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Project Description:

An infrared (IR) emitter produces a 2 mm collimated beam that will be used to as
a boresight reference for a primary laser beam. A mount will be designed that initially
aligns the IR light to the primary laser beam within 75 prad. In addition, the IR beam
must be maintain boresight with the primary laser beam over a large operating
temperature range (-40 to 80C), a moderate vibration profile, and a 20 G shock. The
module will be designed as a drop-in module that can be easily installed to an existing
laser system. No maintenance can be allowed so locking features on any adjustment are
required.
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Figure 1: IR steering module

ICD:

The design of the laser system is such that the IR module must “drop-in” to
features machined into the existing laser bench. As many of the laser components have
already been designed, the volume allocated for the IR source is very small (See
Appendix G).

In addition, the light source has already been designed. A simplified model of the
emitter has been modeled and the Steering Module will provide mounting features and
clearance for the emitter (See Appendix G).

The laser bench interfaces have not been permanently defined and there may be
some flexibility. For now assume a flat plate made from Aluminum 6061-T6. The



volume requirement for this system will be one of the most challenging specifications to
meet.
Optical Requirements:

- Wavelength - MWIR (3 - 8 um)

- Beam Diameter — 2 mm

- Initial Alignment of primary Beam — 75 prad

- Max alignment error in primary beam — 1.5 mrad

- Primary beam size 8 mm

- IR beam shall be contained within the nominal location of the 8 mm primary

beam (beam decenter specification)
- Boresight Stability (Temperature, Vibration, Shock) — 25 prad

Derived Requirements from Emitter Design:
- Reflectance for turn mirror > 90%
- Transmission for optical components >90% over 3 — 7 um
- Minimum clamping force of .1 Ib on cylindrical portion of emitter

Environment:
- Operating Temperature -40 C to 80C
- Storage Temperature -60 to +80C
- Operational vibration in accordance with MIL 810F, Method 514.5, Category
13 and 14
- Module must survive 20 G shock load
- Maintain optical performance specifications given environmental conditions

Other: :
- All material used must be low outgassing (>1% TML, >.1% CVCM)
- No maintainence will be allowed for life of system

Note:

The boresight error associated with the location and orientation of the emitter has
already been taken into account at the system level specifications for the Steering
Module. All specifications addressing the initial alignment and boresight stability of the
Steering Module are intended for the position and orientation of all three turn mirrors and
the two steering wedges. All models and pictures of the emitter are strictly for volume
allocation purposes. The design of the emitter will not be addressed in this report.



Design Concept:

The design of the IR Steering Module includes a monolithic aluminum bench that
serves as the mounting platform for each optical component. The optical components of
the emitter are pressed into a v-groove located in the optical bench with a stainless steel
spring. The tolerances applied to the v-groove are driven by the design of the emitter and
are not addressed in this report.

Due to the geometry provided in the ICD (See Appendix G), three mirrors are
required to fold the beam to the exit beam location. The fused silica fold mirrors are
housed in captive mirror mount assemblies that are assembled prior to their integration to
the optical bench. When assembled to the optics bench, the fold mirrors interface to
lapped surfaces in the optics bench.

The only adjustment in the system is provided by two Risley Prisms — referred to
as steering wedges - located between the first and second mirrors. The decision to go with
steering wedges rather than adjustable mirror mounts was a result of the large operational
temperature range. A push-pull adjustment would not have provided a low boresight
stability adjustment. The steering wedges correct the angular error cause by assembly
tolerances found in the optics bench — the displacement is corrected by a second set of
steering wedges within the laser. The optic for the steering wedge is made from Calcium
Fluoride and is bonded into a 300 series stainless steel mount.

