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Mission Statement

Our mission is to create a modular Weightless 
Integrated Instrument for Ground-based 

Laboratory Sensing (WIIGLS) to characterize 
the dynamic motion of a deployable panel 

structure.
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Panel Deployment
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Slow-Motion Deployment Full-Speed Deployment
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http://drive.google.com/file/d/1QDj7x_EIAmbKXblpDjuG67coiDKQy06M/view
http://drive.google.com/file/d/11qQnOmGaB3CmxobdZIF0iHTBypXT7A5H/view


Hinge-Panel System
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Honeycomb 
Paneling Hinge

Carbon Fiber 
Reinforcement

Carbon Fiber 
Composite 

Sheets
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Concept of Operations: Project Level
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Key Functional Requirements

Requirement ID Title Description

FR1 Mission System shall accurately record deployment motion of attached panel 
structure.

FR2 Integration System shall fit into the provided panel structure without obstructing 
deployment or changing the dynamics of the system. 

FR3 Budget System shall cost less than $750 per unit.

FR4 Mobility System shall be quickly removable/replaceable from panel to be tested. 

FR5 Power System shall be able to record data for up to an hour, with an additional 
hour of standby.
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Design Requirements
Design Element Description FR ID:

DR1.1 System shall record deployment dynamics to within 5% of optically tracked motion. FR1

DR1.2 System shall survive deployment forces and environments without damage. FR1

DR2.1 System shall be contained within a 30 x 20 x 0.5 cm volume. FR2

DR2.2 System shall weigh less than 300g. FR2

DR2.3 System shall have a symmetrical mass distribution about the long axis. FR2

DR3.1 Sensors shall cost less than $TBD. FR3

DR3.2 Processors shall cost less than $TBD. FR3

DR3.3 Mounting system shall cost less than $75. FR3

DR4.1 Sensor suite shall be able to be comfortably removed or installed within 5 minutes. FR4

DR5.1 System shall have sufficient battery life to record data for 1 hour and stand by for 1 hour. FR5

DR5.2 System shall have sufficient on-board storage for 1 hour of data recording. FR5
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Critical Project Elements

CPE Title Description

CPE1 Sensing Hardware Must be able to record linear accelerations and angular velocities 
accurately.

CPE2 Power Source Must be able to remain independently powered for 2 hours.

CPE3 Integration Sensor Suite must be integrated in such a fashion so that the hinge can 
open/close (or deploy) as intended.

CPE4 Housing Housing must remain secure through deployment and predicted G-loads.
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Functional Block Diagram
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Trade Study Summary
Title Description Requirements & CPE

Suite Insertion How to best distribute the CG and survive G-loads. FR1, FR2, FR4, CPE3, 

Housing 
Attachment

How to avoid deployment interference and maximize 
insertion/removal ease. FR1, FR2, FR4, CPE4,

Accelerometer How to survive G-loads and accurately record 
accelerations within budget. FR1, CPE1

Microcontroller/
Microprocessor

How to maximize processing speed and minimize power 
consumption within budget. FR1, CPE1
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*All trades are dependent on correct G-load predictions

Coding 
Language

Dependent on microcontroller trade study. N/A
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Tristan Workman, Victoria Lopez & Matthew Pabin
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Mechanical DRs & CPEs

Overview Trades Risk Analysis Current Design Moving Forward Appendix

DR 2.3 System shall have a symmetrical mass distribution about the long axis. 

DR 4.1 Sensor suite shall be able to be comfortably removed or installed within 
5 minutes.

CPE 3 Sensor Suite must be integrated in such a fashion so that the panel can 
open/close (or deploy) as intended.

CPE 4 Housing must remain secure through deployment and predicted G-
loads.
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Preliminary Design Sketches

Externally 
Mounted

Insertion Through 
Paneling

Slide Through 
Honeycomb

Overview Trades Risk Analysis Current Design Moving Forward Appendix



27

Suite Insertion/Connection Trade Study
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Suite Insertion/Connection Trade Study
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Housing Attachment Trade Study
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Housing Attachment Trade Study
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Electrical DRs & CPEs  
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DR 1.1 System shall record deployment dynamics to within 5% of optically 
tracked motion. 

DR 3.1 Sensors shall cost less than $TBD.

CPE 1 Must be able to record linear accelerations and angular velocities 
accurately.

