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- UNIT FORMED OF SHEET MATERIAL

Application filed January 27, 1932. ' Serial No. 589,234,

This invention relates to units formed of
sheet material, such for example as paper,
and preferably arranged with interlocked
ribs to provide a plurality of closed air cells.
In accordance with this invention, a sheet
element may -have a plurality of folded or
bent-out ribs or ridges, these ribs being
notched for interlocking engagement with
similar ribs upon a second sheet element, the

elements cooperating to provide numerous’

enclosed cells or chambers, which may be sub-
stantially hermetically sealed. In ceftain
embodiments of the invention a plane sheet
may be secured to the back of the unit to co-

order to afford additional cells. In some
cases the plane sheet may be formed of mate-
rial having high ability to reflect radiant
heat, aluminum foil being preferred for this

The sheet elements may be secured together:
in any desired manner; for example, a suit-
able agglutinant such as an ordinary animal
glue may be employed at the contacting por-

‘26 tions of the sheets, or the sheet elements may

be dipped in a suitable adhesive and /or pro-
tective coating such as melted paraffine and
then pressed into adhesive engagement. The
specil}i)c form of the sheét elements and bent-
out ridges may vary considerably. For ex-
ample; I may employ sheet elements which
are provided with portions bent at an angle
to each other, alternate portions being in
substantial parallelism so that a plurality
of parallel ridgeés and -elongate recesses are
provided. Before or after the sheet element
1s thus bent, a plurality of openings, for ex-
ample of substantially diamond shape, may
be suitably formed in the element or blank
for interengagement with ridge portions of
the other cooperating sheet element, which
may have the same general form. The sheet

elements aré theri disposed with their ridged

portions or ribs extending transversely of
each other and in interfitting engagement so
that small closed chambers or air cells are
provided between the ‘cooperating: bent-eut

" portions of the sheets. The elongate channelg

or recesses of one unit are interrupted by the
ribs of the other unit, so that there need be

no continuous channel to permit convection

currents of air, _
Units of this type particularly having

plane sheets of heat reflective material se. _

cured thereto may be advantageously-erh-
ployed for heat insulating purposes. When
the units are exposed to considerable mois-
ture, they are preferably treated by a coating"
of parafiine or the like to render the individ-
ual sheet elements substantially ‘water resist-
ant. While thése units Have particular util-
ity for heat insulating purposes, the arrange-
ment of the crossed ribs in interfitting en-
gagement permits the employment of rela-
tively.thin and light sheet stock to afford a
sheet unit which isrelatively strong and stiff,
and yet which is very light in weight, and ac-

-cordingly which may have utility for a wide

variety of purposes. .
In the accompanying drawings:
Fig. 1 is a broken isometric view of a por-

tion of a sheet unit constructed in accordance

with this invention ;- ,

Fig. 2is a top plan view of a pértion of the
unit shown in Kig. 1;

Fig. 8 is a top plan view of a portion of a
blank from which the unit of Fig. 1 is
formed, the fold lines being indicated in dot
and dash lines; ©~ . :

Fig. 4 is an end elevation showing the ar-
rangement of a-plurality of the units in an
insulatng assembly, such as may be employed
in a hollow insulating wall; :

Figs. 5 and 6 are plan views of blanks em-
ployed in forming an optional sheet unit;

Fig. 7 is an elevation of the edge of the
blank shown in Fig:5; . ~

Fig. 8 is a broken- isometric view of a unit
constructed of the blanks shown in Figs.
5 and 6; .- Lo :

“Fig. 9is a
of blank; .-~ " 7. .
- Fig. 10 is'a broken isometric view of a
sheet unit constructed of blanks such as-

‘top“ﬁlb;t‘i» view. of another type

‘shown in Fig. 9;- o

_Fig. 11 is a plan view of another type of
blank;and =~ - P
. Fig. 12'is a broken isometric view.showing
a-unit formed of blanks such as that illus-
trated in Fig: 11,- Co
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‘and first more particularly to

-Referring to the accompanying drawings,

igs. 1, 2,
and 4, it is evident that 4 sheeét unit may be

" formed of similar sheet elements or suitably

1]

-sha[i)ed blanks 1 and 2. Asshown in Fig. 8,

the blank 2 may be provided with a plurality
of parallel fold lines 3 and 3, diamond-
shaped openings 5 being disposed with their
longer diagonals transversely to the fold lines

