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3,187,583
SPACE SIMULATOR
James E. Webb, administrator of the National Aerenau-
tics and Space Administration, with respect to an
invention of Melvin N. Wilson, Jr., and Carl Thiele
Filed Nov. 9, 1961, Ser. No. 180,384
12 Claims. (CL 73—432)

This invention relates to space simulators; that is, to
apparatus adapted to simulate conditions approaching ab-
solute zero temperature and pressure in the presence of a
high level of solar radiation.

Included in the objects of this invention are:

First, to provide a space simulator in which a test
chamber dimensioned to receive a model of a space ve-
hicle is maintained under conditions of high vacuum
and low temperature while the model is subjected to
radiations approximating intensities and wave lengths
of solar radiations.

Second, to provide a space simulator which incorpo-
rates a novel optical system arranged to transmit radia-
tions of appropriate wave length from a plurality of
sources externally of the test chamber, through a wall of
the test chamber in such a manner as to effect substan-
tially uniform distribution throughout the test region.

Third, to provide a space simulator which utilizes a
parabolic main reflector substantially coextensive with
one end of the test chamber, and a mating multiple cell
reflector within the test chamber, the multiple cell re-
flector being so related to the external optical system that
the sum of the radiations from the radiation sources are
distributed over the multiple cell reflector, and each cell
thereof reflects the radiations which it receives over
essentially the entire surface of the main reflector so that
the radiations received at any point on the main reflector
are the sum of the reflections from all the cells of the
multiple cell reflector; whereby the radiations transmitted
by the main reflector tend to be uniform.

Fourth, to provide a space simulator which is particu-
larly adapted to produce radiations simulating the high
intensity solar radiations believed to exist in the region
of the planet Venus.

With the above and other objects in view, as may
appear hereinafter, reference is directed to the accom-
panying drawings in which:

FIGURE 1 is a diagrammatical view of the space simu-
lator showing particularly the optical or radiation trans-
mitting system in its simpler form utilizing a single source
of radiation;

FIGURE 2 is another diagrammatical view thereof
showing particularly the optical or radiation transmission
system as arranged for muitiple source of radiation;

FIGURE 3 is a diagrammatical view taken in plane
3—3 of FIGURE 2 showing one of the radiation units;

FIGURE 4 is another diagrammatical view showing a
further modification of the optical or radiation system;

FIGURE 5 is a plan view of the multiple cell reflector
taken from the plane 5—5 of FIGURE 4;

FIGURE 6 is a fragmentary top view of the space
simulator shown in FIGURE 4 with portions in section
taken approximately along line 6—6 of FIGURE 7;

FIGURE 7 is a fragmentary sectional view taken
through 7—7 of FIGURE 6;

FIGURE 8 is a fragmentary sectional view taken
through §—8 of FIGURE 7; and

FIGURE 9 is a diagrammatical view illustrating the
portion of a symmetrical parabola from which the main
reflector shown in FIGURES 4, 6 and 7 and the cells
of the multiple reflector shown in FIGURES 4 and 5
are taken.

Reference is first directed to FIGURE 1. The space

10

15

20

35

40

60

2

simulator includes a test chamber structure 1, which will
be described in more detail hereinafter. The test cham-
ber structure consists essentially of an enclosing shell
which is so constructed that a high vacuum may be
maintained therein, and which incorporates means where-
by its walls may be maintained at a temperature near
absolute zero. At one end, the test chamber structure
is provided with a main parabolic reflector 2. Centered
within the reflector 2 is a relay lens 3.

Suitably supported within the test chamber structure
in the region of the focus of the main parabolic reflector
2 is a multiple cell reflector 4. The multiple cell re-
flector comprises a plurality of reflector cells 5; each cell
may have a positive or negative curvature and is in es-
sence a small replica of the main parabolic reflector 2.

Located outside the test chamber structure 1 in coaxial
relation with the relay lens 3 and multiple cell reflector
4 is a radiation source 6. The radiation source 6 in-
cludes a radiation element 7. The radiation element 7
is a light source, that is, emanates radiation in the visible
spectrum as well as in the infrared and ultraviolet re-
gions. Ideally, the radiation source is matched as closely
as possible to the solar radiations present in outer space.
The radiation element is placed between a spherical re-
flector 8 and an elliptical reflector 9 so that a converging
beam 10 forms a second focus at the relay lens 3. That
is, assuming the radiation element 7 to be essentially
spherical and having a diameter of C;, a real image of
the diameter C, will be formed at the relay lens 3 in
accordance with the following formula:

P i
7

where:

fy is the first focal length; that is, the distance between
the radiation element and the elliptical mirror, and

fa is the second focal length; that is, the distance between
the radiation element and the center of the relay lens.

The size of the image C, of the light or radiation
source determines the minimium size of the relay lens 3.

