June 5, 1951 D. L. SWAYZE ETAL 2,556,011
METHOD OF MAKING A CELLULAR STRUCTURAL PANEL AND PRODUCT

Filed May 5, 1947 2 Sheets-Sheet 1

/Z)

. INVENTORS.
Dorald L. Swayze.
B/}?ujv wstvs A Nickolls.

QZW@A%Q.WQ

AT TORNEYS.




2,556,011

D. L. SWAYZE ETAL
METHOD OF MAKING A CELLULAR STRUCTURAL PANEL AND PRODUCT

June 5, 1951

R Sheets-Sheet 2

Filed May 5, 1947

__—_——-_‘ .

P

4
/

22

e

£
£\

e

/
/
4
/

\
Y
\
=

2%

W W
. .
TS

NINISIS

o2

S AT TR R LN

‘ J

LY

//l;

\
\

¢/
/
/
0
.‘l‘

2w
=

,
.

////.‘._‘.m.

aig
iR
=03
Ny
. Ny
3
% g3
N
= &uﬂiaf// e
<,

x v

ATTORNLEYS.




Patented June 5, 1951

2,956,011

UNITED STATES PATENT OFFICE

- 2,556,011

METHOD OF MAKING A CELLULAR STRUC-
TURAL PANEL AND PRODUCT

Donald L. Swayze and Augustus H. Nicholls, De-
troit, Mich., assignors to Chrysler Corporation,
Highland Park, Mich., a corporation of Dela-

ware

Application May 5, 1947, Serial No. 746,136
(Cl. 154—33.05)

3 Claims.

1

This invention relates to improvements in the
manufacture of a cellular-like structural body
and is particularly adapted to the formation of
such body from flat or sheet stock. The inven-
tion in its broader aspects may be employed with
equal facility in imparting a sinuous contour to
a body of material in which successive portions
of sheet stock, for example, are respectively dis-

_posed in two parallel planes.

An object of the invention is the provision of
an improved method for so imparting a sinuous
or cellular-like contour to a body of material in
sheet stock, for example, that the same will he
at least temporarily retained to contour and
thereafter more permanently setting the stock
in its contoured form.

More particularly the invention provides an
improved meéthod for manufacture of a struc-
tural cellular-like body by the practice of which
the strength characteristics of the material are
increased subsequent to the aforesaid contouring
and, as a further feature, such increasing of the
strength characteristics may include the perma-
nent securing together of adjacent cell-forming
walls.

A relatively light-weight, low-cost struetural
panel, for example, can be manufactured ac-
cording to the invention from a fibrous material
by ‘increasing the normally low strength char-
acteristics through contouring as indicated above
and suitably impregnating the same, for example,
with a heat setting resinous material and the
latter can be further utilized to adhere together
successive adjacent portions of the contoured
material and to attach to the latier additional
components of the panel.

A further object of the invention is the pro-
vision of a method of manufacture according to
the above by which the contouring and impreg-
nating are performed in a sequence of operations
which avoids the difficulties of contouring a body
of material having applied thereto an adhesive
agent. -

In carrying out the improved method utilizing
a fibrous material having an inherent resiliency
sufficient that the material will return to a nor-
mal contour, except when decisively creased and
the fibers fractured, the fibrous material in flat,
sheet stock can be rendered resiliently inert,
then contoured as: desired, the normal inherent
resiliency restored, and thereafter the material
impregnated with a strengthening agent having
adhesive properties. These operations. can be
performed as- successive steps in a continuous
process of manufacture.
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The fibrous material can be rendered resili-
ently inert by’ causing the same:to absorb a
sufiicient moisture content whereupon contour-
ing “may be mechanically performed without
fracture of the fibers to impart to the stock a
plurality of successive cell-forming walls, for
example, having a radius of curvature, and when
so contoured sufficient of the moisture content
is evaporated to restore a substantial degree of
resiliency to the material such that the same
when stressed will tend fo return to the contom
imparted thereto.

The material may be further advanced w1th-
out loss of contour in a continuous process to
impregnate the same with a heat-setting resin-
ous solution which, when set, permanently estab-
lishes the contour, strengthens the fibrous ma-
terial, and may be utilized to adhere together
successive ‘adjacent cell-forming walls. If de-
sired, the resinous solution may be utilized to
adnere a facing panel to the cellular-like body.

Other objects and advantages of the inven-
tion will be more apparent from the following
description taken in connection with the accom-
panying drawings illustrating apparatus for car-
rying out the invention and a typical resulting
product.

