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* Mission given by Prof. Reising
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to ISS on May 21, 2018.

° Deployment into orbit by NanoRacks identical 6U small sts, each with an identical
on JU|y 13. 2018 5-channel radiometer, flying 5 minutes apart
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* Instrument Shipped to BCT July 19,2017

* Flight TEMPEST-D instrument successfully integrated in flight spacecraft bus in
Sept. 2017.

« Spacecraft vibration, thermal balance and thermal vacuum testing completed
(including instrument calibration) in Jan. 2018.

« Workmanship vibration penalty testing performed on Feb 22, 2018.
« Thermal balance penalty testing performed again from Feb. 27 to Mar. 2, 2018.
« Total Payload operating hours (including at JPL and BCT) is ~550 hours

— ~250 hours at JPL and ~300 hours at BCT.

* Instrument has been tested, calibrated and ready to fly

"y
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Measured end-to-end receiver bandpass responses will be used as
input to validation algorithms.

Jul 24, 2018 TEMPEST-D Instrument IGARSS 2018



Vaniure V2
G570

Roof Testing for Beam pattern
&

]
gE"

Univeraity®

Knowledde to Go Places

Jet Propulswn Laboratory/gk

Characterization e 2

normalized power

K00}

brightness.temp (K) or 100x difference (blue

-100
-200

elevation scan, freq=178.6 GHz

-oe{ ——FM2_15_1025_2000 |-- 4
< ——FM2_14_1018_1550 |........: )
Aug30 model

¥ 163.4 GHz, clear 7 (green) and clear 10 (red) vs mask right 9 1 (black)

C

A
350
300+
260} . )
150 F
100}
S0

S0 F

T
-1 0 1 2
degrees elevation

7\

al-global Reference lgad excess=0.5K, sky excess=0.8K of 195 9K, or0.4%
Tests span 2 minutes.

‘150
'7

100 / 150 \200

5.

X\hangle(d.eg)

Explanation of composite plots: 1) main test name and sequence number, 2) reference test and number used for comparison (when two tests are listed
the average of the two are used as the reference); 3) calibration method (either “global” or “scan/scan referenced”); 4) blue curve is 100 times the
difference between test and reference (e.g. 100 K means 1 Kelvin difference), and the heavy blue curve highlights the region where the “sky excess”
temperature is evaluated; 5) marks the region where the calibration target occurs; 6) marks the primary observation window (which is notably
asymmetric, given the extra field of view to the left, as in Figure 1); 7) the green curve is 100x the difference between the two reference scans, and
serves to show in this example that the reference sky background temperatures changed significantly during the tests, as compared with the primary
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FM1 178 GHz Counts- Linearity
160421-160610 ADC 2

14000
Flight Model (FM1) QL Results:

Warm target- NS* on 182 GHz max non-linearity = 2.67%
13500 | 180 GHz max non-linearity = 2.93%

' 178 GHz max non-linearity = 2.04%
13000 1 165 GHz max non-linearity = 2.90%

12500
Warm target- NS* off

12000

11500 Cold target- NS* on | Flight Spare (FM2) QL Results:

182 GHz max non-linearity = 2.81%

11000} 1 180 GHz max non-linearity = 2.69%

) * 178 GHz max non-linearity = 2.73%

10500 QOId targlet NS pff ' l 165 GHz max non-linearity = 4.88%
0 20 40 60 80 100 120

Time (seconds)

A more complete linearity test was performed, but the results have not yet been analyzed.
*NS = noise source
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Instrument Performance during S/C Thermal
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Venture Y12 Instrument Anomaly R

March, 2018 @ o S

« Gain hysteresis observed in two out of five channels during penalty TVAC
test at the S/C level after the Titanium standoff swap out with Aluminum.

« Gain computed during final BCT test when both external and internal targets

at plateaus. ADC3 Counts .. ADC2 Counts

e No Change to NEDT “ 163 GHz e 1?7'5 174 GHz

- Gain changes by ~3% (0.1dB) ™=« [ v
before and after shift, tracked by ¢ _ T, S R
calibration load for the affected o S R
channel. o

 Calibrated antenna temperature e I
(TA) computed over test shows Calibzated TA resilient to any transitions

that the radiometer external
calibration allows us to calibrate

out the transition and this has no °
impact on the calibrated TA.

* No root cause identified, but risk : o
deemed acceptable by Pl and £
PM — see attached package

wwwwwww
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Gain computed during final BCT test when both external and internal targets

No significant differences in end-to-end gain observed from JPL TVAC test

— Absolute uncertainty in BCT gain likely at 5% level due to small target temperature difference
(20-30K) and 1-2C target temperature knowledge
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Spare TEMPEST-D
instrument was tested in the
thermal vacuum chamber at
JPL from -25 °C to +60 °C
(three ramps).

« Spare currently at

JPL and .is Spare TEMPEST-D instrument was vibration
undergoing swap tested at JPL in all three axes to NASA GEVS

out of Ti with Al protoflight levels of 10 g-rms for 1 minute each

standoffs.
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Resource CBE |Allocation (“‘42:3:‘?)
Radiometer Mass (kg)* 3.8 4.0 6.25%
Radiometer Power (W) 6.0 6.5 8%
Radiometer Data Rate (Kbps)** 10.3 12.3 16%
Radiometer Precision (K) 0.4-0.95 14 71-32%
Radiometer Accuracy (K) 3.5 4 13%

Allocation — CBE

Allocation

*Change due to titanium standoff replacement with aluminum
**Includes spacecraft state-of-health telemetry

MARGIN =100 x

All excess margin can now be released to the spacecraft.
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