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Goals and motivation

R&D - develop/improve test methods to characterize
lightweight mirror architecture for current and future
telescopes

Competition - using same test setup and facility to
characterize competing mirror architecture

Facility — utilize and add capabilities to existing
environmental test facilities

Model validation - test data used for model validation
Personnel — testing is labor intensive
Learning — working with vendors




Lightweight ZERODUR Mirror Substrates by SCHOTT
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Schott ELZM

£

Diameter: 1.2m
ROC: 3.1m
Mass: 45kg; 88% lightweighted




Schott ELZM




Schott ELZM and test setup




JWST PMSA test configuration at XRCF

16 m ROC; ~4 m dia.
6 x 18.3 m test volume

4.25 m dia. Helium cooled shroud

Existing structure prevents testing mirrors with ROC < 3.5 meters

A pressure tight enclosure (PTE) configuration to test mirror with short ROC < 3.5 meter



Interferometer and test
support equipment in
pressure tight enclosure
(PTE)
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Thermal shroud
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AMTD-2 test configuration with PTE



e
M- Top Hole 292.0
0914116 09:09:59 M2 _Horth Hole | 7947
M3 - South Hole | 292.1
AMTD2 / Schott Cryo Test it | 2922
PTE M5 - 10:00 292.4
M6 - 3:00 292.1
PhaseCam Fast |75.7 WIT - 6:00 797 3
PhaseCam West |82.4 - 292.3
PTE: Inside 7541 mg - jgg 292'1
ADM: Top 76.9 v_,_/_/—/—’_/’_/_/_' — *
Cable FeedThru |73.1 = 233]3 Mid- T'_)':]idf'e %g%g
PTE: Purge Il |66.6 S ——— m; : ign E:E: 292.0
S - :
IR C?:;;Zr;) 8.8 West I o M13 - Top Front 292.4
il
M14- %00 Front | 292.1
291.9 M33 - 8:00 (wM6) [ 2922
M34 - 8:00 (wM11)| 292 4
South M35 - 8:00 (wM2) [ 292.3
. 2897 th M36 - 12:00 (w3} 291.8
' orth Sou M37 - 400 (wiM8) | 2922
Slz'!al-f?' N {Front View) . 38 - 5:00 797.2
= Return 292.0 15 (Ring) 39 - T:00 292 .4
- — 2925 30 - South Pad_|_ 291.9
31 - Bottom Pad 292.0
26:5trut R1 23:Strut L3 32 -Horth Pad | 291.9
292.0 292.3 15-12:00Ring | 292.5
#1 43 16 - Delta_3 292.1
17 - Delta_2 292.1
292.1 292.1 18 - Top Bracket | 292.0
19 - South Bracket| 2922
255‘1 2';2 ’ 20 _ Horth Bracket| 291.9
2:5:35? L1 4 . 2123?? R3 21 - Strut R3 292.3
- . 22 - Strut L2 292.3
Shroud Shroud Schott 23. Strut L3 292.3
Top  |797.8 erage 2917 K Average 2923 K 24-suutl1 | 202.0
Horth [291.4 Averag R 5: e 2% suuekz | 2924
South 2897 Rate 0.0 KIHR ate 00 KHR 292.2 291.9 26 - Strut R1 792.0
Bottom  (291.8 M — - 292.1
. ax 2942 K 27 - South Mount N
West Top  |291.8 Ma.)( 2928 K . Ej- 22:Strut L2 2§ - Bottom Mount| 292.1
West Bottom[292 .7 Min 289.7 K Min 2918 K 25§gt2nit R2 ey : gznﬁ 29 Horth Mount | 297 1
East 291.9 Grad 3.1 K Grad 23 K . 292.1 ’ 4 - Delta_1 2924
{Kelvin) {Kelvin)

Mirror temp avg 292° K
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Mirror temp avg 230° K

49. M1-Top Hole | 229,
09/15/16 10:12:51 o
M3 . South Hole 2294

AMTD2 / Schott Cryo Test Wa_12:00 | 229
PTE M5 - 10:00 231.2
PhaseCam East |81.2 M6 - 8:00 229.2
PhaseCam West |87.7 M7 - 6:00 2314
PTE: Inside M3 - 4:00 2294
ADM: Top ] M9 - 2:00 2309

