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Probe Structure and Thermal SystemsMission Objectives
The primary objective of this mission is to gather new data on Venus’s lower 

atmosphere using a surface probe and orbiter to scan and relay observations. In 
particular, the mission will:
1. Map the thermal distribution beneath the cloud layer.
2. Measure the phosphine concentration beneath the cloud layer.
3. Measure the ambient ionizing radiation levels at a pole.
4. Analyze the surface-level soil composition at a pole.
5. Showcase the resilience of today’s technology by surviving 24-hours on the surface.

In addition, this mission’s secondary objective is to improve upon existing data. 
Specifically, the mission will:
1. Map the surface of Venus.
2. Measure the gravitational field surrounding Venus.

Orbiter Instrumentation
Instrument Science Requirement

Synthetic Aperture Radar/ 
Composite Infrared 
Spectrometer (SAR/CIRS)

Map landing zone for probe at 100 m per pixel utilizing 
advanced radiative transfer modeling and 3.0 m HGA.

Visible and Thermal Imaging 
Spectrometer (VIRTIS)

Create vertical thermal emission profile between 
280-5130 nm through near infrared limb observations.

Planetary Fourier Spectrometer 
(PFS)

Analyze chemical composition of gases beneath 40 km 
for phosphene presence.

X/S Band Radar Identify gravitational anomalies through doppler shifts 
achieving 300 km spatial resolution.

- Requirement: Supply power for all operations during 24-hour lifespan.
- Solution: 25V 100Ah Lithium-Primary battery.
- Methodology: Power consumption analysis, verifying sufficient supply.

Orbiter Power Systems
- Requirement: Supply power for End-of-Life operations (10% solar array efficiency).
- Solution: Two 3.5mx3.5m Gallium Arsenide solar arrays, 24V 28Ah Lithium-Ion battery.
- Methodology: Power consumption analysis, verifying sufficient supply.

Instrument Science Requirement
Ion and Neutral Mass 
Spectrometer (INMS)

Analyze the composition of the atmosphere at a resolution of 
20 ppb using electron-impact quadrupole mass spectrometry.

Net Flux Radiometer Measuring the ionizing radiation at the surface to 10 
Roentgens/h, through four-component net radiometry.

Alpha Scattering 
Instrument

Analyzing the soil of landing position for traces of precious 
metals, through alpha backscatter spectrometry.

Launch & Trajectory

Probe Separation and Descent
- Requirement: The probe must detach from the orbiter and land at a safe descent 

velocity in the proper orientation.
- Solution (part 1): The Probe will separate from the orbiter using a spring system, then 

burn into Venus’s atmosphere. On entry, aeroshell parachute will deploy. The 
onboard probe systems as labeled below will be employed to ensure a safe landing.
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Launch: March 20 - March 26, 2028 / April 13 - April 19, 2028 || Average Total ΔV = 4.575 (km/s)

Orbiter Structure and Thermal Systems
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VIRTIS
Structure Size (m) Mass (kg)
Al6061 Bus Structure 2.89 x 2.89 x 1.29 788.51
Al6061 Hex Mounting Structure ID = 3.15 232.34

Thermal System Size (m) Mass (kg) Absorptivity
24 Layer Kapton MLI 0.01 thick 13.44 0.62
Radiator 0.4 x 0.2 1.4 0.21

Probe Orbiter

Structure Specifications:
- Requirement: Bus must survive launch loads and 

provide space for instruments.
- Solution: Al6061 bus w/ hexagon structure below 

the bus for mounting thrusters and antennas.
- Methodology: Static and modal analysis, verifying 

it can survive Falcon Heavy launch loads.
Thermal Specifications:
- Requirement: Keep instruments in operational 

temperature range.
- Solution: Utilizing MLI, radiators, and orientation. 

Splitting bus into 3 modules in for controlled 
temperature ranges per module.

- Methodology: Thermal analysis, verifying
desired temperature range.

Mission Timeline

- Requirement: Link 
margin above 3dB 
for reliable 
connection; Orbiter 
must transmit 
21.5GB of data per 
week. 

- Solution: 
Orbiter: 2 HGAs 
(3m, 1.3m), 1LGA; 
Data Rate: 1.2Mbps; 
Frequencies: X-band; 
Mass: 44kg; 
Power: 90W; 
Probe: 1 helical LGA 
(18cm); 
Data Rate: 100kbps; 
Frequency: S-band; 
Mass: 5kg; 
Power: 5W.

- Methodology: Link 
budget equations 
from SMAD 
textbook.

Structure Specifications:
- Requirement: Probe must survive landing loads and provide space for instruments.
- Solution: Ti64 Shell with SVTI insulation, 9 struts connected to crush ring, two 

beryllium shelves for component mounting.
- Methodology: Static analysis, verifying the shell can handle the landing load.

Thermal Specifications:
- Requirement: Keep instruments in operational temperature range for 24 hours
- Solution: Employ phase change material, Sodium Acetate, placed at the bottom, 

providing the battery and instruments with the lowest temperature.
- Methodology: Thermal analysis, verifying desired temperature distribution.
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- Solution (part 2): Probe descends multiple 
layers of the Venus atmosphere. Detaches 
the aeroshell and initial parachute at 40km 
and releases a second parachute. Probe 
lands at 10.5 m/s, with the shock absorption, 
this is a safe impact speed for the probe.

- Methodology: Kinematic analysis, verifying 
safe impact velocity is achieved.

Probe Instrumentation

Probe 
Trajectory

Spring 2025

Probe 
Separation

Point

Probe Power Systems

Mission Summary
Vehicle Dry Mass (kg) Size (m) Max Power 

Consumption (W) Total Cost ($)
Orbiter 1400 3.5 x 3.5 x 10 705 540 million
Probe 2400 2 x 2 x 2 135 380 million

- Requirement: Determine optimal Venus 
transfer trajectory while considering 
precise south-pole orbital insertion.

- Solution: Generated a porkchop plot 
using NASA ephemeris data and a 
MATLAB Lambert solver to pinpoint 2 
viable one-week launch windows 
identified for 2028. Ideal transfer will be 
a Type-ⅠB Hohmann Transfer with an 
average flight: 103.2 days, Four 
Trajectory Correction Maneuvers (TCM) 
(ΔVmax = 50 m/s) for precise orbital 
insertion.

- Methodology: Lambert’s theorem for 
launch / trajectory ΔV calculations. 
Verified using Intro to Spaceflight 
Textbook. (See references)

References for Launch and Trajectory:
- Oldenhuis, Rody P.S. (n.d.). Lambert [MATLAB Robust solver for Lambert's orbital-boundary value problem, 

version N/A]. MATLAB Central File Exchange. Retrieved April 7, 2028, from 
https://nl.mathworks.com/matlabcentral/fileexchange/26348 (ORCID: 0000-0002-3162-3660).

- Hale, Francis J. (1994). Introduction to Space Flight. Prentice Hall, Englewood Cliffs, NJ.

Venus Orbit 
Parameters

Periapsis 
altitude 
(km)

300

Apoapsis 
altitude 
(km)

1000

Eccentricity 0.052

Inclination 
(degrees)

85

Orbital 
Period (hr)

1.41
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