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ABSTRACT OF THE DISCLOSURE 

There is provided a ?exible closure means for structural 
openings characterized by a main curtain roller supported 
by a header member or lintle, to which roller a ?exible 
membrane dimensioned to cover the opening is secured, 
and means for supporting the roller intermediate its 
extremities, and characterized by the interposition be 
tween the main curtain roller and the roller support means 
of diameter-increasing means. 

----____— 

Although this invention has applicability to many uses 
including, for example, gymnasium or meeting room 
dividers, it will be described in reference to a closure for 
an airplane hangar. The structures commonly employed 
as closures for the openings of airplane hangars are 
necessarily large, and because of the necessity for ability 
to withstand heavy wind loading, are also of quite sub 
stantial and heavy construction. These closures are nor 
mally of the laterally sliding or folding type, or they move 
as a single unit from a vertical position to an elevated 
position which approaches the horizontal. A principal 
problem with closures of such conventional types for air 
plane hangars is in the heat loss during cold weather each 
time the doors must be opened. This heat loss is sub 
stantially the same regardless of the size of the airplane, 
because for each opening, the closure is removed substan 
tially completely, and to its maximum height, i.e., the 
height of the header above the ground. Heat which ac 
cumulates in the upper portion of the hanger is then 
allowed to escape. On a larger hangar having, for example, 
a 90-foot opening, this loss is considerable. 

Flexible curtains or closures for hangar door openings 
have been previously disclosed, and reference may be had 
to my Patent 3,211,211 dated Oct. 12, 1965. This latter 
structure overcomes the problem of heat loss for the rea 
son that the ?exible curtain is removed from and returned 
to closing position by means of a traveling roller supported 
entirely by the ?exible panel or curtain. By applying force 
to the end of the roll to cause it to roll upwardly or down 
wardly, it will roll itself into the curtain or unroll itself 
from the curtain, as the case may be. Thus, where a 
small aircraft is being removed from the hangar, for 
example, the curtain need by raised only halfway thereby 
saving a substantial portion of the heat which would 
otherwise be lost. 
The present invention embodies an entirely different 

principle from the invention of my prior patent. Instead 
of a movable roller, I employ a ?xed roller secured 
across the top of the opening which is to be closed and 
mounted there for rotation. In order that the ?exible cur 
tain may be a continuous sheet across the entire opening, 
it is possible only to support the roller, onto which the 
?exible curtain is wrapped or wound during opening, at 
the extremities of the roller. To span a great distance with 
a roller without encountering sagging would require an 
unduly expensive structure. Accordingly, in carrying out 
the present invention, one or more support members is 
or are disposed intermediate the extremities of the roller, 
and secured adjacent the roller to the adjacent structure, 
for example, the lintle, or header member. The support 
ing means are conveniently embodied in the form. of one 
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or more rollers preferably de?ning a cradle for supporting 
the main curtain roller and accommodating a variable 
amount of curtain material which is wound about the 
main curtain roller. 

Such a structure contemplates that the curtain mate 
rial shall in virtually all positions of the curtain relative 
to the ground level be interposed between the main curtain 
roller and the support roll or rollers. 

It has been found that the plastic materials from which 
the ?exible membranes or curtains are made, when sub 
mitted to the forces arising when portions thereof are 
interposed between the main curtain roller and the sup 
port means, undergo a moderate amount of elongation or 
stretching. If this elongation or stretching of the curtain 
material in the region of the support means is not com 
pensated for, the curtain will undergo folding and 
wrinkling in the region of the support means resulting in 
excessive build-up of material on the roller, excessive 
wear, and unsightly appearance. To overcome this, it has 
been found that the diameter of the main ?exible curtain 
roller should be increased a predetermined amount in the 
region where it will be in indirect contact with the inter 
mediate supporting means through the ?exible curtain 
material. This invention, then, makes possible the provision 
of a wide span, ?exible curtain operated from a ?xed 
overhead roller of relatively small diameter and simple 
construction, and avoids the problems attendant a long 
span roller supported by the curtain and moving towards 
and away from the header member. Not only does it take 
considerable power to elevate such a roller, but the struc 
ture encounters problems when dirt, tools, foreign matter, 
ice, etc. are caught in the bight between the moving roller 
and the curtain. The structures of the present invention are 
much simpler, more economical to operate, avoid all of 
the dif?culties attendant a moving roller structure, and are 
made possible by the invention hereof. 