Cable FeedThru H

M10- Top Edge | 2292
M11 - 8:00 Edge | 228.8
M12 - £00 Edge | 228.6
W13 - Top Front | 229.2
M14 - £00 Front | 228.9

PTE: Purge IN
IR Camera

| M33 - 3:00 (wMB) [ 2293
M34 - 8:00 (WM11) [ 2297 |
M35 - 8:00 (wM2) | 2295
Ssiiifs M36 - 12:00 (wMa | 229.1
North ou M37 - 00 (wMB) | 2292
{Front View) ; : M35 - 5:00 330,
15 (Ring M39 - 7:00 230.2
28 254.7 30 South Pad_ | 233.1
31-BottomPad | 2336
26:St.m4t R1 23:Strut L3 32 - North Padl 232.9
234. 235.0 15-12:00Ring | 2547
#1 #3 16 - Defta_3 239.9
2334 ) 17 - Delta_2 239.
233.3 18 - Top Bracket | 245.
A 19 - South Bracket| 246,
. 20 - North Bracket | 246,
Zliz:gsrgt 11 ©  21:StrutR3 21 - Strut R3 234 4
Shroud Shroud Schott ? 2344 22.stl? | 2345
23-Strut L3 235.0
2280 Average 2271 K Average 2295 K Vi T L
Soun 225, Rate 04 KHR Rate 07 KHR 246.380) 2464 R T Y
S :’:’8‘ Max 2292 K Max 2314 K 27 - South Mount | 233.3
West Bottom|229 2 Min 2244 K Min 2285 K 25:Strut R2 22:Strut 12 28 - Bottom Mount| _233.8
Fast 226 5 47 28 234.9 2345 29 - Horth Mount | 2334
o Grad 4. K Grad ? K 40 -Dettat | 239.7
(Kelvin)
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e

- Top Hole 249.9

09/16/16 08:10:57 M2 - Horth Hole | 251.9

M3 - South Hole | 250.0

AMTD2 / Schott Cryo Test wa- 200 [ 2500

PTE M5 - 10:00 250.6

PhaseCam Fast_|74.5 MG - 8:00 250.0

Taselam Ea N N

PhaseCam West |80.5 :; = izz %gg g

PTE: Inside 72.0 M9 200 250 :3

ADM: Top___113.1 ,—/—/—/—’_"—J_/T_D.’,_/_ﬂ N10- Top Edge | 250.2

Labie PFesdrt 1o-?) [P 250.4 M11- 8:00 Edge | 249.8

PTE: Purge Il |64.2 S e - 719 7
IR Camera 84.5 B M2 - k00 Bdge *

Deg F) West W13 - Top Front 250.2

9 | East W14 400 Front | 250.0

,2_\50'1 | 2493 133 - 8:00 {w/M6) [ 250.0

\ I Horth M34- 5:00 (W11} 250.2

2493 South M35 - 8:00 (w/M2) | 250.2

[ 247.9 h M36 - 12:00 (w4} 7498

[ Sou MB37 - 4:00 {w/M8) | 250.0

' i North (Front View) M35 - 5:00 250.2

™ Supply 250.6 15 (Ring) M39 - T:00 250.3

254 — 2514 30 - South Pad_|_250.5

31 - Bottom Pad 250.6

26:5trut R1 23:5trut L3 32 - Horth Pad 250.5

250.3 250.5 15 - 12:00 Ring 2514

#1 #3 16 - Delta_3 250.5

17 - Delta_2 250.5

230.7 250.7 18 - Top Bracket | 2506

= 19 - South Bracket| 2508

253‘} 250.5 20 - Horth Bracket| 250 5

24:Strut L1 f T 21:StrutR3 21 - Strut B3 250.4

230.2 250.4 27 StwL? 250 4

Shroud Shroud Schott 23-Suutls | 2505

Top 2504 . K Average 2502 K 24 - Strut L1 250.2

Horth 249.3 Average 2494 g 251075 25 - Strut R2 250.6

South  [247.9 Rate 0.1 KIHR Rate 01 KIHHR 250.8 ' 250.5 26 - Strut P1 250.3

Bottom  248.3 19 o 27 - South Mount | 250.7

West Top [250.1 Max 2508 K Ma_'x 251. K E-E- 22:Strut L2 28 - Bottom Mount| 2507

West Bottom[250.8 Min 2479 K Min 2497 K 25§ Strut R2 e iﬁoni 29 - North Mount | 250 7

