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@ HERITAGE JORS)

e SECOND GENERATION OF EGGCRATE MODELER DEVELOPED
AT L3-COMM BRASHEAR, PITTSBURGH, PA. USED TO DESIGN
PRIMARY MIRROR, SUPPORT SYSTEM AND MIRROR
HANDLING EQUIPMENT FOR THE KEPLER PLANET FINDER.

* COMPLETE REWRITE FOR USE ON WINDOWS 7 AND ABOVE
OPERATING SYSTEMS.

* EXPANDED TO MULTI-SEGMENT MIRROR AS WELL AS SINGLE
MIRROR SYSTEMS.
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INTEGRATED PRODUCT DESIGN

Brashear

— N e
‘Bcommumcaﬁons hcoRNxNG 4 105 Uniphase &Technologies Corp.

Integrated Design of Handling Equipment

L L

[ onmsmes | creommon | mossun i cpas | Lot s e wed?
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Design tool allows evaluation and design of handling fixtures during the preliminary design
of the mirror blank. As mirrors become lighter, the difficulties of handling the glass during
manufacturing requires careful attention to these operations. Special reinforced features
were added to the blank ifi to aid the ing process and reduce risk.

& Kepler NASA Tech Days 2004 7

CONVERT ANALYSIS TO DESIGN m

H 9 Ball
1Bc07mn;ﬂ3?nons hco‘“"”"c AR Unlpiass W‘ &Technologies Corp.
Primary Mirror in Flipping Ring

The handling ring interfaces with special reinforced slots in the mirror
core. With the addition of storage shields, the unit can actas a
temporary container. Does not touch optical surfaces or fragile edges.

& Kepler NASA Tech Days 2004 18
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@/ THE FINAL PRODUCT

" Cell Level 0
€ Cell Level 1
® Cell Level 2

[ Circular Mirror ™ Include Fillets

Num Rings |0 Modal (PSD)| Boule Mapping |
" Grid Options | Opical | Reals | Core | Hexapod| Axial | Radial | Inertial Loads |
Sgmt Gap  [0.15 " Outer Sgmt Lip I Isogrid Front
Merge Tol [0.025 [~ OuterMirror Lip [ Isogrid Back
(e o l]:hl-nerlﬁnanip ll:jl;adfacel-hls
- Stemn 1 | Circular
[0.05

[ Seal Ring Outer [ Off Center Pattern
[¥ SealRingInner [ No Backsheet

[¥ Seal Ring Mimor [ Central Hole

" Segment Lip Ribs

Status |

7/20/2012



@ BOTH 2D AND 3D DISPLAYS m
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@MENT SHRINK HELPS UNDERSTAND

Outer Dia ,2—
InnerDia  [025
Cell Width ,03—
Lipinner  [005
Segment Lip [005
MirorLip  [01
Num Rings [0

Somtspondl1 |
SgmtGap [015
Merge Tol  [0025
Grid Zoom ,]_
Segment Shown [1 |
Srink Factor o3~

Arnold Lightweight Mirror Modeler (Ver 2.0) i

|

Model Statistics

Supports

[a74 num Nodes C Each Segment

1153 num Elems

& Whole Mirror

2052155 wyeight (kg) [¥ Show Whole Grid

1827647 | Area (m2)

" Show Supporis

112284 WIA (kg/m*2) [ Show Fillets

Modal (PSD) | Boule Mapping |

Grid Options | Optical| Reals | Core | Hexapod| Axial | Radial | Inertial

[ Outer Sgmt Lip
[ Outer Mirror Lip
" Inner Mirror Lip
[ Circular Segment
[™ Circular Mirror
[ Seal Ring Outer
[ Seal Ring Inner
[ seal Ring Mirror
[~ Segment Lip Ribs

™ Isogrid Front

™ Isogrid Back

[ Backface Holes
" Core Projection
[V Include Fillets

[” off Center Pattern
" No Backsheet

[" Central Hole

DISPLAY GRID
|:mspu | Model 3D Display

_save ||

MERG
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Status [Finished Making Model
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Seg Gap = 0.150
oLip - 0.050

QUICKLY REMESH |
——
ADD CENTRAL HOLE EASILY |

Shrink

+|-]

Sgmt Num
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Shrink

+|-]

Sgmt Num
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MODEL SEGMENTED MIRRORS m

B Grid

numPRES
numLnks
numarea

10

cell
seg Span
seg Gap =
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ALMOST UNLIMITED SIZE

Sgmt Num
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8 Model 3D Display

Model 3D Display
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Model 3D Display
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WITH OR WITHOUT SEAL RINGS m

