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Dimensions of structure shown:

3 feet diameter, 18 feet long

Instruments Flown

Keithley 2425 Source/Measure Unit

Ocean Optics HR2000+ Spectrometer

Ocean Optics NIRQuest NQ512-1.9 Spectrometer

est Platform Overview

Demonstrated Capabilities

Altitude: 70,000ft+

llluminated Area: 5.6 x 5.6 inches

Pointing Accuracy: <2° deviation

Temperature Control: (+/-) 0.5°C

Number of devices per flight: 12 Maximum

Cell Measurements: Isc, Voc, IV Curve

Fiber-optic Port for spectrometer or other sensor
Flight Season: April through September
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1.

Langley plot method

Estimate ozone above cell using tables from appendix A in publication:

“Earth Probe Total Ozone Mapping Spectrometer (TOMS) Data Products User's Guide”

Table A.1. TOMS Version 7 Standard Ozone Profiles

Umkehr Layer Number

Profile 0 1 2 3 4 5 6 8 9 =9

2251 150 9.0 5.0 7.0 250 622 570 294 109 3.2 13

275L 150 9.0 6.0 120 520 792 570 294 109 3.2 13

325 150 9.0 100 310 710 872 570 294 109 3.2 13

375 15.0 9.0 210 530 880 872 570 294 109 3.2 13

4251 150 9.0 370 810 940 872 570 294 109 3.2 13

475L 150 9.0 540 1080 1000 872 570 294 109 3.2 13

125M 60 50 4.0 6.0 3.0 318 280 200 111 37 14

175M 80 7.0 8.0 120 260 419 336 223 111 37 1.4

225M  10.0 9.0 120 180 440 521 192 245 111 37 14

275M  16.0 120 150 290 580 637 406 245 111 37 14

325M  16.0 140 260 450 747 669 417 245 111 37 1.4

375M  16.0 160 390 640 857 711 425 245 111 37 14

425M  16.0 180 540 840 977 717 429 245 111 37 14

475M 160 220 720 1077 1010 726 430 245 111 17 1.4

525M 160 260 910 1277 1080 726 430 245 111 37 14

575M 160 300 1100 1477 1150 726 430 245 111 37 14

125 95 7.0 183 7.6 3.2 286 220 124 77 25 12

1755 95 8.0 228 220 269 323 268 150 8.0 25 12

225H 100 9.0 276 457 410 350 288 154 83 2.9 13

275H 140 120 340 669 542 360 288

325H 140 150 468 8§26 652 417 288 Ozone above top of level (DU)

375 140 200 612 938 752 459 325 Umkehr for specified total column

425H 140 250 762 1049 842 514 356

2 ° Level 290

475H 140 320 910 1171 930 558 375

525H 140 410 1071 1281 1010 602 38.2 Ground 290.00

575H 140 490 1232 1422 111.0 606 388 0 375.53
1 264.36
2 251.72
3 224.65
4 163.79
5 50.39

a.) Linearly Interpolate ozone distribution data to flight latitude

b.) Find polynomial fits of ozone in given levels as a function
of total ozone column

c.) Use data from the Ozone Monitoring Instrument (OMI) on
board the Aura spacecraft to determine total ozone column at
the time and location of the flight

d.) Use ozone layer distribution model to interpolate and
estimate of the ozone above the cell for each data point taken
as the aircraft descends



b.) Plot log of ozone-corrected Isc vs airmass (pressure
over sine of elevation angle

c.) Extrapolate linear fit of plot to zero airmass and
estimate AMO Isc

Langley Plot
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Langley Plot shown for GRC ZTJ 2x2cm top cell flown
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Summary of First ER-2 Campaign

* Three flights were flown between October 8t and October 14t", 2014

 Data was taken between 55,000 and 70,000 feet

* The first flight consisted of six 2x2cm cells and a camera to observe plate illumination conditions

* The second and third flights consisted of twelve 2x2cm cells

 All flights carried two sun sensors and two Ocean Optics spectrometers

* AZTJ) top and middle 2x2cm sub cell which were previously flown on the Learjet were flown all three flights
* Thirteen other cells were flown at least once

First flight stage plate configuration View of sun from stage plate Second and Third flight stage plate configuration






Full Data Set

* Ozone corrections based on established Learjet methods

* Further atmospheric correction methods are being

investigated

e SMARTS or other ozone models

e Using only higher altitude data

* Ozone correction coefficients using cell EQE data

Cell TCo108 MC0907 TCO0109
Flight One 69.925 66.004 70.096
Flight Two 70.232 66.063
Flight Three 70.289 65.990
Average 70.149 66.019 70.096
Std Dev 0.196 0.039
Covar % 0.279 0.059
Learjet Value 70.510 66.230 70.51
Lear Variance (%) 0.512 0.319 0.587
<60mb Data Only
Cell TC0108 MC0907 TCO109
Flight One 70.339 65.995 70.576
Flight Two 70.325 66.069
Flight Three 70.289 65.990
Average 70.318 66.018 70.576
Std Dev 0.026 0.044
Covar % 0.037 0.067
Learjet Value 70.51 66.23 70.51
Lear Variance (%) 0.27 0.32 -0.09




TC0108 IV Curves
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IV Curves show good repeatability over multiple flights and a predictable change with pressure
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Cell Temperature vs. Time

solar illumination, all cell
temperatures were maintained within
approximately 0.25°C from the target
of 25°C 24
e Variation of temperature for any

individual cell was on the order of

0.1°C after the initial on-sun 23

disturbance

Temperature (°C)

19:29:17 19:36:29 19:43:41 19:50:53 19:58:05
Time of Day (UTC)
——TC0108-1 ——MC0907-1 ——TC0108-2 ——MC0907-2 ——Target (25°C)
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Summary of ER-2 Capability

Flights can be conducted once every one to two days during a campaign

Flight season runs from April through September

Twelve 2x2cm cells can be flown per flight, or any other configuration that fits inside of the
14.2x14.2cm illuminated area

This capacity could be doubled if the second ER-2 pod is used

Data supplied includes Isc, Voc, IV curve, and cell temperature

Other optical or atmospheric sensors can be flown as able



Recent Results on Solar Cell Experiment on ISS
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2015 GRC/AFRC ER-2 Flight Campaign for Creating Air
Mass Zero (AMO) Primary Calibration Standards

* GRC announcement sent out the week of
May 4, 2015

* New platform supplements the Learjet
AMO calibration capability

* GRC Learjet flight season January— March
* DFRC ER-2 flight season April - September
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* Current 2015 ER-2 Flight Campaign:
* July 6th — 20th, 2015



