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JACOBS

m INTRODUCTION

e The modeler was developed to handle all current
and projected mirror construction techniques and
materials.

e |t can be used to model both individual mirrors,
arrays of mirrors and “fused segmented” mirrors

e |t uses a new generation of algorithms and code
written for Windows 7 © and beyond

 Designed for rapid trade studies of both gross
geometry as well as detailed parameter (thickness)
optimization and integrated suspension design.



JACOBS

m INTRODUCTION

TOOLS FOR INTEGRATED DESIGN OF MIRRORS

& SUSPENSION SYSTEMS

— WHY WE ARE INTERESTED IN THESE TOOLS
* LARGER SPACE-BASED UV TELESCOPES BEING PLANNED.
* LAUNCH CAPABILITIES REMAIN UNCERTAIN
* COST & SCHEDULE TO BUILD COMPLEX FEM MODELS
* THIS APPROACH WAS VERY SUCCESSFUL ON KEPLER
— SUBSTRATE MATERIALS & FABRICATION ADVANCES
e ULE (FRIT OR LOW TEMPERATURE FUSION)
e ZERODUR (POCKET MILLED & ACID)
e BOROSILICATE (CAST)
— SUSPENSION SYSTEMS & LIGHTWEIGHT OPTICS
e OPERATIONAL (KINEMATIC)
e AUXILLARY LAUNCH (DISENGAGES ON ORBIT)
e HOW MIRROR DESIGN INTERACTS WITH SUSPENSION(S)




JACOBS
- INTEGRATED APPROACH TO DESIGN WORKS
m (PREDECESSOR PROGRAM USED ON KEPLER)
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JACOBS
WIDE VARIETY OF OPTIONS TO

m MODEL ALMOST ANY MIRROR STYLE

jﬂ . Arnold Mirror Modeler(c) 2.3.5.0 ll
i)
e T =l Cell Width 0215 Qutput Format SAVE SETTINGS | CREATE GRID |
pr B, b o] @ ANSYS
b

Num Rings [0 Inner Dia  [03  ABAQUS RESTORE ALL | MAKE supponTl

4
ovi \ - Sgmt Gap [0.075 nnerLip  [005 | |© NASTRAN _ CREATE IlODELl

’ C L i |2  Supports

y \/ / / \ Sgmt Dia I Outer Dia S ppo = | — |
‘l\/ \ \/\ ) Sgmt Lip IU.D32 Mirror Lip 0.05 * By Segment ADS
M X \/\\/ ¢ Whole Mirror | TRISECT FRONT |_

Tangent Bars | Static | Dynamit:' BouleMap' Graphi(:s' ReﬁneMesh' Whil’ﬂeTree|

\ \A i /"f Grid Options | Core | Optical | Reals (1)| Reals (2) | Hexapod | Axial | Radial |
N\ N N/
& . \\ \ N [ Outer Sgmt Lip [ Isogrid Front " Cell Level 0
S\, > [~ Outer Mirror Lip [" Isogrid Back © Cell Level 1
i g ¥ Inner Mirror Lip [~ Backface Holes @ Cell Level 2
[V Circular Segment [” Core Projection  Cell Level 3
j”"“ [” Circular Mirror [ Include Fillets " Cell Level 4
ggg ¥ Seal Ring Outer [ Off Center Pattemn
" [loet] [ Seal Ring Inner [” No Backsheet
e v Seal Ring Mirror [ central Hole
N \\ ) [ Continuous Seal Rings [ Omit Central Sgmt
; \ | [~ Segment Lip Ribs [~ Make Quad Elements
A \/ 7N A Archive Loaded [~ Web Centric Grid [~ Variable Facesheet
AN ININININS S [None
VAV, \V/ e
? )
4

— SIMPLE SINGLE BLANK MIRRORS
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JACOBS

o
,

WIDE VARIETY OF OPTIONS TO
MODEL ALMOST ANY MIRROR STYLE

fﬂ £ Arnold Mirror Modeler(c) 2.3.5.0 x|
L[] = _ _

= Cell Width  [0215 ?“"’“‘ Format =1 gaAvE SETTINGS | CREATE GRID |
LN * ANSYS

s Num Rings |1 Inner Dia |D.3 " ABAQUS RESTORE ALL | MAKE supponTl
T | e fon e TR Cioeions | cencuoe
L L1 Sgmt Span |1 Quter Dia 2 [ Supports - | SEeE - |

