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@“ WHAT IS THE MODELER?

* For a number of years the Advanced Mirror Technology
Development (AMTD) project has been developing design tools and
validating manufacturing methods to support the coming
generations of large spaced based telescopes. [1,2,3,4,5]

* The challenges of larger size mirrors and limited payload and shroud
capacities (for both existing , under development or planned) have
created the need for optimization of all aspects of the optics and
instruments.

 The Arnold Mirror Modeler is one of those tools intended to make
the optimization problem more efficient by radically reducing the
time required to generate complex Finite Element models of very
large egg-crate style lightweight mirrors and their suspension
systems (both monolith and segmented).
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Arnold Mirror Modeler (€)2015 RC-1 2.8.00.00 ol

WHAT DOES MODELER DO?

Num Rings 0 [JECLESECMEN WRITE ANSYS SAVE SETTINGS | CGREATE GRID i ol
.. _ RESTOREALL | MAKE SUPPORT BRI s G i L Lliljﬂ
Cell Width [0125 _ MERGE POINTS || CREATE MODEL Y < )
Sl ! MERGE NODES | LOCAL REFINE X ﬁj
sgmilip  [0.045 | " B B
SgmtGap |01 DOUBLE MESH | TRISECT FRONT | SLUMP MIRROR L GBI PR AN e
Sgmt Polygon N [1 Reals (1)| Reals (2)| Hexapod | Axial | Radial| Tangent Bars| Whiffle Tree | Static | Random
Harmonic | Transient| BouleMap |
Model Options IGlidIMudell Materials | Graphics | Core | Optical | RefineMesh | Wedges | Sofia Edge
2793 num Nodes [ Outer Sgmt Lip I Isogrid Front [ Support Per Segment
3174 num Elems = Outer Mirror Lip ™ Isogrid Core [” curved Radial Plane 7
[85.1268  weight (kg) ™| Inner Mirror Lip I™ Isogrid Back [” Curved Ground Plane i
[06506789  Area (m~2) [ Circular Segment [ Include Fillets [~ Pad At Intersection
[1305277 AD (kg2 ™| Gircular Mirror, I"| off Center Pattern ™ Pad Cell Centered 7
[+ Seal Ring Outer ¥ No Backsheet S = i 2
25934 Faces (kg) [~ Seal Ring Inner [~ Central Hole ¥ ANSYS Legacy Elems AT SN UV,
546221  Core (kg) I~ Seal Ring Mirror I~ Omit Central Sgmt R s A, 5
1324164  Edges (m) I”| Continuous Seal Rings [~ Variable Facesheet
[0 Milled (m*3) [~ Segment Lip Ribs [~ Sofia Style Edge
e p——— [~ Web Centric Grid " Backface Holes
[~ Sgmt Coord Systems  |v Web Stiffencr Beams
[~ Wedges (Radial) " Force Unifarm Facesheets
" Wedge Lip I No Central Mirror
[~ Wedges Edge Fusion

The modeler creates input decks for ANSYS, ABAQUS and
NASTRAN. The Modeler creates a complete analysis
stream, including model, loads [static and dynamic], plots
and a summary file of input variable and results suitable
for optimization or trade studies. The values of all
settings in the program can be archived and recalled to

' continue or redo any configuration.
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@ o ot TYPES OF MODELS GENERATED

MONOLITHIC EGGCRATE MIRROR
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WIDE RANGE OF SUSPENSION SYSTEMS AND LOCAL PAD REINFORCEMENT
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& ""“ TYPES OF MODELS GENERATED
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@ o s GENERATES COMPLETE ANALYSIS DECKS

ix e
Num Rings 0 [ERCCESEGMENI; WRITE ANSYS |  SAVESETTINGS |  GREATE GRID Num Rings 0 [aCLEISEGMENT WRITEANSYS | saveseTinGs | creaTE G |
§ Outer Dia |2 § Outer Dia |2
Mirror Polygon N |1 s _ RESTOREALL | MAKE SUPPORT Mirror Polygon N |1 uter Dia | _ RESTOREALL | MAKE SUPPORT
Mirror Lip  [0.05 - Mirror Lip  |0.05
Cell Width  [0.125 _ MERGE POINTS | CREATE MODEL Cell Width  [0.125 _ MERGE POINTS | CREATE MODEL
q [ || tner i 06 . [ tnnerpi 06
smien |l e ,'a I MERGE NODES | LOCAL REFINE Srilkm U e _'a MERGE NODES | LOCAL REFINE
SgmtLip  [0.045 Inner Lip _ 0.05 sqmilip [00a5 | |lomeriip  [005
DOUBLE MESH | TRISECT FRONT | SLUMP MIRROR DOUBLE MESH | TRISECT FRONT | SLUMP MIRROR
somGop [T | | | samtGop BT | | |
Sgmt Polygon N |1 b ic| T | Boutem ) Sgmt Polygon N [1 L i |
Options | | ials | Graphics | Core | Optical | RefineMesh | Wedges | Sofia Edge | Options | Gri | | Graphics| Core | Optical | RefineMesh | Wedges | Sofia Edge |
Reals (1)| Reals (2)| Hexapod | Axial | Radial | Tangent Bars | WhiffleTree Static | Random | Reals (1)| Reals (?)| Hexapod| Axial | Radial | TangentBars | WhiffleTree | Static Random
0 X 0 i 0 1z e Static LCs [ Calculate Modes ~ num Modes [16
! num Load 0
2 Jo o [ 1 2 B ®m B 6 7
3 o [o I ot Back Focoan - £ o o 0 0 0 o 0
X acesheet Calculate X PSD
4 o [o [0 e culate g2 [0 o 0 0 0 o 0
se ell =
5 0 o o [Ere e - o o 0 o 0 o o
Calculate Y PSD
6 [o fo o culate 2o o o Jo o Jo o
7 Jo 0 0
. :n :n :n - i fo 0 0 0 0 0 0
Calculate Z PSD
0 o 0 o 0 o 0
Archive Loaded 9 o fo [o Archive Loaded i
None 10 o [o [o None
Status Status Damping Ratio |0.02
Finish Grid Plot Finish Grid Plot
Operation Duration Operation Duration
Lapsed Time: 00:00:00.784 Lapsed Time: 00:00:00.784