‘and extending between alternate pairs of

lines 3, so that a plurality of rowsof openings
are provided, each opening being spaced
transversely of the fold lines from the next

" opening at a distance corresponding to two

15

spaces between fold lines, and each openini

having its shorter diagonal in alignment with.

one of the fold lines 3¢. ‘Openings-in rows
extending transversely of the blank are
spaced vertically of the sheet (as viewed in

ig. 3), so that fold lines 3 may be juxtaposed
to the corners of alternate openings extend-

- ing in opposite directions from that line, and

" -oppositely inclined sections 8 and 9 in re-

_ the opposite face of the blank, the recesses:

- 50

so that the fold lines 3a are interrupted by

the central Eortions of these openings.

Both the blanks 1 and 2 may be formed in
the same general manner with openings 5 and
may be folded along lines 3 and-3a to provide

spective parallelism, these adjoining sections
being substantially at right angles to each
other. The blanks are tﬁus provided with
sections 8 and 9, which are parallel to each
other, each section 9 being substantially at

' 'l'i‘iﬁht angles to the adjoining sections 8.

us the sections 8 and 9 meet to provide

grooves 12 -and ribs 11a upon the opposite
side of the sheet. The ribs 11 of each element

are formed by folding along the lines 3, and-~ thereto.

the intermediate recesses 12 are provided by
folding along lines 3a; while, as viewed from

12a opposite ribs 11 are afforded by folding

-along lines 8, and ribs 11a opposite recesses

12 are afforded by folding along lines-3a.
Thus, as viewed from one side, a blank has
ribs 11 at the ends of openings 5 and grooves
12 interrupted by said openings, while, as

viewed from the other side, the blank has-

° ribs 11a interrupted by the openings and re-

58

cesses 12¢ uninterrupted by said openings.
_ The blanks are assembled with their ribs
in transverse relation to each other, the open-
ings 5 of each blank being in interfitting en-
%ahgement with the ribs 11@ of the other blank.
e sheets may then be secured to each other
in ‘any suitable way as, for example, by an
adhesive applied around the edges of the
openings 5 or preferably the sheet elements

may be coated or impregnated with a pro-

~tective adhesive, such as melted paraffin, just

‘before they are arranged in interfitting en-

ment.

&, . .
ig. 2 shows a portion of a unit thus

ribs 11 and grooves 12 upon one side of the
element and resge‘ctively corresponding

1,875,188

formed with transverse rib portions 11a and

3 elongate ribs 11, so that each exposed face

of the blank compriseg a series of elongate
ribs 11 with rib portions 11 extending there-
between. Intermediate the elements are

closed chambers or dead air cells, which are

70

enclosed by the opposite sides of parallel -

ribs 11 and 11a. Each of these air cells may

be considered to be of pyramidal form, hav-

'ing an inclined base corresponding t6 the

face 9 of one of the ridges, and three inclined
sides, two of which are provided by -the
mutually inclined sections 8 and 9 of the

ridge element extending transversely of the’

ridge which provides the base surface, and
the third of which is provided by the face
8 of an adjoining ridge extending in the same
direction “as the first-named ridge.
Asshown in Fig. 4, a sheet unit as thus pro-

"vided may have a plane sheet 14 secured to

one of its faces so that the mutual ridge por-
tions cooperate with the plane sheet in de-
fining additional air cells, the sides and ends
of which are provided by adjoining sur-
faces of parallel pairs of ribs, and the re-
maining sides of which are provided by the
plane sheet. Such a plane sheet 14 preferably
may be formed of material having high abil-
ity to.reflect radiant hea as, for example,
aluminum foil. Obviously several of the
units when assembled with face sheets, as
shown in Fig. 4, and employed to fill a space
as, for example, the hollow walls of a re-
frigerator, may be effective in defining nu-
merous small chambers containing air.

assembled in contacting relation, as shown in
Fig. 4, the sheets 14 may be disposed between
the units -without adhesive connection