The Steering Module locates to two pins and three lapped surface on the laser
bench. These features fully constrain the module and allow the module to be assembled
off-line and dropped into the laser assembly. When assembled to the laser, a final
adjustment is made and the steering wedges are locked by two set screws.
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Figure 1: Preliminary design and optical layout



Figure 2: Steering Module next to regulation playing card

Design Details:

An exploded view of the mirror mount assembly can be seen in Figure 3. The
mirror is loosely assembled inside the mirror mount and initially rests on the captive
features on the mount. The wave spring is then places inside the bore of the compression
plate and the three screws are tightened to the mount. At this point in the assembly, the
optics is loaded against the captive features in the mount. These features have loose
tolerances as the mirror will be located to the lapped pads on the optics bench at the next
assembly. The spring exerts a force of three pounds on the back surface of the optic when
assembled to the optics bench which is more than enough force to prevent the optic from
coming off of the lapped pads given a 20 G shock load.
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Figure 3. Exploded view and cross section of Mirror Mount Assembly




The Rotation Mount Components can be seen in Figure 4. As stated previously,
the optic is made from Calcium Fluoride and is bonded into a 300 series stainless steel
mount. Calcium Fluoride was chosen due to its high transmission and low dispersion over
the 3 to 7 um range. The rotation mount is made from Stainless steel as its CTE is very
close to that of Calcium Fluoride (15 ppm/°C for stainless steel and 19 ppm/°C for
Calcium Fluoride).

ROTATION MOUNT

ADHESIVE
INJECTION HOLE

STEERING WEDGE

Figure 4: Exploded view of Rotation Mount Assembly

The optic is located inside the mount to three relatively flat pads. After the optic is
placed against the pads, a force should be exerted on the optic to prevent the optic from
moving while a small amount of Mil-Bond adhesive bonds the optic to the mount. The
assembly should then be taken to the 71°C to cure for 3 hours (manufacturer
recommendation, see Appendix C).

Fabrication Plan:

The fabrication plan for the Steering Module Assy is as follows:

Prepare Mil-Bond adhesive per manurfacturer specifications

Load Mil-Bond into pressure regulated dispenser (suggest use of EFD 2400)
Bond steering wedge into rotation mount

Cure rotation mount assembly at 71°C for 3 hours

Assemble mirror assembly

Assemble one rotation mount at a time into the optics bench

Hand tighten set screw to prevent rotation mount from falling out

Assemble mirror mount assemblies to optics bench — torque screws to 3.5 in-
oz

Locate emitter cylindrical component to the v-groove in optics bench
Tighten screw on spring to load cylindrical portion of emitter to bench
Torque screws at back-end of emitter to the optics bench to 3.5 in-oz



- Assemble Steering Module to Pre-Alignment tool — torque #4-40 screws to 39
in-oz (See Figure 6 for conceptual design of Pre-Alignment tool)

- Rotate steering assembly until beam passes through each aperture in Pre-
Alignment tool —- torque set screws to 19 in-oz to lock adjustment

- Remove from Pre-Alignment tool and assemble to laser

- Make final adjustment when assembled to laser - torque set screws to 19 in-oz
to lock adjustment

Figure 5: Exploded vies of assembly (see Drawing DP-01 for detailed assembly drawing)

As stated above, the assembly procedure requires a pre-alignment tool to prevent
assembly issues internal to the design of the steering module from delaying the laser
assembly. The tool will have the exact mounting features that exist in the laser bench
(two pins, three lapped pads). Two pin holes (1 mm holes) separated by 10 inches will be
placed along the nominal exit beam axis (see Figure 6).
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Figure 6: Pre-Alignment Tooling Concept



An IR camera (selected to the specifications of the emitter) will be located to the
breadboard after the apertures. After the beam is aligned to the apertures, the apertures
will be removed and the location and beam quality coming out of the steering module
will be measured by the camera.

Analysis Summary:
Table 1 presents the requirements for the design of the Steering module and how
each requirement is met. A brief description of each analysis follows.

