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ABSTRACT OF THE DISCLDSURE 
An apparatus is described which is suitable for spiral 

deposition of building materials to form a generally ellip 
soidal structure, the ellipsoidal con?guration ‘being gen 
erated by a three dimensional variation of the “string 
and pencil method.” A mechanism is provided which 
present fouling of the string. 

This invention relates to an apparatus for the prepara 
tion of generally elliptical structures, and more particu 
larly relates to an apparatus for the preparation of ellip 
tical structures by the successive deposition of portions 
of a building material in a generally spiral pattern. 
Various shapes and forms of walled structures are 

prepared in accordance with the teaching of U8. Letters 
Patent 3,206,899. Many of these structures are general 
ly circular in con?guration and oftentimes offer less than 
the desired con?guration. Frequently, it is desirable to 
prepare walled structures similar to those set forth in 
US. Patent 3,206,899 but having a hemiellipsoidal con 
?guration. Such a con?guration is oftentimes more de 
sirable for many applications than circular or spheroidal 
structures. By the term “ellipsoidal surface” is meant a 
surface which generally conforms to the con?guration 
of an ellipsoid or to any portion of such a surface. It has 
been proposed to prepare generally ellipsoidal structures 
employing a material depositing head supported on a tele 
scoping boom. The length of the boom and position of 
the head are controlled by a cable or similar ?exible ele 
ment. In essence, the apparatus employed utilizes a three 
dimensional version of the string and pencil method of 
generating an ellipse. The pencil is replaced by an arm 
or pivoted boom, pivoted generally on the major axis and 
mid-Way between the foci of the ellipse or ellipsoidal ?g 
ure to be generated. The position of the material deposit 
ing head is controlled ‘by a cable anchored at the foci of 
the ellipsoid. Connection of the cable to the material 
depositing head presents signi?cant problems involving 
bearings and rotation of the boom or arm member. The 
boom swings readily in a plane containing the foci and 

. normal to a plane upon which the structure is being con 
structed. However, as the boom is rotated, irregularities 
oftentimes arise due to the requirement that the cable in 
effect rotate about the arm or boom. 

It would be desirable if there were available an im 
proved apparatus which would permit the deposition of 
the building material in a generally hemiellipsoidal con 
?guration. 

It would also be bene?cial if such an apparatus were 
capable of generating ellipsoidal structures of varying 
proportions. 

It would be highly desirable if such an apparatus were 
relatively light and simple to transport. 

It would be highly desirable if an improved apparatus 
were available which would permit smooth movement of 
a boom or elongate member supporting a material de‘ 
positing head in an apparatus for the generation of gen 
erally ellipsoidal structures. 
These bene?ts and other advantages in accordance 

with the present invention are achieved in an apparatus 
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for the construction of walled structures by a spiral gen 
eration technique wherein a strip of building material 
is deposited in a generally helical con?guration to form 
a walled structure, the apparatus comprising in cooper 
ative combination a base, the base having a support en 
gaging surface and an oppositely disposed pivot surface, 
the pivot surface having supported thereon a pivot adapt 
ed to permit rotation of a member about the pivot in 
a generally hemispherical solid angle, an elongate mem 
ber having a ?rst end and a second end, the ?rst end of 
the elongate member attached to the pivot and adapted to 
pivot within the solid angle, the elongate member hav 
ing a?‘ixed to the second end a material depositing head 
adapted to deposit a material of construction in the form 
of an elongate strip, a ?exible element restraining means 
pivotally af?xed to the material depositing head, the ?exi 
ble element restraining means passing through a guide 
and bearing means slidably supported by the second end 
of the elongate member, the guide and bearing means 
being in ?xed angular relationship relative to a radius of 
the elongate member, the material depositing head being 
adapted to rotate about the axis of the elongated ele 
ment, the guide and bearing means being intermediate 
the ?rst end of the elongate element and the ?exible ele 
ment restraining means, means to vary the spacing be 
tween the foam depositing head and the ?rst end of the 
elongate element, a ?exible element passing through the 
?exible element restraining means and sliding therein, 
the ?exibile element having a ?rst end and a second end, 
the ?rst and second ends of the ?exible element secured 
in spaced relationship to the pivot end and in a plane ad 
jacent to the pivot and generally equally spaced there 
from. 

