a gear 
box. Such drives are obvious substitutions for the one 
illustrated. 
The Web 12 is caused to hug the surface of the drum 

by air under pressure in hood 148 which defines an air 
chamber 150 enclosing an appreciable portion of the cy 
lindrical Surface of the drum 134. Air under pressure 
may be supplied to the hood from any suitable source, 
Such as the blower 152 having its outlet connected to the 
chamber by a conduit 154 in which there is a flow con 
trolling valve 156. The surface of the drum 134 may be 
grooved as described in connection with the drum 16 
(FIG. 2) to facilitate use of the apparatus with pervious 
or semi-pervious materials. 
At the outlet side of the drum 134 there may be an 

other direction changing and guide roller 158 to guide 
the Web to the next operation station or onto a take-up 
and storage roll 160. 
The pressure in the chamber 150 may be controlled by 

a valve arrangement similar to that previously described 
with reference to FIG. 1, the tension in the web being 
measured at about the point indicated at 162, which 
Would give an indication of the tension in the web and 
whether it should be increased or decreased. 
The drum 134 is a driving drum and pulls the web 12 

through at least a portion of the equipment. The pull 
on the Web exerted by the drum is a function, not only 
of the rotational speed of the drum but also of the fric 
tional forces developed between the web and the drum. 
The latter are determined by the area of contact of the 
Web against the drum and by the air pressure exerted in 
the chamber 150. 

FIG. 9 shows a slight modification of the equipment 
shown in FIG. 8 and is similar to FIG. 3. In this ar 
rangement, the area of contact between drum 164, which 
may or may not be grooved, is determined by the posi 
tion of exit roller 166 freely journaled on the outer ends 
of a pair of arms 168 which are adjustably mounted on 
xle 170 of the rotatable drum which is arranged to be 
driven by the motor 140. 

Air under pressure is directed against the outer surface 
of the web through a hood 172 which is held stationary, 
but may, if desired, have its position adjusted toward and 
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away from the drum to increase or decrease the air escape 
slots 26 and 28 or arcuately around the drum. The hood 
172 is connected to a suitable source of air under pres 
sure through conduit 174. 

If desired, the web may be held against the drum by 
suction, in which case apparatus similar to that shown in 
FIG. 7 would be used. The motive power would be con 
nected to rotate the perforated drum or shell 90. 

It will be observed, therefore, that a pressure differen 
tial is always created between the drum and the web, 
whether it be subatmospheric or superatmospheric, to 
provide the initial force holding the web to the drum in 
the action of frictionally creating the back tension or the 
pull tension on the web. 

It will be observed from the foregoing description that 
the objectives claimed for this invention at the outset 
of this specification are fully attained by this apparatus, 
and they will not be reviewed in detail. 

While preferred embodiments of the air actuated, self 
energizing tensioning System and apparatus constituting 
this invention have been shown and described, it will be 
apparent that further modifications and variations thereof 
may be made without departing from the underlying prin 
ciples of the invention. It is therefore desired, by the 
following claims, to include within the scope of the inven 
tion all such variations and modifications by which sub 
stantially the results of this invention may be obtained 
through the use of the same or equivalent means. 
What is new, and desired to be secured by United 

States Letters Patent, is: 
1. A tensioning apparatus for a moving web of sheet 

material comprising stationary means forming a convex 
curved surface over which the web is drawn, means guid 
ing the web so as to direct the web into substantial slid 
ing frictional contact with a predetermined portion of the 
said Surface to produce substantial tension in that portion 
of the web moving away from said surface, and means 
to direct a differential air pressure against at least a por 
tion of the web contacted with said surface to increase 
the pressure of the web against said surface and thus 
the tension of that portion of the web moving away from 
said surface, 

2. A tensioning apparatus for a moving web of sheet 
material comprising stationary means forming a convex 
cylindrical surface over which the web is drawn, means 
guiding the web so as to direct the web into sliding fric 
tional contact with said surface at a particular locus so 
that the web traverses a predetermined portion of said 
surface defining an angle not substantially less than 90 
to produce substantial tension in that portion of the web 
moving away from said surface, and means to direct a 
differential air pressure against at least a portion of the 
web contacted with said surface to increase the pressure 
of the web against said surface and thus the tension of 
that portion of the web moving away from said surface. 

3. A tensioning apparatus for a moving web of sheet 
material comprising stationary means forming a con 
veX cylindrical-ellipsoidal surface over which the web 
is drawn, means guiding the web so as to direct the web 
into sliding frictional contact with said surface at a par 
ticular locus so that the web traverses a predetermined 
portion of said cylindrical surface and substantially all 
of said ellipsoidal surface to produce substantial ten 
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sion in that portion of the web moving away from said 
surface, and means to direct a differential air pressure 
against at least a portion of the web contacted with 
said surface to increase the pressure of the web against 
said surface and thus the tension of that portion of the 
web moving away from said surface. 

4. A tensioning apparatus for a moving web of per 
vious sheet material comprising stationary means form 
ing a convex curved surface over which the web is 
drawn, means guiding the web so as to direct the web 
into contact with a predetermined portion of said Sur 
face, means to direct air under pressure against the 

O 
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8 
upper side of at least a portion of the Web contacted 
with said surface to increase the pressure of the Web 
against said surface and thus the tension of that portion 
of the web moving away from said surface, and grooves 
in said surface extending in the direction of web move 
ment to permit escape of air from the underside of the 
web. 

