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Future Large Space Telescopes 

Å How to build aperture > 10 meters? 

ï Segmented primary mirror 

ï Many segments 

ï Multiple launches 

ï On-orbit autonomous assembly 

 

Å Mirror segments 

ï Lightweight 

ï Identical (nominally spherical) 

ÅLower cost 

ÅRedundancy 

ÅEase of manufacture and test 

ÅBUT:  Curvature errors across 
array 

ï Deformable capability 
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Team Responsibilities 
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Å NanoSat and MirrorCraft  

Å Docking system 

Å Integrated spacecraft & 

mission ops 

Å Deformable mirrors 

Å Telescope system 

Å Optical focus algorithm 

Å Class Instructors 

Å Mirror 

Manufacturing 

Facility 

Å Launch 

Å System integration & 

Testing 

Å Mission operations 

 

TBD  



AAReST Mission Objectives 

ÅAccomplish two key experiments in LEO by 
demonstrating new technologies for 
ïAutonomous rendezvous and docking with small 

spacecraft for telescope re-configuration 
ïA low-cost active deformable mirror 

ÅOperate as long as necessary to accomplish the 
objectives (90 days) post commissioning 
ÅAccomplish the mission inexpensively for a 2015 

launch 
ÅGather engineering data that enables the next 

system development 
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Mission Architecture 
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Primary spacecraft and payload ops will 
be run by Univ of Surrey 
Å Existing comm and ops infrastructure 
Å Includes spacecraft commanding and 

health monitoring 
Å Outreach 

Caltech 

Univ of Surrey 

UHF 

<650km orbit, TBD inclination 
Ғп-6 passes per day 
9.6kbps DL data rate/1.2 kbps UL 

Bordon, Hampshire 

Remote payload monitoring will be 
done at Caltech 
Å Initial mirror calibration 
Å Mission planning (target selection) 
Å Engineering data analysis and reduction 
Å Outreach 

VHF 

S-Band ISL 



Elements 

1. MirrorCraft (x2) ς 3U cubesats 
with deformable mirrors on top 
with rendezvous and docking 
capability 

2. CoreSat ς main spacecraft with 
primary power, communications, 
primary ACS, docking capability 

 

Payload 
1. Mirror assemblies ς 2 active 

deformable mirrors, 2 fixed glass 
reference mirrors with tip/tilt 
positioning 

2. Instrumentation package ς 
Telescope optics, detectors, wave 
front sensor, aperture mask 

3. Boom ς 1.2m deployable 
composite 
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Instrumentation 
package 

Reference 
Mirrors 

Deformable 
Mirrors 

Boom 

MirrorCraft 



Error Budget 
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Initial Imaging Calibration 

RBM: Rigid Body Motion 
WFE: Wave-Front Error 

Pointing 
stability  
& Jitter 

Final error 
on image 

Piston, Tip, 
Tilt 

correction 

Deformable 
Mirror 

correction 

Residual 
error 

Residual 
WFE 

RBM 

Shape errors 

WFE 

Primary 
Mirror  

Boom 

Camera 

Manufacturing 
& Integration 

Environment 

Manufacturing 
& Integration 

Environment 

Environment WFE 

RBM 

Shape errors 

RBM 

Vibrations 

Design WFE 



Payload Block Diagram 
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MirrorCraft CoreSat MirrorCraft 

High 
Voltage 

High Voltage 
Switch 

M M M 

Deformable Mirror 

Controller 

High 
Voltage 

High Voltage 
Switch 

M M M 

Deformable Mirror 

Controller 

M M M 

Reference Mirror 

Controller Controller 

M M M 

Reference Mirror 

I2C Pwr I2C Pwr I2C Pwr I2C Pwr 

Instrumentation Package 

Controller 

I2C Pwr 

Cam 

Shack 
Hartmann 

Imaging 
Sensor 

Optics M 
M 

M 



Concept of Operations 
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De-Orbit 

Launch 

Deploy 
Telescope Boom 

(2-stage) 

Spacecraft & 
Telescope  

Check-out & Init 

Telescope 
Operation 
(imaging) 

Telescope Re- 
configuration 

Telescope 
Operation 
(imaging) 

Extended 
Mission Ops 



Accomplishments in Past Year 
Å AE105 class performed  

ï Boom development and deployment testing 

ï Disturbance analysis 

ï Updated optical system design and stray light analysis and test 

ï Thermal analysis 

Å Active mirror technology has been matured in the lab, initial testing looks great, 
additional testing is underway. 
ï Prototype of mirror high voltage switching board has also been tested 

