European Venus Explorer (EVE)

[lpednoxeHue Ha KoHKypc Cosmic Vision
Class M (<300M¢€)

btopo CoseTa no kocmocy 29 maa 2007t



3a4yeMm rneteTb Ha BeHepy nocrne
CTONbKUX J1IeT nuccnegoBaHmm?

« [na Esponbl:

— bonblwoe Hay4yHoe coobuiecTBO 0Opa3oBaHO BOKPYr NPOEKTa
Venus Express 1 3aHMMaEeT cendac nuaupytoiee nosioKeHne B
Mupe

= Cnegytowas Mmmccua no ncenegosaHunio BeHepol ykpenut
nnanpytoulyto ponb EBponbl B 3TON 0bnacTu

« [nsa Poccuun (BeHnepa-A):

- Bbicokasi npMopnTETHOCTL JaHHbIX COBETCKUX MCCneaoBaHnm
BeHepbl

- [locne npoekTtoB BeHepa 15-16 n Magellan, MO>XHO 0CO3HaHHO
BblOMpaTb MecTta nocagkm Ha BeHepe

- Haquble I'IpI/I60pr HOBOI'O MOKOJIEHNA NMO3BOJIAT MOJTYHUTb MNMPOPbIB
B MNOHNMaHUN CNCTEMbI I'IOBerHOCTb—aTMOCCbepa N nydwle NoHATb
IBOJTIOLUNIO MJTaHEeThI



Scientific Objectives for EVE

1) Determination of isotopic composition, especially that of noble gases, which
preserves a record of the origin and evolution of Venus.

2) Measurements of atmospheric composition at cloud level, and below the
clouds.

3) In-situ investigation of the dynamics, structure, and radiative balance of the
atmosphere.

4) Study of composition and optical properties of the cloud layer at different
altitudes and locations.

5) Investigation of the surface composition and mineralogy, and near-surface
atmosphere chemistry, at several locations representing the main types of Venus
landforms.

6) Characterization of Venus' electrical environment, including search for
lightning.

7) Characterization of solar wind - atmosphere interaction processes and
measurement of atmospheric escape.



EVE: cxema muccmmn

« 3anyck: Cot3s-2-1B-®perat 13 Kourou

— CTtoumocCTb 3anycka genutcs nopoBHy mexay Poccunen un
EKA

 OpauH KA HecyLwnn
— [HecaHTHbI Mmoaynb (Poccus)
« 170 kg entry mass
— High Balloon (ESA)
« 170 kg entry mass
— Optionally: Low balloon (Japan)
« 35 kg entry mass



Seq

Geometric configuration

Insertion orbit : 250/66000 km
Period = 1 day

Inclination : 90°

Periapsis node : ~ - 30°

uence :

Arrival Vinf = 3 km/s
Entry probe 1 separation TO — 7 days
Entry probe 2 separation TO — 5 days
Orbiter acceleration DV = 50 m/s
Probe entry TO +3 h

Balloon/orbiter comm : TO -3h to TO-1h
Periapsis insertion manoeuver : TO-1h to TO+1h
Balloon/orbiter comm : from TO +1h

\ 70°N

Calculations & figure courtesy of J. Michaud (CNES)



EVE — main balloon

* There are two possibilities for balloon:

* Option 1: Balloon oscillates in range 40 — 60 km
— T =-10 to 140°C
— NH4/H,0O
— Multiple vertical profiles through clouds

« Option 2: Balloon has ‘constant’ 55 £ 10 km altitude

— Helium or hydrogen-filled

— Less technological risk

— Stable temperature is good for isotopic MS

— Better conditions to study the UV absorber or lower clouds



EVE: balloon floating at 55 km K_-'-

Instrument Mass Power Data rate TRL Oriain
(kg) (W) (bits/s) (2007) g
Service d’Aeronomie (F),
GC/MS & ACP | 3.05 15 W (peak) 30 4/5 Open U (UK), IKI (RU)
Open U., Service
Isotopic MS 4.0 15 W (peak) 11.6 4/5 d’Aeronomie, U. Berne
(CH)
Nephelometer 2.3 2W ERERESA), TU Dg
Optical 05
package
Met. package 0.3
(p, T, acc) 1
VLBI S-band 05
eacon

aerosol
2.0

15.15
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Orbiter Design Approach

