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A Sensor Suite on a Stabilized Gimbal Set
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Normal Optomechanical Engineering
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M echanics:

Development Process
Initial Initial Optical Vendor Final Vendor
Design Tolerances Element Contacts Design Contracts
‘ Specs.
IGS, STPand Revised Test Optical Design
Prescription Tolerances Plating Influence
Files Coefficients
~4 months ~1 month
Geometric Packaging (CAD)
Thermal Analysis
StressAnalysis
Mass and Power Budgets
Error Budgets
Departmental Budgeting Optomechanical ———=

Interface Definitions
System and Subsystem Specifications
Magjor Subcontracts
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Optomechanical Influences

Optical influences
from optical imag-

i ing laws.
Structural influences 8
from finite element
model.
\
\sructure 2 aser S LOP
g \
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\
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Control \
Electronics Motors Structure 1 Gyroscope | s AOR Note:
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LOS, # AOR

93975aCharts3.pmd(6

AEH.

Optomechanics




Optomechanical Constraint Equationst™
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Seven equations determine the magnitude of the registration variables:

The partial derivatives are called “influence coefficients.”
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Tx=Tx (0x/0x )*+Ty, (0x/dy,)+Tz (0x/0z )+... (extends to all the elements)
Ty=Tx,(3y/0x )+ Ty, (Jy/y )+Tz,(0y/0z)+...

Tz=Tx (0z/0x )+Ty, (0z/dy )+Tz (0z/dz )+...

Rx =Tx (do./0x,)+Ty (da/dy )+Tz (da./0z,)+...

Ry =Tx (0B/9x,)+Ty,(0B/dy )+Tz (0B/dz )+...

Rz=Tx (dy/9x )+Ty, (9y/dy,)+Tz (dY/0z,)*+...

AMiMi=TX1(aMi/Mi/ aX1)+Ty1(aMi/ Mi/ ay1)+TZ1(aMiMi/ aZ1)+' °r
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Optomechanical Modeling Tools

Physical Project Files
Prescription /
Data \
All of the influence
Optomechanical coefficients between the
Constraint image and all of the
Longhand Equations elements in the system

e

Calculations \
Element

Output File
Displacements /
Microsoft Element Displacements
Excel

Nastran File

N

Nastran

Rigid mechanisms, toler-
ances and disturbances
from FE model or longhand

calculations
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Elastic and thermo-
elastic disturbances
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Preparing

Project Files

Physical Project Files
Prescription /
Data \
All of the influence
Optomechanical coefficients between the
Constraint image and all of the
Longhand Equations elements in the system

e

Calculations \
Element

Output File
Displacements /
Microsoft Element Displacements
Excel

Nastran File

N

Nastran

Rigid mechanisms, toler-
ances and disturbances
from FE model or longhand

calculations

93975aCharts3.pmd(9

Elastic and thermo-
elastic disturbances
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Project Files for the Imager

SURFACE DESCRIPTION THICKNESS APERTURE DESCRIPTION
ELT SUR RADIUS SHAPE OR DIMENSION SHAPE MATERIAL
NO. NO. X Y SEPARATION X Y
OBJECT INF FLT INFINITY
1.3000 7.405 CIR =
0.0000 7.417 CIR
0.0000 7.417 CIR
4.4564 7.417 CIR
1 1 -10.6445 A-1 -4.4555 3.400 2.798 C-1 REFL
2 2 -3.4340 A-2 1.5854 0.900 0.634 C-2 REFL
3 3 INF FLT -2.8516 0.500 0.338 c-3 REFL
4 4 5.3737 A-3 7.3000 1.540 1.240 C-4 REFL
DECENTER( 1)
5 5 INF FLT 0.0000 1.316 CIR REFL
BEND( 1)
-0.5020 1.161 CIR
6 6 -2.7639 CX SPH -0.1351 1.241 CIR GERMMW
HOLOGRAM( 1)
6 7 -3.9269 A-4 -2.0528 1.206 CIR
DECENTER ( 2)
7o o
8 9 File Edit Wew Insett Farmat Help
O|(d] SR @l ¢leeo]
8 10 3urf Elem Radius Index Thickness Type 1 £z £3 T4
9 11 1 ohi int AIR ing ok 1.0000000 o.0000000 o.o0000000  O.000 SRt L I [ 553
9 12 z 1 10. 6445 LIR 4,4555 MIER  0.0000000 0.0000000 0.0000000 O0.000( Fle Edt Yiew Insert Format Help
13 3z -3.434 LIR 1.5854 NIFR 0.0000000 0.0000000 0.0000000 O.0000 - _
10 14 4 3 inf LIR 2.8516 MIRR 0.0000000 0.0000000 0.0000000 O.0000 DIDIEII %l@dﬁl %||E\|">|
lo 15 5 4 5.3737 LIR 7.3 NIFR 0.0000000 0.0000000 0.0000000 O.0000 MATERIAL  HDEZ
& & inf LIR .50z NIRR  45. 0.0000000 0.0000000 O.0000
IMAGE 7 6 -2.7639 GERN L1351 LENS 0.0000000 0.0000000 0.0000000 O.000¢ géin i-gznw
5 B -3.9269 LIR 2.0528 LENS  0.0000000 0.0000000 0.0000000 0.000( Z-0 | eieie
s 7 inf LIR 2.0528 NIFR  45. 90, 0.0000000 0. 0000
10 8 -1.829 GERI L1621 LENS 0.0000000 0.0000000 0.0000000 o.o0o(| 2% t.0
11 & -6.8715 LIR . 2369 LENS 0.0000000 0.0000000 0.0000000 O.0000
1z 9 inf SAPH .04 WIND ©0.0000000 0.0000000 0.0000000 O.0000
13 9 inf LIR 1.195 WIND 0.0000000 0.0000000 0.0000000 O.o00(fofHelp, pressFi 4
14 10  inf GERI .04 WIND ©0.0000000 0.0000000 0.0000000 O.0000000
15 10  inf LIR .z2922 YIND 0.0000000 0.0000000 0.0000000 0O.0000000
16 det inf LIR 0.0 det AEH.
O
For Help, press F1 [ fom OptomeChaniCS
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Generating Nastran Model

Physical Project Files
Prescription /
Data \

All of theinfluence

Optomechanical coefficients between the
Constraint image and all of the
Longhand Equations elements in the system
Calculations \ / \
Element Output File Nastran File

Displacements / \

Microsoft | Element Displacements
i Patran/Nastran
Excel
Rigid mechanisms, toler- Elastic and thermo-
ances and disturbances elastic disturbances

from FE model or longhand

calculations AEH.

