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1.0	 INTRODUCTION

This document is the final report of the first extension to JPL Contract

No. 95519b, "Conceptual Design Study of Concentrator Enhanced Solar. Arrays for

Space Applications," Technical effort on the original contract, prior to the

add-on effort herein tIusvr.ibed, was covered in .a two volume document which was

designated an "Interim Final Report" and dated 15 May 1979. The detailed state-

ment of work for the acid-on task is described in JPL Contract, Unilateral

Modification Number 1.

The original contract effort studied several very large 25 kW silicon cell

systems for use from 1 to 6 AU and one 2 kW system in the same solar distance rringe.

On the other hand, the contract extension offor't described in this report was rr,-

stricted to the study of 2 klti' systems at l Alf only. More specifically, the contract

extension effort called for an investigation of the following:

1. Concentrator enhancement of a deployable, thin, gallium arsenide cell

array in geosynchronous orbit for 10 years, in conjunction with a two dimensional flat

plat trough (2D-FPT) concentrator sometimes referred to as a V trough, (Figure 1.0-1)

and also with a multiple flat plate concentrator (MFPC) as proposed in the original

contract effort (Figure 1.0-2). Each concentrated system considered is sized to

generate 2kW at EOL. The GaAs cells are 16% efficient at 60L and 50 microns thick

with a 75 micron fused silica cover.

2. Concentrator enhancement of a conventional silicon solar cell array

on a rigid substrate in geosynchronous orbit for 10 years, considering a 2D-FPT

concentrator only. The substrate is similar to that used on the FLTSATCOM while

the cells are 13% efficient, BOL, 200 microns thick with 150 micron fused silica

coves. Again, the system is required to generate 2kW at EOL for every concentra-

tion level considered.

1



For this reason, the effect of concentr,

also studied and reported.

-2-

., J

C

9950-377

In this parametric study, the total output power was held constant (at 2kW)

so that the effe%:t of various levels of concentration was to change the array area

I

required. This differed from the approach used in the original contract effort,

where the unconcentrated array area was held constant allowing the power output to

change with concentration ratio.

As in the original contract effort, the extension effort considered the

effect of a spectrally selcative "cold mirror" coating on the performance of the

concentrated system. However, since the completion of the original contract effort,

data on an improved performance cold mirror coating became availaU a (see Section

3.0, Optical Analysis). The improved coating was included as a parameter in this

study along with vapor deposited aluminum (VDA) which produces an ordinary uniformly

reflective mirror.

Of primary interest in this contract extension effort is the determination

of the degree to which the power to mass ratio of a concentrated array may be superior,

if at all, to an unconcentrated array of equal power. Thus, for the systems studied,

the most significant "yardstick" for judging one concentrated system concept to be

superior to or more desirable than another is an improvement in specific power (power

to mass). Of secondary importance to specific power, however, is the reduction in

the initial array area required for a given power output. On the assumption that the

solar cells themselves may be among the most costly elements of .a photovoltaic

power system, significant reductions in array area needed to achieve a required

power may be of interest even with little or no accompanying improvement in specific

power.
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2.0	 SID51ARY AND CONCLUSION

2.1 Thin, Depl °.,yable, Gallium Arsenide Arrays

Figures 2.0-1 and 2.0-2 show the effect of concentration level on specific

power :Ior both concepts investigated. As expected,, both concepts exhibit an

optimum Cg for maximum power to mass performance. Referring to Figure 2.0-1 for

the 2D-FPT, at EOL, a maximum specific power of 143 watts /kg is obtained at Cg

= 2.5. With no concentration, approximately 120 watts /kg are delivered at EOL.

Therefore, the 2D-FPT produces an improvement in specific power of the unconcentrated

array of about 19%.

By constrast, Figure 2.0 -2 shows that for the MFPC, the maximum specific

power (achieved at Cg - 2.0 for the passive design or Cg = 3.0 for the semi-active

version) is only about 50 watts/kg. This is less than half of what is delivered by

the unconcentrated but front -lit array. The reason for the poor performance is that

the TIFFC is a back-lit design. Mirrors and attendant mass are required to provide

any sunlight on the array at all, even at C g	1.

