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Adaptive Optics on board the Telescope

System Overview

[Riccardi et al., 2004]
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W Basic Requirements of High Order DM'’s
[

The Specs are very Severe

Novel AO Act rms force (turb. corr.) [N] .363
Del Vecchio, max force (StatiC) [N] .36
Fé%%irlg: max force (dynamic) [N] 1.27
stroke [um] +150
bandwidth [kHz] 1
IR typical actuator spacing [mm] 25
typical mover mass [g] <10
resistance [Q] 2t02.5

measuring range [um] | 100

resolution [nm)] <3
rms noise [nm] <5
drift" [nm] 20

bandwidth [kHz] > 30

12 hrs base, 5°C temperature variation
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DM Stiffness vs. DM Thickness & Act Spacing

Kf[ex xX t3 X (1/d)4

o What if

» the inter-actuator spacing is slightly reduced
» the thickness is slightly increased

HIGHER ORDER DM d =30 — 25mm (16%)

ELT PANELS

t=1.6 —2mm (20%)

} ~ 2% Kiiex
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The Design Criterion: Avoid Thermal Pollution

The Basic Question & Two Possible Answers

reduce the local seeing

Y

reduce any local heating

Y

given the force, reduce the power

Y

, i.e. the force-to-power ratio
(while respecting the geometry and minimizing the emc)

© implement a cooling system
e active (which Tcoorant?)

@ rely on the natural convection
® passive

SAFER BUT MORE COMPLEX

SIMPLER BUT MORE RISKY
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From the Dwg to the Mesh

Carefully Meshing Gap & Coil Regions

® 2d geometry imported via the CAD Import Module

e Fine mesh of coil (ryje = .1195mm, d;,s = 7 um) and air

gaps (7 = 7 um)
® As aresult
~ 55,000 points and ~ 100, 000 elements
.5% of which have a quality < .4
minimum quality = .19
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From the Dwg to the Mesh

Carefully Meshing Gap & Coil Regions

» 2d geometry imported via the CAD Import Module

e Fine mesh of coil (ryje = .1195 mm, ;s = 7 um) and air
gaps (7 = 7 um)

e As aresult

» ~ 55,000 points and ~ 100, 000 elements
» .5% of which have a quality < .4
e minimum quality = .19
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Setting Up the Magnetostatics

Temperature Affects the Resistive Heating

. F:/S—;(H-B)n+(n-H)BTdS:/V(M-V)BdV

1

_ 1 )
* OCu = 4o, Ti+0.0039(7T—293)] °S* M

pou,, =172 x1078Q xm  Cu resistivity @ 293K
T < heat transfer
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Assumption & Restrictions

neglect the radiative contribution

Ok ~

51 ~ 0in conductive solids

trapped air isn’t convective
convective air
o p=1p EtPam — 3484 x 1072 2 [Pa

p < weakly compressible Navier-Stokes
Patm = 101325 Pa

e U, < weakly compressible Navier-Stokes
# boundary conditions

T = T, @ bottom

convective flux @ top
T = Teootant @ coolant channels bnd’s (if any)
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Assumption & Restrictions

® p=

M pJFpatm
R

=3.484x1073L [kgxm~]

n = —7.887>< 1071272 £ 4.427 x 108 T +

5.204 x 10~°

[Pa x s71]

f, =9.81 (Pref - Pchns) [N]
o Pref:/)© (T: Trer, P=0)
boundary conditions

eu=0
L
e p=0...

(wall / no slip) @ air-solid interfaces

(outlet / normal stress) @ horizontal top bnd



W Magnetostatic Results |
[rar 8 e>4N x W!

Novel AO Act
Del Vecchio, ® 57 < ATg, < 3.98K, thanks to material optimization
Riccard, ® 4.05<e<41N x W', thanks to geom. optimization
caten # rms turb. corr. force  .363N — 21A
L € max dyn. force 127N — .38A
2 iz A low-order actuator vs. the current high order actuator
T e LBT TEC1
/(JxB) dv /(M~V)BdV
v v
4.169 314
e 162 .062
2.8 14

mean negligible




Magnetostatic Results I

w Shaping the Ferromagnetic Material to Focus B
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W Fluid Dynamics Results |

Computing AT = T — Ty

Novel AO Act
el Yecchio, e 2 force cases
1asl,
ngﬁ?erﬁ:’ « rms turb. corr. force f. = .363N
 max dyn. force fm=127N
The AO Principle o aCtlve
fhe Desian brivers LJ ATcoo[an[ = O giVBS the |OWGSt AT
DeMivEES force | max surface AT
The Model fC 1 0 K
i 35K
® passive

e The (rare) f = f;, gives out-of-specs AT

Fluid dynamics

Results force | max surface AT
T 64K
fm
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804768

10.8416
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Fluid Dynamics Results IV

f = fn: the Active and Passive Air Velocities
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6.3131

Problem
5.0505

1.0191

Results
0.06

0.07

000 001
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