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100 V 

Compressive and tensile structural elements are disclosed 
having an enclosure With Walls surrounding a cavity. A 
non-compressible material is disposed in the cavity. The 
Walls are shaped such that a force tending to compress or 
elongate the element by a ?rst de?ection causes an ampli?ed 
second de?ection of the Walls into the non-compressible 
material. The second de?ection exerts a compressive force 
against the non-compressible material, resulting in a resis 
tance to the ?rst de?ection and the force tending to compress 
or elongate the structural element. The Walls of the elements 
are con?gured for optimum rigidity and/or optimum damp 
ing. Structural beams and motion impartation devices uti 
lizing the structural elements to provide lightweight rigidity 
and/or damping are also disclosed. Another aspect of the 
present invention are methods of fabricating the structural 
beams. 
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STRUCTURAL ELEMENTS 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The ?eld of art to Which this invention relates is 
structural elements, and more particularly to lightweight 
structural elements having a cavity in Which a non-com 
pressible material is disposed resulting in a rigid structure 
and/or one capable of vibration damping. 

[0003] 2. Description of the Related Art 

[0004] It is highly desirable to build high speed machinery 
Which are very accurate With structural elements that are 
light Weight, have a high degree of stiffness, and have high 
internal damping characteristics. This is in fact the case for 
any product that is subjected to internally and/or externally 
induced vibrational excitation. With such structural ele 
ments, one can then design machines, structures, and other 
similar devices that are very accurate, that are lighter, and 
that can operate at higher speeds. This leads to a signi?cant 
increase in performance. 

[0005] In the prior art, When vibration becomes a factor, 
designers had the option of either adding various combina 
tions of mass and viscoelastic material to the structure to 
employ a passive damper or employ some type of active 
damping device, such as a pieZoelectric device. While the 
prior art passive damping devices have their advantages, 
they suffer from the disadvantage of greatly increasing the 
Weight of the structure. This results in a reduction in the 
attainable speed of the machine or device. Active dampers, 
on the other hand, are usually lighter but greatly increase the 
cost of the machine as Well as the cost of its operation. 

[0006] For the above reasons, there is a need in the art for 
a loW Weight, loW cost structural element that is very rigid 
and has high internal damping. 

SUMMARY OF THE INVENTION 

[0007] Therefore, it is an object of the present invention to 
provide a light Weight structural element. 

[0008] It is a further object of the present invention to 
provide a loW cost structural element. 

[0009] It is yet a further object of the present invention to 
provide a light Weight structural element that provides for 
increased rigidity over comparable Weight structural ele 
ments. 

[0010] It is still yet a further object of the present invention 
to provide a structural element that is light Weight and has 
high internal damping. 

[0011] Accordingly, structural elements are disclosed, 
Wherein a ?rst embodiment has an enclosure having Walls 
surrounding a cavity, and a non-compressible material dis 
posed in the cavity. The Walls are shaped such that a force 
tending to compress the element by a ?rst de?ection causes 
an ampli?ed second de?ection of the Walls into the non 
compressible material. The second de?ection eXerts a com 
pressive force against the non-compressible material, result 
ing in a resistance to the ?rst de?ection and the force tending 
to compress the element. 
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[0012] In a second embodiment, the structural element has 
an enclosure having Walls surrounding a cavity, and a 
non-compressible material disposed in the cavity. The Walls 
are shaped such that a force tending to elongate the element 
by a ?rst de?ection causes an ampli?ed second de?ection of 
the Walls into the non-compressible material. The second 
de?ection eXerts a compressive force against the non-com 
pressible material, resulting in a resistance to the ?rst 
de?ection and the force tending to elongate the element. 