For both GaAs systems studied, reduction in array area to achieve a 1kW

system output after a 10 year life is dramatic. Figures 6 . 0-1 and 6.0-2 illustrate

this result. As expected, both concepts exhibit an optimum concentration ratio for

maximum area reduction. Concentration beyond the optimum produces diminishing

returns as the effect of a decrease in efficiency due to temperature effects dominates

the effect of increased illumination from the increasing concentration. With the

2D-FPT concept, Figure 6.0 -1, the results are the same for both coatings considered.

The optimum concentration ratio is approximately C g = 5 and produces a reduction in

area of 55%. The curves include the effect of the 10 year radiation exposure on

the areas required. This effect was found to be between ^1% and 36% array area in-

crease to compensate for radiation degradation; the specific_ amount depending upon

the concentration level and coating.
r
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For the MFPC concept, Figure 6.0-2, VDA coated mirrors produced a cns:imum

area reduction at Cg . 5 of about 58%. This result is almost identical to that

produced by the much more mechanically simple 2D-FPT concept. However, when the

improved cold mirror is employed, a reduction in area of 77% is achieved at C g * 10.

The improvement from the cold mirror was not obtained with the 2D-FPT ,apparently

because of the nullifying effect of multiple reflections.

In conclusion, for application to a thin GaAs array at 1 AU for 10 years,

the 2D-FPT produces a 19% benefit in specific power and a dramatic 55% reduction in

array area, while the MFPC design is not only of no benefit, but it is a considerable

detriment. The benefit it achieves by reducing array area is duplicated by the

simpler 2D-FPT design.

2.2 Conventional Silicon Array on Rigid Substrate

Results for the conventional silicon cell array on a rigid substrate are

shown in Figures 6.0-1, 6.0-2, 2.0-1, and 2.0-2. However, for the optimum con-

centration condition, the pertinent results are summarized in Table 2.0-1.

From the table it can be seen that the improvement in performance due to the

concentrator with ordinary mirror coating (VDA) is quite small; 9% increase in

specific power, and 13% reduction in array area. When the concentrator mirrors are

coated with an improved "cold mirror" coating, the improvements are somewhat more

significant; 31% specific power improvement, 27% area reduction. In both cases, a

10 year exposure reduces BQL output by 23%.
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3.0 o tical Analyses,

optical analyses in the first contract extension phase of the program

was restricted to the 2o-FPT the Mi pC having been analyzed in Phase I of

the program. Analyses of the flat plate trough was carried out by a series

of ray trace studies using the matisod of images.

The objectives of the analyes were:

1.	 To determine the maximum concentration ratio possible at each mirror

tilt angle while accepting a solar axis misalignment of up to +5° and while

maintaining illumination uniformity within specified limits.

a. When restricted to single reflection

b. With multiple reflections

c. With and without oversizing as a means of accommodating sun mis-

alignment.

2.	 To determine the mirror height required as a function of tilt angle for

each of the above design options.

3.	 To determine the total integrated reflection efficiency for each of two

possible mirror coatings. A vapor deposited aluminum (VDA) or an improved

oCLI cold mirror.

G.	 To determine for each design option the percentage of the total received

light which is lost, directly received, reflected once, reflected L'Wice, etc.

as a function of concentration ratio.

5.	 To quantify the illumination nonuniformity, if any, for each design

option as a function of solar axis misalignment and concentration ratio or

tilt angle.

-8-
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All of the above objectives were accomplished by ray tracing studies

using the method of images which will now be described using the sketch

in figure 3.0-1. The trough shown in solid line in this figure is a 2D-FFT

concentrator while those shown in phantom are mirror images of that concen-

trator placed side by side. Thus, the array being concentrated together with

its images forms a polygon; while the concentrator mirrors and its images are the ex-

tensions of radii of this polygon. As an example of the procedure, entering light ray

no. 1 strikes the actual concentrator mirror at point a with an angle of

incidence 0 and is reflected with angle of reflection 0 to the opposite

mirror striking it at b'. This reflected ray ab' is similarly reflected

again to the first mirror striking it at c' and then reflected a third and

final time to the array striking it at point d'.