Optomechanics
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Nastran File for

NASTRAN MESH

CEND

TITLE=5H’S IVORY (TM) UNIFIED OPTOMECHANICAL MODEL

$ SINGLE POINT CONSTRAINT SETS MUST BE CALLED OUT IN THE CASE CONTROL DECK.
SPC=1000

$ MULTIPOINT CONSTRAINT SETS MUST BE CALLED OUT IN THE CASE CONTROL DECK.
MPC=1000

BEGIN BULK

THE FOLLOWING GRID POINTS/DOFS HAVE BEEN ASSIGNED:
1 THRU 10 /123456 ARE ASSIGNED TO THE OPTICAL ELEMENTS IN ASCENDING ORDER.
11 /123456 ARE ASSIGNED TO THE SYSTEM DETECTOR.
12 /123456 ARE ASSIGNED TO THE SYSTEM OBJECT.
13 /123456 ARE ASSIGNED TO THE REGISTRATION VARIABLES TX, TY, TZ,
14 /1 IS ASSIGNED TO THE REGISTRATION VARIABLE DM/M.

RX, RY, RZ.

R R Y

GRID 13 0. 0. 0.
GRID 14 0. 0. 0.

GRID,17,,10.,10.,10.
MAT1,1,10.+6,,.3,.098,23.-6,20.,.05
PBAR,1,1,1.,1.,1.,1.
CBAR,1,1,1,2,1.,1.,1.

=,%*1,=,*1,*1,
=10
CBAR,13,1,17,1,1.,-1.,1.

MPC 1000 13 1 -1. 1 1 +1.36-16
1 2 -3.133631 4 33.3559
1 5 +1.45-152 1 +6.89-17
2 2 1.581872 4 5.43215
2 5 -2.36-163 4 .51183
3 5 +2.23-174 1 +6.76-17
4 2 1.551664 4 -8.33817
4 5 +3.63-165 3 +1.38-04
5 4 -8.3396 5 5 -2.57-16
6 1 +6.39-176 2 1.46771
6 4 .15292 6 5 -6.66-18
7 5 1.419898 1 2.46761
8 5 -.12274 9 5 -.01593
10 5 -.03005 11 1 -1.

MPC 1000 13 2 -1. 1 1 -3.13363
1 2 +1.36-161 4 -1.45-15
1 5 -33.35592 1 -1.58187
2 2 -6.89-172 4 -2.36-16
2 5 5.432153 4 -2.23-17
3 5 -.51183 4 1 -1.55166
4 2 -6.76-174 4 +3.63-16
4 5 -8.338175 3 -6.05-21
5 4 +3.63-165 5 5.89699
6 1 -1.467716 2 -6.39-17
6 4 -6.66-186 5 .15292
7 3 2.075517 4 2.00803
8 2 2.467618 4 .12274
9 4 -.01593 10 4 -.03005
11 2 -1.

93975aCharts3.pmd(12

MPC 1000 13 3 -1. 1
2 3 -12.22763
4 3 -2.407965
6 3 2.153877
8 3 -1.1538711
MPC 1000 13 4 -1. 1
1 5 -3.133632
2 5 -4.685393
3 5 -3.103524
4 5 -1.551865
5 5 -1.38-046
6 5 1.467717
8 4 2.4676111
MPC 1000 13 5 -1. 1
1 5 +1.36-162
2 5 +2.04-163
3 5 +1.35-164
4 5 +6.76-175
5 5 +6.05-216
6 5 -6.39-177
8 5 2.4676111
MPC 1000 13 6 -1. 5
5 -1.4142111
MPC 1000 14 1 -1. 1
2 3 9.969513
4 3 1.731545
6 3 -1.821897
8 3 1.82191
SPC 1000 14 23456
$ DETECTOR
$ PRINCIPAL POINT
GRID 11 11 0. 0. 0.
$ DETECTOR COORDINATE SYSTEM
CORD2R 11 0 0. 0. 0.
1. 0. 0.
$ INCIDENT OPTICAL AXIS COORDINATE SYSTEM
CORD2R 22 0 0. 0. 0.
1. 0. 0.
$ ELEMENT 10
$ FIRST PRINCIPAL POINT
GRID 10 22 0. 0.
$ ELEMENT COORDINATE SYSTEM
CORD2R 10 22 0. 0.
1. 0. .327
$ INCIDENT OPTICAL AXIS COORDINATE SYSTEM
CORD2R 21 22 0. 0.
1. 0. .327

.327

.327

.327

Wwwww

L I NI NN

[CNC I NI NI NI NN

o u

Wwww

11

10

the Imager (1)

