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ABSTRACT

This paper describes the design, development, fabrication, and
test of a high performance, high voltage solar concentrator
array. This assembly is believed to be the first ever terrestrial
triple-junction-cell solar array rated at over 1 kW. The
concentrator provides over 200 W/sguare meter power output
at a nomina 600 Vdc while operating under terrestrial
sunlight. Space-quality materials and fabrication techniques
were used for the array, and the 3005 meter elevation
installation below the Tropic of Cancer alowed testing as
close as possible to space deployment without an actual
launch. The array includes two concentrator modules, each
with a 3 square meter aperture area. Each concentrator module
uses a linear Fresnel lens to focus sunlight onto a photovoltaic
receiver that uses 240 series-connected triple-junction solar
cells. Operation of the two receiversin series can provide 1200
Vdc which would be adequate for the “direct drive” of some
ion engines or microwave transmitters in space. Lens aperture
width is 84 cm and the cell active width is 3.2 cm,
corresponding to a geometric concentration ratio of 26X. The
evaluation includes the concentrator modules, the solar cells,
and the materials and techniques used to attach the solar cells
to the receiver heat sink. For terrestrial applications, a finned
aluminum extrusion was used for the heat sink for the solar
cells, maintaining a low cell temperature so that solar cell
efficiency remains high.

INTRODUCTION

Recent Space Solar Power studies [1] have indicated that high
voltage arrays could dramatically reduce the mass of a large
power generating spacecraft designed to beam power to Earth.
Lower mass has a leading effect on reducing launch costs and
would therefore make the concept more feasible from an
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economic point of view. In addition, the benefits of a high
voltage system extend to all spacecraft having a significant
portion of their mass taken up with wiring for collection of
electrical power from arrays and power management including
conversion and transmission to various systems. Other
applications include providing power for “direct” drive for
electric propulsion thrusters.

The goa of this experiment was to investigate the issues
associated with operating high voltage arrays in space and test
some possible techniques to solve the problems. Analysis
indicated a maor problem with high voltage arrays was
electrical isolation of the cells while allowing sufficient heat
transfer away from the cells so that they remain cool to
maximize their conversion efficiency. This problem was
selected as the focal point of the experiment.

While the experiment could be performed in a laboratory under
controlled conditions, it was decided to take advantage of
some existing equipment, build whatever else was needed and
perform the experiment under actual conditions. This decision
sparked greater ideas, such as making this the first part of a
complete end-to-end system test to beam power over a
distance. Analysis of the 200 W/m? terrestrial output predicts
an increase in space to over 300 W/m?. The ultimate purpose
would be to investigate the interface issues and gain insight to
operating a power beaming system in space.

Funding and time limitations ruled out a test in space.
Therefore, a terrestrial test site was sought which would
provide exposure to the most space-like solar spectrum. A
number of test sites were considered with access roads to high
elevations, but only one turned out to meet all requirements



including the protection of alocal U.S. government operation.
Mt. Haleakala on the Hawaiian island of Maui has a peak of
3005 meters and a two lane paved road leading to the top,
which enabl es tourists to view the dormant volcanic crater.

A number of telescopes are operated from a restricted site
close to the peak. The site, Figure 1, is home to the Maui
Space Surveillance System, operated by the U.S. Air Force,
and other telescopes owned and operated by civilian groups.

We investigated the content of the solar spectrum at the
proposed site and compared it to sea level and space
environments using SMARTS2 [2].

The solar spectrum on Haleakala was predicted to show an
overall content of Air Mass (AM) = 0.7 [3]. The Air Mass
value corresponds to the relative optical thickness of the
atmosphere, with AM = 1 corresponding to a sea level location
on the Earth’s surface with the sun directly overhead, and
AM = 0 corresponding to space sunlight for an earth-orbiting
spacecraft. Compared to sea level locations, the Haleakala
location alows significantly more of the short-wavelength
radiation to reach the site, including potentially damaging
ultraviolet wavelengths below 400 nm. Figure 2 shows the
spectrum.