5. A tensioning apparatus for a moving web of sheet 
material comprising stationary means forming a con 
vex curved surface over which the web is drawn, means 
guiding the web so as to direct the Web into contact 
with a predetermined portion of said surface, hood means 
to conduct air under pressure against the upper side of 
at least a portion of the web contacted with said surface 
to increase the pressure of the web against said surface 
and thus the tension of that portion of the web moving 
away from said surface, adjustable means mounting Said 
web guiding means and said hood means with respect 
to said surface so that the area of said surface traversed 
by said web may be varied, and a source of air under 
pressure connected to said hood means to Supply pres 
surized air thereto. 

6. A tensioning apparatus for a moving web of sheet 
material comprising stationary means forming a convex 
curved surface over which the web is drawn, means 
guiding the web so as to direct the web into contact 
with a predetermined portion of said Surface, hood 
means having an open mouth closely adjacent said sur 
face and of a width at least equal to the width of the 
web to conduct air under pressure against the upper side 
of at least a portion of the web contacted with said 
surface to increase the pressure of the web against said 
surface and thus the tension of that portion of the Web 
moving away from said surface, adjustable means mount 
ing said web guiding means and said hood means so 
as to permit adjustment of their positions with respect 
to said surface and thus to permit variation in the area 
of said surface traversed by the web and control of the 
tension in that portion of the web moving away from 
said surface, and a source of air under pressure con 
nected to said hood means to supply pressurized air 
thereto. 

7. A tensioning apparatus for a moving web of sheet 
material comprising means forming a drum over a por 
tion of the convex surface of which the web passes, 
means guiding the web so as to direct the web into slid 
ing frictional contact with a predetermined portion of 
said drum surface defining an angle not substantially 
less than 90° to produce substantial tension in that por 
tion of the web moving away from said surface, and 
means to direct a differential air pressure on the web 
so that at least a portion of the web contacted with 
said drum surface will have its outer face subjected to 
a higher pressure than its inner face thereby to increase 
the force with which the web is held against said drum 
surface, thus to increase the tension in that portion of 
the moving web adjacent said surface. 

8. A tensioning apparatus for a moving web of sheet 
material comprising means forming a convex curved sur 
face over which the web is drawn, means guiding the 
web so as to direct the web into contact with a pre 
determined portion of said surface, means to direct a 
differential air pressure against at least a portion of 
the web contacted with said surface to increase the force 
with which the web is held against said surface and 
thus the tension of that portion of the web moving in 
the vicinity adjacent said surface, and means regulating 
the amount of differential air pressure in accordance 
with the tension in that portion of the web moving to 
Ward said surface. 

9. A tensioning apparatus for a moving web of sheet 
material comprising stationary means forming a convex 
curved surface over which the web is drawn, means 
guiding the web so as to direct the web into contact with 
a predetermined portion of said surface, hood means to 
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direct air under pressure against at least a portion of 
the web contacted with said surface to increase the pres 
Sure of the web against said surface and thus the tension 
of that portion of the web moving away from said 
Surface, and means bleeding a portion of the air under 
pressure from said hood means in accordance with the 
tension in that portion of the web moving toward said 
Surface. 

10. A tensioning apparatus for a moving web of sheet 
material comprising stationary hollow means forming 
a convex curved surface over which the web is drawn, 
means guiding the web so as to direct the web into con 
tact with a predetermined portion of said surface, hood 
means enclosing at least a portion of said surface tra 
Versed by the web to direct air under pressure against 
the upper surface of the web to increase the pressure 
of the web against said surface and thus the tension of 
that portion of the web moving away from said surface, 
air bleed valve means in said hood means to release at 
least a portion of the air pressure therein, means for 
sensing the tension in the web moving toward said sur 
face, and means connecting said tension sensing means 
with said valve means to bleed air pressure from said 
hood means in accordance with the tension in the web 
moving toward said surface. 

11. A tensioning apparatus for a moving web of sheet 
material comprising stationary hollow means forming 
a convex curved surface over which the web is drawn, 
means guiding the web so as to direct the web into 
sliding frictional contact with a predetermined portion 
of said surface defining an angle not substantially less 
than 90 to produce substantial tension in that portion 
of the web moving away from said surface, a plurality 
of openings communicating said surface with the in 
terior of said stationary hollow means over at least a 
portion of said surface traversed by the web, and suc 
tion means connected to said stationary hollow means 
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10 
to create a vacuum in said interior whereby the pres 
sure of the web against said surface is increased and 
thus the tension of the web moving away from said sur 
face is increased. 

12. A tensioning apparatus for a moving web of sheet 
material comprising a stationary hollow cylinder form 
ing a convex surface over which the web is drawn, ad 
justable means guiding the web so as to direct the web 
over a predetermined portion of said surface, a plurality 
of openings in the wall of said cylinder, a foraminous 
friction creating member enclosing said cylinder and 
against which the web is directed, a suction means con 
nected to said cylinder to create a vacuum in the in 
terior thereof, gate type valve means in said cylinder 
controlling the transmission of the vacuum to said open 
ings, and means connecting said valve means and said 
guiding means together so that only those openings tra 
Versed by the web are subject to vacuum, whereby the 
pressure of the web against said foraminous member is 
increased and thus the tension of the web moving away 
from said cylinder is increased. 
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