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PREFACE

Authority for the investigation covered in this report is con-
tained under Task 8S93-31-001-08, "Application of Lightweight Metals
in Engineer Equipment." A copy of the task card is included as Ap-
pendix A to this report. The investigation of patterns for stiffen-
ing sheet materials is part of the effort to increase the mobility
and decrease the weight of Engineer equipment by devising means for
utilizing metals more efficiently in the equipment.

The work was conducted by George D. Farmer, Jr. assisted by
Robert C. Mifflin, under the direction of William B. Spangler, Chief
of Metallurgy and Materials Conservation Section, and Arthur W. Van
Heuckeroth, Chief of Materials Branch. The vibration frequency
tests were made by F. J. Lindner, Jr. and F. Stowell of the Packag-
ing Development Branch.
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GLOSSARY OF TERMS

Definitions of some of the terms as used in this report are

given here for clarity. Definitions are arranged in alphabetic
order.

CALOTTAN. The trade name used by its developers for a process
for increasing the stiffness of sheet materials without increasing
their weight by forming the sheet into a stiffening pattern of
calottes.

Calotte. Websters New International Dictionary defines calotte
as "a close cap without visor or brim; a plain skullcap." The term
as used by the developers of the CALOTAN process and in this report
indicates an area of sheet material formed into either a hollow
hemisphere or a hollow segment of a sphere atop the frustrum of a
hollow cone.

Calotte height. The height (or depth of a concave calotte) of
the top of the calotte measured from and normal to the flat surface
of the original sheet.

Calottized. Indicates a sheet that has been stiffened by form-
ing into the CALOTTAN stiffening pattern of calottes.

Calottizing. The operation of stiffening a sheet by forming it
into the CALOITTAN stiffening pattern of calottes.

Key Unit. An arrangement of six calottes which is the base
controlling the location of all the calottes in the CALOTTAN stif-
fening pattern.

Module. The length of a side of the square pattern of calottes
which is repeated as required to calottize a sheet material.

Optimum calotte height. The calotte height producing the
greatest rigidity in a sheet of a specific material and thickness.

Optimum calottizing. The operation of stiffening a sheet by
forming it into a CALOTTAN stiffening pattern of optimum height
calottes.

Percentage calottized. The calotte height of a particular
sheet expressed as a percentage of the height of a full hemispheii-
cal calotte.
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Rigidity. The bending strength of a sheet when tested as a
simple beam. The word is used in this sense because of its accept-
ance commercially in referring to "rigidized" sheet.

Stiffness. Same as rigidity.
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SUMMARY

This investigation revealed that metallic sheet materials when
cold formed in the CALOTTAN stiffening pattern show increased rigid-
ity and impact resistance worth considering in equipment design.
However, this pattern like all stiffening patterns known to the
authors displays preferred axes of rigidity. The investigation also
showed that rigidized metallic sheet available in the United States
from X Company is approximately as efficient as calottized sheet.

The report concludes that:

a. The rigidity and impact resistance of sheet materials are
increased considerably by calottizing.

b. The claim made by CALOTTAN representatives that the rigid-
ity of sheet materials is increased ten times by calottizing is con-
sidered valid for only the thinnest sheet of the range that can be
formed in the CALOTTAN die.

c. The representatives of CALOTTAN are not familiar with the
properties of rigidized sheet produced by X Company. Their claim
that calottized sheet has "rigidity many times greater than that of
any known material of this type" is not considered valid because
sheet rigidized by the X Company pattern shows stiffness approximat-
ing that of similar calottized sheet.

d. Calottized metallic sheeL. displays preferred axes of
rigidity, so the claim made by CALOTTAN representatives that calot-
tized sheet has "no preferred axes of inertia" is not considered
valid.

e. Rigidized metallic sheet materials can be used to reduce
the weight of some components of Military equipment.

f. Calottized metallic sheet should be considered by design-
ers of Military equipment on a value analysis basis when calottized
sheet becomes available in the United States.

g. Rigidized sheet produced in the United States by X Company
is appioximately as efficient as calottized sheet, is presently
available in the United States, and should be considered by design-
ers of Military equipment on a value analysis basis.
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INVESTIGATION OF CALOTTAN SHEET STIFFENING PROCESS

I. INTRODUCTION

1. Subject. This report covers an investigation of CALOTTAN,
a process for increasing the rigidity of sheet materials without in-
creasing their weight by forming the sheet into a stiffening pattern
of calottes. Figure 1 shows metal sheet rigidized by the CALOTTAN
process.

4MNW

J3261
Fig. 1. Calottized sheet: (a) 75 percent calottized;
(b) optimum calottized.

The requirements for lighter Military equipment and struc-
tures make it imperative that we know and exploit all the properties
of materials so our designs can utilize materials at maximum effi-
ciency. The possibility of improving their properties by forming
patterns in metal sheet appeared promising and not completely devel-
oped. One process which showed promise but with limitations was
what is commonly known in this country as "rigidizing," that is,
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stiffening. Several stiffening patterns exist. However, the repre-
sentatives of a stiffening process called "CALOTTAN" (U. S. Patent
No. 2,738,297 (Appendix B), dated 13 March 1956), make some strong
and interesting claims, such as, rigidity of sheet increased by
1,000 percent over flat sheet and "no preferred axes of inertia."
It appeared there should be important Military applications for
sheet of such increased rigidity, particularly if they had no axes
of weakness. Because engineering data had not been developed and
none of the sheet rigidized by calottizing was available commercial-
ly, a release agreement was obtained (Appendix C), and the experi-
mental production and evaluation reported herein were undertaken to
determine if the claims for the CALOTTAN process (par. 3) are valid
and to provide some engineering data.

2. Background and Previous Investigation. The background is
limited to information obtained from the various patents covering
sheet stiffening patterns which were studied and information as to
the stiffening effect of these patterns contained in published data
and articles and furnished by manufacturers utilizing the patterns
for their product.

Previous investigation by these Laboratories was a limited
study of the effect of the CALOTTAN stiffening pattern on plastic
sheet. This work done by the Plastics Section, Materials Branch,
under Project 8-93-31-400, is reported in Materials Branch Report
No. 6126-3, dated 15 October 1958 and titled, "Effect of an Embossed
Pattern on the Rigidity of Plastics." This report found that "assum-
ing a rigidity of 1 (one) for the unembossed sheet, a single formed

sheet had a rigidity of 6.3; two molded sheets face to face, a
rigidity of 14.0; two molded sheets face to face bonded, a rigidity
of 25.0; and two molded sheets face to face with pattern matched
and bonded, 44.0. No zones or axes of weaknesses were found."

II. INVESTIGATION

3. Patent and Literature Search. A patent search was con-
ducted, and the following numbered United States patents related to
sheet stiffening processes were reviewed: 331,469; 662,567;
1,158,667; 1,685,320; 1,984,653; 2,020,639; 2,129,488;
2,310,154; 2,423,870; and 2,481,046. United States Patent No.
2,738,297, dated 13 March 1956, covering the CALOTTAN process was
included in the review. Switzerland Patent No. 73,542 and German
Patent No. P7282 v/37b cover the CALOITAN process in those countries.

A literature search and study confirmed information that
the University of North Carolina was making studies of rigidized



3

metallic sheet. However, the work at that institution was concerned
with the use of reinforcing ribbing and special shaped panels. An

article by Adam Zahorski, "Effects of Material Distribution on
Strength of Panels," Journal of the Aeronautical Sciences, July 1944,
and an article by K. Lowenfeld, "15 Plate-stiffenings," the digest
of a two-part German article, "Product Engineering," Vol. 29, No. 29,
21 July 1958, were of special interest.

The study revealed that two companies operating in the
United States engage primarily in producing metal sheet stiffened by
patterns of depressions and elevations formed in the metal; also,
four companies operating in the United States produce sheet having
decorative surface patterns.1 The authors are familiar also with
sandwich constructions and core materials and the standard military
procedures used to evaluate them, as outlined in MIL-STD-4OIA.

The most attractive claims revealed by the study for true
rigidized sheet approaching equal stiffness in all directions paral-
lel to the plane of the sheet, were made for the CALOTTAN process,
U. S. Patent No. 2,738,297. The developers claimed that the rigid-
ity of calottized steel sheet is 10 times that of plain steel sheet
and that a two-ply combination of calottized sheet will support
twenty-five times the load supported by a single calottized sheet.
Also, they claimed that calottized sheet is fully curved in every
principal direction of stress, has "no preferred axes of inertia,"
and has "rigidity many times greater than that of any known material
of this type."

The claims made by other producers for the effects of
their stiffening patterns justified including data for only one
other pattern in this report for comparison with calottized sheet.
This pattern is referred to throughout this report as the "X" Com-
pany pattern. The data for sheet rigidized by this pattern were
taken from a bulletin published by X Company.

