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This invention relates to improvements in 
a multi-ply ?brous structure, and refers more 
particularly to a ?brous structure particu 
larly adapted for use in building and refrig 
erator insulation, pipe coverings, container 
board, plaster base, and in general where ef 
ficient insulation is desired. 
Among the objects of the present invention 

are to provide a multi-ply ?brous structure 
which, dependent upon selection of outer 
plies of suitable characteristics, may be ?exi 
ble or rigid; to provide a multi-ply ?brous 
structure which may itself beused as a rigid 
board, or which may be used in‘combina‘ 
tion with an extraneous rigid board for in 
sulation purposes; to provide a multi-ply 
structure of the vcharacter described which 
is less expensive and lighter in weight than 
?brous structures now conventionally used 
for the same purposes, while at the same 
time not sacri?cing any needed strength. 

Briefly, the structure of the present inven 
tion comprises two separate imperforate 

, outer plies adhesively united together and 
enclosing an inner ply, or plies, of ?brous 
material having sealed dead air cells. The 
particular method of producing these con 
?ned and sealed cells within the structure of 
the inner ply, as well as the result produced 
thereby. comprises one ofthe novel features 
of the invention. 
The utility of the invention as well as other 

objects and advantages thereof will be ap 
parent from the following description. 
In the drawing, Fig. 1 is a plan view of 

a ply adapted for use as an inner ply, illus 
trating regularly spaced lines of severance. 

Fig. 2 is a view similar to Fig. 1 illustrat 
ing the form of the structure shown in Fig. 
1 after having been spread or expanded by 
force applied thereto. 

Fig. 3 is ‘an enlarged fragmentary plan 
view of a three-ply structure, illustrating the 
outer imperforatc covering plies and the ex 
panded inner ply. ' > _. 

Fig. 4 is a view taken on line 4—4 of Fig. 
3, looking in the direction of the arrows. 
Referring more particularly to thedraw 

ing, 1 designates as a whole a molded or felt 
ed ?brous sheet of suitable thickness and 
weight. In one speci?c embodiment of the 
invention, this .ply 1 may comprise cotton or 
wool felt as made on a conventional felting 
machine, and used, for instance, as a base in 
the manufacture of ?exible roo?ng material. 

This sheet is subjected to an operation which 
produces within the structure thereof rows 
of regularly spaced cuts 2 and 3 of a prede 
termined length and spacing. These cuts 2 
and 3 are preferably uniform in length and ' 

i may be, for instance, from 1 to 4 inches, more 
or less. The cuts in row 2 are staggered rela 
tive to the cuts in row 3. In addition, the 
cuts in onerow overlap at top and bottom 
the cuts of both adjacent rows, leaving in 
terposed spaces 4 and 5 between the edges 
of adjacent cuts. 
After the sheet 1 has been suitably sev 

ered in the manner illustrated in Fig. 1, force 
may be applied thereto to spread or expand 
the sheet to produce the con?ned elongated 
oval-shaped cells 42’ and 3’. In the expand 
ing step, the unsevered areas 4 and 5 between 
longitudinally adjacent cuts function as con 
necting members. Care should be taken to 
prevent excess expansion such as would break 
the bond at the points of these connecting 
members 4 and 5. It may be that some of 
these connecting points 4 and 5 will rupture 
and break due to excessive strain‘ on these 
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particular points, or faulty material, but - 
care should be taken to see that'the majority 
of these connecting members are not broken 
during the expanding step. The force re 
quired in the expanding step should be ap 
plied for a su?icient'time to see that the ex 
panded sheet designated as a whole 1' W111 
permanently retain the structure illustrated 
in Fig. 2. _ ' 

It is contemplated that the sheet 1 shall 
be expanded to substantially twice its area, 
but, of course, it is to be understood that I 
do not wish to limit myself to'this particular 
amount of expansion, as it may be decreased 
or increased over this amount. 
In manufacturing the expanded sheet 1', 

a practical commercial way is to feed a con 
tinuous strip of material to a rotary cutting 
die which produces the cuts 2 and 3 trans 
versely of said continuous sheet.‘ The cut 
sheet may be then fed to a second rotary die, 
rotating at an increased speed relative to the. 
?rst mentioned rotary die, which does the ex 
panding and produces the cells 2' and 3" 
transversely of the sheet. The sheet is"-then 
severed transversely at desired points. 
While this is a practical commercial way of 
manufacturing the structure 1' I do not wish 
to limit myself to this particular method, as 
the cuts 2 and 3 may be made longitudinally 
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of the sheet instead of transversely, in which 
event the sheet would be expanded trans 
versely. ~ . 

