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SUMMARY

A large area concentrating solar cell panel,
nominally 36 inches wide and 75 inches long, was
designed and constructed to meet the requirements
of a typical spacecraft environmental specification.
The structural integrity was verified by laboratory
structural tests, and the electrical-optical per-
formance was determined by solar tests. The
concentrating panel weighed 0.78 1bs/sq ft, devel-
oped 8.17 watts per sq ft under terrestrial test
conditions, and exhibited a concentration ratio of
1.89.

INTRODUCTION

In a concentrating solar cell panel, the power
output of the individual cells is increased by re-
flecting additional sunlight upon the cells. Since
the power output of the individual cells is greater
than that of the cells installed on a conventional
panel, the number of cells required for a given
power is reduced. The concentrating panel thus
has potential weight and cost advantages over a
conventional nonconcentrating panel.

A large area concentrating panel nominally 36
inches wide and 75 inches long was designed, con-
structed, and tested to verify performance pre-
dictions and to demonstrate that the manufacture
of large concentrating panels is practical. This
panel was constructed to meet the structural and
environmental requirements of a typical space-
craft specification. After construction, the struc-
tural and electrical performance of the panel was
determined by structural laboratory tests and by
solar tests. A description of the panel and the
results of the tests are presented in the subsequent
paragraphs.

Design Criteria

The panel was designed to meet the structural,
acoustical and environmental constraints listed in
Table I.

Panel Description

A. Structural

The concentrating solar cell panel consisted
of six structural modules joined and supported by
a integrally damped support structure. Each mod-
ule consisted of the solar cells, wiring, twenty-
three angle stiffeners, and a corrugated structural
member formed from polished aluminum sheet
0.010 inch thick. Figure 2 illustrates the structu-
ral and optical geometry of a typical module. Fig-
ure 3 is a photograph of a completed module con-
taining solar cells. Each module contained seven
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troughs to support the solar cells and fourteen con-
cave reflecting facets located at the proper angle to
reflect sunlight upon the cells. The angle stiffeners,
spotwelded across the troughs, stabilize the con-
centrating geometry and provide a support for the
paralleling bus bars and for attachment of the module
to the support structure. Small flanged holes in the
0.010 inch thick aluminum substrate serve as wiring
access holes in addition to stiffening the flat panels
in the module. The support structure consisted of
two longitudinal box~type spar beams, joined together
by two cross beams to form a rigid unit. The modu-
les were attached to the top side of the spar beams
by rivets. Figure 4 is sketch of the complete panel.

The total weight of the concentrating photo-
voltaic panel by actual measurement was 14.61 pounds.
The detailed weight breakdown is shown in Table II.

B. Electrical

The concentrating panel was equipped with 3604
solar cells. These cells were 1 x 2 cm in size,
P/N construction and had the solder strip located
across the short side. The cells were graded by the
vendor according to their current output at a cell
voltage of 0.485 volts, a cell temperature of 28°C,
and_at an equivalent terrestrial intensity of 100 mw/
cm®“. The grading tests were conducted under a
tungsten lamp maintained at a temperature of 2800°
K and set to the prescribed intensity by means of a
calibrated standard cell. The distribution of the cells
is shown in Fig. 5. The average current output of
the group was 46.6 ma per cell.

Two cells, soldered together to form a cell
pair, were mounted side by side in the troughs on
5-mil fiber glass tape which electrically insulate
the cells from the aluminum. Six mil cover glasses
equipped with an ultraviolet reflecting filter were
installed on the top surface of the cells.

The cell pairs in each trough were electrically
connected in series with other cells in the same
trough. The cell pairs were also connected in paral-
lel with other cell pairs occupying corresponding
positions in the other troughs by means of a special
cell connector and a paralleling bus carried on the
back side of the module.

The panel contained 5 standard modules and one
non-standard module. The non-standard module was
similar to the standard module except that it con-
tained the two vibration damper fittings. A standard
module carried 602 cells consisting of 43 series con-

nected groups of 14 paralleled cells. The non-
standard module carried 594 cells consisting of one
string of 43 series~connected groups of 10 paralleled
cells and one string of 41 series-connected groups
of 4 paralleled cells.

The modules were interconnected on the panel
by connecting two modules in series to form an 86
cell group string. The resulting three strings were
then paralleled and connected to the output terminals.
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C. Optical

The geometry of the panel is illustrated in
Fig. 1. The reflecting facets or sides were formed

at an angle of 64° relative to plane of the solar cells.