By the method of images, the same information is obtained by simply

extending entering light ray no. 1 as a single straight line abdd. As the

ray crosses a mirror or mirror image, it leaves the mirror at the same angle

to the normal with which it arrived. Therefore, ab - ab', be - b'c' and

cd - c'd'. Any ray so extended which does not strike the array polygon

will never reach its target but will eventually be reflected out of the

aperture and will be last. For example, entering light ray no. 2 will never

reach the array.

Using such an analysis procedure it was determined that 4 basic design

options are available for study, each resulting in a higher concentration

ratio and requiring larger mirrors than the next. Figure 3.0-2 describes, as an

example, the options for a particular reflector tilt angle and presents data on

Cg versus sun pointing error 9 for each. The option resulting in the lowest

concentration is labeled no. (S) . It also requires the shortest mirrors.
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In option 4, the mirror height is selected such that all light entering the

aperture even to the t5o extremes of sun misalignment, arrive at the array,

no light is lost, and reflected light is only reflected once for minimum

reflection losses. Option o3 is the same as option `'s, however, multiple

reflections are permitted, the number required t,4':xa°.; dependent upon the mirror

tilt angle 0. Option Q gives higher Cg but also has higher reflection losses

and longer mirrors than in ©. Option ® is the same as option Q3 but it is

initially designed for incoming light which is not misaligned. This gives

a still larger value of Cg and mirror height. When option (D receives mis-

aligned light, some of the light is lost and the concentration ratio de-

creases as shown in the figure. Option 10 produces the maximum concentration

ratio achievable at all values of sun misalignment 8. It accommodates sun

axis misalignment by oversizing the mirror height. In this design a constant

portion of the entering light is lost for all values of ® including perfect

alignment, 0 - Oo.

Option Q was eliminated when it was determined that, for the other options,

within the limits of practical mirror heights, the percent of the incoming light

which ends up with multiple reflections is relatively small and hence

the additional reflection losses are small in these other options while they

. ,4 41 ,4 significantly higher Cg than in option L

Option t2 was eliminated because, as shown in figure 3.0-2, it produces

:g  drop-off as the sun misalignment is increased to ±50.

For the remaining options; O with light loss and 
G 

with no light

;s, curves of Cg versus tilt angle and R(area ratio = 2 L/W) versus tilt angle

re generated. (Figures 3.0-3 and 3.0-4). To evaluate these results the effectiveness

-12-
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ratio Cg/R was plotted, Figure 3.0-5. Based on this curve, the optimum

design would appear to be option U3 , the no light loss design. However,

before this selection was made, the nonuniformity of the final light arriving

at the array was evaluated. The results are shown in figure 3.0-6. Based

on this result, the no light loss design, option V3, exceeds the ±15% non-

uniformity limit; of the contract and was eliminated, leaving option nl

the lost light design, as the chosen configuration.

Reflection Efficiency

To evaluate the reflection losses for the chosen design option, 2

mirror coatings were considered. The first,'as in the earlier phases of the

contract is vapor deposited aluminum (VDA) which produces a conventional

highly reflective mirror. The second is an OCLI "cold mirror" coating, a

spectrally selective coating which has improved properties over the cold

mirror coating previously evaluated in Phase I of this contract. Data on the

improved coating was not available during phase I but was made available to

RAC by OCLI in time for the contract extension phase. Figure 3.0-7 is a

curve of the spectral reflectance of the coating. Figure 3.0-8 is a curve

of the normalized	 response of a typical solar cell while being directly

illuminated by X-10 standard NASA sunlight, plotted versus wavelength. The

overall or integrated effective reflectance (ER) of the OCLI coating was

obtained by a simple* numerical integration procedure as follows:

1.2

r

Ref1 t (IAMO * ReS ) da

ER	 .35	 = .613	 .8029

1.2	
. 

3
3613

J	 (IAMO * Res) da

.35

ilk



in this integral,

Refl = Reflectance of cold mirror as a function of wavelength

(Figure 3.0-1)

IAMO w Thekakara's Solar Spectrum at Mi0 in watts/cm 2 , a function of X.