4. Study of CALOTTAN Stiffening Pattern Design. The CALOTTAN
patent appears to cover sheet rigidized by molding or forming into
depressions and elevations of various shapes. This investigation
was limited to the formed pattern which we understand is preferred
by the developers of the process (Figs. 1 and 2).

a. Description. The surface of a flat sheet material is
deformed into closely adjacent depressions and elevations called
calottes (Figs. 1 and 2). The height of the calottes can be varied

1. See the insert sheet for the names of the companies producing

rigidized sheet and sheet with decorative surface patterns.



(a)

(b)

Fig. 2. Edge of sections through calottes. (a) Maximum
calottes. (b) Optimum calottes.

by regulating the travel of the mating forming dies which controls
the distance the male plungers force the sheet into registering
female receptacles. This allows the press operator to vary the
calottes from small segments of hollow spheres to complete hollow
hemispheres. However, the travel of the plungers at full closure of
the particular forming dies loaned by the developers for use in this
investigation was not enough to form complete hollow hemispheres.

The developers claim that this preferred pattern provides formed
sheet fully curved in every principal direction of stress.

b. Approach. To evaluate and use the laboratory test
data efficiently an understanding of the CALOTTAN pattern design is

imperative. It was found that the pattern can be resolved into five
basic parts:

(1) The calotte (Fig. 2).

(2) The CALOTTAN key unit (Fig. 3, at the center).
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00 
01P

A B

D2 2.41,

Key Unit Layout

C D

Fig. 3. CALOTI'AN key unit.
Note: Shaded calottes are concave; unshaded are convex.
(This description applies to Figs. 4 through 6.)
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(3) The CALOTTAN skeleton half module pattern (Fig. 4).

(4i) The CAIJOTTAN skeleton module pattern (Fig. 5).

(5) The CALOTTAN module pattern (Fig. 6).

The calotte height (or depth) h in Fig. 2 is also of prime import-
ance in a study of the pattern. A section of the forming die (Fig. 7)
illustrates how the calottes are formed.

c. Key Unit. The layout for the base or key unit of the
CALOTTAN design is shown at the center of Fig. 3. It is formed upon
a circle divided into 12 equal sectors as the face of a clock. Loca-
tion of the six calottes is represented by the small circles. As
calottes are formed either concave or convex the four variations of
the key required to complete the CALOTTAN pattern are shown in the
figure and are identified as A, B, C, and D. Key A has a concave
calotte at the center and at the 7 o'clock position on its circumf-
erence and convex calottes at the 10, 12, 2, and 5 o'clock positions.
Key variation B has a convex calotte at the center and 7 o 'clock po-
sition and concave calottes at the 10, 12, 2, and 5 o'clock positions.

C D

D C

Fg2784 I

Fig. 4. CALOTAN half module pattern.
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6.557 Di

Fig. 6. CALOITAN module pattern.

Variation C has a convex calotte at the center and at the 10, 2, and

5 o'clock positions and concave calottes at the 7 and 12 o'clock po-
sitions. Variation D has a concave calotte at the center and at the

10, 2, and 5 o'clock positions and convex calottes at the 7 and 12

o'clock pt: itions. Note that the positions of the convex and con-

cave calotteb in the A and C variations of the key are reversed in
the B and D variations, respectively. The diameter of the key unit
layout circle is based on the maximum inside diameter of the calottes
(maximum diameter of the forming plunger of the die). The maximum

diameter of the calotte-forming plunger of the die used in this in-
vestigation was 20 mm or 0.7874 inch (Table I and Fig. 7). To
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4 = 1.2 _ D4  1.2

Di: 1.0 8 D,: 1.0

'I

Fig. 7. Sections of forming die showing how calottes are
formed. (a) Forming maximum calotte height. (b) Forming
optimum calotte height (die partly closed).
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simplify analysis and discussion of the stiffening design, the max-
imum diameter D1 of the calotte-forming plunger is taken as unity.
The proportional measurements of the basic parts of the stiffening
design then become:

Dl Maximum diameter of plunger 1

D2  Diameter of key unit circle 2.4

Sl Side of half module square 3.2784

S2  Side of module square 6.557

d. Skeleton Half Module Pattern. The CALOTTAN skeleton
half module pattern is shown in Fig. 4. It consists of four key
units, two C and two D, with their centers at the corners of a
square 3.2784 D1 on a side. Diagonally adjacent units are alike,
but in immediate adjacent units positions of the concave and convex
calottes are reversed.

e. Skeleton Module Pattern. The CALOITAN skeleton
module pattern is shown in Fig. 5. It consists of nine key units,
five A and four B. The centers of four A units are at the corners
of a square 6.557 D1 on a side, and the fifth A unit is at the cen-
ter of the square. The center of a B unit is at the half point of
each side of the square. As in the half module pattern, diagonally
adjacent units are alike, but in immediate adjacent units positions
of the concave and convex calottes are reversed.

f. CALOTTAN Module Pattern. The complete CALOTTAN
module pattern is shown in Fig. 6. It is formed by superimposing
the skeleton half module pattern (Fig. 4) on the center of the
skeleton full module pattern (Fig. 5) with the sides of the two
squares parallel. A sheet is calottized by forming it in a pattern
which repeats, as required by the area of the sheet, that part of
the CALOTTAN module pattern within the 6.557 D1 square. For dies of
the type used in this investigation the module length is always pro-
portional to the maximum inside diameter of the calotte (D1 ), so
modules of the length needed to meet a specific design requirement
may be produced by adjusting the calotte diameter and designing the
forming dies to the proportions given in paragraph 4c and Table I of
this report. Obviously, if economically desirable, more than one
module unit can be incorporated in a single set of forming dies.
Information supplied by the developers indicates punches with small-
er heads were sometimes used in the dies shown in Table I to adapt
them for forming thicker sheet.
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g. Increase in Surface Area. Although the size of sheet
remains the same, its surface area and its thickness (in the sense
of space required) is increased by calottizing. The surface area of
a sheet that is 100 percent calottized (having calottes that are
complete hollow hemispheres) is increased about 58 percent, but a 50
percent calottized sheet has its surface area increased only 10 per-
cent (Fig. 8). The thickness of an 0.018-inch sheet is increased to
about 3/4 inch by 100 percent calottizing in the sense that the de-
formed sheet will separate two planes by that amount. This increase
can be alleviated for shipping by nesting bulk calottized sheet in
bundles but it must be considered in designs utilizing the rigidized
sheet.

00

80 /

70

0 "60

S 50
4.40

30

20
40

0

0 I0 20 30 40 50 60

Percentage Increase In Area

Fig. 8. Increased surface area of calottized sheet.
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5. Nesting, Interlocking, and Laminating Calottized Sheet.
It was shown in pars. 4d, e, and f that half and full skeleton
module patterns are superimposed one upon the other to form the
complete CALOITAN stiffening pattern and that this square pattern
6.557 D1 on a side is repeated as required to calottize a sheet.
As each calottized sheet with the same calotte diameter D1 is made
up of a series of these squares in which the calotte forms and lo-
cations are identical, two or more such sheets will nest if stacked
so the pattern squares register. This nesting feature can also be
utilized for interlocking and joining calottized sheet, by nesting
the overlapped edges of adjacent sheet so they interlock as illus-
trated by Fig. 9. A further advantage of the repeating pattern is
that calottized sheet can be placed in layers so the top of each
convex calotte of the lower sheet contacts the bottom of each con-
cave calotte of the superimposed sheet to produce a laminated-type
structure as shown in Fig. 10. This can also be done with calot-
tized sheet having different calotte diameters (Dl) if the calotte
diameter in one sheet is a multiple of that of the others (Fig. 11).
It is stressed by the developers nf t P ('ATiYPTW'N Process that tho
spaces between laminated calottized sheet can be filled with various
materials or combinations of materials to provide heat resistance,
hardness, or to further increase the stiffness of the composite
structure as desired for special applications. It is obvious from
Figs. 10 and 11 that filler materials can be used but none were
tried in this investigation.

III. TESTS

6. Preparation of Test Specimens. Materials used and the
fabrication of test specimens are considered in the following
subparagraphs.

a. Materials. Commercial quality steel and aluminum
sheet was used for all forming, deflection, and impact test speci-
mens. Details concerning the materials used and considered as a
result of tests by others are included in Table II. Exploratory
single sheet of galvanized steel and of copper, magnesium, and
titanium were tested for formability by calottizing but were not
included in the other tests.

b. Fabrication of Test Specimens. A 300,000-lb capacity
Baldwin-Tate-Emery testing machine was used as a press to produce
the calottized sheet for test specimens. The first sheet calottized
was formed in dies cast in our shops. The dies were made by using a
sample calott4?ed sheet supplied by the representatives of the
CAIOTTAN process as a form for the mold. The cast dies proved
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Fig. 10. Laminated structure of calottized sheet.

Fig. 11. Laminated structure of calottized sheet with differ-
ent calotte diameters.

