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Optical Telescope Assembly (OTA)
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o OTA Characte
o Primary Mirror Mechanical Requirements
o Primary Mirror Design

o Phase Il Goals

o Phase Il Progress Report

o Full -Scale Mirror Analysis Results
o 1/4™ scale mirror design

o 1/4t™ scale mirror analysis

o Alternate design for 1/4 th scale mirror
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2017 Science :
Technology Gap Name R Submitted By l

Heterodyne Far-IR detector arrays and related technologies Far-IR OST STDT
Cryogenic readouts for large-format Far-IR detectors Far-IR OST STDT
Warm readout electronics for large-format Far-IR detectors Far-IR OST STDT

Large cryogenic optics for the Far IR Far-IR OST STDT
Large-format, low-noise and ultralow-noise Far-IR direct detectors Far-IR OST STDT
High-performance, sub-Kelvin coolers Far-IR/X Ray OST STDT
Large-format, high-dynamic-range UV detectors UV/Far-UV LUVOIR STDT
High-reflectivity broadband Far-UV-to-Near-IR mirror coatings UVOIR LUVOIR STDT

Priority 1

s mirror systems for Far-IR
Compact, integrated spectrometers for 100 to 1000 pm Far-IR OST STDT
Advanced cryocoolers Far-IR/X Ray OST STDT
Mid-IR detectors Mid-IR OST STDT
Cryogenic deformable mirror Mid-IR OST STDT
High-efficiency UV multi-object spectrometers uv General Community
Lightweight, large-aperture, high-performance tele UVOIR

Priority 2

ope mirror systems for UVOIR
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OTA to Wallops Arc Second Pointer (WASP) Interface
Interface from WASP to pointed mass

Secondary
Mirror
Head Ring

nal Groupings
5 Plate
Computer Plate




OTA Characteristics

« Key Features of OTA
— 14.052-m effective focal length (EFL) Ritchey-Chretien (RC) design

— Hyperbolic primaryfand secondary
— Primary wi '

capabilities
— Secondary will be fabricated in-house
— Design influenced by existing legacy UV-visible and IR instruments

pe a contracted item — size exceeds in-house fabrication

- OTA focal length is a compromise between short focal length desired for IR
-visible instrument

— Edge thickness 125 mm

— Mirror Material: Zerodur Tailored CTE

— Open back configuration with isogrid light weighing pattern
— Current weight 78.7 kg, Light weighting fraction ~ 68%

— Compromise between weight reduction and mirror robustness (i. e., crash
survival)




5 ) Goodman Technologies, LLC

o ODp

o Operating Temperature Range:
20C

o Gravity release

o}

1080 Diameter,

o  Whiffletree and Tangent bar
o Fundamental Frequency: Mounting Interfaces
o 10 Hz Minimum for Optical Telescope
Assembly.

o Zerodur Primary Mirror estimated 378.5
hz

o Adequate Strength

o +/-10g (X,Y, and Z directions,
independently)



(M1) Primary Mirror

Primary Mirror

— 1030 mm OD

— 125 mm Thick

— Schott Zerodur (0+0.02 PPM/K CTE)

— 65% Light-Weighted Open Back

Support Bond Pads

— 3 Tangent Bar Mirror Mount

— 18-Point Whiffle Tree Axial Mount

Drawings

— MEEO00532: Pre-Polished, Light-Weight Blank
— MEEO0O0531: Bonded/Polished, Primary Mirror

40.55 inch OD
4.92 inch thick

Total Weight: 171.5 Ibs (77.8 kQ)
Potential Weight Savings
— No Opportunity




MEEO0532-001, REV C. GHAPS PRIMARY
MIRROR PREPOLISHED BLANK
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STEP File Model

o n.a]a] Tep (POCKET WaLLS )

GSFC Drawing
Note 2 different Rib Thicknesses 8.6 (0.34 din) and 5.6 mm (0.22 -in)



6X Rockers

3X Yokes

Simultaneous 1D Athermal
— Inner Bond Path
— OQOuter Bond Path

3X Tangent Bar Assemblies
- Bond Pad Flexure (Titanium)
Composite Tubes (IM7/8552)
Switch Back (6061 Aluminum)
Expendable Flexure (Titanium)
Differential Screw (Inner, Outer)

1D Athermal
Axial Position Datum A
Tangential Line of Action

{14.000")



~ FULL SIZE GHAPS PRIMARY LEGAGSOGRID DESIGN
FINITE ELEMENT MODEL DESCRIPTION 18 Whiffle Tree Support Areas
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O Proauce

assembled and ceramized , w
class silicon carbide primary mirror substrate suital
for GHAPS, and is traceability to future missions that
require large mirrors.

