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A geodesic dome structure (10),
i.e., a structure (10) having a mathemati-
cally-derived surface. This dome struc-
ture (10) is formed of a single, one-piece
layer of synthetic material (11) and pro-
vides a one-piece, seamless screen 10 Per-  Geodelic dome
mit the viewing of a scene in a vehicle si-  structwe
mulator in order to achieve a maximum
of realism matching substantially real
world conditions. One form of the struc-
ture (10) for this geodesic dome is de-
scribed with the single, one piece layer of
synthetic material (11) bonded to a gen-
erally dome-shaped geodetic structure
(12) in order to provide sufficient

strength for a free-standing structure. _ X 71 Atuminum foundation
However, another form of the geodesic B ‘ { Fi
dome (10) is described with synthetic ma- ' e arrea

terial (11) formed of sufficient thickness

to be strong enough to provide a free-

standing structure, and the synthetic material (11) may even be reinforced if desired. The method described of achieving
this geodesic dome (10) includes erecting a generally dome-shaped geodetic structure (12) and applying a coating of a
predetermined thickness of synthetic material (11) to the inner surface of sucha structure (12). Thereafter, this synthetic
material (11) is smoothed to provide the seamless screen for viewing a scene from a vehicle simulator. The method de-
scribed also includes the use of a tool stand (20) erected in order to locate positively a pivot point (21) from which a tool
boom (25) is movable in order to achieve the accuracy described for the inner, smooth, one-piece, seamless screen surface

(19). _ o
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PROCESS FOR PRODUCING A SPHERICAL PROJECTION — TYPE SCREEN FOR USE IN
A VEHICLE SIMULATOR

" BACKGROUND OF THE INVENTION

Field of the Invention

This invention, generally, relates to vehicle simu-
lation and, more particularly, to a new and improved
geodesic dome structure and a method of manufacturing
same, such dome structure especially being useful in.

flight simulation.

Background Art

The need for more extensive and specialized training
has increased with the increase in today's high perform-
ance aircraft that have become more and more complex.

To obtain such training, a student pilot must either be

provided with actual training and experience in the air-

craft which he is to fly, or he must be provided with

training in a simulator of such aircraft.

However, there are certain emergency procedures and
maneuvers that simply can not be accomplished by train-
ing in the actual aircraft because of the dangers of the
actual real life environment. This is especially true
for single pilot aircraft. Therefore, for such maneuvers
or emergency procedures, training in a simulator of the
aircraft is particularly advantageous.

Furthermore, with the increase in expense of flight
fuel in recent years, the time required in training with-
in such an actual aircraft makes this form of training
costs excessive, particularly when taken in consideration
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with the wear and tear on the actual aircraft. Conse-
quently, aircraft simulators are being called upon to
take on more and more of the aircraft training missions.
For such training to be effective, the aircraft simu-
lator must reproduce faithfully the environment thag
the trainee would face in an actual flight.

For those aircraft types in which a pilot, co-pilot,
navigator, and the like view the outside real world
throuqh;relatively small windows, the visual part of
the simulator is customarily accomplished through the
use of a suitable cathode ray tube (CRT) positioned at
each window. However, this manner of reproducing the
scenes to be simulated by the use of CRT's becomes
impractical when a trainee pilot is in the type of
aircraft using a larger window, such as a bubble-type
of clear dome. This type of scene depicts nearly 360°
of view.

Much attention has been given to an appropriate
structure for creating a screen that is virtually a

complete dome to provide a viewing surface on the inside.

" DESCRIPTION OF THE PRIOR ART

In the prior art, numerous training and simulator
apparatus have been constructed which embody a position
from which a trainee or a pilot can manipulate controls
and observe a response in a projected visual image. For
example, the trainee or pilot is positioned in a mockup
of a boat, submarine, airplane, military tank or other
vehicles, in which he manipulates controls, such as a
vheel, stick or throttle, the observed visual scene re-
sponds in a manner which simulates correspdnding_movement
of an actual vehicle in the real world.

.
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The prior art patents which are known to have rel~

evant disclosures are as follows:

2,273,074; 3,607,584; 3,718,989; 3,998,522 and
4,124,277.

However, not withstanding the extensive efforts that
have been made in this field, there has not yet been
shown a structure for the manufacture of a satisfactory,
low cost, yet effective dome structure. There is much
work being done today to accomplish such a dome type
structure which has the degree of accuracy in its curva-
ture that is required in the simulator field in order to
develop the required realizm in a projected scene. More-
over, from the prior suggestions to divide a mirror
surface into a "series of mirrors" or that a "screen is
composed of a number of small screen surfaces", there
is not one disclosure of how it can be done or how to
do it inexpensively.