Table II. Materials Considered in CALOITAN' Investigation

Material Type Thickness Hardness Fig. Remarks
(in.) (DPHT (BH11*)

Mild St'~el '. Carbon 0.016 d 7 13
11 0.05 0.0181 87 21 Two-layer specimnens.

0.05) C.03, 87 11
0.0', 0. 0 ) b7 11 iwo-layer speciensz.

Aluminuni 1100-0 o.01) 17. 17
11DC-Hlu 3.ul" 39.o 1('
1100-H12 0.03( 21 s.)la pecimens.
1100-H12 0.035 26.' iG

5052 0 .0 37 ii
CRC Steel 1010 0.C6> J.Sheet rigidizcd by "X' 33onrpatiy.

1010 uJ.0o
Aluminum 3003-0 0.0351
Plaotic Vinylite ".017 M'tterial,_ Branch Report :1o.

STen-rm steel ball, 50-gload.
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unsatisfactory and were discarded. A release agreement (No. 1028)
was then made with the CALOTTAN representatives covering the loan to
these Laboratories of their original steel plunger-type forming dies,
and these were used to calottize the sheet for test specimens. The
dies calottized a rectangular area 9.3 by 17.75 inches in size with
one stroke of the press. They formed calottes having a maximum in-
side diameter DI of 20 mm or 0.7874 inch and a maximum height of 9
mm or 0.354 inch. Sheet was cut to a size permitting calottizing
the whole sheet-with one stroke. Each sheet was wiped with a cloth
to remove surface contaminates that might produce blemishes, but no
lubricants were used. All sheet was formed at press room tenmpera-
ture which was maintained at 730 F. The relative humidity of the
room was 50 percent. A die closure rate of less than 1 inch per'
minute was used. The height of calottes produced by various pres-
sures was determined for each material and thickness of sheet and is
shown in Fig. 12 for 0.035-inch mild steel. Control of the calotte
height by applying the correct predetermined pressure gave more re-
producible results on the testing machine "press" than attempts to
control the calotte height by controlling the die closure clearance.
This will not necessarily be true with some production presses.

Sheet was prepared with calottes of various heights
so the optimum height for maximum rigidity could be determined. No
100 percent calottized sheet could be made; 80 percent was the max-
imum possible with the dies furnished. Also, difficulty was exper-
ienced in producing sheet calottized much above the optimum without
material failure by cracking at the base of the hollow spherical
segment, that is, the top of a calotte and sometimes across the top
of the calotte. This was not an important problem in our investi-
gation because the optimum height of the calotte was found to be
within our forming capabilities. However, when one considers calot-
tized sheet for heat exchangers, and for filled laminated structures
requiring hemispherical calottes, it is important to realize that
the neat appearing 80 to 100 percent calo-tized sheet which are nor-
mally shown in the CAIOTTAN l.terature and are represented by the
figures in the CAI0MAN patent cannot be produced by cold forming
from most of the materials tried in this investigation. Hot forming
or very ductile materials are required.

To prepare the specimens for deflection tests, a
centerline was established parallel to the sides of the pattern
squares on calottized sheet of appropriate size. Specimens 8.46
inches (215 mm) by 17.75 inches were cut on the centerline and at
angles to the centerline of 1,° , 300, 45o° , 600, 750, and 900.
Multilayer specimens were made by bolting two specimens together of
like size and calotte height but positioned a half module out of
register so the calottes contacted as shown in Fig. 10. Four bolts
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Fig. 12. Pressure required to cold form 165-square inch area
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were used, one located at each longitudinal and transverse third
point. The multiiayer or two-ply laminates were made from sheet
calottized with approximately the optimum height calottes for
single sheet.

7. Test Equipment. A 60,000-lb-maximum capacity Southwork
Baldwin-Tate-Emery testing machine with an A. H. Emery Company air
cell adapter to convert the 0- to 600-lb range to 0- to 60-1b range
was used for the deflection tests. An electrically operated micro-

former recorder connected to a PD-1M deflectometer was used to plot
deflection versus applied load. The recorder was adjustable for a
number of testing ranges. Loads too small for the testing machine
were applied by loading the specimens with metal granules.

The impact test and the equipment used for the test were
improvised for this investigation. The equipment consisted of an
8-inch I. D. steel cylinder placed on end on a concrete floor. The
cylinder was used to support the sheet under test. There was an
arrangement for dropping a 2.25-inch-diameter steel ball weighing
897 grams a measured distance to strike the sheet at the center of
the area supported by the steel cylinder.

An electromagnetic vibration exciter was used for the
vibration testing.

8. Deflection Tests. Deflection measurements were made on
samples from calottized sheets prepared as described in par. 6b.
The 8.h6-inch (215 mm)-wide samples were supported as simple beams
with a span of 16.02 inches (407 mm) and were loaded on the trans-
verse centerline. The 20-mm by 407-mm dimensions were selected to
correspond to those used in some tests reported by the representa-
tives of the CALOTYAN process.

a. Tests of Single Calottized Sheet. Including prelim-

inary and exploratory work, about 250 deflection tests were made of
single calottized sheet of the various materials and thicknesses
shown in Table II.- The results of the tests are shown by the curves
(Figs. 13 through 18) and the graph (Fig. 19). The results shown in
Figs. 13 thrvugh !8 are from specimens cut parallel to the longitud-
inal centerline of the calottized sheet. Those shown by Fig. 19 are
from specimens cut at angles to the centerline and tested to deter-'
mine if the CALOTTAN pattern provides uniform rigidity throughout
the sheet. Figure 20 compares the loads carried by plain and calot-
tized sheet.

A deflection of 1 inch was selected after exploratory
tests as adequate to give the information desired without stressing
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Fig. 17. Load vs percentage of calottized, O.Ol4-inch, 1100-0
aluminum-alloy sheet.

the materials beyond their yield points. Therefore, the load re-
ported is always the applied load required to produce a deflection
of 1 inch at the center of the span of the simple beams.

b. Tests of Multilayer Calottized Sheet. A number of
deflection tests were also made on two-ply laminates of calottized
sheet. Typical results of these tests are shown in Fig. 21. The
results are compared directly with those from the tests of single
sheet as the applied loads reported are always at 1-inch deflection.

c. Deflection Data for X Company Rigidized Sheet. The
data for the X Company rigidized sheet which are compared in this
report with similar data for calottized sheet were obtained from a
complete report of tests of materials furnished by the Company. The
data used are for their stiffening pattern which gave the best EI
values and is somewhat similar in appearance to the CALOPTAN pattern.
In considering these data, note that the X Company test specimens
were prepared from the plain unprocessed portion of the sheet and
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Fig. 18. Load vs percentage of calottized, 0.015-inch, 1100-
H16 aluminum-alloy sheet.

from a rigidized portion of the same sheet. The rigidized specimens
were oriented so the primary lines of the pattern approximately par-
alleled the longitudinal and transverse centerlines of the specimen.

9. Impact Tests. Mild steel and aluminum-alloy sheet both
plain and calottized by cold forming were tested for resistance to
impact with the improvised equipment described in par. 7. The
amount of permanent deflection of the sheet caused by an impact
force of 3.92 ft-lb was recorded. Sheet calottized with calottes
of various heights was included. Results of the tests of 0.018-inch
steel sheet and 0.035-inch aluminum sheet are shown by the curves in
Fig. 22.



25

1I6
151

-13-I

o12
0

G)VD

-

44
0

0

42

04 lb

04-,
0

4-

-06-

-H

Pr4 0~

O0)



26

081 - 091

c

0 Cd

06

0004 0

~0
0 r- A

IqV
Os _ _ _ _ _ _ _ to

,0

0 0 _ _ _ _ 0 0

-u Le) -u

00 00 .0 0- CDj

o n to I2 in00
00 00 0 0 00
6 d) d 6 1 ;C ;C



27

O0tF~ OOtp
0

00C -00

0

00 ~ ~ 00

CrI0 bo

001 00__ __ 1

04 0

-iflN(V)cjR

go E N
c C)

-v3
VN 04

00 C.. C

2o .0 -tiia

=000~J coo~
2dd 0 o0 56c



28

0.70

0.60

0.035" Aluminum
,11 0.50

.C

0

E 0.40
E

00

~,0.30.

C

E

SQ20
a. 0.018' Mild Steel

0.10

0
0 10 20 30 40

Percentage Calottized

Fig. 22. Deformation from impact.



29

10. Vibration Frequency Tests. Limited preliminary tests were
conducted to explore the vibration characteristics of calottized
sheet. The resonate frequency on 13.5-inch spans of plain 0.035-
inch-thick 5052 aluminum sheet and 23 percent calottized samples of
the same sheet was 40 cps and 80 cps, respectively. A 6-inch test
span of the calottized sheet had a natural frequency of 360 cps. It
was observed during these tests that calottized aluminum sheet ap-
pears to have the ability to act as a collector or condenser and to
assemble various impact frequencies and then to transmit them as a
single frequency. Additional testing is needed to verify these ob-
servations. This apparent condenser characteristic of calottized
sheet could be investigated by determining sound absorption coeffi-
cients using the tube method. There also appeared to be a slight
change in the natural frequency with time as the vibration continued.