Table 1: Requirement Matrix

Requirement Value How Requirement Is Met
Operating Wavelength 3-8 um Emitter design
Beam Diameter 2 mm Emitter design
Initial Alignment 75 urad Tolerance Analysis (see Appendix D)
Decenter +4 mm Tolerance Analysis (see Appendix D)
Boresight Stability 25 urad Error Budget, Thermal Analysis, Vibration Analysis
Turn Mirror Reflectance >80% Mirror Design (see Drawing DP-06)
Transmission >90% (3um - 7um)| Steering Wedge Design (see DP-09, Appendix D)
Emitter Clamping Force 11b Spring Design (see Appendix A)
Operation Temperature Range -40 to +80C See Thermal Analysis
Storage Temperature -60 to +80C See Thermal Analysis
Vibration per MIL-STD 810F see Appendix See Vibration Analysis
Shock Survival 20 G Spring Design (see Appendix A)

The two critical components to the design of the Steering Module include the
wedge design (See Appendix D) and the boresight stability calculations (See Appendix
E). Calcium Fluoride wedges were selected based on the optical requirements for
transmission and a derived requirement from initial alignment and boresight stability -
low dispersion over the wavelength range. Based on the tolerances that are selected for
the optics bench, a 2 degree wedge was designed into the optics. This should provide a
stable adjustment capable of correcting the mechanical tolerances machined into the
bench. The calcium fluoride wedges (CTE = 19 ppm/°C) are going to be bonded into
stainless steel mounts (CTE = 15 ppm/°C) at three equally spaced radial locations with
Mil-Bond. Mil-Bond is a low outgassing, moderately compliant adhesive that will
accommodate the small CTE mismatch. All thermally induced rotations or translations of
the corrective wedges are negligible as the optics are insensitive to these small errors.

The boresight stability requirement is broken down to vibration and thermally
induced boresight errors. The third component of the error budget has been allocated for
small errors in the mounting of the mirrors to the machined surfaces of the optics bench.
The tolerances of the mounting surfaces on the optics bench have tight tolerances applied
to them, however, experience shows that there will be very small errors at the extremes of
the operating and storage temperatures.

For the vibration induced boresight error a modal analysis has been performed on
a finite element model (FEM) of the optics bench. The first mode is very high (=5000
Hz) and is outside the frequency range of the random vibration spectrum. Deflections
were measured from the FEM at the mounting locations for each mirror and rotation and
translation error were calculated in a post processing spreadsheet. The acceleration levels



are very low for random vibration and the first mode is very high resulting in very low
levels of boresight error (> 2 prad). All vibration induced rotations are below the
allocated values.

The thermally induced boresight error is calculated in a similar manner. First, the
temperature distributions are computed in a steady state thermal analysis. The
temperature distributions are based on a 15 degree temperature difference between the
laser bench and enclosure. The conductivity of the aluminum and the insulating air gap
between the enclosure and the Steering Module resulted in a temperature gradient of less
than 0.1°C. The temperature distribution is then applied to a structural static model with
boundary conditions that simulate the mounting features of the optics bench. Rotation
and translations are computed from the FEM and all calculations show that the design
meets the system level requirements. See Appendices D and E for details.

Preliminary System Test Plan:

The preliminary system test plan will require a test fixture to be constructed with
the same mounting features that will be present in the laser bench (two pins and three
lapped surfaces). Ideally, the test fixture will also be the pre-alignment tool described in
the fabrication plan. A single point diamond turned (SPDT) reference surface will be cut
into the test fixture that will act as an initial alignment reference for all tests and
alignment procedures. The Steering Module will be mounted to the test fixture and tested
to the environments described in the specification. The test fixture will then be placed in
a thermal chamber with a window. An autocollimator will be placed in front of the
window of the thermal chamber to measure the difference in the pointing between the
reference surface and the output of the steering module. This test can actively measure
the boresight stability of the system.

The test fixture will have a bolt pattern that matches an existing fixture from a
vibration table. The test fixture will be designed to have a natural frequency of above
2000 Hz when the Steering Module is assembled. Accelerometers will be placed on the
Steering Module and the test fixture and a sine sweep will be the supplied input. From
this test, the natural frequency of the Steering Module will be measured. If the natural
frequency from the test matches (within 10%) the natural frequency from the analysis, the
calculated vibration induced stability values will be accepted. The random vibration
profile will also be applied to the test fixture and alignment measurements will be made
before and after the vibe test.