[0013] In a third embodiment, the structural elements of 
the ?rst and second embodiments are combined Where a ?rst 
enclosure having ?rst Walls surrounding a ?rst cavity is 
provided. Asecond enclosure having second Walls surround 
ing a second cavity is also provided. The structural element 
further has a ?rst non-compressible material disposed in the 
?rst cavity, and a second non-compressible material dis 
posed in the second cavity. The ?rst Walls are shaped such 
that a ?rst force tending to compress the element by a ?rst 
de?ection causes an ampli?ed second de?ection of the ?rst 
Walls into the ?rst non-compressible material, eXerting a ?rst 
compressive force against the ?rst non-compressible mate 
rial, resulting in a resistance to the ?rst de?ection and the 
?rst force tending to compress the element. The second 
Walls are shaped such that a second force tending to elongate 
the element by a third de?ection causes an ampli?ed fourth 
de?ection of the second Walls into the second non-com 
pressible material, eXerting a second compressive force 
against the second non-compressible material, resulting in a 
resistance to the third de?ection and the second force 
tending to elongate the element. 

[0014] In a fourth embodiment of the present invention the 
structural element of the ?rst embodiment is con?gured into 
a cylindrical enclosure having a Wall, a top, a bottom, and a 
cavity de?ned by the Wall, top and bottom, the top and 
bottom being separated by a height. The structural element 
further having a non-compressible material disposed in the 
cavity. The Wall is concavely shaped such that a ?rst 
compressive force tending to decrease the height causes an 
ampli?ed de?ection of the Wall into the non-compressible 
material, eXerting a second compressive force against the 
non-compressible material, resulting in a resistance to the 
ampli?ed de?ection and the ?rst compressive force. 

[0015] In a ?fth embodiment of the present invention the 
structural element of the second embodiment is con?gured 
similarly to the fourth embodiment eXcept that the Wall is 
conveXly shaped such that a tensile force tending to increase 
the height of the structural element causes an ampli?ed 
de?ection of the Wall into the non-compressible material, 
eXerting a compressive force against the non-compressible 
material, resulting in a resistance to the ampli?ed de?ection 
and the tensile force. 

[0016] In variations of the fourth and ?fth embodiments, 
the Wall comprises a plurality of panels, the panels being 
separated by a ?ectural joint for aiding the de?ection of the 
Wall into the non-compressible material. 

[0017] In variations of the above embodiments, the struc 
tural elements are con?gured for either optimum damping or 
optimum rigidity or a combination of rigidity and damping. 

[0018] In yet other variations of the above embodiments, 
the structural elements are disposed on, or in, structural 
beams con?gured for either optimum damping, optimum 
rigidity, or a combination of rigidity and damping. 
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[0019] In yet other variations of the above embodiments, 
the structural elements are disposed on, or in, motion 
impartation devices con?gured for either optimum damping, 
optimum rigidity, or a combination of rigidity and damping. 

[0020] Another aspect of the present invention are meth 
ods of fabricating the structural beam embodiments of the 
present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] These and other features, aspects, and advantages 
of the apparatus and methods of the present invention Will 
become better understood With regard to the folloWing 
description, appended claims, and accompanying draWings 
Where: 

[0022] FIG. 1A illustrates a front vieW of a ?rst embodi 
ment of the present invention; 

[0023] FIG. 1B illustrates a side vieW of the embodiment 
of FIG. 1A; 

[0024] FIG. 1C illustrates a sectional vieW of the embodi 
ment of FIG. 1B taken along line 1C-1C; 

[0025] FIG. 2A illustrates a front vieW of a second 
embodiment of the present invention; 

[0026] FIG. 2B illustrates a side vieW of the embodiment 
of FIG. 2A; 

[0027] FIG. 2C illustrates a sectional vieW of the embodi 
ment of FIG. 2B taken along line 2C-2C; 

[0028] FIG. 3A illustrates the sectional vieW of FIG. 1C 
de?ecting under a compressive force; 

[0029] FIG. 3B illustrates the sectional vieW of FIG. 2C 
de?ecting under a tensile force; 

[0030] FIG. 4A illustrates a front vieW of a third embodi 
ment of the present invention; 

[0031] FIG. 4B illustrates a side vieW of the embodiment 
of FIG. 4A; 