" SUMMARY OF THE INVENTION

It is a principal object of the invention to provide
a new and improved structure for exhibiting projected
images with sufficient realism for use in a projected-
image visual system of a simulator.

It is also an object of the invention to provide
such a dome structure that is inexpensive to manufacture,
yet it maintains an unusually high degree of accuracy
in the curvature of the inner surface to admit of the
realism required in visual systems of a simulator.

Such a dome which is manufactured for use as a
spherical projection-type viewing surface in a vehicle
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. simulator which admits of a maximum of realism matching

substantially real world conditions has a generally x

geodetic dome having sufficient strength to be a free-

standing structure with a curved, substantially dome-
shaped, projection screen formed of a single, ocne-piece
layer of synthetic material attached to the geodetic
dome. The innermost portion of this dome-shaped struc-
ture is formed to a substantially smooth mathematically-.
derived surface which provides the seamless screen for
viewing a scene in the vehicle simulator.

In another aspect of the invention, the geodetic
dome having sufficient strength to be a free-standing
structure is removed after the synthetic material is
formed with the inner surface as defined hereinabove.
While it has been found that styrofoam provides a suf-
ficiently strong synthetic material for this type of.
use, any suitable synthetic material having.the required
strength as will be described hereinafter would suffice.

In still another aspect of the invention .a method
of manufacturing the dome is described in detail as
included in the following steps: erecting a geodetic
generally dome-shaped structure having an inner surface,
applying a éoating of a preselected thickness of a
suitable synthetic material to this inner surface, and
then smoothing the inner portion of the coating of the
synthetic material to form a substantially smooth, one-
piece, seamless screen.

u)

" DESCRIPTION OF THE DRAWINGS . ' .

The forgoing, other and further objects, features
and advantages will appear more fully from the detailed
description of the presently preferred embodiments of
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the invention and from the appended claims, both viewed
in conjunction with the accompanying drawings, in which:

Fig. 1 is a view, partly in cross section of a dome-
shaped structure, constructed in accordance with the

principles of the invention;

Fig. 2 is a perspective view of a cutting element
used in connection with the construction of the dome-

shaped structure shown in Fig. 1;

Fig. 3 is an enlarged view of a portion of the
cutting element shown in Fig. 2 in cutting position rel-
ative to the synthetic material; and

Fig. 4 is a view of a part of a dome-shaped structure

showing a modified form of the invention.

" PRESENTLY PREFERRED EMBODIMENTS

As used hereinafter the term "geodetic" shall mean
a thing which determines size and shape generally. - The ..
term "geodesic" identifies a mathematically-derived

surface.

Referring now to Fig. 1 of the drawings, the ref-
erence numeral 10 identifies generally a geodesic dome
formed of a sprayed in place styrofoam or other suitable
synthetic material. The styrofoam 11 is sprayed in place
against a geodetic dome structure, such as any of those
available from Spitz Space Systems, Inc., Chadds Ford,
Pennsylvania 19317.

The styrofoam, or other suitable synthetic material
identified by the reference numeral 11, is of a predeter-
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mined thickness, i.e., if the geodetic dome structure 12
is to remain in place, the thickness of the styrofoam 11
may be somewhat less than if the structure 12 is to be
removed. In those instances when the dome structure 12
is to be removed after manufacture of the synthetic mat-
erial dome 11 is completed, the thickness of the material
11 is determined by that which is sufficient to render it
of sufficient strength to be a free~standing structure.

Referring now to Fig. 4 of the drawings, an enlarged
view of a portion of the dome structure 10 reveals the
geodetic structure 12 and the synthetic material 11 more
clearly. If a customary strength analysis reveals that
reinforcement is necessary or is desirable, a reinforcing
wire mesh 13 is located by, for example, a plurality of
pins 14 spaced apart in any desired pattern, and each
pin has a threaded end 15 to receive a nut 16 to permit
quick disconnect of the sections of the dome 12 from
each of these pins 14, so that after completion of the
synthetic material 11, the sections 12 may be removed.

In accordance with one aspect of the invention,
the respective sections of the dome structure 12 are
removable more easily if, before the synthetic material
11 is applied thereto, the inner surface of each section
of the dome structure 12 is provided with a suitable
layer or other coating 17, which may be of foil or paper,
or any desired substance, to permit the sections of the
structure 12 to be separable from the synthetic material
11 easily. '

Referring again to Fig. 1 of the drawings, the ref-
erence numeral 18 identifies the initial rough surface
of the synthetic material 11 as it exists right after it
is applied to the dome structure 12. Another aspect of

o
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the invention is to obtain the smoothed geodesic pro-
jection viewing surface 19 from the initial, rough

surface 18.