Further features and advantages of the present inven 
tion will become more apparent- from the following 
speci?cation when taken in connection with the drawing 
wherein: 
FIGURE 1 is a schematic representation of an appara 

toe in accordance with the present invention. 
FIGURE 2 is a schematic representation of the attach 

ment of the material depositing head of FIGURE 1 to 
the elongate member or boom of FIGURE 1. 
FIGURE 3 schematically depicts motion of the foam 

depositing head of FIGURE 1. 
FIGURES 4, 5, 6 and 7 depict means of pivotally a?ix 

ing the elongate element of FIGURE 1 to the base. 
In FIGURE 1 there is schematically represented an 

apparatus in accordance with the present invention gen 
erally designated by the reference numeral 10. The appa 
ratus 10 comprises in cooperative combination a base 
member 11. The base member 11 has a support engaging 
surface 12. Oppositely disposed from the support engag 
ing surface 12 is a pivot surface 13 having a?ixed thereto 
a pivot 14. An elongate element 16 having a ?rst end 17 
and a second end 19 is a?ixed to the pivot 14 at the ?rst 
end 17. The elongate element can pivot within a solid 
angle and is generally restricted in motion by the base 11. 
The pivot 14 is so constructed and arranged so as to per 
mit motion in a solid angle without permitting angular 
rotation of a radius of the elongate element relative to 
the base 11, that is, as the elongate element 16 is rotated 
in a solid angle about the base 11 the elongate element 
16 is restrained from rotating about its own axis. The 
elongate element 16 comprises a ?rst portion 21 and a 
second portion 22. The portion 22 telescopes within the 
portion 21 and the portions are urged apart by means of 
an internal tensioning means or spring 25. A?ixed to the 
?rst portion 21 of the elongate element 16 is a ?exible 
element guide and restraining means 27. A ?exible ele 
ment 29 of ?xed length passes through the ?exible ele 
ment restraining means. The flexible element 29 has a 
?rst end 30 and a second end 31. The ?rst and second 
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ends 30 and 31 are a?‘ixed to a base or support 33. The 
ends 30 and 31 are generally equally spaced from the 
pivot 14 and are disposed generally on a common line.>A 
foam or material depositing head 35 is a?ixed to the 
second end 13 of the elongate element 16 and maintained 
in ?xed spaced relationship from the ?exible element re~ 
straining means. The depositing head 35 is adapted to 
pivot about the elongate element 16 on a bearing 37.‘A 
portion 38 of generally hemielliptical structure composed 
of a plurality of strips is shown in operative engagement 
with the depositing head 35. 

In FIGURE 2 there is schematically depicted a view 
of the guide and restraining means 27 employed in the 
apparatus of FIGURE 1. The guide and restraining means 
27 comprises a pulley or sheave 41. Disposed within the 
?rst portion 21 of the elongate element 16, the sheave or 
pulley 41 is in operative engagement with the ?exible 
element 29 and is rotatably supported by a frame 43 
af?xed to the material depositing head 35 by a swivel or 
pivot 42 which permits rotation of the head 35 with 
respect to the longitudinal axis of the element 16. The 
material depositing head 35 is shown in operative en 
gagement with the portion 38 of the ellipsoidal structure. 
The portion 21 de?nes a slot or cavity 44 which permits 
positioning of the head 35 along the major axis of the 
elongate element 16. Advantageously, the depositing head 
35 may be supported upon a one-piece elongate element 
and by a suitable tensioning means, such as spring, hy 
draulic or pneumatic cylinder, the telescoping feature 
shown in FIGURE 1 may be eliminated. Generally, the 
telescoping feature is desirable for maximum versatility. 

In FIGURE 3 there is schematically represented an 
ellipsoidal path traced by an apparatus in accordance 
with the invention. One ellipsoidal path is represented by 
the reference numeral 55. The reference numeral 56 rep 
resents the second end of the elongate member such as the 
elongates member 16. The reference numeral 57 indicates 
the pivot point whereas the ?exible restraining element is 
depicted by the reference numeral 58. The depositing head 
56 is free to move to any position about the ellipse when 
it is positioned adjacent the plane of the paper or ground 
support. As the head is raised by the deposition of build 
ing material, the size of the ellipse decreases as the 
distance from a plane of the support increases, resulting 
in an ellipsoidal structure. 

In FIGURE 4 there is schematically represented a 
fractional view of a suitable pivot means 14a shown 
in operative combination with an elongate element 16a 
having a second portion 22a and supported by a base 
member 11a having a support engaging surface 12a. The 
pivot means 14a comprises a plurality of high tensile ele 
ments in generally parallel relationship formed into a 
?exible wire cable such as a braided cable. The cable acts 
as a universal joint and generally prevents rotation of the 
boom about its axis relative to the base 11a. 

In FIGURE 5 there is depicted an alternate pivot 
means 14b a?ixed to an alternate element 16b and a base 
member 11b. The pivot 14b bene?cially is a universal 
joint preferably of the constant speed variety well known 
in the art. 

In FIGURE 6, an alternate pivot 14c is affixed to an 
elongate member 16c and a base 110. The pivot 140 
comprises a support 60 rigidly a?‘ixed to the base 110 
and extending generally normal thereto. Remote from 
the base 110, the support member 60‘ terminates in a ball 
and socket joint 61 having a socket 62 and a ball 63. 
The ball and socket joint 61 is also a?ixed to the elongate 
element 63. A crown gear 65 is slidably carried by the 
support 60 and keyed thereto to prevent rotation of the 
crown gear. The crown gear is in operative combination 
with a resilient tensioning means or spring 67 which ten 
sions the crown gear toward the ball and socket joint 61. 
A spur gear 68 is rigidly a?ixed to the elongate element 
63 adjacent the ball and socket joint 61 and is of suffi 
cient length to engage the crown gear 65. It is essential 
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4 
and critical that the gearing ratio of the spur gear to 
the crown gear be 1:1 and that the dimensions of the 
spur gear (not shown in proportion in the drawing) be 
such that the crown and spur gears are engaged as the 
elongate element 16c is rotated. 

