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This invention relates to improvements in roofs 
and more especially to roofs particularly adapted 
for Stadiums, Outdoor" arenas and like purposes. 

Objects of the invention are to provide an in 
proved roof provided with efficient, means for 
heating the Outer surface thereof to prevent, the 
accumulation of Snow. and ice thereon; to provide 
an improVed: roof including a supporting frame 
and a fabric covering of light, strong, durable 
construction provided With electrical means for 
heating the same and adapted to be rolled up and 
unrolled over the Supporting frame to be quickly 
brought into use and removed as desired. 
Another object of the invention is to provide 

an improved roof. Of the character referred to 
having a fabric covering formed of a plurality 
of Separated Sections movable independently of 
each. Other. Whereby it may be used to cover an 
entire arena, or portions thereof, or to be rolled 
up to leave the arena, uncovered: 
A still further object of the invention is to pro 

Wide an improved roof equipped with electrical 
heating means providing for heating the entire 
Outer surface or Selected areas thereof at Will. 
The invention, with other objects and advan 

tages - thereof, , and the particular construction, 
combinations and arrangements of parts compris 
ing the same, Will be understood from the here 
inafter contained detailed description When cor 
sidered in connection with the accompanying 
drawings, forming part hereof and illustrating 
embodiments. Of the invention. 

In the drawings: 
Figure 1 is an end view of a roof constructed 

in accordance with the present invention. 
Fig. 2 is a top plan. View with portions broken 

away, Showing the fabric covering partially un 
rolled over the Supporting frame. 

Fig. 3 is an end view, on an enlarged scale, of 
a portion of the construction illustrated in Fig 
ure i. 

Fig. 4 is a side elevation of the motor and drive 
connections at One side of the supporting frame. 

Fig. 5 is an end view of the upper portion of 
the frame and the upper stationary roof por 
tion. 

Fig. 6 is a fragmentary plan View of the con 
Struction illustrated in Figure 5. 

Fig. 7 is a detail plan view of the connected 
upper. portions of two of the rafters and showing 
a portion of the shaft for the cable sheaves. 

Fig. 8, is a Section on approximately the line 
8-3 of Figure 2 looking in the direction of the 
arrows, with parts shown in side elevation. 

Fig. 9 is aside elevation of the lower end por 

(C. 35-5) 
tion of one of the rafters with portions of ad 
joining sections of the fabric covering. 

Fig. i0 is a section on the line. -le of Fig 
Ullre 8. 

Fig. 11 is a longitudinal. Section of One of the 
fabric covering receiving rollers and end portions: 
of adjoining rollers, with associated parts shown 
in section and side elevation. 

Fig. 12 is a side elevation with parts broken 
away of an end portion of one of the guide roll 
ers and one of the rollers for receiving the fab 
ric covering. - 

Fig. 13 is a section on the line f3-3 of Fig 
ure i looking in the direction of the arroWS.: 

Fig. 14 is a magnified view of a portion of the: 
WOWen fabric COvering, 

Fig. 15 is a greatly magnified view of a portion 
of one of the composite metal and textile fiber 
threads of the fabric, covering. 

Fig. 16 is a magnified view of an outer end. 
portion of one of the sections of the fabric, cow 
ering with one of the metal eyelets attached 
thereto. 

Fig. 17 is a fragmentary top plan View: of an 
outer end portion of one of the Sections, of the : 
fabric covering and illustrating how the groups 
of the Wire cores of the threads are connected at 
their ends and folded back. 

Fig. 18 is a section on the line. 8-8 of Fig 
ure 17. 

Fig. 19 is a view illustrating diagrammatically 
the independent heating units formed by the Wire 
cores of threads of the Several Sections of the 
fabric covering, and the electrical connections. 
of Said heating units. With the feed Wires. 

Fig. 20 is a diagramrinatic view showing the 
grouping and connections of the wire cores of 
the threads that forn. One of the heating units. 

