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s Concenttrate en RIVIS Wavelronit error
o Not pernting
o Not 1image guality;

¢ CCAT In perspective

¢ Slace maintenance

» Bottomi Up ermor bldget calculaior

o INEXT STEnS




ALMA
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CCA

s Physical limits shewnin updated Ven IHoerner plo
s CERP, etc.
s Homeleoy

o [Dome
NG selar heating
Minimealwina

o CCAT will have an active surface

s Passive Would represenilarge riskeat this point

Jielescopes: close te the limits enithe plot already.
employ CERP and high degree ofi hemology.

o Active surface reduces risk and increases
comaplexity.
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1/2 Wavefront Error Budget

ALMA RFP

template

[microns]
Total Panel (RSS) 11.8
Total Backing Structure S
Total Panel Mounting (RSS) 54
Total Secondary Mirror (RSS) 8.4
Total Tertiary Mirror (RSS) 0.0
Total Measurement and Setting (RSS) 10.0
Other Errors not Included Above 2.0
TOTAL (RSS) 20.0

CCAT System and Surface July 2007

[microns]

CCAT
5.0
4.0wind, vibration, panel xy
4.0Active Surface Control
7.5 microns for primary
3.5
3.5
4.0Astro. WFE & Holography
1.5 _
6.5 microns for rest
10.0



Wavefront

A priori: Distortions: T Sensor readings:
Calibration Manufacturing ’ Edge sensors
Elevation Gravity Panels Dihedral angle
Temperature Thermal Tip-Tilt
Wind T Distance

Adjusters:
Control Piston
matrix | | Tip
Tilt

Distortions: T @

Manufacturing Reflector
Gravity support
Thermal structure
Wind

Filter

CCAT System and Surface July 2007
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Segmenteaimirrer Withi 3 DOE (&' actuators) per
Segmient

NGR=rgId meunting|structure

INGR=HQIG panels

elescopeliniually aligned (enly maintain)
Chanoing enviroRment

ArBItrFAR/SEASING Gl POSItIGAS

Actually tweparalielfatizacks (CHanaiViathCad)
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mode 5 - emult 1.72 - 36 segments and 1638 sensors

CCAT System and Surface July 2007 Dan MaCDonaId JPL
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mode 7 err mult 0.35724
mode 12 err mult 0.16378
mode 17 err mult 0.11626
mode 22 err mult 0.10237

mode 6 err mult 0.37887
mode 11 err mult 0.21634
mode 16 err mult 0.13027
mode 21 err mult 0.1025
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mode 4 err mult 0.5488
mode 3 err mult 0.26302
mode 14 err mult 0.14716
mode 19 err mult 0.1083

mode 3 err mult 0.65413
mode & err mult 0.2656
mode 13 err mult 0.16223
mode 18 err mult 0.1103

Dan MacDonald, JPL



CCAI

mode 4 err mult 0.17858

017858

mode 3 err mult

0.29725

=
=
£
=
@
]
@
k=]
o
£

0.29726

made 0 err mult 10456329997254.74 Mode 1 err mult

9 err mult 0.1103

0.13241 mode 7 err mult 0.13092 mode & err mult 0.11091 mode

mode 6 err mult

mode 5 err mult 0.14461

mode 14 err mult 0.085506

0.088925 mode 13 err mult 0.088921

mode 12 err mult

mode 11 err mult 0.10555

0.10556

mult

mode 10 err

0.072802

mode 18 err mult 0.077154 mode 19 err mult

0.077701

mode 17 err mult

0.050043

mode 16 err mult

mode 15 err mult 0.085503

Dan MacDonald, JPL



CCAI

mode 3 err mult 1.1754 mode 4 err mult 1.0709

mode 2 err mult 1.4251
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mode 0 err mult 1.6272

0.70047

mode 9 err mult

mode 6 err mult 0.95681 mode 7 err mult 0.88349 mode § err mult 0.72603

mode S err mult 1.0157

mode 12 err mult 0.56868 mode 13 err mult 0.54622 mode 14 err mult 0.54165

mode 11 err mult 0.57166

0.59375

mode 10 err mult

mode 19 err mult 0.43609

mult 0.44465

mode 15 err

mode 17 err mult 0.482

16 err mult 0.49789

mode

mode 15 err mult 0.51436

Dan MacDonald, JPL



Wavefront (RMS)