East  |249.3 22 K 250.7 ) 40 - Defta_1 250.7

{Kelvin) Grad 3.0 K Grad {Kelvin}

Mirror temp avg 250° K
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Mirror temp avg 275° K

M1- Top Hole 274.7
M2 - Horth Hole | 276.8
M3 - South Hole | 274.9

09/19/16 12:20:59

M4 - 12:00 274.9
s AMTD2 / Schott Cryo Test IR 77 E
PhaseCam East_[71.3 M6 - 3:00 274.8
PhaseCam West |78.4 M7 - 6:00 275.9
PTE: Inside 70.8 MS - 4:00 275.0
ADM: Top 7.1 M9 - 2:00 275.7
Cable FeedThru [66.2 ~. M10- Top Edge 275.0
PTE: Purge Il |57 .4 - M11 - 8:00 Edge | 274.6
IR Camera 718.7 M12 - 4:00 Edge | 274.5
M13 - Top Front | 275.0

M14 - 4:00 Front 74.7

M33 - 8:00 (WwM6) | 274.9

M34 - 8:00 (WwhM11)| 275.1

k3

[ M35 - 8:00 (wM2) 275:0

- \13.4 71.3 Sl M36 - 12:00 (Ww4)| 274.6
North ou M37 - :00 (WM8) [ 274.9

(Front View) M38 - 5:00 275.2

15 (Ring) M39 - 7:00 275.3
276‘8 276.9 30 - South Pad | 276.
31-BottomPad | 276.6

26:StrutR1 23:Strut L3 32-NorthPad | 276.3
275.8 276.0 15-12:00Ring | 276.9
#1 N 3 16 - Delta_3 276.4
N 276.5 17 - Delta_2 276.5

: 18 - Top Bracket | 276.8

19 - South Bracket| 277.0
20 - Horth Bracket | 276.7

Ztlz:%n;t L1 21:StrutR3 21 - Strut R3 275.9
Shroud Shroud Schott ' 2 ;ig::: ti %32'3
g 230 Average 2740 K Average 2751 K , 24-stutl1 [ 275.7
Soun 3122 Rate 02 KHR Rate 05 KHR 2770 2167 Zosmap | 276
v::s':"T“:p %;4 = Max 2752 K Max 2768 K ' 27 - South Mount | 276.5
ot st Min 2722 K Min 2745 K S 22 Strut L2 28 - Bottom Mount| 276.7
— s 276.2 275.8 29 - Horth Mount | 276.6
(Kelvin) Grad 3.0 K Grad 2.3 K 40 - Delta_1 276.8

(Kelvin)
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test article temperature and pressure data

300 1.E+03
290 j 1.E+02
280 + 1.E+01
270 1.E+00
260 1.E-01
——Shroud_Avg
£ . _
é 250 Mirror_Avg 1802 5
\\ Delta Mount Avg
240 \ Delta Frame Avg 1.E-03
\ — Strut Avg n
230 \J 1.E-04
— Mirror Mount
| Avg
220 \ { 1.E-05
210 4 L 1.E-06
E-07

200 1.
9132016 11:00  9A4/201623:00 O9M6201611:00 91720162300 9M19201611:00 92020162300 9/22201611:00 92320162300 925201611:00 92620162300 9282016 11:00

Date/Time
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rms A figures

AT=2°C 5.9nmrms AT =17 6.5nm AT =42 9.5nm AT =62 11.3nm

PV: 197.2 nm

RMS: 11.32 nm

Astig: 20.95 nm, -1.4
pr

PV: 168.3 nm PV: 157.2 nm PV: 194.1 nm
RMS: 5.948 nm > S RMS: 6.537 nm RMS: 9.426 nm
Astig: 6.645 nm, 1.217%%!.512 % & Astig: 11.76 nm, 1.41 Astig: 17.67 nm, -1.

