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What is a Cubesat ?

• A cubesat is a type of standardized form of microsatellite, with a volume of one liter 
(Cube 10x10x10 cm), born in Stanford, CA. It typically uses "off the shelf" electronic 
components and systems (i.e. not subject to the rigorous qualification procedures to space 
environment). 

• From an academic point of view, they represent a very interesting educational element 
since Cubesat are primarily a highly integrated avionics system (all functions of a satellite 
and its payload in a very small volume, with a reduced power consumption). 

• From a scientific point of view, the low cost of their implementation and 
compactness prefigures the deployment of distributed payloads for scientific 
purposes : 

• unique/complementary vantage points 
• distributed measurements

• Their low volume, low mass is reminiscent of the “faster cheaper” strategy : it 
enables more risky, very focused science

• Probe can be “sacrified” quickly



Class of small satellites

1. MiniSats (100 – 500 kg) 

2. MicroSats (10 – 100 kg) 

3. NanoSats (1 – 10 kg) 

4. PicoSats (0.1 – 1 kg) 

Jet Propulsion Laboratory 
California Institute of Technology 

• Two redundant 6U CubeSat form factor 

• Launch: Mar. 2016; Arrival: Sep. 2016 

• Real-time relay of InSight EDL data 

• 8 kbps UHF link: InSight to MarCO 

• 8 kbps X-band link: MarCO to DSN 

Mars Cube One 
First Planetary CubeSat Mission 

A Technology Demonstration of 
communications relay system 

for mission-critical events such 
as the 2016 InSight entry, 

descent, & landing. 
 

Interplanetary Travel 
Fly-by Mars 
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MASCOT-2 LANDER

 Size: 30 x 30 x 20 cm
 Deployable solar generator cover 

(supports orientation and protects 
solar cells during touch-down)

 3 months operational lifetime
 Landing site: Lander targeting 

equatorial region of Didymoon (TBC)
 Carries low-frequency radar 

transmitter
(deployable antennas) 

Signal to be captured by the AIM 
spacecraft will enable 
understanding the interior 
structure of the asteroid

(Modified from I. Carnelli, ESA)



Interplanetary Cubesats in Europe: 
the AIM/AIDA mission



Asteroid Geophysical Explorer: CubeSat use

1. SEIS Cube (3U cubesat) will be 
deployed before MASCOT

2. It will test the MASCOT landing 
strategy

3. It will deploy a geophone 
/accelerometer  assembly  to 
investigate the secondary 
internal structure

4. It will test the ESA Intersatellite 
links experiment

Didymos binary system to scale

∅150 m



Europa Cubesat Concepts

Impact angle > 70 deg, 

Altitude of last image 

Best resolution < 10 cm/px 

Deployed Instrument 
Telecom frequency 
Gain, Power%

Distance between 
mothership and Cubesat 

Time/Distance 
of deployment 

Pointing < 0.5 deg 

Check altitude, 
re-orient 

V from deployer 

Batteries 

Illumination direction 
45-70 deg. 

ADCS 
Intelligent C&DH? 

Landing  ellipse  tbd 
(600x km2) 

Shielding strategy 
 
Thermal strategy 

Compression 
Factor 

Excite (JPL) NMSU

DARCSIDE (Deployable Atmospheric Reconnaissance 
CubeSat with Sputtering Ion Detector at Europa)

D e s i g n  C o n c e p t  f o r  M I N O S  
( M a g n e t i c  I N d u c t i o n  O c e a n  S o u n d e r )
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n a n o s a t e l l i t e w i t h a f o c u s e d , h i g h i m p a c t p a y l o a d a n d a
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Atmosphere and Plume Explorer (APEX) CubeSat Study
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Mission Drivers

Radiation
Space around Jupiter features an intense radiation
environment, which would kill a human in a matter of
seconds if openly exposed. The maximum Total Ionizing
Dose (TID) for this mission was set to 1 Mrad, as most
radiation hardened components are rated to this level. To
enable the spacecraft electronics to survive this
environment, about 2.5 mm of aluminum shielding will
cover all critical spacecraft areas.

Communications
Due to the small size of the spacecraft and the distance
form Earth, direct communication back to the surface is
impossible. The large antennas and high power levels
required simply do not fit inside a satellite smaller than a
briefcase. Instead, data will be relayed back to Earth
through the Europa Clipper spacecraft.

Power
Due to the low level of solar intensity at Jupiter, a large
solar array is required to power the spacecraft. Options
featuring small nuclear power sources were ruled out due
to the current political environment.

Introduction

This study was performed by a group of largely
undergraduate students to determine the utility and
viability of placing a nano-satellite (CubeSat) onboard the
Europa Clipper spacecraft proposed to be launched by
NASA in 2021. The main Clipper craft will perform 45
flybys of Europa over a 3 year period, performing several
kinds of scientific experiments (mass spectrometry,
magnetic mapping, imaging and more). By including
onboard a separate small spacecraft additional science
goals can be achieved. The spacecraft proposed here will
perform both atmospheric science using a mass
spectrometer and radiation dosimetry using a set of
modified SRAM chips.