Res	 Response of solar cell. The short circuit current output in amps

per watt of solar intensity, a function of *A..

(IAMO • Res) - Cell response from direct solar light (Figure 3.0-8).

Earlier data available on the reflectance of the OCLI cold mirror coating yielded

a value of ER - 0.64. This was the value used in the calculations of the original

contract.
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For the VDA coating, the effective reflectance was again ER - 0.9 as

used and explained in Phase I. Also as in Phase I, an additional lose of

106 due to geometric distortion of the mirrors was included with each re-

flection.

To determine the final effective concentration ratio for each value of

the tilt angle or equivalently for each value of the geometric concentration

ratio, it was necessary to determine the apportionment among the number of

reflections of the total, light entering the aperture. That is, for each

value of G$, a certain percentage of the entering light is directly received

by the array, another percentage is reflected once before arriving at the

array, a different amount is reflected twice, etc.. This data was readily

obtainable using the method of images, and the results for the chosen lost

.ight design, option 1, is shown in fi.g,ure 3.0-9. For reference, 4he

analogous results for the rejected design option 3 is shown in figure 3.0-10.

Using the data from figure 3.0-9-and accounting for the previously

described reflection losses, the total light received at the array was

calculated and expressed as a percentage of the total light entering the

concentrator aperture; excluding, of course, the lost light. In these calcu-

lations, each reflection passes on 81% of the incident light with the VDA

(.9 distortion X .9 reflectivity), and 72% with the cold mirror (.9 distor-

tion X .80 reflectivity). The losses go up rapidly with increasing number of

reflections. For example, the reflection efficiency for any portion of

light reflected three times is (.72) 3 - 0.37 for the cold mirror or (.81) 3= 0.53

for the VDA. However, in the selected design, for a practical range of mirror

area ratios, the percentage of total light reflected more than once tends

to be small. The results of the overall or total, reflection efficiency

calculations are shown in Figure 3.0-11 for the cold mirror and Figure 3.0-12

for the VDA.
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4.0 Thermal Analysis

The thermal analysis task during the contract extension period included the

following:

o Extension of the MFPC analysis, repor ed in the interim final report, to

an array design utilizing GaAs solar cells at 1 AU.

o Prediction of array temperatures for a GaAs flexible array at lAU aug-

mented by a 2D-FPT concentrator (Flat Plate 'trough design) assuming

either a VDA or "cold mirror" concentrator reflector finish, and

o Prediction of array temperatures for a conventional (8 mil) silicon cell,

rigid substrate array at IAU augmented by the 2D-FPT.

The GaAs array temperature predictions for the MFPC design are given in Figure 4.1.

The computational methods described in Ref. 1 were used to predict array tempera-

tures for VDA and cold mirror reflector finishes. The latter case is shown para-

metrically with the effective coating reflectance in the wavelengths from which

electrical power is generated. Spectral analysis of recent OCVI data indicates

this reflectance is approximately 0.72 (See 5.0 Section). Solar cell open circuit

solar absorptance (QCo,_= .76) was taken as the average derived from the GaAs spec-

tral reflectance measurements given in Figure 4.2. Cell efficiency, accounted for

in the array thermal heat balance, was taken from data presented in Section 5.0.

Total reflectance, transmittance, and emittance of the cold mirror and effective

cell absorptance (reflected illumination) were derived from earlier OCLI data

presented in Reference 1.

GaAs array temperature predictions at 1AU for a VDA 2D-FPT concentrator

reflector are given in Figure 4.3 as a function of reflector tilt angle, 0. The

Y,

-25-
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concentrator configuration was assumed oversized to accommodate a -5 degree

F

sun alignment error with multiple reflections. Concentration ratios and multiple

reflection patterns, accounted for in the analysis, are given as a function of

¢ in Section 3.0. Effects of cell output degradation after 10 years in geosyn•••

J	 chronous orbit are also shown. This is based on efficiency degradation given in

