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PREFACE

The work described in this report was performed by the Control and Energy
Conversion Division of the Jet Propulsion Laboratory. The flight was conduc-
ted with the cooperation of the National Scientific Balloon Facility, located

in Palestine, Texas. A summary of the data is presented.

ABSTRACT

The 1979 scheduled solar cell calibration balloon flight was successfully
completed on August 8, meeting all objectives of the program. [Fhirty-eight
modules were carried to an altitude of about 36 kilometers. These calibrated
cells can be used as reference standards in simulator testing of cells and

arrays.
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SECTION I

INTRODUCTION

The primary source of electrical power for unmanned space vehicles is
the direct conversion of solar energy through the use of solar cells. As ad-
vancing cell technology continues to modify the spectral range of solar cells
to utilize more of the sun's spectrum, designers of solar arrays must have in-
formation detailing the impact of thesc modifications on cell conversion effi-
ciency to be able to confidently minimize the active cell area required and
hence the mass of the array structure,

Since laboratory simulatisu of extra-atmospheric solar radiation has
not been accomplished on a prac.icul scsle with sufficient fidelity, high
altitude exposure must be taken as the Lest representation of space itself,
The errer due to residual atmosphere may be computed using

2 *
LR Ty E A = (l-e) R E (1)

x Ty By 8y A A

cell spectral response

i

where RA

E, = extra~atmospheric solar spectral irradiance (AMO)

3
i}

sky path spectral transmigsgivity
e = fractional departure from true AMO response (error)
T, can be computed using

TA = Exp -~ (TA sec Z)

where T, spectral extinction optical thickness (Reference 1)
Z = golar zenith angle

The actual limits (n Eq. (1) will be determined by the cell spectral
response, RA'

The values of these summations have beern computed for transmissivities
corresponding to an altitude of 36 kilometers (the altitude of this flight)
and four solar zenith angles using available data (References 1 and 2). The
spectral extinction optical thickness is plotted in Figure 1. Values of
percent error (100e) vs, solar zenith angle for two representative cell spec-
tral responses (given in Figure 2) are shown in Figure 3. Data on this flight
was taken for solar zenith angles between 25 degrees and 23 degrees. It is
seen that the flight altitude used in these calibrations is such that the
computed error due to residual atmosphere is negligible.

To reach and maintain the required altitude, the calibration program
makes use of balloons provided and launched by the National Scientific Balloon
Facility, Palestine, Texas.

Y
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SECTION II

PROCEDURE

To insure electrical and mechanical compatibility with other components
of the flight system, the cells are mounted by the participants on JPL-supplied
standard modules according to directions in Reference 3, which details mater-
ials, techniques, and workmanship standards for assembly. The JPL standard
module is a machined copper block 3.7 cm x 4.8 cm x 0.3 cm thick, rimmed by
0.3 cm thick fiberglass, painted a high reflectance white, with inculated
gsolder posts and is permanently provided with a precision (0.1 percent, 20
ppm/©C) load resistor appropriate for scaling the cell output to the tele-
metry constraints. This load resistor, 0.5 ohm for a 2 ecm x 2 cm cell, for
example, also loads the cell in its short circuit current condition.

The mounted cells are then subjected to preflight measurements in the
JPL X25L solar simulator. This measurement when compared to a postflight
measurement under the same conditions may be used to detect cell damage or
instabilities.
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Prior to shipment to the launch facility, the modules are mounted on
the sun tracker bed plate, Figure 4.

Upon arrival at the Palestine Facility, the tracker and module payload
are checked for proper operation, the data acquisition and Pulse Code Modula-
tion telemetry systems are calibrated, and mounting of the assembly onto the
balloon is then accomplished, Figure 5.

At operating altitude the sun tracker bed plate is held pointed at the
sun to within %1 degree, The response of each module, temperatures of
representative modules, sun lock information, and system calibration voltages
are sampled twice each second and telemetered to the ground station where they
are presented in teletype form for real time assessment and are also recorded
on magnetic tape for later processing, Float altitude information is obtained
from data supplied by the balloon faecility,

SECTION III

SYSTEM DESCRIPTION

A solar tracker mounted in a frame on top of the balloon carries the
module payload while the transmitter of the data link is located in the lower
Gondola along with batteries for power and ballast for balloon control., At
completion of the experiment, the upper payload and lower gondola are returned
by parachutes and recovered, A more complete description of the system in-
cluding the sun tracker can be found in Reference 4.