The camera described in the fabrication plan will also be used to measure all
optical performance characteristics (decenter, wavelength, alignment, diameter). If
additional optics or hardware are needed to measure requirements for the system they
will be selected as commercially off the shelf items.



Appendix A: Spring Analysis — Simple springs no FEA required

There are two spring in the Steering Module Design. The emitter spring clip is required to
hold the cylindrical portion of the emitter to the v-groove cut in the optics bench. A flat
spring has been designed based on the following criteria:

Pum = Wiag
A =] = pLIEPLWEDN)
Sg = GPLABIEN)

The dimensions of the spring are presented in the following table:

b (in) 0.197
t (in) 0.005
L (in) 0.236

The spring is required to supply a force of 0.1 Ib. The nominal deflection of the spring
has been designed to be .015 inches. This deflection will vary due to the diameter
tolerance of the cylindrical portion of the emitter (+.002”, see DP-03) and the height
tolerance for the spring land in the optics bench (£.003"). Table 2 presents the clamping
force provided by the spring and the stress in the spring material given the deflection of
the spring. The material of the spring is 17-4PH stainless steel which has a yield strength
of 115ksi.

Table 2: Emitter spring parameters

Deflection (in) | Force (Ib) | Stress (psi)
0.01 0.14 41300
0.015 0.22 62000
0.02 0.29 82700

The other spring in the system is the wave spring supplied by Smalley (see Appendix B).
All parameters are given by Smalley and the mirror mount has been designed to
accommodate the spring at the manufacturer suggested working height. The load required
to prevent the optic from coming off of the lapped pads during a 20 G shock load is .024
Ibs and the load provided by the spring 3 Ibs.

1.70 mm

B

Figure 7: Springs in Steering Module
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Appendix B: Smalley Wave Spring
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Appendix C: Mil-Bond Adhesive Specifications

tvee Milbond Adhesive System

Milbond is an elastomeric-epoxy adhestve system for most glass to metal bonding applications Mifbond kits
mchude an adequare quannty of spacer matenals requested by the Miltary to mawntain 2 bond layer thickness
of 015" (33mm). Milbond meets Miltary specification MIL-A-48611 Mdbond can also be used m glass to
glass, glass to plastic, metal to plastic, and metal to metal bonding.

Milhond Type I kit:

This kit contams 2 components of primer to pamt substrates prior to application
of adhesive and 2 components of adhesive, as well as sufficient quantity of
spacer material

Milbond Type IT Kit:

Thus kit contains 2 components of adhesive and spacer matenal Ths kat is used for
substrates that will not be subjected to hostile environments and exbabit slightly less
| tensile shear strength than the Type I kit