Section 5 . 0. Reflector loss caused by surface distortions was assumed to be

10 percent. This loss was applied to each successive reflection in those cases

where multiple reflections occur. Array backside emittance was assumed to be

0.8. Temperature difference across the array thickness was neglected. Similar

results are given in Figure 4.4 for a cold mirror reflector finish. These pre-

dictions were based on cold mirror total reflectance, transmittance, and effec-

tive cell absorptance values derived from the OCLI coating spectral data given

in Figs. 4.5 & 4.6. The coating emittance was assumed to be 0.5, - that of the

substrate. Effects of infrared thermal backloads from the reflectors to the array

are relatively small ( .c. lO0C) for either reflector finish and were estimated by

the technique described in Reference 1.

Array temperature predictions for a conventional silicon cell, rigid array

at 1AU with a 2D-FPT concentrator are shown in Figure 4.7 for VDA and cold mirror

reflector finishes.

Cell properties	 K6 3/4) defined in Reference 1 were assumed. The aluminum

honeycomb array substrate, described in Section 7, was assumed to be approximately

5/8 in. thick, 3/6 in. cell aluminum honeycomb core with aluminum facesheets,

having a through thickness thermal conductance of 13 Btu/hr-ft 2 oF. The array

backside emittance was taken as 0.8.
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5.0	 Solar Cell Analysis

"	 The scope of this task during the first extension phase of the subject

contract was limited to the performance of one specific silicon and one

specific gallium arsenide solar call 	 for which Hughes has actual test data.

5.1	 Baseline Cell Description

5.1.1	 Silicon Solar Call

Base resistivity 10„2cm

.function depth Shallow

Back surface field No

Back surface reflector Yes

Sculpture No

Anti-reflection coating Dual AR

Efficiency @ 280C 13%

Life 10 Years

Cell thickness 0.008 in.

Cover material Fused silica

Cover thickness 0.006 in.

Temperature 550C

Orbit Synchronous

5.1.2 Gallium Arsenide Solar Cell

Window	 0.5 fpm

Growth	 Liquid Epitaxial

Anti reflection coating	 Ta205

Thickness	 0.002 in.

Cover

Material	 Fused silica

Thickness	 0.003

* GaAs cells are currently being made with thinner windows, between
0.1 and 0.2 

141M.
-34-
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5.1.2 Cont'd

Efficiency @ 280C	 16%

Temperature	 5500

Life	 10 years

orbit	 Synchronous

5.2 Radiation Effects

The synchronous radiation environment was taken from the JPL Radia-

tion Handbook 77-56. No solar proton effect was taken into account since

that phenomena is launch date dependent. Taking into account thye, front

and back side shielding,, the following represent the assumed annual equivalent

1 MEV fluence at the cell junction.

Si	 Ga

front 3.14E13	 4.77E13

back 2.5E13	 4.77E13

Total,	 5.64E13	 9.54E13

The silicon solar cell degradation was then taken directly from figure 3-58

of the referenced handbook. The Gallium cell degradation data was taken from

limited radiation testing performed by JPL for HAC. Theory would say that

the Ga cell should have superior radiation performance than Si. However,

the limited testing to date on a 0.5 ,A(n window cell has shown a performance

very similar to that of a 10 em back surface field cell. This performance is

inferior to that of a conventional 10.ILcm cell and would improve as the window

layers were decreased to between 0.1 and 0.2 /"m.
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5.3 'Temperature Effects

The temperature coefficients for Si were derived from fig. 3.16 of the

referenced handbook taking into account the radiation dependence. Only

limited Ga daa on unirradiated cells is available at this time so the temp

coefficient (^' 4 that of Si) was held constant during the 10 year life.

(As shown in Fig 3-16, JPL Rad. Handbook) the temperature dependence de-

creases with increased radiation dosage thus accounting for the BOL & EOL

carves crossing over.

5.4 Results

The efficiencies, corrected for temperature and as a function of radi-

ation dose, are shoim below for the 55 0 case. These data, including

temperature coefficient data are plotted in Figs. 5.0-1, 5.0-2 and 5.0-3.