This invention may be better understood by having 
reference to the annexed drawings wherein: 

FIG. 1 is a fragmentary perspective view of the front 
portion of an airplane hanger showing the exterior appear~ 
ance of a ?exible closure in accordance with the present 
invention in a partially open position; 
FIG. 2 is a rear view on a somewhat larger scale of 

the closure structure and showing the ?xed main roller 
rotatably supported on the lintle of the opening, the sup 
port means, the ?exible curtain, and means for driving 
the roller to raise and lower the curtain; 

FIG. 3 is a fragmentary cross-sectional view taken in 
the plane indicated by the line 3-—3 in FIG. 2, and show 
ing the details of a preferred form of support means for 
the roller to prevent sagging; 
FIG. 4 is a plan view of a roller adapted for use with 

a ?exible curtain and supported at two intermediate points, 
and showing the enlarged diameter of the roll to accom 
modate stretched material at these points; 

FIG. 5 is a section showing the details of a roller sup 
port carriage with a pair of support rolls de?ning a cradle; 

FIG. 6 is a detail view of a curtain locking device use 
ful with the closures hereof. 

Referring more particularly to FIG. 1, there is here 
shown in diagrammatic form a fragmentary perspective 
view of an airplane hangar 10 having an opening 12 
partially closed by ?exible curtain 14. Flexible curtain 14 
is dimensioned to cover the opening 12 when in its fully 
extended position, and is provided along its lower margi 
nal edge with a bead 16 suitably secured thereto and 
adapted to coact with the ground level or sill 18 to effect 
a closure therewith. Means coacting between the beads 16 
and the sill 18 may be provided to lock the door in the 
closed position, as will be hereinafter more particularly 
exempli?ed and described. 
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Referring more particularly to FIG. 2, there ‘is here 
shown the closure of FIG. 1 from the reverse side in 
somewhat more detail and on an enlarged scale. Curtain 
14 is shown in a partly open position with head 16 secured 
along the lower marginal edge. It will be understood that 
any suitable means for securing the bead 16 or an equiva 
lent structure along the lower marginal edge may be em 
ployed. Bead 16 is desirably of substantial weight in 
order to exert a tensioning effect on the curtain. 

Curtain 14 is conveniently formed of a very tough, 
thin-section plastic material, for example, a nylon ?ber 
reenforced vinyl sheet, a neoprene sheet, polyester ?ber 
reenforced nylon sheet, or the like. Usually, the large 
section panels of suf?cient dimension to cover the open 
ing of an airplane hangar are formed from a plurality of 
strips of the tough plastic sheeting material which are 
heat sealed along overlapped marginal edges to provide 
a continuous sheet of the proper dimension. The heat seals 
of panel 14 are shown in FIG. 2 and indicated by the 
numeral 20. Such heat seals should be vertically disposed 
relative to the opening covered by the ?exible closure. For 
most purposes, a heat seal in width to about 1” in width 
is most satisfactory, best results being secured with the 
wider heat seal. 

Along the marginal edges of the opening 12 there are 
provided a pair of parallel vertically disposed guides 
suitably secured to the vertical margins de?ning the open 
ing 12 and forming a channel or way 24 in which the 
lateral marginal edges 26 of the curtain 14 are free to 
move. Roller 28 spans the entire length of.the opening 12 
and is mounted and journaled for rotation in bearings 30 
at each end of the roller, which bearings 30 are in turn 
secured to the lintle 32 across the top of opening 12. 
Roller 28 is better shown in cross-section in FIG. 3, it 
being obscured from view by convolutions of the ?exible 
curtain 14 in FIG. 2. Roller 28 is, however, conveniently 
a steel tube, preferably about 4.5" in diameter and 
dimensioned to span the opening. As indicated above, 
these openings may vary, depending upon the ultimate use 
of the closure from 10 to as much as 100 feet or more. 
To accommodate the largest airliners in current use, open 
ings of as much as 200 feet may be required. Depending 
upon the overall span, the basic tube diameter may range 
from about 2.5" to about 12" for most purposes. The 
diameter of the basic roller is not critical. 
As shown in FIG. 2, support means are provided inter 

mediate the extremities of the roller to prevent the roller 
28 from sagging. If the roller 28 were allowed to sag, it 
would be impossible to raise and lower the curtain with 
out encountering extreme wrinkling, distortion, and pos 
sible destruction of the ?exible membrane. In the em 
bodiment shown in FIG. 2, two such support means are 
provided, although it will be understood that one or 
more roller sup-port means may be provided. It is a rela~ 
tively simple matter to calculate how many such supports 
are required for a roller of given physical properties, di 
ameter, and length in order to eliminate sag. Usually, for 
a six inch steel tube having walls about 0.3” thick, about 
8 to 10 feet can be tolerated without intermediate support. 
Of course, the more ?exible the tube, the shorter the span 
that can be tolerated without support. 