SgmiLip  [0.032 Mirror Lip  |0.05 ® By Segment
© wholowrer _Twocor ot | [WRTENGOEL |

Tangent Bars' Static | Dynamicl BouleNIap' Graphi::s' ReﬁneMesh' Whil’ﬂeTree|
Grid Oplions|c:ore | optical | Reals (1) | Reals (2) | Hexapod | Axial | Radial |

[¥ Outer Sgmt Lip I Isogrid Front " Cell Level D
[+ Quter Mirror Lip " Isogrid Back ™ Ccell Level 1
¥ Inner Mirror Lip [~ Backface Holes ® Cell Level 2
[ Circular Segment I Core Projection  Cell Level 3
i ¥ Circular Mirror [¥ Include Fillets " Cell Level 4
: Eﬂ v Seal Ring Outer [~ Off Center Pattern
8l [¥ Seal Ring Inner ™ No Backsheet
o0 | o] [¢ Seal Ring Mirror [~ Central Hole
;|m. | [~ Continuous Seal Rings | Omit Central Sgmt
[~ Segment Lip Ribs [~ Make Quad Elements
S Archive Loaded [~ Web Centric Grid [”| Vanable Facesheet
|None
Status
|Starting Segment=1 of 1

MULTIPLE SEGMENT MIRRORS
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JACOBS

MANY CONFIGURATION OPTIONS ARE
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AVAILABLE
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JACOBS
E - COMPLEX SEGMENTED ASSEMBLIES CAN BE

MERGED INTO A SINGLE STRUCTURE

u" \/ VA, ‘\’ A \\f SRR N \ e B R \\ 7
\/\/ N \/ \/ \‘A\/\/y—'\_ . /\ /\f\ / /\\// \/ \/’
__.____./\\//\/\/ \//. / \/]y \// \/ /\/\ \/\/ \;/\/ \//\Z__\/
NN BT \/ NN e g/_\_;_
_\ 3 /\ ____/\ \ /\ /“\/'\—/z'v'q \ /\,Z‘_F-._. ’)\,_/X/\ :\\. \
( '-x_\/\./)/\\_/fr \\ // *.;\:\__::._ / ' \'.)_{. v
\7\ )\\—/~ = i/\\//\‘\ 7
PRE-MERGE < | POST-MERGE ﬁ%”
\ GV Lo
\7‘\;{/ \-\-\_‘ /_ |
1 I:.I"\.<
\/
T / \ / \ // /
IEXELSIS 4 OFFSET JOINT GEOMETRY \ / \
|Puinls Merged with 2277 entiies r || PRESERVED h
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JACOBS
MATERIAL CHOICE DICTATES

m CONSTRUCTION METHOD

FRIT BONDED ULE POCKET MILLED ZERODUR CAST BOROSILICATE

*LOW TEMPERATURE FUSION IS AN
ALTERNATIVE ASSEMBLY, REQUIRES SLUMPING

ANY CONSTRUCTION METHOD AND MATERIAL CAN BE MODELED

Mirror Tech Days 2013 01 - 04 October 2013
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JACOBS
CORE WEB THICKNESSES CAN BE

m VARIED THRU DEPTH

Arnold Mirror Modeler(c) 2.3.5.0 x|
Cell Width  [0215 Output Format = gayE SETTINGS | CREATE GRID |
@ ANSYS
Num Rings |1 nnerDia [03 | | ¢ ABAQUS RESTORE ALL | MAKE SUPPORTl
; ' NASTRAN
o ma | enc ponrs | [onenre woor |
mt S [ Outer Dia |2 ~Supports |
Somt Span erea . ppo MERGE NODES | REFINE PADS |
Sgmt Lip 0.032 Mirror Lip  [0.05 * By Segment
| T e

Tangent Bars | Static | Dynamic' BouleMapl Graphics' ReﬁneMeshl Whil’lleTree'
num Nodes 'Grid Options Core |0pli(:al| Reals (1)| Reals (2) | Hexapod | Axial | Radial |