Model 3D Display
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deler (Ver 2.0) x|

Outer Dia 2 Model Statistics Supports DISPLAY GRID
nnerDia 025 | [6830 num Nodes  Each Segment TRTREER
Cell Width  [03 15751 T e @ Whole Mirror

Lipinner  [005 | |[2064664  weight (kg) [ Show Whole Grid |
Segment Lip [005 17.01546  Area (m2) [ St Supports SAVE | RESTORE

MirorLip  [01 1213405 W/A (ka/m"2) [ ShowFillets S e

NumRings |2 Modal (PSD) | Boule Mapping |

span 135 Grid Options | Optical | Reals | Core | Hexapod | Axial | Radial | Inertial Loads |
Sgmt Gap  [0.11 [ Outer Sgmt Lip I¥' Isogrid Front  Cell Level 0
Merge Tol  [0.025 [v Quter Mimmor Lip ¥ Isogrid Back " Cell Level 1
¥ Inner Mirror Lip " Backface Holes @ Cell Level 2
G Zoom 098 [" Circulas t [ Core Projecti
i o ircular Segment re Projection
[ Circular Mirror " Include Fillets
Srink Factor 0.12

[ Seal Ring Outer
[¥" Seal Ring Inner
[ Seal Ring Mirror
[v' Segment Lip Ribs

v Off Center Pattern
" No Backsheet
[+ Central Hole

Status |21 elems with bad aspect ratios
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rnold Lightweight Mirror Modeler (Ver 2.

Outer Dia 2

Inner Dia  [0.25
Cell Width [03
Liplnner  [005
Sagment Lip [005
Mirror Lip  [0.1
NumRings |2 |
L e
SgmiGap Jo11
Merge Tal  [0.025
Grid Zoom [o9s.
Segment Shown [1
Srink Factor [oa2

Model Statistics

[0 num Nodes

15751 num Elems
2064664 | weight (kg)
1701546 Area (m~2)
1213405 WI/A (kg/m~2)

Modal (PSD) | Boule Mapping |

Supports
" Each Segment
(¢ Whole Mirror

DISPLAY GRID
DISPLAY MODEL

[ Show Whole Grid
[~ Show Supports
[ Show Fillets

SAVE | RESTORE
MERGE NODES

Grid Options Optical | Reals | Core | Hexapod | Axial | Radial | Inertial Loads |

Radius |76 Coefficient(l) [0

Conic B Coefficient(2) [0

Aspheric Order [0 Coefficient(3) [0
Coefficient(4) [0
Coefficient(5) [0

Status |21 elems with bad aspect ratios

deler (Ver 2.0)

Outer Dia 2

Inner Dia  [0.25

Cell Width  [03
Lipinner  [0.05
Segment Lip [005
MirorLip [0
Num Rings ,2—
SgmtSpan [125
sgutcop o1
Merge Tol  [0.025
Grid Zoom [o9s
Segment Shown [1
Srink Factor [o12

Model Statistics
num Nodes
num Elems
Weight (kg)
7. Area (m"2)
W/A (kg/m™2)

il

Modal (PSD) | Boule Mapping |

Supports
(' Each Segment
@ Whole Mirror

DISPLAY GRID
DISPLAY MODEL

[+ Show Whole Grid

[ Show Supports
[ Show Fillets

SAVE RESTORE
MERGE NODES

Grid Options | Optical Reals |Core | Hexapod | Axial | Radial | Inertial Loads |

Front Facesheet
Back Facesheet

L.

Outer Seal Ring
Inner Seal Ring
Core Web

Front IsoGrid Web  [¥ Show

Back IsoGrid Web [ Show

[+ Show
[ Show

[V Show
[ Show
[v Show

0.015 | Front Outer Seg Lip

EEREECREE

Fon I o S B A B A
© ® N e U AW N =

[¥ Show
[~ Show

Mirror Material
ULE
Zerodur
E6

Fused Silica
BK7
Silicon Carbide

Status (21 elems with bad aspect ratios
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CONTROL OVER CORE DESIGN m

Outer Dia
Inner Dia .