IV. ANALYSIS OF RESULTS

11. Deflection. Figures 13 through 21 show that calottizing
single metallic sheet by cold forming increases their flexural rigid-
ity. The influence the height of calotte (percentage calottized)
has on the magnitude of the increase in rigidity becomes apparent
from a study of the curves. The optimum percentage calottized for
maximum rigidity as determined from these test results and shown by
the peaks of the curves in Figs. 14 through 17 are:

0.018-inch steel 23 percent
0.035-inch steel 20 percent
0.059-inch steel 20 percent
0.035-inch aluminum 24 percent
O.014-inch aluminum 26.5 percent

Therefore, it appears that a practicable figure for use in produc-
tion calottizing as optimum height of calotte for approximate maxi-
mum rigidity is 23 percent of the maximum plunger diameter for sheet
cold formed on a die of the dimensions used in this investigation.
Although not proved by these tests, it is believed 23 percent will
be a practicable optimum for similar sheet calottized by cold form-
ing on any die of like proportions such as shown in Table I.

The rigidity of optimum calottized single sheet is com-
pared to that of plain sheet in the bar graph (Fig. 20). If the
rigidity of single plain mild steel sheet is assumed to be 1 the
rigidity of single calottized sheet cold formed from the same mate-
rial is 14 for the 0.018-inch-thick steel sheet, 6.5 for the 0.035-
inch sheet, and 3.0 for the 0.059-inch sheet. This indicates that
the gain in stiffness because of cold calottizing in a given die
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increases as the sheet thickness decreases. When compared on the
same basis, the rigidity ratio for 0.035-inch-thick ll00-H12 alumi-
num sheet is 1 to 5.

Claims by the CALOTTAN representatives (par. 3) that calot-
tized steel sheet is ten times more rigid than the plain sheet and
that a two-ply combination will support 25 times the load supported
by the plain sheet are misleading and useless for design as they are
true only for the thinnest of the sheet range, 0.020 inch through
0.059 inch (Table I) recommended for forming in the die used in this
investigation. Also, their claim that calottized sheet has "rigidity
many times greater than that of any known material of this type" in-
dicates that they are not familiar with properties of rigidized sheet
produced by X Company. This is indicated by Fig. 23 where equivalent
EI values determined by these tests are plotted with those for X
Company rigidized sheets and by Fig. 24 which shows sheet thickness
versus rigidity ratio for the two stiffening patterns. A study of
the curves shows that in the areas where data are available the cal-
ottized sheet is usually a little more rigid. However, the differ-
ence in rigidity is not great.

The type of alloy and condition (hardness) had a signifi-
cant effect on the stiffness of plain aluminum sheet as indicated by
Fig. 16 but did not appear to have a significant effect on near op-
timum calottized sheet. Obviously, the rigidity ratio varied with
the stiffness of the plain sheet and varies from 1/2.2 to 1/6.9 for
the aluminum sheet tested.

The directional rigidity of optimum calottized cold formed
aluminum sheet is shown graphically by Fig. 19. In considering this
graph, recall that in producing specimens for test the sides of the
square comprising the basic CALOTTAN module pattern (Fig. 6) were
formed parallel to the sides of the original sheet with the top of
the pattern as shown in the figure parallel to the longitudinal
centerline of the sheet. Also, note that the CALOTTAN pattern is
not symmetrical because the location of the calottes is different
when related to the transverse instead of the longitudinal center-
line. A study of Fig. 19 shows that optimum calottized sheet is
most rigid and 25 percent above the average rigidity when tested
parallel to the longitudinal centerline. The rigidity at angles of
450, 900, and 1350 to the longitudinal centerline is almost equal

and about 5 percent above average, and tests at intermediate angles
show a rigidity generally below and some as much as 10 percent below
the average. These results do not verify the claims by the CAIOTTAN
representatives that calottized sheet has "no preferred axes of
inertia."



31

L- Sd

E DSJ8ASUDJ.1 -) 
C

0 o

0D r

g)n

L4IIM PUIJOOsalot 0.49uAn-

V 
0 c

0C 0

0-4-

C: 
0

- k,
0- 

S.

0 0 0 0 o0 08 008

44P'MA tPuI jad sarIuA 13 4u,)Iuifb3



32

0.070-

Z

4",

x

CALOTTAN- Longitudinal
0.050

0.40

COC

CALOTTAN -Transverse (estimated)

O.030

0.020-

24.1 1 20 25

Fig.24.Sheet thickness vs rigidity ratio for mild steel.



33

The rigidity of optimum calottized single and two-layer
sheet is compared to that of plain single sheet in the bar graph
(Fig. 21). Again, when the rigidity of a single plain sheet is as-
sumed to be 1, the rigidity of cold formed optimum calottized two-
layer steel sheet of 0.018-inch thickness is 33 and sheet of 0.059-
inch thickness is 6.7. On the same basis, the rigidity ratio of
two-layer 0.035-inch aluminum sheet is 1 to 13.3. The rigidity of
two-layer calottized sheets is 117 percent more than one-layer
calottized sheets for 0.059-inch steel, 140 percent for 0.018-inch
steel, and 166 percent for 0.035-inch aluminum. As stated previous-
ly, only the results for the thinnest sheet verify claims of the
CALOTTAN representatives.

12. Impact. Results of the improvised impact tests (Fig. 22)
are included only to show that calottizing does improve the impact
resistance of sheet materials. The magnitude of improvement indi-
cated by these results may be questionable. The results show the
impact resistance (based on permanent deflection) of 26 percent
calottized 0.035-inch aluminum-alloy sheet to be 2.6 times that of
the plain sheet and that of 25 percent calottized 0.018-inch mild
steel sheet to be 8 times that of the plain sheet. The curves also
indicate that the optimum height of calotte for resistance to impact
is approximately the same as the optimum for resistance to flexure.

13. Vibration. The vibration frequency observations (par. 10)
were too limited to Justify quantitative deductions, but they show
that calottizing metallic sheet will reduce the vibration and may
have other worthwhile possibilities such as improved sound absorp-
tion. If interest warrants or requirements exist, additional test-
ing should be undertaken to determine the possibilities of calottiz-
ing for these uses. If additional testing is done, the fatigue
properties of calottized sheet should also be investigated.

14. Desin. It was not possible to calculate the moment of
inertia (I for sheet formed in the complex CALOTTAN pattern, so
equivalent EI values were calculated from the longitudinal deflec-
tion data obtained. These values are presented as curves in Fig.
25. The curves can be utilized to determine the stiffness to be
expected from sheet of the materials and thicknesses shown. The
curves cover plain sheet and sheet cold formed from zero to a
little more than optimum calotte height.

In considering or using these curves (Fig. 25) we must
remember that they are based upon longitudinal deflection data only.
Unfortunately, no transverse deflection data were obtained for opti-
mum calottized steel sheet, but the investigation of directional
rigidity which was made on 0.035-inch aluminum calottized sheet
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(Fig. 19) shows that the sheet carries less when loaded at angles to
the longitudinal centerline. For example, 15 percent less is carried
when sheet is tested at 900 to the longitudinal centerline. Accord-
ingly, we should reduce the El values of the curves a suitable amount
as indicated by Fig. 19 when the sheet will be loaded at an angle.

Little flexural data were obtained from sheet formed to
beyond optimum calotte height because they are less rigid and also
the steel and aluminum sheets used in this investigation started
failing in the calottes when cold formed much beyond the optimum.
Table III shows typical results of our cold forming experience. It
is apparent from the table that, as would be expected, the more duc-
tile materials formed best. Note that ductile commercially pure
copper sheet was satisfactorily cold formed to 80 percent calottized
which was the maximum possible with the closure provided in the die.
We had no experience forming heavy sheet as the die would not handle
sheet much thicker than 0.059 inch but the CALOTTAN representatives
furnished one sample of 0.115-inch-thick-steel sheet which was 69
percent calottized, probably by hot forming.

Table III. Results of Calottizing by Cold Forming

Material Type Thickness Percentage Remarks
(in.) Calottized

Steel HR 0.05 Carbon 0.059 27 Good; no failures.
" " 0.035 32 "
" i0.018 39
t0.018 64 Failed; few failures.
it 0.018 74 Failed; many failures.

Aluminum 1100-0 0.014 32 Good.
" llOO-H16 0.015 21 Good.
t0.016 69 Failed; cracks in all

calottes.
0.020 41 Failed; cracks in 25

percent of calottes.
1100-I 12 0.035 33 Good.
1100-0 0.035 58 "
5052-H34 0.041 19

" 0.051 19
" "0.064 19

Titanium RC-55 0.050 63 Failed; cracks in most
calottes.

