Additive Manufacturing of a Forward Metering Structure for
Space Imaging Applications

Team Members:
Marvin Calderon
Arden Gao
Ethan Sanna
Jake Snyder

Customer:
L3Harris

Project Overview: £

This project focuses on the design and manufacturing of a 3D metal-printed Forward Metering Structure (FMS) for an L3Harris
space-based telescope. Metal 3D printing is a rapidly growing manufacturing paradigm because it enables fast production of
complex, lightweight geometries that would be impractical for traditional manufacturing. The final deliverable will be a full-scale
ABS prototype that will be validated through iterative material testing and model correlation.
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Problem Statement

* The purpose of this project is focused on the design and fabrication of a 3D metal-printed forward metering
structure (FMS) to connect and align the primary and secondary mirrors for a space-based telescope system.
* L3Harris have requested an additive process to reduce build time while maintaining critical structural performance.
o This process allows the FMS to be fabricated as a monolithic part in a single build cycle as opposed to a multi-
component assembly.
o This approach also encourages the team to incorporate advanced geometries that would not be practical for manual
assembly but could be easily achieved with 3D printing technology.
o It’s important to recognize that modest performance trade-offs will take place; however, the purpose of this project is
to demonstrate a fast, repeatable, and cost-effective solution for the future of space-based technologies.
* The team's final deliverable will consist of a tested prototype and correlated model that meets industry requirements.
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Deliverables, Requirements and Specifications

Deliverables: Specifications:
 CAD Model * Must maintain positive margins of safety against yield
* Finite Element Model and ultimate failure when subjected to quasi-static
* 3D Printed Prototype and Test Data launch loads of 30 g spherical sweep, swept at 15-
* Final Design Review/Paper degree increments
* Yield FOS>2.0
Requirements: * Ultimate FOS>2.5
* Must connect AMS to the SM in one print * Ultimate Glass FOS 2 5
¢ Must be modelled with Invar (material) * Buckling FOS 2 4.0

 Must be producible by additive manufacturing
* Under a 1°Cisothermal temperature change, the SM

must only move:
* 0.2 um (7.87 micro inches) translation (RSS of X and Y)
* 0.9 prad rotation (RSS of Rx and Ry)
* FMS must not exceed a mass of 25 lbm
* Must obscure less than 22% of light coming from the
PM

e 1%tvibrational mode must be greater than 60 Hz
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. Additive Manufacturing for Space Imaging Applications -
Des'gn Conce pts Team: Marvin Calderon, Arden Gao, Ethan Sanna, Jake Snyder L3HARRIS
FAST. FORWARD.

DESIgI‘I A: All 1D connections RBE3

Material Properties (Invar):
E=141GPa

v=0.29

p =8.10 g/cm”3

CTE = 0.4E-6 1/°F

Yield Strength = 240 MPa

Ultimate Tensile Strength = 500 MPa

0D Concentrated Mass w/ Inertial Properties (CONM2):
SM: 4.11 Ibm, COM [0, 0, 34.5]
SA: 4.05 Ibm, COM [0, 0, 34.61]

Elements:
0.5in CTET10 (green)
0.05in CTET10 areas of interest (red and yellow)

Team: Marvin Calderon, Arden Gao, Ethan Sanna, Jake Snyder

FAST FORWARD

Material Properties (SA Al_6061): 133in
Pouik = 7.08 g/cm"3
Material Properties (ULE Glass):
p=221g/cm”3
Design A:
* lterating upon pre-existing diamond lattice structures
B Ut spC 123456
° i i i Additive Manufacturing for Space Imaging Applications =
Base left solid to increase stiffness , facturing for Sp ging Applicati | | @ L3HARRIS

Design A:

* Eliminates the top stiffening ring to reduce mass
H Mass =
substantially
15t Mode = 22.22 Hz
Obscuration = 43.95%
Thermal Displacements @ T = 20C, ’
1C Isothermal Temp Change: Bucklir?g pisplacement RsEMous Thermal Displacementsig,¥
X = 3.49 micro inches SEres e
Y = 3.378 micro inches e
Rx = 2.906E-4 micro rad ' . | - Corr—focmem
Ry = 4.50E-4 micro rad o )
|= |- ,,
Yield: 0.608 ‘ - 7 _
Ultimate: 1.01 : ce
Buckling: 66.69 s
=5 Mochanical Engineeri ] e S Thermal Rotations X, Y
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Desi gn Conce pt S Additive Manufacturing for Space Imaging Applications @ L3HARRIS®

Team: Marvin Calderon, Arden Gao, Ethan Sanna, Jake Snyder RBE3 (120° apart)
/ FAST. FORWARD.