= based on Venus Express heritage :

ltem Basic Mass |Contingency |Current Mass Thermal control
Mars Express Principles
Structure 136,628 0.05% 136,691 customized for Venus
v Controlled heaters
Thermal 51,236 1,92% 52,220 v Passive ML & radintors
Harmness 60,663 0,00% 60,663
Solar Array 38,400 1,00% 39,794
Propulsion 61,289 0.24% 61,439
Power 51,937 0,00% 51,937
Communications 38 456 0,00% 38,456
Data management 41,335 0,00% 41,335
ACCS 41,590 0.00% 41,590
Dry Bus
522 535 0,20% 524126
wio Balance Mass
GaAs cells solar array
v Three fold out two panel arrays
v 1450 W power at Venus
v One axis orientatio
ASPERA 9,963 0% 9,963 v,ﬁ;::_{;:m:ﬂg:
MAG 2,330 0% 2,330
VERA 1,876 0% 1,876 2
PFS 30,992 0% 30,992 \
SPICAV 14,478 0% 14,478 Tel ications [ %
Mars Express enhanced with a second
VIRTIS 33,071 0,3% 33,161 X-band HGA
+ 1.3 metre diameter fixed HGA (5/X band)
VMC 1,504 0,00 41,504 0.3 meter diameter fixed HGAZ (X band only
’ L z + Two LGA for omnidirectional coverage
" SX-band uplink
= ' S/X-band downlink
Orbiter Payload 94,214 0,1% 94,304 Vvaan;TW?r:?S,; \vatts RF
" Dual 5/X-band transponder 5 watts RF
Constituent Spec Mass |Basic Mass| Current |Contingency
DRY SPACECRAFT BUS WO BALANCE MASS 4324 5225 5241 0,3%
COREITER PAYLOAD 88,0 942 94,3 0, 1%
BALANCE MASS 1587 16,0 1,0%
DRY SPACECRAFT 5204 B32,62 6345 0,.3%
PROPELLANT 570,0 &70,0 0,0%
SPACECRAFT AT LAUNCH 12026 1204,5 0,.2%
LAUNCH VEHICLE ADAPTER 383 38,3 0,0%
4| [TOTAL PAYLOAD (SiC + LVA) 12408 12427 0. 1%
' [SOYUZ-FREGAT CAPABILITY FOR NOMINAL LAUNCH WINDOW 12700 1270,0

January .« aoy zour —

strucrure [N
Mars Express primary structure
' Machine ALLVA ring from farging
Al honeycomb panels
v Three shear panels
& v Outer and shear walls
:l equipmentipayload mounting

Propulsion

Mars Express rebuilt

v Bi-propellant system

v Two 267 litre propellant tanks

v 595 kg propellant capacity (540 kg needed)

v One 35 litre pressurant tanks

v Pressure regulated and blow down
operational modes

v Eight 10N attitude thrusters

v One 400N main engine

Attitude control and measurement

Mars Express rebuilt

v’ Three axis stabilised using four 12 Nms reaction wheels

v Tivo wide Field of View Star Trackers with autonomous
Star Pattern ition and ili

v Two inertial measurement units including three ring
laser gyros and three accelerometers each

v Two coarse sun sensors

Power

Mars Express rebuilt with enhanced PCU

v Fully regulated 28V bus

v Maximum Power Point Tracking

v 900 watts peak power for Venus operations

v 3 Lilon batteries 24 Ah

v 2x42 State Power Controller for power
distribution and protection

v 2x32 Solid State Power Controller for pyrolines

Data handling

Mars Express rebuilt

v E5A class 1 OBDH architecture

' Twvo G 1 & Data Units
) four 3.1750 processors for ADCS & DMS
) reconfiguration modules with majority

voting capability

) transfer frame generation up to 228 kbps

v 12 Gbits Solid State Mass Memory

v IEEE 1355 links for high data rates transfers

On-board software
Mars Express update

v P55-05-0 standard, ADA based
v Separate ADCS and DMS functions
v Modular design

v Top level object oriented design



Orbiter payload

Sub-mm spectrometer (SWI)
IR spectrometer (MIMA-V)
Lidar (OLIVE)