©

.81966
.81592
.36-08
.04603

.36-16
.04-16
.35-16
.76-17
.55-21
.39-17
.93521

.13363
.68539
.10352
.55186
.96-04
.46771
.07551

.41421

.23626

3.46289

N}

.33-05
.57657

- AEH.
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Nastran

$ ELEMENT 9
$ FIRST PRINCIPAL POINT

GRID 9 21 0. 0. 1.227

$ ELEMENT COORDINATE SYSTEM

CORD2R 9 21 0. 0. 1.227
1. 0. 1.227

$ INCIDENT OPTICAL AXIS COORDINATE SYSTEM

CORD2R 20 21 0. 0. 1.227
1. 0. 1.227

$ ELEMENT 8
$ FIRST PRINCIPAL POINT

GRID 8 20 0. 0. .625

$ ELEMENT COORDINATE SYSTEM

CORD2R 8 20 0. 0. .625
1. 0. .625

$ INCIDENT OPTICAL AXIS COORDINATE SYSTEM

CORD2R 19 20 0. 0. .625
1. 0. .625

$ ELEMENT 7
$ FIRST PRINCIPAL POINT

GRID 7 19 0. 0. 2.038

$ ELEMENT COORDINATE SYSTEM

CORD2R 7 19 0. 0. 2.038
-1. 0. 2.038

$ INCIDENT OPTICAL AXIS COORDINATE SYSTEM

CORD2R 18 19 0. 0. 2.038
-1. 0. 2.038

$ ELEMENT 6
$ FIRST PRINCIPAL POINT

GRID 6 18 0. 0. 2.261

$ ELEMENT COORDINATE SYSTEM

CORD2R 6 18 0. 0. 2.261
+4.36-17 1. 2.261

$ INCIDENT OPTICAL AXIS COORDINATE SYSTEM

CORD2R 17 18 0. 0. 2.261
+4.36-17 1. 2.261

$ ELEMENT 5
$ FIRST PRINCIPAL POINT

GRID 5 17 0. 0. .428

$ ELEMENT COORDINATE SYSTEM

CORD2R 5 17 0. 0. .428
-1. 0. .428

$ INCIDENT OPTICAL AXIS COORDINATE SYSTEM

CORD2R 16 17 0. 0. .428
-1. 0. .428

$ ELEMENT 4
$ FIRST PRINCIPAL POINT

GRID 4 16 0. 0. 7.3

$ ELEMENT COORDINATE SYSTEM

CORD2R 4 16 0. 0. 7.3
-1. 0. 7.3

$ INCIDENT OPTICAL AXIS COORDINATE SYSTEM

CORD2R 15 16 0. 0. 7.3
-1. 0. 7.3

93975aCharts3.pmd(13

-.707

-.707

File for the Imager (2)

-.278

.428

$ ELEMENT 3
$ FIRST PRINCIPAL POINT

GRID 3 15 0. 0.
$ ELEMENT COORDINATE SYSTEM
CORD2R 3 15 0. 0.
-1. 0. 2.851
$ INCIDENT OPTICAL AXIS COORDINATE SYSTEM
CORD2R 14 15 0. 0.
-1. 0. 2.851
$ ELEMENT 2
$ FIRST PRINCIPAL POINT
GRID 2 14 0. 0.
$ ELEMENT COORDINATE SYSTEM
CORD2R 2 14 0. 0.
-1. 0. 1.585
$ INCIDENT OPTICAL AXIS COORDINATE SYSTEM
CORD2R 13 14 0. 0.
-1. 0. 1.585
$ ELEMENT 1
$ FIRST PRINCIPAL POINT
GRID 1 13 0. 0.
$ ELEMENT COORDINATE SYSTEM
CORD2R 1 13 0. 0.
-1. 0. 4.455
$ INCIDENT OPTICAL AXIS COORDINATE SYSTEM
CORD2R 12 13 0. 0.
-1. 0. 4.455

$ OBJECT AT INFINITY AND NOT MODELED

MODEL PREPARED BY IVORY

FOR Al

07-16
ALSON E. HATHEWAY

RO IR IS

ENDDATA

2.851 3
2.851 0. 0. 1.851
2.851 0. 0. 1.851
1.585 2
1.585 0. 0 585
1.585 0. 0. .585
4.455 1
4.455 0. 0. 3.455
4.455 0. 0. 3.455

(TM) OPTOMECHANICAL MODELING TOOLS
Version I25B
son E. Hatheway Inc.

PROJECT NAME : ‘5H’

-2010 15:28:10
INC., http://www.aehinc.com

AEH.
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Nastran Model of the Imager

MPC=1000
BEGIN BULK

THE FOLLOWING GRID POINTS/DOFS HAVE BEEN ASSIGNED:
1 THRU 10 /123456 ARE ASSIGNED TO THE OPTICAL ELEMENTS IN
11 /123456 ARE ASSIGNED TO THE SYSTEM DETECTOR.

12 /123456 ARE ASSIGNED TO THE SYSTEM OBJECT.
13 /123456 ARE ASSIGNED TO THE REGISTRATION VARIABLES TX, TY, T
14 /1 IS ASSIGNED TO THE REGISTRATION VARIABLE DM/M.

B R R

GRID 13 0. 0. 0.
GRID 14 0. 0. 0.

GRID,17,,10.,10.,10.
MAT1,1,10.+6,,.3,.098,23.-6,20.,.05
PBAR,1,1,1.,1.,1.,1.
CBAR,1,1,1,2,1.,1.,1.
=,%1,=,%1,%1,==

=10

CBAR,13,1,17,1,1.,-1.,1.

Patran/Nastran

MPC 1000 13 1 -1. 1 1
1 2 -3.133631 4
1 5 +1.45-152 1
2 2 1.581872 4
2 5 -2.36-163 4
3 5 +2.23-174 1 +6.7
4 2 1.551664 4 -8.
4 5 +3.63-165 3 +1.3 * f'l
5 4 -8.3396 5 5 -2.57-16 .naS l e L
6 1 +6.39-176 2 1.46771
6 4 .15292 6 5 -6.66-18 :
7 5 1.419898 1 2.46761 Optomechanlcs
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Nastran Initial Model of the Elevation AXxIs

Shell element model of
the elevation axis

Imager
optical Imager Ivory/
components Nastran model

Structural cells for
mounting Imager AEH.

optical components Optomechanics
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Nastran Model of the Elevation Axis

LOS Errors (ur)

Initial R Ry Net

Trial
X Gravity -134053 2993431 13.73547
Y Gravity 10.19801 -14.0298 2377812

Z Gravity 2073545 -19.54844 2556554

El Axzis Mz £21b

Note: Focal length=16.68 inches

DISPLACEMENT VECTOR VITY)

POINT ID. TYPE T1 T2 T3 R2 R3

2111 G 1.999586E-05 1.997723E-05 -5.321686E-05 g6319E-06 1.063996E-05 7.893610E-06
2112 G -6.852039E-06 -1.462925E-05 5. 7828990E-06 2.014371E-05 4.197356E-06
2113 G 1.812071E-06 6.913396E-06 -2. .394247E-06 7.730068E-06 2.295344E-06
2114 G -3.135259E-05 -6.071180E-06 7.109179E-06 1.950236E-05 1.312777E-06
2115 G -1.257047E-05 3.416554E-05 -1.871679E-05 1.127948E-05 7.440939E-06
2116 G 1.157377E-05 2.072088E-05 2.674286E-06 -1.306870E-05
2117 G -6.071787E-05 .284741E-06 3.252225E-06 4.534236E-06 -1.896452E-05
2118 G 1.743217E-05 7296191E-05 -3.609602E-06 1.356123E-05 2.382732E-06
2119 G .558804E-06 .154363E-05 -4.478087E-06 1.625861E-05 4.497225E-08
2120 G .815590E .110042E-06 -2.474577E-06 2.677201E-06 -1.898830E-05
2121 G 44 4.340725E-06 9.420930E-06 5.247391E-06 -2.945216E-06
2123 G 3 3.8 -1.930393E-04 -8.001957E-05 -6.618082E-05 1.248440E-05
2124 G 1. 0.0 0.0 0.0 0.0 0.0

3454 G 0.0 0.0 0.0 0.0 6.137461E-07 -2.179917E-10
3456 G 0.0 0.0 0.0 8.850597E-08 1.117723E-06 -3.177722E-10

AEH.