Design B:

0D Concentrated Mass w/ Inertial Properties (CONM2):
SM: 4.11 Ibm, COM [0, 0, 34.5]
SA: 4.05 lbm, COM [0, 0, 34.61]

Material Properties (Invar):
E=141GPa

v =029

p=8.10g/cmA3

CTE = 0.4E-6 1/°F

Yield Strength = 240 MPa

Ultimate Tensile Strength = 500 MPa

Elements:
0.5in CTET10 (green)
0.1in CTET10 areas of interest (red)

Material Properties (SA Al_6061):

Poutk = 7.08 g/cmA3 331n
De S ig n B : Material Properties (ULE Glass):
p=221g/cm"3
» Adapting existing triple bipod aerospace structures e -
o oo T omsm | seciaass
 Base left solid to increase stiffness Additive Manufacturing for Space Imaging Applications i
Team: Marvin Calderon, Arden Gao, Ethan Sannav, Jgke Snydgr N @ |-3 H A R R I S

FAST. FORWARD.

* Top stiffening ring to increase modal results Design B:

Mass =

15t Mode = 61.04 Hz

. :
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Thermal Displacements @ T = 20C, Buckling
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Rx = 9.94E-5 micro rad . -

Ry = 4.03E-5 micro rad / .
FOS: a | ‘

Yield: 2.31 ‘

Ultimate: 4.39 I I :

Buckling: 11.81 "
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Design Concepts

Design C:

MELIORA

Combining two triple bipod structures with truss-like
elements

Material subtracted from base to reduce mass leveraging
fully fixed bottom

Top ring to distribute loads from SM and SA

Mechanical Engineering
University of Rochester
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Team: Marvin Calderon, Arden Gao, Ethan Sanna, Jake Snyder

L3HARRIS™

HBEs (1207 apart) FAST. FORWARD

Design C: ¢

0D Concentrated Mass w/ Inertial Properties (CONM2):

Material Properties (Invar):
SM+SA: ~15 |bm

E=141GPa

v=0.29

p=8.10g/cm*3

CTE = 0.4E-6 1/°F

Yield Strength = 240 MPa

Ultimate Tensile Strength = 500 MPa

Elements:
2D Mesh (Midsurface Shell of FMS)

Quad4 (Element Size = 0.157")

Material Properties (SA Al_6061):
Pouik = 7.08 gfcmh3

j 33in

Material Properties (ULE Glass):
p=221gf/cmA3

t=0.425 in
(Thickness taken from average feature 5in
thickness of midsurface object)
[F== - Mechanical Engineering 7'
23 Universiy of Rochester 9.35in SPC 123456
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Team: Marvin Calderon, Arden Gao, Ethan Sanna, Jake Snyder

@ L3HARRIS”

FAST. FORWARD.

H . Load:
Design C:
esign C 15deg,
30g
Mass = 23.39 |lbm spherical
sweep
15t Mode = 20.38 Hz (soL101)
Obscuration = i
Thermal Displacement: =
AT =:1°C::
X =0.021 pin
Y =0.923 pin
Rx =0.108 prad
Ry = 0.371 prad SOL 103
First Mode =
FOS = 20.38 Hz

Yield: 0.43

Buckling: 11.76

| ‘
Thermal Loading (SOL101) I
Mechanical Engineering
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Additive Manufacturing for Space Imaging Applications ™
L3HARRIS

DeSign Co nce pts Team: Marvin Calderon, Arden Gao, Ethan Sanna, Jake Snyder
s - - . FAST. FORWARD.
Obstruction: : -

First Mode: 14.06 Hz
Mass: 20.07 lbm

De S |g n D . Obstruction: 22.53%

Shell CQUADS (Size: 0.125in)

Flexures causing extreme stress

* Optimized case study for obscuration requirement e e oo

enough despite being thick

* MATLAB obscuration code used to efficiently remove mass
in the direction of the light vector
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Team: Marvin Calderon, Arden Gao, Ethan Sanna, Jake Snyder