1914439 [+ Multi-web-thickness Core —Variable Core Web Thickness

: Weight

[3.457069 ArE:: ( (;9)) B o Eas R Core Mitri
X m

[5537753  AD (kg/m~2) m - Layer Thick 1 [0.0015 [ Show |1

[122642  Faces (kg) Num Core Layers |2 Layer Thick 2 [0.0015 [ Show |1

Front Depth [0.0254 ,
[68:80778  Core (kg) pt Layer Thick 3 [0.0015 [ Show |1

Core Depth [0.152 :

[4092183  Edges (m) e =T Layer Thick 4 [0.0015 | Show |1

|u T Milled (m~3) Back Depth |U'-l12-"=4 Layer Thick 5 |u.[m15 [ Shaow |1
Total Depth |D-152 Layer Thick 6 |D.DD15 [~ Show |1

Web Fillet Radius 0.01 Layer Thick 7 ID.DD15 [~ Show |1
Archive Loaded
IsoGrid Fillet Radius |0.005 Layer Thick 8 ID.DD15 [~ Show |1

|None

Status Back Mtrl |1 Layer Thick 9 |u.[m15 [~ Show |1

|Finished Making Model

MODEL STATISTICS AVAILABLE ONCE CREATE MODEL FINISHES

Mirror Tech Days 2013 01 - 04 October 2013
Redondo Beach, Calif. United States
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JACOBS

MIRROR OPTICAL PRESCRIPTION
FLATS, PRIMARY & SECONDARIES

Arnold Mirror Modeler(c) 2.3.5.0 ﬁ

Cell Width  |0.215 T e SAVE SETTINGS H CREATE GRID |
(@ ANSYS
Num Rings |1 02 | |~ aBAQuUS RESTORE ALL | MAKE SUPPORTl
005 | © NASTRAN
Sgmt Gap 0075 MERGE POINTS | CREATE MODEL |
Sgmt S 1 Quter Di 2 Supporis
gmt Span wierie c ppo MERGE NODES | REFINE PADS |
Sgmt Lip 0.032 Mirror Lip 0.05 * By Segment
¢ Whole Mirror | TRISECT FRONT | WRITE MODEL |

_Tangent Bars | Static ] Dynam_icl Bouleh_lap | Graph_ics | ReﬁngMesh | WhifﬂeTr_ee |
Grid Options | Core  Optical | Reals (1)| Reals (2) | Hexapod | Axial | Radial |

Radius
¥ Flat Mirror

[ Flat Backed Mirror

[ Convex Mirror

|

Conic

Asphernic Order ’D_

Coefficient(1) [0
Coefficient(2) [0
Coefficient(3) [0
Coefficient(4) [0
Coefficient(5) [0

Archive Loaded

|None

Status

|Slarting Segment =7 of 7




JACOBS
INITIAL ELEMENT THICKNESS &

m MIRROR MATERIAL OPTIONS

Arnold Mirror Modeler(c) 2.3.5.0 x|
Cell Width J0215 [ QutputFormat 1 oayE sETTINGS | CREATE GRID |
Num Rings [1 Inner Dia  [03 ? ﬁ(‘;sus RESTORE ALL | MAKE SUPPORT |
Sgmt Gap [0075 inner Lip__ [005 | | © NASTRAN MERGE POINTS | CREATE MODEL |

E ia |2 ~Supports
Sgmt Span Outer Dia b MERGE NODES | REFINE PADS |

Sgmt Lip  [0.032 Mirror Lip  |0.05 (& By Segment
¢ Whole Mirror | TRISECT FRONT |_

Tangent Bars I Static | Dynami(:l BouleMapl Graphicsl ReﬁneMeshI Whil’lleTreeI
Grid Options | Core | Optical Reals (1) | Reals (2) | Hexapod | Axial | Radial |

r, 1 ID.DDE Front Facesheet [” Show — Mirror Material
r.2 [0005 Back Facesheet v Show ® ULE

ALL SETTINGS ¢35 [00%  FromisoGridWeb [~ snow | Zerodur

T E6
r.4 [0005 Segment Outer Seal [~ Show
" Fused Silica

CAN BE ARCHIVED r.5 [0.005 Inner Seal Ring ™ Show C B

r.6 |0005 CoreWeb [+ Show " Silicon Carbide
AND RETRIEVED r.7 0005 BacklsoGridWeb [ Show
r.8 [0015 Front Outer SegLip | Show
r,9 [0015 BackOuterSeglip | Show