In FIGURE 7 there is schematically depicted an alter 
nate pivot arrangement designated as 14d. The pivot 14d 
comprises a generally cylindrical cup<like housing 70 ‘ 
having a ?rst end 71 a?ixed to the base 11d. The hous 
ing 71 de?nes an upper or open end 72 having rigidly 
a?ixed thereto a ?exible diaphragmi73 of generally dis 
coidal con?guration having a plurality of annular corru 
gations 74 therein. An elongate element 16d is a?ixed to i 
a central portion of the diaphragm 73 in such a manner 
that no relative axial rotation’ of the elongate element 
16d, the diaphragm or the housing is permitted. 
By employing an extensible boom or elongate mem 

ber such as the member 16 of FIGURE 1, a foam de 
positing head is caused to follow an elliptical path as the 
effective distance between thet?exible element restrain 
ing means and the pivot can vary within the desired 
mechanical limits. The foam depositing head being dis 
posed adjacent the ?exible element restraining means 
follows a path or traces a surface which is very close to 
hemiellipsoidal. 

Employing the apparatus substantially as depicted‘in 
FIGURES 1 and 2, a wide variety of generally elliptical 
structures are readily preparedfrom foam plastic, con 
concrete and the like. 
As is apparent from the foregoing speci?cation, the 

present invention is susceptible of being embodied .with 
various alterations and modi?cations which may ‘differ 
particularly from those that, have been described in the 
preceding speci?cation and description. For this reason, 
it is to be fully understoodthat all of the foregoing is 
intended to be merely illustrative and is not to be con-‘ 
strued or interpreted as being restrictive or otherwise 
limiting of the present invention, excepting as it is set. 
forth and de?ned in the hereto-appended claims. 
What is claimed is: 
1. An apparatus for the construction of walled struc-‘ 

tures by a spiral generation technique wherein a strip of 
building material is deposited in a generally helical con 
?guration to form a walled structure, the apparatus com-‘ 
prising in cooperative combination 

a base, the base having 
a support engaging surface and 
an oppositely disposed pivot surface, the pivot sur 

face having supported thereon 
a pivot adapted to permit rotation of a member about 

the pivot in a generally hemispherical solid angle, 
an elongate member having ‘ 
a ?rst end and 
a second end, the ?rst end of the elongate member 

attached to the pivot and adapted to pivot within the 
solid angle, the elongate member having a?ixedto 
the second end 

a material depositing head adapted to deposit a ma 
terial of construction in the form of an elongate 
strip, 

a ?exible element restraining means pivotally af?xed 
to the material depositing head, the ?exible element 
restraining means passing through a guide and bear 
ing means slidably supported by the second end of 
the elongate member, the guide and bearing means 
being in ?xed angular relationship relative to a ra 
dius of the elongate member, the material deposit 
ing head being adapted to rotate about the axis of 
the elongate element, the guide ‘and bearing‘ means 
being intermediate the ?rst end of the elongate ele 
ment and the ?exible element restraining means, , 

means to vary the spacing between the foam deposit 
ing head and the ?rst end of the elongate element, 

a ?exible element passing through the ?exible element 
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restraining means and sliding therein, the ?exible 
element having 

a ?rst end and 
a second end, the ?rst and second ends of the ?exible 

element secured in spaced relationship to the pivot 
end and in a plane adjacent to the pivot and gen 
erally equally spaced therefrom. 

2. The apparatus of claim 1 wherein the elongate ele 
ment comprises ?rst and second portions, one telescop 
ing within the other, and means to urge the ?rst and sec~ 
ond portions apart. 

3. The apparatus of claim 1 wherein the material de 
positing head is slidably secured to the elongate element. 

4. The apparatus of claim 3 including means to resil 
iently urge the material depositing head toward the sec 
ond end of the elongate element. 

5. The apparatus of claim 1 wherein the ?rst and sec 
ond ends of the ?exible element and pivot are disposed 
generally on a line. 

6. The apparatus of claim 1 wherein the material de 
positing head is adapted to deposit a synthetic resinous 
foam. 
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7. The apparatus of claim 1 wherein the pivot com 

prises a ?exible cable. 
8. The apparatus of claim 1 wherein the pivot com 

prises a universal joint. 
9. The apparatus of claim 1 wherein the pivot com 

prises a ball and socket joint and relative axial rotation 
of the boom is prevented by means of spur and crown 
gears, one gear mounted to the boom, one gear a?'ixed to 
the base, and the gearing ratio between the crown and 
spur gears is 1: 1. I 

10. The apparatus of claim 1 wherein the pivot means 
comprises a ?exible diaphragm rigidly a?ixed to both 
the elongate element and the base. 
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