It is evident that units of the type shown

If
desired, when a plurality of the units are -
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in Fig. 4 provide numerous small air cells -

which may be entirely closed so that circula-

tion of air by convection is materially im-

ded and relatively effective insulation is
attained in so far as heat conduction is con-
cerned. If heat reflective sheets 14 are also
employed, the ‘amount of heat transferred,
due to radiant action, may be very low so
that a wall employing units arranged in the
manner shown in Fig. 4 may have high heat
insulating efficiency. Quite aside from the
heat insulating effectiveness of units of this
type, a unit such as shown in Fig. 2 may be
relatively strong, although formed of light
material, and if a plane sheet 14 is adhesively
secured to the ridges provided by the ribs of
the unit, the stiffness of the same 1s materially

increased, providing a surprisingly rigid and °

sturdy unit, even if relatively light sheet ma-
terial is employed. o s

Figs. 5 to 8 illustrate an optional ’qmbodi'-

ment of the invention.  ‘As shown in Fig. 5,
‘a blank 20 may be provided with rows of
‘openings 25, which are aligned both vertically
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and transversely of the sheet, with their
longer and shorter diagonals mutually
aligned and with their corners in spaced re-
lation. Preferably the corners at the ends
-8 of the longer diagonals are juxtaposed to fold
 lines 26, two of which may be provided be-
tween each row of openings 25. Intermedi-
. ate each pair of fold lines 26 there may be a
single fold line 27 corresponding to the
shorter diagonals of the openings 25.
~~ Fig. 6 illustrates the second blank 21 which
may %e employed to cooperate with the blank
20 of Fig. 5. This blank 21 may have the

16

same shape as the blank 20 of Fig. 5, with
16 pairs of adjoining fold lines 26a, with fold.

lines 27a between each pair of lines 262. The
blank 20 may be folded, as shown in TFig. 7,
to provide planar por’ions 83 between adjoin-
ing fold lines 26 and to provide mutually in-
clined sections 28 and 29 between each planar
portion 83. ' The blank 21 may be folded ina
similar manner to have planar portions 33a
- providing the aligned outer surfaces of par-
allel ribs with respectively parallel inclined
sections 28¢ and 29¢a meeting substantially at
right. angles therebetween. The blanks 20
and 21 are then secured together with their

20

ribs extending transversely of each other, as -

shown in Fig. 8, the planar portions 33 of the
blank 20 contacting with the ridges between
adjoining sections 28¢ and 294 of blank 21, the
openings 25 permitting these ridges to ex-
tend continuously along the unit, as shown in
Fig. 8, while the short fold portions pro-
-vided along the fold lines 27 of element 20
extend transversely of and engage the planar
sections 88z. -

It is evident that the blanks 20 and 21,
when thus secured together, enclose numerous

30
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defined by the opposite facés 28 and 29 of the
ribs of the blank 21 and by the adjoining in-
clined sides 28 and 29¢ of the correspond-
ing ribs of blank 20, as well as the connecting
planar portions 33 and 33a. Furthermore,
the side of the unit shown in Fig. 8 provides
numerous recesses which may be closed by the
application of a plane sheet element to the
surfaces 83. The unit shown ‘in Fig. 8 is
capable of ready bending in the direction of
extent of surfaces 33, while affording rela-
tively high resistance to bending in a trans-
" verse direction. : o
- Fig. 9 illustrates a blank which may be
employed in another type of sheet unit, this
blank #0 being provided with parallel equal-
ly spaced fold lines 43 and rows of elongate
-rectangular openings 45 being disposed be-
-tween the fold lines in the general manner
shown. The blank is then folded along the
lines 43, so that adjoining sections are at right
angles to esch other, thus providing alter-
nate ribs defined by three planar portions,
the intermediate portion of each rib being at
65 right angles to the side portions which are

45

50

3

parallel to each other and normal to the gen-
eral plane of the sheet. Two of the units _
40, as thus formed, may be assembled, as
shown in Fig. 10, with their rib portions

crossing each other, and rib portions of each ;

element interfitting with the openings pro-
vided in the rib portions of the other unit.
Thus an element is provided in which the rib
portions enclose substantially cubical cham-
bers and provide rectilinear or prismatic re-
cesses upon each side, which may be closed
with a face sheet of aluminum foil or' any de-
sired material. .

Fig. 11 illustrates a further type of blank
50, which, in the position shown, has parallel
fold lines 53 disposed horizontally of the
sheet in equally spaced relation to each other.
Slots 55 are provided extending between fold
lines as shown, these slots being arranged in
rows vertically and transversely of the sheet.
The sheet element is folded so that the inter-
mediate parts of the slots are disposed at
portions of ribs which are provided by bend-
ing sheet sections substant*ally in parallelism
upon themselves, as indicated by numeral 60
in Fig. 12. Between these ribs are continu-
ous planar sections 61, so that the unit may
be provided with a series of outstanding sub-
stantially flat ribs.or flanges 61 separated by
planar -sections 61 in alignment with each
other and disposed in the general planeof
the sheet. Two similar elements 50 may be
employed with their ribs 61 extending trans-
versely of each other, the slotted portions of
the ribs of each element or section being in

interfitting engagement with the rib portions
of the other section.