Objective: Simulate a breakout model of flexures for design Edge_blend Edge blend .125 in Face bland\ .055in
Design E: sasesin | |
* Initial design of flexures
?51%':55 ti= °5‘" R=4.05in, Arc Length = 1.0026
Element
. . . size 1in
« Extreme stress concentrations required aggressive edge
. Load 306 Glue connection,
blending toneaend
Invar,
TET10s,
Element size
3|n Mesh e “
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Final Design
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Current Project Status

Requirement ID

[UR-FMS-001]

[UR-FMS-002)]

[UR-FMS-003]

[UR-FMS-006]
[UR-FMS-007]

[UR-FMS-020]

MELIORA
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Description

Quasi-static launch loads of 30 g spherical
sweep, swept at 15-degree increments,
while supporting all hosted hardware.

Factors of Safety (FOS)
Yield > 2.0
Ultimate = 2.5;
Ultimate Glass = 5
Buckling = 2.5

Under a 1°C isothermal temperature

change, the average motion of the SM

interface shall be limited to:

* 0.2 um (7.87 microinches) translation
(RSS of X and Y), and

* 0.9 prad rotation (RSS of Rx and Ry)

Mass < 25 Ibm
First Mode > 60 Hz

Obscuration < 22 %

CRITERIA
UR-FMS-001
UR-FMS-002

UR-FMS-003

UR-FMS-006
UR-FMS-007
UR-FMS-020

Final Design: Specifications

Design: 26c026607A

Legend

Expected Compliance

Not Compliant

Projected Obstruction
31.19% Obstruction

ME205 - Advanced Mechanical Design



Current Project Status

Deliverable ID
[CRDL-UR-001]
[CRDL-UR-002]
[CRDL-UR-003]

[CRDL-UR-004]

[CRDL-UR-005]
[CRDL-UR-006]
[CRDL-UR-007]
[CRDL-UR-008]

[CRDL-UR-009]

MELIORA

ol s Mechanical Engineering
“/ University of Rochester

Description Check

CAD file prototypes using NX (step file format)
and 2D drawings

Finite Element Model (FEM) in Nastran
Final Design Report (FDR)

Host design review meetings and provide
supporting slides and drops of the CAD and
FEM

Concept Design Review (CDR)
Preliminary Design Review (PDR)
Final Design Review (FDR)

3D printed prototype

Model testing and validation

Legend

12800

UNLESS OTHERWISE SPECIFIED
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Analysis

MELIORA

RBE3 (120° Apart)

1in CTETRA(10)
Material Properties (ULE 7572 Glass):

E=67.6GPa CONM2 4.04 Ibm, COM [0, 0, 35.61]

v=017
p =2.21g/cm"3 Material Properties (SA Al_6061):
CTE =30E-9 1/°C Poulk = 7.08 g/em*3

Ultimate Tensile Strength = 45.8 MPa

0.2 in CQUAD4 Shell Midsurface
Thickness: 0.325 in

Material Properties (Invar):
E=141GPa

v=029

p =8.10g/cm*3

CTE=0.4E-6 1/°F

Yield Strength = 240 MPa
Ultimate Tensile Strength = 500 MPa

ol s Mechanical Engineering
University of Rochester

0.15 in CTETRA(10)

Material Properties (Invar):

E =141 GPa

v=029

p=810g/cm*3

CTE =0.4E-6 1/°F

Yield Strength = 240 MPa

Ultimate Tensile Strength = 500 MPa

Faces with Red Cones Indicate Face Density
Mesh Control {0.05 in)

0.15 in CTETRA(10)

Material Properties (RTV 566):

E=0.0481 GPa

v=047

p=151g/cm*3

CTE = 200E-6 1/°C

Faces with Red Circles Indicate Face Density
Mesh Control of Coincident SM Faces (0.15 in)

RBE2 (Face to Face)

ME205 - Advanced Mechanical Design



Ana IySiS Surface to Surface Gluing

( SM Glued to RTV / RTV Glued to Flexure
-
5

Simulations:

SOL 101: Linear Statics
* MOS, FOS of Yield and Ultimate Stresses

e SOL 103: Real Eigenvalues
* First Mode

e SOL 105: Linear Buckling
e Buckling FOS

* SOL 101: Linear Statics
* |sothermal Displacements

NSM 1.25 lbm, Distributed over
FMS Surface Area

Projected Obstruction

31.19% Obstruction

e MATLAB
* QObscuration

Fully Fixed (SPC 123456) Edge

MMMMMMM
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Analysis

Spherical Sweep: Yield Stress < 120 MPa and Ultimate Stress < 200 MPa

Spherical Sweep Result : 26c026607_sim6 Spherical Sweep Result : 26c026607_sim6 Spherical Sweep Result : 26c026607_sim6 Spherical Sweep Result : 26c026607_sim6
SUBCASE 135, Static Step 1 SUBCASE 135, Static Step 1 SUBCASE 134, Static Step 1 g[UBCASEE. 135, 5;::: f*ﬁv 1 i 1
Stress - Element-Nodal, Unaveraged, Von-Mises Stress - Element-Nodal, Unaveraged, Max Principal g::ﬁss;?g';;‘“e{‘r:“oda'- Unaveraged, Von-Mises S;::sspc,f,re'}‘op o PR gl
Shell Section : Top Shell Section : Top Min : 0.00. Max 256'73 Units = MPa Min : -55.65, Max : 602.15, Units = MPa
Min : 0.00, Max : 566.86, Units = MPa Min : -55.65, Max : 602.15, Units = MPa CSYS : Absolute Rectangular CSYS : Absolute Rectangular
CSYS : Absolute Rectangular CSYS : Absolute Rectangular Deformation : Absolute 1.1, Displacement - Nodal Magnitude Deformation : Absolute 1:1, Displacement - Nodal Magnitude
Deformation : 10% Model, Displacement - Nodal Magnitude Deformation : 10% Model, Displacement - Nodal Magnitude
118.50 131.04
116.99 118.92 l 108.62 I 120.12
107.24 109.01 98.75 109.20
88.88 98.28
97.50 99.10
79.00 87.36
87.75 89.19
69.12 76.44
68.26 69.37 49.38 o >
= 43.68
58.52 59.46 39.50
20.62 32.76
48.78 49.55
H H 19.75 L
. 39.03 39.64 — 10.92
29.29 29.73 0.00 0.00
MP.
19.54 19.82 [MPa] MPa]
9.80 9.91
0.05 -0.00
[MPa]

MELIORA
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Analysis

Spherical Sweep: Ultimate Stress < 10.54 MPa and Buckling Eigenvalue > 4

MELIORA

Spherical Sweep Result : 26c026607_sim6

SUBCASE 146, Static Step 1

Stress - Element-Nodal, Unaveraged, Max Principal

Shell Section : Top

Min : -58.70, Max : 557.72, Units = MPa

CSYS : Absolute Rectangular

Deformation : Absolute 1:1, Displacement - Nodal Magnitude

7.163
l 6.489
5.816
5.143
4.469
3.796
3.123
2.449
1.776
1.103
0.429

-0.244

-0.918

[MPa]

Mechanical Engineering
University of Rochester

Buckling Result : 26c026607_sim6

Subcase - Buckling Method, Mode 1, 7.23

Displacement - Nodal, Magnitude

Min : 0.000, Max : 1.097, Units = in

CSYS : Absolute Rectangular

Deformation : 10% Model, Displacement - Nodal Magnitude

1.097

1.005

0.914

0.822

0.731

0.640

0.548

0.457

0.366

0.274

0.183

0.091

0.000

ME205 - Advanced Mechanical Design



Analysis

Isothermal Displacement: Displacement RSS < 7.87 pin and Rotational RSS < 0.9 prad

Thermal Displacement Result : 26c026607_sim6
Subcase - Statics 1, Static Step 1

Displacement - Nodal, X

Min : -1.621E-05, Max : 1.479E-05, Units = in

CSYS : Ab:
b

solute Rectangular

fin]

4.625E-06

3.827E-06

3.028E-06

2.230E-06

1.432E-06

6.331E-07

-1.653E-07

-9.637E-07

-1.762E-06

-2.561E-06

-3.359E-06

-4.157E-06

-4 956E-06

MELIORA

m

: 10% Model, D - Nodal

Thermal Displacement Result : 26c026607_sim6
Subcase - Statics 1, Static Step 1

it - Nodal, Y

Min : -1.765E-05, Max : 1.178E-05, Units = in
Absolute Rectangular

CsYs
D : 10% Model, D

[l

[in]

