-war —— Consolidation of surface charging analyses on the Ariel Payload dielectrics
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The Ariel Mission and its orbit Payload design, environment and materials Input data for surface charging analyses

ARIEL (the Atmospheric Remote-Sensing Infrared Exoplanet Large-survey) is the M4 The Ariel Payload is conceived modular by design (refer to Fig. 4). The adopted m § “ o m
mission of the ESA’s Cosmic Vision Program, selected in March 2018 and adopted by baseline architecture splits the payload into two major sections, the cold payload {: o I —— w i
the Agency in November 2020 for a launch in 2029, whose aim is to characterize by module (PLM) and the items of the Payload hosted within the spacecraft service W, — , / E :
low-resolution transit spectroscopy and spectrophotometry the atmospheres of over module (SVM), i.e. the warm units electronics, along with platform avionic units. e e [;I B B Sa—
one thousand of warm and hot exoplanets orbiting nearby stars. _ = -
The operational orbit of the ARIEL spacecraft (S/C) is baselined as a large amplitude oo Optcal Banel ™ J M1 Bae Tube T el - - - - - - =

K sexar PN s aaxno Green Radators  WhitePant 5612170 et
halo orbit around the Sun-Earth system 2" Lagrangian (L2) point. This virtual point in retescope Assembly - u | L= A
space is located about 1.5 million km from the Earth in the anti-Sun direction (at 1.01 HESSEREES - - v E — R e T T
A.U.), and is confirming the orbit of choice of many current, like JWST, and future (e.g. <s'fn:;?::§:ts§:§::c§:3?u'z Telescope Assembly e B I I i E o e
PLATO) astrophysical missions, because it offers the possibility of long uninterrupted %Ejg%&?éf:gﬁ"::lumt @ S = s
observations in a fairly stable radiative and thermo-mechanical environment. B - e e Radiators assembly Tab. 1 — Plasma environments Tab. 2 - ESN and selected materials

ipssgeore B For surface charging analyses only charged particles with energies up to 1 MeV

have been considered in this study context, as main responsible for surface
Fig. 4 — lllustration of the Ariel Payload Module (PLM, top) and Service Module (SVM, bottom)

= Lo composing the whole Spacecraft charging effects. Bulk dielectrics charging, presently not assessed, is normally
g oS Eah a0 - _ | caused by particles having higher energies (please, refer to ECSS-E-ST-10-04C).
< ~1.5x10%km The PLM is supported by three bipods mounted onto the Payload Interface Panel (PIP).
ol They are hollow cylinders, made of CFRP filled with low thermally conductive rigid foam. -
oo oo Results, conclusions and future work

Three V-Grooves (VGs) are adopted as high-efficiency passive radiant coolers,
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providing the first stage of the PLM cooling system. VGs are made by a simple

Fig. 1 — Left: An example of an ascent trajectory for a direct L2 transfer injection without n b struct ¢ Alum lov. th IV linked to the three binods (to int t The performed analyses and simulations, accounting for the SVM bottom panel
intermediate parking orbit. The trajectories of the sub-orbital parts are depicted in cyan. oneycomb structure of Aluminum alloy, thermally linked to the three bipods (to intercep

hosting the spacecraft solar arrays, always illuminated by the sun light when in L2

Right: The Ariel hglo orbit arounq L2 with no eplipses allowed d.uring the mission lifetime. the conducted parasitic heat leaks through the mounting bipods) and are mechanically
Only a short virtual shadow timeframe lasting about 1 hour is expected before the _ . (no eclipses allowed), confirm that the expected voltage ranges for the exposed
spacecraft release by the Ariane’s DLS, once reached an altitude of 10.000 km at least. supported and thermally decoupled from the PIP by GFRP dielectric struts.

Ariel structure, dielectrics (e.g. GFRP) and semiconductors-like materials (in terms

. . . . A surface charging analysis, by means of the SPIS SW suite has been performed to
The Ariel S/C will be launched, along with the Comet Interceptor Mission, around local of surface resistivity value, e.g. CFRP) are not critical (all values below 100 V, as

: L : demonstrate and confirm that, in case of adoption of semi-conductive and dielectrics
noon by an Ariane A6.2 rocket with its Dual Launch Structure (DLS) from Kourou, in differential voltage w.rt. the plasma reference potential) and there is no

. . e . : - materials like CFRP and GFRP they don’t pose threat to any equipment on the Payload
the French Guiana. A direct escape orbit injection is planned in the baseline mission considerable risk of dangerous electrostatic discharges. However, the found ranges,

. . . . : . . : and Spacecraft and the relevant risk associated with electrostatic discharges, due to
profile, being characterized by and involving different plasma environments. This especially the GEO ones, may still raise some concern for specific subsystems

: : . charge build-up on the material, which may damage nearby equipment, is minimized by
trajectory foresees a single passage through the radiation belts, presently sensitive to voltage fluctuations, that shall be further assessed at system level

. . : . means of adopted precautions (e.g. ESD protective coatings on GFRP struts, bondin
approximated by a somewhat worst case half orbit (10.5 hours) with perigee at 300 km pted p (€9 P J J accounting for the different charging times needed for reaching a plateau