A diverging beam 11 continues from the relay lens 3
and its cross-sectional area at the level of the multiple
cell reflector 4 coincides with the area of the multiple
cell reflector. In other words, the diameter L; of the
multiple cell reflector 4 is equal to the diameter of the
image of the radiation source 6 having a diameter L.
Stated mathematically, the following are the equations
which must be satisfied:

(fo—1) (F—f)=fy

and
L

Ly

5

F

As stated previously, each reflector cell 5 is a small
replica of the main mirror 2. That is, the curvature of
each cell is such that the reflected beam 12 therefrom
encompasses the entire area of the main parabolic re-
flector 2. Inasmuch as the beam 12 from each cell covers
the entire area of the main reflector 2, the radiation re-
ceived at any point of the main reflector is the sum of
the radiation reflected from all of the cells 5.

This is of primary importance, for the radiation re-
ceived tends to be uniform throughout the main refiector
without small areas of high intensity or areas of low in-
tensity. By reason of the fact that the main reflector is
parabolic in shape and that the multiple cell reflector 4
is located essentially at the focal point of the main re-
flector, the final radiation beam from the main reflector
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comprises parallel rays. Actually, because the multiple
cell refiector is not a mathematical point source, the rays
of the finally reflected beam are not truly parallel but are
sufficiently so that for all practical purposes the radiation
intensity is uniform in the test region of the test chamber

structure at some distance below the multiple cell re-
flector 4.

The multiple cell reflector does, of course, produce a
shadow, but if this reflector is small compared to the
main reflector 2, this is not of serious consequence. Fur-
thermore, such a shadew may be avoided entirely by a
more sophisticated system which will be described here-
inafter.

’?\emzenﬁe is now directed to FIGURES 2 and 3. In
arrangement the test chamber structure main reflec-
2, relay lens 3 and multiple cell reflector 4 are iden-
to the previously described structure. In place of
single radiation source 6, a plurality of radiation sources
wre provided., The radiation sources may be arranged in
-rz?'ﬂ units or groups 13. For example, groups of seven
radiation sources 6 with the groups of radiation sources
are ar r'rm*d in a circle defining a plane at right angles
to the axis of the relay lens 3. Each group or unit 13 of
radiation sources forms a radially inwardly converging
beam 14 which is directed substantially axially with re-
spect to the relay lens 3 by a panel refiector 15 of a mul-
'L le panel reflector structure 16 located immediately
above the relay lens 3.

With this arrangement the radiation intensity which
may be passed through the relay lens to the multiple cell
reflector 4 and main reflector 2 is greatly increased.
The div g beams 17 from the ring of radiation source
gmup *n ts 13 are supﬂrimpoced on the multiple cell

; that is, in so far as this reflector is concerned,
adiation from all of the radiation sources
m a single location coinciding essentially
¢ location of the radiation source & shown
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radiation trans-
em, vanatims in ray 1mensxty are averagsd
‘“at is, variations in ray intensity from the

ouf twice;
V’lTiOUo sources tend to be eliminated as the beams from
each of the radiation sources groups 13 cover the entire

area of the multiple cell reflector. Stated otherwise, each
point of the multiple cell reflector receives the sum of
the radiaticn from all of the groups of radiation scurces.
In turn, each cell 5 distributes its reflected beam over the
re area of the main reflector 2.
ference is now directed to FIGURES 4 and 5. The
arrangement here ilustrated differs from the previousty
ieseribed systems by placing the relay lens and multiple
cell reflector at one side of the test chamber structure.
This may be done by constructing the main reflector 18
so that it is an ecc entric segment of a symmetrical para-
-¢; that is, the main reflector may be represented

it circl shown in FIGURE 9 cffset from the
metrical parabolic figure represented by the
le hown therein.

ement shown in FIGURES 4 and 5 utilizes
ceH reflector 19, the individual cells 29 of
which are also eccentric segments of a parabela; that is,
minfature replicas of the main reflector 18.

In the construction shown in FIGURES 1 through 3, a
single relay lens 3 is illustrated. It should be under-
stocod, however, that a group of lenses may be substituted
for the single lens. For purposes of illustration, a group
of multiple lenses 21 is shown in FIGURE 4. The in-
dividual lenses may be in one-to-one correspondence with
flat panel reflectors 15 of one or more multiple panel
reflector structures 16 which redirect radiation beams
from one or more rings of radiation sources such as
radiation sources 13 shown in FIGURE 3.

The arrangements shown in FIGURES 4 and 5 retain
the advantages of the arrangement shown in FIGURE 3
in that the radiation received by the main reflector 18

4

tends to be ummrmly digtributed thereover and the
main reflector in turn produces a beam the rays of which

tend to be parallel, or nearly so. Inasmuch as the mul-
uﬂle cell veflector is located at one side of the test cham-
ber it does not cast a shadow in the work arca below.