UV mapping spect. (UVMS)
Ultra-stable oscillator (USO)
Penetrating radar (VISRS)
Magnetometer (SGVM)
Gravity field (transponder)
Neutral MS (NMES)

lon MS (LEIMS/ PICAM)
EMW analyzer (SAS2-VSN)
Meteor/UV Camera (SPOSH)
Gamma-ray burst detector
IR spectral imager

Total mass <=35 kg

MPI

IFSI/IKI IK/ISIF
Canada
IFSI/IKI

Koeln
IPGP/USA
DTU

Obs. Belgium
IPSL

IKI

Eotvos

DLR To be reduced (<1 kQ)
Moscow U. New, science TBD
IFSI/IKI Combine with MIMA?

Science to beftter define

Uncertain science
Science under evaluation



Poccunmnckmum cnyckaembin
annapar

* [lonHaa macca npu BBoAeE B
atmocdepy 170kr

 Macca Hay4yHoM annapaTypsl
25 Kr

 Bpewmsa cnycka B aTtmocdepe
~65 MUH

* Bpems XXn3HM Ha NOBEPXHOCTH
15-30 MyH



Hay4Hble Nnpnbdopbl Nocago4YHOro annaparta

Instrument Mass Power Data rate TRL Origin
(kg) (W) (kbit/s) (2007)
Chemistry 3.7 20 W (peak) 3 4-8 IKI (RU),
package Service d’Aeronomie (F),
MPS (D), Open U. (UK)
Optical package 1.5 6 W 1.6 4 IKI,
Service d’Aeronomie
Nephelometer 1 2W 1.4 IKI, Inst Appl. Math (RU).
Imaging system 0.7 3W 10-30 IKI
ATR 2 5W 5 IKI, IFSI (1)
spectrometer
Accelerometer 0.2 1W 0.3 8 IKI, TSNIIMASH (RU),
Padova ()
Meteorological 0.3 2W 04 5-7 IKI, FMI (FI), Padova
package
Gamma- 8 17W 2 6-8 IKI
spectrometer
Permittivity 1 2.4W 0.5 5-6 IKI, E6tvos U. (Hun), IAA (E)
probe, lightning
detector
Budget: 24 kg Russia, EU




Poccumncknn Bknag B nporpammy EVE

PaBHoe y4acTtne B ctommocTtu 3anycka (Coto3-2-1B-
®perat 13 Kourou)

CnyckaemMbin annapart

— EBponenckmne nabopatopum y4acTBYOT B npubdbopax
cnyckaemMoro annapara

[Tpnbopbl 1 y4yacTmne B npndopax eBpONemncKmx
aspoCTaTHOro 30HA4a 1 CryTHUKA

Pa3paboTka 1 N3rotoBrneHme CUCTEMbI BXoga U
TOPMOXXEHUSA ONs a3pocTaTHOro 3oHAa (Ha
KOMMEPYECKON OCHOBE)



BeHepa-D, ‘\
» 2003: npoekT npeAr ‘?’
kocmocy B.lA.

DK

I'IO,EI,FOTOB ku OK j




EVE &- BeHepa-[

- ObbeagnHeHue ycunum Poccun n EBponsl B
coBmecTHOM npoekte EVE nossonut

- [1poBecTn ogHOBPEMEHHbIE NCCNeOOoBaHUA NPU
NOMOLLUWN OecaHTHOro Mmoaynsi u 6annoHa

- lNonyynTb HOBbLIE AA@HHbIE HE TOJSIbKO 00
aTMocdepe N NOBEPXHOCTU, HO U AeTanbHO
nccnegoBatb 00NaYHbIA CNOK

- WMicnonb3oBaTb onbIT BeHepbl QKkcnpecc npu
cosfaHun cnyTHUKa BeHepbl B cocTaBe Mmccum
(onsa peTpaHCcNAUUMM JaHHbIX U OUCTAHLUUOHHbIX
nccnegoBaHnUN

+ CoBmMecTHbIN npoexkT Pockocmoc-EKA
NO3BONAET NOBLICUTL YPOBEHbL
nccnenoBaHMM NPy COKpaleHuwn
PacxonoB CTOPOH
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