Accordingly, in FIG. 2, there are provided supports 34, 
desirably about uniformly spaced from the extremities of 
the roller 28 and from each other, and secured by any 
suitable means such as bolts 56 to the header or lintle 
32. As best shown in FIG. 3, the supports 34 include a 
bracket 38 which is contoured to extend from the lintle 
32 rearwardly and downwardly to support in turn a car 
riage 40 for disposition below and in supporting rela 
tion with respect to the roller 28. Carriage 46 is provided 
in the embodiment shown in the annexed drawings with a 
pair of parallel rollers’ 42 journaled for rotation in the 
carriage 40 with their axes parallel to the axis of roller 28. 
The bracket 38 of support 34 may desirably be somewhat 
?exible to accommodate relative movement between the 
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A. 
' main curtain roller‘ 28 and the support rolls 42"due to 
build-up of the ?exible curtain material 14 in convolu 
tions about the roller 28. Alternatively and conveniently, 
the rollers 42 are provided with a resilient rubber coating 
able to accommodate the relatively slight build-up in the 
relatively few revolutions required to fully raise the cur 
tain. The carriage 40 is of very simple structure and is 
composed of a pair of parallel side rails 44 and 46, each 
having a pair of spaced notches 48 adapted to receive 
axial pins 50 in the rollers 42. The side rails 44 and 46 
of carriage 40 are conveniently welded to the support 
bracket 38 at its lower extremity as shown in FIG. 3. The 
forward portion of the carriage 40 adjacent to curtain 14 
may be open or closed by a suitable header or cross 
member if desired. As shown in FIGS. 2 and 3, no such 
cross-member is provided. 
The rollers 42 may be of conventional design of the 

type used in roller type conveyors, such conveyors being 
commonly used for conveying boxes of material from one 
point to another in a packaging plant, and preferably pro 
vided with a skin of resilient rubber. 
FIG. 4 shows in greater detail a main roller 28. The 

terminal portions of the roller are provided with shaft ex— 
tensions 52 and 54 adapted to be journaled for rotation in 
bearings 30 (FIG. 2). Shaft extension 54 is also provided 
with a splined end portion 56 to accept a gear 60- for 
meshing coaction with drive gear 62 operating from a 
motor-gear reduction apparatus of conventional design 
generally indicated at 64 in FIG. 2. While electric drive 
means have been shown in the preferred embodiment illus 
trated in FIG. 2, it will be understood that any suitable 
driving means, manual, pneumatic, hydraulic, electric, or 
any combination of these may be employed to rotate 
roller 28 about its own axis in a relatively ?xed position 
to raise and lower curtain 14. 
The curtain roller 28 is provided with diametral en 

largements 66, the centers being located at approximately 
the 25% of the length of the rod 28 and the 75% marks 
of the rod 28 calculated from the left-hand end, respec 
tively, and are designed to be located for coaction with 
the supports 34. The amount of increase in the diameter 
will depend to some extent upon the plastic which is used. 
In the preferred case, the curtain is formed of a nylon 
thread reenforced vinyl sheeting material which has a 
thickness of about 0.025", and is characterized by a re 
markable property of “memory.” Once the material is 
stretched out of shape in any region, it gradually reas 
sumes the original dimension and contour which it pos 
sessed prior to the stressing. This is a very desirable at 
tribute from the standpoint of appearance of the door. 
With such a curtain of. 0.025" thickness, it has been de 
termined that a build-up 66 is formed by wrapping around 
the roller 28 approximately 3.0 times a strip of the same 
curtain material having a width preferably slightly greater 
than the width of the roller 42. More speci?cally for a 
4.5" diameter roller 28, the length of the strip wrapped 
about the exterior of the roller 28 is 43" of the same 
curtain material. This will provide a build-up of suf?cient 
increase in diameter to compensate for the stretch which 
will occur in the curtain at the supporting rollers 0r sup 
port means when operating the curtain from the fully 
closed position to the fully open position. For best results, 
the built-up portion 66 is fared out smoothly to the diam 
eter of the adjacent sections with the cement material. With 
the other heat sealable plastic materials, the extent of 
stretching may not be precisely the same as with the afore 
said nylon-vinyl material which is preferred for use in 
airplane hanger door applications and gymnasium appli 
cations. However, it is a simple matter to calculate the 
amount of build-up which will be required to accommo 
date the stretch imposed by the rollers 42 on which the 
main roller 28 rests and rotates. The nylon-vinyl plastic 
is preferred because of its excellent weatherability and 
extreme toughness. It can be obtained in a variety of 
colors and in white from commercial sources. 
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The closures of the present invention are also desir 
ably provided with locking means which may be of very 
simple structure. As shown in FIG. 6, a locking pin 70 of 
very simple design may be extended through an angle 
plate 72 secured through a sill plate 73 to the sill 18, 
through an aperture 74 in the bead 16 and through a sec 
ond angle plate 75, also secured to sill plate 73. When the 
pins 70 are inserted through the angle plates 72 and 75 
and through the cooperating aperture 74 in the beam 16, 
the door is locked in the down position, and the applica 
tion of a slight amount of tension by attempting to raise 
the door while the pins are restraining it against upward 
movement applies a tension to the curtain 14 which in 
creases the wind resistance of the curtain 14 and also 
serves to obliterate quickly any wrinkles which may have 
formed in the curtain. 
There has thus been provided a ?exible closure for an 