4.486E-06

3.688E-06

2.890E-06

2.091E-06

1.293€-06

4.950€-07

-3.032E-07

-1.101E-06

-1.900E-06

-2,698E-06

-3.496E-06

-4.294E-06

-5.093€E-06

RSS; = +/(—4.956 * 10-6)2+(—5.093 * 10-6)2 = 7.11 pin

Mechanical Engineering
University of Rochester

ke et ite s Kinatns
Rotation - Nodal, X Rotation - Nodal, Y
gqsnvs.! gﬁx Max |.4|.’;:EOG. Units = rad gv;:m#;;m;xgu Units = rad
Deformation : 10% Modei, Displacement - Nodal Magnitude Deformation : 10% Model, Displacement - Nodal Magnitude

6.002E-09 1.489E-09

5.361E-09 9.110E-10

4.720E-09 BN 3.3206-10

4.080E-09 -2452E-10

3.430E-09 -8.233E-10

2798E-09 -1.401E-09

2.158E-09 -1.980€-09

1.517E-09 -2 558E-09

8.761E-10 -3.136E-09

2.355E-10 -3.714E-09

-4.052E-10 -4.292E-09

-1.046E-09 -4 870€-09

-1.687E-09 -5.448E-09
[rad) [rad]

RSS, = /(6.002 % 10~9)2+(—5.448

* 1079)%2 = 0.008 prad

ME205 - Advanced Mechanical Design



Analysis

Modal Analysis: First Mode > 60 Hz

MELIORA

Mechanical Engineering
University of Rochester

Modal Analysis Result : 26c026607_sim6

Subcase - Normal Modes 1, Mode 1, 61.82Hz
Displacement - Nodal, Magnitude

Min : 0.000, Max : 5.693, Units = in

CSYS : Absolute Rectangular

Deformation : 10% Model, Displacement - Nodal Magnitude

|||

(in]

5.693

5.218

4.744

4.270

3.795

3.321

2.846

2.372

1.898

1.423

0.949

0.474

0.000

ME205 - Advanced Mechanical Design



Manufacturing

* The final full-scale prototype required multiple print jobs because the FMS was
divided into separate sections.

* GrabCAD Print estimates were used to record print time, ABS material usage,
and QSR support material usage for each section.

* These values were important for estimating manufacturing cost and
understanding the practical time commitment required to produce the full-
scale prototype.

* While the ABS prototype was not equivalent to the intended DMLS Invar
structure, the print-time and material data provided a realistic manufacturing
estimate for the physical system delivered by the team.

= SRR
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Manufacturing

Print Time and Material Usage

Section

1
2
3
4
5
6

Subtotal

MMMMMMM

Mechanical Engineering
University of Rochester

Print
Time (hr:min)

10:01
09:49
07:25
18:07
16:01
17:41
79:04

ABS
Material (in3)

9.345
10.143
5.54
16.238
16.498
16.028
73.792

QSR
Support
Material (in3)

4.273
4.046
3.828
5.506
3.466
7.366
28.485

7~
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Manufacturing

Cost Estimate

Item Cost

ABS Material $786.85

QSR Material $108.24 (estimated) ————~53.80/in® average QSR ABS cost

rate online

Total $895.09

1000 51,500
800
600 51,000
400 5500
200

L] 5-

1 2 3 i 5 B 7 8 9 0 11 12 13 14

I E Parts ) SETVICES e DU g DUITI UnEI

MELIORA
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Testing

Material Test

MMMMMMM

A significant portion of this project was dedicated towards
material testing to validate the performance of the
FMS prior to manufacturing.

This testing was performed on a subtractive manufactured
sample of Invar because the team was unable to acquire
DMLS (PBF) Invar 36.

It’s important to note that the team recognizes that these
tests don’t exactly mirror PBF data.

* Instead, the objective of these tests was to cover
a framework that demonstrates how these
evaluations would be conducted
to validate material.