Distortions:
Manufacturing
Gravity
Thermal h.o.
Wind

A priori:
Elevation

<Thermal cupping >—> Par;els
t

Adjusters:
Control | L_y! Filter (ave=0) ol
matrix Tip
Tilt

Reflector
support
structure

Zernike
polynomials

Sensor readings:
Edge sensors
Dihedral angle

Tip-Tilt
Distance

Filter (none)

CCAT Ontariormeeting, July 2007, Surface Control

Noise:
Distortions:
Thermal h.o.
Wind




Surface RMS with Reflector Support errors
T T T

NumPans = 210

Nabsolute = 1

1 x 103

1%10°
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Zermke mdex

Peaks are solutions producing a tilted plane. This response will be filter out.




36 panel telescope with edge and dihedral sensors
Uniform curvature for all panels

aZaSopport= 0 a7 Soppost= 0 aZaComve=0 apZeaCove= 1 NomPae— 36 Nabuolote= 1

M) =195 =wrizce RMS [mooes] ﬂ:lev(pm = 33.407 zarbsce RMS [microes]

surfacs befors surface after control correction
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Applying the panel curvature coherently to the whole surface results in
sensor readings of zero.




36 panel telescope with edge and dihedral sensors
Curvature amplitude given by Zernike #2

aZeSopport= 0 a7 exSopport=0 aZalomve= 1 ampZeCorve= 1

Stierl g ) — 0766 swrbace RMS [micyons]

surfacs before surface after control correction




210 panel control system errors from panel curvature distortions

/\

surface RMS/panel curvature RMS

‘j\/‘v\o/U\J\ A
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40

60

Zernike index

e e(lge and dihedral

e e(lge, dihedral and 25
distance

—edge and tip-tilt

Distribution of panel curvature given by Zernike functions across the aperture.




s GENErC paramerc moadel
s Plate-core-plate laminate

e \Materials

Al CERP high strength, CERP low CTE, NI,
steel; Invar, Beryllium, Borosilicate glass, ULE
glass, SiC

s GEOMIELRY,

Panel size
e Keystone supported at optimal three polnts

Plate thickness
Core thickness and densir

R

CCAT System and Surface July 2007



e | pads

Thermal:

s Uniformi:
» |ateral RMS:

e axiall through segment:
s Radiative
¢ Alr and Iinsulation

Graviityz
WiInRG:
e Other errors
EalrIcation:
AgINg:
s Comparabieiio ether detalled aesigns

CCAT System and Surface July 2007




URCS (m

3.5e-006
l3.2e.006
_2.0c-008

- 2.6e-006

L2 Ae-liliR
_2.0e 008

1.1 TV e-000

1 4RNnNA
~1.2e 006

. 0.7e-007

S5.8e-007
2.9e.007
1.0c-033
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Dual beam setup in
vertical configuration
with 2m path

Laser metrology system
determines the absolute
distance between two
reflectors using
heterodyne mixing
process with 1.6 um
lasers

Developed at JPL for
space applications but
effects of atmosphere
may be critical

CCAT System and Surface July 2007
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Alex Ksendzov, JPL
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uncorrected

— Elden corrected .
Wiy 4,
~ Elden and creep corrected MMWWWWMW er\ rrrw
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s [LASErImetreloay may have iImpertant rele in
dealing Withactivesulfiace Imedes not Sensed 1y
E@dge SEnNsers anadialse measurenient of Seconadary
pPoESItIoN

¢ Effects olrair turbulence on 2mipath are net
EXGESSIVe

s EXtension e dm pathiin next iewweeks will give
IMportantieaselinetier scaling te) CCATF distance
Scale