opening which is particularly adapted for use as a closure 
for an opening in an airplane hangar, but is equally 
adaptable for use as a garage door, a room divider, a gym 
nasium divider, or any other opening where a substantial 
span for the ?xed roller for the ?exible curtain is en 
countered. Under such circumstances, unless supporting 
means are provided for the roller, the roller will sag. In 
most cases, where a steel roller is contemplated having a 
diameter of about 2.5" up to about 12", a span in excess 
of about 10 feet is contemplated. For smaller diameter 
rollers, shorter spans, of course, are contemplated. In any 
event, when such supports are provided and result in roll 
ing action against the surface of the ?exible membrane 
dimensioned to cover the opening, there results a stretch 
ing of the material in the area where the support means 
bears against the curtain. In the absence of a roller includ 
ing an enlarged diameter in the region of such support 
means, the wear is so excessive and the build-up of such 
a nature that the device is soon rendered inoperable, un 
sightly, or the curtain itself is destroyed. This invention 
overcomes these di?iculties and makes possible the fabri 
cation of ?exible membrane closures which span very 
large distances and which but for the present invention 
have not heretofore been possible in this simpli?ed form. 
Moreover, because of the enlargement of the roll diameter 
at the point of support, the effect it is distribute the load 
more evenly to all portions of the curtain. 
What I claim is: 
1. A ?exible closure for an opening de?ned by a head 

member, a pair of spaced parallel side members or jambs, 
and a base or sill comprising in combination: 

(a) a ?exible curtain dimensioned to cover the open 
ing and having top and bottom marginal edges; 

(b) a ?xed roller spanning said opening and to which 
roller the top marginal edge of said curtain is secured, 
said roller being mounted for rotation on an axis ad 
jacent said head member whereby said curtain is 
wrapped on or unwrapped from said roller to raise 
and lower said curtain, respectively; 

(c) means for supporting the roller and curtain to limit 
sagging of said roller intermediate the extremities of 
the roller, convolutions of said curtain being disposed 
between said support means and said roller; 

(d) diameter increasing means coacting between said 
roller intermediate its extremities and said support 
means in the region of said support means, and di 
mensioned to compensate for any stretching of said 
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curtain between said support means and said roller; 
and 

(e) driving means mechanically coupled to and coact 
ing directly with said roller at, at least, one extremity 
for directly applying a rotational force thereto to 
Wrap said curtain on or unwrap said curtain from said 
roller. 

2. A ?exible closure in accordance with claim 1 which 
is further characterized by the provision of a bead along 
the bottom marginal edge of said ?exible curtain. 

3. A ?exible closure in accordance with claim 2 where 
in the bead includes a pair of rigid angle members secured 
together and gripping the lower marginal edge of said 
?exible curtain on opposite sides thereof. 

4. A ?exible closure in accordance with claim 1 where 
in the means for supporting the roller and curtain includes 
a roller positioned for rolling ‘and supporting contact with 
the surface of the curtain wrapped around said ?xed 
roller. 

5. A ?exible closure in accordance with claim 4 where 
in said at least one supporting roller is provided with a 
resilient rubber surface for contact with said ?exible cur 
tain on said ?xed roller. 

6. A ?exible closure in accordance with claim 1 where 
in said support means includes a bracket secured to the 
head member at one extremity, and having a carriage se 
cured to its lower extremity, said carriage including a pair 
of spaced support rollers disposed with their axes parallel 
to the axis of said ?xed roller and de?ning a cradle for 
supporting said ?xed roller at a point intermediate its 
extremities. 

7. A ?exible closure in accordance with claim 1 where 
in the diameter increasing means on said ?xed roller com 
prises a wrapping of ?exible material about said roller 
and secured thereto. 

8. A ?exible closure in accordance with claim 7 where 
in the ?exible material is of the same composition as the 
?exible curtain. 

9. A ?exible closure in accordance with claim 1 in 
which the ?exible curtain is a ?ber reenforced plastic 
sheet. 

10. A ?exible closure in accordance with claim 9 in 
which the ?ber reenforced elements in said ?exible cur 
tain are nylon ?bers. 
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