Two tests were performed:
1. 3-Point-Bend
2. CTE

Mechanical Engineering
University of Rochester
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Testing

Material Data

%10*

Stress vs Strain (3-Point Bending)

18 u l
16
14 |

4
2
$

12 1

—
o
T

I

!

o)
'
I
?

o
T

'

Stress (psi)

Experimental
- €~ NX Simulation

0 0.005 0.01
Strain

MELIORA
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0.015 002 0.025 003 0.035 0.04 0.045 0.05

0.6

0.5

Displacement (inches)
o o
w N

o
(N}

0.1

Experimental Th

ermal Expansion Data: Aluminum vs Invar

—E— Aluminum
—8—Invar

T T T

150 200 250 300 350
Temperature (°C)
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Testing

Vibration Test/Model Correlation

* A vibration test on the printed scale was performed to verify CAD

model simulations

* Physical model was weighed and density was used for correlation

simulation
* ABS Spec sheet density: 1.05 g/cm”3
* ABS Tested density : 0.971 g/cm”3

Amplitude/Phase

/ A ] /
N\ i N L’kL o

5e00] | 5170 &S
58.03] V[69.56]76.14] Yo1.58] | TNA
Hz

0.00 Hz 128.00

Simulation with test density Test 1

1st 45.56 46.51
Mode

MELIORA

ol Mechanical Engineering
University of Rochester

% Error
2%

Solution 1 Result : 607_V3_Split_sim1

Subcase - Normal Modes 1, Mode 7, 45.56Hz
Displacement - Nodal, Magnitude

Min : 0.23, Max : 56.17, Units = in

CSYS : Absolute Rectangular

Deformation : 10% Model, Displacement - Nodal Magnitude

56.17
! 51.51
46.85
42.19
37.52
32.86
28.20
23.54

18.88

14.21

e
o
©

©
[
o

0.23

[in]
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Conclusions/Future Work

Future Work

If the team had more time or the opportunity to revisit the
project, the following areas would be the highest priorities for
continued development:

* Reduce obscuration to meet the final requirement
* Continue MATLAB + NX optimization and design refinement
* Further tailor the geometry to additive manufacturing
capabilities
* Reduce support-structure needs and 90° overhangs
* Improve member alignment with the optical path
* Manufacture a more representative DMLS Invar/substitute
metal prototype for testing correlation

lllllll
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Individual Contribution: Marvin Calderon

e Developed design A for down selection

* Designed various iterations leading to final design,

collaborating with team members to meet
specification

* Conducted FEA to push design forward

* Expanded on the provided Obstruction MATLAB
scripts, to incorporate geometry into NX

e Streamlined future design of allowing for
obstruction optimization

* Responsible for early to near end stage design of
FMS to SM interface

e Contributed to writing and content for Gates B, C
and D

* Responsible for the initial splitting of parts for
printing, including slicing and printing of the first
two partsAssisted construction of 3D printed
assembly

MMMMMMM

Mechanical Engineering
é University of Rochester

Additive Manufacturing for Space Imaging Applications
Team: Marvin Calderon, Arden Gao, Ethan Sanna, Jal k Snyder

L3HARRIS™

FAST FORWARD

Design A:

Mass =

1**Mode = 22.22 Hz !

Obscura tion = 43.95% I

Thermal Displacements @ T = 20C,

1C Isothermal Temp Change: Buckling Displacement First Mode Thermal Displacements X, Y
X = 3.49 micro incl hes
Y = 3.378 micro inches
Rx = 2.906E-4 micro rad | ——
Ry = 4.50E-4 micro rad

FOS: ! §
Yield: 0.608 L
Ultimate: 1.01 o
Buckling: 66.69

sy VonMises Stress Thermal Rotations X,

Add/tlve Manufactunng for Space Imaglng Applications
a, Jak

Team: Marvin Calderon, Arden Gao, Ethan San
Obtedwesu"uh abre nmmm res for design Ed b ol

EI lement
Load: 30G
cylindrical
sweep
Invar,

TETIO
Element size
3il n

SC12355 t bottom of

dxeb! nd .1
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Individual Contribution: Arden Gao

MELIORA

Created Design B for the down selection
Designed PDR version of the FMS and
conducted all FEM/SIM setups to meet
requirements

* Wrote these sections for the PDR
Characterized and researched all materials for
analysis from multiple sources

* Conducted case study on RTV CTE
Incorporated design ideas from group members
to improve initial Gate B design and FDR design
through multiple iterations/concepts