Optomechanics
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Generating Excel Model
Physical Project Files
Prescription /
Data \
All of theinfluence
Optomechanical coefficients between the
Constraint image and all of the
Longhand Equations elementsin the system

e

Calculations \
Element

Output File
Displacements /
Microsoft Element Displacements
Excel

Nastran File

N

Nastran/Patran

Rigid mechanisms, toler-
ances and disturbances
from FE model or longhand

calculations

93975aCharts3.pmd(17

Elastic and thermo-
elastic disturbances

AEH.
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Output from -

Output File for the Imager (1)

IVORY Optomechanical Modeling Tools

This Product has been licensed to Alson E. Hatheway Inc.

PROJECT NAME: ‘S5H’

PHYSICAL PRESCRIPTION ECHO

Surf Elem
1 obj
2 1
3 2
4 3
5 4
6 5
7 6
8 6
9 7
10 8
11 8
12 9
13 9
14 10
15 10
16 det

TIME AND DATE: 15:28:06

Radius

inf
10.6445

-3.434

inf
5.3737

inf

-2.7639

-3.9269

inf

-1.829

-6.8715

inf

inf

inf

inf

inf

Index

PRRPRRR
ocoooo

4.021147

(S
o o

4.021147
1.0

1.661519
1.0

4.021147
1.0

INDEXES OF REFRACTION ARE RELATIVE TO THE VALUE OF

GAUSSIAN PRESCRIPTION

ELE F

obj 0

1 5.32225
2 -1.717

3 inf

4 2.68685
5 inf

6 2.841062
7 inf

8 .8055323
9 inf

10 inf

det 0

SYSTEM 16.677988023

o
B

B HHPOJOOOOO

o

H2

o oooo

.343585E-02 .1043363

0

.427698E-02 .0536382
.203718E-02 1.203718
.973705E-03 4.973705

0

222.03352768 16.40483

OBJECTS, IMAGES AND MAGNIFICATIONS

ELE F
inf
5.32225
-1.717
inf
2.68685
inf
2.841062
inf
.8055323

[ S I SN N N )
o
.

0
"
=
h

10 inf
det inf

93975aCharts3.pmd(18

inf
-0.8668
-0.1649
+2.6867
+4.25D+04
+4.25D+04
-0.6841
+1.3544
-1.4852
-0.2732
+2.40D-02

g’
0
-5.3223
-1.7503
-0.1649
+4.25D+04
+4.25D+04
-2.8413
-0.6841
-1.9877
-1.4852
-0.2732
+2.40D-02

Version I25B

07-16-2010

Thickness

inf
4.4555
1.5854
2.8516

1.000292

o oooo

.1041995
0
.1227388

for one user (s

E-02 1.592565E-02
E-03 3.005259E-02

0

6736 228.43291708

M

+1.0000
0

+2.0194
+1.0000
+1.58D+04
+1.0000
-6.69D-05
+1.0000
-1.4676
+1.0000
+1.0000

+1.0

P,

=} o oooo

o ooo

HI

45

45

Copyright 2010,

).

Type £
obj
MIRR
MIRR
MIRR
MIRR
MIRR
LENS
LENS
MIRR
LENS
LENS
WIND
WIND
WIND
WIND
det

OCoooco0oOoOROOROOOOHRH

P/AIR PHI
inf 0
4.4555

1.5854

2.8516

7.3

.4285642
2.157136 0
2.038523 45
.5025754 0
1.212011 0
.2971737 0
0 0

s oo oo

16.702010436

THETA

oo oo

o

90

oo oo

Alson E. Hatheway Inc.

TYPE

obj
MIRR
MIRR
MIRR
MIRR
MIRR
LENS
MIRR
LENS
WIND
WIND

det

OCO0OO0OO0OO0OO0OWOOOOOOOON
o

THETA

o oooo

e

-2

-1

OCo0oO0OO0OO0OO0OO0OO0OO0OO0OO0OOOOOW

TYPE

obj
MIRR
MIRR
MIRR
MIRR
MIRR
LENS
MIRR
LENS
WIND
WIND

det

/Tzo

.00D+00
.18D+00

.88D+03
.35D-05

.82D+00

h

OO0 00000000000 O OB

AEH.