U Print four OAP parts and then AM to make a monolith
primary mirror at quarter scale.
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o Primary Mirror Dray
o Performed Full Size Isogrid Pr i mary N

o Fundamental Modes
o Gravity Sag (X,Y, and Z directions)
o Thermal Soak (20Cto -50 C)

oc Created 1/ 4 o0Scal ed Plsagrdgleggcy)Mi rr or DesAggn,

o Design Model and Drawing
s RoboSi CE design and ma nScdlesPathfinderabi | ity for i
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FULL SIZE GHAPS PRIMARDESIGN:LEGACY ISOGRIDRESULTEIRST MODE

3314 u

3.108
2901 F
2694
2.487
228 — 299
2073
1.866
1.659
1.452
1.245
1.039
0832

0.625

X
0

b e : 0.418

021

X
Output Set: Mode 7. 458.8238 Hz
Defarmed(3.314): Total Translation
Nodal Contour: Total Translation

0.00404

Total

Boundary Condition: Free -Free Boundary Condition: Whiffletree/Tangent Bars
Shape: Saddle Shape: Bending
Free-Free WT/TB BC
Design Material Weight 1st Mode  1st mode
Ibs Kg hz hz

Ghaps Primarg1030 Zerodur 175.3 79.5 458.8 378.5
Ghaps Primarg1030 RoboSiC-Optical 222.5 100.9 921.0 760.0

100% i mprovement with RoboSi

E at Const a

The superior specific stiffness to weight ratio
But how much thinner Dr. Bill?



POTENTIAL WEIGHT IMPROVEMENT AT CONSTANTMODE
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Room Temperature Property: ~ Density ~ Young's Specific Tensile Specific Thermal  Thermal
Modulus Stiffness Strength Strength Expansion Conductivity Heat Diffusivity ~ Stability ~ Stability ~ Ratio

Units:  kgm®  GPa MPa-m’kg Mpa MPa-mkg

Zeodw | 2530 | 03 | 3 | variable | variobe | -009 |

10K W/m-K

1.46

C,  D=kiC, kia Dla n
Specific  Thermal  Steady State Transient Poisson's

jkgK  10%mls  Wim  m-Ks  arhitary

0.24

-m— 0.14
SIC: ReactionBonded | 2950 | 34 | 123 | 30 | 010 | 244 | 172 | 670 | 8702 | 7049 | 3566 | 018

380

021

0 | o | a2
____ IWPROVEMENT:

IMPROVEMENT:

Thickness

for Relative . . .
Equivalent  Areal ulf the mirror were a sol id
Stiffness Dens.ty would be 1/5 the thickness.

_ U It can be ¥ the areal density (mass 19.875 kg)

Zerodur | 366 |
SiC: Sintered (alpha) with attach points (2 -3 kg)

SiC: Reaction Bonded .
RoboSiC Opiical i Al

IMPROVEMENT:

SO

get

U Print in microgravity and you only need a facesheet

10X BETTER Ther mal

o H

S



FULL SIZE GHAPS PRIMARY

DESIGN:LEGACY ISOGRID

LOAD: 1G GRAVITY, Z DIRECTION

RESULTSOTAL DISPLACEMENT (PV IN INCHES, MICRONS)
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0.00000291 719E-7

0.00000184 453E-7

Output Set: NXNASTRAN Case 1
Nodal Contour: Total Translation

Output Set: GRAVITY Z RoboSiC
Nodal Contour: Total Translation

Material: Zerodur®

1/ 4 Sag with RoboSi CE, 75% | mproveme



7 FULL SIZE GHAPS PRIMARY

DESIGN:LEGACY ISOGRID
LOAD: 1G GRAVITY, Y DIRECTION
RESULTI.OTAL DISPLACEMENT (INCHES, MICRONS)

|
e

6.6E-05 inch § : 1.64E-5 inch
1.674 micron . ' 0.417 micron

0.0000149

0.0000147

0.0000143

0.0000141

5.3E-05 inch  [§ .. 1.31E5 inch
1.346 micron [ o 0.333 micron

Material: Zerodur® Mater i al : RoboSi C

1/4thdefl ecti on with RoboSi CE, 75% | mpr o



FULL SIZE GHAPS PRIMARY

DESIGN:LEGACY ISOGRID

LOAD: 1G GRAVITY, X DIRECTION

RESULTI.OTAL DISPLACEMENT (INCHEMICRONS)