Fig. 21 is a diagrammatic view of a modified: 
grouping of the wire cores of the threads form 
ing the heating unit with unconnected strength 
ening Wire core threads between Sone of the 
same and providing areas at intervals between 
the Wire cores of the heating unit for the passage. 
of fasterning members. 

Fig. 22 is a fragmentary top plan view of a fab 
ric covering having Wire core threads' grouped 
ad connected as illustratedi in Figure 2l and se 
Clared to Supporting members by boits or equiva 
lent fastening members. 

Fig. 23 is an end View of the construction illus 
trated in Fig. 22. 
While Specific embodiments of the invention 

are illustrated in the drawings, it will be under 
stood that changes; and modifications may be 
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2 
made in the particular constructions shown, and 
the invention may be embodied in other forms 
as Will appeal to those skilled in the art and 
falling within the scope of the appended claims, 
Without departing from the spirit of the inven 
tion. 

Referring to a detailed description of the par 
ticular embodiment of the invention illustrated 
in Figures 1 to 20 of the drawings, the construc 
tion shown includes a supporting frame and a 
fabric covering composed of a plurality of Sec 
tions connected to rollers extending along either 
side of the frame and adapted to be rolled around 
the same and to be unrolled therefrom to extend 
over the frame. The supporting frame is shown 
as comprising columns and trusses each con 
sisting of a lower horizontal member 2 and rafters 
3 with the bracing 4, the lower horizontal member 
2 of each truss resting upon two of the columns, 
and the end portions of the trusses extending 
outwardly beyond the columns. The rafters are 
formed of channel iron members arranged. With 
their channels facing laterally to receive within 
the same side marginal portions of the Sections 
of the covering, and are provided With pairs of 
oppositely disposed guide rollers 5 for the same. 
The rafters at the ends of the frame are each 
formed of single channel iron members and are 
Inited at their inner ends by gusset plates 6, 7. 
The intermediate rafters each consist of two 
channel iron members 8, 9, arranged back to back 
and are connected at their inner end portions by 
a gusset plate 0 interposed therebetween. The 
spaces between the vertical flanges of Said chan 

5 nel members at either side of the gusset plate i 
are closed by plates , 2. The columns f at the 
sides of the frame are suitably connected by lon 
gitudinal members (not shown). 

In providing my improved roof, TI employ woven 
fabric of the general structure disclosed in my 
Patent No. 1,965,542 dated July 3, 1934, formed in 
Substantial part of thread composed partially of 
wire and partially of textile fibers but having to a 
Substantial degree the characteristics of Softness 
and flexibility of a fabric of similar - Weave con 
posed wholly of textile threads, the fabric consti 
tuting a covering, and the Wire cores of Some of 
the composite threads of the fabric being con 
nected and utilized as electrical heating means for 
the roof. 

Referring to Figure 14 of the drawings, in this 
particular embodiment of the invention, the 
fabric shown has the entire warp thereof com 
posed of Wire reinforced threads 3 and the weft 
is composed partially of wire reinforced threads 
4 and partially of textile threads 5. The rein 

forced threads of the warp and the weft each com 
prise a fine easily flexible metal Wire core 6 hav 
ing a flexible insulating coating of enamel 7 and 
enclosed in two layers of wrappings 8, 9 of 
fibrous material Such as threads of silk, Wool, 
cotton or the like, the wrappings of thread being 
relatively disposed on the core so as to overcome 
any tendency of the composite thread to kink or 

The Wire 
cores of the warp threads 3 and the reinforced 
threads 4 of the weft may be made of copper, 
irons, low carbon Steels or any other suitable 
metal or metal alloys. The reinforced threads 4 
of the Weft, in this particular embodiment of the 
invention, are provided for strengthening the 
fabric, and the cores of these threads are prefer 
ably constructed of steel, metal alloy or any other 
suitable metal that will afford the desired strength. 
The fabric may be treated With any suitable com 