Å 2-D reconfiguration demonstrations have been performed in the lab using 
electromagnetic control 

Å Preliminary spacecraft, telescope and ops concept have been defined 
ï Total mass of 40kg is well within secondary launch capability 

Å We have identified the key requirements and flowed them down to the spacecraft 
and telescope subsystems to understand the important performance requirements 
and design drivers 

Å STRaND-2 (spacecraft) to payload interfaces are simple, with a lot of heritage from 
STRaND-1 which has flown. 
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Ae105 Project Scope 

John Steeves 
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AAReST Research Activities 

ÅDevelop enabling technologies for AAReST 

ïDeformable mirror 

ïDeployable boom 

ïCamera/Sensors 

ÅIntegration with Surrey S/C 
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Goals of Ae105 Project 

ÅPerform tasks which complement ongoing 
research activities 

 

ÅProvide useful information towards the 
AAReST mission as a whole 

 

ÅGain experience working in a practical 
aerospace environment 
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2012/2013 Project Tasks 

ÅThermal environment 

ÅExternal/Internal disturbances 

ÅDeployable boom characterization 

ÅDeformable mirrors 

ÅCamera design 
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Thermal Environment and Design 

Heather Duckworth 

Mentor: Kristina Hogstrom 
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Solar Heating Earth IR Earth Albedo Internal Heat 
Generation 

How does the space 
thermal environment 

affect each components 
ability to stay within 
operational values? 



Outline 

ÅOrbital mechanics 

ÅThermal check 

ÅThe model 

ÅThe results 

ÅThe conclusions 
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Orbital Mechanics 

ÅOrbit #1 Constant Sun:  
ïSun-Synchronous  
ïά5ŀǿƴκ5ǳǎƪέ 
ï650 km and 98° inclination 
ïAngle with respect to the Sun remains constant 
ïOrbital plane rotates ~1°/day 

ÅOrbit #2 Varying Sun: 
ïISS Orbit 
ï400 km, 51.6° inclination 
ïAngle larger, so more sun and shade variance 
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Star Pointing 
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Need camera pointed at  
star due north: 

POLARIS 
RA: 37.5° 
DEC: 90° 



Play 

SunSync_orbit.avi 

 

Sun Synchronous 
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ISS 
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Play 

ISS_orbit.avi 

 



Thermal Check 
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The Model 
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AAReST External 
Surface 

Material Internal Heat Load Heat Max 
and Min 

Mirror 
Crafts 
(x2) 

Solar Panels 
(sides), 
black paint 
(bottom) 

Aluminum 6W/Craft - 

Core 
Craft 

Solar Panels 
(sides), 
Black Paint 
(bottom) 

Aluminum 18W - 

Mirror 
Boxes 
(x4) 

Polished 
Aluminum 

Aluminum 2W/Mirror Range:  
dT<30K (+/-
15°C) 

Mirrors Aluminum 
Out, White 
Under Side 

Glass/Pyrex No Heat Range:  
dT<30K (+/-
15°C) 

Camera MLI Titanium 
(6AL-4V) 

Hot: 300 & 600 mW 
Sensors 
Cold: 0 W 

Range:  
-50 to 70 °C 

Boom Hot: Black 
Cold: White 

Carbon Fiber 
(orthotropic) 

No Heat - 



The Boom 
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Carbon Fiber  
²ƘƛǘŜ tŀƛƴǘ όʰΥ лΦнрύ ǾǎΦ .ƭŀŎƪ tŀƛƴǘ όʰΥ лΦфύ 

Material Conductivity (W/m/K) Density (kg/m3) Cp (J/kg/K) 

Carbon Fiber 35 (axial) & 10 (circumferential) 2,000 700 

ORBIT HOT: Black Paint 
(°C) 

COLD: White Paint 
(°C) 

Sun Sync 
(longitude) 

Hottest: 35± 23 
Coldest: 35± 25 

Hottest: -10 ± 25 
Coldest: -10 ± 30 
 

ISS 
(longitude) 

Hottest: 35± 23 
Coldest: -45± 48 

Hottest: -10± 23 
Coldest: -40± 48 

Sun Sync 
(circumferential) 

Hottest: 60± 3 
Coldest: 12± 3.5 

Hottest: 15± 2 
Coldest: -37± 2.5 

ISS 
(circumferential) 

Hottest: 55± 2 
Coldest: -85± 2 
 

Hottest: 10± 2 
Coldest: -85± 2 