Optomechanics



Output File for the Imager

OPTOMECHANICAL CONSTRAINT EQUATIONS

Tx
Ty
Tz
RX
Ry
Rz
Df,p

oo ooooo
oo ooooo

SYSTEM-OBJECT

Tx

Ty

Tz

RX

Ry

Rz

Df,p
ELEMENT-1

Tx

Ty

Tz

RX

Ry

Rz

Df,p
ELEMENT-2

Tx

Ty

Tz

RX

Ry

Rz

Df,p
ELEMENT-3

Tx

Ty

Tz

RX

Ry

Rz

Df,p
ELEMENT-4

Tx

Ty

Tz

RX

Ry

Rz

Df,p
ELEMENT-5

+1.366E-16
-3.13363
0.0
+33.35596
+1.454E-15
0.0
0.0

+6.897E-17
+1.58187
0.0
+5.43215
-2.368E-16
0.0
0.0

o oo
o oo

+0.51183

+2.232E-17
0.0
0.0

+6.765E-17
+1.55166
0.0
-8.33817
+3.635E-16
0.0
0.0

0.0
0.0
+1.388E-04
-8.33960
-2.571E-16
0.0
0.0

93975aCharts3.pmd(19

o oooooo
o oo oooo

-3.13363
+1.366E-16
0.0
-1.454E-15
-33.35596
0.0
0.0

-1.58187
-6.897E-17
0.0
-2.368E-16
+5.43215
0.0
0.0

o oo
o oo

-2.232E-17

-0.51183
0.0
0.0

-1.55166
-6.765E-17
0.0
+3.635E-16
-8.33817
0.0
0.0

0.0
0.0
-6.052E-21
+3.636E-16
+5.89699
0.0
0.0

(ABSOLUTE VALUES SMALLER THAN 0

REGISTRATION VARIABLES

TZ RX RY
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
-9.81966 0.0 0.0
0.0 +1.366E-16 -3.13363
0.0 -3.13363 +1.366E-16
0.0 0.0 0.0
-9.81966 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
-12.22762 0.0 0.0
0.0 -2.043E-16 +4.68539
0.0 -4.68539 +2.043E-16
0.0 0.0 0.0
-2.50232 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
-4.81592 0.0 0.0
0.0 +1.353E-16 -3.10352
0.0 -3.10352 +1.353E-16
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
-2.40796 0.0 0.0
0.0 -6.766E-17 +1.55186
0.0 -1.55186 +6.766E-17
0.0 0.0 0.0
-2.40765 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
-1.363E-08 0.0 0.0
0.0 +8.559E-21 -1.963E-04
0.0 -1.388E-04 +6.052E-21
0.0 0.0 0.0
0.0 0.0 0.0

RZ

+
oH O OO oo

o oo oooo oo ooooo o oo oooo o oo oooo

ookroooo

0000

O o ooooo O o ooooo oo ooooo

O o ooooo

1421

ook oo oo

ARE PRINTED AS 0.0)

+
oo oowo o

0.
0.

oo ooooo

oo ooooo

.46289

o oo

0
0

+3.330E-05

0.

0
0.
0

0

0
0
0

Df,p

oo ooooo oo ooooo oo ooooo oo ooooo oo ooooo

oo ooooo

o oo oooo

.50000

oo oo

.50000

oo oo

o oo oooo

.50000
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Dn
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DR2
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DR1
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DR1
DR2
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Dt
DR1
DR2
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Output File for the Imager

Tx +6.399E-17 -1.46771 0.0 0.0 0.0 0.0 0.0 -1.68804 Dt
Ty +1.46771 -6.399E-17 0.0 0.0 0.0 0.0 0.0 -3.27470 DR1
Tz 0.0 0.0 +2.15387 0.0 0.0 0.0 -1.82189 +1.52330 DR2
Rx +0.15292 -6.667E-18 0.0 +6.399E-17 -1.46771 0.0 0.0 -0.95916 Dn
Ry -6.667E-18 +0.15292 0.0 +1.46771 -6.399E-17 0.0 0.0 0.0

Rz 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Df,p 0.0 0.0 -2.15416 0.0 0.0 0.0 +2.17416 0.0
ELEMENT-6

Tx 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Dt
Ty 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 DR1
Tz 0.0 +2.07551 -3.04603 0.0 0.0 0.0 +2.57657 0.0 DR2
Rx 0.0 +2.00803 0.0 +2.93521 0.0 0.0 0.0 0.0 Dn
Ry +1.41989 0.0 0.0 0.0 2.07551 1.41421 0.0 0.0

Rz 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Df,p 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
ELEMENT-7

Tx +2.46761 0.0 0.0 0.0 0.0 0.0 0.0 -0.11719 Dt
Ty 0.0 +2.46761 0.0 0.0 0.0 0.0 0.0 -0.59640 DR1
Tz 0.0 0.0 -1.15387 0.0 0.0 0.0 +1.82191 +0.03875 DR2
Rx 0.0 +0.12274 0.0 +2.46761 0.0 0.0 0.0 -0.26820 Dn
Ry -0.12274 0.0 0.0 0.0 2.46761 0.0 0.0 0.0

Rz 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Df,p 0.0 0.0 -6.08908 0.0 0.0 0.0 +3.06332 0.0
ELEMENT-8

Tx 0.0 0.0 0.0 0.0 0.0 0.0 0.0 +0.39814 Dt
Ty 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 DR1
Tz 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 DR2
Rx 0.0 -0.01593 0.0 0.0 0.0 0.0 0.0 +0.01449 Dn
Ry -0.01593 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Rz 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Df,p 0.0 0.0 -1.00000 0.0 0.0 0.0 0.0 0.0
ELEMENT-9

Tx 0.0 0.0 0.0 0.0 0.0 0.0 0.0 +0.75131 Dt
Ty 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 DR1
Tz 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 DR2
Rx 0.0 -0.03005 0.0 0.0 0.0 0.0 0.0 +2.474E-03 Dn
Ry -0.03005 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Rz 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Df,p 0.0 0.0 -1.00000 0.0 0.0 0.0 0.0 0.0
ELEMENT-10

Tx -1.00000 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Dt
Ty 0.0 -1.00000 0.0 0.0 0.0 0.0 0.0 0.0 DR1
Tz 0.0 0.0 -1.00000 0.0 0.0 0.0 0.0 0.0 DR2
Rx 0.0 0.0 0.0 -1.00000 0.0 0.0 0.0 0.0 Dn
Ry 0.0 0.0 0.0 0.0 1.00000 0.0 0.0 0.0

Rz 0.0 0.0 0.0 0.0 0.0 1.00000 0.0 0.0

Df,p 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
DETECTOR

Thank you for using IVORY(tm) to prepare the Optomechanical Constraint Equations for ‘5H’.
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Excel Model of the Imager (1)