The operating voltage level was selected to be in the range of
1200 Vdc. This would enable direct drive to certain types of
ion thrusters and lower conversion losses to high voltage
microwave transmitters. Presently, one of the higher voltages
used in space is the International Space Station array at 160
Vdc. Arcing due to out gassing and plasma charging have been
among the problems encountered with that lower voltage level,
so one of the objectives was for the cell mounting system to
have no exposed conductors. The team decided on building
and testing the insulation system for an operationa level of
1200 Vdc and a test level of 3200 Vdc. Previous development
work on high voltage arrays [4] was used for guidelines.

A concentrator-type array was selected for severa reasons.
First, the high unit cost ($/cm?) of triple-junction solar cells
would have been cost-prohibitive for a planar array of about
1 kW. Second, concentrator arrays have substantial advantages
in high voltage space solar arrays, because the small
photovoltaic cell circuit can be super-insulated with very little
mass impact on the overall array. Third, the 26X concentration
provides an intensified thermal stress on the cell circuit and on
the cell-to-heat sink bonding, enhancing the value of the
experiment. This experiment tested the thermal and dielectric
capabilities of the assembly approach, which, coupled with the
large air-cooled heat sink, successfully kept the cell
temperature from reaching excessive levels.
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Triple-junction solar cells were the choice for the power
generation source because of traceability to high power space
operation, capability for high efficiency, and the potentia for
space missions including a solar power satellite.

Another objective of the experiment was to promote the use of
high voltage arrays in space by defining a manufacturing
method which utilized the best known techniques to bond the
cells to the receiver and yet was not “exotic”, and possibly
expensive, but usable by the general aerospace community.

A method for cell attachment or “lay-down” technique was
developed and applied to the modules for test. A second, more
effective method, evolved during fabrication. This paper
describes the manufacturing methods utilized, the construction
of the arrays, their operation and the results of the experiment.
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Figure 1.—Maui Space Surveillance System (M SSS) and other
telescopes on Haleakala, Maui, Hawaii.
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Figure 3.—21X line-focus concentrator module.

SUNLINE® CONCENTRATOR ARRAY

ENTECH has been involved in photovoltaic concentrator
technology for terrestrial applications for many years [5-8].
Figure 3 shows their fourth-generation silicon-cell-based
terrestrial  concentrator module, which uses a large acrylic
Fresnel lens (84 cm wide) to focus sunlight at 21X concentration
onto air-cooled silicon photovoltaic cells (4 cm wide).

The acrylic lens is smooth on the outside and prismatic on the
inside, with a unique arch shape that maximizes both optical
performance and error tolerance [5, 6].

Compared to conventional solar concentrators using reflective
surfaces or flat Fresnel lenses, this lens provides more than
100 times better shape error tolerance, which is very important
for reliable, long-term operation in the harsh outdoor or space
environment. The cells are maintained approximately 25 °C
above the ambient air temperature by a finned aluminum heat
sink, which provides 4 times more convective heat transfer
area than the aperture area of the lens. This ratio of heat
transfer area to heat collection area is the most important
parameter for determining cell operating temperature, and a
conventional one-sun flat-plate photovoltaic module has aratio
of 2 for an open-back frame mount, or 1 for a flush roof-
mounted system. Due to this large extruded heat sink, the cell
temperature for the 21X module is about the same as for a
frame-mounted flat-plate module, and cooler than for a roof-
mounted flat-plate module. The solar cells are attached to the
heat sink using materials that have a high electrical resistance
and a low thermal resistance, to prevent electrical shorts to the
heat sink (ground faults) while maintaining a cool cell
temperature. In addition, the entire cell circuit is encapsulated
for weather resistance, even though it is enclosed within an
aluminum housing (side walls and end plates which are not
shown in the figure). Each concentrator module has an aperture
length of about 3.6 meters, providing an overal lens aperture
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Figure 4—Small SunLine®.

area of about 3 sguare meters, with a power rating of 390 W
using mass-produced silicon cells, based on extensive testing
by Sandia National Labs[7].