Although the Ca degrades more rapidly than the Silicon cell its end of life

performance at 550C is still substantially better than the Si performanc

1 Sko	
Efficiency at 550CElectrons	 Y

Ca

0	 11.1	 14.8

10 13 	11.1	 14.6

1014	 11.04	 13.7

10 1	9.76	 1111
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6.0 System Evaluation

For each design configuration that was considered, the primary system

evaluation task was to determine the required area of the array and of the

concentrator mirrors for each value of C g such that the system would generate

2KW of power after 10 years in geosynchronous orbit. All computations were

initially carried out on a per unit area basis.

As a starting point it was necessary to find the unconcentrated BOL

and EOL power per square foot for each of the two solar cell arrays specified

by the contract statement of work. First for a conventional, Chick Silicon

array on a rigid honeycomb substrate and then for a thin GaAs array on a

thin flexible substrate. 'These initial unit power calculations were based

on 550C temperature, AMO, geosynchronous orbit. The basic formulae employed

to find P, the power per unit area before concentration, is

P = Solar constant x Cell operating efficiency x Packing factor x loss factors.

A 90% packing factor was used and the-loss factors employed were .97 for

assembly loss, .96 bussing loss and .995 diode loss.

Thus, using the cell efficiency data presented in Section 5.0, for the

silicon array,

PBOL = 135.3 x 0.111 x .90 x .97 x .96 x .995

- 12.52 M2

- 11.61 watts :3OL

.0966 x 11.61 = 10.1 
watts/ft2 

EOL
PEOL	 .111

and for the GaAs array,

PEOL = 
135.3 x .148 x ,90 x .97 x .96 x .995

= 1.6.7 mw—2 = 15.51 
watts/ft2 BOL

cm

PEOL = 15.51 x .148	
11.84 watts EOL

-40-
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To size the array for the concentrated System parametrically, the following

expression was used:

2000 watts - A x PEOL x C x (RE) x Ntemp
g	 NS50EOL

where:

A - area of the array required, ft  (The dependent variable)
	 I

PEOL = End of life power per unit area at 55 0C, watt9/£t2

CG = Geometric concentration ratio (the independent variable)

(RE)	 Reflection efficiency from figure 3.0-11 or 3.0-12, a function of

Cg and mirror coating considered.

'temp	 End of life cell efficiency from section 5.0 evaluated at the

predicted end of life cell temperature from section 4.0, a function

of Cg and mirror coating.

N550CEOL - End of life cell efficiency at 55 00, from section 5.0

The results of this procedure, as described, are shown in figure 6.0-1

for 2D-FPT (V trough) designs and in figure 6.0-2 for the MFPC designs. In

all cases, optimum concentration to produce maximum array area reduction is

indicated by the "knee" of these curves. At concentrations in excess of

these values, temperature effects on the efficiency of the cells produce

diminishing returns.

Clearly, the most dramatic reductions in required array areas produced

by concentration, occur in the Gallium Arsenide concepts. 	 With VDA

coated mirrors the maximum reduction in array area is almost identical in

the 2D-FPT and MFPC designs; 55% and 58%, both occurring at the same concentration

ratio of about 5.5. With the improved cold mirror coating, a 77% reduction

,/!	 -41-
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results with the MFPC but no improvement over the VDA is found in the

2D-FPT because of the effect of multiple reflections inherent in this concept.

(See Section 3.0).

In the Silicon solid substrate array concept, the maximum reduction in

array area is minimal with the VDA coated mirrors; only 13% at Cg n 2.5.

The cold mirror coating here produces a somewhat improved result with 27%

reduction at Cg - 3.0. The greater sensitivity of the silicon cell to

temperature effects account for its poorer showing as compared to Callium

Arsenide.
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7.0	 Wei ght Estimates

To determine specific power of the various concepts studied, it was necessary

to estimate the total system weight of each concept as a function of the geometric

concentration ratio.

MFPC Concepts

For the semi-active version, this was accomplished by using as a baseline or

starting point, the detailed weight breakdown for the specific MFPC design presented

in Vol. 2 of the interim final report. Here, the total weight of the system is 196

lbs. when:

the array area = 173 sq. ft.