This is accomplished, in accordance with this in-
vention, by, first erecting a suitable tool stand 20.
One of the functions which the tool stand 20 accomplishes
is to locate, structurally, a pivot the point 21 which
is the center of curvature of the completed viewing

surface 19.

The pivot point 21 is located a pivotable structure
22 supported by suitable bearings 23 and 24 on the tool
stand 20. The structure 22 is bifurcated and is of
sufficient height to locate the pivot point 21 suffi-
ciently high above the bearing 24 so that it can support
a tool boom 25 pivotally at the pivot point 21.

The tool boom 25 has an appropriate counter-balance
weight 26 which is shaped to swing easily and readily
between the bifurcations of the structure 22. -

The tool boom 25 supports a cutter 27 at its outer-
most end 28 in any appropriate manner so that it may be
indexed radially and accurately from a position as shown

" by the reference numeral 21 and the cutter 21 so that

it will remove only the high points 29 first from the
initial rough surface of the synthetic material 1l.

A motor 30 is supported on the tool boom 25 as close
to the pivot point 21 as possible, in order to reduce the
effect of its weight, and the motor 30 is connected to
rotate the cutter 27 through a flexible drive shaft 31.
Of course, the motor 30 could be positioned on a direct
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line, if desired, between the pivot point 21 and the
cutter 27, but it is shown positioned to one side of
the pivot point 21 for greater ease in connecting the
air supply to it in order to drive it.

Referring now to Fig. 2 of the drawings, a disk 32
has an abrasive surface 33 around the periphery of the
disk 32. Such a cutter is readily available commercially.

In Fig. 3 in the drawings, the relationship of the
abrasive surface 33 of the disk 32 relative to the syn-
thetic material 11 is shown in better detail, because
the view is enlarged.

The geodesic dome manufactured in accordance with
the present invention ig‘pniggg%zcadgpted for use. as a
spherical projectioh—typé viéwiﬁg surface in a vehicle
simulator, because it substantially maximizes realism
matching those in the real world. Such a dome involves
a curved, substantially dome-shaped, projection screen
formed of a single, dne-piece layer of snythetic material
with sufficient strength to be a free-standing structure.
This strength is obtained in any one of several different
ways.

One way of maintaining sufficient strength in the
geodesic dome structure is to erect, first, a geodetic
dome structure vwhich is readily available commercially,
and then, to have the synthetic material supported from
such a dome. Another way, is to make the thickness of
the synthetic material 11 sufficient so that it will be
a free-standing structure, once it is completed.

13
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A third way, in accordance with the invention, is
to have the geodesic dome of synthetic material 11 formed
initially with a suitable reinforcing material 13 embedded

therein.

After the synthetic material 1l is formed in its free-
standing position, the inner portion of this dome-shaped
structure of synthetic material is formed to a substan-

‘tially smooth mathematically-derived surface 19, so that

the inner portion forming the viewing surface 19 is a one-
piece, seamless screen for viewing various preselected

scenes in a vehicle simulator.

A dome manufactured with this structure would be
exceeding light in weight and unusally durable because
it is largely of a synthetic material.

A ‘geodesic dome manufactured with these features,
identified above, will have a one-piece, seamless inner
surface 19 which is uniguely adapted for a screen to view
a scene, and it will avoid the slow, painstaking assembly
that is presently required to assemble hundreds of pieces
to make a perfectly aligned and fastened dome structure.
Moreover, it avoids the approximately 1,500 linear feet
of seams that would be generated in a 35 foot diameter
dome which requires filling and surfacing, which is all

done by hand.

It has been estimated that a dome which is manu-
factured with the features identified above will have
approximately 67% lower production cost. There are no
seams to finish, and the geodesic dome of the invention

 admits of unusal thermal stability, yieldipg accompany-

ing dimensional stability.
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Due to the superior insulating properties provided
by the synthetic material lining the inside of the geodesic =
dome manufactured in accordance with the principles of
the present ihventjon, environmental stability and con-
trol of the interior space will be easier and far less

i

costly to maintain.

Method of Manufacture

The method of manufacturing the geodésic dome of the
invention involves certain unigue steps also. The method
in accordance with the invention will produce the geodesic
dome described above in substantial detail for use as a
spherical, projection-type viewing surface in a vehicle
simulator to present to an observer a maximum of realism
which matches substantially real world conditions.