Archive Loaded r,10 [0015 Isogrid Fillet Front | Show
[Mone r. 11 [0015  Isogrid Fillet Back | Show
Status r.12 IU-D15 Mirror Quter Seal [~ Show

IStarti ng Segment=7 of 7

INPUT DECKS CAN BE GENERATED FOR
ANSYS, ABAQUS or NASTRAN

Mirror Tech Days 2013 01 - 04 October 2013
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JACOBS

o
,

HEXAPOD STYLE SUSPENSION
PER SEGMENT OR WHOLE MIRROR

Arnold Mirror Modeler(c) 2.3.5.0 x|
Cell Width  [0.215 [ Qutput Format =) gayE SETTINGS | CREATE GRID |
& ANSYS
Num Rings [1 Inner Dia  [03  ABAQUS RESTORE ALL | MAKE SUPF'ORTl
somcop 005 o T | M o vons | cneavewooe |
mt S [ OuterDia |2 ~Supports — |
Sgmt Span erea P ppe MERGE NODES | REFINE PADS |
Sgmt Lip |U.032 Mirror Lip |u.05 * By Segment
" Whole Mirror | TRISECT FRONT | _

Tangent Bars | Static I Dynamicl BouleMapl Graphicsl ReﬁneMeshl WhiﬂIeTreel
'Grid Options | Core | Optical | Reals (1)| Reals (2) Hexapod | Axial | Radial |

Upper Diameter IU_B {m) [ Do Hexapod
Lower Diameter IU.S (m) [" Do Hexapod Pad
Height (ground) [0.25 (m) [ Three Pads Only

StartAngle [0 (deg)
Upper Spread |3U— (deg)
Lower Spread  [5 (deg)
Acceptable Near [1E-05 (m)

) O Spring Rate  [200000  (N/m)
VAVAN RINVVECAVAY, : FitingMass |1 (kg)

ATAVATAS | O N7 Archive Loaded _
LV AVAVAVAVATHVA NV EVAVAVAVAVAY, |None Pad Diameter 021 (m)
VA /@V\JNW\ TATa o Status Perimeter Dia  |0.315 (m)

|Starling Segment=7 of 7

Mirror Tech Days 2013 01 - 04 October 2013
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JACOBS

o
,

AXIAL STYLE SUSPENSION
PER SEGMENT OR WHOLE MIRROR

® ' : Sgmt Gap  |0.075

Arnold Mirror Modeler(c) 2.3.5.0

Cell Width

ID.215

.. . .':I:;.-’ \\_.\. / Sqmt Span |1
> () () ’\ Sgmt Lip  [0.032

MNum Rings |1— Inner Dia IU3—
Inner Lip W
Outer Dia |2
Mirror Lip  [005

 Output Format |
& ANSYS

" ABAQUS

" NASTRAN

[ Supports — |
# By Segment
" Whole Mirror

SAVE SETTINGS | CREATE GRID |

RESTORE ALL | MAKE SUPF‘ORTl

e rows | creare wooe|

MERGE NODES | REFINE PADS |

Tangent Bars | Static | Dynamicl BouleMapl Graphicsl ReﬁneMeshl WhiﬂleTreel
' Grid Options | Core | Optical| Reals (1) | Reals (2) | Hexapod Axial |Radial|

[v Do Axial Support
[v Do Axial Pads

Diameter Start Ang Spring Rate
- — Pnts (m) (deg) (N/m)
AU 2 (0.6 {30 {20000
ST N o o o o
Vo T R R
§ /) 5 () ) o o o o
o [} jo [} [
'\ y 4
4 e L. [} jo 0 0
. i ; @ __.-";. INone ID ID ID ID
A4 Status o o o o
o IStarting Segment=7 of 7

Fitting Mass |1 (kg)
Support Ground ID.25 (m)
Acceptable Near |1E—[)5 (m)

Pad Diameter [0.25 (m)

Acaal Perimeter Dia ID.375 {m)