Copper Commercially 0.032 80 Good.
pure full anneal
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Forming beyond optimum calotte height would probably not
be of interest for most structural uses but would be important when
adapting calottized sheet to other uses such as incorporation of
insulating filler materials and other uses proposed by the devel-
opers and mentioned in par. 3. The increased surface area of calot-
tized sheet could be advantageous for some applications and disad-
vantageous for others. For example, greater surface areas can be
obtained for applications requiring heat transfer, but in simple
stiffening applications the calottes increase the quantity of pro-
tective coatings required and may make them more difficult to apply
and maintain. The additional space occupied by the increased thick-
ness resulting from calottizing may be a problem for some applica-
tions. Joining calottized sheet and attaching such sheet to struc-
tural frames is a definite problem when compared to flat sheet and
must be solved for each application when the sheet is incorporated
in any design. Joining and attaching is also a problem when one
considers the structural shapes which, although not tested in this
investigation, are proposed by the representatives of CALOTTAN as
illustrated by Fig. 26.

The study showed that up to 80 percent calottized sheet
can be cold formed from properly selected materials, and it appears
that sheet of any desired calotte height up to 100 percent calottized
could be provided by proper selection of material and forming process
if its use is found by the designer to be economically feasible.

Rigidizing metallic sheet by forming in either the CALOTTAN
or X Company patterns does not change their weight, so utilization
of rigidized sheet can reduce the weight of an end item as a result
of the increased rigidity which allows the use of thinner and there-
fore lighter sheet.

15. Production. Information from the representatives of
CALOTTAN indicates that calottized sheet is being produced and used
in Europe. We have not been able to verify the extent of the pro-
duction or use. So far as we know CALOTTAN has not been made avail-
able in the United States. Unquestionably, calottized sheet can be
produced in large quantities if the demand should Justify such pro-
duction. All that has been produced was formed by press-forming
individual sheets but our discussions with metal fabricators indi-
cate that calottizing can probably be accomplished by roll forming
and at a reduced cost if the demand should justify the expenditure
necessary for such production equipment.
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Fig. 26. CALOTTAN structural shapes.
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V. SUWARY OF RESULTS

16. Summary. The results of our investigation of the CALOT AN
process follow:

a. The stiffness of sheet materials is increased by
calottizing.

b. The stiffness of single steel and aluminum sheet cold
formed to optimum calotte height in the dies used in this investiga-
tion was increased over plain (flat) sheet by factors of from 3 to a
maximum of 14.

c. The magnitude of the increase in stiffness caused by
cold forming metallic sheet in the CALOTTAN pattern varies with the
height of the calotte.

d. The magnitude of the increase in stiffness of metal-
lic sheets of a given material as a result of optimum calottizing by
cold forming in the same die, decreases as the sheet thickness is
increased.

e. To obtain maximum rigidity from metallic sheet calot-
tized by cold forming, the height of the calottes should be about
23 percent of the maximum diameter of the calotte-forming plunger.

f. The type and condition of the alloy of a given metal-
lic material does not appear to affect significantly the stiffness
of sheet optimum calottized by cold forming.

g. Calottized metallic sheet does have "preferred axes
of inertia."

h. The directional rigidity of cold formed optimum calot-
tized aluminum sheet varies up to 35 percent.

(1) Longitudinal rigidity is greatest and 25 percent
above average.

(2) Rigidity at 45 0, 900, and 1350 to the longitudi-
nal centerline is about equal and 5 percent above average.

(3) The rigidity at intermediate angles is as much
as 10 percent below average.

i. Metallic sheet rigidized in the X Company pattern
show stiffness sometimes a little less but approximating that of
similar calottized sheet.
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j. The stiffness of two-layer steel and aluminum sheet
cold formed to optimum calotte height in the dies used in this in-
vestigation was increased over single plain sheet by factors of from
6.7 to a maximum of 33.

k. The impact resistance of metallic sheet is improved
by calottizing.

1. Up to 80 percent calottized sheet can be cold formed
from selected metallic materials, and it appears that metallic sheet
of any desired calotte height up to 100 percent calottized can be
provided by proper selection of material and forming process.

m. Calottizing increases the vibration frequency of
metallic sheet.

VI. CONCLUSIONS

17. Conclusions. It is concluded that:

a. The rigidity and impact resistance of sheet materials
are increased considerably by calottizing.

b. The claim made by CALOTTAN representatives that the
rigidity of sheet materials is increased ten times by calottizing
is considered valid for only the thinnest sheet of the range that
can be formed in the CALOTTAN die.

c. The representatives of CALOTTAN are not familiar with
the properties of rigidized sheet produced by X Company. Their
claim that calottized sheet has "rigidity many times greater than
that of any known material of this type" is not considered valid
because sheet rigidized by the X Company pattern shows stifness
approximating that of similar calottized sheet.

d. Calottized metallic sheet displays preferred axes of
rigidity, so the claim made by CALJI'TAN representatives that calot-
tized sheet has "no preferred axes of inertia" is not considered
valid.

e. Rigidized metallic sheet materials can be used to
reduce the weight of some components of Military equipment.

f. Calottized metallic sheet should be considered by
designers of Military equipment on a value analysis basis when
calottized sheet becomes available in the United States.



4o

g. Rigidized sheet produced in the United States by XCompany is approximately as efficient as calottized sheet, is pres-ently available in the United States, and should be considered bydesigners of Military equipment on a value analysis basis.
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Increased use of lightweight metals and more efficient use of all metals. This
task will result in more efficient utilization of materials and improved tech-
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23. Brief of task ad objective
a. Brief.

(1) Objective:
(a) To study bills of materiel of developmental and existing
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mauimum feasible utilization of lightweight metals and more efficient use of all
metals to increase mobility and decrease weight.

(2) Technical Characteristics:
(a) Not applicable to this task. Compliance with the technical

characteristics of items under review will be maintained.

o. Approach:
(1) Because of the broad scope of this task which covers all Engineer

equipment and its long-range and continuing nature, the plan of appeech is in
two phases.
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Block 23 b continued

Phase I. Examination of Engineer equipment under development.

Phase II. Examination of Engineer equipmnnt now in the supply system.

(2) Examination of Zquipment items from both phases may be made coucurrently,
but, in general, examination of equipment under development will have priority
over equipment now in the system. The order of selection of items of equipment
and categories for examination in each phase will follow a priority based upon
the greatest need for weight reduction from the viewpoint of the maximum over-all
benefit toward decreased logistics problems with Engineer equipment.

(3) Studies will be initiated on new equipment during early stages of the
development. Bills of material will be established in cooperation with personnel
of the pertinent end item development task. The bills of material will be reviews,
as required during the development so final selections will conform to the objec-
tive of this task.

(4) Studies will be initiated on items now in the supply system when indicate
to correct deficiencies or in accordance with priorities in par. 23b(2) above as
time permits.

(5) Categories of investigation may include but are not limited to modernizing
technical characteristics, selecting materials to correct reported deficiencies,
consideration of lightweight metals in new applications, re-examination of un-
successful applications in light of new knowledge, review of lightweight metal
applications made by others, and application of more efficient methods of utiliz-
ing all metals to obtain equal performance form lighter weight components.

(6) When desirable as a result of the investigation, bills of material will
be finalized and action taken to incorporate them in pertinent drawings and speci-
fications.

c. Tasks:
Not applicable.

d. Other Information:
(1) Scientific Research: None.
(2) References: None.
(3) Discussion: The urgent need for an item has often imposed on the pro-

ject engineer the necessity of using expedients. The performance requirement has
been met while logistics problems have been increased. Items developed under
those conditions may be expensive, excessively heavy, difficult or impossible to
transport by aircraft, and also difficult to produce, operate, and maintain. This
task will correct a large number of these faults or shortcomings by materially
reducing the weight, the quantity of critical materials, the cost, and other
problems, and by improving the over-all military potential.
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United States Patent Office
2

consisting of basic materials and a filling material ac-
cording to the invention, is inserted within the hollow
spaces of the bask material;

2,718297 Figs. II and 12 show two different embodiments of the
HONEYCOMI.-TYJE STRUCnRAL MATErIALS 6 invention wherein a Oiling material haa been cast into

AND METHOD OF MAKING SAME the basic material;
Fig. 13 is an embodiment of a structure according to

Sosellk PlMershammver Diedkhos, Zirich SwItseisad the invention wherein the components of the structural
Applieation 1..e 10, 1952, Serhal No. 292,759 material are pressed together by lamination, and

10 Fig. 14 is the embodiment of a structure formed by
24 Claims. (CL 154-.2J.5) spraying component parts onto a mold.

The structural material diagrammatically illustrated in
Figs. I and 2 is provided, throughout its area, with closely
adjacent depressions and elevations 1 and 2 respectively.

