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ReviewObjective

Objective
A Demonstrate the readiness to proceed to
a flight technology Project CDR.

I Does the preliminary design appear
feasible?

I What concerns do you have that we need to
address as we go to PDR?
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5 ReviewQtitline

» 1. MissionOverview(20ming)
2. Spacecraft Design (60ins)
3. Telescope Design (16Qns)
a) Mirrors
b) Camera
c) Boom
d) Telescope System Performance
e) Test and Calibration
4. System Summary, Laun¥khicle,Project Plar{15mins)
5. Discussiorgl5ming)



TeamrResponsibilities

UNNERSITY OF

¥ SURREY

A NanoSat and MirrorCraft
A Docking system
A Integrated spacecraft &

A Deformable mirrors
A Telescope system
A Optical focus algorithm

mission ops

UNNERSITY OF

" SURREY TBD JPL
System Integration & Testing Launch Class instructors
Mission operations Manufacturing facilities
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A Partner withUnivof Surrey for spacecraft development

I Use provercubesatelements with some new technology and some
redundancy tcensure we can accomplish the objectives

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

A Keep spacecraft to payload interfaces simple
A Automate telescope to maximum extent possible

A AE105 classes do design, analysis, test and operations tasks as th
Project maturesJPL instructors teach the class.

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

A JPL provides class instructascesgo the Micro Devices Lab
(MDL) and other facilities as requested.



AAReSMission @bjectives

A Accomplish two key experiments in LEO by
demonstrating new technologies for

1. Autonomous rendezvous and docking with small
spacecraft for telescope reonfiguration

2. A lowcost active deformable mirror (one star image with
80% encircled energy)

A Operate as long as necessary to accomplish the
objectives (90 days) post commissioning

A Accomplish the mission inexpensively for a 2015
launch

A Gather engineering data that enables the next system
development
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1. Produce one focused image from a
deformable mirror after reconfiguration

2. Coalignmages to improve SNR and
demonstrate precursor to ephasing

%a Extentded \Mission Objectives

3. Produce at least two images of other sources

(egEarth and Moon) for outreach purposes.

U Requirementdlowed down to the subsystenevel last year
U Surrey will discuss spacecraft system and subsystem requirements and updates

)

U Telescope requirements will be discussed in each presentation along with updat




Spacecraft& Rayload Elemes ﬁ%

Camera package—> .‘*‘;ﬁ_;.

MirrorCraft (x2)¢ 3U cubesatswith
deformable mirrors on top with
rendezvous and docking capability

CoreSat, main spacecraft with primary
power, communications, primary ACS,
docking capability

Payload

1.

3.

9/16/2013

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

Instrumentation package Telescope
optics, detectors, wave front sensor,
aperture mask

Boomc 1.2m deployableomposite
AAReSPreliminary Design Review
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<— Boom

Reference
Mirrors

Deformable
Mirrors

MirrorCraft
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Deployment
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Deployment

To I

A

9/16/207%3

Launch
Detach from launcher & Verify orbit

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

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

Telescope deployment
I 1ststage boom deployment
i 2nd stage boom deployment (+ camera)
I Mirror covers deployment
I Uncage DM1 anBM2

Adjust and stabilize satellitgtitude

AAReST Preliminary Design Review




Reconfiguration

Power up MirrorCraftl | = UndockMC1:free-flyer = Rotate spacecraft Capture and lock MC1
Verifythrusters,T, Check MC1 properties Check spacecraft
communication and Move MC1 Power up MirrorCraft2
attitude control Check MCproperties
7. 6. 5.

=2 RM1 . RMZ B

Capture and locKMC2
Checkspacecraft

Rotate spacecraft

Undock MC2free-flyer
Move MC2
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Camera Package

Shack Imaging
Zlgbee Hartmann Sensor Z|gbee
Optics
Cam Controller
L]
Deformable Mirror Reference Mirror Reference Mirror Deformable Mirror
— —
OO0 OO0, D00, OO0
High High Voltage High | | High Voltage
Voltage [T | Switch Voltage Switch
| — I ——
Controller Controller Controller Controller
Pwr USB Pwri usB Pwr 12C Pwr USsB Pwr USB
MirrorCraft CoreSat MirrorCraft




Spacecraft Gom munidat'n@ns

TELESCOPE CPU

Science detector images » Store & Compute position, size, shape, SNR, [EE

for each spot => Piston/Tip/Tof eachsegment

v

SH detector images Store & Compute WF slofer eachsegment

Y Voltagemaps of eactbM

Camera stateariables Store data
(maskconfig T=. & 0 | | dpa sT—X0 -

\ 4

Inspection camera images PTERw1 VSV P
) PT V, PT
Boom state variables (T) Rz oMz bz
RM Board (x2) DM Board (x2)
S/C status (attitude 'ed
attitude rate,configz X 0 ] SIC CPU“
GRae[guwed Orders
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Mission JArchiteciure

<650km orbit, TBD inclination

F 6 passes per day
SBand ISL 9.6kbps DL data rate/1.2 kbps UL

VHE

UHF

JPL?
Univof Surrey€ >

T .