With this embodiment of the invention a
plurality of substantially cubular or pris-

air cells or chambers therebetween, which are—matic cells are defined and enclosed by the

70
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ridge.sections and the planar sections 62, so

that an entirely enclosed systém of cells is
provided without necessity for the employ-
ment of an additional face sheet. In this
form of the invention one of the elements 50
may be formed of heat reflective material or
may have a layer of this material secured
thereto. ‘

" From the foregoing, it is evident that this

‘invention permits the employment of sheet

elements formed of flat sheet blanks and
folded to provide suitable ribs and recesses,
openings. being provided in one or both of
the blanks, so that the blanks may fit together

to enclose certain air cells and to provide re- i

cesses, if desired, which may be closed by a
face sheet applied to one face of the unit.” A
unit of this type is relatively stiff and has a
wide range of utility, but is particularly suit-

able for heat insulating purposes, especially
‘when a face sheet of heat reflective material

is employed between adjoining units.
Iclaim: ' o
1. Unit formed of sheet material, compris-
ing g pair of sheet elements, each of said ele--
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" ments having ribs formed 'side by side with
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0
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recesses therebetween, openings in certain of
said ribs, the ribs of one of said elements be-
ing received in the openings and having their
tops engaging recesses of the other element,
the elements cooperating to provide closed air
chambers. :

9. Unit formed of sheet material, compris-
ing a pair of sheet elements, each of said ele-
ments having substantially parallel folds to
provide ribs and recesses upon one side of the
element and corresponding recesses and ribs
upon the opposite side of the element, certain
of the ribs of one element having openings
therein, the ribs of the other element extend-
ing transversely of the ribs of the first ele-
ment and through said openings whereby the
elements are in interfitting relation.

3. Article of the class deseribed, compris-
ing two sheet elements, each element being
provided with a plurality of folded portions
affording parallel ribs and grooves therebe-
tween, the ribs of each element extending
transversely to the ribs-of the other element,
notches being formed in certain of the ribs of
one element to receive the ribs of the other
element, whereby a plurality of air cells are
defined by the ribs and grooves.

4. Article of the class deseribed éompris-
ing a pair of sheet elements, each having par-
allel ridges and grooves formed therein, the

ridges of one element extending transverselv\

of the ridges of the other element, said ridges
being notched and the tops of the ridges of
one element being juxtaposed to the grooves
of the other element, whereby a plurality of
substantially enclosed air cells are provided,

5. Unit formed of sheet material, compris-
ing a pair of sheet elements, each of said ele-
ments having ribs formed side by side with.
grooves therebetween, openings in certain of

said ribs, the ribs of one of said elements be-

ing received in the openings and having their

‘tops engaging the grooves of the other ele-

ment, the elements cooperating to provide
closed air chambers and outer recesses, and
a facessheet secured to one side of one element,
the elements and sheet being adhesively
connected. . .

6. Unit formed of sheet material, compris-

-ing a pair of sheet elements, each of said ele-

_ ments having parallel folds to provide ribs

and grooves upon one side of the element and
corresponding grooves and ribs upon the op-
posite side of the element, certain of the ribs

- upon one element having openings therein,

the ribs upon the other element extending
transversely of the ribs of the first element
and through said openings, whereby the ele-
ments are in interfitting relation, the ribs co-
operating to provide recestes, and a face sheet.
of high ability to reflect radiant heat, se-
cured over the recesses to afford substantially
closed chambers. g

7. Unit formed of sheet material, compris-

‘closed chambers.

1,875,188

ing a pair of sheet elements, each of said ele-
ments having parallel folds to provide ribs
and grooves upon one side of the element and
corresponding grooves and ribs upon the op-
posite side of the element, certain of the ribs
upon one element having openings therein,
the ribs upon the other element extending
transversely of the ribs of the first element
and through said openings whereby the ele-
ments are in interfitting relation, the elements
cooperating to provide closed chambers
therebetween and outer recesses between pairs
of .opposite ribs, and a face sheet disposed
over the ribs to close said recesses..