2,140,220 
position that will tend to make the same fire and 
Water resistant. - 

Referring to Figure 2 of the drawings, the Sec 
tions of the fabric covering and heating means 
are designated generally by the numeral 20. In 
the drawings by way of example several covering 
Sections at either side of the frame are shown. 
It will be understood that as many covering Sec 
tions may be employed as found desirable, that 
the extent of the Supporting frame and the num 
ber of covering sections may be varied to meet 
different requirements, the invention contemplat 
ing a supporting frame of sufficient size with a 
Sufficient number of covering Sections to form a 
roof for outdoor arenas and similar purposes. The 
Wire cores of the Warp threads 3 of each of the 
sections of the fabric covering are connected as 
illustrated in Figure 20 to form an electrical heat 
ing unit, the wire cores of series of adjacent 
threads being connected together at their ends, 
and the adjacent series of the connected wire cores 
being in turn connected with each other at their 
ends. The number of wire cores connected in 
multiple may be varied to best accomplish the de 
sired results depending upon the size of the wire 
of the cores, the size of the sections of fabric and 
the amount of heat required. In connecting the 
Series of wire cores the fiber wrappings 8, 9, 
and the enamel coatings are removed from the 
end portions thereof, and the bared end portions 
tWisted together and Solder applied.. The con 
nected end portions of the wire cores are enclosed 
in bindings 2, 22 secured by stitching to the end 
portions of the covering section, the connected 
end portions of the wire cores at one end of the 
covering Section being bent back upon the cover 
ing as illustrated in Figures 17 and 18 before the 
binding is applied. As shown, eyelets 23 are pro 
Wided at intervals along this end portion of each 
of the covering sections. 
At the sides of the frame supported for rotation 

in hangers 24 on the trusses are longitudinally 
extending shafts 25, 26 each of which has fixed 
thereon a plurality of rollers 27, 28 for receiving 
the sections 20 of the fabric covering. Said roll 
ers are shown formed of Spaced slatS or longitudi 
nal members 29 Secured on rins 30 connected to 
one of said shafts by spokes 3. Each of the 
fabric covering sections 20 at the end portion 
thereof at which the terminals 32, 33 of its heat 
ing unit are located, is Secured to One of the roll 
ers 27, 28, the warp threads 3 of the covering 
Sections extending in the direction of the arrow 
in Figure 2. The end portion of the section of 
fabric is attached by Screws 34 or other Suitable 
fastening means to one of the slats 29 of the 
roller, the end of the covering Section being folded 
back and disposed in the Space between two of the 
slats of the roller as shown in Figure 13 of the 
diraWingS. - 

Supported for rotation in Suitable bearings on 
the trusses at either side of the frame are longi 
tudinally extending shafts 35, 36, and 37, 38. The 
shafts 35, 36 are located at the under side of the 
trusses at the outer ends thereof and each of the 
same has fixed thereon a plurality of rollers 39, 40, 
said rollers being arranged to guide the fabric 
covering sections 20 from their receiving rollers 
27, 28 into the channels of the frame. On shafts 
3, 38 which are shown disposed above the cover 
ing receiving rollers 27, 28, are fixed cable roll 
ers 4i, 42. Fixedly mounted in the upper portion 
of the frame in bearings on the gusset plates 6, 7 
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which are rotatably mounted a plurality of 
sheaves 44. 
To the free end portion of each of the cover 

ing sections 20 are connected a plurality of cables 
iš, Said cables being attached thereto by engage 
ment With the eyelets 23. The two sets of cables 
connected. With the covering sections at opposite 
Sides of the framme eXtend upWardly from the 
covering section over the sheaves 44 and thence 
doWinWardly, one set of cables being connected to 
the cable rollers 4A and the other set of cables 
to the cable rollers 42. 
An electric motor is provided at each side of 

the frame for alternately diri Wing the COVering 
receiving roller shaft and the associated Cable 
roller shaft to unroll the covering Sections from 
their receiving rollers over the frame and to roli 
up the same. The motors designated 46 are 
mounted on Supports 47 secured to the lower 
horizontal member 2 of the adjacent end truss. 
The driving connections of each motor With the 
covering receiving roller shaft and the cable shaft 
at one side of the frame include a countershaft 48 
connected to the drive shaft 49 of the motor by a 
belt 5 engaging pulleys 5, 52 on said shafts, and 
electric clutches 53, 54 for coupling said shafts 
with the covering receiving roller shaft and cable 
shaft respectively. In operation, with the SWitch 
of the motor set so that the direction of rotation 
of the same is clockwise and the clutch 54 oper 
ated to connect the countershaft 48 and Cable 
roller shaft, the cable roller shaft will be driven 

