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Abstract PIP Calibration ROB Flight Path and Attitude | —orizontal separation fror main payload
' ' MATEAD ROB1
The Space and Atmospheric Instrumentation Laboratory at Embry-Riddle Aeronautical University has Thl('eb rr;a:jn_ pﬁyload tagd bSUblgagé?a’d SPIP mstguprr\tents zvere = SetaclEhie The ROB subpayloads were stowed 90° apart from ROR2
. .. .. . . . - - : ROB3
developed a highly sensitive Positive lon Probe (PIP) instrument capable of conducting high-cadence fa It rate t”:_ OUSLeS [n y Trll €5 gace and A Tosdp dertlc ooy R R ‘ each other within the rocket payload and were ejected ROB4
(5KHz) distributed relative-ion density measurements from a sounding rocket platform. The PIP ns rumle_nhatlhonf ”a oratory. o ¢ procedure was intended 1o Tef;ﬁ}lcﬂb{j)% | _ In pairs (ROB 1 & 3, ROB 2 & 4). The second pair _—
features a unique auto-ranging electrometer design which allows for extremely sensitive wide-range accomplish the Totlowing goats. | i — was ejected approximately 1s after the first. The £ o5
In-situ plasma measurements. The instrument was debuted on a mid-latitude sounding rocket mission, 1. Calibrate Input current as a function of ADC counts and BeiSuiie s W-‘m— S deployment times and altitudes are as follows: é
called SpEED Demon, which launched from NASA's Wallops Flight Facility in August 2022. SpEED board temperature | ’ ROBL/ROB3 - 6365 750 km 8
Demon incorporated a comprehensive suite of instruments for electrodynamics and neutral dynamics : : : | | FoT ' 5
o . : : : 2. Calibrate sensor bias voltage as a function of temperature | a
measurements. Included in this collection of instruments were multiple PIP sensors. The PIP suite of and current load e et Do ROB2/ROB4 :64.7s, 76.2km s of
: ) : ] ) ) S | | R
mst_rum_ents consisted of a single boc_)m deployed spherical sensor on the main rocket payload gnd a o | o o 22 where times are expressed in seconds after launch. =
cylln_drlcal sensor on each of_ four eje_ctable su_bpayloads_ which allowed for simultaneous spa_tlally— Th(? callpratlon setup block-c_hagram is displayed in F.|gur? 4 Figure 4: Block diagram of the PIP calibration setup. The subpayloads drifted away from the main payload
dlstrlbuted_measurements of ion density. The mtgrpretatl_on of the_se measurements may provide an wh!lg_ Flgure 5 shows an image of the act_ua_ll calibration as shown in Figure 11. The ejections were not 90° due y
und§rstand|_ng of patc_:hy, small-scale plgsma density gradients, ho_rlzontally and\_vertlcal!y, th_rough a facilities in the lab. A Test Equity 115_A humidity-controlled to ACS issues. Figure 13 shows the angle between the 051 | | | | | | |
myr_lad_ of |or!ospher|c phenomena. This work presents the PIP instrument des\}%callbratlon/, and temperature Fhamber was used to cons_lster_ntly and accurately long axis of ROB 1 and the ram direction over the 08 06 04 02 o0 02 o4 o6
preliminary flight results from the SpEED Demon launch. \ / vary the environment temperature. Calibration was performed duration of the flight. Each subpayload was coning at East Displacement (km)
SpEED Demon Mission Overview Main Payload PIP \ £ over a temperature range of 25°C to 55°C In 10°C steps == rate of 0.1-0.2 Hz, thereby periodically reducing the ~ Figure 11: Horizontal displacement of the ROB
P following a power-off 65°C bake (see Figure 6). A Keithley _sectional f the PIP Work subpayloads from main payload. Black marks
Sporadic-E ElectroDynamics Demonstration — or SpEED [ o - - Cross-sectional area ot the Sensor. VVork lo correct indicate the Es layer intersections
emor] — Was a sounaing rocket mission au?dc e. rom } ,\ over each device’s full acceptable range and was used to ongoing. ROB 1 - Long Axis to Ram
NASA’s Wallops Flight F?C'l'_ty on August 23, 9:16 PM £ \ measure each instrument’s bias voltage under load. A least- | | |
local time. The rocket’s Instrumentation sulte s i ‘| squares fit was applied to the resulting calibration data in order 1or
developed by Embry-Riddle Aerons IL_C\‘?‘!\ University’s 3y to obtain calibration equations in terms of the variables listed o5 |
Space and Atmospheric Instrumentation™—Laboratory & above. The fit residuals for ROB 1 are shown in Figure 7. ,, —
(SAIL) with payload support and launch vehicle provided f o | ar L = T
by NASA. The mission served as a technology 70 ' callbrafion Temperature Frotle . Figure 5: Image of the calibration setup in SAIL. Test |sin 8| = |cos ¢| 85 |
