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The Vision 

9/16/2013 AAReST Preliminary Design Review 2 



Review Objective 

Objective:  

ÅDemonstrate the readiness to proceed to 
a flight technology Project CDR. 

ïDoes the preliminary design appear 
feasible? 

ïWhat concerns do you have that we need to 
address as we go to PDR? 
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Review Outline 

1. Mission Overview (20 mins) 

2. Spacecraft Design (60 mins) 

3. Telescope Design (160 mins) 

a) Mirrors 

b) Camera 

c) Boom 

d) Telescope System Performance 

e) Test and Calibration 

4. System Summary, Launch Vehicle, Project Plan (15 mins) 

5. Discussion (15 mins) 
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Team Responsibilities 

Å NanoSat and MirrorCraft  

Å Docking system 

Å Integrated spacecraft & 

mission ops 

Å Deformable mirrors 

Å Telescope system 

Å Optical focus algorithm 

Class instructors 

Manufacturing facilities 

Launch System integration & Testing 

Mission operations 

 

TBD  
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Project Approach 

Å Partner with Univ of Surrey for spacecraft development 
ïUse proven cubesat elements with some new technology and some 

redundancy to ensure we can accomplish the objectives 

ÅWell defined objectives and short duration mission with clear goals 
for an extended mission 

Å Keep spacecraft to payload interfaces simple 

Å Automate telescope to maximum extent possible 

Å AE105 classes do design, analysis, test and operations tasks as the 
Project matures. JPL instructors teach the class. 

Å Caltech grad and SURF students do research and technology 
development for the telescope 

Å JPL provides class instructors, access to the Micro Devices Lab 
(MDL) and other facilities as requested. 
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AAReST Mission Objectives 

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

spacecraft for telescope re-configuration 
2. A low-cost active deformable mirror (one star image with 

80% encircled energy) 

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 

9/16/2013 AAReST Preliminary Design Review 7 



Extended Mission Objectives 

1. Produce one focused image from a 
deformable mirror after reconfiguration 

2. Coalign images to improve SNR and 
demonstrate precursor to co-phasing 

3. Produce at least two images of other sources 
(eg Earth and Moon) for outreach purposes. 

ü Requirements flowed down to the subsystem level last year 
ü Surrey will discuss spacecraft system and subsystem requirements and updates 
ü Telescope requirements will be discussed in each presentation along with updates. 
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Spacecraft & Payload 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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Operation timeline 
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Deployment 

Å Launch 
Å Detach from launcher & Verify orbit 
 

Å Turn on satellite 
ï Turn on low voltage then high voltage 
ï Switch from battery to solar power 
 

Å Verify and stabilize satellite 
ï Power, Thrusters, Communications 
ï Tumble rate, Temperature, Attitude 
ï Camera functioning (dark measurement) 
 

Å Telescope deployment 
ï 1st stage boom deployment 
ï 2nd stage boom deployment (+ camera) 
ï Mirror covers deployment 
ï Uncage DM1 and DM2 
 

Å Adjust and stabilize satellite attitude 

t=0 

2 orbits 

4 orbits 

8 orbits 

9 orbits 
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Reconfiguration 
1. 
 
 
 
 
 
 
 
 
 
Power up MirrorCraft1 
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attitude control 
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Payload Block Diagram 

MirrorCraft CoreSat MirrorCraft 
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Spacecraft Communications 
TELESCOPE CPU 

Store & Compute position, size, shape, SNR, EE 
for each spot => Piston/Tip/Tilt of each segment  
Store & Compute WF slope for each segment 
Ý Voltage maps of each DM 
Store data 

Science detector images 

SH detector images 

Camera state variables 
(mask config, TΣ ǎǘŀǘǳǎΣ Χύ 

Inspection camera images 

Boom state variables (T) 

S/C status (attitude, 
attitude rate, configΣ Χύ 

Mirrors state variables  
(T, V, configΣ ǎǘŀǘǳǎΣ Χύ 

RM Board (x2) DM Board (x2) 

S/C CPU 

PTTRM1 

PTTRM2 

 

PTTDM1 

PTTDM2 

 

VDM1 

VDM2 

 

Earth 

Required 
data 

Orders 
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Mission Architecture 

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 

JPL? 
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Accomplishments in the Past Year 