CPE 2 Must be able to remain independently powered for 2 hours.

CPE 3 Sensor Suite must be integrated in such a fashion so that the hinge 
can deploy as intended.
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Sensor Trade Study
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Sensor Trade Study
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Sensor Design Selection
Dimension
[mm]

Weight
[g]

Degrees of 
Freedom

Interface Sensing 
capabilities 
[Gs]

Voltage 
Range
[V]

Shock 
Capabilities
[Gs]

Bandwidth
[kHz]

LSM6DSOX 25.6 x 17.8 x 4.6 1.7 6 SPI/I2C 2,4,6,8,16 3-5 10,000 1.6-6.7
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Microcontroller/Microprocessor Trade Study
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Microcontroller/Microprocessor Trade Study
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Microcontroller Design Selection
Dimension
[mm]

Weight
[g]

Power 
Consumption 
[mA]

Processing 
Speed 
[MHz]

Cost

Feather 32u4 51 x 23 x 8 5.7 ~10 8 $25
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Software DRs & CPEs 

Overview Trades Risk Analysis Current Design Moving Forward Appendix

DR 1.1 System shall record deployment dynamics to within 5% of optically 
tracked motion. 

DR 1.1.3 Sensors shall record accelerations on 3 axes of up to 16 Gs within an 
accuracy of 5% of the optically tracked motion.

DR 1.1.4 Sensors shall record vibrations on 6 axes of up to 4 Gs within an 
accuracy of 5% of the optically tracked motion.

CPE 1 Must be able to record linear accelerations and angular velocities 
accurately.
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Software Functional Block Diagram
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G-Load Prediction Method 1: Observation
• Highest acceleration is instant of release.
• Solved for 𝜔𝜔 at several 𝜃𝜃 ’s, given 𝜃𝜃0 = 0.

• Used highest calculated 𝜔𝜔, solved for a.

• Predicted max g-load: 10.4 Gs [102 m/s2]

40

𝜃𝜃 = 𝜔𝜔𝑡𝑡 + 𝜃𝜃0 𝜔𝜔 = 𝜃𝜃/𝑡𝑡

𝜔𝜔 = 𝛼𝛼𝑡𝑡 = a𝑡𝑡/r a = 𝜔𝜔r/𝑡𝑡

3/9/2023
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Tracker Software

Method 2: Motion Capture Software “Tracker”
• Linear regression line through first 24 

milliseconds. 
• Predicted max g-load: 7.33 Gs [71.9 m/s2]

𝑣𝑣 = a𝑡𝑡+ 𝑣𝑣0

𝑣𝑣 = (71.9)𝑡𝑡 + (0.836)
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Expected Deployment G-Loading Analysis
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Predicted Peak 
Acceleration Factor of Safety Accelerometer 

Maximums

10.4 Gs [102 m/s2] 1.5 < 16G [156.96 m/s2 ]



Risk Analysis
Céu Gómez
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High Risk/Uncertainty Elements

- CPE 1
- Difficulty in characterizing expected motion after initial 

deployment
- Sensor sizing and response rate dependent on motion

- CPE 3
- Battery monitoring and protection

Overview Trades Risk Analysis Current Design Moving Forward Appendix



CPE1 - Modeled Deployment G-Load 
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Modal vibration Nyquist frequency 
exceeds sensor polling rate3 Synchronous serial interface to sensors 

Loading exceeds safe 
structural tolerance2 Design structure to factor of safety

Loading exceeds sensor range1 Add a margin of error to predicted G-loads

#:            Risk:                                      Mitigation:



CPE1 - Vibrations and Frequencies
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Sensors picking up second-stage 
frequencies & obscuring modes6 Analyze data from multiple sensors

Structural resonance 5 Install vibration dampening mechanism

Secondary vibrations4 Vibe table frequency analysis

#:            Risk:                                      Mitigation:



CPE3 - Battery Longevity and Safety
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Thermal runaway9 Thermal output modeling

Overdraw8 Integrated battery monitoring

Battery puncture7 Structural protection for the battery

#:            Risk:                                      Mitigation:
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Risk Matrix

Overview Trades Risk Analysis Current Design Moving Forward Appendix



Current Design State
Ceu Gomez
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Functional Block Diagram
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Key Design Points
• Sensors:

• LSM6DSOX - Serial
• ADXL375 - Serial

• Microcontroller: 
• Feather 32u4

• Slide-in structure design:
• Washer & bolts connection

• Battery:
• PRT-13851 Lithium-Ion Battery

Overview Trades Risk Analysis Current Design Moving Forward Appendix

Panel 

Honeycomb

Housing

Sensor tray

Detailed View
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Key Design Points
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Design Dependencies
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Independent 
Design Elements

Dependent 
Design Elements
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Inconclusive Trade Studies & DEs

Trade Studies:
• Coding Language

Overview Trades Risk Analysis Current Design Moving Forward Appendix

Design Elements: 
• Vibrational Analysis



Moving Forward
Olivia Epstein
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Design Timeline & Critical Path

Overview Trades Risk Analysis Current Design Moving Forward Appendix

Finalize Design

Develop a sub-system integration plan.

Continue Design Analysis

Sensing elements, power, microcontroller, and structural materials.

Low-Level Prototyping

Prototype sensor-processor interface and design catch/release mechanism.

Validation & Testing

Develop test procedures & use vibration tables and optical tracking to verify and mitigate risks.

Simulation Test

Verify software with test data.

CDR
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Team Organization
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ScheduleBaseline 
Design

Prototyping 
Phase

Validation & Testing

Completing 
Deliverables
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Prototyping/Modeling
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Background and Motivation
Project Background:

• JPL’s OMERA
• Can fold into a small volume.
• Requires hinges with high precision.

• Tape-Spring Hinge Study

Motivation:
It is vital to experimentally 
characterize all aspects of the 
deployment dynamics in order to 
reduce risk when unfolding on-
orbit. Deployable structures are 
useful in space mission design as 
they allow for large surface areas, 
usable during the mission for 
sub-systems like solar panels.

3/9/2023 63
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Levels of Success
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Software Plan

• Create precise models using recorded motion for various panel materials
1. Record hinge deploying motion with optical tracking system
2. Use optical tracking system to obtain position and velocity model 
3. Use MATLAB with obtained data to back out frequency, accelerations, G forces, etc

• Concerns with model development:
• Camera position and angle
• Frames per second rate on camera
• Tracker application precision
• Precision in panel/hinge dimensions

• used in Tracker calculations

Overview Trades Risk Analysis Current Design Moving Forward Appendix
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Budget Feasibility

Overview Trades Risk Analysis Current Design Moving Forward Appendix

Item: Description: Estimated Cost:

Sensor Housing Structural material, bolts, printing, other misc. costs $ 30

Sensor suite Sensor, microcontroller/microprocessor,battery $126

TOTAL ESTIMATED COST: $156
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Mass Budget Feasibility
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Item: Description: Estimated Mass:

Sensor Housing Structural material, bolts, printing, other misc. mass 100 g

Sensor suite Sensor, microcontroller/microprocessor,battery 75 g

TOTAL ESTIMATED MASS: 175 g
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Requirements Breakdown
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Requirements Breakdown (cont.)
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Battery Power Thermal Analysis

Worst case scenario, completely enclosed box with 10mm thick walls 
of 3D printed ABS — assuming an ambient temperature of 20 C there is 
an increase of 1.3 C (relatively negligible).

k = 0.17         ,                      ,          = 10 mm, A = 0.133

3/9/2023
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Coding Language Trade Study Matrix
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Processing Trade Study
Metric Description Weight Requirement

User interface Ease of use (sufficient documentation) 0.2 D1.1

Mass Weight of the microcontroller/microprocessor 0.1 FR2, D2.2

Power consumption Current draw at nominal voltage 0.3 FR5, D5.1

Processing speed
Maximum clock frequency & computational 
efficiency estimate 0.25 D1.1

Dimensions Size of the microcontroller/microprocessor 0.1 FR2, D2.1
Cost Price and lead time 0.05 FR3, D3.2

Metric Arduino Pro Micro Teensy 4.1 RPi Pico RPi Zero 2W Feather 32u4
User interface 
(0.2) 3 4 2 2 4
Mass (0.1) 4 3 5 3 5
Power 
consumption 
(0.3) 5 3 1 0 5
Processing 
speed (0.25) 2 4 3 5 2
Dimensions 
(0.1) 2 2 5 3 1
Cost (0.05) 4 4 4 3 4
TOTAL = 3.4 3.4 2.65 2.4 3.6
3/9/2023
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Sensor Trade Study
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