... and the covering Sections 20 at One side Of the 
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frame will be unrolled over the frame. When the 
clutch 54 is thrown out and the clutch 53 thrown 
in, and the switch set to change the direction of 
rotation of the motor, the covering receiving rol 
er shaft will be driven and the covering Sections 
rolled up on the covering receiving rollerS. 
58 designates an upper roof portion of metal Or 

other suitable material suitably Secured to the 
supporting frame, said upper roof portion form 
ing a covering for the sheaves 44, and the inner 
end portions of the fabric covering sections 20 
extending beneath the same When they are un 
rolled over the frame. Suitably secured to the 
upper roof portion and depending from the Sides 
thereof are flexible longitudinally extending Strip 
portions 5 adapted to contact With the upper 
stretches of the cables 45 and with the fabric 
covering sections 20, said strip portions being 
formed of rubber or other suitable material. 

Referring to Figure 19 of the drawings, 58 and 
53 designate main conductors leading from any 
suitable source of electrical energy. As shown, 
the independent heating units 2a of the Several 
covering sections 20 are connected in parallel With 
the main conductors 58, 59, and each heating unit 
is provided with a switch 60. As shown in Figure 
11, main conductors 58, 59 are arranged to extend 
along each side of the frame. The branch Con 
ductors 6, 62 leading to each of the heating units 
are electrically connected to spring contacts 63, 
64 mounted on the shaft hangers 24 Within the 
ends of each of the fabric covering receiving 
rollers 27, 28. 
The spring contacts 63, 64 engage with ring 

contact members 65, 66 supported on insulating 
sleeves 6, 68 fixed on the covering receiving 
rolier shafts 25, 26. 69, 70 designate conductors 
leading from the ring contact members 65, 66 
to the terminals 32, 33 of the heating unit. 
In the diagrammatic showing of the circuit 

connections in Figure 19, for the sake of clear 
ness, the Switches 60 of the heating units are 

3. 
shown located adjacent the same, but it will be 
understood that these Switches and a control 
SWitch in the main circuit (not shown) are ar 
ranged together with the control switches for the 
motors 46 and the electric clutches 53, 54, in a 
control box located at Some convenient point at 
the lower part of the frame. 
The invention in its broader aspect compre 

hends the connection of the fabric covering to a 
supporting frame by bolts, rivets, or other similar 
fastening means, and in the grouping of the Wire 
coie threads forming the heating unit. So that at 
intervals. Some of Said threads are Spaced frozin 
each other, and groups of unconnected strength 
ening wire core threads arranged therebetween 
providing areas between the Wire core threads 
that form the heating unit for the paSSage of 
fasteraing members. The invention also conten 
plates the grouping of the wire core threads of 
the heating unit and unconnected strengthening 
Wire core threads so that single unconnected 
strengthening wire core threads alternate With 
wire core threads of the heating unit, the size, 
number and Spacing of the unconnected strength 
ening Wire cores woven in the fabric, depending 
upon the strengthening required. Such - a modi 
fied construction of the fabric is illustrated in 
Figures 21, 22 and 23. In Figure 21, i desig 
nates groups of unconnected strengthening Wire 
core threads arranged in areas betWeen the Wire 
cores of the threads that are connected, as ShoWn, 
to form the heating unit, and T2 designates holes 
at intervals along said areas for the paSSage of 
bolts, rivets or the like. 

3 designates other single unconnected 
strengthening wire core threads arranged between 
Wire core threads of the heating unit. In Figures 
22 and 23, 4 designates a portion of fabric Con 
Structed with the Wire core threads grouped aS 
illustrated in Figure 21, and Secured by bolts 5 
to frame members 76. 