These large (3 m? aperture) concentrator modules are mounted
in two-axis sun-tracking arrays. For remote and residential
applications, ENTECH has developed a small array containing
two modules called a SunLine®, as shown in Figure 4.

This SunLine® array uses two identical linear actuators to
implement two-axis sun tracking. One of these actuators tilts
the galvanized steel frame from north to south (and vice versa)
to follow the sun's apparent motion in this direction. The
second actuator rotates the two modules from east to west to
follow the sun's apparent motion in this direction. Both
actuators are powered by 12 Vdc motors, which are equipped
with rotating magnet wheels and switches to count the number
of motor rotations to provide position feedback to a
microprocessor-based open-loop controller. The micro-
processor uses a simple program to calculate the sun’s position
within 0.01 degree in each axis, based on the time and date and
the local latitude and longitude. The controller and drive
motors are powered by a 12 Vdc battery (two 6 Vdc golf cart
batteries in series) which is trickle-charged by a 5 Watt flat-
plate photovoltaic panel attached to the north end of the
SunLine® structure. A simple wind switch, comprising a
mercury switch inside a drag device suspended by the
electrical cable, is used to tell the controller to return the array
to its safest stow condition (horizontal tilt and full east roll)
whenever the wind speed exceeds about 30 mp (50 km/hour).
SunLines® have been installed and continuously operated for
10 years in Texas, 9 years in Minnesota, and multi-year
periods in several other locations around the country. The units
are autonomous, except for periodic (about every six months)
clock setting and norma maintenance (e.g., battery water
check every year).

ENTECH has aso been involved in photovoltaic concentrator
technology for space applications for many years, [9-14]. The
award-winning SCARLET array on Deep Space 1 (fig. 5)
provided space validation for the concentrator array, which has
since evolved into the ultra-light Stretched Lens Array (fig. 6).
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Figure 5—SCARLET Concentrator Array on Deep Space 1.

Figure 6.—Stretched Lens Array (SLA).

For space applications, the environment is drastically different,
and high performance and low mass are far more critical than
for terrestrial applications, leading to a totaly different
configuration for space concentrators. The space Fresnel lenses
are small (8.5 cm aperture width) and made of very thin
(150 micron), flexible, space-qualified silicone (DC 93-500).
The heat rejection radiators are similarly very thin
(125 micron) carbon fiber fabric rigidized with cyanate resin.
A near-term rigid-panel version of the Stretched Lens Array
(SLA) offers 180 W/kg array-level specific power, a mid-term
flexible-blanket version will offer over 500 W/kg, and a long-
term version is expected to offer over 1,000 W/kg [14]. All
versions of SLA aso offer unprecedented high voltage
operation of the photovoltaic receiver circuits.

For the solar concentrator experiment a convergence of the
terrestrial and space concentrator technologies provided the
best combination of cost-effectiveness, performance, and
durability for the ground environment. The robust terrestrial
module (fig. 3) and the field-proven SunLine® array (fig. 4)
served as the baseline hardware for the experiment. However,
the normal silicon cells used on the photovoltaic receiver were
replaced with much higher performing triple-junction solar
cells (GalnP/GaAs/Ge). The normal lens was likewise replaced
with a new color-mixing Fresnel lens [10, 11] to preclude
chromatic aberration losses (due to prismatic dispersion in the
lens coupled with the three separate spectral response regions
of the series-connected triple-junction solar cells). With these
two major exceptions (solar cells and lenses), the concentrator
module configuration and the SunLine® array configuration
remained the same as successfully used in previous
installations. The basic color-mixing lens technology and
triple-junction cell technology used in this concentrator
experiment also form the basis of the Stretched Lens Array
(SLA) used in space (with the exception of scale and
materials). Thus, the high voltage activities are directly
applicable to future space concentrator arrays. In addition, the
results of this concentrator experiment lay the foundation for
future terrestrial concentrator arrays, using color-mixing lenses
and triple-junction cells to achieve unprecedented performance
and eventual cost effectiveness in mass production. Thus, this
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unique solar concentrator experiment provides important data
supporting the development of advanced versions of both
space and terrestrial photovoltaic concentrators.