Continuing Hurdles

Cold Temperatures
The Jovian environment is significantly colder than those
encountered by a typical CubeSat. Most electronic
components are rated to approximately -40ºC, and the
current APEX model shows temperatures in the range of
-70 to -90ºC.

Future work will focus on spot heating critical components
of the APEX craft, and rearranging the spacecraft to
better utilize all waste heat created to meet the
temperature constraints.

Proposed Architecture

The final proposed option for the APEX architecture
features the 6U spacecraft detaching from the Europa
Clipper spacecraft upon arrival in the Jovian system. The
APEX craft will then perform a number of flybys in
conjunction with Clipper performing relative science. At
the end of the mission lifetime, the CubeSat will dive to
Jupiter’s first moon, Io, and sample its volcanic plumes. A
final swing by the Europa Clipper craft will allow APEX to
fully transmit all of the data obtained from this flyby.

The spacecraft features a propulsion system
encompassing 2 out of 6 total CubeSat units. The
spacecraft has a set of deployable solar arrays, which will
provide the power to all spacecraft systems, as well as
the heaters that keep the critical components functioning.

The scientific instrument performing the most
groundbreaking science onboard (mass spectroscopy) is
the Winds Ions Neutrals Composition Suite (WINCS)
developed at the Naval Research Laboratory. This
instrument will provide additional insight into the speed
and composition of the atmospheres of both Europa and
Io, which in the case of Io will lead to a completely unique
set of scientific discoveries.

Also included will be a suite of dosimeters giving a variety
of radiation measurements to allow for a better
understanding of the full radiation environment in the
Jovian system.

Conclusions

This study has developed a notional method for
extracting additional science from an existing proposed
NASA mission. The mission profile developed in this
study provides valuable additional science while not
adding significant risk or complexity to the main mission.

The proposed addition of an Io flyby allows for the
collection of scientific data that will not be obtained by the
Io Volcano Observer (IVO) spacecraft (which would not
fly if Europa Clipper is funded). This augmentation in
capabilities is a large cost save, as IVO had an expected
mission cost of $450 million, compared to the $10 Million.

With a launch in 2021 much work still needs to be
completed to turn the APEX CubeSat into reality, but as
the notional project timeline below suggests, there is still
sufficient time to prepare a spacecraft for launch prior to
the launch of the Europa Clipper mission.

A model of the proposed APEX spacecraft showing the intended 
configuration of components.

Diagram showing the proposed mission profile of the APEX 
spacecraft (trajectory shown in light blue) away from the Europa 
Clipper spacecraft (light green).

A representative model of spacecraft heating performed in NX 
Space Systems Thermal showing the temperature extremes seen 
by spacecraft around J upiter.

Plot showing the thickness of aluminum shielding required to keep 
the APEX CubeSat alive in the J ovian radiation environment. The 1 
Mrad TID cutof dosage is shown as a red horizontal line.

Concepts

A number of notional mission profiles were developed to
satisfy the mission constraints. First a set of 3 CubeSat
Units (10 cm x 10 cm x 30 cm) sized spacecraft were
considered. Due to the large volume of components
required to keep the satellite alive in the Jovian
environment, this option was found to be infeasible.

Also explored was the possibility of having the APEX
spacecraft perform a full insertion burn into Europa orbit
to perform larger amounts of science around Europa.
This option was deemed infeasible after significant study
due to a lack of powerful propulsive options for CubeSats.
Any hardware that would accomplish this proposed task
would require more than 50% of the complete spacecraft
volume.

A notional APEX spacecraft design showing the extension of the 
components outside of the maximum volume.

A notional timeline of the APEX mission from conception to 
launch.

Atmosphere & Plume Explorer
6U



Europa Initiative :Possible Cubesat Scenarios

SLS Launch of 
Integrated Clipper 
+ Lander Stack

ΔVEGA 
Interplanetary 
Transfer (4.7 yr.)

Jupiter Orbit 
Insertion and Satellite 
Tour (to nominal 
Clipper EOM)

Clipper Orbit Period 
Reduction (6 months, 
to reduce Europa 
fyby velocity)

Clipper Deploys 
Lander and Serves 
as Telecomm Relay 
(xx% of orbit)

Small S/C+ Lander
Jupiter Orbit Insertion

SLS Launch of 
Integrated Clipper 
+ Lander Stack

ΔVEGA 
Interplanetary 
Transfer (4.7 yr.)