CCAT System and Surface July 2007 Alex KsendZOV, JPL
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s Panelidesign
e dimensions: ,t h,f
. fior L m dia panel; typical value 1 micren
s Panelfthermallenvirenment
o Change Inaverage temperature
RIVISTair temperature over 1 m, d2
[DomE temperature
Insulation thickness

e Boundary/layer thickness
¢  SENSErcenfiguration
e and AeISE
e SERsor neise
o NUmberolpanels (fromipanel aiz)
.
s IVIISC: errel SeUKCces
o Panelliocation
o \Wind
o Slidliacemeasuiiementmapeselution
s \ilbraten

CCAT System and Surface July 2007
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SEIpIE bottom U9 Srros budets

Telescope design case 8 9
28-Jun-07 CMA MLT

panel design

face sheet material CFRPH ] CFRPL| CFRPL] CFRPL | CFRPL Ni Ni Ni Ni

core material Al Al Al All CFRPL Al Al Al Al

manufact RMSfor alm panel [micron] 0.30 0.30 0.60 1.00 0.50 0.30 0.30 0.30 0.30
Telescope configuration
dia [m] 25 25 25 25 25 25 25 25 25
segm ents
panel size, diagonal [m] 246 2.16 2.16 1.70 2.80 183 183 183 2.16
number of panels 162 210 210 340 125 293 293 293 210
areal density [kg/m”2] 9.96 8.75 8.75 6.88 12.20 12.18 12.18 12.18 14.37
panelerrors [microns|
gravity 178 343 343 212 2.03 3.88 3.88 3.88 541
wind 031 0.62 0.62 053 0.29 0.55 0.55 0.55 0.65
Temp. change 0.01 0.00 0.00 0.00 0.00 0.10 0.10 0.10 0.15
thermal cupping 047 0.04 0.04 0.02 011 359 359 359 4.82
lateral Trms 250 2.05 2.05 143 0.02 1.60 1.60 1.60 2.05
manufacturing errors 1.82 1.40 2.80 2.89 392 1.00 1.00 1.00 1.40
[Net panererror 3.7 43 50 39 45 5.7 5.7 5.7 1./
primary figure maintence
number of distance measurements 1 1 1 1 1 1 1 25 25
distance measuring error 05 05 05 05 05 05 05 05 05
surface error from edge sensors 1.06 1.08 1.08 1.28 0.18 5.95 5.95 024 0.23
tip-tilt angle meas. improvement 1.00 1.00 1.00 1.00 1.00 1.00 0.10 1.00 0.10
surface error from angle sensors 141 181 181 2.79 0.77 243 1.86 0.10 0.05
panel curvature control effect 480 0.38 0.38 0.25 111 36.97 3.70 7.39 0.99
net surface maintenance error Bl 21 21 31 14 375 72 74 1.0
vibration, wind, panel xy setting 5.36 5.00 5.00 465 591 473 473 473 5.00
total primary 1/2WFE 8.3 6.9 7.4 6.8 7.6 38.2 10.3 10.4 9.2
other non-primary surface 1/2WFE
secondary 349 349 349 349 349 349 349 349 349
tertiary 349 349 349 349 349 349 349 349 349
wavefront measurement 416 416 416 418 415 417 417 417 416
total other contrib. /2WFE 6.5 6.5 6.5 6.5 6.4 6.5 6.5 6.5 6.5]
total telescope 1/2WFE 10.5 9.5 9.8 94 99] 388 12.2 12.3 11.3




s IHavera nearly complete set of toels for analyzing CCAT
configurations Including thesurface maintenance and
controel system

s Paneliaesigniis critical
o [fhermal cuppIing
o Falbrication enrers with 3 point suppert
* [nteractions\with Sensors and contrell systen are important

s THp=Tiit(Shack=Hartmann)sensors Would e extremely.
Biseiul

¢ lhaevery challenging CCAT Specifications should e
aciieyvaplewithicareitiraesignrane fiabrecation

CCAT System and Surface July 2007



s Continue adding tethe teols
e |ncorporate EEA of panels and reflector support
e Add more of the controel system Into the simulations
o Continuework onthe error budget calculator

¢ Exploredesignispace

e Critical aspects of panels
Size
Thermal distortiens
Senser configuration
Etc.

e Critical aspects of the reflector suppert
Distertion amplittldes
ACLUBLOK PrOPErLIES
Etc.
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