Lightweight ZERODUR®: Validation of mirror
performance and mirror modeling predictions
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1. Upcoming spaceborne missions, both moderate e P Pt
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and large in scale, require extreme dimensional XRCF Tests e \
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stability while relying both upon established
lightweight mirror materials, and also upon
accurate  modeling methods to  predict
performance under varying boundary conditions.
2. We describe tests, recently performed at NASA’s
XRCF chambers and laboratories in Huntsville
Alabama, during which a 1.2m diameter, f/1.29 = —
88%  lightweighted  SCHOTT lightweighted ;ZZ | 1 (/
ZERODUR® mirror was tested for thermal stability I \\f
under static loads in steps down to 230K. =
3. Test results are compared to model predictions,
based upon recently published data on ZERODUR®.
In addition to monitoring the mirror surface for
thermal perturbations in XRCF Thermal Vacuum
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tests, static load gravity deformations have been =12 i
measured and compared to model predictions. 2 10 N
AlSO the |\/|0da| Response (dynamic disturbance) E 8 Ground with a full sized tool = . 5-ax§isCNCmachineryar\gl precision
Cycle 1 “ hFI | for efficiency on Draper S35 S etching to remove machining damage
was measured and compared to model. el B s o ete 10am 2 o . 85+ isusedtolightweight ZERODUR®.
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4. We will discuss the fabrication approach and . Q 4 2 < gzcé\éealts&ji:;isngllsznai;hme el
. . . SO W S % :
optomechanical design of the ZERODUR® mirror c, y =-0.0909x + 5.6825
. : : n R* = 0.04656 e FEA was used to analyze the
substrate by SCHOTT, its optlcal preparation for 0 stroker mechanism and the cell
-70 -60 -50 -40 -30 -20 -10 0 pressure to minimize quilting

test by Arizona Optical Systems (AOS), and

. ) Temperature Delta from Room Temperature (C) % g  effects to <10nm RMS
5. Summarize the outcome of NASA’s XRCF tests and AOS designed and built a S £ + TheELZM surface was measurec
: . custom mechanism to stroke Q = using mechanical spherometers
mOdeI valldatlons the ELZM across the grinding é § and a laser tracker system during
— tool without imparting a N € grinding operations
moment into the substrate |-
ELZM during polishing ELZM during testing, « The mirror was polished to

process on Draper mounted to AOS support “interferometric capture”, not
: to full surface requirements of
future missions. This was to
conserve cost.

* Also under Design-to-Cost
constraints, AOS designed and
built finger flexures and a
bipod flexure support
structure to mount the ELZM
during testing at AOS and at

Polished the ELZM with a full

sized tool for efficiency and

measured using interferometer | subsequently at XRCF
* At XRCF under ambient
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UPCOMING SPACE MISSIONS
Both monolithic and segmented architectures are temperature, the support

. . o performed within Inm RMS of
being considered for large future space missions. predicted value by AOS over
While segmented mirror approaches will reference d I h h h I k Conclusions: full temperature range
The Webb Telescope architecture, diffraction limited MO e Ing t e SC Ott ELZM T erma SOa TESt
at A 2um, the requirements will be much more PY. 1941 om
refined for wavefront error, especially error stability R S
over time. For exoearth imaging with large ‘
telescopes, stability at the level of 10 picometers over 1 D
10 minutes is anticipated. Even for smaller telescopes,
coronagraphy and ultraviolet scoence will require
stability of WFE one to two orders of magnitude
better than The Webb Telescope. We discuss
evaluation of ZERODUR® thermal stability and the

The SCHOTT 1.2m ELZM mirror was measured for optical
figure variation in thermal-vacuum in the large XRCF
chamber at MSFC. The intent is to see if bulk ZERODUR®
properties are maintained on a mirror blank with
machined lightweighting leaving sections as thin as 2mm.
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Temperature dependent of surface errors is consistent
with the latest values of extensive CTE homogeneity tests
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ability to model expected WFE performance of a s, 8 et e et RHRREISUARSES0R i at SCHOTT [Jedamzik, et al. 2016]
representive lighewieght ZERODUR® mirror made by New Homogeneity* (9.55 nm RMS) oo ’
SCHOTT under rigorous thermal vacuum tests at XRCF. " - : S ol . _
CTE Inhomogeneities randomly generated until one Measurements are consistent with a set of MSFC models
T T dto 5 ppb/K Measured SFE (9.4 nm RMS) . _ _ _
NEFEIEE i e R e = ool | assuming a ZERODUR® inhomogeneity magnitude of 5
Homogeneity Map. CTEs in ppb/K Conclusion ppb/K.

600 = - 17 A5 ppb/K peak-to-valley inhomogeneity produced

- q I-m 9.55nm RMS of SFE and a root-sum-squared SFE Acknowledgements:

N - estimate of 9.6nm RMS. e NASA AMTD-2 Contract

*  Zerodur boules have been measured to have a 5 ppb/K | Expert work of Mark Baker, Michael Effinger, Darrell Gaddy,

peak-io:yalley ,CTE 'nhomog_en_e'ty' therefore, Sppb/K William Hogue, Jeffrey Kegley, Brent Knight, Rusty Parks,
peak-to-valley inhomogeneity is reasonable.
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see the tested 1.2m ELZM mirror
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