* Printed/post-processed 2 iterations for

display

* Designed SA interface
Ran all FEM/SIM analysis and optimization for
the Final Design to meet requirements
Conducted bolt pretension/torque, fastener
hand calculations, and fatigue life analysis in
FDR

* Wrote about each FEM/SIM setup for FDR
Conducted simulation for test correlation
Assisted in assembly of Design Day print

Mechanical Engineering
University of Rochester

Additive Manufacturing for Space Imaging Applications

Team: Marvin Calderon, Arden Gao, Ethan Sanna, Jake Snyder

Design B: r *ﬁﬁ : : .
Mass = :,[
15 Mode = 61.04 Hz Lj " ;
Obscuration = [? B I I

&5 L3HARRIS”

FAST. FORWARD.

Thermal Displacements @ T = 20C, Buckling First Mode
1C Isothermal Temp Change:
X = 4.15E-4 micro inche
Y = 7.45E nches 1
Rx=9.94E-5r rad
Ry =4.03E-5r ) rac / i
FOS:
Yield: 2.31
Ultimate: 4.39 I I
Buckling: 11.81
ffe] MochanicalEnginsaring Von Mises Stress XX Stress
& universityot Rochester

Edmund Optics Mirror Tolerance (SM): +0/-0.00039in

Seido Systems L-PBF Tolerance (Flexure): +/- 0.00240in

Stack Up Case 1: -0.00039 in - 0.00240 in = -0.00201 in
Stack Up Case 2: 0 in + 0.00240 in = 0.00240 in
RTV 556 Nominal Thickness: 0.040 in

»»»»»»»»»»»

Tolerance: 0.040 *22 i
“o00z01

Bolt Pretension and Torque:

Forces/Moments

Spherical Sweep Result : 26c026607_sim6é
S

UBCASE 135, Static Step 1
Stress lodal, Unaveraged, Von-Mises
Shell S

Min : 0.00, Max : 566.86, Units = MPa
CSYS : Absolute Rectangular
Deformation : 10% Model, Displacement - Nodal Magnitude
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Individual Contribution: Ethan Sanna

e Connected with past L3Harris Alum (Declan Bhagwat,
Angel Bermudez as well as L3 representative Patrick

Zinter
e Gate A

* Created several of the initial concept design
* Problem Statement, Requirements, Specifications,

and Deliverables
* (GateB
* Pugh Matrix comparison for PDR
* Wrote several sections of the PDR
* GateC
* Created the BOM
* Created 2D CAD Drawings for Parts

* Managed and submitted all purchase orders
* Gave technical presentation to ME120 students
e Performed material testing with Chris Pratt, Jim Alkins

and Ed Herger
* Created all weekly update PowerPoints

» Assisted in manufacturing assembly / design day

e GateD

 Managed both FDRs and wrote several sections

MMMMMMM

Mechanical Engineering
e University of Rochester

| Data vs Simul

d Data

500

Load (Ibf)
8 8 8
o o o

=
=]

| -

0.05

Deflection (in)

0.1

0.15

Displacement (mm)

e R A~ " e

0 50 100 150 200 250 300 350
Temperature (°C)
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Individual Contribution: Jake Snyder

MELIORA

Original team lead during project kickoff; helped define
sponsor expectations, meeting schedule, and project
direction

Led most of Gate A, including WBS, critical path planning,
dependency matrices, and MATLAB-based project planning
tools

Major contributor to early concept generation, design down
selection, and preliminary FMS mechanical analysis

Built early CAD/FEM models, ran simulations, supported
flexure development, and helped drive optimization decisions
Wrote major portions of the PDR/Gate B and presented a
significant share of the L3Harris technical review

Led external vendor outreach, quote comparison, and metal
AM feasibility discussions

Owned much of the full-scale ABS prototype planning,
slicing, sectioning, and shop coordination

Wrote key Gate D/FDR sections and created the team’s final
project website

Mechanical Engineering
University of Rochester

Project 2~ Gate A Checkpoint (WBS/CPM)
Team L3Harris (Snyder, Gao, Sanna, Calderon)
2/9/26

3 L3HARRIS®

FMS-focused subsystems Integration + Assembly
Assemble / Fit Checks /

Requirements
4 Interfacing

. (Limited) Verification s
Testing . we
Reworking Ga (due ~2/23)
(CAD/FEM upgrades}