9/12/2013
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JACOBS
RADIAL STYLE SUSPENSION

m PER SEGMENT OR WHOLE MIRROR

Arnold Mirror Modeler(c) 2.3.5.0 x|
Cell Width  [0.215 [Output Format = gayE SETTINGS | CREATE GRID |
* ANSYS
Num Rings |1 Inner Dia |D.3 ¢ ABAQUS RESTORE ALL | MAKE SUPPORT |

- ' NASTRAN
Sgmt Gap [0075 iner Lip__Joos— _ CREATE IlODELl

|1 i |2 S ris
B Quter Dia . Huppo MERGE NODES | REFINE PADS |
Sgmt Lip In.naz Mirror Lip  |0.05 * By Segment
 Whole Mirror | TRISECT FRONT |_

Tangent Bars | Static | Dynamicl BouleMapl Graphicsl ReﬁneMeshl WhiﬂleTreel
Grid Options | Core | Optical | Reals (1) | Reals (2) | Hexapod | Axial Radial |

[” Do Radial Support

Num Points 12

Support Length [0.15  (m)
Spring Rate [20000  (n/m)
StartAngle 0 (deg)
Fiting Mass — [I (ko)

/Q \/\{\ />/\/ 7\ Archive Loaded Acceptable Near [1E-05 (m)

/TN St

|Star1ing Segment=7 of 7

Mirror Tech Days 2013 01 - 04 October 2013
Redondo Beach, Calif. United States

15

9/12/2013



JACOBS
TANGENT BAR SUSPENSION

m PER SEGMENT OR WHOLE MIRROR

Arnold Mirror Modeler(c) 2.3.5.0 x|

Cell Width  [0.215 [ Output Format | g ayE SETTINGS | CREATE GRID |
& ANSYS
Num Rings |1 Inner Dia |D.3 ¢ ABAQUS RESTORE ALL | MAKE SUPPORTl

= " NASTRAN
e | T Terae pons | cneate wooet |

|1 i |2 [ Su| ris
Sgmt Span Quter Dia ppo | s |

Sgmt Lip  [0.032 Mirror Lip  |0.05 & By Segment
" Whole Mirror | TRISECT FRONT |_

|Grid Options | Core | Optical | Reals (1) | Reals (2) | Hexapod | Axial | Radial |
Tangent Bars |Staiic | Dynamicl BouleMapl Graphicsl ReﬁneMeshl WhiﬂleTreel

[” Do Tangent Bars

Number of Tangent Bars |3
Tangent Bar Start Angle IU

Tangent Bar Length IUJ 5

Tangent Bar Spring Rate IZUUUU

wwxm .

IGLY | e
/\\\/\ /\/\/ Status
R Fid |Star1ing Segment=7 of 7
Mirror Tech Days 2013 01 - 04 October 2013 16
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JACOBS
MULTIPLE SUPPORT TYPES CAN BE

m COMBINED

[P HLE) {3\ \ .
Eorei el & '-:<
= A 02
oé,‘"r'\ 'o‘:’ﬂ "‘....' B
(038308 Jo.«l&_o)).:.g.@ )).l.lg)). .o.((e 0,0.( o)
egetegete0edegess g.o. LA

ADJUSTING GROUP DIAMETERS, NUMBER OF
DIAMETERS AND STARTING ANGLES

Mirror Tech Days 2013 01 - 04 October 2013
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JACOBS
EVALUATE MATERIAL CHOICES &

CONSTRUCTION

CAN MODEL CAST OR I'
POCKET MILLED DESIGNS

Cotwimh 04 i BAVE SETTINGE | CREATE (480
& Gt \
Num fings @ nor e 03 ABAZAES RESTORE AL | |l suewouer | |
| [ oo MASTRAN {

TMESHHGE PORNTE.  CHEATE MOOEL

Sgmiimile ? e MRRGE MOOES | RETmE PADS

SgmaLp 003 3 8 By Sogment
[ S— Trnsect rront | [NETERGGEE
Moclel Simtintce Tangesttlars | it | Dynamsc | Bosiobiap | Graphics | Antnobiosh| Wi Tres
wr o N Grid Cptinan, Cove | Opsicad | eain (1)) Finale [7)| Hasapod | Amal | Hadil
o1 B L
o Wt ol ke S
{0 IS | WM ) P G e
201 Ares (m°2) e et
A AD (hgie2) :
Mum Cora Lapors. 2