The apex half angle was not 26°, the complement of
64°, but was instead 18°, Overbending the apex
angle forces the reflector surface into a concave
shape which stabilizes the surface and reduces the
orientation accuracy requirements. The trough was
constructed 0.815 inch wide to allow room for two
cells having the maximum positive tolerance in
width plus a 0.010 inch separating space between
cells and 0.005 inch insulating space between each
cell and the adjacent reflector. The area concen-
tration ratio of this configuration is

CA = width of troggh + reflectors
width of trough

= 0.815 + (2) (0.490) = 1.795 = 2,2
0.815 0.815

The reflecting surfaces consisted of bright
anodized aluminum sheet having a specular reflect-
ance of 82% and an emittance of 0.10. With this
reflecting surface, and assuming no manufacturing
defects, the effective concentration ratio or short
circuit current ratio of the panel was calculated to
be 1.90 using the methods described in Ref. 1. That
is, at a given solar intensity, the short circuit
current of a solar cell in a concentrating panel will
be 1.90 times greater than that of a cell in a con-
ventional panel.

Structural Test Results

To verify the design analyses, a series of
static and dynamic tests was conducted utilizing
structural prototype parts. In the design, analysis,
and test of lightweight spacecraft structures the
following structural considerations are of extreme
importance.

1. The structural stiffness of a bending member
is the product of the modulus of eleasticity and
the moment of inertia of the cross section (EI)
This quantity determines the deflection of the
member under static loading conditions and
the resonant frequency of the member.

2. The critical stress is the stress at which the
part fails. In light weight, highly efficient
structures such as are used on spacecraft,
failures often occur by elastic instability or
buckling rather than by rupture of the member.
The critical stresses associated with a buck~
ling failure are dependent upon the method of
loading, geometric shape, thickness of the
member, and modulus of elasticity of the
material, and are independent of the strength
of the material. Other possible failures can
be due to fatigue or stress in excess of the
strength of the material or fasteners.

REF. 1: R.J. Tallent, "Optical-Electrical
Design Considerations for Concentrating Solar
Cell Panels, " IEEE TRANSACTIONS ON APPLI-
CATIONS AND INDUSTRY, No. 67, Pages 169-174,
July 1963.
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3. The dynamic load magnification ratio (q) is
the ratio between the maximum acceleration
at some point on a structure and the acceleration
input to the structure. The ratio q is depend~
ent upon the location on the structure, the
shape and amplitude of the vibrating structure
mode, and the structural damping coefficient
for the member. In some instances of visco-
elastic bonded structures the stress-strain
relationship of the adhesive is a function of the
strain rate and is therefore dependent upon
both the frequency and the amplitude of the
motion. For these special cases the damping
coefficient varies with the resonant frequency
and is thus a function of the resonant frequency.

Most engineering analyses are based upon
simplifying assumptions and require verification by
test to establish confidence in their validity. This
test verification is particularly important in cases
involving dynamic loading of structures because
of the non-homogeneity of the structural material,
the eccentricity of the loadings, manufacturing
tolerances in fabrication and fit-up, and last but
not least, the inadequacy of the engineering analyses.

To verify the engineering analysis conducted
on the panel and to provide experimental static
test data for subsequent use in dynamic analyses,
a 12.6 inch by 54 inch module was tested in a static
beam bending condition. The test results, and
experimental and calculated values for stiffness
are shown in Fig. 6. The close correlation between
experimental and theoretical values indicates that
the concentrating structure is a highly efficient
structural member. Note that this test structure
will fail by elastic buckling.

The module was next subjected to a dynamic
test. The test results showed good agreement
between the experimental and calculated resonant
frequencies. The experimentally determined
critical dynamic loading was also in good agree-
ment with theoretical calculations based upon the
static test data. This indicates that no dynamic
correction factor need be applied to the static
buckling analysis equations. The magnification
ratio (q) for the midpoint of the module was found
to be 30 at structural resonance of 24 cps.

A 36 x 75 inch structural prototype panel was
designed using the data obtained in the foregoing
tests. This panel was subsequently com tructed and
subjected to dynamic tests. These were conducted
on an electromagnetic vibration machine using the
test setup illustrated in Fig. 7.

During the developmental test program, several
structural failures were experienced. Appropriate
modifications were made to the panel after each
failure and the panel was retested. This process
was repeated until an adequate design was developed.
In the first test the excitation level of the machine
was set at 0.707 "'g" rms, and the input frequencies
were swept through panel resonance. At the panel
torsional resonant frequency of 6 cps the rivets
in the joint between the cross beam fittings and the
spar beam failed in shear. The load magnification
ratio for panel bending in its initial structural
configuration was found to be approximately q = 10.
This value for q was considerably higher than the
originally assumed value, q = 3. Thus, the entire
design was re-analyzed for the stresses due to higher
q value and the panel modified accordingly.

Authorized licensed use limited to: Univ of Calif Berkeley. Downloaded on December 2, 2009 at 17:24 from IEEE Xplore. Restrictions apply.



Authorized licensed use limited to: Univ of Calif Berkeley. Downloaded on December 2, 2009 at 17:24 from IEEE Xplore. Restrictions apply.


