Tig. 1. iIs a side elevational view showing ap~
paratus for continuously performing the various
steps of the invention; :

Fig. 2 is a view in side elevation of an oven
for curing the cellular-like body produced by the
®ig. 1 apparatus;

Pig. 3 is a perspective view of the product after
oven curing;

Tig. 4 is a view similar to Fig. 3 but showing
the addition of a facmg panel to the cellular-
like body;

Fig. 5 is-a side elevational view 1n section illus-
trating the contouring mechanism of Fig. 1;

Fig. 6 is an enlarged, fragmentary sectional’
view taken as indicated by the line 6—8 of Fig. 4.

Referring to the drawings, the invention is
illustrated and described in conneetion with the
method of manufacturing a cellular-like body"
from a fibrous sheet material 18, for example,
paper or linen. To facilitate .operation, the ma-
terial 10 may be fed from a rotatably mounted
roll as indicated at’ |4 into a furnace i2 through
a suitable . inlet opening (3. The furnace 12
contains a water bath indicated at 14 - pro-
vided by a suitable tray 15. The fibrous sheet
material {0 passes under spaced rolls 16 for im-
mersion in the bath 14, the exposur¢: time of
the material to the water bath being sufficient




2,556,011

3

to fully wet the fibers of the material and render
the same resiliently inert, the dip time, of course,
varying with the rate of absorption of the ma-
terial. = If desired, the bath may include a wet-
‘ting agent to improve and speed absorption.

From the bath 44 the material {8 so wetted
and resiliently inert is fed over a support roller
{1 into a contour-forming apparatus, generally
indicated at {8 in Fig. 1, and more specifically
shown in Fig. 5. The rate of travel of the mate-
rial through the apparatus 8 and the tempera-
ture maintained in the oven (2 are so relatively
predetermined that the absorbed moisture con-
tent of the material is sufficiently evaporated to
dry the material and restore to the:same a degree
of resiliency such that it will tend to retain the
contour imparted thereto by apparatus 1.8.during
movement through - the asscciated apparatus
which is adapted for the performance of -subse-
quent operations.

The material 10 is withdrawn from the .appa-
ratus 18 by a pair-of gears 18 provided with rub-
ber:teeth, the material passing between the gears
and being fed therefrom intoqa bath indicated at
20 contained in ‘3 :suitable tray or tank 21, the
‘material ‘passing beneath a roller 22 for immer-
sion ‘in the ‘bath. The solution -of this bath is
-applied to-the material to impart strength there-
to and further may serve to adhere together ad-
jacent :c€ll walls. - The bath 20 may 'be a heat-
setting resinous solution, having adhesive prop-
erties, as more particularly hereinafter set forth.
As the material emerges from the bath, it passes
between ra pair of rubber squecgees 23 which re-
‘move excess solution:-on the surface of the mate-
rial 40 and the absorbed -content -of the bath 20
is further controlled by ‘passing the :material 10
between a pdir of piessure rolls 24 adjusted to
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exert ‘a given pressure sufficient to remove any

excess solution from the material. While the
Yersile:stress on the material 6 incident to pass-
ing the same between the squeegees 223 and . rolls
24 tend tostraighten the same, nevertheless -the
material has:sufficient resiliency to return to the
contour imparted ;thereto at 18 upon relief from
'such stress.

The material as it emerges from the oven 12
and rolls' 24 has a plurality of successive cell-
forming ‘walls 25 ‘and as indicated at 28 may be
stacked in layers in a receptacle 27.
ter'may serve as:a mold in that the adjacent cell-
forming walls ‘of -each layer are hrought ‘into
surface contact therein and one or more of the
molds ‘then placed in ‘an oven 28 as shown in

Fig. 2 wherein the solution applied in the bath |

is-cured, set, or solidified and adiacent cell walls
“adhered togethel by 'the solution incident to the
curing, setting, or solidifying. In this respeéct
‘the ‘walls of the mold may-be suitably coated ‘or
insulated “from -the ‘cellilar body to prevent a
bonding:of the latter thereto.

Referring. to Fig. 5, the apparatus 18 includes
'8 pair of -endless belts 30, of rubber or 4 similar
‘material, arranged one above the other, and each
is moved by a pair of rollers 81, Each belt 30
‘has-secured thereto a plurality of arms 32, each
‘of which-carries a circular rod 33 having a length
equal to the ‘width of the sheet stock 18 to be
operated on. - The upper belt 30 rotates in a
countercleckwise direction and the lower belt in
& clockwise direction as indicated by the arrows
and the arms:and rods are so arranged that the
material 16 ‘is ‘first-engaged by a rod 33 of the
lower:belt:and then by an arm 32 of the upper
belt to thereby partially loop successive ‘portions

The lat- .
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ends of the cell walls.
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of the material about respective alternate rods
of the belts, the loop provided by a rod of one
belt being between adjacent arms of the other
belt, and the thickness of the arms being rela=
tively small so that the loops of each plane aré¢
in relatively close proximity.