C = 16
g	 22.8 lbs.
array density = 17^ 0.132 lb/ft 2 , (thin silicon cell).

on the other hand, for each point on the required weight vs. C g curve for the

geosynchronous 2 kW MFPC version, .a different array area was required at a slightly

different density (0.189 lb/ft 2 , thin GaAs cell). Also, each point required a

different and lower C g than the 16 used in the baseline weight breakdown and thus a

smaller number of mirrors. By grouping the items in the baseline weight breakdown

by those that would be proportional to array area and density; those that would be

proportional to the number and size of mirrors; and those that would tend to be

almost constant with changes in these parameters, it was possible to estimate the

final system weight for each point on the required curve.

Weight for the passive version of the 2 W geosynchronous MFPC were obtained

by a ratio process in which the weight versus C g curves for these versions as obtained

during phase I of the contract were. employed. The ratio of the weights of the passive

and active versions at each C g as obtained from these curves was used as a multiplying

.=►l	 -45-
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factor to convert the active MFPC geosynchronous weight data to the corresponding

passive weights.

2D--FPT (V-Trough) Concepts

Two V-trough design concepts were considered in the first extension phase of

the contract. One was a fully deployable system employing thin Gallium Arsenide cells

on a light weight flexible substrate in which both reflector mirrors and the array

are wound on a drum. The other design concept simply involved the addition of mirrors

and mirror support and deployment hardware to an existing rigid (non-furlable)

silicon solar array.	 Both designs were conceptualized sufficiently to

permit rough or first cut weight estimates to be generated as a function of concen-

tration ratio (hence as a function of mirror and array sine). In both designs, the

array area was adjusted for each concentration ratio investigated such that a constant

power output of 2 kW at 10 years end of life is generated. Figure 7.0-1 is a simple

illustration of one wing (half of a 2 wing 2 kW pair) of the flexible drum wound

Gallium Arsenide array after deployment. '

Prior to stowage, the reflector film is ac:cordian folded over the fully ex-

tended array. The reflector and array are then wound on a 20 inch nominal, diameter

drum. The drum length is equal'to the full solar cell array width.

The drum wound array is then housed in a split cylinder. A telescoping rectangular

graphite epoxy deployment mast is fixed to the drum array support cylinder half.

The deployment procedure begins with the extension of this mast. This mast is not a

conventional astro mast type but is rather an original Hughes design concept which

Hughes believes to be considerably more weight efficient and rigid than an astro mast.

Extension of this mast is also an original Hughes design concept in which a two sheave

cable be"t reciprocating drive is utilized. Segments are rigidly locked as deployed

with the final segment sprung rather than locked to maintain required tension. In a
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similar manner, the reflector is deployed by sequential extension of masts and

cross arms fixed to each of the housing cylinder halves. For maximum stiffness

to mass ratios, graphite: epoxy resin construction is assumed for all structural

members.

The rigid substrate silicon array concept began with a substrate defined by

the contract extension statement of work. This consisted of a sandwich construction

with aluminum face plates and honeycomb core, similar to the FLTSATCOM array. The

specified rigid array, unconcentrated, was found to weigh 0.88 lbs. per square foot

of area.

In both 2D-FNT concepts, the mirror lengths for each concentration ratio were

based on the optimum lost light design configuration described in Section 3.0, while

the array areas required were obtained as described in Section 6.0. The effect of

the improved cold mirror reflector coating as compared to the ordinary aluminum

mirror (VDA) was included in the weight estimates. The results of the weight cal-

culations are summarized in Figure 7.0-2.

In this figure, all of the weight versus concentration ratio curves for the

concepts studied exhibit, initially, a decreasing total weight with increasing con-

centration. As the concentration goes up; the array area hence array length and

weight required to produce 2 W EOL goes down. Of course, the mirror width increases

to produce higher concentration but this is offset, initially, by the decreasing

trough length. However, as concentration is further increased, the required mirror

width and thus support structure weight begins increasing more rapidly because of

the optics, while the array area begins decreasing less rapidly due to thermal effects.

In every case, the result is a knee in the weight curve at relatively low concentration

(between Cg = 2.5 to 3.0).
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