Cell Width  [03
Liplnner  [0.05
Segment Lip [005
MirorLip [0
Num Rings ,2—
Sgmt Span  [1.25
SemtGop T
Merge Tal  [0.025
Grid Zoom [o9s
Segment Shown [1
Srink Factor [o12

15751 num Elems
2064664 | Weight (kg)
1701546 Area (m"2)

1213405 W/A (ka/m"2)

Modal (PSD) | Boule Mapping |

Supports
(' Each Segment
@ Whole Mirror

[+ Show Whole Grid

[ Show Supports
[ Show Fillets

DISPLAY GRID
DISPLAY MODEL

SAVE RESTORE
MERGE NODES

Grid Options | Optical | Reals Core |Hexapod | Axial | Radial | Inertial Loads |

Front Depth  [0.0254
Core Depth  [0.0762

Back Depth  [0.0254
Total Depth  [0.127

Core Layers '2_

CoreWeb Fillet Radius |0.005

IsoGrid Fillet Radius

0.005

x|

Status

21 elems with bad aspect ratios

Outer Dia
Inner Dia .

Cell Width  [03
Liplnner  [0.05
Segment Lip [005
MirorLip [0
Num Rings ,2—
Sgmt Span  [1.25
SemtGop T
Merge Tal  [0.025
Grid Zoom [o9s
Segment Shown [1
Srink Factor [o12

15751 num Elems
2064664 | Weight (kg)
1701546 Area (m"2)

1213405 W/A (ka/m"2)

Modal (PSD) | Boule Mapping |

Supports
(' Each Segment
@ Whole Mirror

[+ Show Whole Grid
[ Show Supports
[ Show Fillets

DISPLAY GRID
DISPLAY MODEL

SAVE RESTORE
MERGE NODES

Grid Options | Optical | Reals | Core | Hexapod | Axial  Radial | inertial Loads |

Num Points |12

Support Length [015 (m)
Spring Rate [2000 " (w/m)
StartAngle [0 (deg)
FitingMass [1  (kg)

Acceptable Near [1E-05  (m)

[” Do Radisl Support

Status

21 elems with bad aspect ratios

7/20/2012
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seg span = 1.250
Seg Gap = 0.110

Sgmt Num

Model 3D Display

w“?fﬁfﬂz,
O S AVAVAVAV SAVATZS
R '*.AVAX'AV AR

Arnold Lightweight Mirror Modeler (Ver 2.0)

‘Outer Dia 1.26

Supports

DISPLAY GRID |

Inner Dia 0.25 " Each Segment
- © Whole Mimor | _DISPLAY MODEL |

Cell Width  [0.3
Lip Inner IF ¥ Show Whole Grid —
Segment Lip 0.05 [V Show Supports SAVE | RESTORE
MirorLip 01 [ Shaw Fillets MERGE NODES
Num Rings [0 Modal (PSD) | Boule Mapping | :
e | (EC Options | Opiical | Reals | Core | Hexapod Axial |Radial | Inertial Loads |
Sgmt Gap  |0.11 Diameler Start Ang Spring Rate ¥ Do Axial Support

Pnts (m) (deg) (N/m)
MergsiTol 0 025 12 [oss 15 [2000
Grid Zoom 0.95 0 Jo lo [o
Segment Shown |1 ,D_ [o ,0_ o Fitting M l‘_ (ka)
Srink Factor 0.12 oo O e

0 o g o Acceptable Near [IE05  (m)

0 fo o [o

Status [Finished Building Grid

7/20/2012
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MODEL TEST MOUNTS, ETC

i —lalx]
i

o ] =]

Sag Gap = 0.110 D

WAVAvAvAVAVAVATAVAVAV N A

Shrink
4]

Sqmt Num |

Arnold Lightweight Mirror Modeler (Ver 2.0) [

OuterDia |2 Model Statistics Supports DISPLAY GRID
:  Each S t
0.25 6830 Nodes egment
i) o DISPLAY MODEL

Coll Width 03 15751 num Elems Gl R
Liplnner  [0.05 2064664 | Weight (kg) [¥ Show Whole Grid - -
Segment Lip [0.05 1701546  Area (m"2) [" Show Supports ﬁl RESTORE
MirorLip  [01 1213405  W/A (kg/m™2) [ ShowFillets MERGE NODES
Nimn tanes 02 Modal (PSD) | Boule Mapping |

e EEEE Grid Options | Optical | Reals | Core  Hexapod | Axial | Radial | Inertial Loads |
Spetop D11 " Do Hexapod

i 12
e Upper Diameter (m)
Lawer Diameter [1.6 (m)
Grid Zoom o Height (ground) |0.5 (m)
:‘fg:'zm S ,;T Start Angle 0 (deg)
rin| -actor B
Upper Spread |30 (deg) Spring Rate [200000 (N/m)
Lower Spread |5 (deg) Fitting Mass |1 (kg)
Acceptable Near [1E-05 (m)

