
AEROCAPTURE TECHNOLOGIES 

FOR OUTER SOLAR SYSTEM EXPLORATION
1. NASA’S OCT. 2015 MULTI-CENTER AEROCAPTURE STUDY

NASA’s Planetary Science Division requested a study to deter-
mine which technology developments would most benefit 
NASA’s readiness to implement aerocapture at various desti-
nations in the solar system. JPL hosted the study on Oct. 7-8, 
2015, with aerocapture experts from multiple NASA centers

2. MAJOR STUDY CONCLUSIONS
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STUDY PARTICIPANTS

and JPL (see below). The entire study was conducted in 
plenary sessions, so all disciplines represented were involved 
in all aspects of the study. Destinations considered were 
Venus, Mars, Uranus, Neptune, and Titan. The sessions also 
addressed aerocapture’s current state of readiness. 

1. An aerocapture demonstration is not needed prior 
to flight implementation

2. Within the time frame considered, aerocapture at 
destinations considered is feasible with no or 
modest technical developments

3. Use of aerocapture at Uranus or Neptune could 
reduce the time of flight, increase the science 

payload, and/or reduce overall mass.
4. Trade studies and Design Reference Mission 

developments are needed to determine necessary 
pre-project developments

5. There are several activities NASA could pursue to 
mitigate risk in aerocapture implementations; details 
are below and in Table 1

the phase, the actions required of the vehicle 
to execute the phase, and unique or critical 
technologies associated with the phase.

3. AEROCAPTURE –

WHAT IS IT?

Aerocapture is orbit insertion 
from an unbound (hyperbolic) 
approach using aerodynamic 
drag in the destination’s 
atmosphere to dissipate excess 
kinetic energy. The aerocapture
concept is not new but is yet to 
be used on a space flight 
mission.

Figure 1 to the left illustrates 
the four primary phases of an 
aerocapture maneuver and key 
events during each phase. 
Phases are color-coded to 
match Table 2, which for each 
phase gives the knowledge 
required to plan and execute

4. WHY USE AEROCAPTURE?
For orbit insertions requiring a large ∆V, aerocapture offers greater science payload mass 
(for a given approach mass) than chemical propulsive orbit insertions. The mass of pro-
pellant and tankage needed to provide the required ∆V for a propulsive insertion is quasi-
exponential with ∆V. But the mass of hardware needed for an aerocapture maneuver is 
quasi-linear with ∆V, so for a given large-∆V insertion, the aerocapture system required 
can be less massive than the propulsion system required. This allows greater science 
payload mass, shorter trip times, or reduced total mass at launch.

After a standard interplanetary Cruise, the 
vehicle is navigated along the hyperbolic 
Approach trajectory to a precision atmospher-
ic entry within the “entry corridor”. Upon 
entry it begins autonomous Atmospheric 
Flight, dissipating kinetic energy through drag 
as it uses onboard sensors, navigation soft-
ware, and flight control hardware to control 
the flight path to an exit at the desired speed 
and direction. In the Post-Exit phase, the heat-
soaked aeroshell is ejected and a propulsive 
post-exit trajectory correction cancels any 
velocity residuals. The post-exit orbit’s periap-
sis is within the planet’s atmosphere, so a final 
Periapsis Raise Maneuver establishes a stable 
science orbit.

TABLE 2.  Knowledge, activities, and technologies important to the successful conduct of 
an aerocapture maneuver. Colors correspond to the phase color code in Fig. 1 above.

FIGURE 1.  Aerocapture maneuver phases and events; see text to the right   

Recommended Risk Mitigation Activities
• Update and improve Uranus and Neptune atmosphere and ring models; 

identify astronomical opportunities for new data
• Quantify the complexity, reliability, and lifetime of heat rejection systems
• Determine whether techniques beyond heritage hypersonic guidance and 

control are needed (destination-dependent)

• Develop redeployable solar arrays, if needed
• Determine whether late autonomous maneuvers would be needed 

(destination-dependent)
• Identify mission constraints from flight data capture requirements
• Quantify achievable entry flight path angle errors from practical 

approach navigation accuracies and planetary ephemeris uncertainties

TABLE 1. Risk mitigation activites for aerocapture implementa-
tions. Phases are color-coded to match those used in Fig. 1 to the 
right. Schedule indicators are: Green, pre-project feasibility & 
trade studies; , specific risk reduction prior to project start; 
and , development work as part of the project.  
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