SOLAR CELL RECEIVERS

Each photovoltaic receiver is composed of an extruded
aluminum heat sink, thermally conductive electrical insulating
layer, the solar cells and bypass diodes, the cover glass, and
external connections. The deleterious effects of space plasma
on high voltage solar arrays are well known. A basic objective
for array fabrication was to provide a full electrical 3200 plus
volt electrical insulation for each solar receiver while
maintaining high thermal conductivity and providing for
thermal expansion. Boeing used guidelines established during
aprevious program [1] as a baseline for cell assembly.

One standard electrical insulation qualification test for
terrestrial photovoltaic modules of all types corresponds to a
wet hi-pot test at twice the maximum rated operating voltage
plus 1000 Vdc. Thus, for a 600 Vdc rating, a wet hi-pot test at
2200 Vdc would have met this requirement, but it was decided
to add an additional 1000 Vdc to the wet hi-pot test for this
program. Theinitial task was selection of the solar cells.

As discussed above, triple junction cells were a basic part of
this experiment. Schedule and budget constraint led to the use
of available cell aspect ratios, and Spectrolab GaAs P/N
95543-002 cells were selected. As discussed above, the
concentrator module, including the color-mixing acrylic line-
focus Fresnel lens optical concentrator element, is designed for
ageometric concentration ratio of 21X, corresponding to alens
aperture width of 84 cm and a cell active wide of 4.0 cm. This
cell width provides excellent optical interception of the
focused sunlight as well as a sun-pointing tolerance of about
0.5°[6, 7].

Unfortunately, schedule and budget constraints dictated the use
of narrower cells, with a significant optical interception
penalty even for perfect sun pointing, and drastically reduced
sun-pointing tolerance compared to the normal wider cell. In
addition, the selected cell had its busbar running across the
focal line of the lens, instead of parallel to the focal line on the
two outer edges of the solar cell. This non-optima cell
configuration led to a substantial loss of photons which
intercepted the busbar and end tab rather than active solar cell
material, causing an additional performance penalty.

For future systems, with wider cells and edge busbars and
interconnect tabs, power output will be at least 20 percent
higher, not including anticipated cell efficiency improvements.
The basic concern for cell attachment to the heat sinks was the
inter-relationship of thermal and electrical conductivity. The
use of high thermal conductivity polyimide for electrical
insulation provided for lower solar cell temperature with
corresponding improvement in efficiency. The full insulation
system was comprised of layers of thermally conductive
polyimide (Kapton MT®) and thermally conductive silicone



(CHO-THERM® 1641 and Loctite® 5406). Both full load and
no load thermal conditions were addressed.

To achieve the thermal performance levels required the cell-
mounting surface to be flat to prevent excessive silicone
thickness. The aluminum extrusions were previously designed
for use with stronger more flexible silicon cells (using edge tab
connections) and had a plateau on the cell mounting surface
with relief on either side to provide room for the edge tab
connectors and bypass diodes. The crown of the plateaus due
to extrusion tolerances was a problem to maintaining a thin
silicone bond line, as was a lengthwise bow on the 3.65 m -
foot-long extrusion that precluded removal of the crown with a
planer. The cell mounting surfaces were flattened with hand
files and scrapers.

The two array receivers were fabricated with dightly different
techniques. Two layers of 0.0254 mm polyimide were used to
avoid single point dielectric failure. An initial material study
showed that CHO-THERM® 1641 has one of the better thermal
conductivities (0.90 W-m/K) of filled silicones, so that
material was used with high thermal conductivity Kapton MT®
polyimide on Module #1. The thickness of the silicone layer
was to be spread at a thickness of 0.07 mm by using temporary
tape as a guide for a screed. Initially both units were going to
be fabricated with the same materials. Unfortunately, the
CHO-THERM® (CT) 1641 had lumps of oxide that could
puncture the thin polyimide layer. A sample cell laid on alump
also cracked the cell. The oxide lumps of up to 0.2 mm in
diameter had to be removed by hand. The CT 1641 also could
not be spread into layers thinner that 0.2 mm without extensive
hand work. The final dielectric layer was thus silicone-
polyimide-silicone-polyimide-silicone. After further material
searches, we found Loctite 5406 was capable of easily being
spread to less than 0.07 mm thick. The Loctite 5406 has a
lower thermal conductivity of 0.70 W-m/K; but, as it could be
spread much thinner when used on Module #2, the overall
thermal conductance was better than the CT 1641 as used on
Module #1. The dielectric layer was tested to 3200 Vdc. The
spreadsheet charts of Table | and Table Il show the calculated
differences in temperature of over 7° C. The results section
will describe the improved performance.