Bordon Hampshire

Remote payload monitoring will be

Primary spacecraft and payload ops will

be run byUnivof Surrey

A Existingcommand ops infrastructure

A Includes spacecraft commanding and
health monitoring

A Outreach

done atCaltech

Initial mirror calibration

Mission planning (target selection)
Engineering data analysis aretluction

Outreach 15
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v Accomplishmentsiin-the-Paar

A Active mirror technology has been further matured in
the lab.

A Preliminary spacecraft, telescope and ops concept hav
been refined
I Total mass of 40kg is well within secondary launch
capability
A 201213 AE105 class performed
I Boom deployment tests and development
I Refined optical system design
I Refined Thermal analysis (2 orbit conditions)

A Spacecraft to payload interfaces are simple, with a lot
of heritage from STRaNDwhich has flown.
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1. MissionOverview(20mins)
» 2. Spacecraft Design (60ins)
3. Telescope Design (16Qins)
a) Mirrors
b) Camera
c) Boom
d) Telescope System Performance
e) Test and Calibration
4. System Summary, Laun¥ehicle,Project Plar{15mins)
5. Discussioril5mins
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Deformabte)\Mirrors

| Kattll-‘n F%atmssaﬂtéiaeleheladr@mrg)ng)
Marie Laslaade $optimizadtion, tiesihag)

KristimaHogstam(thermail)

Etiim

Septentken?, 2013
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RelevantrtAsseniblies
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ProblemDescription \%a

A Develop & design deformable mirror assembly

I Key Characteristics
AThin,flexible, low areal density
Aldentical manufacturing process
A Actively controlled

I Key Challenges
Al F NBS aiNR1Sa omnQa G2 wmn
ANanometer precision
AVolume, powerconstraints
ALaunch survival
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’ Deformable\Mirrors

A Relevant requirements

Nominal radius of curvature 2.4 m

Deployable mirror cover(s), no debris

USB interface tonirrorcraft

Zigbeewireless interface to camera

2W power (continuous) for each mirror

Functions in both wide and compact configurations
Deformation stable long enough for exposures (~50ms)
Capable of surviving betweeAOC and 80C

Capable of operating betwee20C and 20C

Capable of correcting its manufactured shape error (~5 um RMS)
Capable of correcting its thermal imbalance (~20 ul) P

Additional OAP stroke (microns RMS surface):
defocus: 2; astigmatism: 1.2; coma: 0.2

Typical reflecting coating roughness < 15nm RMS



Genetal(Congept

A Thin laminate
I Polished glass wafers
I Plezopolymer coating
A Bimorph actuation

I In-plane strains create
mirror curvature

I Thin, low areal density

A Actuation patterns

I Independent regions
for fitting of mirror
surface shapes
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Polished glass wafer (~225um)

Slump at ~650C over quartz mold*
CoatCr+Alaminate (~3um total)*
Roughen mirror backside with HF vapor

Sputter ground layerTi+AuT],
10+50+10nm)

Spin coat + bakpiezolayers 140C (20um)

Sputter blanket electrodeTl(+Auy
10+10nm)

Evaporate electrode pattern (Au, 100nm)
Pole active material layer to 100 V/um
lon mill etch back blanket electrode

Wirebondelectrodes and mount mirror
onto PCB

9/16/2013 AAReST Preliminary Design Review

Mirror Fabrication°Rrocess

Slumping process

' (Cr+A) .

reflective side,,



Mirror Mounting

A Tiny Auwirebonds
connect mirror
electrodes to PCB
pads
(via holes)

A Kinematic mounting o
to PCB Steel spheres 1NN m/lrror Electrode

PCB access hole
I Spheres pinch mirror -
In 3 places, preloaded
and aligned using a
magnetic field

PCB

\ PCB pad
Wirebond Thin wire
(Au or Al)
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Experiment FEM
DampingRatio, : 0.12 (0.12)

63 Hz/3800 RP 70 Hz
74 HZ/4A500 RPM 81 Hz
220 Hz/13000 RPN 257 Hz

Mode 1
Mode
Mode

Repenge Amplitude (¢B)

100 180 200 26 250
Freguency (Hz)

NOTE: Possible resonances at wheel"&t