Approximate Curing Times
Mix Ratio Rno:n Temperature Ovzn Tempearature
25°C (7T 71°C (160°F)
LT 7 days 3 hours
(by weight}
Primer 1:1 1 hour (to touch) Mot Recommended
(by volume) 24 hours (to dry)
Spedfications
Pot Life B 25°C.. ... c0iisvranranvecrcavsasa. Primer- 8 Hours
Epoxy~ 30 Min.
Coverage at .01S5inch (.36ram}........... vee...1322 ®q inches
Tensile Shear 8 25°C. v iivnrvnnas 5 ..2,089 pai
- hfter 60 min @ 70°C....... e . ..952 p=ai
~ After 60 min @ -50°C, 5 .2,561 psi
- Afrer 10 min B 70°C{100% R.H.}.c.veenounn. 1,832 ps:
(te=r to failure at .015inch bond
layer thickneszs, all failures
cohesive, thinner bond layers yield
higher results.}
Hodulus of Elasticity 8
~50°C. ..., 85,900 pai
+20°C..aian 50 5 . 5 L23,000 psi
B8 ol RPN 1,070 psi
fZ2inch long apecimens were used,
5 specimens per test, angd the
crosshead speed was .27/min}
Mechanical Shock 8
250~400G=
L 2504006
. 250-400G«
{3hock pulses vere aspproximmtely half
sinewave; 1.5 millisecond durstion.)
Linear Comfficient Of Expansion
Fram (+20°C) —- (=54°Cl...ieninrcennnnns sea 6.2X10/°C
From (+20°C) = [470°%C) ot ieerrnirinanrennn.s 7.2x10%/°C
(Zinch long {S0mm) substrates vere used,
2 substrates per test.)
Dutgaseing THL (Total Massz Loss) ..3.98%
CUCE [ASTH ES595) .. iinv v iivineinnnnvevnnnosrss..0.03%
{(Collected Volatile Condensable Haterisal)
Thermal Conductivity....voevorean. 00000000000 300~350 x 10- cal/ (sec) {sq.cm) (°C) {cm
Specific Heat B
40°C....... 6oos00atan 100060a0069506000000000 3 cal/ (gm) (°Cl
[JaMEa5 b oa0aanna v as e aeess ey 35 Al (om) (°C)
BRGNS 080086500080093800506003500 48 cal/ (gm) (°C)
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Appendix D: Initial Alignment and Wedge Design

The tolerances applied to the optics bench are based on the range of adjustment provided
by the steering wedges. The steering wedges correct angular error of a beam by rotating
about the mechanical axis (see Figure 8).
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Figure 8: Steering wedge operation (borrowed from Yoder).

The correction in angle is governed by the following equation:

-ﬁi = %ﬂ& - ]}6
where n is the refractive index of the wedge material, O is the wedge in the optic, and the
d is the angle exiting the wedge pair. The A subscript on the variables n and 3 is a
reminder that the equations are sensitive to wavelength. The operation of the IR Steering
Module requires a broad range of wavelength (3 to 7 um). As such, the dispersion of the
optical material over this range needs to be very small to make the initial alignment
specification. Figure 9 presents the refractive index as a function of wavelength for
transmissive optical materials over the wavelength range defined by the specification.
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Figure 9: Refractive index for steering wedge candidate materials
In addition to the low dispersion, the optical material needs to be >90% transmissive over

the operating wavelength range. Figures 10 through 13 present the published transmission
values for the material considered for the steering wedge.
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Figure 10: Transmission of Zinc Selenide.
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Calcium Fluoride is the only optical material considered that meets the specifications of
the Steering Module. The wedge angle applied to the steering wedges was determined in
accordance with the tolerances that can be held on the bench. Table 3 presents the
tolerances that can be applied to the bench and the corresponding alignment error. The
tolerance in this case refers to a surface profile for the three pads that orient the mirror on
the steering module relative to the A, B and C datum.

Table 3: Tolerance budget and corresponding alignment error

Tolerance | Effective | Rotation , Alignment

Tolerance and Component (in) Length (in)| (urad) Sensitivity Error (urad)
Turn Mirror #1 Rotation About Y 0.0005 0.394 1270 2 2540
Turn Mirror #1 Rotation About Z' 0.0005 0.394 1270 2 2540
Turn Mirror #2 Rotation About Y! 0.0005 0.394 1270 2 2540
Turn Mirror #2 Rotation About Z 0.0005 0.394 1270 2 2540
Turn Mirror #3 Rotation About Y’ 0.0005 0.394 1270 2 2540
Turn Mirror #3 Rotation About Z 0.0005 0.394 1270 2 2540
Error in Laser - - - - 1500
RSS 6400

From the root sum square result of all the alignment errors in the system, the wedge angle
in the steering wedge can now be determined. Table 4 presents the maximum correction
angle of the steering pair given the wavelength and wedge of the optic.

