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The primary objective of this mission is to gather new data on Venus's lower Structure Specifications: , . . . Structure Specifications:
atmosphere using a surface probe and orbiter to scan and relay observations. In - Requirement: Probe must survive landing loads and provide space for instruments. - Reqguirement: Bus must survive launch loads and |
particular, the mission will: - Selution: Ti64 Shell with SVTl insulation, 9 struts connected to crush ring, two provide space for instruments. Module = \a00S!
1. Map the thermal distribution beneath the cloud layer. beryllium shelves for component mounting. , - Solution: Al6061 bus w/ hexagon structure below = Systems e Solar e SAR e VIRTIS
2. Measure the phosphine concentration beneath the cloud layer. - Methodology: Static analysis, verifying the shell can handle the landing load. the bus for mounting thrusters and antennas. Panels e High Gain e CIRS
3. Measure the ambient ionizing radiation levels at a pole. Thermal Specifications: _ . - Methodology: Static and modal analysis, verifying ¢ Datteries | ~pntennax2 je PFS
4. Analyze the surface-level soil composition at a pole. - Requirement: Keep instruments in operational temperature range for 24 hours it can survive Falcon Heavy launch loads. Oxidizer =~ Wheels
5. Showcase the resilience of today’s technology by surviving 24-hours on the surface. - Solution: Employ phase change material, Sodium Acetate, placed at the bottom, Thermal Specifications: Tanks @ Gyroscopes

In addition, this mission’s secondary objective is to improve upon existing data. providing the battery and instruments with the lowest temperature. - Requirement: Keep instruments in operational ootar
Specifically, the mission will: - Methodology: Thermal analysis, verifying desired temperature distribution. temperature range. o SUN SENSOrs
1. Map the surface of Venus. femp (e P - - Selution: Utilizing MLI, radiators, and orientation.  Range [K] 288.15-  263.15- | Integrated
2. Measure the gravitational field surrounding Venus. " Gyroscope Lander Leg A Splitting bus into 3 modules in for controlled 303.15 313.15 | Cooling

