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CMB L2 Space Missions

The main goal of the next CMB m1issions 1s the cosmological study
of the physics of the early universe and structure formation by
the precise observation of the Cosmic Microwave Background
(CMB) polarization in all sky and in a wide frequency range (~ 40-
400 GHz).
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- Probe the physics of inflation

- Determine the number of relativistic species

- Determine the neutrino mass

- Provide information on the Dark Energy and Dark o e
Matter Eagys, . 4

- Precise determination of the reionization epoch CMB Temperature and Polarization. ESAand the Planck collaboration.
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Sky Coverage

E xample of O bsexrvation S trategy

W

FOY 15 deg

Telescope sweeps the sky due to its double rotation

@ | FLA ﬁ' Open Source CubeSat Workshop 2018

If period of intrinsic rotation is not multiple
of period of precession, the axis of the
instrument tends to cover the entire
hemisphere except a hole in the centre with
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time = 0.0000

aaaaaa

https://www.geogebra.org/m/NjaSAAvD#material/nQWXemagX



https://www.geogebra.org/m/Nj4SAAvD#material/nQWXemqX
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CM B tel eSCO peS The CubeSat flies calibration sources Cal Sat

within view of the main satellite
experiment, emitting mw radiation from

- Need a calibration method the telescope’s far field. - Calibration system for the

providing control over calibration of CMB space
intensity, polarization and telescopes in L2.

radiation pattern. - Formation flying between

calibrator and the CMB

- This limits the accuracy on telescope.

the CMB science.
- Launched as a piggy-back.
- Space telescopes have
reached unprecedented
sensitivity levels, resulting in

- Exploring the feasibility of an
ancillary calibration satellite.

: : Artist’s view of two satellites in FF. : :
sys_tematlc effects bemg_ the Calibration system in 3U CubeSat (Up-Left). - Operating from the far field of
major source of uncertainty. CMB polarization measurements spacecraft the telescope (hundreds to

(Down-Right). From Federico Nati. thousands of metres). 6
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R elative position Telescope-CalSat
Where to place CalSat?

For long times, better o ' I I I l | I |

positions for maximizing P
| access only dependonyand &' _
' FOV. —

—e

1
40 *.i,f

- The point in the anti-sun Total access time during one day depending on y
direction 1s never crossed by
the instrument axis, but if 30 r | . ——

B — o< FOV the instrument ol
sees 1t in every turn 7 20

For different y, the number <

of times that the CalSat is S |
inside the instrument FOV Average access time during one day depending on vy

changes.
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R elative position Telescope-CalSat \
Where to place CalS at? o

During calibration process the CalSat should cross the FOV several times and through different
areas to allow a complete calibration of the sensor.

N

S/

CalSat trace in sensor frame for different values of y

Due to the geometry, the pointing of CalSat only crosses all the FOV if y > FOV
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Broadband Noise Source

Payload of CalSat ]
Cal i b ratl O n SO u rce /, ——__ J:_ VA % % ; -/\Erlwazztas-suaﬂz}
2 = 1 —& % ; _Qlwms(so-?senz}
- Adjustable output power & B
IOW power Consumptlon e g n_c -QIWRW{TSJWGHZ)
éZBD
- High polar purity (about -60 e
dB x-pol.) and low polar o—2 é@ w1 a0
angle error (<1 arcmin.) L
Calibration Source® Calibration Source scheme covering
- Wideband covering the representation with a 1.5 33-750 GHz bandwidth. Low-
proposed space-missions U volume. fr_equency noise and varlabl_e CW
(Typically 40-400 GHz) We assume 2U volume signals are up-converted using
for our case. frequency multipliers and filters

*from [1] Bradley R. Johnson et Al.
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Mission requirements summary

Requirements

3 years

The CalSat shall maintain the orbit during 3 years

The CalSat shall be at a distance d from the main telescope vehicle

240 <d <300m
270+ 2.7m

The CalSat shall maintain a distance during the calibration

The sensors shall locate the direction of the main vehicle error < 10’