Table 4: Performance of the Calcium Fluoride steering wedges for specific geometries

Calcium Fluoride .5 degree wedge | 1 Degree Wedge | 2 Degree Wedge |
Index of Range of Range of Adjustment Range of
Wavelength Refraction Adjustment (mrad) {mrad) Adjustment (mrad)
3 1.4179 3.65 7.29 14.59
35 1.4140 3.61 7.23 14.45
4 1.4096 3.57 7.15 14.30
45 1.4046 3.53 7.06 14.12
5 1.3990 3.48 6.96 13.93
5.5 1.3926 3.43 6.85 13.71
6 1.3856 3.36 6.73 13.46
7 1.3693 3.22 6.45 12.89

The 1 degree wedge barely meets the specifications while the 2 degree wedge has a
“safety factor” of 2 built into the design. The 2 degree wedge will be used for the
Steering Module and a profile tolerance of .0005 with respect to datum A, B and C will
be applied to the optical bench mirror mount locations.
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Appendix E: Error Budget and Boresight Stability Analysis

The boresight stability for the Steering Module is 25 urad over temperature and vibration
loads. An error budget has been established such that the root sum squared, RSS, of the
individual components of error is 25 urad. Equal amounts of error have been budgeted for
the vibration and thermal loading of the Steering Module. A smaller amount of error has
been budgeted for smaller errors that can not be accounted for through thermal and
structural analysis. These errors occur due to small imperfections (dust particles, burrs,
surface roughness) found on the optics bench. All precautions have been made to reduce
the probability of these errors to occur, however, they have been included in the error
budget to be conservative. Table 5 presents the error budget for the Steering Module.

Table 5: System Boresight Error Budget

Specification Boresight Stability Requiement (urad) 25
Vibration 14.4
Contributors Thermal 14.4
Random Mount Error 14.4

RSS 25

As the random vibration can be applied to any axis, the vibration budget is broken down
further in Table 6

Table 6: System Boresight Error Budget

Specification Vibration Requiement (urad) 14.4
X Direction 8.3

Contributors Y Direction 8.3
Z Direction 8.3

RSS 14.4

To determine the boresight stability of the Steering Module through thermal and vibration
loading, a finite element model (FEM) has been constructed based on the geometry of the
Steering Module (see Figure 14). Split lines have been placed on the critical surfaces of
the Steering Modules (turn mirror mounting surfaces, See Figure 15) and post processing
of the deflected surfaces is required to compute the rotation and translation of the critical
surfaces.
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Figure 14: Meshed finite element model
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Figure 15: Split line and node location for critical surface

The rotations of the critical surfaces are calculated by measuring the displacements of
three nodes placed on the critical surfaces at the extents of the mirror diameters (See
Figure 15). Rotations are determined based on the displacement differential of each node.
A more accurate and complex result can be computed by calculating the normal vector
created by the surface however, the displacement differential method produces higher
angular rotations and is less prone to calculation error — thus conservative.

The optical design was then analyzed to determine the sensitivities of each optic (see
Appendix F). A coordinate system was established based on the FEM geometry (see
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Figure 16). As can be expected, the magnification of angular error for each mirror to
rotation about any axis other than the optical axis is a factor of 2. The steering wedges are
transmissive and are only sensitive to rotation about their mechanical axis. From
Appendix F, the sensitivity of this error is negligible.
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Figure 16: Coordinate Systems for Boresight Error Calculation

The vibration profile that the Steering Module will be subject to is defined in MIL-STD
810F Method 514.5. The application of the Steering Module is for fixed wing aircraft
(Category 13) and rotary wing aircraft (Category 14). As there is no information known
about the specific aircraft that is to be used, the highest suggested acceleration spectral
density values have been assumed (See Figure 17).
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Figure 17: Acceleration Spectral Density Functions of MIL-STD 810 514.5, Categories
13 and 14

To determine the vibration induced boresight error, modal analysis of the optics bench is
required. A finite element model was put together using ANSYS to determine the modes
of the bench. Figures 18 through 20 show the first 3 modes of the optics bench.