8. Unit formed of sheet material, compris-
ing a pair of sheet elements, each of said ele-
ments having ribs formed side by side with
grooves therebetween, openings in certain of
said ribs, the ribs of one of said elements
being received in the openings and having

their tops engaging the grooves of the other-

element, the elements cooperating to provide
closed air chambers and outer recesses, and

a face sheet of aluminum foil mounted over.

the recesses at one side of the unit to provide
\ :

9. Unit formed of sheet material, compris-
ing a pair of sheet elements, each of said ele-
ments having ribs formed side by side with
grooves therebetween, openings in certain of
said ribs, the ribs of one of said elements be-

ing received in the openings and having their -

tops engaging the grooves of the other ele-
ment, the elementsicooperating to provide
cloced air chambers, said elements being
formed of fibrous material and treated with
a protective agent which adhesively holds
them together. : - : :

10. Unit formed of sheet material, com-
prising a pair of sheet elements, each of said
elements having ribs substantially parallel to

70
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each other with oppositely inclined surfaces,
alternate surfaces being substantially paral- -

lel, said elements having openings disposed
in rows along certain ribs, the ribs of one
element extending transversely of the ribs of
the other element and being received in said

110

openings, the elements cooperating to enclose -

alr ‘chambers of substantially pyramidal
shape therebetween and providing recesses
on each side between oppositely inclined sur-
faces of pairs of parallel ridges.

11. Unit formed of sheet material com-
prising a pair of sheet elements, each-of said

elements being bent in opposite directions:
"along parallel fold lines to provide sets of

alternate substantially parallel sections, ad-
joining sections being at an angle to each
other, substantially diamond-shaped open-
ings with one pair of corners juxtaposed to

115
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the alternate parallel fold lines, said.open- -

-ings interrupting intermediate  fold lines,

said fold lines affording substantially con-
tinuous ridges on one side of a sheet element

and interrupted rib portions upon its oppo--

13¢
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site side, the first-named ridges of one ele-
ment extending through the openings be-
tween rib portions of the other element. .
12. Unit formed of sheet elements com-
prising a pair of sheet elements, each of said
elements being folded to afford substantially
parallel ribs and recesses upon one side and
comprising corresponding recesses and ribs
respectively upon its other side, the ribs upon
one side of each element being characterized
by planar outer portions with opposite in-
clined side sections, the ribs upon.the other
side being formed by the meeting of said in-

on each side between oppositely inclined sur-
faces of pairs of parallel ridges, and a face
sheet secured over the recesses at one side of
the unit. R .
Signed by me at Boston, Massachusetts, this

26th day of January, 1932.
' CHARLES F. WILLIAMS.

clined sections to provide ridges, one of said

elements having a row of openings between
said planar portions thus interrupting its
ridges to provide separate ridge portions, the
ridges of the other element extending trans-
versely through said openings and engaging
planar portions.of the element having the
openings, said last-named element having its

ridge portions engaging planar portions of -
.the other element. - :

18. Unit formed of sheet material, com-
prising a pair of sheet eleménts, each of said
elements being folded to provide alternate

sections in parallelism to each other and dis-

posed in two parallel planes, alternate sec-
tions being connected by sections at right
angles thereto, each side of the element thus
being provided with parallel ribs with planar

outer faces and parallel planar sides, the ribs

upon one side of each element having open-

ings therein, the elements being secured to-’

gether with their ribs in interfitting engage-

- ment so that the ribs of one element are re-

46
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. alternate surfaces being substantially paral-
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ceived in the opénings of the other element,

“the elements cooperating in enclosing air

chambers therebetween and. in providing
prismatic recesses upon each side of the unit.

14. Unit formed of sheet material, com-
prising a pair of sheet elements each of said
elements having aligned planar sections with
parallel ribs substantially at right angles
thereto afforded by folding the material back
upon itself between said aligned sections, the
ribs having slots therein, the elements being
secured in interfitting relation with:the ribs
of one element extending through the open-

ings in ribs of the element and juxtaposed to

the planar sections of said element, whereby
a plurality of air chambers are provided be-
tween the elements, :

15. Unit formed of sheet material, com-
prising a pair of sheet elements, each of said
elements having ribs substantially parallel to
each other with oppositely inclined surfaces,

lel, said elements having openings disposed

in rows along certain ribs, the ribs of one .

élement extending transversely of the ribs of
the other element and being received in said

5
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openings, the elements cooperating to enclose

-air - chambers . of  substantially . pyramidal

shape therebetween and providing recesses

130