: . . and grounding). This risk depends on the surface area of the material exposed to space
(LEO environment) and apogee at 64000 km (GEO environment). An early quasi (equilibrium voltage) and the possible implementation of specific precautions (e.g.

equatorial orbit with an inclination of 0 degrees is assumed as a worst case, after the and the unit/equipment configuration w.r.t. the orbit characteristics and Mission phase. £SD costings and metallic protective caps for the exposed connectors|

fairing jettisoning at about 100-150 km of altitude, 4 min following the lift-off. Once Itis worth noting that surface charging phenomena leading to possible harmful ESD are

released the fairing, the spacecraft will be directly exposed to the Earth’s usually of concern at high altitude or polar latitude Earth orbits (auroral zone), especially Additional effects due to deep dielectrics charging caused by energetic particles

ihermosphere and space enviranment, experiencing plasma regimes from LEO o the when the S/C is subjected to eclipses (no electron photoemission balancing the should be assessed in the future by AMC in collaboration with the S/C provider

direct Solar Wind, once crossed the Earth’s radiation belts and the GEO orbits range. iIncoming plasma electrons current). The potential (voltage) ranges expected by Ariel are (Alrbus DS), &s not covered by the present Payload suriace charging analyses.

demonstrated not critical and there should not be risk of any powerful ESD, due to the Longer simulations are also needed In order to clearly show, by the plotted curves,

04.000km =SSRy SRt expected voltage differences between the plasma environment, the structure and the achievement of steady state regimes, as defined by the 2" Kirchhoff law.
selected materials. However, the retrieved voltage ranges may raise some concern for
® 2 specific subsystems sensitive to voltage fluctuations like exposed dielectrics (e.g.
300 km ’ exposed connectors hosting pins carrying very sensitive signals).
150} The main plasma regimes experienced by the ARIEL spacecraft is described and

%o 20 0 0 -0 -0 -0 quantified in Table 1. The selected materials along with the Electrical Super Nodes

Xose (Re) ~236 R;(~102 A.U.)
(ESN) definition for the equivalent SPICE circuit are listed in Table 2.

Fig. 2 — Left: Half orbit with perigee in LEO and apogee at GEO. Right: An example of an
halo orbit around L2 w.r.t. the dimensions of the Earth magnetotail and magnetosheath ov
indicating the plasma regimes (SW: Solar Wind, MS: MagnetoSheath, BL: Boundary l | S
Layer, LB: Lobe, PS: Plasma Sheet, LLBL: Low Latitude Boundary Layer, CPS: Central | | (di/dv)
Plasma Sheet, PSBL: Plasma Sheet Boundary Layer) 1 Bucs0 | 1 Bucso0 ! 1 BUC <0 | coorxa
. . . . . . " | SRE>0 | SRE <0 T SR
The nominal mission duration is 4 years with a minimum extension of an additional 2 |
years, for a total mission duration of 6 years at least, for which the S/C shall be oder m.mdez Dot N :Zfiss Hodex]
carefully designed. The space environment presents significant design challenges to T T T Ipciness T P
all spacecraft, including the effects of interactions with Sun radiation (electron ESN 2 Jf ESN 1 + # ESN 0
=
photoemission by impinging EUV light) and charged particles owning to the \V/ = 4“
surrounding plasma environment, potentially leading to dielectrics charging and ‘ ]
unwanted ESD (Electro-Static Discharge) phenomena endangering the Payload Fig. 5 — SPIS equivalent circuit describing the plasma-S/C interaction by means of materials

: L. : : surface resistivity (SRE) and bulk conductivity (BUC). ESNs define the S/C SPICE circuit.
operations, telecommunications and data integrity.

6 Hvosrs iiandidiniasion et The spacecraft will spend a little time in LEO, MEO and GEO and significant amount of
12 2 years possible extension
e e time when in L2 plasma regimes, but the worst-case high-altitude GEO environment
Operations from " might be of concern, as shown by dedicated simulations.

ESOC i
of In addition to the LEO and GEO plasma characterization, the solar wind, the outer

. P
& -
idll™ 14 magnetosphere plasma environment and relevant effects have to be properly assessed
E | ﬁ and quantified. These are related to three distinct plasma regimes which can be
~—
| identified around L2, along the halo orbit. More specifically, the Ariel S/C will spend most
l;_ of its time in the solar wind and the magnetosheath and a small fraction of the time in
Arang:2 N the magnetotail. The ratio of time in these environments depends on the selected final s ,
Fig. 3 — The Ariane 6.2 launch vehicle will inject Ariel into a direct transfer towards the orbit. It is worth noting that the boundaries between these regions at L2 show a larae Fig. 11 — Magnetotail (sunlit)
libration point L2 of the Sun-Earth system. Launches to L2 will naturally be around noon ' 9 9 9
local time of the perigee, since the apogee is towards the anti-Sun direction. variability due to possible variations in the solar wind connected to the solar cycle. The
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