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Opto-thermal test of Zerodur Mirro

; Thermal shroud Mirror on test

Test instruments stand
inside pressure
tight enclosu
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Surface Figure Error (SFE) SOourees

A Error due to Thermal Gradients B~
I Thermal gradients cause mirror to bent . '
i Caused by noaero CTE and gradients |-
A Error due to Mount Effects

T Mirror mount notathermalized but
very compliant flexures

I Hexapod legs grow and bend mirror
A Error due to CTE inhomogeneity

I CTE gradients + isothermal temperatul
change bend the mirror

A Instrumentation Error

y [mm]

[10%/K]




SFElue to Mount

— The test was sulperture and
A RMS SFE _ OSlnm only the area enclosed in the circle
was measured

A Likely sources of errc* ..o e
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SFE duto Thermal Gradients #s

SigFit: de Before Fit, After any RE Subt Surface-001
PR TR RO E R S B AR TR S NS TS R\ Loadease=001

Units-waves

5. 167%1077
r [ 4.077%1073

RMS SFE =1.28nm ]

Likely sources of error -
in analysis: B
i Different temperature - o

-0.8 4

distribution (~2KnT) I L e
i CTE(250K) of this
Zerodur mirror
(20ppb/K) .

RMAX= 5.365E+02 mm




Test Measured Data at 250K#s

NT~0.8K*

09116116 08:10:57 e oni o | 3519
M3 - South Hole | 250.0
- AMTD2 / Schott Cryo Test M 1200 [ 2500
M5 - 10:00 250.6
PhaseCam East |74.5 1 / ._ M6 - 8200 250.0
PhaseCam West |80.5 [ 50 M7 - 6:00 230.5
PTE: nside  |72.0 _ AN 2099 ° f ' & - 200 250.2
ADM: Top 73.1 e —— — [\_\,- : k \ / \./ M9 - 2:00 2503
Cahle.: FeedThru |72.1 e 2%‘6"4 | 5 ;«% 251 550 UEN M3 / WM10- Top Edge 250.2
P'Ir:.c ?I:rg: am gig = . Y ? ‘ M11- 8:00 Edge | 249.8
K ] N/ Ms,f M12 - 4:00 Edge 249.7
Deg F) West i East \25“ 0 Mﬁ ; 35“ 2 / M13 - Top Fromt | 2507
2501 | 249 3 iy 2 3 25[(2 Mli'l.r' M14 - 400 Front | 250.0
N | lortn \Qz l{ ﬁi 250 33 - 6:00 (wMG) |_250.0
| South M7 _ﬂ L ':1“3345- 8‘;?‘:}1}{%1'::: 1230.2
. o 250 5\ > “B:00 (W2} | 250.2
i Soutt 36 - 12:00 (w4 | 249 .8
! _p;;gil.,ﬁ,, North (Front View) outh ms?m-I ;ﬂ_ﬂsm.:ms} %ggg
| . Supply sspg 15 (Ring) 39 - 7:00 750.3
| 2514 30 - South Pad_|_250,5
| 31 - Bottom Pad 250.6
.‘r 25;5;6? R1 23 st,ut L3 32 - Horth Pad 250.5
. 15 - 12:00 Ring 251.4
#1 16 - Delta_3 250.5
250.7 17 - Delta_2 250.5
250 7 18 - Top Bracket | 250.6
- e 19 - South Bracket| 250.8
2507 250.5 20 - Horth Bracket | 250.5
242%3? L1 21:Strut R3 21 - Strut B3 250.4
Shroud Shroud Schott ' 204 2. Sl %gg;

Top 250.4 = *
Horth 12193 Average 249.4 K  Average 2502 K 17 24 Strut L1 250.2
South (2119 Rate 0.1 KHR Rate 01 KHR 2508 250.5 2505 o el L

Bott . — ) Sl :
w;)storlllp oK Max 2508 K Max 2519 K -m 27 - South Mount |_250.7
RestSouonl 503 Min 247.9 K Min 2497 K mstuthe g 22:5trut 12 75 ot Mount | 7307

a L] . . i =
{Kelvin) Grad 3.0 Grad 2.2 K 250.7 0 - Delta_1 250.7

{Kelvin)

*Likely anomalous measurement ignored




SFE du& CTE Inhomogeneit

CTE (0°C; 50°C) Homogeneity tolerances
up to 18 tons <0.03- 105K
up to 6 tons <0.02-10¢/K

Table 2.3 up to 0.3 tons <0.01- 109K
CTE homogeneity tolerances

800

600

400

200

y [mm]
[10/K]