ÅActive mirror technology has been further matured in 
the lab. 
ÅPreliminary spacecraft, telescope and ops concept have 

been refined 
ïTotal mass of 40kg is well within secondary launch 

capability 

Å2012-13 AE105 class performed  
ïBoom deployment tests and development 
ïRefined optical system design 
ïRefined Thermal analysis (2 orbit conditions) 

ÅSpacecraft to payload interfaces are simple, with a lot 
of heritage from STRaND-1 which has flown. 
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Review Outline 

1. Mission Overview (20 mins) 

2. Spacecraft Design (60 mins) 

3. Telescope Design (160 mins) 

a) Mirrors 

b) Camera 

c) Boom 

d) Telescope System Performance 

e) Test and Calibration 

4. System Summary, Launch Vehicle, Project Plan (15 mins) 

5. Discussion (15 mins) 
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Deformable Mirrors 

 Keith Patterson (task lead, presenting) 
Marie Laslandes (optimization, testing) 

Kristina Hogstrom (thermal) 

Erin Evans (thermal) 

September 9th, 2013 

9/16/2013 AAReST Preliminary Design Review 19 



Relevant Assemblies 

DM1 
RM1 

DM2 
RM2 

Lid 
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Problem Description 

ÅDevelop & design deformable mirror assembly 
ïKey Characteristics 
ÅThin, flexible, low areal density 

ÅIdentical manufacturing process 

ÅActively controlled 

ïKey Challenges 
Å[ŀǊƎŜ ǎǘǊƻƪŜǎ όмлΩǎ ǘƻ мллΩǎ ƳƛŎǊƻƴǎύ 

ÅNanometer precision 

ÅVolume, power constraints 

ÅLaunch survival 

 

9/16/2013 AAReST Preliminary Design Review 21 



Deformable Mirrors 

Å Relevant requirements  
ï Nominal radius of curvature 2.4 m 
ï Deployable mirror cover(s), no debris 
ï USB interface to mirrorcraft 
ï Zigbee wireless interface to camera 
ï 2W power (continuous) for each mirror 
ï Functions in both wide and compact configurations 
ï Deformation stable long enough for exposures (~50ms) 
ï Capable of surviving between -40C and 80C 
ï Capable of operating between -20C and 20C 
ï Capable of correcting its manufactured shape error (~5 um RMS) 
ï Capable of correcting its thermal imbalance (~20 um P-V) 
ï Additional OAP stroke (microns RMS surface):    

defocus: 2;    astigmatism: 1.2;    coma:  0.2 
ï Typical reflecting coating roughness < 15nm RMS 
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General Concept 

ÅThin laminate 
ïPolished glass wafers 
ïPiezo polymer coating 

ÅBimorph actuation 
ïIn-plane strains create 

mirror curvature 
ïThin, low areal density 

ÅActuation patterns 
ïIndependent regions 

for fitting of mirror 
surface shapes 
 
 23 

Activated layer 
V 
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Mirror Fabrication Process 

1. Polished glass wafer (~225um) 
2. Slump at ~650C over quartz mold* 
3. Coat Cr+Al laminate (~3um total)* 
4. Roughen mirror backside with HF vapor 
5. Sputter ground layer (Ti+Au+Ti, 

10+50+10nm) 
6. Spin coat + bake piezo layers 140C (20um) 
7. Sputter blanket electrode (Ti+Au, 

10+10nm) 
8. Evaporate electrode pattern (Au, 100nm)  
9. Pole active material layer to 100 V/um 
10. Ion mill etch back blanket electrode 
11. Wirebond electrodes and mount mirror 

onto PCB 

24 reflective side 

(Cr+Al)n 

Glass 

Ground 

Piezopolymer 

Electrodes 

Slumping process 
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Mirror Mounting 

ÅTiny Au wirebonds 
connect mirror 
electrodes to PCB 
pads 
(via holes) 
ÅKinematic mounting 

to PCB 
ïSpheres pinch mirror 

in 3 places, preloaded 
and aligned using a 
magnetic field 
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Vibrational Behavior 

26 

Laser Vibrometer 

Ball 

Mirror 

d(t) 

Mode 1 Mode 2 
Mode 3 

Experiment FEM 

Damping Ratio, �z���� 0.12 (0.12) 

Mode 1 63 Hz/3800 RPM  70 Hz 

Mode 2 74 HZ/4500 RPM  81 Hz 

Mode 3 220 Hz/ 13000 RPM 257  Hz 

Substrate: Glass 

NOTE:  Possible resonances at wheel speeds! 
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