Figure 18: First mode of optics bench — bending about 7 axis — 4876 Hz
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Figure 20: Third mode of optics bench — bending near emitter — 7727 Hz

As the first mode of the bench is above the frequency range of the random vibration
spectrum, the resulting angular errors of the mirror mounting surfaces are expected to be
very low. All rotations of the bench (see Tables X, Y, Z) are below the budgeted values
from Appendix F which indicates that the Steering Module design meets specification (25
urad).

Table 7. Resulting boresight error given random vibration applied in x-direction

M1 ottt e
UX (m } L (I AX (mm) | . Y (mm) | AZ (mm) | Ox (jrad) | i
TuRn | NODE 62 7 74E-08 | 1.026.08 | 5 B36E-10 [
MRFOR 31 [NODE 53| 367E09 1.14€-08 | 7656609 | 5.268€-06 | 1.014E-05 | 9.492E-07 - . 014 (cow| 040 cw
NODE 43 | 4 39609 | 8.92E.09 | 6079610
TRy | VODE_37 | 45500 | 484609 | BATEE DS
WFROR 82 | NODE 22 | 610600 | 1156-08 | 1.066E-08 | 7.3526-06 | 1.016E-05 | B.935E-06 5 5 863 [COW| 115  |Ccow
NODE 30| 113€.08 | 1 41E-08 | 3666E-09
TURN | ODE 16| 416605 [ 172608 | 7309
warRoR 23 | NODET | #BTED8 | 667E-09 | 15326-09 | 4.6396-05 | 1.094E-05 | 3505E-06] w40 | cow 5 S 1.81 ow
NODE 9 | 5.526.08 | B.9GE.09 | 1.5639E-09

Table 8: Resulting boresight error given random vibration applied in y-direction
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TRy | HODE B2 ] S37E08 1 30E-08 | 2.74E-09

WRROR #1 | NODE_S3 | 34BE-10 | 1 S4E08 | 2726-09 | 2.1596-06 | 1.3026-05 | 2 694€-06 . N o8t |cow| wmas | ow
NODE_43 | 7 59610 | 1.066-08 | 262609

ToRN JNODE_37 | 403E-10 | 143605 | 756609

MRROR 22 | HODEL22 | 201E-09 | 145E-08 | S67E.09 | 1.6786-06 | 1.7456-05 | 6.259E-06 . . 082 |cow! e85 |cow

NODE 30| 323E-00 | 234E-08 | 515E-.09

U JOCE 18 1 86E-08 | 2.0BE-08 | 1.00E.08
MRROR #3 | NODET | 27908 | 124E-08 | 194608 | 2137E-05 | 1802605 1726805 | 854 | cw 5 - 07y |cow
NODE 8 | 237E-08 | 2 0BE-08 | 1.94E-08

Table 9: Resulting boresight error gzven random vzbratzon applied in z -direction

[ | ANSYS Sui:mgluumnh
UX {mj | UY{m) | m| m|u’m| m[ % {rad) | Dir {gn!!g|nk|umgi
Z Direction
TURN | NODE 82] 376E-09 T8 16E-09 | 2 37E-09
MIRROR #1 NODESB 8.82E-10 | 9.36E-03 [ 1.81E-03 | 1.971E-06 | B.233E-06 | 1.966E-06 . - 0.04 cow 0.20 (x)
NODE 43| 1 26E-09 | 7.19E-09 } 1.73E-09
TURN  |NODE_37] ZBBE09 [ 2 M4EGH | 177E-09
MIRROR #2 NODE_22] 248609 | 2.33E-09 | 556E-03 | 2.912E-06 | 3.817E-06 | 4.158E-06 - - 0.45 COw 0.21 CCw|
NODE 30] 3.39E-03 | 6.98E-03 | 5.14E-09
TURN NODE 16] 393609 | 2.286-09 | 2.70E-08
MIRROR #3 NODE 11 414E08 | 259€-09 | 3.38E-0F | 3 920E-06 | 4123E-06 | 3.150E-05 0.43 ow - - 0.25 CCwW
NODE 8 | 3.80E-03 | 751E-09 | 3.37E-08

Additionally, the Steering Module will see thermal distortion as the Steering Module bolt
to an optics bench and is in close proximity to a colder enclosure. The largest steady state
temperature difference between the bench and enclosure is 15°C. The boundary
conditions of the steering module can be seen in the Figure 21.