The cells were assembled by hand in strings of 12 each, and 20
of these strings were laid onto the dielectric layer. Cell
attachment was performed by screening a layer of Loctite®
5406 through widow screening, and laying the 12-cell strings
onto that bed (fig. 7).

To seat the cells into the silicone, airbags were applied to the

surface of the cells, with the cell surface protected with lint
free tissue.
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Table |, CASES For load connected, Module #1

Material | mils thick Thickness, Therm_al_ Temp drop
meters Conductivity per layer
CT 1641 7 1.778E-04 | 0.90 W/m-K 55C
Kapton MT 1 2.540E-05 | 0.37 W/m-K 19C
CT 1641 15 3.810E-04 | 0.90 W/m-K 119C
Kapton MT 1 2.540E-05 | 0.37 W/m-K 19C
CT 1641 7 1.778E-04 | 0.90 W/m-K 5.5C
5406 skim 1 2.540E-05 | 0.70 W/m-K 10C
5406 bond 5 1.270E-04 | 0.70 W/m-K 5.1C
Notes: Based on hot spot of 40 suns a”ri?gigssli?;al 329¢C
add 25C ambient, 25C heat-sink-air

Peak temp 829C

Table Il, CASES For load connected, Module #2

. . . Thickness, Thermal Temp dro

Material | mils thick meters Conductivity perﬁayerp

It 5406 3 7.620E-05 | 0.70 W/m-K 3.0C

Kapton MT 1 2.540E-05 | 0.37 W/m-K 19C

It 5406 6 1.524E-04 | 0.70 W/m-K 6.1C

Kapton MT 1 2.540E-05 | 0.37 W/m-K 19C

It 5406 7 1.778E-04 | 0.70 W/m-K 7.1C

5406 bond 5 1.270E-04 | 0.70 W/m-K 5.1C

all layers, total 252 C

Notes: Based on hot spot of 40 suns| rise to sink )
add 25C ambient, 25C heat-sink-air Peak temp 752 C

Figure 7.—Laying acell string.

After the silicone cured, the 12-cell strings were connected in
series with silver solder and end terminations provided. Each
cell was provided with a silver tab to which a parallel
connected surface mount diode was attached for protection.

The diodes were installed outside the concentrator beam. The
final step in receiver assembly was ingtallation of the UV
transmissive cover glass. The cover glass was obtained in
lengths to just cover a string of 12 cells. Cover glass
attachment was with space qualified Dow Corning DC 93-500
silicone. We found that the activator (Loctite 7357) for the
adhesive used to attach the bypass diodes poisoned the Pt
catalyst of the DC 93-500, and additional catalyst was
required.

As the Haleakala site location was a restricted area, we could
not install any ties to the commercial power grid, either for
supplying the solar power to the grid or to power monitoring
equipment. To monitor the performance of the concentrators, a
data logger and load bank was constructed using ssimple 600
Vdc resistive loads. Voltages and currents for each array were
monitored with an A/D module and recorded once every



second onto a laptop computer installed in an industria
enclosure. The enclosure featured a digital readout of voltage
and current. Additionally, 8 thermocouples also were installed
to record array temperatures every second. The 600 Vdc per
concentrator was down converted to charge a 100 A-hr 14.4
Vdc battery to provide laptop power. The battery was capable
of 8 days operation without recharge. Due to safety concerns,
the arrays were operated in parallel rather than series as
originally planned. A fence had been planned to address the
safety issues, but was not allowed due to the possibility of an
endangered night-flying plover (a native bird) flying into the
fence. Since there could not be a fence, all of the data logger
and load bank wiring was double-insulated for safety and the
arrays run to separate load banks at 600 Vdc.