-200

400

-600

Figure 2.2 800 dia.1554mm

CTE distribution within a 1.5 m diameter 800 -600 -400 -200 O 200 400 600 800
blank with a measured CTE homogeneity of

0.004 - 10¢/K x [mm]

From the Schott Zerodur July 20K4talog[sic]




SFE dué CTE Inhomogeneityss

ARMS SFE =21.4 nm

A Likely sources of error il
analysis:
iLYO2NNBOU a

ASYSNI 0SRE
Inhomogeneity shape
I Incorrect CTE | [N
iInhomogeneity P/ an 7,
(assumed 10ppb/K) 1 , /

200}

—a00 |

T,

—500 i i v/ i . 26
-600 400 -200 0 200 400 600




SigFit? ds Before Fit, Aftsr any RE Subt Surface-001 SigFit: ds Before Fit, After any RB Subt Surface-001
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CTE Inhomogeneity + Bulk

Temperature Change

Total SFE

Mirror Temperature
Gradient + CTE
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-0.6 F
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Mount Stiffness and CTE +

Bulk Temperature Change

Inhomogeneity SFE Gradient SFE Mount SFE

(nm) (nm)
21.4 1.28

Disclaimer: some material properties were unknown and
assumed; large uncertainty in epoxy properties.




Thermal Gradients*

(1.28 nm RMS)

0.2
&
& 0.0
a0
-0.4
-0.5 \
-0.8

T

" “Mount Effects
(0.81 nm RMS)

= **CTE Inhomogeneity was nof

* Inhomogeneity**
(21.4 nm RMS)
*Exact temperature

distribution could not be
known in advance. CTE(T) wa

S

Test Results

PV: 194.1 nm
RMS: 9.426 nm EAR
Astig: 17.67 nm, -1.308E

B
2

B ﬁ%
Measured SFE (9.4 nm RMS)

not known in advance
(0.02ppm/K assumed at all
temperatures)

known a priori. A random CTH
map was generated that had &
10ppb/K peak to valley.

Conclusion

Analysis can match measured SFE by
adjusting the assumed CTE inhomogeneity
a new CTE inhomogeneity that is roughly
5ppb/K peak to valley. This is within the
range of measured Zerodur CTE

o

inhomogeneity peak to valleys.




New Zerodur Homogeneity

Dimension Number of | CTE (0°; 50°) absolute value | CTE (0°; 50°) homogeneity
Samples [ppb / K] [ppb / K]

Year [min] # Specification Achieved Specification Achieved
2003 4100x 171 18 +/- 50 66 20 18!
2005 3610x 370 12 +/- 100 80 30 25
2009 3700 x 163 36 +/- 150 54 40 9
2010 3400 x 180 12 +/- 100 42 30 5
2012 4250 x 350 16 +/- 30 60 40 5
2014 4250 x 350 16 +/- 30 0 40 3
2016 4060 x 103 16 +/- 50 36 20 7
2016° 4000 x 100 12 +/- 150 15 20 4

First two were measured with the old dilatometer metrology. All others measured with
the new dilatometer metrology.

RalfJedamziket al.

" Effects of thermal inhomogeneity on 4m class mirror substrat€sd¢. SPIE912,
Advances in Optical and Mechanical Technologies for Telescopes and Instrumentation
99120Z (July 22, 2016) doi:10.1117/12. 223428@ //dx.do0i.orq/10.1117/12.2234287



http://dx.doi.org/10.1117/12.2234287

CTE Homogeneity Maps

Surface Figure Error

Generated Multiple Homogeneities

All maps are 5ppb/K-F CTE Inhomogeneity
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PV: 194.1 nm
SigFit! ds Before FLt, After any RB Subt Surface-001 RMS: 9.426 nm
| | | | | | . |
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1 [ Units-waves o oy 5o
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New Homogeneity* (9.55 nm RMS)

*CTHnhomogeneitiesandomly generated until one
matched. PV homogeneity changed to 5 ppb/K.

Homogeneity Map. CTEs in ppb/K Conclusion
oo I 17 A A5 ppb/K peakto-valley inhomogeneity produced
w0l - | W 9.55nm RMS of SFE and a reomsquared SFE
estimate of 9.6nm RMS.
m~ | A Zerodur boules have been measured to have a 5 pp

e
Measured SFE (9.4 nm RMS)

-
w

Ao
=1

0 peakto-valley CTE inhomogeneity, therefore, S5ppb/K
R peakto-valley inhomogeneity is reasonable.

A Further investigation will match test results to an eve
greater extend.

CTE (ppb/K)
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