Status |21 elems with bad aspect ratios
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| 73] I (%] Model 3D Display

|

CE—
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Shrink
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Sgmt Num |

(G ENERATE STATIC LOADING commo@lﬁ?

rnold Lightweight Mirror Modeler (Ver 2.0) L x|

Outer Dia |2 Model Statistics Supports DISPLAY GRID
i " Each Segment
0.26 6830 il

Inner Dia num Nodes DISPLAY MODEL

@ Whole Mirror

Cell Width |03 15751 num Elems P
Lipinner  [0.05 2064664 Weight (kg) [* Shaw Whole Grid -—]

Segment Lip [0.05 17.01546 | Area (m2) [ Show Supports SAVE | RESTORE
MirorLip 01 1213405  W/A (kg/m™2) [ ShowFillets S e

NumRings |2 Modal (PSD) | Boule Mapping |
e | Options | Optical | Reals | Core | Hexapod| Axial | Radial Inertial Loads |
SgmtGap 011 gosaie Socoln EEE i " Calculate Stafic LCs
Merge Tal [0025 o [o fo o 'D—-
2 o [o o
Grid Zoom 093 S B 5
Segment Shown ,1_
Srink Factor oz * o o o
5 o o o
e Jo [o o
7 jo ] o
8 o [o o

Status (21 elems with bad aspect ratios
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@ GENERATE DYNAMIC LOADING SETSM

@ Arnold Lightweight Mirror Modeler (Ver 2.0)

Outer Dia 2

Inner Dia  [0.25

Cell Width  [03
Lipinner  [0.05
Segment Lip [005
MirorLip [0
Num Rings ,2—
SgmtSpan [125
sgutcop o1
Merge Tol  [0.025
Grid Zoom [o9s
Segment Shown [1
Srink Factor [o12

Model Statistics
num Nodes

]

3

num Elems

Weight (kg)
701546 Area (m"2)

g‘

32
2

05 W/A (kg/m~2)

Supports
(' Each Segment
@ Whole Mirror

DISPLAY GRID
DISPLAY MODEL

[+ Show Whole Grid

SAVE RESTORE
MERGE NODES

[ Show Supports
[ Show Fillets

Grid Options | Optical | Reals | Core | Hexapod | Axial | Radial | Inertial Loads |
Modal (PSD) | Boule Mapping |

[¥ calculate Mades

num Modes |10

" Calculate X PSD

[ calculate Y PSD

[ calculate Z PSD

f1 2 3 4 B 6 7
% ol o o ol o
@ o kb b b B b
P o o o o o

x|

Status (21 elems with bad aspect ratios

(IN WORK) ULE CTE MAPPING m

[ arnold Lightweight Mi

deler (Ver

Outer Dia 2

Inner Dia  [0.25

Cell Width  [03
Lipinner  [0.05
Segment Lip [005
MirorLip [0
Num Rings ,2—
SgmtSpan [125
sgutcop o1
Merge Tol  [0.025
ik 7ok 099
Segment Shown [1
Srink Factor [o12

Model Statistics
num Nodes
num Elems

Weight (kg)
Area (m"2)

il

12,1344 W/A (kg/m™~2)

Supports
(' Each Segment
@ Whole Mirror

DISPLAY GRID
DISPLAY MODEL

[+ Show Whole Grid

[ Show Supports
[ Show Fillets

SAVE RESTORE
MERGE NODES

Grid Options | Optical | Reals | Core | Hexapod| Axial | Radial | Inertial Loads |
Modal (PSD) Boule Mapping |

Input Boule Data

Input Boule Assign Data |

Write Boule Data

Load Boule Data

Load Boule AssignData |

List Boule Data

| Write Boule AssignData |

Map Boules to Model |

x|

Status |21 elems with bad aspect ratios

7/20/2012

17



FUTURE ENHANCEMENTS m

FINISH CTE MAPPING

LOCALIZED MESH REFINEMENT AT ATTACHMENT POINTS

REAL CONSTANT BASED COLOR 3D DISPLAY OF MODEL
AUTOMATIC BAD ASPECT RATIO ELEMENT FLAGGING/PLOTTING
HEXAPOD GEOMETRY OPTIMIZATION

EXPAND ANSYS GENERATED DATA SUMMARIES

ABACUS OUTPUT FORMAT (LOW PRIORITY FOR NOW)
NASTRAN OUTPUT FORMAT (NEEDS SPONSOR)

USER MANUAL
TUTORIAL(S) ON HOW TO USE MODELER
SHORT COARSE IN ADVANCED MIRROR DESIGN METHODS

NASA TECH DAYS 2012 35
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