SITE LOCATION

The concentrating array assemblies and data logging
equipment were installed at the summit of Mt. Haleakala, on
the idand of Maui, Hawaii, at an elevation of 3,000 meters,
dightly below the peak. The support structures were bolted to
an existing concrete pad, previousy used by University of
Hawaii Ingtitute for Astronomy backup power generators. The
pad is 5.5m x 15.2m, the length running in a near-perfect east
to west direction, and very level. Figure 8 shows the assembly
in operation late in the afternoon of July 31, 2003. The view is
from the southwest corner, looking east and north.

RESULTS

A curve tracer was used on July 31 (the week after Lahaina
noon [15]) to determine performance. Figure 9 shows the
results of that test.

The curve tracer was limited to 600 Vdc. It was noted
immediately that Module #2, with the photovoltaic receiver
constructed with Loctite 5406 silicone, had cooler cells and
was a much better performer than the first unit fabricated. In
fact, Module #2 had to have its heat sink insulated for the test
to reduce the open circuit voltage to below 600 Vdc. A
pryheliometer was used to assess the insolation level at the
time of the test, and indicated up to 1097 W/m? levels. Note
that the peak power output of Module #2 was 670 W, more
than 170 percent of the standard silicon-based Sunline module.

Typical energy output was 16 kW-hrs per day. In normal
operation, the Module# 2 heat sink was typically at 28 °C to
34 °C, while the Module #1 heat sink was 2 to 3 °C higher.

This difference in heat sink temperature was due to the larger
amount of waste heat from the less efficient receiver with the
warmer cells.

The maor problem encountered in operation was wind. We
were able to correlate weather conditions with power outages
through the use of data from the Mees observatory weather
station located within afew hundred meters of the arrays. The
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Figure 8.—Haleakala assembly.
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Figure 9.—Array Curve traces.

Figure 10.—Typical MEES weather chart.

concentrators have a self protection mechanism for going into
a stow position during periods of high wind. Figure 10 is an
example of a high wind condition that caused the array to
stow. Refer to the web reference [16] for details of the curves.

Figure 11 is a printout of the data for each array as recorded on
the laptop computer. It can bee seen from the chart that power
output consistently peaked at over 600 W per array during
periods of peak insolation and low wind.



Sunline Solar Tracker
Mt. Haleakala, Maui, Hawaii
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Figure 11.—Daily power production plot.

Due to severe mountain top winds during December through
April, it was decided to remove the arrays to storage during
that period. During removal from the test site on
December 3, 2003 an inspection was performed. The major
damage was that the wind sensor had literally been blown off
the tracking mechanism during a late November storm and that
wind driven rain was intense enough to defeat louvers and
seals on the electrical junction boxes.

A close inspection of the solar array when the units were taken
to storage showed complete integrity of the solar cell, heat
sink, and cover glass assembly.

Based on the test results and further study of the cell and
receiver configuration, it will be possible to increase the power
output up to 20 to 30 percent by optimizing concentration
ratios, cell arrangement, and further therma management
improvements. The existing aspect ratio cells used were
20 percent narrower than the design cell width matched to the
concentrator lens, and the end busbars and end tabs intercepted
(and wasted) a significant amount of the concentrated sunlight
in the continuous focal line produced by the lens. Optimizing
the cell width and replacing the cell end busbars with dual side
busbars (enabling tabs and interconnects to be placed outside
the focal line) would alone add more than 20 percent to the
power output. In addition, the dual busbar configuration
reduces electrical resistance losses in the solar cells, aso
boosting conversion efficiency. Other possible performance-
boosting features of future arrays include prismatic cell covers
to eliminate gridline shadowing losses on the cells, and means
to reduce the loss of photons in the gap between cells.
Improved methods of laminating silicone and conductive
polyimide will reduce therma rise and improve cell
performance.