SECTION IV

DATA REDUCTION

The raw data as taken from the tape is corrected for temperature and
sun-Earth distance according to the formula (Reference 5)

2

v28,l = VT,R (R®) = a(T-28)
where VT,R = measured mcdule output voltage at temperature T and distance R
R = sun-Earth distance in astronomical units
o = module output voltage temperature coefficient

T = module temperature in ©C

The value of o is supplied by the participant,
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Figure 4. Typfical Solar Module Payload Op ,~4(

Figure 5. Balloon Mount
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The ealibration value is taken to be the average of 200 consecutive
data points taken around the time of solar noon after indicated temperature
stability.

The flight data were thus rveduced and modules with their data and eali-
bration values were returned to the participants, This information is col=
lected in Table 1, The placement of modules on the field of the tracker bed
for the 1979 flight is shown in Figure 6.

Table 1. Cell Calibration Data

O i

BALLOON FLIGHT T9=) DATE Gef=T79 ALTITURE 1374000 RVS1,03392 >

CHANNEL HOCULE ORGANIZATION TEMP, INTENSITY STANDARD ARD¢SOLAR SIN, CORPARISONGSOLAR B
NUNEER  NUMBELR ¢CoE ADJs AVERAGE BCYIATION 1 AUy 28 OCGoC SINULATOR & FLT
MILLIVOLTS PREFLY POSeFLY PREFLY FLIGHY
V3, Y5

POS«FLY PRE=FLY
(PLCRCENT) (PLRCENT)

1 79«001 Pris 87,77 «0992% 86470 86400 =e8) 123
2 19126 ocL1] 83049 o 0806) 80490 8110 25 o753
3 19«113 HUGHES 56443 08701 86400 85.9% e 09 o 76

4 19=101 HUGHL S 29439 08709 2975 28.90 “2406 *]e23 9
5 Th=208 JEL 56070 0FYET 8Re10 88430 wld 3002
[ 19=11% HUGHE S 86477 08353 56470 56078 00 013
? T9~132 TRY 13458 008387 73485 73483 =03 LI
b 19=002 JPL a4.30 + 08978 83eb0 B3e20 46 «83

9 T6=105 HUGHE S 82,20 09530 80695 81,00 06 1,54 !

19 19=134 TRY 75407 «00434 75430 TAB0 1] o 08 ;
11 79=107 HUGHE S 4T.42 08959 31450 30670 “2454 86489

12 13«18 Pk 66496 «09882 67490 68400 [3%-] 138 1

13 19-103 HUGHES 24,33 2008678 26410 2570 =1e%3 “6¢79 i

14 BFS«}TA JPL 60418 08073 60040 61.00 39 LILM

15 T9-127 ocLs B2.07 09412 8375 81430 LTy 1) A0 "
16 Th=3107 HUGHLS 69450 230645 60405 8800 “s0b 1063
17 19=003 JPL 62045 «070A1 B1+85 8le60 e 31 73
18 19=122 ocLl 84,37 +105%594 83.65 83433 »e38 .1
19 731482 V48 67403 09426 68465 6Be05 29 =119
20 70=110 HUGHE § 95402 «07924 93495 93,75 o2l TR L]
21 719133 TRY 713458 24430 7385 T3040 ~eb} =36
22 19=109 HUGHE S 21400 07746 20490 20490 00 065
23 19=-136 TRY 75622 0008212 7530 78,20 3% ) o15
24 19004 JPL B3e43 «087%6 83405 B2478 =36 b
2% 79»205 HUGHES 28453 008429 3770 37443 ol ~28433
26 T16+001 JPL 67432 07523 6840 68.68 37 14588
27 79=-005% JPL 76439 007775 Tbe20 T5.70 79 12
28 19-006 JPL 1930 #3197} 79655 7906 ~eb2 LYR 3}
29 19=-007 JPy 83489 07629 BYe 55 8358 200 ah}
30 79~008 JPL 81.2% 09327 80490 80.70 .25 LL)
31 19009 JPL 79433 07772 78695 168.90 el 48
32 19-111 HUGHE S 63455 »30558 63450 [YXLL] LINY Y] «08
33 19-010 JPL 55,14 «07319 554 3% 55427 el =35
34 791244 ocL1 78420 »09398 77435 TT70 bl 1410
35 79+31248 ocL! 77493 2+ 08796 The90 TTe37 s61 1034
36 19014 JPL 59423 «0927) 59460 59.20 b7 “eb}
37 19=012 JPL 72 .88 07837 TR98 7265 ~eb] “el0
38 17-007 Pk 6101 «09%28 6090 60495 08 o118