MULTIPLE STATIC LOADCASES UP TO 3 AXIS RANDOM PSD CASES

FULL ARCHIVE AND RESTORE OF ALL SETTINGS & VALUES
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& “’“ TYPES OF MODELS GENERATED

ARRAYS OF HEXAGON SEGMENTS
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SO WHATS NEW SINCE
THE LAST TIME?

SEE THE REFERENCES FOR DETAILS OF EVERYTHING
PRIOR VERSIONS OF THE MODELER CAN DO
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® W“ MODELING SOFIA STYLE MIRRORS
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Since light-weighting Zerodur mirrors require milling, undercut pocket
milling of the cells is the most risky operation. The largest outer lib
which can be open back milled is desirable.
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ANSYS

A stiffness improvement over straight open back pocketing of Zerodur is to
initially make wide webs, then undercut mill a portion of the web thickness.

This is less aggressive than SOFIA’s pocketing, but can be beneficial. This detail is
also suitable to silicon carbide and even beryllium designs.
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oS WEDGE SEGMENTS
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These can be merged into monolithic mirrors to simulate for example the
diffusion bonding of silicon carbide mirrors or low temperature fusion bonding
of ULE segments. Another possibility is shown on next slide.
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© ""“ COMBINING PETALS WITH MONOLITH
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One option for limited shroud diameter is to have as large a central monolith
as possible, with deployable petals. This provides a better diffraction pattern
than uniform segment patterns, as well as more mission flexibility.
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POLYGONS UP TO ORDER 16 ARE NOW SUPPORTED AS WELL AS CIRCULAR
As a consequence of the petal or wedge capabilities.

NASA Mirror Technology Days 2015
09-12 Nov 2015 in Annapolis, Md.

13



"‘TELEDYNE
BROWN ENGINEERING

CURVED BACK PLANE DEFINITION
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As the segmented mirror sizes continue to grow, it becomes desirable to
define the attachment plane for the segment support systems as a curve. This
provides a more uniform strut stiffness for dynamic behavior of system.
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B“”.W“ ‘”“'“Ef“'”“ AUTOMATIC PAD REPOSITIONING

i =1 |

In addition to multiple simultaneous hexapod systems
to support the wedge segments, it is now possible to
e e soser - force the pad locations to align exactly with either the
T e || center of a cell or the intersection of cell webs.

" Isogrid Front
" isogrid Core
[ Isogrid Back
[ Include Fillets
ern

All it takes is checking the appropriate box!

INITIAL POSITION CENTERED ON CENTERED ON CELL
INTERSECTION CENTER
NASA Mirror Technology Days 2015 15
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! " “ OFF-AXIS MIRRORS

Arnold Mirror Modeler (c)2015 RC-1 2.8.00.00 — =] %]
Num Rings 0 [t SEG”“IENT WRITE ANSYS SAVESETTINGS | CREATE GRID
- Qutet |2

Mirror Palygon N [1 e B WRITE ABAQUS RESTOREALL | MAKE SUPPORT
- irror Lip |00

Cell Width  [0.125 : _ MERGE POINTS | CREATE MODEL
B Inner Dia 0.6

Sriin U = MERGE NODES | LOCAL REFINE

Sgmt Lip 0.045 Inner Lip 0.05

sgntGop [ DOUBLE MESH | TRISECT FRONT | SLUMP MIRROR |

Sgmt Palygon N [1 ic | Transient| B

Reals (1)| Reals (2)| Hexapodl Axial | Radlall Tangent BarSl WhlﬂleTreel Static | Random|

Options | Grid/Model | | | Core  Optical | RefineMesh | Wedges | Sofia Edge
Radius 8 [ Flat Mirror
Conic 1 I™ Flat Backed Mirror
Aspheric Order [0 ™ Convex Mirror
Coefficient(1) [0 [ OffAxis Mirror
Coefficient(2) o
Coefficient(3) [0
Coefficient(d) [0
Coefficient(5) [0

ppmtomted | Ot pisence 7 With the emergence of interest in

Status

I — space-based UV optics, the diffraction
advantages of off-axis systems,
particularly monolithic primary based
has spurred the development of the
ability to create off-axis models.

Lapsed Time: 00-:00:00.784
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WHERE ARE WE GOING FROM HERE?

* INITIAL PUBLICATION/RELEASE OF THE SOFTWARE IS
PLANNED FOR LATE NOVEMBER 2015.

* CURRENTLY THE DISTRIBUTION OF THE PROGRAM |S EXPORT
ADMINISTRATION REGULATIONS RESTRICTED TO US CITIZENS
AND US ENTITIES.

* INTEGRATION OF THE OUTPUT FILE FORMATS WITH THE
OPTICAL PERFORMANCE ANALYSIS SYSTEMS UNDER
DEVELOPMENT FOR AMTD.

* IMPROVED BOND PAD MODELING TO INCLUDE GLUE LAYER
AND ACTUAL PAD GEOMETRY (1°" ORDER DETAIL ONLY)
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