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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 con-
ducted with the cooperation of the National Scientific Balloon Facility,

located in Palestine, Texas.

ABSTRACT

The 1982 scolar cell calibration balloon flight was successfully completed

on July 21, meeting all objectives of the program. Twenty-eight modules

were carried to an altitude of 36.0 kilometers. The calibrated cells can

now be used as reference standards in simulator testing of cells and arrays.
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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 advancing
ce'l technology continues to modify the spectral response of solar cells to
utilize more of the sun's spectrum, designers of solar arrays must have
information detailing the impact of these modifications on cell conversion
efficiency to be able to confidently minimize the active cell area required

and, hence, the mass of the array structure.

Since laboratory simulation of extra-atmospheric solar radiation has not been
accomplished on a practical scale with sufficient fidelity, high altitude
exposure must be taken as the best representation of space itself, While a
theoretical prediction (Reference 1) and experimental evidence have suggested
that an altitude greater than 30 kilometers is sufficient to give space
equivalent calibration, the final decision as to an adequate altitude must
await the results of the space shuttle solar cell calibration experiment

scheduled for May 1984.

To reach and maintain the chosen altitude of 36 kilometers, the calibration
program makes use of balloons provided and launched by the National Scientific

Balloon Facility, Palestine, Texas.



II. PROCEDURE

To insure electrical and mechanical compatibf]ity'with other components of
the flight system, the cells are mounted by the participants on JﬁLLsgpp]ied
standard modules according to directions in Reference 2, which details |
materials, 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
insulated solder posts and is permanently provided with a precision (0.1
percent, 20 ppm/°C) load resistor appropriate for scaling the cell output to
the telemetry constraints. This load resistor, 0.5 ohm for a 2 cm x 2 cm

cell, for example, also loads the cell in its short circuit current conditicii.

The mounted cells are then subjected to preflight measurements in the JPL

X25L solar simulator. These measurements, when compared to postflight measure-
ments under the same conditions, may be used to detect cell damage or insta-
bilities. Prior to shipment to the launch facility, the modules are mounted

on the sun tracker bed plate (Figure 1). Upon arrival at the Palestine
Facility, the tracker and module payload are checked for proper operation, and
the data acquisition and Pulse Code Modu];tion telemetry systems are calibrated.

Mounting of the assembly onto the balloon is then accomplished (Figure 2).

At operatirg altitude the sun tracker bed plate is held pointed at the sun to
within + 1 deg. 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
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Figure 1. 1962 Solar Module Payload
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for later processing. Float altitude information is obtained from data
supplied by the balloon facility. A nlot of altitude in kilometers versus
Central Daylight Time for the 1982 flight is shown in Figure 3.

ITI. 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 baljast 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;

including the sun tracker, can be found in Reference 3.
IV. DATA REDUCTION

The raw data as taken from the magnetic tape is corrected for temperature and

sun-earth distance according to the formula (Reference 4):

Vpg 1 = V1 g(R%) - a(T-28)

where
Vr,p = measured module output voltage at temperature T and distance R
R = sun-earth distance in astronomical units
o = module output temperature coefficient (supplied by participants)
T = module temperature in °C.
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The calibration 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 reduced, and modules with their data and calibration
values were returned to the participants. This information is collected in
Table 1. The placement of modules on the field of the tracker bed for the
1982 flight is shown in Figure 4,

A detailed discussion of data reduction and an analysis of system error may
be found in Reference 3. The error in the calibration values due to radiation
absorption and scattering by the residual atmesphere at float altitude is

estimated to be less than 0.2 percent (Reference 1).

V. MONITOR CELLS

Several standard modules have been flown rep2atedly over the 20-year period
of ¢-iibration flights. rthe record of the one with the longest history, BFS-
17A, appears in Table 2. This data shows a standard deviation of 0.23 percent

and a maximum deviation of (.58 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

f1ight.
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Table 1. Cell Calibration Data

AALLOON FLIGHT 82=1  CATE 7-21-82  ALTITUDE 36.00 KM  RV=21,0161

CHANNEL  MDDULE ORGANIZATION TEMP. INTUNSITY STANDARD AMCy SOLAR SIMe COMPARISONySOLAR COMMENTS

NUMBER

TO B3 B3 1S 29 s 1o 0 1o e 2t e
R e OSSOV P IR > Y © LIS DS -

N3
o>

AN RS D
(B R

R4
E=J

L3
A2

NUMBER

=104
79-01)
13-011
BFS«17A
A2=~120
a1 ~139
RN i
(i
be ~3 61
m=-110
A2 «15%
A2-170
T3-182
A =00R
HE=122
78+209
f2~154
B82=~172
72-013
B2 =152
N2=001
a1 =002
a2=174
80=009
80 ~006
T3-143
81-004
Bl-N06
100-MV
J0=-NV
a0~HY
2=MV

conr

HUGHES
JPL
JPL
JPL
TRW
HUGH ES
HUGH ES
JPL
MFLCO
HUBHES
SHARP
HUGHES
JPL
JpL
TRW
JPL
SHARP
HUGHES
JPL
MELCO
JPRL
JPL

HUGHES
JPL
JPL
JPL
uPL
JR

ADJe AVFRAGE OFVIATION 1 AUs 28 DEG.C SIMULATOR & FLT
PRE«FLT POS=FLTY PRE-FLT FLIGHT
VS« VS,
PCS~-FLT  PRE~FLTY
(PERCENT) (PERCENT)