AVERAGE TEMPERATURE (DEGSC) AT FLOAT ALJITUDE 3 45,95
a
6
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Figure 6. Module Location Chart

A detailed discussion of data reduction and an analysis of system error
may be found in Reference 4.

SECTION V

MONITOR CELLS

Several standard medules have been flown repeatedly over the l6~year
period of calibration flights. The vecord of the one with the longest his-
tory, BFS~17A, appears in Table 2. This data shows a standard deviation of
0.39 percent and a maximum deviation of 0.92 percent from the mean.

In addition, the uniformity of the solar irradiance (i.e. no spurious
reflections, shadowing) over the field of the modules has been demonstrated
since the location of this module was changed in that field from flight to
flight.
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Table 2. Repeatability of Standard Module BFS-17A
(31 Flights over a l7-Year Period)
Flight date Output, mV Flight data Output, mV

9/5/63 60.07 8/5/70 60.32
8/3/64 60.43 4/5/74 60,37 i
8/8/64 60.17 4/23/174 60,37
7/28/65 59.90 5/8/74 €0,36
8/9/65 59.90 10/12/74 60.80 N
"/13/65 59.93 10/ 24/74 60,56 ‘
7/29/65 60,67 6/6/75 60.20
8/4/66 60,25 6/27/75 60.21
3/12/66 60,15 6/10/77 60.35
8/26/66 60.02 8/11/77 60.46
7/14/67 60.06 7/20/78 60.49
7/25/67 60.02 7/8/79 60.14
8/4/67 59.83 dean 60,25 |
8/10/67 60.02 ‘
7/19/68 60.31 std. Deviation 0.24 |
7/29/68 60.20
8/26/69 60.37 Maximum deviation 0.55
9/8/69 60.17 E
7/28/70 60.42 |

Fach data point is an average of 20 to 30 points per flight for
period 9/5/63 to 8/5/70.

For flights on 4/5/74 through 7/1/75 each data point is an average
of 100 or more flight data points.

For flights rtarting in September 1975, each data point is an average

of 200 data noints.

SECTION VI

FLIGHT PERFORMANCE

The launch at 0700 hours, CST, on August 8 was accomplished without inci-
dent as was the float phase, The tracker was energized at 1045 hours, CST, at
an altitude of 35.7 kilometers with sun~lock occurring within 2 minutes, Data

was taken for solar zenith angles between 25 degrees and 23 degrees.

The

flight was terminated at 1145 hours, CST. Although the parachute did not
fully deploy and the tracking beacon failed, the payload was recovered the

following afternoon undamaged.
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\ SECTION VII

CONCLUSTONS

: 1. As emphasized by the history of repeatability of cell BFS-17A, viz
+1 percent (see Table 2), silicon cells when properly cared for are stable for
long periods of time and may be used as standards with confidence.

I
|
: 2. The calculated error due te residual atmosphere on this flight is }
less than 0,10 percent for silicon cells and less than 0.13 percent for gal~ ;
. lium arsenide cells, 1
g 1

|

3. As advancing technology continues to favorably modify cell spectral
response, continued calibration of solar cells under AMO conditions is re-

quired to assure that solar panel performance with all its ramifications can
be accurately predicted.
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