NASA/TM—2004-213361

DESIGN GUIDELINES FOR HIGH VOLTAGE CONCENTRATOR ARRAY'S

There are a number of excellent existing guidelines for solar
arrays [1, 17-19] which were referred to for the construction of
this experiment. None previoudy had addressed potential
levels over 1000 volts. Many lessons were learned
(and re-learned) during this program, a short list of 22 items
are listed here to illustrate how even apparently basic items
need to be double checked when more interesting technical
efforts are being performed. Thisisasimple list of guidelines;
a complete discussion could provide afull paper on each topic:

1. Don't assume any commercial filled silicone was
adequately screened before filling — e.g. hard clumps of
oxide.

2. As aways, simple therma models do work and are
useful, such asthe array thermal model.

3. When using a Pt catalyst silicone, especialy the
hypersensitive DC 93-500, test and retest EVERY item it
touches for poisoning.

4. Use of simple hand tools is often simpler and lower cost
than machining — e.g. smoothing extrusions.

5. Physica mockups are invaluable, especially when the
installation is at aremote site.

6. Avoid “Hubble scenarios’; test every item
assembled configuration before shipping.

7. Rain driven at 130 km/hr will get into most any
commercial equipment enclosure.

8. A unique environment (e.g. wind on Haleakal@) can cause
sun-tracking problems not previously experienced.

9. Determine the grounding and isolation requirements early
in the program.

10. Consider and plan for contamination effects, whether
from space environments or terrestrial.

11. Consider magnetic moments, especially on Solar Power
Satellite or other high power satellites.

12. Assume pinholes will occur in any single layer insulation
system.

13. Atomic oxygen erodes polyimides, cover with other
material to reduce or eliminate the effect. Pyrolization
also needs to be addressed.

14. Test al material interfaces, have a complete plan to deal
with expansion coefficient differences.

15. Select topology and form factors to minimize E-field
intensity.

16. Dielectric capability must account for system transients,
including transmitter induced and switching currents, etc.

17. Micrometeoroid damage probability requires attention to
avoiding design where a failure could cascade.

18. Contamination control is always critical, and a control
plan should bein place.

in an



19. Absolutely no bare conductors. This exacerbates the
thermal problems of #16, but is an absolute.

20. For voltages over 300 volts peak, corona will occur due
to out gassing. Plan to limit erosion effects on insulators.

21. Plan for high energy electrons, this means no totally
isolated conductors.

22. Don't assume datasheets will tell you everything, hands
onisrequired before specifying [20-24].

CONCLUSIONS

We believe that the experiment has successfully demonstrated
2 methods of high voltage cell to receiver assembly
techniques. We have shown the ability of the concentrator to
operate at high voltages and unprecedented efficiency. Further
refinements will make the concepts developed during this solar
concentrator experiment usable for space applications,
allowing for large weight reductions for ion thrust systems and
power beaming.

IMPACTS TO SPACE SOLAR POWER AND FUTURE PLANS

This test validates operation of high voltage arrays as a viable
method of reducing spacecraft mass and volume. Any Space
Solar Power spacecraft design should include a system trade
study on the most appropriate voltage for arrays, power
management and other sub-systems. The test was aso
considered to be the first phase of an end-to-end power
beaming demonstration. The second phase is to expand this
test to include a high efficiency power converter unit. The third
phase provides for the attachment of a power transporter
device such as a microwave or laser of modest power (1kW) to
beam power over both short and long distances. The fourth and
final phase would be to design a high efficiency photovoltaic
array and/or rectenna to receive the beamed power. At this
stage, a complete end-to-end system will have been assembled
and vauable information learned regarding the interface
problems between sub-systems. This information would go a
long way to understanding the complexities we would face in
constructing a large Space Solar Power system. NASA has
designed and packaged a high efficiency power converter for
connection to the array. Instalation at the test site will be
possible as soon as funds become available. Efforts to obtain
funding for the development of the next generation of arraysto
improve the efficiency and increase the overall system power
are already underway. After the completion of the ground tests
to refine the design, the next obvious step is to confirm the
results with athermal vacuum test and then aflight test.
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