RN Fecos (k)

Feont Gupth (=]

SE0T7  Core (kg) i

mOTOR Edgesim) e ik
ok Dt (=

Mo (o3}
Total Depth o
e Fllot Pl 0175

Achien Liadod

st Pt Rdis. 01005

Flesck Ml 1




JACOBS
WHIFFLE TREE SUPPORTS

m CURRENTLY UNDER DEVELOPMENT

Arnold Mirror Modeler(c) 2.3.5.0 %]
Cell Width  [0215 _(?“‘P“‘ Format | gAvE SETTINGS | CREATE GRID |
s ANSYS
Num Rings |1 | Inner Dia I[]_3 O ABAQUS RESTORE ALL | MAKE SUPPORT |
XIS C
M [T e Ranans ]| cnenemoo |
L|[€] »| D |2 “Supports T RGE NODES | REFINE PADS |
ol rLip IF @ By Segment
—————— | Whole Mirror | TRISECT FRONT |_
| our |
reset zoom | 1 Options | Core | Optical | Reals (1) | Reals (2) | Hexapod | Axial | Radial |
Elom Shrink igent Barsl Static | Dynami::l BnuleMapl Graphit:sl RefineMesh WhiffleTree |
i B
= ~ Number of Pads — |
s [ Do Whiffle Tree
Diameter  Start Angle Arm Ratio ? 3
6
Level 1 |05 o 1 C 9
Level2 (025 o [ C 12
Level3 [0.15 o [ 18 (23)
Level4 |0.05 jo [ T 182)
eV : Cl24
Pad Dia [0.125 Clz7
€ 36
" 54
UNDER CONSTRUCTION| “ ®

Mirror Tech Days 2013 01 - 04 October 2013
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JACOBS

ORD

YOU CAN DEFINE LOAD CASES

EEI Arnold Mirror Modeler(c) 2.3.5.0

Archive Loaded

cell Width  [0.215 [Output Format =
@ ANSYS
Num Rings |1 Inner Dia |I),3  ABAQUS
Sgmt Gap  |0.075 Inner Lip 0.05 " NASTRAN
Sgmt Span |1 Quter Dia |2 ~Supporis — |
Sgmt Lip  [0.032 Mirror Lip  [0.05 © By Segment
T Whole Mirror

STATIC, MODAL & PSD

SAVE SETTINGS | CREATE GRID |

RESTORE ALL | MAKE SUFPORTl

e pons | _orentewooet

REFINE PADS

Grid Options | Core ||0pnca|| Reals (1) | Reals (2)| Hexapodl Axial | Radial |
la | R

|N0ne
Status

'Tangent Bars Static | Dy | Whl‘llleTleel

Accel X Accel Y Accel 7 e Static LCs

1 IO |0 I() num L IO—

2 o Jo o

s b lo o I” Fix Back Facesheet

4 o Jo o T

Use with AcelZ =1

5 o Jo jo for gravity sag

6 |o Jo o

7 o Jo o

g8 o Jo o

s |o Jo o

10 o Jo jo

ISIarling Segment=7 of 7

il ﬂﬂArnold Mirror Modeler(c) 2.3.5.0 il

~Output Format —|
@ ANSYS

" ABAQUS
 NASTRAN

SAVE SETTINGS | CREATE GRID |

RESTORE ALL | MAKE SUFPORTl

e pons | _orentewooet

Cell Width  [0215
Num Rings |1_ Inner Dia |I),3
SgmtGap [0075 nnerLip  [005
SgmtSpan [1 OuterDia [2
SgmtLip [0032 Mirror Lip  [005

Archive Loaded

S rts |
o wemcevoes | _rerne s
® By Segment

 Whole Mirror | TRISECT FRONT |_

Grid Options | Core | Opticai| Rleals (1)| Reals (2)| Hexapodl Axial | Radial |

Tangelll Barsl Static Dy

[™ Calculate Modes

[" calculate X PSD

[” Calculate Y PSD

[" Calculate Z PSD

|N0ne
Status

ISIarling Segment=7 of 7

h| WhiffleTree |

numllnck5l15—
f1 f2 i3 5 6 7
f lo_l_l_l_l_lo_lﬂ_
g2 o o p o o o
2o o b b o b fp
to o o b o o o
g2fo o b b o b fp