7.0E-05 inch
1.78 micron

1.74E-5 inch
0.442 micron

N
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566E'05 InCh 0.0000
1.438 micron

14E5inch g8
0.356 micron [

Material: Zerodur® Mat er/1 al RoboSi

1/4thdefl ecti on with RoboSi CE, 75% | mpr ov



FULL SIZE GHAPS PRIMARY

DESIGN:LEGACY ISOGRID

LOAD: 20C TO -50C THERMAL SOAK

RESULTS:OTAL DISPLACEMENT (INCHES, MICRONS)

5.43E-3 inch
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8.08 micron

6.99E-04 inch
17.75 micron

Output Set THERMAL SOAK 20C TO -50C Zerodur
Nodal Contour: Total Translation

Material: Zerodur®

RoboSi CE

Ther mal Soak Optical Surface Deformation (72% I m
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1/4 SCALE PRIMARY MIRROR LEGACY DESIGN

REVISIOHNS

DATE APPROVED

PRELIMINARY DRAWING
08/27/18

NOTES:
1. MATERIAL SHALL BE: TBD
R e : ) Goodman Technologies, LLC

UNLESS OTHERWISE SPECIFIED, BREAK SHARP EDGES .005 TO .015 AND ALL INTERNAL et e seecEED, oy o
CORMERS, SHOWN AS SHARP, SHALL BE R.010 TO R.040, DRAENEICAS ARE I HCHES AND ! I HIAUTREE.
TOLERANCES ARE A5 FOLLOWS: TILE:

(A [omem] | 1/4SCALE PRIMARY

2.

3. PACKAGE AND IDENTIFY PER MIL-STD-130, BAG AND TAG. IDENTIFY AS FOLLOWS:
PART NAME X A0 0 s | |

XXX #0010

PART NUMBER AND REVISION e PHEAL AND COMLEAL B : f MIRROR

SERIAL NUMBER T & T SIE DWG. NO. REV

woLs B TBD B

FROPRIETART AND COMFIDENTIAL

SCALE: 12 | | SHEET10F 2




1/4 SCALE PRIMARY MIRRORS LEGACY DESIGN

7

SR5012.70
[3].38]—L‘—“
e —————————SR5012.70

SECTION A-A

Goodman Technologies,LLC
AlL ]

TITLE:

1/4 SCALE PRIMARY| *
1 MIRROR
G. NO.

1/4 SCALE PRIMARY MIRROR SEE ow
| R | SCALE: 1




1/4 SCALE PRIMARY MIRROR
DIMENSIONS COMPARISON
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Physical Diameter
Mirror Depth

YA

Faceskin Thickness

Rib Spacing

-,

\

Rib Thickness

Thicker Rib Thickness

Fillet Radius

Mass (ULE)

2

23.30 kg/m

Areal Density

2

90.25 kg/m

Areal Density
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1/4 "M SCALE MIRROR AN



Free-Free Is WT/TB BC
Design Material Weight Mode  1stmode

lbs Kg hz hz
1/4 GHAPS Primary @257 Zerodur 2.1 1.2 1838.6 2411.6
1/4 GHAPS Primary @257 RoboSIC-Optical 3.5 1.6

100% improvement with  RoboSIiC

Boundary Condition: Free -Free Boundary Condition: Whiffletree/Tangent Bars
Shape: Saddle Shape: Perimeter Wall Bending
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Boundary Condition: Free -Free Boundary Condition: Whiffletree/Tangent Bars
Shape: Saddle Shape: Bending

Free-Free WT/TB BC
Design Material Weight 1st Mode  1st mode

Ibs Kg hz hz
1/4 Ghaps Primarg257 Zerodur 2.7 1.2 1838.6 2417.6
1/4 Ghaps Primargg257 RoboSiC-Optical 2.0 0.9 1799.0 4858.0

25% lower mass for equivalent Free -Free 15t mode with RoboSiC
25% lower mass and 2X Whiffle Tree Support 1 st mode with RoboSiC
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“ EULL SIZE GHAPS PRIMARY

DESIGN: 1/4 LEGACY ISOGRID
LOAD: 1G GRAVITY, Z DIRECTION

R : TOTAL DISPLACEMENT (INCHES)
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Material: Zerodur Material;