Bl.1? 03732 19.690 T9.60 «00 2.00 CUSY RERUN
7307 « 04284 1890 1870 =~s25 »21 SoL~vJC
Gheld «04830 3510 5%5.00 =18 v 06 HAC €AAS SL
97.86 «050 84 60.70 €0.70 «00 ~1.38 MOMNTOR
T5. 84 06333 7500 75.00 «00 1.12
24414 «05410 22.40 22.10 ~1.34 T 76 81 SFARE W/F
13.32 «04573 T3.00 72.80 =27 +54
6751 «05081 68430 6860 XL ~1.16 TS FONITOR
61le449 #05455 60440 6030 17 1.75 GAAS
I%.41 06216 9280 92.90 edl 2.81 CUSY RERUN
59,43 02878 58.70 58.70 «00 124 GAAS
7154 «D4R72 716460 Thed0 e 26 126 KA 3/4
ofie03 04714 68.50 6870 29 -+ 68 T1 MCNITOR
Aledd «03578 80.70 80.60 ~e12 «78 Ke 374
15817 +07464 7520 ThHs10 ~el3 90
89.61 0T483 8660 B6.70 «12 Je A8 JEX
58.91 «05033 5850 Sf.30 ~e 34 71 GAAS
80«64 « 06064 7990 7960 ~»38 *98 KE 374
Ghell «03721 56.50 5640 -e18 =66 HAC CAAS WL
6l.22 «0502%5 6050 60.40 ~al7 1.20 GAAS
5369 «05119 G600 S5 80 =36 =e 57 HAC GAAS SL
86.82 «05109 B4.90 84.80 -al2 2426 K7
086335 06512 BA.R0 B6.50 »e33 1.79 K7
78.0% «04620 7710 77.10 «00 1.24 KA 374
A0eds 085202 78.50 The 80 ~e13 2449 Keé 172
66.97 06074 67.70 68.20 74 ~1.08 T4 MONOTOR
T7.52 04133 1540 76420 ~e26 1.46 K4 374
12445 «04437 71430 T1.40 =14 1.63 K4 3/4
9943 3¢ «04495 «00 «00 .00 «00
Te594 04703 «00 «00 «00 « 00
49485 «04952 «00 «00 «00 « 00

«00¢ «00000 «00 «00 .00 «00

* INDICATES CHANNEL FOR MHICH NO TEMPERATURE COEFFICIENT WAS PROVIDED.
AVERAGE TTMPERATURE (DEG.C) AT FLOAT ALTITUDL = 49.40
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Table 2,

ORIGINAL PAGE I3
OF POOR QUALITY,

Repeatability of Standard Solar Cell BFS-17A
(34 flights over a 20-year period)

Flight Date Qutput, mv Flight Date Output, mv
9/5/63 60.07 8/5/70 60.32
8/3/64 60.43 4/5/74 60.37
8/8/64 60.17 4/23/74 60.37
7/28/65 59.90 5/8/74 60. 36
8/9/65 59.90 10/12/74 60.80
8/13/65 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
8/12/66 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 8/8/79 60.14
8/4/67 59.83 7/24/80 60.05
8/10/67 60.02 7/25/81 60,07
7/19/68 60.31 7/21/82 59.86
7/29/68 60.20
8/26/69 60.37 Mean 60.22
9/8/69 60.17 Std. Deviation 0.23
7/28/70 50.42 Maximum Deviation 0.58

Each 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 starting in September 1975, each data point is an average of

200 data points.
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VI. CONCLUSIONS

-

As emphasized by the history of repeatability of cell BFS-17A, viz, + 1%

(see Table 2), silicon cells, when properly cared for, are stable for long

periods of time and may be used as standards with confidence.

1.

REFERENCE

Seaman, C. H., and Weiss, R. S., Results of the 1979 NASA/JPL Balloon
Flight Solar Cell Calibration Program, JPL Publication 80-31, Jet

Propulsion Laburatory, Pasadena, CA, May 1, 1980.

[N

Greenwood, R, F., "Solar Cell Moqulgs Balloon Flight Standard, Fabrication

of ," Procedure No. EP504443, Revision C, Jet Propuision Laboratory,
Pasadena, CA, June 11, 1974 (JPL Internal Document).

Yasui, R. K., and Greenwood, R. F., Results of the 1973 NASA/JPL Balloon
Flight Solar Cell Calibration Program, Technical Report 32-1600, Jet

Propulsion Laboratory, Pasadena, CA, November 1, 1975.

Solar Cell Array Design Handbook, JPL SP 43-38, Vol. 1, p 3.6-2,

Jet Propulsion Laboratory, Pasadena, CA, 1976.

s yttgt

11



ACKNOWLEDGMENT

The authors wish to extend appreciation for the cooperation and support
provided be the entire staff of the National Scientific Balloon Facility.
Gratitude is also extended to assisting JPL perscnnel, especially B.E. Anspaugh,
for providing cell spectral response information and data reduction assistance.
The cooperation and patience extended by all participating organizations are

greatly appreciated.

12 NASA—JPL—Comt,, LA, Cal,




	GeneralDisclaimer.pdf
	0001A02.pdf
	0001A03.pdf
	0001A04.pdf
	0001A05.pdf
	0001A06.pdf
	0001A07.pdf
	0001A08.pdf
	0001A09.pdf
	0001A10.pdf
	0001A11.pdf
	0001A12.pdf
	0001A13.pdf
	0001A14.pdf
	0001B01.pdf
	0001B02.pdf
	0001B03.pdf
	0001B04.pdf