Reference is now directed to FIGURES 6, 7 and 8,
which illustrate in more detail but still in substantlally
diagrammatical form the arrangement shown in FIG-
URE 4. The test chamber structure 1 includes an outer
hell 22 of sufficient strength to permit the existence of a
high vacuum within the test chamber structure. Mount-
ed within the outer shell 22 is a curtain liner 23 which
does not seal the outer shell from the interior of the test
chamber but is provided with perforations or openings,
not shown, so that the vacuum pressure exists on both
sides of the curtain liner. The confronting surfaces of
the curtain liner and outer shell are reflecting surfaces
to minimize heat trapsfer into the test chamber. In addi-
tion, the curtain liner is provmed with a multiplicity of

1

coclant nassages 24 through which liquid hydrogen or
Hguid

d helium is circulated for the purpose of reducing the

rature within the test chamber to temperatures ap-
preaching abeolute zero. The main reflector 18 may be
in the nature of a curtain liner spaced from the outer shell
the test chamber structure.

e lenses 21 are mounted in a supporting frame 25
suifably sealed in an aperture provided at one end of the
test chamber structure. The supporting frame structure
may be provided with a Iabyrinth of cooling passages 28.
Supported cn the frame 25 above the lenses 21 is a mul-
tiple panel housing 27 to which the panel reflectors 15
are attached or formed integrally therewith. The regions
bekind the panel reflectors are enclosed to form coolant
chambers 28. The multiple cell reflector may also be
provided with ceolant passages, not shown, In addition,
the various radiation sources may be equipped with con-
veaticnal cooling means.

While what bereinbefore has been described as the
preferred embodiment of this invention, it is readily ap-
parent that alterations and modifications may be resorted
to without departing from the scope of this invention and
such alterations and modifications are intended to be in-
cluded within the scope of the appended claims.

We claim:

1. A space simulator, comprising: a shell structure de-
fining 2 test chamber; a source of solar simulating radia-
ions disposed externally of said shell; a lens in a wall of
said shell for transmitting said radiations as an expand-
ing beam into said test chamber; a multiple cell reflector
within saxd shell dimensioned to intersect the entire beam
of said radiations; a main reflector at one end of said test
chamber and arranged to receive radiations transmitted
by said multiple cell reflector; each of the cells of said
multiple cell reflecior being parabolic so as to reflect
that porticn of the total radiation which it receives over
essentially the entire surface of said main reflector, where-
by each point of the main reflector receives the sum of
the radiations from all the cells of said multiple cell re-
flector.

2. A space simulator as set forth in claim 1 wherein:
said source of solar s;mmatmg radiations is disposed in
coaxial relation with said lens.

3. A spa‘ce imulator as set forth in claim 1 wherein:
a niuraﬁty of sources of solar simulating radiations are
arrangsd in at Isast one circle about the axis of said lens

and a multiple panel f““kcfor is poesitioned to direct the
radxatwﬂs from said sources through said Iens.

4. A space uimu}amr as sst forth in claim 1 wherein:
said m“itl reflector and each cell of said multiple cell
refiector is an eccentric segment of a par wﬁla, and said
Jens and eaid muitiple cell reflector are disposed at one
side of said main reflector.

5. A spac simulator as set forth in claim % wherein:
a plurali ty of sources of solar simulating radiations are
arranged in at least one circle about the axis of said lens:
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a multiple panel reflector is positioned to direct the radia-
tions from said sources through said lens; said main
reflector and each cell of said multiple cell reflector is an
eccentric segment of a parabola; and said lens and said
multiple cell reflector are disposed at one side of said main
reflector.

6. A space simulator as set forth in claim 1 wherein:
said lens is divided into a plurality of lens units and the
radiations passing each lens are distributed over the entire
multiple cell reflector.

7. A space simulator, comprising: a shell structure
defining a test chamber; at least one source of solar simu-~
lating radiations including a radiating element, a spherical
reflector and an elliptical reflector to focus said radiations
into a converging beam; at least one lens forming a win-
dow in a wall of said shell for transmitting said radiations
as an expanding beam into said test chamber; a multiple
cell parabolic reflector within said shell and intersecting
said beam and arranged to receive essentially the entire
image of said radiation source; a main parabolic reflector
at one end of said test chamber and so related to said
multiple cell reflector as to receive radiations reflected
from said multiple cell reflector and direct said radiations
in a parallel beam across said test chamber; each of the
cells of said multiple cell reflector being arranged to reflect
that portion of the radiations falling thereon onto essen-
tially the entire surface of said main reflector whereby
each point on said main reflector receives radiation from
all of said cells,

8. A space simulator as set forth in claim 7 wherein:
said source of solar simulating radiations is disposed in
coaxial relation with said lens.
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9. A space simulator as set forth in claim 7 wherein:
a plurality of sources of solar simulating radiations are
arranged in at least one circle about the axis of said lens;
and a multiple panel reflector is positioned to direct the
radiations from said sources through said lens.

19. A space simulator as set forth in claim 7 wherein:
said main reflector and each cell of said multiple cell
reflector is an eccentric segment of a parabola; and said
lens and said muitiple cell reflector are disposed at one
side of said main reflector.

11. A space simulator as set forth in claim 7 wherein:
a plurality of sources of solar simulating radiations are
arranged in at least one circle about the axis of said lens;
a multiple panel reflector is positioned to direct the radia-
tions from said sources through said lens; said main re-
fiector and each cell of said multiple cell reflector is an
eccentric segment of a parabola; and said lens and said
multiple cell reflector are disposed at one side of said
main reflector.

12. A space simulator as set forth in claim 7 wherein:
said lens is divided into a plurality of lens units and the
radiations passing each lens are distributed over the entire
multiple cell reflector.
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