ANSYS:

GENERATES ANALYSIS STREAM COMPLETE WITH PLOTS AND RESULT FILES

ABAQUS: GENERATES ANALYSIS STREAM, USES ABAQUS/CAE PYTHON SCRIPT FOR PLOTS & RESULTS
NASTRAN: GENERATES ANALYSIS STREAM, USES FEMAP OR PATRAN FOR PLOTS & RESULTS

9/12/2013
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JACOBS

IF ULE® BOULE CTE DATA AVAILABLE
IT CAN BE MAPPED ONTO THE MODEL

0.1400

01200 z Num Rings |1

w19 Arnold Mirror Modeler(c) 2.3.5.0

Cell Width  [0.215 _(?“"’“‘ FEEl
% ANSYS
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Input Boule Data
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Write Boule Data
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| Load Boule AssignData |
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JACOBS
GRID PLOTTING OPTIONS

sug
Seq oa
oLip =

%6
p = 0.006
0.002
iLip = 0.010
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JACOBS
E . LOCALIZED MESH REFINEMENT

UNDER SUPPORT PADS

Grid Options | Core |0pnca|| Reals {1)| Reals (2)| Hexapud Axna
Tangent Barsl Static | Dy

¥ Refine Mesh

[¥" Do Perimeter Also
[+ Reinforce Facesheet
[~ Reinforce Isogrid

[« Reinforce Web

Under Pad Thickness [0.01 [¥ Show
Perimeter Thickness [0.01  [¥ Show

Core Layer Thick [oor I show
Isogrid Web Thick  |0.01 ¥ Show
Isogrid Fillet Thick  J0.01 ¥ Show
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JACOBS
CAN MODEL A PURE

m ISOGRID CORE [LEVELO]

G
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JACOBS
E GRID COMPLEXITY LEVELS (CONT)

i

LEVEL 1 LEVEL 1 s LEVEL 2




JACOBS
m GRID COMPLEXITY LEVELS (CONT)
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JACOBS
MODEL DISPLAY NOW SUPPORTS

m COLOR-BASED REAL CONSTANTS

B[ Broceipompey
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JACOBS
LOCALIZED REINFORCEMENT &

m MESH REFINEMENT UNDER PADS

A perimeter around pad can be reinforced or just mesh
refined . The core structure can be stiffened as well as any
back facesheet isogrid pattern in region of bond pades.



JACOBS

MULTI-SEGMENT LTF CONSTRUCTION
CAN BE MODELED
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JACOBS
SAME GRID CAN GENERATE MULTIPLE

JORD CONSTRUCTION STYLES
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JACOBS
ADJUSTING PARAMETERS TO IMPROVE

m STIEFENESS




JACOBS
TRY MULTIPLE VERSIONS OF

éﬁn@ AUXILLARY SUPPORT SYSTEM
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ADJUSTING GROUP DIAMETERS, NUMBER OF
DIAMETERS AND STARTING ANGLES
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JACOBS

.y SUMMARY

— FEATURES AND CAPABILITIES OF MODELER TO MAKE
THE PROCESS ECONOMICAL
e REDUCED MODEL GENERATION TIME
e ANY MATERIAL AND CONSTRUCTION METHOD SUPPORTED
 CAN PRESET LOADS AND RESULT PROCESSING
* ARCHIVE AND RESTORE ALL SETTINGS IN MODELER

— VALUE OF INTEGRATED DESIGN METHOD
e CAN EVALUATE FEASIBILITY OF CONSTRUCTION METHOD

* OPTIMIZE OPERATIONAL PERFORMANCE
* LAUNCH SURVIVAL

— TIME PERMITTING, QUESTIONS & DEMONSTRATION



JACOBS

OB STATUS

Currently undergoing ITAR review to determine any
distribution restrictions.

NASA is working on licensing, revision control and
error reporting mechanismes.

User Manual and tutorials under development.
Short coarse or seminar under discussion.

List of possible enhancements and requested
features growing daily.

Time permitting are there any questions?
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