This method involves erecting, first, a geodetic

-

generally dome-shaped structure having an inner Surface,
and then, applying a coating of a predetermined thickness
of synthetic material to this inner surface.

Next, the inner portion of the coating of synthetic
material is smooth to form a substantially smooth, one-
piece, seamless screen. The coating step, of course,
includes spraying, which is a present day acceptable
method of applying a suitable synthetic material, such

~as styrofoam, and the step of smoothing includes grind-

ing, of course.

03

y

As described above, the step of erecting a geodetic
structure includes the step of assembling a plurality
of sections having predetermined size and shape and
being formed of a material so that the structure is of
sufficient strength to be free-standing. So that each
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of these sections is readily removable after the styrofoam
or other synthetic material is set in place, the inner
surface in each section is formed with a predetermined

facing material.

If a relatively light weight geodesic dome is
required, it can be obtained in accordance with the
invention by removing the geodetic structure. If
additional strength is needed for the relatively light
weight geodesic dome structure, an additional step may
be added to the method of manufacturing such a structure,
that of reinforcing the predetermined thickness of syn- .

thetic material.

The geodetic dome which is purchased from any
suitable vendor, such as the one named hereinabove, may
be preferably of such materials as aluminum, fiberglass,
fireproof wood or any combination thereof. These domes
are assembled easily and quickly without the need of
special tools or knowhow.

Styrofoam synthetic material is applied, perferably -
by spraying, over the entire interior surface of the
geodetic dome structure in sufficient thickness to pro-
duce the strength desired. Such a thickness may vary
from one inch to one foot, if desired. The tool stand
20, then, is placed in the dome structure and is secured
to the floor at a point where the polar axis of the dome
and the floor intersect. The tool stand 20 has a pivot
point 21 at its top end that is coincident with the
center of curvature of the dome surface structure.

Next, the tool boom 25 is placed on the tool stand
20 at the pivot point 21. This tool boom 25 will have a
special cutter 27 at its outer end that will be precisely




Yo 84(02?48- PCT/US83/01911

10

15

20

25,

30

-12 -

located at the 17 feet, 6 inch radius required to produce
a 35 foot diameter spherical screen, for example.

The cutter 27 is rotated rapidly by a motor 30 at
the opposite end of the tool boom 25, and a flexible
shaft 31 interconnects the motor 30 with the cutter 27.

The tool boom is counter-balanced by a weight 26 so
that little or no effort is required to lift or move it
about as will be described. The cutter 27 is turned at
a high speed by the motor 30, and with the cutter 27
turning at this high speed, the outer end of the tool.
boom 25, 1is traversed over the entire interior surface
19 permitting the cutter to generate the spherical sur-
face 19 desired by machining. The resulting surface 19
will be completely free of seams, cracks and the like.

With the finishing of the surface 19 as described,
the tool boom 25 is removed and a somewhat shorter
painting boom is placed in position on the tool stand 20
to be pivoted at the same point 21. Such a step permits
spraying on the screen surface-fillers and coats of paint
as desired to completely finish the surface 19. Such a
painting boom will hold the spray guns at a specific

- distance from the surface to enable a uniform coating

to be applied.

The painting boom and the tool stand 20 now are
completely removed from the dome structure because it
is completed, and now the dome surface 19 may be in-
spected by inserting the simulator, visual system and
other equipment as desired.

In view of the detailed description hereinabove,
verious modifications of the perferred form of the in-

[¢ ]
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vention will occur to one skilled in this art. Accordingly,
the description and modifications are to be considered
as illustrative only, the true spirit and scope of the
invention being that as defined by the claims appended

5 hereto.
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CLAIMS

1. A method of manufacturing a geodesic dome for use

as a spherical, projection-type viewing surface in a
vehicle simulator to present to an observer a maximum of
realism which matches substantially real world conditions,

o

U W N

comprising:

erecting a geodetic generally dome-shaped structure

with an inner surface.

8 applying a coating of predetermined thickness of
synthetic material to said inner surface, and

10 smoothing the inner portion of said coating of
11 synthetic material to form a substantially

12 smooth, one-piece, seamless screen.

1- 2. The method of claim 1 wherein said step of applying
2 a coating to said inner surface includes spraying.

1 3. The method of claim 2 wherein said synthetic material
2 is styrofoam that is sprayed in place. ‘

4. The method of claim 1 wherein said step of smoothing

N

includes grinding.

5. The method of claim 1 wherein said step of erecting

a geodetic generally dome-shaped structure includes the

step of assembling a plurality of sections with predeter-

mined size and shape, and said sections being formed of o
a material having sufficient strength to be a free-standing

SN U1 W N

structure.