The present invention relates to new structural mate- 15 These depressions and elevations are of elongated shape
rials. The structural materials according to this inven- and are alternately vertically offset against each other.
tion have a lattice-like form and consist at least in part In order to clearly understand the principle. applied, the
of a component of great strength and ductility (basic depressions have been marked "-" and the elevations
material) such as steel, aluminum ind the like, or a "+" in Fig. 2. As may be seen, this structural material
synthetic material of suitable nature, such as a polyamide. 20 pos-sei only t---cY:d '.ns of :=zcu i, ewery priacipal
at least part of the basic materia being formed in such direction of stress. The plan view of Fig. 2 particularly
a manner as to provide curved lines of stress in every shows that, because of the arrangement of the depres-
direction of stress of the structure. sions and elevations I and 2. respectively. the lines of

Such structural materials are employed, for example, in stress obtained are curved to a higher or lesser degree.
the construction of coverings for vehicles of all kinds, 26 Alternatively, such elevations and depressions may be
as well as for roofs, walls, floors, ceilings, boilers, con- circular instead of oval. and be pressed into a plate in
tainers and the like. The structural material according the shape of hemispheres.
to the present invention is characterized by its high elastic In a preferred arrangement of hemispherical domes
deformability in all directions of stress. To this end, the in pairs, the edges of the domes touch in the direction of
basic material is formed so as to provide curved lines of 30 the common center line, so that the common center lines
stress, preferably in every direction of stress, of adjacent pairs of hemispheres are normal to each

Embodiments of the structural material particularly other and intersect at the point of contact between two
suited for the purpose of this disclosure consist of a paired hemispheres, as appears from Figs. 3 and 4. It
basic material whose entire surface is formed by closely is understood that all depressions and elevations need
adjacent elevations, or both depressions and elevations 35 not be of identical size and shape, and, particularly for
so that the structure is fully curved in every principal laminations used individually or on the outside. depres-
directions of stress. sions or elevations may be used alone.

For particular applications, it has been found advan- Fig. 5 shows a structural material comprising, in parts
tageous to employ a second material when producing the 3 to 7, a plurality of elements shown in Figs. I and 2.
structure in addition to the aforementioned basic mate- 40 assembled in such a manner that the depressions of one
rial. The second material should possess a high degree element and the elevations of the adjacent element en-
of hardness and high heat resistance, such as material of gage each other. Parts 3 to 7 of the structural material
a mineral nature. This second material is enclosed as may be welded or riveted together at their points of
a filling material within hollow spaces provided by the contact. However when made from materials such as
basic material. Such filling material may consist of plastic, the multiple elements may be produced together
granular, comminuted or, preferably, spherical particles. 4 in a single casting. The lattice work making up the struc-

The novel features which I consider characteristic of ture produces a plurality of closed hollow spaces S-11,
my invention are set forth with particularity in the ap- whereby high resistance is attained against penetration
pended claims. The invention itself, however, and any of structures of this type. Moreover, such structures are
additional objects and advantages thereof will best be t0 largely heat and sound proof.
understood from the following description of several pre- In many cases structural material must possess a
ferred embodiments when read in conjunction with the smooth exterior surface in case of coverings for vehicles.
accompanying drawings, in which: etc. To this end, the structure may be covered, at least

Figs. I and 2 are diagrammatic sectional views illus- on one side and vertically to the principal directions of
trsting the principle incorporated in structures of the stress, by a material having a smooth surface instead of
present invention. Fig. I being a sectional view on the 65 the afore-described depressions and elevations.
line 1-I on Fig, 2; Fig. 6 shows such a structure comprising an element

Fig. 3 is a sectional view taken on the line 11-111 of 12 similar to the elements 1, 2 shown in Figs. I and 2.
Fig. 4, both showing a construction in which the depres- and having flat plates 13 and 14, respectively, affixed to
sions and elevations are formed and arranged differently 60 the two sides thereof. The structure possesses fully
from those shown in Figs. I and 2; curved lines of stress transversely to principal directions

Fig. 5 is a sectional view of a first embodiment of a of stress only, while c ,prising straight lines in the direc-
structure made up of basic material; tions of minor stress. tccording to an additional feature

Fig. 6 is a sectional view of another embodiment of a of the invention, sheets may be assembled whose dome-
structure made up of'basic material; (, shaped elevations or depressions and elevations differ in

Fig. 7 is the embodiment of a structure wherein. ac- " size and spacing, provided that the number of the de-
cording to the invention, laminations of different haic pressions and elevations it one sheet is an even multiple
materials are employed; of those in the other sheet. For example, the depressions

Fig. 8 is the embodiment of a curved structure made and elevations of the outer sheet may have a size
according to this invention; 70 and be arranged at a distance of one-third to one-half of

Figs. 9 and 10 arc front and end views, respectively, those of the intermediate sheets.
of a structure (partly shown in section in Fig. 10) and Fig. 7 shows an embodinent wL-rein the spacing be-
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the dv m de preadns 2 and I , reepectively, fining maa 3 * papryed in several alternating layers.Of the outer sher It O only oe4adf of that of the inter- Plates or peats made of the new stnutural materad andmediate sheets 16. Such structures are utable, for exam- comPrisig oe or ever laminations permit an eas andpi, as surfe to be walked on (aen). The interior extremely km connection in OVelappin relation Theshuets are provided with comparatively irge depressions 5 tips of the depressions and elevations of one plate engageand elevations, respectively, while the outer sheets have similar depresios and elevatious of the adjacent platei depresion and elevatins the number of which is and are held in this position by conventional means,an em multiple of the lage depresions and elevations. cementin alone producing bond of high tensile stregthThe depth of the deprsions and levations in the outer with thin laminations of thicknes up to I mm.and inner sheets, reeVct y, may vary as well, as appears 10 A further advantage of the bein-dperibed structuralfrom the example shown in Fig. 7. lbe dome-shaped ale- material over ferroconcrete structures which has not been

vations may also be disposed on oe side only in order previously mentioned, is that such strctures, particularly ifto ievent or render more difficult the catching of water or made by means of castin& may be used immediately whiledust if the structure is employed, say, as a roofing ma- concrete takes a considerable time to st. Moreover, stmc-terial. Structures with elevations disposed on one side 13 tural material of the herein-disclosed type, my in form ofonly may, however, also be employed for protecting jackets bearing pillars, uiliza the compresive sre of hardof bodlers, or for containers and the like. broken stones, quantitatively their most important cam.Fig. I shows the manner in which a boiler wall 17 is ponent, permitting a load of up to 4000 kg./cm.2, whilereinforced with a structure having elevations on one side in the cae of cocrte pilars the ine mteril ca be
only. -0 utilized only up to the compresve strength of the cementThe structural material shown in Figs. 9 and 10 Con- binder, viz a load of approximately 300 k./cm,'.prises a plurality of lamination 19 of the basic material. Any given weight of the new structural material, withAs shown in detail in Fig. 10, these laminations are pro- or without filling material, combines a maximum of ens-vided with closely adjacent depressions and elevations 26 ticity with a maximum of admissible load. it withstandsand 21, respectively, distributed over the entire surface 23 great and sudden temperature changes without the dan-and assembled in such a manner that the depression 2s gerous internal strees resulting in cracks, and it actsof, say, the sheet 19. overlie the elevations 21" of the as a highly efficient Insulator against temperature differ-
adjacent sheet 19". The sheets are welded together at entials, sound and vibration. Moreover, it is practicallytheir points of contact. The hollow spees formed be. rupture-proof, even under great deformation streses.tween adjacent sheets are filled with mineral matter 22 30 The structures according to this invention may be em-consisting of granuins of preferably uniform dz. Open. ployed as structural elements or be formed directly into
ings provided in the end plate 23 welded to th Shoals shaped bodies. For example, bodies of plate-like, dome-permit entry and removal of the filling. If not in oe, like, pillar-like, tubular or boiler-like shape may be madethese openings are closed by mean of screw plup 24. therefrom. Entities, including high-pressure boilers, madeA flange 25, welded to another end plate, permits Cognac* 35 from material according to the invention are free fromtrin between the end plate ani other, sinilarly cnhtmctd internal strees in any dimension, irrespective of whetherplates, as illustrated in Fig. 10. If, for example, the saped they have been produced by rolling or casting operations.structure shown is to be used as an armor pint. cc Even froen boilers or radiators, when thawed, will notof seel laminations totaling 35 cm. in thicknes, t crack but expend elastically and resume their formerindividual laminations may be approximately 1.5 am thick 40 shape. Various alterations in respect of the structurewhile the size of the filling material granules should of the said shaped bodies, the type of the material em-average 2 cm. ployed and specil constructionl features may be ef-Fit. I I illustrates a plate structure wherein the mineral fected without departe flrom the Scope of the invention.filing material U is cast into tise basic mater 7 ia a One of the preferred ues of structural material accord-form of granules of varying imenons The volumetric 43 ing to this invention I that of producing armor surfaces.ratio beme the iling material and the bai material With the constant develgment of projectiles and ex-(filling coafi ) Is practically uniform throuhout the ploaive charges the demands made an armor plate areentire body. Couecti ng1 1 with mum tread gradually increasin. Various mean have been devised29 are cat into the structure for atsehosmt to other of Increasg th Impct resistance of armor plate with-similar structures or for fasening other demens to so oWt further aiddition to the tikne Of the Plate. Gen-structure. It will prove edvatageous in certain case ily peaf kig the action Of a Rat plate extending nor-