demonstration flight for the upcoming SEED rocket Equity 115A shown on right. Left: 3 Keithley 2450 50
campaign, scheduled to launch from Kwajalein in 2024. go | (PowerOff) . sourcemeters for simultaneous calibration. . . . . .
SpEED Demon was able to fly through and collected data - . ROB 0001 - Fit Residuals 100 R F2|(i)g(1)ht - 250 500
from a mid-latitude Sporadic E Layer. 2 50 | ol : o Firaee? Figure 12: ROB subpayload long axis and sensor ‘ Figure 13: Angle between ROBL1 long axis and
: Ejectable Subpayloa S~ % Y. S E s . e ©e ¢ (shown in gold) angle to ram. ram direction over time of flight.
Launch Details (ROB’s) S0 l g k ot . ST LLLI . 0
. d . . . -y - . - | - = S~ é ® ° : 1 . - - -
August 23, 9:16 PM Local time. NASA Wallops Flight Facility, Virginia. 160 km apogee. I | Eese L High-Frequency Density Oscillations Main - Spectrogram
' (Break) © e _ _ 106 [HNNNN | e | | | |
Instrumentation i ° Figure 14 shows spectrograms computed during the W e - .
. . . . . ¢ . . . . o 18 T
« Langmuir probe suite, magnetometers, accelerometers, ionization gauge, electric field 20 1' : : : : . : e : - - - - - Es layer for all PIP instruments. Density data for each ™ =2
measurement,. 4 ejectable subpayloads (called ROB’s). Time [Hr] Input Current [uA] were binned into 0.1s segments and fit to a 3@ order . = |™ 1308
ure G Calloation therval profle for PIP Figue T P retuale for ROB 1 ctbrtin cate. | polynomial. The fit was subtracted from the detaand ¢ | |
INstruments. er € POWEr-0 ake, only one - . %103 16.5 ]
o was calibrated at a time. Others were removed at 25°C. at low currents. an FFT was p_erformed In order_ tO_ form gach 3 . |
Positive lon Probe spectrogram. Bright yellow areas indicate regions = o2 ..
where high-frequency oscillations were observed, | |ars
The Positive lon Probe (PIP) is a Langmuir probe instrument which maintains a fixed-bias in the ion Subpayload and Main Payload PIP Flight Data such as the ones shown in the magnified section of i |°
: : ) : L : : _ : _ _ ) _ il |us 510
saturation region (Figure 2). Tha_t_ls, the probg IS biased negative Wlth respecf to the plqsma so that Figure 8 shows the calibrated current o Upleg o Downleg Figure 10__ It is not |mmed|at_ely clgar \_/vhat_ls causing 100 i 4
electrons are repelled, and positive charge is collected on the instrument’s conductive surface. measurements acquired by the subpayload and —yYY —_ VAN these oscillations. Further investigation is merited L ) . 313
Analysis of the collected current allows for high-cadence in-situ measurements of relative change in . . 07T = ROB 1 17T = ROB 1 and will be performed. SR L
. : : : main payload PIP instruments. The data from ROB 2 ROB 2 izl Density [m™]  x10
lon density. The data are expressed in terms of absolute density only after measurements from other : 106 | e ROB 3 106 e ROB 3 ROB 1 - Spectrogram ROB 1 - Density ROB 3 - Soect ROE 3 - Densit
: : : each probe are superimposed and plotted as a ROB 4 ROB 4 s —~ TR 306 oo _Spectooralm XOB3-Density 446
Instruments have been considered. On the SpEED Demon rocket, there were 5 PIP instruments. One : . : 105 | 105 | 19 .
: : : : function of altitude. The large feature present in 105 [ 105 (.
was installed on the main payload, mounted on a deployable boom and 4 were integrated into the - _ _ | 50 {307 i 18 1307
: : : : : : . each plot iIndicates that the SpEED Demon g 1o04¢ = 104 i Ig
ejectable subpayloads. Figure 1 shows each instrument prior to integration. In addition to the PIP, each . X = 104 | i 104 18
, . rocket and subpayloads flew through a sporadic = g ;03| 8 103} 75 1308 308
ge—r \ v A subpayload also carried an, accelerometer, E layer between 100 km and 105 km on both = E 103 | 103 75
e | — : = 102} Z 102} E 1300 — T |
magnetometer, and GPS receiver. the upleg and downleg of the flight. The signal s < s oo A | |- 3°9§ %102 7 309
was lower than expected, peaking within ~1% 1oty 01T : B 8 1310 = = l6:s 510
of each instrument’s acceptable input range.  100; 100 | T8 = . " ls L.
Nevertheless, the sensitivity of each proved 99 | 99 | 100 1° 100 ..
sufficient to clearly resolve the E layer and . | | | i | | | LI 1*° 1312 . 312
. . o 23 14 .
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fluctuations in ion density. ' Figure 8: Calibrated current measurements for the main fHz] Density [m™]  x10"° f [Hz] Density [n3] x10"
(08 mNLP Density | | payload PIP and each of the 4 ROB subpayloads. ROB 2 - Spectrogram _ ROB2-Density R L ROB4-Denslty 306