The CalSat shall point to the telescope error < 3’

The sensors shall know the CalSat orientation

error<1’
> 28W

EPS shall provide enough energy allowing 2 calibrations per month
The distance sensor shall be able to calculate the distance between error < 13.5cm

Propulsion system shall be able to provide orbit and attitude control
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Cnitical Technologies
R elative position determination

The precision needed in relative ,.
position determination is very high
(dozens of cm) for the desired
distance (~300 meters)

= GPS + Comm

- LIDAR

Inter-satellite Distance
=
(=]
3

3

- Computer Vision

« GPS 1s not avatlable in L2
« The available power 1s limited
« The computational capacity is 0o0im  00im  oim  im  0m o
limited [2] G. Subramanian et al
« The Main Satellite should
collaborate as little as possible 12

- Infrared

- RF Ranging




' RAGN % Open Source CubeSat Workshop 2018

Proposed Hardware
Relative position determination Swift RelNav

RFrangingin S band

e Allows distances and precision that we need
e Communications with the same instrument

Commercial example: Swift RelNav

* Relative Range Measurements: < 0.1 m (1-0) S GRS S GRS

* Relative Attitude Measurements: < 1.0° (1-0) e | e

e >1 year LEO mission design life

e 86x45mm (0.375U) w/chassis

* 400 grams (with 4 antennas)

* Flexible mounting options

e 6-36V unregulated DC

* Duty cycle dependent power consumption [3] Tethers Unlimited
Approx. 10W @ 100% 13
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Critical Technologies s, 208 O Tty o Dot Proplsion Sy

3000 - .
Propulsion m_\

=

lon Magnetic
1500 L Electric Propulsion -

The needed thrust for precision FF of
CUbesatS iS Very SmM a” 1000 '+ Electro SﬂFangX Nuclear, antimatter, laser (Hz)

 thermal
NH 3.“ ;_lH-_q

lep (SEC)

Thetotal Avfor the missionisrelatively

_ _ _ 400 - Augmented R 1
high because it needs FF and orbit N2H.4,NHg emica
corrections 300 s

But the minimum impulse needed is very 200[- -
small

Precisethrusters with small thrust like 100 . r . .

. . . . 0.1 1 10 100 1000
lonicthrusters are big, expensive and st (N

consume alot of power NASA 4
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Proposed Hardware

Propulsion
Cold Gas Propulsion

e Allows small and precise impulses (mN)
 Enough total impulse
e Low power consumption

Commercial example: NanoProp CGP3

GOMSPACE
NanoProp

 Thrust: 1mN

e Thrust resolution: 10 uN

e Specific impulse: 60-110 sec

e Total impulse 40 Ns

e Power consumption < 2W (average)

 Mass 300/350 g (dry/wet) (butane)

e Operating pressure: 2-5 bar

e Temperature range 0°to 50° C

e 100x100x50 mm (including electronics board)

[4] Gom Space 15



CubeSats FF Mission Examples

Chinese Academy of Science proposal SULFRO
12 3U CubeSats FFin L2 Space Ultra-Low Frequency Radio Observatory

Ultra-Low Freg. Antenna 3-100 MHz

Pros

« Smilar needs of position determination
« S-Band ranging

« Butane micro-thrusters

Cons

 Not tested or approved

 Constellation
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CubeSats FF Mission Examples

Toronto University Mission N X 4-
2 8U CubeSats FF in LEO Ca 0

FF demonstrador N ool DU

Patch Antenna

Pros
 Successfully tested
« Smilar needs of position determination

CNAPS

Sk, micro-thrusters .

e S Band communication ' Thrusters (4) 7

Cons | +x:;
Y

« GPSposition determination
[6] N. Roth] /7
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CubeSats FF Mission Examples

ESA Mission
2 Spacecrafts FF in highly-elliptical orbit
FF demonstrador & solar coronagraphy