to cast pers of a machinable maafin into the structure 1U11Y to the direction of a projectile may be comparedwith the action of A taut rope subjected to a stressarduto machine them, bequent to the caas t for t intermediate the points of suspension. The more tautparticular fno they are to P er Will be the stress caused by a givenThin-walled shaped bodies my. obviously, containn loa r, s e, the tress will be redO Mdliz IP la Miss sateih, which is pftumy load 
or , exrea differenty, the stress will be reducdmae llin uar te lai material, i ct i prth ro propoutionately to the resiliency of the rope and the dan.mixefllinl nm nl 0 i a into the basic material 31 to of rupture will be siimly reduced in case of afthe fillingremaarale n i st in oevsicmteral it Sruit rope. In view of this, an armor plate shouldof the structure illustrated in Figl 12. However, the fillg 60 he enasencted in such a mamr that every section sub-

coelficient, on the assumption that the particular body jot to the impact o a pOjctile is resilient in everywill be subject to bending stress, i locally adapted in cotvale directo of approach of the mid projectile.such a mner that the basic material i sConcentrated Is cording to t r inventon this obaet is attained.
the m of tension (top) while the illiM maril is con. Such armor plate iy he of a cosatructin smilar to
cntratmed in the zon of pressure (bottom). The mar- 6 the coruated ldipk be of en aneroid brometer. ItSinal zones 32 of the plate contain no filling material in was foofdpeticuiady as to shape the d ipres-
order to enable the plate to be welded to Other plut, s aeleadoes as dames, or hollow hemispheres.
etc. In order to produce armor plate with the necessary ri-The plate illustrated i a Fig. 13 omaprses a ui gdity it is adviseble to build up several sheets of theof shes 33 of the bai material pemed together Wi T0 desNI sucture into a laminated body, and to dis-intemediats layers c fillinlg material 34 thaes tw~e. poe the shnt in ech a manner that the depressionsThe thickness of the sheets corresponde to the average ese Of On Sheet Overlie the elevations of the adjacent sheet.of the granles. the points of oact bean connected by welding orThe pa strucuMre illustrated in FIf. 14 comprIs a riveting, or by coaoef the entire structure in one piece.mold 3 on whih he bae aterl M a an arseacons RiiMd armor plate may be constructed in this manner
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having resiliec far sp to that Of a flat armor the like may be used as iing material. It is obviout
plate. Neverthels, th plate, as a whos, has far greater that the filling material my be a mixture of various iln-
rigidity and bering strength than conventional amor eral substances. For structures and structural elements
plate. Experiments have shown that the Impact resistance exposed to high heat, filling materials will be preferable
of armor plate constructed according to this invention, 5 whose meling point is higher aund whose heat conduc-
when using Identical quantities of bei material is a tivity is lower than that of the basis material.
multiple of that of conventional armor plate. Apart In order to replace structural materials, e. ., steel
from the reasons outlined above, the superiority of armor or concrete, by a structural element of the kind described
plate according to this invention resides in the fact that possessing lesser weight and higher strength respectively,
the section hit by the projectile is not scattered at the 10 certain limits must be observed in respct of the mechen-
point of impact as is the case of conventional armor ical strength of the individual components. It may thus
plate but, due to its curved shape and resilient char- often be found advantageous to employ a besic material
acter, drastically resists the Impact of the projectile. It possessing a tensile strength of not les than 4000
is obvious that the exterior shape of the armor plate kg./cm.2. The realizable values ae approximately 8000
also increases the likelihood of deflection of the pro- IS for steel, 4500 for certain aluminium alloys and approxi.
jectile. mately 4500 kg/cm.9 for nylon. On the other hand, the

The mineral Ailling material disposed in the hollow filling material should have a tensile strength of not less
spaces of the armor plate serves a number of purposes. than 4000 kg./cm.' and a hardness of at least 7 (Mobs'
Principally, it is called upon to slow down the entering hardness), values that may be attained with materials such
projectile. It is, therefore, advantageous to employ a 20 as quartz and corundum. All disadvantages inherent in
filling material possessing a high daree of hardness and the basic material if applied alone, such as great weight,
a high coefficient of friction. The material is, of course. insufficient heat resistance, high heat conductivity, and
crushed by the entering projectile, but it thus consumes high price of the basic materials, and low tensile strength
the kinetic energy of the projectile and resists the further (usually below 800 k./cm.') concomitant with brittle.
penetration of the projectile in a high degre. The pres- 25 ness of the filler, may be substantially eliminated by the
sure which the projectile exerts upon the armor plate herein disclosed combination of the two components.
Is thereby scattered in a wide-angled cone so that the As far as the shape of the structural material is con-
kinetic energy of the projectile is distributed over a con- ceroed, any shape and form may be produced. The
siderable area which is reslient an increases as pane- structure may be a hollow body consisting of the basic
traion progressee. It is no advisable to cast concrete 30 material in which the interior space is filled with filing
into the hollow spaces because cocrete would consti- material in coarsely or finely granular foem, It is ad.
ato a rigid component having a lar moment of inertia. vantaleoee in many insemc to subdivide the Interior
Moreover, concrete is too soft and, bein devoid of hol- space into a plurality of hqllcg, aes.
low spacas between individual partices, falls to oppoee A further embodiment of the work material according
the transmission of beat or to disperse the lads. For 36 to my invention has the filling material cast into the bask
this reason the fillng material within hollow spaces is material. Casting is preferably effected under pressure,
preferably rnular. A high fSiing coifilciet may be such a a pressure of 10 atmospheres, so that the mineral
achieved by meam, sch as vibrator. A further fuac- inclusions are pre-tensioned. The object can be attained
don of the fain material is to reduce the fmitg acton by working with heated materials. The basic material
of certain projectiles, particularly projectiles with bol- 40 usually contracts to a greater extent on cooling or solidi-
low charges. For this purpose the filling material peel- fication then the filling material, so that the latter is coin-
erably poesseses a hilher melting point, and a thermal pressed upon cooling.
coductivity several tiens lower than that of the basic ma- The applications of cast structures of this type are
lanaI. Thes conditions re fulfWed for example, by a practically unlimited. With steel as the basic material,
combination of seel and ststits or corundum as the melt- the structural element can replace an element made of
ing point of the ltter material les far above that of 45 steel alone in almost all practical cases since the lattice-

deal. An armor plate of the above described costruc- like structure provides a mechanical strength practically
tio Is sitable for any type of armor both for armored identical with or only inconsiderably lower than steel.
cars (tanks) and ships, in particular submarines, ad for Moreover the maving in weight and costs which may reach
athicraff, gets sildds, fortreesss, shelters and the like. 30 per cent and more, the reduced heat conductivity and,

In many cases of metal construction, aid particularly i0 In certain cam, the increased heat resistance are of geat-
steel constructions of all kinds, low weight structural ma- est importance. The use of an aluminium alloy as basic
terials or structural eeme are required which, never- material enables a further weight reduction.
themes, poses. Me strength and heat resistance of con- Such structures may, for instance, be adapted as ele-
ventond •amatesa. Structural materials of this inven- ments in the construction of at least part of the hull of a
tion comply with thee r irements. The basic material 66 ship or aircraft. The saving in weight has a very favor-
suitable in inch cases is a metal, most frequently steel. able effect on the energy required for the propulsion of
which leads the element the neceary stregth (tensile these and other vehicles. Plate-like bodies may be man-
and bending strength), while as filling material pebbles ufactured for use as structural elements for certain floo
may be used whose specific weight is considerably lower finishes. Road surfaces and runways for aircraft em-
than that of the basic material, such as steel. Aluminum 40 bodying the present invention are much less subject to
alloys of which some ar comparable to steel in respect wear and tear than similar structures made of concrete or
of sesile Mength are particularly suitable for ue as gravel. In addition, due to the presence of the min-
basis material owing to their small weight. eral filling material, which should be present in large

If the structure is not required to be highly heat re- amounts for such purposes, such surfaces have a far better
shunt, non-metallic maefris, suh as plastics, may serve "SriP" than steel runways, for instance. Moreover. dec-
as basic materials. Ihe polyasdes known under the orative floors, window-cases and doorposts may be made
trde names of Nylon and Grlom were found to be suit- of the material. In order to enhaince their attractivene.
tade ina of ylo n lw u b regularly shaped stones of identical or different colors
a bl i. U o e, arranged in mosaic may be used on the surface while the