1 6. The method of claim 5 wherein said step of assembling
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a plurality of sections includes providing .each section
with a predetermined facing material to form said inner

surface.

7. The method of claim 1 or 6 including the step of
removing said geodetic structure, so that said synthetic
material with the smooth inner portion forming the one-
piece, seamless screen provides a relatively light weight

geodesic dome.

8. The method of claim 1 or 6 including the step of
reinforcing said predetermined thickness of synthetic

material.

9. The method of claim 1 including the step of setting
up a tool stand with a pivot point to locate the pre-
determined center of curvature of the geodesic dome, so
that 411 of said step of smoothing the inner portion of
said coating of synthetic material is performed about
such pivot point to achieve said maximum of realism.

10. The method of claim 9 including the step of position-
ing a tool boom to pivot about said pivot point for greater
accuracy in performing said smoothing step.

11. The method of claim 10 wherein said step of smoothing
the inner portion of said coating of synthetic material
includes grinding performed with said tool boom to achieve
said greater accuracy.

12. The method of claim 10 including the step of re-
moving said tool boom and said tool stand after said sub-
stantially smooth, one-piece, seamless screen is achieved,
so that space is available for said vehicle simulator.
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13. A geodesic dome manufactured for use as a spherical
projection-type viewing surface in a vehicle simulator

to present a maximum of realism matching substantially .
real world conditions, comprising:

a curved, substantially dome=-shaped, projection
screen formed of a single, one-piece layer of
synthetic material with sufficient strength to
be a free-standing structure, and

the inner portion of said dome-shaped structure
being formed to a substantially smooth math-
ematically-derived surface, so that the inner
portion forming said surface provides a one-
piece, seamless screen for viewing a scene in
said vehicle simulator.

14. The geodesic dome in accordance with claim 13
including a generally dome-shaped geodetic structure with
said single, one-piece layer of synthetic material bond-
ed thereto to achieve sufficient strength to provide said
free-standing structure. '

in

4]




wo 84/02_548- PCT/US83/01911
17.

AMENDED CLAIMS
[received by the International Bureau on 25 April 1984 (25.04.84);

original claims 1—12 amended; claim_s 13 and 14 unchanged]

1. A method of manufacturing a geodesic dome for use as
a spherical, projection-type viewing surface in a vehicle
simulator to present to an observer a maximum of realism
which matches substantially real world conditions,

comprising:

erecting a geodetic generally dome-shaped structure

with an inner surface.

applying a coating of predetermined thickness of
synthetic material to said inner surface, and

smoothing ‘the inner portion of said coating of
synthetic material to form a substantially
smooth, one-piece, seamless screen with a
mathematically-derived surface for viewing a
scene in said vehicle simulator with a maximum
of realism which matches substantially real

world conditions.

2, The method of claim 1 wherein said step of applying a

coating to said inner surface includes spraying.

3. The method of claim 2 wherein said synthetic material

is styrofoam that is sprayed in place.

4, The method of claim 1 wherein said step of smoothing

includes grinding.

5. The method of claim 1 wherein said step of erecting a
geodetic generally dome-shaped structure includes the step
of assembling a plurality of sections with predetermined
size and shape, and said sections being formed of a
material having sufficient strength to be a free-standing

structure.

¥/ WO~ W%
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6. The method of claim 5 wherein said step of assembling
a plurality of sections includes providing each section
with a predetermined facing material to form said inner

surface.

%

7. The method of claim 1 or 6 including the step of
removing said geodetic structure, so that said synthetic
material with the smooth inner portion forming the one-
piece, seamless screen provides a relatively light weight
geodesic dome.

8. The method of claim 1 or 6 including the step of
reinforcing said predetermined thickness of synthetic
material.

9. The method of claim 1 including the step of setting
up a tool stand with a pivot point to locate the pre-
determined center of curvature of the geodesic dome, so
that all of said step of smoothing the inner portion of
said coating of synthetic material is performed about such
pivot point to achieve said maximum of realism.

10. The method of claim 9 including the step of
positioning a tool boom to pivot about said pivot point
for greater accuracy in performing said smoothing step.

11. The method of claim 10 wherein said step of smoothing
the inner portion of said coating of synthetic material

includes grinding performed with said tool boom to achieve
said greater accuracy. : , :

12. The method of claim 10 including the step of removing
said tool boom and said tool stand after said substan-
tially smooth, one-piece; seamless screen is achieved, so
that space is available for said vehicle simulator.
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