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The Candidate

* Electrical unit with several modules

« Each module is connected to the other by means
of delicate coaxes

» Coaxes must be supported for space launch
environmental conditions
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Environmental Conditions

« First natural frequency above 450Hz Random Qualification Levels
« Positive margin of safety for load 1
stress (0.3 for yield stresses) d
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Original Machining Design

Mass: 101gr
First Natural Frequency: 197Hz

This solution does not provide the required
stiffness.

Design for 3D printing was advised for stiffer
design.

6 Parts were required to be printed
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My Own Design in NX without Topology Optimization

Mass: 92¢gr
First Natural Freq: 417Hz
Design requires a lot of supports for printing
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Design for AM without Topology Optimization

* Mass: 168gr
 First Natural Freq: 167Hz

 Self supporting — but does not meet
requirements

Design study 1 | Modal 1

&nl israel 2019 | ATCx

Creating a Difference



© November 7, 2019 Altair Engineering, Inc. Proprietary. All rights reserved.

Topology Optimization

Red — Design Space
Gray — Non-Design Space

Material: AlSi10Mg
ULTIMATE STRENGTH - 350MPa MIN
YIELD STRENGTH - 210MPa MIN
MODULUS OF ELASTICITY 60GPa
DENSITY: 2720 KG/M3
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Inspire Solution

Run Optimization x
Name: BRACKET-TO-30_003)
Type Topology v
Objective Maximize Stiffness v
Mass Targets: % of Total Design Space Volume v
@ Q 10 15 20 25 20 35 40 45 B0%
% O
Frequency Constrairts
© Noe
L7 A () Mandimize frequencies
2,
=g O Minimum: |2 Apply to
Use supports from load case: | MNo Supports

Thickness Constraints
@ Minimum: |3 mm #
[ Maxdmum: 2

Speed/Accuracy ¥
Contacts ¥

© Siding only
3 () Sliding with separation

Restore v Eqot v » Run Close
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Inspire PolyNurb Fit Solution

Finer detail analysis detail required
Additional work in Evolve
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Inspire Optimization Result as an NX Template

%
Kol
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Inspire Optimization Result as an NX Template
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NX-Inspire Solution Validation
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[ S

Mass: 160gr
First Natural Freq: 513Hz

Mods! Bowser ®ax
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Separated part into two for assembly accessibility
Provides sufficient stiffness

Minimal required supports

Very good part nesting during print job
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Print Job Nesting

A total of 12 parts can be printed
in one job.
Assembly of 6 complete brackets
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Here you go!
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Printed Parts Detached from Supports
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Dynamic Response Analysis Vallidation

Patran 2019 22-Oct-19 11:14:55
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What's Next?

* Tensile Specimen Testing for Each Job
 Penetrant inspection

* YCT Scan
» Low level sin sweep resonance search

\/ « Sinusoidal vibration

/

» Low level sin sweep resonance search
Dynamic | * Random vibration
Testing | « | ow level sin sweep resonance search

X,Y&Z | « Mechanical shock
Axis Each

» Low level sin sweep resonance search
* Visual inspection

-

» Low level sin sweep resonance search
» Thermal Cycling

* Visual inspection

* Penetrant inspection

* yCT Scan

&nl srael 2019 7 | ATCx

Creating a Difference



SIMSOLID

= Some things | have done with SIMSOLID

SISOLID

7
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SIMSOLID Verification Examples

« Stress Analysis of machined coax bracket ﬁMSO'.%
* Modal analysis and verification ‘. *

‘Frequency (Hz)

3 11629e+3
4 12420e+3
5 12468e+3

@ &)

-

S
Bravity

Design study 1 | Structural 1
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SIMSOLID Verification Examples
- Random Vibration SIMSOLID

B legend [2]

Von Mises
Stress. PSD
[MPa]"2/Hz
| Max 2.8611e-10
2.2889-10
= 2.2889%-10
= 2.0886e-10
~ 1888410
1.6881e-10
1.4878e-10
1.2875¢-10
=i 1.0872e-10
. 8.8695e-11
-_ 6.8667e-11
X == 4.8639%-11
5 Dynamics random response -:5 = 2.8612e-11
Animate 2.8612e-11

Frequency range: 0 ... 2167.48 [Hz] [ Min 1.2516e-16

t wu Y W5

B Frequency 20.3644 |+ [Hz] Image
ax 2.8611e-10 [MPa] 2=
4
min 1.2516e-16 [MPa]
Design study 1 | Dynamics random 1, linked to Modal 1 ; T Accelerat
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SIMSOLID Verification Examples

- tree & x
Modal Analysis of assembly ‘=:= g SIMSOLII
1 Units: SI
% Default material: Aluminum bl
% Project solution settings vgh Flgma [3
) Design study 1, BASELINE e —, arl
4 15 Assembly ot e [52|| Displacemer
S g " 1 40013e+2 mode 6, Frec
b 2 558642 9.9260e+2 [H:
Part50, Aluminum 3 6.1050e+2 e
PartS3, PCB CARD (de... 4 6.9007e+2 el
PartS6, Aluminum Al 5 8.4265e+2 o uessiay |}
CONNECTOR, Steel 6 9.0260e+2 8.3334e
Part62, Aluminum 7 10256e+3 6.6668e
Part6s, Aluminurm = 8 10341es3 ] 2‘22?
Parts8, Aluminum £ 9 10397e+3 [ Wi
Part7l, Aluminum 10 11141e+3 |
Part?3, Aluminum 1.6670e-1
Part7s, PCB CARD (de. [ Min 4.5130e-5
Part78, PCB CARD (de... <
Part8, Aluminum L ]
Partg4, PCB CARD (de. Image
Part87, Aluminum [I] . .
Deformed shape

ark browser

] &l

okmark 1 Bookmark 2

Design study 1 | Modal 1
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SIMSOLID Verification Examples

 Stress Analysis of assembly

Project tree 8 x
I W‘ SI SOL I D
7 Units: ST wh
@ Default material: Aluminum
% Project selution settings vgn =
4 &) Design study 1, BASELINE Flegens  []
5 55 Assenbly w )
§ Parts, Aluminum SY“" M'h;:f
§ Parts3, Muminum TEe( ]
§ Partst, RIGID, mass 5 kg ik [ Max L1712e+1
4 @ Connections s
4 (8] Regular connections wh 9.3607e+0
& Conrection § 9.3697e40
18] Connection 1 8549840
B8] Cornection 2 ;?,' - 77300240
6910140
I8 Conrection 3 P G
8] Connection 4 wn 5.2704840
4 uls Stuctural 1 X 44506840
et ish -
» §E contact conditions ® . 5
N = 1.851Le+D
4 ith Loads&Constraints -
S:_ 1171240
#4 Immovable 1 = |
" Gravity load 11712640
£ Rasuit Min 0.0000e+0
Juc > WD)
Inage
Deformed shape
z Animation
@_
- >
Bookmark bromser g x
N
5‘.
X 2z
Design study 1 | Structural 1
ravity
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