Referring now to Fig. 3, the expanded 
sheet shown in Fig. 2 is interposed between 
two imperforate sheets 6 and 7. I The inner 
surfaces of the sheets 6 and 7 may have ap 
plied thereto a suitable adhesive 8 which may 
also be a waterproo?ng material, such, for 
instance, as asphalt or the like. The three 
sheets 6, 7 and 1' are then united into a com 
posite multi-ply ?brous structure compris 
ing the two outer imperforate sheets 6 and 7 
and the inner expanded sheet 1'. The cells 
2' and 3’ are con?ned and sealed within the 
multi-ply structure so as to provide dead 
air spaces therein, which is the most e?’ective 
‘means of insulation known at the present 
time. - 

While I have illustrated in Figs. 3 and <1, 
and have described a three-ply sheet, it is to 
be understood that the invention contem 
plates a ?ve-ply, seven-ply, nine-ply, or mul 
tiple ply construction. In a ?ve-ply struc- ' 
ture, for instance, a second expanded sheet 1' 
would be applied by means of an adhesive to 
the sheet 6 or 7 and, an outer imperforate 
sheet adhesively united to said second ex 
panded sheet so that in a ?ve-ply structure 
the two outer plies and the central ply would 
be imperforate, being separated by two sepa 
rate expanded sheets. _ 

It will be appreciated by those skilled in the 
art that not only do I obtain all of the de 
sirable bene?ts of insulation through the pro_ 
vision of the sealed dead air cells, but I 
secure these bene?ts by the provision of a 
structure which is less expensive and lighter 
in weight compared with other structures for 
similar purposes. This is obvious, since the 
amount of material used in the expanded 
ply 1' may be one-half or less relative to con 
ventional sheets used for the same purpose. 
In other words, as heretofore pointed out, 
the expanded sheet may cover twice the area 
of the unexpanded sheet 1. I 
The multi-ply ?brous structure of the 

present invention is of particular advantage 
when used as a plaster base, due to the fact 
that the inner ply permits any required ex 
pansion or contraction to take place. The ad 
vantage of this will be appreciated when 
compared with conventional plaster bases in 
which the base frequently is rigid and has a 
di?'e ent co-e?icient of expansion and con 
traction than the plaster, thus resulting in 
the breaking of the bond between the plaster 
and the base and nullifying its use as a plaster 
base. 
I claim as my invention: , _ 

l, A multi-ply ?brous structure >compris~ 
ing spaced surface sheets having interposed 

65, 

1,917,456 

therebetWeen, and adhesively united thereto, 
an inner ply of expanded ?brous material 
having elongated sealed dead air cells. ' 

2. A process which comprises severing a 
sheet of ?brous material along regularly 
spaced lines of uniform but limited length, 
thereafter expanding said sheet‘ to produce 
apertures therein, in thereafter interposing 
said expanded sheet between unexpanded sur 
face plies and adhesively uniting the plies to 
gether to produce a multi-ply structure in 
which said cells are sealed within the struc- 
ture to produce sealed dead air cells. 

3. A multi-ply ?brous structure compris 
ing spaced surface sheets having interposed 
therebetween, and adhesively united thereto, 
an inner ply of expanded ?brous material 
having spaced apertures, said apertures being 
of greater central width than of end width, 
said apertures being in staggered relation in 
the sheet of the inner ply and having their 
lengths located with respect to each other 
with an appreciable overlap. 

4. A multi-ply ?brous structure compris 
ing spaced surface sheets having interposed 
therebetween, and adhesively united thereto, 
an inner ply of stretched ?brous material 
having spaced apertures, saidjapertures being 
de?ned by opposed intersecting arcuate lines, 
the intersection of the arcs of one aperture 
being appreciably ‘within the lines joining 
the adjacent intersections of the arcs of the 
apertures adjacent on either side of said ?rst 
aperture. ’ 

'5. A process which comprises forming cuts 
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in the body of a sheet of ?brous material _ 
along laterally spaced like extending lines of 
limited length, the ends of each line being 
adjacent the middle portion of the length of 
the adjacent laterally spaced lines, expanding 
the sheet to expand said cuts to form aper 
tures in the sheet, and interposing said sheet 
between cover sheets in close. contact there 
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with to produce a plied structure in which ' 
said apertures form closed cells between the 
cover sheets. ‘ 

6. A structure composed of a plurality of 
plies of sheet material comprising outer sur 
face sheets and an inner sheet of expanded 
?brous material between and in close contact 
with the outer sheets, said inner sheet having 
elongated openings therein in staggered but 
like extending arrangement with the ends 
of each elongated opening adjacent the 
middle of the length of the adjacent open 
ings, the ?brous material surrounding each 
opening being that of adjacent portions of 
the body of the sheet before expansion with 
out substantial removal of material of said 
body. 
In testimony whereof I a?ix my signature. 

ALFRED O. MICKELSON. 
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