1.§ mm AIR GAP

LASER BENCH

Figure 21: Schematic of thermal model

The two conditions that will present the worst case rotation and translations of the
Steering Module exist when operating at the high and low end of the operating
temperature range. As the air gap is small, convective heat transfer will be ignored as
“conduction” through air will be the primary heat transfer mode between the top of the
Steering Module and the Enclosure. The heat transfer coefficient between the enclosure
and Steering module will be 17.5 W/m2-C - which is consistent with a 1.5 mm air gap.
Conductivity of air is assumed to be .0262 W/m-C. The first condition that will be
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analyzed occurs when the laser bench is 80°C and the enclosure is 65°C. Figure 22
presents the temperature plot of the Steering Module at this condition.

Figure 22: Temperature gradient for operation at high temperature.

Figure 23: Resulting deformation for structural analysis with boundary conditions from
thermal analysis.
The resulting rotations and translations of the bench are assumed to be very small as the
temperature gradient is 0.1°C across the entire bench. The rotations and translations are
presented in Table 10.

Table 10: Resulting boresight error Jor high temperature operation

[ Ukgm) | UY(m) | WZ(m) | A l"']l 1 "‘x m) | ox (prad) | Dir [0y (wod)| Dir [ 6z (wad) | O

RN JHO0E B EIEOb | 160605 | 106605

WRROR 21 | NODES3 | 267E-06 | 60GE-06 | 137605 | 6.5186-03 | 9.4626-03 | 1.7606-02 - - 078 CoW| 883 |cew
NODE 43 | 110E-05 | 609606 | 219605

T JHO0E 57 ] 560605 | 142605 | 177605

RROR o | NODE. 22 | 63205 | 70BED6 | 1.196.05 | 6.060E-02 | 9 464£-03 | 1 770602 - . 258 [cow! er  |cow
NODE_30 | 6.326.05 | 7.086.06 | 2.356.05

o JETE 6 SE-05 | -1.956.05 ] 177605

MRROR #3 | NODET | SBIEGE [ D6TEDS | 119605 | 6082602 |-24288-02| 1772802 146 |cow| - N ore  |cow
NODE G | 5 84E.05 | 267E.05 | 2.356.05

Similarly, Figure 24 and Tables 11 are for low temperature operation.
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Figure 24: Temperature gradient for operation atlow temperature

Table 11: Resulting boresight error for low temperature operation

1 ux uz ¥ Dir.
L

Rotation

NODE_62 | -5.27E-06 | -1 256-05 | -1 JBE-.0S
NODE_53 | -2 OBEDE | -4 B8E-06 | -1 DBE-DS |-5.262E-03| -7 293603 { -1 375602 = . 078 |cow| 14 [cow

NODE 43| -8.46E-06 | -4 B9E-05 | -1 BIE05

TURR
MIRROR #1

RN HOPEST 4 33E-05 ] 110605 ] 137608
MRROR #2 | NOUE 22 | -4 BBE-05 | 54306 | 9 14E 06 |-4.6936-02 |-7 273603 |-1 386602 . . 145 |cow| 148 | ow
NODE 30| 456605 | 54506 | 182605

NODE_16 | -5.066-05 | 1.51E-05 | -1 3605
NODE_1 | -4 51E-05 | 20BE-05 | -0136-06 |-4.690€-02] 1876602 [-13846.02] 241 | ow - . 1% |cw
NODE 9 | -4 S1E.05 | Z.06E.05 | -1.82E-05

MRROR #3

All rotations are below the allocated error budget for each optic. The 25 urad pointing
stability specification has been met and testing should confirm the analysis.
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