—oownes | The PIP instruments are useful, primarily, in obtaining 105 [ [ - 1os | | | . -
106 1 relative ion density measurements. Therefore, in order I, o4 lg
. . 104 |°¢
= to express the input current measurements from Figure d |, PR | [
~ 104 - . - - - 103 '
Figure 1: (Above) Main payload gold-plated,  Figure 2: IV curve for a general Langmuir probe. PIP ° 8 in terms of a_b50|Ute lon density, we scale the data A 17 _ [ \, 309 E |, 1300
spherical PIP sensor on deployable boom. (Below) Instruments are biased negative w.r.t plasma (orange = — | using the maximum electron density measurements gmz' 6.5 Yoo 2 g 102
ROB ejectable subpayloads. Gold, cylindrical sensor. dot) and collect ion current [1]. < acquired from the negatively-biased multi-Needle- £ {6 - - 1310 F < 1% 1%
- . - . . . . :“;.:' \ 101 l6
Instrument Design and Specifications 100 : LangmUIr-Probe_(mNLPl) mlthe E Iay(ejr (Fll(gur_e 9). Wg (o
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Table 1 shows a summary of instrument specifications for the main payload and sub-payload PIP o5 | alssutme Z qq?_m nteutLa P as:naF_an tlaoe hlon iﬂ g = las | 1312
instruments. Each PIP is comprised of 4 distinct systems (as shown in Figure 3): A metallic probe 0 o 10 ° eclipn _e”SO'I |es_t 0 bE equal. t'g”brf_ dsf OWS ﬁ N |4 o« A | |
Immersed in plasma, a 2-stage auto-gaining wide-band analog electrometer to collect plasma current, - o Absolut Eieniity [m's(]j . x10;° IrDeISPu Illn% 'Ot?] ensity meas%uLe_mher]l > obtaine [ rclm te_ac R —— o . e " 200 400 600 o 2 4 & 8"
. - - . - . . . - : - 3 10 f[Hz - 31 1010
a 24-bit analog to digital converter, and digital circuitry to process data and interface with the rocket aé%ﬂ:ﬁed from tr;S: r:rj]uelti-el\lggdrlanan gr?zi}; Prrgsgs(l:;ilrﬁg > ! t'h ISIIS q te i)r:efence 0 t g LeqtuhenCyNLlliC tations flriz] Density [m™] 10 e pensity [m =) 10
telemetry system. For each probe, an electrical guard whose bias voltage is identical to that of the . - Inthe ala tha vl\;ere _':0 seenl y the mNLF. Figure 14: Spectrograms of Es layer for all SpEED Demon PIP instruments. Regions with high spectral
. . . . . . ens - e ens - pJjownie I i i - I I I I I
sensor is used to prevent fringe effects and further liken the behavior of the instrument to its 107 A 107 1y Aol density (bright yellow), correspond to high-frequency density oscillations circled in red.
theoretical model. Figure 3 also shows the PCB’s for the subpayload PIPs (left) and the main payload 05 ) 08 ' x
PIP (right). The ROB PCB’s were contained within the subpayload body, shown in Figure 1, and the ¢ . N Takeaways and Future Work
main payload PIP PCB was installed in an E-box on the rocket. 105 105 | { _ _ o o
(a) <  This work presents the design, calibration and initial results of the SpEED Demon PIPs.
104 7 104
Parameter Main Payload Sub-Payload = = o Initial analysis shows that ejectable subpayloads can be effective in performing simultaneous multi-
T— v v =103 =103 point relative ion density measurements from a sounding rocket.
© ©
Sensor Geometry  Sphere Cylinder §102- §102- « Next Step: Finalize subpayload attitude solutions and use these to correct and account for the
Sensor Material Gold-Plated Gold-Plated 101 § 101 - effects of coning on the ion density data.
Sensor Area 45.6 cm? 52.8 cm? 100 ] e MAIN f00l e MAIN  The source and effects of high-frequency oscillations in the PIP data will be further examined.
: | sz ROB 1 s ROB 1
e 0.05nA . ROB2 ol ROB2 « We will compute horizontal and vertical plasma density gradients throughout the Es layer using
Density Resolution ~ <100cc? <100 cc? 1 —Ross roe corrected main payload and subpayload PIP density measurements and GPS data.
Calibration Accuracy 0.1 nA 0.1nA 98O , 4 6 8 1'0 98O 2 4 6 8 1'0
_ - Dynamic Range 3X10° 6X10° Density [m'3] 1010 Density [m'3] 1010 REfe Fences
Figure 3: (a) Block diagram of PIP circuit. Table 1: Instrument specifications for the Figure 10: Superimposed main payload and subpayload PIP ion density profiles. Current data from each Barjatya, A. (2007). Langmuir Probe Measurements in the lonosphere. PhD Dissertation, All Graduate Theses and Dissertations. 274.

(b) PCB’s for subpayload (left) and main payload PIP (right) main payload and sub-payload PIPs. instrument were scaled to match the mNLP E-layer max density. Magnified region shows high freg. fluctuations. https://digitalcommons.usu.edu/etd/274

Time [s]

Time [s]

Time [s]


mailto:conwayr2@erau.edu
https://digitalcommons.usu.edu/etd/274