319 Analysis 20636407 temperature ranges per module. -

[ Methodology: Thermal analysis, verifying
desired temperature range.
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Orbiter Instrumentation . Probe Power Systems . . ~
Instrument Science Requirement - Requirement: Supply power for all operations during 24-hour lifespan. Structure Size (m)  |Mass (kg) [THErMalSYSESMINNN Size (m) Mass (kg) Absorptivity
Synthetic Aperture Radar/ . o - Solution: 25V 100Ah Lithium-Primary battery. Al6061 Bus Structure 2.89x2.89x1.29 78851 | 24 Layer Kapton MLI 0.01 thick 13.44  0.62
Composite Infrared Map landing zone for probe at 100 m per pixel utilizing - Methodology: Power consumption analysis, verifying sufficient supply. Al6061 Hex Mounting Structure ID = 3.15 232.34 | Radiator 04x02 1.4 0.21
Spec"?rometer (SAR/CIRS) advanced radiative transfer modeling and 3.0 m HGA. \ , 150 s o
Visible and Thermal Imaging  Create vertical thermal emission profile between - 2000 o — o . Orb'ter Power S Stems o
Spectrometer (VIRTIS) 280-5130 nm through near infrared limb observations. A 1500 s 1100 & - Requirement: Supply power for End-of-Life operations (10% solar array efficiency).
Planetary Fourier Spectrometer /Analyze chemical composition of gases beneath 40 km _ - R e R 2 - Solution: Two 3.5mx3.5m Gallium Arsenide solar arrays, 24V 28Ah Lithium-lon battery.
(PFS) for phosphene presence. | |Power Available | ¢ 1000 P\ N e N N N e N\ leg S - Methodology: Power consumption analysis, verifying sufficient supply.
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Instrument Science Requirement Science Instruments Science Instruments Time (mins) 500 | | | 1500 =
lon and Neutral Mass |Analyze the composition of the atmosphere at a resolution of P b S . d D |Power Available (Wh) | | g
Spectrometer (INMS) |20 ppb using electron-impact quadrupole mass spectrometry. — . . . ,
Net Flux Radi t Measuring the ionizing radiation at the surface to 10 , ro e epa rat'on a n escent 00 50 20 80 30 108
ELFUXRAdIOMETEr B oentgens/h, through four-component net radiometry. - Requirement: The probe must detach from the orbiter and land at a safe descent 1 _ , T
9 g P y =t : . T
Alpha Scattering Analyzing the soil of landing position for traces of precious velocity in the proper orientation. Sunlight ime (mins) Sunlight
Instrument metals, through alpha backscatter spectrometry. | - Solution (part 1): The Probe will separate from the orbiter using a spring system, then . .
l_ h & .I. . t burn into Venus’s atmosphere. On entry, aeroshell parachute will deploy. The Probe CommunlcathnS Orbiter
aAUNncC rajeC Ol’y onboard probe systems as labeled below will be employed to ensure a safe landing. Eb/No and Link Margin for 1 Orbit _ Requirement: Link . LinkMargin (left)and Distance (right) vs Time 10"
Launch: March 20 - March 26, 2028 / April 13 - April 19, 2028 || Average Total AV = 4.575 (km/s) ' * | | —— margin above 3dB —
. 3%028 Eosphorus Total AV: GTO + Venus Insertion Trajectory from Earth to Venus PreSSUI’e S Pa raCh ute Link Margin (dB) for reliable 18 Distance (km) =
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Jun 21 - Absorption = 15 ' ' - . - Frequencies: X-band; 50 O o 200 250
Jun 11 .........’ 4 p b ? * Time (fn4inutes) * * ® m 44kg; Combined Link Availability vs Time
o ' - Solution (part 2) Probe descends multiple Probe Descent Map  Link Availability vs. Number of Orbits Power.: 9OW, ]
"5 £ s 8 ® 8 5 £ & 5t & B 1 - : . 1. layers of the Venus atmosphere. Detaches 300 § Entry Velocities Probe: .1 helical LGA e
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- Requ|rement: Determlne Optlmal\/enus Venus Orbit aNnd releases a4 SeCOI’] paraC ute. rFrope . il s 100 m/s Frequencv: S_band° Goldstone H-1-1-| 1| il || . || HERN .
transfer traiectorv while considerin lands at 10.5 m/s, with the shock absorption, 250 ;
: J Y , , rng Parameters R : Mass: 5kg; o e
precise south-pole orbital insertion. this is a safe impact speed for the probe. _ Power: 5/ |
- Solution: Generated a porkchop plot Periapsis 300 - MethOdOlogy: K|n.em.atlc arlalySIS, Ver|fY|ng E MO\./\t/her.d l . . L. k Canberra -t It {18 d It I 11
using NASA ephemeris data and a altitude safe impact velocity is achieved.| — 200 - b ed Ot O 09&,’(-, n IR i Hil
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MATLAB Lambert solver to pinpoint 2  (km) 0—————————Lpnding Yelochty —_ frlérr?eSN?,gBa 'ons -
Vci]ableﬁogef-wezeolaléabigCh lWindOnyS u b Apoapsis 1000 -5+ ‘ Smis |- S 150 | tethOOk
identified for . Ideal transfer will be =" * —100ms || > | ° 2 Ortit Number i N ’ 0 50 100 150 200
a Type- I B Hohmann Transfer with an a(l:n't)”de 10r J—— % . Time [Days|
average flight: 103.2 days, Four : {2 00 — _ M ISSIOoN Su mmary
TraJeCtory CorreCtlon Maneuvers (TCM) Eccentricity 0.052 _.( _______________________ IJ Epffgfz_e ______ . . Max Power
(AVmax = 50 m/s) for precise orbital Upper Clouds Vehicle Dry Mass (kg) Size (m) Consumption (W) Total Cost (S)
insertion. Inclination | 85 1 Orbiter 1400 3.5x35x 10 705 540 million
- Methodology: Lambert’s theorem for (degrees) Probe 2400 2x2x2 135 380 million
: . References for Launch and Trajectory:
launCh / trajectory AV Cd lCULatlonS' Orbital 1.41 Equatorial P|ane - Oldenhuis, Rody P.S. (n.d.). Lambert [MATLAB Robust solver for Lambert's orbital-boundary value problem,
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