The demands made on the filling material may vary 70 non-ferrous metal used as basic material is made visible
widely asccording to the use to which the material is put. at the joints. The cast body may also be designed as
In enral, materias possessing great hardness and high an explosive charge, a nonmetallic material serving as
compressive strenll, such as -quMz, particularly ard basic material in certain cases. This is of particular ad.
basalt, silicon carbide sad corundum, will be preferred, vantage if the explosive charge is a mine because, due
For special uSes hard glass, had porcelain, gentite or To to the abence of metallic components, it cannot be de-
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sted by meas of dhe urna mine detectors. Structural the fact that the shet member Is provided throughout
material of this type is of particular value in the con- its area with cloely adjacent depresons and elevations
struction of safes. It is practically impossible to destroy so that al the ae of ree are curved in every prin.
by means of welding torches safes made of this material, cipal direction of strs,
Finally, structures according to the present invention can I S. A structurd material comprisia a number of lami.
be used as poles or at least as parts thereof. Poles so natins, each lmInmion consisting of a sheet member
constructed (e. S. poles for electric transmission systems) covered over subetantially the entire utilizable sheet area
will prove far more resistant against the effects of the with elevations and depreion which all have a curved
weather, e. I. sand storms in deserts, than polse made of crow action in every direction of the sheet plane and
steel or concrete. 10 are arranged so that no more than one of aid eliev-

According to a fundamentally different embodiment tios and said depressions are in aignment with each
of the present invention, the filling material is pressed other in one liven direction of stres, saidd laminations
together between heet of the basic material. in layers being formed so that the depressions of one member
of a thickness comperable with the size of the granules. at last partly overlie the elevations of the adjacent
Structures of this type are preferably produced by means 18 member.
of a rubber plunger in order to achieve an intimate 6. A material according to claim s characterized by
juncture of the components. In addition, a binding the fact that at lset two laminations poe a different
aent with high binding power, such as a celluloee binder, number of depressions and elevations.
may be used to bind the sheets and the filling material. 7. A material according to claim 6 characterized by
Furthermore, the sheets may be connected by means of S0 the fact that at least one exterior lamination poseasses
rivets, screws or by welding at predetermined points and a larger number of depressions and elevations than the
around the edges. This embodiment is particularly interior laminations.
suited to the manufacture of helmets akin to steel hel- 8. A material according to claim 6 characterized by
mets, the preferred material for the sheats of approx. the fact that the number of depressions and elevations in
1.0 mm. thickness being a material of lesser weight, IS one Imnination intermediate of two points of contact is
such as plastic. The most suitable filling material is an even multiple of the number of depressions and ele-
quartz sand whose granules should, for this purpose, be vations in the other lamination.
of a diameter of approximately 1 mm. Of course the 9. A material according to claim 5 characterized by
application of the structures of the kind described is not the fact that at least two huninatlons posses depressions
restricted to the above-mentioned example. 30 and elevations of differnt aias and shape.

Comparable to cast structures is an embodiment 10. A materlal according to claim s characterized by
wherein the basic material and the filling material are the fact that the said members are cast integrally.
applied on a mold in alternating coats. The mold may 11. A material according to claim I characterized by
constitute part of the structure or merely serve for the the fact that at least one of its surfaces vertical to the
manufacture thereof. The components may, for in- 8 principal directions of strem is covered by a material
stance, be sprayed upon the mold, but the application with a flat surface.
of the coinpoent to the mold may also be effected by 12. A material according to claim I characterized by
dipping. In either cae, the filling material must be the fact that a mineral fillies material is disposed in the
applied prior to the solidification of the basic material hollow spaces of the ember.
in order to ensure perfect inclusion of the flling mate- 13. A mteril according to claim 12 characterized
rial between continuous layers of the basic material, by the fact that the flling material is granular.
This embodiment of the invention is particularly adapted 14. A material according to claim I chamaeteizd
to the manufacture of thin-walled bodies, such as thin by the fact that said shdet member as a whole ham a
armor plate, steel helmets and the like. Caplete curved shape.
armoring of armored can, dipe and the like, beIt also 15. The method of producing a homeycombtype stuc-
individual armor shidds or stee helmets may be rein. tural material, which comprises forming sheets of lamina.
forced subsequent to manufacture and adapted to increma- tons ach having substantially the entire sheet area
lag demands made upon them. Damage caused to armor covered with elevations which all have a curved aross
of all types by hits or other causes may he easily and se action in every directici of the sheet plane and are a-
satisfactorily repaired am well a the metlic wall ee- ranged so that no mome dn two of said evadon are
ments of vehicles, structures sud bodies of alU kinds an- in aiPest with each other, Joining a plurality of said
poed to extraordinarily seve wether om-itlnam sech laminatins together in faceto-faos relation having said
a sand storms, ma water and the lke, or if their streaeth elevation of one lamination placed in registry with re-

d durability is to be increased for any reason. Ispctve elevations of an adjacent lamination whereby
I claim: spallow spces are formed between said laisantions, and
L A structurl material comprising a sheet member filling sid spuces with granular filler substance.

covered over substantially the entire utilizable sheet area 16. A material according to claim 12 characterimd by
with elevations which all have a curved cros section the fact that the volumetric ratio between the material
in every direction of the sheet plane and are arranged g0 of said sheet member and the fills material is suitan-
so that no more than two of said elevaillas are in align- tially uniform throughout the structural material.
ment with each other in one given direction of iren. 17. A material accrding to claim 12 characterized by

2. A structural material comprising a sheet member the fact that the volumetric ratio between the material of
covered over substantially the entire utilizable sheet area the sheet member and the fllinl material is locally varied
with elvatiss and depresslinns which ell have a curved S and that a irfger proportion of sheet material is con-
cross aetion in every airecuon of the sheet plane anui cestrated In sonus of tension and a larger proportion of
ar arraged so that no more than one of said eleva- filling material is concentrated in cnes of pressiur.
lions and mid depressions are in alignment with each 18. A material according to claim 17 characterized by
other in onc given direction of siren. the fact that means are provided for conecting the strc-

3. In a structural material according to claim 2, said 70 tual matrial with other materials or elements, that the
curved elevations and depressions being immediately said means for connection are cast into the stuctural
adjacent to each other in different coordinate directions material and consist of a material allowing ubequat
of the plane of the sheet so that al lines of stren are machining.
curved in every direction of tlebs. 19. A material according to claim 12 charactetsnd by

4. A material according to claim 2, characterized by 16 the fact that the filling materal in thin layers is pressed
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APPENDIX C

PATENT LICENSE

THU8 LICESI, given this4_ day of /4L4 1958 by JOSEPH
WTBTWU of Wetikon, Zanch, Swdtserl;X ,Licensor (hereinafter called
UYU--) in favor of the UNITE STATES OF LEICA Licensee (hereinafter called
OOV- ).

WITHEMSNI THAT:

WHERZ65, to aid the national defense and praote the cmon welfare,
mwrous patent omers have, voluntarily offered, or upon request of

O0W3IT granted, and are continuing to grant royalty-free licenses and
releases to GOVUIWIT to practice the inventions secured by their patents
and applications for patent* (hereinafter called *such inventionsa); and

WHMsS, GOVENMET has utilized many such inventions for the
purposes aforesaid and is desirous of obtaining further royalty-free licenses
and releases including this license and release; and

WHUMS, INVWD has invented a Hcneycomb-Type Structural Materials
and Method of Making Some covered by United States Patent Office Patent Number
2.738,297 issued March 13, 1956.

WOW, TH.EMORZ, in consideration of the pronises and of the grant
by other patent ownere of licenses and like releases to GOVERNMNT, INVENTOR
has agreed a follow:

AMTCIX 1. Liense. INVENTOR agrees to and does hereby assign,
grant and convey to GOWERNNW an irrevocable, non-exclusive, non-transferable,
and royalty-free, license under the hereinbefore identified patent to practice
and cause to be practiced for GOVENIT any and all of the inventions thereof
in the manufacture, use and disposition of any article or matorial, and in the
we of any mthod, in accordance with law, for a maximum of 25 tons regardless
of shape, form, thickmess or width of the structural materials as identified
in said patent.

£RTICIZ 2. I=. The license hereby granted shall remain in full
force and effect for the full term of the above identified patent, or upon
any substitutiom or continuations thereof.

ARTICI 3. N teoned. INVINThr agrees that GOVENI T shall not
be estopped at any time to contest the enforceability, validity or scope of,
or the title to, any patent or patent application herein licensed.

ARTICLE 4. 1i and hAsiAs. This license shall be binding upon
INVENTOR, heirs and ase .

IN VT WHIEF, INVENTOR has executed this agreement as of the day
and year first above written.

//

JOSEPH PFBTZRWW=

WITNESSED BY:.
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