Rach loop is formed as the helts and rods begm
their travel in a horizontal path from left to
as viewed in Fig. 5, and are retained in
looped form during such travel. ‘Thus, the ma-
terial enters the apparatus 18 impregnatedq with
moisture sufficient to render the same resiliently
‘inert for forming and during travel in the afore-

‘said horizontal path the time thereof and the
“temperature of ‘the oven are so relatively prede- ?

termined as to -evaporate the absorbed moisture
50 that upon release from the forming rods 33
the material is dried sufficiently to restore resil-
iency thereto.

Referring to the bath 28, the content thereof
should have the characteristics of impregnating
the material £8, increasing the strength of 'such
‘material and also adhering together-the adjacent
walls. Preferably the bath is a .solution con-
taining a heat hardening or setting resin, for ex-
ample, :a thermosetting phenolic resin, in a suit-
able solvent although in the broader aspects the
invention is not :to be limited to the particular
solution employed for impregnation -and for this
purpose .a solution of starch, :dextrine, .casein,
silicate, or thermoplastic resin may be employed.

One .or more layers 26 of the material :may
have applied -over -each open -end of the -cells
a facing :skin 29 -of -some high strength; light-
weight -material such -as plywood, aluminum,
steel, metal alloys, cardboaxrd,-or ‘the like,-and for
this:application a surface of the latter may have
applied thereto 3 wecoating of -a fillet-forming
cement, for example, .a-modified polyester cement,
and :such surface ‘brought into -contact with the
The surface of the end
face of each :such wall may be relatively slight
and :hrence a fillet-forming adhesive .or cement
s desirable to :increase the bonded area. “The
fillets formed by the use of such cement -are
indicated at 28’ (see Fig. 6). The assembly of
the cellular hody and the end panels or :skins
29 ‘is ssubjected ‘to pressure and heat to cure ox
set the fillet-forming adhesive. A structure =so
formed .can be employed .as a structural -panel,
particularly where high strength and low weight
characteristics 'are requisite. While :the .crests
of the cell-forming wdlls -are arranged eo-planar
in ‘Fig. 4, nevertheless this. relative arrangement
may be otherwise varied, for-example, to-give the
body a generally arcuate-contour, in which.event
portions of the adjacent cell<forming walls .29
may be:spaced apart while. other portions thers-
of-wouldrabut -and be secured together.

Although but one specific embodiment of -the
invention -has herein been-shown and deseribed,
it will ‘be .understood that various changes in
the size, shape, and arrangement of parts may
be ‘made without .departing ‘from the -spirit .of
the invention.

We claim:

1. ‘A structural panel including :a -cellular in-
termediate body comprising a plurality of ad-
Jacent cellular units each having a pair of rows
of nested, integrally formed, mutually supporting
cells, ‘the -cells .0f each of said units extending
depthwise -of the panel and each celiular unit
consisting of and being formed from a -single
continuous sheet of resin‘impregnated paper hav-
ing successively adjacent portions reversely-con~
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voluted in fisure 8 conformation providing the
walls of said cells, the external surfaces of the
walls of adjacent cells of at least one of the rows
of each unit and the walls of the cells of ad-
jacent units being adhered together and a fac-
ing skin of sheet-like high strength, lightweight
structural material disposed adjacent and ad-
hered tc the end edges of said continuous sheets
of resin impregnated paper at the ends of the
walls of said cells.

2. A struectural panel including a cellular in-
termediate body comprising a cellular unit hav-
ing a pair of rows of mutually supporting cells,
said unit consisting of resin impregnated sheet
paper stock successively adjacent portions of
which are reversely contoured to a configuration
to provide the walls of said cells, the cell form-
ing walls of one row being integral and arranged
in staggered relationship with the cell-forming
walls of the other row, the external surface of
the adjacent cell forming walls of at least one of
said rcews being adhered together, and facing
skins of sheet-like high strength, lightweight
structural material one arranged over each end
of the cells of said unit and adhered to the cell-
forming walls at each end thereof.

3. The method of making a structural panel
including laterally spaced facing skins of high
strength, lightweight structural material and a
cellular body of paper therebetween, which com-
prises moisture impregnating sheet paper stock,
looping sueccessive portions of the moisture im-
pregnated sheet paper stock about a first row of
forming members and about a second row of
forming members arranged alternatively with the
members of the first row to thereby respectively
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form integrally continuous first and second rows
of cell-forming walls, heating the stock when the
same is looped about said forming members to
remove the moisture content thereof and set said
walls in cell formation, removing said cell-form-
ing walls from said forming members, pressing
the adjacent cell-forming walls of each row ‘into
mutually supporting contact one with the other,
treating the cell forming walls with means for
rigidifying and adhering the same together, ar-
ranging a facing skin one over each end of the
cells and adhering the same to cell-forming walls
at each end thereof.

DONALD L. SWAYZE.

AUGUSTUS H. NICHOLLS.
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