[0032] FIG. 4C illustrates a sectional vieW of the embodi 
ment of FIG. 4B taken along line 4C-4C; 

[0033] FIG. 5A illustrates the sectional vieW of FIG. 4C 
de?ecting under a compressive force; 

[0034] FIG. 5B illustrates the sectional vieW of FIG. 4C 
de?ecting under a tensile force; 

[0035] FIGS. 6A, 6B, and 6C illustrate versions of the ?rst 
three embodiments, respectively, having a non-uniform Wall 
thickness; 
[0036] FIG. 7A illustrates a front vieW of a fourth embodi 
ment of the present invention; 

[0037] FIG. 7B illustrates a sectional vieW of the embodi 
ment of FIG. 7A taken along line 7B-7B; 

[0038] FIG. 7C illustrates a sectional vieW of the embodi 
ment of FIG. 7A taken along line 7C-7C; 

[0039] FIG. 8A illustrates a front vieW of a ?fth embodi 
ment of the present invention; 

[0040] FIG. 8B illustrates a sectional vieW of the embodi 
ment of FIG. 8A taken along line 8B-8B; 
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[0041] FIG. 8C illustrates a sectional vieW of the embodi 
ment of FIG. 8A taken along line 8C-8C; 

[0042] FIG. 9A illustrates an isometric vieW of a struc 
tural beam Wherein structural elements of the ?rst and 
second embodiments are disposed along its upper and loWer 
surfaces; 
[0043] FIG. 9B illustrates a partial vieW of FIG. 9A as 
vieWed along line 9B-9B; 

[0044] FIG. 9C illustrates a partial vieW of FIG. 9A as 
vieWed along line 9C-9C: 

[0045] FIG. 10A illustrates an isometric vieW of a struc 
tural beam Wherein structural elements of the third embodi 
ment are disposed along its upper and loWer surfaces; 

[0046] FIG. 10B illustrates a partial vieW of FIG. 10A as 
vieWed along line 10B-10B; 

[0047] FIG. 10C illustrates a partial vieW of FIG. 10A as 
vieWed along line 10C-10C: 

[0048] FIG. 11A illustrates a front vieW of a siXth embodi 
ment of the present invention; 

[0049] FIG. 11B illustrates a sectional vieW of the 
embodiment of FIG. 11A taken along line 11B-11B; 

[0050] FIG. 12A illustrates a front vieW of a structural 
beam Wherein structural elements of the fourth and ?fth 
embodiments of the present invention are disposed through 
out the beam’s cross-sectional pro?le; 

[0051] FIG. 12B illustrates a sectional vieW of the beam 
of FIG. 12A taken along line 12B-12B; 

[0052] FIG. 13A illustrates a front vieW of a structural 
beam Wherein structural elements combining the fourth and 
?fth embodiments of the present invention are disposed 
throughout the beam’s cross-sectional pro?le; 

[0053] FIG. 13B illustrates a sectional vieW of the beam 
of FIG. 13A taken along line 13B-13B; 

[0054] FIG. 14A illustrates a front vieW of a motion 
impartation coupling comprising structural elements of the 
present invention; 

[0055] FIG. 14B illustrates a sectional vieW of the motion 
impartation coupling of FIG. 14A taken along line 14B 
14B; 
[0056] FIG. 15 illustrates a sectional vieW of a translating 
motion impartation device comprising structural elements of 
the present invention; 

[0057] FIG. 16 illustrates a ?oW diagram outlining the 
steps for fabricating the structural beam of FIGS. 12A and 
12B; and 

[0058] FIG. 17 illustrates a ?oW diagram outlining the 
steps for fabricating the structural beam of FIGS. 13A and 
13B. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0059] Referring noW to FIGS. 1A, 1B, 1C, and 3A, there 
is illustrated a ?rst embodiment of the present invention, 
namely, a compressive structural element referred to gener 
ally by reference numeral 100. The compressive structural 


