Cycle 1

AT=1 6nm AT=15  6.9nm AT=39  10.3nm AT=61  10.7nm

PV: 160.0 nm
RMS: 6.885 hm
Astig: 8.730 nm, -1.0

PV: 181.1 nm

RMS: 6.000 hm PV: 177.3 nm - PV: 184.9 nm

RMS: 10.28 nm < 3 RMS: 10.72 nm
Astig: 17.89 nm, -1 : ¥ T . Astig: 18.63 nm, -1.37



FEMS Surface (nm)

#
N I
&0 40 30

Change in Temperature

VVVVV

(K]

(=]
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36 Zernike terms residual

Cycle 1

PV: 167.5 nm
RMS: 4.774 nm

PV: 147.7 nm
RMS: 4.128 hm

PV: 186.7 nm PV: 168.6 nm
RMS: 5.426 hm . = RMS: 6.843 nm

Cycle 2

PV: 179.4 nm
RMS: 5.118 nm

PV: 160.0 nm
RMS: 5.350 nm

PV: 171.4 nm
RMS: 6.805 hm

PV: 185.7 nm
RMS: 6.948 nm
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Gravity backout

0 deg 120 deg rotation 240 deg rotation

PV: 114.1 nm
RMS: 10.47 nm
Astig: 7.720 nm, -7.9
Coma: 7.743 nm




PV: 114.1 nm
RMS: 10.47 nm

Gravity backout

20



With foam blocks With foém blocks

F1=206.89 Hz F2 =206.95 Hz

With foam blocks
F3 =345.3 Hz




Preliminary modal test results

196.07 Hz
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Backup slides
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Cycle 1, 230° - 292° Kelvin

“UIPV: 195.7 nm
RMS: 11.31 hm
Astig: 20.93 nm, -1
0.2 b

-400.0
mm




Cycle 1, 250° - 292° Kelvin

“UTPV: 194.1 nm
RMS: 9.426 hm
Astig: 17.67 nm, -1
0.1 P

,
59 6 -400.0
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Cycle 1, 275° - 292° Kelvin

mm
T IPV: 157.2 nm
RMS: 6.531 hm
Astig: 11.74 nm, 1.4
400.0 +
204.3 b= ot v
0.0 +
2000 +
-400.0 +
4621 - ; | } | { 1
5596 -400.0 -200.0 0.0 2000 400.0 564.6
mm
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Cycle 1, 290° - 292° Kelvin

mm
5616 T
PV: 168.3 nm
RMS: 5.948 nm
Astig: 6.645 nm, 1
400.0 + :
2000 <+
0.1 p-
-200.0
-400.0 +
o : -Eﬂi‘ 0 [sz zni 0 -wiw 0 55}5 ]
mm

-400.0
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Cycle 2, 230° - 290° Kelvin

-400.0

mm
561.9 T
PV: 184.9 nm
RMS: 10.71 nm
Astig: 18.62 nm, -1
400.0 -+
2000 <+
0.2 P
-200.0
-400.0 +
\ "# ‘ -Eﬂi‘ 0 ? zm%) 0 -wiw ] 551‘- 5
mm



Cycle 2, 251° - 290° Kelvin

mm
561.9 T
PV: 177.3 nm
RMS: 10.27 hm
Astig: 17.88 nm, -1.208E
< .' %{
400.0 -+
2000 <+
0.2 b+
2000
-400.0 +
o -5fiz 3 -40‘[1 0 -:Ljn o [A\‘ zni 0 -wi\ 0 f-r}i‘- 5
mm
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Cycle 2, 275° - 290° Kelvin

“TPV: 160.0 nm
RMS: 6.882 hm
Astig: 8.729 nm, -
0.3 M-

556.1 -400.0
mm



Cycle 2, 291° - 290° Kelvin

mm

“UTPV: 181.1 nm
RMS: 6.000 hm
Astig: 5.489 nm, -9

-200.0 -+
-400.0 +
-670.6 ! | | i ! |
, 1 T & u T 1
-558.4 -400.0 -200.0 0.2 200.0 400.0

mm
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