It will be noted that by the particular COn 
struction and arrangement of parts hereinbefore 
set forth, a roof is provided with heating means 
of a simple, compact construction. The invention 
provides in a simple, practical way for heating 
means throughout substantially the entire roof 
surface, and for employing the heating means aS 
a Whole or selected areas thereof at Will. AS Will 
be appreciated the heating elements are SO aSSO 
ciated with the roof surface as to efficiently heat 
the same to prevent the accumulation of SnOW, 
ice, or sleet thereon. The roof covering With the 
heating means is of a character that permits of 
the same being readily rolled up and unrolled OWer 
a supporting frame to be quickly brought into use 
and removed as desired, and is of a Strong du 
rable nature, the wire cores of the composite 
threads that form the heating means in addi 
tion to acting as heating elements lending 
strength to the covering, and the covering also 
being strengthened and reinforced by the other 
composite threads provided for this purpose. 
What I claim is: 
1. A roofing for stadiums, outdoor arenas, or 

the like, comprising a supporting structure, a 
roofing sheet adapted to be adjusted on Said 
structure, the same being of flexible character to 
permit rolling thereof, a roller with which one 
edge of the sheet is connected whereby the 
relatively free edge thereof may be withdrawn 
or retracted relatively thereto, the sheet being 
provided as a part thereof with electrical heat 
ing means to prevent accumulations of ice, SnOW, 
or the like, when the sheet is withdrawn and 
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4. 
functioning as a roof, and means for effecting 
supply of electrical energy to said electrical heat 
ing means in any position of adjustment of the 
sheet, Said means for effecting supply of electrical 
energy to said heating means being connected 
With the same at the edge portion of the sheet 
that is connected With Said roller. 

2. A roofing for stadiums, outdoor arenas, or 
the like, comprising a Supporting structure, a 
roofing sheet adapted to be adjusted on said 
Structure, the same being of flexible character to 
permit rolling thereof, a roller With which one 
edge of the sheet is connected whereby the rela 
tively free edge thereof may be withdrawn or 
retracted relatively thereto, the sheet being pro 
vided as a part thereof with electrical heating 
means to prevent accumulations of ice, Snow, or 
the like, when the sheet is withdrawn and func 
tioning as a roof, and means for effecting supply 
of electrical energy to Said electrical heating 
means in any position of adjustment of the sheet, 
said means for effecting Supply of electrical en 
ergy to Said heating means being connected with 
the same at the edge portion of the sheet that 
is connected with said roller, and a part of said 
last mentioned means being enclosed within the 
roller whereby to maintain the source of supply 
of electrical energy to the heating means during 
rotation of the roll. 

3. A storm protector for stadiums, outdoor 

2,140,220 
arenas, or the like, comprising a Supporting struc 
ture, and a roofing sheet adapted to be Sup 
ported on Said structure, Said sheet being of 
flexible character and being provided as a part 
thereof with electrical heating means distributed 
throughout the area, thereof to prevent accumu 
lations of ice, Snow, or the like, said electrical 
heating means comprising a multitude of rela 
tively fine Wires, and relatively stronger Wires 
distributed throughout the sheet to reinforce and 
Strengthen the Same and affording attaching elle 
ments where desired, Said electrical heating 
means being connectable to a Supply of electrical 
energy. 

4. In combination with a roofing sheet, means 
for shifting the same, a roof member under which 
the sheet may be projected, and a flexible strip 
portion associated with said roof member adapted 
to engage the outer Surface of the sheet. 

5. In combination with a roofing sheet, means 
for shifting the same, a roof member under which 
the sheet may be projected, and a flexible strip 
portion associated with said roof member adapted 
to engage the Outer surface of the sheet, the 
shifting means including cables attached to an 
edge of the sheet and also adapted to project 
beneath Said roof member So that When the sheet 
is removed relatively to the roof member, said 
flexible strip portion will engage the cables. 
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