Jupiter Orbit 
Insertion and Satellite 
Tour (to nominal 
Clipper EOM)

Clipper Orbit Period 
Reduction (6 months, 
to reduce Europa 
fyby velocity)

Clipper Deploys 
Lander and Serves 
as Telecomm Relay 
(xx% of orbit)

Small S/C+ Free Flyer
Jupiter Orbit Insertion Close fly-by (plume, dust …)

Orbiter + lander

Impactor

Small S/C+ Free Flyer
Jupiter Orbit Insertion

SLS Launch of 
Integrated Clipper 
+ Lander Stack

ΔVEGA 
Interplanetary 
Transfer (4.7 yr.)

Jupiter Orbit 
Insertion and Satellite 
Tour (to nominal 
Clipper EOM)

Clipper Orbit Period 
Reduction (6 months, 
to reduce Europa 
fyby velocity)

Clipper Deploys 
Lander and Serves 
as Telecomm Relay 
(xx% of orbit)

« Formation flying with Europa orbiter »

« Plume » Scenario Impactor

Formation flying / orbiter

Orbiter

Orbiter + lander

Orbiter

Orbiter + lander

OrbiterPossible Cubesat addition must
ideally complement the science
objectives in a UNIQUE way

Science augmentation must be 
worth the mass spent ….

“preferred” option



Potential Cubesat Science

• Selected on the basis of science, risk, and cost 
• Potential Cubesat science include :

• Ocean conductance measurement (radar) 
• Gravity through radio link with orbiter
• High resolution imagery 
• Magnetic environment and sounding
• Radiation measurements
• Plasma measurements 



CubeSat unique advantages

1. The Companion CubeSat can be an « Insurance » policy to be 
able to analyze phenomena than cannot be studied by orbiter, 
e.g dust/particle measurements at low altitude 

2. The Companion CubeSat can take advantage of multi point 
measurements

a. plasma physics 
b. gravity measurements ? (Feasibility TBC)
c. magnetic measurements. 

3. The Companion Cubesat can help with the local geology , with 
a close-up of a potential interest zone (High resolution imaging 
< 1 m)  without paying the price for a Europa orbit insertion. 
This could be useful for a landing site assessment ?



 Cubesat Scenario Scenario 1
« Plume »

Scenario 2
« Kamikaze »

Scenario 3
« Formation flying »

Major science objectives Plume sampling 
Dust Analysis

High resolution Imaging
Sampling ?

Multi Point Geophysics
Multi Point Plasma, 

magnetic field 
Connection to the 6 

science themes
F- Exobiology
B- Exosphere 

C- Geochemistry

D-Geology A- Magnetospheric
Interactions

E- Geophysics 
Connection to Europa 

science
Exobiology Landing site imaging Geophysics, Exosphere

 
Preferred Science payload Spectrometer, 

Dust analyzer
High resolution imaging

Dust analyzer 
Magnetometer

Plasma measurements
Gravimetry (TBC)

Feasibility of mission  
scenario

Good –  Insertion strategy 
and ∆V to be evaluated

Good –  Insertion strategy 
and ∆V to be evaluated

Good

Additional studies needed Strawman PL
Insertion strategy 

(ballistic from relay orbit ?)
Telecom strategy

Strawman PL
Insertion strategy 

(ballistic from relay orbit ?)
Telecom strategy

Strawman PL
 Mission analysis 

Gravimetry feasibility

Potential show stopper ? Mass ? Clipper resolution might be 
sufficient

Mass constraints

Typical Mass To be assessed 6U Cubesat 3-6U Cubesat
Typical Implementation Excite CubeSat No example yet

Ranking + = ++ 



Challenges of a Cubesat for Europa

1. Radiations
a. Hardly compatible with COTS approach
b. Mass penalty

2. Power, Thermal control 
a. Very limited power available
b. Use of warm box ? RHU ? Primary batteries only ?

3. Form factor, mass
a. Standard subsystems
b. mass < 6U

4. Planetary protection constraints
a. Must be compatible with DHMR (Batteries ?)

5. Telecommunication, navigation
a. Limited communication capabilities
b. Must relay on mothership to communicate with Earth, no orbit control feasible

6. Deployment strategy
a. Changing the orbit of mothership ?
b. No fine GNC, no flexible propulsion system
c. Cubesat dispenser design (ombilical , shielding ?)



Backup slides



MASCOT-2 RELEASE

1. Baseline strategy: release at 200m 
altitude

2. Intersection at the landing site with 
velocity below 7.5 cm/s

May 
2020 

Dec 
2022

ECP To 11km

Start of MASCOT-2
operations

August 
2022

DART 
impact

DCP1 DCP2 F-B P/L DEP DCP3 To 100km DART obs Post impact obs

Relaying ISL data
5 measurement sets 
supported

MASCOT-2 
landing

September
2022

Relaying ISL data
5 measurement 
sets supported

CubeSat
deployment

(Modified from I. Carnelli, ESA)
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