Cuput C
IORY  Optomech Madeling Tools
Version 1256
Copyright 2010, Akon E Hathewsy Inc.
Ths  Product hes  been licensed 1o Ason Hatheay Inc for one
PROJECTNAME. 'S TME  AND  DATE: 152808 77182010
PHYSICALPRESCRIECHO
Suf  Elm  Radus ndex  Thickness Type n Gl
100 int T a 1 0 0 [
2 1 10Bess 44555 MIRR 0 0 0 []
3 2 -34m 1] 15854 MRR 0 0 0 [
4 3inf 1 28518 MRR 0 0 0 [
5 4 saar 1 73 MRR 0 0 0 [
[ 5int T 502 MRR 5 0 0 [
7 5 27830 4021147 01351 LENS 0 0 0 [
8 6 3968 T 528 LENS 0 0 0 []
g Tt 1 528 MIRR a5 @ 0 []
10 8 1828 4021147 01821 LENS [ 0 0 [}
1 Tt 363 LENS 0 0 0 [
12 aint 1681518 004 WND 0 0 0 [
i aint 1,185 WIND. 0 0 0 [
1 10nt 4021147 004 WK 0 0 0 []
15 10inf T 22 WIND. 0 0 0 0
18 det inf 1 0det
NDEXES OF REFRACTARE _ RELATVETO T VALUE 1000282
GAUSSIANPRESCRIPTION
EE F H H2 P PR PH TPE
o5 [} o 0 i 0 005}
1 635 0 0 0 aag5s 0 OMRR
2 T 0 0 0 isese 0 OMRR
E 0 0 0 28576 0 OMRR
4 256805 0 [ [ [ OMRR
i 0 0 0 0428564 5 OMRR
6 2841082 734E.02 0104338 01042 2157138 0 0LENs
it 0 0 2038623 a5 SOMRR
8 0808632 143E.02 005338 0122730 0502675 0 0LENs
it 120E.07 120E-02 150E-02 1212011 0 0wnD
10t 497E-03 487E-03 30IE-02 0297174 0 0D
det [ 0 0 [} 0 Odet
SYSTEM 1857799 2220835 1640464 228.4329 1870201
ORJECTSIMAGES AND  MAGNFICATIONS
EE F s s 0 PH THETA ez
o) inf 0 1 [
1 632205 nf E 0 [ OMRR  -0.000+00
2 777 0seeE 17503 20184 0 OMRR -1.18D+00
£l 01848 0,16 1 ] 0MRR
4 286685 26867 +42509040 1 5B 0 OMRR  +58680403
inf +4250+0¢+4 250404 a5 OMRR
6 2841082 +425D+0: 28413 -6590-05 [} OLENS 2350.05.
inf 08Bl 1 45 S0MRR
8 0808632 13594 10877 14678 ] OLENS 1820400
it 14852 14350 1 ] WD
10t 02132 07732 1 [] 0WIND
det ot +2400-02 +2.400-02 1 [] 0det
OFTOME(CONSTRAEQUATION ABSOLUTVALUES _ SMALLER THAN 0ARE  PRNTED 45 00)
REGISTR/VARIABLES
™ ™ 1z RX RY RZ o LDesvar TXSUM TYsuM RYSUM  RXSUM
INCHES  INCHES mRAD mRAD
T 0 [ 0 0 0 [ 0 oot [ 0 0 [ 0 0 0
T 0 [ [ 0 0 [ [ 0OR [ 0 0 ] 0 0 0 “201499E.05 7.16E-08 11747805768 0423368118
i3 0 [] ] 0 0 [] 0 00R2 ] 0 0 [] 0 0 0 -354380E-05 4.96E-06 2 2124871199 0208419850
R 0 [] 0 0 0 [] 0 00n [] 0 0 0 0 0 0 36l 551E-05 3 2161129185 -033051363
Ry 0 [] [ 0 0 [] [ 0 [] 0 [ 0 0 0 [ 22 9906 4 1358610817 0119408511
Rz 0 [} 0 0 0 1 0 0 [} 0 0 [} 0 0 0 BAZWIE05 10905 5 3875342001 0615306428
Dip 0 ] 0 0 0 [} 0 0 [l [ 0 [] 1 0 0 -5 A531E05 27908 6 3564785231 0167565155
SYSTEM.OBIECT ] 0 0 ] 0 0 0 551312E.05 4.27E.08 7 3366538243 0268074126
1 [ 0 0 [] 0 0 0 -4 T01E.05 8.06E-08 8 2980033015 0483172032
T 137E-16-3.13363 0 0 0 [] 0 oot 11 433326608 5O19METY 1 3I5TRE05 0 0 0 0 0 4 99FTEE05 BE-0B 9 2994222295 0479802298
Ty 31333 137E-16 [ 0 [] 0 05DR1 12 BE738BE-07 LTI790E05 7.75049E-23 0 0 0 [ 0 513975605 8.36E-05 10 3081754253 -0 562480414
Tz 0 0 -apigss 0 0 0 82w 00R2 13 14331E.08 [ 0 140725505 0 0 0 11803305 -B2EA2E05 13605 11 4872312630 -0.791574408
R 3335608 -1 45515 0 137E-18 313363 [ 0 00n 14 820807 DTITIE0E 116315E21 0 11084622 257148E.08 0 0
Ry 14561533358 0 31333 13716 [] [ 0 15 18M05E.07 279756520 -6.41784E.06 0 602025507 26025623 0 0
Rz [ 0 0 [ 0 0 18 -140835E.07 ] 0 [} 0 0 0
Dip 0 0 281988 0 0 08421 0 [ 0 0 [] 0 0 0
ELEMENT-1 0 0 0 0 0 0 0
2 [ 0 0 0 0 0 0
T BRE-17 158187 0 [ [ [} 0 oot 21 16785E-08 12056520 -297154E-08 0 ) 0 0 0
T 158187 -6 90E. 0 0 0 [] 0 05/DR1 22126942608 200805508 -B.T5617E-23 0 [ 0 0 0
T 0 0 122278 0 0 0 oeees 00R2 23 185198607 0 0 225851E08 [] 0 0 184532508
R 543215 237518 0 20461645353 [ 0 00n 24 -1 5734E-08 -B0BTSE05  361BT4E-22 0 3.1208E22 1.15619E-06 0 0
Ry 23TE16 543215 0 -468539 2 D4E-16 [] 0 0 25 1.44986E-07 -34336E.7318TEAIE-07 0 -679314E-07 2 96205E-23 0 0
Rz [] [] 0 [] [] [] 0 [ 26 108073E-06 [] 0 ] 0 [ [ [
o, 0 2803 0 0 0 2304 0 [ 0 0 0 0 0 0
ELEMENT-2 [ 0 0 [ 0 0 0
3 [ 0 0 [] 0 0 0
T 0 ] 0 0 0 [ 0 oot 31 3ATT80E07 ] 0 0 [] 0 0 0
T 0 [] 0 0 0 [] 0 ORI 32 -27395E-06 ] 0 0 [] 0 0 0
Tz 0 0 481582 0 0 0 388 00R2 33 208011E-06 0 0 -1 00176605 0 0 0 720308
Rx 051183 -2235-17 0 13%E-16 -3.1036 [ [ 00n 34 -11B147E-08 B4TIED7 263023 0 -15086522  386671E-06 0 []
Ry 2217 051183 0 210352 136618 [ 0 0 35 104575608 2317223 63620607 0 324569508 141493622 0 0
Rz 0 0 0 [ 0 0 38 -1.20859E.08 [} 0 0 [] 0 0 0
Dip ] o 0 0 ] o 0 [l [ 0 [] 0 0 0
ELEMENT-3 [] 0 0 [] 0 0 0
a 0 0 0 0 0 0 0
T BITE-17 185188 0 [ [ [] 0 oot 41 183184608 129831622 -284255E.06 [ 0 0 0 0
T 155188 8.T7E-17 0 0 0 [} 0 050R1 4 -82B7E.07 GT4TAE07 424997623 0 [} 0 0 0
Tz 0 0 2409 0 0 0 173154 00R2 43 -1.72008E.07 [ 0 418357207 [ 0 0 20938507
Rx 833817 3 0 -677E.17_ 155188 [ 0 0on 44 A TIIE0E 1436095.05-B.26057E.22 0 118831E22 -267277E.08 0 0
Ry 3BE-1B 83317 0 -185186 B7TTE-17 [ 0 0 45 B1M2IE0E 20567023 6.TBR4EE-OT 0 -12603E07  5503BE 0 0
Rz 0 0 0 0 [] 0 0 48 713029607 0 0 0 0
oip 0 240785 0 0 0 13808 0 [] [ [] 0 0 [ 0
ELEMENT-4 [ 0 0 0 0 0 0
g 2 g 2 0 0 g

