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CSA ASC

EITI=D Damping is typically measured using a Q factor

PEEKDbot Project

Damping
Typical Applications PEEKDbot
Insufficient C 3D printed structure
Damping (minimal fasteners)

C Damping comes from
geometry and material
c . :

Optimization is required
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Background Q%én,s

Viscoelastic Material

CSA ASC

C PLA (poly lactic acid) will be used in this research
C PLA is a stiff viscoelastic material

Structural Context Damping Context
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Damping Optimization
Proposed Method

Changing the local skin thickness

Original skin thickness 1 mm

Allow the each element on the skin to choose a thickness
between 0.5 mmto 1.5 mm
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Original Optimized
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Damping Optimization
Setup

C Only the skin on the base panel of the rover is optimized
I Minimize computational expenses

I Most of the damping is expected to come from the base panel
T Al t aOptiStrsict is used for analysis

Skin inside the
rover
Solid lander
separation ring

nl
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Skin outside the Honeycomb

Core
rover
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Damping Results . .

C The base panel model is the most extreme case
C Modes under 500 Hz optimized

I A frequency range of up to 2000 Hz will be needed in the future

C The optimized design has 9.3% less mass than the baseline

Q Factor
Baseline Optimized % Difference
1 37.1 25.35 32.8%
(122 Hz) (133 Hz)
2 46.5 46.3 0.6%
(316 Hz) (363 Hz)
SMED
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A Thickness Results Qgén's
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Skin Thickness (mm)
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A Summary @%n's
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Inside the rover

The first mode was successfully
damped

The skin thickness may not add
damping to all modes

Total mass was decreased by ~10%

O 0 {0 {0

Further optimizations are required
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Future Work
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Parameter Optimize core Integrate optimized Incorporate
Study structure panel into full rover  PEEK with CF
(Now) structure
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Thickness
Bounds
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AR Preliminary Optimization
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Minimize: QNewMethoa(r)
Subject 0 MassFractiont 0.8
0.5¢r ¢l

where ] is the thickness of element i;
Mass fraction is the fraction of mass in the design space only
Acceleration magnitudes applied from the Falcon 9 manual

The lander attachment points are all attached to a centre node using RBE3
elements where the accelerations and fixed boundary constraint are applied
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CSA ASC

Modal Effective Mass

C Modal effective mass shows how important each mode is
Gives localized modes a small modal effective mass

C A sum of 95% mass in a DOF means all of the important
modes have been found
Only the modes under 2000 Hz are required to be damped

I/
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Mode #Freq [Hz| X-Tran| Y-Tran| Z-Tran| X-Rot | Y-Rot | Z-Rot | MAX |[ Mode | Freq [Hz] X-TRAN Y-TRANZ-TRAN X-ROT| Y-ROT Z-ROT| Max
1 122 0% | 42% | 0% | 39% | 0% | 88% | 88% 1 133 0% 36% | 0% | 32% | 0% | 85% | 85%
2 316 0% 7% 0% | 41% | 0% 1% | 41% 2 362.5 0% 5% 0% | 38% | 0% 1% | 38%
3 492 0% 9% 0% 4% 0% 2% 9% 3 550.8 0% 9% 0% 7% | 0% 2% 9%
4 760.3 | 0% 1% 0% 0% 0% 2% 2% 4 763.7 1% 0% 0% 1% | 0% 2% 2%
5 1051 | 21% | 0% 2% 0% | 14% | 0% | 21% 5 1019 28% 1% 3% 0% | 20%| 0% | 28%
6 1077 | 34% | 1% 6% 1% | 29% | 0% | 34% 6 1049 20% 0% 4% | 0% | 20%| 0% | 20%
7 1171 1% | 16% | 1% 3% 1% 2% | 16% 7 1103 0% 21% | 0% 5% | 0% 2% | 21%
8 1323 0% 0% 0% 1% 0% 0% 1% 8 1310 0% 0% 0% 1% | 0% 0% 1%
9 1401 3% 0% 0% 0% | 12% | 0% | 12% 9 1382 2% 0% 0% 0% | 6% 0% 6%
10 1503 0% 1% 0% 0% 0% 1% 1% 10 1493 0% 1% 0% | 0% | 0% 1% 1%
11 1676 1% 2% 3% 2% 1% 0% 3% 11 1674 0% 3% 0% 2% | 0% 0% 3%
12 1712 8% 0% | 39% | 0% | 14% | 0% | 39% 12 1726 9% 0% 29% | 0% | 18% | 0% | 29%
13 1938 0% 1% 2% 0% 0% 0% 2% 13 1967 0% 0% 2% 0% | 0% 1% 2%
14 2048 0% 3% 4% 3% 0% 0% 4% 14 2050 0% 5% 2% 4% | 0% 0% 5%

SUM 68% | 84% | 56% | 94% | 72% | 96% SUM 60% 82% | 39% | 92% | 66% | 95%
Baseline Optimized
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Mode 1
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Mode Shapes

Mode 2
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Background Qﬁm
Current Damping Methods

CSA ASC

Unconstrained Layer Damping Constrained Layer Damping
Base material
ALL METHODS ADD MASS

Void Filler Double Shear Lap Joint
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