* COR/POR package (CORLUROUS/006)

Gate C (due ~3/9)

Gate D / FDR (due ~4/13)

* Final CAD/drawings/STEP (CORL-UR-0O1)

* Final FEM + results package (CORL-UR-002)

+ Validation + correlation results (CORL-UR.009)
ckage

g

Additive Manufacturing for Space Imaging Applications

Team: Marvin Calderon, Arden Gao, Ethan Sanna, Jake Snyder

Design C:
Mass = 23.39 Ibm
1%t Mode = 20.38 Hz
Obscuration =

Thermal Displacement:
AT =1°C
0.02:

FOS =
Yield: 0.43
5 | | i
Buckling: 11.76 N\
|
Thermal Loading (SOL101) ( |
Mechanical Enginsering l i
2 University of Rochester

Figure 7: Design C analysis resullts.

Preliminary Design Review (PDR)
ME 205

Team L3Harris

Prelim Analysis #1 (Snyder)

L3HARRIS™

Q: How do stiffness (axial, bending, torsion) and FAST. FORWARD.

F
ASSUMPTIONS / 8Cs

i Givens:
(99t |+ Geometry {design envelope): D, = 9.35 in (fixed) = Hollow circular tube idealization; canstant Dy, varying D,
.+ Cases: « Linear elastic, small defl 2 stiffr
3 + Baseline: D, = B10 in >t = 0.625 In + Bending model: cantilever beam, fixed at x-0, load at x=L
¢ Casel:D;=885in3t=025in Section Properties (Circular, Hollow Tube):
Case3:D, = 9.15in D £ = 0100 Y B}
+ length:L = 33in . +
g . fal lavar): £ = 2,045 + 107 psi,v = 029,y = 0.293 2L s rEiwt e =gt e =2
N\
=,
e

7.93 + 10° psi

G :
*  Unitloads (linear scaling):
« F=1ibf,T=1lbf«in

Equations (Shigley’s Mech. Design (10* Edition))
Stiffness Equations (Chapter 4-2):
jal: 5 = £k = AE
* Axial: § = “_T-: beax =7 o
+ Torsion: 8= (X F kor = 5

* Bending (cantilever end load): &, = %’j P kpena =3

* Weight: W = yV = yAL

Preliminary Design Review (PDR)
ME 205

Team L3Harris

Prelim Analysis #1 (Snyder)

&3 L3HARRIS®

FAST. FORWARD.

Results
Case t (in) Ain?) 1(in) 1(in®)  [W(A) | Kexlibffin) | Kpenallbffin) | Keopllbtin/rad)
Baseline | 0.625 17.13 163.85 3277 |16563 | 1.06E7 2.80E5 7.8767
t=025" 025 7.15 74.04 14808 |69.13 | 4.43E6 1.26€5 3.56E7
t=010" | 0.10 291 31.08 6216 |28.14 |1.80E6 5.30E4 1.49€7
— Design Impact:

* WithEG, and L fixed:
oy X AKpena % I Kior % J

+ Thin-wall reduction from t = 0.625" to 0.10" cuts weight to ~17% of baseline, but
cuts bending/torsional stiffness to 19%.

* Inthe thin-wall range (0.25-»0.10 in), stiffness becomes sensitive: per 0.01 in
thickness reduction, kpeng drops by about 4.87%1043 Ibf/in and weight drops by
about 2.73 Ibf.

+ This tube baseline establishes a reference stiffness-to-weight curve that future

concepts (tripod/ring-tower/lattice) should exceed.

Design decisi oncepts should preserve stiffness e aintain large
effective I,J using outer-radius load paths: rings/shell ribs/truss attachments)

instead of relying on thick walls.

'@ L3HARRIS"

FAST. FORWARD.
Load:
15deg,
30g
spherical
sweep
(SOL101)

SOL 103
First Mode =
20.38 Hz
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SCRUM

A B C D E F G
Project Hours Marvin Arden Ethan Jake
' Hours Last Week 15 15 15 15 Total Cost
; Total Hours 138 147 103 112 500 | $50,000.00

MMMMMMM

Mechanical Engineering
e University of Rochester

ME205 - Advanced Mechanical Design
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