AEH.
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Excel Model of the Imager (2
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Nastran Imager Stabilization Study

1st Trial
Model

14th Trial = /\\ )~ Initial Values

TS
Model - FIIAST =X e

Met LOS Emor, gr

\/ X —ZGrav
10

Note: Focal length=16.68 inches

DISPLACEMENT VECTOR (X GRAVITY)

POINT ID. TYPE T1 T2 T3 R1 R2
2111 el -4.333262E-06  5.673855E-07  1.433095E-06 -8.206002E-07 1. .406347E-07
2112 el 1.878496E-06  1.269417E-06 -1.851963E-07 -1.527341E-06 1. 1.090787E-06
2113 el 3.177888E-07 -2.239500E-06  2.080111E-06 -1.181467E-06 -1. 06 -1.208584E-06
2114 el 1.831939E-06 -6.282287E-07 -1.729085E-07 -1.722303E-06 .134225E-08  7.130288E-07
2115 el -4.261809E-06  1.340301E-06 -3.923907E-06 4. 1.402503E-06 -1.721496E-07
2116 el 5.214161E-06  1.701173E-06  1.707830E-06 1.212852E-06  6.507744E-07
2117 el -9.580793E-06  6.409356E-06 -1.120835E-06 2.339528E-06 -2.243364E-06
2118 el 2.768341E-06  1.608810E-06 -3.653708E-0 .485901E-06  3.266380E-06 -8.598251E-07
2119 el 8.764550E-07  7.264903E-07 -5. 3.527969E-06  1.485459E-05 -2.659803E-07
2120 el -5.965882E-06 -2.960889E-06 -4. -4.589756E-05  4.858093E-05 -2.826104E-06
2121 el 3.153071E-05__-3.820510E-06 7823855E-06  2.826585E-06 -5.448769E-06  1.591755E-06
2123 G  <=B8.292811E-05 7.612554E-06>-2.276996E-06 -6.163149E-06  3.098317E-05 -2.916905E-06 AEH
2124 el 4.204583E-06 0.0 0.0 0.0 0.0 0.0 ®
3454 el 0.0 0.0 0.0 0.0 8.516471E-08 -6.636269E-08 3
3456 el 0.0 0.0 0.0 -1.020291E-10  1.580365E-07 -1.230489E-07 Optomechanics
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Nastran Complet Suite, Initial Model

Laser Xmtr:
Beam expander
Laser

Laser beam

Gyroscope

Gyroscope axis

Imager

Gyroscope
Control
Electronics

Laser Rcevr
AEH.
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Nastran Suite Model Rigid Body Check

DISPLACEMENT VECTOR (TZX)

POINT ID. TYPE T1 T2 T3 R1 R2 R3
2123 G -4.495383E-09 -2.804798E-06 1.535378E-06 -8.338841E-12 4.617249E-10 4.605635E-12
- 2124 G 1.157860E-07 0.0 0.0 -2.695207E-10 1.681897E-07 0.0
3454 G 0.0 0.0 0.0 0.0 0.0
10286 G -5.218555E-13  2.939959E-12 9.166886E-14 1.907526E-12 -3.280729E-13
21663 G 7.512611E-08 -1.884684E-06 9.539138E-13 -1.267039E-05 0.0
DISPLACEMENT VECTORI(TY)
POINT ID. TYPE T1 T2 T3 R1 R2 R3
2123 G 2.489022E-06  2.804443E-06 -1.531967E-06 1.458557E-11 -7.180084E-11  6.401721E-12
2124 G 3.411351E-06 0.0 .0 1.492293E-07 -1.681684E-07 0.0
3454 G 0.0 .0 0.0 0.0 0.0
10286 G -2.036865E-12 .744624E-13 -3.287505E-13 -3.137514E-13 6.276506E-13
21663 G 3.990776E-08 .557650E-06 1.267058E-05 -5.067208E-13 0.0
EMENT VECTOR (TZ)
POINT ID. TYPE T1 T2 T3 R1 R2 R3
2123 G -2.348945E-06 -7.698533E-10 1.999892E-05  7.981358E-11 -1.151832E-10 -1.155364E-11
2124 G 1.876438E-03 0.0 -1.408310E-07 4.616426E-11 0.0
3454 G 0.0 0.0 0.0 0.0 0.0
10286 G 1.638512E-12  1.120773E-13 3.460578E-14  1.708762E-12 -4.397567E-14
21663 G -2.340301E-08 1.000009E-08 -7.092953E-06 1.269761E-13  2.971550E-13 0.0
o
POlntID Feature DISPLACEMENT VECTOR (RX)
POINT ID. TYPE T2 T3 R2 R3
2123 G T.667934E+01 > -7.940791E-06 -2.036467E-05 6.800884E-06 2.518961E-06
2124 G -2.309178E-03 0.0 0.0 4.761695E-07 0.0
2123, 2124 Imager e e a0 00 0o 50 010
. 10286 G 9.343575E-12 -4.202360E+00 2.381380E+00 5.768823E-12 -1.443130E-12
3454 El AX]S Base 21663 €] -1.327908E-07 .877207E+04> -3.290176E-05 1.000208E+00 1.686085E-12 0.0

