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Detailed Team-X report can also be provided if needed



High-level Team-X Mission Requirements
Mission class = B, for comparison with 2014 study (probably should be A)

Technology cutoff = (future, including assumed technology development)

Redundancy = Dual Cold

Cost = (no explicit target)

Spares = Selected spares

Mission/system level requirements: Send probe to Interstellar Medium at 20 AU/yr
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The objective of this Team X study was to arrive at a feasible point design
Study was successful, albeit with a large number of assumptions about technology development
A paper from 2001* (mostly by engineers at Thiokol) provided a basis for the Solar Thermal Propulsion design… but we’re in largely un-charted waters, here
The mission cost was estimated at $3.6B, 




Summary
Probe to the Interstellar Medium (ISM)

• Probe contains instruments to study ISM
• Also has a camera for imagery of a Kuiper Belt Object 

(KBO)
• The probe is a simple, New Horizons-class spacecraft

Objective is to leave the Solar System at 20 AU/yr (95 km/s)

The “need for speed” motivates an extreme and unusual 
mission design

• Pass very close to the sun (3 solar radii from center)
• Need a large Sun Shield to protect the spacecraft
• At perihelion, we execute a very large burn (11.2 km/s) 

using a Solar Thermal Propulsion (STP) system
Launch Vehicle Adapter
Jettisoned before 
perihelion maneuver ISM Probe (single SMRTG, ~560 kg wet)

Extra SMRTGs (providing 
> 1.2 kW for cryocooler)
Jettisoned before 
perihelion maneuver

Liquid Hydrogen (LH2) 
tank (cryocooled) 
carrying ~15.7 tons of 
propellant

Solar Thermal 
Propulsion (STP) Rockets 
(12x, to limit burn time 
to < 1.5 hrs.)

Bipropellant System (for 
TCMs before perihelion)

Sun Shield (double-
folded for launch, 
middle panel is heat 
exchanger for STP, 
heating H2 to 3400K)

Launch Vehicle Fairing 
(SLS Block 2 - 8.5m)
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Mission Scenario



Mission Design 
Summary

E-VVEJ-Ha-ISM

Exit Velocity= 19.1 AU/Yr.

Launch Date= 2/2036

KBO Flyby in ~11 years 
from Launch

LV = SLS Block 2 (8 m)

550 AU in < 40 years from 
Launch



Mission Design 
Delta-V Budget

STP DV = 11.2 km/s

Probe DV = ~94 m/s



Mission Power Modes

~3 years ~2.5 years ~11 years



Mission Architecture Summary



Sun Shield + Heat Exchanger Summary
The STP stage carries a huge folded “Sun Shield” to protect the whole stack at Perihelion (3 solar radii)
• Sun Shield also contains an integrated heat exchanger, to power the Solar Thermal Rocket
• The Sun Shield is larger than the rest of the stack when un-folded, so it must be “double folded” along two axes and 

four fold lines
• It must also be deployed to get it 2 m away from the LH2 tank for thermal reasons
• An additional set of actuations are needed for the Sun Shield to open like a book (not shown, see “Notes about the 

Sun Shield” slide)



Sun Shield Design 1



Sun Shield Design 2



NIAC (via Jonathan)

1.67 solar radii to the center of the 
Sun with a flat shield !

• Our design is at 3 Solar Radii

1.4 solar radii to the center of the 
sun with a curved shield



Probe: 
Design 
Summary



Probe: Mass and Power Summary



STP Stage: 
Design 
Summary



STP Stage: 
Mass and 
Power 
Summary



Mission Risk Summary
The design is right on the edge of infeasibility (with margins)
• It is VERY sensitive to tank mass fraction, shield mass, Isp, structures mass…
• A degradation in any of these assumptions quickly renders the design infeasible

Liquid Hydrogen (LH2) tank
• The mass of the LH2 tank was calculated using a fixed mass tax (m_tank = m_fuel * 0.39) (based on discussion with MSFC) and 

includes margin, so the tank CBE is backed out as m_fuel * 0.39 * 0.7
• The tanks are assumed to provide primary structural support for everything else.
• This includes the mass of the insulation and cryocoolers. However, our thermal requirements are more stringent than MSFC may 

have been assuming, so our tax may be too low

Solar Thermal Propulsion
• We assume an Isp of 1350s, which is high, and requires a Hydrogen temperature of 3400K
• This is higher than our initial Isp assumption of 1100s, and may not be technologically achievable
• This temperature is very close to the Carbon-Carbon melting temperature of 3800K (as cited by the 2001 Thiokol paper).
• However, if the Isp is lower than about 1250s, our design does not close

Radioisotope Thermal Generator (RTG)
• We assumed the future Segmented Modular RTG (SMRTG), currently under development
• We had to use five SMRTGs on our STP stage just to power the cryocooler, plus one on the probe
• It is unclear whether that many SMRTGs would be available, and there could be challenges with integrating them on the pad (due 

to their awkward positioning in our configuration)
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