Pros
 Higher needs of position determination (sub
mm)
 Progressive metrology GPS—CO.S— H.LS (Laser)
« (old gasthrusters (10 mN) among others -
Cons [7] J. Llorente

 Not tested yet, but advanced stage

18



l a0 I,
N2pad !
.. etsiae POI.ITECNICA -', -

“ Open Source CubeSat Workshop 2018

Index:

© The CalSatproposal

19



& (5 e\ g,
7

B

-- etsiae EMBEDNITN  |.iituto de Fisica de Cantabria

""" Open Source CubeSat Workshop 2018

CalSat predesign Concurrent Design
Design in CDF Facility FaCi I |ty at | DR/ LUUPM

« 12 Workstations

« ESAclient / server software OCDT

« ConCORDEAdd-In Domain Tools.

« Own design modules for
subsystems.

Main characteristics

 6U CubeSat

e~ 6.8 kg

e 2 deployable solar panels

e Continuous power generation of
~16.5WBOL /~16.3 W EOL

« RF ranging (S-Band) Montegancedo Campus

e Available Av for the mission ~ 21 m/s
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Total Av

The Av for maintaining a

Lissajous orbit is very low
1.8 ms-lyear-.3 years-1.25
margin = 6.8 m/s

Deployment can be
performed with 0.2 ms-!
similar than PROBA-3

Based also in PROBA-3,AvV
for FF maneuvers has been
estimated in 14 ms!

~ 21 m/s

M1iss1i0on

AOCS

2 Star trackers
6 Sun sensors
3-axis gyro

RF ranging (S-Band)

3 Reaction wheels

Cold gas thrusters (200 g
butane)

The 1
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Power

otal power available

comes from the solar panels:

Area

=0.12 mé: Cell eff =28%

Contihuous power
generation of 16W

The battery has a total
capacity of 80 Wh

With the battery fully

char

ged the CalSat is able

to pexrform calibration (~35
W) during more thanf1
hours
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CalSat predesign

Dimensions
Subsystem Height Length Width
[mm] [mm] [mm]
Antenna 3 140 16
Radio 13 67 79
Structure 300 100 100
Propulsion (engine + tank) 50 08 198
Solar panel 280 202 1
Battery 76 o0 90
Radiators 50 50 2
Sensors (ADCS) 55 30 30
Actuators 10 15 15
Payload 98 08 198

Mass and Power Budget

Mass [kg] Power [W]

S/C Dry mass 6.2
ADCS 0.93 3.78

Communications 0.48
Payload 1.28 30.3
Power 2.23 1.12
Propulsion 1.2 2
Structure 0.8 0
Thermal 0.15 -

Open Source CubeSat Workshop 2018

Antennae

S

==
- =

Ranging & Comm.
/ Star Tracker

(o
/

Structure

Payload
ADCS

Solar Panel

S

1 \ Antennae

Propulsion system

Battery

Computer

;, !

Star Tracker

Thrusters
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* Critical technologies for the mission have been tested
and available as commercial products.

 The concept of the CalSat is feasible
.  6U CubeSat with all the instruments and subsystems.
COnCI usions * Power productionis enough.
« Attitude and position determination can be performed with the
desired precision.
* Position control can be performed with the desired precision.
* Needs of total Av for the entire mission can be achieved with

the proposed thrusters.

* For the ranging method proposed, the CMB telescope

needs to collaborate in position determination.
A small and autonomous S-band transceiver is enough. 72
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Future challenges

Open Source CubeSat Workshop 2018

Minimize even more the impact of the
calibration satellite on the telescope
* Optical camera for ranging?

* Operation without telemetry?

Fly with next CMB mission (e.g. LiteBIRD)
as Science Enhancement Experiment

Apply the concept to future missions
 PICO, CMB-Bharat
 Other missionsto Lagrange points
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Muchas gracias
Thank you very much

J.cubas@upm.es