10286 Gyroscope DISPLACEMENT VECTORI(RY)

POINT ID. TYPE Tl T2 T3 R1 R3
21663 Laser thr 2123 G 2.328079E-02 1.667689E+01 2.076247E-04 2.350952E-06 7.069737E-04
2124 G 1.907376E-02 0.0 0.0 1.395799E-03 0.0
3454 G 0.0 0.0 0.0 0.0 0.0
10286 G 4.202360E+00 8.033660E-14 8.866570E+00 9.443453E-13 -1.798773E-12
21663 G 7.877207E+04 8.014755E-08 -6.198883E-05 1.017673E-12 0.0
Base motions DISPLACEMENT VECTOR(RZ)
Imager LOS motions POINT ID. TYPE T1 T2 T3 R1 R2 Ii
: 2123 G -2.529502E-05 -1.178215E-01 1.429845E-05 1.248827E-05 2.497396E-10 9.992900E-0D
Target SpOt motions 2124 G -3.477024E-05 0.0 0.0 -1.516563E-06 7.065168E-03 0.0
Gyroscope motions 3454 G 0.0 0.0 0.0 0.0 0.0 Q_.000000E+0Q
. 10286 G -2.381380E+00 -8.866570E+00 -3.332883E-12 2.541370E-12 -1.770245E-12 (1.000000E+0®
Image motions 21663 G .613265E+00 8.621584E+00 2.843650E-05 -1.094726E-04 4.587871E-05 0.0

Note: Three and four place accuracy in the model’s geometry AE H °
and the largest dimension is 78,800.

Optomechanics
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Nastran Suite Initial Model Static Stability

DISPLACEMENT VECTOR (X GRAVITY)

POINT ID. TYPE Tl T2 T3 R1 R2 R3
2124 e 4.056844E-05 0.0 0.0 5.851008E-06 -1.103894E-06 0.0
3454 e 0.0 0.0 0.0 0.0 1.287777E-07 -1.336708E-07
10286 e 1.885340E-05  7.280877E-06 1.876988E-06 1.542009E-06  4.394471E-07 -5.254006E-06
21663 e -5.920674E-01 -8.027378E-02 -3.915012E+00 -1.019276E-06 7.517657E-06 0.0
21665 e 0.0 0.0 0.0 -2.561285E-06  7.078210E-06 0.0
21666 e 0.0 0.0 0.0 4.308999E-06 -1.543341E-06 0.0
21667 e 0.0 0.0 0.0 6.870284E-06 -8.621551E-06 0.0
DI SPLACEMENT VECTOR (Y GRAVITY)
POINT ID. TYPE Tl T2 T3 R1 R2 R3
2124 e -6.381926E-05 0.0 0.0 -3.775492E-06  3.562594E-06 0.0
3454 e 0.0 0.0 0.0 0.0 -6.629356E-10 -1.057327E-06
10286 e 1.194491E-05  3.208232E-05 1.210022E-06 -1.602568E-06 1.213423E-06 -8.743267E-06
21663 I -3.727667E-02 -7.611592E-02 -3.129728E+01 -9.664819E-07  4.733131E-07 0.0
21665 e 0.0 0.0 0.0 6.360858E-07 -7.401100E-07 0.0
21666 e 0.0 0.0 0.0 -2.172924E-06  2.349171E-06 0.0
21667 e 0.0 0.0 0.0 -2.809010E-06  3.089281E-06 0.0
DI SPLACEMENT VECTOR (2 GRAVITY)
POINT ID. TYPE Tl T2 T3 R1 R2 R3
2124 e -2.886976E-05 0.0 0.0 -3.036141E-06  6.944848E-06 0.0
3454 e 0.0 0.0 0.0 0.0 1.057485E-06 -4.698557E-10
. 10286 e 2.854246E-05 4.238918E-06  3.694515E-05 -3.561562E-07 1.500905E-05 -4.810248E-06
POlnt ID Feature 21663 e -4.362355E-01  6.051603E-03 -1.010807E+01  7.684023E-08 5.539012E-06 0.0
21665 e 0.0 0.0 0.0 4.329965E-07 -9.470039E-06 0.0
21666 e 0.0 0.0 0.0 -2.679984E-06 -8.064203E-06 0.0
21667 e 0.0 0.0 0.0 -3.112981E-06  1.405836E-06 0.0

(2123) 2124 Imager
3454 El Axis Gravity loading vector: Tx Ty Tz

10286 Gyroscope Net_pointing errors (microradians):

21663 Laser Xmtr Imager (2124) 59 52 175
Laser (21663) 7.6 0.5 5.5

21665 Laser-Gyro Gyroscope (10286) 1.6 20 150

21666 Imager-Gyro
Net bore sight errors (microradians):

21667 Imager—Laser Laser minus Gyro (21665) 71 0.7 95
Imager minus Gyro (21666) 46 32 85

Imager minus Laser (21667) 11.0 4.2 34 S EH
[ ]

Optomechanics

93975aCharts3.pmd(26



93975aCharts3.pmd(27

Nastran Model Dynamics, Hard Mounted
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Nastran Model Dynamics, Isolated

Acceleration PSD, g */Hz
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Accomplishments

1. We have linked both the imager and the laser to the gy-
roscope in an optomechanical model.

2. We have debugged and validated the model in both
Nastran and Excel.

3. We have stabilized the imager to less than 10
microradians in static gravity loads.

4. We have computed the dynamic stability (rms
microradians) of the imager, laser and gyro mounted in
the initial structural configuration when excited by the
required operating random vibration environment.

5. We have also computed the dynamic bore sight errors
relative to the gyro under the same conditions.

AEH.

Optomechanics
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The Optomechanical Constraint Equations
Provide and Early Start...

Optics: Initial Initial Optical Vendor Final Vendor
Design Tolerances Element Contacts Design Contracts
‘ Specs.
*.igs, *.stp and Revised Test Optical Design
Prescription Tolerances Plating Influence
Files Coefficients

~4 months ~1 month

Mechanics: | nfluence
Coefficients

Geometric Packaging (CAD)
Thermal Aalysis
StressAnalysis

Mass and Power Budgets
Error Budgets
Optomgchanical Engineering

Departmental Budgeting
Interface Definitions

System and Subsystem Specifications
Magjor Subcontracts AE H °
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